
 

 
  

  

  

 
 

 
 

  
 

  

 
 
 

 

   
 
 

 

 

  
 

  
 

 

Annex 1: Symbols and units 

A1.1 Symbols The terms and words used in this Code carry the meaning 
normally assigned within the area of structural steel, and are generally defined the first 
time they appear within the document.  

A1.1.1 Roman Capitals 

Term Definition Section 

A accidental action value. Width between corners in 
cold-formed sections. Percentage of steel products 
holding an officially recognised quality mark. 

9.2, 22.3.2, 24.3.1, 
34.2, 34.3, 34.5, 
34.7.2.1, 34.7.2.2, 
35.1.1, 35.1.2, 
35.1.4, 35.3, 46.3, 
56.1, 60.2.1, 60.3, 
61.1, 80.2, 
A11.4.3.1, 
A11.4.3.4. 

A0 chord section. Maximum distribution area in 
compression on a base plate; 

64.2, 65.2.2, A-9­
9, A-9-17, A-9-19 

A´0 restricted area on which the force of the foundation 
base plate is applied; 

65.2.2 

A1 member 1 cross sectional area; A-9-2, A-9-3 

Ac gross area for stiffened plate elements subject to 
uniform compression. Gross section of the 
compression zone of the stiffened plate, excluding 
parts of the subpanels supported by an adjacent 
plate panel; 

A6.4.1, A6.4.2 

Ac,ef area of the effective section of the compressed 
slender flange, with or without stiffeners, related to 
local buckling. Area of effective section of the 
compression zone of the stiffened panel; 

21.5, 34.1.2.5, 
A6.4.1, A6.4.4 

A*c,ef area of the effective section of the compression zone 
of the stiffened panel for cases in which the influence 
of shear lag is significant; 

A6.4.1 

Ac,ef,loc sum of effective areas of all stiffeners and subpanels 
located entirely or partly in the compression area. 
Effective area of the stiffened plate, excluding parts 
of the subpanels supported by an adjacent plate 
panel, calculated taking into account any local 
buckling of the various subpanels and/or plate 
stiffening elements; 

A6.4.1, A6.4.2 
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Acor chord cross-sectional area; 71.2.3, 71.2.3.1, 
71.2.3.2 

Ad diagonal cross-sectional area. Diagonal area of the 
lattice; 

18.2.5, 62.1.4, 
71.2.3.1, A3.3.1 

Ae equivalent shear cross-sectional area; 67.2.1.2 

AE,k characteristic seismic action value; 13.2 

Aef effective area or effective cross sectional area, as 
applicable. Area of effective reduced section 
obtained under the application of an axial 
compression force; 

21.5, 22.3.5, 
34.1.2.5, 34.3, 
34.7.2.3, 35.1.1, 
35.1.2, 35.1.4, 
35.3, 35.7.1, 
35.7.2, 60.3, 
73.9.3, 73.11.3, 
73.11.4, A6.2, 
A6.5 

Aef,f effective area of the compression flange; 35.2.3 

Aef,w,c effective area of the compression part of the web; 35.2.3 

Af gross area of the tension flange. Area of one flange. 
Floor area of the fire protection area; 

34.4, 34.5, 
35.5.2.2, 61.1, 
A8.4.2, A8.5 

Af,net net area of the tension flange; 34.4 

Afb area of dual stiffeners in a tension zone or 
compresion zone of a support; 

62.1.3 

Afc,ef effective area of the compression flange; 35.8 

Afi surface area of the fire protection area where fire 
load is uniformly distributed; 

A8.4.6 

Ag gross area of steel profile section or light steel 
structure; 

73.4, 73.11.4  

Ah surface area of horizontal ceiling openings; A8.5 

Ai chord cross-sectional area; (i=1.2…). Area of the nth 

portion of a partition of the section such that the 
interior temperature of each one may be associated 
with a uniform value (θi), at each stage of the 
process. Area of trapezium forming the cross section 
of the box beam. Parameter; 

18.2.5, 35.3, 
A3.3.1, A11.4.1 

Aj surface of wall member j, excluding openings; A8.6.1 
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Ak characteristic accidental action value. 13.2 

AL exposed perimeter area of a steel member by 
longitudinal unit; 

48.1 

Am cross-sectional area of an upright. Exposed 
perimeter area of a steel member by longitudinal 
unit; 

18.2.5, 48.1 

Anet net cross section:  34.2, 58.2, 58.5.2, 
73.13.4 

Ant net area of the zone subject to tension in terms of 
tear resistance; 

58.5.1 

Anv net area of the shear zone in terms of tear 
resistance; 

58.5.1 

Ap internal surface area of the coating per unit of length 
of the member. Gross section of the plate; 

48.2, A6.4.2.1 

Apl base plate surface; 65.2.3 

Ar portion of web of the support between the two 
moment stiffeners. Excessive thickness of bridge 
deck plate welding. 

62.1.3 

As cross-section of a stiffener in terms of calculating 
buckle resistance. Tension resistant area of the bolt; 

35.9.1, 58.6, 58.7, 
58.8, 61.2, 62.3, 
65.2.1, 65.2.5, 
76.7 

Asl area of longitudinal stiffeners situated within a width 
(b0) of the flange. Sum of the gross section of all 
longitudinal stiffeners individually. 

21.4, A6.4.2.1 

Asl,1 gross section of equivalent column on the elastic 
foundation for calculating critical local buckling 
tension on plates. Gross area of stiffener cross 
section and of the adjacent parts of the plate; 

A6.4.2.2, A6.4.3 

Asl,ef sum of effective areas of all longitudinal stiffeners 
with a gross area Asl situated within the compresion 
zone. Area of effective section due to plate local 
buckling; 

A6.4.1, A6.4.3 

At total boundary area of fire protection area (walls, 
ceiling and floor, including openings); 

A8.4.2 

Av shear area. Area of upright cross section. Surface of 
openings. Surface of vertical front openings. 

34.5, 46.4, 
71.2.3.1, A8.4.6, 
A8.5, A8.6.1, A-9­
9 

Avc shear area of the column;  62.1.2, 62.1.4, 
62.3 
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Aw web area. Button weld hole area; 34.5, 34.7.1, 35.8, 
56.1, 59.10 

B deck width. Width between the corner and the free 
edge of cold-formed sections; 

38.4, 80.2 

BD distortional bi-moment to be resisted by the beam 
along longitudinal axis z; 

A3.3.1 

BEd warping torsion bi-moment; 34.6 

Bp,Rd punching shear resistance of the part beneath the 
nut or the bolt head; 

58.7 

C1 correction factor for the law of moments; 35.3 

Cd admissible limit value for the limit state to be 
checked (strains, vibrations, etc.); 

8.1.3, 

C.E. execution class; 91.2.2.5 

CE set square coefficient; 61.6 

CEV equivalent carbon value; 26.5.5, 27.1, 
27.2.1, 27.2.3, 
27.2.2, 27.3 , 
59.3.2 

Cf,d factor of friction between the base plate and 
concrete; 

65.2.1 

CLT factor; 35.3 

Cmi,0  factor; 35.3 

CmLT equivalent uniform moment factor; 35.3 

Cmy equivalent uniform moment factor; 35.3 

Cmz equivalent uniform moment factor; 35.3 

Cyy  factor; 35.3 

Cyz  factor; 35.3 

Czy  factor; 35.3 

Czz  factor; 35.3 
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D concave or convex deviation of flatness on a cold­
formed profile. Fire diameter; 

80.2, A8.6.2 

D1 tool length; 92.2 

D2 distance from the tool to the wall; 92.2 

Dd damage accumulated for detail as a result of load 
cycles; 

42.3, 42.6 

Dr existing slope between orthotropic bridge decks, 
after assembly; 

80.4 

E longitudinal elastic modulus of steel; 18.2.4, 18.2.5, 
20.3, 26.2, 26.3, 
26.5.2, 32.4, 35.3, 
35.5.2.1, 35.6, 
35.8, 57.4, 61.6, 
62.1.2, 62.3, 
65.2.5, 66.2, 
71.2.3, 71.2.3.1, 
71.2.3.2, 73.7, 
73.9.2, 73.10, 
73.11.3, A6.4.2.1, 
A6.4.3, A7.2.1, 
A3.3.1, A5.2, A-9­
8 

Ea modulus of elasticity of steel at 20ºC; 45.1 

Ea,θ elastic modulus in the linear phase of the stress­
strain diagram for the temperature θa; 

45.1 

Ec elastic modulus between the concrete and the 
compressed base plate; 

65.2.5 

Ed design value of the effect of actions. Elastic modulus 
of steel; 

8.1.2, 8.1.3, 

Ed,desestab design value of the effect of destabilising actions; 8.1.2, Art. 33 

Ed,estab design value of the effect of stabilising actions; 8.1.2, Art. 33 

Efi,d Effects of the action of fire defined in 43.2 together 
with the concomitant mechanical actions specified in 
Art. 44, with the partial safety factors indicated 
therein; 

Art. 46, 46.8.1, Art. 
47, A8.5 

Eg internal energy of gas; A8.7.1 

EIη” cr moment due to the strain ηcr in the critical cross 
section; 

22.3.5 
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Es longitudinal elastic modulus; 32.2 

F Strength. Factor of proportionality; 59.8.2, A3.3.3 

Fb,Ed,ser flattening force on a removable pin at serviceability 
limit state; 

58.9 

Fb,Rd flattening force of the piece in the area adjacent to 
the screw; 

58.6, 58.9, 58.10  

Fb,Rd,ser flattening resistance of removable pin at 
serviceability limit state; 

58.9 

Fc,Ed force transmitted to the bracket; 60.3 

Fc,fb,Rd design compression strength of the flange and web 
of the beam; 

61.2.1, 62.2.2  

FC,Rd strength of the compresion zone resulting from 
stresses transmitted from compressed elements of 
the support to the foundation through the base plate; 

65.2.2 

Fc,wc,Rd maximum compression stress that can be resisted 
by the compresion zone on the support; 

62.1.2, 62.2.2  

Fch,Rd tensile strength of steel-bolt set in joints with an end 
sheet and high-strength pre-loaded bolts; 

58.7 

Fcr Critical load of elastic instability for a certain form of 
lateral instability in a non-translational structure, 
under the configuration of the combination of actions 
to be considered. Critical transverse load of local 
web local buckling against the concentrated load; 

23.2, 35.6 

Fd design value of an action F.  Section 12 

Fe,Rd failure resistance on the edge of a weld point in a 
resistance weld; 

73.13.4 

FEd design value of applied transverse strength. Design 
load acting on the structure for the combination of 
actions. Design compression reaction value of the 
support; 

21.6, 23.2, 35.6, 
35.7.2, 58.3, 58.9, 
58.10, 59.3.4, 
60.2.2, 61.3, 
62.1.3, 66.2 

FEd,ser design compression reaction value of the support at 
serviceability limit state; 

66.2 

FH,Ed design horizontal strength, estimated on the lower 
level of each storey, resulting from the horizontal 
loads acting on each level, including the effects of 
imperfections; 

23.2.1 

Fi,Ed stress on each bolt resulting from the relative rotation 
between pieces to be joined in a bolted eccentric butt 
joint; 

60.2.2, 60.2.2  
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Fk characteristic value of an action. Point force; Section 11 

Fnet,Rd net sectional strength of a weld point in a resistance 
weld; 

73.13.4 

FRd strength of the web against concentrated transverse 
loads; 

35.6, 58.10, 
60.1.2, 60.2.2, 
62.1.3, 62.1.5, 
62.2.1, 62.4.3  

FRdu maximum concentrated compression strength that 
can act on the concrete according to Spanish EHE­
08 standards; 

65.2.2 

Fs point load; 35.6 

Fs,Ed stress to be transmitted by the bolt; 58.2 

Fs,Rd slip resistance of a high-strength pre-loaded bolt; Section 39, 58.2, 
58.8 

Fs,Sd design force in service of the bolt; Section 39 

Ft,Ed tensile force on a bolt in the direction of its axis; 58.7, 58.7.1, 58.8  

FT,ep,Rd design tension resistance for a single row of bolts of 
a bending end sheet; 

61.2.1, 62.2.2  

Ft,fc,Rd strength of the support flange; 62.1.2, 62.2.2  

FT,i,Rd design tensile resistance for an equivalent T-shaped 
bearing; 

61.2 

Ft,Rd design strength per bolt; 58.7, 58.7.1, 61.2  

FT,Rd design tension resistance of an equivalent T-shaped 
bearing; 

61.2, 61.2.1, 
62.2.1, 62.2.2  

Ft,wb,Rd design tension resistance for a single row of bolts of 
a tensile beam; 

61.2.1, 62.2.2  

Ft,wc,Rd chord support; 62.1.2, 62.2.2  

Ftb,Rd flattening and tearing strength of a weld point in a 
resistance weld; 

73.13.4 

Ftr,Rd effective design tensile resistance of a row of bolts r; 61.2.1, 62.2.2  

Fv,Ed calculated vertical resistance, estimated on the lower 
level of each floor, resulting from the vertical loads 
acting on each level. Design stress on a bolt in the 
normal direction of its axis; 

23.2.1, 58.6, 
58.7.1, 58.9 
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Fv,Rd shear force of the bolt or weld point in a resistance 
weld; 

58.6, 58.7, 58.9, 
58.10, 73.13.4  

FV2,Rd shear and flattening force of the bolt against the 
base plate or against the lock washer; 

65.2.1 

Fw,Ed design force to be transmitted in a button or slot 
weld. Design shear on the chord or weld point in 
overlapping joints made with arc welding; 

59.10, 60.1, 
60.1.1, 60.2.1, 
73.13.5.1, 
73.13.5.2 

Fw,Rd shear force of the chord or weld point in overlapping 
joints made with arc welding; 

73.13.5.1, 
73.13.5.2 

Fw,Sd strength of a button or slot weld; 59.10 

G permanent action value. Modulus of transverse 
elasticity of steel. Gross sectional centre of gravity. 
Modulus of transverse elasticity of neoprene;  

9.2, 18.2.4, 18.2.5, 
20.7, 32.4, 66.1, 
73.11.3, A3.3.3 

G* value of the non-constant permanent action; 9.2, 

G´ centroid of the effective section; 20.7 

Gkj characteristic permanent action value.  13.2 

G* 
j,k characteristic value of non-constant permanent 

actions; 
13.2 

H altitude (metres above sea level). Height of the 
building. Horizontal force. Difference between axial 
forces on each side of the node. Horizontal force that 
the support is able of transmitting. Height of the fire 
protection area. Distance between fire source and 
ceiling; 

Art. 11, 37.1, 
37.2.2, 50.2, 60.3, 
66.1, A8.5, A8.6.2 

HEd design value resulting from the total horizontal 
actions, at the base of the building, for the 
combination of actions considered; 

22.3.1 

Hi height of one storey of the building; 37.1, 37.2.2 

Htd design value of transverse strength equivalent to the 
initial defects of verticality in compressed elements; 

22.3.3 

Hu net calorific value of the material; A8.4.4, A8.4.6 

Hu0 net calorific value of the dry material; A8.4.4 

Hui net calorific value; A8.4.2 

HV Vickers hardness test; 66.2, 77.5.5 
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I second moment of area of the cross section; 34.5, 35.3, 61.1, 
73.11.3, A5.2 

ICES-EA sustainability contribution index of steel structure; A11.1, A11.3, 
A11.5, A11.6.1, 
A11.6.2 

ISMA-EA environmental sensitivity index of steel structure; A11.1, A11.3, 
A11.4, A11.4.1, 
A11.5 

Ib second moment of area of the beam connected at 
the joint. Inertia to distortional warping of the section 
in a symmetric single-cell box beam; 

57.4, A3.3.1 

Ic second moment of area of the column connected at 
the joint; 

57.4, 65.2.5 

Icor inertia of the chord on the plane; 71.2.3.2 

Ief second moment of area of the effective section. 
Effective inertia of the compound member; 

20.7, 71.2.3, 
71.2.3.1, 71.2.3.2, 
A6.2 

Ief,f second moment of area of the compressed flange 
reduced around the weak axis of the section; 

35.2.3 

If second moment of area of the set of both flanges in 
relation to the axis of inertia of the piece; 

61.1 

Ii second moment of area of the cross section of a 
chord (i=1,2); 

18.2.5 

Im second moment of area of the cross section of an 
upright; 

18.2.5 

Imνn minimum inertia; 67.2.1.2 

Inet second moment of area of the net section of the 
transverse stiffener; 

A7.2.4 

Ip polar second moment of area of the chord area in 
relation to its centroid. Inertia of the fastener on the 
plane. Bending inertia of the plate. Polar second 
moment of area of the stiffener alone around the 
edge fixed to the stiffened plate; 

60.2.1, 71.2.3.2, 
A6.4.2.1, A7.2.1 

Isl second moment of area of longitudinal stiffening 
around the z-z axis. Second moment of area of the 
plate; 

35.5.2.1, 35.9.3.3, 
A6.4.2.1 

Isl,1 second moment of area of the gross section of the 
column around an axis passing through its centroid 
and parallel to the plane of the sheet. Inertia of the 
gross cross section of the longitudinal stiffener and 
adjacent parts of the sheet, with respect to the 
bending axis, resulting in a warping of the stiffener 
outside the plane of the sheet; 

A6.4.2.2, A6.4.3 

ANNEXES page 9 



 

  

 

  

  

   

 

 

 
 

 

  
 

 

  

 

 

 

   

 

 

  

 

 

Ist second moment of area of the transverse stiffener; A7.2.1 

IT St. Venant torsional constant for the stiffener alone; A7.2.1 

It St. Venant’s torsional inertia; 18.2.4, 73.11.3  

Iw warping inertia. Second moment of area of the 
framework member for the web of the box;  

18.2.4, 34.6, 61.1  

Iy effective load length; 35.6, 35.7.2 

K Stiffness effective coefficient of the beam; A5.2 

Ki parameter; A11.4.1 

K1, K2 Stiffness coefficients for the longitudinal sections 
adjacent to the support; 

A5.2 

Kb  average Ib/Lb value for all beams at the top of the 
storey; 

57.4 

Kc  average Ic/Lc value of columns at the top of the 
storey. Coefficient of stiffness of column I/L;  

57.4, A5.2 

KD stiffness constant of the diaphragm; A3.3.1 

Ki,j Stiffness effective coefficient of the beam (with i=1.2 
and j=1.2); 

A5.2 

Kv notch impact value; 26.2 

L longitudinal span length. Bracket length. Element 
length. Weld chord lengths. Total slot length. Base 
plate depth. Gauge length; 

21.1, 22.3.2, 22.4, 
27.2.2, 27.2.4, 
34.1.2.5, 35.3, 
37.2.1, 37.2.2, 
37.3.1, 37.3.2, 
40.2, 42.6, 45.1, 
46.3, 59.3.6, 60.3, 
61.6, 65.2.3, Art. 
67, 71.1, 71.2.3, 
71.2.3.2, 72.3, 
73.8, 73.11.3, 
80.2, 80.4, A5.2 

L1 free distance between partial chord ends in 
discontinuous welds, on the same face or on 
different faces, in tension pieces. Distance between 
adjacent stiffeners; 

59.3.4, 80.2 

L2 free distance between partial chord ends in 
discontinuous welds, on the same face or on 
different faces, in compresion or shear pieces. 

59.3.4, 80.2 

ANNEXES page 10 



 

  
 

   

   

 

  

  

 

 
 

 
 

 
 

   
 

   
 

  
 

  

   

 

  

   
 

Distance between adjacent stiffeners; 

Lb length of the beam connected at the joint. Bolt 
extension length. Bolt tightening length, distance 
from the mid-point of the nut to the mid-point of the 
head. Rod length. Lattice diagonal length; 

57.4, 62.3, 65.2.5, 
A3.3.1 

Lc length of the column connected at the joint; 57.4, 65.2.5 

Lcor chord buckling length. 71.2.3.1 

Lcr buckling length at the plane of the bending buckle; 35.1.3, A5.1, A5.2 

Lf length of flames in a localised fire; A8.6.2 

Lfi buckling length in a fire situation; 46.3 

Lh horizontal flame length; A8.6.2 

Lj joint length, measured in the direction of force to be 
transmitted between centres of end bolts; 

60.1.2 

Lp geometric diagonal length of the cross section of the 
box; 

A3.3.1 

Lw length of each partial chord in discontinuous welds; 59.3.4, 59.8.1, 
59.8.2, 59.10, 
60.3, 61.4, 
73.13.5.2 

Lw,e length of end edge angle weld, parallel to the 
direction of stress; 

73.13.5.1 

Lw,s length of side angle weld, parallel to the direction of 
stress; 

73.13.5.1 

Lwe partial chord length in discontinuous welds on the 
edges of the pieces to be joined; 

59.3.4 

Lwef effective length of an angled weld chord; 59.8.1 

Lwi length of a weld chord at the joint; 60.1.1 

M Bending moment; 20.7, 57.2, 60.3  

M0,Ed design bending moment in the chord; 64.2 

Mb,fi,t,Rd design bending strength against the lateral buckling 
of a member with a grade 1, 2, or 3 section, with a 
maximum steel temperature in the section’s 

46.5 
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compression flange (θa,com) at a time (t) in the fire 
process; 

Mb,Rd design bending strength against lateral buckling; 35.2.1, 73.11.3  

Mb,V,Rd design lateral buckling strength of a plate without 
lateral bracing subject to bending stress around the 
strong axis at room temperature, including the 
reduction resulting from shear stress, where 
applicable; 

46.5 

Mb1,Ed design bending moment on one side of the support; 62.1.2, 62.1.4, 
62.3 

Mb2,Ed design bending moment on the other side of the 
support; 

62.1.2, 62.1.4, 
62.3 

Mc,Rd design bending strength of the cross-section; 34.4, 34.7.2.1, 
35.2.3, 62.1.2, 
73.11.2 

Mc,T,Rd design bending strength of a cross-section subject to 
bending and warping; 

34.6 

Mcr critical elastic lateral buckling moment; 35.2.2. 35.2.2.1  

MEd design value of the bending moment. Design value 
of the maximum bending moment of the compound 
member, considering second-order effects; 

34.4, 34.7.2.1, 
34.7.2.2, 34.7.2.3, 
35.2.1, 35.2.2.1, 
35.2.2.2, 35.7.1, 
35.7.2, 53.2, 56.1, 
57.3, 57.5, 58.9, 
60.2.1, 60.2.2, 
61.1, 61.2.1, 
62.1.1, 62.2.2, 
65.2.1, 71.2.3, 
73.11.3, A6.5, A-9­
13 

M´Ed design value of the maximum bending moment at the 
centre of the compound member, without 
considering second-order effects; 

71.2.3 

MEd,1 design bending moment in member 1; A-9-2, A-9-3 

MEd,ser bending moment affecting removable pin at 
serviceability limit state; 

58.9 

MEdw design bending moment resulting from the bending 
force in the splice section and from shear eccentricity 
in a butt joint with splice plate; 

61.1 

Mel elastic bending moment of the section of the piece;  56.1 

Mf,Rd design bending strength of the cross section 
considering effective flange sections only; 

35.5.2.2, 35.7.1  
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Mf,Rk characteristic bending strength of the cross section 
considering effective flange sections only; 

35.5.2.2 

Mfi,Ed design bending moment in a fire situation; 46.4, 46.6 

Mfi,t,Rd design value of the bending moment strength for a 
time (t) of the fire process; 

46.4 

Mfi,θ,Rd design bending strength of a grade 1, 2 or 3 section 
with lateral buckling and with a uniform temperature 
(θa,t); 

46.4 

Mi section bending moment for individual load “i” for 
calculating coefficient Ψel 

21.3.3 

Mi,Ed design bending moment in each joint in the bolted 
eccentric butt joint; 

60.2.2 

Mip,1,Rd design bending strength of the joint, expressed in 
terms of the interior bending moment of element 1 at 
the plane of the joint; 

A-9-3, A-9-4, A-9­
10, A-9-11, A-9-18 

Mip,i,Ed design value of bending moment at the plane of the 
joint; 

64.6.2, 64.7.2.1, 
64.8 

Mip,i,Rd bending moment joint strength at the plane of the 
joint; 

64.6.2, 64.7.2.1, 
64.8 

Mj,Ed design bending moment at the joint; 57.5, 62.2.2 

Mj,Rd design bending moment resistance of a joint; 61.2.1, 62.1.5, 
62.2.1, 62.2.2, 
62.4.1, 62.4.3  

Mk,i mass of combustible material; A8.4.3 

MN,Rd plastic resistance of the effective section, due to the 
existence of axial force NEd; 

34.7.2.1, 35.7.1  

Mop,1,Rd design bending strength of the joint, expressed in 
terms of the interior bending moment of member 1 
outside the plane of the joint; 

A-9-2, A-9-3, A-9­
4, A-9-11 

Mop,i,Ed design value of bending moment at the normal plane 
of the joint; 

64.6.2, 64.7.2.1  

Mop,i,Rd bending moment joint strength at the normal plane of 
the joint; 

64.6.2, 64.7.2.1  

Mpl plastic moment of the section of the piece; 56.1 

Mpl,Rd design plastic bend strength; 35.3, 35.7.1, 53.2, 
57.3, 61.2, 61.6, 
62.4.1, 73.11.2  

MRd ultimate moment in the moment-rotation diagram for 
the joint subject to bending moment; 

57.2, 57.3, 57.5, 
58.9 
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MRd,ser bending resistance of removable pin at serviceability 
limit state; 

58.9 

MRk characteristic critical cross section bending strength; 22.3.5, 35.3 

Mt torsional moment applied to the bolt; 76.7.1 

MV,Rd ultimate bending moment of the single bending 
section at room temperature, including the reduction 
resulting from shear stress, where applicable; 

46.4 

Mx,Ed design torsional moment concomitant with Nc,Ed; 65.2.1 

My,Ed maximum design bending moment strength between 
bracing points. Maximum design bending moment 
strength along the member around the y-y axis;  

35.2.3, 35.3 

My,V,Rd design plastic bending strength for H sections with 
equal flanges bending around the main axis of inertia 
of the section, considering the interaction with shear 
stress and torsional stress; 

34.7.1 

Mz,Ed maximum design bending moment along the 
member around the z-z axis; 

35.3 

N normal stress. Number of specifications; 20.7, 41.1, 48.4, 
59.3.5, 60.3, 
65.2.2, 72.4.3, 
A5.2, A6.6 

N0 design pre-loaded force on the bolt; 58.2, 58.8, 65.2.3, 
76.7, 76.7.1 

N0,Ed axial design force on the chord; 64.2, A-9-5, A-9-6, 
A-9-16 

N0,Rd design axial force strength on the chord; A-9-9, A-9-17, A-9­
19 

N1 axial compression force applied to a section of the 
chord; 

72.4.1 

N1 axial force applied to member 1; A-9-1, A-9-3, A-9­
5, A-9-6, A-9-7, A­
9-10, A-9-12, A-9­
14, A-9-15, A-9-19 

N1,Ed design axial force on element 1; A-9-5, A-9-6, A-9­
12, A-9-16 

N1,Rd design axial force strength on element 1; A-9-1, A-9-2, A-9­
3, A-9-5, A-9-7, A­
9-10, A-9-12, A-9­
17 

N2 axial compression force applied to the other section 
of the beam. Axial force applied to element 2; 

72.4.3, A-9-1, A-9­
5, A-9-6, A-9-7, A­
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9-12, A-9-15, A-9­
16, A-9-17 

N2,Ed design axial force on element 2; A-9-5, A-9-6, A-9­
12, A-9-16 

N2,Rd axial force design strength on element 2; A-9-1, A-9-5, A-9­
12 

N3 axial force applied to element 3; A-9-5, A-9-12 

N3,Ed design axial force on element 3; A-9-9 

Nb,fi,t,Rd design buckling strength of a element subject to 
compression whose section, of an area A, is grade 1, 
2, or 3. 

46.3 

Nb,Rd design buckling strength of the compresion element; 35.1.1, 71.2.3, 
71.2.3.1, 73.11.3  

Nc,Ed absolute value of the design compression stress 
transmitted by the base plate to the foundation; 

65.2.1 

Nc,Rd design strength of compresion section; 34.2 

Nc,Sd absolute value of the design compression stress 
transmitted by the base plate to the foundation, 
including any pre-stressed force from the anchor 
bolts; 

65.2.1 

Ncor,Ed design value of the axial compression force on a 
chord between two consecutive links; 

71.2.3, 71.2.3.2  

Ncr critical elastic axial force for the form of buckling in 
question. Effective elastic axial force of the 
compound member; 

22.3.2, 24.3.1, 
35.1.2, 35.1.3, 
35.1.4, 35.3, 41.1, 
71.2.3, 73.11.3, 
A5.2 

Ncr,F critical elastic axial buckling stress due to bending; 73.11.3 

Ncr,T critical elastic axial buckling stress due to torsion; 35.1.4, 35.3, 
73.11.3 

Ncr,TF critical elastic axial buckling stress due to torsion and 
bending; 

35.1.4, 73.11.3  

NEd design value of the axial compression force on the 
element in question. Design value of the axial 
compression force on the centre of the compound 
member; 

22.3.1, 22.3.2, 
22.3.3, 22.4.1, 
24.3.1, 34.1.2.4, 
34.2, 34.3, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 35.1.1, 
35.1.2, 35.3, 
35.5.2.2, 35.7.1, 
35.7.2, 53.2, 56.1, 
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58.5.1, 61.1, 
61.2.1, 62.2.2, 
62.3, 62.4.1, 
65.2.2, 71.2.3, 
73.11.3, A6.5, 
A7.2.1, A-19-3 

NE critical elastic axial force (Euler critical buckling load) 
of the stiffening member; 

40.1, A5.2 

NEd,1 design value of the axial compression force on 
element 1; 

A-9-2, A-9-3 

NEdf axial force resisted by each of the flange joints in a 
butt joint with splice plate; 

61.1 

NEdw guided axial force following the direction of the piece 
distributed evenly among all bolts in a joint with 
splice plate; 

61.1 

NEf,Rd tear resistance; 58.5.1 

Nfi,Ed design value of the axial force in a fire situation; 46.4, 46.6 

Nfi,t,Rd design strength of a section subject to pure tension 
and with an uneven temperature distribution at time 
(t) during the fire process; 

46.2 

Ni axial compression force applied to element i of the 
joint; 

A-9-7, A-9-8 

Ni,Ed design axial force on the brace member i; 64.2, 64.6.2, 
64.7.2.1, 64.8, A­
9-5, A-9-13 

Ni,Rd design value of the reistance of axial force joint; 64.6.2, 64.7.2.1, 
64.8, A-9-1, A-9-5, 
A-9-7, A-9-8, A-9­
9, A-9-13, A-9-14, 
A-9-15, A-9-17, A­
9-19 

Nj axial compression force applied to element j of the 
joint; 

A-9-7, A-9-17 

Nj,Ed design value of the axial force at the joint; 61.2.1, 62.2.2  

Nj,Rd design value of resistant axial force at the joint, 
assuming no moment is applied; 

61.2.1, 62.2.2  

Nmαx maximum vertical reaction on the support in N; 66.1 

Nmin minimum vertical reaction on the support in N; 66.1 
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Nnet,Rd design strength under tension of the net area; 34.2 

Np plastic axial force of the section of the piece; 56.1 

Np,Ed axial force disconnecting the components of the 
diagonals or uprights parallel to the chord axis; 

64.2 

Npl,0,Rd design plastic resistance of the section at the chord; A-9-5, A-9-6, A-9­
16 

Npl,Rd design plastic resistance of the gross section; 34.2, 34.7.2.1, 
46.2, 53.2, 61.2.1, 
62.2.2, 62.3, 
62.4.1, A-9-13 

NRd design resistance of the joint; 60.1.2 

NRK characteristic axial force resistance of the critical 
cross section; 

22.3.5, 35.3 

Nt axial tension force on the diagonal of length dt; 72.4.3 

Nt,Rd design strength of the tensile section; 34.2 

Nu,Rd ultimate design strength of the net cross section; 34.2, 58.5.2 

Nx,Ed design axial force for a joint in x; A-9-5 

Ñ number of error cycles in each stress range; 42.6 

Ñσ number of consecutive times ∆σ direct stress ranges 
have to be applied to exhaust the fatigue resistance 
of the detail following the corresponding S-N curve, 
reduced using the coefficient γMf; 

42.3 

Ñτ number of consecutive times ∆τ shear stress ranges 
have to be applied to exhaust the fatigue resistance 
of the detail following the corresponding S-N curve, 
reduced using the coefficient γMf; 

42.3 

O factor of openings; A8.5, A8.6.1 

Olνm limit factor of openings; A8.6.1 

Pi individual point load. Value assumed by the 
representative function for each indicator; 

