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BACKGROUND INFORMATION

Shotcrete
• Shotcrete is used to provide structural tunnel support.
• It is structurally strong, but expensive to apply. (100 mm

thick)
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Thin Spray on Liners (TSL)
• TSL’s are thin spray on liners (4mm) that reduce rockburst.
• TSL’s are inexpensive to apply but don’t provide structural

support.
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AIM

The aim is to investigate if TSL’s can be used in combination
with Shotcrete to improve structural performance.

QUESTIONS

• Is it possible to reduce the shotcrete thickness?
• Can this reduction be achieved by the TSL application over

or under shotcrete?
• Shotcrete performance should remain the same.

INVESTIGATIONS

• Plane Stress Elasticity Model
• Tunnel Model
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Plane Stress Elasticity Model

We have Airy Stress function φ(x , y) with

∇4φi = 0, in each region i = 1,2.

1

2

τxx |x=L= 0

τxy

τxx

τxy

τxy = 0,τyy = P cos(αx)

τxy = τyy = 0
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Plane Stress Elasticity Model

Airy Stress function φ(x , y):

σx =
∂2φ

∂y2 , σy =
∂2φ

∂x2 , τxy = − ∂2φ

∂x∂y
.

Compatible condition

∇4φ(i) = 0, i = 1,2

Look for solutions of the form

φ(i) = cos(αx)f i(y), α =
π

2L

f (y) satisfies the ODE

α4f − 2α2f ′′ + f ′′′′ = 0.
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Upon solving we get

f i(y) =C i
1 cosh(αy) + C i

2 sinh(αy)

+ C i
3y cosh(αy) + C i

4y sinh(αy), i = 1,2. (1)

Thus

φi = cosαx
(

C i
1 coshαy + C i

2 sinhαy + C i
3y coshαy + C i

4y sinhαy
)
.

8 constants to be determined by the boundary conditions

y = 0 : τ1
yy (x ,0) = −P cosαx , (2)

τ1
xy (x ,0) = 0 (3)

y = −w1 : τ1
yy (x ,−w1) = τ2

yyx ,−w1), (4)

τ1
xy (x ,−w1) = τ2

xy (x ,−w1), (5)

u1
x (x ,−w1) = u2

x (x ,−w1) (6)

u1
y (x ,−w1) = u2

y (x ,−w1) (7)
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y = − (w1 + w2) : τ2
yy (x ,− (w1 + w2)) = 0 (8)

τ2
yx(x ,− (w1 + w2)) = 0 (9)
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Conclusions

• TSL will be most effective if it penetrates fractures in the
rock mass and repairs the fractures.

• In other circumstances we expect the TSL not to
contribute.

We await confirmation from the analysis.
• Order of application of shotcrete and TSL

If shotcrete is applied first it will bond strongly to the rough
surface of the rock.

If TSL is applied first the shotcrete will bond less strongly
to the smooth surface of the TSL which may lead to
debonding.
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