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Design Assumpin

Equal Displacement Theory: The
displacements calculated for a non-linear
structure are suitably close to the
displacements calculated for the same
structure based upon its initial elastic
stiffness




ent seismic design
actice Is force-based
sing the elastic seismic
forces that have been
reduced by a Response
Modification Factor (R
factor)

titis the displacements
are “accurately”
2d not the member

Design Assumpon

Displacement




nent-Based Appoa

0ols currently exist that
DW US to explicitly compare

e design seismic e — [
displacement demand to the
nominal displacement capacity

Large plastic displacements can
be achieved provided that brittle
and premature failure modes

FFFFF

=moan be prevented (i.e. to obviate
y according to Henry




arlure Modes to Ovi

2ating of the spans
emature tension failure in

einforcing steel

Column shear failure

Sudden loss of concrete
confinement

Buckling of longitudinal
einforcing
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AMhere to Start?

Ign the bridge piers for all applicable non-
eismic AASHTO LRFD load combinations

For all but the most severe seismic areas, the
guide specifications are used to verify
satisfactory seismic performance assuming
appropriate detailing is provided (e.g. seat
Idth, column confinement, column shear
acity, etc.)




Nate:

1) Trpe 1 comsider cossreie subsirsccure.

2) Type1° conciders steel substrucrare

3) Trpe 1°* consider: coucrere filled siee] pipts
ubserusture

[DEPENDS ON ADJUSTMENTS.

SATISTY COMBDED.
REQUIREALTS REQUIREMENTS FOR SDC i "AND FLEXTRE
D L

ARTICLE 8

ERDE SLEEE
n.ummnm
mlcuu .mu-m

BEAMS AND CONNECTIONS
ARTICLE 763

T
ARTICLERS

Figure 13-1b Seismic Design Procedure Flow Chart.
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RETURNTO
Figure 1315

Figure 1.3-5a Detailing Procedure Flow Chart.
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Mapped Spectra

AASHTO GUIDE SPECIFICATION FOR LRFD SEIAIC BRIMGE DESIGN

HORIZONTAL SFTCTRAR REFONSE ACCELERATION! FOR THE
TERENOUS UINITED STATES OF LE-SECORED PERICE

v e arnie i

ST 7 PR N1 PELIRARILTY £ EXCEETIAMCE 1N 75 YEARS

Response Acceleration Coefficient at 1
Second Periods

Site Class | S,<0.1 L4 §,=02 $,=03 §,=04 $,205
A 0. 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0
C 1.6 15 1.4 1.3
D 2.4 2.0 1.8 1.6 15
E 3.5 3.2 2.8 2.4 2.4
F a a a a a

Table notes: Use straight line interpolation for intermediate values of S,,
where S, is the spectral acceleration coefficient at 1.0 sec. obtained from
the ground motion maps.

hm SpmrnlAmelenM for the Conterminons United States (Western) at Peried of 10
T8 Years (Approx. 1000 Year Return Period) and 5 Percent Critical
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Design Response Spectra for
Fairbanks, Alaska
| | |

= 1000-YR Site Class "C" Sa (g)
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Design Response Spectra for
Portland, Oregon
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azard Comparison

a T = 1 second period structure with Soill
ofile Type Il / Site Class C the old 500-year
and the new 1000-year spectral demands:

— Boise = (S5, ~ 0130
SDC A

— Butte C—~—020 5. 020
SDC B

Portland C_ ~ 0 5, ~0.35
S ASDC C

e C -~ 0.35 035




SDC A
« SDCAorB
e SDCA,B,orC
@« SDCB,CorD
®@ SDCCorD
® SDC D

HORIZONTAL SPECTRALRESPONSE ACCELERATION FOR THE
CONTERMINOUS UNITED STATES OF 1L.O-SECOND PERIOD

(5 PERCENT OF CRITICAL M

WITH 7 PERCENT PROBARILITY OF EXCEEDANCE IN 75 YEARS




DEsign Categorie:
(SDC A)

Sp; < 0.15 [up < 1]
No explicit seismic analysis required
 Provide minimum bearing seat width

* Provide prescriptive substructure-to-
superstructure connections (15% to 25%
of the dead load reaction)

Also applies to single span beam-slab
= bridges




o
Ay

Design Categorie

(SDC B)

0.15 < S, < 0.30 [y < 2]

The ERS (TYPE 1) and ERE (column
hinges) are assumed

 Modeling Is required to determine the
seismic displacement demand and it is
compared to the implicit, closed-form
displacement capacity

e Column shear design in plastic hinge zone
for minimum of plastic shear or elastic EQ
<, ferce demand

Iptive ductile detaliling
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Design Categorie

(SDC C)

0.30 < S, < 0.50 (o < 3]

The ERS (TYPE 1) and ERE (column
hinges) are assumed

 Modeling Is required to determine the
seismic displacement demand and it is
compared to the implicit, closed-form
displacement capacity

e Column shear design in plastic hinge zone
for plastic shear (capacity protected

2sign)
Iptive and capacity-design detailing
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Design Categorie

(SDC D)

DC D 0.50< S, [Lp <
ERE limit]

e The ERS and ERE must be identified

 Modeling is required to determine the
seismic displacement demand and it is
compared to the explicit, push-over
displacement capacity

Column shear design in plastic hinge zone
Or plastic shear (capacity protected design)

icit and capacity-design detalling




Secmow 3: GENERAL REQUIREMENTS

Longltudinal Responas

Plastiz hinges In inspactabhe locations ar
alagtc deslgn of colmns.

