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1. Objectives of the study 

Nakasone No. 1 Viaduct of the Tohoku Shinkansen Line suffered serious damage at the top of piers, 

especially the piers at the nearest end and furthest end from Tokyo lost the gravity load resistance by the 

loss of core concrete.  

 

In the first report, the failure mode of the piers was judged to be shear failure, but by comparing with 

damage mode of piers reported after the 2003 South Sanriku Earthquake and by considering the fact that 

the JR East Co. did not retrofit these columns in the first program for shear-failing piers, the failure mode 

is thought to be in not only simple shear mode but also flexural shear mode. This report discusses the 

reason. 

 

 

2. Location of Nakasone No. 1 Viaduct 

The pier R6-1 of the viaduct is located 456 km from Tokyo (starting point of the line); the viaduct consists 

of parts R1 to R9 (Fig. 1). Piers are identified by the number in the figure. Parts R1 to R3 (Tokyo side) 

consist of 5 pairs of piers, and parts R4 to R9 (further side) consist of 4 pairs; in each part, piers are 

numbered from Tokyo side and left and right piers looking from Tokyo side. 

 



 
Fig. 1: Identification of parts R1 to R9, and piers in each part 

 

Damage levels in the box are from top, (1) no damage, (2) cracking (no spalling of cover concrete), (3) 

inclined cracking (spalling of cover concrete), (4) loss of gravity load support, and (5) no inspection (no 

damage from distant observation) 

  

3. Design Requirements 

The construction was completed in 1978, as found on the plate on pier R-1 (Photo 1). As explained in 

Report 1, the structural design was based on “Shinkansen Network Structural Design Standards 

(specifically for the Tohoku, Joetsu and Narita Lines), 1972” and “Structural Design Standards for 

Reinforced Concrete, Unreinforced Concrete and Prestressed Concrete Structures, 1970.” 

 

 

 

Photo 1: Construction identification plate on Pier 

R7-1 

 

Tokyo,south 

Terminal (north) 



 

3. Observed Damage  

Viaduct Part 1: Damage on Piers R1-1 to R1-4 was not identified by the observation from distance (Photo 

2). The spalling of cover concrete was observed near the top of Pier R1-5 (Photo 3).   

 

Photo 2: Overview of Part R1 Photo 3: Pier R2-1 left is left front, and Pier 

R1-5 left is right front. 

 

Viaduct Part R2: Spalling of cover concrete (Photo 3) was observed in four piers R2-1 to R2-5 (Photo 4), 

over approximately 1.5 m length by visual inspection. The damage near the top of the piers is considered 

to be caused by inclined cracking; especially in Pier R2-5 left, inclined cracks was observed in the 

direction of the viaduct (toward south) (Photos 5 and 6). 

  

Photo 4: Overall view of Part R2 except for Pier R2-5 



Photo 5: From left, Piers R3-1 left, R3-1 right, R2-5 left 

and R2-5 right 

Photo 6: Piers R2-5 left (front) and R3-1 right 

(back) 

 

Viaduct Part R3 (Photo 7): Fine inclined cracks (Photo 6) were observed in Pier R3-1 right; the spalling of 

concrete was observed in the east and west faces (Photo 8), the damage is in shear mode and must be 

associated with the motion in the direction of the viaduct..  

 

Photo 7: Overall view of Part R3 Photo 8: Piers R3-5 left (front center) and R3-5 

right (front right) 

 

Viaduct Parts R4 (Photo 9) and R5 (Photo 10): The damage could not be seen from distance. 

 

Photo 9: Overall view of Part R4 Photo 10: Overall view of Part R5 (a pier at the front  

is pier R6-1 left) 



 

Viaduct Part R6: Longitudinal cracks along the column were observed in Pier R6-1 (Photo 11 to 13). Fine 

inclined cracks were observed in Pier R&-4 associated with deformation toward south in the direction of 

the viaduct (Photo 14). 

 

 
Photo 11: From left, Piers R6-1 right and R6-1 left. Photo 12: Pier R6-1 left (east side). 

  
Photo 13:  Pier R6-1 left (south side) Photo 14:  Piers R6-4 left and R6-4 right 

 

Photo 15:  From left, Piers R6-4 left , R6-4 right, 

R7-1 left, and R7-1 right. 

 



 

Viaduct Part R7 (Photo 16): Core concrete fell down in end Piers R7-1 (Photo 17) and R7-4 (Photo 18), 

and the gravity load support capability must have been lost. Flat face (Photo 19) at the bottom of 

remaining adjacent girders indicates that the separation of mortar and concrete might have occurred at 

the placing joint. At the base of Piers R7-1 and R7-4, the soil above the foundation girder was removed as 

a part of repair work (Photo 20); no flexural cracks were observed at the base of these piers. Fine inclined 

cracks were observed near the base of Pier R7-3 right in the direction of the viaduct toward south (Photo 

21).  

