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Concrete Placement - Gate Bay One, November 9th 2012

Presenter
Presentation Notes
This is what we’re going to talk about today.
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St. Paul District …

Presenter
Presentation Notes
The St. Paul District borders follow the edges of four river basins, the Upper Mississippi, the Red River of the North, the Rainy and the Souris. Three of these basins flow north into Canada and are not part of the Mississippi watershed.
Omaha District borders us on the west, Rock Island District in the south and Detroit District on the east.

Physically, the district covers an area of 139,000 square miles and includes territory in five states. We have 41 field sites across the district with the headquarters being located in downtown St. Paul. We operate 13 of the 29 locks on the Mississippi River, as well as operate 19 reservoirs.
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Site Location…

Presenter
Presentation Notes
This picture was taken shortly after the collapse of the 35W bridge in August of 2007. You can see the green structural steel in the foreground. This was the last time that the river flows were favorable for construction.  
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Site Overview…


 

Main lock chamber is 56 ft wide by 400 ft long.


 

Auxiliary lock chamber, housing a hydroelectric generation 
facility.



 

Movable dam with three 56 ft wide tainter gates.
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Compromised / Failed Water-stops. 


 

Gate bay 3 has experienced 18 – 21 inches of concrete 
scour in the monolith joint. 



 

The depth of the water stop is 18 inches below the 
concrete sill.

Our Main Concern…

Presenter
Presentation Notes
Our main concern was a compromised and or failed water-stop.
After reviewing the 2005 Dive Inspection significant concrete scour was detected along the monolith joints within each gate bay. Further investigation of the diving records had also indicated this issue, however the erosion wasn’t as severe. 

Slab thickness below each movable dam is 3ft, The water stops are placed at 18 inches below the concrete surface and are placed within each monolith/expansion joint. 

In Gate Bay 3 18 to 21 inches of scour was detected in the monolith joint nearest to the river wall. 

The water stops are placed within each joint to stop the water and foundation materials from flowing through the joints.

The structure is supported on a St. Peter Sandstone and Platteville Limestone foundation. 
The sandstone is friable and poorly to non‐cemented. 
The rock must be fully protected from erosion and excessive seepage forces. 

If the water stops were to become compromised there is an increased rick that piping of water and soil could occur leading to internal failure. 

Therefore, it was recommended that the severe concrete erosion be repaired as soon as funding was available.

Here I have shown an elevation view of the joint erosion. The dotted line indicates the original top of the concrete sill and the red line is the water stop shown at 18 inches below the concrete sill. The bottom of the erosion is shown at 21 inches to represent the worse case. 
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Foundation Conditions…

Presenter
Presentation Notes
In the 1980’s the failure of the powerhouse adjacent to LSAF from the internal erosion of its foundation is a good example of the seepage susceptibility and erodability of the sandstone and overlying alluvial deposits. 
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Gate Bays requires dewatering


 
Gate Closure Seal 


 

Downstream Pier Geometry


 
No downstream bulkhead or reaction 
slot



 
Ogee Dam Spillway


 

Maintaining Flow Conditions

Dewatering Challenges…

Upstream 
Bulkheads

Area of 
Concern

Skin Plate

Legs

No downstream 
Bulkhead Slots 

Ogee Dam Spillway

Presenter
Presentation Notes
During the design process there were several dewatering challenges that we faced. Here in the cross section you can see the area of concern. For the best repair each gate bay required dewatering. However, there were no downstream bulkhead/reaction slots installed during the final design and construction of each dam pier. The ogee dam spillway also served as an overhead obstruction. Therefore, Based on the geometric and over head constraints of the of the downstream piers several design options were considered. Our first attempt was a rectangular steel structure and a concrete man hole structure. However, The final design of the bulkhead dewatering structure represent more of a sideways table. Think of your living room coffee table turned on its side. The skin plate is the top of the table and compressive forces are used to hold the legs of the table to the dams concrete headwall. Before the installation of the bulkhead dewatering structure the upstream bulkheads were employed and gate was closed. 
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Dewatering Bulkhead Facts…



 

Height of Skin Plate: 18 ft.