70.4, A11.4.1, 
A11.4.3.1, 
A11.4.3.2, 
A11.4.3.3, 
A11.4.3.4, 
A11.4.3.5, 
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A11.4.3.6 

Pk characteristic maximum humidity percentage of 
protective materials admitted in designs. Total 
gravitational load above the ground; 

45.2, 48.2, 50.2  

Pr deviation in the adjustment of orthotropic decks in 
the assembly of bridges; 

80.4 

Q variable action value. Leverage. Heat release rate;  9.2, 61.2, A8.4.6, 
A8.6, A8.6.2, 
A8.7.1 

Qc convection part of the heat release rate; A8.6.2 

Qfi,k characteristic fire load; A8.4.2 

QH* non-dimensional heat release rate; A8.6.2 

Qk characteristic variable action value; 42.3 

Qk,1 characteristic value of the determinant variable 
action; 

13.2, Art. 44 

Qmαx maximum heat release rate; A8.4.6 

Qrad loss of energy through openings; A8.7.1 

Qwall loss of energy through surrounding surfaces; A8.7.1 

Rd design structural response; 8.1.2, 15.2 

RD reactions in springs obtained in the equivalent beam 
model, for the dimensioning of diaphragms; 

A3.3.3 

RD,rνgido reactions in springs obtained in the equivalent beam 
model, suppressing fixed supports in sections where 
diaphragms are located; 

A3.3.3 

Rfi,d,0 Rfi,d,t value for t=0, i.e. at room temperature; 46.8.1, Art. 47 

Rfi,d,t respective resistances, assuming the member 
subject to temperature distribution (θ) at the specific 
time (t) of the fire process; 

Art. 46, 46.8.1, 
A8.5 

RHRf Maximum rate of generation of heat produced in 1 
m2 of fire, in the case of fuel-controlled fire; 

A8.4.6 

Rk characteristic structural response value; 15.2 
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S elastic area moment of the cross section above the 
point in question. Stress range. Section factor 
expressed in m-1. Required shear stiffness of the 
strap; 

34.5, 42.5, 48.1, 
48.4, 56.1, 73.11.3 

Sch stiffness provided by the sheet; 73.11.3 

SD effective stresses on the different elements that 
make up the diaphragm; 

A3.3.3 

SD,rνgido stresses obtained in the case of rigid diaphragms; A3.3.3 

Sj rotational stiffness of the joint; 57.2, 57.5, 65.2.5  

Sj,ini initial rotational stiffness of the joint; 57.2, 57.4, 57.5, 
62.3, 65.2.5 

Sp section factor of the protected member in m-1; 48.2, 48.4 

Sv shear stiffness of triangulation used for the link or 
battened panel  

71.2.3, 71.2.3.1, 
71.2.3.2 

T thickness of orthotropic bridge decks. Temperature;  80.4, A8.7.1 

Tc,Rd design strength tension of cross-section; 34.6 

TEd design value of torsional stress. Design value of 
tensile force in the bolt; 

34.6, 65.2.3 

To minimum service temperature to consider in the site 
of installation of the structure; 

32.3 

Tref reference temperature in the steel; 32.3 

Tt,Ed component of torsional force corresponding to St. 
Venant’s uniform torsion; 

34.6 

Tw,Ed component of torsional force corresponding to 
warping torsion; 

34.6 

V steel volume of the element per unit of length in 
m3/m; 

48.1, 48.2 

V0,Ed design value of the shear stress in the chord; A-9-5, A-9-6, A-9­
16 

Vb,Rd design web local buckling strength; 35.5.2, 73.10 

Vbf,Rd contribution of flanges to shear local buckling 
strength of the element; 

35.5.2, 35.5.2.2  

Vbw,Rd contribution of the web to shear local buckling 
strength of the member; 

35.5.2, 35.7.1  
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Vc design wind speed; 38.4 

Vc,Rd design shear strength of the section; 34.5, 46.4 

Vc1,Ed shear force applied at the joint by connected 
members; 

62.1.4 

Vc2,Ed shear force applied at the joint by connected 
elements; 

62.1.4 

VEd design value of the total vertical actions, at the base 
of the building, for the combination of actions 
considered. Design value of the shear force; 

22.3.1, 34.5, 34.6, 
34.7.1, 34.7.3, 
35.5.2, 35.7.1, 
35.9.3.3, 35.9.3.5, 
53.2, 56.1, 61.1, 
61.2.1, 61.3, 61.4, 
61.5, 61.6, 62.1.1, 
62.2.2, 71.2.3, 
71.2.3.2, A7.2.4, 
A-9-19 

VEd,G cutting forces due to non-seismic actions; 53.2 

Vfi,Ed design value of the shear force in a fire situation; 46.4 

Vfi,t,Rd design strength of a grade 1, 2, or 3 shear stressed 
section at a given time (t) during the fire process; 

46.4 

Vi factor; A11.4.1 

Vk combined shear for the storey; 50.2 

Vp plastic shear of the section of the piece; 56.1 

Vpl,0,Rd design plastic shear strength at the chord; A-9-5, A-9-6, A-9­
16 

Vpl,Rd design plastic shear strength; 34.5, 34.7.1, 
34.7.3, 53.2, A-9­
19 

Vpl,T,Rd design strength of the section against shear force 
and torsional moment; 

34.6, 34.7.1 

VR maximum shear force that can be transmitted 
through friction by the base plate to the support 
foundation; 

65.2.1 

VRd,w weld strength; 61.6 

VRd1 beam web resistance to local flattening; 61.5, 61.6 
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VRd2 angular bearing weld chord resistance; 61.5, 61.6 

VRd3 shear strength of the angle bearing flange; 61.5 

Vwp,Ed design shear strength of the web of a non-rigid 
column; 

62.1.4 

Vwp,Rd design plastic shear strength of the web of a non­
rigid column; 

62.1.4, 62.2.2  

Vy,Ed design shear force component along the y axis; 65.2.1 

Vz,Ed design shear force component along the z axis; 65.2.1 

W shear modulus. Width of the piece to be joined; 35.2.1, 35.2.3, 
35.3, 56.1, 59.3.6  

Wef shear modulus of the effective section; 20.7, 34.7.2.3, 
35.3, 73.9.3, 
73.11.3, A6.2, 
A6.4.1, A6.5 

Wef,min minimum elastic shear modulus of the effective cross 
section; 

22.3.5, 34.4 

Wel elastic shear modulus to bending; 34.7.2.2, 35.3, 
58.9, 73.11.2, A5.2 

Wel,0 elastic shear modulus of the chord; 64.2 

Wel,1 elastic shear modulus of the section of member 1; A-9-2, A-9-3 

Wel,min minimum elastic shear modulus of the section; 22.3.5, 34.4 

Wpl plastic shear modulus of the section; 22.3.5, 34.4, 
34.7.1, 35.3, 
73.11.2 

Wpl,1 plastic shear modulus of the section of member 1; A-9-11 

Z contraction expressed as a percentage; 26.2, 26.5.2 

A1.1.2 Roman Lower Case  

a value of geometric data. Size. Factor. Distance 16.1, 18.2.5, 
between transverse stiffeners. Weld neck thickness. 
Upper size on ground of neoprene support. Minimum 

34.7.2.1, 35.5.2.1, 
35.5.2.2, 35.6, 

distance permitted between sections or between one 
section and an adjacent surface. Length of the sheet 
with or without stiffeners. Distance between 

35.9.3.3, 59.7, 
59.8.2, 59.9.2, 
59.10, 61.2, 61.3, 
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transverse stiffeners; Factor of social contribution of 
the structure to sustainability; 

61.4, 61.5, 61.6, 
64.3, 64.8, 66.1, 
71.2.3.1, 71.2.3.2, 
80.2, 92.2, A6.3, 
A6.4.2.1, A6.4.2.2, 
A6.4.3, A6.5, 
A11.5 

a1, a2 lengths of the panels adjacent to the transverse 
stiffener; 

A7.2.1 

a1, a2,…a5 individual factors of social contribution of the 
structure to sustainability; 

A11.5, A11.6.1 

ab throat thickness of the joint of beam flanges to the 
support; 

62.1.1, 62.1.2  

ac throat thickness of chords at flange-web joints in the 
support. Buckling length of the equivalent column;  

62.1.1, 62.1.2, 
62.2.1 

ad design value of geometric data; 16.1 

af factor; 34.7.2.1 

ai throat thickness of one of the weld chords at the 
joint; 

60.1.1 

ak characteristic geometric data value; 16.1 

aLT factor; 35.3 

anom nominal geometric data value; 16.1 

ast gross cross sectional area, per unit of length, of 
stiffeners situated in the area affected by the load 
beneath the cover plate, for loads applied on the 
plane of the web of a section; 

21.6 

aw factor; 34.7.2.1 

b size. Section width. Double the height of the 
compresion panel (or subpanel). Weld chord width. 
Slot width. Distance between bolts. Lower size of the 
base plate. Lower size on the ground of the 
neoprene support. Width of the welded plate or strip. 
Width of the sheet with or without stiffeners. Factor. 
Coefficient of contribution of the structure to 
sustainability through extension of the working life;  

18.2.5, 20.7, 21.4, 
34.5, 35.1.2, 
35.2.2, 35.2.2.1, 
40.2, 42.6, 48.1, 
48.2, 58.9, 59.3.4, 
59.5, 60.3, 61.3, 
61.5, 65.2.1, 66.1, 
73.5, 73.6, 
73.13.5.1, 80.2, 
80.3, A6.3, 
A6.4.2.1, A6.4.2.2, 
A6.5, A7.2.1, A8.5, 
A8.6.1, A11.5 
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b0 width of the outstanding area of linear members for 
shear lag purposes. Hollow rectangular profile width. 
Chord width. Width of sheet between longitudinal 
stiffeners; 

21.1, 21.3.2, 
21.3.5, 21.4, 21.5, 
34.1.2.5, 42.6, 
64.2, 64.7.1, 
64.7.2.1, 64.8, 
64.9, A7.2.3, A-9­
7, A-9-9, A-9-10, 
A-9-11, A-9-12, A­
9-13, A-9-14, A-9­
15, A-9-17, A-9-18, 
A-9-19 

b1 length of the second piece to be joined at the fillet 
joint. Width of the hollow profile of diagonal or 
upright 1. Flange width. Size. Distance between 
stiffeners or between the stiffener and the edge of 
the equivalent sheet or column; 

59.3.4, 64.7.2.1, 
64.9, 80.2, A6.4.1, 
A6.4.2.1, A6.4.2.2, 
A-9-2, A-9-3, A-9­
7, A-9-8, A-9-9, A­
9-10, A-9-11, A-9­
12, A-9-17, A-9-18, 
A-9-19 

b1e effective width for exterior flanges for shear lag 
purposes; 

21.3, 21.4 

b2 width of the hollow profile of diagonal or upright 2. 
Flange width. Size. Distance between stiffeners or 
between the stiffener and the edge of the equivalent 
sheet or column; 

64.7.2.1, 80.2, 
A6.4.1, A6.4.2.1, 
A6.4.2.2, A-9-7, A­
9-8, A-9-9, A-9-12, 
A-9-17, A-9-19 

b3 size. Distance between stiffeners or between the 
stiffener and the edge of the equivalent sheet or 
column. Width of the hollow profile of diagonal or 
upright 3; 

80.2, A6.4.1, A-9­
12 

b4 size; 80.2 

bb beam flange width; 62.1.1 

bc width of support flanges. Width of the compresion 
part of the element or subpanel; 

62.1.1, A6.4.2.1, 
A6.4.2.2, A6.4.3 

bc,loc Width of the compresion part of each subpanel; A6.4.1 

be effective width for interior flanges for shear lag 
purposes; 

21.3, 21.4, 21.6  

be,f effective width of the bending column flange; 62.1.1, 62.3 

be,ov effective width of the covering filler bar at the 
connection to the covered filler bar; 

A-9-7, A-9-17, A-9­
19 

be,p effective width of the bending end sheet. Effective 
punching width; 

62.3, A-9-8, A-9-9, 
A-9-10 
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bef effective width of the beam flange. Effective width of 
the concrete area under one compressed column 
flange. Effective width in compresion interior panels; 

62.1.1, 62.1.2, 
65.2.2, 65.2.5, 
73.9.2 

beff effective filler bar width at the connection to the 
chord; 

64.8, A-9-7, A-9-8, 
A-9-9, A-9-10, A-9­
11, A-9-18, A-9-19 

beff,t,wb effective width of the tension beam web at a bolted 
joint with end sheet; 

61.2.1 

bf width of the flange leading to the lowest resistance to 
shear local buckling; 

35.5.2.2, 35.6  

bfal total uninterrupted length of the skirt in the front or 
cover structure; 

73.11.3 

bg length of the transverse stiffener between flanges; A7.2.4 

bi width of diagonal or upright i; 64.2, 64.6.1, 
64.7.1, 64.7.2.1, 
64.8, 64.9, A-9-7, 
A-9-8, A-9-9, A-9­
10, A-9-14, A-9-17, 
A-9-18, A-9-19 

bj width of diagonal or upright j; 64.2, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-17, A-9­
19 

bp straight width, length of each plate element in 
uniform section parts formed by plate elements and 
the according small radius curves. Plate width; 

73.5, 73.9.1, 
73.9.2, A-9-14, A­
9-15 

bs flange semi-width in closed or hat sections, width in 
sections Z or C, for bending members of wide 
flanges in comparison with the depth; 

73.7, 73.8 

bw effective width of the chord web; A-9-17, A-9-18 

c width or length of part of the cross section. Distance 
of the anchor from the diagonal tension field. Size. 
Clearance. Useful depth. Specific heat;  

20.3, 35.5.2.2, 
35.6, 48.2, 58.9, 
59.9.2, 61.6, 
65.2.2, 65.2.4, 
73.6, A8.5, A8.6.1, 
A8.7.1 

ca specific heat in J/(kgºK), variable with temperature 
(θa); 

45.1, 48.1 

cp conventional specific heat; 45.2, 48.3 

cpd design value specific coating heat; 48.2, 48.3 
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cpk characteristic value of specific coating heat; 48.3 

d size; Nominal diameter of the bolt, pin or anchoring 
member. Distance. Diagonal length. Diameter of a 
bar. Diameter of the circular neoprene support; 

18.2.5, 20.3, 29.3, 
29.4, 42.6, 58.3, 
58.6, 58.9, 60.1.2, 
61.1, 61.2, 61.2.1, 
61.6, 62.1.4, 
62.2.2, 62.4.3, 
64.2, 64.4, 66.1, 
71.2.3.1, 72.4.3, 
73.6, 76.7.1, 
76.7.3 

d0 hole diameter. Diameter of hollow circular profile. At 
welded joints between HCS hollow circular section 
profiles, chord diameter;  

34.1.2.2, 42.6, 
58.4, 58.5.2, 58.6, 
58.9, 64.2, 64.4, 
64.6.1, A-9-1, A-9­
2, A-9-3, A-9-4, A­
9-5 

d1 diameter of hollow profile of member 1; 64.7.2.1, A-9-1, A­
9-4, A-9-5, A-9-7, 
A-9-9, A-9-15, A-9­
17, A-9-19 

d2 diameter of hollow profile of member 2; 64.7.2.1, A-9-1, A­
9-7, A-9-8, A-9-9, 
A-9-15 

d3 diameter of hollow profile of member 3; A-9-5 

dc straight part of column web; 62.3 

di diameter of hollow profile of member i; 64.6.1, 64.7.1, 
64.8, 64.9, A-9-1  

dj diameter of hollow profile of member j; 64.7.1 

dk relative displacement between the header and footer 
of the supports for the storey in question; 

50.2 

dLT factor; 35.3 

dm lower average diameter measured between 
circumscribed and registered circles at the nut or the 
head; 

58.7 

dp thickness of protection material. Peripheral diameter 
in an arc spot weld; 

48.2, 48.4, 
73.13.5.1 

ds design diameter of a weld point; 73.13.4 

dt length of the diagonal subject to an axial tension 
force Nt; 

72.4.3 
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dw diameter of the washer or slot of the bolt or nut head, 
as applicable. Depth of the web of an I- or H-section 
chord. Surface diameter of an arc spot weld;  

61.2, 64.8, 
73.13.5.2 

dwc column web height; 62.1.4, 62.4.3  

e distance between stiffener centres. Distance. 
Thickness. Distance from the bracket-profile joint 
weld to its centroid. Eccentricity at the node. Greater 
of the existing differences between the centroid of 
the shorter section of the stiffener and of the 
corresponding part of the support plate and the 
centroid of the plate or of the gross section of the 
stiffener alone. Maximum distance from the lower 
face of the transverse stiffener web to the neutral 
fibre of the net section of the stiffener + sheet; 

35.9.3.1, 58.3, 
59.5, 60.3, 61.2, 
61.5, 62.2.1, 64.2, 
73.13.4, A6.4.2.1, 
A6.4.3, A7.2.4 

e0 extension of the imperfection (arc deflection) of a 
element; 

22.3.2, 22.3.3, 
22.3.4.1, 22.3.4.2, 
22.3.5, 22.4, 
22.4.1, 22.5, 71.1, 
71.2.3 

e´0 scaling applied to the strain set of the critical global 
buckling mode allowing for the initial eccentricity eo; 

22.3, 22.3.5, 22.4  

e0/p warping eccentricity; 42.6 

e1 The end from the centre of the hole in the anchoring 
member to the adjacent end of any member, 
measured in the direction of the load transfer. 
Distance, measured in the direction of the axis of the 
column, from the upper row of bolts to the end of the 
column;  

42.6, 58.4, 58.6, 
62.2.1, 73.13.4  

e2 distance from the centre of the hole in the anchoring 
member to the adjacent border of any member, 
measured perpendicularly to the direction of the load 
transfer; 

42.6, 58.4, 58.5.2, 
58.6, 73.13.4  

emαx maximum distance from the extreme fibre of the 
stiffener to its centroid; 

A7.2.1 

en total thickness of the neoprene at the support; 66.1 

eN displacement of the centroid of the area of the 
effective section in relation to the centroid of the 
gross cross section. Positional eccentricity of the 
neutral fibre of the effective section against the 
neutral fibre of the gross section subject to a 
compression axial force; 

20.7, 34.1.2.4, 
34.7.2.3, 35.3, 
35.7.1, 35.7.2, 
A6.5 

f coefficient of amendment for χLT; 35.2.2.1 
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f0 frequency of the first mode of vertical vibration, 
considering only permanent loads; 

38.3 

f0.2p,θ design strength in a fire situation with a strain of 
0.2 %. 

46.7 

fb buckling strength of the lateral face of the chord; A-9-8 

fbv resistance to local buckling by shear tension; 73.10 

fck characteristic strength of foundation concrete; 65.2.2 

fd pressure of shaft against concrete at the foundation 
support joint; 

65.3 

fj base plate pressure against the concrete; 65.2.3, 66.2 

fjd maximum support foundation concrete strength; 65.2.2 

fM deflection component due to bending; 67.2.1.2 

fp,θ temperature proportionality limit (θa); 45.1 

fr fundamental torsional frequency of the structure; 38.4 

fu maximum unit load under tension or resistance to 
tension; 

26.2, 26.3, 26.5.2, 
27.1, 27.2.1, 
27.2.2, 27.2.3, 
27.2.4, 27.3. 34.2, 
34.4, 58.5.1, 
58.5.2, 58.6, 58.7, 
59.8.2, 59.10, 
60.1.1, 61.3, 61.4, 
61.5, 61.6, 73.4, 
73.13.4, 73.13.5.1, 
73.13.5.2 

fub tensile strength of steel for bolts and pins; 29.2, 29.4, 58.6, 
58.7, 58.8, 65.2.1  

fub ultimate tensile strength in bolts or pins; 58.1, 58.6, 58.7, 
62.1.1, 62.4.3, 
76.7 

fup tensile strength of pin steel; 58.9 

fuw ultimate strength of electrode material; 73.13.5.2 

fV shear deflection component; 67.2.1.2 
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fy  yield strength; 20.3, 22.3.2, 
24.3.1, 26.2, 26.3, 
26.5.2, 27.1, 
27.2.1, 27.2.2, 
27.2.3, 27.2.4, 
27.3. 32.2, 32.3. 
34.1.1, 34.2, 34.3, 
34.4, 34.6, 34.7.1, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 34.7.3, 
35.1.1, 35.1.2, 
35.1.3, 35.1.4, 
35.2.1, 35.2.3, 
35.3, 35.5.1, 
35.7.1, 35.7.2, 
41.2, 42.3, 45.1, 
46.1, 46.2, 46.3, 
46.5, 46.7, 56.1, 
58.2, 58.5.1, 58.9, 
60.2.1, 60.3, 61.2, 
61.5, 61.6, 62.1.4, 
62.4.3, 64.2, 
65.2.2, 66.2, 
A3.3.1, A3.2.2, 
A5.2, A6.4.2, 
A6.4.3, A6.5, 
A7.2.1 

fy,0 yield strength of steel chord; 64.2, 64.8 

fy,red reduced value of steel yield strength; 66.2 

fy,θ effective temperature yield strength (θa); 45.1 

fy0 yield strength of steel chord; A-9-1, A-9-2, A-9­
3, A-9-4, A-9-7, A­
9-8, A-9-9, A-9-10, 
A-9-11, A-9-17, A­
9-18, A-9-19 

fy1 steel yield strength of diagonal or upright 1; A-9-10, A-9-11, A­
9-17, A-9-18 

fya average steel yield strength of cold-formed profile or 
sheet; 

73.4, 73.11.1, 
73.11.4 

fyb yield strength of steel for bolts and pins. Yield 29.2, 29.4, 46.7, 
strength of beam flange steel. Basic steel yield 58.1, 62.1.1, 
strength of cold-formed profile or sheet;  65.2.1, 73.4, 

73.9.2, 73.9.3, 
73.10, 73.11.1, 
73.11.4 
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fybp yield strength of reinforcement sheets; 61.2 

fyc steel yield strength of support flange; 62.1.1, 62.1.2  

fyf steel yield strength of flanges. Steel yield strength of 
compressed flange; 

35.5.2.2, 35.6, 
35.8 

fyi steel yield strength of diagonal or upright i; 64.8, A-9-7, A-9-9, 
A-9-17, A-9-19 

fyj steel yield strength of diagonal or upright j; A-9-7, A-9-8 

fyk characteristic steel yield strength; 32.1, A7.2.4, A-9­
11 

fyp yield strength of pin steel. Yield strength of sheet 
steel; 

58.9, A-9-14 

fyw yield strength of flange steel; 35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.2, 35.9.3.3, 
35.9.3.5 

fywb steel yield strength of the tension beam web at a 
bolted joint with end sheet; 

64.2.1 

fywc steel yield strength of non-stiffened column web; 62.1.4 

g gap between the feet of two contiguous brace 
elements in K, N or similar joints, measured along 
the chord face in the plane of the joint, regardless of 
the thickness of the weld (negative values of g 
represent coating q): 

42.6, 64.2, 64.6.1, 
64.7.1, 64.8, A-9­
1, A-9-6, A-9-9, A­
9-15 

g1 distance from the outer face of the diagonal or 
upright to the face of the chord; 

64.4 

g2 distance from the inner face of the diagonal or 
upright to the face of the chord; 

64.4 

h size. Height. Structure height. Section depth. 
Effective support height. Distance. Shoe thickness. 
Belt thickness. Distance between floors. Maximum 
operator-accessible distance in a narrow space; 

20.3, 22.3.1, 34.5, 
34.7.2.1, 35.1.2, 
35.2.2, 35.2.2.1, 
35.2.3, 37.2.2, 
48.2, 61.1, 61.2.1, 
61.3, 62.1.5, 
65.2.3, Art. 67, 
73.5, 73.6, 
73.11.3, 80.2, 
80.3, 92.2 

h0 depth of hollow rectangular profile. Chord depth. 
Distance between centroids of compound member 
chords; 

42.6, 64.2, 64.7.1, 
71.2.3, 71.2.3.1, 
71.2.3.2, A-9-8, A­
9-9, A-9-10, A-9­
13, A-9-18, A-9-19 
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h1 distance of the straight part of the support web. 
Height between floors. Depth of brace member 1;  

62.1.2, 80.3, A-9­
2, A-9-3, A-9-7, A­
9-8, A-9-9, A-9-10, 
A-9-11, A-9-12, A­
9-15, A-9-17, A-9­
18, A-9-19 

h2 distance between floors. Depth of brace member 2;  80.3, A-9-7, A-9-8, 
A-9-9, A-9-12, A-9­
15, A-9-17, A-9-19 

h3 distance between floors. Depth of brace member 3;  80.3, A-9-12 

hb beam depth; 62.4.2 

hc support depth; 62.1.4, 62.4.2  

hef effective web height; 62.1.2, 62.2, 62.3  

heq weighted average of the height of openings in all 
walls; 

A8.6.1, A8.4.6 

hi depth of member i; 64.2, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-8, A-9­
14, A-9-17, A-9-18, 
A-9-19 

hj depth of diagonal or upright j; 64.2, 64.6.1, 64.8, 
A-9-7, A-9-17, A-9­
19 

hk distance between floors; 50.2 

hp Storey height in question; 23.2.1 

hr distance between bolt row r and the centre of 
compression; 

62.3 

hs stiffener height including sheet thickness; A7.2.4 

hw web distance. Distance between average web end 
points, measured vertically for cold-formed sections 
or sheets. Height of the rib;  

34.5, 34.7.1, 
34.7.2.1, 35.5.1, 
35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.1, 35.8, 
35.9.3.1, 35.9.3.3, 
35.9.3.5, 35.9.4, 
73.10, 73.11.3, 
A6.4.2.1 

Heat flux received through radiation in the surface 
unit exposed to fire at ceiling height; 

A8.6.2 
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thermal flows received by surface unit exposed to 
fire at ceiling height for different, separately-located 
fires; 

A8.6.2 

net 

net heat flow incident upon the member surface unit 
exposed to fire; 

A8.2.2, A8.6.2, 
A8.7.1 

net,c 
thermal flow convection component by surface unit; A8.2.2 

net,d 
net heat flow by unit of area, in W/m2; 48.1 

net,r 
net heat flow radiation component by surface unit; A8.2.2 

tot 
total thermal flow calculated as the sum of 

etc.; 

A8.6.2 

i radius of gyration; 35.1.3, 61.2, 62.3, 
A6.4.3 

if,z radius of gyration of compresion flange equivalent to 
the weak axis of the section;  

35.2.3 

imνn minimum radius of gyration;  Art. 70, 70.5, 71.1 

k Factor. Coefficient of use;  35.8, 57.4, 73.4, 
91.2.2.5, A8.6.1 

k0.2p,θ quotient between high temperature resistance and 
yield strength at 20 °C; 

46.7 

k1 increase factor for nominal stress ranges in 
triangular structures for taking into account the effect 
of secondary moments. Adaptation factor for non­
uniform temperature distributions in the cross 
section; 

42.5, 46.4 

k2 adaptation factor for non-uniform temperature 
distributions along the beam; 

46.4 

kat stiffness of each row of bolts in the base; 65.2.5 

kb stiffness of one row of bolts under tension. 
Conversion factor; 

62.3, A8.5 

kc correction factor; A8.5 

kc slenderness correction factor for considering the 
distribution of moments between bracing points. 
Stiffness provided by the concrete and base plate 
under compression; 

35.2.2.1, 35.2.3, 
65.2.5 

kE,θ ratio between the elastic modulus in the linear phase 
of the stress-strain diagram for temperature (θa) and 
the elastic modulus at 20 °C; 

45.1, 46.3, 46.6  
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keff,r effective factor of stiffness for row of bolts r; 62.3 

keq equivalent coefficient of stiffness; 62.3 

kF local buckling coefficient; 35.6 

kf Bending stiffness of column flange, corresponding to 
one row of bolts; 

62.3 

kfl correction factor; 35.2.3 

kg factor; 64.6.2, A-9-1 

kh reduction factor for the height h of the structure; 22.3.1 

kj stiffness coefficient for each basic component; 62.3 

km factor; 22.3.1, 22.4, 
22.4.1, A-9-10 

kn factor; 64.7.3, A-9-7, A-9­
8, A-9-9, A-9-11 

kp bending stiffness of end sheet, corresponding to one 
row of bolts. Factor. Stiffness of bending base plate; 

62.3, 64.6.3, 
65.2.5, A-9-1, A-9­
2, A-9-3, A-9-4, 

kp,θ ratio between the proportionality limit for temperature 
(θa) and the yield strength at 20 °C; 

45.1 

ks reduction factor for resistance to fatigue due to size. 
Factor used to calculate bolt slip resistance; 

42.6, 58.8 

ksh coefficient for calculating steel temperature in 
unprotected members; 

48.1 

kwc compression column web stiffness; 62.3 

kwc coefficient which takes into account the maximum 
compression tension σn,Ed of a support web, deriving 
from the axial force and design moment to which the 
support is subjected at its joint to the beam; 

62.1.2 

kwt Tension stiffness web; 62.3 

kwv shear column web stiffness; 62.3 

kzz  interaction coefficient; 35.3 

kzγ  interaction coefficient; 35.3 
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kγ non-dimensional coefficient; 22.3.5 

kγ,θ ratio between the effective yield strength for 
temperature (θa) and the yield strength at 20 °C; 

45.1, 46.2, 46.3, 
46.4, 46.6 

kγ,θ,com, 
kE,θ,com 

correction coefficients obtained at 45.1 with the 
maximum temperature of the compresion zone of the 
section (θa,com) at time (t) of the fire process in 
question; 

46.5 

kγ,θ,i ratio between the effective yield strength for 
temperature (θa) and the yield strength at 20 °C for 
the partition of a section in members of area Ai; 

46.2 

kγ,θ,V value corresponding to θv; 46.4 

kγy  interaction coefficient; 35.3 

kγz  interaction coefficient; 35.3 

kσ panel local buckling coefficient. Transverse buckling 
or warping coefficient; 

20.7, 40.2, 73.9.2  

σk,p stiffened panel local buckling coefficient; A6.4.2.1 

τk shear local buckling coefficient; 35.5.1, 35.5.2.1, 
35.9.3.3, 40.2, 
73.10 

l length; 22.3.4.1, 22.3.4.2, 
42.6, 60.2, 66.2, 
A7.2.4 

leff effective length of the area of concrete under a 
compressed column flange; 

65.2.2, 65.2.5  

leff effective length of an fillet weld or of a bolted joint; 61.2, 62.2.1 

lo  buckling length; 22.3.4.2 

lp flange plate length; A-9-14, A-9-15 

ly effective load length; 35.6 

m number of compresion member alignments in the 
plane buckling in question. Mass by unit of length of 
the structure in Kg/m. Inverse the inclination of the 
fatigue resistance curve. Distance. Corresponding 
distance of the bolt to the line forming the 
corresponding plastic hinge. Combustion factor; 

22.3.1, 38.4, 42.2, 
58.4, 61.2, 62.2.1, 
62.3, 65.2.5, 
A8.4.1, A8.4.5, 
A8.4.6, A8.7.1 
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m(z) law of distribution of outer torsional moments along 
the longitudinal axis of the symmetrical single-cell 
box beam; 

A3.3.1 

m1 non-dimensional coefficient; 35.6 

m2 non-dimensional coefficient; 35.6 

rate of variation of gas mass; A8.7.1 

fi 
mass of products generated by pyrolysis in the unit 
of time; 

A8.7.1 

mi parameter; A11.4.1 

in 
mass of air entering through openings in the 
specified unit of time; 

A8.7.1 

out 
mass of gas exiting through openings in the 
specified unit of time; 

A8.7.1 

n whole number. Factor. Number of extended holes in 
any diagonal or zigzag line through the member or 
part thereof. Number of joint bolts. Distance. Number 
of triangulation planes. Number of batten plate 
planes. Number of folds in a 90° section. Value (σ0,Ed 

/ fy,0) / γM5 used for SHR chords; 

21.1, 21.6, 
34.1.2.2, 34.7.2.1, 
58.5.1, 58.6, 58.8, 
60.1.2, 60.2.2, 
61.2, 61.3, 70.4, 
71.2.3.1, 71.2.3.2, 
73.4, 80.3, A-9-7, 
A-9-8, A-9-9, A-9­
10, A-9-11 

nb number of rows of bolts; 61.2 

ni number of load cycles (i = 1, 2...n). Parameter;  42.6, A11.4.1 

np  value (σp,Ed /fy,0) / γM5 used for SHC chords; A-9-1, A-9-2, A-9­
3, A-9-4 

npl factor; 35.3 

p spacing between centres of two consecutive holes 
measured perpendicular to the axis of the element. 
In K, N or similar joints, length of the intersection of 
the diagonal or upright overlapped with the chord, 
measured along its face on the plane of the joint; 

34.1.2.2, 64.2  

p(z) vertical load applied following the longitudinal axis of 
the box beam; 

A3.3.1 

p1 spacing between centres of anchoring members in 
line with the load transfer direction; 

