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1.0 BACKGROUND

To support the continued operation of the Central and South Florida System, aging structures
require maintenance and repairs. In 2011, during a major gate overhaul at S84, District staff
noticed severe concrete deterioration and exposed rebar on the spillway walls and weir. Based on
these observations refurbishments of this structure, as well as seven other structures (568, S70,
S71, 572,575, S82 and S83) in the Indian Prairie Basin were recommended. Construction on these
structures will be performed over fiscal years 2014, 2015 and 2016 as shown in Figure 1. Spillway
refurbishment contracts will be grouped based on the canals on which they operate and to
facilitate the District’s ability to re-route flows to the adjacent canals while construction is taking
place. The subject of this design report is the FY14 project schedule for the refurbishments of
spillways S72, S75 and S82.
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Figure 1. Indian Prairie Basin Spillway Refurbishment Project Schedule

Each structure has been inspected and deficiencies requiring repair have been identified. In
general the repairs will include repair to spalled concrete, replacement of gates, recoating of wing
walls, adding stainless steel plating at the weir crest and stainless steel angles along the corners of
the gate recesses, installing new hand and guard rails, adding staff gauges/stilling wells and any
other structure specific deficiencies identified. This work will be strictly repair and maintenance
issues and will not change the performance, intent or operations of the original structures.
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To complete these repairs the District will need to provide bypass pumping and alternative flow
routing during the construction process which will impact the District’s typical operations. To
minimize these impacts to the surrounding community the District will make every attempt to
maintain flows and levels in the canals consistent with typical operating protocol. All work will be
performed during the dry season to limit by-pass pumping requirements as much as possible.

1.1 OBJECTIVE

The objective of this project is to refurbish spillways 72, S75 and S82 in order to extend the
useful service life of these structures. Aerial photos of each structure are shown in Figures 2 - 4.
Construction for this project is planned to begin in October 2014 and run through the dry season
with a planned substantial completion date for May 2015.
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1.2 SCOPE OF WORK

The general scope of work for the proposed improvements includes but may not be limited to the

following tasks by the construction contractor:

Drive temporary steel sheet pile cofferdam to allow dewatering of the structure. For the
S72 structure a phased dewatering (i.e. maintain operational functionality to one bay at all

times) will be required.

The removal of 3 inches of surface concrete from the bay walls and bottom slab (including
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ogee weir) to the limits shown, the anchoring of wire mesh to the exposed surface area,
and the application of 3 inches of self-consolidating concrete (SCC) with a crystalline
concrete waterproofing (CCW) admixture.

e Repair the existing operating platform and bay walls that have spalled and/or pitted
concrete surfaces.

e Perform lead paint abatement, sandblast and recoat all steel sheet pile wing walls, from the
ground elevation to the pile cap elevation. Replace pile caps with new coated pile caps.

e Install 1/8 inch stainless steel plate along the weir crest as shown on the plans.

e Remove and replace existing roller gate and rail system in its entirety with stainless steel
(Type 304). All bolts and fasteners shall by Type 316 stainless steel. Remove and replace
existing hoist cable.

e  Furnish and install new staff gauges downstream and upstream of the structure.

e Armor the gate recesses with stainless steel plates and stainless steel channels. All needle
beam grooves will be armored with stainless steel angles and plates.

e Recoating of the concrete superstructures at the limits shown.

e Remove and replace existing stilling wells with in-channel stilling wells supported on
concrete piles.

e Remove and replace standard railings and guardrails on the bridge decks. Recoat railings on
the operating platforms.

e Provide a temporary pumped bypass at S82 to provide water supply during the dry season.

e Develop and implement Stormwater Pollution Prevention Plans. Notify Florida Department
of Environmental Protection (FDEP) on intent to use Generic National Pollutant Discharge
Elimination System (NPDES) Permit.

In addition to the scope of work noted above the District is currently evaluating extending riprap to the
structures based on bathymetric surveys and modeling. If improvements are identified during this
effort than riprap improvements will be added via addendum.

2.0 PROJECT APPROACH

The project approach is to provide South Florida Water Management District (SFWMD) the necessary
repairs to the structure in order to allow for the successful operation of the Central and South Florida

Flood Control System. Specifications will be the main vehicle for communicating requirements to the

bidding contractors with drawings supplementing them.

2.1 APPLICABLE DESIGN GUIDELINES AND STANDARDS

Development of the design for the structure repairs includes the following guidelines and standards:
South Florida Water Management District Engineering Design Guidelines (i.e., District Standard Details,
Technical Specifications, AutoCAD Standards, and District Operation and Maintenance (0&M)
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Guidelines) (latest edition, including updates)

e South Florida Water Management District Engineering Design Criteria Memorandums (DCMs)

e South Florida Water Management District Engineering Submittal Requirements (latest edition,
including updates).

e  United States Army Corps of Engineers (USACE) Standards

e  Florida Department of Environmental Protection Requirements

e  Florida Department of Environmental Protection Requirements

e  Florida Department of Transportation Design Standards for Design, Construction,
Maintenance and Utility Operations on the State Highway System (latest edition, including
updates)

e Florida Department of Transportation Standard Specifications for Road and Bridge
Construction (latest edition, including updates)

2.2 DEVIATIONS TO APPLICABLE DESIGN GUIDELINES AND STANDARDS

The District Engineering Submittal Requirements call for all plans, reports, calculations, etc. to be in
NAVD 88; however, the elevations referenced in the original record drawings for the structure were
expressed in NGVD 29. To avoid any confusion during the design and construction of the project, it was
determined by both the District and Project Team to reference all elevations for the structure repairs in
NGVD 29 on all plans, reports, calculations, etc.

If any additional deviations to the applicable design guidelines and standards are to develop within the
future for this project, they will be documented accordingly within this section of the design report.

2.3 SPECIAL COORDINATION ISSUES

Special coordination issues for the structure repairs include the following:

e Spillway refurbishment contracts will be grouped based on the canals on which they
operate and to facilitate the District’s ability to re-route flows to the adjacent canals
while construction is taking place. Special coordination with the District’s Water Control
Operations group has been performed and a bypass pump and flow diversion plan was
created. This plan is summarized in Section 5 of this report.

e Water supply to stakeholders in the affected area will be supplied, in part, through
contractor required by pass pumping operations. The contractor will be required to
coordinate with the District, via the District’s project manager, to provide water supply
at the District requested capacity and times.

e The downstream side of S75 and S72 is subject to manatee visits; therefore, monitoring
for manatee activities during construction shall be implemented. As such, the
Contractor shall avoid any injury or harassment to the manatees. The District has a
specification that lists requirements with regard to avoiding and protecting manatees.
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e During prior construction activities downstream of S72 an oil sheen was discovered and
investigated. The results found no contamination above the target contamination
levels. However, as a precaution, the District will provide mandatory inspections by
District staff during the cofferdam installation and dewatering effort to monitor for
contamination.

Please note the District owns the underlying project lands; therefore, no additional lands are
required for the project. The structure repairs do not impact or alter any right-of-way permits.
No utilities are involved with the project or require modification. There is no public use issues
associated with the structures.

2.4 BASIS OF DESIGN

While each of the items listed in the original scope of work was descriptive of the work to be
performed, the Project Team still performed their own investigations in order to determine if the
course of action was the preeminent repair option. Listed below are some key points from the
Project Team’s investigation of finalizing the repair design for the structure. The results of the
investigation are based on sound engineering principles, provide value to the project, and meet
the overall project goal of extending the useful service life of the structure.

o The original project scope called for the limits of the concrete removal to be from
the base of the structure up to approximately 1 to 2 feet above the upstream and
downstream high water elevations. Field visits have confirmed that the eroded
concrete does not need to be repaired this high.

o The need for extending and repairing riprap at each structure was coordinated
between Water Control Operations, Hydro-data Management and the Design group.
Because of the single bay dewatering at S72 as well as the possible need to divert
flows through the C-40 canal during the FY16 spillway refurbishments (570 and S71) it
was decided to assess the need to provide additional riprap at the structure to
increase the Maximum Allowable Gate Openings (MAGO) at the S72 and S75
structures. Hydro-data management performed bathymetry studies and developed at
computational fluid dynamic (CFD) model to determine if stream velocities were likely
to exceed scouring velocities. This analysis is still being performed, along with a survey
of riprap extents at all three structures. If a determination is made that additional
riprap is advantageous to the project the design will be provided as an addendum to
the contract.

o Enhanced repair materials were explored for use in the repair design for the structure.
In October 2012 a draft technical memorandum (see Attachment 1) on the concrete
deterioration and repairs the findings indicate that durability of the concrete is
inversely proportional to its permeability. Hence, the use of self-consolidating
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concrete, supplementary cementing materials, permeability reducing admixtures, and
low water-cement ratio (<0.45) are recommended. The supplementary cementing
materials are silica fume and fly ash, and the permeability reducing admixtures are the
crystalline waterproofing materials. In a recent report by the USACE, it recommended
for the use of granite aggregate and silica fume. In this concrete repair project, the
design will require the use of self-consolidating concrete, granite aggregate, silica
fume, crystalline concrete waterproofing and reduced water-cement ration of less than
0.45.

o Concrete deterioration was observed at both ends of the concrete bridge deck that

was likely caused by vehicle traffic. The design will include the repair of the concrete
edges and construction of an approach slab.

° The original project scope called for the replacement of all standard railings located
throughout the structure. Railings at S72 and S75 along the bridge deck had angled
railings to provide additional clearance for traffic along the bridge. These angled
railings are to be replaced in kind at S72 and S75, and new angled railings are to be
provided at S82. All railings on the operator platforms will be removed and replaced.

e The Project Team looked into alternative materials for the concrete replacement. A
technical report was prepared by District staff to evaluate the existing conditions of
the concrete as well as recommend a concrete mix design. The technical report
recommended using cast-in-place SCC with a CCW admixture. This recommendation
will be used for all three spillways.

e The Project Team looked into potentially repairing the structure walls and bottom slab
with a 3-inch overbuild. At an additional cost, the 3-inch overbuild would provide
extra concrete cover for added protection over the proposed reinforcing. However,
there is a possibility that the extra 3-inch cover over the reinforcing might reduce the
ability of the reinforcing to hold together surface cracking. Standard cover for
reinforcing exposed to weather is 2 inches. As cover increases, the potential for crack
width also increases. This could potentially result in future cracking of the structure,
which in turn would not justify the additional cost of the overbuild. Therefore, it was
ultimately decided to repair the structure walls and bottom slab to the existing
structure outlines. In addition, District Operations requested the repairs be made to
the outline of the existing structure so as not to impact the hydraulics of the
structure.

e Stainless steel gates replace the existing carbon steel gates to increase the life of the
gates.

e The Okeechobee Field Station had initially requested the design of a staging area to
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support the cranes used in the gate removal process. During the design of these
staging areas it was discovered that the retaining walls of the spillways were not
designed to handle surcharge loads and therefore could not support the weight of
the cranes. The staging areas are not included in the design.

e The most recent available Structural Integrity Reports were reviewed and discussed
with field station staff to help determine the scope of the repairs at each structure.

3.0 PERMITTING REQUIREMENTS

The structure refurbishments will require the review and approval of permits at both the federal
and state level. The federal and state permits required for the proposed repair work are as
follows:

o Noticed General Environmental Resource Permit to Water Management Districts to
Conduct Minor Activities (Issued by FDEP)

¢ Nationwide General Permit 3 (NWP3) (Issued by USACE)

e 408 Determination (Determined by USACE)

The District has assumed the lead role in preparing and submitting the required documents for
the above listed permits. The above listed permits are dependent upon the results of agency
consultation and the potential requirement of a field survey, if determined necessary by the
review agency.

The Contractor is responsible for obtaining all required local permits. In addition, the Contractor
shall obtain a Notice of Intent (NOI) to Use Generic Permit for Stormwater Discharge from Large
and Small Construction Activities from FDEP prior to commencement of construction. In order for
the stormwater discharge associated with construction activity to be authorized under the generic
permit, the following items are necessary:

e Meet the eligibility requirements in Part |.B. of this permit
e Develop and implement a stormwater pollution prevention plan (SWPPP) in

accordance with the requirements of Part V of this permit

e Submit a completed Notice of Intent (NOI) in accordance with the requirements of
Part lll of this permit, including submittal of the appropriate processing fee as
established in paragraph 62-4.050(4)(d), F.A.C.

For activities that require removal of surface or ground water as part of construction, the
Contractor shall obtain all required permits. If the Contractor intends to commence dewatering
activities prior to a permit being issued, then the District shall submit a notification to the FDEP
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Office of Ecosystem Projects (OEP). This will allow the Contractor to work under the conditions
of a “No Notice” until the dewatering permit is issued. Please note all dewatering modifications
are subject to review and approval by the Department before the modification is considered

final and effective.

4.0 SEQUENCING OF CONSTRUCTION PACKAGES

An internal District meeting was held on May 11, 2012 with District Operations to determine the
sequencing and bypass flow requirements for the structure repairs on the S68, S70,

S71, 572,575, S82,S83, and S84 structures. All eight structures are located within the

Indian Prairie Basin and shown below in Figure 5.

- Northern Indian Prairie Basins
l:l Southem Indian Prairie Basin
l:| Lake Shore Perimeter

SO5CH T LOSA Sub-Basins

25125 0

2.5 Miles

Figure 5. Indian Prairie Basin

The S70, S71, S75 and S84 structure refurbishment projects were originally designed by Carollo
Engineers, Inc. while the S68, S72, S82, and S83 structure refurbishments will be designed by the
District’s Engineering Unit. After Carollo’s final design was accepted the District repackaged the
design for construction of the FY14 package for spillways S72, S75 and S82. As part of the
repackaging effort the District completed the design of S82 and the updated the original S72
and S75 designs (gate design, concrete material and methods, stilling well detail, etc.). The
contract documents have been repackaged to include one set of plans and specs for all three
structures and the contract will be awarded to a single contractor. Pre-qualifications will be

included in the advertisement to ensure the project is awarded to a contractor with the
Page | 12
Corrected Final Design Report Spillway Refurbishments S72/575/582



experience and manpower to complete all three structures in a single dry season. A
preliminary construction schedule is provided in Attachment 2.

Similar efforts will be performed for design and contracting of the FY15 refurbishments (S68, S83
and S84) and the FY16 refurbishments (570 and S71).

5.0 BYPASS PUMPING AND FLOW ROUTING

Coordination between the design and operational disciplines for this project has identified water
supply and flow diversion needs during the construction period. Figure 6 provides a schematic of
the Indian Prairie Basin’s structures and waterways that will be affected by this project as well as
each structure’s design capacity. S72, S75 and S82 will all be under construction simultaneously.
S72 will require a phased dewatering with one of the spillway’s two gates to remain fully
operational at all times. S75 will be taken offline and S82 can be either phased dewatering or
taken offline based on the contractor’s option. Although the contract is intended to be
performed only during the dry season, a contingency for construction into the wet season is
identified as part of this plan.

Design Capacity:
3,000 cfs +1,000 cfs

| ss8mx
Design Capacity:

3,830 cfs + 1,000 cfs
| S-83/X I

CA1A Design Capacity:
Design Capacity: 5680 cfs+1,000 cfs
2,000 cfs 8'82
Design Capacity:
1,150 cfs
C-40
Design Capacity: Design Capacity:
4470 cfs 3120 cfs
S.72

C-41
Design Capacity:
6,000 cfs

| S-71 I

Figure 6. Schematic of Indian Prairie Basin structure and waterways

5.1 DRY SEASON BYPASS AND FLOW DIVERSION PLAN

Based on historical data it has been estimated that drainage requirements during the dry season
from storm events can be diverted through C41A, C41 and the open gate at S72 up to a 1-in-5
year dry season storm event. If a storm event occurs in excess of the capacity to divert or reroute
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the flows then sheet piles may have to be pulled and flow allowed through the structure. This would
stop work and would likely damage work in progress. The Contractor might be entitled to a claim in
this event.

Figure 7 illustrates the dry season water supply plan during construction. Typically, water supply
is provided to the basin from flow through the S82 spillway and the G208 pump station (which
delivers water from Lake Okeechobee to the C40 canal upstream of S72). Hours of pumping for
water supply for the portion of the basin downstream of S82 and upstream of S75 were
estimated by Water Control Operations and summarized in Table 1.

Table 1. S82 Pumping Hours Water Supply Requirements

Median Dry Season Water Supply Volume 4,388 ac ft

Bypass Pump Capacity Required 300 cfs
Calculated Pump Run-Time 177 hours
Contract Pump Run-Time Requirement* 200 hours

Required Dates Bypass Must Be Operable Nov 1 thru substantial completion

* Contract run-time requirement was increased from the calculated value to provide a round number
estimate. This increase is well below the variability observed in the data.

The Contractor’s responsibility shall be defined in the contract documents to provide water supply

capacity of 300 cfs for 200 hours of operations. Should water supply needs exceed the contractual

C-40 Between S75and S72

> SERIK = 200 cfs estimated capacity required
] » 135 cfs provided by G208 when LO available
= If required, additional water supply will be provided by District
I S-831K |
ek ; C-41A

/" [s-82

( S-84/X

/ h ¢:S-75
s82

e
= If contractor chooses phased { \

dewatering then no bypass required 370 G208 PS
- If taken offline then contractor to 8-72 *

provide 300 cfs capacity and anticipate

200 hrs of pump run time. C-4

S-71

Figure 7. Dry Season Water Supply Plan

requirements the District will assume the costs for additional pumping. The District will assume
responsibility for all required water supply between S75 and S72. The G208 pump station has a
capacity of 135 cfs and will remain operational throughout construction for water supply. The
District will provide any additional capacity if needed at the District’s expense.
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5.2 WET SEASON DRAINAGE CONTINGENCY PLAN

Contract time will terminate on May 1, however, a contingency plan for wet season drainage is
presented herein. Wet season flows for the 1-in-5 year storm event were estimated by Water
Control Operations and presented in Figure 8.

The wet season drainage plan will rely largely on diverting flow through the C-41 and the C-41A
canals and attenuating large flows in Lake Istokpoga as opposed to bypass pumping. Lake
Istokpoga will be kept slightly below its regulation schedule to provide additional detention
storage. Spillway structures east of S82 (S83, S83X, S84 and S84X along the C-41A canal) could
provide additional capacity to relieve a portion of the wet season required flows. Bypass pumps
for water supply at S82 will be required to remain in place for additional drainage capacity. Flows
downstream of S82 and upstream of S75 will be diverted through the C41 canal. For flows
downstream of S75 the District performed computational flow dynamics (CFD) modeling which
identified a capacity of 1,200 cfs that can be safely passed through one bay for a short term
(storm event duration) without causing significant scouring. If bathymetric surveys indicate
erosion problem downstream of the structures, additional canal and revetment improvements
may be included in the contract to control the scour problem. Extending the rip-rap protection
area beyond the original design will further increase the flow capacity of the structures, which
will aid bypass operations for future projects when structures in the C-41 canal undergo
refurbishment. The difference between the design storm event (1,500 cfs) and the single-bay
capacity at S72 (1,200 cfs) will be handled through the liquidated damages assessed to the
contractor.

