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Ulell AlF=l Tetrapod I&-Aol] WigF Hudson 3-2)e] ek AlG A
Evaluation of partial safety factors of Hudson formula for Tetrapod armor

units constructed in Korea
R EEE
Seung Woo Kim* and Kyung Duck Suh*
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Abstract : Tetrapod has been used as the armor blocks of most rubble mound breakwaters constructed in Korea.
The Hudson formula has been widely used in the design of breakwater armor blocks in Korea. In the present
study, we calculate the load and resistance partial safety factors of the Hudson formula for Tetrapod armors. The
partial safety factors were calculated for the typical breakwater cross-sections of 12 trade harbors and 8 coastal
harbors in Korea. The mean and standard deviation of them were also calculated. The mean values were
compared with the partial safety factors of US Army (2006). The load and resistance factors are slightly smaller
and larger, respectively, than the US Army values. However, the overall safety factors obtained by multiplying
the load and resistance factors are close to the US Army values. The result of the present study could be used as
the basic data to propose authorized partial safety factors in the future.

Keywords : Hudson’s formula, Breakwater, Armor block, Partial safety factor
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Table 1. Design significant wave heights and periods and
parameters of Gumbel distribution.
a. Trade harbors

Name Wave height ~ Wave Parameters
(m) period (s) k A
Sokcho 6.5 14.0 1.311 3.515
Okgye 6.2 14.0 1.305 3.201
Mukho 6.1 14.0 1.164 2.740
Donghae 7.4 13.0 0.960 3.324
Samcheok 49 14.0 1.450 2.201
Pohang 5.6 10.0 1.244 2.456
Ulsan 32 10.3 2.356 1.540
Samchunpo 5.4 14.0 1.824 3.255
Jangseungpo 4.5 12.0 1.529 1.941
Okpo 35 7.5 1.966 1.510
Jeju 6.0 12.0 1.670 3.658
Seogwipo 8.8 12.0 1.129 5.335
b. Coastal harbors
Jumunjin 4.7 14.0 1.734 2443
Hupo 6.7 14.0 1.047 2962
Guryongpo 6.1 13.0 1.142  2.675
South Busan 5.0 15.0 1376  2.157
Narodo 4.0 10.0 2303 2302
Geomundo 47 11.0 1.960  2.704
Hanlim 45 11.0 1.967 2512
Hwasun 9.4 15.0 1276 6.335
F(H,) = exp[-exp(—k(H,—4))] M

A7IA ke WIkA $1X]2] ga BE O] HER S (scale
parameter)©] ] A= $1X] 2. (location parameter)®]t}. Table
12 7} @wbde Ak, 7] 12]aL 3 5(2009)2]
Holl 28] =79 E Gumbel EFE2] 2T T} X B¢

£ 77 AAskaL v
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AA ApH] ALY SEREE GRS nfEvha 7}
st He2 7)) AAE AAE ARS 2R
ZAARE tiA &k 2070 F 14707} 1:1.5, 3707F 1:1.33 1
2|3 3707} 1:20]tf(Table 4). H-§ A5 van der Meer
(1988a)7}F #IQFEE 0.055 AME-3FI T
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Tetrapod®] Z7] 9 B8] T2 JA] AAREE
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Table 2. H/H}, , as a function of cover-layer damage for rough
quarry stone

Damage (%) H/H),_, Corresponding damage level S

0-5 1.00 2

5-10 1.08 6

10-15 1.19 10

15-20 1.27 14
20-30 1.37 20
30-40 1.47 28
40-50 1.56 36

Table 3. Statistical characteristics of K, for Hudson formula
(Carver, 1983)

. Standard Coefficient of
Armor unit Mean .. .
deviation variation
Stone 2.59 0.65 0.25
Dolos 21.5 5.6 0.26

fﬂ' Hudson J—”/] %Zﬂx

il ‘i—l Odﬁ &]E.—%%‘ﬂ] @%5]': 5
3l g

o]oll Melby and Mlakar(1997)%= A k)3 9] &
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Table 4. Mean values of design variables of Hudson formula
a. Trade harbors