42.6, 58.4, 58.6, 
73.13.4 
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pi,1 a pi,4  percentages; A11.4.3.1 a 
A11.4.3.4 

pi,5 factor; A11.4.3.5 

p2 distance between adjacent rows of anchoring 
members measured perpendicular to the load 
transfer direction; 

42.6, 58.4, 58.6, 
73.13.4 

q equivalent stabilisation force by unit of length. In K, 
N or similar joints, theoretical overlap length, 
measured along the face of the chord on the plane of 
the joint. Uniformly distributed lateral load; 

22.4.1, 42.6, 64.2, 
A7.2.1, A-9-1 

qfd design value of the fire load; A8.4.1, A8.6.1 

qfk Characteristic fire load density performance per 
floor area unit; 

A8.4.1 

qtd design value of the system of transverse forces 
equivalent to the initial curve in compresion 
elements. Design value of the load density to fire in 
relation to the total fire protection area At; 

22.3.3, A8.6.1 

r root radius. Radius of curvature of compresion 
flange. Mass radius of gyration. Bolt row number. 
Radius of support sphere. Horizontal distance 
between vertical axis of fire and point of ceiling for 
which the heat flow is calculated; 

34.5, 35.8, 38.4, 
42.6, 61.2, 61.2.1, 
61.5, 61.6, 62.3, 
66.2, A8.6.2, A-9­
17, A-9-18 

r0 flange-web fillet radius of the I or H section chord; 64.9 

rc support flange-web fillet radius, assuming this is 
rolled; 

62.1.1, 62.1.2, 
62.2.1 

rp,ef effective thermal resistivity; 45.2, 48.4 

rp,ef,d design effective thermal resistivity of the coating; Art. 47, 48.2, 48.3 

rp,ef,k characteristic effective thermal resistivity of the 
coating; 

Art. 47, 48.2, 48.3, 
48.4 

s arc length. Distance between centres of two 
consecutive holes measured parallel to the axis of 
the member. Value obtained as s=Sp/rp,ef. Side 
length of one section of a fillet weld chord. Distance 
between splices in single supports interconnected 
with sheet linings. Separation between belts. 
Distance. Thickness of layer exposed directly to fire; 

22.3.4.1, 34.1.2.2, 
48.4, 59.8, Art. 70, 
73.11.3, A7.2.1, 
A8.6.1 

s1 separation between slots; 59.5 

s2 separation between rows of slots; 59.5 
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sd Chord extension length in cold-form sections and 
sheets; 

73.10 

se length of the load distribution area at the flange-web 
point of contact, in the case of application of loads 
on the plane of the web of a section; 

21.6 

slνm limit thickness; A8.6.1 

sp straight length of the greater section of a web in 
cold-form sections and sheets; 

73.10 

ss length of the web cover plate load application area, 
in the case of application of loads on the plane of the 
web of a section. Length of the web on which the 
load is applied;  

21.6, 35.6 

sw total straight length of a web in cold-form sections 
and sheets; 

73.10 

t element thickness. Fire time duration. Thickness of 
the thinnest piece to be joined. Thickness of each of 
the neoprene support sheets; 

18.2.5, 20.7, 21.4, 
27.1, 27.2.1, 
27.2.2, 27.2.3, 
27.2.4, 28.1, 32.3, 
32.3, 34.1.2.2, 
34.1.2.5, 34.5, 
34.7.2.1, 35.9.1, 
40.2, 42.6, Art. 46, 
46.3, 46.4, 46.5, 
46.6, 46.8, 46.8.1, 
46.8.2, Art. 47, 
48.1, 48.4, 58.4, 
58.5.2, 58.6, 58.7, 
59.3.4, 59.3.6, 
59.5, 59.9.2, 60.3, 
61.2, 61.5, 61.6, 
62.4.3, 64.2, 
65.2.2, 65.2.5, 
66.1, 73.4, 73.6, 
73.7, 73.9.2, 
73.10, 73.11.3, 
73.13.4, 73.13.5.1, 
73.13.5.2, 76.7.3, 
A3.2.2, A3.3.1, 
A6.4.1, A6.4.2.1, 
A6.4.2.2, A6.4.3, 
A8.3.1, A8.3.2, 
A8.3.3, A8.4.6, 
A8.5, A8.6.1, 
A8.7.1, A-9-13 

t0 hollow profile thickness. Weld hollow profile 42.6, 64.2, 64.4, 
thickness;  64.6.1, 64.7.2.1, A­

9-1, A-9-2, A-9-3, 
A-9-4, A-9-7, A-9­

ANNEXES page 36 



 

    
 

  

 
 
 

 

  

  

  
 

 

 

 
 

 

 

  
 

   

  
 

 

  
 

8, A-9-9, A-9-10, 
A-9-11, A-9-14, A­
9-15, A-9-19 

t1 thickness of the second piece to be joined at the fillet 
joint. Thickness of the reinforcement sheet. 
Thickness of diagonal or upright 1; 

59.3.4, 62.2.1, 
64.2, 64.4, 64.6.1, 
64.7.1, 64.9, 
73.13.4, A-9-1, A­
9-2, A-9-9, A-9-10, 
A-9-11, A-9-15, A­
9-17, A-9-18 

t2 thickness of brace member 2. Lining thickness; 64.2, 64.6.1, 
64.7.1, 64.9, 
73.13.5.2, A-9-1, 
A-9-9, A-9-15, A-9­
17 

ta steel thickness in a small tube in relation to its 
perimeter; 

48.1 

tbp thickness of reinforcement sheets; 61.2 

tc chord reinforcement thickness; 42.6 

tcor design thickness of steel profile or light steel 
structure; 

73.3 

td thickness of diaphragm sheet; A3.3.3 

te,d equivalent standardised fire exposure time; A8.2.1, A8.5 

tf thickness of compresion sheet panel. Flange 
thickness. Lining thickness; 

20.3, 34.5, 
34.7.2.1, 35.1.2, 
35.2.3, 35.5.2.2, 
35.6, 48.1, 58.6, 
59.8.2, 61.2, 61.5, 
61.6, 64.2, 64.8, 
65.2.2, A-9-17, A­
9-18 

tfb thickness of connected beam flange; 61.2.1, 62.1.2, 
62.1.4, 62.1.5  

tfc thickness of support flange; 62.1.1, 62.1.2, 
62.1.4, 62.3 

tfi,nom duration expressed in standard minutes of fire; A8.2.1, A8.5 

tfi,requ standardised time of resistance to fire required of the 
structure; 

Art. 46, 48.3, 48.4, 
A8.1 

tg working life actually considered in the design for the 
structure within the ranges included in this Code; 

A11.5 
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tg,mνn working life established in section 5.1 of this Code; A11.5 

ti wall thickness of member I (i =1,2 or 3). Wall 
thickness of the hollow profile of diagonal or upright 
i; 

42.6, 64.6.1, 
64.7.1, 64.8, 64.9, 
A-9-7, A-9-8, A-9­
10, A-9-17, A-9-19, 
A-9-19 

tj wall thickness of the hollow profile of diagonal or 
upright j; 

A-9-7, A-9-17, A-9­
19 

tlνm fire development time limit; A8.6.1 

tmαx maximum temperature time; A8.6.1 

tmc nominal thickness of steel profile or light steel 
structure; 

73.3 

tmin minimum sheet thickness. Thickness of thinnest 
piece to be joined; 

58.7, 59.3.2, 
59.3.7, A7.2.4 

tnom galvanised steel thickness; 73.3, A8.1, 

tol tolerance; 73.3 

tp end sheet thickness. Flange plate thickness; 62.3, A-9-13, A-9­
14, A-9-15 

tr stiffener thickness; 62.1.3 

tsup thickness of affected sheet in terms of sheet metal 
bolt extraction capacity. Thickness of support sheet 
at an arc spot weld;  

73.13.3, 73.13.5.2  

tti,d design value of standardised fire resistance of 
members; 

A8.5 

tw flange thickness; 20.3, 21.6, 34.5, 
34.7.1, 34.7.2.1, 
35.1.2, 35.5.1, 
35.5.2, 35.5.2.1, 
35.5.2.2, 35.6, 
35.7.2, 35.8, 
35.9.3.1, 35.9.3.3, 
35.9.3.5, 59.8.2, 
61.2, 61.4, 61.5, 
61.6, 62.1.3, 
62.1.4, 62.4.3, 
64.8, 64.9, 65.2.2, 
A-9-17, A-9-18, A­
9-19 

twb flange thickness of the tension beam web at a bolted 
joint with end sheet; 

61.2.1 

ANNEXES page 38 



 

  

  

 

  

  

   

  

  

  
 

  
 

   

 

  

  

  

 

  

 
 

 

 

twc thickness of column web; 62.1.1, 62.1.2, 
62.1.3, 62.1.4, 
62.3 

tα time required to reach a heat release rate of 1MW.  A8.4.6 

u total horizontal deflection of the building or structure 
of height H. Flange bending in elements subject to 
wide flange bending in comparison with the depth. 
Material dampness, as a dry weight percentage; 

37.1, 37.2.2, 73.7, 
A8.4.4 

ui relative horizontal deflection between floor slab 
heights, on each level or storey of height Hi; 

37.1, 37.2.2 

w angle profile gage. Factor which takes into account 
interaction with the column web shear;  

61.3, 62.1.2 

w0 initial sinusoidal imperfection; A7.2.1 

w1 initial deflection under the entirety of permanent 
loads acting on the structure; 

37.1 

w2 deferred component of deflection under permanent 
loads; 

37.1 

w3 deflection due to the action of overloads, under the 
relevant combination of actions; 

37.1 

wactiva active deflection; 37.1, 37.2.1 

wc inverse deflection of structural element; 37.1 

wel elastic deflection; A7.2.1 

wf coefficient of ventilation; A8.5 

wmαx total apparent deflection discounting the camber; 37.1, 37.2.1 

wtot total deflection; 37.1 

z transverse distance between the section in question 
and the flange-web point of contact, immediately 
after load application, for loads situated on the plane 
of the web of a section. Lever arm. Distance to the 
neutral fibre. Height along the flame axis;  

21.6, 62.1.4, 
62.1.5, 65.2.2, 
65.2.5, 73.7, 
A8.6.2 

z´ vertical position of the virtual heat source; A8.6.2 

z0 virtual origin of the axis of the flames; A8.6.2 
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zi position of the result of Fzi stresses (mechanical arm 
of such force) on member surface Ai; 

46.4 

A1.1.3 Greek Capitals  

∆ difference. Increment. Deviation (tolerances). 
Eccentricity. Tapering. Collapse. Clearance; 

16.1, 20.7, 32.3, 
80.2, 80.3, 80.3.1, 
80.4 

∆ 1 tapering; 80.3 

∆ 2 tapering; 80.3 

∆a geometric deviation; 16.1 

∆L temperature(θa) induced expansion of a member of 
length L; 

45.1 

∆M additional moment 20.7. 34.3 

∆MEd additional bending moment in class 4 cross-sections 
subject to axial compression force due to 
displacement of the axis of effective area Aef related 
to the gross cross section; 

34.1.2.4, 35.3  

∆Nst increment of axial compression force in the 
transverse stiffener in order to account for deviation 
forces; 

A7.2.1 

∆t time increment in seconds; 48.1, 48.2 

∆Tεcf term for the rate of deformation for checking the 
fracture toughness of a steel; 

32.3 

∆tp Retardation time of protection materials with a 
permanent humidity content; 

45.2, 48.2 

∆Tr effect of loss due to radiation of steel for checking 
fracture toughness; 

32.3 

∆Tεcf cold steel forming term for checking fracture 
toughness; 

32.3 

∆θa,t member increase in steel temperature; 48.1 

∆θg,t  increment of θg,t during ∆t; 48.2 

∆σ direct nominal stress ranges; 42.2, 42.3, 42.6  

∆σC,red reduced fatigue resistance reference value; 42.2, 42.6 

ANNEXES page 40 



 

  
 

 

   

  
 

  

  

   

 
 

 

  

 

 

  
 

   

 
 

 

 

  

  
  

 

  
 

 

 

∆σc; ∆τc value of resistance to fatigue where Nc = 2 million 
cycles; 

42.2, 42.6 

∆σD; ∆τD stress range fatigue limit for a constant increase at a 
number of cycles ND; 

42.2, 42.6 

∆σi; ∆τi direct and shear component stress ranges in the nth 

load cycle; 
42.3 

∆σL; ∆τL damage threshold for stress ranges in cycle number 
NL; 

42.2, 42.6 

∆τ nominal shear stress ranges; 42.2, 42.3, 42.6  

Θ angle between filler bar and chord; 42.6 

Θg temperature of gas in proximity of element exposed 
to fire; 

A8.2.2, A8.2.3, 
A8.3.1, A8.3.2, 
A8.3.3, A8.6.1 

Θm element surface temperature; A8.2.2, A8.6.2 

Θmαx maximum temperature during heating phase; A8.6.1 

Θr effective fire radiation temperature; A8.2.2 

Θz temperature of crest along its vertical axis of 
symmetry; 

A8.6.2 

ΣMi total bending moment affecting the section, sum of 
"i" individual loads; 

21.3.3 

Φ angle. Value for determining the reduction coefficient 
χ. Form factor; 

22.4.1, 35.1.2, 
46.3, 46.6, A8.2.2, 
A.8.6.2 

ΦCd Joint rotation capacity. Rotation capacity at a 
welded, non-stiffened support-beam joint; 

57.2, 62.4.2 

ΦLT value for determining the reduction coefficient χLT; 35.2.2, 35.2.3, 
35.2.2.1 

ΦLT,θ,com value for determining the reduction coefficient χLT,fi; 46.5 

Ψ non-dimensional stress or strain coefficient. Ratio of 
segment-end moments; 

20.3, 20.7, 
35.2.2.1, 35.3, 
73.9.2, 73.10, 
A6.4.2.1, A6.4.2.2 

Ψ´ el elastic reduction coefficient of the effective width of 
stiffened flanges due to shear lag; 

21.4, 21.5 

Ψ´ ult reduction coefficient of the effective width of flanges 
in the elastic-plastic range due to shear lag, for 
tension flanges with longitudinal stiffeners; 

21.5 

ANNEXES page 41 



 

  

 

   

 

  
 

 

  
 

   

 

 

 

 
 

  

   
 

 
 

 
 

  

  

 

 

  

Ψ1 coefficient corresponding to the frequent value of a 
variable action; 

42.3 

Ψ1,1 Qk.1 representative frequent value of the determinant 
variable action; 

13.2, Art. 44 

Ψ2,.i Qk.i semi-permanent representative value of variable 
actions acting simultaneously with the determinant 
variable action and the accidental action, or with the 
seismic action;  

13.2, Art. 44 

Ψel elastic reduction coefficient of the effective width of 
flanges due to shear lag; 

21.3, 21.4 

Ψel,i elastic reduction coefficient of the effective width 
corresponding to individual load “i”; 

21.3.3 

Ψi action reduction factor. Factor; Sections. 11 and 
12, A8.4.1, A8.4.3 

Ψo.i Qk.i representative value of the combination of variable 
actions acting simultaneously with the determinant 
variable action; 

13.2 

Ψult reduction coefficient of the effective width of flanges 
in the elastic-plastic range due to shear lag, for non­
stiffened flanges; 

21.5 

Ω double the interior area of the trapezium forming the 
cross section of the box beam; 

A3.3.1 

A1.1.4 Greek Lower Case 

α part of a compressed cross section. Factor. 20.3, 20.7, 21.4, 
Imperfection factor; 22.3.5, 32.2, 32.4, 

34.1.2.5, 34.7.2.1, 
35.1.2, 35.5.2.1, 
46.5, 46.6, 57.2, 
58.6, 59.8.2, 61.2, 
62.2.1, 71.2.3.1, 
72.1.1, 92.2, 
A6.4.2.1, A6.4.3, 
A8.6.2 

αb factor; 65.2.1 

αc convection heat transfer factor for standard fire; 48.1, A8.2.2, 
A8.3.3, A8.4.6, 
A8.7 

αcr coefficient which requires the multiplication of design 
loads to produce the elastic instability of the general 
buckling model of the structure; 

23.2, 23.2.1, 24.2, 
24.3 

αe factor; A6.4.3 

ANNEXES page 42 



 

  

  

 

  

  

  

   

   

 
 

 
 
 
 

 

   

 

  

 

  

  

 
 

 
 

αh factor; 35.3 

αi factor; 70.4, A11.4.1 

αLT  imperfection factor; 35.2.2, 35.2.3, 
35.2.2.1 

αs factor; 35.3 

αu load multiplier factor for collapse situations; 50.2 

αy load multiplier factor for initial plastification; 50.2 

αθ linear expansion factor; 45.1 

β non-dimensional factor. Reliability index. Angle. List 
of dimensions between a diagonal and an upright 
and the corresponding chord. Buckling coefficient. 
Ratio between the average diameter or width of filler 
bars and the diameter or width of the chord; 

21.3.2, 32.2, 
34.1.2.5, 34.7.2.1, 
35.2.2.1, 58.6, 
60.1.2, 61.5, 
62.2.2, 62.3, 64.2, 
64.7.1, 64.9, 70.3, 
70.4, 72.4.1, 
72.4.3, A5.2, A-9­
1, A-9-2, A-9-3, A­
9-4, A-9-7, A-9-8, 
A-9-9, A-9-10, A-9­
11 

β´ non-dimensional factor; 21.4, 34.1.2.5  

β1 non-dimensional factor; 59.8.1, 62.3 

β2  non-dimensional factor; 58.5.2, 59.8.1, 
62.3 

β3 non-dimensional factor; 58.5.2 

β50 reliability index for a reference period of 50 years; 5.1.1.1 

βA,c factor; A6.4.2, A6.4.3 

βf non-dimensional factor; 58.6 

βi buckling factor for the load Pi, considered 
individually. Factor; 

70.4, A11.4.1 

βj non-dimensional factor that depends on the 
specifications of the levelling mortar poured for 

65.2.2 

ANNEXES page 43 



 

 

  

 

   
 

 

  

   

  

  

  

  

  

 
 

 

  

 
 

 
 

laying the base plate; 

βw steel correlation coefficient; 59.8.2, 59.10, 
60.1.1, 60.2.1, 
61.4, 61.6 

γ density. Relation between the size of a chord and 
double its thickness. Angle distortion. Factor; 

32.4, 64.2, 66.1, 
A6.4.2.1, A-9-1, A­
9-4, A-9-9, A-9-17 

γA partial safety factor of accidental action.  12.1, 

γf partial safety factor for an action. Specific weight. 
Angle distortion;  

Art. 12, 

γFf partial increase factor for stress ranges; 42.2, 42.3 

γG permanent action partial safety factor.  12.1, 12.2 

γG* permanent action partial safety factor of a non­
constant value. 

12.1, 12.2 

γi*  coefficient; A11.4.1 

γM material strength reduction factor; 15.2, 32.1, 32.2, 
A11.4.3.3 

γM0 partial coefficient for the strength of cross sections;  15.3, 34.1.1, 34.2, 
34.3, 34.4, 34.5, 
34.6, 34.7.1, 
34.7.2.1, 34.7.2.2, 
34.7.2.3, 35.5.2.2, 
35.7.1, 35.7.2, 
46.2, 46.4, 58.2, 
58.5.1, 58.9, 60.3, 
61.2, 61.2.1, 
62.1.1, 62.1.2, 
62.1.4, 65.2.2, 
73.9.2, 73.10, 
73.11.1, 73.11.2, 
A5.2, A6.3, A6.5, 
A7.2.4 

γM1 partial coefficient for the resistance to instability of 
structural members; 

15.3, 35.1.1, 
35.2.1, 35.2.3, 
35.3, 35.5.2, 
35.7.2, 35.9.3.3, 
35.9.3.5. 46.5, 
62.1.2, A7.2.1 

γM2 partial coefficient for the failure strength of tensile 
cross sections. Also for joint strength; 

15.3, 34.2, 34.4, 
58.5.1, 58.6, 58.7, 
58.9, 59.8.2, 
59.10, 60.1.1, 
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60.2.1, 61.3, 61.4, 
61.5, 61.6, 65.2.1, 
73.13.4, 73.13.5.1, 
73.13.5.2 

γM3 partial coefficient for the slip resistance of joints with 
pre-loaded bolts; 

15.3, 58.8 

γM5 partial safety factor for strength in joints between 
tubular section parts; 

64.1, A-9-1, A-9-2, 
A-9-3, A-9-4, A-9­
7, A-9-8, A-9-9, A­
9-10, A-9-11, A-9­
14, A-9-17, A-9-18, 
A-9-19 

γMf partial fatigue resistance coefficient for detail 
categories ∆σc; ∆τc, when used as a fatigue 
resistance value; 

42.2, 42.4 

γMfi partial strength coefficient for steel in a fire situation; 45.1, 46.1, 46.3, 
46.4, 46.5, Art. 47  

γp partial coefficient considering the fire protection 
system; 

Art. 47, 48.3, 48.4 

γQ variable partial safety factor. 12.1, 12.2 

γq partial safety factor which takes into account 
foreseeable consequences of fire; 

A8.4.1, A8.5 

δ relative displacement between the top and bottom 
ends of the support. Factor:  

66.1, A6.4.2.1 

δH, Ed relative horizontal displacement of the upper level of 
the storey in relation to its lower level; 

23.2.1 

δni coefficient which takes into consideration the 
different active measures for fire fighting i, sprinklers, 
detection and automatic fire fighter alarm 
transmission (i=1, 2 or 3).  

A8.4.1 

δq bracing system deflection in the stabilisation plan; 22.4.1 

δq1 partial factor which takes into consideration the 
activation risk of fire due to type of occupancy; 

A8.4.1 

δq2 partial factor which takes into consideration the 
activation risk of fire due to sector sizes; 

A8.4.1, A8.4.6 

maximum local deflection along the member; 35.3 

ε warping; 20.3, 32.2, 35.1.3, 
35.2.3, 35.3, 
35.5.1, 35.5.2.1, 
35.5.2.2, 35.6, 
35.9.1, 45.1, 46.1, 
62.1.4, 62.4.3, 
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73.9.2, 73.11.1, 
A3.2.2, A3.3.1 

εc,Ed design maximum compression panel strain; 20.7 

εcf percentage of permanent strain produced by the cold 
forming of material; 

32.3 

εcmαx maximum single strain on the most compresion edge 
of the panel; 

19.5.1, 19.5.2  

εcr ideal critical panel local buckling strain; 19.5.1, 20.7  

εcu limit strain for compresion steel elements; 19.5.1 

εf  flame emissivity; 48.1, A8.2.2, 
A8.6.2 

εm member surface emissivity; A8.2.2, A8.6.2 

εmαx strain under maximum load; 26.3, 26.5.2 

εp,θ strain in relation to the temperature proportionality 
limit (θa), fp,θ; 

45.1 

εres resultant emissivity for carbon steel surfaces; 48.1 

εtu limit strain for tensile steel elements; 19.5.1 

εu ultimate strain; 26.3, 26.5.2 

εu,θ ultimate strain for the temperature (θa) in the stress­
strain diagram; 

45.1 

εy strain corresponding to the yield strength of steel; 19.5.1, 20.3, 26.3  

εy,θ strain corresponding to the effective yield strength 
for temperature (θa), fy,θ; 

45.1 

rate of strain; 32.3 

o rate of strain reference value; 32.3 

η coefficient which allows for the consideration of 
additional plastic strength offered by hardening 
through the deformation of material. Parameter. 
Relation between the average diameter or width of 
filler bars and the diameter or width of the chord; 

34.5, 35.5.1, 
35.5.2.1, 35.9.3.5, 
57.5, 64.2, A-9-2, 
A-9-3, A-9-10, A-9­
11 

η0 degree of use; 46.8.1 
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η1 coefficient of distribution; A5.2 

η2 coefficient of distribution; A5.2 

ηcr shape of the elastic critical buckling mode of the 
structure; 

22.3.5 

ηinic amplitude of the single imperfection of the elastic 
critical buckling mode; 

22.3.5 

θ temperature of a member. Factor. Angle. Angle 
between filler bar and chord; 

Art. 46, 46.2, 46.6, 
48.3, 50.2, 61.6, 
64.1, 64.2, A7.2.1, 
A-9-11, A-9-8, A-9­
13 

θa temperature reached by steel. Rotation on the near 
edge of the beam;  

45.1, 46.7, 48.4, 
A5.2 

θa,com maximum steel temperature in the compressed 
flange of the section; 

46.5 

θa,cr critical temperature value in accordance with 46.8, 
46.8.1 and 46.8.2 

Art. 46, 46.8, 
46.8.1, 46.8.2  

θa,mαx maximum steel temperature in the section; 46.5 

θa,t uniform temperature reached by steel after a 
standard fire of duration t; 

Art. 46, 46.3, 46.4, 
46.8, 46.8.2, 48.1, 
48.2, 48.4 

θb rotation on the far edge of the beam; A5.2 

θg,t gas temperature; 48.1, 48.2 

θi angle between filler bar and chord (i=1, 2 or 3). 
Temperature of a member of area Ai resulting from 
the partition of a section; 

64.2, 46.2, A-9-1, 
A-9-4, A-9-5, A-9­
7, A-9-8, A-9-9, A­
9-12, A-9-15, A-9­
17, A-9-19, 

θm,t member surface temperature; 48.1 

θV average temperature of the effective shear cross­
section (AV) used in room temperature calculations, 
in accordance with 34.5; 

46.4 

κ factor; A-9-13 

λ slenderness. Thermal conductivity; 22.3.2, 71.2.3.2, 
73.11.2, A8.6.1 

λ1 factor; 61.2 
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λ2 factor; 61.2 

λ6 parameter; A11.4.3.6 

λa thermal conductivity in W/(mºK), variable with 
temperature (θa); 

45.1 

λE slenderness value for determining relative 
slenderness; 

35.1.3, 35.2.3  

λef effective slenderness; 72.3 

λ1i, λ2i,…. λ5i parameters; A11.4.3.1, , 
A11.4.3.2, 
A11.3.4.3, 
A11.3.4.4, 
A11.4.3.5 

λo slenderness of a column, considered hinged; 65.2.5 

λov overlap ratio as a given percentage; 64.2, 64.7.1, A-9­
7, A-9-19 

λov,lim limit overlap ratio as a given percentage; 64.6.1, 64.8 

λp conventional thermal conductivity in W/(mºK). 
Thermal conductivity of the fire protection system;  

45.2, 48.3 

λpk characteristic thermal conductivity of the fire 
protection system; 

48.3 

λv slenderness for buckling around the axis of minimum 
inertia; 

72.3 

λy slenderness for buckling around the y-y axis, parallel 
to the flanges; 

72.3 

λz slenderness for buckling around the z-z axis, parallel 
to the flanges; 

72.3 

relative slenderness; 22.3.5. 24.3.1, 
35.1.2, 35.3, 46.3, 
61.6, 73.11.2, 
73.11.3, Annex 4 

c relative column slenderness; A6.4.3 

θ relative slenderness used for calculating room 
temperature, corrected according to coefficients ky,θ 

and kE,θ obtained in 45.1 with temperature (θa,t) at the 
time (t) of the fire process in question; 

46.3 

c0 limit slenderness of the equivalent compressed 
flange; 

35.2.3 
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f non-dimensional slenderness of the equivalent 
compressed flange between bracing points; 

35.2.3 

LT non-dimensional slenderness for torsional or 
flexural-torsional buckling; 

35.2.2, 35.2.3, 
35.2.2.1, 35.3, 
46.5 

LT,θ,com non-dimensional slenderness used in room 
temperature calculations, corrected according to 
coefficients ky,θ,com and kE,θ,com; 

46.5 

LT,0 coefficient for calculating lateral buckling in rolled 
sections or equivalent welded sections subject to 
bending; 

35.2.2.1, 35.2.3  

0 non-slenderness of lateral buckling where there is a 
uniform moment; 

35.3 

p non-dimensional slenderness of sheet or panel; 19.5.1, 62.1.2, 
73.9.2, 73.11.2, 
A6.3, A6.4.2 

p,red relative slenderness of the sheet or panel in the 
effective section; 

20.7, 73.9.2, 
73.9.3, A6.3 

T relative slenderness for torsional or flexural-torsional 
buckling; 

35.1.4 

w relative web slenderness; 35.5.2.1, 35.9.3.3, 
73.10 

p,ser relative slenderness of the sheet or panel in the 
effective section for the serviceability limit state; 

73.9.2, 73.9.3  

μ ductility performance coefficient. Slip factor. 
Reduction factor. Efficiency factor;  

50.2, 64.6.3, 
64.7.3, 66.2, 
71.2.3.2, 76.8, A­
9-6, A-9-16 

ν Poisson ratio; 20.7, 32.4, 
35.5.2.1, 73.9.2, 
A6.4.2.1, A6.4.2.2, 
A6.4.3 

ξ factor; A6.4.4 

ρ width reduction factor of compresion panels. Factor. 
Specific mass of air. Performance. Buckling 
reduction factor of equivalent orthotropic plate. 
Density; 

19.5.1, 20.7, 
34.7.1, 34.7.3, 
62.1.2, 73.9.1, 
73.9.2, A6.4.4, 
A8.5, A8.6.1 

ρa steel density. Factor; 48.1, 48.2, 73.9.3  

ρc panel instability reduction coefficient; A6.3, A6.4.1, 
A6.4.4 
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ρloc reduction coefficient of each panel calculated 
according to A6.3 to take into account local buckling; 

A6.4.1 

ρp density of protection material; 45.2 

ρpd design value of protection material density; 48.2 

ρpk characteristic value of protection material density; 48.3 

σ Design compressive strength. Admissible 
compression stress of neoprene support. Stefan-
Boltzmann constant; 

32.2, 45.1, 66.1, 
A8.2.2, A8.6.2 

σ// direct stresses acting on a normal plane to the axis 
of the chord; 

59.8, 59.11 

σ┴ direct stresses acting on the throat plane of the 
chord; 

59.8, 59.8.2 

σ1 maximum stress at one panel edge; A6.4.2.1 

σ2 minimum stress at the opposite edge; A6.4.2.1 

σa average flange stress, calculated with the gross 
section; 

73.7 

σc,Ed maximum design compression stress; 20.3, 20.7, A6.3, 
A6.4.2.2 

σco direct comparative stress; 41.2 

σco,Ed,ser direct comparative stress on the panel for the 
combination of actions; 

41.2 

σcom,Ed maximum design compressive stress on plane 
elements; 

73.9.1, 73.11.1  

σcom,Ed,ser maximum design compressive stress on plane 
members for the serviceability limit state; 

73.9.2 

σcr direct critical local buckling stress of the sheet or 
panel. Critical elastic stress through buckling due to 
stiffener torsion; 

20.7, 73.9.2, 
A7.2.1 

σcr,c critical elastic column buckling stress for a non­
stiffened sheet; 

A6.4.3, A6.4.4, 
A7.2.1 

σcr,i ideal critical direct panel local buckling stress, 
assuming its edges are hinged; 

40.2 

σcr,p critical local buckling stress of the equivalent sheet in 
longitudinally stiffened plane members; 

A6.4.2, A6.4.2.2, 
A6.4.4, A7.2.1 

σcr,sl critical elastic buckling stress of the equivalent 
column; 

A6.4.2.2, A6.4.3 
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σDw (z,s) overstress due to distortion of a symmetrical single­
cell box beam subject to outer torsional distribution 
m(z) along its length; 

A3.3.1 

σE Euler critical stress; 35.5.2.1, 40.2  

σEd,ser maximum compression on the panel for the 
combination of actions; 

41.2 

σH,ser local contact pressure between pin and piece at 
serviceability limit state, where the pin must be 
removable; 

58.9 

σmαx maximum direct stress; 21.3.5 

σmνn minimum direct stress; 21.3.5 

σMy,Ed direct stress to due to bending moment My,Ed, using 
the effective section; 

73.11.1 

σMz,Ed direct stress to due to bending moment Mz,Ed, using 
the effective section; 

73.11.1 

σn,Ed maximum compression stress in the support web; 62.1.2, 

σN,Ed axial direct stress, using the effective section; 73.11.1 

σo,Ed maximum compression stress on the chord at the 
joint; 

64.2 

σp,Ed  value of σo,Ed discounting stress due to members 
parallel to the axis of the chord from axial forces 
acting on the filler bars at that joint; 

64.2 

σref reference steel stress level; 32.3 

σtot,Ed sum of direct stresses; 73.11.1 

σw,Ed direct longitudinal stresses due to warping torsion bi­
moment BEd; 

34.6 

σw,Ed direct stress due to warping torsion, using the gross 
section; 

73.11.1 

σx direct stress at the point in question; 21.3.5 

σx,Ed design value of direct stress in the longitudinal 
direction at the point in question; 

34.1.1, 34.7.2.2, 
34.7.2.3, A7.2.4 

σx,Ed,ser maximum compression on the panel for the frequent 
combination of actions; 

40.2 

σz,Ed design value of direct stress in the transverse 
direction at the point in question; 

21.6, 34.1.1 
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τ shear stress; 42.6 

τ// shear stresses acting on the throat plane running 
parallel to the plane of the chord; 

59.8, 59.8.2 

τ┴ shear stresses acting on the throat plane running 
perpendicular to the plane of the chord; 

59.8, 59.8.2 

τcr shear critical local buckling stress; 35.5.2.1, 73.10  

τcr,i ideal shear critical panel local buckling stress, 
assuming its edges are articulated; 

40.2 

τEd shear stress design value at the point in question; 34.1.1, 34.5 

τEd,ser shear stress on the panel for the combination of 
actions; 

40.2, 41.2 

τt,Ed shear stresses due to torsional force Tt,Ed with 
uniform torsion; 

34.6 

τt,Ed shear stress due to uniform torsion, with the gross 
section; 

73.11.1 

τtot,Ed sum of shear stresses; 73.11.1 

τVy,Ed shear stress to due to shear Vy,Ed, using the gross 
section; 

73.11.1 

τVz,Ed shear stress to due to shear Vz,Ed, using the gross 
section; 

73.11.1 

τw average shear stress on the chord; 59.8.2, 59.10, 
60.2, 60.2.1 

τw,Ed shear stress due to warping torsion, with the gross 
section; 

73.11.1 

τw,Ed shear stresses due to torsional force Tw,Ed with 
warping torsion; 

34.6 

τw,max maximum shear stress on the chord; 60.2.1 

φ list of total coating and steel member heat 
capacities; 

48.2, 48.4 

φ linear defect of verticality. Angle;  22.3.1, 22.3.3, 
73.5, 73.6, 73.10, 
A-9-6, A-9-11, A-9­
13, A-9-16 

φ0 lateral imperfection base value; 22.3.1 

χ curvature in diagram M- χ. Reduction coefficient for 
the form of buckling in question. Reduction 
coefficient for the equivalent compressed flange 

19.5.1, 22.3.5, 
35.1.1, 35.1.2, 
35.2.3, 35.3, 
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determined with fλ; 
; 

35.5.2, Annex 4, 
A-9-8 

χc reduction coefficient for consideration of column-type 
buckling; 

A6.3, A6.4.1, 
A6.4.3, A6.4.4 

χel curvature corresponding to the yield strength; 19.5.1 

χF local buckling reduction coefficient with a 
concentrated load; 

35.6, 35.7.2 

χLT reduction coefficient for lateral buckling; 35.2.1, 35.2.2, 
35.2.2.1, 35.3  

χLT,fi reduction coefficient for lateral buckling in a design 
fire situation; 

46.5 

χLT,mod reduction coefficient modified for lateral-torsional 
buckling; 

35.2.2.1 

χu ultimate elastic-plastic curvature; 19.5.1 

χw factor for contribution of the web in the case of shear 
local buckling; 

35.5.2, 35.5.2.1, 
35.7.1, 35.9.3.3, 
35.9.3.5 

χy buckling reduction coefficient through bending 
around the y-y axis; 

35.3 

χz buckling reduction coefficient through bending 
around the z-z axis; 

35.3 

ω standardised sectorial coordinate; 34.6 

A1.2 Units and framework of signs  

The units used in this Code correspond to those of the International System of Units, 
or S.I. 
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Annex 2: List of UNE standards 


The sections of this Code lay down a number of checks concerning the compliance 
of the products it describes, which, in many cases, refer to UNE, UNE-EN, or UNE-EN 
ISO standards. 

