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¥ J§ & (ABSTRACT) :

There are many reasons that make crossing bridge failure, Domestic and
international studies have pointed out that one of the main reasons is scour event. In the
existing bridge design codes, the scour effect is not considered as a load effect. When
considering multiple-hazard reliability design, engineers will face the problem with
load and resistance factor design which didn't consider scour effect as a load. This study
offer a creative thinking that transfer the scour effect into load pattern and put in load
combinations, obtain a more direct method of design.

The research team continues the previous results, start from the concept of
equivalent scour load. We purposed two applications of equivalent scour load, one is
build the scour fragility curve, the other is calculate the load factors of multiple-hazard
load and resistance factor design. The objective is to help engineers to evaluate and
design crossing bridge with scour event. Using Monte Carlo method to simulate hazard,
and evaluate the bridge failure probability with the conditional probability. Finally we
can get scour fragility curve. To calculate the load factors in multiple-hazard load and
resistance factor design by reliability analysis.

After develop scour fragility curve, engineers can quickly obtain the failure
probability by scour depth. The load factor of multiple-hazard load and resistance factor

design will be used in design crossing bridge, which make design procedure smoother.

Key words: Bridge scour ~ Equivalent scour load ~ Scour fragility curve ~ Multi hazard-

LRFD
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(1) #HE B K-

(2) BBl B d bd ALY Ale sz -BEIFR -
TR R F A hipm R A A o F AL gE Y

TR E o BRI b 2 2 E T 14

S
=0
3
o
B
i
N
‘f@
o
Y
N
A
;ﬁ

s h|fg P EIRIERA L= A0 om IR 4R G
Bl 22@) el $ri lE - Bgialis 25 2 FEF XM EE D

S EM, G

M, = K,H, = jo”l k(h)A(h)Ldh

2-2)
(M h B 1 3 (
_jo nh(Hl—h)(H—ljhdh_EnhHl
AT ET I EEF DR S

K, = = n,H? (2-3)

1_12 h* "1
PreH R 2 AR R g2 JEYE > T BERH &7 o

H, =0.75H, (2-4)

Ao Hy S 52 8RR F 5 RS2 250 BIH, ® s Hy ik 42 o

XR2)F B L
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Kl = & nh H02 (2'5)

BT RIE K toft 0 RIR2 R B0t - R 85

DFZANAG o IEE AR AT Bl 2.20) AP REL1E EE

Mo =K, (H, =H,)= [ k(n)A(h)Ldh

2-6)
H, h—H 1 2 (
=], nhh(H2_|_1|1)(h—Hl)dhzﬁnh(Hz—Hl) (H,+3H,)
ETA B PR S
n
Kzzﬁ(Hz—Hl)(Hl+3H2) (2-7)

Flregg ey e B o P B RAH AT

K, = H? (2-8)

2 64 h® "0
FR8)Y LR T2 AMBEDR o NI BB R Aok B 2P

B2 TIMAEBE DR o P H BN H, o

WABRES > b 302 T B 2 Rl BHBE Y0 0E YT I Bz 4

25848 > 4§ 2.3 (@) [ 28 4038 (2-9)% ;4 (2-10) - 1 * e =B £ >

=

5IJ "l \'-"' gu T fgﬂ"1 %i_\l ’ r;\ (2_11)

0.75H,
=—l—20_ 2-9
Ymr = —0.25H, 9)
0.25H,
=0 2-10
ymOZ H —025H0 ( )
_mA_Hg (2-11)
32 H-¢H,
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FA R mEFERY Ho% s Hy > 23 B 2.3(b) - — 84 4p iz &7
R 8 R Yo 75 Yoo 05 (-12)% (2-13) 0 K3 B 5 24 T e
(2-14)» H7¢ & FFRALPES XD k2 Fop)iEr LS o

0.75H,

—_—Ms 2-12
Voo = 0257 (2-12)
0.25H,
= 2-13
Ym2 =14 ~0.25H, (@13)
4
pxH=MA__Hs .o (2-14)
32 H-0.25H,

IR 2 4 T gep e ] N (2-10) 12 & (2-14)F 8 | & skt ]

FES:

_nA H, B He (2-15)
32 | H-025H, H —0.25H

HApst sz 2 Rlw K4 4ot (2-16)

_ nhA{ H, } (2-16)

32 | H-0.25H,

24 VAR ARt

t LRFD & fud Glicik it @ - & P E SRS 2 GG RT3 37k

\_.

