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Proposal of Safety Inspection Criteria Considering Armor Layer
Shoulder Width and Crest Height of Rubble Mound Breakwater
Armored with Dissipating Block

Yong-Hee Kim, Yoon-Koo Kang*

Technical Standards Center for Ports and Harbours, Korea Ports and Harbours Association
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Abstract In this study, a new safety inspection criterion to consider the armor layer's shoulder section
state of the rubble mound breakwater was suggested. Recently, damage to the collapse level of the
rubble mound breakwater due to typhoon has been occurring. The shoulder width and crest height of
armor layer are very important factors in securing the stability of wave resistance of the rubble mound
breakwater. Nevertheless, these attributes are not considered in the current safety inspection criteria.
The new inspection criterion was hence proposed to consider the difference in the crest height between
armor layer and cap concrete and the shoulder width according to the arrangement state of the armor
layer. The suitability of the proposed inspection criterion was assessed compared to the existing
inspection criteria. As a result of applying the newly proposed criterion, the condition rating was
lowered form B to C and condition index was lowered from 4.35 to 3.06. The new safety inspection
criterion is expected to directly evaluate the condition of the armor layer, which affects the performance

and safety of the rubble mound breakwater.
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Fig. 2. Panoramic view of rubble mound breakwater
armored with tetrapods

(2) (b)
Fig. 3. Bird's-eye view of damage to rubble mound breakwater caused by typhoon
(a) Gageodo port breakwater (9th typhoon Muifa, 2011.07)
(b) Busan dadaepo port east-breakwater (18th typhoon Chaba, 2016.09)
(o) Ulleungdo island sadong port south-breakwater (9th typhoon Maysak, 2020.08)
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Table 1. Condition evaluation criteria of slope Table 2. Condition evaluation criteria of armor block
change and underlayer block loss disturbance and loss
Rating |Index Inspection status Rating [ Index Inspection status
a 5 |Good condition a 5 |Good condition
b 4 |Condition of locally minor slope change b 4 -Condition of locally minor armor block
disturbance
c 3 | Condition of widely severe slope change
c 3 'Condition of widely severe armor block
‘Condition that can affect the stability of the body disturbance and partial loss
d 2 |due to extensively and severely slope change in
Y v siop & ‘Condition in which armor block is partial lost,
water surface and underwater - ) ;
d 2 |causing significant change in slope and loss of
‘Condition that can very seriously affect stability of wave break capacity in some section
e 1 |the body d".le to serio%ls change in the overall slope . 1 -Condition in which armor block is widely lost and
and extensive scattering of armor stone wave break capacity is lost in most sections

Table 3. Armor layer inspection criteria of rubble mound breakwaters (CDIT Japan, 2018) [8]

Item Inspection method Inspection status

a | *Reduction of at least one armor layer cross-section over inspection unit length

[Visual Inspection]
Movement, . . i - i i i i
-Shoulder width & crest b | ‘Reduction of at armor layer cross-section over inspection unit length(1 or less)

Scattering, height, slope ect. deformation
Subsidence ight, slop . _1 c | *Some of armor blocks scattering, subsidence
‘Block movement, scattering

d | ‘No abnormality

a | ‘More than 1/4 of Defected blocks

D [Visual Inspection] b | -Intermediate status of a and b
amage,
Crack ‘Number of armor block
‘ damage, crack, defect c | ‘More than one defect, partially deformed blocks

d | *No abnormality

Table 4. Rating guidance for armor block loss (U. S. Army Corps of Engineers, 2011) [9]

85 to || *At most, slight movement of the armor in a few isolated spots. Movement has left a depression no larger than

. 100 1/4 of one armor stone (or unit) diameter.
Minor

Dor No 70 to -Armor movement has caused some waviness along the slope surface with depressions less than 3/4 the armor layer
amage

84 thickness. Any bridging is over a void less than 1/2 of the armor diameter. Underlayer may be seen in spots, but
none have been lost.

-Some loss of armor in spots, leaving voids or depressions about the size of an armor unit. Units surrounding the
55 to || void may be rocking or gradually moving out of place. Underlayer or core might be seen at these spots, but armor

Moderate 69 position still prevents loss of this material. Bridging to a diameter of an armor stone may be visible in several
1 .
Damage praces
40 to || *Armor units have been lost or displaced in some portions of the reach length. Voids are just large enough to allow
54 loss of underlayer.
25 t .
5390 +Armor units have been fully displaced or lost. Voids are large enough to easily allow underlayer and re loss.
Major 10
. t . N . . .
Damage 240 -Armor units have been fully displaced or lost. Underlayer loss is evident.