The probability of meeting or exceeding the flows calculated for the 1-in-5 storm event increases
as construction moves further into the wet season. Water storage capacity in soils, canals and
Lake Istokpoga will diminish as the wet weather season progresses. This leads to increased
frequency of high flows and increased probability of exceeding design storm flows during the
peak wet season months. This creates a situation where the risks associated with contract delays
increase with the length of the delay. In recognition of this situation the contract will establish a
tiered liquidated damage amount which will be lower in May and increase in June. Should flows
exceed an amount that can feasibly be bypassed then flooding the construction site will be
required to pass flow and the contractor will assume the costs for delays and damages. Tier 1
liquidated damages for this project will be $10,000/day between May 1 and May 31 and $/day
after May 31. Tier 2 liquidated damages will be $20,000/day. These costs were calculated based
on documentation provided in Attachment 3.
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Figure 8. Wet Season Flow Routing and Bypass Pumping Plan

6.0 CONSTRUCTABILITY REVIEW SUMMARY

This project involves rehabilitation work on an existing operating facility. The rehabilitation work
consists of a number of issues, including the following: weather, manatees, turbidity reduction,
possible petroleum contamination and dewatering of construction areas. The rehabilitation work and
the issues associated with the work are described in detail below.

6.1 WEATHER

The rehabilitation work for these spillways will be heavily dependent on the weather. While
scheduling work during the dry season is expected, the weather and schedule cannot be
guaranteed. If an extremely large storm event occurs or construction is delayed, it is possible that
the bypass operations might not be adequate. This situation has been discussed in Section 5,
Bypass Pumping and Flow Routing. Wet weather could also potentially cause problems to the
unpaved road that provides access.

6.2 MANATEES

The downstream side of S72 and S75 is subject to manatee visits. As such, the Contractor shall
avoid any injury or harassment to the manatees. The District has a specification that lists
requirements with regard to avoiding and protecting manatees. In this specification, it states that
if a manatee comes within 50 feet of a work area, all work shall stop until the manatee moves
away. There are also guidelines for boats operating near the manatees.
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6.3 TURBIDITY REDUCTION

Turbidity controls shall be maintained around the work area such that all turbidity generated
during construction activities is confined within the work area. Effective means of turbidity control
is necessary within C-40 and will be accomplished by the use of floating turbidity curtains. A
double layer will be required in the event one of the curtains requires repair. Silt fencing will be
required for areas up gradient of the canal to prevent siltation from accumulating within the
riprap adjacent to C-40. All turbidity control devices and/or preventative operation procedures
shall remain in place until all turbidity has subsided and the turbidity level at the construction
zone meets state standards.

The Contractor shall conduct all construction activities in accordance with the water quality
conditions as set forth within the permits. The Contractor shall maintain turbidity monitoring
equipment and trained personnel during all construction activities that could potentially result in
project-generated turbidity levels being discharged beyond the work area and into the receiving
water body. Turbidity levels shall not exceed 29 NTUs above background in Class Il receiving
waters.

A further location for excessive turbidity is where the water supply or bypass pumps will be
discharging. The Contractor for the will be required to still pump discharges and dissipate the
energy such that scouring of the downstream canal sides and bottom is prevented.

6.4 POSSIBLE PETROLEUM CONTAMINATION AT S72

During construction activities in the dry season of 2010 an oil sheen was observed while driving a
pile on the downstream side of the structure. URS was contracted to provide an environmental
assessment of the area. URS dug several test pits and sampled for environmental contaminants.
No contaminants were discovered above the target clean-up levels the report suggested that the
impacts were from old, degraded petroleum and of limited aerial extent. URS recommended that
no further assessment or corrective actions are warranted but could be if additional impacted
material is encountered.

Due to these events the District will require inspections provided by District staff during the
cofferdam and dewatering activities on the site. Should these inspections reveal any additionally
impacted material the District will conduct environmental assessments and remediation as
required to ensure environmental integrity of the construction activities.

6.5 DEWATERING CONSTRUCTION AREAS

Dewatering of construction areas will be accomplished by the installation of sheet piles both
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upstream and downstream of the gate structure. The area between the sheet piles will be
dewatered and the flow will be discharged to the upstream side of the structure into appropriate
turbidity barriers. This will prevent any turbidity generated by the operation from immediately
flowing downstream and should keep it confined to the area adjacent to the structure. It is
anticipated that the Contractor will be either required to provide a sump to pump out
accumulated groundwater or, based upon their geotechnical evaluation, well points between the
sheet piles and the structure to maintain a dry working surface.

For activities that require removal of surface or ground water as part of construction, the
Contractor shall obtain all required permits. If the Contractor intends to commence dewatering
activities prior to a permit being issued, then the District shall submit a notification to the Florida
Department of Environmental Protection (FDEP) Office of Ecosystem Projects (OEP). This will
allow the Contractor to work under the conditions of a “No Notice” until the dewatering permit is
issued. Please note all dewatering modifications are subject to review and approval by the
Department before the modification is considered final and effective.

After dewatering of the construction area, the work to refurbish the structure, installation of
standard railings, replacement of staff gauges, and replacement of the gates may be
accomplished under normal construction conditions. All workers in the dewatered area should
wear life preservers, at least until the site is stabilized. Safety issues may dictate that life
preservers or other emergency egress methods be enforced throughout this stage of the work.

When the work is completed and the District has accepted the work, the dewatered area shall
be refilled as follows:

1. The bypass pumps shall remain in service.

2. The structure gate shall remain closed.

3. A portion of the upstream sheet pile shall be removed.

4, The energy of the water in the upstream area shall be allowed to dissipate.

5. The remainder of the upstream sheet pile may be removed.

6. A portion of the downstream sheet pile shall be removed.

7. The gate shall be opened slowly and the water shall be allowed to still.

8. The remainder of the downstream sheet pile may be removed.

9. The gates shall be placed under remote control.

10. The bypass pumps and piping may be removed from service.

11. The turbidity barriers shall remain in service until the District determines that

the turbidity within the canal is acceptable.

Phased dewatering will be required at the S72 structure and optional at the S82 structure. Phased

dewatering will be performed by installation of a cofferdam that will dewater only one bay of the
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structure while leaving the other bay fully operational. Phased dewatering will the contractor the
bypass dry weather storm flows through the open bay of the spillway without the use of bypass
pumps. The District has provided the design of the cofferdam for the phased dewatering at S72 in
the plans.

6.6 REHABILITATION OF STRUCTURE

The rehabilitation of the concrete structure has many unknowns. The limits of the repairs were
conservatively estimated, yet some adjustment of the limits might be required, either more or
less repairs. The concrete that shows visible damage might be more sound than expected,
making demolition difficult. It might be required to do field modifications to the design to avoid
removing sound concrete. Alternatively, the opposite might be the case and the concrete
damage might extend into the structure more deeply than the design indicates, meaning more
material and effort for the Contractor.

Figure 9. Sulfate Attack on Concrete

Another aspect of the concrete repair is the condition of the existing reinforcing. It is possible
that aside from surface corrosion, the reinforcing is acceptable. It is also possible that once the
exterior concrete is removed, the reinforcing is damaged worse than expected. If that is the
case, the District will have to determine whether or not the damage requires repair.

Part of the rehabilitation involves “armor-plating” the ogee weir. While the existing shape will
be required to be matched, there is a slight possibility that its function will change slightly.
Extensive surveying should be required to make sure that the new weir shape matches the
design.

The sheet pile wing walls and their caps need to be repainted. In the era that the structure was
built, heavily leaded paint was normally used. The District has lead abatement guidelines.
Workers need to be adequately trained and protected from inhaling lead particles. The work
area must be tented and ventilated. Lead particles and fumes containing lead must be properly
contained. Lead containing waste must be disposed of properly. All these procedures increase
complexity, schedule, and cost.
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Figure 10. Wing Wall Corrosion

The gate replacement has unique issues. While suppliers have assured the design team that
stainless steel channels are available, they might be rolled overseas, creating a long lead-time.
This will have to be factored into the schedule. Alternatively, the District can order and procure
the long lead-time material and provide it to the gate supplier. As the gates are mechanical
items, there is always a risk that fit-up and function might be a problem. Extensive testing will
be required until the District is satisfied with the gate’s operation. The seals are being replaced,
so leakage might be more than expected.

Finally, the needle beam grooves are being rehabilitated. New stainless plates, seats and angles
are being installed. The District should require that the existing needle beams and bulkheads be
tested with this new hardware prior to final completion.

Figure 11. Steel Corrosion

All materials provided by the Contractor shall be in accordance with the District’s Standard
Specifications and Standard Construction Drawings.
6.7 RESTORATION OF AREAS

Restoration of areas subject to erosion shall be accomplished by the Contractor. The Contractor
shall be required to prevent siltation of the canal during the efforts. Existing riprap in the area
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for restoration shall be removed; compacted backfill shall be placed to restore eroded areas;
and, new geotextile fabric and bedding stone shall be placed. Eighteen inches of riprap shall be
placed over the bedding stone.

Areas for restoration without existing riprap shall be repaired with compacted backfill and
sodded.

Areas for restoration have been identified on the Drawings; however, the District may
determine other areas during the construction activity for additional work.

The Contractor shall restore areas where materials were staged and parking areas to a pre-
construction or better level. These disturbed areas shall be sodded.
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Attachment 1

Technical Memorandum
Concrete Deterioration and Repairs
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MEMORANDUM

TO: Greg Cantelo, P.E., Section Administrator - Engineering Design, Engineering
éf, & Construction Bureau

FROD}\i i

DATE: October 10, 2012

7 Jose Guardiario, P.G., P.E., Principal Engineer, Engineering Design,
Engineering & Construction Bureau

SUBJECT: Concrete Deterioration and Repairs

Since the early 2000s, several 50-year old water control structures and navigational locks with
deteriorated concrete surfaces have been repaired by the South Florida Water Management
District (District). The repairs included removal of two to three inches of deteriorated concrete
by hydroblasting, installation of welded wire mesh and application of shotcrete, a mixture of
Portland Type II MS cement and sand mix, over the prepared surface.

In April 2012, dewatering operations (Figure 1) during the construction work to modify the
Nubbin Slough Stormwater Treat Area (STA) Intake Bay exposed pitted concrete surfaces on
Pump Station S-385 and the adjoining concrete weir which were constructed in 2007. The early
deterioration of the concrete surfaces of a 5-year old concrete structure raised concerns on the
type of reaction that caused pitting. In response to this discovery, a site visit was conducted on
May 24, 2012 with Shawn Gao, Rob Baskin, Roy Sapp, and Joe Albers.

This investigation included review of various technical papers that pertain to deterioration and
repair of concrete, and reports on petrographic examinations and field inspections of various
District concrete water control structures.

FINDINGS

1. The extent of concrete deterioration at the Nubbin Slough STA Pump Station S-385 and
the adjoining concrete weir varies with depth of water, as shown in Figure 2. Concrete
pitting is more pronounced on areas subject to water fluctuations. Furthermore, pitting is
more severe at the weir compared to that at the pump intake bay. Concrete surfaces on
areas constantly submerged (i.e., below +15.0 ft NGVD29) show minimal amount of
concrete pitting (Figure 3).

Closer examination of the concrete surfaces reveals that the cement matrix is dissolved
exposing the fine silica sand aggregate. The coarse limestone aggregates near the
concrete surface are also dissolved thus rendering a pitted surface as shown in Figure 4.

Scraping the concrete surface with a masonry hammer showed delamination of a thin
veneer of deteriorated concrete and exposed a hard, dense concrete surface (Figure 5).
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During the field inspection, it was observed that the limestone riprap downstream of the
weir also exhibited smooth surfaces (Figure 6) which may be due to chemical attack by
acidic waters.

2. Field inspections on older water control structures, such as Spillway Structures S-63A,
and S-72, and Navigational Locks S65D, S65A, and S65 reveal that concrete pitting
extends from the maximum water elevation down to the surface of the base slab.

Review of photographs from various inspection reports® and site visits during the repairs
of the concrete structures (Figure 7) indicate the pits on the concrete surface were
remnants of the dissolved coarse limestone aggregates.

Photographs from a July 2007 underwater inspection report by Malcolm Pirnie on S-72
indicate that the degree of concrete deterioration diminishes at deeper depths of the
structure? (Figure 8).

3. In 2005, the District Operations and Maintenance staff repaired the deteriorated concrete
surface of the S-65A Spillway Structure. Repairs included pressure cleaning of the
concrete surface and application of a dry shotcrete mix. However, a few years after the
repair, the applied shotcrete was found to be delaminating.

Petrographic examination by CTL Group on concrete cores that were obtained by
Dunkelberger Engineering and Testing in 2008 indicates that both the concrete substrate
underlain by the shotcrete and the shotcrete surface exhibit carbonation.®> The
cementatious paste in both the concrete substrate and shotcrete do not exhibit deposit,
paste alteration, or crack pattern that are typically associated with external or internal
sulfate attack.” The shotcrete matrix is locally weak and crumbly in regions where it
exhibits high sand and void volumes and low paste content.®

4. In October 2009, a few months after the concrete repair on the S-63A Spillway Structure
was completed, an underwater video survey showed apparent deterioration of the newly
repaired concrete. In response to this discovery, the structure was dewatered and
inspected. A report by Ardaman and Associates, Inc. attribute the shotcrete surface
deficiencies to the quality of workmanship in shotcrete application.®

There were no shrinkage cracks, poor strength and delamination in the concrete surface.
Water quality analyses of samples taken from the canal indicate a pH of 6. Although the

! Malcolm Pirnie, Inc., Chapter 2-20, Structure Inspection Program, Final Inspection Report for Structure S-72,
July 19, 2007; CTL Group, Petrographic Examination of Concrete Cores from Water Control Structure, S-65A,
Polk County, Florida, April 16, 2008.

2 Malcolm Pirnie, Chapter 2-20, Structure Inspection Program, Final Inspection Report for Structure S-7.

® CTL Group, Petrographic Examination of Concrete Cores from Water Control Structure, S-65A, 2.

* CTL Group, Petrographic Examination of Concrete Cores from Water Control Structure, S-65A, 3.

®> CTL Group, Petrographic Examination of Concrete Cores from Water Control Structure, S-65A, 2.

® Ardaman & Associates, Inc., Repairs to SFWMD Structure S-63A, Kissimmee, Florida, October 2009.



Concrete Deterioration and Repairs Page 3
October 10, 2012

Langelier Saturation Index (LSI) indicates corrosive water, there were no deficiencies
attributed to the water quality.’

In August to October 2010, i.e., during the concrete repairs of Navigational Locks S-65,
S-65A, S-65D and S-61, multiple site visits where conducted to verify the conditions of
the hydroblasted concrete surface prior to installation of shotcrete. The results indicate
that the concrete surface preparation using mechanically-operated hydroblasting
equipment, with 15,000 to 45,000 pounds per square inch pressure, resulted to highly
irregular surface with amplitudes greater than 2 inches® as shown on Figures 9 and 10. In
certain areas, the fine grained concrete matrix has been removed by as much as 2 inches
deep while the width is narrow which may result of inadequate filling of the voids.®

One of the recommendations was to specify that the concrete repair surface shall have an
adequate surface roughness determined as three peak-to-valley measurements of 5 mm
within 150 mm, in accordance with AASHTO-AGC-ARTBA Joint Committee Task
Force 37 Report, Guide Specifications for Shotcrete Repair of Highway Bridges,
February 1998.%

Review of the tensile bond strength (pull-off) tests on the cores drilled into the concrete
substrate with shotcrete overlay at S-61 and S-65A indicate that the tensile bond varies
from O psi to 271 psi (Table 1) which is less than the 300 psi requirement specified in the
specifications.

Review of the visual grading of the shotcrete cores obtained from S-59, S-62 and S-65A,
as tabulated in Table 2, indicate a grade varying from Grade 1 to Grade 3. Figures 11
through 13 show voids in the shotcrete cores from various concrete repair projects. The
voids vary from 1/16” to 5/8” in dimension.

In January 2012, in response to reports that Navigational Locks S-65 and S-65A have
cracks and water flowing through them, a field investigation was done inside these locks.
Multiple cracks were observed ranging from hairline cracks to crack as wide as 1/8-inch
wide (Figures 14 and 15). Although acoustical testing revealed no conclusive indication
of voids or delamination, the thick shotcrete layer applied after deep hydroblasting,*! may
have prevented detection of voids.*?

In July 2012, a site visit was conducted on the on-going S-193 Navigational Lock
concrete repair. Field observations indicate that there is a significant difference between
two cast-in-place concrete surfaces as shown in Figure 16. The 1935 concrete surface

" Ardaman & Associates, Inc., Repairs to SFWMD Structure S-63A.

& South Florida Water Management District, Memorandum on S-65A Concrete Repair, August 13, 2010; South
Florida Water Management District, Memorandum on S-65A and S-65A and S-61 Repair Core Sampling and
Layout, October 8, 2010.

® SFWM

D, Memorandum on S-65A Concrete Repair.

9 SFWMD, Memorandum on S-65A Concrete Repair.
1 SFWMD, Memorandum on S-65A Concrete Repair; SFWMD, Memorandum on S-65A and S-65A and S-61
Repair Core Sampling and Layout.

12 South
14, 2012

Florida Water Management District, Memorandum on S-65 and S-65A Concrete Repair Cracks, February
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where the coarse aggregates consist of shell fragments show the fragments protruding
from the cement matrix while the 1970 concrete surface where the coarse aggregates
consist of limestone fragments show a pitted surface where the limestone fragments are
dissolved.

Further observations indicate that the some surfaces of the 1970 concrete showed
delamination of the deteriorated concrete when scraped with a masonry hammer (Figure
17).

DISCUSSION

Concrete Deterioration

Field observations of existing District water control structures indicate deterioration and pitting
of the concrete surfaces occurring from the maximum water elevation and extending down to the
surface of the base slab, with the intensity of concrete deterioration decreasing with depth
(Figures 2 and 3). Based on these observations, it is certain that the cause of concrete
deterioration is water-borne and is related to water quality.

The observed concrete deterioration involves dissolution of the cement matrix and the near-
surface large limestone aggregates, thus exposing the fine silica sand aggregates and producing
pitted surfaces, respectively (Figure 4). Flaking of a thin veneer of deteriorated concrete
(Figures 5 and 12) occurred when the concrete surface was scraped with a masonry hammer at
the Nubbin Slough STA Pump Station S-385 and the Navigational Lock S-193.

At Navigational Lock S-193, two types of deteriorated concrete surfaces were noted (Figure 13),
wherein, the 1935 concrete surface exhibited shell fragments protruding above a dissolved
concrete matrix while the 1970 concrete surface exhibited dissolved limestone aggregate pits.
The protrusion of the shell fragments above the dissolved concrete matrix is a manifestation of
dense, low-permeability shell fragments compared to the highly permeable coarse limestone
aggregates which is prone to chemical attack compared to the cement matrix.

