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Abstract

The results of Saemangeum seadike field inspection and material testing of armor stones in order to analyze causes of abrasion according to material
characteristics of seaside armor stones in Saemangeum seadike are in the following: 1. The armor stones in Saemangeum seadike have been constructed
by using internal stones (mainly, sinsi stones) and external stones, which had less strength (77.3 %) and more abrasion rate (133.3 %) compared with sinsi
stones. 2. The compressive strength and abrasion rate were compared between ordinary wave section and high wave section for the purpose of analyzing
the influence of waves. In compressive strength, sinsi stones were 4.0 % stronger and external stones were 0.6 % stronger in ordinary wave section than
those of high wave section in average. In the case of abrasion rate, sinsi stones were 3.0 % higher and external stones were 8.2 % higher in the high wave
section than those in the ordinary section. 3. The result of comparing compressive strength according to a zone is that the compressive strength in the
Intertidal area was less strong in most of the zones. 4. Considering that deviated stones are moving around over the surface of armor stones in situ, it is
important to compare material characteristics. So the comparison test about this factor showed that deviated sinsi stones were stronger than armor stones
in situ in terms of compressive strength and resistance to abrasion. Based on these results, abraded armor stones may have resulted from their durability.
Therefore it is assumed that armor stones are likely to be abraded when deviated stones which are more durable are moving around over armor stones

which are less durable.
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Fig. 1 Location of the studied area

Table 1 The outline of section for study subject

Classification Constructive sector isrz;t;)::tic:)fnﬁfr!rg
Seadike 1 No.01+35 ~ No.43+00 4,265.0
Seadike 2 No.00+00 ~ No.97+56.5 9,756.5
Seadike 3 No.00+30 ~ No.26+93 2,663.0
Seadike 4 No.00+30 ~ No.113+40 11,310.0

Total 27,994.5
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Fig. 2 Classification of zone

Table 2 Source of armor stones in situ by zone (Seadike 1~Seadike 3)

Classifioation Seadike Seadike 1 Seadike 2 Seadike 3
Sector No.16 No.20 No.45 No.78 No.95 No.11 No.16
Zone 1 Hechang Hechang Sinsi Sinsi Sinsi Sinsi Sinsi
Source of . . . . .
stone Zone 2 Hechang Hechang Sinsi Sinsi Sinsi Sinsi Sinsi
Zone 3 Hechang Hechang Sinsi Sinsi Sinsi Sinsi Sinsi
Classification of wave 0
Method of construction Single stone construction
% O : Ordinary wave , H : High wave
Table 3 Source of armor stones in situ by zone (Seadike 4)
Classification seadle Seadike 4
Sector No.18 No.28 No.46 No.56 No.66 No.76 No.85 No.98
Zone 1 Sinsi Sinsi Sinsi Sinsi Sinsi Sinsi Bieung Bieung
So:t;cneeof Zone 2 Sinsi Sinsi External External External External External Bieung
Zone 3 External External External External External External External External
Classification of wave 0] H H H 0] 0 H 0
Method of construction Multiple stone construction
% O : Ordinary wave , H : High wave
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Table 4 Method of material testing

Classification Method Korean standards
- Testing method for compressive strength of natural building stone KS F 2519
Test of durability
Standard test method for density and absorption of coarse aggregate KS F 2503
Test of abrasion [Method of test for resistance to abrasion of coarse aggregate by using the Los Angeles machine KS F 2508

Table 5 Results of material test (Seadike 1, 2, 3)

Seadike Sector Zone Specific gravity Absorrz‘t;’c)m rate Sﬁzr:gﬁr:s(i;\;z) Abrasion rate (%)
Zonel 2.632 0.257 115.9 19.7
No.16 Zone2 2.636 0.211 118.3 15,6
Zone3 2.660 0.162 149.7 147
Seadike 1
Zonetl 2.628 0.189 116.7 17.4
No.20 Zone2 2.640 0.215 119.5 15.8
Zone3 2.623 0.333 139.9 16.0
Zonet 2.620 0.416 192.9 10.7
No.45 Zone?2 2.616 0.296 133.7 10.0
Zone3 2.623 0.211 1443 1.9
Zonet 2.608 0.242 176.9 10.8
Seadike 2 No.78 Zone2 2.600 0.400 140.5 9.8
Zone3 2.604 0.213 163.5 1.4
Zonet 2.605 0.223 204.5 1.7
No.95 Zone2 2.638 0.229 131.5 15,2
Zone3 2.623 0.225 174.5 224
Zonet 2.616 0.178 1.2 10.1
No.11 Zone2 2.587 0.219 276.8 12.1
Zoned 2.611 0.151 2189 11.6
Seadike 3
Zonel 2.624 0.155 178.1 10.4
No.16 Zone?2 2.618 0.308 158.4 7.6
Zone3 2.594 0.239 1435 72
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Table 6 Results of material test (Seadike 4)

