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Performance Opjeciives
® AASHTO Guide Specifications for LRFD

Seismic Bridge Design (SGS) is primarily a
displacement-based design approach

® SGS addresses a single performance objective

® No collapse as a result of the single hazard
level (1000 year event)



Performance Opjeciives

® User expectations, down time, economics

® Need for better seismic bridge performance
e Minimal damage ~ some yielding
e Repairable damage ~ spalling
* No collapse ~ buckling or rupture

® A “functional level” EQ may be needed (100
year event) with minimal or repairable damage



Performeance Opbjeciives

® CALTRANS MTD 20-1 (July 2010)

Bridge Seismic Hazard Post Earthquake Post Earthquake
Category Evaluation Level Damage Level Service Level
Functional Minimal Immediate
Important
Safety Repairable Limited
Ordinary Safety Significant No Collapse

)n DOT also has multiple hazard level
oproach



Perforrmance Objeciive
® How to design for performance objectives?

* Displacement ductility
 Plastic hinge rotation
~* Material strain limits

vides strain limits (e.g. Table 8.4.2-1)

dd performance objective strain limits
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No Collaose Performeance

® SGS strain-based deformation limits
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Figure §.4.2-1 Reinforcing Steel Stress-Strain AModel
Table §.4.2-1 Stres: Properties of Reinforcing Steel Bars.
Property Notation Bar Size ASTM ATO6 | ASTM A61S Grade 60
Specifiad
mintmum yield 5 #3-#18 60 &0
stress (ksi) i ECGZEC()ESP ECC
Expectad yield £ #3418 68 53
stress (ksi) ’
Expected tensile c : -
ST L s R - Figure 8.4.4-1
Expectad yield - #3418 0.0023 0.0023 - "
strain ?
Onszet of strain b o
hardening #3 .48 0.0150 Q0150 Moment
=0 0.0125 00125 H
M, 1
E =10 -#11 00115 00113 E
M, '
414 0.0075 0.0073 M, :
1
T 0050 0.0050 :
- ‘ '
Reduced ultimate e 4 #10 0.090 \ 0.060 ;
tensile strain i H
1
#11 - #18 0.060 / 0.040 '
Ultima o == 0.120 0.090 !
strain :
#11 -#18 0.090 0.060 -
LA

Curvature

Igure 8.5-1
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Performance Opjecijve

® Some performance strain limits of interest
e Concrete tensile cracking
» Concrete compressive spalling
e Confined concrete core crushing
» Longitudinal bar tensile yielding
e Longitudinal bar buckling
e Longitudinal bar tensile rupture
e Transverse bar yielding
e Transverse bar rupture




Performance Opjeciive

® Sample strain limits

Performance Concrete Strain Limit Steel Strain Limit

Objective (Compression) (Tension)

Minimal

~ 0.005 in/in ~ 0.003 in/in
(proposed)

&, Onset of strain hardening,
residual concrete crack width less
than about 1mm, etc.

Repairable Spalling of cover concrete,
(proposed) onset of bar buckling, etc.

No Collapse &, = 0.09 in/in for d, <#10

(from SGS) oy — O-OO4+1.4*pS*fy*gsu/f,CC

&, =0.06 in/in for d, > #11



Performeance Oojeciive

® But it’s more than just strain limits

b Permanent drift and settlement limits

~* Multiple EQ hazard levels
\ ?tatistical calibration / fragility curves
Irect seismic hazards

expectations after EQ event



EQ Loacd Hi

® Comparison between guasi-static and the

ST

standard three-cycle loading protocol
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£Q Loacd History Effecis

® SGS reduced ultimate tensile strain, &*,,
based upon 3-cycle laboratory loading
protocol

® SGS appears conservative but “one-size-fits-
all” may be Inadequate

® Strain limits based upon anticipated EQ
deformations may be warranted



£Q Load History Effecis
® FHWA Seismic Retrofitting Manual

. Eap = 0.08 * (2 * Np) /2
- where:
. s, ® gap Iow-cycle fatigue strain amplitude




=Q Load History Effecis

® Ongoing research includes directional
considerations




Sirain to Deforrnation

® Integration : load — shear — moment
(curvature M-¢) — slope — deflection

» Numerous approaches to “integrate”

-

nalytical plastic hinge length is a

o Ii‘ cation used to transform curvature to
N (slope) and Is used In the SGS
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Plasiic Hinge Length, L, &

L,=0.08* L +0.15*f, * d,

where:
L = distance from hinge to zero moment
- f,,=expected bar yield stress

A
. = longitudinal column bar diameter -

J adient part (column) and a strain

1 part (footing / cap / shaft)
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Plastic Hinge Length, L,

® Reducing either the moment gradient part or
the strain penetration part will reduce 4,

® Calibrated to the ultimate strain limit and
corresponding deformation

® Modifications may be required to better
correlate deformations at lower strain values



Plasiic dinge Lengin, L,,

® Curvature dependent plastic hinge length

A M
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Sideirack - ABC Conneciions s

® Method of connecting and anchoring
reinforcement to prefabricated elements
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ideirack - ABC Conneciions
® Can develop full tensile strength of bar

® Stiffer stress-strain than un-spliced bar

® These devices may reduce the analytical
plastic hinge length

® Smaller L, suggest higher strains at smaller
displacement (performance objectives?)