Petrographic examinations of the concrete cores from S-65A indicate that the shotcrete surfaces
exhibit carbonation. One core showed carbonation at the interface of the concrete substrate and
shotcrete™® which indicates that pressure cleaning of the concrete surface was insufficient in
removing the deteriorated concrete substrate. The findings indicate that there were no evidences
of internal or external sulfate attack, such as deposits and cracking. The deposits associated with
sulfate attack are the formation of ettringite which results in cracking and spalling of concrete.™

3 CTL Group, Petrographic Examination of Concrete Cores from Water Control Structure, S-65A.
¥ Mario Collepardi, Ettringite Formation and Sulfate Attack on Concrete, International Concrete Research &
Information, June 1, 2001
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The carbonation on the S-65A shotcrete surface three years after it was placed is indicative of the
aggressiveness of the water. This aggressiveness of water was also observed in the early
deterioration of the 5-year old Nubbin Slough STA Pump Station S-385 cast-in-place concrete.

External chemical attack on concrete occurs mainly through the action of aggressive ions, such
as chlorides, sulfates, or of carbon dioxide and many other natural or industrial liquids and
gases.'®> At ambient temperature the rate of chemical attack varies*® as shown in Table 3.

Statistical analysis of the water quality from selected water control structures (Table 4) indicate
that the mean pH (Table 5) varies from 6.39 at TCNS 228 in Nubbin Slough to 7.50 at the S-5A
Pump Station, with pH values dropping as low as 5.60 at S-65D Spillway Structure. The low pH
values at water control structures S193, S65, S65A, S65D, and Pump Station S385, which are
located around and north of Lake Okeechobee has a good correlation with the deterioration of
concrete surfaces. Pump Station S-5A, which is located southeast of Lake Okeechobee, does not
exhibit any deterioration of the concrete surface. The mean pH value at S-5A is 7.50.

The observed concrete deterioration of District water control structures is supported by various
literatures which indicate concrete can be attacked by liquids with pH below 6.5 with the severity
increasing as the pH drops below 5.5.*” ACI 201-2R_01, ACI 815.1R and A.M. Neville list the
various acids that cause severe attack on concrete.

Concrete Durability

The durability of concrete structures is of prime importance in allowing continued performance
of its intended function, i.e., maintaining its required strength and serviceability during its
expected service life by withstanding deterioration.*® The deterioration of concrete is caused by
external and internal factors whether it is physical, mechanical, or chemical.

With the exception of mechanical damage, adverse impacts to the durability of concrete involve
transport of fluids through the concrete. The three fluids principally relevant to the durability of
concrete are water, carbon dioxide and oxygen. The transport of these fluids depends primarily
on the ease these move into and through the concrete, which is the permeability of concrete.™®

Aside from permeability, which refers to flow under a pressure differential, the movement of
fluid through concrete is also through diffusion, i.e., movement under a differential in
concentration, and sorption, i.e., through capillary movement.?*?' Both diffusivity and capillary

15 A. M. Neville, Properties of Concrete, (New York: John Wiley & Sons, Inc. 4™ Edition), 483.

16 ACI 201.2R-01 Guide to Durable Concrete, Reported by ACI Committee 201, effective September 6, 2000

7 A.M. Neville, Properties of Concrete, 506; Portland Cement Association, Concrete Technology, Durability, Acid
Resistance, http://www.cement.org/tech/cct_dur_acid.asp, accessed September 17, 2012; Wolfgang Breit, Acid
Resistance of Concrete, Proceedings of the International RILEM Symposium on Concrete Science and Engineering:
A Tribute to Arnon Bentur, 2004; ACI 515-1R A Guide for the Use of Waterproofing, Dampproofing, Protective,
and Decorative Barrier Systems for Concrete, Reported by ACI Committee 515, 1985.

8 A. M. Neville, Properties of Concrete, 482.

9 A. M. Neville, Properties of Concrete, 483.

2 A M. Neville, Properties of Concrete, 484-485.

2L ACI 212.3R-10 Report on Chemical Admixtures for Concrete, Reported by ACI Committee 212, November 2010,
46.
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porosity of concrete is linearly related to the intrinsic permeability of concrete® which is a
function of its porosity and the size, distribution, shape, tortousity and continuity of the pores.

The permeability of concrete is affected by the amount of water/cement ratio, length of wet-
curing period, and properties of the cement paste. A low water/cement ratio, longer wet-curing
period and higher strength of concrete lowers the permeability. It also decreases rapidly with the
progress in hydration.?®

The ease in movement of fluids into the concrete is relevant to the durability of concrete.®* That
said, a lower permeability increases the durability of concrete. ACI 201.2R-01, Guide to
Durable Concrete, identifies several factors that reduce the permeability of concrete, such as
addition of slags and pozzolans. These admixtures reduce the permeability by 1/10™ to 1/200"
of a comparable concrete with low water-cement ratio, proper proportioning, well consolidation
and adequate curing.?

Although a well-proportioned and properly cured concrete with low water-cement ratio will
result in a finished product that has low-permeability and good durability, the addition of
supplementary cementing materials (SCM) such as fly ash, silica fume, and slag have gained
acceptance in improving durability and reducing permeability.”® In addition to the SCMs,
permeability-reducing admixtures (PRAS) have been developed to improve concrete durability
by controlling water and moisture movement®’. There are two subcategories of PRAs, one is for
concrete exposed to nonhydrostatic conditions (PRAN) and the other for concrete exposed to
hydrostatic conditions (PRAH). The two products that reduce the porosity and increase the
density of concrete are the SCMs and crystalline materials, which consist of proprietary
chemicals that are hydrophilic and generate pore-blocking deposits calcium silicate hydrates in
microcracks and capillaries?®®. These products can be used alone or in combination to provide
varying performance?. Crystalline admixtures result in significant reduction in permeability
when added to the fly ash mixture (Figure 18).*°

Rapid chloride permeability (ASTM C1202) test results of shotcrete mix design with crystalline
admixture for the S-193 concrete repair project indicate a significant reduction in the
permeability; i.e., from a standard of 400 coulombs to 120 coulombs, which is rated as “very
low”.

The use of crystalline admixtures in concrete allows crystalline deposits to develop throughout
the depth of concrete, becoming a permanent part of concrete that resist water penetration against
hydrostatic pressure. As hairline cracks develop over the life of the concrete structure, the

22 A M. Neville, Properties of Concrete, 495.

2 A. M. Neville, Properties of Concrete, 492-493.

2 A. M. Neville, Properties of Concrete, 495.

% ACI 201.2R-01 Guide to Durable Concrete, 11-19.

% ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 46.

7 ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 46.

%8 ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 46-47.
? ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 46.

% ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 47.
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crystalline admixture continues to activate in the presence of moisture and seal additional gaps™
thus prolonging the life of the concrete structure.

Concrete Surface Preparation

Although the concrete to be repaired with shotcrete should be prepared in similar manner
identical to the preparation for replacement of concrete, the surface preparation for shotcrete
repair is more critical than for replacement concrete, wherein it is necessary that the concrete
substrate shall be clean and sound.®* The ACI, USACE and USBR codes and guidelines do not
specify the amplitude of the prepared concrete surface except for the dimensions when preparing
the surface around steel reinforcement. These codes and guidelines specify that for concrete
surfaces, all deteriorated, loose, and unsound existing concrete surfaces shall be removed either
by chipping, scarifying, sandblasting, hydroblasting or other mechanical methods, and that
abrupt changes in repair thickness should be avoided.*

In most of the District concrete repair projects, hydroblasting has been the Contractors’ preferred
method in removing the deteriorated concrete surfaces. In Spillway Structure S-63A,
hydroblasting was done manually with the use of a high pressure wand coupled with chipping
hammers. In other District structures, the existing deteriorated concrete surfaces were removed
with high pressure mechanically-operated hydroblasting equipment that resulted to deep pits as
shown in Figures 9 and 10. The District Technical Specifications specify for a 15,000 to 45,000
psi pressure when removing existing deteriorated concrete surface by hydroblasting.

The presence of deep pits raises a concern on the possibility of leaving voids during shotcrete
operations as a result of rebound and the presence of aggregates that has a maximum size of 3/8
inch. The presence of 3/8 inch aggregates may result to bridging and prevent filling of the deep
voids. Figure 12 proves that the presence of voids at the interface between the concrete substrate
and the shotcrete is to be expected particularly when there are deep pits.

The AASHTO-AGC-ARTBA Joint Committee Task Force 37 Report, Guide Specifications for
Shotcrete Repair of Highway Bridges, dated February 1998, specifies that the repair surface shall
have an adequate surface roughness determined as 1.) three peak-to-valley measurements of 5
mm within 150 mm, 2.) five peak-to-valley measurements of 4 mm within 150 mm , or 3.) an
International Concrete Repair Institute (ICRI) concrete surface preparation (CSP) profile of CSP
9 (very rough).** The surface roughness requirement of three peak-to-valley measurements of 5
mm within 150 mm has been incorporated in the District Technical Specifications.

1 ACI 212.3R-10 Report on Chemical Admixtures for Concrete, 47.

%2 USBR Technical Service Center, Guide to Concrete Repair, 56.

% USBR Technical Service Center, Guide to Concrete Repair, 56; ACI 506R-90, Guide to Shotcrete, Reported by
ACI Committee 506, Reapproved 1995, 21; USACE EM 1110-2-2002, Engineering and Design, Evaluation and
Repair of Concrete Structures, June 30, 1995, 5-17; AASHTO-AGC-ARTBA Inspectors’ Guide for Shotcrete
Repair of Bridges, Task Force 37 Report, December 1999

¥ AASHTO-AGC-ARTBA Inspectors’ Guide for Shotcrete Repair of Bridges, Task Force 37 Report, December
1999.
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Shotcrete Application

The various ACI codes provide guidance and specifications on shotcrete application; however,
the results from various District concrete repair projects indicate that a difficulty exists in
attaining the required bonding and grading. As indicated in ACI 506.4R and ACI 506.2R the
quality of the shotcrete is highly dependent in nozzleman.® Although shotcrete core grades
provided in ACI 506.2 specify that a Grade 1 surface shall be sound, without a sandy texture or
voids as shown in Figure 19, this grade still exhibits voids that may contribute to a higher
permeability, hence, a lower concrete durability. Figures 11 through 13 are examples of shotcrete
cores that exhibit pores within the shotcrete layer and its interface with the concrete substrate.
These cores were obtained from Spillway Structure S-59 and Navigational Locks S-61 and S-
65A.

The results of pull-off tests (ASTM C 1583-04) from S-59 and S65A, as tabulated in Table 2,
indicate several bond strengths that are less than 100 psi, i.e., way lower than the minimum 300
psi specified in the Technical Specifications. According to Brennan, the commonly specified
direct tensile bond strength values for shotcrete to properly prepared shotcrete substrates range
from 100 to 150 psi.*

RECOMMENDATIONS

Based on the above-mentioned findings, it is recommended that the District use crystalline
admixtures in concrete mix designs for the construction and repair of all water control structures
that are underwater.

Although shotcrete mix designs have been used in the repair of deteriorated concrete surfaces in
District water control structures, the presence of deep voids created during hydroblasting and the
use of shotcrete mix design with 3/8-inch aggregates may have resulted in voids between the
existing concrete substrate and the shotcrete layer as exhibited in a shotcrete core from Spillway
Structure S-59. The presence of voids allows water to accumulate and seep through the
shrinkage cracks. To evaluate the extensiveness of the voids, it is recommended that non-
destructive tests, such as impulse response and impact echo tests be performed on water control
structures that were recently repaired.

If test results indicate that voids are present in the interface between the concrete substrate and
shotcrete, injection ports shall be installed at equal spacing of six-inch intervals along the
alignment of the cracks or as required by the manufacturer. Set the ports in an approved epoxy
gel applied to the entire length of the crack and build up around the ports. Use a hydraulic
pumping system to inject an epoxy gel, such as BASF Concresive Standard LVI® or equal, and

% ACI 506.4R-94 A Guide for Evaluation of Shotcrete, Reported by ACI Committee 506, 1994, 2; ACI 506.2R-95
Specification for Shotcrete, Reported by ACI Committee 506, 1995, 3.
% Edward Brennan, Technical Tip: Testing Shotcrete for Bond, Shotcrete, Winter 2005, 18-19.
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ensure that the gel flows to each port. Repeatedly inject the ports to ensure that the epoxy gel
has filled all voids.

Upon completion of the repairs, the entire concrete surface shall be coated with crystalline
waterproofing system, such as Xypex®, Penetron® or equal. Brush application shall be at a rate
of 2.0 pounds per square yard with 3 parts powder mixed to 1 part water or as specified by the
manufacturer. Spray application shall be 1.5 pounds per square yard with 5 parts powder mixed
to 3 parts water or as specified by the manufacturer.

Considering that the presence of voids in shotcrete is inevitable, it is recommended that shotcrete
should not be used for repair of deteriorated concrete surfaces in water control structures. Cast-
in-place concrete, such as super-plasticized concrete or self-consolidating concrete shall be used.

Furthermore, with the costly hydroblasting and subsequent chipping of the concrete surface to
attain a surface roughness profile of three peak-to valley depth measurements of 5 mm (0.20
inches) within 150 mm (5.9 inches) of measured length®’, the use of self consolidating concrete
(SCC), which easily fills deep voids created during hydroblasting and eliminates the possibility
of leaving unfilled voids between the existing concrete substrate and the repaired section, is
highly recommended.

¥ AASHTO-AGC-ARTBA Inspectors’ Guide for Shotcrete Repair of Bridges.
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Figure 1. View o the dewatered Nubbin Slough Stormwaterrament Area S-35 um Sation Intake Canal for
the construction of the upstream weir. May 4, 2012.

Figure 2. Photographs showing the variation on the extent of deteriorated concrete surface at the Pump Station S-
385 intake bay (left) and weir (right). May 24, 2012.
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Figure 3. Variation in concrete pitting with water depth at the Nubbin Slough STA S-385 Pump Stat
(+12.0 ft. NGVD29). Concrete pitting diminishes at depth. May 24, 2012.

L
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Figure 4. View of the deteriorated Nbin Sloug STA S-385 Pu
the cement matrix and coarse limestone aggregates. May 24, 2012,

Figure 5. View of thin veneer of deteriorated S-385 concrete after scraping the concrete surface with masonry
hammer. Take note of the holes which are remnants of the dissolved coarse limestone aggregates. May 24, 2012,
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Figure 6. Photographs of limestone rubble riprap located downstream of the Nubbin Slough STA S-385 Pump
Station Weir. Take note of the limestone rubble near the water surface showing smooth surfaces which may be
attributed to acidic water. May 24, 2012.

R L S TR s S WA DT
Figure 7. View of the partially hydroblasted concrete surface of the S65D Navigation Lock. The upper portion of
the photograph shows the pitted concrete surface. The holes are remnants of dissolved coarse limestone aggregates.
August 4, 2010.
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Figure 8. View of the pitted S72 Spillway Structure concrete abutment wall (left) showing %2’ to 1” deep holes, and
the weir/slab (right) showing lesser amount of pitting®. After Malcolm Pirnie, February 9, 2007.

B T e e i e O Ry el

Figure 9. View of the hydroblasted concrete surfaces at the Navigational Lock S-61 Boat Lock indicating deep
voids/pits that are aligned resulting from high pressure mechanically-operated hydroblasting equipment.

% Malcolm Pirnie, Underwater Photo 1 and Photo 3.
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Figure 11. Photograph of the shotcrete cores from S-61 Navigational Lock that indicate voids and separation
through the concrete substrate and shotcrete interface.*

% Ardaman & Associates, Inc., Report of Shotcrete Bond Testing, Structure S-61 Land Navigational Lock, Osceola
County, Florida, October 28, 2010.
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Figure 12. Photograph of a shotcrete core from S-59 Spillway Structure showing 1/16” to 1/2” voids. Some voids
occur at the concrete substrate and shotcrete interface.*

01/13/2011

Figure 13. Photograph of a shotcrete core from S-65A Na'vigatlonz;l Lock showing 1/16” to 5/8” voids.*

“ Ardaman & Associates, Inc., Report of Shotcrete Core grading, Structure S-59 Land Navigational Lock, Osceola
County, Florida, March 24, 2011.
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Figure 14. Photograph of the cracked shotcrete surface at S65A. Crack width ranges from hairline to 1/8-inch wide.
After South Florida Water Management District, Memorandum on S-65 and S-65A Concrete Repair Cracks,
February 14, 2012.

“ Ardaman & Associates, Inc., Report of Shotcrete Core Grading, Structure S-65A Land Navigational Lock,
Osceola County, Florida, January 25, 2010.
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Figure 15. Photograph of spider cracks on the shotcrete surface within a ladder recess at S-65A. After South
Florida Water Management District, Memorandum on S-65 and S-65A Concrete Repair Cracks, February 14, 2012

Figure 16. Comparison between the deteriorated concrete surface on the 1970 concrete (left) and the 1935 concrete
(right). The 1970 concrete exhibit pits from dissolved limestone fragments while the 1935 concrete exhibits
partially dissolved shell fragments in a dissolved cement-fine aggregate matrix. July 31, 2012,

Figure 17. View of the deteriorat 5-193 avitlonal Lck Structure concrete after scraping the concrete surface
with masonry hammer. Take note of the holes which are remnants of the dissolved coarse limestone aggregates
from the 1970 concrete. July 31, 2012.
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Figure 18. Permeability of concrete containing 20% Type F fly ash and crystalline admixture. After ACI 212.3R-10
Report on Chemical Admixtures for Concrete, Figure 15.3, p 48.

Cirade 1 Grade 2 Grade 3 Grade 4 i . Grade 5
Figure 19. Examples of various grade classification specified in ACI 506.2R-95 Specification for Shotcrete,
Reported by ACI Committee 506, 1995, pp 5-7.
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Core Tensile
Sample Bond (psi) Remarks
Number
S-61-1 0 100% substrate
S-61-2A 100 60% substrate
S-61-2B 53 90% substrate
S-61-3 271 40% substrate
S-61-4 150 80% substrate
S-65A-1 104 Bond line between the shotcrete and base concrete
S-65A-2 123 Bond line between the shotcrete and base concrete
S-65A-3 8 Bond line between the shotcrete and base concrete
S-65A-4 26 Bond line between the shotcrete and base concrete

Table 1. Tensile bond strength test, ASTM C1583-04, Test Method for Tensile Strength of Concrete Surfaces and
the Bond Strength of Concrete Repair and Overlay Methods by Direct Tension (Pull-off Method), results from cores
through the shotcrete and into the concrete substrate.

