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THEORY DOCUMENT 

Eurocode in RSPile (V3.025) 

EuroCode2 (EC2) Concrete Model 

There are three different methods of calculating the stress strain relationship, namely the Parabolic curve, 

the Simplified (Bilinear), and the Rectangular Block. These methods use characteristic parameters 

derived from Table 3.1 in the Eurocode, which is shown in Table 1. Only the characteristic compressive 

strength, 𝑓𝑐𝑘, is required from the user, and the rest of the parameters are derived from the table below. 

Table 1 Strength and Deformation Characteristics for Concrete (Table 3.1 in EC2 (2004), p.29) 

 

There are also a few user-defined factors that are important for determining the design values for 

concrete and steel strengths. These factors are 

• 𝑘𝑡 = default value 1.0 
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• 𝑘𝑓 = default value 1.1 and it is only applied to the uncased piles. For cased piles, it is kept as 1.0 

• 𝛼𝑐𝑐 = default value 1.0 

• 𝛾𝑐 = 1.5 for persistent and transient situations and 1.2 for accidental one user defined with 

defaults 

• 𝛾𝑠 = 1.15 for persistent and transient situations and 1.2 for accidental one user defined with 

defaults 

• 𝛾𝑎 = default value 1.0 

The design strength of the concrete is then calculated as  𝑓𝑐𝑑 = 𝑘𝑡  𝛼𝑐𝑐𝑓𝑐𝑘/𝛾𝑐. 

As for the three methods for calculating concrete stresses, they are explained in the following sections 

EC2 Parabolic Stress Strain Curve 

𝜎𝑐 = 𝑓𝑐𝑑 [1 − (1 −
𝜀𝑐

𝜀𝑐2
)

𝑛

]  for 0 ≤ 𝜀𝑐 < 𝜀𝑐2 (From eq. 3.17 in EC2 (2004), p.35) 

𝜎𝑐 = 𝑓𝑐𝑑   for 𝜀𝑐2 ≤ 𝜀𝑐 ≤ 𝜀𝑐𝑢2 (From eq. 3.18 in EC2 (2004), p.35) 

 

 

Figure 3.3. Parabola-rectangle diagram for concrete under compression, EC2 (2004) p.35  

values for 𝜀𝑐2, 𝜀𝑐𝑢, 𝑛 𝑎𝑟𝑒 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛 𝑡𝑎𝑏𝑙𝑒 3.1 𝑜𝑓 𝐸𝐶2 (2004), 𝑝. 29. 

 

EC2 Simplified Elastic Plastic Stress Strain Relation (Bi-linear) 

𝜎𝑐 = 𝑓𝑐𝑑 ∗
𝜀𝑐

𝜀𝑐3
  for 0 ≤ 𝜀𝑐 < 𝜀𝑐3  

𝜎𝑐 = 𝑓𝑐𝑑 for 𝜀𝑐3 ≤ 𝜀𝑐 ≤ 𝜀𝑐𝑢3 
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Figure 3.4: Bi-linear stress-strain relation, EC2 (2004), p.35. 

EC2 Rectangular Stress Block 

Use definitions of stress block of ACI with following changes: 
𝑢𝑠𝑒 𝜆 𝑖𝑛𝑠𝑡𝑒𝑎𝑑 𝑜𝑓 𝛽1 (beta1 you can find from Tara' 

𝑢𝑠𝑒 𝜂𝑓𝑐𝑑 𝑖𝑛𝑠𝑡𝑒𝑎𝑑 𝑜𝑓 0.85𝑓𝑐
′ 

𝑢𝑠𝑒 𝜀𝑐𝑢3 𝑖𝑛𝑠𝑡𝑒𝑎𝑑 𝑜𝑓 0.003 𝑎𝑠 𝑓𝑖𝑥𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝜀𝑐𝑢 
 

where, 
𝑖𝑓 𝑓𝑐𝑘 ≤ 50𝑀𝑃𝑎 
𝜆 = 0.8 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.19 𝐸𝐶2, 𝑝. 36) 
𝜂𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 1.0 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.21 𝐸𝐶2, 𝑝. 36) 

𝑖𝑓 𝑓𝑐𝑘 > 50𝑀𝑃𝑎 
𝜆 = 0.8 −  (𝑓𝑐𝑘 − 50)/400 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.21 𝐸𝐶2, 𝑝. 36) 

𝜂𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 1.0 −  (𝑓𝑐𝑘 − 50)/200 (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.22 𝐸𝐶2 (2004), 𝑝. 36) 

General:  𝜂𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 0.9𝜂𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟 𝑠𝑒𝑐𝑡𝑖𝑜𝑛  

 
 

 

Figure 3.5.Rectangular stress distribution,EC2 (2004),p.36 
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Steel Reinforcement and Steel Sections 

The design strengths for the reinforcement and the sections (I-Beam, casing, and core etc.) are 

calculated by applying a factor to the characteristic strength, f_yk. For reinforcement, it is 𝑓𝑦𝑑 = 𝑓𝑦𝑘/𝛾𝑠 and 

for sections, it is 𝑓𝑦𝑑 = 𝑓𝑦𝑘/𝛾𝑎.  

As for the stress calculation, given strain, it is the same as the existing, where a bilinear relationship is 

assumed. 

Reduced Sections 

Euro code considers reduced sections for cast-in-place concrete piles. The users would have an option to 

choose which enables the calculation with reduced sections. The reduced sections are calculated as 

follows (From 2.3.4.2, EC2 (2004)Supplementary requirements for cast in place piles, p.23): 

𝑖𝑓 𝑑𝑛𝑜𝑚 <  400 𝑚𝑚, 𝑑 =  𝑑𝑛𝑜𝑚 −  20 𝑚𝑚 

𝑖𝑓 400 ≤  𝑑𝑛𝑜𝑚  ≤  1000 𝑚𝑚, 𝑑 =  0.95 𝑑𝑛𝑜𝑚  

𝑖𝑓 𝑑𝑛𝑜𝑚 >  1000 𝑚𝑚, 𝑑 =  𝑑𝑛𝑜𝑚  −  50 𝑚𝑚 

Where 𝑑𝑛𝑜𝑚  is the nominal diameter of the pile. 

For rectangular sections, the width and height are used instead of nominal diameter. 

Note that the cased piles are excluded from the section reduction. In another word, even when the “use 

reduced section” option is selected, the interaction diagram of the case pile would still be calculated with 

the whole cross section. 
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