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The Practical Simplified Equation for Settlement Evaluation
of Counter Facility in Soft Ground Centering on Rubble Mound
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Abstract In this study, a simplified equation for settlement evaluation suitable for the special conditions
of a counter facility is suggested. Recently, counter facilities, especially breakwaters, are constructed on
soft ground in distant seas as new-port development projects. A counter facility that resists the external
forces by self-weight settles easily when constructed on soft ground. Settlement in a counter facility and
breakwater is not an important factor for maintenance than a land facility. On the other hand, the
current settlement evaluation criteria are excessive for conducting a safety inspection. A settlement
evaluation from a safety inspection followed by "Detailed Guidelines for a safety inspection on a counter
facility" is used. A simplified equation was proposed to calculate the maximum settlement by applying
the allowable residual settlement or settlement stability evaluation results. The suitability of the
simplified equation was assessed compared to the assessed rating from the settlement survey results. The
proposed simplified equation showed that the settlement evaluation rating had been upgraded. The
proposed simplified equation is expected to be used to evaluate the practical structural stability and

functional performance.
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Fig. 1. Force Diagram of Gravity Type Breakwater
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Fig. 2. Profile of Typical Breakwater
(a) Profile of Rubble Mound Breakwater
(b) Profile of Upright Breakwater
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Table 1. Settlement Criteria for Port Facility

Mooring Facility Counter Facility
Ratin .
Point
g Non- ogressive Non- rogressive
Progressive prog Progressive prog
a 5 under 5en | under 2em | under 8en | under 5em
b 4 5em~8em 2em~5en 8n~12cn Sem~8em
c 3 8em~12cm Sem~8em 12em~16en | 8em~12cm
d 2 12em~16em | 8em~12em | 16em~20en | 12em~15cm
e 1 |upper 16¢em | upper 12cm | upper 20cn | upper 15cm
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Table 2. Comparison of Settlement Criteria Corresponding
to rating “d”
Facility Type Settlement Criteria
Mooring Facility 12em~16cm
Counter Facility 16em~20cm

(Concrete)12en~16cn

Retaining Wall (Reinforcement Soil)20em ~ 30cm

Dam / Estuary Bank Settlement Depth 50em upper
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Table 3. Breakwater settlement evaluation results
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Table 4. Comparison of the Results of the Eq. (1) with Settlement criteria
Foundation Allowable Modified
Structure Type Treatment malsx.ttll\/leasuied A;se:sed Residual Sit}tllel? ea; Assessed
Method cttiemen atng Settlement wi @ Rating
Breakwater 1 Caisson DCM (-)46.1cm e 10cm (-)36.1cm e
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Breakwater III Caisson (Full) Dredging & (-)13.7cm c 10cm (-)3.7cm a
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Table 5. Comparison of the Results of the Eq. (2) with Settlement criteria

Foundation max. Measured Assessed | '13 Predicted| Settlement Modified

Structure Type Treatment Settl ¢ Rati Settl ¢ ith Eq.(2) Assessed

Method ettlemen ating ettlemen wi q. Rating
Breakwater VI Rubble Mound (Pagzp];rcee(iileri & (-)78.8cem e 79.3cm (+)0.5¢em a
Breakwater VI | Rubble Mound (Paézp]ljarceiigﬁ & (-)67.7em e 67.8mn (+)0.1cn a
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Fig. 3. Panoramic View of Breakwater V, VI(2018)
(a) Breakwater V (b) Breakwater VI
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Fig. 4. Comparison of Predicted and Measured Values
(a) Breakwater VI (b) Breakwater VI
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