A list of versions of the standards applicable in each case, with reference to their 
date of approval, is given below.  

A2.1 UNE standards  

UNE 7475-1:1992 Metallic materials. Charpy impact test. Part 1: Test 
method. 

UNE 14618:2000 Weld inspectors. Qualification and certification. 
UNE 36521:1996 Steel products. Hot rolled taper flange I sections (old 

IPN). Dimensions. 
UNE 36522:2001 Steel products. Section UPN. Dimensions. 
UNE 36524:1994 Hot rolled steel sections. Broad, parallel faced flanged 

beams. Dimensions. 
UNE 36524:1994 
ERRATUM:1999 Hot rolled steel sections. Broad, parallel faced flanged 

beams. Dimensions. 
UNE 36525:2001 Steel products. Section U. Dimensions. 
UNE 36526:1994 Hot rolled steel products. IPE beams. Dimensions.  
UNE 36559:1992 Hot rolled steel plates 3mm thick or above. Tolerances on 

dimensions, shape and mass.  
UNE 48103:2002 Paints and varnishes. Standardised colours. 

A2.2 UNE-EN standards 

UNE-EN 287-1:2004 	 Qualification of test welders. Fusion welding. Part 1: 
Steels. 

UNE-EN 287-1:2004/A2:2006 	Qualification of test welders. Fusion welding. Part 1: 
Steels. 

UNE-EN 970:1997 	 Non-destructive examination of fusion welds. Visual 
examination. 

UNE-EN 1289:1998 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1289:1998/1M:2002 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1289:1998/A2:2006 	 Non-destructive examination of welds. Penetrant testing 
of welds. Acceptance levels.  

UNE-EN 1290:1998 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1290:1998/1M:2002 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1290:1998/A2:2006 	 Non-destructive examination of welds. Magnetic particle 
examination of welds. 

UNE-EN 1363-1:2000 	 Fire resistance tests. Part 1: General requirements. 
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UNE-EN 1363-2:2000 	 Fire resistance tests. Part 2: Alternative and additional 
procedures. 

UNE-EN 1714 	 Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1714:1998/1M:2002 	Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1714:1998/A2:2006 	Non-destructive examination of welds. Ultrasonic 
examination of welds. 

UNE-EN 1990:2003 	 Eurocode. Basis of structural design. 
UNE-EN 10024:1995 	 Hot rolled steel products. Taper flange I sections. 

Tolerances on dimensions and shape. 
UNE-EN 10025-1:2006 	 Hot rolled products of structural steels. Part 1: Technical 

delivery conditions. 
UNE-EN 10025-2:2006 	 Hot rolled products of structural steels. Part 2: Technical 

delivery conditions for non-alloy structural steels. 
UNE-EN 10025-3:2006 	 Hot rolled products of structural steels. Part 3: Technical 

delivery conditions for normalized/normalized rolled 
weldable fine grain structural steels. 

UNE-EN 10025-4:2007 	 Hot rolled products of structural steels. Part 4: Technical 
delivery conditions for thermomechanical rolled weldable 
fine grain structural steels. 

UNE-EN 10025-5:2007 	 Hot rolled products of structural steels. Part 5: Technical 
delivery conditions for structural steels with improved 
atmospheric corrosion resistance. 

UNE-EN 10025-6:2007  
+A1:2009 	 Hot rolled products of structural steels. Part 6: Technical 

delivery conditions for flat products of high yield strength 
structural steels in the quenched and tempered condition. 

UNE-EN 10034:1994 	 Structural steel I and H Sections. Tolerances on shape 
and dimensions. 

UNE-EN 10051:1998 	 Continuously hot-rolled uncoated plate, sheet and strip of 
non-alloy and alloy steels. Tolerances on dimensions and 
shape. 

UNE-EN 10055:1996 	 Hot rolled steel equal flange tees with radiused root and 
toes. Dimensions and tolerances on shape and 
dimensions. 

UNE-EN 10056-1:1999 	 Specification for structural steel equal and unequal 
angles. Part 1: Dimensions. 

UNE-EN 10056-2:1994 	 Specification for structural steel equal and unequal 
angles. Part 2: Tolerances on shape and dimensions. 

UNE-EN 10058:2004 	 Hot rolled flat steel bars for general purposes. Dimensions 
and tolerances on shape and dimensions. 

UNE-EN 10059:2004 	 Hot rolled square steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10060:2004 	 Hot rolled round steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10061:2005 	 Hot rolled hexagonal steel bars for general purposes. 
Dimensions and tolerances on shape and dimensions. 

UNE-EN 10079:2008  	 Definition of steel products. 
UNE-EN 10083-1:2008 	 Steels for quenching and tempering. Part 1: General 

technical delivery conditions. 
UNE-EN 10088-1:2006 	 Stainless steels. Part 1: List of stainless steels. 
UNE-EN 10131:2007 	 Cold rolled uncoated and zinc or zinc-nickel 

electrolytically coated low carbon and high yield strength 

ANNEXES 	page 55 



 

 
 

 
 

 
 

 
 

 

 

 
 

 
 

 
 

 

 
 

 
  

 

 
 

 

 

 
 

 
 

 
 

 

UNE-EN 10149-2:1996 

UNE-EN 10149-3:1996 

UNE-EN 10149-3:1996 
ERRATUM:2000 

UNE-EN 10162:2005 

UNE-EN 10164:2007 

UNE-EN 10210-1:2007 

UNE-EN 10210-2:2007 

UNE-EN 10219-1: 2007 

UNE-EN 10219-2: 2007 

UNE-EN 10268:2007 

UNE-EN 10279:2001 

UNE-EN 10346:2010 

UNE-EN 12062:1997 

UNE-EN 12062:1997/  
1M:2002 

UNE-EN 12517-1:2006 

UNE-EN 12517-2:2010 

UNE-EN 13438:2007 

UNE-EN 14399-1:2009 

UNE-EN 14399-2:2009 

UNE-EN 14399-5:2009 

UNE-EN 14399-6:2009 

steel flat products for cold forming. Tolerances on 

dimensions and shape.  

Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 2: Delivery conditions for
 
thermomechanically rolled steels. 

Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 3: Delivery conditions for normalized
 
or normalized rolled steels. 


Hot-rolled flat products made of high yield strength steels 

for cold forming. Part 3: Delivery conditions for normalized
 
or normalized rolled steels. 

Cold rolled steel sections. Technical delivery conditions. 

Dimensional and cross-sectional tolerances. 

Steel products with improved deformation properties 

perpendicular to the surface of the product. Technical 

delivery conditions.
 
Hot finished structural hollow sections of non-alloy and 

fine grain steels. Part 1: Technical delivery conditions. 

Hot finished structural hollow sections of non-alloy and 

fine grain steels. Part 2: Tolerances, dimensions and
 
sectional properties.
 
Cold formed structural hollow sections of non-alloy and
 
fine grain steels. Part 1: Technical delivery conditions. 

Cold formed structural hollow sections of non-alloy and
 
fine grain steels. Part 2: Tolerances, dimensions and
 
sectional properties. 

Cold rolled steel flat products with high yield strength for 

cold forming. Technical delivery conditions.
 
Hot rolled steel channels. Tolerances on shape,
 
dimensions and mass.  

Continuously hot-dip coated flat steel products. Technical 

delivery conditions. 

Non-destructive testing of welds. General rules for
 
metallic materials. 


Non-destructive testing of welds. General rules for
 
metallic materials. 

Non-destructive testing of welds. Part 1: Evaluation of
 
welded joints in steel, nickel, titanium and their alloys by 

radiography. Acceptance levels. 

Non-destructive testing of welds. Part 2: Evaluation of
 
welded joints in aluminium and its alloys by radiography. 

Acceptance levels. 

Paints and varnishes. Powder organic coatings for 

galvanized or sherardised steel products for construction. 

High-strength structural bolting assemblies for preloading.
 
Part 1: General requirements.  

High-strength structural bolting assemblies for preloading.
 
Part 2: Suitability test for preloading. 

High-strength structural bolting assemblies for preloading.
 
Part 5: Plain washers. 

High-strength structural bolting assemblies for preloading.
 
Part 6: Plain chamfered washers. 
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UNE-EN 15048-1:2008 	 Non-preloaded structural bolting assemblies. Part 1: 
General requirements. 

UNE-EN 15048-2:2008 	 Non-preloaded structural bolting assemblies. Part 2: 
Suitability test. 

UNE-EN 15773:2010 	 Industrial application of powder organic coatings to hot dip 
galvanized and sherardized steel articles [duplex 
systems] Specifications, recommendations and 
guidelines. 

UNE-EN 20286-2:1996 	 ISO system of limits and fits. Part 2: Tables of standard 
tolerance grades and limit deviations for holes and shafts 
(ISO 286-2:1988).  

UNE-EN 45011:1998 	 General requirements for bodies operating product 
certification systems (ISO/IEC guide 65:1996).  

A2.3 UNE-EN ISO standards  

UNE-EN ISO 643:2004 	 Steels. Micrographic determination of the apparent grain 
size (ISO 643:2003). 

UNE-EN ISO 1461:2010 	 Hot dip galvanized coatings on fabricated iron and steel 
articles. Specifications and test methods. (ISO 
1461:2009). 

UNE-EN ISO 1716:2002 	 Reaction to fire tests for building products. Determination 
of the heat of combustion. (ISO 1716:2002).  

UNE-EN ISO 2063:2005 	 Thermal spraying. Metallic and other inorganic coatings. 
Zinc, aluminium and their alloys. (ISO 2063:2005).  

UNE-EN ISO 2409:2007 	 Paints and varnishes. Cross-cut test. (ISO 2409:2007).  
UNE-EN 2812-1:2007 	 Paints and varnishes. Determination of resistance to 

liquids. Part 1: Immersion in liquids other than water. (ISO 
2812-1:2007). 

UNE-EN ISO 2812-2:2007 	 Paints and varnishes. Determination of resistance to 
liquids. Part 2: Water immersion method. (ISO 2812­
2:2007). 

UNE-EN ISO 3834-1:2006 	 Quality requirements for fusion welding of metallic 
materials. Part 1: Criteria for the selection of the 
appropriate level of quality requirements. (ISO 3834­
1:2005). 

UNE-EN ISO 4014:2001 	 Hexagon head bolts. Product grades A and B (ISO 
4014:1999). 

UNE-EN ISO 4016:2001 	 Hexagon head bolts. Product grade C (ISO 4016:1999).  
UNE-EN ISO 4017:2001 	 Hexagon head screws. Product grades A and B (ISO 

4017:1999). 
UNE-EN ISO 4018:2001 	 Hexagon head screws. Product grade C (ISO 4018:1999).  
UNE-EN ISO 4032:2001 	 Hexagon nuts. Type 1. Product grades A and B (ISO 

4032:1999). 
UNE-EN ISO 4033:2001 	 Hexagon nuts. Type 2. Product grades A and B (ISO 

4033:1999). 
UNE-EN ISO 4034:2001 	 Hexagon nuts. Product grade C (ISO 4034:1999).  
UNE-EN ISO 4063:2010 	 Welding and allied processes. Nomenclature of processes 

and reference numbers. (ISO 4063:2009). 
UNE-EN ISO 4624:2003 	 Paints and varnishes. Pull-off test for adhesion. (ISO 

4624:2002). 
UNE-EN ISO 4628-2:2004 	 Paints and varnishes. Evaluation of degradation of 

coatings. Designation of quantity and size of defects, and 
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UNE-EN ISO 4628-3:2004 

UNE-EN ISO 4628-4:2004 

UNE-EN ISO 4628-5:2004 

UNE-EN ISO 5817:2009 

UNE-EN ISO 6270-1:2002 

UNE-EN ISO 6507-1:2006 

UNE-EN ISO 6520-1:2009 

UNE-EN ISO 6892-1:2010 

UNE-EN ISO 7089:2000 

UNE-EN ISO 7090:2000 

UNE-EN ISO 7091:2000 

UNE-EN ISO 7092:2000 

UNE-EN ISO 7093-1:2000 

UNE-EN ISO 7093-2:2000 

UNE-EN ISO 7094:2000 

UNE-EN ISO 7438:2006 
UNE-EN ISO 8501-1:2008 

UNE-EN ISO 8502-3:2000 

of intensity of uniform changes in appearance. Part 2: 
Assessment of degree of blistering (ISO 4628-2:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 3: 
Assessment of degree of rusting (ISO 4628-3:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 4: 
Assessment of degree of cracking (ISO 4628-4:2003).  
Paints and varnishes. Evaluation of degradation of 
coatings. Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance. Part 5: 
Assessment of degree of flaking (ISO 4628-5:2003).  
Welding. Fusion-welded joints in steel, nickel, titanium 
and their alloys (beam welding excluded). Quality levels 
for imperfections (ISO 5817:2003, corrected version: 
2005, including Technical Corrigendum 1:2006).  
Paints and varnishes. Determination of resistance to 
humidity. Part 1: Continuous condensation (ISO 
6270:1998). 
Metallic materials. Vickers hardness test. Part 1: Test 
method (ISO 6507-1:2005). 
Welding and allied processes. Classification of geometric 
imperfections in metallic materials. Part 1: Fusion welding 
(ISO 6520-1:2007).  
Metallic materials. Tensile testing. Part 1: Method of test 
at room temperature. (ISO 6892-1:2009) 
Plain washers. Normal series. Product grade A (ISO 
7089:2000). 
Plain chamfered washers. Normal series. Product grade A 
(ISO 7090:2000).  
Plain washers. Normal series. Product grade C (ISO 
7091:2000). 
Plain washers. Small series. Product grade A (ISO 
7092:2000). 
Plain washers. Large series. Part 1. Product grade A (ISO 
7093-1:2000). 
Plain washers. Large series. Part 2. Product grade C (ISO 
7093-2:2000). 
Plain washers. Extra large series. Product grade C (ISO 
7094:2000). 
Metallic materials. Bend test. (ISO 7438:2005).  
Preparation of steel substrates before application of 
paints and related products. Visual assessment of surface 
cleanliness. Part 1: Rust grades and preparation grades 
of uncoated steel substrates and of steel substrates after 
overall removal of previous coatings (ISO 8501-1:2007).  
Preparation of steel substrates before application of 
paints and related products. Tests for the assessment of 
surface cleanliness. Part 3. Assessment of dust on steel 
surfaces prepared for painting (pressure-sensitive tape 
method) (ISO 8502-3:1992). 
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UNE-EN ISO 8503-1:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 1: 
Specifications and definitions for ISO surface profile 
comparators for the assessment of abrasive blast-cleaned 
surfaces (ISO 8503-1:1988).  

UNE-EN ISO 8503-2:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 2: 
Method for the grading of surface profile of abrasive blast­
cleaned steel. Comparators procedure (ISO 8503­
1:1988). 

UNE-EN ISO 8503-3:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 3. 
Method for the calibration of ISO surface profile 
comparators and for the determination of surface profile. 
Focusing microscope procedure (ISO 8503-3:1988).  

UNE-EN ISO 8503-4:1996 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 4. 
Method for the calibration of ISO surface profile 
comparators and for the determination of surface profile. 
Stylus instrument procedure (ISO 8503-4:1988).  

UNE-EN ISO 8503-5:2006 	 Preparation of steel substrates before application of 
paints and related products. Surface roughness 
characteristics of blast-cleaned steel substrates. Part 5: 
Replica tape method for the determination of the surface 
profile (ISO 8503-5:2003). 

UNE-EN ISO 8504-2:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 2: Abrasive blast-cleaning (ISO 8504­
2:2000). 

UNE-EN ISO 8504-3:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 3: Hand- and power-tool cleaning (ISO 
8504-3:1993). 

UNE-EN ISO 8504-1:2002 	 Preparation of steel substrates before application of 
paints and related products. Surface preparation 
methods. Part 1: General principles (ISO 8504-1:2000).  

UNE-EN ISO 9001:2008 	 Quality management systems. Requirements (ISO 
9001:2008). 

UNE-EN ISO 9227:2007 	 Corrosion tests in artificial atmospheres. Salt spray test 
(ISO 9227:2006).  

UNE-EN ISO 9692-1:2004 	 Welding and allied processes. Recommendations for joint 
preparation. Part 1: Manual metal-arc welding, gas­
shielded metal-arc welding, gas welding, TIG welding and 
beam welding of steels (ISO 9692-1:2003).  

UNE-EN ISO 10666:2000 	 Drilling screws with tapping screw thread. Mechanical and 
functional properties (ISO 10666:1999).  

UNE-EN ISO 10684:2006 	 Fasteners. Hot-dip galvanized coatings (ISO 
10684:2004). 
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UNE-EN ISO 10684:2006/ 
AC:2009 	 Fasteners. Hot-dip galvanized coatings (ISO 

10684:2004/Cor 1:2008).  
UNE-EN ISO 12944-1:1999 	 Paints and varnishes. Corrosion protection of steel 

structures by protective paint systems. Part 1: General 
introduction (ISO 12944-1:1998).  

UNE-EN ISO 12944-2:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 2: 
Classification of environments. (ISO 12944-2:1998).  

UNE-EN ISO 12944-3:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 3: Design 
considerations. (ISO 12944-3:1998).  

UNE-EN ISO 12944-4:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 4: Types and 
surface preparation (ISO 12944--4:1998).  

UNE-EN ISO 12944-5:2008 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 5: Protective 
paint systems. (ISO 12944-5:2008).  

UNE-EN ISO 12944-6:1999 	 Paints and varnishes. Corrosion protection of steel 
structures by protective paint systems. Part 6: Laboratory 
performance test methods. (ISO 12944-6:1998). 

UNE-EN ISO 13918:2009 	 Welding. Studs and ceramic ferrules for arc stud welding 
(ISO 13918:2008).  

UNE-EN ISO 13920:1997 	 Welding. General tolerances for welded constructions. 
Dimensions for lengths and angles. Shape and position. 
(ISO 13920:1996).  

UNE-EN ISO 14713:2000 	 Protection against corrosion of iron and steel in 
structures. Zinc and aluminium coatings. Guidelines (ISO 
14713:1999). 

UNE-EN ISO 14731:2008 	 Welding coordination. Tasks and responsibilities. (ISO 
14731:2006) 

UNE-EN ISO 15480:2000 	 Hexagon washer head drilling screws with tapping screw 
thread. (ISO 15480:1999).  

UNE-EN ISO 15481:2000 	 Cross recessed pan head drilling screws with tapping 
screw thread. (ISO 15481:1999). 

UNE-EN ISO 15482:2000 	 Cross recessed countersunk head drilling screws with 
tapping screw thread. (ISO 15482:1999).  

UNE-EN ISO 15483:2000 	 Cross recessed raised countersunk head drilling screws 
with tapping screw thread. (ISO 15483:1999).  

UNE-EN ISO 15607:2004 	 Specification and qualification of welding procedures for 
metallic materials. General rules (ISO 15607:2003).  

UNE-EN ISO 15609-1:2005 	 Specification and qualification of welding procedures for 
metallic materials. Welding procedure specification. Part 
1: Arc welding. (ISO 15609-1:2004). 

UNE-EN ISO 15613:2005 	 Specification and qualification of welding procedures for 
metallic materials. Qualification based on pre-production 
welding test (ISO 15613:2004).  

UNE-EN ISO 15614-1:2005 	 Specification and qualification of welding procedures for 
metallic materials. Welding procedure test. Part 1: Arc 
and gas welding of steels and arc welding of nickel and 
nickel alloys (ISO15614-1:2004).  

UNE-EN ISO 15792-1 	 Welding consumables. Test methods. Part 1: Test 
methods for all-weld metal test specimens in steel, nickel 
and nickel alloys (ISO 15792-1:2000).  
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A2.4 UNE-EN ISO/IEC standards 

UNE-EN ISO/IEC 17021:2006 	Conformity assessment. Requirements for bodies 
providing audit and certification of management systems 
(ISO/IEC 17021:2006)  

UNE-EN ISO/IEC 17025:2005  	Conformity assessment. General requirements for the 
competence of testing and calibration laboratories.  

UNE-EN ISO/IEC 17025:2005  
ERRATUM:2006 	 Conformity assessment. General requirements for the 

competence of testing and calibration laboratories 
(ISO/IEC 17025:2005/Cor. 1:2006).  

A2.5 Other standards. 

EN 1090-2: 2008 	 Execution of steel structures and aluminium structures. 
Part 2: Technical requirements for the execution of steel 
structures. 

EN 1990 	 Eurocode 0: Basis of structural design.  
EN 1991 	 Eurocode 1: Actions on structures. 
EN 1993 	 Eurocode 3: Design of steel structures.  
EN 1993-1-3:2006 	 Eurocode 3: Design of steel structures. Part 1-3: General 

rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-3:2006 	 Eurocode 3: Design of steel structures. Part 1-3: General 
rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-3:2006/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-3: General 
rules. Supplementary rules for cold-formed members and 
sheeting. 

EN 1993-1-6:2007 	 Eurocode 3: Design of steel structures. Part 1-6: General 
rules. Strength and stability of shell structures. 

EN 1993-1-6:2007/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-6: General 
rules. Strength and stability of shell structures. 

EN 08.01.93:2005 	 Eurocode 3: Design of steel structures. Part 1-8: Design 
of joints. 

EN 1993-1-8:2005/AC:2009 	 Eurocode 3: Design of steel structures. Part 1-8: Design 
of joints. 

EN 1993-2: 2006 	 Eurocode 3: Design of steel structures. Part 2. Steel 
bridges. 

EN 1994-2: 2005 	 Eurocode 4: Design of composite steel and concrete 
structures. Part 1-1. General rules and rules for buildings. 

EN 1997 	 Eurocode 7: Geotechnical design. 
EN 1998 	 Eurocode 8: Design of structures for earthquake 

resistance. 
EN 14399-9: 2009 	 High-strength structural bolting assemblies for preloading. 

Part 9: System HR or HV. Direct tension indicators for bolt 
and nut assemblies. 

ISO 7976-1:1989 	 Tolerances for building -- Methods of measurement of 
buildings and building products -- Part 1: Methods and 
instruments. 

ISO 7976-2:1989 	 Tolerances for building -- Methods of measurement of 
buildings and building products -- Part 2: Methods and 
instruments. 
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ISO 9226:1992 	 Corrosion of metals and alloys. Corrosivity of 
atmospheres. Determination of corrosion rate of standard 
specimens for the evaluation of corrosivity. 

ISO17123 	 Optics and optical instruments. Field procedures for 
testing geodetic and surveying instruments. 

UNE-ENV 1090-2:1999 	 Execution of steel structures. Part 2: Supplementary rules 
for cold-formed members and sheeting.  

UNE-ENV 13381-2:2004 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 2: Vertical 
protective membranes. 

UNE-ENV 13381-4:2005 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 4: Applied 
protection to steel members.  

CEN/TS 13381-1:2005 	 Test methods for determining the contribution to the fire 
resistance of structural members. Part 1: Horizontal 
protective membranes. 
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Annex 3: Diaphragms 


A3.1 General information and scope of application 

The box girder analysis may be performed using non-warping beam models, 
unaffected by cross section distortion, provided that in addition to the stiff diaphragms 
located in support sections, intermediate transverse diaphragms are also spaced 
modularly along the beam, which limit the effects of box distortion and are thus of great 
importance to the project. 

This Annex lays down conditions for governing the design of such intermediate 
diaphragms used in road bridges, with a cross section formed by a symmetrical vertical 
axis and which comprise an open, single-cell steel box section that is closed off above by 
a concrete slab. 

This Annex also proposes methods for quantifying the impact of cross section 
distortion on the response of a symmetrical single-cell box girder with a given 
configuration of diaphragms along its length. The method is generally applied to structures 
subject to significant torsional actions and where it is necessary to identify the effects of 
distortion in their design, wherever the established geometric limitations may apply. The 
advantage of the proposed method is that it allows for a maintained non-warping girder 
section methodology during analysis, which is the most common practice in box girder 
designs, with the subsequent addition, as a further stress and strain condition, of the 
impact of distortion on each of the load possibilities considered.  

A3.2 Measuring of diaphragms in road bridges 

A3.2.1 Minimum geometric conditions 

The separation between consecutive diaphragms shall not exceed for times the 
depth of the metal section, and there shall be at least four intermediate diaphragms per 
span, in addition to the stiff diaphragms located in support sections. 

The provisions of this Annex are applicable to plate diaphragms or any of the lattice­
type diaphragms indicated in section A3.3, provided that, in the latter case, the diagonals 
are not tapered with the lower horizontal at 2.5H/1V. Plate diaphragms may contain 
recesses giving access to the box interior, provided that their dimensions do not 
significantly compromise the stiffness on the plane of the diaphragm. 

Stiff-frame diaphragms consisting of stiffeners perimeter-welded to the main sheets 
of the box may also be used. However, such types of diaphragm may be substantially less 
effective in controlling the effects of box distortion than the two previous groups, therefore 
the provisions and methods in this Annex apply only to frame-type diaphragms where the 
frame achieves a stiffness equal to that obtained using a lattice diaphragm measured 
following the criteria set forth in this Annex.  

Diaphragms are to be situated on substantially normal planes of the box directrix. 
Deviations exceeding 10° on the ground and 5° in elevation between the plane of the 
diaphragm and the box directrix are outside the scope of this Annex. 
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A3.2.2 Diaphragm resistance measurement 

Diaphragms are generally measured following criteria of resistance to the loads to 
which they are subject, of which consideration must be given to those originating from:  

a) 	 Cross section development of uniform torsion flows, which balance out exterior 
torsional actions affecting the box, and, for, curved bridges, torsion due to deviation 
in plan of concentrated deck bending. 

b) 	 Loads acting directly upon any element of the diaphragm, where the diaphragms 
form part of the platform-derived load transmission system. 

c) 	 Resistance to actions transmitted by any lateral cantilever systems that may exist in 
wide bridges. 

d) 	 Deviation forces created by curvature in elevation of the box, or localised or gradual 
changes in inclination of the lower flange in variable-depth bridges. 

e) 	 Transfer of localised forces generated in individual areas of the deck with a certain 
geometric discontinuity, sharp cross sectional changes, or any other circumstance 
that implies a dramatic and localised alteration of the tensile properties of the box. 

f) 	 In trapezoidal boxes, absorption of the horizontal component, allowing for the 
balancing of stresses deriving from exterior loads applied to the platform, which are 
generally vertical and with shear tensile flows on the inclined planes of the webs. 

g) 	 Forces generated during structure assembly that can have an effect on the open 
box section, before it is closed off with the upper compound section slab, and for 
which the design must include a suitable resistance mechanism. Particular 
consideration must be given to:  

– 	 Any torsional stresses that may be introduced before closure of the section, 
either permanent or temporary, during concreting of the upper slab. 

– 	 For trapezoidal boxes, impact of the inclination of webs on the balance 
between exterior loads applied and shear flows from the section that 
balances them. 

– 	 Lateral buckling restraint of compressed chords under lateral buckling during 
assembly. 

– 	 Action of the wind on the open section. 

h) 	 All stresses deriving from functions typical of conventional transverse stiffeners in 
webs and flanges, when, as is often the case, these simultaneously carry out their 
own stiffening functions on diaphragms, namely: 

– 	 Controlling local buckling of web panels and flanges subject to direct and 
shear stresses. 

– 	 Buckling restraint of compressed web and flange stiffeners in compressed 
areas. 

– 	 Gathering deviation forces due to the possible curvature or alignment 
changes of web or flange sheets and their stiffeners. 

– 	 Absorption of actions applied directly to the faces of the box, either deriving 
from the platform and acting upon the upper member of the diaphragm, or 
applied directly to the sheeting panels, primarily in the form of wind. 

For each of the stresses described, depending on the type of the diaphragm, a test 
model will be drawn up in order to determine the forces acting upon the different elements 
of the diaphragm and for its subsequent measurement, according to the applicable rules 
described in the articles of this Code. 
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As a general rule, the model for determining forces on the diaphragm includes an 
ideal box section sample, with cross-sections before and after the diaphragm on its rear 
and front sections, respectively. These are subjected to actions resulting from the stresses 
described above, which act upon the diaphragm, along with the action from front and rear 
shear flows acting on the webs and flanges of the box which balances the stresses, such 
that the system of actions introduced remains continuously self-balanced. 

Where the stiffness of a diaphragm has a significant impact on the strains upon it, 
the distribution of localised actions between consecutive diaphragms may be considered 
to determine the diaphragm’s dimensional stresses, providing such distribution is justified 
in the project by the corresponding model. However, unless this justification is included in 
the design, a diaphragm must be able to fully withstand all actions applied directly to it, 
without the support of any of the adjacent diaphragms. As an exception, an isostatic 
distribution between adjacent diaphragms of the effects of actions localised between them 
is allowed without further justification. 

Sections A3.3 and A3.4 include a test method for considering within the design the 
distribution between diaphragms of stresses resulting from the introduction of uniform 
torsional flows from localised actions into the box section, providing the relevant geometric 
limitations are satisfied. For actions of other origins, the Designer should justify any 
distribution between different diaphragms with the corresponding model, according to the 
nature of the issue to be resolved and the warping properties of both box and diaphragms. 