 

Height of Frame: 12 ft.


 

Width: 56 ft.


 

Depth: 16 ft.


 

Weight: 26,000 lbs.


 

Wall Clearance: 2 in. on each 
side.



 

Skin Plate constructed from 
dewatering needles.  

16 ft

18 ft

12 ft

56 ft

Presenter
Presentation Notes
The needles used for the skin plate were salvaged from the St. Paul Districts Lock dewatering system. Needles were tac welded together along its length to create roughly a 4 ft panel next these panels were then bolted together to make the entire skin plate. 
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Dewatering Procedure…

Presenter
Presentation Notes
Next, here is a series of pictures, showing the dewatering structure being picked up with our crane and placed into gate bay 3. This procedure was the same for each gate bay. 
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On Site Engineering…
Gate Bay 2

Gate Bay 3
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Gate Bay Inspections…
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Gate Bay 3 Gate Bay 2

Presenter
Presentation Notes
This slides shows the typical concrete condition found in each gate bay. Two repair areas located in the upstream corners of each gate bay display extensive concrete scour exposing the reinforcement. The only major difference between the gate bays was the size of the repaired areas. 
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Gate Bay Inspections…

Monolith Joint

2” diameter hole

Gate Bay 3, Western Monolith Joint

Presenter
Presentation Notes
Approximately five feet downstream of the upstream headwall a two inch diameter hole was discovered within the monolith joint. This hole appeared to extend to the depth of the water stop at 18 inches below the top of the original concrete surface. However, the hole was probed using a ruler to check the depth. The depth measured below the eroded concrete surface appeared to be four inches. A cold sound darkened material having a smooth, slippery texture was felt. This material was assumed to be the copper water stop. There were no apparent signs that this water stop had been compromised, however, the severe concrete erosion required the concrete to be repaired. 
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Repair Procedures…

Presenter
Presentation Notes
One front and back 11x17 sheet of paper was used for the repair plan. I thought that this would be convenient for the crew, everything the crew needed to construct each repair was located on this repair plan. Here the crew was able to fold the plan up and place it in their pocket and have it with him at all times rather then running back and forth to the job trailer. 
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Repair Procedures…
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Gate Bay Repair Procedures…


 

4” wide by 2” deep trench 
was cut into the concrete.



 

½” anchor bolts were 
installed 12” on center both 
ways.



 

All missing reinforcement 
was replaced.



 

Each repair formed 4” above 
original concrete surface. 



 

The surface was cleaned.

Gate Bay 3

Presenter
Presentation Notes
4” wide by 2” deep trench was cut into the perimeter of the concrete area being repaired. This was done to help compact and consolidate the concrete along the perimeter of the repair.
Where reinforcement was not exposed ½” anchor bolts were installed 12” on center both ways. This was to help increase the bonding surface area.
All missing reinforcement was replaced with the equalivant bar size, to help maintain the design capacity. 
Each repair formed 4” above original concrete surface. This was to increase time duration for severe concrete scour to reach the water-stops again. 
Finally The surface was cleaned with shop vacuums making sure each repaired surface was free of dust and debris increasing the bond between the original surface and fresh concrete.  