  

Photo 16: Overall view of Part 7 (no Piers R7-4) Photo 17: From left, Piers R7-1 left and R7-1 right 

Photo 18: Overall view of Part 8 Photo 19:  Pier R7-4 right 

 
Photo 20: Base of Pier R7-1 and foundation girder Photo 21: Pier R7-3 right (east side) 



 

Viaduct Parts R8 (Photo 22) and R9 (Photo 23): No damage was observed by visual inspection from 

distance. 

 

Photo 22: Overall view of Part R8 Photo 23: Overall view of Part R9 

 

4. Discussion of Damage Mechanism 

Similar to the damage of viaducts during the 2003 South Sanriku Earthquake, damage was concentrated 

at the top of piers. The damage was considered attributable to the shorter height of end piers, made by  

supporting the RC simple girders in the direction of the viaduct, than the intermediate piers; i.e., shear 

height-to-depth ratio became smaller. Therefore, in the first report, the failure mode was judged to be in 

simple shear; however, those piers in Odaki No. 3 Viaduct (Photo 24) and Nakano No. 2 Viaduct (Photo 

25), were determined to fail in shear with diagonal shear cracks in the mid-height region of piers; however, 

wide diagonal shear cracks were not observed in the mid-height region in those piers of Nakasone No. 1 

Viaduct. Furthermore, the damage was observed in short regions concentrated near the top of the piers. 

JR East Co. did not include this viaduct in the first priority retrofit program probably because the flexural to 

shear strength ratio was less than the pre-set criterion. Therefore, the failure mode cannot be in simple 

shear, but the failure must be initiated by flexural cracking along the concrete placing joint followed by 

flexural shear cracking.  

 



Photo 24: Damage of Pier R1 of Atago No. 3 

Viaduct  in the 2003 South Sanriku Earthquake 

Photo 25: Damage of Pier R1 of Nakano No. 2 

Viaduct in the 2003 South Sanriku Earthquake 

 

There must have been a concrete placement joint at the top of a pier, and immediately below the adjacent 

girders. As no aggregates were observed at the joint, mortar might have been used immediately above 

and below the joint of the pier. It is reasonable to assume that the mortar strength was lower than the 

concrete. Flexural yielding may be expected to develop at the top of the pier. If such damage develop 

rapidly, mortar may easily be crushed and longitudinal reinforcement must be left alone to resist shear; 

the concrete at the top of the pier was crushed and the vertical load support capability must have been 

lost at the damaged zone, and end piers on Part R7 lost the gravity load carrying ability. The other end 

piers of each part might have lost the gravity load supporting ability although the extent may vary from a 

part to another. 

  

 

5. Summary of Damage and Discussion 

(1) Serious damage, losing the gravity load carrying capacity, was observed in nearest and furthest end 

piers of each part of the viaduct. From the direction of inclined cracks, the vibration toward south in the 

viaduct direction must have been dominant. 

 

(2) As the viaduct was not included in the first retrofit program for shear-failure-type piers of the JR East 

Co., the calculated shear resistance must be larger than shear at the flexural yielding. Therefore, in the 

criteria of the JR East, the piers cannot fail in shear. 

 

(3) Failure mechanism of R7 columns, therefore, was considered as follows; flexural cracks developed 

rapidly at the concrete placement joint at the top of a pier, and mortar crushed, and longitudinal 

reinforcement was deformed laterally by high shear, resulting in crushing of core concrete. Consequently, 

the gravity load resistance was lost. 

 



 

Appendix: K-NET strong motion record near the viaduct. 

The  National Research Institute for Earth Science and  Disaster Prevention (NIED) placed a strong 

motion instrument  IWT012 (Fig. 2) at 3 km south east south of Nakasone No.1 Viaduct. The observed 

ground motion waveform (Fig. 3) and its response spectra (Fig. 4) are shown. 

 

 
Fig. 2: Location of K-NET IWT012 site and Viaduct (Courtesy of Research Associate Goto) 

 

Nakasone No. 1 Viaduct 

K-NET IWT012 station 

Tohoku Shinkansen Line 



 
Fig. 4: Acceleration Waveforms of K-NET IWT012 (Courtesy of Research Associate Goto) 

 

 
Fig. 5: Response spectra of IWT012 (EW and NS), 1995 JMA Kobe and 1995 JR Takatori records at 0.05 

critical damping factor (Courtesy of Research Associate Goto) 


