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Please answer all of the following questions. 

Tunnel Engineering questions ------------------------------------------------------------------------------------------------------------------ 

 Question 1: 

  What countermeasures are needed against underground water in each of the NATM, Shield tunneling and cut and cover methods? 

Question 2: 

Fig. 1 shows composition of an earth retaining structure. What are the names of A, B, and C Components? Select them out of these terms 

(Bracket , Wale, Strut, Soldier pile, Retaining wall, Jack).  

Question 3: 

According to Fig. 2, an square shape tunnel with external width and height of 10 m is excavated in the ground with an overburden of 10m. 

The tunnel is excavated within dry stiff clay with unit weight (g) of 18 kN/m
3
, and coefficient of lateral earth pressure at rest (K0) of 0.5. How 

much is the force on upper face and side face of tunnel per 1 meter along tunnel direction due to the vertical and horizontal earth pressure? 

 

 

 

 

 

  

 

 

  

 

Fig. 1: Composition of an earth-retaining structure                   Fig. 2: Existing tunnel 

Engineering Geology questions -------------------------------------------------------------------------------------------------------------------- 

Question 4: what is sinkhole? Why usually sinkholes are created in the ground? 

Question 5: Three type of rocks are listed below as group 1 to group 3. Explain how do they form briefly? Also which of Schist, Granite, 

and Conglomerate rocks belong to which group?  

Group 1: Igneous rock 

Group 2: Sedimentary rock 

Group 3: Metamorphic rock  

Question 6: Fig. 3 shows a topographic map of a site. Which diagram on the right hand side (1,2,3, or 4) best represents the topographic 

profile along a straight line from point A to point B? Which side of Center Hill in Fig. 3 has the steepest slope? (North, East, South, West) 

                          

Fig. 3:  Topographic map 
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School of Creative Science and Engineering, Waseda University 

Earthquake Engineering questions ------------------------------------------------------------------------------------------------------------- 

Question 7: Fill out blank spaces in the following statements with given words.  

High stiffness houses have (1)………… (shorter, longer) period, and Soft ground has a (2) ………… (shorter, longer) period.  

If the thickness of soft layer is deep, displacement response tends to (3) ………… (increase, decrease), but acceleration response tends to (4) 

………… (increase, decrease).   

Soil liquefaction is the phenomena that (5) …….. (loose, dense) sand loses their strength due to (6) ………… (increase, decrease) of water 

pressure during an earthquake. 

Question 8: 

Calculate the increase of the seismic energy (E) of an earthquake, when the magnitude (M) increases by 2! 

 

When the magnitude increases by 1, the seismic energy of an earthquake increases by approximately 30 times (Fig.4). 

 

Question 9: 

Figure 5 shows the response spectra for the Kobe earthquake and the Tohoku earthquake. The seismic damage on railway viaducts whose 

natural periods were around 0.5 (sec), was severe in the Kobe Earthquake but limited in the Tohoku Earthquake. 

Please explain the reason of this briefly. 

 

 

 

 

 

 

 

 

 

 

 

End of questions. 

ME  5.18.4log
10

Fig.4 
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Answer of Question No. 1 9/100 

For NATM method, deep well, well point or drainage tunnel is used.  

Closed type shield tunnelling does not required any countermeasures, but open tunnel does.  

For cut and cover method, deeper penetration of earth retaining wall, or soil improvement is needed. 

Answer of Question No. 2 9/100 

A: Wale, B: Strut, C: Retaining wall                    

   Answer of Question No. 3                     16/100   

Pup =Force on upper face: 18x10x (10x1) = 1800 kN 

sh1= 10x18x0.5 =90 kPa, sh2= 20x18x0.5 =180 kPa, 

Pside = Force on side face: (90+180)x10x (0.5) = 1350 kN 

Answer of Question No. 4 6/100 

Sinkhole is a large cavity in the ground.  

It is caused by instability of tunnel face or gradual movement of soil by water erosion into tunnel or 

cavern. 

Answer of Question No. 5 18/100 

Igneous rock is formed through the cooling and solidification of magma or lava.  

Sedimentary rocks are formed by the deposition of material. 

Metamorphic rocks are formed by transformation of existing rock types. 

Schist    Group 3: Metamorphic rock 

Granite    Group 1: Igneous rock    

Conglomerate   Group 2: Sedimentary rock 

Answer of Question No. 6 6/100 

(2), south 

Answer of Question No. 7 18/100 

1- shorter, 2- longer, 3-increase, 4-decrease, 5-loose, 6-increase. 

Answer of Question No. 8 9/100 

1000 times 

Answer of Question No. 9 9/100 

Natural period of Tohoku Earthquake was very short and approximately 0.3 second. 

Natural period of railway viaducts were around 0.5 (sec) greater than 0.3 (sec) and they did not vibrate 

strongly . That’s why damages were limited. 
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