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Bridge Description and Structural Characteristics

Link from Miami mainland to Virginia Key and the resort
Island of Key Biscayne.

35-Span Pre-Stressed Concrete |-Beam Bridge over
Biscayne Bay

Average Span Length = 102’-0”
Max Span Length = 143’-0”
Bridge Width = 92’-7 1/2” out/out parapet

Concrete Cap and Column Piers on Pile Foundations
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Field Inspection Operations
Field Inspection Approach

Initially Considered North side of tallest piers near midspan

3 — West Bound Traffic Lanes
No Sidewalk, so vehicle live load effect is larger on the cantilevered section
Should contain more total applied load

First 2 pier caps inspected did not have significant cap cracking....

A walk alonﬂ the adjacent fishing pier near the end of daz 1
identified other piers that were much more severely cracked

Shorter Piers
South cantilevered section actually contains the most severe cracking
East Bound Lanes contain a sidewalk
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Field Inspection Operations

MOT Operations

Selective Pier Inspection of 8 Piers & GPR Scan of 3 Pier
Caps

Aspen Aerial Under Bridge Inspection Vehicle

Inspected Condition
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Pier Cap Analysis

General Beam Behavior Principles

Two Main Categories:

Shallow Beam
Large Span:Depth Ratios
Rely on Internal Couple to Resist Applied Moment

Deep Beam
Small Span:Depth Ratios
Internal Truss Action (“Arching”)
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Pier Cap Analysis

Pier Cap Geometrics i]}

Uniformly loaded members:
Span: Depth <4

Concentrated loaded members: .
Load applied within 2D of support

4l_6ll

Pier Cap Dimensions:
Span: Depth=2.2<4
Point of Load Application = 7’-5” < 9’-0” |

9'-9"
Deep Beam Provisions Apply!!!
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Pier Cap Analysis

Crack Patterns

Support Identification of Deep Beam Behavior
Nonlinear Stress Flow Present
Diagonal Cracking Due to Orientation of Principle Stresses
Cracks propagate perpendicular to stress trajectories

\— TENSION STRESS TRAJECTORY (TYP.)
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Pier Cap Analysis
Analytical Models

Load Distribution & Force Effects for:
Prediction of Crack Patterns

Ultimate Strength
Positive Moment
Shallow Beam Theory
2D and 3D Analyses
Negative Moment
Deep Beam Principles
Strut-and-Tie

Serviceability Requirements
AASHTO LRFD Specifications & FDOT SDG
2007 Willam Powell Bridge Inspection & Structural  Evaluation
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Pier Cap Analysis
Findings

Prediction of Crack Patterns
3D Finite Element Models
Stress Contour Diagrams Map Crack Locations
Good Correlation with Field Documentation
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Pier Cap Analysis
Findings

Ultimate Strength

Positive Moment
Shallow Beam Theory
2D and 3D Analyses
Section Found to be Adequate

Negative Moment
Deep Beam Principles
Strut-and-Tie
Sufficient Area of Steel, but Lack of Sufficient Development
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Pier Cap Analysis
Findings

Serviceability Requirements

Positive Moment

Cracking Provisions Satisfied

Supports Finer Crack Widths Observed
Negative Moment

Service Steel Stress = 38 ksi

Large Crack Widths
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Conclusions & Recommendations

Failure to Design According to Deep Beam
Principles

Misrepresentation of Force Flow
Inadequate Development Length
High Steel Stress
Large Crack Widths

Phase Il

Installation of Crack Width Gauges
Determine if Crack Propagation Continues

Corrective Measures

Crack Growth has Arrested:
Seal Cracks
Crack Growth Persists:
Increase Load Carrying Capacity of Caps
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