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Development of a Stability Formula for Tetrapod by Using M5' Model Tree
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Abstract : Tetrapod, one of the famous armor blocks for rubble mound breakwaters, has been widely used in the
world. In order to evaluate the required weight of Tetrapod, many researchers have proposed various stability
formulas. Since the stability formulas were proposed by curve-fitting the experimental data, some uncertainties are
included in the formulas. The main uncertainties are associated with experimental data, derivation of the formula, and
variability of the design variables. In this study, a new stability formula is developed by using M5' model tree, which
reduces the uncertainty in the derivation of the formula. The index of agreement is used to evaluate the performance of the
developed formula. The index of agreement for the new formula is higher by about 0.1 than the previous formula. The
performance of the previous formula was not good when the predicted stability number is greater than about 3.0.
However. the new formula is accurate regardless of the magnitude of stability number. As a result, the new formula
performs better than the previous formula, while expressed in the form of a tree but still in an explicit form.

Keywords : Tetrapod, M5' model tree, stability formula, index of agreement
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Table 1. Summary of experimental data for Tetrapod armor layer
Number of data
Experiment High-crested breakwaters
(R/D,22.0) & All data
normal packing density (¢> 1.02)
KORDI(2001) 7 7
Van der Meer(1988) 34 34
De Jong(1996) 70 108
Suh and Kang(2012a) 120 120
Total number 231 269
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Fig. 1. Comparison of stability number between measurement and
prediction by Eq. (5) for all available data excluding low-crested
breakwaters and lower packing density of De Jong (1996).
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Fig. 2. Comparison of stability number between measurement and
prediction by Eq. (5) for all available data including low-crested
breakwaters and lower packing density of De Jong (1996).
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3. M5' model tree0f| 2|5t Tetrapod 4]
3.1 M5' model tree

5' model tree:= Quinlan(1992)°] #|-&° 2 A3t M5
model treeS Wang and Witten(1997)°] A4 3k 7l A5k
Zo|t}, 712 M5 model treeel] B3l 37} A 35)aL 2] 2]
o= oJallslr| AR 53], sextE UdE Alust A5AkR
= 394 02 tErh 2712 M5 model treex= regression tree
o] W& weksto] 7R Zlo]th, Regression treet= £ 4] ¥
= 7K Bargte® AsE AR Ak sk tree
95k SJAbES S8l olF AdaiAl= o] Stk A
9] 78 o] 5o WAlE= HRbSh tree(regression tree)E M5
model tree®l| A= THHEF 413 X 3 (multivariate linear model)S
ARE3LO] trees (HASHAl B A= MsE /WIS MY
model tree= E-351L TRFSH A EE TFF7] 814 regression
tree2] 2p= -3 WS F88hHA HoE Hoks o

11 =2

il

o,

fore

22}

ek Agrgor gypxoR T3 Zlojt}, Eal JukA
© 2 model tree”} regression treeX Uk 7}A] =7} A1 o5

S %10] ¢35k A o7 2] 9 th(Quinlan 1992).

5" model tree®] T-F3= tree®] /7 (growing)?} 4] (pruning)
ZFJ.T’_ s & (smoothing) © = =0 AT}, $-41 tree®]
A2 77 o AR A E A, v A 07 B
%= SDR(standard deviation reduction)®] Zthx]7} = w 7}+]
7} YA 21t Quinlan 1992; Wang and Witten 1997).

SDR = sd(n—z@

x sd(T)) @)
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2 FE5WS0] SDRE AT 7]EA 0 F tree
o] A% Breiman et al.(1984)%] regression tree$}
frAFsht 23782 45}7]"%0] Y2t} Tree= 43S uf =}
52 IE3H oFsh= £ 23 3 U (subtree)?] 7}
A (node)E 7HAIAl T -4, A 7 s LFollA A
FEYS s Aok 2= 7zt o] gl 7= WY
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3.2 M5' model tree?| 2EUILE
M5' model tree®l| 4] Table 292} Z°] ModelS =H 3t}
Model 1& 1}§-=0]7} =3 AWaQ AXUTCE 712 = A
AN Z3H5191 31, Model 20114 vREEo]7) Uk A5
H|ZE3 BE -0 AT E EFAIFTE Table 1914 De
Jong(1996)1F nREizo] 9} wE=A) 0] AXUEo] W3lE FHA
AFE BR0M YA ATAEL 8 vhizolsh A
Ql AXY oA A3S Faskeltt. 53], De Jong(1996)°]
A& A R/D,<0.0 & $<1.02 - 38 7F#|°]t}. M5
model tree= AF LT} AR YEHGF7T BES55 <
o] ¢re o defA k. olF ZRlsh] sk
Models 1-29} 22004 & AT &5 s, H, LBIZL T, ©
= 2e)ste] TG ST A AgelA U Be o

