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Fig. 10. 48 Seismic Retrofit using Seismic Isolation; (a) Installation of lead
rubber bearings and sliding bearings, and (b) after retrofitted
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EX] New Champlain Bridge
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EX] New Champlain Bridge

3.9 Design life requirements
3.9.1 Structures

Design life is the period of time, specified by the owner, during which a structure is intended to
remain in service. The design life of the NBSL Bridge and the New |dS Bridge shall be 125

years. The design life of the all other structures shall be 75 years.

3.9.2 Non-replaceable and replaceable components

At a minimum, non-replaceable components shall include: AASHTO Service Life Concept
for Durability Design

A. foundations including piles, pile caps and footings;

B. substructures including piers, pier caps, abutments and retaining walls;

C. superstructures including primary and secondary structural members and decks, for
roadway and Transit Corridor superstructures; and

D. NBSL main span tower.

The design life of a replaceable component is the period of time the component is required to
remain in service, with planned maintenance, before it needs replacement. The design life of non-
replaceable and replaceable components shall meet or exceed the minimum requirements
specified in Table 7-7-3-3 herein.
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%] New Champlain Bridge: Seismic Performance Criteria

NEW BRIDGE FOR THE SAINT LAWRENCE CORRIDOR PROJECT

AASHTO PROJECT AGREEMENT
Design o .
Lif Table 7-27-3-9 Minimum performance levels for bridges
Ire
Concept || .. .
ground
l motion probability Lifeline bridges Major-route bridges Other bridges
of exceedance in
125 yrs | 50years
(Return period) Service Service Service
level | Damage level DEEG) level DEEEE
23.14% 10% Service Repairable
Immediate None Immediate Minimal limited
(475 yrs) (475 years) Note (1) Note (1)
e 03% 5% Immediate Minimal ifﬂri\t"ecde Rﬁzzr?%le dissflz\;ﬁce)n Extensive
(975yrs) | (975 years) Note (1) Note (1) Note (1)
b 2 Service Repairable Service Extensive Life safet) Probable
2475 yrs limited P disruption Y replacement
y (2475 years)

Note (1). Verification at this performance level is not required.
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%] New Champlain Bridge: Seismic Performance Criteria

Table 7-27-3-5 Requirements for performance-based design (PBD) and force-based design
(FBD) (see Section 3.4.6 for PBD and Section 3.4.7 for FBD)

Seismic Lifeline bridges Major-route bridges Other bridges
performance
category Irregular | Regular | Irregular Regular Irregular Regular
1 No seismic analysis required
2 PBD PBD PBD FBD FBD FBD
3 PBD PBD PBD FBD PBD FBD

For the NBSL, an inelastic non-linear time history analysis shall be carried out. The analysis shall
consider non-synchronous ground motion due to wave passage delay and incoherence. Where
site response effects are expected to differ significantly for different parts of the structure the
analysis shall account for this.
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] NCHRP Synthesis 440

TABLE 23 - —

SEISMIC DESIGN CRITERIA FOR AGENCIES/ORGANIZATIONS

Organization Year Ground Motion! Damage  Performance Ground Motion? Damage Performance
2010 NA NA NA SEE Significant, Tmpaired

Maximum of 5% in 50 yr 1O collapse
(1,000-yr RP) and deter-

ministic ground motion

Caltrans Ordinary

Caltrans Important 2010 FEE project-specific ~ Minimal ~ Immediate SEE Repairable Limited
defined by peer project-specific defined
review panel by peer review panel
SCDOT Operational Class I 2008 FEE 15% in 75 yr Minimal Immediate SEE 3% in 75 yr Repairable Maintained
(500-yr RP) (2,500-yr RP)
SCDOT Operational Class IT 2008 FEE 15% in 75 yr Repair-  Maintained SEE 3% in 75 yr Significant Tmpaired
(500-yr RP) able (2,500-yr RP)
SCDOT Operational Class ITT 2008 NA NA NA SEE 3% in 75 yr Significant Impaired
(2,500-yr RP)
ODOT 2011 15% in 75 yr Minimal ~ Open in 72 7% in 75 yr Significant Impaired
(500-yr RP) hours (1,000-yr RP)
Notes:
1.Return periods shown are approximate. R
2.If no percent exceedance is provided, then none was provided in the source data. NCHRP SyntheSIS 440

FEE = Ffunctional Eevaluation Eearthquake; SEE = Ssafety Eevaluation Eearthquake.
Terms are those used by the agencies.
NA = not available.

