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Reliability-based Design Method of Concrete Armour Units
with Structural Stability
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Abstract : A method for the determination of concrete armor unit weights with hydraulic stability and structural
stability may be formulated in this paper. The hydraulic stability is analyzed by using Hudson’s formula, the
structural stability is also studied by evaluation of maximum flexural tensile stresses in armor unit induced by the
impact loads and by comparison of those with the tensile resistance strength directly. The applicable criteria for
concrete armor units can be represented as a function of design wave heights with return period, armor weights,
and tensile strengths for the practical uses. In addition, reliability analyses for two failure modes are carried out
to take into account some uncertainties. Finally, a series system for two-failure mode analysis can be made up
straightforwardly, by which the optimal weights of armor units can be estimated with the various relative
breakages, given the specific target probability of failure under the concepts of reliability-based design method.

Keywords : structural stability, maximum flexural tensile stress, target probability of failure, series system,
reliability-based design method

LM B AS WehhE 723 QPgAelth 137l Agelu

Ago) oJ3hd 3BAe 27k Jojaoz e ool

A AN AT A A NGE A S Dol AR g Aokt 3
= il sjae] B WAl Bk olsh Be Bl A BAlel 27 B4k SR HBAle gL T2
PG 5 e A PYEAE T 2ol F o Al ske] Auisle 202 IA UTHCIAD,
2 PRY 5 ook shie sl sl sl BB 1085). H2 WubAle) ANAAIL A Ael2 By

Aol AU} BRA SR Pl T2 e A ABEE A=A 271 B9 AD k. 2ol
A Wil fRHE Sl U BRl A B & BRI oA ZAA HEAe] 84 el

* 73 ol sk E%—E’-ﬁ—l’i’}(Depanment of Civil Engineering, Kangwon National University, 192-1 Hyoja2-Dong, Chunchon,
Kangwon-do, Korea. celee@kangwon.ac.kr)

142



727 AL TEH 22e)E HAe] Ay 47 143

& A IS TAIR A B S8 A T
23l Aol ot TFEZ] Sines, 7l=2] Crescent
City, ‘Zo}=8)7}9] Richards Bay, 28)3 $-2vieke] A&
S WA 53 22 AR BAMA g7t &
e 7e st galgelo g s 11y BotdAs B
gt 28k B9t o] 75 oF ot &, 7=
7 B A oJsled T ER|S] Y57} Tnle Fo] A
AZARC 2 gz APe & glE A2 B
LEEA QLR )5k B o2 olojAE 1
oot ¥ 9] FHE dlFEe] Dolost TTP
9} o] BEY EE FHAIF] 7] 98t obAE vt
AHA E25 Fel2 A2 Q1T E3E FEAjoct. np
Zhx] o]e} e ZAA| 2] FE Aol gt 3] Fefel o
gt A7 JPHT|% ST &, 1 EHQ AT
EE 723 HEAAE A 9T £ e g5 A
ZeRbg ol g3k Azolth. 7R F2l3Hy obg A
O3k AE B2 A7AE osle] EsiA M=
o} ey 72A YAl tig A o)l Blshd 4
iAo g mjeksl AAolt}, ol 24 MY BHE
A7} FElgh S e BAIEG e
Bl v, i 5 e e 2388 4] A
gHHo]7] wiiFolt) &, S E 3] ofsle] AT 9
3k A whg ol s Alekgo] WER Y] wf o}
o EA o] T4 A, F, dHulded] Wi A=
Burcharth(1981)ell 2J3te] AA|F o2 +=H =St 9
Zhgo)) ofste] FER)] U] BAEE JASE o] ZE
Aol A AYgHE 2E wf BAAThE ANEE AR
SIATE WA Dolos FEA] Ujol] A= E 17484
£ AR Slele] deidd 2 S AHES Yt v
E 7Y A sl AP H o= rlgT 5
A el olgLee] WAS ANSHE LA, =
HAdPelA 2 BE oo} 3z Adagel gt A} s4
ol oisk ZEAHQA AFdEo] AAEHAT Lin et al.
(1986)% Y o2 ZUZE HES FVIE A4
sted AR AR D ntael] tigh s 4dg A=t 1
i} o] EX FHEA| UiFola A= R 27
& HohEolst SAAT S R A S ¥ YANG
2] FAZ Go)SIA= S8 Tedesco and McDougal
(1985), McDougal et al.(1988)% A|g+e Z3} A &
+=3te wtEy 23 SN FXEHE o] 83)
Dolos®] 724 tAA-E &|418) vl qltt. $HH Baird et
al (1986), Nishigori et al.(1986), Scott et al.(1986), Howell