Core

Sample Core Grade Remarks

Number

S-59-1 3 Core shows 1/16” to 1/2” voids
S-59-2 3 Core shows 1/16” to 5/16” voids
S-59-6 3 Core shows 1/16” to 5/8” voids
S-59-9 3 Core shows 1/16” to 5/8” voids
S-62-2 2 Core shows 1/16” to 1/4” voids
S-62-3 2 Core shows 1/16” to 5/16” voids
S-62-4 2 Core shows 1/16” to 5/16” voids
S-62-6 2 Core shows 1/16” to 5/16” voids
S-65A-1 1 Core shows 1/16” to 1/4” voids
S-65A-2 1 Core shows 1/16” to 5/16” voids
S-65A-3 2 Core shows 1/16” to 5/8” voids
S-65A-4 2 Core shows 1/16” to 1/2” voids

Table 2. Shotcrete core grade results (ACI 506.2).
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Rate of attack Inorganic Organic
at ambient g g Alkaline solutions Salt solutions Miscellaneous
acids acids
temperature
Hydrochloric Acetic
Rapid Nitric Formic — Aluminum chloride —
Sulfuric Lactic
Ammonium nitrate
Ammonium sulfate Bromine (gas)
Moderate Phosphoric Tannic Sodium hydroxide* > 20% Sodium sulfate \9
. Sulfate liquor
Magnesium sulfate
Calcium sulfate
. . Ammonium chloride Chlorine (gas)
*
Slow Carbonic — Sodium hydroxide* 10 to Magnesium chloride Seawater
20% : .
Sodium cyanide Soft water
. . Calcium chloride
* 0,
- Oxalic SOd"m.' hydroxide <.10A) Sodium chloride Zinc Ammonia
Negligible — ; Sodium hypochlorite - - -
Tartaric - - nitrate Sodium (liquid)
Ammonium hydroxide
chromate

Table 3. Effect of commonly used chemicals on concrete. After Table 2.1, ACI 201.2R-01, Guide to Durable

Concrete.

Station Description
S5A S-5A pumps (only) on W.P.B. Canal at Water Conservation Area 1
TCNS 228 Downstream of S$385 Pump Station in Nubbin Slough. This station
is located below Highway 710 at L63-N Canal.
S133 At pump station S133 on Herbert Hoover Dike on upstream side
S191 S-191 Spillway on Canal C-59 at Lake Okeechobee
S65 S-65 Spillway on Canal C-38 (Kissimmee River)
S65A S-65A Spillway on Canal C-38 (Kissimmee River)
S65D S-65D Spillway on Canal C-38 (Kissimmee River)
B09 Open water site located at south end of Lake Tohopekaliga.

Table 4. Description of various stations with water quality data used in the statistical analysis.

Statistics S5A | TCNS 228 | S133 S191 S65 S65A | S65D B09
No. of Samples 509 76 122 224 241 240 243 101
Minimum 6.48 5.92 6.60 5.90 6.00 5.91 5.60 5.68
25" Percentile 7.40 6.30 7.30 7.10 6.80 6.67 6.60 7.10
Median (50™) 7.60 6.42 7.47 7.40 7.10 6.92 6.98 7.90
75" Percentile 7.80 6.69 7.70 7.70 7.51 7.40 7.30 8.70
Maximum 8.60 8.92 8.60 8.50 9.20 8.80 9.90 10.07
Mode 7.40 6.32 7.30 7.80 6.80 6.80 7.00 7.90
Mean from [H'] 7.50 6.39 7.33 7.06 6.96 6.80 6.73 7.02
Average 7.59 6.52 7.47 7.36 7.21 7.06 7.00 7.92
Standard Deviation | 0.28 0.44 0.35 0.47 0.54 0.54 0.56 0.93
Geometric Mean 7.59 6.51 7.46 7.35 7.19 7.04 6.98 7.86

Table 5. Summary Statistics of water pH by Nenad Iracenan, Principal Environmental Scientist, Water Quality

Bureau, South Florida Water Management District, August 29, 2012
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Construction Schedule Narrative

This schedule is based on an 8-hour, 5 day work week.

Substantial completion has been set to May 1, 2014. Substantial completion is defined as having the
spillway fully operational. This does not require all construction activities to be complete. For instance
the gates can be manually operated via cranes until the new gates are completely installed and repairs
to the bridge deck will not impede operations. Therefore, the schedule shows construction activities
extending beyond the substantial completion date, however, the concrete repair work and armoring in
the spillway bays are completed by the substantial completion date based on this schedule.

The construction schedule is a conceptual schedule and it is ultimately up to the contractor to meet the

completion dates. This schedule could be modified to accommodate alternative work hours (i.e. 10 hour
work days or 6-day work weeks) and there are opportunities to perform certain tasks concurrently that

may be consecutively noted in the schedule.



ID_[@ [Task Name [ Duration [ Start [ Finish  |Predecessors  |Apr14,'13 Dun 9,13 JAug 4,13 [Sep 29,13 INov 24,13 lan 19,14 Mar 16, 14 May 11,14 Dul6, 14 lAug 31,14

1 Spillway Refurbishments S72/S75/S82 294 days Fri 6/28/13  Thu 8/21/14 294|days

2 |= Meetings 274 days Fri6/28/13  Thu 7/24/14 82FF 124

3 |= Admin/Permitting/Coordination 274 days Fri6/28/13  Thu 7/24/14 2FF 124

4 Procurement 68 days Fri 6/28/13 Tue 10/1/13 [ : @ 68 days

5 E Bid Solicitation, Opening and Reference Review 60 days Fri 6/28/13 Thu 9/19/13 19

6 |= GB Approval 0 days Thu 9/19/13 Thu 9/19/13 5FF B |Approval

7 |= NTP 0 days' Tue 10/1/13 Tue 10/1/13 NTP

8 Construction 226 days Wed 10/2/13  Thu 8/21/14 7SS 226|days

9 S-75 Construction 157 days ~ Wed 10/2/13 Fri 5/16/14 Y 157 days

10 Mobilize 15days Wed 10/2/13  Tue 10/22/13

11 Gate 137 days  Wed 10/2/13 Fri 4/18/14 137 days

12 Submittal Review 30days Wed 10/2/13 Wed 11/13/137SS

13 Fabrication 90days Thu11/14/13 Wed 3/26/14 12

14 Delivery 0 days Fri 4/4/14 Fri 4/4/14 13FF+7 days

15 Installation 10 days Mon 4/7/14 Fri 4/18/14 22,14 jo18

16 Cofferdam/Dewatering 44 days Wed 10/2/13  Thu 12/5/13

17 Design/Submittal Review 30days Wed 10/2/13 Wed 11/13/137SS

18 Installation/Dewatering 14 days Thu11/14/13  Thu 12/5/1317

19 Concrete Repair - Walls 46 days Fri 12/6/13  Wed 2/12/14 ¢ = Y 46 days

20 Demolition 11 days Fri 12/6/13 Fri 12/20/13 18 2/20

21 Form and Pour 25days Mon 12/23/13  Wed 1/29/14 20 /29

22 Curing 10 days Thu 1/30/14  Wed 2/12/14 21 —

23 Hand Rails/Guard Rails 90 days Wed 10/2/13  Wed 2/12/14 7SS L 4 P 90 days

24 Fabrication 30days Wed 10/2/13 Wed 11/13/137 ﬁ 11/13

25 Installation 10days  Thu 1/30/14 Wed 2/12/1421 i@ 2

26 Weir Armouring 20 days! Thu 1/2/14  Wed 1/29/14 21FF 129

27 Sheet Piles (Blasted and Coated) 7 days Mon 12/23/13 Fri 1/3/14 20 & (Blasted and Coated)

28 Construction Inspection 5days Mon 4/21/14 Fri 4/25/14 11 Wpemion

29 Levee Repair/Rip Rap 15days  Mon 4/28/14 Fri 5/16/14 28 iB/RE Rap

30 S-82 Construction 167 days  Wed 10/2/13 Fri 5/30/14 @ W 167 days

31 Mobilize 15days Wed 10/2/13  Tue 10/22/13 SuaklEE 10/22

32 Gate 147 days  Wed 10/2/13 Fri 5/2/14 L @147 days

33 Submittal Review 30days Wed 10/2/13 Wed 11/13/13

34 Fabrication 90days Thu11/14/13 Wed 3/26/1433 | L ahEcanaE

35 Delivery 0 days Fri 4/4/14 Fri 4/4/14 34FF+7 days

36 Installation 20 days Mon 4/7/14 Fri 5/2/14 35,43 /2

37 Cofferdam/Dewatering 44 days Wed 10/2/13  Thu 12/5/13 ¢ - @ 44 days

38 Design/Submittal Review 30 days Wed 10/2/13 Wed 11/13/13 11/1:

39 Installation/Dewatering 14 days Thu11/14/13  Thu 12/5/13 38 ring

40 Concrete Repair - Walls 76 days Fri 12/6/13  Wed 3/26/14 L,

41 Demolition 21 days Fri 12/6/13 Wed 1/8/14 39

42 Form and Pour 45 days Thu 1/9/14  Wed 3/12/1441 | L e

43 Curing 10days  Thu3/13/14  Wed 3/26/14 42

44 Hand Rails/Guard Rails 120 days  Wed 10/2/13  Wed 3/26/14 », W 120 days

45 Fabrication 30days Wed 10/2/13 Wed 11/13/13 SO 11/13

46 Installation 10 days' Thu 3/13/14  Wed 3/26/14 42 i®R26

47 Weir Armouring 30days  Thu1/30/14  Wed 3/12/14 42FF /12

48 Sheet Piles (Blasted and Coated) 7 days Thu 1/9/14 Fri 1/17/14 41 Piles (Blasted and Coated)

49 Construction Inspection 5 days Mon 5/5/14 Fri 5/9/14 32 ‘ﬁ; ruction Inspection

50 Levee Repair/Rip Rap 15days  Mon 5/12/14 Fri 5/30/14 49 %i%m Rap

51 S-72 Construction 173 days Wed 10/2/13 Mon 6/9/14 @ 173 days

52 Mobilize 15days Wed 10/2/13 Tue 10/22/13

53 Gate 153 days Wed 10/2/13  Mon 5/12/14 @153 days

54 Submittal Review 30 days Wed 10/2/13 Wed 11/13/13

55 Fabrication 90 days Thu11/14/13 Wed 3/26/14 54

56 Delivery 0 days Fri 4/4/14 Fri 4/4/14 55FF+7 days

57 Installation Bay 1 10 days Mon 4/7/14 Fri 4/18/14 56,67

58 Installation Bay 2 10 days' Tue 4/29/14  Mon 5/12/14 56,70 @idiiBay 2

59 Cofferdam/Dewatering 103 days  Wed 10/2/13 Mon 3/3/14 > W 103 days

60 Design/Submittal Review 30days Wed 10/2/13 Wed 11/13/13 11/1

61 Install/Dewatering Bay 1 14 days Thu11/14/13  Thu 12/5/13 60 i2/§ Bay 1

62 Deconstruct Bay 1 5 days Wed 2/5/14 Tue 2/11/1467 $iruct Bay 1

63 Install/Dewatering Bay 2 14 days Wed 2/12/14 Mon 3/3/14 62 %Wg ay 2

64 Concrete Repair - Walls 99 days Fri 12/6/13  Mon 4/28/14 J = @ 99 days

65 Demolition Bay 1 11 days Fri 12/6/13 Fri 12/20/13 61 2y 1

66 Form and Pour Bay 1 25 days' Fri 12/13/13  Tue 1/21/14 65SS+5 days 121

67 Curing Bay 1 10 days  Wed 1/22/14 Tue 2/4/14 66 —

68 Demolition Bay 2 11 days Tue 3/4/14  Tue 3/18/14 63

69 Form and Pour Bay 2 25 days' Tue 3/11/14  Mon 4/14/14 68SS+5 days

70 Curing Bay 2 10 days: Tue 4/15/14  Mon 4/28/14 69

71 Hand Rails/Guard Rails 84 days Wed 10/2/13 Tue 2/4/14 O @ 84 days

72 Fabrication 30days Wed 10/2/13 Wed 11/13/13 I 11/13

73 Installation 10days Wed 1/22/14 Tue 2/4/14 66 i@

74 Weir Armouring Bay 1 20 days Fri 12/20/13 Tue 1/21/14 66FF

75 Weir Armouring Bay 2 20 days' Tue 3/18/14  Mon 4/14/14 69FF

76 Sheet Piles (Blasted and Coated) Bay 1 5days Mon 12/23/13 Tue 12/31/13 65 t1218% (Blasted and Coated) Bay 1

7 Sheet Piles (Blasted and Coated) Bay 2 5days Wed 3/19/14  Tue 3/25/14 68 Bay 2

78 Construction Inspection 5 days Tue 5/13/14  Mon 5/19/14 53 Wpection

79 Levee Repair/Rip Rap 15 days' Tue 5/20/14 Mon 6/9/14 78 r/i6ith Rap

80 |=E Substantial Completion 0 days! Thu 5/1/14 Thu 5/1/14 Qe

81 Demobilization 15 days Fri5/2/14  Thu 5/22/14 80 hoﬁﬂ l

82 Final Completion Odays  Thu7/24/14  Thu 7/24/14 80FS+60 days Final Completion

83 Project Closeout 20 days' Fri 7/25/14 Thu 8/21/14 82 h 8/21
Task @S Rolled Up Task . Split virriinonnas Group By Summary PSSy |nactive Summary U Manual Summary RollUp s Finish-only 3

g;otﬁcériss‘;;":;% Refurbishments S72/ | \piestone * Rolled Up Milestone <& External Tasks G Inactive Task ] Manual Task CEd  Manual Summary P———————=@ Progress e

Summary PII——===§ Rolled Up Progress " Project Summary Py Inactive Milestone & Duration-only Start-only C Deadline <

Page 1
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Conceptual Cost Estimate For Bypass Pumping Operation

Bare Bare Total Cost
Description Qty Unit |Bare Mat.| Labor Equip. Per Month
For 5 ft static head, (3) pumps of 42" Hyd each, package monthly rental cost, 1 Month SO SO[ $79,000 $79,000
@145 CFS + one 24" pump of 25 CFS, includes Discharge Pipes, up to 100'
long, at total of 460 CFS.
For 15 ft static head, (3) pumps of 42" Hyd each, package monthly rental 1 Month S0 $0| $75,000 $75,000
cost, @121 CFS Capacity Each, includes Discharge Pipes, up to 120' long, at
total 361 total CFS.
Transport and Install Screens & Bkheads, includes Removal 1 LS $0.00 $0.00 $0.00 $30,000.00
Transport and Install Pumps, includes Removal 1 LS $0.00 $0.00 $0.00 $40,000.00
Daily Fuel Consumption of (3) pumps, 42" Dia. each @ 5 ft head, using 1 Month | $156,900 SO SO $156,900
(350BHPx 0.34 Ib/bhp - hr x ft*3/54lb x 7.48 gal.ft"3 = 16.48 gal/hr) = (16.48
gal/hr x 24 hr. x 3 pumps) = 1,189 gal/day x $4.00= $4,750/day, and one (1)
pump of 24" dia. with daily fuel consumption of 120/gal * $4.00 = $480.
Daily Fuel Consumption for (3) 42" Pumps @ 15 ft head, using (500BHPx 0.34 1 Month | $203,460 SO SO $203,460
Ib/bhp - hr x ft*3/54lb x 7.48 gal.ftA3 = 23.55gal/hr) = (23.55 gal/hr x 24 hr. x
3 pumps) = 1,695 gal/day x $4.00= $6,782/day x 30 days
Monthly Pumps Operation Maintenance Cost: 1 LS S0 S0 S0 $10,000
Direct Cost $594,360
Mobilization/Demob. 10% $59,436
Total Project Construction Cost $653,796
Low Range -5% $621,106
High Range +5%|  $686,486

4/15/2013

Estimator: Jack Ismalon
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PROJECT: S-72,S-75 & S-82 REFURB. TITLE: BYPASS PUMPING

STATIC HEAD (FT) 5.00 ASSUMPTIONS USED IN THIS SPREADSHEET:

INSIDE DIAMETER (IN) 41.5

PIPE LENGTH (FT) 100 1. FLUID BEING PUMPED IS WATER AT 60 DEG F.

TURBULENT FRICTION FACTOR .0104 2. DISCHARGE IS SUBMERGED; THEREFORE, TOTAL HEAD DOES NOT

FITTING RESISTANCE COEFFICIENT 1.312 INCLUDE VELOCITY HEAD.

BEGINNING GPM 40,000 3. FRICTION FACTOR IS BASED ON A PIPE ROUGHNESS VALUE

GPM INCREMENT 2,000 CORRESPONDING TO LIGHTLY RUSTED STEEL PIPE.