Performance-Based Seismic Bridge Design
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’A TABLE 24

SEISMIC DESIGN CRITERIA FOR VARIOUS PROJECTS

" Year Ground Motion! Damage Performance Ground Damage Performance
Project and Agency N
Motion2
Cooper River Bridge 2000 FEE 15% in 75 yr Minimal Immediate SEE 3% in Repairable  Functional; emer-
SCDOT Critical Access (500-yr RP) 75 yr (2,500- gency vehicles
Path yr RP)
SR 520 Floating Bridge 2011 NA NA NA 7% in75yr  Repairable Maintained
WSDOT (1,000-yr
RP)
West Approach 2002 FEE Minimal Immediate to SEE Repairable  Immediate; emer-
SFOBB Caltrans 40% in Life all vehicles 1,000— gency vehicles
(300-yr RP) 2,000-yr RP
Antioch Toll Bridge 2010 N/A NA NA SEE Significant, Impaired
Retrofit Caltrans (Low ADT) 1,000-yr RP No collapse
Vincent Thomas Bridge 1996 FEE Repairable Immediate SEE Significant ~ Emergency vehi-
Retrofit Caltrans 40% in 150 yr 16% in 150 cles within days
(285-yr RP) yr
(950-yr RP)
Columbia River Crossing, 2008 FEE Minimal NR SEE Significant NR
ODOT & WSDOT 15% in 75 yr 3%in 75 yr No collapse
(500-yr RP) (2.500-yr
RP)
1-40 Bridge, Mississippi 1992 NA NA NA 2% in 50 yr Minimal Serviceable
River TDOT (2,500-yr
RP)
Notes:
I Return periods shown are approximate. NCHRP Synthesis 440
2 If no percent exceedance is provided, then none was provided in the source data.
FEE = functional evaluation earthquake; SEE = safety evaluation earthquake. Performance-Based Seismic Bridge Design
Terms are those used by the agencies.
NA = not available, NR = not reported.
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EX] AASHTO: Design Life vs Service Life

EX] TEEMoSEHiRitS—nE (GB 50153-2008)

B AASHTO LRFD Bridge Design Specification

— Design Life — Period of time on which the statistical
derivation of transient loads is based: 75 yr for these
Specifications (PEIRRES - RRRTE%HR)

— Extreme Event Limit States — Limit states relating to
events such as earthquakes, ice load, and vehicle and
vessel collision, with return periods in excess of the design
life of the bridge

— Service Life — The period of time that the bridge is
expected to be in operation
(PEIARE : SREHMEAFER, AR
— Service Limit States — Limit states relating to stress,
deformation, and cracking under regular operating
conditions
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RERS BITEENEX RS BIHERERNENRSH
BT NS LT LR T
“NREITERASNRAEAMERNNESZ | {TXBETRIEBNERNER"
GB 501532008 | ¥ - SEIITFHIEA @ BSHE « RER | SESITHZA  B5%i8  ABRE
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EX] IE4WuSEHigit5i—1nE (GB 50153-2008)

B %1 HERE (Design Reference Period) :
— FE N E AR E S BUE TR N R 24, 2T
1 F BUE Y
B i 4ERR (Design Working Life) :
— FE WL RE ) 45 M BREE A A AR AS 7R AT K AE R ] $2 1 e
H B AERR,  J& X 2h f A B i 4E PR A e
m FEHRAN S, ERELREEA 1 i A &

Chloride Induced Corrosion Models

¢ Fick’s 2nd [Law Models Time to Initiate Corrosion in
_Uncracked Concrete

Cerit = C(x = cov,t) =Cqy+ (CS,AX - Co)'(l - er{L_AX]
INTERNATIONAL TAIWAN BRANCH 2

t

X1 ISO 16204 - Flow-chart for Service Life Design

| Establishing the serviceability criteria |
12
‘ Establishing the general layout, the dimensions and selection of materials

v v

Verification by the Verification by the
“Full probabilistic” method. “Partial factor” method.
Involving: Involving:
® Probabilistic models ® Design values

— resistance — characteristic values

— loads/exposure — partial factors

— geometry ® Design equations
© Limit states o Limit states

Verification by the Verification by the !
“Deemed-to-satisfy” “Avoidance of 1
method. deterioration” 1
Involving: method. 1
Exposure classes, Involving: 1
limit states and Exposure classes, limit 1
other design states and other design 1
provisions provisions 1

