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Introduction 
The regression total fitting equation and error analysis were carried out to solve the solution of 
vertical spring stiffness, providing a basis for effectively solving the work bearing coefficient of 
concrete. 

Definition of Vertical Spring Stiffness of Steel 
Pipe 

                 ks = ξs Es/(As H)    

Relationship between Vertical Spring Stiffness 
Coefficient of Steel Pipe and Influencing Factors 
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Table1. The fitting of ξ s to ts 

ts / m Simulation result  Fitting result Relative error/ % 

0. 020 0. 428 0. 428 0. 00 

0. 025 0. 429 0. 428 0. 23 

0. 035 0. 430 0. 430 0. 00 

0. 045 0. 431 0. 431 0. 00 

0. 055 0. 433 0. 432 0. 23 

0. 065 0. 434 0. 434 0. 00 

0. 075 0. 435 0. 435 0. 00 

0. 085 0. 437 0. 436 0. 23 

Table 2. The fitting to ξs to b 

b /m Simulation result Fitting  result   Relative error/ % 

0. 8 0. 435 0. 434 0. 23 

1. 0 0. 423 0. 422 0. 24 

1. 5 0. 396 0. 394 0. 51 

2. 0 0. 372 0. 369 0. 81 

2. 5 0. 350 0. 346 1. 14 

3. 0 0. 331 0. 326 1. 51 

Table 3 The fitting of ξs to h 

h / m Simulation result Fitting result Relative error/ % 

1. 0 1. 067 1. 058 0. 84 

1. 5 0. 955 0. 957 0. 21 
2. 0 0. 859 0. 865 0. 70 

2. 5 0. 776 0. 781 0. 64 

3. 0 0. 705 0. 706 0. 14 

3. 5 0. 643 0. 639 0. 62 

4. 0 0. 589 0. 581 1. 36 

4. 5 0. 543 0. 531 2. 21 
5. 0 0. 502 0. 490 2. 39 

5. 5 0. 467 0. 457 2. 14 
6. 0 0. 435 0. 433 0. 46 

ξs (ts)= A+B ts =0. 425+0.133 ts                                         (3) 
ξs (b) = A+Bb+Cb2=0.485-0.0668b+0.005b2                        (4) 
ξs(h)= A+B h+Ch2=1. 285-0.244h+0.017h2                        (5) 
ξs(H)=A+B H+CH2=0.161+0.065H-0.002H2                            (6) 

Table 4.  The fitting of ξs to H 

H /m Simulation result Fitting result Relative error/ % 

3. 0 0. 338 0. 338 0. 00 

4. 0 0. 388 0. 389 0. 26 

5. 0 0. 435 0. 436 0. 23 

6. 0 0. 478 0. 479 0. 21 
7. 0 0. 515 0. 518 0. 58 
8. 0 0. 548 0. 553 0. 90 

9. 0 0. 578 0. 584 1. 03 

10. 0 0. 604 0. 611 1. 15 



Modified fitting equation 
The pairwise coupling between the following groups of factors is mainly considered.  

 

General equation of vertical spring stiffness 
coefficient of steel pipe 

Through the analysis, the total equation of the vertical spring stiffness coefficient of steel pipe is 
obtained as follows: 

𝜉𝜉𝑠𝑠 =
𝜉𝜉𝑠𝑠(𝑡𝑡𝑠𝑠)𝜉𝜉𝑠𝑠(𝑏𝑏)𝜉𝜉𝑠𝑠(ℎ)𝜉𝜉𝑠𝑠(𝐻𝐻)

𝜉𝜉𝑠𝑠(𝑡𝑡𝑠𝑠, 𝑏𝑏,ℎ,𝐻𝐻)3 =
𝜉𝜉𝑠𝑠(𝑡𝑡𝑠𝑠)𝜉𝜉𝑠𝑠(𝑏𝑏)𝜉𝜉𝑠𝑠(ℎ)𝜉𝜉𝑠𝑠(𝐻𝐻)

𝜉𝜉𝑠𝑠(𝐻𝐻)3 =
𝜉𝜉𝑠𝑠(𝑡𝑡𝑠𝑠)𝜉𝜉𝑠𝑠(𝑏𝑏)𝜉𝜉𝑠𝑠(ℎ)

𝜉𝜉𝑠𝑠(𝐻𝐻)2  

 

Where  

 

The reasons for the error 



(1) The finite element numerical simulation itself has a certain error, and it is better to control the error 
within 5%. 
(2) When analyzing a single factor, this paper does not consider the influence of other factors, which 
will cause certain error. In general, very simple quadratic equations are used to replace multiple 
equations or even multivariate equations, ignoring the mutual constraints and coupling between 
multiple factors. 

Conclusion 
The influence factors of vertical spring stiffness coefficients are analyzed, and the fitting equations of 
each factor and vertical spring stiffness coefficient is obtained. Considering the coupling between 
factors, the fitting equation is modified. On the basis of fitting the equation, the general equation of 
vertical spring stiffness coefficient with higher accuracy is returned. The error analysis verifies the 
rationality and effectiveness of vertical spring stiffness coefficient fitting the total equation. The 
solution of the vertical spring stiffness is effectively solved, which provides a reliable basis for further 
solving the work bearing coefficient of concrete. 
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