PUMP EFFICIENCY 85.0%

SELECT PROPELLER RPM FROM ONE OF THE FOLLOWING: 350, 370, 380, 420, 440
GPM CFS VELOCITY | VELOCITY STATIC REYNOLDS | FRICTION FRICTION TOTAL CALC BRAKE
(FT/SEC) | HEAD (FT) | HEAD (FT) [ NUMBER FACTOR | HEAD (FT) | HEAD (FT) GPM HP
40,000 89.12 9.5 1.40 5.00 2.3E+06 .0147 2.43 7.43 65,918 88.3
42,000 93.58 10.0 1.54 5.00 2.5E+06 .0147 2.68 7.68 65,940 95.8
44,000 98.03 10.4 1.69 5.00 2.6E+06 .0147 2.94 7.94 65,952 103.7
46,000 102.49 10.9 1.85 5.00 2.7E+06 .0147 3.21 8.21 65,952 112.2
48,000 106.94 11.4 2.01 5.00 2.8E+06 .0147 3.49 8.49 65,939 1211
50,000 111.40 11.9 2.18 5.00 2.9E+06 .0146 3.79 8.79 65,910 130.5
52,000 115.86 12.3 2.36 5.00 3.0E+06 .0146 4.10 9.10 65,864 140.5
54,000 120.31 12.8 2.55 5.00 3.2E+06 .0146 4.42 9.42 65,799 1511
56,000 124.77 13.3 2.74 5.00 3.3E+06 .0146 4.75 9.75 65,713 162.2
58,000 129.22 13.8 2.94 5.00 3.4E+06 .0146 5.09 10.09 65,603 173.9
65,000] 144.82 15.4 3.69 5.00]  3.8E+06| 0146 6.39| 11.39| 65,000 220.0]
145 CFS

MWI pump worksheet.xls
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Ultimate Lateral Resistance for Driven Piles in Cohesionless Soils

Pile Dimensions:

e = Eccentricity of Loading (Height Above Grade) 18 ft 55 m
L = Embedded Length 17 ft 52 m
B = Diameter or Width of Pile 12 in 03 m
Pile Shape (1 = Circular Pile, 2 = Square Pile) 1

Pile Method of Construction (1 = Jetted, 2 = Small
Displacement, Driven, 3 = Large Displacement, Driven)
Pile Type (1 = Rough Concrete, 2 = Smooth Concrete,
3 = Rough Steel, 4 = Smooth Steel, 5 = Wood)

Soil Properties:

¢' = Effective Internal Friction Angle 30 deg
y = Effective Unit Weight of Soil 110  Ibf/ft® 17.58405 kN/m*

Calculated Results:

n = Shape Factor 0.8

& = Shape Factor 1.0

K, = Passive Earth Pressure Coefficient 3.00

K, = At-Rest Earth Pressure Coefficient 0.50

K = Lateral Earth Pressure Coefficient 0.30

8 = Interface Friction Angle 30

a = Depth to the Point of Rotation 12.0 ft 36 m
H, = Ultimate Lateral Capacity of Pile | 9.362  kips | 416 kN
Reference:

"Ultimate Lateral Resistance to Piles in Cohensionless Soils," L. Zhang, F. Silva & R. Grismala, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, Jan. 2005

Notes:

1. Table 1

2. K, = tan*(45° - ¢'/2)
3. Ky =1 -sing'
4

. Table 3
5. Table 4
6. Equation (12a): a = (-(0.567L + 2.7e)+(5.30L° + 7.29¢? +10.541eL)*)/2.1996
7. Equation (12b): H, = 0.3 (n Kp2 + &K tand) yaB (2.7a - 1.7L)

Z
[¢)

~N O (J'I-lkwl\)—\—\‘



Walkway Elevation, NGVD29

High Water Elevation, NGVD29

Low water elevation

Toe of Slope, NGVD29

Maximum Exposed Pile Length, ft
Maximum Walkway Length, ft
Distance between piles, ft

Bottom of stilling well, for 36-foot long platform
Length of stilling well below platform
Length of stilling well above platform
Total stilling well length

C1

C2

C3

Length above grade 1
Length above grade 2
Length above grade 3

Drag force due to water velocity

F aAWVC C,C,C,Rax
20At
W = h
n 3.1416
v 62.4 Ib/ft®
\Y 25.6 ft/sec
C, 1
Co 0.8
Co 1
Cs 1
RMAX 1.5
g 32.2 ftisec?
At 1 sec

Drag force due to water velocity1
Drag force due to water velocity2
Drag force due to water velocity3

S-72

Headwater Tailwater

22.00
21.50
16.50

1.10
20.90
41.80
13.93

4.00
18.00

3.50
21.50
16.00
10.00

4.00

6.00
12.00
18.00

561.08
1122.15
1683.23

21.00
18.90
8.80
-0.70
21.70
43.40
14.47
3.00
18.00
3.50
21.50
15.00
9.00
3.00

6.00
12.00
18.00

561.08
1122.15
1683.23

S-75

Headwater Tailwater

30.00
27.10
23.30

9.60
20.40
40.80
13.60
12.00
18.00

3.50
21.50
24.00
18.00
12.00

6.00
12.00
18.00

561.08
1122.15
1683.23

30.00
22.60
16.50

7.50
22.50
45.00
15.00
12.00
18.00

3.50
21.50
24.00
18.00
12.00

6.00
12.00
18.00

561.08
1122.15
1683.23

S-82

Headwater Tailwater

34.00
32.40
27.40
16.70
17.30
34.60
11.53
16.00
18.00

3.50
21.50
28.00
22.00
16.00

6.00
12.00
18.00

561.08
1122.15
1683.23

34.00
30.20
23.90
16.70
17.30
34.60
11.53
16.00
18.00

3.50
21.50
28.00
22.00
16.00

6.00
12.00
18.00

561.08
1122.15
1683.23



Design Wind Load

F=q,GC; A,

a, 50.6 Ib/ft
G 0.85
Ct 1.6
Atpile (12x12") 5.50 12.20 6.70 13.50 6.60 10.10
Appiatorm 12" long x 2' wide 24 24 24 24 24 24
Design wind load 2030.072 2491.1392 2112.6512 2580.6 2105.7696 2346.6256
Total lateral pressure1 259115  2591.15 259115 2591.15 2591.15  2591.15
Total lateral pressure2 315222 315222 315222 315222 315222  3152.22
Total lateral pressure3 3713.30 3713.30 3713.30 3713.30 3713.30 3713.30
Design Lateral Pressure (@ FS = 2.5)1 6477.8712 6477.8712 6477.8712 6477.8712 6477.8712 6477.8712
Design Lateral Pressure (@ FS = 2.5)2 7880.5625 7880.5625 7880.5625 7880.5625 7880.5625 7880.5625
Design Lateral Pressure (@ FS = 2.5)3 9283.2537 9283.2537 9283.2537 9283.2537 9283.2537 9283.2537
Embedment Length, ft 1 12 12 12 12 12 12
Embedment Length, ft 2 15 15 15 15 15 15
Embedment Length, ft 3 17 17 17 17 17 17
D1 4.00 3.00 12.00 12.00 16.00 16.00
D2 -5.00 -6.00 3.00 3.00 7.00 7.00
D3 -13.00 -14.00 -5.00 -5.00 -1.00 -1.00
S-72 S-75 S-82
Elevation N/ft Average Elevation N/ft Average Elevation N/ft Average
11.6 2 23 2 33.8 3
10.6 2 22 4 32.8 10
9.6 3 21 3 31.8 11
8.6 2 20 3 30.8 14
7.6 2 19 6 29.8 6
6.6 2 18 1 28.8 13
5.6 5 17 5 27.8 16
4.6 6 16 4 26.8 22
3.6 4 3 15 5 25.8 25
2.6 7 14 7 24.8 9
1.6 10 13 2 23.8 20
0.6 11 12 1 4 22.8 21
-0.4 11 11 4 21.8 17
-1.4 10 7 20.8 21
-2.4 9 9 7 19.8 8
-3.4 7 8 4 18.8 6
-4.4 7 7 6 17.8 13
-5.4 8 6 6 8 16.8 14
-6.4 5 14 15.8 14 16
-7.4 7 4 17 14.8 2
-8.4 9 3 5 6 13.8 2
-9.4 16 2 6 12.8 9
-10.4 17 1 8 11.8 16
-11.4 0 14 10.8 23
-12.4 5 -1 19 9.8 22
-13.4 17 -2 3 8.8 24
-14.4 23 11 -3 5 7.8 32
-4 7 6.8 43 17
-5 8 8 5.8 40



Maximum Operating Load (Head to Top of Gate)

Maximum Headwater Elev
Weir Crest Elev

Operating Head hy

Gate Weight Sw

Gate Opening Width 8w

Gate Height gh

Density of water %

Wheel diameter D

Axel diameter d

Wheel Bearing Coefficient f

Seal Coef of friction f

Seal load factor, Ib/in fie

Seal deflection def

Seal area S,
Operating Head to centerline hya = hg-81/2
Water load WI = hyqvg.en
Gate Weight gwx1.2
Roller friction R¢ = WI(d/D)f,,
Seal friction F, = 2g,f{(def/0.25)12
Water load on seals Fui = hgic28hsaf/12

Maximum Operating Load

Existing Weight
Percent Increase

neoprene in SST
13/4" bulb j-seal
in/in

.2

in“/in

ft
Ib
Ib
Ib
Ib
Ib

§72
22.000
9.900
12.100
23,910.000
27.771
12.063
62.400
15.000
3.750
0.130
1.000
3.000
0.375
2.000

6.069
126,855.726
28,692.000
4,122.811
1,302.750
1,522.649

35,640.210

24,310.000
-1.65%

S75
28.500
17.000
11.500

20,330.000
28.771
10.000
62.400
15.000
3.750
0.130
1.000
3.000
0.375
2.000

6.500
116,694.500
24,396.000
3,792.571
1,080.000
1,352.000

30,620.571

20,270.000
0.30%

$82
33.500
26.700
6.800
12,130.000
23.583
7.219
62.400
12.000
3.750
0.130
1.000
3.000
0.375
2.000

3.191
33,894.368
14,556.000

1,376.959
779.625
479.072

17,191.656

12,500.000
-2.96%
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downstream center wrT=-4.0'.dat
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:28:57

kk

o+

hkhhddddhhik
* INPUT DATA *
hekkhddddd ki k
I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER

IT.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

1.00
1.00

I n

IIT.--WALL DATA
ELEVATION AT TOP OF WALL = 26.00 FT.

IV.--SURFACE POINT DATA

IV.A.--RIGHTSIDE

DIST. FROM ELEVATION
wALL (FT) (FT)
0.00 -4.00
50.00 -4.00
IV.B.--LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
0.00 -4.00
50.00 -4.,00

V.--SOIL LAYER DATA

V.A.--RIGHTSIDE

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT

LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <-~BOTTOM--> <-FACTOR->
WGHT. WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.

(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
115.00 110.00 31.00 0.00 14.00 0.00 -18.40 0.00 DEF DEF
110.00 105.00 30.00 0.00 11.00 0.00 DEF DEF
V.B.--LEFTSIDE

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT

LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->

WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF)  (PCF) (DEG)  (PSF) (DEG)  (PSF)  (FT) (FT/FT)
115.00 110.00 31.00 0.00 14.00 0.00 -18.40 0.00 DEF DEF
110.00 105.00 30.00 0.00 11.00 0.00 DEF DEF

VI.--WATER DATA

UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 18.00 (FT)
LEFTSIDE ELEVATION = -4.00 (FT)
SEEPAGE ELEVATION = -4.00 (FT)
SEEPAGE GRADIENT = AUTOMATIC
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downstream center WT=-4.0"'.dat

VII.--VERTICAL SURCHARGE LOADS
NONE

VIII.--HORIZONTAL LOADS
NONE

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:29:01

Thdhdedefkdhhdhdhdhhhdfdhkk

o

= SOIL PRESSURES FOR *

* CANTILEVER WALL DESIGN *
O L L L T IR O

I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER

IT.--SOIL PRESSURES
RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.
LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

SOIL PRESSURES ARE REPORTED FOR A SEEPAGE GRADIENT = (.0001
AND MAY CHANGE WITH AUTOMATIC ADJUSTMENT OF THE GRADIENT.

<--—=-=-- NET------ >
NET <---LEFTSIDE---> (SOIL + WATER) <--RIGHTSIDE--->
ELEV. WATER PASSIVE ACTIVE ACTIVE PASSIVE ACTIVE  PASSIVE
(FT) (PSF) (PSF) (PSF) (PSF (PSF) (PSF) (PSF
26.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17.0 62.4 0.0 0.0 62.4 62.4 0.0 0.0
16.0 124.8 0.0 0.0 124.8 124.8 0.0 0.0
15.0 187.2 0.0 0.0 187.2 187.2 0.0 0.0
14.0 249.6 0.0 0.0 249.6 249.6 0.0 0.0
13.0 312.0 0.0 0.0 312.0 312.0 0.0 0.0
12.0 374.4 0.0 0.0 374.4 374.4 0.0 0.0
11.0 436.8 0.0 0.0 436.8 436.8 0.0 0.0
10.0 499.2 0.0 0.0 499,2 499.?2 0.0 0.0
9.0 561.6 0.0 0.0 561.6 561.6 0.0 0.0
8.0 624.0 0.0 0.0 624.0 624.0 0.0 0.0
7.0 686.4 0.0 0.0 686.4 686.4 0.0 0.0
6.0 748.8 0.0 0.0 748.8 748.8 0.0 0.0
5.0 811.2 0.0 0.0 811.2 811.2 0.0 0.0
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772.
1030.
1287.
1456.
1545.
1802.
2060.
2318.
2575.
2833.
3090.
3348.
3605.
4929,
7153.
7761.
7925.
8095.
8271.
8450.
8634.
8819.
9007.
9197.
9388.
9580.
9773.
9968.

10149.
10330.
10524.
10720.
10916.
11112.
11309.
11506.
11703.
11900.
12098.
12296.
12494.
12693.
12891.
13090.
13289.
13488.
13687.
13886.
14085.
14284.
14483.
14683.
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873.

936.

998.
1060.
1123.
1185.
1248.
1310.
1372.
1615.
1858.
2101.
2343.
2586.
2745.
2829.
3072.
3314.
3557.
3800.
4043.
4285.
4528.
4771.
5983.
8036.
8621.
8770.
8926.
9087.
9252.
9420.
9591.
9764.
9939.
10116.
10294.
10473.
10653.
10820.
10987.
11166.
11347.
11529.
11711.
11893.
12076.
12259.
12442,
12625.
12809.
12993.
13177.
13361.
13545.
13730.
13914.
14099.
14284.
14469.
14654.
14839.
15024.

572.
587.

616.
630.
645 .

660

674.
688.
703.
717.
732.
746.
761.
775.
789.
804.
818.
833.
847.
861.
876.
890.
904.
919.
933.
948.
962.
976.
991.

1005
1019
1034

COO0OOOOO0O

0

.0
.0
.0
.0
.0
.0
.0

0

9

4

7
6
3
0
1
0
8
7
5
4
2
1
9
0
2
1
1
9
7
5
1
8
4
9
4
.0
4
9
4
8
3
7
1
5
9
3
7
1
5
8
2
6
9
3
7
0
4
8
1
.5
.8
.2

873.
936.0
998.4
1060.8
1123.2
1185.6
1248.0
1310.4
1372.8
1130.1
887.4
644.6
401.9
159.2
0.0
-83.5
-326.2
-568.9
-811.7
-1054.4
-1297.1
-1539.8
-1782.5
-2025.2
-3237.7
-5290.9
-5875.4
-6024.3
-6179.9
-6340.8
-6505.9
.2
2
4
5
0
8
7
5
0
6
1
1
5
4
7
3
2
4
8
4
2
2
3
6
1
6
2
0
8
7
7
8

~-6674

-6845.

-7018.

-7193.

-7370.

-7547.

-7726.

-7906.

-8074.

~-8240.

-8420.

-8601.

-8782.

-8964.

-9146.

-9329.

-9512.

-9695.

-9878.

-10062.
-10246.
-10430.
-10614.
-10798.
-10983.
-11167.
~-11352.
-11537.
-11721.
-11906.
-12091.
-12276.
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downstream center WT=-4.0'.dat

-57.0 1372.1 14882.8 1048.5 -12461.9 15209.2 1048.7  14885.6
-58.0 1372.1 15082.3 1062.9 -12647.1 15394.5 1063.1  15085.2
-59.0 1372.1 15281.9 1077.2 -12832.4 15579.8 1077.4  15284.8
-60.0 1372.1 15481.6 1091.6 -13017.7 15765.1 1091.8  15484.5
-61.0 1372.1  15681.2 1105.9 -13203.0  15950.5 1106.1  15684.3
-62.0 1372.1  15881.0 1120.2 -13388.4 16135.9 1120.5 15884.1
-63.0 1372.1 16080.7 1134.6 -13573.9 16321.4 1134.8 16083.9
-64.0 1372.1 16280.6 1148.9 -13759.3 16506.9 1149.2  16283.7
-65.0 1372.0 16480.4 1163.3 -13944.9 16692.4 1163.5 16483.6
-66.0 1372.0 16680.3 1177.6 -14130.4 16878.0 1177.9 16683.6
-67.0 1372.0 16880.2 1192.0 -14316.0 17063.6 1192.2  16883.5
-68.0 1372.0 17080.1 1206.3 -14501.6 17249.2 1206.5 17083.5
-69.0 1372.0 17280.1 1220.6 -14687.2 17434.9 1220.9  17283.5
-70.0 1372.0 17480.1 1235.0 -14872.9 17620.6 1235.2  17483.6
-71.0 1372.0 17680.1 1249.3 -15058.6 17806.3 1249.6 17683.6
-72.0 1372.0 17880.1 1263.7 -15244.3 17992.0 1263.9 17883.7
-73.0 1371.9 18080.2 1278.0 -15430.0 18177.8 1278.3  18083.8
-74.0 1371.9 18280.3 1292.3 -15615.7 18363.6 1292.6  18284.0
-75.0 1371.9 18480.4 1306.7 -15801.5 18549.4 1306.9  18484.1
-76.0 1371.9 18680.5 1321.0 -15987.3 18735.2 1321.3  18684.3
-77.0 1371.9 18880.6 1335.4 -16173.1 18921.0 1335.6  18884.5
-78.0 1371.9 19080.7 1349.7 -16358.9 19106.9 1350.0 19084.7
-79.0 1371.9 19280.9 1364.0 -16544.7 19292.7 1364.3 19284.9
-80.0 1371.9 19481.1 1378.4 -16730.6 19478.6 1378.6  19485.1
-81.0 1371.8 19681.3 1392.7 -16916.5 19664.5 1393.0  19685.4
-82.0 1371.8 19881.5 1407.0 -17102.3 19850.4 1407.3  19885.6
-83.0 1371.8 20081.7 1421.4 -17288.2 20036.3 1421.7  20085.9
-84.0 1371.8 20281.9 1435.7 -17474.1 20222.3 1436.0  20286.2
-85.0 1371.8 20482.2 1450.0 -17660.0  20408.2 1450.3  20486.5
-86.0 1371.8 20682.4 1464.4 -17845.9 20594.2 1464.7 20686.8
-87.0 1371.8 20882.7 1478.7 -18031.9 20780.1 1479.0  20887.1
-88.0 1371.8 21082.9 1493.0 -18217.8 20966.1 1493.4  21087.4
-89.0 1371.7 21283.2 1507.4 -18403.8 21152.1 1507.7  21287.7
-90.0 1371.7 21483.5 1521.7 -18589.7 21338.1 1522.0 21488.0
-91.0 1371.7 21683.8 1536.0 -18775.7 21524.1 1536.4  21688.4
-92.0 1371.7 21884.1 1550.4 -18961.7 21710.1 1550.7  21888.7
-93.0 1371.7 22084.4 1564.7 -19147.7 21896.1 1565.0 22089.1
-94.0 1371.7  22284.7 1579.0 -19333.6 22082.1 1579.4  22289.5
-95.0 1371.7  22485.0 1593.4 -19519.6 22268.1 1593.7  22489.8

* STANDARD WEDGE SOLUTION DOES NOT EXIST FOR INDICATED PRESSURE
FOR THIS ELEVATION.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:29:02

ks

FTekdhhkhhkhddhhhhkhhhhddedhdeidk

%%
SUMMARY OF RESULTS FOR *

* CANTILEVER WALL DESIGN *
R R R R R R R TR X IR R X

I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER
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downstream center wWT=-4.0'.dat
IT.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

*HHECWARNING: STANDARD WEDGE SOLUTION DOES NOT EXIST

AT ALL ELEVATIONS. SEE COMPLETE OUTPUT.