Abulment resistance ol requied 36 part
ol RS

Knark-nff harkwals nemmisslbia
Trangverss Responga

Slastic finges In Mspactabis locatians or elastic
design of CoiumnE

Abutment nod required In ER3, breakaway shear
2ys permisslole

Tranavares ar
Longltudinal Respanae

)=

Apulment raquinad o r2slst e deign
aannguake elasteally

Longruding! passive 5oll pragsune hall be (256
than 0.70 of the value ootained using the
procacurs given In Aticle 5.2.3

Figure 3.3-1a Permizsible Earthquake Resisting Systems (ERS).

L=

Longltudinal Ragponas

v I5cialon bearngs accommadats il
dispiacemant

+ Abutment not requied 36 part of ERS

Transveres or Longitudinal Regponse
=]

Plastc |||I'EE'S In |I"IEEDE.NE Ipcations ar elaslic
design of calumas

isalation bearings wilh or without 2nargy
disslpatess to Imit overall dispiacemens

Longltudingl Responas

MURpIE SFTpl-BUPgOFtad Spans Wi aequate
Suppon engins

Plastc |||I'EE'S In |I"IEEDE.NE Ipcations ar elaslic
design of calumas




AASHTO Gupe Seecrrcation Fok LRFD Sz Bripce DEsicy

2
Apove ground | near
P ground piastic hinges.

_ Piaglic ninges below cap beams Inchang
ple bents

Tensle ylexling and Inelastic
Selsmic isolafon bearings or bearings
‘s=slgned to accommodats sxpected
selEMIC displacements Wit no damage

Colmns with momant
reducing or pined hinge detals

Capaclly-profested pie caps,
Including caps witn battered
plles. which behave elasticary

10 Spread footings that satisty the
I% ovariuming erizria of Arlcle 5.3.4
Pler wals 'with or wiEnout plies.

12 i /{

Sazsive mml&w"&ﬂ s
1 part of ERS Seat aUAmEnts whse backwal
e s Sesigned 1o fuse

Use 70% of passive s0il sirengtn designated In Aricle 5.2.3

13

Seat abutments whose backwall Is designed o

restst the expected Impact force In an
essentialy eizstic manner







Granular _
Drainage 777
Material

Passive Pressure
Zone
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* %
Rd:[l_i]f_;m_o or Zato ass

up ) T Up

T*
R,;=10 for —=<1.0
T

(4.3.3-2)

in which:

1.257;

maximum local member displacement ductility
demand

= 2forSDCB

= 3forSDCC

= determined in accordance with Article 4.9 for
SCD D. In lieu of a detailed analysis. |lp may be
taken as 6.

period determined from Article 3.4.1 (sec.)

Response Spectral Acceleration, Sa

A= F,. PGA




ement-Based Deig

DC B and C, closed-form member
placement capacity equations are
available

SDC B: A-.=0.12H(-1.27In(x)-0.32)>0.12H,

SDC C: AL.=0.12H_(-2.32In(x)-1.22)>0.12H,

smhere: X = AB /H,




ement-Based Deig

A rough check of conventional circular
forced concrete column sections:

A, ~ 1/3%9,(12H,+9d,)2 ~ H,2/508B,

where:
A, = idealized yield displacement (IN)
H, = contraflexure to plastic hinge distance

d, = diameter of longitudinal column bar (IN)
¢, ~ 2.25%¢,/12B, (1/IN)
B, = column diameter (FT)

axpected yield strain (IN/IN)
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Figure §.4.1-1 Reinforcing Steel Stress-Strain Model

Property

Notation

Specified
minimum yield

5

Table §.4.2-1 Stres: Properties of Reinforcing Steel Bars.

Bar Size

- S -

4 Confined

ASTM AT06

ASTM A615 Grade 60

#3-#18

60

60

— T

onfined

stress (ksi)

S

#3-#18

68

68

Expectad tansile
swength (ksi)

e

#3-#18

95

95

Expectad yield
strain

[

#3-#18

Onset of strain
hardening

#3-#8

=5

#10-#11

#14

#18

Reduced ultimate
tensile stramn

#4-#10

#11-#18

Ultimate tensile
strain

#4-#10

[ T

#11-#18

o

Curvature




(b) Transverse Response for Dual Column Pier.

Figure 4.11.2-1 Capacity Design of Bridzes Using Overstrensth Concepts.
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Curvature

idealized plastic moment capacity of reinforced
concrete member based upon expected material
properties (kip-ft.)

overstrength plastic moment capacity (kip-ft.)
overstrength magnifier

1.2 for ASTM A 706 reinforcement
1.4 for ASTM A 615 Grade 60 reinforcement

) 11 ]..H A
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8Vel Design aft
Detailing

provisions for the shear capacity of
einforced concrete members in the plastic
hinge region are provided

e The provisions are based upon Caltrans
practice and have been found to be
conservative for most conditions

Include factors to account for ductility
demand and axial loads




\/ evel Design anée

Detalling
column-cap beam
t design provisions ~ ot
ave been provided AP 4}
hmj f" ; ’&Tj’;&\ T, ’—,rr
— Design requirements are | |/ | | 1w .
somewhat prescriptive TN e _—
— Equations are based e
upon experimentally .
verified strut-and-tie e
models .
Ensure that hinging 4

o, OCCUrs in the designated
ANINge region and not in




Summary

placement-based design approach
except for ductile steel members)

1000-year seismic hazard
Closed-form displacement equations
“No-Analysis” for SDC A

Displacement check and detailing for
SDCB

s Bisplacement check and capacity
' "’ q for SDC C and D




ou & Questions

Roy Imbsen

NCHRP Manager, Panel and Reviewers
Trial Design States

AASHTO T-3 Members

Technical Review Team

Many Others