Once the stresses on the different elements of the diaphragm are obtained, they can 
be measured in each case according to the articles of this Code. For linear members 
obtained by welding a stiffener to a panel of web or flange sheeting, strength tests will 
consider collaboration with the stiffener of a portion of sheet with a width of 15 ε t on each 
side, where t is the thickness of the web or flange sheet and ε= √ (235/fy), with fy in N/mm2. 

Where the verification in ultimate limit states considers plastic strength, in the case 
of grade 1 or 2 sections, the test will also check for the absence of local plastifications at 
serviceability limit state. 

Moreover, two-dimensional elements (plate diaphragms) shall also be subject to 
buckling tests under the service loads set out in this Code. 

A3.2.3 Required diaphragm stiffness 

In addition to the strength tests described, the dimensions of diaphragms must also 
provide the necessary stiffness to withstand forces resulting from the stresses indicated 
above, without warping, which could significantly alter the general response of the bridge 
established in the general dimensional design or hypothesis, which have served as a 
foundation for the design of the diaphragm. 

Provided that diaphragms are suitably sized for resistance conditions in compliance 
with the previous section, fulfilment of the minimum geometric conditions established in 
the articles of this Code for each of the elements which make up the diaphragm 
(maximum thicknesses in linear and plain elements, minimum sheet thicknesses, 
minimum geometric conditions in lattice and stiffener elements, minimum geometric 
conditions in joints, etc.) generally provides a guarantee of its stiffness, with the following 
additional precautions: 

a) 	 Where the elements of a diaphragm are also to assume the conventional functions 
of webs or flanges, they must therefore also satisfy the conditions of stiffness 
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required of such elements in the applicable articles of this Code. 

b) 	 Where the warping of a diaphragm or any element thereof could significantly affect 
an ultimate or serviceability limit state test, consideration must be given to the 
impact of the diaphragm’s flexibility on the test. 

c) 	 For straight composite road bridges with a symmetrical single-cell box section, 
except in relation to the fatigue limit state, the effects of box distortion due to 
insufficient diaphragm stiffness may be prevented in ULS or SLS tests, providing the 
following conditions are met: 

– 	 Each cross section web follows a single plain with an inclination of less than 
45° against the vertical. 

– 	 The width/light ratio of the box does not exceed 0.40, considering as the 
width only the maximum separation between webs. 

– 	 The width/depth ratio of the box does not exceed 8, with the same definition 
of width as above. 

– 	 The conditions of A3.2.1 are satisfied in regard to the number, separation 
and orientation of diaphragms.  

– 	 Rigid diaphragms are installed in all support sections. 
– 	 Intermediate diaphragms between supports are suitably sized for resistance 

conditions in compliance with section A3.2.2 above and in the case of rigid 
diaphragms, i.e. without considering any distribution between adjacent 
diaphragms of localised actions applied directly to a diaphragm. 

– 	 The box geometry is constant or varies only slightly along the directrix, 
except in a certain number of localised sections containing rigid diaphragms 
which are sufficiently separated to allow for the development of direct 
stresses. 

d) 	 Diaphragms sized according to the previous conditions guarantee an overstress of 
less than 25N/mm2 in the lower metal corners of the box for the load train 
established in the Code on actions to be considered in road bridge design IAP-98. In 
the rest of the cross-section, the stress distribution can be obtained from Figure 
A3.2. Where the fatigue checking of details corresponding to flanges and webs of 
the box may be determinant of the design, these overstresses shall be considered in 
the corresponding fatigue verification, corrected to take account the actual 
magnitude of the fatigue vehicle which shall be used in that verification, according to 
regulations, and which is smaller than the load used for resistance verification. 
Nevertheless it shall not be necessary to consider the overstresses in lower flanges 
with double mix action neither in compression upper flanges connected to the upper 
slab. 

Where the fatigue verification is a determining factor and the indicated maximum 
torsional overstress determines the validity of a given detail, it is advisable to modify the 
details of the design to improve its category, in order to gain a satisfactory degree of 
fatigue control. However, given that the indicated 25 N/mm2 of torsional overstress 
corresponds to the range of boxes with the least favourable geometry from those 
described in this section, and with the maximum acceptable separation between adjacent 
diaphragms, a more specific calculation of the torsional overstress may be carried out as 
indicated in the general method in section A3.3. 
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A3.3 General calculation of the effects of distortion 

A3.3.1 Calculation of distortional overstress 

For a more precise determination of the effects of distortion associated with a given 
diaphragm configuration, the following method allows for the relation of the diaphragm 
configuration along the box beam, characterised by separation between consecutive 
diaphragms and their stiffness, with the distortional overstress and warping observed on 
the box. 

The proposed method is generally applicable to all types of box beam, including 
bridge, road or railway girders or those of any other type, provided that the following 
geometric conditions are satisfied: 

– 	 The box directrix is straight and with no skews in supports. 
– 	 The box cross section is a symmetrical single-cell which remains constant 

along the directrix.  
– 	 The depth/light and width/light ratios of the box do not exceed 0.40, 

considering as the width only the maximum separation between webs. 

However, the general application of the method may also be extended to more 
complex geometries: 

– 	 Boxes with curvature on the ground. 
– 	 Boxes with a variable geometry, provided that the variation is gradual along 

the directrix, and there are sharp geometrical changes in localised sections 
which contain rigid diaphragms. 

– 	 Boxes with skews in the supports, which contain rigid diaphragms. 

In these cases, the method allows for an approximation of the impact of distortion on 
general box response, and can serve as a suitable design tool provided that box distortion 
is only moderate and is not a determining factor in its resistance response, and that 
localised distortion in individual sites (support zones, skews, changes in geometry, etc.) is 
controlled by rigid diaphragms. Where distortion does have a significant impact, more 
developed techniques must be used, with folded plates or finite members, which allow for 
a more precise evaluation of the longitudinal and transverse performance of the box. 

The test method is based on the existing analogy between the distortion of 
symmetrical single-cell cross section box beams subject to eccentric actions and the 
bending of linear members over the elastic foundation subject to vertical loads. In 
compliance with this analogy, overstress due to the distortion of a symmetrical single-cell 
box beam subject to exterior torsional distribution m(z) along its length is given by the 
expression: 

Where: 

Ib is inertia to the distortional warping of the section, which depends solely on the 
geometry of the cross section and is given by the expression: 
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with: 

aT , aB , ac , tT , tB , tW , dW , values which define the geometry of the cross section according 
to the following figure: 

Figure A3.3.1.a 

ω(s) is the transverse distribution of direct stresses on the section, and is given by the 
following figure: 

Figure A3.3.1.b 

where ωT and ωB are given by the following expressions: 
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BD (z) is the distortional bi-moment on the beam, function of the longitudinal coordinate of 
beam z, and which coincides with the law of bending moments on an equivalent beam 
defined as follows: 

– 	 The equivalent beam is straight and of the same length as the real beam. 
Where the method is applied to curved beams, the length of the equivalent 
beam shall be taken as the developed length of the curved beam. 

– 	 The inertia of the beam is given by the inertia to distortional warping Ib defined 
above. Where the method is applied to boxes with a non-constant geometry, Ib 

shall also vary along the beam with its real variation. 
– 	 The beam is supported with elastic links at the diaphragm installation points. 

The stiffness constant KD of the supports depends on the type of diaphragm, 
and is indicated further on for the most common cases. 

– 	 Support sections have rigid links, which must materialise in the real structure 
with rigid diaphragms. 

– 	 A rigid diaphragm must also be used in sections where there is a sharp 
change in box geometry, when the method is applied as an approximation to 
such types of box. In the equivalent beam, this diaphragm may be represented 
with the stiffness constant KD corresponding to its configuration, as indicated 
below. Generally, this diaphragm must be configured with a significantly higher 
stiffness than all other adjacent diaphragms. 

– 	 The vertical load p(z) applied to the beam depends on the geometry of the box 
and the exterior torsional distribution m(z) applied to the box for which the 
distortion is tested, and is given by the expression: 

where Ω is double the internal area of the trapezoid that forms the cross section, 
while all the other geometric parameters are defined in the figure above. Where the 
beam has a curvature on the ground, in addition to the exterior torsions introduced 
onto the beam m(z), the additional torsion that produces the deviation on the ground 
of bends in the beam, obtained by dividing the law of bending moments on the beam 
by the radius of curvature at each point, must also be included. 

The stiffness constant KD in elastic links represents the stiffness of the diaphragm in 
its plain which counteracts distortional warping, and assumes the following values for the 
types of diaphragms considered in this Annex:  
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Plate diaphragm 

where, td is the diaphragm sheet thickness, Lp the geometric diagonal of the box 
cross-section, and Ai the area of the trapezoid that forms the cross section. 

St. Andrew's Cross with two composite bars: 

where Ad is the area of the diagonal of the lattice and Lb its length. 

Individual diagonal or tensile St. Andrew’s Cross: 

with the same meanings as above.  

V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length.  

Inverted V lattice: 

with the same meanings as above. 
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Double V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length. 

Double inverted V lattice: 

where Ad is the area of the diagonal of the lattice and Lb its length.  

Frame diaphragm: 

where IW is the second moment of area of the frame member corresponding to the 
box web, obtained by adding to the web stiffener a support width on each side of 15 
ε t, with ε= √ (275/fy), fy en N/mm2. 

The parameters C1, C2, rT , rB are: 

The stress thus obtained coincides with the distortional overstress on the box for the 
load state corresponding to the torsional distribution introduced.  
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A3.3.2 Calculation of warping due to distortion  

The deflection obtained on the equivalent beam coincides with the displacement of 
the web in its plane due to the distortion of the cross section, which must be considered 
when testing the serviceability limit states, where relevant. 

A3.3.3 Interaction between diaphragm sizing and longitudinal calculation. 

The general method laid out in A3.3 also allows for relation between the general 
response of the box and the sizing of the diaphragms, since the reactions on the elastic 
springs of the equivalent beam model reflect the distribution between different diaphragms 
of the localised torsional actions. The geometric limitations for the application of the 
method described in this section are the same as those illustrated in the previous section. 

The real stresses SD on the different elements of the diaphragm can be estimated 
based on those obtained in the hypothesis of fixed diaphragms SD,rνgido, from section 
A3.2.2, by means of the expression: 

SD=FSD,rνgido 

in which the factor of proportionality F is given by the quotient: 

RDF  
RD,rígido 

in other words, by the relation between reactions on the springs obtained in the equivalent 
beam model and those obtained in the same model but with fixed supports in the sections 
where the diaphragms are located. 

The method thus allows for the optimised sizing of diaphragms for stresses 
generally less intense than those obtained in the case of full stiffness when estimating 
forces on diaphragms. 

However, where diaphragms are sized in consideration of this flexible distribution 
between consecutive diaphragms of stresses generated by the introduction of localised 
torsional actions, consideration must also be given to the effects of distortion on tests at 
serviceability limit state (warping, local plastification and local buckling) and at the ultimate 
limit state of fatigue, placing overstresses and distortional warping directly over those 
obtained in the analysis of the box as a one-dimensional beam-type element.  

In general, distortional overstress can be ruled out in tests at ultimate limit states, 
except fatigue, provided that its increased value does not exceed 10 % of the reduced 
yield strength of the material. 

ANNEXES page 72 



 

 

 

Annex 4: European buckling curves 


This Annex gives the “source” values of the buckling reduction coefficient in 

relation to non-dimensional slenderness , in the form of tables , for the different 
buckling curves considered.  

"a" Curve 
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"a" Curve 
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"b" Curve 
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"c" Curve 
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"d" Curve 
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Annex 5: Buckling length of compression 
members 

A5.1 General 

The buckling length Lcr of a compression member is the length of otherwise r similar 
member with “hinged ends” (ends that cannot be laterally displaced, but which are free to 
gyrate on the plane of buckling), which has the same buckling resistance. 

Without more information, the theoretical elastic buckling length may be 
conservatively adopted as buckling length. 

An equivalent buckling length may be used to relate the buckling resistance of a 
member subject to a non-uniform axial force to that of a similar member subject to a 
uniform axial force. 

An equivalent buckling length may also be used to relate the buckling resistance of 
a non-constant cross section to that of another uniform member subject to similar 
conditions of force and of linking. 

A5.2 Structural supports or frames in buildings 

The buckling length Lcr of a support in a non-translational frame (fixed joint type) can 
be seen in figure A5.2.a. 

The buckling length Lcr of a support in a translational frame (moving joint type) can 
be seen in figure A5.2.b. 

For the theoretical models shown in figure A5.2.c, the distribution coefficients η1 and 
η2 are obtained from:  

where: 

Kc Coefficient of stiffness of column I/L.  

Kij Effective coefficient of sitffness of the beam.  

These models can be adapted for the sizing of continuous supports, assuming that 
each longitudinal section of the support is stressed to the same value of the ratio (N/Ncr). 
In the general case in which (N/Ncr) varies, this leads to a conservative value of Lcr/L for 
the most critical length of the column. 
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For each longitudinal section of a continuous support, the hypothesis mentioned in 
the previous paragraph may be considered, using the model indicated in figure A5.2.d and 
obtaining the distribution coefficients η1 and η2 from: 

where K1 and K2 are the coefficients of sitffness for the longitudinal sections adjacent to 
the support. 

Where the beams are not subject to axial forces, their coefficients of sitffness may 
be determined according to table A5.2.a, provided that they fall within the elastic range. 

Table A5.2.a. Effective coefficient of sitffness for a beam 

Conditions of restraint to rotation on the far  
end of the beam 

Effective coefficient of sitffness K of the 
beam (provided this remains within the 
elastic range) 

Fixed on the far end 1.0 I/L 

Hinged on the far end 0.75 I/L 

Equal rotation to that of the near end 
(double curvature) 

1.5 I/L 

Equal and opposite rotation to that of the 
near end (single curvature) 

0.5 I/L 

General case. Rotation θa on the near end 
and θb on the far end  

(1 + 0.5 θb/θa) I/L 

For building frames with concrete floor slabs, provided that the frame or structure is 
of a regular geometry and bears a uniform load, it is generally sufficiently accurate to 
assume that the coefficients of sitffness of the beams are those indicated in table A5.2.b. 

Table A5.2.b. Effective coefficient of sitffness for beams of a building frame with concrete 
floor slab 

Load conditions for the beam Non-translational frame Translational frame 

Beams directly supporting concrete 
floor slabs 

1.0 I/L 1.0 I/L 

Other beams with direct loads 0.75 I/L 1.0 I/L 

Beams with moments on the ends 
only 

0.5 I/L 1.5 I/L 

When, for the same load, the design value of the bending moment on any of the 
beams exceeds the value Welfy / γM0, it must be assumed that the beam is hinged at the 
corresponding point(s). 
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Where a beam has nominally articulated joints, it shall be assumed that it is hinged 
at the corresponding point(s). 

Where a beam contains semi-rigid joints, its effective coefficient of sitffness must be 
reduced accordingly. 

Figure A5.2.a. Buckling length ratio Lcr/L (coefficient β) for a non-translational frame 
support (fixed joints) 

Hinged 

Fixed 

Fixed Hinged 

Figure A5.2.a. Buckling length ratio Lcr/L (coefficient β) for a non-translational frame 
support (fixed joints) 
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Hinged 

Fixed 

Fixed Hinged 

Figure A5.2.b. Buckling length ratio Lcr/L (coefficient β) for a translational frame support 
(moving joints) 
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Distribution coefficient η1 

Distribution coefficient η2 

a) Non-translational mode (buckling with fixed joints) 

Distribution factor η1 

Distribution factor η2 

b) Translational mode (buckling with moving joints) 

Figure A5.2.c. Distribution factors for supports 
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Distribution factor η1 

Distribution factor t η2 

Column is 

Figure A5.2.d. Distribution factors for continuous supports 
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Where beams are loaded due axial force, their effective stiffness factors must be 
adjusted accordingly. This can be done using stability functions. As a simple alternative, 
the increase in the stiffness factors due to the existence of a tensile axial force may be 
disregarded with consideration given instead to the existence of a compression axial force 
using the conservative approximations shown in table A5.2.c. 

Table A5.2.c. Approximate formulae for bend stiffness factors, reduced due to the 
existence of compression axial force 

Conditions of restraint  on the far end of the 
beam 

Effective stiffness factor K of the beam 
(providing this remains within the elastic 
range) 

Fixed on the far end 1.0 I/L (1 – 0.4 N/NE ) 

Articulated on the far end 0.75 I/L (1 – 1.0 N/NE ) 

Equal rotation to that of the near end 
(double curvature) 1.5 I/L (1 – 0.2 N/NE ) 

Equal and opposite rotation to that of the 
near end (single curvature) 0.5 I/L (1 – 1.0 N/NE ) 

In this table, NE = ð2EI/L2 

The empirical formulae given below may be used as conservative estimates instead 
of the values taken from figures A5.2.a and A5.2.b. 

a) Non-translational mode (figure A5.2.a): 

a) Translational mode (figure A5.2.b):  
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Annex 6: Longitudinally stiffened plate 
elements 

A6.1 General 

This Annex gives rules for taking into account the ultimate limit state for local 
buckling in stiffened plate elements, caused by longitudinal stresses, when the following 
conditions are met:  

-	 The panels are rectangular and the flanges are parallel, or near-parallel with a 
maximum inclination of 10º.  

-	 Where stiffeners are present, they are configured in the longitudinal and/or 
transverse direction. 

-	 Any holes or cuts must be small in size. 
-	 The structural elements in question are of a uniform transverse section. 
-	 There is no local buckling in the web generated by the flange. 

A6.2 Resistance to longitudinal stresses 

The resistance of stiffened plate structural elements subject to longitudinal stresses 
can be determined using the effective sections of compressed plate members used to 
calculate the sectional properties of a grade 4 section (Aef, Ief, Wef), with the aim of testing 
the resistance of the sections and members to buckling and lateral buckling, in 
accordance with sections 35.1 and 35.2 of Chapter IX. 

Effective sections can be determined based on the indications given in Section 20, 
in particular section 20.7, of Chapter V. Consideration must also be given to the influence 
of shear lag. Considering both effects, effective sections are determined in accordance 
with the provisions of sections 21.5 and 34.1.2.5. 

A6.3 Plate elements without longitudinal stiffening  

The effective areas of compression flat elements are defined in tables 20.7.a and 
20.7.b of section 20.7 for members without free ends (interior panels) and for members 
with a free end, respectively. Except for ultimate limit state testing on members prone to 
instability issues, as addressed in Chapter IX sections 35.1, 35.2 and 35.3, the effective 
widths of grade 4 compressed cross section panels may be estimated, in a less 
conservative manner, based on a lower plate slenderness value pλ calculated on the basis 
of maximum compressed panel stress or warping values, which are obtained considering 
the effective widths of all partial or fully compressed cross section panels.  

In this expression σc,Ed is the maximum design compression stress on the  plate 
element , determined using the effective area of the section, taking into account all actions 
applied simultaneously. 
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The procedure described in the previous paragraph is conservative and requires an 
iterative design process, as indicated in Chapter V, section 20.7. 

Sheet panels with a/b<1 aspect ratios (a being the distance between loaded ends) 
may be susceptible to column buckling. Testing is therefore carried out according to the 
indications given in section A6.4.4 of this Annex, using reduction coefficient ρc of panel 
instability (plate performance and column buckling performance). This is the case for flat 
sheet elements between transverse stiffeners in which plate instability can be associated 
with column buckling, requiring reduction coefficient ρc, in order to obtain the value χc for 
support buckling (see figures A6.3.a and A6.3.b). For sheets with longitudinal stiffeners, 
column buckling may also be seen for a/b aspect ratios equal to or greater than the unit. 

a) plates without longitudinal b) nun-stiffened plate  with small aspect ratio c) of longitudinally stiffened plate  with 
supports a large aspect ratio 

Figure A6.3. Column-like performance 

A6.4 Plate elements with longitudinal stiffening 

A6.4.1 General 

For longitudinally stiffened plate elements, consideration must be given to the 
effective section areas of the different subpanels between stiffeners in terms of local 
buckling and to the effective section area of the stiffened panel in relation to general 
buckling. 

The effective area of each subpanel should be determined by means of a reduction 
factor according to the indications given in section A6.3 (see section 20.7), in order to 
account for local plate buckling. The same goes for subpanels in which the longitudinal 
stiffeners can be broken down (however, these tend to be designed as grade 1 or 2, with 
which the local buckling reduction factor is equal to the unit). 

The stiffened panel, taking into account any effective areas of stiffeners, must be 
checked for general buckling (e.g. by considering the panel as an equivalent orthotropic 
plate), identifying a reduction coefficient ρc corresponding to the local buckling verification 
of the panel, as a whole. 

where Ac,ef,loc is the sum of effective areas of all stiffeners and subpanels fully or partially 
situated in the compressed area, with the exception of effective parts supported by an 
adjacent sheet panel with a thickness bbor,ef, as shown in the example given in figure 
A6.4.1. 

The area Ac,ef,loc  should be obtained from : 

The effective section of the compression zone of the stiffened panel should be taken 

as 
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where: 

 applies to the width of the compressed stiffened panel, except the parts bbor,ef. 

Asl,ef  Sum of the effective areas of all longitudinal stiffeners with a gross area Asl situated 
in the compression zone  , calculated according to the indications given in section 
A6.3 of this Annex (see section 20.7).  

bc,loc Width of the compressed part of each subpanel. 

ρloc Reduction factor  for each subpanel calculated according to A6.3 (see section 20.7). 

Figure A6.4.1. Definition of the gross area Ac and of the effective area Ac,ef,loc for stiffened 
plates under  to uniform compression 

To determine the general reduction factor ρc which considers the instability of the 
panel as a whole, consideration must be given to the possibility of column buckling, which 
produces a stricter reduction factor than that derivable from plate buckling. 

The procedure for carrying out this verification and for determining ρc is based on an 
interpolation between the reduction factor ρ related to plate buckling and the reduction 
factor c χc for considering column buckling. This interpolation is defined further on in 
section A6.4.4.  

In cases where there is a significant influence of shear lag (see sections 21.5 and 
34.1.2.5), the effective definitive reduced section Ac,ef of the compressed area of the 
stiffened plate must be taken as A*c,ef in order to account for the effect of shear lag in 
addition to the effects of plate buckling.  

The effective section of the tensile area of the stiffened plate must be equal to the 
area of the gross section of the effective tensile area as a result of shear lag, where 
applicable. 

The shear modulus Wef of the effective reduced section is obtained as the quotient 
between the inertia of the effective reduced section and the distance between the centre 
of gravity of this section and the mid plane of the flange. 

ANNEXES page 87 



 

 

 

 

 

 
 

  

   

 

 

 
 

 
 

 
  

 

 

 

A6.4.2 Plate performance 

The non-dimensional plate slenderness  of the equivalent plate is defined as: 

where: 

where: 

Ac Gross section of the compressed area of the stiffened plate, with the exception 
of parts of subpanels supported by an adjacent plate panel (see figure A6.4.1) 
(which must be multiplied by the shear lag coefficient, where necessary). 

Ac,ef,loc Effective area of the same part of the plate, calculated taking into account the 
possible buckling of the different subpanels and/or flat stiffening elements. 

The reduction coefficient ρ for an equivalent plate is obtained from the formula given 
for flat members without stiffening (see section 20.7 of Chapter V).  

To determine the value  using the aforementioned formula, it is necessary to 
know the stress value σcr,p. The two following subsections lay down two different methods 
for determining this stress value, respectively, each of which is particularly applicable to 
specific types of stiffened panels. 

A6.4.2.1 Multiple longitudinal stiffeners. Concept of the equivalent orthotropic.  

Stiffened plate panels with more than two longitudinal stiffeners may be considered 
orthotropic plate. The basic idea consists of the distribution of the stiffness of the 
longitudinal stiffeners across the width of the sheet. Conceptually, an equivalent 
orthotropic plate thus replaces the stiffened sheet. The critical buckling stress of the 
equivalent plate can be obtained as: 

where: 

b Dimension of the panel subject to longitudinal stresses (see figure A6.4.2.1).  

is the critical buckling stress on the edge of the panel where the maximum 
compression  stress is applied (see figure A6.4.2.1). 
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1. centroid of the stiffener.  

2. centroid of the column =stiffener+sheet. 

3. Subpanel. 

4. Stiffener. 

5. Thickness of plate t t. 

e=max (e2e1) 

Width for gross area  Width for effective area Condition for Ψi 

b1,inf 

b2,sup 

b2,inf 

b3,sup 

Figure A6.4.2.1. Notation for longitudinally stiffened plates  
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The coefficient kσ,p for local buckling, obtained according to the orthotropic plate 
theory, considering longitudinal stiffeners distributed uniformly over the plate. This 
coefficient of local buckling of stiffened panels kσ,p is obtained either from appropriate 
charts for sneared stiffners or for discretely placed stiffeners, or relevant computer 
simulation. 

Where a web is of concern, the width b in equation shown above should be replaced 
by the depth of the web hw. 

For stiffened panels with at least three equally spaced longitudinal stiffeners, the 
plate buckling coefficient kσ,p (global stiffened panel buckling) may be approximated by: 

if 

if 

with: 

where: 

IsI	 Second moment of area of the whole stiffened plate Ip : Second moment of 
area for bending of the plate: 

Asl is the sum of the gross area of all individual longitudinal stiffeners. 

Ap is the gross area of the plate: 

Ap = b·t 

σ1  maximum stress at one panel edge. 

σ2  minimum stress at the opposite edge.  

a, b and t Dimensions defined in figure A6.4.2.1. 
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A6.4.2.2 	 One or two stiffeners in compressed area. Concept of equivalent column 
on elastic foundation. 

This procedure is of particular interest when the number and layout of longitudinal 
stiffeners result from a non-uniform distribution of direct longitudinal stresses, as in the 
case of a web panel. For such situations, following a procedure that addresses the 
discrete nature of stiffening in a simple manner is recommended. The critical buckling 
stress calculation can no longer be based on the orthotropic plate concept, but instead 
forms part of the analysis of a column rested on an elastic foundation, which reflects the 
plate effect in the direction perpendicular to the column bar (see figure A6.4.2.2.a). The 
critical elastic buckling stress of the equivalent column can be taken as an approximation 
of the stress value or σcr,p. 

Column 

Elastic Coumn 

Column 

Section XX 

Figure A6.4.2.2.a. Column on elastic foundation 

With a single stiffener: 

If the stiffened plate contains just one stiffener in the compression zone, the 
localisation of the equivalent column coincides with the longitudinal stiffener. To ensure a 
simple formulation, stiffeners located in the tensile area of the member are not 
considered. 

To calculate Asl,1 and Isl,1 the gross section of the column should t be taken as the 
gross area of the stiffener, considering the adjacent portions of the plate t as follows If the 
subpanel is fully in compression, a percentage of (3-Ψ)/(5-Ψ) of its width b1 on the edge of 
the panel less stressed is taken, with a percentage 2/(5-Ψ) for the most stressed area. If 
the stress change from compression to tension) within the same subpanel, a portion of 0.4 
of the width bc of the compressed part of this subpanel should be taken as part of the 
column, as shown in figure A.6.4.2.2.b.  
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Figure A6.4.2.2.b. Notation for a web plate with a single stiffener in the compression 
zone The effective cross-sectional area of column Asl,1,ef  should be taken as effective 
cross-sectional area of the stiffener and of the adjacent parts of the plate as seen in figure 
A6.4.2.1. The area of the effective section must be determined in order to calculate βA. 
The slenderness of the plate elements in the column can be determined following the 
indications given in section 20.7, taking σc,Ed as the maximum design compression stress 
for the gross cross section. 

In absence of an elastic foundation, the buckling length of the equivalent column 
would be equal to the distance between transverse stiffeners a. Due to the plate effect, 
the buckling length ac of the equivalent column would be smaller than distance a. 

According to the physical model, it is found that: 

The critical elastic buckling stress of the equivalent column can be determined using 
the following formulae: 

if a≥ac 

if a<ac 

where: 

Asl,1 Gross cross section of the column obtained. 

Isl,1  Second moment of area  of the gross section of the column about an axis 
which passes through its centre of gravity and runs parallel to the plane of the 
sheet. 

b1, b2 Distance from the longitudinal edges to the stiffener b1+b2=b (see figures 
A6.4.2.2.a and A6.4.2.2.b). 


This stress can be taken as an estimation of stress σcr,p. 
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With two stiffeners: 

Where the stiffened plate has two longitudinal stiffeners in the compression zone the 
method illustrated above is applied three times, as shown below (see figure A6.4.2.2.c). 
First, it is assumed that each of the stiffeners buckles while the other acts as a fixed 
support. 

A simultaneous buckling verification must then be performed on both stiffeners; this 
involves using a single stiffener that combines the effect of both as follows:  

-	 The cross-sectional area and second moment of area i of the combined 
stiffener are respectively the sum of that for the individual stiffeners, which are 
calculated as shown above. 

-	 The combined stiffener is positioned at the location of the resultant of the 
respective forces in the individual stiffeners. 

Stiffener 1 Stiffener 2 Combined stiffener 

Area Asl,1 Asl,2  Asl,1+Asl,2 

Second moment of area Isl,1 Isl,2  Isl,1 + Isl,2 

Figure A6.4.2.2.c Notations for plate with two stiffeners in the compression zone 
Consideration is given to the three situations shown in figure A6.4.2.2.c, assuming b1=b1*, 
b2=b2* and b = B*=b1*+ b2*. 

The three cases are then studied and the smaller of the three values taken from 
σcr,sl, obtained using the formula shown in the previous section for the case of a single 
stiffener, is taken as an estimation of the stress value σcr,p. 

A6.4.3 Column type buckling performance  

The elastic critical buckling stress σcr,c of a unstiffened plate  (see section A6.3) or 
stiffened plates (see section A6.4) should be as the critical buckling stress without 
considering the supports along the longitudinal edges. 

For a non-stiffened plate the critical elastic column buckling stress σcr,c is obtained 
from : 
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For a stiffened plate the stress cr,c may be determined based on the critical column 
buckling stress cr,sl of the stiffener closest to the panel edge with the highest compression 
stress, as follows 

where: 

Isl,1  	 the second moment of area of the gross cross section of the longitudinal 
stiffener and the adjacent parts of the plate, as indicated in figure 
A.6.4.2.1,relative to the out-of-plane bending axis of the plate Asl,1 Gross cross 
sectional area of the stiffener and the adjacent parts of the plate, as indicated 
in figure A.6.4.2.1 

The stress σcr,sl is obtained considering a uniform compression stress state, without 
any influence from the outer end supports and with a buckling length equal to the length of 
the stiffened panel . 

In the case of a non-uniform stress distribution, the stress σcr,c can be obtained as 

, where σcr,c is the relative stress on the compressed edge of the plate, 
and bsl,1 and bc are geometric values obtained from the stress distribution used for 
extrapolation (see figure A6.4.2.1).  

 is defined as follows: The relative slenderness of the column 

for un-stiffened plate 

 for stiffened plates 

where: 

Asl,1	 Is defined above.  

Asl,1,ef Area of the effective section due to local plate buckling (see figure A6.4.2.1).  

The reduction factor χc should be obtained from the indications given in section 
35.1.2 of Chapter IX. Un-stiffened plates shall assume a value of the coefficient of 
imperfection α=0.21, which corresponds to the buckling curve a. For the case of stiffened 
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plates, the value of α be increased to account for the existence of greater initial 
imperfections in such types of member (stiffening welds). This shall assume the value αe 

equal to: 

where: 

α=0,34 (curve b) for closed section stiffeners. 

α=0,49 (curve c) for open section stiffeners. 

e=max (e1,e2) 	 Largest distance from the centre of gravity of the effective section 
of the stiffener and of the corresponding part of the support plate 
(column centre of gravity) to the centre of gravity of the plate or of 
the gross section of the stiffener alone (or of the set of stiffeners 
alone, where both sides of the sheet are stiffened) (see figure 
A6.4.2.1). 

A6.4.4 Interactions between plate performance and column buckling 

The final reduction factor c is obtained by interpolation between the coefficients  
(section A6.4.2) and c (section A6.4.3) as follows: 

where: 

where: 

cr,p critical  buckling stress of the plate (section A6.4.2).  

σcr,c  critical column buckling stress according to the indications given above 
(section A6.4.3).  

ρ reduction  factor due to local buckling of the equivalent orthotropic plate 
(section A6.4.2).  

χc Factor reduction due to column buckling (section A6.4.3).  

Once ρc is known, the area of the effective section of the compressed area of the 
stiffened panel Ac,ef (see section A6.4.1) can then be determined, based on which it is 
possible to determine the area of the effective section of a generic structural member and 
its shear modulus. 

ANNEXES 	page 95 



 

 

 
 

 

 

    
 

 

 

 

 

 

 
 

 

 
 
 

 
 

A6.5 	Verification 

Member verification for axial compression force and uniaxial bending moment 
should be performed as follows: 

where: 

Aef Area of the effective reduced section obtained under the action of an axial 
compression force. 

eN Shift in the position of neutral fibre of the effective reduced section in relation 
to the neutral fibre of the gross section subject to an axial compression  force. 

