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1. Executive Summary 

The Milwaukee County Department of Transportation requested proposals in August 2017 for 

professional consulting services for the development of an operation, maintenance and long term 

management plan for the existing WIS 38 (Howell Avenue) Runway Tunnel (Airport Tunnel), Structure B-

40-0282, for General Mitchell International Airport (GMIA or MKE) in Milwaukee, Wisconsin, under Project 

No. 5051-16018. Mead & Hunt, along with its subconsultants Vector Corrosion Services, Inc. and Malas 

Engineering, LLC, were selected and contracted with Milwaukee County to perform the services in 

September 2017.  

 

The scope of services consisted of three tasks, generally described as follows: 

 Task #1: Review of Existing Plans and Studies 

 Task #2: Structural Investigation (also referred to as Inspection); Electrical System Investigation; 

Mechanical/Ventilation System Investigation; Roadway Condition of Howell Avenue; and Storm 

Sewer Investigation 

 Task #3: Comprehensive Report, which summarizes the results of the investigations and provides 

recommendations for maintenance, rehabilitation or replacement. 

 

The tunnel was inspected by the Mead & Hunt team from October 30, 2017 to November 2, 2017. The 

inspection covered the major elements of the tunnel: structural elements, electrical components, 

mechanical/HVAC components, Howell Avenue roadway pavement, and the storm sewer system. The 

airfield asphalt pavement over the top of the tunnel was included as part of the structural inspection. 

 

A structure load rating report was prepared in 2010. That report indicated that “…the existing tunnel has 

sufficient capacity at this time for strength and fatigue loadings to support a Boeing 747-100B/300”. 

Based on the results of our inspection, we concur that the structure can currently safely support this 

heavy aircraft load, but that a major rehabilitation is recommended to be performed within the next two 

years in order to maintain that load rating. If the major rehabilitation is not performed within the next two 

years, we recommend that a new load rating report be prepared and that it be based on the condition of 

the structure at that time.  

 

A mini-value engineering workshop was held on November 28, 2017 to obtain information from key MKE 

staff and Wisconsin Department of Transportation (WisDOT) staff in regard to needs, desires, wants and 

concerns for the project. The results of the inspections were also discussed. Preliminary 

recommendations for routine and preventative maintenance, rehabilitation of components of the tunnel, 

and a replacement structure scenario were discussed. Time frames for these recommendations were also 

discussed. 

 

This Management Plan provides information and recommendations for: 

 

1. Routine and Preventative Maintenance of the tunnel to enhance the serviceability on an annual 

basis. Most maintenance work on this structure is performed annually by WisDOT.  There are no 

additional costs for this work, because most of the maintenance work is already included in 
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annual maintenance budgets for WisDOT.  We recommend that MKE allocate $25,000 annually 

for miscellaneous maintenance repairs not covered by WisDOT.   

 

2. Major Rehabilitation of the tunnel within the next two years (2019-2020), to enhance the service 

life to provide another 20 years of safe and reliable service at the current load rating.  We 

recommend that this major rehabilitation scenario be implemented within the next two years 

(2019-2020) in order to enhance the life and serviceability of the structure for the next 20 years, 

and to maintain its current aircraft load rating for that time period.  After 20 years (2040), 

assuming that the components of the major rehabilitation scenario are implemented, we 

recommend replacement of the tunnel with a new tunnel structure.  If the major rehabilitation 

scenario is not implemented within the next two years, the structure will continue to deteriorate to 

a point where safety and serviceability could become issues for both airport and roadway traffic, 

and the aircraft loading capacity of the structure may be compromised. The estimated 

construction cost for this major rehabilitation is $2,276,000 in 4th quarter 2017 dollars. Design 

engineering costs at approximately 15% of the construction cost, owner administrative service 

costs at approximately 10% of the construction cost, and construction engineering costs at 

approximately 12% of the construction cost are not included in that figure. We recommend 

considering an annual inflation factor of 3.0% for the cost listed above for budgetary purposes.  In 

order for construction of the major rehabilitation to occur within the next two years, we 

recommend that MKE solicit for proposals for a design engineering contract by summer of 2018. 

We estimate that it will take nine to 12 months for design and preparation of construction 

documents, then another three months to advertise the project for construction and award the 

construction contract.  We estimate that construction of the major rehabilitation will take no longer 

than ten weeks. 

 

3. Replacement of the Existing Tunnel with a New Tunnel – With major rehabilitation of the existing 

tunnel, we recommend that consideration be given to constructing a new tunnel to replace the 

existing tunnel in 20 years (2040). The existing tunnel will be 76 years old at that time, which is at 

the end of its expected 75-year service life. If the major rehabilitation scenario is not implemented 

within the next two years, the structure will continue to deteriorate to a point where safety and 

serviceability could become issues for both airport and roadway traffic, and the aircraft loading 

capacity of the structure may be compromised. Safety, serviceability and aircraft loading capacity 

(load rating) would need to be evaluated biennially at the time of WisDOT’s structure inspection 

(next inspection is scheduled to be done in August 2018). We believe that the structure would 

need to be replaced prior to 20 years (2040), possibly as early as ten years (2030) if no major 

rehabilitation is performed within the next two years (2019-2020).  For planning and budgeting 

purposes, we recommend that MKE solicit for proposals for a design engineering contract at least 

24 months prior to the construction date.  We estimate that it will take 18 months for design and 

preparation of construction documents, then another six months to advertise the project for 

construction and award the construction contract. We estimate that construction of a replacement 

tunnel will take approximately 24 months. 
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Two options were evaluated for constructing a new tunnel:  

Option 1: Close Runway 7R-25L and Taxiway A for duration of project, estimated at 20 to 24 

months. Relocate operations for FedEx, UPS and others to other areas of the airport.  

Remove existing tunnel and construct new tunnel while both runway and taxiway are closed. 

This option would have a lower construction cost than Option 2, but would disrupt airport 

operations more than Option 2.   

Option 2: Phased construction estimated at 24 to 28 months:  Phase 1-Close runway but 

keep taxiway open during construction. Remove portion of existing tunnel under runway and 

construct portion of new tunnel. Phase 2-Close taxiway but keep runway open during 

construction. Remove remaining portion of existing tunnel and construct remaining portion of 

new tunnel. It may be possible to phase construction in a manner that would allow safe taxi 

operations to remain to/from the cargo area (either via Taxiway A or on the runway) so the 

entire cargo area infrastructure would not need to be closed off and temporarily replaced.  

This option has concerns for safety while major construction activities are taking place 

adjacent to an active runway or active taxiway. If this option is further investigated, the 

construction duration would be approximately four months longer, and construction cost of 

the new tunnel would be approximately 10% higher than Option 1. When the time comes to 

replace the tunnel, MKE would need to weigh the cost of temporarily relocating the cargo 

operations against the added time and construction cost of phasing the tunnel replacement. 

 

The estimated construction cost for a replacement structure under Option 1 is $28,163,000 in 4th 

quarter 2017 dollars. The estimated construction cost for the Option 2 replacement scenario is 

approximately $31,000,000 in 4th quarter 2017 dollars (10% higher than Option 1).  Design 

engineering costs at approximately 12% of the construction cost, owner administrative service 

costs at approximately 5% of the construction cost, and construction engineering costs at 10% of 

the construction cost are not included in that figure. We recommend considering an annual 

inflation factor of 3.0% for the cost listed above for budgetary purposes. 

 

 

MAINTENANCE AND CONSTRUCTION COST SUMMARY 

Scenario Year Cost (in 4th Qtr 2017 $) 

Annual Maintenance (MKE) Annually $25,000 

Major Rehabilitation 2019-2020 $2,276,000 

Replacement – Option 1 2040 $28,163,000 

Replacement – Option 2 2040 $31,000,000 
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2. Description of Structure 

The Howell Avenue Runway Tunnel, Structure No. B-40-0282, is located on WIS 38 (Howell Avenue) 

under Runway 7R-25L and Taxiway “A” at General Mitchell International Airport (MKE) in Milwaukee, 

Wisconsin. The structure was designed by Collings Engineers, Inc. of Milwaukee, WI and Boduroff & 

Meheen, Inc. of Boulder, CO. The structure is owned by Milwaukee County. The structure was originally 

constructed in 1964 and in 1974 the concrete runway and concrete taxiway over the tunnel were 

overlayed. It is 801 feet long and is a two span continuous cast-in-place concrete rigid frame founded on 

cast-in-place concrete spread footings. The spans from back face of abutment to center line of pier are 44 

feet and 47 feet for the east and west tunnels respectively. The height from top of the spread footings to 

the underside of the concrete slab are 19 feet for both abutments and 16.75 feet for the pier. The 

concrete top slab and both abutments have steel reinforcement bars and are post-tensioned with high-

tension steel bars contained within grouted metal sheathes. The center pier and spread footing have steel 

reinforcement bars and are not post-tensioned. Each tunnel bore provides for a 36-foot clear roadway 

width, with three lanes of traffic in each direction. The most recent Bridge Inspection Report lists a 

minimum vertical clearance of 14.8 feet for the northbound roadway, and a minimum vertical clearance of 

15.1 feet for the southbound roadway. A 24-inch diameter concrete storm sewer pipe runs under the 

outside lane of the northbound roadway. Drainage inlets and lateral connection pipes are provided along 

the length of the tunnel. Refer to Appendix 1 for original design and construction structure plans, and to 

Appendix 2 for plans from the 2011-2015 rehabilitation. 

 

The posted speed limit through the tunnel is 35 miles per hour. According to information from the 

Wisconsin Department of Transportation (WisDOT), the 2014 Annual Average Daily Traffic (AADT) on 

WIS 38 (Howell Avenue) was in the range of 24,100 to 28,400 vehicles per day, and the projected 2034 

AADT is in the range of 28,600 to 35,500 vehicles per day. Howell Avenue is classified as a state arterial 

highway. 

 

The structure has two six-foot horizontal by eight-foot vertical (clear) cast-in-place reinforced concrete 

ventilation chambers, one located behind each abutment. Access doors are provided at each end of each 

chamber. Fans with exhaust louvers are provided at each end of each chamber. Screened vent slots are 

provided periodically along the length of each abutment in the walls, to provide for ventilation from the 

tunnel through the ventilation chambers. Lights are provided in each tunnel bore to provide illumination for 

traffic on Howell Avenue through the tunnel. 

 

The pavement for both the northbound and southbound roadways of Howell Avenue consist of nine-inch 

reinforced concrete pavement over six inches crushed aggregate base course. Each roadway has a 

unilateral cross slope of 1.5% from the inside (center median pier) to the outside. For the southbound 

roadway, there is a concrete sidewalk adjacent to outside lane, 6.67 feet wide. For the northbound 

roadway, there is a concrete walkway adjacent to outside lane, 3.5 feet wide. The Howell Avenue 

pavement at the tunnel was reconditioned in 2014 and 2015. For the southbound inside lane, the existing 

reinforced concrete pavement and six-inch crushed aggregate base course were removed and replaced 

with nine-inch concrete pavement over six-inch base aggregate dense. All traffic lanes, including the new 

concrete pavement section, were resurfaced by continuous diamond grinding. Some minor joint sealing 
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and minor patching of spalls were also performed. Crash barriers are located in the median at each end 

of the tunnel. The roadway pavement at the approaches at each end of the tunnel was milled and 

overlayed with asphalt as part of the reconditioning work. 

 

Runway 7R-25L and Taxiway “A” cross over the tunnel. The last overlay and reconstruction of the runway 

and taxiway was done in 1974-1975. The runway pavement section is 14 inches concrete overlay over 

approximately six inches of bituminous levelling course, over original 11-inch to 12-inch thick concrete 

pavement, over eight inches to 12 inches of crushed stone base. The runway pavement is 150 feet wide, 

with 25-foot wide, 14 inches thick bituminous shoulders. The taxiway pavement is 16-inch thick concrete 

over eight inches bituminous base, over eight inches crushed stone subbase. The taxiway pavement is 

75 feet wide and has 25-foot wide, 14 inches thick bituminous shoulders. Over the tunnel between the 

concrete runway and concrete taxiway, there is asphalt pavement over the tunnel from end to end of the 

tunnel, and between the runway and taxiway. This asphalt pavement is marked for no aircraft use, and is 

only occasionally used by light-weight maintenance, service and security vehicles. 

 

Utilities – Following is a listing of utilities at or near the tunnel, and is based on information provided by 

the respective utility companies: 

a. Wisconsin Department of Transportation:  Electrical conduits and wires, light fixtures and lamps 

for roadway lighting in the tunnel; storm sewer main line and laterals for Howell Avenue drainage; 

traffic signal fiber optic interconnect in conduit located inside the west ventilation chamber. 

b. City of Milwaukee – Electrical conduit and wire for street lights located north and south of the 

tunnel, inside west ventilation chamber. 

c. City of Milwaukee – 21-inch diameter sanitary sewer line located at an unknown depth below 

Howell Avenue pavement, under the southbound traffic bore. 

d. MMSD – 27-inch municipal interceptor sewer (MIS) line located to the west of Howell Avenue, 

approximately in the original location of Howell Avenue, at an unknown depth below grade. 

e. Midwest fiber has 432 CT fiber in City conduit in the west ventilation chamber. 

f. Unnamed fiber optic line crosses under Howell Avenue approximately 30 feet south of the tunnel; 

an unnamed fiber optic line crosses under Howell Avenue at the north end of the tunnel. 

g. AT&T has underground utilities located approximately 200 feet east of the tunnel, running north-

south. 

h. MKE has two-4” lines that cross over the tunnel approximately 30 feet south of the south edge of 

Taxiway A. 

i. MKE has unnumbered lines that cross over the tunnel approximately 20 feet south of the south 

edge of the runway.  

j. FAA has three-100 pair lines that cross over the tunnel approximately 10 feet south of the south 

edge of the runway. 

k. WE-Electric has underground facilities located approximately 100 feet east of the tunnel, running 

north-south. 

l. WE-Gas has an underground 4-inch line located approximately 150 east of the tunnel, and is in 

an 8-inch encasement under the runway and under the taxiway. 
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The structure was last rehabilitated between 2011 and 2015. The rehabilitation consisted of adding stone 

riprap at the tops of the four concrete wingwalls where they join the main tunnel, concrete surface repairs 

to the east and west abutment walls and center pier wall, reconstructing the expansion joints in the 

ventilation chambers (four joints in each of the two chambers), and staining the exposed faces of the 

concrete wingwalls and tunnel portals. 

 

In accordance with a Load Rating Report prepared in 2010, the following text is quoted from that Report:  

“The existing tunnel has sufficient capacity at this time for strength and fatigue loadings to support a 

Boeing 747-100B/300. If heavier aircraft loading is required to utilize the tunnel or more frequently than 

discussed in Section 3.3 of this report, the structure should be reevaluated for those loads under strength 

and fatigue considerations to determine if the existing structure would require strengthening or possible 

replacement.” This 2010 Load Rating Report superseded load rating reports prepared in 1969 and 1974. 

No load rating has been performed since the 2010 Load Rating Report.  Refer to Appendix 4 for excerpts 

from that load rating report. 

 

The structure is inspected biennially by Milwaukee County for the Wisconsin Department of 

Transportation (WisDOT) or by a consultant contracted with Milwaukee County. Refer to Appendix 3 for 

the August 2016 Bridge Inspection Report, which is the most recent report.
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3. Summary of Documents and Material Reviewed and Structure 
Inspection 

The following documents and material were reviewed in conjunction with the structure inspection and 

preparation of this Management Plan: 

 

1. Original design and construction drawings prepared by Collings Engineers, Inc. of Milwaukee, WI 

and Boduroff & Meheen, Inc. of Boulder, CO, approved by Milwaukee County in April 1963 

2. Shop drawings of post-tensioning system and other shop drawings for components of the 

structure, various dates 1963 and 1964 

3. WisDOT Biennial Structure Inspection Report for B-40-282 Airport Runway over STH 38-Howell 

Avenue, dated August 29, 2016 

4. Load Rating Report dated December 9, 1969 

5. Load Rating Report dated April 8, 1974 

6. Load Rating Report for Runway 7R-25L & Taxiway Bridge (Tunnel) Over South Howell Avenue 

Structure No. B-40-0282 at General Mitchell International Airport (MKE), Milwaukee, WI, dated 

August 12, 2010 

7. Plans and Specifications for MKE-Tugway and Runway Bridge Improvements Over Howell 

Avenue, Milwaukee County Project 5051-11608, dated 05/10/2011 

8. Plans and Specifications for WisDOT Project ID 2060-15-71, STH 38, City of Oak Creek, 

Oakwood Road to Grange Avenue, Milwaukee County, Wisconsin, dated November 2011  

9. Milwaukee County Request for Proposals for Howell Tunnel Management Plan, Project No. 5041-

16018, dated August 9, 2017, with Addendum No. 1 dated August 24, 2017 

10. Minutes from Pre-Proposal Meeting held at MKE on August 25, 2017 

11. Mead & Hunt Proposal for the Project listed in Item 9 above, dated September 1, 2017 

12. Project Kickoff Meeting Minutes from meeting held on October 18, 2017 at MKE 

13. Utility plans provided by utility companies that have facilities in the area of the tunnel, including 

MKE utilities 

14. General Mitchell Field Runway 7R-25L & Taxiway “A” Overlay & Reconstruction, As Built Plans, 

March 1975 

15. NCHRP Project 20-07/Task 363, Recommended AASHTO Guidelines for Emergency Ventilation 

Smoke Control in Roadway Tunnels, prepared for AASHTO Standing Committee on Highways, 

May 2016 

16. National Fire Protection Association (NFPA) Article 502 

 

The structure was inspected from October 30, 2017 to November 2, 2017 by the following: 

 Two structural engineers from Mead & Hunt, including the Project Manager and an FHWA 

certified bridge inspector, visual and hammer-sounding inspection, photographs 

 One structural engineer/FHWA certified bridge inspector from Malas Engineering, LLC, visual 

and hammer-sounding inspection, photographs 
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 Two engineers and two technicians from Vector Corrosion Services, Inc., who performed 

forensic non-destructive testing of the concrete, reinforcing steel and post-tensioning for the 

structure, including concrete core sampling and checking post-tensioning anchorages 

 One electrical engineer from Mead & Hunt (November 1 only), visual inspection and 

photographs 

 One mechanical engineer from Mead & Hunt (November 1 only), visual inspection and 

photographs 

 Two technicians from Visu-Sewer for 24-inch storm sewer pipe (October 30 only), televised 

the storm sewer and generated printed report 

 

Traffic control for lane closures on Howell Avenue during the inspection was provided by MKE/Milwaukee 

County crews. 
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4. Results of Structural Inspection and Testing 

 

A. Existing Condition: 

Visual and selective hands on inspection of all concrete surfaces and joints including pavement along 

Howell Avenue, and runway pavement above were performed between October 30 and November 2, 

2017 by structural engineers from Mead & Hunt and Malas Engineering LLC to assess the existing 

structural condition and to determine any necessary rehabilitation. Equipment used for the inspection 

consisted of ladders, a motorized scissors lift, tape measures, hammers and copies of plan sheets to 

record notes. Concurrently, staff from Vector Corrosion Services, Inc. performed forensic non-destructive 

and destructive testing of the tunnel concrete, reinforcing steel bars and posttensioning bars. Non-

destructive testing consisted of visual examination, conductivity, and impact-echo testing. Destructive 

testing consisted of core sampling for laboratory calcium chloride content testing. Access to the tunnel 

ceiling and walls for both the Mead & Hunt and Vector teams was accomplished using a combination of a 

scissors lift and ladder. The physical hands-on bridge inspection of the tunnel, which consisted of a visual 

inspection of the exposed surfaces of the entire tunnel and interior of the ventilation chambers, plus 

hammer-sounding of approximately 30% of the exposed surface area of the tunnel, was performed by 

engineers Gary Ruchti, PE, Mead & Hunt and Mahmoud Malas, PE, Malas Engineering LLC to assess 

accessible elements above the roadway. Mead & Hunt project manager Darrell Berry, PE, SE also 

participated in portions of the inspection from October 30 through November 2, 2017. A summary of the 

structure inspection by Mead & Hunt and Malas Engineering LLC follows. The report of the non-

destructive inspection and concrete core sampling performed by Vector Corrosion Services follows in 

Appendix 8. 

 

(1)  East and West Abutment Walls 

Both east and west reinforced concrete abutment walls were 

found to be in fair condition with some surface areas showing 

minor deterioration. The concrete abutment walls have hairline 

(less than 0.012 inches) and narrow (0.012 -0.05 inches) vertical 

cracks in the abutment walls, which run the full height of the wall. 

The abutment wall cracks typically consisted of one or two 

narrow, full height vertical cracks, within an 8-foot typical panel 

width between rustication lines. It is our opinion that observed 

cracking was attributed to temperature and shrinkage variations and not attributed from structural 

deficiencies. Areas of delamination, map cracking, and spalls were also observed along the 

abutment walls. Areas of deterioration was most pronounced from the first and last expansion joint 

to the tunnel ends, which accounted for approximately 85% of the delamination/spalling area 

observed. Typically, delamination/spalling was observed from the ground line to an elevation 

approximately six feet to eight feet above ground line, which is assumed to be the limits most 

susceptible to salt spray from vehicular traffic on Howell Avenue. The concrete surface treatment 

from the base of the abutments to approximately 10 feet above ground line was observed to be in 

poor condition with some areas in failed condition.   

Vertical cracks along abutment 

pier wall. 
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Four vertical expansion joints, spaced from 128 feet to 200 feet, are located along both the east 

and west abutment walls. The expansion joint consists of a keyed construction joint with a greased 

dowel bars and ribbed waterstop. The construction joint opening varied from 1 inch to 1 ½ inches 

and was observed to be approximately ¼” out of alignment (perpendicular to the wall face). 

Caulking and joint filler were no longer present and the greased dowel bar was visible at some 

locations.   

 

(2)  Center Pier Wall 

The reinforced concrete pier wall was found to be in fair condition with some 

surface areas showing minor deterioration. Similar to the abutment walls, the 

center pier wall has hairline (less than 0.012 inches) and narrow (0.012 -0.05 

inches) vertical cracks on both faces of the wall, which run the full height of 

the wall. Diagonal cracking was also observed near the ends of the tunnel, 

while vertical cracking was observed more towards the center. It is our 

opinion that observed cracking was attributed to temperature and shrinkage 

variations and not attributed from structural deficiencies. The center wall 

cracks typically consisted of one or two, full height narrow diagonal or 

vertical cracks, within an eight-foot typical panel width between rustication lines.  Areas of 

delamination, map cracking, and spalls were also observed along both faces of the center pier 

wall. Areas of deterioration was most pronounced along the west side of the pier, which accounted 

for approximately 70% of the delamination/spalling area observed. Typically, delamination/spalling 

was observed from the ground line to an elevation approximately six feet to eight feet above 

ground line, which is assumed to be the limits most susceptible to salt spray. The original concrete 

surface treatment from the base of wall to approximately 10 feet above ground line was observed 

to be in poor condition, with the majority of the surface treatment having failed and no longer 

present along both sides of the center pier wall.  

 

Four vertical expansion joints, spaced from 128 feet to 200 feet, are located along both the center 

pier wall. The expansion joint consists of a keyed construction joint only. The construction joint 

opening varied from 1 inch to 1 ½ inches and the caulking and joint filler were no longer present.  

 

(3) Haunched Deck Slab  

The reinforced concrete haunched deck slab was observed to be in fair 

condition with some surface areas showing minor deterioration. Along the 

entire length of the tunnel, the bottom of the slab exhibited hairline (less than 

0.012 inches) and narrow (0.012 -0.05 inches) transverse cracks in both 

barrels. Hairline cracks are randomly spaced approximately three feet apart. 

Narrow crack spacing varied from six feet to 10 feet, with approximately 45 

narrow transverse cracks observed in each tunnel bore. Minor areas of 

spalling were observed at the expansion joints, which ranged in size from 

one foot to two feet in diameter. Transverse metal gutters are located at 

Diagonal cracks 

along center pier 

wall.  

Transverse cracks 

along deck slab. 
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each expansion joint to prevent any water leakage through the top slab from dropping on to the 

roadway below. The deck slab expansion joints were inaccessible as a result of the metal gutter 

covers. The metal gutter covers were observed to be in fair condition. The concrete surface 

treatment along the bottom of the deck slab was observed to be in fair condition, with minimal 

areas of surface treatment failure observed. 