WALL BOTTOM ELEV. (FT) ~37.48
PENETRATION (FT) 33.48
MAX. BEND. MOMENT (LB-FT) 4,1149€E+05
AT ELEVATION (FT) -21.82
MAX. SCALED DEFL. (LB-INA3): 6.9417E+11
AT ELEVATION (FT) : 26.00
SEEPAGE GRADIENT 0.3288

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 15-JANUARY-2014 TIME: 9:29:02
AR ERERRARRRR TR IRRR TR TT K%
* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *
I T T
I.--HEADING

'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER
IT.--RESULTSO. (LB))

BENDING SCALED NET

ELEVATION MOMENT SHEAR DEFLECTION PRESSURE
(FT) (LB-FT) (LB) (LB-INA3) (PSF)
26.00 0.0000E+00 0. 6.9417E+11 0.00
25.00 -3.3528E-08 0. 6.7853E+11 0.00
24.00 -3.3528E-08 0. 6.6290E+11 0.00
23.00 -3.3528E-08 0. 6.4726E+11 0.00
22.00 -3.3528E-08 0. 6.3163E+11 0.00
21.00 -3.3528E-08 0. 6.1600E+11 0.00
20.00 -3.3528E-08 0. 6.0036E+11 0.00
19.00 -3.3528E-08 0. 5.8473E+11 0.00
18.00 -3.3528E-08 0. 5.6910E+11 0.00
17.00 1.0400E+01 31. 5.5346E+11 62.40
16.00 8.3200E+01 125. 5.3783E+11 124.80
15.00 2 .8080E+02 281. 5.2220E+11 187.20
14.00 6.6560E+02 499, 5.0656E+11 249.60
13.00 1.3000E+03 780. 4.9093E+11 312.00
12.00 2.2464E+03 1123. 4.7530E+11 374.40
11.00 3.5672E+03 1529. 4.5968E+11 436.80
10.00 5.3248E+03 1997. 4.4406E+11 499.20
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-37.
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.5816E+03
.0400E+04
.3842E+04
.7971E+04
.2849E+04
.8538E+04
.5100E+04
.2598E+04
.1095E+04
.0653E+04
.1334E+04
.3200E+04
.6314E+04
.1074E+05
.2650E+05
.4345E+05
.6142E+05
.8023E+05
.9971E+05
.1966E+05
.3993E+05
. 5490E+05
.6033E+05
.8068E+05
.0080E+05
.2053E+05
.3967E+05
.5806E+05
.7551E+05
.8215E+05
.9130E+05
.0300E+05
.0975E+05
.1141E+05
.0787E+05
.9904E+05
.8478E+05
.6500E+05
.3957E+05
.0837E+05
.0362E+05
.7151E+05
.3052E+05
.8747€E+405
.4442E+05
.0344£E+05
.6596E+04
.5947E+04
.3564E+04
.5099€e+03
.1873E+00
.0000E+00
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2527.
3120.
3775.
4493,
5273.
6115.
7020.
7987.
9017.
10109.
11263.
12480.
13759.
15101.
16385.
17491.
18420.
19172.
19746.
20143.
20362.
20410.
20403.
20267.
19954.
19463.
18795.
17949.
16925.
16209.
14076.
9260.
4220.
-921.
-6167.
11525.
16997.
22586.
28295,
34127.
34939.
39268.
42364.
43394.
42359.
39258.
34092.
26860.
17563.
-6200.
-372.
0.
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.2845E+11
.1285E+11
.9727E+11
.8172E+11
.6619E+11
.5071E+411
.3527E+11
.1990E+11
.0460E+11
.8939E+11
.7428E+11
.5930E+11
.4446E+11
.2979E+11
.1531E+11
.0104E+11
.8703E+11
.7329E+11
.5987E+11
.4679E+11
.3409e+11
.2503e+11
.2181E+11
.0997E+11
.8624E+10
.7794E+10
.7518E+10
.7829E+10
.8758E+10
.5310E+10
.0336E+10
.2590E+10
.5539E+10
.9196E+10
.3563E+10
.8634E+10
.4393E+10
.0817E+10
.8709€E+09
.5105E+09
.2285E+09
.6821E+09
.3223E+09
.3606E+09
.2283E+08
.3491E+08
.2633E+08
.3724€E+07
.4246E+06
.0794E+04
.7987€E-01
.0000E+00

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT

OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

IIT.--WATER AND SOIL PRESSURES

ELEVATION

WATER
PRESSURE

<----LE
PASSIVE

——————— SOIL PRESSURES

FTSIDE----- >
ACTIVE
Page 6

561.60
624.00
686.40
748.80
811.20
873.60
936.00
998.40
1060.80
1123.20
1185.60
1248.00
1310.40
1372.80
1195.30
1017.80
840.31
662.81
485.31
307.81
130.31

-47.18
-224.68
-402.18
~579.68
-757.17
-934.67

-1112.17
-2470.04
-4639.12
-4992.21
-5088.80
-5192.19
-5300.87
-5413.73
-5529.93
-5648.84
-5769.96
-5892.90
-5910.04
-4128.83
-2063.26

2067.89
4133.46
6199.04
8264.61
10330.18
12395.76
13331.55
13389.09

<---RIGHTSIDE---->

ACTIVE

PASSIVE
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17.
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798.
782.
757.
716.
675.
634.
593.
552.
511.
470.
429.
388.
347.
306.
265.
224,
183.

downstream center wr=-4.0'.dat
(PSF) (PSF)

(PSF)
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1100.
1215.
1257.
1414.
1571.
1728.
1885.
2042,
2200.
3655.
5975.
6319.
6396.
6479.
6568.
6661.
6757.
6855.
6956.
7059.
7073.
7163.
7268.
7375.
7482.

517.
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124.
145,
160.
165.
186.
206.
227.
248.
268.
289.
402.
579.
611.
632.
653.
674.
695.
716.
737.
757.
778.
781.
799.
819.
840.
861.

(PSF)
0

~N W

1074.
1432.
1790.
2148.
2507.
2769.
2865.
3223.
3581.
3939.
4297.
4655.
5013.
6205.
8333.
9204.
9455.
9713.
9975.
10242.
10512.
10785.
11060.
11336.
11375.
11614.
11894.
12174.
12455.
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.00
-36.
-37.
-37.
-37.
-39.

-35

00

00
00
45
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downstream center wT=-4.0'.dat

7579.
7678.
7786.
7895.
8004.
8065.
8164.
8364.

525.
534.
542.
550.
558.
563.
570.
584.
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881.
902.
923.
943.
964.
972.
981.
996.

12722.
12986.
13265.
13547.
13830.
13946.
14063.
14256.



§72,575, S82 Gate Design Notes

1. All materials used for gate fabrication are 304/304L stainless steel unless
otherwise noted.

2. Gate dimensions and elevations are based on existing as-built drawings -
field verify all dimensions prior to fabrication.

3. Gate elevations shown are based on NGVD 29.

Hot-rolled channels were used for vertical stiffeners in the existing gates;
flat plate was utilized for vertical stiffeners in new gate design.



S72, S75 & S82 Gate Information Summary

Structure S72 S75 $82
# Gates 2 1 2
Gate Dims’

Width, ft. 27'-9-1/4" 28'-9-1/4" 23-7"
Height-Upper, ft. 6'-6" ~ ~
Height-Lower, ft. 5'-6 5/8" 10'-0" 7'-2 5/8"
T/Gate EL, ft. " 21.90 26.93 33.90
B/Gate EL, ft. * 9.84 16.93 26.68
Maximum Water EL, ft. ? 22.00 28.50 33.50
Weir Crest EL, ft. ' 9.90 17.00 26.70
C/C Rails, ft. " 28'-3 1/2" 29'-3 1/2" 24'-2"
ASCE Rail ! 60# 60# 40#
Clr. Opg, ft. ' 27'-0" 28"-0" 23"-0"
Skin Plate, in. ' 3/8" 3/8" 3/8"
Horiz Mbrs. (exist.) ' C18x42.7 C18x58 C15x40
Spacing varies varies varies
Vert Mbrs. (exist.) ! C18x42.7 C18x42.7 C15x33.9
Spacing @ 6'-2" @ 6'-5" @ 5-1"

NOTES

' Refer to As-Built Dwgs

2 From Jose G. 3/22/13, Water El. @ Gate S75 revised 4/11/13
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‘Gate Horizontal Channel Design: h2 Structure: 572 -
Developed by V. Loehrlein, rev. 8/24/12 (2) Gates Structure S72 ‘
Calc by: J Skaggs Date: 75/'175/'173 o ~ gate width 27'-91/4" | 2777 ft.
COLD-FORMED upper gate, Hu 6'-6" 6.50 ft.
Determine section modulus of bent plate: c18 7 'i}S\}&ér'gaté' H) 5'-6 3/4" 556 ft.
NPUTS bentpltet | vz | 0soin.
t=]  0.50|(in.) thickness of bent plate channel depthd | 18" |  18in.
d=|  18(in) depth channel flange 4" 4 in.
b=] 4}{in.) flange width mmust ) skin pl t 3/8" 0.38 in.’
: . topofgateel. | | 290t
RESULTS design waterel. | 22.00 ft..
"m 1. 25 (m ) mid-line radlus ‘assume 2.5xt (recommended) bott. of gate el. 9.84 ft.
c= 0 4245 (in.) centr0|d of inner quarter circle at fillet (to be subtracted) horiz mbr spacing
C= O 6365 (|n ) centroid of outer quarter urcle at frllet s% B FZ-;:VG—"” 2.50 ft.:
At- - 0 735 (|n ) Area of inner quarter circle at fillet (to be subtracted) s6 2'-0" 1 2.00 ft.’
A= 1.767 (in.?) Area of outer quarter circle at fillet 55 . é'-r(')"” | 200 ft
Ieng;tibw—;’7””7"273779737 (in.) totaI pIate Iength a|ong centerline before bendlngi s4 i 1'-10" | 183 ft.
A= 1196 (in.?) Area s3] 18 | 167 ft..
I=  467.40 (in. 4) moment of inertia s2| 1 6 1/2" 1.54 ft.,
S= 5193 {in. 3) Section modulus s1] 0-61/4" 0.52 ft..
Weight/ft. 40 62 (plf)
design head @ h2,H= | 10.10 ft.
Includmg a cover plate (comp05|te sectlon) Wrip, =(52+53)/2 1.61 ft.

INPUTS

Fe|
RESULTS
Wallow.
newrc.gj.

0.38|(in.) thickness of skin plate

19 26 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below

use c-c channel spacmg or va[ue below pIus flange W|dth (whlchever |s less)
28 (k5|) y|eId stress (use 28 kSI forS.S.)

16 87 (in.} Max. allowable trlbutary width of cover pIate between welds

(in.) revised cent of gravity distance from skm face

4 (in. *Y moment of mertla

Scomp./sorig.:

Horizontal Member Design:

~67.06 (in. %) Section modulus
1 29 ratio of composite section (channel plus skin plate) to channel only

" h2

INPUTS
H= (ft.) design head at horiz member, h2
[ 2277 ife) width of gate o
Wyrip, = 1.61](ft.) tributary width of water pressure
S= 67.06 (ina) Insert calculated value from above
Fy= 28](ksi) yield stress
RESULTS o
p= 101154 (Ib /ft.) pressure on horiz. member = 62.4*¥H*wy,
M= 9751 (ft. k) Moment(unfactored) p*LA2/8
M= 1170.10 (in.-k)Moment {unfactored) - convert M to in-kip
oF - N 777777275772 (ksi) LRFD allowable yield stress = 0.9*F,
v 24 43 {ksi) factored extreme fiber stress = 1.4 * M/S
S.R.= o 097 stress ratio (should be < 1. 0) = fy/oFy
Steq'd= 6501 (in.%) Required section modulus = M/dFy
A= 0.57 (in.) deflection at midsapn of horiz member




Gate Horizontal Channel Design:

Developed by V. Loehrlein, rev. 8/24/12:
Date:

éalc by:

J Skaggs

COLD-FORMED
Determine section modulus of bent plate

INPUTS

¢
b

18 (in.) depth

RESULTS

rm

=

C=

Z
"

A=

Ienéth- o

Weight/ft.

4[{in.) flange width mlnus t

~ 0.50{(in.) thickness of bent plate

Structure:

c18

(2) Gates

1. 25 (m ) mid-line radlus assume 2. Sxt (recommended)

0 6365 (|n ) centroid of outer quarter circle at fillet

O 4245 (|n ) centr0|d of inner quarter circle at flllet (to be subtracted)

0.785 (in.) Area of inner quarter circle at fillet (to be subtracted)

1.767 (in.%) Area of outer quarter circle at fillet

~23.93 (in.) total plate length along centerline before bendmg

1196

467 40 (in.*) moment of inertia
51.93 {in.*) Section modulus

4062

(in. )Area

(pif)

Including a cover plate {composite section)

INPUTS

F=

RESULTS

Wallow.
newcg.
816.64 (in. )moment of inertia
67(|n )Sectlon modulus

Scomp,/rsorirglzi o

Horizontal Member Design:

38 (|n ) tbickness of skin p)ate

(in.) effectuve width. Note that the max. b/t = 238/SQRT F,. See calc. below
use c c channel spacmg or value below plus fIange wrdth {whichever i is less)
(ksr) y|e|d stress (use 28 ksi for S.S. )

INPUTS

843

h3

(ft ) de5|gn head at horiz member, h3

27.77

(ft.) width of gate

Wirib.=

175

7
1]

67.06

Fy=
RESULTS

1l

OF,.

f=

SR=

Sreq‘d=

A

1]

Zf=Z o
T

28

22 23 (ksi) factored extreme fiber stress =

59.16 (in.%) Required section modulus = M/dFy

052 (in.) deflection at midsapn of horiz member

(ft.) tributary width of water pressure

(in®) Insert calculated value from above

(ksi) yield stress

W_§78147 (ft k) Moment (unfactored) =

1064.86 (in. k)Moment (unfactored) -
25.2 (k5|) LRFD allowable yield stress = 0 9*F,

4*M/S

*L"2/8

0 88 stress ratio (should be < 1.0) = fy/¢Fy

) 16 87 (|n ) Max aIIowabIe trlbutary width of cover plate between welds
6 20 (in.) revised center of of gravity dlstance from skin face

~ 1.29 ratio of composite section (channel plus skin pIate) to channel only

920. 56 (lb./ft.) pressure on bértz member = 62. 4*H*Wt,ib_

convert M to in-kip

Structure S72 ‘

gate width | 27-91/4" | 27.77 ft.

upper gate, Hu 6-6" 6.50 ft.

lower gate, HI 5'-6 3/4" 5.56 ft.

bent platert 1/2" 0.50 in.

channel depthd 18" 18 in.:

channel ﬂange' 4" 4 in.

skin pl t 3/8" 0.38 in.

top of gate el. 21.90 ft..

design water e).' 22.00 ft.

bott. of gate el. 9.84 ft.
horiz mbr spacing

s7|1 26" 2.50 ft.

s6 2'-0" 2.00 ft.

ss5| 240" 2.00 ft.

sé4 1'-10" 1.83 ft.

s3] 18" 1.67 ft.

2| 1-61/2 1.54 ft.

sif o614" | os2ft

de5|gn head @ h3, H= 8.43 ft.

Wb =(53+54)/2 1.75 ft.




Gate Horizontal Channel Design:  h4 _ Structure: S72

Developed by V. Loehrlein, rev. 8/24/12: (2) Gates
Célc by:  JSkaggs Date: §/1§/1§ S
COLD- FORMED
Determine section modulus of bent plate: ' c 18
INPUTS
t= 050 (in.) thickness of bent plate
d= 18|(in.) depth
b= 4|(in.) flange width minus t
RESULTS
Fm 1 25 (m ) mid-line radlus assume 2 5 x t (recommended)
= 0.4245 (in.) centroid of inner quarter circle at fillet ( (to bewsiubtracted)
C,= } OEG—S (|n ) centroid of outer quarter circle at fillet
A;: 77674875 (m ) Area of inner quarter circle at fillet ( (to be subtracted)
A= 77"”177767 (|n ) Area of outer quarter circle at fillet
Ieﬁgtﬁ= W ;3 93 (|n ) total plate Iength arlongrcentrerlme beere bending

~ 11.96 (in. )Area
467.40 (in. )moment of inertia

S= 51.93 (in.”) Section modulus
Weight/ft.  40.62 (plf)

Includlng a cover plate (comp05|te section)

Structure s72
gate width 27'-91/4" 27.77 ft.
upper gate, Hu 6'-6" 6.50 ft.
lower gate, HI 5'-6 3/4" 5.56 ft..
bent platet 1/2" 050 in,}
channerlrdepth d 18" 18 in.
channel flange 4" 4 il’t.?
skin pl t 3/8" 0.38 in.
top of gate el. 21.90 ft..
design'vrlgtrer éi 22.00 ft.
bott. of gate el. 9.84 ft.'
horiz mbr spacing

s7 2'-6" 2.50 ft.!
s6| 20 2.00 ft.
ss|  2-0n 2.00 ft.’
s4|  1-10 1.83 ft.!
s3] 18 1.67 ft.

2| 1-61/2" 1.54 ft.,

si| 0-61/4" 0.52 ft..
design head @ h4, H= 6.60 ft..
Wyip =(Sa+55)/2 1.92 ft..

INPUTS
t= © 038 (m ) thlckness of skin plate
w= 22.98 (in.) effective width. Note that the max. b/t= 238/SQRT F,. See calc. below
' l ~ use c-c channel spacing or value beIow plus flange width (whlchever is less)
Fy= 28 (k5|) yield stress (use 28 k5| for S.S. )

RESULTS

Wailow. 16 87 (in.) Max. allowable tr|butary W|dth of cover plate between welds
new:c:g. o 6 20 (in.) rewsedr center of gravity distance from skin face

816 64 (in. Y moment of inertia

S=  67.06 (in. %) Section modulus
Scomp/Sorig.= 1 29 ratlo of comp05|te section (channel plus skln plate) to channel onIy
Horizontal Member Design: h4
INPUTS .
H=[ 660 ift) design head at horiz mem'ber, h4
o wafrowenotee
Wyip = 1.92](ft.) tributary width of water pressure
S= 67.06 (irxa)rlnsrertrc;alrcglated value from above
F,= 28] (ksi) yield stress
RESULTS o
p= 788, 67 (Ib./ft.) pressure on horiz. member = 62.4*H*w,,
t. -k} Moment (unfactored) p*Lr2/8
M= 912.31 (|n -k)Moment (unfactored) - convert M to in-kip
d)Fy_ o 25.2 (k5|) LRFD allowable yield stress = 0.9*F,
f= 19 05 (ksi) factored extreme fiber stress = 1.4 * M/S
SR= 076 stress ratio (should be < 1.0) = fy/dFy
Seqa= 506;3 (in.’) Required section modulus = M/bFy

A= 0.45 (in.} deflection at midsapn of horiz member




Gate Horizontal Channel Design: ~ h5 Structure: S72
Developed by V. Loehrlein, rev. 8/24/12: (2) Gates
Calcby: ) Skaggs Date:  5/15/13 -
COLD-FORMED

Determine section modulus of bent plate c1s

INPUTS

o

ool

RESULTS

T'm

~ 0.50](in.) thickness of bent plate
18|(in.) depth
4|(in.) flange width minus t

1.25 (m ) mid-line radrus assume 2. 5xt (recommended)

C=

S_

Weight/ft. 7

~ 0.4245 (in.) centroid of i inner quarter circle at fillet (to be subtracted)

0 6365 {in. ) centroid of outer quarter circle at fillet

o 785 (in. ) Area of inner quarter circle at fillet (to be subtracted)

B 1.767 (|n. ) Area of outer quarter circle at fillet

__25_9_3 (in.) total plate Iengthrélor\g’ cehtertthe Betore bending

1196 (in.%) Area
467.40 (in.*) moment of inertia

51.93 (in.) Section modulus

40.62 (pif)

Includrng a cover plate (composrte section)

INPUTS
t
w=

el

7770”38 (|n ) thickness of skin plate

24 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below

use c-C channel spacing or value below plus fIange width (whlchever is less)

28 (ksi) yield stress {use 28 ksi for S5 )

RESULTS

Wallow.