WP A8 AT AR IS ko H P T AR EH
BMpRER L RiBAE -

1 AR ST R A AL 3 #45(Supply)# § f(Demand) e 42200 - ¢ 4
B A7 cnB AT 1 ARk i B ()RR - (G ROF PN AT
BEBIAR LA B RS 2HFRF AR &AL ST R F £ (Capacity)
A F A Es b £ (Demand) @ BHEF B 2 B A PP L2 BT 1 F

% & 3 #c(Probability density function, PDF) 4 - 4-®] 2. 4 -
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BT SHERTRPNE R RFRET Y 0 T £ >4 (Safety
Margin) st & 3% fc % 207 LR o X 2% 5 AR B RS Gk
R T ghigg vt e P E o R ERLNGHEFE 0 FIRFET ORGSR

d A 2RI IR RGET O Z R A T REVARAHN

(s

AR AT E 0 S AR 2 LR 5 0D BR SR B E
BREX A7 R P EERREY A7 5% 2BEM T g §E

F i B A o 4o (2-17) ¢

M=X-Y (2-17)
dORHFER PP E LR R 2AEM T S R A % 2

AR NI 3 E M ¥ 4e3S (2-18) 977 o

M = fo, (2-18)

#7 B &7 LR dpt(Reliability Index) - oy A1 7 % 24452 L8 o
TRV LA T ACR 2.5 B P A € AR YR R A
MR R P 8T 5 B L BRSSO 0 5 2 T R Sk
A 0 SR F 4 S fc(Cumulative Distribution Function, CDF) #48 » 4o 2> 3¢

(2-19) -
P = jl fM (m)dm = Fy (0) (2-19)

e s f() s maas F(O)2RHA G Ik
Z MARAR PR A 0 ¥ Y T I S Bic(Performance Function) o gt S0 B
Mo - B 2 e BRTREFE

F 4L BB X, 0 B S dicde 1 (2-20) -

9(X) =9(X;, X5, X100, X)) (2-20)
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Foia SBcg(X)>0pF o R A B F B AU E o g2 R K SRR B
B F 2 el Sl g(X) <O RIR & BHEE B Pt eh s o d > T L g
ST R T At 0§ R S g(X)=0R R A BT B H R E A E
PR AESEIUR G c BRFTARAA D ASREEE LG RE
X/ i gEsi- BEEFEAGSE 4058 (2-21) -

X —
X.'= 22 - N1 (2-21)

Oy,

EIARRIEY Y SRR FEE AP ELERREL LGN TR AEAL T
HEFEAIE A BHFE2 M PEERET7 0 Db $h & LRz
FE MM 22 FOBRLT €7 3 Raair i AE A ARl Tk
P o X BELF A G P o

B3k fdae S fc(Performance Function)® 5 n i e PIF &naz F ¢ 12
i s Bfhdn odofbit ol B BRECRT A BE T S - Ta o
R 2.60 B¢ REI UK g(X)=09EH 5 D o d B 2.6 ¢ ¥ 4vo § &1
AR RIT R B A nE 2R g(X) >0 T B R g(X) <0 § i’
AR g(X) Pl R B BEHD, Y kA ST AR FREIRLT ARLHE

(Reliability Index, f) > 4-3%(2-22) -

/=Dy, (2-22)

BAEUR G g(X) =0 Dy, $ AT BT ok S d i 5 BT G AR R
(The Most Probable Failure Point) » 2 F #% 5L X" & 7 2 = @ ¥ R dpHhpe £ 1%

EFEAGLAF SR SEO()T H ST 245 o
P =®(p) (2-23)
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AN 2 BB AT Y S Q224)9