MEd Design bending moment.  

NEd Design axial force. 

Wef Elastic modulus of the effective section subject to a bending moment. 

γM0 Partial factor for resistance . 

For member subject to axial compression force and biaxial bending, the previous 
formula appears as follows: 

Verification for local sheet buckling is carried out for the resulting values from 
existent stresses at a distance 0.4a or 0.5b, whichever is smallest, from the end most 
stressed panel end. In this case, the gross sectional resistance needs to be checked at 
the end of the panel on the final edge of the panel. 

A6.6	 ‘Apparent’ axial-longitudinal strain (N-εap) diagrams for stiffened 
compressed sheets 

Except in small sections, compressed steel sheets are generally fitted with stiffeners 
(longitudinal and transverse). This is the case for box sections subject to negative bending 
stress. 

In most cases, due to second-order phenomena, such elements can be susceptible 
to transverse warping during the elastic and elastic-plastic post-critical phases, and can 
even produce warping values similar to those of elastic-plastic calculations for failure (see 
19.5.1). 

The response of compressed stiffened sheets, subject to monotonically increasing 
axial forces on their plane, adopts a progressively non-linear form with a relatively fragile 
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performance once the load of instability is reached, characterised by a significantly sharp 
decline in the descending branch of its strength-deformation curve.  

The analysis of such elements can be performed using non-linear finite element 
models of the bottom sheet set and the frame of longitudinal and transverse stiffeners, 
with any necessary lateral links between this substructure and the rest of the section 
(webs compressed and flanges). The finite element model should take into consideration 
equivalent geometric imperfections associated with the forms of critical modes of 
instability of the stiffened sheet set, as well as its members (sheet panels between 
stiffeners), representative of the influence on non-linear response of geometric operating  

ANNEXES page 97 



 

 

 

 

 

  

 
 
 
 
 
 

 

 

 

 

 

 
 

 

Annex 7: Stiffeners and detailing  

A7.1 General 

This Annex lays down criteria for the designing and verification of stiffened elements 
subject to longitudinal stresses, supplementing the criteria already given for local buckling 
and concentrated loads (sections 35.4, 35.5, 35.6 and 35.7). It also establishes additional 
design criteria to those included in section 35.9 and in Annex 6 concerning the checking of 
longitudinally stiffened sheets subject to longitudinal stresses. 

A7.2 Longitudinal stresses  

A7.2.1 Minimum requirements for transverse stiffeners 

In order to provide a rigid support for a plate s with or without longitudinal stiffeners, 
intermediate transverse stiffeners should satisfy the criteria given below The transverse 
stiffener is modelled as a simply supported element with an initial sinusoidal imperfection 
w0 of s/300, s being the smallest ofa1, a2 or b (see figure A7.2.1), where a1 and a2 are the 
lengths of the panels adjacent to the transverse stiffener in question and b is either the 
height of the transverse stiffener between the centroids of the flanges or span length of 
the transverse of the traverse stiffener. Eccentricities should be taken into account. 

1. Transverse stiffener 

Figure A7.2.1. Transverse stiffener. 

The transverse stiffener should carry the deviation forces deriving from the adjacent 
compressed panels under the assumptions that both adjacent transverse stiffeners are 
rigid and are kept straight under the combined action of any external load and an axial 
force, the latter of which is determined according to 35.9.3.3. Compressed plate panels 
and longitudinal stiffeners are considered to be simply supported at the transverse 
stiffeners. 

Using a second-order elastic method analysis should satisfy the following 
requirements at the ultimate limit state: 

- That the maximum stress in the stiffener should not exceed fy/γM1. 

- That the additional deflection should not exceed b/300 (see figure A7.2.1). 

ANNEXES page 98 



 

 
 

 

 

   
  

 
 

  

 
 

 

 

 

 

 

 
 

 

In the absence of any axial force the transverse stiffener, it can be assumed that 
both criteria are satisfied provided that the second moment of area of the transverse 
stiffener Ist is not less than: 

where: 

emax The maximum distance from the extreme  fibre of the stiffener to the centroid 
NEd . The maximum compression force of the adjacent panels to the stiffener, 
which must not be less than the product of the maximum compression stress 
multiplied by half the effective compression area of the panel, including 
stiffeners. 

σcr,c, σcr,p Defined in Annex 6. 

Where the transverse stiffener is subject to an axial compression force, this must be 
increased by the value ∆Nst=σm b2/ð2 to account for deviation forces. The aforementioned 
requirements remain applicable, but it is not necessary to consider ∆Nst when calculating 
the uniform distribution of stresses on the stiffener, caused by axial force. 

In a simplified manner, in the absence of axial force, verification of the 
aforementioned requirements may be carried out by means of a first-order elastic 
analysis, considering the additional action of uniformly distributed lateral load acting on 
the length b of the stiffener and of the following value: 

where: 


σm Is defined above in this section. 


w0 Is defined in figure A7.2.1.  


wel Elastic deflection, which may be either determined iteratively or be taken as 

the maximum  additional deflection b/300. 

Unless an in-depth analysis is carried out, in order to avoid torsional buckling of 
open cross-section transverse stiffeners, the following criterion should be satisfied: 

where: 
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Ip Polar second moment of area of the stiffener, alone, around the edge fixed to 
the plate. 

IT  St. Venant torsional constant for the stiffener alone.  

When warping stiffness is considered, stiffeners should either satisfy the above 

condition or the criterion 

where: 

σcr Elastic critical  stress for torsional buckling of the stiffener. 
θ Parameter to ensure class 3 performance . A θ value of 6 is recommended. 

A7.2.2 Minimum requirements for longitudinal stiffeners  

Requirements related to torsional buckling set forth in section A7.2.1 also apply to 
longitudinal stiffeners. 

Discontinuous longitudinal stiffeners that do not cross transverse stiffeners through 
specific openings made in them or which are not connected to both sides of the 
transverse stiffener: 

- Should be used for webs (i.e. they may not be used in flanges). 
- not be considered in the global l analysis.  
- not be considered in the stress calculation. 
- considered in the effective widths of web subpanels. 
- considered in the calculations of the elastic critical stresses.
 

Resistance verification for stiffeners should be performed according to Annex 6 


A7.2.3 Welded plates 

Plates with changes in plate thickness should be welded in areas close to a 
transverse stiffener, see figure A7.2.3. The effects of eccentricity do not need to be taken 
into account, unless the distance to the stiffener from the welded joint exceeds b0/2 or 200 
mm, where b0 is the t width of the plate between longitudinal stiffeners. 

min (b0/2, 200 mm) 

1. Transverse stiffener.
 
2. Transverse weld. 


Figure A7.2.3. Welded plates 
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A7.2.4 Cut-outs in stiffeners 

The dimensions of cut-outs in longitudinal stiffeners should be as shown in figure 
A7.2.4.a. 

Figure A7.2.4.a. Cut-outs in longitudinal stiffeners 

The length ��(see figure A7.2.4.a) should not exceed:  

-  for compressed flat stiffeners  

-  for other compressed stiffeners. 

- for non-compressed stiffeners. 

where tmin is the lesser r of the plate thickness. 

The limiting values for compressed stiffeners may be increased by

 when 

The dimensions of cut-outs in transverse stiffeners, should be as shown in figure 
A7.2.4.b below. 

max e 

Figure A7.2.4.b. Cut-outs s in transverse stiffeners 


The gross web adjacent to the cut-out should resist a shear force of VEd  when : 
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where: 

Inet is the second moment of area for the net section of the transverse stiffener.  

e  Is the maximum distance from n the underside of the flange plate to the 
neutral fibre of net section (see figure A.7.2.4.b).  

bG Is the length of the transverse stiffener between flanges. 
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Annex 8: Thermal actions caused by fire 


A8.1 General 

The process for a structural verification in a fire situation should follow four steps: 

1. 	 selection of the fire scenarios appropriate for the design, based on a global strategy 
in accordance with fire safety standards, for the specific building in the design; 

2. 	 determination of the corresponding design fires; this defines the design fire action 
or, in short, “design fire”, using the curve of temperature increase in gases in the fire 
enclosure, depending on the time used to characterise the fire action. When 
selecting the fire design, an appropriate mathematical model from a real fire may be 
used, or alternatively the standard temperature-time curve that represents the 
thermal programme for the test furnaces; 

3. 	 calculation of the temperature evolution within the structural members as a result of 
their exposure to fire for the design adopted. If a real fire model is chosen, the 
calculation shall cover the total duration of the fire, including the cooling phase. If a 
standard fire is chosen, where there is no cooling phase, the prescribed fire 
exposure time tfi,requ must be fixed following the specifications of the regulations in 
force; 

4. 	 calculation of the mechanical performance of the structure exposed to fire.  

This Annex includes information intended to facilitate the execution of the two first 
phases mentioned above, since the procedures for the latter two are set out specifically in 
this Code and are discussed in Chapter XII. 

The design fires contained in this Annex correspond to a specific “fire compartment”, 
defined as an enclosure that is separated from other enclosures that may co-exist in the 
same building volume using compartment members of a grade and useful surface which 
is set out in each case by the Technical Code on Building and, where applicable, any 
relevant Regulations of the Autonomous Governments, local council Orders, etc. Unless 
otherwise stipulated, a design fire shall be assigned to each situation considered to affect 
a single fire compartment of the building each time.  

The standardised temperature-time curve or, in short, “standard fire”, shall mean the 
test defined by UNE-EN 1363, and characterised by the variation in temperature over time 
given in A8.3.1. 

A8.2 Verification on structural stability in a fire situation  

A8.2.1 Fire resistance required for the structure 

In order to adopt the magnitude tfi,nom given below, the regulations in force should be 
respected. 
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Unless such regulations specify otherwise, the resistance time required of the 
structure tfi,requ against a standard fire may be selected using either of the two procedures 
set out in this Code, which complement each other in the following terms:  

a) 	 nominal fire exposure: this is conventionally defined by the duration, expressed in 
minutes of standard fire, called tfi,nom in this Code, the values of which must be taken 
from the tables in Section SI 6 of the CTE, the RSCIEI, or, where relevant, the other 
regulations mentioned in the preceding paragraph;  

b) 	 equivalent fire exposure: in this case, a specific analytical criterion is set out to 
determine the equivalent fire exposure time. This criterion is discussed in A8.5, 
which defines and quantifies the corresponding representative value of the fire 
exposure (te,d). 

With tfi,requ = tfi,nom, or tfi,requ = minimum (tfi,nom, te,d) where paragraph b) applies as 
explained above, the fire safety of the steel structure may then be checked  in accordance 
with the procedures permitted by this Code.  

This Annex also includes theoretical-experimental criteria for determining the fire 
resistance required for structures where, as the other criteria explicitly stated in this Code, 
the Designer is responsible for selecting the criteria.  

A8.2.2	 Thermal actions. Net heat flux 

Thermal actions on the surface of structural members are defined by the net heat 

flux [W/m2] that affects the surface unit of such members that is exposed to fire. 

This must be determined using the transmission of heat by convection and radiation:

 [W/m2] 	(A8.2.1) 

where: 

(A8.2.2) 

[W/m2] (A8.2.3) 

where: 

αc 	 factor for transference of heat by convection [W/m2 K]. The αc factors that 
apply to the nominal temperature-time curves are given in A8.3 and for 
natural fire models in A8.6 and A8.7;  

Θg 	 temperature of gas in the vicinity of the member exposed to fire [ºC], defined 
by the design fire selected;  

convection component of thermal flux per surface unit: 

[W/m2] 

radiation component of net heat flux per surface unit: 
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Θm temperature of the member’s surface [ºC]. This is obtained as a result of the 
thermal analysis of the member in accordance with Chapter XII relating to the 
structural design in fire situations; 

Φ shape factor; if there are no specific data, Φ = 1.0 must be used. A lower 
value may be used in order to take account of the effects of position and 
shade; 

εm emissivity of the member’s surface, using εm = 0.7;  

εf emissivity of the flame , generally using εf = 1.0; 

or the Stephan Boltzmann’s constant (= 5.67 · 10-8 [W/m2 K4]); 

Θr effective fire radiation temperature [ºC]. For members that are completely 
surrounded by fire, Θr may also be included in the gas temperature Θg around 
the member. 

For the side of separator members that are not exposed to fire, the net heat flux 
must be determined using the equation (A8.2.1) where αc = 4 [W/m2 K]. 

The factor for heat transference by convection must be αc = 9 [W/m2 K] where it is 
assumed to include the effects of heat transference by radiation. 

A8.2.3 Temperature of gases in the fire compartment. “Design fires” 

The temperatures of gases in the fire compartment Θg may be used as nominal 
temperature-time curves in accordance with A8.3, or according to the natural fire models 
given in A8.6 and A8.7. 

In addition to the standard curve in UNE-EN 1363, the external fire curve may also 
be used between the nominal temperature-time curves for characterise less severe fires 
that occur in external areas adjacent to the building, or to measure the effects of flames 
coming out of the windows on external members. It also includes a specific curve for 
characterising a fire in a pool of hydrocarbons. 

The real or natural fire models are those that have varying degrees of complexity 
and incorporate various physical parameters that are present in the development of a real 
fire; the simplified calculation models are based on specific physical parameters with 
limited scope. The advanced models must take account of the gas properties and the 
exchange of mass and energy. 

A8.3 Nominal temperature-time curves 

A8.3.1 Standard curve  

The standard temperature-time curve is given by: 

Θg = + 345 log10 (8t + 1) + 20 [ºC] (A8.3.1) 

where: 

Θg the gas temperature in the fire compartment [ºC]; 
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t  duration of the thermal exposure [min] 

The factor for heat transference by convection is: αc = 25 W/m2 K. 

A8.3.2 External fire curve  

The external fire curve is given by: 

Θg = 660 (1 – 0.687 e-0.32 t – 0.313 e –3.8 t ) + 20 	 [ºC] (A8.3.2) 

where: 


Θg the gas temperature near the member [ºC] 


t time duration [min]
 

The factor for heat transference by convection is: αc = 25 W/m2 K. 

A8.3.3 Hydrocarbon curve 

The temperature-time curve for hydrocarbons is given by: 

Θg = 1,080 (1 – 0.325 e-0.167 t – 0.675 e –2.5 t ) + 20	 [ºC] (A8.3.3) 

where: 


Θg gas temperature in the fire compartment;  [ºC] 


t time duration [min]
 

The factor for heat transference by convection is: αc = 50 W/m2 K. 

A8.4 Fire load 

The “fire load” should cover all combustible content of the building and all 
combustible construction members, including coatings and finishes. 

Fire loads may be determined: 

a) using a national fire load classification according to the type of activity.  

In this case, the following are found and added together:  

-	 the actual fire loads of the activity, as given in the classification;  

-	 the fire loads owing to the building (construction members, coatings and 
finishes) that are not usually included in the classification and which are 
determined in accordance with the following paragraphs, as applicable; 

b) 	 using an individual evaluation: fire loads and their locations must be evaluated, 
taking account of the anticipated use, furniture and facilities, changes over time, 
unfavourable tendencies and possible changes in activity that do not entail the 
preparation of a new design under the regulations in force. 
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A8.4.1 Fire load density. Design value 

The density of the fire load used in the various fire situations should be a design 
value based on measurements. 

The design value may be determined:  

-	 using a national design fire load density classification according to the type of 
activity; 

-	 in a simplified way, using the expression in this heading (A8.4.1), which takes 
account of the probability of activation and of the fire-safety measures using partial 
safety factors; 

-	 in a simplified way for a particular design, by studying the fire loads for each 
compartment, represented by their characteristic value, taking account of 
combustion conditions. The probability of activation, active fire-safety measures, 
evacuation conditions and performance of fire brigades, as well as all additional 
safety measures and the possible consequences of the fire, must be included using 
a general safety strategy.  

The factor γq given in Table A8.5.c, which takes account of the foreseeable 
consequences of the fire, may be included directly in the value of the design fire load 
determined using any of the three methods given above, where the verification procedure 
involved uses it explicitly, such as in the equivalent standard fire time, the parametric 
curves and the actual fire curves.  

The design value of fire load qf,d is defined by: 

qf,d = qf,k · m · δq1 · δq2 · δn [MJ/m2] 	 (A8.4.1) 

where: 

qf,k 	 characteristic fire load density  per floor area unit [MJ/m2] (see A8.4.2); 

δq1 partial factor that takes into consideration the fire activation risk starting 
due to the size of the compartment (see Table A8.4.1.a);  

δq2 Partial factor that takes into consideration the fire activation risk starting 
due to the type of occupancy (see Table A8.4.1.a);  
factor that takes into consideration the influence of different active fire- 
safety measures i (sprinklers, detection, automatic alarm transmission to 
fire brigade). Such active measures are generally imposed for safety 
considerations (see Table A8.4.2.b);  

m 	 combustion factor that takes combustion properties into consideration and 
represents the proportion of the combustible that burns in the fire, 
depending on the activity and the type of fire load. For a mixture of 
predominantly cellulose materials (wood, paper, fabrics, but not for the 
storage of cellulose), the combustion factor may be assumed as m = 0.8. 
In other cases of mixed materials, m = 1 may be used. In situations where 
the same material is stored, such as wood, cotton, rubber, gum, linoleum, 
plastics and artificial fibres, and in the absence of other data, the most 
unfavourable value, m = 1.4, may be used (low density of material on a 
large surface). 
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Table A8.4.1.a. Partial factors δq1 and δq2 

Floor area of sector 
Af [m2] 

Danger of 
activation δq1 

20 1.00 

25 1.10 

250 1.50 

2,500 1.90 

5,000 2.00 

>10,000 2.13 

Danger of activation 
δq2 

Types of building 
occupancy 

0.78 Art gallery, museum, 
swimming pool 

1.00 Home, office , 
residential, education 

1.25 Commercial, garages, 
hospitals, public 
audiences 

1.25 Sectors with low 
special  risk 

1.40 Sectors with medium 
special  risk 

1.60 Sectors with high 
special risk 

Table A8.4.1.b. Factors for δn,i 

δn,i Depending on active fire- safety measures 
Automatic 
extinguishing 

Automatic detection 

Automatic water 
extinguishing 
system 

Automatic fire  detection 
and alarm 

Automatic alarm transmission to 
fire brigade 

δn,1 

by  heat 
δn,2 

by smoke 
δn,2 δn,3 

0.61 0.87 0.87 

Applying Table A8.4.1.b requires verification that:  

-	 the requirements of European standards relating to sprinkler, detection and alarm 
installations are fulfilled; 

-	 any active or passive fire protection systems taken into consideration in the design 
are adequately maintained. 

A8.4.2 Density of characteristic fire load 

The density of the characteristic fire load qf,k per unit surface area is defined as: 

qf,k = Qfi,k / A [MJ/m2] (A8.4.2) 

where: 

Qfi,k characteristic fire load;  

A is either the floor area (Af) of the fire compartment or reference space, or the total 
internal area of the envelope (At), resulting in qf,k or qt,k respectively. 

The characteristic fire load is defined as: 

Qfi,k = Σ Mk,i · Hui · Ψi = Σ Qfi,k,i [MJ] (A8.4.3) 
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where: 


Mk,I mass of combustible material [kg]; 


Hui net calorific value [MJ/kg];  


[Ψi] optional factor that allows adequately protected fire loads to be reduced in
 
accordance with A8.5.3.  

In order to estimate the quantity of combustible material, a distinction should be 
made between:  

-	 permanent fire loads that are not expected  to vary throughout the working lifet of a 
structure, and which must be considered as equal to the values obtained from a 
subsequent sample, if feasible, or, failing that, they must be considered as equal to 
nominal values based on the construction members in the design; 

-	 variable fire loads that are likely to change during the working life of the structure, 
and for the values of which statistical estimates must be used. These values must 
not be exceeded 80 % of the time. 

A8.4.3 Protected fire loads  

It is not necessary to consider fire loads located within containers that are designed 
to resist exposure to fire. 

Fire loads located within non-combustible containers that are not specifically 
designed to resist exposure to fire but remain intact during the fire may be taken into 
consideration as follows: 

-	 for a fire load at least equal to or greater than 10 % of all protected fire loads, a 
factor of Ψi = 1.0 shall apply; 

-	 if this fire load plus unprotected fire loads are not sufficient to heat the remaining fire 
loads above their ignition temperatures, then a factor of Ψi = 0 may be applied to the 
other protected fire loads;  

-	 in other cases, the value of the factor Ψi must be determined individually. 

A8.4.4 Net calorific values 

The net calorific value of the materials should be determined in accordance with 
UNE-EN ISO 1716:2002. 

The moisture content of the materials may be taken into consideration as follows: 

Hu = Hu0 (1 – 0.01 u) – 0.025 u [MJ/kg] (A8.4.4) 

where: 

u moisture, as a percentage of weight in dry state;  

Hu0 net calorific value of the dry material. 

Table A8.4.4 includes the net calorific value of certain solids, liquids and gases. 
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Table A8.4.4 – Recommended net calorific value Hu [MJ/kg] of combustible materials for 
calculations fire loads 

Solids 
Wood 17.5 
Other cellulosic  materials 
* Fabric 
* Cork 
* Cotton 
* Paper, cardboard 
* Silk 
* Straw 
* Wool 

20 

Carbon 
* Anthracite 
* Coal 
* Charcoal 

30 

Chemical products 
Paraffin series 
* Methane 
* Ethane 
* Propane 
* Butane 

50 

Olefin series 
* Ethylene 
* Propylene 
* Butane 

45 

Aromatic series 
* Benzene 
* Toluene 

40 

Alcohols 
* Methanol 
* Ethanol 
* Ethyl alcohol 

30 

Combustibles 
* Gasoline, petroleum 
* Diesel 

45 

Plastic hydrocarbons 
* Polyethylene  
* Polystyrene  
* Polypropylene  

40 

Other products 
ABS (plastic) 35 
Polyester (plastic) 30 
Polyisocyanurate and polyurethane (plastic) 25 
Polyvinyl chloride, PVC (plastic) 20 
Bitumen, asphalt 40 
Leather 20 
Linoleum 20 
Tyre 30 
NOTE: The values in this table do not apply when calculating the energy content of 
combustibles.  
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A8.4.5 Classification of fire loads density according to activity type 

The densities of variable fire loads for various buildings, which are classified 
according to their activity in accordance with Table A8.4.5, refer to the floor area in each 
sector and should be used as characteristic fire load densities qf,k [MJ/m2]. 

Table A8.4.5 – Densities for fire load qf,k [MJ/m2] for different  occupancies activities 

Activity 80 % fractile 
Home 650 
Hospital (living quarters) 280 
Hotel (living quarters) 280 
Library 1 824 
Office 520 
School hall 350 
Shopping centre  730 
Theatre (cinema) 365 
Transport (public space) 122 
Garage 280 

Fire loads from Table A8.4.5 are valid for normal enclosures for the activities shown; 
i.e. areas where there is no accumulation of fire loads greater than those for the intended 
use where there is considered to be a mixture of predominantly cellulose materials (given 
with a combustion factor of m = 0.8). Enclosures dedicated to other activities that do not 
appear in the table, such as special areas for storage, industrial activities, etc. are 
considered in accordance with A8.4.2. 

Fire loads caused by the building (construction members, coatings and finishes) 
must be determined in accordance with A8.4.2 and must be added to the fire load 
densities in Table A8.4.5.  

On the other hand, mean fire load values for various activities and commercial and 
storage uses may be found in the RSCIEI. Multiplying these mean values by 1.6 gives the 
characteristic fire load value qf,k for inclusion in the calculations referred to in this Annex.  

A8.4.6 Variation curves for the rate of heat release in a fire  

Control by fuel 
(Eurocode 1) 

Control by ventilation 

Decreasing phase 

70 % of the fire load already consumed 

Raising phase 

Time 

Figure A8.4.6. Design RHR curve of rate of heat generation. The abscissas represent the 
time t in seconds and the ordinates represent the rate of heat Q (also called RHR) in W 

(J/s). 
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The curve in the Figure, which represents the rate of heat generation in a fire over 
time, distinguishes between three phases: growth, steady and cooling. 

The rate of heat release (Q in W) in the raising phase may be defined by the 
expression: 

(A8.4.6) 

where: 

t time duration in [s]; 

tα is considered to be constant for each case, and represents the time needed to 
achieve heat release rate of 1 MW. Its value for fires in sectors dedicated to different 
activities appears in Table A8.4.6.  

The curve for the raising phase is limited by a horizontal line corresponding to the 
plateau phase, with a maximum value of Q, given by:  
Qmax = RHRf Afi 

where: 

Afi 	 area of the fire compartment [m2] if the fire load is evenly distributed, although it 
may be smaller in the case of a localised fire; 

RHRf 	maximum rate of heat generation in 1 m2 of fire, in the case of a fire controlled by 
the fuel [kW/m2] (see Table A8.4.6). 

The horizontal line, which represents the plateau state, is limited by the decreasing 
phase. It may be assumed that the latter is a linear decrease that starts when 70 % of the 
fire load has been consumed and finishes when the fire load has been completely 
consumed. 

If the fire is controlled by ventilation, the level of the horizontal line for the plateau 
state must be reduced depending on the quantity of oxygen available, using a computer 
program based on a model for an area, or using the following approximate expression: 

0,10 = 0.10 [MW] (A8.4.7) 

where: 


Av area of the openings [m2]; 


heq mean height of the openings [m]; 


Hu net calorific value of the wood, equal to 17.5 MJ/kg; 


m Combustion factor, taken as being equal to 0.8. 
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Where the maximum value for heat generation speed is reduced according to the 
above formula, similarly to a fire controlled by ventilation, the plateau phase must be 
extended so as to correspond to the energy available, given by the fire load.  

Table A8.4.6 – Area of fire progress and RHRf for different activities 

Maximum  rate of heat generation RHRf 

Activity Rate of fire progress tα [s] RHRf [kW/m2] 
Home Medium 300 250 
Hospital (living quarters) Medium 300 250 
Hotel (living quarters) Medium 300 250 
Library Fast 150 500 
Office Medium 300 250 
School hall Medium 300 250 
Shopping centre  Fast 150 250 
Theatre (cinema) Fast 150 500 
Transport (public space) Slow 600 250 

The values of the factor for rate of fire progress and RHRf given in Table A8.4.6 are 
valid when the factor δq2 is equal to 1.0 (see Table A8.4.1.a). 

For a very fast-spreading fire, t corresponds to the value of 75s. 

A8.5 Equivalent fire exposure time 

The formula given under this heading depends on the structural material. It does not 
apply to composite steel and concrete structures, or to wooden structures. It may be used 
where the design of the members is based on the standard fire exposure. 

The equivalent standard fire exposure time is defined by: 

[min] (A8.5.1) 


where: 


qfd density of design fire load according to A8.4 [MJ/m2]; 


kb conversion factor relating to the thermal properties of the materials that form the 

boundary of the fire enclosure; 

wf ventilation factor defined below (non-dimensional); 

kc correction factor depending on the material that makes up the structure, according 
to Table A8.5.a. 

Table A8.5.a – correction factor kc corresponding to various structural materials (O 
is the factor for openings defined in A8.6.1). 

Section material Correction factor kc 

Reinforced concrete 1.0 
Protected steel 1.0 
Unprotected steel 13.7 O 
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Where no detailed evaluation is performed on the thermal properties of the contour, 
the conversion factor kb may be taken as: 

kb = 0.07 [min· m2/MJ]  (A8.5.2) 

To give greater precision, kb may be fixed depending on the thermal properties of 

the contour  according to Table A8.5.b. 

In order to determine b and in the case of materials arranged into various layers, or 
for walls, floors or ceilings made of different materials, see Table A8.5.b. 

Table A8.5.b. Conversion factor kb depending on the thermal properties of the boundary 

[J/m2s1/2 K] 

kb 

[min · m2/MJ] 

b > 2,500 0.04 
720 ≤ b ≤ 2,500 0.055 

b < 720 0.07 

The ventilation factor may be calculated as: 

wf = ( 6.0 / H )0.3 [0.62 + 90 ( 0.4 - v )
4 / (1 + bv u )] ≥ 0.5 (A8.5.3) 

where: 

v = Av/Af relationship between the area of vertical openings in the facade (Av) and 
the floor area in the fire compartment (Af), which must adhere to the limits 
0.025 ≤ v ≤ 0.25; 

h = Ah/Af relationship between the area of horizontal openings in the roof (Ah) and the 
floor area in the fire compartment (Af); 

bv = 12.5 ( 1 + 10 v - v
2 ) ≥ 10.0; 

H height of the fire compartment [m]. 

For small fire compartments (Af < 100 m2) without any openings in the roof, the 
factor wf may also be calculated as: 

wf = O-1/2 · Af / At where: 

O factor for openings in accordance with A8.6.1. 

The standard fire time to be adopted for the “simplified” verification procedures in 
Chapter XII of this Code is:
 

t = tfi,requ = tfi.nom, or tfi,requ = minimum (tfi,nom, q  te,d) where paragraph b) in A8.2.1 applies,
 
and where: 


q partial safety factor that takes account of the foreseeable consequences of 
the fire in accordance with Table A8.5.c, which, if not included in the design 
value for the density of the fire load obtained in accordance with (A8.4.1), 
must be included at this point. 
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The two formulae for the standard fire safety test discussed in Section 46 of this 
Code (direct load test or temperature test, under the conditions discussed there) obviously 
allow for a third alternative formula (equivalent fire time test), as follows: 

tfi,requ < tfi,d 

where: 

tfid	 standard design fire resistance value of members, or duration for the same 
to reach the resistance limit state for the structural members, Efi,d/Rfi,d,t = 1, 
in accordance with Chapter XII of this Code relating to design in a fire 
situation. 

Table A8.5.c Values of q for possible consequences of fire, in accordance with the 
evacuation height of the building. 

Evacuation height q 

Buildings with a downward evacuation height of more than 28 m or ascending 
evacuation height of more than one storey  

2.0 

Buildings with a downward evacuation height of between 15 and 28 m or ascending 
evacuation height up to 2.8 m. Garages under other uses 

1.5 

Buildings with a downward evacuation height of less than 15 m 1.0 

In the case of buildings that are not permitted to remain out of service or where 
there may be a large number of victims in the event of a fire, such as hospitals, the values 
given must be multiplied by 1.5.  

A8.6 Simplified calculation models 

There are two types: 

a) 	 “compartment fires”, which are assumed to achieve uniform temperature distribution, 
depending on time, in the fire compartment. Gas temperatures in the enclosure must 
be determined depending on appropriate physical parameters, considering at least 
the density of the fire load and the ventilation conditions. For members inside the 
compartments, a method for calculating the gas temperature in the enclosure is 
given in A8.6.1. 

For external members, the radiation component for heat flux should be calculated as 
the sum of total input in the fire compartment and the flames that come out through 
the openings;  

b) 	 “localised fires”, where it is unlikely that there will be sudden, generalised 
inflammation (flashover) of the materials accumulated in the fire compartment. 
These fire models assume non-uniform temperature distribution. A8.6.2 gives a 
method for calculating thermal actions for localised fires. A8.4.6 gives a method for 
calculating the heat release speed Q. 

Where these simplified fire models are used, αc = 35 [W/m2 K] must be used as the 
factor for heat transference by convection. 
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A8.6.1 Parametric temperature-time curves 

The following temperature-time curves are valid for fire compartments with a 
constructed surface of not more than 500 m2, without openings in the cover and with a 
maximum height of 4 m. It assumes complete combustion of the whole fire load. 

If, in applying the procedure set out under this heading, the design value for the 
density of the fire load qf,d obtained according to (A8.4.1) is applied, and no account has 
been taken of the consequences of the building’s collapse, either in such application or 
using other procedures, then this value must be multiplied by the partial safety factor γq 

given in Table A8.5.c. 

Temperature of gases in the compartment 

The temperature-time curves for the heating phase are defined by: 

0,324 = 0.324; 0,204 = 0.204, etc. (A8.6.1) 


where: 


Θg Temperature of gases in the fire compartment  [ºC] 


t * = t · Ã [h] (A8.6.2) 


with: 


t fire time duration [h] 


Ã = [O/b]2 / (0.04 / 1,160)2 [-] 


b 	 = 
with the following limits: 100 ≤ b ≤ 2,200  [J/m2 s1/2 K] 

ρ	 density of construction members that form the internal  boundary  of the fire sector 
[kg/m3]; 

specific heat of  members of the fire sector envelope
 
[J/kg K]; 


λ	 thermal conductivity of the boundary members in the fire sector [W/m K]; 

[m1/2]O 	 factor for openings: 

with the following limits: 0.02 ≤ O ≤ 0.20 

Av total area of vertical openings on all perimeter walls in the sector [m2]; 

heq weighted mean height of openings on all walls [m]; 

At total envelope areas (walls, ceiling  and floor, including openings) [m2]. 
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The values at atmospheric temperature for density ρ, specific heat c and thermal 
conductivity λ of the corresponding members may be used to calculate the factor b. 