16.87 {in.) Max. allowable trlbutary width of cover plate between welds

6.20 (in.) revised center of gravity drstance from skin face

816.64 (m )moment of inertia

67.06 (in. %) Section modulus

Scompr/Sorig.=

1 29 ratio of composrte section (channel plus skin plate) to channel onIy

Horizontal Member Design: h5
~INPUTS -
= a.60|( (ft. ) design head at horiz member, h5
L= 27.77](ft.) width of gate
Wy = 2.00}(ft.) tributary width of water pressure
S= 67.06](in* Insert calculated value from above
v 28| (ksi) yield stress
RESULTS 7
p= 574.08 (Ib./ft.) pressure on horiz. member = 62.4*H*w,,
M= 55.34 (ft.-k) Moment (unfactored) = p*L12/8
M= ) ésgloz(m k)Moment (unfactored) - convert M to in-kip
OF,. 25.2 (ksi) LRFD allowable yield stress = 0.9*F,

(ksi) factored extreme fiber stress = 1.4 * M/S
] vstress ratio (should be <1.0)= fy/d)Fy
35 89 (in. ) Required section modulus = M/dFy

0.32 (in.) deflection at midsapn of horiz member

Structure S72
gate width 27-91/4" 27.77 ft
upper gate! Hu v 6'-6" 6.50 ft
lower gate, HI 56 3/4" 5.56 ft
~ bent plate t 1/2" 0.50 in
channel depthd 18" 18 in
channel flange ' 4" 4in
skinplt 3/8" 0.38 in
top of gate eI 21.90 ft
design water eI [ | 2200 ft.
bott. of gate el. 9.84 ft

horiz mbr spacing

s7 2 6" 2.50 ft
s6 2 0" 2.00 ft
s5 0" 2.00 ft
4| 1-10" 1.83 ft
s3 1'-8" 1.67 ft
2] 161/2" 1.54 ft
s1f 0-61/4" 0.52 ft
design head @ h5, H= 4.60 ft
Wy =(55+56)/2. 2.00 ft




Gate Horizontal Channel Design:  h6 Structure: S72
Developed by V. Loehrlein, rev. 8/24/12: (2) Gates
Calc by: ) Skaggs Date: 5/15/13 '
COLD-FORMED
Determine section modulus of bent plate: c18
INPUTS
t=] 0 50 (m)tbickness 6f7bent plate
d=|  18[{in.) depth
b= 4|(in.) flange W|dth mmust
RESULTS
'm 1.25 (in. ) mid-line radlus assume 2 5 xt (recommended)
= 0 4245 (m ) centroid of i inner quarter circle at fillet (to be subtracted)
C= 0 6365 (m ) centroid of outer quarter C|rc)e7at f|IIet
Al_' - 707785 {in. ) Area of inner quarter circle at fillet (to be subtracted)
A= WWW; ;6; (in. ) Area of outer quarter circle at fillet
Iength=iir 337957% ) total pIate length along centerline before bendmg
A= 11.96 (in. ) Area
= 467.40 (in. )moment of inertia
S= ”'77§1ﬁ'93 (in.%) Section modulus
Weight/ft.  40.62 (plf)

Including a cover plate (composite section)

INPUTS
t= | 0.3 38 (in.) thickness of skin plate
w= 27 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below
) o use c-c channel spacmg or value below plus ﬂange width (whichever is less)

F= (k5|) yield stress (use 28 k5| forS.S.)

RESULTS

Wallow. 16 87 (|n ) Max. allowable tributary width of cover pIate between welds
new c.g. 6 20 (in.) rewsed center of gravity dlstance from skin face

I= 816 64 (in. )moment of inertia
6 (in. %) Section modulus

Scomp./ Sorig.= 1 29 ratlo of composite sectlon (channel plus sk|n plate) to channel onIy
Horizontal Member Design: h6
~INPUTS '
H= 2,60 (ft.) design head at horiz rnember, hé
l=|  27.77|(ft) width of gate
Wirip = 2.25](ft.) tributary width of water pressure
S=|  67.06 (in®) Insert calculated value from above
F= 28§ (ksi) yield stress
RESULTS
p= 365 04 (Ib./ft.) pressure on horiz. member = 62.4*H* Wirip,
M= 35.19 (ft.-k) Moment (unfactored) = *L"2/8
M= 42226 (in. k)Moment (unfactored) - convert M to in-kip
dJF;,: ' 7772;2 (ksi) LRFD allowable yield stress = 0.9*F,
f= 8. 82 (ksi) factored extreme flber stress = 1.4 * M/S
SR= 0 35 stress ratio (should be < 1.0) = fy/d)Fy
s,eq.d=b - 23 45 (in.?) Required section modulus = M/dFy
A= 0.21 {in.) deflection at midsapn of horiz member

Structure S72

gate width 27'-91/4" 27.77 ft
upper gate, Hu 6'-6" 6.50 ft
lower gate, Hl 5'-6 3/4" 5.56 ft
bent plate t 12" L 050in
channel depth d | s 18 in
channel flange 1 4" 4 in
skin pl t 3/8" 0.38 in

top of gate el. 1T 21.90 ft
design water el. 22.00 ft
bott. of gate el. .84 ft

horiz mbr spacing

s7| 26" 2.50 ft..

$6 20" 2.00 ft.,

s5 2'-0" 2.00 ft.j

sl 1-10" 1.83 ft.

3| 18" 1.67 ft.

2] 196172 1.54 ft..

sif o-61/4" | o052 ft.

design head @ h6, H= 2.60 ft..

C walsers)2 | 2.25 ft..



Gate Roller Loads Structure: S72  (2) Gates
Calc by: ) Skaggs Date:
Structure S§72 Water El.
gate width | 27'-9 1/4"| 27.77 ft. T/Gate El.
upper gat'é,;ljg 6'-6" 6.50 ft. o
lower gate, HI | 5-63/4" | 5.56 ft. “* | Roller R1 a
top of gate el. 21.90 ft.
dééign water el. 22.00 ft. ~
bott. of gate el. 9.84 ft. <
Roller R2
roller spacing ] o
sif 1-41/4" [ 135 ft. i
s2]  4-0" 4.00 ft. Roller R3
s3| 2-4 2.33 ft.
saf  3-3" 3.25ft. <
ssf 1-11/2" | 113 ft. v
- Roller R4
A
B/Gate El.

Distance from water surface to midway between two rollers(or gate bottom),
D= ht of water above gate + distance to midway between rollers

D1

Roller load, R = D*D/2 * 62.4#/ft> gate width/ 2 rollers

=(D1*D1)/2*62.4*gate width/2
=(D2*D2-D1*D1)/2*62.4*gate width/2
=(D3*D3-D2*D2)/2*62.4*gate width/2
=(D4*D4-D3*D3)/2*62.4*gate width/2

R1
R2
R3

Re

1216

5156 Ibs

13800 Ibs
19363 lbs

125738 lbs

=ht of water + (s1+s2/2)
=ht of water + (s1+s2+53/2)

=ht of water + (s1+s2+s3+s4/2)
=ht of water + (s1+s2+s3+54+s5)




]

GATE $-72 (2 REQ'D) - Qry DIM UNITS DIM UNITS UNITWT 1 irs TOTAL
Material Take-Off ' ) (a) WEIGHT
SKIN PLATE - 3/8" 1 27.75 FT 12.06 FT 15.75 #/FT? 5270
VERTICAL END CHANNEL - C18 2 12.06 FT 45.50 #/FT 1098
VERTICAL INTERIOR CHANNEL - C18 2 12.06 FT 45.50 #/FT 1098
VERTICAL STIFFENER PLATE, 3/8" 5 12.06 FT 1.50 FT 15.75 #/FT? 1424
HORIZONTAL CHANNEL - C18 8 27.75 FT 45.50 #/FT 10102
BOTT STIFF PL-3/8" X 1'-6" (TAPER) 26 0.45 F1? 7.14 #/EA 84
VIBRATION PL-1/2" 1 1.33 ET 27.00 FT 21.00 #/FT? 754
TOP SEAL PL - 3/8" 1 1.75 IN 27.75 FT 15.75 #/FT? 64
TOP SEAL PL - 3/4" 1 2.00 IN 27.75 FT 31.51 #/F7? 146
SIDE SEAL PL - 3/8" 2 1.75 IN 11.67 FT 15.75 #/FT? 54
SIDE SEAL PL - 3/4" 2 2.00 IN 11.67 ET 31.51 #/FT? 123
BOTTOM SEAL PL- 1/2" 1 3.75 IN 26.83 FT 21.00 | . #/FT? 176
BOTTOM SEAL BAR - 1-1/2" 1 1.50 IN 26.83 FT 63.00 #/F7? 211
LIFT BRACKET

PL-1" 1.69 FT? 42.00 #/FT? 142

PAD EYES - 13/16" 5.00 IN 5.00 IN 34.13 #/FT? 24

WEB PL-1" 3.50 IN 1.50 FT 42.00 #/FT? 73
WHEEL ASSEMBLIES

WHEELS - 1'-3" DIA. 8 15.00 IN 475 IN 504.00 #/FT? 1958

AXLES - 8 3.75 IN 2.75 FT 504.00 #/FT° 850
RUBBER SEAL

TOP SEAL 3.86 IN? 27.00 FT 74.00 #/FT 54

SIDE SEAL 3.86 IN? 12.06 T 74.00 #/F7° 48

BOTTOM SEAL 4.00 IN® 27.00 FT 74.00 #/F7? 56
BOLTS SIDE SEAL

TOP/ BOTTOM SEAL 2 27.00 4300 | #/100 70

SIDE SEALS 2 10.00 4300 | #/100 26

UPPER TO LOWER GATE SECT 1 27.00 4300 | #/100 23

TOTAL 23806

(a) Weights of plates and channels are based on density of 5044/ft>
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Gate Horizontal Channel Design:  h2 Structure: S75
Developed by V. Loehrlein, rev. 8/24/12: (1) Gate Structure S75 ‘
Calcby:  JSkaggs Date: 5/15/13 ' gatewidth | 28'91/4" [ 28.77 ft.
COLD-FORMED ' S upper gate, Hu '
Determine section modulus of bent plate: c18 lower gate, HI 10'-0" 10.00 ft.:
INPUTS o bent plate t 1/2" 0.50 in.
t= 0.50 (in) thlckness of bent plate channel deptn d 18" 18 in.
d=| 18|(in.) depth channel flange 4" 4 in.
b=l _ 4(in.) flange wrdth minus t skin pl t 3/8" 0.375 in.
top of gateel. 26.93 ft.;
RESULTS designwaterel. | 28.50 ft.|
m 1. 25 (m ) mid-line radius, assume 2.5 xt (recommended) bott. of gate el. 16.93 ft‘
€= 0 4245 (rn ) centroid of i inner quarter circle at fillet (to be subtracted)
€= 0 6365 (|n ) centr0|d of outer quarter crrcle at flIIet horiz mbr spacing |
A1=V o 785 (|n ’) Area of inner quarter circle at fillet (to be subtracted) s6] 2-33/4" 2.23 ft
A= o 1.767 (|n )Area of outer quarter circle at fillet s5 2'-3" 2.25 ft.;
length= 973"(m ) total plate Iength along centerline before bending s4 1'-10" 1.83 ft.!
A= 11.96 (in.?) Area s3 1.67 ft.:
|= 467.40 (in.*ymoment of inertia s2 1.42 ft.
5= 1.93 {in.*) Section modulus s ¢ 1 0.52 ft.
Weight/ft.  40.62 {plf) o S
design head @ h2, H= 9.63 ft.i
Including a cover plate {composite section) Wy =(5,+55)/2 1.55 ft..

INPUTS
t=] 037}'1 (in. )thrlckness of skin plate
w= 18.54 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below
- | use c-cchannel spacing or value below plus flange width (whrchever is Iess)
Fy= 28 (ksr) yield stress {use 28 ksi for S.S.)
RESULTS
Wallow. 16 87 (in.) Max. aliowable trlbutary width of cover plate between welds
new c.g. 7:@@7) rewsed center of gravity dlstance from skin face
I=  816.64 (in. )moment of inertia
S=  67.06 (in. %) Section modulus
Scomp./Sorig.= 1.29 ratio of composite sect|on (channel plus skin plate) to channel onIy
Horizontal Member Design: h2
~INPUTS.
H= '9.63 (ft.) design head at horiz member, h2
=] 28.77|(ft) width of gate N
Wirip = 1.55}(ft.) tributary width of water pressure
S= 67.06(in’) Insert calculated value from above
F= 28| (ksi) yield stress
RESULTS o
p=r 928, 41 (Ib./ft.) pressure on horiz. member = 62. 4*H*wmb
M= 6 (ft.-k) Moment (unfactored) = p*L*2/8
M= 1152.68 (in.-k)Moment {unfactored) - convert M to in-kip
¢F,. 252 {ksi) LRFD allowable yield stress = 0.9*F,

06 (kS|) factored extreme fiber stress = 1.4 * M/S

SR= .95 stress ratro (should be < 1.0) = fy/$pFy
Sreqid= 64 04 (in. ) Required section modulus = M/$Fy
A= 060 (in.) deflection at midsapn of horiz member




Gate Horizontal Channel Design:  h3 - Structure: S75

Developed by V. Loehrlein, rev. 8/24/12: (1) Gate Structure S75
Calcby:  JSkaggs Date: 5/15/13 gate width | 28-91/4" | 28.77 ft
COLD-FORMED : o uppergate Hu | |
Determine section modulus of bent plate c18 lower gate, Hi  10-0" 10.00 ft
INPUTS ' bentplatet 1/2" 050 in.;
t= 0 50|(in.) thickness of bent plate channel depth d 18" 18 in.'
d=|  18|(in.) depth ' channel flange | 4" 4in
p=| 4{(in. )ﬁaﬁge width minus t ' skin plt 1 m3/8" 0.375 in
' o top of gate el. 26,93 ft..
RESULTS 7 design water el. 28.50 ft..
m 1.25 (|n ) mid-line radius, assume 2.5xt (recommended) bott. of gate el. 16.93 ft.:
= O 4245 (m ) centroid of i inner quarter circle at fillet (to be subtracted)
C= 0 6365 (in. ) centr0|d of outer quarter circle at flllet horiz mbr spacing
A= N (T735 (in. ) Area of inner quarter circle at fillet (to be subtracted) ' ' s} 2-33/4" 2.23 ft.
A2=- Wv?;éﬂ (in. ) Area of outer quarter circle at fillet s5 2'-3" 2.25 ft
length= 23ﬁ§3 (in.) total plate length anng centerlme before bendmg s4]  1-10" 1.83 ft.'
A= 11.96 (in. )Area s3 1'-8" 1.67 ft.|
= 467.40 (in.") moment of inertia ' 2] 15" 1.42 ft.
= 5193 (|n. ) Section modulus si| 0-6 1/2l" 1 0.52 ft
Weight/ft. 4062 (plf) o
design head @ h3,H= 7.96 ft.:
Including a cover plate (composite section) Wep =(S5+52)/2 - T1.75
INPUTS B o
t=| 0375 (in.) thickness of skin plate
w= 21|(in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below
B | usec-cchannel spacmg or value below plus flange W|dth (whlchever is less)
Fy= 28 (k5|) yield stress (use 28 ksi for S S. )
RESULTS , D ,
Waiiow. 87 (in.) Max. allowable tributary width of cover plate between welds

newcg. OV (in.) revised center of gravity distance from skln face
I=  816.64 (in. )moment of inertia
S=  67.06 (|n ) Section modulus
Scomp./Sorig.= L 29 ratio of composite section (channel plus skin pIate) to channel onIy
Horizontal Member Design: h3
~INPUTS

= 7.96 (ft.) design head at horiz member, h3
L= 28.77|(ft.) width of gate

Wyib = 1.75](ft.) tributary width of water pressure
S= 67.06|(in%) Insert calculated value from above
v 28] (ksi) yield stress

© 869.23 (Ib./ft.) pressure on horiz. member = 62.4%H*wy,.

89.93 (ft.-k) Moment (unfactored) = p*LA2/8

©1079.21 (in.-k)Moment (unfactored) - convert M to in- kip

25 2 (ksi) LRFD allowable yield stress = 0 9*F,

‘ 22 53 (ksi) factored extreme fiber stress = 1.4 * M/S
79 stress ratio {should be < 1.0) = fy/chy
59.96 (in. ) Required section modulus = M/dFy

Sreq‘d=

A= 057 (in.) deflection at midsapn of horiz member




Gate Horizontal Channel Design:  h4 Structure: S75
Developed byV Loehrlein, rev. 8/24/12: (1) Gate
Calcby: JSkaggs ] Date: 5/15/13
COLD FORMED

Determine section modulus of bent plate: c18

INPUTS

t=]

d=

RESULTS

A=

© 467.40 V(Tn.i‘f) moment of inertia
51.93 (in.%) Section modulus
Weight/ft.

b=

050 '(in ) thickness of bent plate
18] (in.) depth
__4(in.) flange width minus t

1.25 (|n ) mid- I|ne radlus assume 2 5 xt (recommended)

0 6365 (|n ) centr0|d of outer quarter C|rcle at fillet
0785 (|n %) Area of inner quarter circle at fillet (to be subtracted)

1.767 (|n. ) Area of outer quarter circle at fillet

h= B 772i.931(i7n.) total platerlengtn alrong centerline'):i)erfore bending '

11.96 (in.”) Area

40.62 (plf)

Includlng a cover pIate (comp05|te section)

INPUTS

-+
1i

-3
i

el
RESULTS

Wallow.
new C.g.

0.375 (m ) thickness of skin plate

24 48 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below
use c-¢ channel spacing or value below plus ﬂange wrdth {whichever is less)

' 28 V(k5|) yield stress {use 28 ksi for S.S.)