(1988), Zwambom et al.(1988), Melby and Howell(1989)
5ol TR LBAT S Tt A AP AAE ¥
ERjo] 722 S siMe vl Atk o]EL F2
ER) 5ol dX= At F-2E HE A (strain gauge)E
ol &3t Akt 53 TEA iR g3 &
AE FHsE T 23Tt 54 PR A7F-3E LS
F2 A7, FAsE o5t WAEH. FHsF F
EAe] A3 Bste] AHE sy, 48k
FE g Aol ot WA EE apEolnt. T ekEe
et SE35)15 (pulsating load)™ 525} (impact load)-
g Fadth A7\ FHs S s 2Rl olste]
A=l mEAle] EEHol ol ¥ FE(rocking/
displacement/rolling)ol] 9t TAE = s)50|t} &, &=
23 Aol guta oz FEEle W9 E5J9)
L} o]Fo] ¥ =7 o)l AFAMME 723
Aol 83 98& & 4% o). | Nishigori et
al.(1986) 2119} ThgzAo) TuAle] EEYe] ot
o] HEA) ol BAHE HAQVFGHE oF 29 MPa
ol oot FEol dtel= oF 9.0 MPa H=9 2
712 WA ARE AR 9k ke s
LRl - FZE A9 QP APHL °F 2-6 MPaZ
&7 ch(Franco et al., 2000). Bl 23515 24
oA T A2 91 AGele 2okshe Aggo] et
o 2go) SJatel wE 5 9 & 4 Uk T2
ole] ATONE T 2ol ue TuAe §AYn
o) me =) el WA eele] 217l AR
2 NS B, $9S AHHo R 5T & Qe
Holuvk #A A o] AAIEA] 35}l Burcharth et al.
(1991)2 71&4] B2 A+ A e Feny
A4 A2 ol 8sle] FJEA WF- QgSHol| g &
ZE AR v Qi) HIE B i dijo)
A ol FHEEIFE o831 g A +
3 QYA Tl 3= Dolos MEA| 2] FF Ak
A EXE A= SF4Ch T3 Anglin et al.(1990),
Melby(1990, 1993), Zwamborn and Phelp(1990) 5]
Dolos 3| 5A) Wi-o] $HE AFH0Z A8 F s
WS ARSI 53] Melby(1990, 1993y AAAE
ol FA AHEE = A=E HEA ) TAHE HuQH
g B3 B A5 Fa O3 4= AAS)
St} H o Burcharth et al.(2000)2 IE- o] T s}
o JFE F= A= FEEFEE FA3 gyl
&5 4T F e APAES AASAT. o] AP




144 Sl

B3, EAS FF 121 FAE HEA ] A A
gelo] e Aosn ot 22 724 kAT B
HE FAo EgAol B Ao viFo] By HF4
o] HA) A8l g A Y ASRE S vinE B
3t o] AES o} 3t 9 0]E-3-(2003)2 CIAD
(1985)9] APy} 318989 /d-S =Y8 TTP
HER Q] P22 kel tigh 2124 A4S a8 ut
At sEAe] T dyn e gigh 3+ e
FHstaL, FE A B840l didt JEHEE sy
STt e Al o] Bete ARALEe] 083
Zloll= A 7kA ojg-go] th.

oo} ATEL <] Dolos T EA ol thgh Ao
2, 84 svgtilA 78 Bl AM-E= TTP digh
A B2 Id7E At AY gl 4ot o
A 2 A0 Melby(1990, 1993), Burcharth et al.
(19910l 23] AA1E Ad B2 AREE o831 528
o4 QEgAT F2A QS BAlOl TSk TTP 9
B0 & 7Fsdt R WS AdrIke e A
A fejgta, HEA e S%F agn 17 A g
Z AA1EE Tt =3 Hudsond] 72343} Burcharth et
al.(2000)¢] TTP it AP 2L o]8-51e F=2]8k=] ¢t
AT T34 QP Adel] sk A1) SlAd e =a)siLt vl
Ao g B HFEe BEUAS 1EEtEA ARAE
o] Hlu A YA AHEE = e 4B PAAHE AA S
At

2. TSR Lhs2o| chol B e e Ay

ZHE HEA 9 723 LS s dstr] A
© WA 5] el e Al gt
Agol Suta A 3= ojof 3t} Burcharth et al.(1991)&
FYURFHYP o 2HE dojR A8 E 183t Dolos 1
B Wil B A3l e shS A4
8] Y8t dele) kg 2ol el 7 A
oRgl BFolzta AAEE HEA gAY $HE 533}
o At et T2 FE}S AT &Y £EF
TFE AN ol vtz e BAR) HAME
ol o] 7FsatA, dupxid M= Basied ol
U Ag olstel] FA IAFA AT HE 7T ol
o} m2b BEE Ak gis) 2-8-87] HaMe 5
Aslgol tigk A7} vheA] " skt Yol AFEHA
Fol §-2 2B A% APAE 278= s