 

(4) Ventilation Tunnels 

The interior surfaces of the six-foot wide by eight-foot high reinforced 

concrete ventilation tunnels are in good condition. The expansion joints in 

the top slab walls and bottom slab were reconstructed approximately two 

years ago in an effort to control water seepage. Except at the expansion 

joints, both the east and west ventilation tunnels were found to be in good 

condition with very minimal shrinkage cracks and spalling noted. Previous 

crack sealing completed two years ago appears to be intact with minimal 

deterioration noted. However, expansion joint replacement work done at 

the same time has filled in the joint along the ceiling with concrete, which 

has resulted in undesirable cracking along all four sides of the expansion joint. Concrete cracking 

outside of the expansion joint and loose overhead concrete were observed at all four joints in 

both ventilation tunnels. Water leakage through the reconstructed expansion joints was also 

observed during a rain event of approximately 0.40 inch during one of the days of inspection. The 

expansion joints in the east ventilation chamber exhibited more water leakage than the west 

ventilation chamber.  

 

(5) Wingwalls 

All four reinforced concrete wingwalls were found to be in fair condition with cracking and spalling 

noted. Hairline to narrow shrinkage cracks were observed extending from the door and vent 

penetrations. Concrete spalling and past patching were also noted along the frame of the door 

and vent frame. Past concrete staining along the wings appears to be in good condition.  

 

(6) Airfield Pavement Above Tunnel 

The airfield pavement above the tunnel deck includes concrete runway 

and taxiway travel surfaces to accommodate aircraft at the airport. The 

area over the tunnel between the concrete runway and concrete taxiway 

is covered by an asphalt surface, which also extends from edges of the 

runway and taxiway concrete to the ends of the tunnel. The asphalt 

pavement is painted with green paint and yellow X’s to preclude aircraft 

from using this pavement. Both the concrete runway and concrete 

taxiway were observed to be in good condition with no significant 

cracking and spalling observed. Asphalt adjacent to the concrete runway 

and taxiway was observed to be approximately 1 /2 inch lower, which 

creates a lip between the concrete and asphalt surfaces. In addition, many random one inch to 

two-inch wide longitudinal cracks were observed along the asphalt surface, the surface had many 

Crack through past 

expansion joint 

repair.  

 

 

Crack through 

asphalt.  
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areas of spalling and alligator cracking, and the paint was flaking off. The horizontal railings along 

the top of the tunnel are in good condition, with one railing segment bent and in need of repair.  

 

(7) Forensic Non-destructive Testing and Concrete Core Sampling 

Forensic non-destructive testing of the concrete and post-tensioning rods, and concrete core 

sampling was completed by Vector Corrosion Services. Please refer to Appendix 8 for their 

report. 

 

B. Condition Assessment and Recommendations  

Overall, the 53-year-old tunnel is structurally in fair condition. The WisDOT latest Bridge Inspection 

Report rates components of the structure at 5, on a scale of 1 to 9, where 9 is new construction, and 1 is 

failed condition.  

 

Proposed rehabilitation along the abutment walls and pier walls would consist of cleaning and removing 

delaminated or unsound concrete, followed by concrete surface preparation, and concrete surface repair 

to provide a uniform wall surface. This work would be done in accordance with a WisDOT standard 

specification for structure repairs. It is recommended that the expansion joints be cleaned and new 

bentonite water stop, joint filler, and joint sealant be installed at each joint. We estimate approximately 

3,700 square feet of concrete surface repair and approximately 600 linear feet of expansion joint repairs.  

 

Pigmented protective surface treatment would be applied to the full wall height for both the east and west 

abutment walls and the center wall.  It is recommended that the lower 8 feet of the wall surfaces receive a 

more robust protective surface treatment, which would consist of epoxy primer used for concrete 

surfaces, followed by epoxy mastic coating, and topped with acrylic polyurethane. For protective surface 

treatment from 8 feet and above, it is recommended to use a more “breathable” surface treatment, which 

could include the protective surface treatment provided in the WisDOT standard specification. The type of 

protective surface treatment would be specified during design of the rehabilitation, and would be applied 

in strict accordance with the manufacturer’s recommendations. We recommend that the final coat of the 

protective surface treatment be a bright color, to help illuminate the tunnel. We estimate approximately 

117,000 square feet of concrete protective surface treatment, which includes the underside of the deck 

slab as described below. 

 

We do not recommend sealing the cracks in the walls and tunnel deck slab with epoxy crack injection 

techniques. The cracks are primarily due to temperature and shrinkage of the structure, and do not 

compromise the structural integrity. The protective surface treatment will “bridge” most of the cracks, 

thereby minimizing deicing chemical laden water from penetrating the cracks and corroding the 

reinforcing steel. The inspection identified approximately 14,000 linear feet of cracks. 

 

For the underside of the deck slab, minor areas of spalling near the deck slab expansion joints would be 

repaired in a manner similar to the tunnel walls. The expansion joints metal gutters would be removed 

and any concrete spalling would be repaired. New bentonite water stop, joint filler and joint sealant would 

be installed at all expansion joint locations. We recommend that the metal gutters be removed and 
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replaced, or removed, cleaned and repainted, depending on the condition of the inside of the gutters.  

Pigmented protective surface treatment would be applied along the full length and width of the deck slab 

once concrete repairs have been completed, similar to the protective surface treatment stated above for 

the walls from six feet and above.  

 

Inside the east and west ventilation chambers, previously placed concrete for the top slab at each of the 

four expansion joints in each chamber would be removed to allow installation of new concrete with a 

defined sawcut joint, which would then be sealed with a flexible joint sealant. It is not recommended to 

modify the previously completed crack sealing repairs, which were found to be in good condition. All 

ventilation screens in openings connecting to the main tunnel bores would be removed and replaced as 

part of the ventilation system rehabilitation. We recommend that all four exterior doors that provide 

access to the ventilation chambers at each end be removed and replaced with stainless steel doors and 

hardware. We also recommend that the steel frames for the doors be sandblasted, cleaned and painted 

with an epoxy paint system prior to installing the new doors. 

 

For the four concrete wingwalls, we recommend concrete surface repair around the maintenance and 

ventilation penetrations. Minor areas of concrete surface repair are recommended at the end of the tunnel 

(i.e. deck slab headwall and end of center pier wall). Once concrete repairs have been completed, we 

recommend to re-stain the entire exposed surfaces of all four wingwalls, deck slab headwalls (portals) 

and ends of the center pier wall. We estimate approximately 2,100 square feet of staining. 

 

For the asphalt surface above the tunnel, we recommend milling the top 1 ½-inches of the asphalt.  This 

would include removing the existing paint as part of the milling operation. After milling, we recommend 

that cracks in the existing asphalt surface be sealed with a hot-applied roadway grade tar sealant.  We 

recommend that the asphalt surface be overlaid with 1 ½-inches of new asphalt of a quality similar to the 

final surface course on roads and highways. We recommend that the asphalt overlay be sealed with hot-

applied roadway grade tar sealant where it meets the concrete pavement for the runway and taxiway, and 

also at the headwalls for the tunnel structure. We recommend that the edges of the asphalt surface where 

it meets ground be swaled to allow for collection of rain water runoff. The swales would allow runoff water 

to slowly percolate through the ground and evaporate. After the asphalt overlay cures for several days, 

we recommend that the surface be epoxy painted with green paint and yellow Xs, similar to the existing 

condition. We estimate approximately 8,000 linear feet of crack sealing, 6,400 square yards of asphalt 

milling and overlay, and 57,600 square feet of epoxy painting on the asphalt surface.   
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Asphalt pavement over top of tunnel  

 

Concrete Taxiway A over top of tunnel  

Concrete spalling at center pier wall  

Corroded ventilation chamber door frame  
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Crack in asphalt surface over tunnel 

 

 

 

 

 

 

 

 

 

 

Deck slab metal gutter for expansion joint 

Damaged screen for ventilation opening 

Diagonal cracking along center pier wall  
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Howell Avenue pavement inside tunnel  

 

 

 

 

 

 

 

 

 

 

Howell Avenue roadway at north end of tunnel 

 

 

 

              

 

 

 

Water at tunnel expansion joint, from ceiling  

South tunnel end  
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Southeast wingwall  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spall at deck drain gutter  

Spalling with exposed reinforcement at center pier 
wall 

Transverse crack in deck slab  
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Transverse deck slab cracking  

 

 

 

North end of tunnel showing railing  

 

Ventilation chamber previous crack repair  Ventilation chamber maintenance door  
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Vertical crack at east abutment wall  

 

 

 

 

 

 

Water leakage inside ventilation chamber 

 

 

 

View looking along north along Howell Avenue  
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5. Results of Mechanical/Ventilation Inspection 

A. General Code Requirements 

National Fire Protection Agency (NFPA) Standard 502 is the 

Standard for Road Tunnels, Bridges, and Other Limited Access 

Highways. There are several requirements within this standard that 

the Howell Avenue tunnel does not currently meet.  

The requirements not currently meet include: 

 Emergency ventilation system for smoke evacuation.  

 Functional tunnel ventilation system for normal use. 

 Fixed firefighting system and standpipe systems. 

 

B. Existing Condition 

WIS 38 (Howell Avenue) passes through the roadway tunnel. There 

are two existing mechanical ventilation systems serving the 

northbound and southbound roadway tunnels. Each roadway tunnel 

was constructed in 1964 with a ventilation system to purge the 

vehicle emissions for normal use. There are two access service 

vaults into either side of the roadway tunnels to access the 

evacuation airflow tunnels. Inside of each access service vault is an 

exhaust fan at each end of the evacuation airflow tunnel. The 

exhaust air in the vehicle tunnel is drawn into the evacuation air 

tunnel and purges to an outdoor louver at each of the tunnels. The 

evacuation airflow tunnel is 84”x96” and each exhaust propeller fan is 

72-inch diameter with 7.5 HP motor and is mounted in an 84”x 96” 

steel plate frame at each end of ventilation tunnel.  

 

There are twenty louvered frame exhaust grilles located in the 

sidewall of each of the roadway 

tunnels. These exhaust grilles are 

used to extract the exhaust airflow 

evenly though each vehicle tunnel 

and dispersed outdoors at either 

end of tunnels. Each tunnel exhaust 

grille is 12”x69-1/2” with ¼” 

birdscreen. The distance between 

each exhaust grille is 30 feet. 

 

Exhaust Louver at Portal 

Exhaust Grilles Ventilation Tunnel 

Exhaust Fan at Vault (Typical) 

Tunnel Louvered Grille 
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There is a service man door in the middle of the evacuation airflow 

tunnel which is used to compartmentalize the exhaust fan system into 

two main systems. The door is meant to be closed, unless it is being 

used as a means of egress from one side of tunnel to other.   

 

As a part of the controls of the mechanical ventilation system is a 1963 

vintage MSA carbon monoxide detector system that uses an analyzer 

for each vehicle tunnel. This analyzer cabinetry system utilizes a single 

point reference in the roadway tunnel to sample the amount of carbon 

monoxide in each tunnel. The control panel has local display alarms for 

low and high conditions with a miniature strip recorder chart. A copper 

sensing tube is piped from the cabinetry to the sensor tube, which is 

located at the mid-point of the tunnels. The sensing tube is 

approximately 10’-0” above the roadway.   

 

 

 

 

There is no fixed firefighting or 

standpipe systems serving the 

northbound or southbound roadway 

tunnels.  

 

There is a fire hydrant at the north 

portal entrance for fire department 

use in support of firefighting and 

rescue operations. The fire hydrant is 

approximately 50 feet from north side 

portal. South of the tunnel, there is a 

Service Man Door 

Carbon Monoxide Unit 

Carbon Monoxide Cabinet Tunnel Sensing Tube Wall Device 

Fire Hydrant at north end of tunnel Howell Avenue Catch Basin 

Individual Fan control 
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fire hydrant located in the northeast quadrant of the intersection of Citation Way with Howell Avenue. This 

hydrant is approximately 300 feet from the south side portal. 

 

C. Condition Assessment and Recommendations 

 

(1) Ventilation System 

The recommendation for the WIS 38 (Howell Avenue) tunnels is complete removal and 

replacement with new mechanical equipment and controls. The roadway tunnel ventilation 

systems, installed more than 50 years ago, were designed for normal tunnel operation and 

vehicle emissions only. These types of ventilation systems in roadway tunnels are ineffective in 

management of the heat and smoke created by fires of magnitudes 20 MW (bus fire) or larger. To 

manage large fires, many of these old ventilation systems need to be modified/upgraded or 

completely replaced in order to meet NFPA 502. The WIS 38 (Howell Avenue) existing 

mechanical ventilation system serving the current roadway tunnels is not in working condition. All 

the exhaust fans’ power disconnects are “OFF” and are not being used. There is significant of 

corrosion of the equipment, controls, and overall systems. The existing ventilation equipment and 

controls are not salvageable.  

 

The new ventilation system needs to operate in the harsh tunnel environment with salted and 

humid air, vehicle exhaust pollution, particulate from brakes, and dirt and dust. The system 

requires protection from corrosion in order to fulfill its expected service life. A tunnel ventilation 

system needs to be robust and designed with redundant fan(s) and more than one dependable 

power source in order to prevent interruption of service. Tunnel ventilation fans can have multiple 

speeds controlled by adjustable speed drives, or two- or three-speed motors, or multiple motor 

drives. 

 
The roadway tunnel ventilation systems for normal operation must be able to provide adequate 

air quality during normal operation in addition to supporting self-evacuation and rescue efforts 

during emergency incidents. There are two primary sources of particulates matter (PM) in a 

tunnel: exhaust emissions and non-exhaust emissions. Non-exhaust PM consists of tire and 

brake wear, road surface abrasion, and re-suspended dust. In roadway tunnels, normal 

ventilation rates are needed to dilute the emissions from vehicles - like Carbon Monoxide (CO), 

Nitrogen Oxides (NOx) and soot (PM) - in order to maintain allowable PM levels and in-tunnel air 

quality.  

 

The mechanical system for roadway tunnels shall meet the minimum air exchange rate, which is 

determined using design values. Where traffic volumes are low, the minimum fresh air 

requirement might be quite small. However, the ventilation system should be able to 

accommodate sudden demands such as high emitting buses, trucks, and heavy-goods vehicles 

(HGVs). For such cases, an air-exchange rate of at least 4 times per hour should be considered. 

For the WIS 38 (Howell Avenue) tunnel, this would equate to a minimum of 22,800 CFM for each 

of the four exhaust fans.  
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The tunnel ventilation systems also need to be well-coordinated with fixed firefighting system 

responses and properly documented in the emergency response plan. The most important 

measure of an emergency ventilation system is to reduce the severity of accidents during 

firefighting and rescue services. Although the likelihood of a major tunnel incident is low, the 

severity of the consequences can be high, and include loss-of-life, damage to tunnel structures 

and equipment, and the impact on the transport economy.  

 

Roadway tunnel fire emergency ventilation can be provided using a number of airflow strategies, 

including, but not limited to full transverse, partial transverse, and longitudinal type (similar to “Jet 

fan”) ventilation systems. A number of scenario-based approaches and analyses will be used to 

determine the type of emergency ventilation systems considered for roadway tunnels and their 

potential hazards. Computational Fluid Dynamics (CFD) models are a great way to optimize 

tunnel fire safety.  CFD is designed to predict temperatures, radiative heat, and smoke behaviors 

for multiple scenarios. The WIS 38 (Howell Avenue) existing tunnel mechanical ventilation system 

is closest to partial transverse ventilation or modified partial transverse with single-point extraction 

as shown in figures below. 

 

Figure 1-1: Partial Transverse Exhaust Ventilation System. 

 

Figure 1-2: Partial Transverse with Single-Point Extraction. 

 

In a roadway tunnel, smoke management requires the direct extraction of smoke at the location of 

the fire. The system must be capable of transporting the smoke and heated gases in the desired 

direction to a point of extraction.  
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In an extraction ventilation concept, smoke is extracted at the fire location and stratification is 

relied upon to allow for egress under the smoke layer. The extraction concept is achieved by 

maximizing the exhaust rate in the ventilation zone, at the location of the fire, and by avoiding 

disruption of the smoke layer using longitudinal air velocities. The stratified smoke is extracted 

from the tunnel through exhaust openings located at the tunnel ceiling. One disadvantage of this 

Partial Transverse system is that uniform exhaust along the full length of the tunnel does not 

allow for complete smoke extraction from only the fire site, and it allows the smoke to spread 

along the length of the tunnel. As the smoke travels along the ceiling, its temperature decreases 

rapidly with distance from the fire; this is primarily due to heat loss to the tunnel structure. This 

loss of heat makes the stratification increasingly difficult to maintain as the distance from the fire 

increases. A hybrid combination, such as Single-Point Extraction, can prevent the spread of 

smoke over the entire tunnel length. This method extracts a large volume of air from the tunnel 

from directly above the traffic using suitable extraction ports or large openings with remotely 

controlled dampers held by magnets. The extraction capacity per unit tunnel length in the fire 

zone is derived. NFPA 92 provides guidance for the minimum separation distance between 

extract points. 

 

Ventilation and exhaust equipment, components, and accessories are exposed to high 

smoke/gas temperatures which requires them to be protected. Design considerations will account 

for these conditions and implement required protection. Another consideration is reversing the fan 

operation in the exhaust evacuation airflow tunnel. This evacuation airflow tunnel can be used to 

supply air, as well as exhaust, if the fans are reversible. This provides a tenable environment for 

both emergency egress and fire fighter ingress when one of the fire zones is energized. 

 
NFPA 502 provides a list of factors to consider as part of an engineering analysis for vehicle 

tunnel exhaust. The current list of factors includes:  

 

 Users of the facility  

 Restricted vehicle access and egress  

 Fire emergencies ranging from minor incidents to catastrophes  

 Fire emergencies occurring at one or more locations inside or in close proximity to the facility  

 Fire emergencies occurring in remote locations at a long distance from emergency response 

facilities  

 Exposure of emergency systems and structures to elevated temperatures  

 Traffic congestion and control during emergencies  

 Built-in fire protection features, such as the following:  

o Fire alarm and detection systems 

o Standpipe systems  

o Water-based firefighting systems  

o Ventilation systems  

o Emergency communication systems  

 Facility components, including emergency systems  

 Evacuation and rescue requirements  
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 Emergency response time  

 Emergency vehicle access points  

 Emergency communication  

 Vehicles and any property being transported  

 Facility location, such as urban or rural (risk level and response capacity)  

 Physical dimensions and configurations, including road-way profile  

 Natural factors including prevailing wind  

 Anticipated cargo  

 Impacts to buildings and landmarks near the facility  

 Impacts to facility from external operations and/or incidents  

 Traffic operating mode unidirectional, bidirectional, switchable, or reversible  

 

The ASHRAE criteria of 100 cubic feet minute per lane-foot (CFM/LF) of tunnel for emergency 

roadway tunnel ventilation, has been used as a minimum design basis for many years.  

 

While multiple fire events at different tunnel locations at the same time are theoretically possible, 

the probability of such a catastrophic event is extremely low. It is good engineering practice to 

design the systems for a single fire event at a time, though emergency response plans may need 

to consider responses to simultaneously occurring events. 

 

(2) Tunnel fire suppression systems 

NFPA 502 does not require application of a tunnel fire suppression system to all tunnels. For the 

WIS 38 (Howell Avenue) roadway tunnels, the designated Category is B (Figure 1-1 chart) and is 

applied for an 800 foot roadway tunnel with a maximum distance for egress of 400 feet as well as 

all of its safety provisions. The applicability of a tunnel fire suppression system depends on the 

level of risk to which the tunnel is exposed, and should be applied to long, high risk tunnels. The 

fire suppression systems can differ due to water density (temperature), water pressure, foam 

additives, and how they are applied. The applicability of a fixed fire suppression system (FFSS) 

depends on: 

 Potential fire risk 

 Level of protection required 

 Other safety measures present in the tunnel 

 Tunnel geometry 

 Ventilation/wind conditions during a fire, including interaction with emergency ventilation 

 Type and performance of the fire detection systems 

 Activation mode of the suppression system 

 Any restrictions in positioning and fixing the pipework or nozzles 

 Distance to emergency exits 

 Signage and lightning 

 Thermal conditions in the tunnel and its surroundings 

 Specific requirements for the operation of the tunnel 
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Fire detection and activation of the fire suppression system are essential elements in the design 

of the fire suppression system and in the ability of the system to meet its objectives, especially for 

large fires.  

 

A fixed firefighting suppression systems (FFSS) cannot replace the tunnel ventilation system; 

however, it could reduce the fire size, fire growth rate, and ventilation requirements. A FFSS 

system will slow, stop, or reverse the rate of fire growth. It also may mitigate the impact of the fire, 

the risk of rapid fire spread, and limit the toxic gas and smoke generation volumes that must be 

contained. This system will improve tenability for tunnel occupants during a fire condition, 

enhance the ability of first responders to aid in evacuation and engage in manual firefighting 

activities, and protect the major structural elements of the tunnel. 

 

Most FFSS systems for roadway tunnels are deluge systems. A deluge system has a network of 

open nozzles at the roof of the tunnel which are divided into zones occupying the entire width of 

the tunnel. A deluge systems may be selected over an automatic dry sprinkler system with a 

fusible link for any of the three reasons listed below.  

 Heat from a fire does not stay over the fire, but travels along the tunnel with airflow. This 

requires a fire detection and suppression system that can adequately deal with a fire that has 

heat and smoke dispersed far away from its source.  

 The tunnel fire could rapidly develop a great deal of heat over a large area so that too many 

sprinklers would open, overwhelming the water supply.  

 Automatic dry sprinklers lack flexibility. By contrast, a deluge system takes a fixed amount of 

water, and with suitable detection, is able to open only the zone(s) above or next to the fire. 

 

The deluge system may require substantial amounts of water, which can have a significant 

impact on the pressure, delivery, and the roadway tunnel’s drainage systems. Tunnel drainage 

systems must be able to support the rate of flow produced by the deluge system, without causing 

flooding of the roadway. Spill rates for hazardous liquids or discharge effluent must be considered 

for the drainage system. 

 

NFPA 502 also requires standpipes, fire hydrants, and water supply in roadway tunnel structures 

of 300 feet or greater. Standpipe systems can be either wet or dry and must be installed per 

NFPA 14. The water system demand shall be adequate for a minimum 1 hour time of flow. Each 

standpipe shall have a minimum of two fire department connections. 

 

Other items to consider for egress are opportunity of cross-passageways which can be utilized as 

emergency exits from the fire zone. The egress pathways in the tunnel shall be slip resistant. 

Portable fire extinguishers are also required to be located along roadway, in approved cabinets, 

at internals of 300 feet and maintained per NFPA 10.  

 
The alternative fuels that are considered most viable in the near future are CNG, LP-Gas, LNG, 

methanol, hydrogen, and electric hybrid. The following are considered potential alternative fuels 

and will continue to be used in the future: 
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 Methanol 

 Hydrogen 

 Ethanol 

 Coal-derived liquids 

 Propane 

 Biological materials 

 Natural gas 

 Reformulated gasoline 

 Electricity 

 Clean diesel 

 

We do not recommend installation of a fire suppression system for the existing tunnel. In 

discussions with the GMIA fire department during the mini-value engineering workshop, the fire 

department stated that they are confident that they can control an emergency in the tunnel by 

using the existing fire hydrants located north and south of the tunnel. 
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Figure 1-1 
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6. Results of Electrical Inspection 

 

A. General Code Requirements 

National Fire Protection Agency (NFPA) 502 is the 

Standard for Road Tunnels, Bridges, and Other Limited 

Access Highways. There are several requirements within 

this standard that the Howell Avenue tunnel does not 

currently have. The following is a list of these items: 

 7.4.6.1 - Manual fire alarm boxes installed no more 

than every 300 feet.  

 7.4.6.7 – Automatic fire detection system capable of 

identifying the location of the fire within 50 feet. 

 12.4 – Emergency power system to support 

ventilation, lighting, communications, fire 

suppression, fire alarm/detection, exit signs and 

traffic control.  

These items are not indicated in the remainder of this 

report. However, their costs are included within the 

construction cost estimate. 

 

B. NE Access Service Vault 

There is grounding installed within metallic raceway on the 

floor near the stairs in this service vault. Replacement of the 

grounding within the next 2-5 years is recommended as 

there is significant corrosion of the conduit and at the 

grounding connection points which increases the grounding 

resistance. Replacement should be done within a non-

metallic raceway to protect the grounding conductor from 

physical damage and prevent rusting/corrosion of the 

conduit. 

