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* Probabilistic Damage Control Approach (PDCA)
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- Acceb“tabLe, Ievel of damage under each excitation depends on
probability. of occurrence ‘of the earthquake that'is return period
(T) of the earthquake »‘4*:,,;

- Expected Damages at each level of demand can be quantified
with Damage Index g

- Level of Damage (Minimal/Repairable/Significant) can be
related to Damage Index




_Level of damage ina ¢ _
displacement of “A”is:r
Damage Ino!eé,_(DI) :
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DI=0, No damage (Elastic)ﬁ‘
DI=1, Extensive Damage (at Collapse)




Damage Index, Cont.
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Capacity of columns deS|gned baseﬂ on Cur'rent

requweﬁﬁents {e]g conflnement and other -

* considerations is as@%ed at DI1~0.5, however
tests have shown co‘lumrrS can withstand larger
displacements (DI~1)




Design Damage Index (DI) Values

The acceptable levél of d_ékMigund’é‘r_,each

probabilistic:ARS curve is de
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examglg- it'can be: 3
T=710 years* (10% -Ehaﬁ"r)ce of happening in 75 year
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T=1460 Years™ (5% chance of happening in 75
year life): DI=0.75

Note: each of these events are represented by an ARS curve
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Acceptablé Iegel of DI depends. on return perlod of
ARS curve used, and SDC requu:ement of 2-2-4'is

modlfled as: ¥ 1‘1 e
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Ductile Column Response

Lateral Force
A

Lateral Displacement




PDCA Advantages
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Designer can increase conflnemg,g‘ to:'re,duce DI and
satisfy deS|gn requwements ﬁ"t:
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Appllcable to aﬂi partles mvolved m a prOJect
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Brldge Designers & G

Bridge Owners (State and Local Agencies)
Bridge Maintenance personnel (Repair/retrofit)
Public
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EXAMPLE # 1

287'-6" (BT.E5 m)

153°-0° (46.65 m) 134°-6" (41.00 m)
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Example # 1

> 1he v ucture of the b dge .:‘t
cell post- _tensioned box girc én.@_u I:Ir

pile-shaft = s '!. :
>Caltrans’ site specific det amm urve and-
also a family of probabilistic Alﬁ ves ‘are used

» The performance push-ove se analysus)
indicates that two plastlc hlnges form at top of
columns. "~ s |
>Comparison of uItlmate-dlspIacement capacity (4,.)
and demand (Dp) shows adequate ductility in the
transverse direction for this parfcular bent.

» The plastiec component of the displacement
capacity is based on an effective length of column
defined from the Contraflexure point or zero moment
to the cerrjler_-_t_he upper plastic hinge.




EXAMPLE # 1

>The l JItUuC -,‘H_ﬁ‘ S In the colum ; -'
No. 11 bars, the conﬂnementd‘ S Of “'8*-hps

@ 4 inches spacing in the;%% gion, The"

plastic moment and curva

sectional fiber analysis softwarah“
»>The over-turnlng effects mcreagéq"ﬁté"amal load-

te usmg

from 2034-kips to 2911 kips in the ‘compression
column; howéfler the incréase in plastic moment was
only®.4%. There is addlhé)hal reserved capacity in the
cap/beam to easily meet the hlgher column moments.

COLUMN PROPERTIES PDCA

dp lcr Ec
(rad/in) (ft"4) (ksf)




EXAMPLE # 1

P e B N N i

Caltrans Deterministic Caltrans Site Specific ARS Curve
for Soil Profile Type D, Magnitude: 6.75 +/- 0.25 PBA
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Probabilistic Acceleration Response Spectra
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EXAMPLE # 1
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EXAMPLE # 1

Safety Ev

The bridge Nhi ed to d _\\k
earthquake: oIIowmg i§'§ummaryof nlacement demz

" _l' g
calculations for safety evaluation of Bent 2:¢. L,
e La - .
K, = initial slope = Lateral Force _ 0.32W _ 0.32x4064 Kips _ 3084 Kin
Yield Displaceme nt A, 4.22"

T =0.32 0321/4064 =1.16 sec onds
308.4

From CSDC (Mean) ARS curve is calculated as 0.75g.

Ay = F _075x4064 9.90 inches

K, 308.4

Auc = A, + A for the plastic hinge

l, = Length of plastic hinge = 0.08L ,+10.2d ,
|, = 0.08x20x12 +10.2x1.63 = 35.83"

p

0, =19,,and | is the plastic curvature capacity at top of column from sectional analysis.

8, = 35.83" x0.00187 =0.0670  radians
A, =8, *(L,—1./2) =0.0670x(20 ft (12) — 35.83" /2) = 14.88"
A =1488 +422 =1910" > A, =990" . OK

Damage Index
-A, 990 -4.22
A  —A. 1910 —4.22
uc y
o

DI = =038 <05 .. OK




EXAMPLE # 1

Function 1

The bridge'is evaluated for functionality when e
of probabilistic ARS curves. The Bent#2
displacement demand and capaC|t¥

10% probability of exceedance is sun

K, = initial slope = Lateral Force 0329 B 032x4067 Kips _ _ 3084 Kin
Yield Displaceme nt A, 4.22"

T =0.32 032,/4067 =1.16 seconds
308.4

From 10% ARS Curve spectral accelerati on is calculated as 0.60g.
A, = £ 000x4064 ;o1 inches
i 308.4

Similarly, Auc =Ap + A,

Auc =1488 +4.22 =19.10" > A, =791" . OK

Damage Index

Ay —D,  7.91-422
A —A, 1910 -4.22
uc y

DI = =0.25




Column A, A, T a (ARS) Ap Auc Damage | Acceptable | Comment
Code (in) (in) sec () (in) (in) DI DI(2Cols) | Good/NG
Caltrans Type D (0.5g) 14.88 4.22 1.16 0.47 9.90 19.10 0.38 0.6 Good

. o Good
Example Bridge  20% 14.88 4.22 1.16 0.30 6.26 19.10 0.14 0.3

" o Good
Example Bridge ~ 15% 14.88 4.22 1.16 0.33 7.25 19.10 0.20 0.4

) o Good
Example Bridge  10% 14.88 4.22 1.16 0.38 7.91 19.10 0.25 0.5

. o Good
Example Bridge 5% 14.88 4.22 1.16 0.48 9.90 19.10 0.38 0.8

) o Good
Example Bridge 4% 14.88 4.22 1.16 0.49 10.28 19.10 0.41 0.9

) o Good
Example Bridge 3% 14.88 4.22 1.16 0.53 11.08 19.10 0.46 1

" o Good
Example Bridge 2% 14.88 4.22 1.16 0.58 12.13 19.10 0.53 1

Therefore, the bridge complies with limits proposed for DI values under different probabilistic excitations.







~ EXAMPLE # 2
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EXAMPLE # 2

DAMAGE INDEX

ARS risk of
Occurrence (%)

Return
Period

(Y13)

4

A

¥

T

a [ARS)

(im)

(in}

(gl

(Mean)
(Mean +1)

N/A
N/A
336
460
710
1460
3700

0.52
0.92
0.40
047
0.54
0.72
0.96
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Calibration of DI usir
_observatlons

“Development of a. rehablllty ehng“damage
and probablllstlc demand -

t,

Local.vs. Global DI ( redundancy)

Extensm‘?‘i of Dl-application to repalr prOJects in order
to facilitate Communicatjpn between maintenance and
design 5PN
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