










 



  



 



 



 



 



 



Question tunnel  

(a) In clay soils, tunnels are typically constructed as bored tunnels using either 
conventional mining methods or mechanised tunnelling. The choice depends on ground 
strength, groundwater conditions, tunnel size, and control of ground movements. 

Conventional mining is commonly used in stiff clays. Excavation is carried out using road-
headers or backhoes and requires the ground to be stable enough to stand temporarily. 
The tunnel may be excavated either full face, where the entire section is excavated at 
once, or by sequential excavation, where the section is divided into smaller parts 
excavated in a controlled sequence. Temporary support such as sprayed concrete and 
steel ribs is installed, followed later by a permanent lining, typically cast in situ concrete. 
This method is flexible and well suited to complex tunnel geometries and short tunnel 
lengths. 

Mechanised tunnelling is widely used in soft clays, particularly in urban areas where 
control of ground movements is critical. Excavation is carried out using a tunnel boring 
machine (TBM) operating in full face. Closed-shield machines, such as Earth Pressure 
Balance (EPB) or slurry shield TBMs, provide continuous support to the tunnel face to 
maintain stability in clay. Precast segmental linings are installed immediately behind the 
shield, forming the permanent tunnel lining. Mechanised tunnelling allows rapid 
construction, good control of settlement, and is particularly suitable for long tunnels with 
uniform cross-section. 

(b)  

(i) Expansion of pressuremeter 𝛿𝐴 = 𝐴 − 𝐴0 (and 𝛿𝑉 = 𝑉 − 𝐴𝑉0) caused by increase of 
pressure  𝛿𝜎𝑐 = 𝜎𝑐 − 𝜎0  

  

The in-situ horizontal stress 𝜎ℎ0 is taken to be equal to “lift-off” pressure of curve 𝜎0 
obtained extrapolating backwards to zero cavity strain using initial few data: 

 

The elastic modulus, 𝐺, is obtained from the slope of the first part of the plot or from 
unload reload loop later in the test (initial stiffness, 𝐺𝑖, unloading/reloading stiffness, 𝐺𝑢𝑟, 

due to disturbance 𝐺𝑖 < 𝐺𝑢𝑟). Remembering that 𝛿𝐴
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 2𝐺 = 𝑑𝜎𝑐/𝑑𝜀𝑐. 

Yield can be identified from the graph of 𝜎𝑐  : 𝛿𝐴 𝐴⁄  as the point at the onset of non-
linearity, and the undrained shear strength estimated from  𝑠𝑢 = 𝜎𝑐𝑌 − 𝜎0. 

The more reliable method however is to use a plot of 𝜎𝑐 : ln (𝛿𝐴 𝐴)⁄ .  

From the databook: 

𝜎𝑐 = 𝜎0 + 𝑠𝑢 [1 + ln
𝐺

𝑠𝑢
+ ln

𝛿𝐴

𝐴
]  

so that the undrained shear strength can be determined from the slope of the linear part 
of the plot. 

  

(ii) the stability ratio is defined as: 

𝑁 =
𝜎𝑠 + 𝛾𝑧 − 𝜎𝑡

𝑠𝑢
 

Where 𝜎𝑠  is the surcharge at surface, 𝛾 is the unit weight of the soil, 𝑧 is the depth of the 
tunnel axis, and 𝜎𝑡  is the tunnel support pressure. In this case, 𝜎𝑠 = 𝜎𝑡 = 0, so: 

𝑁 =
20 × 15

100
= 3 

From the chart in Fig. 1, for a cover 𝐶/𝐷 = (𝑧 − 𝑅)/𝐷 = (15 − 3)/6 = 2 and 𝑃/𝐷 = ∞, 
𝑁𝐶 ≈ 4. 

Because 𝑁 < 𝑁𝐶, the tunnel does not collapse if unlined. The safety factor can be 
obtained as 𝑆𝐹 = 𝑁𝐶 𝑁⁄ = 4/3 = 1.33 

(iii)  from data book: 

𝛿𝜎𝑐 = 𝜎𝑐 − 𝜎0 = 𝑠𝑢 [1 + ln
𝐺

𝑠𝑢
+ ln

𝛿𝐴

𝐴
] 

hence  
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Contraction of cavity with complete unloading: 
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𝛿𝜎𝑐 = 𝛾𝑧 

Radial ground movement 𝜌𝑐: 

𝛿𝐴 = 2𝜋𝑅𝜌𝑐  

𝐴 = 𝜋𝑅2 
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3

2
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30 × 103
exp (

20 × 15

100
− 1) = 0.037 m (= 37 mm)  

 

Constant volume condition (undrained behaviour) implies that 2𝜋𝑟𝜌 = 2𝜋𝑅𝜌𝑐, hence: 

𝜌 =
𝑅

𝑟
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3

17
37 = 6.53 mm 
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