 

Additionally, there is a grouping of electrical equipment 

mounted on the west wall that is original to the tunnel. This 

equipment consists of one combination starter/disconnect, 

one 2.5kVA 240/480V to 120/240V step down transformer 

and one disconnect. The disconnects were in the off position 

at the time of the site visit, indicating that equipment is 

unused and/or unusable. All this equipment has significant 

rusting and immediate replacement is recommended. 

 

NE Service Vault Wiring Device 

NE Service Vault Equipment 
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The lighting and wiring devices in this room appear 

original to the structure. The wiring devices are 

severely corroded and the lighting does not function. 

Immediate replacement of these wiring devices is 

recommended. 

 

C. SE Access Service Vault 

There is grounding installed within metallic raceway 

on the floor near the stairs in this service vault. 

Replacement of the grounding within the next two 

years to five years is recommended as there is 

significant corrosion of the grounding conductor, ground rod and 

connector which increases the grounding resistance.  

 

There is a lighting control panel within a stainless-steel enclosure on 

the east wall. This panel controls the lights within the east 

(northbound) vehicle tunnel and is connected to a light sensor 

located directly above this Service Vault room. The lighting control 

panel is in good condition and appears to be functioning properly. 

 

On the north wall there is a Square D Pow-R-Zone panel which 

contains an internal step-down transformer to step down 480V, 

single phase power down to 120V single phase for lighting and 

control power. The Pow-R-Zone contains an integral panelboard. 

This Power-R-Zone panel appears to have been replaced within the 

last ten years and is in good condition. 

 

There is a combination starter/disconnect serving the tunnel 

exhaust system located on the west wall. There is significant rust 

on this equipment and it was in the off position at the time of the 

site visit, indicating that it is unused and/or unusable. Immediate 

replacement of this equipment is recommended. 

 

Some of the lighting and wiring devices in this room appear 

original to the structure and some appear to have been replaced 

within the last ten years. The wiring devices original to the 

structure are severely corroded and not functioning. Immediate 

replacement of these wiring devices is recommended. 

 

D. NW Access Service Vault 

There is a pad mounted WE Energies transformer (#99-U-2435), 

located approximately twenty feet north of the room. There is an 

NE Service Vault Grounding 

SE Service Vault Pow-R-Zone 

SE Service Vault Lighting Control 
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underground feed 

from this transformer 

to utility equipment 

mounted to the 

exterior wall of the 

NW Access Service 

Vault. This 

equipment consists 

of a main disconnect, 

CT cabinet and 

meter socket which 

is all owned by the 

County. This 

equipment is in fair 

condition and 

appears to be 

approximately 20 

years old. 

Replacement of equipment within the next 10 years is 

recommended. 

 

The service feeder then penetrates the exterior wall and is 

surface mounted along the interior wall of the service vault and 

travels into a wall mounted panel, within a stainless-steel 

enclosure. The feeder and panel appear to be in good condition. 

 

Adjacent to the panel is a Square D Pow-R-Zone panel which 

contains an internal step-down transformer to step down 480V, 

single phase power to 120V single phase for lighting and control 

power. The Pow-R-Zone contains an integral panelboard. This 

Power-R-Zone panel appears to have been replaced within the 

last ten years and is in good condition. 

 

There is a lighting control panel within a stainless-steel 

enclosure on the south wall. This panel controls the lights within 

the west (southbound) vehicle tunnel and is connected to a light 

sensor located directly above the NW Service Vault room. The 

lighting control panel is in good condition and appears to be 

functioning properly. 

 
NW Service Vault Lighting Controls 

NW Service Vault Main 

Electrical Panel 

NW Vault Exterior – Service Equipment 

NW Vault Exterior – WE Energies 

Transformer 
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There is a combination starter/disconnect serving the tunnel 

exhaust system located on the east wall. There is significant 

rust on this equipment and it was in the off position at the time 

of the site visit, indicating that it is unused and/or unusable. 

Immediate replacement of this equipment is recommended.  

 

Additionally, below the stairs by this disconnect is electrical 

system grounding. This grounding is corroded and installed 

exposed on the floor. Replacement of the grounding within the 

next two years to five years is recommended as the corrosion 

at the connection points will increase grounding resistance. 

Replacement should be done within a non-metallic raceway to 

protect the grounding conductor from physical damage.  

 

E. SW Access Service Vault 

There is grounding installed exposed on the floor by the room 

stairs. Replacement of the grounding within the next 2-5 years 

is recommended as there is significant corrosion at the 

connection points which increases the grounding resistance. 

Replacement should be done within a non-metallic raceway to 

protect the grounding conductor from physical damage.  

 

Additionally, there is a grouping of electrical equipment mounted 

on the east wall that is original to the tunnel. This equipment 

consists of one combination starter/disconnect, one 2.5kVA, 

240/480V to 120/240V step down transformer and one 

disconnect. The disconnects were in the off position at the time 

of the site visit, indicating that equipment is unused and/or 

unusable. All this equipment has significant rusting and 

immediate replacement is recommended. 

 

F. East Evacuation Airflow Tunnel 

Lighting in the tunnel is done with manual on/off switches at each 

end of the tunnel and globe/guard fixtures ceiling mounted 

approximately every 100’. The fixtures and raceway system 

are non-metallic and in good condition. 

 

There are multiple rigid metallic conduits surface mounted on 

the top of the tunnel near the south end. These conduits are 

degrading and rusting due to the corrosive and wet 

environment. It is assumed that these conduits contain 

SW Service Vault Grounding 

SW Service Vault Electrical Equipment 
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lighting circuits serving the east vehicle tunnel. Replacement of these conduits is recommended within the 

next 5 years.  

 

G. West Evacuation Airflow Tunnel 

Lighting in the tunnel is done with manual on/off switches at 

each end of the tunnel and globe/guard fixtures ceiling 

mounted approximately every 100’. The fixtures and 

raceway system is all non-metallic and in good condition 

with exception to a break in a conduit joint in the north half 

of the tunnel. It is recommended that the conduit be re-

joined as soon as possible to prevent abrasion of the 

conductor insulation. 

 

There are multiple rigid metallic conduits surface mounted 

on the top of the tunnel near the south end. These conduits 

are degrading and rusting due to the corrosive and wet 

environment. It is assumed that these conduits contain 

lighting circuits serving the west vehicle tunnel. 

Replacement of these conduits is recommended within the 

next five years. 

 

There are several raceways and control cables installed 

within this airflow tunnel. Theses control cables and 

raceway are owned by the DOT and enter/exit through the 

floor at each end of the tunnel. One cable is a 24-strand 

single mode fiber optic cable that is a traffic signal 

interconnect. This cable is installed within flexible non-

metallic conduit and fiberglass boxes. The boxes, conduit 

and cable appear to be in good condition.  

 

The other cables are installed within rigid metallic conduit 

and boxes and are labeled “Grange/Howell Ped Team 

Trans.” These cables are spliced within a box located at the 

south end of the airflow tunnel. The boxes, conduits and 

cabling appear to be in fair condition with exception to the 

box at the south end where there is significant rusting of 

the box and box cover latches. 

 

H. East Vehicle Tunnel 

There are wall mounted high pressure sodium source, 

Holophane fixtures on each side of the tunnel. Fixtures are 

densely located on the south end of the tunnel where traffic 

West Airflow Tunnel Fiber 

Optic 

West Airflow Tunnel “PED TEAM TRANS” 

Cable 

West Airflow Tunnel Conduit Separation 

West Airflow Tunnel “Fiber 
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enters, and less densely located the as one travels north through the tunnel. Light levels are adequate 

within the tunnel and fluctuate by switching fixtures on/off through the lighting control panel in the SE 

Access Vault. The fixtures and wiring appear to be in fair condition. WisDOT performs basic annual 

maintenance of the fixtures, including cleaning and relamping. With the corrosive winter environment with 

in the tunnel, there are numerous fixtures with failing factory paint. We recommend that the lights and 

fixtures be evaluated for replacement in five years, depending on conditions noted during the annual 

maintenance. 

 

On the face of the tunnel entry, centered above the roadway, there is a tunnel warning light that does not 

appear to be in use. Additionally, there is a wall mounted camera on the east side of the tunnel entry. 

 

I. West Vehicle Tunnel 

There are wall mounted high pressure sodium source, Holophane 

fixtures on each side of the tunnel. Fixtures are densely located on 

the north end of the tunnel where traffic enters, and less densely 

located the as one travels south through the tunnel. Light levels 

are adequate within the tunnel and fluctuate by switching fixtures 

on/off through the lighting control panel in the NW Access Vault.  

WisDOT performs basic annual maintenance of the fixtures, 

including cleaning and relamping. With the corrosive winter 

environment with in the tunnel, there are numerous fixtures with 

failing factory paint. We recommend that the lights and fixtures be 

evaluated for replacement in five years, depending on conditions 

noted during the annual maintenance. 

 

On the face of the tunnel entry, centered above the roadway, there 

is a tunnel warning light that does not appear to be in use. 

Additionally, there is a wall mounted camera on the west side of 

the tunnel entry. 

 

J. Roadway Tunnel  

Dual head, red obstruction lights at the edge of each side of the roadway tunnel. These lights are 

powered, owned and maintained by the airport. 

Typical Vehicle Tunnel Lights 
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7. Results of WIS 38 (Howell Avenue) Pavement Inspection 

 

A. Existing Condition: 

WIS 38 (Howell Avenue) passes through the tunnel. The roadway was constructed in 1964 as part of the 

overall tunnel construction. Refer to Appendix 5 for roadway typical section and profile through the tunnel.  

 

The northbound roadway consists of the following typical section:    

 Inside lane: 14 feet (includes gutter pan) 

 Middle lane: 12 feet     

 Outside lane: 10 feet (includes gutter pan) 

 Concrete walkway adjacent to outside lane: 3.5 feet

 
Northbound roadway (looking south) 

 

The southbound roadway consists of the following typical section: 

 Inside lane: 14 feet (includes gutter pan) 

 Middle lane: 12 feet 

 Outside lane: 10 feet (includes gutter pan) 

 Concrete sidewalk adjacent to outside lane: 6.67 feet 
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Southbound roadway (looking north) 

 

The pavement for both the northbound and southbound roadways consist of nine-inch reinforced concrete 

pavement over 6-inches crushed aggregate base course. Each roadway has a unilateral cross slope of 

1.5% from the inside (center median pier) to the outside. 

 

A 24-inch diameter concrete storm sewer pipe runs under the outside lane of the northbound roadway. 

Drainage inlets and lateral connection pipes are provided along the length of the tunnel. Refer to another 

Section in this document for discussion of the storm sewer. 

 

The most recent Bridge Inspection Report lists a minimum vertical clearance of 14.8 feet for the 

northbound roadway, and a minimum vertical clearance of 15.1 feet for the southbound roadway. 

 

The Howell Avenue pavement at the tunnel was reconditioned in 2014 and 2015. For the southbound 

inside lane (14-feet wide), the existing reinforced concrete pavement and 6-inch crushed aggregate base 

course were removed and replaced with 9-inch concrete pavement over 6-inch base aggregate dense. All 

traffic lanes, including the new concrete pavement section, were resurfaced by continuous diamond 

grinding. Some minor joint sealing and minor patching of spalls were also performed. 

 

Crash barriers are located in the median at each end of the tunnel. 

 

The roadway pavement at the approaches at each end of the tunnel was milled and overlayed with 

asphalt as part of the reconditioning work. 
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Roadway at North Tunnel Portal (looking north)    Roadway at South Tunnel Portal (looking south) 

 

B. Condition Assessment and Recommendations 

The WIS 38 (Howell Avenue) concrete pavement through the tunnel is in good condition as a result of the 

reconditioning that was performed in 2014 and 2015. The crash barriers are in good condition. No repairs 

or rehabilitation are recommended for Howell Avenue through the tunnel. WisDOT has commented that 

no resurfacing or reconditioning of this pavement is programmed for at least the next ten years. Minor 

repairs to seal joints and patch spalls will be done annually by Milwaukee County under a maintenance 

agreement contract with the Wisconsin Department of Transportation. 
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8. Results of 24-Inch Diameter Storm Sewer Inspection 

 

A. Existing Condition 

A 24-inch diameter concrete storm sewer pipe is located under the easterly lane of the northbound 

roadway for WIS 38 (Howell Avenue). This storm sewer was originally constructed in 1964 as part of the 

overall tunnel project. This storm sewer slopes at 0.005 feet/foot from the south to the north. Manholes 

are located at the south and north ends of the tunnel and near the middle of the tunnel. At the north end, 

this storm sewer pipe connects to a manhole approximately 50 feet north of the tunnel, and discharges to 

a 30-inch diameter pipe to the northeast. There are storm sewer inlets located along the outside gutters of 

the northbound and southbound roadways. According to original construction plans, these storm sewer 

inlets are connected to the 24-inch storm sewer pipe with eight-inch diameter laterals (entitled drain tile 

receivers) encased in six inches minimum concrete. 

 

The 24-inch diameter storm sewer pipe was televised and inspected by Visu-Sewer for Mead & Hunt on 

October 30, 2017. Access to the storm sewer pipe was done from the manholes at the north and south 

ends of the tunnel. The lid on the manhole near the middle of the tunnel was corroded and stuck closed, 

but Milwaukee County crews were able to free the lid for opening. A printed report with the results of the 

inspection is located in Appendix 6. A video file of the televised inspection is available from Mead & Hunt 

upon request.   

 

   
Visu-Sewer Televising Equipment at South Manhole    Visu-Sewer Truck at Middle Manhole 

 

B. Condition Assessment and Recommendations  

The 24-inch diameter concrete storm sewer pipe is structurally in good condition. There are several 

locations with very minor debris accumulation on the invert of the pipe, but otherwise the pipe was free 
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and clear of debris. Several of the laterals from the storm drain inlets have up to 50% flow blockage by 

accumulated debris at the connection with the 24-inch diameter pipe. The manholes located at the north 

and south end of the tunnel, and the manhole near the middle of the tunnel, are in good condition. 

 

It is recommended that all of the storm sewer laterals from the drain inlets be cleaned by water flushing to 

remove the debris accumulation at the connections with the main 24-inch storm sewer pipe. It is 

recommended that this flushing and cleaning be done immediately. It is also recommended that this 

flushing and cleaning be done annually in the spring of the year. It has been reported that the tunnel 

floods during periods of heavy rainfall. This flushing and cleaning should help reduce the flooding 

potential.  
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9. Routine and Preventative Maintenance Recommendations 

In order to maintain the serviceability and structural integrity of the tunnel until a major rehabilitation is 

performed, and also after a major rehabilitation, we recommend the following items and activities for 

routine and preventative maintenance by WisDOT or MKE: 

 

1. WisDOT - Continue biennial inspection of the structure, and follow up recommendations resulting 

from those inspections. This includes inspection of the asphalt surface over the tunnel, as is 

currently done.  Minor rehabilitation of the concrete tunnel structure and maintenance of the 

asphalt surface over the tunnel to be done by MKE.  Estimated annual cost for this minor 

rehabilitation is $20,000.  

2. MKE - Annually in spring of the year after use of deicing chemicals used on Howell Avenue has 

ceased, pressure wash with water the interior exposed surfaces of the tunnel abutment walls, 

center pier walls and bottom of the top slab in each bore. Pressure wash the sidewalk and 

walkway adjacent to the roadways. Wash the water down the storm drains for the Howell Avenue 

pavement.  Estimated annual cost for washing is $5,000. 

3. WisDOT - Annually inspect the Howell Avenue pavement and the storm water drains in the 

tunnel. Seal cracks and joints in the pavement, and fill in spalled areas of the pavement. Clean 

storm sewer inlets of any obstructions. 

4. WisDOT - Annually flush out the storm water sewers with water to clean out any debris that may 

have accumulated at the intersections with the main 24-inch storm sewer. 

5. WisDOT - Annually inspect the roadway lights, conduits and associated electrical system. Clean 

the fixtures and lamps each spring, due to the corrosive winter environment. Replace burned out 

lamps and replace non-functioning fixtures. Adjust light sensors as necessary. 

 

We recommend that MKE allocate $25,000 annually for miscellaneous maintenance repairs not covered 

by WisDOT.  Costs for maintenance items and activities currently being performed by WisDOT are not 

listed. 
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10. Major Rehabilitation Scenario, With Construction Safety Phasing 
Plan 

The previous sections of this Plan discussed the condition of the components of the tunnel, and contained 

recommendations for rehabilitation.  This section of the Plan provides information about the Major 

Rehabilitation Scenario.  We recommend that this major rehabilitation scenario be implemented within the 

next two years (2019-2020) in order to enhance the life and serviceability of the structure for the next 20 

years, and to maintain its current aircraft load rating for that time period.  After 20 years (2040), assuming 

that the components of the major rehabilitation scenario are implemented, we recommend replacement of 

the tunnel with a new tunnel structure.  If the major rehabilitation scenario is not implemented within the 

next two years, the structure will continue to deteriorate to a point where safety and serviceability could 

become issues for both airport and roadway traffic, and the aircraft loading capacity of the structure may 

be compromised. 

 

The major rehabilitation scenario consists of the following components, as described in previous sections 

of this report: 

1. Concrete surface repair at various locations throughout the tunnel 

2. Expansion joints rehabilitation, at approximately the quarter points of each tunnel bore 

3. Rehabilitating four expansion joints in each of the two ventilation chambers 

4. Concrete protective surface treatment on all exposed surfaces of the tunnel walls and underside 

of the deck slab 

5. Concrete staining of the four wingwalls and two portals 

6. Removal and replacement of four doors with stainless steel doors 

7. Rehabilitation of frames for the four doors 

8. Sealing cracks in the asphalt pavement over the tunnel 

9. Milling and overlaying the asphalt pavement over the top of the tunnel 

10. Painting the asphalt surface over the top of the tunnel with an epoxy paint system 

11. Rehabilitating the electrical conduits and components of the electrical system within the structure 

12. Removal and replacement of the ventilation fans and motors at each end of each chamber 

13. Removal and replacement of the electrical controls and equipment for the new fan motors 

14. Rehabilitation of the louvers for the fans at each end of each chamber 

15. Providing an alternate power source for power for the ventilation system 

16. Traffic control on Howell Avenue for construction staging and phasing of work within the tunnel 

 

The estimated construction cost for this major rehabilitation is $2,276,000 in 4th quarter 2017 dollars. This 

cost includes a 10% contingency and 10% for mobilization.  Design engineering costs at approximately 

15% of the construction cost, owner administrative service costs at 10% of the construction cost, and 

construction engineering costs at approximately 12% of the construction cost are not included in that 

figure. We recommend considering an annual inflation factor of 3.0% for the costs listed above for future 

budgeting. 
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WisDOT has noted that construction work is expected be done on IH-94.  There will be alternate routes 

for when IH-94 in Kenosha, Racine and Milwaukee Counties will be under construction. Stage 1 & 2 in 

Racine and Kenosha Counties would be in 2018 and 2019 and Stage 3 in Milwaukee County would be in 

2020.  WIS 38 (Howell Avenue) is proposed as a detour route for Stage 3 construction in 2020.

 

 

GMIA Howell Avenue Runway Tunnel Date: 12/4/2017

Structure B-40-282

Opinion of Probable Costs

Major Rehabilitation Alternative

Quantity Unit Unit Cost

3,684            SF $135.00

208                LF $200.00

587                LF $120.00

117,000        SF $2.50

2,100            SF $1.50

8,000            LF $12.00

6,400            SY $20.00

57,600          SF $2.50

4                    EA $500.00

4                    EA $500.00

1                    LS $200,000.00

1 LS $1,500.00

2 EA $1,200.00

1 LS $1,500.00

1 LS $1,500.00

1 EA $1,200.00

1 LS $10,000.00

1 EA $1,200.00

1 LS $1,500.00

2 EA $1,200.00

300 LF $25.00

300 LF $25.00

1 LS $500.00

1 EA $175,000.00

1 LS $115,000.00

1 EA $75,000.00

10.00%

10.00%

Round to:

West Ventilation Chamber Electrical

Rigid Conduit Replacement (with Wiring) $7,500

Service Equipment $10,000

East Ventilation Chamber Electrical

Rigid Conduit Replacement (with Wiring) $7,500

NW Access Service Vault Electrical

Grounding $1,500

Asphalt Surface Rehabilitation-Mill and Overlay 1 1/2-Inches $128,000

Epoxy Paint on Asphalt Surface Over Tunnel $144,000

Remove and Replace Doors & Hardware for Vent Tunnels $2,000

Wiring Device Replacement $1,500

SE Access Service Vault Electrical

Grounding $1,500

NE Access Service Vault Electrical

Traffic Control and Maintenance of Traffic for Staged Construction $200,000

Disconnect and Starter Replacement $1,200

SW Access Service Vault Electrical

Grounding $1,500

Disconnect and Starter Replacement $2,400

Disconnect and Starter Replacement $1,200

Concrete Staining-Wingwalls & Portals $3,150

Asphalt Surface Rehabilitation-Crack Sealing $96,000

Clean & Paint Frames for Doors at Vent Tunnels $2,000

Ventilation System Rehabilitation $175,000

Ventilation Controls Rehabilitation $75,000

Ventilation System Emergency Power (NFPA 502 section 12.4) $115,000

$2,276,000

Item Subtotal $1,880,730

Contingency @ 10% $188,073

Mobilization @ 10% $206,880

TOTAL ESTIMATED CONSTRUCTION COST $2,275,683

Tunnel Conduit Repair $500

Item Total

Concrete Protective Surface Treatment-Tunnel $292,500

Concrete Surface Repair $497,340

Expansion Joint Repairs-Ventilation Chambers $41,600

Expansion Joint Repairs-Tunnel $70,440

Disconnect and Starter Replacement $2,400
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Following is an Outline of Construction Safety Phasing Plan (CSPP) Development Tasks for the Major 

Rehabilitation Scenario: 

 

1. Determine acceptable impacts to Runway 7R-25L 

a. Option 1: Close runway for duration of project, assuming construction in two phases, in order 

to keep either the runway or Taxiway A open (approx. 2 weeks for each of 2 phases, all 

daytime work; possible to complete work in 2 to 3 weeks total).  Phase work separately 

between Runway 7R-25L and Taxiway A so that taxi operations to/from the cargo area would 

be maintained at all time. – This is the preferred option 

b. Option 2: Phase the work over a series of daily runway closures 

c. Option 3: Phase the work over a series of nightly runway closures 

 

2. Define access points and haul routes 

a. Construction access would be via Gate 3B 

b. When taxiing to cargo apron via Runway 7R, MKE would close Gate A4 and direct traffic all 

the way down to Gate A5. 

 

3. Construction staging to be in area west of glycol recovery tank 

   

4. Delineate project boundaries 

a. Illustrate taxiway safety areas, object free areas, obstacle free zones or other safety critical 

dimensions and setbacks from adjacent airfield pavements to remain open during 

construction.  Look to incorporate low profile barricades for long-term pavement closures and 

to use cones for temporary daily closure areas and haul routes. 

 

5. Identify phases, appropriate locations for barricades, runway closure markers, and any needed 

provisions for temporary lighting or marking. 

a. Phase 1: Use Taxiway A for access to/from Cargo Apron during work along Runway 7R-25L. 

b. Phase 2: Use Runway 7R-25L for access to/from Cargo Apron during work along Taxiway A. 

c. Could accommodate some back-taxi operations for takeoffs from Runway 7R and landings 

on Runway 25L during the taxiway closure period. This would help reduce closure window 

and overall operational impact to Runway 7R-25L. 

 

6. Illustrate the above information graphically on draft operations plans and submit relevant Points of 

Interest (POI) to FAA via OE/AAA website – generally 4-5 months prior to bid. 

 

7. Outline procedures for issuing NOTAMs for runway/ taxiway closures, turning off navigational 

instruments, turning off and/or refeeding or jumpering edge light circuits and related impacts. 

Incorporate into the overall CSPP. 
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8. Incorporate any feedback from FAA on Points of Interest (POI) submittal for each phase into the 

overall CSPP. 

 

9. Incorporate Contract Special Provisions and Security Specifications for Airport Work into the 

overall CSPP. 