0 to 9| -Armor units are gone or fully displaced. Structure is unraveling.
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Fig. 4. Field view of site inspection (2018)
(a) Aerial photo with shooting point(Kakao map, 2017)
(b) [1] Reduction of shoulder width due to subsidence
(c) (] Incomplete armor of shoulder section
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Fig. 5. Loading diagram on armor
block

(W-B)

F,

wave
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p,9d2H < N(W— B)(ucosa — sina)

pu9daH < Nlp, = p,)gd; (pcosa — sina)

H .
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Where, H denotes wave height, d, denotes armor
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Fig. 6. Field View of Armor Block Mounted State at Shoulder
(a) [Standard Array] - 2 Rows of Armor Block
(b) [Non-standard Array] 4 Rows of Armor Block
(c) [Non-standard Array] 2 Rows of Armor Block
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Fig. 8. Incomplete wave break due to increased
crest elevation height for reducing wave-
overtopping
(a) Standard cross-section : complete armor
(b) Elevation increase cross-section : incomplete armor
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Table 5. Recent safety inspection results of rubble
mound breakwater [14]

Classification | Safety inspection results | Arrangement| Armored
No. |Year| Rating Index |Year type” status”
B-W 1 |50 B 4.00 ‘19 N-4r C-A
BW 2 |61 B 3.01 20 S-4r A
B-W 3 | 61 B 3.53 20 S-2r CA
BW 4 |76 B 4.00 20 N-4r C-A
B-W 5 | 80 B 4.00 19 N-2r CA
B-W 6 |81 B 4.00 20 S-2r CA
BW 7 |89 B 4.00 ‘19 S-2r A
B-W 8 | 89 B 4.35 20 N-2r A
B-W 9 |92 B 3.73 20 S-4r C-A
B-W 10 | ‘94 B 4.00 20 S-4r C-A
B'W 11|95 C 3.27 |19 N-2r I'A
B-W 12| 99 B 4.04 20 S-2r C-A
B-W 13| "00 A 4.52 19 S-2r CA
B'W 14| 01 B 4.00 19 S-2r CA
B-W 15|02 C 3.24 20 S-4r C-A
BW 16 | 02 C 3.25 20 S-4r CA
BW 17| 04 B 4.00 20 S-2r A
B-W 18 | ‘04 B 3.88 19 S-4r C-A
B-W 19| "06 B 4.00 21 N-2r A
B-W 20| "09 B 4.02 20 S-2r A
1) Arrangement type
S : standard / N : non-standard - 4r : 4 rows / 2r : 2 rows

2) Armor status
C-A : Complete Armor / I*A : Incomplete Armor
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Table 6. Existing defect type and inspection items of Table 7. Modified defect type and inspection items of

slope and armor block

shoulder and slope

P Defect . Effect |Condition e Defect . Effect |Condition
Classification Rating . Classification Rating ;
type factor index type factor index
Slope change a(5) 1.0 5.0 Shoulder a(5) 5.0
Slope b(4) 1.1 4.4 crown height b(4) 4.0
Armor stone loss | Local G 12 36 Shoulder Cl‘l'FlCal (3 1.0 3.0
defect defect
Disturbance @ 1.4 28 Shoulder width d@ 20
% loss o) | 20 2.0 e(1) 1.0
Armor aG) | 10 5.0 a5 | 10 5.0
P Nomma| D@ | L1 44 Slope change b& | 11 44
orma Local
Breakage damage c(3) 13 3.9 Slope defect c(3) 1.2 3.6
d@) 1.7 3.4 Armor block eree d@2) 1.4 2.8
e(1) 3.0 3.0 breakage & loss e(1) 2.0 2.0

Table 8. Modified condition inspection criteria of slope change and armor block loss

Rating Inspection status
a(5) | ‘Good condition
b(4) -Condition of slight sliding of the slope and some armor block movement
c(3) ‘Condition of sliding occurred to point and some loss of armor in spots
aQ) ‘Condition in which steepening or sliding is readily apparent across much of the slope and armor blocks have been
fully displaced or lost
e(1) ‘Condition in which slope has generally deteriorated over most of the reach length and underlayer loss is evident
Table 9. Newly proposed condition inspection criteria of rubble mound breakwater shoulder section
Inspection status
Rating
Shoulder width (arrangement state) Shoulder crest height
‘Condition in which armor layer is arranged over 2 rows | -Condition in which crest height of armor layer and
a(5) ) ) . ) . )
and achieve good interlocking of armor block concrete cap is same or slightly higher
bd) ‘Condition in which armor layer is arranged 2 rows and | -Condition in which crest height of armor layer and
few armor block have lost contact with adjacent blocks concrete cap is slightly lower
‘Condition in which armor layer is arranged 2 or more | -Condition in which crown height of armor layer and
c(3) rows but loss of contect or interlock with adjacent blocks | concrete cap has settled a distance equivalent to about %
in some places diameter of an armor block
‘Condition in which wave breaking capability is partially | ‘Condition in which crown height of armor layer and
d2) lost because many armor units are loosely nested and act [ concrete cap has settled a distance equivalent to about 1
alone diameter of an armor block
‘Condition in which wave breaking capability is lost -Condition in which underlayer or core has been disturbed
e(1) because most armor blocks are loosely nested and are or lost
acting alone
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Table 10. Comparison of evaluation results according to existing method and newly proposed method
Existing method Newly proposed method
Section Length P— —
No (] Evaluation Condition index ar x1 Evaluation Condition index a x1
’ " result [Cl)] noom result [CT] noon
1 350.0m b 4.19 1,466.5 c 3.00 1,050.0
2 181.0m a 4.80 868.8 [« 3.33 602.73
3 139.0m a 4.65 646.35 c 3.00 417.0
>, 670.0m 20X, = 2,981.65 >0 <, = 2,069.73
Total CT = 4.35 Rating = B CT = 3.06 Rating = C
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