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For further economy, a joined pier-pile system may 
be adopted that uses pipes of different thickness at 
different depths to balance the demand [8]. In the 
current case, a thinner section could be designed in 
the pile part against the lower seismic demands. 
However, caution is advised for the design of pile 
sections as there can be cases of concentration of 
curvature demands at locations with sudden 
changes in soil stiffness or a softer intermediate soil 
layer like an alternating rock and weak clay stratum.  

8 Conclusion 
This paper discusses the design methodology for a 
steel multipolar pier-pile steel bridge where the 
member slenderness is more than 0.4 and SKK steel 
is used. An advanced design that could reflect the 
related recent research and knowledge was 
achieved. The design took into consideration the 
properties of SKK steel, effect of slenderness ratio, 
effect of soil-pile interactions, and achieved 
desired collapse mode based on the results of the 
non-linear dynamic analysis.  

Compared to the conventional design that covered 
a limited range of slenderness ratio, did not have a 
target collapse mechanism, and did not consider 
the dynamic soil-pile interaction, an accurate 
seismic design could be achieved using the 
proposed design methodology. The information 
presented in this paper will be helpful for practical 
designers to design similar structures in the future. 
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Table 3. Factor of safety comparison using conventional and proposed design procedures with Type II 
ground motion for the same structure 

  

𝝓𝝓 / 𝝓𝝓𝒂𝒂 𝜹𝜹 / 𝜹𝜹𝒍𝒍 
Pier Pile Pier 

Near A1 
P1~P6 

At center 
P7~P15 

Near A2 
P16~P21 

Near A1 
P1~P6 

At center 
P7~P15 

Near A2 
P16~P21 

Near A1 
P1~P6 

Near A2 
P16~P21 

Longitudin
al 

Conventional 0.34 (P6) 0.10 (P15) 0.41 (P21) 0.51 (P3) 0.26 (P15) 0.41 (P21) 0.10 (P1) 0.15 (P21) 
Proposed 0.53 (P6) 0.57 (P15) 0.82 (P21) 0.25 (P3) 0.45 (P15) 0.33 (P21) 0.77 (P1) 0.73 (P19) 
  1.5 5.8  2.0 0.5 1.8 0.8 7.7  4.8  Transverse 

Conventional 0.10 (P6) 0.11 (P15) 0.70 (P21) 0.29 (P3) 0.31 (P15) 0.86 (P21) 0.07 (P1) 0.21 (P21) 
Proposed 0.87 (P6) 0.42 (P15) 0.71 (P21) 0.37 (P3) 0.37 (P15) 0.26 (P21) 0.23 (P1) 0.41 (P19) 
  8.0 3.8 1.0 1.3 1.2 0.3 3.5  2.0 

*  𝜙𝜙𝑎𝑎 as per eq.  (1) for conventional and eq. (4) for modified design; 𝛿𝛿𝑙𝑙  as per eq. (2) 
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