 

10. Verify documents and information against FAA Checklist for CSPP Review – ARP SOP No. 1.0  

 

11. Submit CSPP document to FAA for review – generally 3 months in advance of bid authorization. 
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11. Structure Replacement Scenario, With Construction Safety 
Phasing Plan 

As discussed in Section 10, if the major rehabilitation scenario is performed within the next two years 

(2019-2020), the existing tunnel will not need to be replaced for 20 years (2040).  The existing structure 

will be 76 years old in 2040; 75 years is commonly considered a very good service-life expectancy for a 

structure such as this tunnel, particularly with rehabilitation of the major components.  If the major 

rehabilitation scenario is not implemented within the next two years, the structure will continue to 

deteriorate to a point where safety and serviceability could become issues for both airport and roadway 

traffic, and the aircraft loading capacity of the structure may be compromised. Safety, serviceability and 

aircraft loading capacity (load rating) would need to be evaluated biennially at the time of WisDOT’s 

structure inspection (next inspection is scheduled to be done in August 2018).  We believe that the 

structure would need to be replaced prior to 20 years (2040), possibly as early as ten years (2030) if no 

major rehabilitation is performed within the next two years (2019-2020).      

 

For the structure replacement scenario, the existing tunnel would be removed and replaced with a new 

cast-in-place concrete tunnel. The roadway tunnel constructed on College Avenue at the south end of the 

airport in 2011 is an excellent example of the type of new tunnel that would be appropriate for this 

location and application. Due to right-of-way and physical constraints, the new tunnel would be 

constructed at the same location as the existing tunnel. In order to remove and replace the tunnel, airport 

operations would need to be modified to close Runway 7R-25L and Taxiway A.  Two options for 

construction are discussed later in this Section.  The existing tunnel would be removed, and the new 

tunnel constructed by “open cut” construction techniques. This would require removal and reconstruction 

of the concrete pavement for the runway and taxiway over the tunnel. It would also require the removal 

and replacement of the asphalt pavement over the tunnel. However, in lieu of the asphalt pavement 

replacement, a robust waterproofing system could be installed on the new tunnel structure, along with a 

subsurface drainage system to collect the water and convey it away from the structure, as was done for 

the College Avenue tunnel. 

 

Based on current roadway design criteria for the Wisconsin Department of Transportation, the 

reconstructed roadway through the tunnel would consist of two bores, one for each direction of traffic.  

The clear width of the roadway for each bore would accommodate three 12-foot wide traffic lanes, 

provisions for on-road bicycle accommodations, and one sidewalk in the west bore.  The sidewalk would 

be separated from the traffic lanes by a barrier railing. Walkways for safety access would be provided in 

the east bore and on each side of the center median pier. The new clear width will be approximately 54 

feet or about 10 feet wider than existing in each bore. The vertical clearance would be a minimum of     

16’-4”, which is approximately 1.5 feet more than the existing minimum vertical clearance. Assuming that 

the runway profile would remain unchanged, Howell Avenue would need to be lowered by approximately 

three feet in order to achieve the minimum vertical clearance, and to allow for thickness of the concrete 

structure top slab and accommodations for life-safety equipment. This will require the reconstruction of 

the storm sewer system. This will also require the construction of a pumping station, because a new 

storm sewer system would not drain storm water in the roadway in the tunnel by gravity alone. 
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A ventilation system including smoke and carbon monoxide detection, a dry-type fire suppression system 

and other life-safety equipment would be constructed within the tunnel structure. A new roadway lighting 

and electrical system with LED lights would be constructed in each bore to illuminate Howell Avenue. 

 

The electrical service is going to have to be replaced and upgraded. The current electrical service is 

400A, 480/277V 3-phase, 4-wire. Based on the recently constructed College Avenue tunnel, electrical 

service needs to be upgraded to 2,000A, 480/277V 3,-phase, 4-wire. An emergency generator of a 

capacity of at least 750 KW will be required if jet fans for ventilation are used for the new tunnel. 

 

Public and private utilities that are located in Howell Avenue, located in the existing tunnel and in the 

airfield over or near the tunnel would be relocated. Coordination would be required with these utility 

companies and agencies. 

 

WIS 38 (Howell Avenue) would be closed to through traffic from the Airport Spur to College Avenue 

during construction. Local access to businesses south of Citation Way would be maintained from College 

Avenue during construction. Through traffic would be detoured to IH-94, although traffic would most likely 

use local roads such as South 13th Street and South Pennsylvania Avenue.   

 

Coordination would be required with the Wisconsin Department of Transportation because Howell 

Avenue is WIS 38, an arterial highway; with the City of Milwaukee; and with the Federal Aviation 

Administration. 

 

The structure replacement scenario consists of the following items. 

 

1. Determine acceptable impacts to Runway 7R-25L and Taxiway A: 

a. Option 1: Close runway and taxiway for duration of project, estimated at 20 to 24 months. 

Relocate operations for FedEx, UPS and others to other areas of the airport.  Remove 

existing tunnel and construct new tunnel while both runway and taxiway are closed. This 

option would have a lower construction cost than Option 2, but would disrupt airport 

operations more than Option 2. 

b. Option 2: Phased construction estimated at 24 to 28 months:  Phase 1-Close runway but 

keep taxiway open during construction. Remove portion of existing tunnel under runway 

and construct portion of new tunnel. Phase 2-Close taxiway but keep runway open during 

construction. Remove remaining portion of existing tunnel and construct remaining 

portion of new tunnel. It may be possible to phase construction in a manner that would 

allow safe taxi operations to remain to/from the cargo area (either via Taxiway A or on the 

runway) so the entire cargo area infrastructure would not need to be closed off and 

temporarily replaced.  This option has concerns for safety while major construction 

activities are taking place adjacent to an active runway or active taxiway. If this option is 

further investigated, the construction duration would be approximately four months 

longer, and construction cost of the new tunnel would be approximately 10% higher than 
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Option 1. When the time comes to replace the tunnel, MKE would need to weigh the cost 

of temporarily relocating the cargo operations against the added time and construction 

cost of phasing the tunnel replacement.  

2. Removal and relocation of utilities in Howell Avenue and above the tunnel within excavation and 

removal limits 

3. Removal of concrete pavement and asphalt shoulders for Runway 7R-25L and Taxiway A 

4. Removal of asphalt pavement over the top of the existing tunnel 

5. Traffic control and construction staging for closing Howell Avenue to through traffic, using marked 

detour route 

6. Removal of the existing tunnel structure 

7. Removal of Howell Avenue pavement and sidewalks 

8. Removal of storm sewer system for Howell Avenue 

9. Excavation to lower the profile of Howell Avenue by approximately three feet 

10. Excavation to allow for a wider and longer new tunnel 

11. Construction of a new storm sewer system for Howell Avenue 

12. Construction of new pavement for Howell Avenue to accommodate 3 full traffic lanes each 

direction, and to allow for 16’-4” minimum vertical clearance in each tunnel bore, including 

transitions at north and south ends to match existing pavement 

13. Construction of a new cast-in-place concrete tunnel with two bores, one each for northbound and 

southbound Howell Avenue traffic 

14. Construction of a new pumping station and control building for storm water drainage in the tunnel 

15. Inclusion of life-safety features in the tunnel – ventilation system, fire suppression system, alarm 

system, and emergency egress 

16. Construction and installation of an emergency generator 

17. Construction of roadway lighting system in new tunnel 

18. Construction of new concrete pavement for runway and taxiway 

19. Construction of new asphalt pavement over the tunnel between taxiway and runway 

20. Painting of the asphalt surface over the tunnel 

 

Note:  Items 19 and 20 would be eliminated if a robust waterproofing system is constructed on the new 

tunnel structure, and would include a subsurface drainage system. 

 

The estimated construction cost for the Option 1 replacement scenario is $28,163,000 in 4th quarter 2017 

dollars.  The estimated construction cost for the Option 2 replacement scenario is approximately 

$31,000,000 in 4th quarter 2017 dollars (10% higher than Option 1). These costs includes a 10% 

contingency and 10% for mobilization. Design engineering costs at approximately 12% of the construction 

cost, owner administrative service costs at approximately 5% of the construction cost, and construction 

engineering costs at approximately 10% of the construction cost are not included in those figures. We 

recommend considering an annual inflation factor of 3.0% for the costs listed above for future budgeting. 
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Following is an Outline of Construction Safety Phasing Plan (CSPP) Development Tasks for the Structure 

Replacement Scenario.  This CSPP would need to be refined at the time of design for a new tunnel: 

 

1. Determine acceptable impacts to Runway 7R-25L and Taxiway A: 

a. Option 1: Close runway and taxiway for duration of project, estimated at 20 to 24 months.  

Remove existing tunnel and construct new tunnel while both runway and taxiway are closed.  

b. Option 2: Phased construction-estimated at 24 to 28 months:  Phase 1-Close runway but 

keep taxiway open during construction. Remove portion of existing tunnel under runway and 

construct portion of new tunnel. Phase 2-Close taxiway but keep runway open during 

construction. Remove remaining portion of existing tunnel and construct remaining portion of 

new tunnel. It may be possible to phase construction in a manner that would allow safe taxi 

operations to remain to/from the cargo area (either via Taxiway A or on the runway) so the 

entire cargo area infrastructure would not need to be closed off and temporarily replaced.  

This option has concerns for safety while major construction activities are taking place 

adjacent to an active runway or active taxiway. If this option is further investigated, the 

GMIA Howell Avenue Runway Tunnel Date: 12/4/2017

Structure B-40-282

Opinion of Probable Costs

Structure Replacement Scenario

Quantity Unit Unit Cost

1                    LS $150,000

1                    LS $25,000

1                    LS $1,000,000

1                    LS $150,000

1                    LS $500,000

1                    LS $200,000

1                    LS $150,000

1                    LS $15,000,000

1                    LS $500,000

1                    LS $100,000

1                    LS $1,000,000

1 LS $1,500,000

1 LS $1,500,000

1 LS $250,000

1 LS $200,000

1 LS $250,000

1 LS $300,000

1 LS $500,000

10.00%

10.00%

Round to:

Pump Station & Control Building for Tunnel Drainage, incl. Piping $1,500,000

New Concrete for Runway 7R-25L and Taxiway A Over Tunnel $200,000

Emergency Backup Power Supply $300,000

Roadway Lighting and Controls $250,000

Electrical Service & Distribution $250,000

Fire Protection System for Tunnel, incl. Alarms & Equipment $1,500,000

Removal of Runway and Taxiway Concrete Pavement Over Tunnel $150,000

Removal of Asphalt Pavement Over Tunnel $25,000

Relocation of Utilities (Allowance) $1,000,000

Removal of Tunnel Structure $500,000

Removal of Howell Avenue Pavement and Storm Sewer $200,000

Excavation for Removal of Tunnel $150,000

Ventilation System for Tunnel, incl. Controls $1,000,000

$28,163,000

Item Subtotal $23,275,000

Contingency @ 10% $2,327,500

Mobilization @ 10% $2,560,250

Traffic Control and Detours for Howell Avenue Traffic $500,000

TOTAL ESTIMATED CONSTRUCTION COST $28,162,750

Item Total

Backfill and Grading for Tunnel, Roadway, Runway and Taxiway $100,000

Excavation for Construction of Roadway and New Tunnel $150,000

New Cast-in-Place Concrete Tunnel Structure $15,000,000

New Pavement, Storm Sewer and Sidewalks for Howell Avenue $500,000
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construction duration would be approximately four months longer, and construction cost of 

the new tunnel would be approximately 10% higher than Option 1. 

 

Define acceptable location(s) for relocation of air cargo operations during construction.  MKE would need 

to weigh the cost of temporarily relocating the cargo operations against the added time and construction 

cost of phasing the tunnel replacement. 

 

2. Define access points and haul routes 

a. Construction access would be via Gate 3B 

b. When taxiing to cargo apron via Runway 7R, MKE would close Gate A4 and direct traffic 

all the way down to Gate A5. 

 

3. Construction staging to be in area west of glycol recovery tank 

 

4. Delineate project boundaries; illustrate taxiway safety areas, object free areas, obstacle free 

zones or other safety critical dimensions and setbacks from adjacent airfield pavements to remain 

open during construction. 

 

5. Identify appropriate locations for barricades, runway closure markers, and any needed provisions 

for temporary lighting or marking. 

 

6. Illustrate the above information graphically on draft operations plans and submit relevant Points of 

Interest (POI) to FAA via OE/AAA website – generally 4-5 months prior to bid. 

 

7. Outline procedures for issuing NOTAMs for runway/ taxiway closures, turning off navigational 

instruments, turning off and/or refeeding or jumpering edge light circuits and related impacts. 

Incorporate into the overall CSPP. 

 

8. Incorporate any feedback from FAA on Points of Interest (POI) submittal for each phase into the 

overall CSPP. 

 

9. Incorporate Contract Special Provisions and Security Specifications for Airport Work into the 

overall CSPP. 

 

10. Verify documents and information against FAA Checklist for CSPP Review – ARP SOP No. 1.0  

 

11. Submit CSPP document to FAA for review – generally 3 months in advance of bid authorization. 



Appendix 1. Original Structure Plans - 1964 Construction 

 











































Appendix 2. Structural Plans – 2011 to 2015 Rehabilitation 
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SITE NO:

DATE:

PROJECT:

N/A

290

5051-11603



05/10/2011

PROJECT ID:  5051-11603 C-1TUGWAY BRIDGE TRAFFIC CONTROL PLAN - NB HOWELL AVE



BUILDING NO:

SITE NO:

DATE:

PROJECT:

N/A

290

5051-11603



05/10/2011

PROJECT ID:  5051-11603 TUGWAY BRIDGE TRAFFIC CONTROL PLAN - EB TUGWAY ROAD C-2
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SITE NO:

DATE:

PROJECT:

N/A
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5051-11603



05/10/2011

PROJECT ID:  5051-11603 TUGWAY BRIDGE TRAFFIC CONTROL PLAN - WB TUGWAY ROAD C-3



BUILDING NO:

SITE NO:

DATE:

PROJECT:

N/A

290

5051-11603



05/10/2011

PROJECT ID:  5051-11603 TUGWAY BRIDGE TRAFFIC CONTROL PLAN - SB HOWELL AVE C-4



TUGWAY BRIDGE EROSION CONTROL PLAN
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PROJECT ID:  5051-11603







TUGWAY BRIDGE APPROACH SLAB AND SLOPE PAVING REPAIR PLAN
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Appendix 3. WisDOT Bridge Inspection Report – August 2016 

 



31-Aug-2016

STATE OF WISCONSIN
DEPARTMENT OF TRANSPORTATION

Inspection Report for
B-40-282

AIRPORT RUNWAY over STH 38-HOWELL AVE
Aug 29,2016

Type Prior Frequency (mos) Performed
Routine 08-28-14 24 X
Interim 11-11-11 0
SIA Review 08-20-12 48 X

Latitude 42°56'31.60"N Owner COUNTY
Longitude 87°54'34.10"W Maintainer COUNTY

Time Log Team members
Hours
2

Minutes
30

Clay Grove

Name Number Signature Date
Inspector

Ford, Paul 9603
Paul Ford

08-31-16E-signed by Paul R Ford(pford)
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BRIDGE INSPECTION REPORT
Wisconsin Department of Transportation

DT2007 2003 s.84.17 Wis. Stats.
page 2

Identification & Location
Feature On:
AIRPORT RUNWAY

Section Town Range:
S33 T06N R22E

Structure Number:

B-40-282Feature Under:
STH 38-HOWELL AVE

County:
MILWAUKEE

Location
0.5M N Jct College Ave

Municipality:
MILWAUKEE

Structure Name:

Geometry Traffic
measurements in feet, except where noted Lanes ADT ADT year Traffic Pattern
Approach Roadway Width:
60

Bridge Roadway Width:
60.0

Total Length:
91.0 On 0 0 2015 NO TRAFFIC

Approach Pavement Width:
0

Deck Width:
807.0

Deck Area (sq ft):
73437 Under 6 38440 2003 TWO WAY TRAFFIC

Capacity Load Rating
Inventory rating:
PEDESTRIAN

Overburden depth (in):
0.0

Last rating date: Controlling:

Operating rating:
PEDESTRIAN

Deck surface material:
CONCRETE

Re-rate for capacity (Y/N): Control location:

Posting: Re-rate notes:

Hydraulic Classification
Scour Critical Code(113):
(N) NO WATERWAY

Q100 (ft3/sec):
0

High water elevation (ft):
0.0

Velocity (ft/sec):
0.0

Sufficieny #:

Span(s)
Span # Material Configuration Depth (in) Length (ft) Main

1 CONT CONCRETE RIGID FRAME 46.0 Y
2 CONT CONCRETE RIGID FRAME 43.0

Expansion joint(s) Temperature: File: New:

Clearance
Item File Measurement (ft) File Date New Measurement (ft)

Highway Min Vertical Under Cardinal 14.8 28-Sep-2014
Highway Min Vertical Under Non-Cardinal 15.1 28-Sep-2014

Horizontal Under Cardinal 36.0
Horizontal Under Non-Cardinal 36.0

Construction History
Year Work Performed FOS id

2000 NEW SUPERSTRUCTURE
1964 NEW STRUCTURE

Maintenance Items
Item Priority Recommended by Status Status change
Substructure - Pier Repair MEDIUM Furlan, Jordan (9604) IDENTIFIED 09/25/14

Patch spalls (200 SF)

Deck - Seal Surface Cracks MEDIUM Ford, Paul (9603) IDENTIFIED 08/31/16

Recommend cleaning out and retarring joints on topside (airport) of structure.
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Elements
Quantity in Condition State

Chk Element Defect Description UOM Total 1 2 3 4

X 12

Reinforced Concrete Deck SF 73,442 0 73,429 13 0
Panels number from north to south in west barrel and south to north in east barrel. Gutters located

under unit joints.
Panel locations of gutters in west barrel:
17 and 18
33 and 34
49 and 50
64 and 65
73 and 74

1080

Delamination - Spall - Patched Area SF 0 0 13 0
3 ft diameter by 1" deep spall on underside just west of pier at 2nd joint from north.

2 ft diameter by 1" deep spall on underside just west of pier on panel 33.
2 - 1 ft diameter by 1" deep spalls on underside west of CL west barrel at panel 73.

1130
Cracking (RC) SF 0 73,429 0 0
Random hairline cracking spaced approximately 3 ft apart.

The joint between panel 16 and 17 was separating and was leaking in west vault.

8514
Concrete Overlay SF 73,442 50,000 23,242 200 0
Runway is concrete pavement and the rest if asphaltic pavement. Concrete wearing surface was typically in

good condition.

3220

Crack (Wearing Surface) SF 0 23,242 200 0
The AC overlay exhibited a 1" wide crack spanning the whole bridge, approximately 20 S of the N taxiway.

The AC overlay typically exhibited 1/8" horizontal and transverse cracking spaced every 15 ft.
All cracks sealed in tar. Tar separating at reflective unit joints in overlay.

X 210
Reinforced Concrete Pier Wall LF 806 226 500 80 0

1080

Delamination - Spall - Patched Area LF 0 0 10 0
3 ft wide by 3 ft high by 2" deep spall with exposed rebar/ 3 ft W x 2 ft H delam. on west face of panel 43.

1 ft W x 6 ft H delamination on west face of panel 10.
1.5 ft W x 10 ft H x 2 in. deep spall on east face of panel 47.
1 ft wide by 3" high spall with 2 ft impending spall on east face of second panel from north
1.5 ft wide by 4 ft high by 1/2" deep spall on east face of panel 4.
1 ft wide by 5 ft high by 1/2" deep spall on east face of panel 76.
2 ft wide by 4 ft high by 1" deep spall and a 1 ft wide by 5 ft high by 1/2" deep spall on east face of panel 92.

1090
Exposed Rebar LF 0 3 0 0

1130
Cracking (RC) LF 0 500 80 0
Vertical and diagonal hairline to 1/16" cracking with efflorescence spaced approximately 7 ft apart.

X 215
Reinforced Concrete Abutment LF 1,613 0 1,513 100 0
Water seepage down along unit joints from gutters above at unit joints.

1080

Delamination - Spall - Patched Area LF 0 3 10 0
Random areas around patches distressed on second panel from south on west abutment with 4 patched areas.

1.5 ft diameter by 1" deep spall with exposed rebar on 2nd and 3rd panel from the south on west abutment.
6 - 1 ft L delam. due to inadequate concrete cover at panels 28 and 29 on west abutment.
1 ft wide by 2 ft high by 1" deep spall with exposed rebar on panel 3 on east abutment.
3 ft wide by 3 ft high impeding spall on panel 3 on east abutment.
2 ft wide by 2 ft high spall on panel 5 on east abutment.

1090
Exposed Rebar LF 0 3 0 0

1130
Cracking (RC) LF 0 1,513 100 0
Vertical and diagonal hairline to 1/16" cracking with efflorescence spaced less than 10 ft apart.
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X 8400
Integral Wingwall EA 4 0 4 0 0

8902
Wingwall Movement EA 0 0 0 0

8903

Wingwall Deterioration. EA 0 4 0 0
Random hairline cracking.

Wingwalls have been patched.
Vent cover on northwest wingwall had failed.

Assessments
Quantity in Condition State

Chk Element Defect Description UOM Total 1 2 3 4

X 9011
Utilities EA 2 2 0 0 0
Lighting system along both barrels of structure. All appropriate lights appeared operational during

inspection.

X 9030
Signs - Object Markers EA 4 0 0 0 4
N/A -  Airport Runway

X 9045
Slope Protection- Riprap EA 2 2 0 0 0

X 9335
Decorative Rail EA 2 2 0 0 0
One section of rail exhibited impact damage on the north bridge rail.

NBI Ratings
File New

Deck 5 5
Superstructure 5 5

Substructure 5 5
Culvert N N

Channel N N
Waterway N N

Structure Specific Notes

Inspection Specific Notes
1. Seal cracks in all sufaces above the Howell Avenue structure.

2. repair expansion joints in vaults

Note:  Riprap has been placed at top of wingwalls and patch work has been completed since previous inspection.

Inspector Site-Specific Safety Considerations
Topside of superstructure is in secure airport area. Contact GMIA Airside Operations at 414-747-5325 to arrange for escort.

Structure Inspection Procedures

Special Requirements
Chk Hours Cost Comments
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Routine
Document Comment/Description
Roadway view, looking south.
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Routine
Document Comment/Description
View of bent railing over pier along north facade, looking northwest.
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page 7 Structure No.:B-40-282

Routine
Document Comment/Description
View of 1 inch wide crack in asphalt overlay over structure approx. 20 ft south of north runway,
looking east. Note tar separating and failing to seal crack.
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page 8 Structure No.:B-40-282

Routine
Document Comment/Description
View of 1+ inch wide crack in asphalt overlay over structure approx. 20 ft south of north runway,
looking west. Note tar separating and failing to seal crack.
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page 9 Structure No.:B-40-282

Routine
Document Comment/Description
View of underside deck, west barrel looking northeast. Note hairline transverse cracks.
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Routine
Document Comment/Description
View of pier wall typical vertical and diagonal hairline cracking, looking east.