31 [ I—===F===-= S=—F----

Execution specification
Maintenance plan
Condition assessment plan

BIREARE

MM 5T ER1205F ’ |

Execution of the structure

target reliability Index )
B=1 .3 ’ Inspectionlof execution I
v v

| Maintenance | | Condition assessments during operational service life }7

INTERNATIONAL TAIWAN BRANCH 3

e
In the case of non-conformity to the performance criteria
the structure becomes obsolete or subject to full or partial redesign

2] Reliability Levels

Summary of Reliability Index, B versus Probability of Failure, P¢

where -¢,,'(Py) is defined as the inverse standard
P; Reliability ~ B =-¢,"(P;) normalized distribution function

Example

fib Bulletin 34 Model Code for Service Life, depassivation

10% 90% 1.3 of reinforcing
Eurocode EN 1990 (service limit state calibrated for a 50
6.7% 93.3% 1.5 year design life)
1.0% 99% 2.3
0.1% 99.9% 3.1

AASHTO LRFD Strength | (calibrated for 75 year design
0.02% 99.98% 3.5 life)
Eurocode EN 1990 (ultimate limit state calibrated for a 50

0.007% 99.993% 3.8 year design life)
fib TG8.6 Deemed to Satisfy for exposure XD3 (chlorides
80% 20% -0.8 other than seawater) in USA - 50 year design life
INTERNATIONAL TAIWAN BRANCH 4
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X 531 RIFHE 2 SR

= T)IEIEEREIEIRA — 7 I/6IEREIRS
<« SIERRZFHY)I PKIBREEIR : 105~100F
B RERFTERE —BIRREERS
“ EZT)I : FR200FHIKEERLET © RELKS1.5M
“ L@ - R S0FHIKERRELET - RELKS1.0M
<« JPRISTERBEIRA « HiEHRNA
B BE4REPRRERETEEIE
W CEEIERGTEN(FRAT) - FERBECPRIENTY) I EIEREIE
IRHRMERS
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X 3) 1 HBRI6RETERENER
B _SRIETE — MiRBE

R4k M E B HEATE AR
Bk A HEGHE
LI R LA B RS T

fmdR it
4322 EZFHEBRERRAITH A
BR L AN | HETR [ BiRE| KkEH R TIHE | RRBE| iz
ABARA | (AR) |(AR)[(FHFAL) sk (ZFARM)] #ats | BRME)| RS (AR)
(&R) (AR)

k& R4 fi BRIk 250 32 262 (3,700) (85.8) (50) 95.00 8.22
4,600 86.78 200

Wit 2 ts £ 0K 230 23 164 (2,770) (89.1) (50) 94.00 379
3,090 90.21 250

BARE TN WKk 800 140 2445 (16,700) (149.7) (100) 153.71 3.18
18,800 150.53 200

A AGE T I 4 Bk 950 52 423 (7,000) (106.40) (100) 113.90 6.79
8,300 107.11 200

R SR TN kK 250 18 102 (1,950) (143.16) (100) 145.50 202
2,580 143.48 200

3 DR ()AL B KA L30T A6 RN IR o
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9 I HBIRIBERETE R BN SR

EX] 3 1BRIBERE BRI ENER

_SRIESTE — EMBRE

XBHPOSWEDMIRTIRSG
Bo_RR RIS E
ﬂ%*&ﬁi 3.4.3 Rk ditit .
—n = ASBEAETIGEAR S » ARSBHR GG KA FiTH &
$BEBER IR %

A BRI RIK - KK ~ K~ RBERGK - BRK - i
Bk o~ BIRURK ~ MK - B FIRK KRk - 54K & F
o~ ROk Bk KT K BT UK KA
Wk~ AR AR = — ok o St 2R 2
5 1R 4% 200 4F 2 K 9 o 33t 0 38 57 il 2 48 R ) 4R 50 SF Bk K 9R R it
o 2T SRS RRRZ B EEE  SRITH] 5d0]. 02
R 8BREBIFSNRGH SRR EFRAKE  RBGRBIR
Wik o /5 o A7 W3 ik 226 3% AR AR W ST I ok OE AT R 0 Mg AhRSERE
TR A £ F AP &K > 1F AR IR - itk X
SR A8 5] 4o R 3. 4-1 BT -

Burr=anmma

PREM AAFSEERIE

FPORE AHARIA LK
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—ERESTE — ST
ZRSPS WA BT T,
B A OSIRNHE
EFTHITCRL(STA. 203K+300~STA. 245K+703.071)