< o] FAEE oA HAE ) wjoln), 3
Melby(1990,1993)c 238152 X3+l 273904 Dolos
A el B EE A0S 4Hgste] BE A9
7 T2 AN dEbA £ Aol AE Burcharth
et al.(1991)8] BXF ot A bH S o] 83t WA F
Aslzo] A=A B2 el A DEA URe] Huigl
33L& A5}, the o 2 0]2] ARE Melby(1990,
1993)] A= Hlwsle ZZ3kso] ME J3s 1
T = FAATE =AU vHAZHCE Dolos UIF-
AN W E e HoRlg-SHe] Arks TTP HEA =2 &
g 5 e WS AASAC

WA Burcharth et al.(1991)2 8|84 L E3}
Z83150] 28T o) Dolos FEA] YA dixE
HojggEe o 4 (1) & AEEY g5 o
Echa AAIsH

A/%ro_exp{—%[}%tf} M
A7VA y=In(o/pgH,), opE FEA| W FoFthH oA
24 715 ANARSH, po g 22t T=Ale) WE
ol FYIEE aEa g BB F7]0)).

EF Arjelede] o #EAwst dasiste] B
AE ol&std AP d FEHF, ol S B po} £F
At o= T 2 )5 2ol ALl

£

o) =

1= 1.723 +0.169(HL/Hp) (2a)
0 = 0.661-0.046(HL/Hp) (2b)

971 Hge AP T ek AAR A &
ojzparot}, webd 4] ()3} (2)F o]-&35hH Yele] 2a
F5/2E0 Pshe TEA) vl BAEE Hig)
A8 L B e g2 AFY 4= ok B dPoMx
Burcharth et al.(1991)% FU3HA TEA] UiRolA LAY

= FARIEIE HoiQlg-gEe] V18 HEAle A2
FArdsle Adigaiz 4Pgsted Fig. 19 AAEIA 2
YA B ¢ o] 2H5E wet 27 e AnE
Uehha ok, 53 Aoisae]) wEk Hulolg-gEe] 3
AHo2 Frlske AMAS % = ok a4
7 Agleo] 3.5 MPagl 2T E FE )9 FFo) u}2
AL 7Fs HAE 8 "Moo= 3 A3 Dolos
B DEE 2300 kg/m’©) 3L, FH|H](waist ratio),
y=0.32F ©]§3} Alxkg Fxjolct. ojuf HEA)] Z7)



TZ3 QS 1elg ZIE HEA] A A 145

30 —] Limit line for hydraulic stability

bt = 1%
~~ 20ton

S oo oo

29.95 50 ton O 2%
W e o oo oooalwl S e e
I

ol & 5%
& Gelm & ® -t € R
20 ¢ &

2.02

H: /Hp

Fig. 1. Dimensionless stresses estimated by Eq. (1) and (2)
according to the several exceedance levels.
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Fig. 3. Design criteria for determination of TTP armor weight
with hydraulic and structural stabilities.
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Table 1. Statistical properties and distributions of random variables

in Eq. (5)
X; Uy, COVXi(%) Distribution

K, 7.0 - -
cot o 15 5.0 Normal
A 1.3 38 Normal
Ay 1.0 18.0 Normal
F HT (m) 0.0 250 Normal
D, (m) Various 6.7 Normal
HT(m) x=0.79, 8=4.0, A=1.4 Weibull
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Fig. 4. Probability of failure versus TTP weight for hydraulic
stability only.
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Table 2. Statistical properties and distributions of random
variables in Eq. (7)

X, My, COVX‘,(%) Distribution
B(%) Various - -
Ag 0.00393 25.0 Normal
o7 (MPa) 30 10.0 Normal
W(ton) Various 5.0 Normal
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Fig. 5. Probability of failure versus relative breakage for struc-
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Table 3. Probabilities of failure calculated by Eq. (5), (7) and (8)

L

AYE )] A A

149

W(ton) Py B(%) Pp)s ®Y Pps
1 0.22874 0.23766 0.22874
2 0.05208 0.06304 0.05208
.011
2 001156 5 0.00394 0.01545 0.01156
10 0.00043 0.01199 0.01156
1 0.14321 0.14738 0.14321
2 0.02768 0.03242 0.02768
X 7
30 0.0048 5 0.00183 0.00669 0.00487
10 0.00020 0.00507 0.00487
1 0.07078 0.07210 0.07078
2 0.01133 0.01273 0.01133
4 .00142
5 0.00 5 0.000666 0.00207 0.00142
10 0.00007 0.00149 0.00142
1LOE+0 — Table 4. Application of Reliability-based design method to the
3 For series system of hydraufic optimal determination of TTP armour weights
] and structural stabilities B(%) ngt (ton)
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Fig. 6. Probability of failure for a series system of hydraulic
and structural stabilities.
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