31-Aug-2016
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Routine
Document Comment/Description
View of distressed concrete patches on the 2nd panel from south on west abutment, looking
northwest.
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page 12 Structure No.:B-40-282

Routine
Document Comment/Description
View of spall and delamination on panel 43, west face of pier, looking east.
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page 13 Structure No.:B-40-282

Routine
Document Comment/Description
View of water leakage at joint between panels 17 and 18 at west abutment, looking west.
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page 14 Structure No.:B-40-282

Routine
Document Comment/Description
View of spalls on panel 92 east face of pier, looking west.
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page 15 Structure No.:B-40-282

Routine
Document Comment/Description
View of delamination along vertical crack on panel 3, east abutment, looking east.
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page 16 Structure No.:B-40-282

Routine
Document Comment/Description
View of spall on panel 3 on east abutment, looking east.
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page 17 Structure No.:B-40-282

Routine
Document Comment/Description
View of spall on east face of panel 7 on pier, looking west.
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page 18 Structure No.:B-40-282

Routine
Document Comment/Description
View of spall just west of pier at second joint from north.
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page 19 Structure No.:B-40-282

Routine
Document Comment/Description
View of typical vertical hairline cracking in abutment, east abutment shown, looking east.
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page 20 Structure No.:B-40-282

Routine
Document Comment/Description
Overall view, looking northwest.
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Routine
Document Comment/Description
View of failed intake cover on northwest wingwall, looking south.
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STRUCTURE INVENTORY AND APPRAISAL FIELD REVIEW FORM

B-40-282
AIRPORT RUNWAY over STH 38-HOWELL AVE

LOCATION
(3) Municipality: MILWAUKEE
(16) Latitiude(° ' "): 42°56'31.60"N
(17) Longitude(° ' "): 87°54'34.10"W

TRAFFIC SERVICE
(28A) Lanes On: 0
(28B) Lanes Under: 6
(102) Traffic Pattern On: X-NO TRAFFIC -ONE WAY TRAFFIC -TWO WAY TRAFFIC
(102) Traffic Pattern Under: -NO TRAFFIC -ONE WAY TRAFFIC X-TWO WAY TRAFFIC
(19) Detour Length(mi): 0

GEOMETRY
(49) Structure Length(ft): 91.0
(50) Sidewalk Width(ft): Left: 0.0 Right: 0.0
(50) Curb Width(ft): 0.0
(52) Culvert Barrel Length(ft):
(34) Skew: Angle(°): Direction: -RIGHT FORWARD -LEFT FORWARD

Cardinal Non-Cardinal
(51) Bridge Roadway Width(ft): 60.0 60.0
(52) Deck Width(ft): 807.0 807.0
Right Wingwall Length(ft):
Left Wingwall Length(ft):
(32) Approach Roadway Width(ft): 60 60

Cardinal Under Clearance Non-Cardinal Under Clearance
(47) Minimum Horizontal(ft): 36.0 36.0
(55) Minimum Right Lateral(ft): 5.5 8.8
(56) Minimum Left Lateral(ft): 4.5 5.2

RAILING APPRAISAL
(36A) Bridge Rail Adequacy: -SUB-STANDARD -STANDARD X-NOT APPLICABLE
(36B) Transition Adequacy: -SUB-STANDARD -STANDARD X-NOT APPLICABLE
(36C) Approach Guardrail Adequacy: -SUB-STANDARD -STANDARD X-NOT APPLICABLE
(36D) Guardrail Termination Adequacy: -SUB-STANDARD -STANDARD X-NOT APPLICABLE
Outer Rail: Left Right Type

TYPE F (TWO SQUARE TUBES) - STEEL(8)
TYPE F (3 SQUARE TUBES) - STEEL(65)
TYPE F (4 SQUARE TUBES) - STEEL(72)
TYPE M-STEEL 3 SQUARE TUBES(93)
SLOPED FACE PARAPET LF(91)
SLOPED FACE PARAPET HF(92)
VERTICAL FACE PARAPET TYPE A(74)
TYPE W-THRIE BEAM(79)
TYPE H ON VERTICAL PARAPET(80)
TIMBER(38)

X X OTHER(99) (Please specify)

Left: 3 LINE 0.91M (3'-0") - ALUMINUM(18)

Right: 3 LINE 0.91M (3'-0") - ALUMINUM(18)

Transition Type: CONT GUARD RAIL

X NO APP GRDRL
NO ATTACHMENT
22 MM(7/8") BOLT (Please enter quantity)
25 MM(1") BOLT (Please enter quantity)
OTHER (Please specify)

Approach Attachment Rail Note:
Guardrail Termination Type: (01) ENERGY ABSORBING TERMINAL/EAT

(02) TURN DOWN
(99) OTHER (Please specify)

Guardrail Termination Note:

ROADWAY ALIGNMENT APPRAISAL
(72) Approach Alignment Appraisal: 3 Intolerable- Substantial speed reduction

6 Fair- Minor speed reduction

X 8 Good- No speed reduction
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LOAD RATING REPORT 

 

FOR 
 

RUNWAY 7R-25L & TAXIWAY BRIDGE (TUNNEL) 
OVER SOUTH HOWELL AVENUE 

STRUCTURE NO. B-40-0282 
 

AT 
 

GENERAL MITCHELL INTERNATIONAL AIRPORT (GMIA) 
 

IN 
 

MILWAUKEE, WISCONSIN 
 

1.0 INTRODUCTION  

 

1.1 Purpose and Scope 

 

  The following load rating report summarizes the findings of the detailed visual inspection 

and load rating analysis of the South Howell Avenue Bridge, Structure No. B-40-0282, located at General 

Mitchell International Airport (GMIA) in Milwaukee, Wisconsin.  The detailed visual inspection was 

conducted on March 10, 2010 and March 16, 2010 by Collins Engineers, Inc. (Collins). 

 

  The structure was originally constructed in 1964 and in 1974 the runway and taxiway 

were overlayed, which increased the overburden depth on the structure from its original construction in 

1964.  Due to the increased overburden and increased aircraft weights for current aircrafts, a re-rating of 

the structure was required. 

 

1.2 Structure Description 

 

  The South Howell Avenue Bridge, Structure No. B-40-0282, was 801-feet long and was 

a two span continuous concrete rigid frame founded on spread footings.  The spans from backface of 

abutment to center line of pier were 44-feet and 47-feet for the east and west tunnels respectively.  The 

height from top of the spread footings to the underside of the concrete slab were 19-feet for both 

abutments and 16.75-feet for the pier.  The concrete slab and both abutments had steel reinforcement 

bars and were prestressed.  The center pier had steel reinforcement and was not prestressed.  Refer to 

Exhibit 3 for the existing structure plans. 

1.3 Method of Inspection 
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  The inspection of the structure consisted of a visual and tactile inspection of the 

accessible bridge structure elements with particular attention being given to any defects and/or observed 

areas of apparent distress.  One Licensed Professional Engineer and one engineer performed the 

inspection.  The structure elements inspected were the top of the bridge deck, underside of the bridge 

deck, the northbound and southbound tunnel walls, the west and east vaults and the four wingwalls.  

The inspection equipment used for the inspection included a field book, hammer, tape measure, 

binoculars, and digital camera.  All accessible concrete surfaces were sounded with a hammer.  The 

overall condition of the structure elements and any observed deficiencies were documented in a field 

inspection book and photographed. 

 

2.0 INSPECTION FINDINGS 

 

2.1 Topside of Top Slab 

 

  The asphalt areas between the runway and taxiway shoulders exhibited minor 1/8” wide 

maximum cracking on less than 10% of the area.  In the asphalt area between the runway and taxiway 

shoulders, the tunnel expansion joint at the south end of this area was reflected through the asphalt. 

There were also three longitudinal cracks, the largest crack width was 1-inch, running the full width of 

the tunnel in the asphalt in this area approximately 135-feet north of the north edge of runway. 

 

  The asphalt shoulders for the runway and taxiway exhibited minimal cracking and most 

of the cracks were sealed.  There was a 1/16-inch wide by 10-foot long unsealed crack on the northeast 

side of the south runway shoulder.  There was a 1.5-inch wide unsealed crack the full width of the 

tunnel starting at the west end of the south taxiway shoulder. 

 

  The concrete for the runway and taxiway exhibited light hairline cracking on less than 

approximately 5% of the area.  The runway and taxiway also exhibited 1-inch maximum diameter 

concrete popouts over less than 10% of the area.   

 

  Refer to photographs 3 through 6 in Exhibit 1 for photographs of the above observations. 

 

  The overlay plans prepared in 1974 for the runway and taxiway were reviewed to 

determine the amount of overburden on top of the tunnel.  The overburden is the depth of material 

measured from the top of the runway and taxiway to the top of the tunnel top slab.  Based on the 

overlay plans and the existing tunnel drawings, it was determined that the average runway overburden 

was 2.80-feet and the average taxiway overburden was 1.5-feet. 
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2.2 Underside of Top Slab 

 

  The underside of the concrete top slab exhibited hairline cracking with no signs of 

efflorescence throughout the underside of the top slab.  The hairline cracks were spaced less than 10-

feet apart and varied in length.  There was an approximately 2-foot by 3-foot spall with one exposed 

reinforcement bar with light surface corrosion and no loss of section in the west tunnel at the pier of 

panel 33.  There was an approximately 4-foot by 3.5-foot spall with one exposed reinforcement bar with 

light surface corrosion and no loss of section in the east tunnel near the pier of panel 60.  Refer to 

photographs 7 through 9 in Exhibit 1. 

 

2.3 East and West Abutments 

 

  The east and west abutments exhibited vertical hairline cracking with no signs of 

efflorescence throughout the abutment faces.  The hairline cracks were spaced greater than 10-feet apart 

on average and varied in length.  There were random 1-inch maximum diameter concrete popouts 

throughout the abutment faces over less than 10% of the area.  The second panel from the south on the 

west abutment exhibited an area of delamination approximately 5-feet high and the full length of the 

panel.  There were also four spalls located in the area of delamination with the largest spall being 3-feet 

high by 0.5-feet wide.  Three of the spall locations each had one exposed and moderately corroded 

reinforcement bar with approximately 15% loss of section.  Refer to photograph 10 in Exhibit 1. 

 

2.4 Pier 

 

  The east and west faces of the pier exhibited vertical hairline cracking with no signs of 

efflorescence throughout the pier faces.  The hairline cracks were spaced greater than 10-feet apart on 

average and varied in length.  There were random 1-inch maximum diameter concrete popouts 

throughout the pier faces over less than 10% of the area.  There was a 3-foot by 3-foot spall with one 

exposed reinforcement bar with light surface corrosion and no loss of section at the bottom of the west 

face at panel 43.  There was a 1-foot by 0.5-foot spall at the bottom of the east face at the second panel 

from the north.  There was a 3-foot by 1-foot spall at approximately the third point of the wall height on 

the east face at panel 76.  Refer to photographs 11 through 13 in Exhibit 1. 

 

2.5 East and West Vaults 

 

  The east and west vault walls and underside of the top slab exhibited hairline cracking 

with efflorescence throughout the vaults.  The hairline cracks were spaced greater than 10-feet apart on 

average.  The hairline cracks in the walls extended the full height of the wall and the underside of the top 
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slab hairline cracks extended the full length of the top slab.  Each vault had four expansion joints and all 

of the expansion joints were failed and had areas of concrete delamination around the joint.  The 

underside of the top slab at the west vault vents exhibited cracking and spalling, and at the spalled 

locations there was one exposed reinforcement bar with light surface corrosion and no loss of section.  

There was a failed top slab-to-wall joint repair in the east vault approximately 355-feet from the south 

end that was 10-feet long.  The east vault had several crack repairs that were failed.  Refer to 

photographs 14 through 20 in Exhibit 1. 

 

2.6 Wingwalls 

 

  All four wingwalls exhibited spalling at the louvers.  The northeast, northwest and 

southwest wingwalls had 3-foot by 2-foot spalls with exposed reinforcement bars with moderate surface 

corrosion and no loss of section at the bottom of the louver.  The southeast wingwall had a 1-foot by 

0.5-foot spall with one exposed reinforcement bar with moderate surface corrosion and no loss of section 

at the bottom of the louver, a 3-foot by 1-foot spall at the center side of the louver and a 2-foot by 1-

foot spall at the top center of the louver.  Refer to photographs 21 through 24 in Exhibit 1. 

 

3.0 LOAD RATING ANALYSIS 

  Based on the inspection findings, there were no significant areas of deterioration that 

would warrant a reduction in the structural capacity of the structure.  Therefore, the load rating analysis 

used the original design material strengths and member properties.   

 

  The load rating analysis was performed using STAAD.Pro V8i (STAAD) software to 

model the structure and analyze the aircraft strut loading and HS20-44 axle loading.  Mathcad V13.1 

(Mathcad) software was used to determine the ultimate strength of the top slab and the abutments walls.  

spColumn (sp) V4.20 software was used to analyze the capacity of the center pier. 

 

  The aircraft strut loading was input into the STAAD model using the maximum strut load 

from the aircraft manufacturer’s airplane characteristics manual divided by the number of longitudinal 

wheel rows the strut had.  This load was then distributed over an effective transverse top slab width of 

20-feet.  The HS20-44 loading was input into the STAAD model as wheel loads distributed over an 

effective transverse top slab width of 20-feet.  Refer to Exhibit 5 for the detailed load rating analysis. 

 

  The top slab and the abutment walls were prestressed in both the longitudinal and 

transverse directions.  The final longitudinal prestress force from the existing plans was 200 kip/foot for 

the top slab and 169 kip/foot for the abutment walls.  The final transverse prestress force from the 
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existing plans for the top slab and the abutment walls was 24 kip/foot.  The final prestress forces were 

then reduced to account for the prestress losses over time as recommended in Section 9.16 of the 

AASHTO Standard Specifications and the prestress force after losses was used to determine the top slab 

and abutment wall ultimate strengths. 

 

  The impact factors used in the analysis were based on the recommendations from the 

Design Considerations for Aircraft Bridges published in the Journal of Bridge Engineering in the 

November/December 2001 issue.  The article recommended using an impact factor of 1.3 for structures 

in direct contact with the aircraft struts and further recommended that the impact factor can be reduced 

by 25% for an overburden depth of 0-feet to 2-feet and 50% for an overburden depth of 2-feet to 4-feet.  

Taking into account the average overburden depth, the runway analysis impact factor used was 1.15 and 

the taxiway analysis impact factor used was 1.22. 

 

3.1 Aircraft Load Rating-Remaining Life of the Structure 

 

  In order to load rate the structure for aircraft loading, GMIA provided a list of the aircraft 

that utilized the runway and taxiway in December 2009.  A review of the this information determined 

that 6,830 aircraft utilized the runway and taxiway, and of those aircraft approximately 3% had aircraft 

strut loads greater than 100,000 lbs with the maximum aircraft strut load of that 3%  being 173,700 lbs. 

 

  GMIA’s airport classification also allows Boeing 747’s to use the airport.  There are 

several different Boeing 747 models that all have different aircraft strut loads with the minimum aircraft 

strut load being 126,000 lbs and the maximum strut load being 213,600 lbs.  Due to the heavier aircraft 

strut loads of the Boeing 747’s compared to the aircraft strut loads that utilized the runway and taxiway 

in December 2009, the load rating of the structure was based on the maximum weight of the Boeing 747 

model that the structure could support for the life of the structure. 

 

  The load rating was performed using the ultimate strength analysis and was performed 

for both the runway and taxiway due to the different overburden depths and impact factors for the 

runway and taxiway.  Since the aircraft strut loads were obtained from the aircraft manufacturer’s 

airplane characteristics manuals, the uncertainty of the aircraft loading that the structure will be required 

to support is minimal.  Therefore, a live load factor of 1.5 was applied to the aircraft strut loads used in 

the rating analysis. 

 

  The rating was performed for the maximum negative and positive moment capacities as 

well as the shear capacity of the structure.  The rating of the structure was governed by the runway 

analysis due to the larger overburden compared to the taxiway overburden.  The shear capacity did not 
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control the rating of the structure; the rating of the structure was controlled by the moment capacity.  

Reviewing the different Boeing 747 models, it was determined that the structure has sufficient moment 

capacity to support a Boeing 747-100B/300, which has a maximum strut load of 174,000 lbs, for the life 

of the structure.  The governing positive moment capacity of the structure was located at midspan of the 

47-foot span and the governing negative moment capacity of the structure was located over the pier. 

 

3.2 Aircraft Fatigue Rating-Remaining Life of the Structure 

 

  A fatigue analysis is an analysis of the maximum repetitive loading that the concrete 

reinforcement can safely be subjected to.  The fatigue requirements of Section 8.16.8.3 of the AASHTO 

Standard Specifications were used, which determines the allowable steel stress range that the concrete 

reinforcement can safely be subjected for 2,000,000 cycles of the same loading. 

 

  The structure was originally constructed in 1964 and is 46 years old.  Using 3% of the 

6,830 aircraft that utilized the runway with strut loads greater than 100,000 lbs, it is estimated that the 

structure has been subjected to approximately 113,120 of aircraft strut cyclic loads greater than 

100,000 lbs since its original construction, which is below the 2,000,000 cycles stated above.  The 

fatigue analysis was performed for the Boeing 747-100B/300, which has a maximum strut load of 

174,000 lbs, and determined that the structure has sufficient fatigue capacity to support this loading for 

the life of the structure.  The governing positive moment fatigue capacity of the structure was located at 

midspan of the 47-foot span and the governing negative moment fatigue capacity of the structure was 

located over the pier. 

 

3.3 Aircraft Load Rating-for Unrestricted Use and Limited Use 

 

  GMIA also provided a list of aircrafts, listed in the below tables, that may occasionally 

use the airport that have heavier aircraft loads than the Boeing 747-100B/300.  An analysis was 

performed for these aircrafts for both the runway and taxiway to determine the aircraft weights allowed 

for unrestricted use and the aircraft weights allowed for limited use. 

 

  The analysis followed the same methodology used for the remaining life load rating of 

the structure discussed in Section 3.1.  The live load factor used for the unrestricted use and limited use 

analysis were 1.5 and 1.2 respectively and the impact factors were 1.15 for the runway and 1.22 for the 

taxiway.  The reduced live load factor of 1.2 for the restricted use analysis was used since these loads 

will be infrequently applied to the structure.   
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  A fatigue check was performed based on the heaviest aircraft loading for the limited use 

analysis.  The number of cycles used was 1% of the 6,830 aircrafts that used the runway in December 

of 2009 which is 68 aircrafts.  Assuming the structure could remain in service for another 40 years, the 

anticipated number of cyclic loadings over 40 years would be 32,640 heavier aircrafts.  Based on the 

number of cycles, the fatigue Category is A for 100,000 cycles and the heavier aircraft stress range is 

below the allowable. 

 

  The tables below summarize the findings for the unrestricted aircraft use and limited 

aircraft use allowed on the runway and taxiway.  We recommend the limited aircraft use listed below be 

limited to a maximum of 68 aircrafts per month for the runway as well as the taxiway.  The 68 aircraft 

limit is the total per month inclusive of all the aircraft models listed in Tables 3.3.1 and 3.3.2:  Please 

note that the 68 aircraft limit per month is to be used for emergency diversions and other critical 

situations and is not to be used to increase the number of heavier aircraft utilizing the runway and 

taxiway under normal operations each month. 
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TABLE 3.3.1 – RUNWAY 

UNRESTRICTED AIRCRAFT WEIGHTS AND LIMITED AIRCRAFT WEIGHTS  

ALLOWED ON RUNWAY 

Aircraft Model 

Aircraft Weights Allowed for 

Unrestricted Use on Runway 

Aircraft Weights Allowed for Limited 

Use on Runway 

Refer Note 1 

Allowable Gross 

Aircraft Weight 

(lbs.) 

Allowable Strut 

Load (lbs.) 

Allowable Gross 

Aircraft Weight 

(lbs.) 

Allowable Strut 

Load (lbs.) 

A310-C4 No Restrictions No Restrictions No Restrictions No Restrictions 

A310-300 No Restrictions No Restrictions No Restrictions No Restrictions 

A330-300 < 495,024 < 236,472 
> 495,024 and  

< 515,650 
> 236,472 and  
< 246,325 

A340-300 < 590,002 < 235,904 
> 590,002 and 

> 608,250 
> 235,904 and 
< 243,200 

A340-600 < 747,956 < 237,452 
> 747,956 and 

< 840,400 
> 237,452 and  
< 266,800 

A380-800F < 849,392 < 242,080 
> 849,392 and < 

1,061,740 
> 242,080 and 

< 302,600 

747-100B/300 No Restrictions No Restrictions No Restrictions No Restrictions 

747-400ER No Restrictions No Restrictions No Restrictions No Restrictions 

747-800F No Restrictions No Restrictions No Restrictions No Restrictions 

767-200 No Restrictions No Restrictions No Restrictions No Restrictions 

767-300 No Restrictions No Restrictions No Restrictions No Restrictions 

777-200 < 508,710 < 238,266 
> 508,710 and  

< 547,000 
> 238,266 and 
< 256,200 

777-200ER <519,820 <238,580 
> 519,820 and 

< 651,420 
> 238,580 and 

< 298,980 

777-200LR < 522,240 < 239,656 
> 522,240 and 

< 652,800 
> 239,656 and 

< 299,570 

777-300 < 503,120 < 238,564 
> 503,120 and < 

628,900 
> 238,564 and  

< 298,205 

777-300ER < 520,590 < 240,669 
> 520,590 and < 

649,910 
> 240,669 and 

< 298,142 

777F < 522,784 < 239,697 
> 522,784 and < 

653,480 
> 239,967 and 

< 299,621 
DC10-10CF No Restrictions No Restrictions No Restrictions No Restrictions 

DC10-40CF No Restrictions No Restrictions No Restrictions No Restrictions 

MD-11 < 601,350 < 233,225 > 601,350 and  
< 633,000 

> 233,225 and 
< 245,500 

AN-124 < 540,010 < 258,405 > 540,010 and 
<684,340 

> 258,405 and     
< 325,090 

AN-225 < 621,690 < 295,310 > 621,690 and      
< 780,420 

> 295,310 and     
< 370,700 
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TABLE 3.3.2 – TAXIWAY 

UNRESTRICTED AIRCRAFT WEIGHTS AND LIMITED AIRCRAFT WEIGHTS  

ALLOWED ON TAXIWAY 

Aircraft Model 

Aircraft Weights Allowed for 

Unrestricted Use on Taxiway 

Aircraft Weights Allowed for Limited 

Use on Taxiway  

Refer Note 1 

Allowable Gross 

Aircraft Weight 

(lbs.) 

Allowable Strut 

Load (lbs.) 

Allowable Gross 

Aircraft Weight 

(lbs.) 

Allowable Strut 

Load (lbs.) 

A310-C4 No Restrictions No Restrictions No Restrictions No Restrictions 

A310-300 No Restrictions No Restrictions No Restrictions No Restrictions 

A330-300 No Restrictions No Restrictions No Restrictions No Restrictions 

A340-300 No Restrictions No Restrictions No Restrictions No Restrictions 

A340-600 < 806,784 < 256,128 
> 806,784 and < 

840,400 
> 256,128 and 

< 266,800 

A380-800F < 955,566 < 272,340 
> 955,566 and < 

1,194,458 
> 272,340 and 

< 340,425 
747-100B/300 No Restrictions No Restrictions No Restrictions No Restrictions 

747-400ER No Restrictions No Restrictions No Restrictions No Restrictions 

747-800F No Restrictions No Restrictions No Restrictions No Restrictions 

767-200 No Restrictions No Restrictions No Restrictions No Restrictions 

767-300 No Restrictions No Restrictions No Restrictions No Restrictions 

777-200 No Restrictions No Restrictions No Restrictions No Restrictions 

777-200ER < 579,040 < 265,760 
> 579,040 and   < 

658,000 
> 265,760 and 

< 302,000 

777-200LR < 583,680 < 267,851 
> 583,680 and   < 

729,600 
> 267,851 and 

< 334,813 

777-300 < 562,700 < 266,815 
> 562,700 and   < 

662,000 
> 266,815 and 

< 313,900 

777-300ER < 574,980 < 265,813 
> 574,980 and   < 

722,610 
> 265,813 and 

< 334,063 

777F < 584,288  <267,896 
> 584,288 and   < 

730,360 
> 267,896 and 

< 334,870 
DC10-10CF No Restrictions No Restrictions No Restrictions No Restrictions 

DC10-40CF No Restrictions No Restrictions No Restrictions No Restrictions 

MD-11 No Restrictions No Restrictions No Restrictions No Restrictions 

AN-124 < 710,720 < 337,590 < 877,430 < 416,780 

AN-225 < 873,020 < 414,685 
> 873,020 and       
< 1,084,655 

> 414,685     
and < 515,215 

 Note 1: Recommend limiting the number of aircraft for limited use on the runway and taxiway to a maximum 

of 68 aircraft per month inclusive of all the aircraft models above.  Please note that the 68 aircraft limit per 

month is to be used for emergency diversions and other critical situations and is not to be used to increase 

the number of heavier aircraft utilizing the runway and taxiway under normal operations each month. 
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  Please refer to Exhibit 1 for expanded tables of the above information which includes the 

aircraft manufacturer and the manufacturer’s maximum operating weights for the aircrafts. 

 

3.4 HS20-44 Load Rating 

 

  The HS20-44 (HS20) load rating was performed in accordance with the AASHTO 

Standard Specifications.  The HS20 load rating was performed using the ultimate strength analysis for 

the maximum negative moment and positive moment capacities, as well as the shear capacity of the 

structure.  By inspection of the lighter loads from an HS20 compared to the aircraft loads, the structure 

has sufficient fatigue capacity for the HS20 truck.  The shear capacity did not control the rating of the 

structure; the rating was controlled by the moment capacity.  The load rating determined that the 

inventory and operating ratings were an HS43 and HS71 respectively.  The controlling location for both 

the inventory and operating ratings were at the pier. 

