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Project Background



3rd Avenue Bridge, Minneapolis, MN

Completed 1918; listed on national historic register 1971



Drone Overview



Project Background - Bridge Description

Span 1 Span 2 Span 3 Span 4 Span 5 Span 6 Span 7

Bridge number 2440, 
opened to traffic on 

June 14th

1st Rehabilitation

19391918 1979-1980

2nd Rehabilitation 
(See graphic below)

Expansion
Joint Replacement, 

shotcrete repairs

2003

Foundation Repair 
Project

2014



Structure Description

Pier3 Arch Ribs Barrel Arch

Spandrel Column 
and Cap Beam

Deck

Melan truss reinforcing system

Span 1 Span 2 Span 3 Span 4 Span 5 Span 6 Span 7



Melan System



Primary Need
• Significant structural deficiencies 

and condition issues that need 
addressed

• Purpose of the rehabilitation is to 
address the condition issues and to 
achieve a target service life of 50 
years

Deterioration of the deck and cap beams 

Pier bases near waterline and below drainsArch ribs Structural distress



Evaluation and Forensics -
Bridge Inspection and Condition 
Assessment
Phase 1 – Bridge Inspection and Comprehensive Condition Assessment
Phase 2 – Field Testing, Material Sampling, Laboratory Testing



Importance of Comprehensive 
Condition Assessment
Why so important for historic 
concrete?

• Historic concrete has unique deterioration 
mechanisms considerably different than 
for modern concrete

• Conditions can vary widely across bridge:
• Concrete often highly variable
• Often multiple past repair projects

• Usually extensive damage in concrete 
that needs to be carefully documented 
and strategically repaired

• Historically significant features need 
thorough documentation for preservation



Objectives of 
Condition Assessment
1. Characterize the construction of the bridge
2. Determine current conditions
3. Document historic features
4. Identify deterioration mechanisms, which often 

include:
• Chloride-induced corrosion damage
• Carbonation-induced corrosion damage
• Freeze-thaw damage
• Other materials-based mechanisms (ASR, etc.)
• Structurally-induced distress



Phase 1 – Bridge Inspection

• Close-up visual inspection and 
sounding of 100% of exposed 
surfaces 

• Mapped all distress conditions 
on scaled drawings

• Documented condition states 
according to MnDOT standards 
(CS1 through CS4)

• Notes taken digitally on iPads



Phase 1 – Bridge Inspection

• Full digital record, 
accessible now and 
future

• Powerful post-
processing abilities



Phase 2 – Field Testing, Material Sampling 
and Lab Testing
• Select study areas representative of 

full range of conditions observed in 
overall inspection

• At each study area:
• In-depth non-destructive field testing
• Sample removals for laboratory testing

• Goals:
• Identify mechanisms of deterioration occurring 

in concrete across bridge, by element
• Determine mechanical properties for load 

rating
• Gather data as basis for projecting service life



By the Numbers:
• Total test locations: 137
• NDE areas: 73
• Concrete samples: 81
• Steel samples: 10

Study Area Locations
• Spatial distribution across bridge

• Range of exposure conditions 
(upstream, downstream, at/away 
from joints, etc.)

• Some at each material type, vintage, 
condition severity



Field Testing
• Delamination surveys
• Reinforcing steel location 

(GPR)
• Corrosion potential surveys 

(half cells)
• Corrosion rate 

measurements
• Resistivity testing
• Carbonation testing
• Ultrasonic thickness testing
• Sample removal



Lab Testing
Samples:
• 81 concrete samples (mainly cores)
• 10 reinforcing steel samples
Lab Testing:
• Concrete compressive strength
• Reinforcing steel mechanical testing
• Chloride content profiles with depth
• Petrographic analyses: 

• Freeze-thaw cracking
• Air content
• Carbonation depth
• Paste-aggregate characteristics
• Other deleterious reactions
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Concrete Rehabilitation Design and 
Construction
1. High quality surface repairs for historic concrete
2. Accurately estimating concrete repair quantities
3. Deep concrete repairs for freeze-thaw damage
4. Mitigation of freeze-thaw damage and reinforcing steel corrosion (to extend service life)

• Coating and enhanced water barrier in critical zones, targeted cathodic protection

5. Matching concrete repairs to original concrete texture and color



Design and detail the 
repairs for durability
• Keep water from penetrating

(mechanisms are water-driven)
• Proper substrate preparation
• Reinforcement for crack control and 

anchorage
• High-quality materials, placement, 

and quality control

1. Quality Repairs for Historic Concrete
Chloride-induced Freeze-thaw

Understand the 
mechanismsand 

defeat



Example – Arch Corner Repair Detail

• Excavate to steel angles
• Clean and coat steel
• Dowels to keep bond lines tight
• Reinforcing to control cracking 

within patch

35 sheets concrete repair details
107 sheets concrete repair 
locations

101 pages 
customized 
specification
s for 
concrete 
repair

• Anodes at ends to defeat halo effect
• Continuous anode to protect 

unexposed angle surface
• Shotcrete or CIP repair with QC
• Proper (wet) curing

Key points:



2. Accurately Estimating and Controlling 
Concrete Repair Quantities
• Distress Quantities (DQ) – As mapped areas that warrant a repair

• Can calculate DQ directly from inspection software (total area of all “blobs”)

• Three factors to convert DQ’s to repair quantity estimates on Plans
• [Quantity Estimate] = [DQ] * [Squaring Off Factor] * [Time Delay Factor] * [Other Factor]



Total Repair Factor (“Growth Factor”)

• Across all elements, total of all factors (sometimes called 
“growth factor”) was approximately 1.8 to 2.2 x DQ (as mapped)