P, =1-®(p) (2-24)
BRI, BRI S 5 2 5N 0 R RP L RETI 900 2 &) BB

D,,“EFTHLELSIT o ¥ gitit S8 g(X)=9(X, X, X5,..., X)) 7 Bl i &

He P R BE2 FEZL N (2-25) 4 7 o

D =X, 4+ X, 2 4 X% 4t X, % =X T X (2-25)

NESTE R RS- W]

L=D+Ag(X) =X, 4+ X, + X% 4.+ X2 +29(X) (2-26)

B30 (2-26) A B R ECX, LR A A 0 T ENFLE S AR 4oyt (2-27) 14

% 39(2-28) -
* al 28 o (2-27)
oX; \/Xl’2+X2’2+X3'2+...+ X 70X
oL
a—/l=g(Xl,X2,X3,...,Xn)=0 (2'28)

38 (2-27) 1 3 (2-28) A > Fofid > TV @ F R BT g(X) 2 B fEHD oM
Bo | BEHLANEET S AR R T A AR EE X o L7 i - bt g gD, o
Balt B R EG R A EAMN kA RE Y AR R 4058 (2-29) ¢

o9 o9 o9
X, X, T aX, !

T 59(2-29)7 #-58(2-27)5¢ B =

G=( ) (2-29)

)SI

+1G =0 (2-30)
/T X '
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X (2-25) % » 22 (2-30)¢ o ff LR MT LR D H R B E G 93 0

- v

+ x
* T &

X'=-DG (2:31)
2723w =54 (2-25) > R g(X) 2 BEALT & &
D:Jg”g’:J@%DQf(-ﬂDg):ﬂD G'G (2-32)
F g
A= 2 (2-33)
G'G
SN (2-33) 1~ 25V (2-3D)E ¢ o T E
x'=—20 (2-34)
G'G
R w REFERED ;
TN
=& X (2-35)
JG'G

dopr Fodb VoA B EE ) R E D2 A D, 0 BT A BUREE X

N(2-35)¢ 5 H 4 EEBE T S o] JEAE o d 5N (2-22)F 4o Bl pEBED_ T LW

FARIIES > T AT 5 54(2-36)

ag

_G*TX,* ZX ,*(ax ,)
ﬂ = Dmin = \/~ T~ = (2-36)
G* G*
2 R )
J Gx. 2.
daeh A BV AR ARETAALE F LAV T A AL E

KT R BT R R~ 5 (2-34) 1

J—

G TR P S

Ik

I];;\: o
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g

* ( ')*
X" = _Gr_ -, X," =-¢p, where ;" =a+ (2-37)
G*TG* 2 2 g 2
678" (o

Bo oo hinF X i i RN A BT AR 2 e

.
%

¢
o

5t & fic(Performance Function)® % 4 5 &M a0 Sl 2 2R i Silic o

3 BRSNS E TS R E AR S o Y ET ER S SRR

Bzt o - 2 HEA T AoN(2-38) 0 = Hu it HE Ao 4oV (2-39) -
g(X)=a, +Za X (2-38)
9(X") =2, +2a,(oy X;'+ ) (2-39)

25 (2:36) 0 7 A BT -

za
e T’ (2-40)

iO-Xi)Z

" LRFD £ 4t ek 2 #PLEBF L0 8 2 b RN 2 kT

AR A (2-41) 0 A A Y R ST G AR 2.7 1 o BV ARG IS

X (2-42) 57 o

g(X)=R-D-L (2-41)

B= Hr —Hp —HL (2-42)

PR R S AR A e B RS LI T
CER S S SV ES T LR S R T

AR AT P E A A G2 SRR B AT Sl Focd
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o HOTR (X1
(X))

(2-43)

Oy

=X,

"o, MR (X)] (2-44)

w3l (2-43)% ¢ ’¢(),ﬂ‘“ﬁ.€<¢ A G S B R Sficed P EONT 0 F

B KRB PBIFBRIENE AR{AT IR RE BT S BUREEX Y o A
FHENERFEAL T S d WP E AT AR A o FE Y B A

=
\\Xr
Ex)
A

—
+

R SRR N S R R » A BR BT B Rl T
B ARl 2R QB0 ET ARG £ T 2N Q3T)F H A
Bho U PR EE R O~ 238 (2-43)F 258 (2-44)F R MATOE TR s T S¥ce &