4.0 CONCLUSION 

 

4.1 Short Term Recommendations 

 

  The tunnel is generally in good condition with minor areas of deterioration.  If the 

deteriorated areas are not addressed it could lead to deterioration that could decrease the strength of the 

structure.  We recommend repairing the spalled concrete areas on the underside of the top slab, 

abutment walls and pier.  We further recommend that the asphalt cracks above the top of the top slab be 

sealed as well as the concrete cracks in the abutment walls and pier be sealed to prevent water 

infiltration that could lead to corrosion.  We also recommend that the expansion joints should be replaced 

and the concrete cracks sealed in both vaults.  We recommend that the above repairs be performed by 

the end of 2012. 

 

  The following are approximate repair quantities as determined by the visual inspection 

and are provided for informational purposes only.  If it is determined that the repairs will be performed, 

we recommend that all quantities be confirmed and re-verified at the time the repair plans are prepared. 

 

STRUCTURE ELEMENT REPAIR ITEM 
APPROXIMATE 

QUANTITY 

Top Slab  Crack Sealing 2000 SF 

Underside of Top Slab Concrete Surface Repair 20 SF 

Abutment Walls and Wingwalls Concrete Surface Repair 70 SF 

Abutment Walls and Wingwalls Crack Repair 900 LF 
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Pier Concrete Surface Repair 15 SF 

Pier Crack Repair 800 LF 

Vaults Crack Surface Repair 10 SF 

Vaults Crack Repair 1300 LF 

Vaults Expansion Joint Repair 180 LF 

 

4.2 Long Term Recommendations 

 

  Regarding long term recommendations for the tunnel, the tunnel should continue to be 

inspected on a biannual basis.  The existing tunnel has sufficient capacity at this time for strength and 

fatigue loadings to support a Boeing 747-100B/300.  If heavier aircraft loading is required to utilize the 

tunnel or more frequently than discussed in Section 3.3 of this report, the structure should be re-

evaluated for those loads under strength and fatigue considerations to determine if the existing structure 

would require strengthening or possible replacement. 

 

 

Respectfully submitted, 

COLLINS ENGINEERS, INC. 

 

 

Paul E. Wirth, P.E. 

Project Manager  

 10/21/2009
August 12, 2010



Appendix 5.  WIS 38 (Howell Avenue) Pavement Plans from 2014 
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Appendix 6. 24-Inch Diameter Storm Sewer Inspection Summary 

 











Appendix 7. Mini-Value Engineering Workshop Summary 

 



 

 

 

Mini-Value Engineering Workshop 

GMIA Howell Avenue Runway Tunnel Management Plan 

WisDOT Structure B-40-282 

Milwaukee County Project 5041-16018 

Mead & Hunt Project No. 1322800-141300.01 

 

Date:  Tuesday, November 28, 2017 

Time:  Session 1:  9:00 AM to 12:00 Noon; Session 2:  1:00 PM to 4:00 PM 

Location:  GMIA Engineering – Sijan and Lovell Conference Rooms (located near Museum) 

 

AGENDA: 

 

Session 1:  9:00 AM to 12:00 Noon 

1. Introductions and Attendance Record 

2. Purpose of the Mini-Value Engineering Workshop 

3. Results of Tunnel Inspection Performed the Week of October 30, 2017 

4. Discussion of Rehabilitation Needs for Tunnel, including Cost Estimates 

5. Discussion of Alternatives for Minor Rehabilitation 

6. Discussion of Alternatives for Major Rehabilitation 

7. Discussion of Full Structure Replacement Alternative 

8. Input (Needs, Desires, Must-Haves) From WisDOT, GMIA Engineering, GMIA Operations, GMIA 

Maintenance, and Others in Regard to Alternatives 

9. Develop Criteria for Evaluation of Alternatives 

10. Perform Initial Evaluation of Alternatives 

 

Session 2:  1:00 PM to 4:00 PM 

1. Continue Discussion of Alternatives 

2. Refine Criteria for Evaluation of Alternatives 

3. Continue Evaluation of Alternatives 

4. Summarize Results of Evaluations 

5. Discuss Preparation of Draft Management Plan, including Content and Schedule 

6. Summary and Conclusions 

7. Questions and Comments 

8. Adjourn 

 

 

Contacts: 

 

Darrell Berry, PE – Mead & Hunt Project Manager 

Mobile Phone:  262-227-8641 

Email:  Darrell.berry@meadhunt.com 

 

Sean Hayes – GMIA Project Manager 

Office Phone:  (414) 747-5722 

Email:  shayes@mitchellairport.com 
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Meeting  

Minutes 

 

General Mitchell International Airport (GMIA or MKE) 

Howell Avenue Runway Tunnel Management Plan 

Mini-Value Engineering Workshop 

    
Meeting Date and Time:  November 28th, 2017; 9:00 AM to 12:00 Noon; 1:00 PM to 3:00 PM  

Meeting Location: Sijan Conference Room at GMIA 

 

Attendees  Representing    E-mail 

Michael Phillips  GMIA Fire Department   mphillips@mitchellairport.com 

Joe Forro  MCFD     jforroo@mitchellairport.com 

Janet Cannon  WisDOT    janet.cannon@dot.wi.gov 

Scott Reay  WisDOT    scott.reay@dot.wi.gov 

Tim Kipp  GMIA Engineering   tkipp@mitchellairport.com 

Jim Grava  MKE Operations   jgrava@mitchellairport.com 

Sean Hayes  MKE Engineering   shayes@mitchellairport.com 

Phil Byrd  MKE Security    pbyrd@mitchellairport.com 

Tony Raab  MKE Engineering   araab@mitchellairport.com 

Lexie Farmer  MKE Ops    afarmer@mitchellairport.com 

Greg Failey  MKE Environmental   gfailey@mitchellairport.com 

Jim Zsebe  MKE Engineering   jzsebe@mitchellairport.com 

Kim Berry  MKE Planning    kberry@mitchellairport.com 

David Shikhman GMIA Engineering   dshikhman@mitchellairport.com 

Mac Malas  Malas Engineering, LLC   mmalas@malasengineering.com 

Darrell Berry  Mead & Hunt, Inc.   darrell.berry@meadhunt.com 

Greg Stern  Mead & Hunt, Inc.   greg.stern@meadhunt.com 

 

The attached report represents this writer's interpretation of items discussed during the meeting.  Any 

corrections or additional information should be brought to our attention for clarification. 

 

Darrell Berry, Project Manager from Mead & Hunt, facilitated the workshop.  The workshop started 

with a roll call and round of introductions for each attendee. 

 

Purpose of this Workshop / Mini-Value Engineering Session 

 Provide an overview of what the structure is 

 Document what was found out during the recent inspection (October 30th – November 2nd, 2017) 

conducted by Mead & Hunt and its subconsultants and service provider 

 Obtain input from Airport / WisDOT / Fire Department and other stakeholders regarding their 

respective concerns, needs, thoughts and desires of the structure. 

 Inventory the structures major functions and value 

 

General Description of the Howell Avenue Tunnel Facility 

 Constructed in 1964, about 53 years old 

mailto:mphillips@mitchellairport.com
mailto:jforroo@mitchellairport.com
mailto:janet.cannon@dot.wi.gov
mailto:scott.reay@dot.wi.gov
mailto:tkipp@mitchellairport.com
mailto:jgrava@mitchellairport.com
mailto:shayes@mitchellairport.com
mailto:pbyrd@mitchellairport.com
mailto:araab@mitchellairport.com
mailto:afarmer@mitchellairport.com
mailto:gfailey@mitchellairport.com
mailto:jzsebe@mitchellairport.com
mailto:kberry@mitchellairport.com
mailto:dshikhman@mitchellairport.com
mailto:mmalas@malasengineering.com
mailto:darrell.berry@meadhunt.com
mailto:greg.stern@meadhunt.com
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 Has had a good service life with minimal rehabilitation 

 801’ long (800’ is the magic number for triggering certain life safety requirements per NFPA 502) 

 Conveys traffic of S. Howell Avenue: 3 southbound lanes (west bore), 3 northbound lanes (east 

bore) and 35 mph speed limit. Southbound bore has a full sidewalk. Northbound bore has a 3.5’ 

walkway – no connecting sidewalk on this side. 

 Runway 7R-25L and Taxiway A span over this structure.  

 An asphalt surface also overtops the full length and width of the structure and runs up to the 

airfield pavements and the tunnel portals. The asphalt pavement is important as it is intended to 

chase water away from the structure or to otherwise keep water from draining into the structure. 

 A 24” diameter storm sewer pipe runs under the eastern-most (northbound) lane. A series of 8” 

concrete encased storm sewer laterals run perpendicular to this pipe and convey water from 

inlets within the west bore (southbound) lanes. The 24” diameter pipe and Howell Avenue drain / 

slope from south to north. Visu-Sewer completed an inspection of the pipe with a robotic camera. 

Results of the televising were generally good. Several of the 8” diameter laterals that feed into the 

24” diameter main pipe from the west were found to have approximately 50% blockage from 

debris and recommend that these lines be cleaned out. 

 On either side of the tunnel are ventilation chambers with big exhaust fans at each end of the 

chambers. Screened slots in the abutment walls draw air intended to draw air out of the tunnel 

and vent out the chambers. The ventilation fans have not been operational for many years. 

 Howell Avenue pavement was recently reconditioned by the WisDOT. Janet Cannon provided a 

lot of information on this. Asphalt lanes leading into and out of the tunnel were milled and overlaid 

in 2014. Pavement within the tunnel is concrete which could not be overlaid as it would reduce 

the clearance of the tunnel bores (14’-8” and 15’-1”). Concrete roadway pavement within the 

tunnel was diamond ground as part of the reconditioning project.  

 The structure is inspected biennially by Milwaukee County for the Wisconsin Department of 

Transportation.  The last inspection was performed in August 2016. 

 

Description of the Structure Itself 

 The tunnel is a cast-in-place structure constructed of reinforced concrete. The structure is post-

tensioned (unique for 1964) which means it has long steel rods that are encased in metal sheaths 

that runs both horizontally through the deck and vertically through the walls of the structure. 

These rods were anchored and tensioned and exert a compressive force on the structure that 

keeps it pulled together and in compression. Vector Corrosion Services, Inc. (subconsultant to 

Mead & Hunt) inspected the post-tensioning anchors in several locations and found them to be in 

good condition. They also looked for any voids in the grout between the post-tensioning rods and 

the sheathing and none were found within the locations inspected. 

 The interior walls and ceiling of the tunnel have had protective coverings / coatings applied at 

various periods of time. As part of the inspection, core samples were taken out of the wall and 

tests were completed to look at the level of contamination and deterioration. Based on the results 

of this testing, the protective coverings appear to be doing its job and are protecting from road 

salt deterioration. 

 The WisDOT is responsible for maintaining the lights within the tunnel. The fixtures and lamps 

were in good condition.  WisDOT inspects the fixtures and lamps annually. 

 The ventilation system is not working.  

 There is no fire protection system within the structure. (Codes requirements were different in 

1964 when tunnel was originally constructed. Tunnels in excess of 800’ length would require if 

constructed today). 

 Stone rip-rap was installed on top of the tunnel and down behind the portal walls to help with 

erosion in 2011/2012. 
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 Also in 2011/2012, GMIA had a project to do some minor rehab work on the tunnel: 

a) Patching of spalled concrete 

b) Repairs to cracks by epoxy injection were suggested but not determined to be 

necessary. 

c) Wing walls at tunnel portals were stained (painted). 

d) A steel fabrication was installed at the southwest corner of the south portal to 

span a small triangular area of the runway safety area not covered by the original 

tunnel. (Completed under the RSA project in 2015) 

e) There was some work done within the ventilation chambers to repair the existing 

expansion joints that exist at approximately the quarter-points of the structure. 

These expansion joints were originally designed to allow some movement of the 

structure, but there has been a lot of water finding its way into the ventilation 

chamber at these locations. Repairs to these joints was difficult as it needed to 

go overhead, along walls and underneath. It didn’t work on the ceiling portion of 

these joints……slabs and walls were okay. The joints in the ceiling of the 

ventilation chambers are in a failed state. This does not compromise the 

structural integrity of the tunnel, but creates a mess with mud and water present 

at many places within the ventilation chambers. 

f) David Shikhman commented that vibration from roadway and airline traffic can 

have adverse impacts to how the crack sealing material forms. There was some 

discussion on how Runway 7R could be temporarily closed and the operational 

logistics that could occur to accommodate this if needed in the future. 

 The condition of the asphalt pavement overtopping the structure is not in a good state….many 

large cracks that have been somewhat sealed, and extensive alligator cracking. 

 The structure itself is not water-protected. Today structures would be constructed with some kind 

of water-proofing membranes, etc. 

 In conversation with the group, the following questions were asked: 

- Question: Any major crashes or fires that have occurred in the tunnel?  None known. 

- Question: Any history of a freight vehicle hitting the top of the tunnel?  None known. The 

safety history of the tunnel is very good. A 3-line railing system is installed at the 

portal walls of each end, mostly for fall protection. 

- Question: When you replace the tunnel, where will it go? Same location? While the original 

roadway was located west of the existing tunnel, it would not be possible to shift it 

back to the west given the expanse of existing infrastructure in place, the vertical 

differences, and current standards.  

 The replacement tunnel will need to go back in the same location and will require some kind of 

phased construction. The duration of impact would likely by 20 months (+/-) depending on how it 

was phased and the other needs of cargo operations, roadway traffic, regional access to the 

airport, acceptable detour routes and other factors not known at this time. 

 

Needs / Desires / Concerns / Ideas Regarding the Structure  

 

Darrell Berry asked each attendee to provide some ideas or comments regarding the Howell Avenue 

Tunnel, as well as any concerns or desired outcomes. The following comments were provided: 

 

WisDOT Representatives:   

The WisDOT does not have any plans to do further rehab on Howell Avenue at this time. No serious 

maintenance concerns at this time. They provided some input regarding whether Howell Avenue traffic 

could be detoured during construction….likely that they could reduce down to one bore at a time for rehab 

and would need to look at detour routes for the tunnel replacement scenario. Janet mentioned you could 
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look at shifting some traffic to avoid the area, 6th Street, 27th Street. For a reconstruction, WisDOT would 

want the design to include traffic for the construction year +20 years out. Scott mentioned they sometimes 

could also want to look at traffic volumes extending out for the life of the structure. Would 3 lanes be 

enough? Possibly 4, bike paths, plans for traffic protections, etc. 

 

GMIA Airport Representatives: The group discussed whether the tunnel would have sufficient strength 

if larger aircraft began to use it, and more regularly. Darrell referenced a previous structural load rating 

report prepared in 2010, and indicated that the existing tunnel has sufficient strength to support a loaded 

747 aircraft. It was also mentioned that larger aircraft don’t always exert a higher force on the pavement 

or structure – as it depends on the wheel configuration, tire pressures, and associated footprints. 

 

Airport wanted to know more about the length of the closure for Runway 7R-25L, Taxiway A or both, for 

the tunnel replacement scenario. What impact does the closure have to freight operations and 

commerce? Operations noted that other runways would need to be extended in advance to avoid being a 

one runway airport during the tunnel reconstruction. Also, an operational change of that magnitude would 

need to be coordinated with the adjacent landowners and communities given the noise impacts. 

 

Airport security expressed a desire to improve the cameras. These are WisDOT owned, but the Airport 

has a feed to them. The coverage area of the cameras is sufficient, but there are concerns that the quality 

of the videos is starting to decline.  

 

Airport wanted to know how much useable life remained in the structure. Darrell stated that if they did 

nothing….5 – 10 years (roughly). However, with maintenance and a major rehabilitation it is very likely 

they can get another 20 years of safe service life out of the tunnel.  

 

Airport is going into a Master Plan process and will want to know how they are going to be able to afford a 

reconstruction at the end of the tunnel’s useful life. Master plan will look out 20 years, and planning of 

other facilities (extension of other runways for example) will need to be considered in advance of that. 

What the Airport would like is a plan of action for the next 20-25 years. Is there a sequence to the runway 

extensions? What is grant eligible? When to talk to the FAA ADO office, etc… Airport projections are 15 

years old. 

 

What are the impacts if Foxconn moves into the Airport….already at capacity with freight operations? 

WisDOT noted that you cannot get oversized freight operations through the tunnel currently, due to 

vertical clearance constraints.  However, traditional or standard semi freight has enough vertical 

clearance. 

 

The Airport asked about the 801’ length of the tunnel and how that triggers life safety requirements. Is it 

possible to build the tunnel in two pieces and have daylight in between the runway and taxiway to avoid 

those requirements? Some concerns about security and constructability with this gap were discussed.  It 

was determined that daylighting between two tunnel sections was not a good or even feasible idea.  

 

Airport liked the idea of undertaking rehabilitation to get another 20 years of safe service life out of the 

structure. Discussed that it would require major rehabilitation and there was some discussion between 

major and minor rehab. A major rehab buys them another 20 years of time, and allows technology to 

advance over that time. The ultimate replacement of the tunnel will need to be low maintenance with a 

high life span – similar to the original construction. Is there anything that can be put in the tunnel to 

monitor further distress? Strain gauges were discussed as a possibility, but were determined to be not 

necessary.  Continued biennial inspections, and acting on recommendations from those inspections, are 

very important for maintaining serviceability. 
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The Airport looked forward to seeing what ultimately comes out of the report and process. What 

alternatives are viable? What are the options for a major rehab? The Airport mentioned they would like to 

sift through the options of the report before the team makes the final recommendation in the report.  

Darrell mentioned that a draft management plan/report will be submitted for review before issuing a final 

plan/report. 

 

Fire Department Representatives: 

The Fire Department asked if a major rehabilitation would address current NFPA standards. It was 

generally discussed that it would not. Accessibility of vehicles and emergency response during 

construction was also a concern. Fire Department suggested major rehabilitation, as this extends tunnel 

serviceability, they’ll know better where the Airport is headed. What kind of monitoring occurs in the tunnel 

right now? It was generally discussed that nothing beyond the cameras. There are carbon monoxide 

detectors in the tunnel but they do not work – have not worked for 3 years, maybe longer. Fire 

Department did not feel the ventilation system was designed for moving smoke out of the tunnel in the 

event of a fire. Fire Department would want fire protection improvements installed as part of the major 

rehab. The tunnel is the Airport Fire Department’s responsibility for response.  Darrell stated, and the Fire 

Department agreed, that a “dry” fire suppression system is not required for rehabilitation of an existing 

facility such as this tunnel.  Reference was made to excerpts from NFPA 502.  It’s a matter of how much 

risk the tunnel owner is willing to accept.  There is a fire hydrant approximately 50 feet north of the tunnel 

on the west side.  There is a fire hydrant at the intersection of Citation Way with Howell Avenue 

approximately 400 feet from the south end of the tunnel.  The Fire Department indicated that they can use 

those hydrants to address an emergency inside the tunnel. 

 

Results of the Tunnel Inspection 

 

Darrell explained that the tunnel inspection was comprised of the following components of the facility, with 

inspection performed on the dates noted: 

 Structural (biggest part of the inspection) – October 30 to November 2, 2017 

 Electrical – November 1, 2017 

 Mechanical/Ventilation – November 1, 2017 

 Howell Avenue Pavement – October 30, 2017 

 24-Inch Diameter Storm Sewer – October 30, 2017 

 

Structural: 

 Inspection occurred over four days by staff from Mead & Hunt, Malas Engineering and Vector 

Corrosion Services. 

 Vector Corrosion Services performed a number of non-destructive tests. Took six (6) - 4” cores 

and conducted testing to determine penetration of chloride into the surface. 

 Inspection included a 100% visual coverage of the exposed surfaces of the structure, and 100% 

visual inspection of the inside of each ventilation chamber. 

 30% - 40% of the structure was tested for delamination using sounding hammers. Where 

delamination occurred, it mostly appeared to be a result of the steel not being embedded far 

enough, and had corroded and caused spalling. Most delamination has occurred within the 

splash up area from the roadway, up approximately 6 to 8 feet above the roadway. No 

delamination areas were seen on the ceiling, but there were some spalls – primarily at the edge 

of the expansion joints. Most of the delamination areas were found on the center pier wall. 

 Vector Corrosion Services used infra-red to locate reinforcing, and tensioning bars.  

 Exposed and looked at the anchoring points of post-tensioning system in a number of locations. 
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Locations inspected appeared sound. 

 

Electrical: 

 Lights were checked and appeared in good condition. WisDOT does inspect lights and replace 

bulbs, etc. at least annually. 

 Recommend replacing some conduit in certain areas. 

 Photo eyes seemed to be working well as lights came on and went off at appropriate periods 

during the days of the inspection. 

 

Mechanical/Ventilation: 

 HVAC was originally designed with big fans at each end of the ventilation chambers that exhaust 

through louvers. As previously discussed, these were not working and have not been working for 

some time. 

 There are screened rectangular slots at the top of tunnel near lights that would pull air into 

chambers. 

 There is no fire suppression system within the existing tunnel. 

 

Howell Avenue Pavement: 

 WisDOT constructed a major reconditioning for Howell Avenue. Diamond ground the concrete 

roadway surface within the tunnel. The southbound inside lane concrete was removed and 

replaced. 

 Sidewalks and curb & gutter are in good condition. 

 WisDOT programming generally looks 6 – 8 years out….no further improvements for Howell 

Avenue are currently programmed within that window of time. 

 Question was asked: If Airport undertakes a rehabilitation project, would the WisDOT go along 

with cost participation for construction? DOT responded that it would depend on their level of 

involvement, and would have to see what could fit into their program. 

 

24-Inch Diameter Storm Sewer: 

 It was mentioned that the tunnel storm sewer was inspected with a robotic camera. The videos 

showed some blockage within the 8” diameter lateral lines that convey water from the road inlets 

within the west bore roadway to the 24” diameter line running under the road within the east-side 

bore. 

 Question: Is it the WisDOT’s responsibility to clean the inlets? DOT responded that yes, it is and 

has provided the findings of the storm sewer inspection to their maintenance department. 

 The Fire Department asked if the tunnel ever floods? General response was that there has been 

some periodic instances of standing water but no flooding. Tunnel roadway and storm sewer both 

slope/drain to the north. 

 

Maintenance  

 

Both preventative and routine maintenance items were discussed. 

 

 Continue biennial structure inspections. These have generally been conducted by the County, or 

a consultant acting on behalf of the County. Include the asphalt that overlies the tunnel 

 Annually, in the spring of each year and after the application of deicing chemicals, pressure wash 

all exterior abutments, walls, etc. In essence, get all salt-laden water off the concrete.  

 Annually inspect pavements through the tunnel 

 Every couple of years, flush out laterals and the storm water system 
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 Roadway lights should be cleaned and continue to be inspected at least annually. Replace lamps 

and fixtures as necessary. 

 

Rehabilitation Considerations & Discussion on Minor vs. Major 

 

The following lists various rehabilitation considerations discussed at the meeting. A discussion was had 

on which of the rehab items constituted major vs. minor repair. For the purposes of the discussion, a 

minor rehab repair was defined as something that the Airport could forgo without significant ramification to 

the serviceability or life of the structure. A minor vs. major repair was not defined by cost or impact. 

 

1. Concrete crack sealing (Major) – these were quantified as part of the inspection. 

 Involves an injection 

 Process:  Route, clean, dam, epoxy inject. 

 If crack is wet or moisture coming though, do chemical sealing 

 A 2-man crew could do 600 ft/day. Roughly 14,000 feet of cracks were identified. 

 Size of repair threshold roughly .02 - .05 inches 

 WisDOT noted they tend to not repair cracks by epoxy injection in substructures of their 

structures 

 Will crack sealing in ceiling require runway closure? If so, need to know the duration. 

Consulting team did not think vibration would be a factor…don’t need to close the 

runway. 

 Airport identified some concern for scaffolding potentially having an impact to the signals 

projected from navigational instruments. Would need to file an airspace submittal to FAA 

regarding this in advance of any work. 

 Fire department wondered if crack repair was something that needed to be repeated 

every so often once implemented. 

 Consultant team noted that cracks were more angled near the portal ends, because of 

the temperature differential is greater. Cracks were more vertical toward the center of the 

structure. 

2. Concrete surface repairs (Major) – where it has spalled off and exposed reinforcing. Complete 

this work in accordance with WisDOT procedures and processes. WisDOT noted that they have 

been moving toward the use of anodes (cathodic protection) in their large concrete surface 

repairs. 

3. Expansion joint repairs (Minor) – In concrete walls and ceilings. Tunnel is segmented into four 

sections. 

 There is a half-round pipe currently in place in the ceiling at each expansion joint to 

capture water coming through the structure and it carries the water over to the outer 

edges. 

 Recommend about 800 linear feet of repair area 

 Rehabilitation would consist of a felt filler and sealing with a flexible sealant, or by using a 

bentonite waterstop.  Also apply to expansion joints within the ventilation chambers. 