Squaring 
Off Factor 
(average)

Time Delay 
Factor

Other 
Factor

Total Repair 
Factor

Arch Ribs 1.28 1.23 1.15 1.81

Barrel Arches 1.43 1.23 1.15 2.02

Pier Walls (Exterior 
and Interior Faces) 1.56 1.23 1.15 2.20



Controlling Repair Quantities During 
Construction
• Fair, clear, and doable repair 

measurement and payment procedures 
(area and depth)

• Sawcut before chipping; do not combine 
areas more than 1 foot apart; use good 
repair geometries (see ICRI guidance)

• Engineers experienced in historic 
concrete repairs present during marking, 
measuring and excavation of repair 
areas (control growth); track repair 
quantities in real-time

SAWCUT PERIMETER 
BEFORE CHIPPING
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Deep F/T below drain

3. How to Address Deep Freeze-Thaw Damage

Deep F/T at arch springline F/T at arch groin

Face of 
pier

Top of 
arch

F/T 
damage

Springlin
e



Typ. Surface Repair (6” Max.)

• Excavate incrementally deeper until reach sound 
substrate

• 8”, 10”, 12” payment depths
• 12” maximum (anticipated) determined by core 

Deep Repair (8, 10, 12” Max.)

• Concrete removal behind bars
• Up to 6 inches depth
• Supplemental bars & dowels

Key points: Key points:

3” Min., 6” Max. > 6”, 12” Max.



Define Measurement and Payment



Very Deep F/T Damage at Pier Bases
• Freeze-thaw damage 

near waterline and 
below drain discharges

• Approx. 2 feet deep 
max. (erosion plus F/T 
beyond)

Pier 4

Pier 6

• Max. F/T damage beyond erosion 8”

• Max. erosion 
depth  of 17”

Drain 
discharg
e



• Install new anchorages 
deeply embedded into 
sound concrete below F/T 
damage, install new 
reinforcing steel in jacket 
concrete

• Cast new self-consolidating 
concrete to match original 
profile lines

• Remove 12” typical, plus 
deeper in isolated 
“pockets” to reach “intact 
concrete substrate” (not 
necessarily to “sound 
substrate”)

Repair Approach - Pier Base Jackets
12” Thick Reinforced 
Jacket12” Deep Typ. 

Removal

Deeper 
“pockets”



Pier Base Jacket Construction

Coffer dams, concrete removals - hydraulic breaker and by detail 
chipping/blasting)

Anchorages, rebar, 
formwork

Finished product



Drone View



4. Mitigation of Freeze-Thaw Damage and 
Reinforcing Steel Corrosion (i.e., Extending 
Service Life)

• Both are moisture-driven mechanisms, so 
overarching goal is to keep water out of the 
concrete

• High-quality repairs to limit cracking
• Reduce and improve expansion joints
• Coatings and sealers

For freeze-thaw and corrosion 
mechanisms:

For corrosion mechanism 
only:• Cathodic protection



Full Coating, Enhanced Water Barrier in Critical 
Zones

1. Concrete surface repairs, cast-in-
place material required, anodes 
between corner repairs

2. Extended cure-out period (6 
months min.), almost all shrinkage 
cracks and bond line separations 
occur

3. Silane treat surfaces – 100% 
solids, two coats to refusal (seals 
cracks <10 mils)

• Research showed 3rd Avenue Bridges had various surface treatments in history
• Original concrete extremely vulnerable to future deterioration if water penetrates
• Historic agencies accepted water-resistant coating for all original surfaces



Full Coating, Enhanced Water Barrier in 
Critical Zones

4. Rout and seal all wider and moving 
cracks; pre-stripe cracks with elastomeric 
patching compound

5. Coat all surfaces with elastomeric surface coating 
colored to match original concrete (MnDOT Special 
Surface Finish II)

• Research showed 3rd Avenue Bridges had various surface treatments in history
• Original concrete extremely vulnerable to future deterioration if water penetrates
• Historic agencies accepted water-resistant coating for all original surfaces



Targeted Cathodic Protection

Corner 
repairs at 
current 
distress

To slow future distress, 
cathodic protection at 
corners between repairs

Furthermore:
Cathodic protection anodes will 
be located in the field only 
where half-cell testing shows 
active corrosion is occurring



Cylinder-shaped 
anodes

Anodes in cored 
holes

Targeted Cathodic Protection

Anodes staggered 
either side of Melan 
angles



What About Metalizing (Thermal Spray 
Coating) at Arch Corners?



Determined Inadequate “Throw Distance” from 
Metalizing to Melan Angles in this Case 

Zinc Anode

• Typical maximum effective current throw distance is 4” 
to 5”

• Consider 6” radius here
• Only narrow “strips” of metalizing are effective

Metalizing:
• Effective maximum current throw distance is up to 

15”
• Consider 9” radius here
• Entire embedded anode is effective

Embedded Zinc Anode System:

Metalizing



• A primary goal of preserving historic concrete is to match the texture, profile, and color 
of the original concrete

• Various techniques can be used to create “board-form” texture in repair concrete 
(shown here from another project)

Original 
surface

Repai
r

5. Matching Concrete Repairs to Original Concrete 
Texture and Color



1) Shop samples – made in shop, transported 
to site

2) Field samples- made at 
site next to point of 
placement, serve as mobile 
standard for job

3) Trial repairs – made on 
structure, left in place if 
accepted

Mockups During Construction
3 steps recommended, as appropriate:

Specifications for mockups on 
3rd Avenue Bridge



Drone Flyover Showing Current Status
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