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'Reliability Analysis for Fracture of Concrete Armour Units
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Abstract [J A fracture or breakage of the concrete armor units in the primary cover layer of breakwaters is
studied by using the reliability analysis which may be defined as the structural stability. The reliability function
can be derived as a function of the angle of rotation that represents the rocking of armor units quantitatively. The
relative influences of all of random variables related to the material and geometric properties on the fracture of
armor units is analyzed in detail. In addition, the probability of failure for the fracture of individual armor unit
can be evaluated as a function of the incident wave height. Finally, Bernoulli random process and the allowable
fracture ratio may be introduced together in this paper, by which the probability of failure of a breakwater due to
the fracture of armor units can be obtained straightforwardly. It is found that the probability of failure of a
breakwater due to the fracture of armor units may be varied with the several allowable fracture ratios. Therefore,
it should be necessary to consider the structural stability as well as the hydraulic stability for the design of
breakwaters with multi-leg slender concrete armor units of large size under wave action in deep water.

Keywords : fracture of armor units, reliability analysis, allowable fracture ratio, structural stability,
reliability function
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Fig. 1. Definition sketch for the rocking motion of concrete
armor, TTP.
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Table 1. Statistical properties and distributions of random
variables in Eq. (7)

Coefficient of

Random variable Mean .. Distribution
Variation
o, (N/mm’) 2 0.125 Normal
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v 0.5 0.200 Normal
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Table 2. Reliability results as a function of angle of rotation

Probability of

1y (rad) Reliability Index Failure
0.001 1.946 0.0258
0.002 1.506 0.0660
0.003 1.219 0.1114
0.004 1.009 0.1565
0.005 0.843 0.1996
0.006 0.707 0.2398
0.007 0.593 0.2766
0.010 0.330 0.3707
0.015 0.039 0.4845
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Fig. 2. Probability of failure as a function of the angle of rota-
tion.

Table 3. Influence coefficients of random variables related to

Eq. (7)

Influence Coefficient

Random Variable

1=0.05 rad H=0.010 rad

o, 0.037 0.035

p 0.002 0.002

(7] 0.491 0.592

H 0.002 0.002

v 0.102 0.092

1 0.366 0277
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Fig. 3. Variation of probability of failure with respect to coef-
ficient of variation for .
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Table 4. Wave induced probability of failure of armor units

P(F,|H)
Uy (rad)
P(R.| H.=4.5m) P(R.| H.=9.0m)

0.001 0.0006 0.0093

0.003 0.0025 0.0401

0.005 0.0045 00719

0.010 0.0083 0.1335

0.015 0.0109 0.1454
P(R|H,)=(H,~3.0)’/100 ©)
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Fig. 5. Probability of failure of a breakwater with respect to
wave height.
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Table 6. Probability of failure of a breakwater per year

Allowable fracture ratio Pf
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