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Fault offset 12m (3.9ft.) 
(Reverse fault) 

Surface Earthquake Fault 
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Chi-Chi Earthquake (1999 Taiwan) 



Example of Pipe Damage by Fault Offset 
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Water Pipe 
2,000mm (80in.) 

Chi-Chi Earthquake (1999 Taiwan) 



Example of Pipe Damage by Fault Offset 
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Gas Pipe 
200mm (8in.) 

Chi-Chi Earthquake (1999 Taiwan) 



Deformation of Welded Steel Pipe 
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Reverse fault Normal fault 

• The tensile and compressive deformation generates 

     the pipelines at the equal distance across the fault plane. 



Deformation of SPF 
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Wave feature 

Fault Plane 

Buckling 

Straight Pipe 

SPF 



Concept of SPF 
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Straight pipe 

CRACK 



Concept of Steel Pipe for Crossing Fault (SPF) 
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SPF wave 

Straight pipe 

• Deformation control 
• Crack prevention 

SPF wave 

→ 

※Allowable Value 



Track Record 
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Kobe City Waterworks Bureau 
2,400mm (96in.) 



Outline 
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1. What SPF is 
 

2. Performance Tests of SPF (Cornell Univ.) 
       - Axial Compression Test 
 - Axial Tension Test 
 - Bending Test 
 - Split-basin Test 

 
3.  Summary 



Collaborative Research with Cornell Univ. 
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 ・ Applicability of SPF in US 

Research Flow 

1. Axial Compression Test 
2. Axial Tension Test 
3. Bending Test 

4.   Split-basin Test 

SPF wave  
• Numerical Analysis 
   - Wave Shape 
   - Installation Position 



Axial Compression Test 
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2m (6.6ft.) 

• To confirm axial compressive performance 

• Diameter 216mm (8.5in.), Thickness 2.3mm (0.091in.) 

• To pressurize with water to 0.55MPa (80psi) 

SPF wave 
geometry 

SPF wave 

Actuator(Hydraulic Jack) 

Actuator 

Before the test 
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Axial Compression Test / Result 
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Metal-to-metal  
contact 

FE Analysis            Experiment (1) Deformation: 47.2mm(1.86in.) 
     at metal-to-metal contact 

(1) 

(2) 

Displacement (mm) 

Lo
ad

 （
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）

 = allowable value 

(1) Allowable value → No crack / no leakage 



Axial Compression Test / Result 
15 

(2) Deformation: 86.4mm(3.40in.) 
     (twice the deformation 
       of allowable value) 

FE Analysis            Experiment 

(2)Twice the deformation → No crack / no leakage 
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ＦＥＭ解析 
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Deformation can be accurately simulated by FE analysis. 

Axial Compression Test / Result / FE analysis 



3m (9.9ft.) 

Axial Tension Test 
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SPF wave 

Actuator(Hydraulic Jack) 

SPF wave 
geometry 

Actuator 

• To confirm axial tensile performance 

• Diameter 216mm (8.5in.), Thickness 2.3mm (0.091in.) 

• To pressurize with water to 0.55MPa (80psi) 
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Axial Tension Test / Result 
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(1) Deformation of wave feature: 
57mm(2.25in.) 

【実験結果】5inch迄引っ張った後、フランジ接合部が破断  
      →波形部で亀裂･破断無し(許容値2inch) 

• (1) Allowable value → No crack / no leakage 
• Deformation moved to straight pipe until 127mm(5.0in.). 

Wave Displacement (mm) 

Lo
ad

 （
kN
） 

FE Analysis            Experiment 

(1) 

= allowable value 



Axial Tension Test / Result / FE analysis 
19 

【実験結果】5inch迄引っ張った後、フランジ接合部が破断  
      →波形部で亀裂･破断無し(許容値2inch) 

(2)  Deformation: 127mm(5.0in.) 

Deformation can be accurately simulated by FE analysis. 



Bending Test 
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SPF wave 

4m (13ft.) 

SPF wave 

• To confirm bending performance 

• Diameter 216mm (8.5in.), Thickness 2.3mm (0.091in.) 

• To pressurize with water to 0.55MPa (80psi) 



Bending Test / Result 
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(1)Bending angle: 18.0゜      
     at metal-to-metal contact 

= allowable value 
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FE Analysis            Experiment 

(1)Allowable value → No crack / no leakage 
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Bending Test / Result 
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(1) 

(2) Metal-to-metal  
contact 

Bending angle （゜） 
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(2)Bending angle: 36.6゜      
     (twice the angle 
       of allowable value) 

FE Analysis            Experiment 

(2) Twice the bending angle → No crack / no leakage 



曲げ角度：38° 

Bending Test / Result 
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Deformation can be accurately simulated by FE analysis. 

(1)Bending angle: 18.0゜      
     at metal-to-metal contact 

(2)Bending angle: 36.6゜      
     (twice the angle 
       of allowable value) 



Underground Test 
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Before the test 

3.6m (12ft.) 

Steel pipe  
(buried) 

Ground B 
(Fixed) 

Ground A 
(Movable) 

・To confirm the performance  

  of SPF under the ground 

・Diameter 216mm (8.5in.) 

・Thickness 2.3mm (0.091in.) 

・Soil Covering: 1.0m (40in.) 

  above pipe crown 



Underground Test 
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7.2m (24ft.) 

SPF wave 

3.6m (12ft.) 

Forced displacement by actuator 610mm (24in.)  

• Boundary condition:  Fixed at both ends     

• To pressurize with water to 0.55MPa (80psi) 

Fault angle  



Underground / Result 
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Ground A 
(Movable) 

Ground B 
(Fixed) 

Forced 
displacement 
24in. 42゜ 

After the test 

*To absorb the combined 
displacement, 

the allowable value is 9゜, 
based on FE analysis. 

・Only SPF wave was deformed. 

・Final Deflection: 42゜ 

 →No crack / no leakage 



Underground Test / Result 
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Cross-sectional Area 

638mm 

(25.1in.) 

【Before deformation】 
 

【After deformation】 

88% 

5
7

4
m

m
 

(2
2

.6
in

.) 

42゜ 

• Absorption of fault displacement is only on the SPF wave. 

• It can secure the area of 88%, even after 42゜ bending. 



Underground Test / Result 
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Deformation can be accurately simulated by FE analysis. 

One wave-feature 

Another wave-feature 



Outline 
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1. What SPF is 
 

2. Performance Tests of SPF (Cornell Univ.) 
 

3. Summary 



Summary 
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Experimental Results 

 ・ To confirm the effectiveness of SPF,  

      in the test that simulates Hayward fault.  

 ・ No crack and no leakage, even after large displacements,  

      which are more than the allowable values. 

Conclusion 

 ・ In the collaborative research with Cornell Univ., 

      it could be proved that SPF is applicable in US faults.  

 ・ SPF was recognized in the US as well, 

      as a countermeasure of pipeline crossing faults. 
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I’d be happy to answer any questions. 