Each eroded area was repaired with conventional concrete and involved preparing the eroded concrete surface and properly placing and curing the concrete. Before each repair was conducted, the repaired areas were mapped. At the perimeter of the repair area, a four inch wide by two inch deep trench was cut into the concrete. The purpose of this is to provide a retaining boundary against which the repair material can be compacted and consolidated. Wooden two by 10’s were used as formwork enclosing each repair area, since the recommended repair required four inches of additional concrete above the original as-built concrete surface. Next, within each heavily eroded area, equivalent size reinforcement was installed to replace any missing reinforcement. Half inch anchor bolts were also installed 12 inches on center both ways in the repair areas with less than six inches of erosion. Each installed anchor extended a minimum of one inch above the prepared concrete surface, and had a minimum of two inches of concrete clear cover. The installed anchor bolts provided a mechanical anchorage to supplement bonding  for the newly placed concrete. Meanwhile the installed reinforcement will restore the original design capacity of the concrete structure. After the reinforcement and anchor bolts were installed the repaired areas were cleaned using shop vacuums, ensuring that the concrete surface was clean of sand, dust and any debris that would hinder the bond. During the surface preparation and cleaning stages most of the water was able to be pumped out. However, any water left within the repair areas was properly displaced during the concrete placement. The crew did an excellent job preparing and cleaning each repair surface. 
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Concrete Placements…
Three concrete placements occurred.

 Oct. 19th – Gate Bay Two – 13 cubic yards
 Oct. 29th – Gate Bay Three – 13 cubic yards 
 Nov. 9th – Gate Bay One – 26 cubic yards

Mix Design 6036P High Early Strength – 
Supplied by Cemstone Ready Mix, Inc.

Presenter
Presentation Notes

Based on the short construction schedule a high early strength mix design was chosen. We wanted the concrete to gain high early strength in order to the ability to maintain the flow conditions if needed. 
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Concrete Placements…

Presenter
Presentation Notes

According to EM 1110-2-2002 Evaluation and Repair of Concrete Structures, page 8-34, “The use of conventional concrete with the lowest practical water to cement ratio and hard, abrasion-resistant coarse aggregate is recommended for repair of structures subjected to abrasion-erosion damage. Also, silica fume concrete appears to be an economical solution to abrasion-erosion problems.” A conventional concrete that closely matches the existing concrete was chosen for the replacement. This mix design consisted of a 0.38 w/c, 670 lbs of type I/II cement, 54 lbs of Silica Fume, and ¾” granite coarse aggregate. 
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Concrete Placement…

Presenter
Presentation Notes
Again this is another look at the site overview. Each concrete placement served as challenge, that required thought and communication between me and cemstone.  
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Concrete Placement – Gate Bay Two 

Presenter
Presentation Notes
Explain the limitations of placing the concrete. Here the concrete was double handled before reaching it final placement. The chemical admixture Z60 supplied by BASF was added to the mixture as a workability retaining admixture (WRA). This help maintain the mixtures workability without retarding or having the mixture hydrating (set up) before being placed.
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Concrete Placement – Gate Bay Two 
Area 1 Area 2
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Concrete Placement – Gate Bay Three 

Presenter
Presentation Notes
Gate bay 3 was considered to be the worse gate for placement. Here the largest pump truck from cemstone was required for this placement. The pump truck was fully extended and the crane barge was oriented in the right position to met the fully extended boom. The concrete was then pumped into a concrete bucket and swung into gate bay 3 for the final placement. 
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Concrete Placement – Gate Bay Three 
Area 1 Area 2
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Concrete Placement – Gate Bay One 

Presenter
Presentation Notes

Unlike, Gate bay 3 placement Gate bay 1 was considered to be the best gate for placement. Again the largest pump truck from cemstone was required for this placement. The pump truck was fully extended vertically up and over Pier 1 for the placement. 
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Gate Bay 1

Curing Procedures…


 

Moist Curing was 
applied to each 
repair according to 
ACI 308R-01 Guide 
to Curing Concrete.
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Curing Schedule…


 
The curing schedule was established 
based on…
The Concrete Mix Design.
The minimum compressive strength of 6000 

(pounds per square inch) psi at 28 days.