=L 8 R K B A At
SECRAR 1
AGEBRMEBXEENNEEAGE . BKE X
B EERR THR WXERITE KRR - A
ERREREZRBDTF ¢
ILERDEMA KIS RBELEERUEHREZ GERN
HWERKMETMMBERON I BRE L LR #8R
ArewBmRE RKBREEBRARS AN ETTMMZME
GRS FARLBRBORLIBEEARE £ 8
BREFRE -
2HKRRGEEIBEENAXRABHERNMNE - R
e DEBE NP 200 B o KM KM AR R W S50

PBRE At ERAHERERRBBBBREGT 2 KM -
FPRRE At

S$BEPERETIRE
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X 53 P RIZRE DS

SH5(1/3)

e I S5 (y) FEECORIRE RS (m) S
ARE RERET KU)IREERE KRERSERY
FRERE JBFRZ 50 200 6.90 7.60
R yesaflll FHOE 50 200 7.50 7.68
BKRTIE BNZ 100 200 13.86 16.08
RBWRTIIE  REWE 100 200 5.78 7.04 BIRETEIRING
BRI G BIE 100 200 4.99 513
NERHABER  KBZ 25 50 4.15 4.25 ITKEEE
MRS HBIRZ 25 50 5.10 5.55 TkBEE

INTERNATIONAL TAIWAN BRANCH

X 53) 1 & RIZRERD S FHE(2/3)

SOKERA (yr) BERUDRIZREHES (m) _
BR2B o)l {5
i )1 382 PR KT IBESERE  (KPEBER g
RURA)IE  LUE 25 50 2.83 3.95
EER)IIE GHZ 25 50 4.49 5.09
& osm U JBIRETE ) SORIEESERG
el CERpES p— 50 10.20 pestug
KEOREEAE  OHOZE 25 50 3.96 4.08
GEREKIE PE S 50 200 5.51 5.66
B = s SBIBSTE ) SPRIFELERB
EIWRO)IE 3% wEh 50 5.80 Pt
=8F)II55 =B 25 50 6.96 717
HFEZITHE H5BZ 25 50 5.94 7.08
)| [EETE S A0 16
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EX] 3|15 RIZREAD S FHS(3/3)

B2 ——— HKEIR (yr)_ ; FEEORIRE RS (m) .
STIEREI PERE KU IFEERE KRERSERH
SRR 15 FTZ 100 200 547 5.67
NEZT) B NEZ 50 200 4.36 471
RMAENREEAE SETAHE 10 50 1.82 3.47
BERT) B BEZ 50 200 293 3.80
RIVRE RREZHK 10 50 5.68 6.75
RIS BE 100 200 10.19 11.42
ITKBEE 5P
FSVSISES B 100 200 2.25 2.74 RIFRERHEC-18
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SEORINAT

BN SPRIATZ R

. REDORIRE Q
<~ REFTEEEEY I
m OREREEE
<+ BEFRERAR - BEIEE=0.2h
m RiBPRIRE
< FlLaursen R Gill AT Z S T =
LI =
+ KBS ENE v 4ERBNT ' DUTHELE

1.7
Laursen(1958): 12 = 5.5 x £ [(mxh +1)" = 1]

AREMARIRE | '
AREBHEEE | K

eSS
B RS R

iEﬁiSEiﬂﬁEﬁ

0.619
Shen et al.(1969): hs = 0.000223 x ("2“’1’)

0.5
Jain and Fischer(1980): 2 = 186 x (1) x (. - £,)°%5
» D

062 02 g
e 6
(gxhp)®® Dso

Ettema et al.(1998): (22) = (2—2)
2 D
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EX] BRE2T) 1 1KIE

Ag=
gy 2

A 92.10

ror-roparm o) [l Ny AR E e PEuE
R e S Frres

P29 HEERAREE (1055F) P29 SRIRARFE (1055F)

1054 ch T ER R 5% T #5ESHvIE i
KRB I0ER IR IRFE (P29~P31)
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EX 53 B RIZREXD D S
= BUEAGET) | HEP30RHB!