Zro] A=A 7F ke vhAg A7 A Hrt vk g Telo] B3 oA AlS A E 4 Q7] Wi
o The= B AR 71 ] 1 sk A RE Afo]e of FRUAAOE JIEATE 5= A 38 AeAS E
Al HSolahA s E4-S Hekehr] flalA] o] F Xt ofrmd = gl

B Aol A= Jekabsons(2010)0] 7R3t MSPrimeLab® | & $-, M5' model treecll A= A2 th2 A Hskel 297]
BES- AF2-3191 Tk M5PrimeLab Wang and Witten(1997)3} g FHEEHA] 9kl AlkS S-e8EF3ITE. Table 32 A3 Ao

Quinlan(1992)2] M5' ¥ & A8-3}04 Matlab© = regression
tree2} model treeE R S+ Z1 o]t} M5PrimeLabell= 6714]
9] 7)&(m5pbuild, m5pparams, mSppredict, mSptest, mSpev,
m5pout)°] 3127 mSpbuildl 4 model2] /37, AA], 18] A
TS sttt a2 ar el vhEelxl model°ﬂ HES
mSppredict® 53l E| 31 mSpout® = TIE trees & 5= Q)
t}. Regression tree 22> model tree 5-2] 7]=-2]2] parameters
74 3k= mSpparams”} 33 mSpbuild®l A THE1 % modelS
A1 4l HS8R= mSptest®t mSpevZF T MS' model treet=
A3 3ent 183k = 9)7) wjFo] ujAEER BEE = 7
$-olli= 187} Z¢o tl<=(logarithm)Z #5314 ®t}. Tetrapod

#5% 44 N(= H,/AD,) ¢} Suh and Kang(2012a)
2] 4l MS' model tree® Z5% IS5 Hw ek A
3ot} o714 55E] YEE E¥s] 2I8] Willm-
ott(1981)7}F AFgH AX]#]5*(Index of agreement)E AH8-5}
Fow, A7 1.00] 7WHETS oS5 =] ettt
A 0% Suh and Kang(2012a) 74329 oS5 MS'
model tree?] o558 X T} WA YERFATE MS' model tree:=
Modelell #AIgI0] YXAF7F A2 HeL 0.1 o A, &
8] Model 1-2014 71 & AX]#]=31 0.9885 KA &
St AT g7t sold W = o] 3

o3 9l A& TSI,

1o X
oﬂ, rL

A

El

PPAe Ao AR TANEE QY D 2Y 99 Dok FAPARS Tk AP A
W2ol] U5 M F MS' model tree 283 5 Itk T o] 9 BAOR NolE AHYIAAG} B

Table 2. Input parameters for various models of M5' model tree

Model Input parameters Remark
1-1 ]vm Noda gma cot o ¢Z 1.02
12 Ny Nogs Somr H,, T,y cOt 2 R/D,22.0
2-1 ]vw Noda gma cot Q, f(¢)’ f(Rc/Dn)
all data
2-2 Nw Nodl Som Hv! Tm! f(¢)’ f(Rc/Dn)
Table 3. Comparison of performance between Suh and Kang(2012a) formula and M5' model tree
Method Model Index of agreement No. of rule
1-1 0.832 2
Suh and Kang (2012a)
2-1 0.844 2
1-1 0.948 23
1-2 0.988 34
MS5' model tree
2-1 0.948 23

2-2 0.980 29
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Fig. 3. Comparison of stability number between measurement and
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Fig. 4. Comparison of stability number between measurement and
prediction by MS5' model tree: (a) surging waves, (b) plunging
waves.

Table 4. Summary of Model 1-1 for surging and plunging waves.
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Fig. 5. Comparison of stability number between measurement and
prediction by M5' model tree for all wave conditions.

Model

Surging waves

Plunging waves

Number of data for different authors

Van der Meer(1988): 28
KORDI(2001): 7
De Jong(1996): 34
Suh and Kang(2012a): 89

Van der Meer(1988): 6
De Jong(1996): 36
Suh and Kang(2012a): 31

Total number of data 158 73
Number of rules 11 8
Index of agreement 0.943 0.902
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Fig. 6. New stability formula developed by MS5' model tree for
plunging waves.
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Fig. 7. New stability formula developed by M5' model tree for surging
waves.
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Fig. 9. Comparison of stability number and required weight between
Suh and Kang (2012a) formula and MS5' model tree for
plunging wave condition.