 

3 days – 50% of minimum design strength


 
7 days – 75% of minimum design strength


 
14 days – 100% of minimum design 
strength    

Presenter
Presentation Notes

This project consisted of a short working schedule and the flow conditions needed to be maintained. This mix design was chosen to achieve high strengths early within the curing period. Therefore, by using this mix the recommended 14 day curing period was able to be achieved while still meeting the project schedule and maintaining the flow conditions. The concrete can potentially achieve higher strengths and become more durable, if the curing period is lengthened without early abrasive water action. After the initial set of each placement, the repair areas were flooded with water to a depth of six to eight inches. At three days into the curing period the mix design was projected to achieve 50% of its design strength. Here, the upstream bulkheads were removed and the dewatering box was flooded to the tailwater elevation. After the dewatering box was filled to the tailwater elevation it was removed and placed into the next gate bay for dewatering. At seven days into the curing period, the mix design was projected to achieve the minimum design strength of 6000psi, and the minimum flows were allowed to be restored. Finally at 14 days maximum flows were allowed to be restored.
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Concrete Placement – Compressive 
Strength

 7 day – 5040 psi
 14 day – 6365 psi
 28 day – 7540 psi

Tested Compressive Strength in psi 

Minimum Design Strength 6000 psi at 28 days

Presenter
Presentation Notes
Compressive strength cylinders were cast on the third placement to verify the assumptions made during the curing schedule. When plotted the actual 3 day compressive strength was slightly lower then the assumed 50% of the minimum design strength. However, the actual 7 and 14 day compressive strength tested higher than the 75% and 100% minimum design strength. 
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Construction Schedule…


 
Recommended for Repair 2005. 



 
Design started January 2009.


 

Final Bulkhead Drawings June 30, 2011. 


 
Dewatering bulkhead constructed within 1 week in 
2012.



 
On-site construction 32 days, October 16th – 
November 16th, 2012.
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Construction Cost…

Item(s) Cost ($)
Crane Barge – Leonard 55,500
Construction – Dewatering Bulkhead 14,000
Cast in Place – Concrete  12,000
Travel, Labor, Supplies and Materials 250,000
Total Cost $331,500

Presenter
Presentation Notes
When giving this presentation to our toastmasters club a question was asked if we were on budget and on schedule? This was something that I had a hard time answering. 
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Recommendations…


 
Dive Inspection Schedule
Initial 6 month dive inspection 
Periodic Dive Inspection every 5 years


 

Up front coordination and communication 
between….
Engineering and Design
Locks and Dams 
Maintenance and Repair  

Presenter
Presentation Notes
It is recommended to have an initial 6 month dive inspection  to evaluate the condition of each repair this will help obtain a baseline condition of each sill. Another recommendation is to have up front coordination and communication. During the design and construction phase of the dewatering structure engineering and design, locks and dams, and maintenance and repair came together and communicated at a very high level. However there was no on-site pre construction meeting. This failure in communication could have lead to an unsuccessful project. Provide examples of what happened when there is no communication. Next provide examples of what happens from failed communication. For this project you could mention maintaining flow conditions and how this resulted in the flooding of the bulkhead structure and from this happening weekly on-site meetings were conducted to discuss construction scheduled for the up coming week. 
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Conclusion …


 
This was a unique, challenging, and 
successful project for the St. Paul 
District. 


 
The success of this project was the 
result of several key factors including:
historically low flow conditions.
a unique dewatering box that was designed and 

constructed specifically for this project.
an effective surface preparation, concrete 

placement, and curing procedure. 
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Conclusion Continued…


 

Communication


 

Locks and Dams


 

Maintenance and Repair


 

Engineering and Design

Presenter
Presentation Notes
The most important key factor contributing to the success of this project was the significant communication between Locks and Dams, Maintenance and Repair, and Engineering and Design. Stress the importance of communication! For example, when communication decreases – Safety concerns and risk increase. 
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Contact Information…


 

Jake Fall


 
jacob.l.fall@usace.army.mil


 
651-290-5242 Office


 
715-790-6118 Cell


 
If you have any questions, please feel free 
to contact me.

20 Jan 2011

mailto:jacob.l.fall@usace.army.mil
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Questions …
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