Name D, (m) cotar K,
Sokcho 2.06 2.00 8.0
Okgye 2.41 1.33 8.0
Mukho 2.06 2.00 8.0
Donghae 2.59 1.50 8.0
Samcheok 1.76 1.50 8.0
Pohang 1.76 1.33 8.0
Ulsan 1.30 1.50 8.0
Samchunpo 1.76 1.33 8.0
Jangseungpo 1.52 1.50 8.0
Okpo 1.52 1.50 8.0
Jeju 2.06 1.50 8.0
Seogwipo 3.03 1.50 8.0
b. Coastal harbors
Jumunjin 1.76 2.00 8.0
Hupo 2.41 1.50 8.0
Guryongpo 222 1.50 8.0
South Busan 1.91 1.50 8.0
Narodo 1.52 1.50 8.0
Geomundo 1.76 1.50 8.0
Hanlim 1.63 1.50 8.0
Hwasun 3.03 1.50 8.0
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chastic space.
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Table 5. Mean values of the partial safety factors calculated
for trade harbors considering the uncertainty of
wave data

: Ya, Vi lln  Ym YA,
117 148 1.73 1.62 1.90
5 L1 131 145 134 1.49
10 108 124 134 125 1.34
20 105 117 123 1.17 123
40 101 108 1.10 1.08 1.10
50 100 105 1.05 1.05 1.05
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Fig. 2. Resistance safety factor calculated for trade harbors.
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Fig. 3. Load safety factor calculated for trade harbors consid-
ering the uncertainty of wave data with GF'HXZO.OS.
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Fig. 4. Overall safety factor calculated for trade harbors con-
sidering the uncertainty of wave data with O'}H:=0.05.
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Fig. 5. Load safety factor calculated for trade harbors consid-
ering the uncertainty of wave data with G}HS=O.2.
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Fig. 6. Overall safety factor calculated for trade harbors con-
sidering the uncertainty of wave data with 0y =0.2.
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Table 6. Mean values of the partial safety factors calculated
for coastal harbors considering the uncertainty of
wave data

PA%) 7 o :O'Of i :O'E
» Yo,  VYilelm w7
I 118 144 1.70 156 184
5 L1 129 143 133 1.48
10 108 122 132 123 133
20 106 116 122 Ll6 122
40 102 108 1.09 1.08 1.09
50 100 105 1.05 1.05 1.05
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Fig. 7. Resistance safety factor calculated for coastal harbors.
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Fig. 8. Load safety factor calculated for coastal harbors con-
sidering the uncertainty of wave data with O =0.05.
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Fig. 9. Overall safety factor calculated for coastal harbors con-
sidering the uncertainty of wave data with 07, =0.05.
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Fig. 10. Load safety factor calculated for coastal harbors
considering the uncertainty of wave data with Oy,
=0.2.
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Fig. 11. Overall safety factor calculated for coastal harbors
considering the uncertainty of wave data with Oy,
=0.2.
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Table 7. Probability of failure of Tetrapod armor layers of
existing structures designed by deterministic method

Name Weight (ton) Ps(%)
Sokcho 20 60.4
Okgye 32 49.0
Mukho 20 50.9
Donghae 40 60.2
Samcheok 12.5 56.3
Pohang 12.5 81.7
Ulsan 5 36.6
Samchunpo 12.5 77.7
Jangseungpo 8 66.6
Okpo 8 28.4
Jeju 20 62.6
Seogwipo 64 61.8
Jumunjin 12.5 33.1
Hupo 32 56.3
Guryongpo 25 54.5
South Busan 16 46.5
Naroda 8 454
Geomundo 12.5 474
Hanlim 10 53.2
Hwasun 64 72.9
0.6
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Fig. 12. Relative frequency of probability of failure of existing
structures.
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Table 8. Modified partial safety factors considering all the
breakwaters of trade and coastal harbors

o i, =0.05
%) Ya, A VYo,
1 146 118 172
5 1.30 111 1.44
10 123 1.08 133
20 116 1.05 122
40 1.08 1.01 1.09
50 1.05 1.00 1.05

Table 9. Probability of failure calculated by the reliability design

method
Name Weight (ton) P(%)
Sokcho 24.38 489
Okgye 31.82 493
Mukho 20.15 50.5
Donghae 4797 50.3
Samcheok 13.93 50.4
Pohang 23.44 50.6
Ulsan 3.88 50.1
Samchunpo 21.02 479
Jangseungpo 10.79 50.7
Okpo 5.08 50.7
Jeju 25.57 47.8
Seogwipo 80.66 479
Jumunjin 9.22 494
Hupo 35.60 50.5
Guryongpo 26.87 50.6
South Busan 14.80 50.7
Naroda 7.56 48.5
Geomundo 12.29 48.5
Hanlim 10.79 48.8
Hwasun 98.31 46.6
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Fig. 13. Relative frequency of probability of failure of the
structures designed by the reliability design method.
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Fig. 14. Comparison between deterministic deign method and
reliability design method with P;=50%.
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Fig. 15. Comparison between deterministic design method and
reliability design method with P,=40%.
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