RIWHIEFE AL I AT RARB TR TEIE Y AL S

dt F R AR S DI ET AR S TIT AR &

RPERE Y R ART FARAF LT LARLE L ST AAREGE D

o

-;‘,;A
& e filico 1 LRFD £ 4

3( '&f‘é \‘(2 45)

S SRR AR LU AR T i1

“r
o

9(X)=R-XQ (2-45)

LM S F - B REF F - Bk s(Partial Factor, ;) ¥

i GRS ETIHEE AL RS RN ST Y A

g (771_/“)(1 ’ 772:ux2' T 77n:uxn) (2_46)

ERRPUR R 0 L R AT A BURE Y o AT R R

X" =7y, (2-47)

Bt b s TR AT BT AR B 0 ot (2-37) 0 %~ 3 (2-47) 5
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R S S

7, =1-a (2-48)
HP Q, 5% 2B %¥(Coefficient of Variation, COV) » z & 5 % #c2 %%ﬁ%_"frt

2 T 5T > o3 (2-49) o

(2
cov=Q, =X (2-49)
L My
g3 2 (2-45) ekt AN A - BAEM G Sdic 0 S e AR o) ML L Bl

LT A7 2 %48 (2-50) -

i =l-————=PQ, (2-50)

4R LSBT A @0 & LRFD 49 R

..S

2L Jos X o 1w o= {"\7‘1
PFEEY LR DA R EAETEE S AT RGERF LI AT

|

(Confidence Interval) » P2 8] 2.8 2 Bl 2. 9P G R HRRET >t i € 2 55
W RDTIDENZ R E - TP FEF LA GDIHFA G Sl 2 TIDE

R FRE R RS DI EE 0 4o (2-51) % (2-52) -
L, = +®7(0.95)x0, (2-51)

R, = +®™ (0.05) X 0o (2-52)

BT 5E “ﬁ:ﬁ Ilﬁlyf]a_m » 7 I Bcenip £ % $i(Bias Factor, A1) 31~ g £

GlcPR A 1 o T Kin Gl S HRERL B Tk o

Fo= A7 = at (2-53)

X

i,nominal

i

W E 2 A REA G AT ERPEAY Y PHE AT A
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WoRET AR AAITIEGAR > F I 255 (2-43)2 (2-44) Rt E M E o A

1 g

>
N

41

S Bcis E i
2.5. % f B 4TI W a2 § S 2

BAREREATY 0 B A WP E - B e gl g
SCREE AN T RN 9 X & AIES - F RS ER £F EE E S RS SIS e
EE RS CE A Rl S ¢ R REE RUVIEE eI SRR TR
RAFA KPS BB e EREIer naREkend Y 2n
BORR KB RIFR o 8 RS F A 2 A RAR A N R AR

ARFE S RER S BHRARE P RIFRE S BRG] Ptz fapey R

ul

[CREEURIEC RS SR/ i

KA RIS R A AR 2t A AR ORISR R SR B AR
A R A T B R R R R TR U P R R g & R AR Y s
A ¥ % /& % (Liner Variable Differential Transformer, LVDT)#| & > -k i ki85 =
1L EREYy AR RERZ ) d W g S RREART
A RAAZ BRI AR > T DR IRT A B R KRN AR
A A R AN S R ' € S e 9 T 2 € SR AL - ) 8
B om B EABRfri Kok g R A o

ap Py g f o aR E 1) 10% K > 5 Rap g d TR BRI ©
PREZAZZEZ A2 - B2 REBRFREE Y RBUREER B £
BT TRESZ ISR MRS I E BRI 2 PR R R E L 0 BT
R PRFRE  Bfe 4 L% TR 2 BURPE P RIFR > MBS AR
(Maximum Likelihood Method)z* & 7 #% 4 i S0 fic > 0t 5 % T 5 ot Repl sl i3t 22 0
Rl B dEid S gt B M2 B P RIFR Y TR S iﬂ’}ﬁv'li%&z% Y e B A
BB FR RE RIS @ G S AT S TR AR IR S o)

2. 1001 .