Longituclinal Bar Buckling

® SGS defines bar failure on tensile rupture

® Under cyclic loading, tensile bar rupture is
often proceeded by bar buckling which is
proceeded by a large tensile strain and
yielding of the transverse reinforcement

® Will likely need strain limits for bar buckling



Longitucinal Bar Buckling

® Bar buckling performance limit
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Longituclinal Bar Buckling
® FHWA Seismic Retrofitting Manual

&, = 2

here:

i \ib = bar buckling strain =% * ¢,
| LN y yield stress

. = modulus of elasticity

=g/(c-d)-4



Longitucinal Bar Buckling

® Compressive stress during tensile strain

Displacement (mm)
-610 -410 -210 -10 190 390 590
20 1 1 1 1 1 1

[ 15 - Test 23 (AR 8.67 @ 5% ALR)
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® Spiral Yield North  ® Spiral Yield South
& Bar Buckling North € Bar Buckling South
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Longituclinal Bar Buckling

® UW (Berry and Eberhard) bar buckling drift
limits based upon the column test database

Abb/L — 325*(1-'—ke_bb*pEff*db/D)*(l-P/Ag*f’C)*(l-l_ L/lO*D)

where:

Ke pp = 40 for rectangular, 130 for circular and O if s/d, > 6
Peff = ps*fys/ f,c

d, = diameter of longitudinal column bars

L = distance between plastic hinge and contraflexure point
D = column diameter or depth in direction of loading



Longitucinal Bar Buckling

® NCSU research approach

Fiber-based model of a bridge Selected earthquake ground
column or an entire bridge motion
\ 4 > < A

r

[ Nonlinear time history analysis

Y

[ Strain history of extreme fiber bar ] [ Finite element bar buckling model ]

l ‘.

h 4
[ Strain-based cyclic analysis |

A 4

y

[ Does bar buckling occur? ]




Longitucinal Bar Buckling

® NCSU recommendations
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Longitudinal Bar Buckling

Tensile Strain

® NCSU recommendations
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Concreie Fillec Sieel Ploes

+ Minimize in-water work, no cofferdam

+ High strength, stiffness, seismic resistance
+ Open ended piles for obstruction removal
+ Scour and liguefaction resistant

- Pile availability (API 5L vs. ASTFM-A-252)
- Field welding, QC and QA

- How to connect to “weaker” cap beam?

- Below ground hinging



j Pushover Analysis

&

Abeorve Grade Height (Ft) 152 Below Grade Height (Ft) 44
Draw Bert i Pushover Analyss | Create Report [

‘Concrete Limit

Numeric Output

+0 . 000e+000, +0.000e+000
+4.167e-002, +1.839e+002
+8.334e-002, +2 .840e+002
+1.250e=001,+3.700e+002
+1.667e-001,+4.465e+002
+2 .083e-001,+5.039&+002
+2 .500e-001, +5. 505e+002
+2 .917e-001, +5.905e+002
+3.3332e=-001,+6.250e+002
+3.750e-001, +6.56Te+002
+4.167e-001,+6.861e+002
+4 .583e-001,+7.139e+002
4+5.000e-001,47.403e+002
+5.417e-001,+7. 659e+002
+5.833e-001, +7.910e+002
+6.250e-001,+8.151e+002
+6.66Te=001,+8.389e+002
+7.083e-001,+8. 622e+002
+7.500e-001, +8.849e+002
+7.917e~001, +9.073e+002
+8.333e-001,+9.292e+002
+8.750e-001,+9. 507e+002
+9.167e-001, 49.719e+002
+9.583e-001,+9.92 4e+002




Strain Limits for CFSP

® AKDOT sponsored research at NCSU
e First principles (equilibrium compatibility)
e 33<D/t<192 (piles and drilled shafts)
* With and without reinforcing steel
e Straight seam and spiral welded
e Buckling and rupture strain limits

e Analytical plastic hinge length (ongoing)



Sirain Lirnits for CFSP

® | arge lateral deformation capacity

® Good force-deformation / hysteretic response
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Sirain Lirniis for CFSP

® Onset of buckling and rupture

Ductility 2, A=2.04 in Ductility 3, A=3.06 in Ductility 4, A= 4.08in
— -




Sirain Lirnits for CFSP

® Onset of pipe wall buckling (tensile strain)
& ~ 0.022 — (D/t) /9,000

~® Reduced ultimate tensile strain
&, ~0.026 in./in.

Tensile Strains prior to Buckling & Rupture




Nontr
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cditional Sysierms

Stress ¢

Austenite — Martensite

Forward Transformation

Unloading Leaves
No Residual Strain

Austenite - Martensite
Reverse Transformation

Strain €




Dirgci Dis
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olacernent Desigr

® Start with performance objective (strain,
deflection or ductility limits)

Size the member (column diameter)

einforce to specified resistance (o)

k non-seismic load combinations



Direct Displac
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e Advantages

+ Insensitive to Initial stiffness

+ relatively easy to use

+ different methodology for QC/QA

- complex geometry limitations
ited utilization to date
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STATE OF ALASKA
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AND PUBLIC FACILITIES

Elmer Marx, P.E.

Senior Bridge Engineer

Bridge Section

3132 Channel Drive

P.O. Box 112500

Juneau, Alaska 99811-2500

OFFICE 1-907- 465-6941

FAX 1-807- 465-6947
E-MAIL: elmer.marx@alaska.gov
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