If Ã = 1, the equation (A8.6.1) will approximate the standard temperature-time curve. 

For an enclosure with various layers of materials, the parameter b =  must 
be included as follows: 

-	 if b1 < b2, b = b1 (A8.6.3) 

-	 if b1 > b2, a thickness limit of slim is calculated for the exposed material, in 
accordance with: 

with tmax given by the equation (A.6.6.7) [m] (A8.6.4) 

if s1 > slim then b = b1 (A8.6.4a) 

if s1 < slim then 	 (A8.6.4b) 

Index 1 is assigned to the layer that is directly exposed to the fire, index 2 to the 
next layer, etc. 

si thickness of layer i; 

bi = 

ρi density of the same layer; 
ci its specific heat;  
λi its thermal conductivity. 

The average of different factors b =  of walls, ceilings and floors must be 
found as follows: 

b = (Σ (bj Aj ) ) / (At – Av) 	 (A8.6.5) 

where: 


Aj area of enclosure member j, excluding openings;  


bj thermal property of member j according to equations (A8.6.3) and (A8.6.4).  


Time necessary for gases to reach maximum temperature 

The maximum temperature Θmax in the heating phase is achieved for t * = t *max given 
by: 

t * max = tmax · Ã 	 [h] (A8.6.6) 
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with tmax = max [(0.2 · 10-3 · qt,d / O); tlim ] [h] 	 (A8.6.7) 

where: 

qt,d	 design value of the fire load density with reference to the total area At of the 
boundary for the sector qt,d = qf,d · Af / At [MJ/m2]. The following limits must be 
observed: 50 ≤ qtd ≤ 1,000 [MJ/m2]; 

qf,d	 design value of the fire load density with reference to the floor  area  of the 
compartment  Af [MJ/m2], multiplied by the factor γq if calculated with (A8.4.1);  

tlim 	 in [h]. For slow-spreading fires, tlim = 25 min; for medium-spreading fires, tlim= 20 min 
and for fast-spreading fires, tlim = 15 min. For more details on fire progress area, see 
A8.4.6. 

If tlmax is given by (0.2 · 10-3 · qt,d / O), the fire is controlled by ventilation. 

Where the fire is controlled by the fuel, and the time tmax corresponding to the 
maximum temperature is given by tlim, tmax = tlim, the variable t * in equation (A8.6.1) is 
replaced by: 

t * = t · Ãlim [h]	 (A8.6.2b) 

with: Ãlim = [Olim / b]2 / (0.04 / 1,160)2	 (A8.6.8) 

where: Olim = 0.1 · 10 -3 qt,d / tlim (A8.6.9) 

If (O > 0.04 and qt,d < 75 y b < 1,160), Ãlim in (A8.6.8) must be multiplied by k, given 
by: 

0,04 = 0.04 (A8.6.10) 

Cooling phase 

The temperature-time curves for the decreasing phase are given by: 

Θg = Θmax – 625 (t * – t * max · x) for t* max ≤ 0.5 (A8.6.11a) 

Θg = Θmax – 250 (3 – t * max · x) (t * – t * max · x) for 0.5 < t* max < 2 (A8.6.11b) 

Θg = Θmax – 250 (t * – t * max · x) for t* max ≥ 2 (A8.6.11c) 

where: t * is given by (A8.6.2a). 

t * max = (0.2 · 10 -3 · qt,d / O) · Ã (A8.6.12) 

x = 1.0 if tmax > tlim , or x = tlim · Ã / t * max if tmax = tlim 
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A8.6.2 Localised fires 

The thermal action of a localised fire on a structural member must be calculated 
using the expression (A8.2.1), based on a form factor Φ that takes account of the effects 
of position and shade. This factor measures the proportion of total heat emitted through 
radiation by a radiating surface and arriving at a given receiver surface. Where there are 
no specific data for the calculation, the value of 1, which is the upper limit, may be 
adopted. 

The heat flux of a localised fire on horizontal structural members located above the 
fire may be determined using the method found under this heading. The given rules are 
valid if they fulfil the following conditions: 

- the diameter of the fire is limited by D ≤ 10 m; 

- the rate of the fire’s heat release is limited by Q ≤ 50 MW. 

Two different cases are set out, depending on the relative height of the flames in 
relation to the ceiling: 

a)  flames not impacting the ceiling as defined in Figure A8.6.1; 

b)  flames impacting the ceiling in accordance with Figure A8.6.2.a. 

Flame axis 

Figure A8.6.2.a.Flames not impacting the ceiling
 

Flames length Lf in a localised fire is given by: 


Lf = -1.02 D + 0.0148 Q2/5 [m] (A8.6.13) 

where: 


D “fire diameter” [m] given in Figure A8.6.1; 


Q rate of heat release [W] from the fire in accordance with A8.4.6;  


H distance [m] between fire source and ceiling.
 

Case a) (see Figure A8.6.2.a): where the flames do not reach the ceiling of the fire 
compartment (Lf < H), or in the case of an outdoor fire, the following is calculated: 

the temperature Θ(z) of the plume throughout its vertical axis of symmetry, which is 
given by: 
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Θ(z) = 20 + 0.25 Qc
2/3 (z – z0)

–5/3 ≤ 900 [ºC] (A8.6.14) 


where: 


Qc convective part of the rate of heat release [W],  with by default, Qc = 0.8 Q;
 

z  height [m] along the flame axis;  


z0 virtual origin of the axis, given by: 


z0 = - 1.02 D + 0.00524 Q2/5 [m] (A8.6.15) 

Flame axis 

Figure A8.6.2.b. Flames impacting the ceiling 

Case b) (see Figure A8.6.2.b): where the flames impacting the ceiling (Lf ≥ H), the 
following is calculated:  

the heat flux [W/m2] received by radiation in the unit surface area exposed to fire 
at the level of ceiling, given by the three expressions, depending on the value of the 
parameter y: 

= 100,000 if y ≤ 0.30 

= 136,000-121,000 y if 0.30 < y < 1.0  (A8.6.16) 

= 15,000 y-3.7 if y ≥ 1.0 

where: 


r horizontal distance [m] between the vertical axis of the fire and the point  along the
 
ceiling for which the heat flux  is calculated; 

H distance [m] between fire source and ceiling; 

Lh horizontal length of the flames, given by the following ratio: 

Lh = (2.9 H ( QH 
* ) 0.33 ) – H [m] (A8.6.17) 
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QH
* non-dimensional rate of heat release, given by:  
*	 · H 2.5)QH = Q / (1.11 · 10 6	 [-] (A8.6.18) 

z´ vertical position of the virtual  heat source  [m] and given by: 
* 2/5 z´= 2.4 D (QD – QD

* 2/3 ) when QD
* < 1.0 	 (A8.6.19) 

z´= 2.4 D (1.0 - QD
* 2/5 ) when QD

* ≥ 1.0 
*	 · D 2.5)where: QD = Q / (1.11 · 10 6	 [-] (A8.6.20) 

Thermal action, represented by the net heat flux net received by the unit surface 
area of the member exposed to fire at level of the ceiling is given by: 

where the various coefficients depend on the expressions (A8.2.2), (A8.2.3) and 
(A8.6.16). 

In order to obtain the various heat flows 1, 2, etc. received by the surface unit 
exposed to fire at the level of the ceiling in the event that there are several separate 
localised fires, expression (A8.6.16) may be used. The following may be taken for the total 
heat flux: 

[W/m2] (A8.6.21) 

100.000 = 100 000 	 [W/m2] (A8.6.22) 

A8.7 Advanced calculation models  

Except where more detailed information is available, αc = 35 [W/m2 K] should be 
used as the factor for heat transference by convection. 

A8.7.1  One-zone model 

A model shall be applied to an area in situations following sudden, generalised 
inflammation (flashover). The temperature, density, internal energy and air pressure are 
assumed to be homogeneous in the fire compartment under consideration.  

The temperature may be calculated taking into account: 

-	 the solutions to mass and energy conservation equations; 

-	 the exchange of mass between the internal gas, the external air (through the 
openings) and the fire (pyrolysis speed);  

-	 the exchange of energy between the fire, the internal gas, the walls and the 
openings. 

The ideal gas law to be considered is as follows: 

Pint = ρg R Tg [N/m2] (A8.7.1) 

The balance of mass of gases in the compartment is expressed as: 
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 [kg/s] (A8.7.2) 

where: 

loss of mass of gas in the compartment over the unit of time; 


mass of gas exiting through the openings over the unit of time;
 

mass of air entering through the openings over the unit of time; 

mass of products generated by pyrolysis over the unit of time. 

The loss of mass of gas and the mass of products generated by pyrolysis may be 
disregarded. Thus: 

(A8.7.3) 

These mass flows may be calculated using the static pressure owing to the 
difference in air density at atmospheric temperature and at high temperature.  

The energy balance of the gases in the fire compartment may be considered as:

 [W] (A8.7.4) 

where: 

Eg 

Q 

internal energy of the gas;  

rate of heat release from the fire; 

[J] 

[W] 

Qout = 

Qin = 

Qwall 

Qrad 

where: 

c 

= (At – Ah,v) , loss of energy by boundary surfaces; 

= Ah,v or Tf 
4, loss of energy by radiation through the openings;  

specific heat [J/kgK]; 

given by the expression (A8.2.1);  

T 

rate of variation in gas mass [kg/s]; 

Temperature [K]. 
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A8.7.2 Two-zone models 

A two-zone model is based on a hypothesis according to which the combustion 
products accumulate in a layer below the ceiling, with a horizontal surface of separation. 
There are different areas: the top layer, the bottom layer, the fire and its plume, the 
external air and the walls. 

In the top layer, the gas properties may be assumed to be uniform.  

The exchange of mass, energy and chemical substance may be calculated between 
these surfaces. 

In a given compartment with an uniformly distributed fire load, a two zone model 
may be converted into a one-zone model, where there is one of the following situations:  

- if the gas temperature in the top layer exceeds 500 ºC;  

- if the height of the top layer increases to exceed 80 % of the compartment height. 

A8.7.3 Computer models for fluid dynamics 

A computer model for fluid dynamics may be used to solve the equations digitally in 
partial derivatives, given the thermodynamic and aerodynamic variables for all points of 
the compartment. These equations are the mathematical expression of the conservation 
laws of physics: 

-	 fluid mass is conserved; 
-	 the variation in the quantity of movement of each fluid particle is equal to the sum of the 

forces exercised on it (Newton’s second law);  
-	 the variation in energy is equal to the sum of the heating rate and the work rate on 

each fluid particle (first law of thermodynamics). 
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Annex 9: Direct joints for hollow sections 

Mode Axial loading Bending moment 

a 

b 

c 

d 

e 
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Figure A-9-1: Failure modes for joints between CHS members  

Mode Axial loading Bending moment 

a 

b 

c 

d 
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Figure A-9-2: Failure modes for joints between RHS brace member and RHS chord 
members 

Mode Axial Bending moment 

a - -

b 

c 
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d - -
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Figure A-9-3: Failure modes for joints between CHS or RHS brace members and I or H Kg 
section chord members 

joints with overlap Gap type joints 

(q=-g)

1,0 = 1.0; 1,5 = 1.5, etc. 

Figure A-9-4: Values of the factor k for use in Table A-9-1 
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Table A-9-1: Design axial resistance of welded joints between CHS brace 
members and CHS chords  

Chord face failure - T and Y joints 

5 
2 

1 

2 
00 

0.2 

1, ) /14.2(2.8 
sin M 

yp 
Rd 

tfk 
N 

 

 
 

Chord face failure - X joints 

5 
1 

2 
00 

0.2 

1, /
)0.81(1 

5.2 

sin M 
yp 

Rd 

tfk 
N 

 

 
 

 

Chord face failure - K and N gap or overlap 
joints 

RdRd 

M 
ypg 

Rd 

NN 

d 

dtfk k 
N 

1, 
2 

1 
2, 

5 
0 

1 

1 

2 
00 

1, 

sin 

sin 

/10.21.8 
sin 

 
 


 

 

 
 

 
 
 

 
 

Failure by punching - K, N and KT joints   , and all T, Y and X joints 

[i = 1, 2 or 3] 

When di ≤ d0 − 2t0 : 520 
0 

, /
2sin 

sin1 

3 
M 

i 

i 
i 

y 
i Rd dt 

f
N 

 
 


 

kg y kp factors 

 
 

 
 
 

 
 

 
1.33)/exp(0.51 

0.024
1 

0 

1,2 
0.2 

tg 
kg 

 (see Figure A-9-4) 

For np > 0 (compression): kp = 1 – 0.3 np (1 + np ) but kp ≤ 1.0 

For np > 0 (tension ): kp = 1.0 
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Table A-9-2: Design axial resistance of welded joints connecting gusset plates 
to CHS members  

Chord face failure 

N1,Rd = kpfy0t0 
2(4+20β2)/γM5 

Mip,1,Rd =0 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
00 

1, /
0.811 

5 
M 

yp 
rd 

tfk 
N 

 
 

Mip,1,Rd =0 

Mop,1,Rd = 0.5 b1N1,Rd 

N1,Rd = 5kp fy0 t0 
2 (1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0 

N1,Rd = 5kp fy0 t0 
2 (1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0

 punching shear failure 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤2t0(fy0 / 3 / γM5 

Validity range Factor kp 

In addition to the limits given in Table 64.6.1: 

β ≥ 0.4 y η ≤ 4 

where β = b1 /d0 and η = h1 /d0 

For np > 0 (compression): 

kp = 1 – 0.3 np (1 + np) but kp ≤ 1.0 

For np ≤ 0 (tension ): kp = 1.0 

ANNEXES page 129 



 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

  

   

  

  

  
  

  

Table A-9-3: Design resistance of welded joints connecting I, H or RHS 
sections CHS members 

Chord face failure 

N1,Rd = kpfy0t0 
2(4+20β2)(1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd /(1+0.25η) 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
0 0 

1, 0.25 ) /(1
0.811 

5 
M 

yp 
rd 

tfk
N 

 
 

 
 

Mip,1,Rd = h1 N1,Rd /(1+0.25η) 

Mop,1,Rd = 0.5 b1N1,Rd 

N1,Rd = kp fy0 t0 
2 (4+20β2)(1+0.25η)/γM5 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0.5 b1N1,Rd 

5 

2 
0 0 

1, 0.25 ) /(1
0.811 

5 
M 

yp 
rd 

tfk
N 

 
 

 
 

Mip,1,Rd = h1 N1,Rd 

Mop,1,Rd = 0.5 b1N1,Rd 

Shear failure by punching 

I or H sections  with η > 2 (for axial compression load and moments outside the plane) and RHS 
sections: 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤ t0(fy0 / 3 / γM5 

σmaxt1 =( NEd,1 / A1+MEd,1/Wel,1)t1 ≤ 2t0(fy0 / 3 / γM5 

where t1 is the thickness of the flange on the transverse I or H beam, or of the hollow section. 

Validity range Factor kp 

In addition to the limits given in Table 64.6.1: 

β ≥ 0.4 y η ≤ 4 

where β = b1 /d0 and η = h1 /d0 

For np > 0 (compression): 

kp = 1 – 0.3 np (1 + np) but 

kp ≤ 1.0 

For np ≤ 0 (traction): kp = 1.0 
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Table A-9-4: Design resistance moments of welded joints between CHS 
members and CHS chords 

Chord face failure - T, X and Y joints 

1 

1 
2 
00 

,1, /
sin 

4.85 p 
y 

Rdip k
t df

M  


 5M 

Chord face failure - K, N, T, X and Y joints 

1 

1 
2 
00 

,1, /
0.811 

2.7 

sin p 
y 

Rdop k 
t df 

M 
  

 5M 

Punching shear failure  – K and N gap joints , and T, X and Y joints 

Where d1 ≤ d0 − 2t0: 

5 
1 

2 
1 

2 
10 0 

,1, /
4sin 

3sin1 

3 
M 

y 
Rdip 

t df
M 

 


 

5 
1 

2 
1 

2 
10 0 

,1, /
4sin 

sin3 

3 
M 

y 
Rdop 

t df
M 

 


 

kp factor 

For np > 0 (compression): kp = 1 − 0.3 np (1 + np ) but kp ≤ 1.0 

For np ≤ 0 (tension : kp = 1.0 
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Table A-9-5: Design criteria for special types of welded joints between CHS 
and CHS 

Joint type Design criteria  

Forces may be either tension or compression, 
but should act in the same direction  both members 

. 

N1,Ed ≤ N1,Rd 

where N1,Rd is the value of N1,Rd for an X joint 
from in h Table A-9-1.  

Members 1 and 3 here are in compression, N1,Ed sin θ1 + N3,Ed sin θ3 ≤ N1,Rd sin θ1 

and diagonal 2 here is in tension . N2,Ed sin θ2 ≤ N1,Rd sin θ1 

where N1,Rd is the value of N1,Rd for a K joint 

from ith Table A-9-1 but with 
0 

1 

d 

d
 replaced 

by: 
0 

321 

3d 

ddd  

All the diagonals must always be in either 
compression or traction. 

N1,Ed sin θ1 + N2,Ed sin θ2 ≤ Nx,Rd sin θx 

where Nx,Rd is the value of Nx,Rd for an X joint 
from  Table A-9-1, where Nx,Rd sin θx is the : 

│N1,Rd sin θ1│ and │N2,Rd sin θ2│ 

Diagonal 1 is always in compression, and Ni,Ed ≤ Ni,Rd  

diagonal 2 is always in tension where N1,Rd is the value of N1,Rd for a K joint 
in accordance with Table A-9-1. In gap types 
at section 1-1the chord also fulfil: 

1.0 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Rdpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-6: Reduction factors for joints 

Joint type Reduction factor μ 

TT joint 60° ≤ φ ≤ 90° 

l Member1 may be in either  or compression. μ = 1.0 

XX joint 

Member 1 and 2 may be in either tension or 
compression. N2,Ed/N1,Ed is negative if one member is 
in tension and the other is in compression. 

μ = 1+0.33N2,Ed / N1,Ed 

taking account of the sign of N1,Ed 

and N2,Ed 

where: │N2,Ed│ ≤ │N1,Ed│ 

KK joint 60° ≤ φ ≤ 90° 

Member 1 is always in compression, and 
diagonal 2 is always in tension . 

μ = 0.9 

Provided that, in a gap s-type joint 
1-1 section the chord satisfies :  

1.0 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Rdpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-7: Design axial resistance of welded joints between square or 
circular hollow sections 

Joint type Design resistance [i = 1 or 2, j = overlapped 
brace member ] 

T, Y and X joints Chord face failure   β ≤ 0.85 

5 
11 

2 
0 

1, /4 1 
sin 

2 

) sin(1 M 
yn 

Rd 

k f t
N 

 
 

  
 

 
 
 

 



 

K and N gap joints Chord face failure   β ≤ 1.0 

5 
0 

21 

1 

2 
00 

0.5 

1, /
2sin 

8.9 
M 

yn 
Rd b 

bbtk f
N 

 

 
 
 

 
 
 

 
 

K and N overlap joints *) Brace failure  25 % ≤ λov < 50 % 
Diagonal i or diagonal j may be in either 
tension or compression, but one must be in 
tension and the other compression. 

5,, /4 
50 

2 Mi 
ov 

ie oveffyi ii Rd thbbf tN  
 
 


 
 
  

Brace failure 50 % ≤ λov < 80 % 

  5,, /42 Miie oveffyi ii Rd thbbtfN  

Brace failure λov ≥ 80 % 

  5,, /42 Miie oviyi ii Rd thbbtfN  

Parameters beff , be,ov and kn 

but beff ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 
For n ≤ 0 (): kn = 1.0 

but be,ov ≤ bi 

For for circular braces s, the resistances above are multiplied by π/4, replacing b1 and h1 with d1 and 
b2, and h2 with d2 . 
*)  only the overlapping member I needs be checked. The brace efficiency (i.e. the design resistance of the 
joint divided by the plastic design resistance of the brace member) of the overlappedbrace member j should 
be taken as equal to that of the overlapping brace member. See also Table 64.7.1 in the body of the Code. 
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Table A-9-8: Design resistance of welded T, X and Y joints between RHS or 
CHS braces and RHS 

Joint type Design resistance 

Chord face failure β ≤ 0.85 

  5 
11 

2 
0 0 

1, /4 1 
sin 

2 

sin1 M 
yn 

Rd 

tk f
N 

 
 

  
 

 
 
 

 



 

Chord side wall Buckling e1) β = 1.02) 

50 
1 

1 

1 

0 
1, /10

sin 

2 

sin M 
bn 

Rd t
hk f t

N 
  

 

 
 
 

 
 

Brace failure  β ≥ 0.85 

  5111 11, /242 MeffyRd bthtfN  

Punching shear 0.85 ≤ β ≤ (1 - 1/γ) 

5, 
1 

1 

1 

0 0 
1, /2 

sin 

2 

3 sin 
Me p 

y 
Rd b

htf
N 

  
 

 
 
 

 
 

1) For X joints with cosθ1 > h1/h0, the seam’s resistance to shearing force is also tested in accordance with 
Table A-9-9, taking the smaller of this or the above as the design resistance of the joint. 
2) For 0.85 ≤ β ≤ 1.0 use a linear interpolation between the value for chord face  with β = 0.85 and the 
governing  value  for chord side wall at failure β = 1.0 (side wall buckling or chord shear ).  

For for circular braces, the resistances above are multiplied by π/4, replacing b1 and h1 with d1 and b2, 
and h2 with d2 . 

For tension : 

fb = fy0 

For compression: 

fb = χ fy0 (T and Y joints) 

fb = 0,8 χ fy0 sin θ1 (X joints) 

where χ is the reduction factor for flexural buckling 
caused by bending using the corresponding buckling 
curve and a normalized slenderness λ determined 

from 

0 

10 

0 

sin 

1
2 

3.46 

yf 

E 

t 

h 

 


 

 
 

 
 
 

 
 

 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but b1beff  

1 
00 

, / 

10 
b 

tb
be p   but ie p bb  , 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (): kn = 1.0 
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Table A-9-9: Design resistance of welded K and N joints between RHS or CHS 
braces and RHS chords 

Joint type Design resistance [i = 1 or 2] 

K and N joints with separation Chord face failure  

5 
0 

2121 

2 
00 

, /
4sin 

8.9 
M 

i 

yn 
i Rd b 

hhbbtk f
N 

  
 

 
 
 

 
 

Brace 

5 
0 

, /
3 sin 

M 

i 

vy 
i Rd 

Af
N  

 
 

   2 
,0000, //1 pl RdEdyvyvRd VVA ffAAN  

 
 
  

Brace failure   

5, ) /4(2 Meffiiiyi ii Rd bbthtfN  

Punching shear  β ≤ (1 - 1/γ) 

5, 
0 0 

, /
sin 

2 

3 sin 
Me pi 

i 

i 

i 

y 
i Rd bb

htf
N 

  
 

 
 
 

 
 

K and N joints with overlap As in Table A-9-7. 

For braces for circular sections, the resistances above are multiplied by π/4, replacing b1 and h1 with 
d1 and b2, and h2 with d2, except for shearing force of the seam. 

Av = (2h0 + αb0)t0 

for a brace for a square or rectangular 
member : 

where g is the gap 

2 
0 

2 

3 

4
1 

1 

t 

g
 

  . 

For diagonals or uprights for a circular 
section: α = 0 

i 
yi i 

y 
eff b

f t 

tf 

tb
b 0 0 

00 / 

10
  but beff ≤ bi 

1 
00 

, / 

10 
b 

tb
be p   but be.p ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (tension ): kn = 1.0 
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Table A-9-10: Design resistance of welded joints connecting gusset plates K 
and N joints between sheets or brace members for I or H sections and RHS 

Transverse plate Chord face failure β ≤ 0.85 

5 
2 
001, /

0.91 

2.82 
MynRd tfkN  

 

 

 


 

Chord side wall flattening when b1 ≥ b0 − 2t0 

  5010 01, /102 MynRd tttk fN  

Punching shear when b1 ≤ b0 − 2t0 

  5,1 
0 0 

1, /22 
3 

Me p 
y 

Rd bt 
tf

N  

Longitudinal plate  Chord face failure  

t1/b0 ≤ 0.2 

  50101 
2 

0 01, //4 1/2 MymRd btbhtfkN  

I or H plate section 

As a conservative approximation, if η ≥ 2 1  , for an I 

or H section, N1,Rd may be assumed to be equal to the  the 
design resistances of  two transverse plates of  similar 
dimensions to the flanges on the I or H  section, determined 
as specified above. 

If η < 2 1  , a linear interpolation betweenone and two 

plates should be made the heet (η=0) (η=2 1  ). 

Mip,1,Rd = N1,Rd (h1 − t1) 
where N1,Rd is the resistance of one of the flanges and β is the 
relationship between the width of the flange on the I or H 
beam and the width of the RHS seam. 
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Validity range  

In addition to the limits given in Table 64.7.1: 

0.5 ≤ β ≤ 1.0 

b0/t0 ≤ 30 

Parameters beff , be,p and km 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but beff ≤ bi 

For n > 0 (compression):  

kn =1.3 -
 

0.4n

 but kn ≤ 1.0 

For n ≤ 0 (: kn = 1.01 
00 

, / 

10 
b 

tb
be p   but be.p ≤ bi 

*) Fillet welded connections should be designed in accordance with 59.8. 

Table A-9-11: Design resistance moment of welded joints between RHS 
members and RHS seams 

T and X joints Design resistance 

In-plane moments  (θ = 90°) Chord face failure        β ≤ 0.85 

51 
2 

0 0,1, /
11 

2 

2 

1 
MynRdip t hk fM 

 
 

 
 
 

 

 
 

 

 
 

 
 

Chord side wall flattening 0.85 < β ≤ 1.0 

  5 
2 

010,1, /50.5 MykRdip thtfM  

fyk = fy0 for T joints 

fyk = 0.8 fy0 for X joints 

Brace failure  0.85 < β ≤ 1.0 

     511111,11,1, //1 MeffplyRdip ttb b hbWfM  

ANNEXES page 138 



 

      

 

 

     

 

   

   

 

 

   

 

 

  

  

  

 

 

 

Out-of-plane moments  (θ = 90°) Chord face failure        β ≤ 0.85 

  
  

 1012 
00,1,0 /

1 

12 

2 1 

1 
MynRdp 

b bh
tfkM 

 
 

 
 


 
 

 

 
 

 

 


 

 


 

Failure of the lateral seam face0.85 < β ≤ 1.0 

   501000,1,0 /5 MykRdp thtbtfM  

fyk = fy0 for T joints 

fyk = 0.8 fy0 for X joints 

Chord distortional failure  (only T joints)*) 

   5000 001 00 0,1,0 /2 MyRdp hbb h th ttfM  

Brace failure 0.85 < β ≤ 1.0 

   51 
2 

1 
2 

1,11,1,0 //0.5 1 MeffplyRdp b tbbWfM  

Parameters beff and kn 

1 
1 1 

0 0 

00 / 

10 
b 

tf 

tf 

tb
b 

y 

y 
eff   but beff ≤ b1 

For n > 0 (compression):  

kn =1.3 -
 

0.4n 

but kn ≤ 1.0 

For n ≤ 0 (tension ): kn = 1.0 

*) This criterion does not apply where chord distortional failure of the is avoided by other means. 
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Table A-9-12: Design criteria for special types of welded joints between RHS 
members and RHS 

Joint type Design criteria  

The members may be in either tension or 
compression, and should act in the same direction for 
both members  

N1,Ed ≤ N1,Rd  

where N1,Rd is the value of N1,Rd for an X 
joint from Table A-9-8. 

Member 1 is always in compression, and N1,Ed sin θ1 + N3,Ed sin θ3 ≤ N1,Rd sin θ1 

member 2 is always intension 
N2,Ed sin θ2 ≤ N1,Rd sin θ1 

where N1,Rd is the value of N1,Rd for a K 
joint from Table A-9-9, but with 

0 

2121 

4b 

hhbb  

replaced by: 
0 

321321 

6b 

hhhbbb  

All the diagonals be either compression or  N1,Ed sin θ1 + N2,Ed sin θ2 ≤ Nx,Rd sin θx 

where Nx,Rd is the value of Nx,Rd for an X 
joint from  Table A-9-8, and Nx,Rd sin θx is 
the larger of:  

│N1,Rd sin θ1│ and │N2,Rd sin θ2│ 

Member 1 is always in compression, and member dl Ni,Ed ≤ Ni,Rd 

2 is always in tension 
where Ni,Rd is the value of Ni,Rd for a K 
joint from Table A-9-9. In a gap-type 
joints seam at section 1-1 the chord 
satisfies : 

1.0 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Rdpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-13: Design criteria for, welded joints and joints nt RHS 

Joint type Criteria 

, welded knee joints 

The cross-section should be of class 1 for pure 
bending.  

NEd ≤ 0.2Npℓ,Rd 

and k
M 

M 

N 

N 

pl Rd 

Ed 

pl Rd 

Ed  
,, 

If θ ≤ 90 : 
  00 

0.8 
00 

00 

/21 

1 

/ 

/3 

hbhb 

hb
k 

 
 

If 90 < θ ≤ 180:  90 2 cos( / 2) 11 kk   

where κ90 is the value of κ for θ = 90°. 

tp ≥ 1.5t and ≥ 10 mm ≤ 1.0 

1.0 
,, 

 
pl Rd 

Ed 

pl Rd 

Ed 

M 

M 

N 

N 

Cranked-chord 

Imaginary extension of chord  

Ni,Ed ≤ Ni,Rd 

where Ni,Rd is the value of Ni,Rd for a K or N joint 
with overlap from th Table A-9-9. 
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Table A-9-14: Design resistance of reinforced welded T, Y and X joints 
between RHS or CHS members and RHS chords 

Joint type Design resistance 

Reinforced with flanged plates to avoid chord face failure, failure of, or punching shear.  

Tension loading βp ≤ 0.85 

 1  
1 

1 

sin 
hbb

h 
ppp  


 

with 00 2tbbp  

and 2t1t p  

 
 

 
11 

2 

1, )sin/(1 p 

pyp 
Rd bb 

tf
N ... 

... 51 
1 

1 //4 1
sin 

/2 
Mp 

p bb
bh 


  

 

 
 
 

 
 

Compression loading  βp ≤ 0.85 

 1  
1 

1 

sin 
hbb

h 
ppp  


 

with 00 2tbbp  

and 2t1t p  

Take N1,Rd  as the value of N1,Rd for a 
T, X or Y joint from  Table A-9-8, 
but with kn = 1.0 and replaced by t0 

tp  for chord face failure, the brace 
member or punching shear only. 

Reinforced with side plates to avoid chord side wall or chord side wall shear buckling failure . 

11 / sin1.5 hp  

with 2t1t p  

Take N1,Rd as the value of N1,Rd for a 
T, X or Y joint from Table A-9-8, but 
replacing t0 with (t0+tp) only for 
chord side wall buckling failure 
chord side wall failure only and 
shearing . 
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Table A-9-15: Design resistance of reinforced, welded K and N joints between RHS 
or CHS brace members and RHS chords 

Joint type Design resistance [i = 1 or 2] 

Reinforced with flanged plates to avoid chord face brace failure, failure of, or punching. 

 
 

 
 
 

 
 

2 

2 

1 

1 

sinsin 
1.5 

 
h 

g 
h 

p 

00 2tbbp  

2t1t p  

Take Ni,Rd  as the value of Ni,Rd for a K 
or N joint from Table A-9-9, but 
replacing t0 with tp only f chord face 
failure, the diagonal or upright,and 
punching shear only. 

Reinforcement with a pair of side plates to avoid chord shear failure. 

 
 

 
 
 

 
 

2 

2 

1 

1 

sinsin 
1.5 

 
h 

g 
h 

p 

Take Ni,Rd  as the value of Ni,Rd for a 
K or N joint from Table A-9-9, but 
replacing t0 with (t0+tp)  for chord 
shear failure only 

Reinforced by a division plate between the brace members because of insufficient overlap. 

tp ≥ 2t1 and  2 t2 

Take Ni,Rd  as the value of Ni,Rd for a 
K or N joint with overlap from  Table 
A-9-9, with λov < 80 %, and 
expressing be,ov as in Table A-10-7, 
but replacing bj , tj and fyj with bp , tp 

and fyp. 

ANNEXES page 143 



 

 
 

   

   

 

 
   

 

  

    

  

  
 

  

 

Table A-9-16: Reduction factors for multiplanar joints 

Joint type Reduction factor μ 

TT joint 60° ≤ φ ≤ 90° 

l Member1 may be in either tension or compression. μ = 0.9 

XX joint 

Members 1 and 2 can m be either tension or compression. 
N2,Ed/N1,Ed is negative if one member is in traction and one is 
in compression. 