21



Flipl e 3 AR TNBBACN T A 5 b L AR 5 T A A M0 5 bk
s e P ERIMEEE 8o mE e P ERIME S 7 R RS .
1 RS EYRY B A PR L RIS 2 L Bt LR (T
PRI SR AU R o B EARE 3 B T RSR R RS 2 0 ) R AR S > A
B SRR BRI o 28 TR 0E B R P A R AR R
2 BBt B HR  ARGAE E AL R ST 0.002rad pFAE T B BURA) 0 X T R
PRAREER MRS N EREBRMEA L 202 Z 2 2 02 - BOES BER
Flclp2 R AR N L ERE A ER . d R R SRR
PR AT 2 IR R 0 B (S 8 L sk ey 20 PR B ER P RIER 0 MBS Y
STEREE RS R SRR R BRI At LI EE

P S S PRI L S D R AR S 4o 2 1120

22



1<

»

--"" %M}‘% 5ﬁ=|_

- iﬁ
W ]

o
D= S S S
MEFR B

B 2.1 A 2Rie flsl
AW KW A®) kb)
npH,
: l

I Ithl nhH2

(a) (b)

23



(b)

44 (a) it ] % (b))

(a)

Bl 2.3 #¥& Rl

%
<

-

B K

Load and Resistance (PDF)

-=-=-=-- Demand

Capacity

-
-
-
-
- -
——
-
-
-
-
-

~-
~—.
L.

Intensity

Kouanbaig

24



Probability Density Function

— Safety Margin M=X-Y
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Mean and Nominal Value of Resistance

Mean

Nominal

Frequency

Intensity
F2.9 Kftd TioE 2 FpLE

Exceedance Probability

—3=10%D,DCllmajor |
—S=6.7%D, DCII: moderate}
—St_: 3.3%D, DC_II: minor

Bl 2.

005 01 015 02 0%
Scour Depth Ratio (DR)
10 R ¥ sk 2 2 e b R e Y

27



Exceedance Probability
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Probability of Failure

Scour Depth [m)

Comparison of different model (Direct)
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p-y curve Ds=0 cm,Depth=0.15m

Bl 3. 6 ReeselPMrm & 3%

|4
e
B
=g
o
=

36



p-y curve Ds=0 cm,Depth=0.09 m

| —e— previous p-y curvg
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Comparison of P-A curve D=0 cm, Reese
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Comparison of P-A curve D_.=24 cm, Reese
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Force (N)

Comparison of P-A curve D_=30 cm, Reese
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Equivalent Scour Load Diagram
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4.1 3RV ERTH

L RF P LRSS
B 6.35cm
FHWRA-E R 3.25cm
=L AT 3.20cm
EXiEiE 101.34cm?
¥jt £ 144.20gm
HrE ¥ K 0.3156kgf/div

242 IRV BHREE

Pk Bk 1 2 3
% 4 (kgflem?) 0.316 0.632 1.263
B+ H 4 (kgflem?) 0.327 0.507 0.852
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4.3 )2 B ich AR

R S 1
() 5285.5
AP 2 (em) 15.20
R % (cm) 15.47
AP L AFL() 1746
ALY E A7 B (cm) 1.27
2 6 3 4 P R (min) 8
FHCE D RO A FTRFEA(cm) 0.89
FHECN 2 # 3 (cm) 13.32
FHON A (cm®) 2417.03
FHE i EHAF E(Q) 11069.4
i3 £(9) 4037.60
Yo .mx 9% (g/cm®) 1.67
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2 4.4 72 Bl RCR R AR