4. Concrete protective surface treatment (Major) – coating to be applied on the walls and ceiling. 

 Recommend that all surfaces be sand-blasted and cleaned. Prep the surface and apply a 

new protective surface treatment in accordance with manufacturer’s recommendations. 

 Question: Can that be done with the lights in place? Answer: Yes – too costly to remove 

and replace.  

 Question: Do you need to blast for that? Answer No – a good high-pressure water wash 

at the higher levels (outside the splash zone) would be adequate. 

 In terms of time for the above, figured about 6-8 weeks per bore. Could get both bores 
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done in one summer construction season. 

5. Concrete staining (Minor) – applied on the wing walls and portals 

6. Asphalt surface crack sealing (Major) – this was quantified as part of the August 2016 biennial 

inspection 

  A lot of alligator cracking present. 

 Paint is 3 years old. Just make it green, no reflectivity, so it does not look like pavement. 

 Existing asphalt thickness varies – it is a wedge that gets thicker going up to the airfield 

pavements. 

 Discussed the use of polymer modified asphalts – Airport has not had good luck with a 

product called Strata (?) DOT has used a product called Rosphelt (?) 

7. Mill and overlay (Major) – Mill 1 ½-inches of existing asphalt and resurface with 1 ½-inches of 

new asphalt 

8. Epoxy paint over asphalt (Minor) – green in color so it does not look like pavement. Airport staff 

could do this work. 

9. Remove and replace the four (4) doors of the ventilation chambers (Minor) – Airport noted the 

doors had been recently replaced. Wanted to replace with stainless steel, but budget did not 

allow for it at the time. 

10. Electrical service within the chambers (Major) 

 Fans inoperable? How long? – Group thought since the mid 1980s.(at least since 1987) 

 Should the Airport issue a work order to repair? Why were they left to die? 

 Darrell could not answer why the ventilation system had not been maintained over time, 

but the group discussed that it could be a factor of the high volume of free flowing road 

traffic and the bi-piston action of the traffic providing good sufficient airflow itself. Tunnel 

is relatively short, just barely over the 800’ length threshold noted in NFPA 502. 

11. Fire Protection System (Not in Existing Structure) – a dry system would require a City water 

service. Requires fire alarm and detection. 

12. Ventilation System (Major) – involves the fans, motors and the electrical service 

13. Edge drains (To be included with Items 6 and 7 above) – incorporate along the edge of new 

surface asphalt atop the tunnel in an effort to channel water out of this pavement section and to 

drain out to rip rap. Help keep water from getting to tunnel. 

14. Repair bent railing on north portal of tunnel (Minor) – could be considered a maintenance item. 

 

Code Considerations Involved in a Tunnel Rehabilitation 

 

It was generally discussed that the tunnel was originally constructed in 1964, under a different era and 

under a different set of code requirements from today. 

 

Under the current codes, the tunnel would need a source of emergency power. There is currently no 

backup power for the ventilation fans. Airport thought that this would likely not be a hard thing to provide – 

could pull power from the regulator building or put a new generator at the nearby water pump house just 

north of the Citation Way / Howell intersection. 

 

In the opinion of the consulting team, it would be sufficient to replace the fans, motors and the ventilation 

system to its original design intent (with backup power) and that would be sufficient to accommodate the 

recommended major rehabilitation items. 

 

Regarding the fire suppression system, there was a discussion about risk and the various factors and 

applicability of a tunnel fire suppression system for the Howell Avenue Tunnel. In conversation with the 

Fire Department representative, it was generally agreed that it is only what you are changing that would 

need to be put back to current NFPA standards. There was discussion that a fire hydrant was close to the 
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north portal wall, but not on the south end. It would be relatively easy to extend a lateral and hydrant in 

close proximity to the south portal as well, but that was determined to not be necessary. 

 

For a replacement tunnel, the Fire Department stated that they would like to have a stand pipe system. 

This is a pipe that stays dry, but is charged when needed. It would be comprised of a surface mounted 

pipe within the tunnel that would have a connection point every 50’ or so along the length of the tunnel. 

 

Darrell stated that the items listed above would be addressed in the management plan/report. 

 

Construction Safety Phasing Plan 

 

Greg Stern gave a summary outline of what would be required in a construction safety plan (CSPP) 

submittal for the major rehabilitation work being proposed on top of the tunnel (airside). The Airport 

offered various feedback items that would be incorporated in the eventual development of the CSPP: 

 

 Look to tighten up and shorten the overall window of time to complete the work. Reduce from the 

overall 4 weeks planned (2 phases, 2 weeks each). Could likely get it done in 2-3 weeks total. 

 Concurred that construction would best occur during the day and would phase work separately 

between Runway 7R-25L and Taxiway A so that taxi operations to/from the cargo area would be 

maintained at all time. 

 Construction access would be via Gate 3B, not Gate 3D. 

 Construction staging to be in area west of glycol recovery tank. 

 When taxiing to cargo apron via Runway 7R, they would close A4 and direct traffic all the way 

down to A5. 

 Look to incorporate low profile barricades for long-term pavement closures and to use cones for 

temporary daily closure areas and haul routes. 

 Could accommodate some back-taxi operations for takeoffs from Runway 7R and landings on 

Runway 25L during the taxiway closure period. This would help reduce closure window and 

overall operational impact to Runway 7R-25L. 

 

General discussion of a CSPP for a tunnel replacement scenario was held, and focused mainly on 

duration of construction for a new tunnel, and how such construction might be staged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

X:\1322800\141300.01\CORR\Meetings\Mini-VE Workshop 11-28-2017\11-28-17 Minutes VE Workshop.doc  Page 10 of  10 

 

 

Summary of Preliminary Recommendations, Costs and other Considerations 

 

 Construction cost of recommended improvements included 10% contingency and 10% 

mobilization costs. This construction cost originally included work for crack sealing by epoxy 

injection and fire suppression and totaled approximately $3.6 Million. Roughly $0.9 Million of this 

cost was just in crack sealing. 

 If the epoxy injection crack sealing and the fire suppression system are removed from the major 

rehabilitation, the overall construction cost reduces to approximately $2.2 Million. 

 Costs for the tunnel replacement scenario have not yet been developed, but it is anticipated that 

such costs would be in the $30 Million range.  The recently constructed College Avenue Tunnel is 

being used as an example project. 

 MKEt stated they would need to get it on their capital improvement program soon. Discussed that 

safety would need to be a consideration for eligibility of other funding sources outside of their 

entitlements. 

 WisDOT mentioned traffic control considerations. When closing a bore, you could re-install cross-

overs into the medians of Howell Avenue similar to what was done for the recently completed 

reconditioning project on Howell Avenue. Might need to consider pedestrian detours – might need 

to bus them through? ADA considerations, etc.  Could set up jersey barriers to get through the 

tunnel, but then need to consider how they would cross traffic back to the sidewalk once on the 

other side. 

 Draft management plan/report will be submitted to GMIA by December 8th.  Desirable to receive 

comments within two weeks so that final report could be submitted by end of the year.  Deadline 

for final report is January 10, 2018, which is the expiration date of Mead & Hunt’s contract. 

 

 

 

Respectfully submitted, 

 

MEAD & HUNT, Inc. 

 

 

 

Prepared by Greg Stern 

Reviewed by Darrell Berry  
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Introduction 
 
The Howell Avenue Tunnel at the General Mitchel International Airport (GMIA) in Milwaukee, 
Wisconsin is experiencing concrete deterioration in the form of delamination and spalling.  As a 
result, Milwaukee County has requested that an evaluation of the tunnel be conducted to 
determine its current condition and the required effort to bring the tunnel into a state of good 
repair.  The Howell Avenue Tunnel passes underneath a runway of the GMIA and is a primary 
vehicle route for the nearby community.  As a result, this tunnel is an important part of 
infrastructure to Milwaukee County.  Milwaukee County has contracted with Mead & Hunt to 
provide an evaluation of the structure and make recommendations regarding the tunnel’s future.   
Mead & Hunt subcontracted Vector Corrosion Services (VCS) to provide support for this effort, 
by providing expertise in corrosion, concrete materials, and service life analysis.   
 
The Howell Avenue Tunnel is comprised of a reinforced concrete frame that is approximately 91 
ft wide by 801 ft long (Figure 1).  The northbound and southbound routes of Howell Avenue are 
carried in the east and west tubes of the tunnel, respectively.  The reinforcement used in the 
tunnel ceiling and east/west walls include post-tensioning (PT) as well as conventional 
reinforcement.  The PT is comprised of rods that are in vertical and horizontal alignment.  The 
center wall is only reinforced with conventional reinforcement.  
 
The following report provides the methods, and their results, used to perform a corrosion and 
materials assessment of the Howell Avenue Tunnel.  Following the results are conclusions and 
recommendations regarding the tunnel’s rehabilitation.   
 

 
Figure 1: Howell Avenue Tunnel Cross-Section 

 
Results 

 
The following provides the results of the field investigation and data analysis conducted by VCS 
from October 30th to November 2nd, 2017.  
 
The VCS field work was conducted by a staff of four, comprised of the VCS Senior Project 
Manager Dr. Brian Pailes, and three corrosion/non-destructive testing technicians; Trivon 
McDade, Keith Holster and Dakota Snyder.  This team implemented various evaluation 
technologies to evaluate the condition of the Howell Avenue Tunnel.  The methods included 
ground penetrating radar, corrosion potentials, impact echo, a borescope, and a concrete core 
drill. 
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Ground Penetrating Radar Survey 
 
Cover Depth Analysis 
 
Ground penetrating radar (GPR) is a quick and effective way of identifying the location and depth 
of metal objects within reinforced concrete.  Reinforcement, both conventional and PT show up 
in a GPR scan very well and as a result the location and depth of these elements can be 
determined.  VCS used GPR to locate the conventional reinforcing to understand how it was 
placed.  The focus was primarily cover-depth, which is an important factor in understanding the 
service life of a reinforced concrete structure.  There is a correlation between cover-depth and 
concrete durability; a reduced cover-depth exponentially impacts the durability of reinforced 
concrete structures.  Inadequate cover-depth allows for contaminates and moisture to reach the 
embedded steel much faster, which in turn initiates corrosion activity at a premature stage in the 
structure’s life.  Inadequate cover-depth also is associated with early-age cracking, which 
provides a direct patch for corrosive agents to attack the steel. 
 
GPR scans were conducted along the east and center walls to determine the statistical distribution 
of the cover-depth.  Table 1 provides the cover-depth statistics for the horizontal conventional 
reinforcement.  For the two walls the average cover-depth was 2.58 inches with a standard 
deviation of 0.79 inches.  Table 2 provides the cover-depth statistics for the vertical reinforcement, 
which has an average cover-depth of 1.87 inches and a standard variation of 0.69 inches.  The 
vertical reinforcement is the outer layer of the reinforcement, therefore, with regards to concrete 
service life, the vertical reinforcement is the most important.  The vertical steel will be the first 
reinforcement to be exposed to potential chlorides and carbonation and resulting in the first 
formation of corrosion activity.   
 
The majority of the vertical steel is in a depth range of 1.10 to 2.56 inches.  Generally speaking, 
a cover-depth greater than two inches is beneficial when dealing with an environment that 
provides significant chloride exposure.  Milwaukee roads are exposed to large quantities of de-
icing chemicals in the winter months which puts the Howell Avenue Tunnel in a very harsh 
exposure environment.  Of the tunnel walls, 66% of the surveyed area has a cover-depth less 
than 2 inches.  Looking at each wall individually, 96% of the east wall has a cover-depth less than 
2 inches, while the center wall has 32%.  There is a significant difference in the wall’s construction 
and the east and west walls are far more susceptible to corrosion than the center wall because of 
the reduction of cover-depth.  It is important to note that the east and west walls are currently 
coated while the center wall is not.  In the original construction the center wall was also coated, 
however, it is not clear why the center wall was not re-coated in the most recent maintenance.  
The original design plans indicate 1.5 inches of clear cover for the east and west walls and top 
slab.  The center wall had a design clear cover of 2 inches.  The reason for the difference in 
design was not known.   
 

Table 1: Horizontal Reinforcement Cover-Depth Statistics 
Element Average (in) Standard Deviation (in) Minimum (in) Maximum (in) 

Total 2.58 0.79 1.07 5.94 

East Wall 2.10 0.44 1.07 3.28 

Center Wall - East Face 2.98 0.77 1.43 5.94 
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Table 2: Vertical Reinforcement Cover-Depth Statistics 
Element Average (in) Standard Deviation (in) Minimum (in) Maximum (in) 

Total 1.87 0.69 0.71 5.36 

East Wall 1.45 0.29 0.71 3.47 

Center Wall - East Face 2.35 0.70 1.24 5.36 

 
Figure 2 through Figure 5 provide color plots of the cover-depth distribution for the horizontal and 
vertical reinforcement along the east and center walls.  The “warmer” colors, yellows, oranges 
and reds, indicate a cover-depth that is less than 2 inches.  The vertical steel in the east wall has 
a significant portion that is less than 2 inches as identified by Table 2.  This can also be seen in 
the color plot of Figure 3.  Along the center wall, Figure 5, there are areas of low cover but they 
are not as pronounced as in the east wall.  Without the coating on the center wall, these areas of 
low cover may be susceptible to corrosion activity. 
 

 
Figure 2: East Wall Horizontal Reinforcement Cover-Depth 
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Figure 3: East Wall Vertical Reinforcement Cover-Depth 

 

 
Figure 4: Center Wall East Side Horizonal Reinforcement Cover-Depth 
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Figure 5: Center Wall East Side Vertical Reinforcement Cover-Depth 

 
Amplitude Analysis 
 
In addition to cover-depth, GPR is capable of identifying the qualitative condition of reinforced 
concrete elements.  Analysis of the reinforcement’s GPR reflection amplitude can provide insight 
into the condition of the steel and the quality of the concrete cover.  Attenuation of the GPR 
reflection waves is caused by increased concentrations of chlorides, moisture, presence of 
significant cracking, and other forms of concrete deterioration.  Attenuation is also caused by 
increased wave travel time, i.e. cover-depth.  However, cover-depth is corrected for in the post 
processing of the GPR data.  Figure 6 provides an example of GPR data collected on a reinforced 
concrete slab.  The distinct white hyperbolas are the reflections of the GPR wave by the 
embedded steel reinforcement.  The stronger the reflection the greater the amplitude and the 
brighter white it appears.  Areas of deterioration have a weaker reflection and thus appear darker 
and faded.  Using this methodology, a reinforced concrete structure can be completely surveyed 
with GPR and the spatial distribution of the steel reflection amplitudes can be plotted.  Areas of 
high attenuation indicate locations of probable concern.  These areas of attenuation indicate 
potential deterioration in the cover concrete and the top layer of reinforcing bars.  These areas of 
attenuation could be high concentration of chlorides or moisture, which could lead to corrosion; 
or it could be corrosion activity and concrete cracking.  The difference between these states can’t 
be discerned from the GPR data. 
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Figure 6: Attenuation of GPR Signal due to Deterioration of Concrete 

 
Figure 7 and Figure 8 provide the color plots of the GPR amplitude analysis that was conducted 
on the east and center walls, respectively.  The warmer colors of each figure indicate areas of 
GPR signal attenuation, which indicates a possibility of deterioration.  Most of the areas of 
attenuation are along the base of each wall.  This is expected as the lower elevations of the walls 
would receive higher exposure to moisture and chlorides.  Review of the total survey area 
indicates that about 87% of the total area is in the “Good” condition while 9% is “Fair” and 5% is 
“Poor” (Table 3).  The east wall is slightly worse than the center wall but that is to be expected as 
the cover-depth on the east wall is drastically shallower.   

 

 
Figure 7: East Wall GPR Amplitude Analysis 
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Figure 8: Center Wall – East Face GPR Amplitude Analysis 

 
Table 3: Overview of GPR Amplitude Analysis 
Element Good (%) Fair (%) Poor (%) 

Total 86.5 8.5 5.0 

East Wall 83.7 9.8 6.5 

Center Wall - East Face 89.8 6.9 3.3 
 
Electrical Continuity 
 
Electrical continuity of the reinforcing steel is necessary for possible future corrosion mitigation 
by cathodic protection and to perform corrosion potential measurements.  In most cast-in-place 
reinforced concrete structures conventional reinforcement is electrical continuous due to the 
crossing bars and tie wires.  However, in precast elements, especially ones consisting of PT, it is 
relatively common for the various precast elements to be electrically isolated from each other.  If 
the reinforcement is found to be electrically isolated through the tunnel then implementation of 
cathodic protection (CP) can be costlier and corrosion potential measurements more difficult. 
 
Electrical continuity is verified by contacting various steel elements with lead wires from a high 
impedance multi-meter, and tested using the DC millivolts and/or resistance settings.  As per ACI 
222R-01 Standard in Section 4.3.1.6a, if the potential difference between the reinforcing elements 
is less than 1 mV, then the reinforcing steel is deemed electrically continuous. 
 
The conventional reinforcement along all three walls and both ceilings was checked for electrically 
continuity.  It was identified that continuity did exist along each wall and ceiling the full length of 
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the tunnel.  As a result, corrosion potential measurements were able to be conducted relatively 
easily.     
 
It is important to note that electrical continuity was verified in a subsample of all the tunnel’s 
reinforcement.  If a form of CP is to be applied to the tunnel a more robust evaluation of electrical 
continuity will be required during the construction phase.  However, it is expected that continuity 
corrections would be limited in the construction phase. 
 
Corrosion Potential Survey 
 
To identify locations with a high probability of active corrosion, corrosion potential measurements 
were collected on a representative sample of the tunnel walls (Figure 9) and ceiling (Figure 10) 
per ASTM C876 Standard Test Method for Corrosion Potentials of Uncoated Reinforcing Steel in 
Concrete.  A copper/copper sulfate (CSE) reference electrode was used to collect corrosion 
potential measurements.  To collect corrosion potential measurements, the CSE reference 
electrode is placed on the concrete surface with a saturated sponge used to make an electrical 
couple with the concrete.  The reference electrode is then connected to the negative terminal of 
a volt-meter.  The positive terminal of the volt-meter is connected to the embedded reinforcement 
of the structure under investigation.  The magnitude and spatial variation of the measured 
potentials provides the probability for active corrosion at the testing location.  
 

 
Figure 9: Collection of Corrosion Potential 

Measurements on the East Wall 

 
Figure 10: Collection of Corrosion Potential 
Measurements on the West Tube Ceiling 

 
A generally accepted interpretation of normalized CSE measurements is provided in the appendix 
of ASTM C876 (Table 4 and Figure 11).  It is important to understand that the interpretation values 
provided in ASTM C876 are a general guideline based on values normalized to 72 degrees 
Fahrenheit, and are not absolute values.  The threshold values can shift based on the 
concentration of moisture and oxygen in the concrete, as well as other environmental factors like 
temperature.   
 

Table 4: ASTM C867 Interpretation of Data 
Corrosion Potential Probability of Active Corrosion 

< -350 mV 90% 
- 350 mV to -200 mV Uncertain 

> −200 mV 10% 
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Figure 11: Corrosion Potential Survey Scale 

 
Corrosion potential measurements were conducted along the east, west, and center walls.  Figure 
12, Figure 13 and Figure 14 provide color plots of the corrosion potential measurements collected 
on each wall respectively.  It can be seen that there is a clear trend in the corrosion potential 
measurements of each wall.  The base of each wall is very negative, indicating a high probability 
of active corrosion, and the potential shifts more positive as the elevation increases.  This is a 
very common finding in tunnel structures due to the moisture content of the walls.  Typically, the 
base of any wall will be more exposed to moisture due to more exposure to vehicle splashing 
roadway water and potentially the drainage path of water behind the wall.  Water is naturally going 
to be exposing the base of the walls more than the top and as a result the risk for corrosion at the 
base will be much higher.  The corrosion potential survey of the walls indicates that approximately 
the lower 8 ft of the tunnel are at a high risk for corrosion activity.   
 

 
Figure 12: East Wall Corrosion Potential Survey 
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Figure 13: Center Wall - East Face Corrosion Potential Survey  

 

 
Figure 14: West Wall Corrosion Potential Survey  
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Figure 15 and Figure 16 provide the results of the corrosion potential survey conducted along the 
ceilings in the east and west tubes.  Review of the data indicates that the probability for active 
corrosion along the ceiling is low.  The ceiling’s exposure to moisture and potential chlorides is 
significantly lower than the walls and as a result the probability for active corrosion is low in these 
elements.   
 

 
Figure 15: East Tube Ceiling Corrosion Potential Survey  
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Figure 16: West Tube Ceiling Corrosion Potential Survey  

 
Impact Echo 
 
Impact Echo (IE) is a non-destructive method used to identify delaminations, cracking, and voiding 
in concrete through the application of stress waves imparted into the concrete.  The travel path 
and resonance of the stress waves can provide insight into the internal condition of various 
concrete structures, including internal PT ducts.  The IE impact device uses a small steel ball 
bearing which is fired onto the concrete surface creating the stress wave.  Then an array of 
sensors and data collection equipment (Figure 17) is used to monitor the stress wave movement 
through the concrete section.  The data is processed and any internal defects are identified.   
 
Figure 18 and Figure 19 provide images of the IE data collection in the Howell Avenue Tunnel.  
The primary objective for the IE testing was to identify the potential for voiding in the grout or the 
presence of soft grout in the PT ducts.  The IE created energy resonates at a frequency that is a 
function of the compressional wave velocity and concrete thickness.  When the thickness and the 
compressional wave velocity remain constant, which is the normal condition for a fully grouted 
duct, the resonant frequency is expected to be correlated to the wall thickness.  When anomalies 
are along the wave path such as soft grout or air voids it results in a longer travel path because 
the sonic ray path is diffracted around the anomaly (Figure 20).  This results in the resonant 
frequency being significantly lower or is missing (Figure 21).   
 



Howell Avenue Tunnel  Milwaukee, WI 

14 
8413 Laurel Fair Circle., Suite 200B      Tampa, FL 33610        Phone (813) 501 – 0050      Fax (813) 501 – 1412 
 

  
Figure 17: Impact Echo Equipment 

 

 
Figure 18: Impact Echo Data Collection on 

the Howell Avenue Tunnel 

 
Figure 19: Impact Echo Data Collection Software During 

Howell Avenue Tunnel Inspection 
 

 
Figure 20: Sonic Ray Path of Compression Wave 
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Figure 21: Loss of Fundamental Thickness Frequency due to Diffraction of an Impact Echo Compression 

Wave 
 
IE was conducted along 20 PT tendons in the Howell Avenue Tunnel.  Due to location of the 
tendons, and potential risk for defects, the testing was concentrated on the vertical tendons.  
Vertically aligned tendons are more at risk for voiding than horizontal tendons due to settlement 
of the grout.  Settlement of grout in vertical tendons will create a much larger void than horizontal 
tendons, and this void will be near the anchorage, a critical location for PT tendons.   
 
Table 5 provides the location of each PT tendon that was tested.  The vertical tendons were 
installed in pairs so at each location both tendons were tested.  IE testing was conducted along 
the complete available vertical height of each tendon in 1 ft increments.  The data was collected 
and processed to determine if there were any anomalies present.  Of the 20 tendons tested there 
were two locations in which potential anomalies were identified, East 106 and East 783.  These 
tendons were exposed through the use of a drill hole to visual inspect the potential anomalies.  A 
7/8-in drill bit was used to drill through the cover concrete to the tendon duct.  Once the duct was 
reached the duct was opened with hand tools to visually inspect the duct interior.  In both 
instances the PT tendon was fully grouted and in good condition.  It is estimated that air voids on 
the surface of the wall face, potentially due to improper vibration during casting, were the source 
of the anomalies. 
 
Figure 22 and Figure 23 provide an example of the IE data results for testing along the length of 
four tendons.  The 0 elevation on the plots is in reference to the top of the wall, where the ceiling 
and wall join together.  The frequency is lower at the top because the wall was thicker at the top.  
As the testing moved down the wall, the wall becomes thinner and thus the fundamental frequency 
of the stress wave in the wall becomes higher.  The 9000 and 7000 curves indicate the expected 
velocity range of the stress wave in the concrete and thus provide the bounds for which the data 
is expected within.  If the signal from either tendon moves outside of this range then there is a 
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potential for a defect like a grout void or soft grout.  The IE data and openings determined that in 
all tested locations the ducts are fully grouted and free of anomalies.  It is unlikely that major grout 
voids exist in the Howell Avenue Tunnel.  Even if a void in the grout does exist, the rod type PT 
is much less susceptible to corrosion due to the large cross-section. 
 