Seadike Sector Zone Specific gravity |Absorption rate (%) sﬁ::;fs(ﬂ\éz) Abrasion rate (%)
Zonel 2.6M1 0.213 207.5 8.6
No.18 Zone?2 2.598 0.287 203.6 9.3
Zone3 2.746 0.244 108.0 17.7
Zonel 2.617 0.220 184.5 8.8
No.28 Zone?2 2.613 0.220 200.9 9.6
Zone3 2.697 0.167 122.8 16.1
Zonel 2.609 0.255 170.1 9.2
No.46 Zone2 2.676 0.248 120.1 13.1
Zone3 2.695 0.160 140.8 19.1
Zonet 2.603 0.218 162.3 14.0
No.56 Zone2 2.817 0.194 155.9 9.1
Seadike 4 Zone3 2,708 0.235 164.4 15.8
Zonet 2.599 0.215 148.4 10.7
No.66 Zone2 2.636 0.248 126.9 13.7
Zone3 2,666 0.215 132.6 5.3
Zonel 2.593 0.233 187.4 1.6
No.76 Zone2 2.657 0.263 1564.4 14.0
Zone3 2702 0.175 185.9 16.6
Zonet 2612 0.120 160.4 10.0
No.85 Zone2 2.818 0.189 126.3 10.3
Zoned 2.780 0.278 127.5 10.0
Zonet 2.607 0.225 138.2 12.9
No.98 Zone2 2.594 0.343 183.0 10.3
Zoned 2658 0.224 191.3 15.4
Table 7 The average of material test of sinsi stones and external stones (Seadike 4)
Classification Sinsi stone External stone Remarks
Compressive strength (Mpa) 184.3 142.5 Sinsi stones are 29.3% higher than external stones
Abrasion rate (%) 10.2 13.6 External stones are 33.3% higher than sinsi stones
Absorption rate (%) 0.23 0.22 Sinsi stones are 4.5% higher than external stones
Specific gravity 2.61 2.7 External stones are 3.8% higher than sinsi stones
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Table 8 Compressive strength of sinsi stone by wave
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Fig. 4 Comparison of abrasion rate between sinsi stones and
external stones (Seadike 4)

Table 10 Abrasion rate of sinsi stone by wave

Stone Sinsi Stone Sinsi
i Remarks i Remarks
Sector of wave| High wave OrellizIA Sector of wave| High wave OrelliEIA
wave wave
200.9 203.6 9.6 9.3
Compressive | g4 5 2075 Abrasion rate 8.8 8.6
strength (%)
(MPa) 170.1 148 4 o, 9.2 10,7
162.3 187.4 14.0 1.6
Ordinary wave section High wave section is
Average 179.5 186.7 is 4,0% higher than Average 10.4 10.1 0.6% higher than
high wave ordinary wave

Table 9 Compressive strength of external stone by wave

Table 11 Abrasion rate of external stone by wave

Stone External Stone External
i Remarks i Remarks
Sector of wave| High wave LR Sector of wave| High wave LIl
wave wave
122.8 108.0 16.1 17.7
Compressive 08 ae Abrasion rate 9. >3
strength 120.1 126.9 %) 13.1 13.7
0,
(MPa) 164.4 185.9 15.8 16.6
155.9 154.4 9.1 14.0
Ordinary wave section High wave section is
Average 140.8 141.6 is 0.6% higher than Average 14.6 13.5 8.2% higher than
high wave ordinary wave
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Table 12 Distribution of compressive strength by zone, (MPa)

Table 13 Distribution of abrasion rate by zone, (%)

Zone Zone2 Zone Zone2
Seadike (Comparison Zone3 Remarks Seadike (Comparison Zone3 Remarks
Sector with Zone3:%) Sector with Zone3:%)
No.16 118.3 (79.0) 1497 No.16 15.6 (106.1) 14.7
Seadike 1 Seadike 1
No.20 119.5 (85.4) 139.9 No.20 15.8 (98.8) 16.0
No.45 133.7 (92.7) 1443 No.45 10.0 (84.0) 1.9
Seadike 2| No.78 140.5 (85.9) 163.5 Seadike 2 No.78 8 (86.0) 1.4
No.95 131.5 (75.4) 174.5 No.95 15.2 (67.9) 22.4
No.11 176.8 (80.8) 218.9 No.11 12.1 (104.3) 1.6
Seadike 3 Seadike 3
No.16 157.4 (110.4) 1435 No.16 7.6 (105.6) 7.2
No.46 120.1 (85.3) 140.8 High No.46 13.1 (68.6) 19.1 High
No.56 155.9 (94.9) 164.4 wave No.56 .1 (57.6) 15.8 wave
No.85 | 1263 (99.1) 127.5 section No.85 | 10.3 (103.0) 10.0 section
Seadike 4 Seadike 4
N066 1269 (957) 1326 Ordinary N066 137 (1330) 103 ordinary
No.76 154.4 (83.1) 185.9 wave No.76 14.0 (84.3) 16.6 wave
No.98 | 183.0 (95.7) 191.3 section No98 | 10.3 (66.9) 15.4 section
4-No.98 _1-No.20 4-No.98
4-MNo.76 2-MNo.45 4-No. 76 2-Mo.45
4-No.66 (— ./ — 2-No.78 -—-— Fonel 4-No.66 (— | — 2-No.78 - Zonel
—TONE S —FONE 3
4-No.8S | ! 2-No.95 4-No.85 | ! 2-No.95
4-No.56" * “3-No.11 4-No.56" “3-No.11
4-No.46  3-No.16 4-No.46  3-No.16

Fig. 5 Distribution of compressive strength by zone
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Table 14 Compressive strength comparison of armor stones in situ and deviated stone (Seadike 4, Sinsi stone), (\P)

Comparison result (%)

Sector Stone Insitu armour stone (A) Deviation stone (B) ®)/(A)
No.28 Sinsi stone 192.7 251.3 130.4
No.46 Sinsi stone 170.1 214.6 126.2
No.56 Sinsi stone 162.3 2176 1341
No.85 Sinsi stone 160.4 203 1 126.6
Average 171.4 2217 131.1

Table 15 Abrasion rate comparison of insitu armour stone and deviation stone (Seadike 4, Sinsi stone), (%)

Comparison result (%)

Sector Stone Insitu armour stone (A) Deviation stone (B) ®)/(A)
No.28 Sinsi stone 9.2 6.2 67.4
No.46 Sinsi stone 9.2 8.7 94.6
No.56 Sinsi stone 14.0 58 414
No.85 Sinsi stone 10.0 6.2 62.0
Average 10.6 6.7 63.5
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