ELES T 1 2 3
#FHE(9) 5285.5
RN £ (cm) 15.20 15.20 15.20
EHEP F (cm) 15.47 15.47 15.47
FEHCR A (om?) 2808.20 2808.20 2808.20
BH IR £ (Q) 9291.50 9334.10 9323.30
ST S A (1)) 4005.70 4048.30 4037.50
Yamin = \%(g/cnﬁ) 1.43 1.43 1.43
7d,min = (j/dl—;)/“) 144
gy Pat7e) g0 0.6%
Yar
% 4.5 Rl ks Rokpel
kil #RFE R (cm) 8% FR(cm) w2 p) 2 £ (kgf)
1 0 46.5 180.1875
2 5 415 160.8125
3 10 36.5 141.4375
4 15 315 122.0625
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Shear stress (N /mmz)

Shear stress (N /mmz)

Direct Shear Test Result
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£ 5. 1K-SH a2t & 3 sk 2 f2f &

d.o.f=n a=0.20 a=0.15 a=0.10 a=0.05 0=0.01
5 0.45 0.47 0.51 0.57 0.67
10 0.32 0.34 0.37 0.41 0.49
15 0.27 0.28 0.30 0.34 0.40
20 0.23 0.25 0.26 0.29 0.36
25 0.21 0.22 0.24 0.27 0.32
30 0.19 0.20 0.22 0.24 0.29
35 0.18 0.19 0.21 0.23 0.27

OVER 35 1.07/n%® 1.14/n°%5 1.22/n%5 1.36/n%° 1.63/n%°

252 £ A A kL RR &

d.o.f=n a=0.20 a=0.15 a=0.10 a=0.05 a=0.01
5 7.29 8.12 9.24 11.07 15.09
10 13.44 14.53 15.99 18.31 23.21
15 19.31 20.60 22.31 25.00 30.58
20 25.04 26.50 28.41 31.41 37.57
25 30.68 32.28 34.38 37.65 44.31
30 36.25 37.99 40.26 43.77 50.89
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2 5.3 SHcR B LR B (€Y L LY

Equivalent Scour Load

Paramaters
(€2=0.15) Mean value std cov
Nh 7.36N-m 0.00017 0.000002
Ds 7.31N-m 0.69 0.095
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Probability Density Function

Intensity
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(EL.m) |[fr(EL.m) |3 (m/s)|# 3 (EL.m) i (m/s)|$ (EL.m)|(EL.m)
A ET 10 3,926 |2.25 8.32 0.44 8 2.8 0.42 8.97 3.35_
BT 4,446 |2.8 8.61 0.62 8.3 1.89 0.59 9,35 3.94
2SR, .
S 95 4,958 |[1.98 Q.63 0.39 9.19 3,22 0.39 Q.82 4.54
S 12(% R < loa
4 988 |2.26 973 3,28 0.38 0.29 318 0.39 9.96 4,54
AtLa) [ ST
BT 13 5,378 |2.8 Q.87 3.27 0.42 9.45 3.12 0.41 10,66 |5.05
EEF 14 5,797 |34 10.26 2.84 0.4 9.76 3 0.44 11.1 549
+ 6.2 B2 FRFERIER 2N
SREH 50 % 3L
D, =0.045
. ., 0.4 06,,04
8 | 1966 D, = 2.5F.%D, %y, v,

Neil, 1964 D, =1.5D,%"y,*? D, =0.045
D, =0.045
B =0.045
Inglis, 1949 D, =4.2D,(y, /B)*"F,**
F-_Y
©oJoy
D, =0.045
yl é:v = 06
D. =2 D_tanh =
Breusers et al., 1977 s =26,6:5,D, D, : _10
£ =10
D, =0.045
K,=1.0
K,=1.0
HEC-18 Sand, 2012 | Dg =2K,K,K,D *®y *F % K2 1
=1
FoV
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# 6.3 W RIER IR RT

b=l

A 5o Inglis, g, Neil, HEC-18 | Breusers et
SRR ol BT 1966 1964 | sand, 2012 | al, 1977
T 27E (m) 15.23 6.24 4.98 4.92 Ral
#6.4 5 20 Fh
Mean value(kN-m) std c.0.v
Resistance 1.71 x 10° 2.34 x 10° 0.136
Equivalent Scour Load 8.96 x 10° 1.37 x 10° 0.154
Dead Load 268.77 21.5 0.08
Live Load 9.44 2.50 0.265
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