HIRM 1004 2004
ZK43z(m) 146.17 146.64
RERDRI(m) 34 34
ZBBPHRl(m) 10.04 12.38
RABDRI(m) 0.34 0.37
RETEBURINEP 0.1 0.1
SURERENEE (M) 1.11 1.21
RAPRHIE(m) 13.86 16.08

5t : 100EERBEADRIE = 3.4 + (10.04 + 0.34) X (1-0.1) + 1.11 = 13.86m
B ATEVNTERE
FBIRFHIRR(EIRE) » SHORAPRIZE

/7
0.0

g81\/)8
< {KAASHTORRE * BRIDRIZROIR—¥ & BB HES

) BT KEZEEER
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X EX’J':"I’E 1TKEERER

= FERUWES » IR EEEREPRIT
}Xﬂtlﬁﬁ”‘ﬁ%ﬁﬁ{%—ﬂﬁﬁﬂ SRR

EX] GBS 5RERETER(1/3)
P2 20065 Kf11 P3
WEHER : L 201220 / I-ﬂl»uu ) X

[xaxER

] P ————— g - " 17 Sp—
L Came T_ 260Kt/ B . _Tnm:
T i - i
ich s dmmd (2]} 2=

BIEESTERRIN
BAIRAEIREEE

INTERNATIONAL TAIWAN BRANCH




EX] BENSERBRETER(23)

ha R
, RREST-075(TYP)
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EX] BXERBRETER(313)

| ' P6 |
; : l—‘llﬁlllllm) E
SRE | e [°_ 20027k T I®
\\ : . SR o J"" i sema s :
R OIE
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EX] 6REE : (T KEEEER
REEHETREERERA

> URINEEBR TBEEE
> ERIERRS8E F50cm
> I 280kgf/cm? 25t O1E

y

moEIRRAIEPER
B B ERISRRE

E96 3T | [BEBDRIZE

&% . BE6RIMEHEE

EX] 6SRBUERTER L

98~102%F
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EX] GBS SBIUERTREM L

PWE PW7 PWS  PW3 PWIO A2

o o &

(=5 —

185 —1 185
180 ﬂ ——— A 1 -
T . M

I i A N ! P ii

175 1 ! R 175
I [T [ [REETRCY |

17014 Cf o 3 20094 |
il il el el B niaininlinis — 20155FE=E

166 165

m RSB REZANPR - BNREBP3~PABINZP2IE
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EX] ERIDR1DER(RI)Z FHS

B BEPRI SR DTS
+ NEFOPRIEERRINREZLE » BRSNS 2R
FH 0 RERBEEORIRE

BFEEYIIR

SRalmy)Stream power(EISN==l)

" €
B 45000
2 & 5
®  BNEE o ki -
B |« > Z 35000 e
. B [ % L BADKRINHRIE=Ys/(40,000-17,500),
E & & €
@ 25000
g 8000 ‘ \ | | -
-y I e ||| i p—— S OO
T & 15000 TRRIEEYs &
B 4000 2 e €——— 33.8 Years —> g
2000 | ) i
e [i:1]
2 o nilo 83328488 £ 888882832
g8 % 8 B B EES :
s £ = = Datels S ER SRS
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B S8 RIPER(RI)Z 5

B HEC-18&ER/N T
< BURRTH(Stream power) R =884 7 3P ABIEE (Erodibility Index) R FE iz 4 # S
FTER 2 AT
<+ ABHRITIERSEEE  BYRRBRENEZSETUSSE
CNEREEL REBCERTHED) :

K = ;p8bEEN(Erodibility Index)
K=MK, KqJ, v = BEIAE depthym
P = K75 M, = S8R E B (Intact rock mass strength parameter)
¢

32 S; = BEEIRIFE (energy slope)%
Pa= 7.8539(1'/ P) K, = BB (Block size parameter)

T = sz b = Bi¥(pier width) m
: K, = 881 H3E LS ((Shear strength parameter)
b=5m Y, = SDRIEE (Depth of scour hole)ym

J, = 1B BIEB((Relative orientation parameter)

P/P, = 8.42 ¢ 0-712(y/D)
2 P = SHRIFERER 2 (Stream power at the bottom of scour hole)W/m?

s =trial P, = BR5K5AID(Critical stream power necessary to initiate scour) KW/m?
P, = ZK#IN(Stream power of approach flow) W/m?
p = /KBRE(Mass density of water) 1000kg/m?
T = ;g K53J(Bed shear stress of approach flow) N/m?
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B S8 RIPER(RI) 2 5h
B DENSEEP4AB (EE179.5m » EHEIE177.5m)

Eh 1004 2004
IKAI(m) 191.15 191.78
2KZRy(m) 11.65 12.28

KIPEbIEEN 34.39 34.39
P (KW/m?) 14.20 14.20
P,(W/m?) 2.42 2.62

T (N/m?) 456.68 481.38
P/P, 5.86 5.41
Ys(m) 2.25 2.74

B RTEVTEE
< BRBEPAERER172.5m ' M200EBIRMETEDRIEA

179.5-2.74=176.76m » EEE{DAS4m
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