/0.330.9(1 1,2, EEd NN  

taking account of the sign of N1,Ed 

and N2,Ed 

where │N2,Ed│ ≤ │N1,Ed│ 

KK joint 60° ≤ φ ≤ 90° 

μ=0.9 
Provided that in a gap-type joint 
at 1 section 1-1 the chord satisfies 
: 

1 

2 

,0, 

0, 

2 

,0, 

0, 


 



 




 



 

Edpl 

Ed 

Rdpl 

Ed 

V 

V 

N 

N 
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Table A-9-17: Design resistance of welded joints between CHS or RHS brace 
members and I or H section chords 

Joint type Design Resistance [i = 1 or 2, j = overlapped brace 

T, Y and X joints  Chord web Failure 

5 
1 

0 
1, /

sin M 
wwy 

Rd 

t bf
N 


 

Brace failure 

51 11, /2 MeffyRd t pfN  

K and Ngap joints [i = 1 or 2] Chord stability web  Brace failure need not be 
verified if: 

g/tf ≤ 20 − 28β; 
β ≤ 1.0 – 0.03γ where 
γ=b0/2tf 

and for CHS: 
0.75 ≤  d1 / d2 ≤ 1.33 
or for RHS: 
0.75 ≤ b1 / b2 ≤ 1.33 

5 
1 

0 
1, /

sin M 
wwy 

Rd 

t bf
N 


 

Brace failure  

5, /2 Meffyi ii Rd t pfN  

Chord shear 

5 

1 

0 
, /

3 sin 
M 

vy 
i Rd 

Af
N  

 
 

    5 
2 

1,000, //1 MRdpEdyvyvi Rd VVA ffAAN  
 

 
  

K and N joints with overlap*) [i = 1 or 2] Brace failure  25 % ≤ λov < 50 % 

sMembers i and j may be in either tension or 
compression. 

5,, 4 ) // 502( Miovie oveffyi ii Rd thbptfN   

Brace failure  50 % ≤ λov < 80 % 

5,, 4 ) /2( Miie oveffyi ii Rd thbptfN  

Brace failure λov ≥ 80 % 

5,, 4 ) /2( Miie oveffyi ii Rd thbptfN  
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Av = A0 − (2 − α) b0 tf + (tw + 2r) tf 

For RHS braces : 

 2 2 / 341 

1 

t fg 
  

For CHS braces : 
α = 0 

yfweff fftrtp /72 0 

but for T or Y joints, or 
for K and N joints with 
portion: 
peff ≤ bi+hi-2ti 

and for K and N joints 
overlap : peff ≤ bi 

)5(
sin 

rt
h

b f 
i 

i 
w  

 

but 

)10(2 rttb fiw  

but be,ov ≤ bi 

For CHS braces multiply, the resistances above for brace failure and  by π/4, replacing both b1 and h1 

by d1 and b2, and h2 by d2, except for shearing force of the seam. 

*) It is only necessary to test the brace meber that overlaps i. The efficiency (i.e. the design resistance 
of the joint divided by the design plastic resistance of the brace member) of the overlapped by j 
should be taken as equal to that of the overlapping brace member. See also Table 64.8. 

Table A-9-18: Design moment resistance of welded joints between rectangular 
hollow section brace members  and I or H section chords 

Joint type Design resistance [i = 1 or 2, j = overlapped 
brace ] 

T and Y joints Failure of chord web yielding  

5110,1, ) /(0.5 MwwyRdip tht bfM  

Brace failure of the 

51 1,1, / MzeffyRdip ht pfM  

where hz is the distance between the centres of 
gravity of the effective parts of the RHS beam 

Parameters peff and bw 

10 /72 yyfweff fftrtp  

but peff ≤ bi +hi-2ti 

)5(
sin 1 

1 rt
h

b fw  
 

, 

but )10(2 1 rttb fw  
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Table A-9-19: Design resistance of welded joints between CHS or RHS brace 
members and U section chords 

Joint type Design resistance [i = 1 or 2, j = overlapped diagonal or 
upright] 

K and N joints with separation Brace failure 

5, 4 ) /2( Miieffiyi ii Rd thbbtfN  

Failure of the seam 

5 

1 

0 
, /

3 sin 
M 

vy 
i Rd 

Af
N  

 
 

  5 
2 

,0000, //1 Mpl RdEdyvyvRd VVA fA fAN  

K and N joints with overlap *) Brace failure 25 % ≤ λov < 50 % 

5,, /4
50

2 Mi 
ov 

ie oveffyi ii Rd thbbf tN  
 
 

 
 
 

 
 
 


 
 
  N 

Brace failure 50 % ≤ λov < 80 % 

  5,, /42 Miie oveffyi ii Rd thbf t bN  

Brace failure λov ≥ 80 % 

  5,, /42 Miie oviyi ii Rd thbf t bN  

Av = A0 − (1 − α) b0 
* t0 

b0 
* = b0 - 2 (tw + r0) 

For RHS: 22 / 341 

1 

t fg
  

For CHS: α = 0 

5 
0 

, /
3 

M 
vy 

pl Rd 

Af
V  

VEd = (Ni,Ed sin θi )max 

i 
yi i 

y 
eff b

f t 

tf 

tb 
b 0 0 

0 
* 

0 / 

10
 , but beff ≤ bi 

i 
yi i 

yj j 

jj 
e ov b

f t 

f t 

tb
b 

/ 

10 
,  , but be,ov ≤ bi 

For CHS braces except the chord failure, the resistances above are multiplied by π/4, and replace both b1 and 
h1 by d1 as well b2, and h2 by d2, e 
*) only the overlapping brace member i needs to be checked i. The efficiency (i.e. the design resistance of 

the joint divided by n the stic design plastic resistance of the member) of the overlapped member  j 
should betaken as equal to that of the overlapping brace member 
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Annex 10: 	Guarantee levels and 
requirements for official 
recognition of quality marks 

A10.1 Introduction 

This Code specifies Project Management’s ability to apply special considerations to 
certain products that voluntarily have additional levels of guarantee over and above the 
minimum required by the regulations, in accordance with Section 84. 

In general, these additional levels of guarantee are shown through the possession of 
a quality mark that has been officially recognised by a competent government body in the 
field of construction in a Member State of the European Union, any of the signatory states 
to the Agreement on the European Economic Area, or any state that has an agreement 
with the European Union on the establishing of a customs union, in which case the level of 
equivalence shall be found by applying the procedures established in Directive 
89/106/EEC. 

A10.2 Guarantee levels for products 

In case of products that need to have CE marking in accordance with Directive 
89/106/EEC, the level of guarantee required by the regulations is that associated with the 
CE marking, as specified in the corresponding harmonised European standards, and 
which allows free trade  within the European Economic Area. In the case of products for 
which there is no CE marking in force, the level of guarantee required by the regulations is 
that set out in the body of this Code. 

Additionally, the Manufacturer of any product may voluntary opt for a quality mark 
that ensures a guarantee level that exceeds the minimum requirement laid down by this 
Code.. In the case of products with the CE marking, such quality marks should provide an 
added value in relation to properties not covered d by this marking. 

Where they are voluntary, quality marks may show different criteria for concession in 
the corresponding special procedures. This Annex sets out the conditions that allow a 
distinction to be made as to when there is an additional level of guarantee in relation to 
the minimum required by the regulations, and which may therefore be recognised officially 
by the competent National authority.  

A10.3 Technical bases for official recognition of quality marks 

The national authority body that officially recognises the quality mark must verify that 
it fulfils the requirements for official recognition contained in this Annex and that such 
fulfilment is maintained. In order to achieve this objective, 

The Administration may, in observance of the necessary confidentiality, intervene in 
any activities that it deems relevant for recognition of marking.  
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The official regulation in which the competent government body awards recognition 
must state explicitly that recognition is done for the purposes of this Code and in 
accordance with the technical bases contained in this Annex.  

The national authority that officially recognises a quality mark for a product or 
process may, in order to check whether the requirements have been fulfilled, require that 
designated representatives to participate in the committees defined in the certification 
body for taking decisions on certification materials. The national authority shall have 
access to all documentation relating to the mark, and shall make the appropriate 
confidentiality commitments. 

A10.4 General requirements for quality mark  

 For its official recognition, a mark shall: 

-	 be of a voluntary nature and awarded by a certification body that fulfils the 
requirements of this Annex;  

-	 be in agreement with this Code and to include an explicit declaration of such 
compliance in its rules; 

-	 be awarded based on a procedure described in a governing regulation for the 
quality mark that defines its specific guarantees, the procedure for awarding it, 
the operating system, the technical requirements and the rules concerning 
decision-making relating to it. This regulation should be available to the public, 
defined in clear, precise terms, and should provide unambiguous information, 
both for the certification customer and for other interested parties. Such 
regulation shall also consider specific procedures, both in the case of external 
installations to the construction site and installations that belong to the site, as 
well as processes developed in site. 

-	 guarantee independence and impartiality in the concession, not allowing, among 
other measures, taking part in the decisions regarding any expedient to persons 
developing consultancy activities related to it; 

-	 include, in the regulations governing the granting of the quality mark, the 
corresponding treatment for certified products, presenting the results of non­
compliant production tests, so as to guarantee that appropriate corrective action 
is taken immediately and, if applicable, clients are informed. The rules shall also 
lay down the maximum period of time that may elapse between the non­
compliance being detected and l the corrective action that being taken; 

-	 lay dawn the minimum requirements that must be fulfilled by laboratories 
working on certification; 

-	 establish for the awarding that shall  be a continuous production control during 
a period of at least six months for products developed at facilities off site. In the 
case of facilities on site, the governing regulations shall consider criteria for 
ensuring the same level of production information and guarantees for the user; 

-	 present additional guarantees for properties that are separate from the 
regulatory requirements but which may contribute to compliance with the 
requirements of this Code, in case of products or processes not included in this 
Annex but included in the scope of this Code. 
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A10.5 Specific requirements of quality marks 

This Code defines, besides the general requirements in section 4 of this Annex, 
defines some specific requirements that should fulfil by quality marks in order to be 
recognised by an Administration. 

A10.5.1 Members manufactured at the workshop  

The quality mark shall t: 

-	 guarantee that the reception of steel products and joint members used, where 
applicable, as well as the stocks system, allow for perfect traceability by means 
of continuous documented control and of consumption of such products; 

-	 demand a computerised control system for the traceability of members 
regarding to the products used; 

-	 demand that where there are discontinuities in production of more than 1 month, 
the manufacturer shall communicate the same to the certification body. The 
manufacturer shall otherwise be subject to penalties, which must be set out in 
the regulation of the quality mark. The requirements for the production and 
intensity of controls after the discontinuity must be set out in the regulations, 
depending on the causes of such interruption; 

-	 require workshops to have labelling systems through  computerised codes to 
guarantee traceability of the members and which allow for subsequent 
traceability management on site; 

-	 define and apply, where relevant, penalties that guarantee the minimum impact 
to the user in the event of the production of non-conformity products. To this 
end, than 3 months since the detection of non-conformity relating to the product 
requirements until the suspension of use of the mark for such certified product, if 
the non-conformity c has not been settled r by then.  

A10.5.2 Steel products 

The quality mark for steel products shall: 

-	 guarantee added value with regard to characteristic not covered by the CE 
marking; 

-	 guarantee added value focused on the transformation processes at assembly 
workshops; 

-	 guarantee product properties that are consistent with the special considerations 
discussed for such cases in this Code;  

-	 require that manufacturers to have labelling systems by means of  computerised 
codes to guarantee traceability of the steel up to casting level and which allow 
such traceability to be managed by the customer.  

ANNEXES 	page 150 



 

 

  

 

 

 

 

 
 

 
 
 
 

 

 

 

 
  

 

  

 
 

  
 

A10.6 General responsibilities of certification bodies 

This shall be a body accredited in accordance with Regulation (CE) 765/2008 of the 
European Parliament and the Council, of 9 July 2008, according with UNE-EN 45011 for 
the certification of products. 

The certification body shall make available to the national authority body that carries 
out recognition all the necessary information for the correct development of activities for 
which it is competent in relation to the recognition of marks.  

The certification body should also: 

-	 notify the national authority body that carries out official recognition of any 
changes to the initial conditions under which recognition was granted;  

-	 have a specific body for each product that analyses the application of the 
regulation and adopts or, where relevant, proposes the adoption of decisions 
relating to the award of the mark. It must include equal numbers of 
representatives of manufacturers, users and certification partners (laboratories, 
auditors, etc.); 

-	 check that the laboratory used to carry out production controls has adequate 
material and human resources; 

-	 check conformity of production control test results with a periodicity adequate for 
the manufacture of the product and not, under any circumstances, less than 
once every six months. The regulations shall therefore set out acceptance 
criteria, both for statistics and for individual ones. In order to analyse these test 
results, the regulations shall also set out the criteria for correcting them, 
depending on the results obtained by the verification laboratory in the contrast 
tests. Statistical conformity of both corrected and uncorrected self-control results 
must be checked; 

-	 check that, in the event of a non-conformity production control, manufacturers 
have taken corrective measures within a period of not more than one week, and 
have notified their customers in writing with the results of the self- control. Any 
non-conformity must be resolved within a maximum period of three months. 
Depending on whether corrective measures are adopted, an additional period of 
three months may be granted, 

at the end of which period the mark shall be withdrawn if the non-conformity 
still exists. In this case, and in order to adopt measures quickly, the 
manufacturer’s allegations and the proposal to withdraw the mark may, where 
relevant, be carried out using computerised processes (Internet, etc.); 

−	 use verification laboratories to carry out periodic contrast tests of the properties 
of the products protected by the mark. The sampling to carry out these tests 
must be done guaranteeing that they are representative and distributed properly 
to verification laboratories and to the manufacturers’ own laboratories, where 
relevant. The certification body shall, depending on the results obtained, make 
corrections to the data obtained from the production control, where relevant;  

−	 organise round-robin testing programmes at least once a year, to allow tracking 
the evolution of the verification laboratories; 
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−	 set up a market surveillance, such that all products protected by the mark are 
subject to periodic analysis by taking samples for testing and checking that in all 
cases the documentation guarantees both traceability and consistency of the 
supplied product with the characteristics of the product that appear in the supply 
record. 

A10.7 Requirements for verification laboratories 

These should be the certification body’s own laboratories, or subcontracted 
laboratories, accredited in accordance with Regulation (CE) 765/2008 of the European 
Parliament and the Council, of 9 July 2008, in accordance with UNE-EN ISO/IEC 17025 or 
belonging to a government body with competence in the field of construction, as 
discussed in subsection 78.2.2.1. 

A10.8 Requirements relating to the production premises 

The production facility shall: 

-	 have implemented a quality management system that is audited by an 
authorized certification body implemented accredited in accordance with 
Regulation (CE) 765/2008 of the European Parliament and the Council, of 9 July 
2008, in accordance with UNE-EN ISO/IEC 17021. This system must comply 
with the relevant parts of standard UNE-EN ISO 9001;  

-	 have a laboratory for continuous control of production and of the product to 
supply, whether this its own laboratory or a contracted one; 

-	 have defined and implemented continuous production control at the factory, the 
data from which must be available for a period of at least six months before the 
concession is granted. This period may be two months in some special cases 
where the same product is manufactured regularly, such as at the work site 
facilities, for example. For such cases, the regulations of the mark shall include 
specific criteria that ensure the same level of guarantee for the user as in 
general case, so that the mark may be granted within a maximum period of two 
months from the submission of the self-control data referred to above;  

-	 have a signed insurance policy of a sufficient sum that offers protection for its 
civil liability for possible faulty products manufactured, in accordance with the 
regulations for the quality mark; 

-	 have an information system for production control results, which shall be 
accessible for the user by means of computerised procedures (Internet, etc.). 
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Annex 11: Structure’s contribution to 
sustainability index 

A11.1 General 

The design, execution and maintenance of steel structures are activities that fall 
under the general context of construction and which may contribute to fulfilment of the 
conditions that allow for adequate sustainable development. 

Sustainability is a global concept that is not specific to steel structures, and it 
requires a series of environmental financial and social criteria be satisfied. The 
contribution of steel structures to sustainability therefore depends on compliance with the 
criteria such as reasonable use of the energy employed (both for the manufacture of 
construction products and for progression of execution), the use of renewable resources, 
the use of recycled products and minimising the impact on the environment as a result of 
execution and the creation of healthy work areas. The design, execution and maintenance 
of steel structures may also take account of other aspects, such as amortising the initial 
impact over the working life of the structure, optimising maintenance costs, incorporating 
innovative technology resulting from corporate RDI strategies, continuously training the 
staff participating in the stages of the structure, or other aspects of a financial or social 
nature. 

Without prejudice to compliance with the environmental protection legislation in 
force, the Owner may stipulate that the structure’s execution consider a series of 
environmental considerations, so as to minimise the potential impact of such activity. In 
such case, this requirement should  be included in an environmental assessment Annex 
for the structure, to form part of the design. In case the design does not consider 
requirements of this type for the execution phase, the Owner may demand an obligation of 
compliance by inserting the relevant clauses in the contract with the Builder.  

When the Designer has set out requirements relating to the contribution of the 
structure to sustainability, and the Owner so decides, this Annex defines the structure’s 
sustainability contribution index (ICES-EA) [Index of Contribution to Sustainability by a 
Steel Structure], obtained using the environmental sensitivity index therein (ISMA-EA) 
[index of environmental sensitivity of a steel structure], setting out procedures for 
estimating them where so decided upon by the Owner. 

The criteria mentioned in this Annex apply exclusively to activities relating to steel 
structures. In the case of members that are frequently included in assemblies on very 
extensive sites (buildings, industrial sites, bridges, etc.), the Designer and Project 
Management must ensure,  

Where relevant, that these criteria are coordinated in relation to those adopted for 
the rest of the structural work.  

A11.2 General criteria for steel structures 

The assessment of sustainability indicators or, where relevant, environmental 
indicators, discussed in this Code may be intended to:  
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- compare different structural steel solutions; or 

-	 establish quantitative parameters for evaluating the quality of the structure in 
relation to such aspects.  

In general, a structure has added value in terms of sustainability when it meets the 
requirements defined in Section 5 of this Code, with: 

− optimisation of material consumption, using smaller quantities of steel; 

− extension of the working life of the structure, over which it produces greater 
amortisation of any impact produced during the execution stage ;  

−	 use of steel: 

- originating from the recycling of ferric by-products );  

- obtained using processes that produce lower emissions of CO2 into the 
atmosphere; 

-	 that demonstrates the fact that waste is put to good use, such as blast­
furnace , for example; 

-	 originating from processes that guarantee the use of primary iron materials 
that do not have any radiological contamination;  

− establishment of voluntary environmental certification systems for 
manufacturing processes relating to all products used in the structure and, in 
particular, those for the execution of the structure, including workshop 
manufacture, assembly on site and transportation to the site, where relevant;  

−	 use of products with officially recognised quality marks ensuring that the basic 
requirements of the structure are adequately met with the least possible degree 
of uncertainty − conformity with additional preventive  criteria to those set out 
in the regulation  in force and which may apply to health and safety on the site; 

−	 application of innovative criteria that increase productivity, competitiveness and 
efficiency of construction, as well as user accessibility;  

-	 minimising potential impact on the environment resulting from execution of the 
structure (noise, particles, etc.); and  

-	 the smallest possible use of natural resources in general. 

A11.3 General method for considering sustainability criteria  

The consideration of sustainability criteria for a steel structure shall be decided upon 
by the Owner, who must also: 

-	 communicate the same to the Designer so that he can incorporate the 
corresponding measures when drawing up the design; 

-	 consider this when commissioning execution;  

-	 check that the Builder complies with the criteria during execution; and 
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-	 ensure that appropriate maintenance criteria are conveyed to users, where 
relevant. 

The Owner must, if appropriate, communicate the Designer of the sensitivity 
criterion with which the building must comply in accordance with section A11.5 of this 
Annex. A steel structure shall be considered as fulfilling the criterion defined by the Owner 
where the following conditions are fulfilled, where relevant:  

ICES-EAproperty ≤ ICES-EAdesign ≤ ICES-EAexecution 

where: 

-	 Owner indicates that the ICES-EA index is defined by the Owner in 
the commissioning; 

-	 Design indicates that this is the index established by the Designer; 

-	 Execution indicates that the index has been obtained as a result of the 
control on the actual conditions under which the structure has 
been executed, in accordance with Section 91 of this Code. 

A11.4 	 Environmental sensitivity index of the steel structure (ISMA-EA) 

A11.4.1 	 Definition of the environmental sensitivity index (ESI) 

The “environmental sensitivity index” of a structure is defined as the result of 
applying the following expression: 

i  6 

ISMA  EA     Vi i i i 
i 1 

where: 

αi, βi and γi weighting factors for each requirement, criterion or indicator in 
accordance with Table A11.4.1.a; 

Vi 	 factors for the value obtained for each criterion, in accordance with the 
following expression, depending on the representative parameter in each 
case: 

  P  
Ai im  

 i 
 i 


 Vi  ki 1 e n 

  
  

where: 

Ki, mi, ni and Ai 	 parameters whose values depend on each indicator, in 
accordance with Table A11.4.1.b; 

Pi 	 value representing each indicator, in accordance with section 
A11.4.3 of this Annex. 
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Table A11.4.1.a. Weighting factors 

Environmental requirement Weighting factor 

α β γ 

Environmental properties of steel 
products 

0.70 0.40 1 

Optimisation of execution 0.40 0.5 

Level of execution control 0.5 

Environmental optimisation of steel 0.20 1 

Specific measures for impact control 0.30 0.33 1 

Specific measures for waste 
management 

0.67 1 

Table A11.4.1.b 

Environmental requirement Ki mi ni Ai 

Environmental properties of steel 
products 

1.02 -0.50 50 3.00 

Optimisation of execution 1.06 -0.45 35 2.50 

Level of execution control 1.05 -1.80 40 1.20 

Environmental optimisation of steel 10.5 -0.001 1 1.00 

Specific measures for impact control 10.5 -0.001 1 1.00 

Specific measures for waste 
management 

1.21 -0.40 40 1.60 

A11.4.2 Environmental classification of facilities 

For the purposes of this Code, a facility shall be understood as having an 
environmental mark when it is in possession of a quality mark in accordance with UNE-EN 
ISO 14001 or an EMAS. 

Even without an environmental mark, the facility shall be considered to have an 
environmental commitment for the purposes of this Code where it fulfils the following 
conditions: 

a) In the case of a workshop manufacturing facility:  

-	 it has an officially recognised quality mark, in accordance with 
Section 84 of this Code; 

-	 it uses steel products that have an officially recognised quality mark;  

-	 it checks and records waste management or recycling processes 
(e.g. use of containers, waste management plans, etc.); 

b) In the case of the company undertaking on-site execution :  
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-	 it uses steel products that have an officially recognised quality mark;  

-	 it checks and records waste management or recycling processes 
(e.g. use of containers, waste management plans, etc.); 

-	 it has demarcated areas for the warehousing of products; 

-	 it adopts measures to reduce noise emissions caused by the 
processes that take place in  structure’s execution;  

c) In the case of the construction company, in relation to assembly on site: 

-	 it collects waste in separate containers for their recycling and 
management;  

-	 it has demarcated areas for the warehousing of products; 

-	 it adopts measures to reduce noise emissions caused by the 
processes that take place in  structure’s execution.  

A11.4.3 Environmental criteria and representative functions  

A11.4.3.1 Environmental criterion of characterisation of steel products 

This criterion assesses the environmental sensitivity of the manufacture of steel 
products. It is intended to reduce CO2 emissions from the manufacture of steel, and to 
reduce the quantity of waste produced by the manufacture of steel products. 

i 2 

P  
1 A  p i  1	 1 1i100 100 i1 

where: 


λ1i values obtained from Table A11.4.3.1;  


A percentage of steel products that have an officially recognised quality 

mark ; 

p1i percentage of on-site use of each type of steel identified in Table 
A11.4.3.1. 
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Table A11.4.3.1 

Environmental 
condition 

In accordance with / by means of Value 
factor 
(λ1i) 

No certification Standard UNE-EN ISO 14001 and the EMAS system do not 
apply, or the product is not certified by means of a voluntary 
quality mark with an officially recognised mark , or the 
product certificate does not attest whether such steel is 
subject to the requirements of the Kyoto Protocol. 

0 

With production Standard UNE-EN ISO 14001. 10 
subject to 

environmental 
certification 

Standard UNE-EN ISO 14001 and EMAS record, or EMAS 
record without standard UNE-EN ISO 14001. 

40 

By virtue of having an officially recognised quality mark, the 
manufacture of the steel is accredited as being subject to 
the requirements of the Kyoto Protocol. 

60 

A11.4.3.2 Environmental criterion of optimisation of execution 

This criterion assesses the environmental sensitivity with which the workshop 
assembly manufacturing processes for structures take place, as well as the procedures 
for. Its objectives are as follows: 

-	 to reduce the f waste produced by manufacturing;  

-	 to encourage optimisation of members and recycling of any waste the 
production of which is inevitable; and  

- to reduce impact during assembly on site. 


The representative function of this criterion is defined by:  


i2 

P  
1  p i  2 2 2i100 i 1 

where p2i is the percentage that represents each of the possible origins of the  members 
used in the structure , and λ2i is the sum of the values that may apply according to the 
environmental conditions at the facilities, for the corresponding column in Table A11.4.3.2.  
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Table A.11.4.3.2 
Facility Environmental condition Factors (λ2i) 

Case 1: 
Workshop 
manufacturing facility 

Case 2: 
On-site 
execution 
facility 

λ21 λ22 

Workshop 
manufacturing facility 

With environmental mark 80 -

With environmental 
commitment 

60 -

Other cases 30 -

On-site execution 
facility 

With environmental mark - 70 

With environmental 
commitment 

- 30 

Other cases - 0 

Construction company With environmental mark 20 30 

With environmental 
commitment 

10 15 

Other cases 0 0 

The values in the table above correspond to a maximum transportation distance of 
300 km for members that are manufactured in the workshop. Where this transportation 
distance is greater, the factor value λ21 corresponding to the workshop manufacturing 
facility shall be reduced by 5, and that corresponding to the construction company shall be 
increased by 5, with the exception of the “Other cases” row which shall remain as 0.  

A11.4.3.3 Environmental criterion of execution control systems  

This criterion assesses the environmental contribution associated with the reduction 
in resources consumed by preparation of the structure, as a result of an intensive 
execution control level and the use of products that have an officially recognised quality 
mark.  

The representative function of this criterion is defined by:  

i2 

P  
1  p i  3 3 3i100 i1 

where p3i is the on-site usage percentage for each of the cases defined in Table A11.4.3.3 
and λ3i is the factor reflected in the same for each case. 
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Table A11.4.3.3 

Sub-criterion Value factor 
(λ3i) 

No reduction in γM applies, in accordance with 
subsection 15.3 

λ31=0 

A reduction  in γM applies, in accordance with subsection 
15.3 

λ32=100 

A11.4.3.4 Environmental criterion of steel optimisation  

This criterion assesses the environmental contribution associated with the recycling 
of ferric by-products as well as whether good use is made of the by-products produced 
during the process. 

The representative function of this criterion is defined by:  

i2 

P  
1 A  p i  4 4 4i100 100 i1 

where: 

λ4i values obtained from Table A11.4.3.4 ;  

A percentage of steel that is in possession of an officially recognised 
quality mark; 

p4i percentage of on-site use of each type of steel identified in Table 
A11.4.3.4. 

Table A11.4.3.4 

Optimisation of resources in steel manufacture Factors 
(λ4i) 

By virtue of its being in possession of an officially recognised quality mark, the 
manufacture of the steel is accredited as originating from the recycling of waste for at 
least 80 %. 

λ41=45 

By virtue of having an officially recognised quality mark, the steel is recognised as 
making good use of more than 50 % of its dross. 

λ42=25 

By virtue of its being in possession of an officially recognised quality mark, the steel is 
recognised as having been subjected to verifiable, documented radiological emissions 
tests, both for the primary iron materials used in the steel work and for the steel 
products. 

λ43=30 

A11.4.3.5 Environmental criterion of impact control  

This criterion assesses the environmental contribution associated with the execution 
of a structure that minimises the impact on the environment and, in particular, the 
emission of particles and gases into the air. 

The representative function of this criterion is defined by:  
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i2 

P   p i  5 5 5i 
i 1 

where p5i and λ5i are the parameters obtained from Table A11.4.3.5. 

Table A11.4.3.5 

Sub-criterion p5i 5i 

No painting done on site 1 50 

No welding done on site 1 50 

A11.4.3.6 Environmental criterion of waste management  

This criterion assesses the environmental contribution associated with the execution 
of a structure that provides adequate management of waste generated during that 
process. In particular, it takes account of the existence of a management plan for 
excavation materials, a management plan for construction waste and demolition.  

The representative function of this criterion is defined by:  

P6  6 

where λ6i are the values obtained from Table A11.4.3.6. 


Table A11.4.3.6 


Sub-criterion Cases 

No controlled action 0 

20 % 20 

Management of construction and 
40 % 40 

demolition waste (RCD). Recycle a percentage, as given in the next 
column, and the rest to dumps . 60 % 60 

80 % 80 

100 
% 

100 

A11.5 Sustainability contribution index of the structure 

The “sustainability contribution index of the structure” (ICES-EA) is defined as the 
result of applying the following expression: 

ICES-EA =a+b·ISMA-EA 

and the following must also be fulfilled:  

ICES-EA ≤ 1 

ICES-EA ≤ 2.ISMA-EA 
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ICES-EA is the minimum of:  

1) a+b·ISMA-EA 

2) 1 

3) ISMA 

where: 

a social contribution factor, obtained as the sum of the factors given in Table A11.5, 
in accordance with the sub-criteria that may apply: 

i 5 

a ai 
i1 

Table A.11.5 

Sub-criterion In design In execution 

The Constructor  applies innovative methods resulting from 
RDI projects carried out in the last 3 years. 

a1 =0 a1 =0.02 

At least 30 % of staff working on execution of the structure 
have taken specific training courses in technical, quality or 

environmental aspects. 
a2= 0 a2= 0.02 

Voluntary health and safety measures are adopted in 
addition to those required by the regulations for execution of 

the structure. 
a3= 0 a3= 0.04 

A public website, specific to the works, is prepared in order to 
inform the public, and which includes its characteristics and 

execution deadlines, as well as its financial and social 
implications. 

a4 = 0.01 a4 = 0.02 

The structure is included in a structural work declared to be 
in the public interest by the competent government body. 

a5 = 0.04 a5 = 0.04 

b 	 contribution factor by extension of the working life , obtained in accordance with the 
following expression: 

t 
b 	 g  1.25 

t g ,min 

b is the minimum of: 

1) 
g ,min 

g 

t 

t 

2) 1.25 

where: 

tg working life actually considered in the design for the structure, within the 
ranges considered in Section 5 of the Code; and  
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tg,min value of the working life  set out in subsection 5.1 of the Code for the 
corresponding type of structure. 

On the basis of the ICES-EA, the contribution of the structure to sustainability may 
be classified in accordance with the following levels: 

Level A: 0.81 ≤ ICES-EA ≤ 1.00 

Level B: 0.61 ≤ ICES-EA ≤ 0.80 

Level C: 0.41 ≤ ICES-EA ≤ 0.60 

Level D: 0.21 ≤ ICES-EA ≤ 0.40 

Level E: 0.00 ≤ ICES-EA ≤ 0.20 

where A is the maximum end of the scale (maximum contribution to sustainability) and E 
is the minimum end of the scale (minimum contribution to sustainability).  

A11.6 	 Checking the sustainability contribution criteria 

A11.6.1 	 Evaluation of the sustainability contribution index of the structure in 
the design 

In the event that the Owner decides to apply sustainability criteria to the structure, 
the Designer must define a strategy for complying with them in the design, by assessing 
the design value of the sustainability contribution index of the structure (ICES-EAdesign) and 
identifying the criteria, or sub-criteria where relevant, that must be fulfilled in order to 
achieve the set value. 

In order to evaluate the ICES-EAdesign index, a1 = a2 = a3 = 0 shall be used. 

Furthermore, the Designer shall also reflect the necessary measures that are to be 
taken into account during execution of the structure in the corresponding documents and, 
in particular, in the technical report, the Special Technical Specifications and the budget.  

A11.6.2 	 Evaluation of the actual sustainability contribution index of the 
structure on   execution  

Where the Owner has decided to apply sustainability criteria to the structure, 
Project Management must check, either directly or through a quality control body, that the 
actual value of the sustainability contribution index of the structure as a result of the actual 
conditions of execution (ICES-EAexecution) is not less than the value for that index as 
defined in the design. 

Accreditation documents for the final assessment of ICES-EAexecution shall form part 
of the final work documentation. 
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