Table 5: Location of IE Testing on PT Tendon Pairs 

Wall 
Distance from 

South Portal (ft) 
 Wall 

Distance from 
South Portal (ft) 

East 18  West 48 

East 106  West 201 

East 299  West 405 

East 498  West 601 

East 783  West 692 

 

 
Figure 22: East Tube Station 783 
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Figure 23: West Tube Station 692 

 
Due to the array formation of the IE probe it is possible to determine the approximate compressive 
strength of the concrete based on the velocity of the stress wave created by the IE device.  The 
IE sensor array has sensors at a known spacing, thus, using the time it takes the stress wave to 
travel between the sensors can be used to calculate the stress wave velocity.  It has been shown 
that the velocity of a stress wave in concrete is very closely related to the compressive strength 
of that concrete.  Using this relationship Table 6 was produced based on each IE test performed.  
The average compressive strength was 6,415 psi with a standard deviation of 814 psi.  That would 
indicate that most of the concrete has a compressive strength in the range of 5,601 to 7,229 psi.  
The original design plans indicated that the required concrete compressive strength at 28 days 
was to be 5,000 psi for all post-tensioned concrete.  The testing indicated that the current concrete 
compressive strength meets and generally exceeds the design requirements.  Indicating that the 
mix was of good quality.  The design plans indicated that the compressive strength for concrete 
that was not post-tensioned was to be 3,000 psi.  However, because the objective of the IE testing 
was to evaluate the PT condition, no IE measurements were made on non-post-tensioned 
concrete. 
 
Figure 24 and Figure 25 provide a frequency distribution plot of the compressive strengths 
calculated from the IE data on both the east and west walls.  It can be seen that most of the values 
are between 6,000 and 8,000 psi, indicating high quality concrete of reasonable strength. 
 

Table 6: Concrete Compressive Strength Statistics 

Element Average (psi) Standard Deviation (psi) 
Total 6415 814 

East Wall 6459 969 
West Wall 6368 619 
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Figure 24: East Wall Concrete Strength Distribution 

 

 
Figure 25: West Wall Concrete Strength Distribution 

 
Collection of Cores 
 
To perform material testing on the Howell Avenue Tunnel concrete, cores were collected at 
various locations to determine chloride content and carbonation depth.  The cores had a 3 inch 
outside diameter and were collected using a wet drilling rig (Figure 26).  The cores were 
documented and then sent to a laboratory for testing.  Table 7 provides the location of the 
collected cores. 
 
All holes made by core drilling were patched with a high strength fast setting concrete patch 
material by VCS.  
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Figure 26: Collection of Concrete Cores 

 
Table 7: Location of Cores 

Core 
ID Wall 

Distance 
from South 
Portal (ft) 

Height from 
Roadway 

(ft) 
 

Core 
ID Wall 

Distance 
from 
South 

Portal (ft) 

Height from 
Roadway 

(ft) 

1 East 75 4.0  5 West 640 1.5 
2 East 80 3.0  6 West 483 7.5 
3 East 35 0.8  7 Center – West Face 13 1.2 
4 West 757 0.7  8 Center - East Face 130 1.0 

 
Concrete Chloride Sampling 
 
Concrete samples were collected from the Howell Avenue Tunnel to evaluate the level of chloride 
penetration and risk for corrosion activity of the steel reinforcing per ASTM C1218 Standard Test 
Method for Water-Soluble Chloride in Mortar and Concrete.  The concrete samples were collected 
in the form of cores (8) from the walls and powder samples (2) from the ceiling.  The cores were 
sliced in 0.5-inch depth increments and then pulverized into concrete powder samples. 
 
Figure 27 provides the chloride profiles for the cores collected from the walls.  The vertical green 
lines represent the average cover-depth plus/minus the standard deviation.  The horizontal red 
line is the chloride threshold, at 350 ppm.  This is not an absolute value as corrosion can initiate 
below this concentration and steel can be passive above this concentration.  However, it does 
provide a general guideline.  Comparison of the profiles in the range of the cover-depth and 
relative to the threshold value indicates the risk for corrosion activity.  The first and most glaring 
observation from Figure 27 is the profile of Core 8.  Core 8 was collected from the base of the 
center wall on the east face.  The center wall did not have a coating and cores 7 and 8 were 
collected from this wall at very low elevations.  These two cores have the most chloride exposure 
of any other core.  These cores have chloride concentrations at the steel depth that would make 
the risk for corrosion very high. 
 
Due to the scale of Figure 27 it makes review of the profiles for cores 1 through 6 very difficult.  
Figure 28 is the same plot but with the vertical axis changes so that profiles for cores 1 through 6 
can be seen in better detail.  Of all the cores only cores 2, 3 and 6 had chloride concentrations 
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lower than the threshold in the range of the cover-depth.  Core 6 was collected from high up on 
the west wall, 7.5 feet from the roadway, therefore, it is expected that the chloride exposure at 
this elevation is much less due to limited roadway splash.  Core 2 was also collected relatively 
higher than most of the cores, at 3 ft.  Core 3 was from a low elevation, 9 inches, but has a limited 
exposure to chloride.  It could be that the coating on this area was more effective in keeping out 
the chlorides than in other areas. 
 
The rest of the cores are already above the chloride threshold in the range of the steel cover-
depth.  These cores are primarily from lower elevations, less than 3 ft, and as a result correlate 
well with the corrosion potential data that indicates the risk for corrosion of the reinforcement from 
0 to 8 ft along the wall is high. 
 

 
Figure 27: Howell Avenue Tunnel Chloride Concertation 
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Figure 28: Howell Avenue Tunnel Chloride Concertation (Zoomed in Plot) 

 
In addition to the cores collected on the walls, two locations along the ceiling where tested for 
chloride concentration to determine if the ceiling was being exposed to chlorides as well.  The first 
sample was collected at 5 ft from the south face of the east tube.  The chloride concentration for 
this sample was 300 ppm.  The second sample was collected at 375 ft from the south face in the 
east tube and the chloride concentration was 176 ppm.  It is possible that the ceiling is being 
exposed to some spray from cars at the entry of the tunnel but that this exposure significantly 
decreases as one moves further into the tunnel.  Based on the corrosion potential survey and 
chlorides it is expected that the risk for corrosion activity in the ceiling is minor.    
 
Carbonation Depth 
 
The depth of carbonation penetration into the concrete can indicate the risk for corrosion activity.  
Carbonation lowers the concrete’s pH as carbon dioxide diffuses into moist concrete.  If the pH of 
the concrete surrounding the reinforcing steel is lowered below pH 11, depassivation of the 
reinforcing begins and general corrosion initiates.  Carbonation can cause corrosion in concrete 
that has not been contaminated with chlorides.  In chloride contaminated concrete, carbonation 
can work in tandem with chlorides to initiate corrosion much more quickly.   
 
To identify the depth of the carbonation front in concrete, a pH indicator solution is sprayed onto 
the freshly extracted and cleaned concrete cores.  The indicator solution changes to a pink/purple 
color at pH greater than 9.5.  If the solution is clear that is an indication of carbonated concrete; if 
the solution turns purple or pink on the concrete then that is an indication of uncarbonated or 
alkaline concrete.  Cores were tested for carbonation in the field immediately after coring.  
 
Table 8 provides the results of the carbonation depth testing on all 8 cores that were removed 
from the tunnel.  In all instances the carbonation depth was less than 0.25 inches.  This indicates 
that the risk for carbonation induced corrosion is minor.  
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Table 8: Results of Carbonation Depth Testing 

Core ID Depth of Carbonation (in)  Core ID Depth of Carbonation (in) 
1 <0.25  5 <0.25 
2 <0.25  6 <0.25 
3 <0.25  7 <0.25 
4 <0.25  8 <0.25 

 
Borescope Inspection of Voids 
 
Any anomaly identified by IE was inspected using a combination of drilling and borescope.  Drilling 
was used to reach the duct through the cover concrete.  Then hand tools were used to open the 
duct and if a void was encountered a borescope was to be used to visually inspect the void and 
collect video.  The borescope has a whip length of 3-meters and a 3 mm fully articulating head so 
that it can enter small voids and maneuver within PT ducts.  Each opening made on the Howell 
Avenue Tunnel PT exposed a fully grouted duct.  As a result, there was no void to maneuver the 
borescope into.  
 

Table 9: Drill Openings Based on Impact Echo Data 

Wall 
Distance (ft - Measured 
from South End of Wall) 

Finding 

East Wall 106 Full of Grout 
East Wall 783 Full of Grout 

 
Openings at Anchorages 
 
In the original scope of work, exposure of the PT anchorages was to occur from the top side of 
the tunnel through excavations in the soil.  However, due to the challenges this posed with the 
airport the PT access was conducted from the interior of the tunnel.  VCS developed a new 
inspection strategy that would implement a drill hole to the anchorages to allow for inspection 
using a borescope.  For the anchorages the biggest deterioration concern would be potential 
voiding of the grout fill and subsequent corrosion of the PT rod.  If the grout is compromised, then 
the rod is at risk for deterioration.  VCS used a drill to carefully access the duct right before the 
anchorage trumpet.  This allowed for VCS to determine if the tendon interior at the anchorage is 
properly grouted.  If there was a void found then that void could be inspected with a borescope to 
determine visually if the rod is in a state of deterioration.  If the tendon is fully grouted then the 
rod is completely protected and the anchorage is in good condition.  The drill hole was sealed 
with a high-quality grout after completion of the inspection. 
 
Table 10 provides the locations in which an anchorage was drilled to so that it could be inspected 
for proper grouting.  In all five instances the PT tendon in the anchorage area was full of grout.  
This meant that a borescope could not enter the duct and that the PT tendon was fully 
encapsulated.  
 
In one location, west wall 757 ft, the tendon was exposed using a larger diameter core hole (Figure 
29).  This instance provided an opportunity to expose more of the PT tendon and provide better 
images using a camera.  It can be seen that the duct has been opened by VCS through the use 
of a chisel and that the grout within the duct is sound.  Some of the grout was removed and the 
PT rod was observed to be free of corrosion.  In the other four openings, the hole to the tendon 
was much smaller and thus did not provide such a good photo opportunity.  However, inspection 
of these openings revealed intact grout in all instances.   
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Table 10: Results of Anchorage Openings 

Wall 
Distance (ft - Measured 
from South End of Wall) 

Anchorage Finding 

East  180 Top Full of Grout 
East  783 Top Full of Grout 
West  118 Top Full of Grout 
West 640 Low Full of Grout 
West 757 Low Full of Grout 

 

 
Figure 29: Opening of Duct Near Low Anchorage on West Wall at 757 ft 

 
Conclusions 

 
1. Risk for corrosion along each tunnel wall is high, from an elevation of 0 to approximately 

8 ft up from the roadway or sidewalk surface. 
a. The ceiling and higher elevations of the walls are at minor risk for corrosion activity. 

2. The chloride exposure of the concrete for each wall is high and could lead to active 
corrosion in the lower elevations. 

3. Carbonation induced corrosion activity is not a mechanism for deterioration of this 
structure. 

4. The concrete strength of the concrete for each wall is reasonable for a structure of this 
age and type.   

5. The PT is at limited to no risk for voiding and/or soft grout.   
a. Due to the rod style PT, the effect of a void or soft grout would be minor due to the 

large cross-section of the PT rods. 
 

Recommendations 
 
Based on review of the data and assessment of the structure, VCS has put together several 
recommendations regarding the service life extension of the Howell Avenue Tunnel.  Selection of 
these methods should be based on required service life and budgetary needs of the Milwaukee 
County.  
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Option 1: Do-Nothing  
 
The Do-Nothing option is that no repairs of the tunnel are conducted and it is left as is.  That would 
mean that the tunnel would continue to corrode; concrete would continue to delaminate and then 
lead to more and more spalls each year.  Corrosion deterioration is exponential in growth so each 
year more and more damage will occur until the structure deteriorates to a point where 
serviceability becomes a concern.  While this is the cheapest option in the short term, since it 
would cost nothing to do nothing, in the future when repairs are required to address serviceability 
concerns, then the cost of these repairs will be extremally high.  Repairs during a state of severe 
deterioration are always significantly more then having made smaller scale repairs earlier in the 
structure’s life so that it does not reach that level of severe deterioration.   
 
Engineering estimate of installation cost for Option 1 – $0.00 USD 
 
Option 2: Basic Rehabilitation:  Concrete Repairs and Chloride Protection 
 
The Basic Rehabilitation option is focused only at areas that currently have concrete deterioration 
in the form of delamination, spalls, cracks, and previous patches.  This approach does not address 
any areas of sound concrete with active corrosion.  This approach, along with the next two, 
includes the follow discussion items: 
 

 Concrete Repairs  
 Corrosion Prevention 
 Chloride Barrier 
 Contractor Selection and Inspection   
 

Concrete Repairs 
 
The concrete repairs will focus only on areas that are currently experiencing concrete 
deterioration in the form of delamination and spalling.  These areas would be removed and 
replaced with a high-quality concrete patch material.  VCS recommends that the project utilize 
basic concrete repair procedures as developed by International Concrete Repair Institute (ICRI), 
in particular ICRI Technical Guideline No. 310.1R-2008 - Guideline for Surface Preparation for 
the Repair of Deteriorated Concrete Resulting from Reinforcing Steel Corrosion.  This guideline 
covers recommended procedures for concrete removal, patch configuration and steel and 
concrete surface preparation.   
 
Corrosion Prevention 
 
When the concrete repairs are completed, chloride contaminated concrete is left in place.  This 
can pose a problem adjacent to the completed concrete repairs which are chloride-free and 
alkaline.  This incompatibility can accelerate corrosion around the repairs in the adjacent chloride-
contaminated concrete; this phenomenon is referred to as the ring anode affect. 
 
A common method to mitigate the effects of ring anode corrosion is the use of embedded galvanic 
anodes.  Embedded galvanic anodes consist of zinc as a sacrificial metal encased in an activating 
mortar.  When connected to the reinforcing steel within the completed concrete repairs, a small 
level of protective current is generated to mitigate the formation of new corrosion sites in the 
surrounding concrete.  Embedded galvanic anodes are available in a range of sizes and shapes 
and are spaced based on the steel surface area and the risk of corrosion.  A good reference for 
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the use of embedded galvanic anodes is Repair Application Procedure Bulletin #8 – Installation 
of Embedded Galvanic Anodes produced by the American Concrete Institute (ACI).  For the 
Howell Avenue Tunnel VCS recommends Type 1A anodes in all concrete patch repair areas 
(standard concrete repairs, alkali activated).   
 
Chloride Barrier 
 
There are a few options to provide protection from the future penetration of chloride.  Originally 
all of the interior surfaces were coated but at an unknown date only the east and west walls were 
recoated.  While intact, the coating will protect from chloride penetration and keep water from 
seeping through the cracks and joints.  Based on the data collected, this barrier is at the end of 
its life.  It is recommended that the protective coating be removed and replaced on all walls and 
ceiling of the tunnel.   
 
For field quality control purposes, the use of ICRI Technical Guideline No. 310.2R-2013 Selecting 
and Specifying Concrete Surface Preparation for Sealers, Coatings and Polymer Overlays should 
be considered.  This guideline covers recommended procedures and levels of surface preparation 
for sealers and coatings, including surface profile chips that are used as a field reference. 
 
Contractor Selection and Inspection 
 
In addition to a well-developed technical specification, a focus on contracting and inspection 
practices should be contemplated.  For example, utilizing prequalified specialty concrete repair 
contractors that have successfully completed similar types of work has been a successful 
approach.  For improved inspection, utilizing an ICRI Certified Concrete Surface Repair 
Technician (CSRT) should be considered.  A CSRT has completed a competency-based program 
that meets the requirements for inspector qualifications under the new ACI 562-16, “Code 
Requirements for Evaluation, Repair, and Rehabilitation of Concrete Buildings”. 
 
The Basic Rehabilitation option addresses the current levels of damage and provides protection 
from future chloride contamination.  However, areas that are corroding or already contaminated 
with chloride will continue to corrode, albeit possibly at a slightly reduced rate if the walls are kept 
dry by a waterproofing coating.  Based on VCS’s assessment deterioration will continue in the 
tunnel resulting in a subsequent repair event in the coming years due to chloride contamination 
and corrosion.  
 
Engineering estimate of installation cost for Option 2; 
 
Concrete Repairs $80 – $90 USD per SF  
Corrosion Prevention (Galvanic Anodes)  $12-$17 USD per SF of concrete repairs 
Chloride Barrier $5-$20 USD per SF (highly dependant on product 

used) 
 
Option 3: Concrete Repairs with Targeted Protection 
 
The Concrete Repairs with Targeted Protection approach would entail the same concrete repairs 
as Option 2, however, with the addition of galvanic corrosion protection installed in targeted areas.  
Rather than simply repairing only damaged concrete, larger areas of the tunnel walls would be 
rehabilitated.  This would include removal of all current damaged concrete but in addition, a 
targeted galvanic corrosion prevention approach would be applied to areas that are not yet 
damaged but would become damaged in the near future. 
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Concrete Repairs 
 
The concrete repairs would be the same as Option 2.  The repairs will focus on areas that are 
currently experiencing concrete deterioration in the form of delamination and spalling.  These 
areas would be removed and replaced with a high-quality concrete patch material.  VCS 
recommends that the project utilize basic concrete repair procedures as developed by ICRI, in 
particular ICRI Technical Guideline No. 310.1R-2008 - Guideline for Surface Preparation for the 
Repair of Deteriorated Concrete Resulting from Reinforcing Steel Corrosion.  This guideline 
covers recommended procedures for concrete removal, patch configuration and steel and 
concrete surface preparation.   
 
Corrosion Prevention 
 
As in Option 2, VCS recommends the use embedded galvanic anodes in the concrete repairs to 
prevent the ring anode affect.  A good reference for the use of embedded galvanic anodes is 
Repair Application Procedure Bulletin #8 – Installation of Embedded Galvanic Anodes produced 
by the ACI.  For the Howell Avenue Tunnel VCS recommends Type 1A anodes within all patch 
repairs (standard concrete repairs, alkali activated).   
 
The major variation in Option 3 is that in addition to the galvanic anodes in the patch repairs VCS 
recommends that galvanic anodes be installed along the bottom 8 ft of each tunnel wall as a way 
to prevent future corrosion deterioration.  Based on the data, the lower 8 ft of the tunnel walls are 
at high risk for corrosion activity.  If these walls are left as is, they will corrode and create 
delaminations and spalls.  To prevent this from occurring, Type 2 galvanic anodes can be installed 
into the currently sound concrete to provide corrosion prevention to these high-risk areas.  If these 
anodes are placed throughout the lower 8 ft of the tunnel it can significantly improve the 
performance of the tunnel over time and help to prevent costly concrete damage in this area. 
 
Chloride Barrier 
 
After the repairs and the targeted protection is completed, the application of a chloride barrier is 
still needed.   The walls and ceiling should have the old coating removed and replaced.  ICRI 
Technical Guideline No. 310.2R-2013 Selecting ad Specifying Concrete Surface Preparation for 
Sealers, Coatings and Polymer Overlays should be implemented for the coating application as 
well. 
 
Contractor Selection and Inspection 
 
Similar to the previous approach a focus on contracting and inspection practices should be 
included.  Utilizing prequalified specialty concrete repair contractors that have successfully 
completed similar types of work.  For improved inspection, utilizing an ICRI Certified Concrete 
Surface Repair Technician (CSRT) should be considered.  A CSRT has completed a competency-
based program that meets the requirements for inspector qualifications under the new ACI 562-
16, “Code Requirements for Evaluation, Repair, and Rehabilitation of Concrete Buildings”.  In 
addition to the improved requirements for the concrete work, due to the increased complexity of 
the galvanic anodes in this approach it is important to include quality assurance /quality control 
(QA/QC) from a NACE certified Cathodic Protection Specialist (CP-4).  For applications like this 
it is common for a NACE CP-4 to provide QA/QC support to ensure that anode installation is 
performed correctly and per the project specifications. 
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The Concrete Repairs with Targeted Protection solution will have higher initial costs but the 
expected service life would be in the order of 15 to 20+ years of life for the anodes.  During this 
time, it is possible that localized areas of corrosion damage could occur but in a much less 
widespread fashion.  These small localized damage areas could be addressed using the Option 
2 Basic Rehabilitation strategy.    
 
The Proactive Repairs with Targeted Protection is a low maintenance approach without the need 
for monitoring of the galvanic anodes.  However, monitoring the anodes in a few sample areas 
could be beneficial to developing an estimated anode service life based on actual site conditions. 
 
Engineering estimate of installation cost for Option 3; 
 

Concrete Repairs $80 – $90 USD per SF  
Corrosion Prevention (Galvanic Anodes) 
    Within repairs $12-$17 USD per SF of concrete repairs 
    Remaining areas $26-$36 USD per SF of Sound concrete within treatment area 
Chloride Barrier $5-$20 USD per SF (highly dependant on product used) 

 
Option 4:  Basic Repairs with Global Protection 

 
This approach will provide the highest level of service life extension and potentially the highest 
initial cost but would result in little or no future concrete repairs.  The crux of this strategy is to 
coat the tunnel interior with arc sprayed zinc (ASZ).  ASZ is a sacrificial galvanic cathodic 
protection system that is surface applied.  The zinc self-corrodes providing protective current to 
the imbedded steel and thus mitigating corrosion activity. 
 
Concrete Repairs 
 
When using Option 4, a basic concrete repair program whereby unsound and deteriorated 
concrete is removed and replaced is sufficient.  Imbedded galvanic anodes in the repairs would 
not be necessary.  The ASZ system will cathodically protect all remaining chloride contaminated 
areas so imbedded anodes are not required.  The concrete removal and replacement should still 
follow ICRI Technical Guideline No. 310.1R-2008. 
 
Corrosion Prevention 
 
ASZ would be applied to all exposed surfaces of the tunnel.  As the zinc corrodes due to 
environmental exposure it creates an electric current that is provided to the imbedded 
reinforcement.  This current provides cathodic protection to the steel preventing and stopping 
corrosion.  As with any coating, the ASZ system would need to be reapplied in 15 to 20 years as 
it deteriorates.  Due to access within the tunnel, ASZ application would be relatively straight 
forward and reapplication after it has deteriorated would keep the tunnel in a continual state of 
good repair.  The ASZ coating when finished has a dull gray color, similar to concrete, so there 
would be no aesthetic drawbacks to using this approach.   
 
Chloride Barrier 
 
Removal of the existing coating would be required for ASZ application but there would be no need 
for replacement of the coating as the ASZ would be providing all the required protection. 
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Contractor Selection and Inspection 
 
With an ASZ system contractor selection and inspection becomes critical to the proper installation 
of the system.  Utilizing prequalified specialty concrete repair contractors that have successfully 
completed similar types of work is very important.  An ICRI Certified Concrete Surface Repair 
Technician (CSRT) should also be included.  With the increased complexity of the ASZ in this 
approach, it is paramount to include quality assurance /quality control (QA/QC) from a NACE 
certified Cathodic Protection Specialist (CP-4).  For applications like this it is necessary for a 
NACE CP-4 to provide QA/QC support to ensure that anode installation is performed correctly 
and per the project specifications. 
 
The ASZ system will provided the longest service life extension to the tunnel.  However, it will 
require reapplication of the ASZ to keep the system continually working throughout the tunnel’s 
service life.  Simple monitoring of the ASZ can be completed by the facility maintenance 
department or simplified through the use of a remote monitoring system whereby performance 
data is automatically collected and stored on the cloud for analysis and reporting.  Periodic 
inspections by a NACE Certified Cathodic Protection Specialist are highly recommended.   
 
Engineering estimate of installation cost for Option 4; 
 

Concrete Repairs $80 – $90 USD per SF  
Corrosion Prevention (ASZ) $30 - $40 USD per SF 

 
Design Engineering 
 
The rehabilitation strategies that have been proposed here are based on the results of the field 
evaluation.  Based on the owner’s preference and needs, the next step would to select or modify 
the options and solicit proposal for design engineering services.  The selected design engineer 
should have successfully completed similar types of work in the past. 
 
Sincerely, 

  
Brian Pailes, Ph.D., PE, NACE CP-3 
Senior Project Manager 
Vector Corrosion Services 
brianp@VCServices.com 
Office (813) 501 – 0050 
Mobile (813) 777 – 6946  
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