144

O

pdvds

oY rlo

ofele m=

TH=

é_
SEERE

oM 7 & 5 Slvk AdAE <t
o] TS A AE 5 3

A foallof gt gk

T,

25 AP Aot Axtzol st 213 719 21

7 23%2} 77%% ZFAISHCE Suh and Kang(2012a)¢]
22 AupAlgel wEt P} Fo] 2] v vE
, M5' model tree= Y8} S50 M ¥o] A} B
212 oAl whet o} sl TS APYSANE MS'
model treet= U4 02 Qg Ao}, kx| Tt = ] B A
ghof| A 719} 2702 WA E = A FEo] e
A& & 4= glth o= M5 model tree”} 2]THAI=2] 7]
ufet At} A7) 9HE FHESThE 218 Su|sict. AA) Al
A AFAIG7E 2715k} Aste] A Ftel] $lR|sto] dhdo]
= O BPAQl TS AR olS Aot
Fig. 113> 231719 el @absel st} e} 40
31 Z1o]t}. Suh and Kang(2012a)2] 782 ol 4
3.50 0 F 497} 24de] Wk o] Fig.
194 B5z0] AA| eHggr) A do] M4
23] wiEolct, o] & <18l ¥4 AP S-S Fig. 11(b)

ool

A1

[e]
713]'5ﬁ"

o

e

2 750l 724

Predicted Ns

A FxE2] A
Fig. 12 7 5(2012)8] S22t

93} gl Akeke] 1857) AAIRTE AREEte] AT M5
model tree® QF2=9} 2L o Z=3lo] v watTh A ats)

CHEESLE
-

model treeX.T}

wH APl Ms

55702k 130702 719k Z2310] 7wl 4
T Wt} Fig. 1229 d1549 55

s #lglell FaxE o] Stk of=

kel A

Ng=0.2, Nw=1000, cot(alpha)= 1.5
Suh and Kang's (2012a) formula

M5 model tree

Predicted Ns

N,;=0.2, Nw=1000, cot(alpha)= 1.5
Suh and Kang's (2012a) formula
M5' model tree

Predicted Ns

Fig. 10. Comparison of stability number and requiredweight between

ém
(b)

Suh and Kang(2012a) formula and MS' model tree for all

wave conditions.

)
)

o MI Rt

£ o 2 A\ ol

rw
2 N

ofy

vy

of| ZkMIEHA B &)
BRIt} SHAINE 2hA8] B QB<e] 7]
A7 A= A & ok
A1=(No. 125~135) 743 21°] M5' model treel Tt} o &
S APgsleith. 4, Table 59 7o) A3 A 07 o =%
P7F 3.2 o] Aol AE 2ol MS' model treeS}
AAZHR T A4 AP S
153, 22]aL 155914 M5' model treet= A F3} FARBI
U A)i= A4 2Pkl ar, A Al

Fel vlal| FaskA APgaisict. A

= I~
3t e

slo) 3k

=1 = =

T SIT}. No. 29,

2E B5elA A2
AR e A 7

Physical tests
Suh and Kang's (2012a) formula
M5 model tree

60

o

+ M5' model tree

Physical tests
Suh and Kang's (2012a) formula

Fig. 11. Comparison of stability number and required weight between

Suh and Kang(2012a) formula and MS5' model tree for

physical model test data.

o
L]

Suh and Kang's (2012a) formula
M5’ model tree

Number of case

(a)

8 s
-
o (=]
o 2
o °
° o S 9 o =40+
. &° &n 8 ° i
i%. - - 8% 20
'%9@-. a
4 ®® e S O%QA(;%
o © <2 b i
LX) L]
T 1 T T 0 T T T T T
0 40 80 120 160 200 0 40 80 120 160

Number of case

Fig. 12. Comparison of stability number and required weight between

Suh and Kang (2012a) formula and MS5' model tree for
breakwaters constructed in Korea.

Table 5. Comparison of stability number(,) and required weight(/) between the empirical formula and M5' model tree when N,>3.2

Empirical
No. H(m) £ (Suh and I;(ar(lzg 2012a) M5" model WO,
N, W) N, W)
29 5.27 1.40 3.30 5.02 2.10 19.34 12.5
63 1.47 3.51 3.38 0.10 2.71 0.20 5.0
136 1.28 10.63 3.65 0.05 2.71 0.13 8.0
138 1.24 7.07 3.73 0.05 2.71 0.12 8.0
153 3.51 1.57 3.32 1.45 2.49 3.44 32
155 5.09 1.44 3.44 3.98 249 10.49 12.5
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