16 87 (in.) Max. allowable trlbutary width of cover plate between welds

6 20 (in.) revised center of gravity dlstance from skin face

) 816 64 (in. )moment of inertia

67.06 (in. )Sectlon modulus

Scomp./Sorig.= 1.29 ratio of composite section {channel p|us skin plate) to channel only
Horizontal Member Design: h4
~INPUTS ' - ’
= 613 (ft ) design head at horiz member, h4
L= 28.77|(ft.) width of gate
Wyib.= 2.04)(ft.) tributary W|dth of water pressure
S= 67.06 (|7n7 ) Insert calculated value from above
F= 28| (ksi} yield stress
RESULTS . '
p= 780.32 (Ib./ft.) pressure on horiz. member = 62.4*H*w,
M= {ft.-k) Moment {unfactored) = p*L"2/8
M= (|n k)Moment (unfactored) convert M to in-kip

Sreq'd=

-2
1l

) 0 stress ratio (should be < 1. 0) = fy/d>Fy
53 32 (in. ) Required section modulus = M/$Fy

70.5'1' (in.) deflection at midsapn of horiz member

Structure S75 }
gate width 28'-91/4" | 2877 ft..
wpergate, tu | | |
lower gate, HI 10'-0" 10.00 ft..
~ bentplatet 1/2" 0.50 in
channel depth d 18" 18 in
'cnrannelwfﬁnge 4" 4 in
skin pl t 3/8" 0.375 in.
top of gate el. 26.93 ft.
design water el. 2850 ft.
bott. of gate el. 16.93 ft.3
horiz mbr spacing
s6] 2'-33/4" 2.23 ft
5| 2-3 2.25 ft.|
sal 1-10" | 183ft
s3] 1-8" 1.67 ft
2] 15" 142 ft
si| 0-61/4" 0.52 ft
desrgn head @ h4, H= 6.13 ft.|
Weeib={Sa+55)/2 2.04 ft.|



Gate Horizontal Channel Design: ~ h5  Structure: S75

Developed by V. Loehrlem rev. 8/24/12 (1) Gate
Calcby: ) Skages Date:  5/15/13 '
COLD- FORMED
Determine section modulus of bent plate - 18
INPUTS
t= 050 (|n") ‘thickness of bent plate
d= 18|(in.) depth
7l7)=7 o ”747 R)%ge W|dth minus t
RESULTS
Mm 1.25 (|n ) mid-line radlus assume 2.5x t (recommended)
= 0. 4245 (|n ) centr0|d of inner quarter circle at fillet (to be subtracted)
C,= 0 6365 (in.) centr0|d of outer quarter cnrcIe at flllet
A= ()773;; (’.’n’ ) Area of inner quarter circle at fillet {to be subtracted)
A= 1 767 (|n )Area of outer quarter circle at fillet
Ienétn= ~23.93 (in. ),tEtfi' plate Iength along centerlme before bendmg
A= 11.96 (in.?) Area )
|= 467.40 (in. 4) moment of inertia
s=  51.93 (in.%) Section modulus
Weight/ft. 4062 (plf)

Including a cover plate (composite section)

INPUTS

g o
[

F__

RESULTS

Wallow.
new C.g.

] 0375 (in ) th(ckness of skin plate

Structure S75

gate width 28'-9 1/4" 28.77 ft.
uppergete Hu

lower gate, HI 100" 10.00 ft.i

bent platet | YZE 0.50 in.

channeldepthd | 18" 18 m

channel flange 1 4" 4 in.;

"~ skinplt 3/8" 0.375 in.

top of gate el. 26.93 ft.

design water el. 28.50 ft.

bott. of gate el. 16.93 ft..

horiz mbr spacing :

s6] 2-33/4" 2.31 ft.

s5 2'-3" 2.25 ft.

sa|  1-10" 1.83 ft..

s3 1.67 ft.

s2 1.42 ft.

a| veya | 0s2f

design head @ h5, H= 3.88 ft.!

Wyin =(Ss+56)/2 228 ft.,

27.36 (ln ) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below

use ¢-C channel spacung or value below plus flange W|dth (whlchever is less)

28 (kSI) yleld stress (use 28 ksi for S.S. )

0 (in. ) revrsed center of gravity drstance from skin face
_ 816.64 (in. )moment of inertia

S=  67.06 (m ) Section mc
Scomp/ Sorig.= 1.29 ratlo of comp05|te sectlon (channel pIus skln plate) to channel on|y
Horizontal Member Desng_ h5
~INPUTS o
H=| 3.88 (ft ) de5|gn head at horiz member, h5
=] 28.77](ft) width of gate
Wiip = 2.28|(ft.) trlbutary width of water pressure
S= 67.06 (rn ) Insert calculated value from above
F,= 28| (ksi) yield stress
RESULTS N
p= 552.02 {Ib./ft.) pressure on horiz. member = 62.4*%H*w,,
M= 57.11 ( (ft k) Moment (unfactored) = p*LA2/8
M=”§8557§Z (rn k)Moment (unfactored) - convert M to in-kip
OF,- 25 2 (ksi) LRFD allowable yield stress = 0.9*F,
f= 14 31 (ksi) factored extreme fiber stress = 1.4 * M/S
SR= 7' stress ratro (should be < 1.0) = fy/¢Fy
S,eq-d:mm 38.08 (in.>) Required section modulus = M/dFy
A= 0.36 (in.) deflection at midsapn of horiz member

16 7 (in.) Max. allowable tributary width of cover pIate between welds




GATE S-75 (1 REQ'D) - TOTAL
. TY . . UNIT WT NITS

Material Take-Off Q DM UNITS bIM UNITS U WEIGHT
SKIN PLATE - 3/8" 1 28.83 FT 10.00 FT 15.75 #/F7? 4540
VERTICAL END CHANNEL - C18 2 10.00 T 4550 #/FT 910
VERTICAL INTERIOR CHANNEL - C18 2 10.00 FT 45.50 #/FT 910
VERTICAL STIFFENER PLATE, 3/8" 5 10.00 FT 1.50 FT 15.75 #/FT 1181
HORIZONTAL CHANNEL - C18 6 28.75 FT 45.50 #/FT 7849
BOTT STIFF PL-3/8" X 1'-6" {TAPER) 27 0.45 FT? 7.14 #/EA 87
VIBRATION PL-1/2" 1 1.33 FT? 28.00 FT 21.00 #/FT 782
TOP SEAL PL - 3/8" 1 1.75 IN 28.83 FT 15.75 #/FT? 66
TOP SEAL PL - 3/4" 1 2.00 IN 28.83 FT 31.51 #/FT? 151
SIDE SEAL PL - 3/8" 2 1.75 IN 9.58 FT 15.75 #/FT? a4
SIDE SEAL PL - 3/4" 2 2.00 IN 9.58 T 31.51 #/FT? 101
BOTTOM SEAL PL- 1/2" 1 3.75 IN 27.83 FT 21.00 #/F7? 183
BOTTOM SEAL BAR - 1-1/2" 1 1.50 IN 27.83 FT 63.00 #/FT? 219
LIFT BRACKET

PL-1" 1.69 FT? 42.00 #/FT? 142

PAD EYES - 13/16" 5.00 IN 5.00 IN 34.13 #/FT? 24

WEB PL- 1" 3.50 IN 1.50 FT 42.00 #/FT? 73
WHEEL ASSEMBLIES

WHEELS - 1'-3" DIA. 15.00 IN 475 IN 504.00 #/FT° 1958

AXLES - 3.75 IN 2.75 FT 504.00 #/F7? 850
RUBBER SEAL

TOP SEAL 1 3.86 IN? 28.00 FT 74.00 #/F7° 56

SIDE SEAL 2 3.86 IN® 10.00 FT 74.00 #/F7? 40

BOTTOM SEAL 1 4.00 IN* 28.00 FT 74.00 #/F7° 58
BOLTS SIDE SEAL

TOP/ BOTTOM SEAL 2 28.00 43.00 #/100 72

SIDE SEALS 2 10.00 43.00 #/100 26
Note: Total weight shown does not include any allowance for welds TOTAL 20223




SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Engineering Calculations
Engineering & Construction Bureau

| Submitted By Date Project

WNS'Z¥AC 5/15/12 12,515, 52, EStene T PrEdpghest o

| Checked By : Description Job No.

OB LISTE DAy i,

! oo =
A | 5
; P - ; L I . ]
=@ i ih\ 7 7(_‘:-;3:; , Eyegpi L_,:( .
S - . N A

ST (ISTE - BLEVATION

EL 340 |
R (TS O
\ @fﬁ'%e@'

e | A

i
5 4

—
£l
Y

A\S  CHANNEL.

****** - E’/(?N"e et R
\ \ el 2T .

Form 1300 (05/2012) Page 1 of 1



Gate Horizontal Channel Design:  h2 Structure: S82

Developed by V. Loehrlein, rev. 8/24/12 (2) Gates Structure $82 |
Calc by: J Skaggs 7D'ate 5/15/13 o T gate width 23-7" 23.58 ft.,
COLD-FORMED o '  upper gate, Hu ~ ~
Determine sectlon modulus of bent plate - c15 » lower gate, HI 7'-25/8" 7.22 ft.i
INPUTS ' bent plate t 3/8" 0.38 in.
=] _0.38|(in.) thickness of bent plate ' channel d depth d 15" 15 in.
d=| 15 (in.} depth ' ' ' channel flange 3" 3in.
b=l 3|(in.) flange W|dth ‘minus t ) skin plt 3/8" 0.38 in.
- ' ~ topofgateel. 33.90 ft.
RESULTS 7 ~ designwaterel. 34.00 ft.
fm 0 9375 (m ) mid-line radius, assume 2.5xt (recommended) bott. of gate el. 26.68 ft.
= 0 318375 (|n ) centr0|d of i inner quarter C|rcle at fillet {to be subtracted) horiz mbr spacing
&= 0. 477375 (in.) centroid of outer quarter crrcle at fillet h7 ~ ~ ft
A1— 46:1;1155—9: {in. ) Area of inner quarter circle at fillet (to be subtracted) A hé ~ ~ ft.
A= 76 9_93938 (in.?) Area of outer quarter circle at fillet A hs] 1'-113/8" 1.95 ft
Iengtb':iiil’?tm (|n ) total plate length along centerline before bendmg h4 111" 1.92 ft.:
A= ﬂf@i) Area A ha] 17 1.58 ft
1= 193.74 (in.") moment of inertia h2 13" 175 ft
s=  25.83 (in.%) Section modulus ' hil o-61/4" | 052 ft
Weight/ft.  24.76 (plf) o
de5|gn head @ h2, H= 5.55 ft.|
Including a cover plate (composite section) Wen=(hotha)/2 | 142
INPUTS ' o
S 0.38 (in.) thickness of skin plate
w= 16.98 (in.) effective width. Note that the max. b/t = 238/SQRT F,. See calc. below
7 7 use c-¢ channel §pgcmg or value below plus flange W|dth (whlchever is less)
F= 28|(ksi) yield stress (use 28 ksi for S.S.)
RESULTS o ,
Wllow. 16.87 (in ) Max. allowable tributary width of cover plate between welds

new c.g. T 430 (|n ) revrsed center of gravity dlstance from skin face
I=393.90 (in. 4 moment of inertia

35.58 (in. )Sectlon modulus

Scomp./ Sorig.= 1.38 ratlo of composite section (channel plus skin plate) to channel only
Horizontal Member Design: h2
INPUTS -

H=] 555 lft.) design head at horiz member, h2
L= 23.58|(ft.) width of gate

Wiip = 1.42](ft.) tributary width of water pressure
S= 35.58 (in3)lr)§errtrcalculated value from above
F= 28](ksi) yield stress

RESULTS " '
' 'p;  490.04 (Ib./ft.) pressure on horiz. member=62.4xHx Weeip.

M= 7”51667» (ft.-k) Moment (unfactored) = p*L~2/8

M= 08.71 (in.-k)Moment (unfactored) - convert M to in-kip
¢l:;_ AAAZASZ (k5|) LRFD allowable yield stress = 0.9*F,
fy—v 16.08 (k5|) factored extreme fiber stress = 1.4 * M/S
SR= 4 stress ratio (should be < 1.0) = fy/chy
Seqa= 22 71 (in.) Required section modulus = M/bFy
A= 0.30 (in.) deflection at midsapn of horiz member



INPUTS
t

F —
RESULTS

WaIIow

Scomp_/sorig.=

Horizontal Member Design:

Wi

_0.38{(in.) thickness of skin plate
23 22 (in.) effective wndth Note that the max. b/t = 238/SQRT F,. See calc. below

| usecc channel spacmg pr value beIow plus flange width (whlchever is less)
28|(ksi) yield stress (use 28 ksi for S.S.)

16.87 (in.) Max. aIIowabIe trlbutary width of cover plate between welds

new C.gr -
=
S

430 (|r1 ) reV|sed center of gravity dlstance from skln face
393.90 (in.” )moment of inertia
35.58 (in. )Sectlon modulus

1 38 ratio of composite section {channel plus skln plate) to channel only

ha

INPUTS

H=

~2.05 (ft ) design head at horiz member, h4

=

23.58|(ft.) width of gate

Whrip.=

1.94|(ft.) tributary width of water pressure

1l

>

35.58 (in3) Insert calculated value from above

Fy=

- 28 (ksi) yield stress

RESULTS

p=_

247 53 (Ib /ft.) pressure on horiz. member=62.4xHx Wiip.
1 20 {ft.-k) Moment (unfactored) = p*L*2/8
206 44 {in.-k)Moment (unfactored) - convert M to in-kip
25.2 (k5|) LRFD allowable yield stress = 0.9*F,

8 12 (k5|) factored extreme fiber stress=1.4 * M/S
3275tress rat|o (should be<1.0)= fy/d>Fy

TS 4} (in.’) Required section modulus = M/dFy

0.15 (in.) deflection at midsapn of horiz member

‘Gate Horizontal Channel Design: h4 Structure: S82
Developed by V. Loehrlein, rev. 8/24/12: (2) Gates Structure $82
Calc by: J Skaggs Date 5/15/13 _ gate width 237" 23.58 ft
COLD-FORMED upper gate, Hu ~ ~ ft..
Determine section modulus of bent plate C 15 7Bf/\7/er7gate, HI 7'-25/8" 7.22 ft.,
INPUTS ' bent plate t 3/8" 0.38 in.
t= ~ 0.38|(in.) thickness of bent plate channel depthd 15" 15 in.
d= ' 15 (in.) depth o channel fIange 3" 3 in.
b= 3](in.) flange width mlnus t skinplt 3/8" 0.38 in.
top of gate el. 33.90 ft.
RESULTS design water el. 34.00 ft.
'm 0 9375 (m )} mid-line radlus assume 2.5 x t (recommended) bott. of gate el. 26.68 ft
= 0. 318375 (ln ) centroid of inner quarter circle at fillet (to be subtracted) horiz mbr spacing ‘
= 0. 477375 (in.) centroid of outer quarter C|rc|e at fillet h7 ~ ~  ft
A= w(V)“;tzt—iisee, (in.) Area of inner quarter circle at fillet (to be subtracted) h6 ~ ~ ft
AZ_' "'055;3938 (in. )Area of outer quarter circle at fillet hs| 1-113/8" 1.95 ft‘ :
Iength—: 5:44 (in.) total plate length along centerline before bendlng h4 o rar 1.92 ft
A= 7.29 (in. )Area h3 1-7" 1.58 ft
I= Tgiﬁwffn )ymoment of inertia h2 13" 1.25 ft
5= 25.83 (in.") Section modulus hi| o0-61/a" | 052 ft
Weight/ft 2476 (plf) 1
de5|gn head @ h4, H= 2.05 ft
Including a cover plate (composite section) Wy =(haths)/2 1.94 ft




Gate Roller Loads Structure: S82  (2) Gates

Calc by: JSkaggs Date: 5/15/13
Structure $82 Water El.
gate width 23-7" 23.58 ft. T/Gate El.
uppérﬂgate,”l-lym | ft. o
lower gate, Hl | 7'-25/8" 7.22 ft. ‘ @ Roller R1 a
top of ga;ce el. | 33.90 ft.
design water el. | 3400f ~
bott. of gateel. | | 26.68 ft @
Roller R2
roller spacing o
sy 1-0" 1.00 ft. ¥
s2| 1-10" | 183t Roller R3
s3| 1-71/4" | 1.60 ft.
s 17" 1.58 ft. <
ss| 1-23/8" | 120ft. v
Roller R4
@
B/Gate EI.

Distance from water surface to midway between two rollers(or gate bottom),
D= ht of water above gate + distance to midway between rollers

D1~ 2021t =ht of water + (s1+s2/2)
D2 7737§ft =ht of water + ($1+52f§3/2) 7
D3 532ft  =htof water + (sl+s2+s3+s4/2)
D4 731ft =ht of water + (s1+s52+s3+s4+s5)

Roller load, R = D*D/2 * 62.4#/ft> * gate width/ 2 rollers

Rl 1494lbs  =(D1*D1)/2*62.4%gate width/2
R2  3624lbs  =(D2*D2-D1*D1)/2*62.4*gate width/2
R3 5293 los  =(D3*D3-D2*D2)/2*62.4*gate width/2

R&  92451bs  =(D4*D4-D3*D3)/2*62.4*gate width/2




GATE S-82 (2 REQ'D) - TOTAL
. QTy DIM. UNITS DIM. UNITS | unimTwT | UNITS

Material Take-Off WEIGHT
SKIN PLATE - 3/8" 1 23.58 FT 7.17 T 15.75 #/FT? 2662
VERTICAL END CHANNEL - C15 7.17 FT 36.75 #/FT 527
VERTICAL INTERIOR CHANNEL - C15 7.17 FT 36.75 #/FT 527
VERTICAL STIFFENER PLATE, 3/8" 4 7.17 FT 1.25 FT 15.75 #/F7? 565
HORIZONTAL CHANNEL - C15 5 23.58 FT 36.75 #/FT 4333
BOTT STIFF PL-3/8" X 1'-1 1/2" (TAPER) 22 0.33 FT° 5.95 #/EA 43
TOP SEAL L5" X3" X 1/2" 1 22.67 FT 13.17 #/FT 298
TOP SEAL PL - 3/8" X 2-1/2" 1 2.50 IN 22.67 FT 15.75 #/FT° 74
SIDE SEAL L5" X3" X 1/2" 2 7.00 FT 13.17 #/FT 184
SIDE SEAL PL - 3/8" X 2-1/2" 2 2.50 IN 7.00 FT 15.75 #/FT? 46
BOTTOM SEAL PL- 1/2" 3.75 IN 22.58 FT 21.00 #/FT? 148
BOTTOM SEAL BAR - 1-1/2" 1 1.50 iN 22.58 FT 63.00 #/FT? 178
LIFT BRACKET

pL-1" 1.69 FT? 42.00 #/FT? 142

PAD EYES - 13/16" 4 5.00 IN 5.00 IN 34.13 #/F7? 24

WEB PL - 1" 4 3.50 IN 1.26 FT 42.00 #/FT? 61
WHEEL ASSEMBLIES

WHEELS - 12" DIA. 12.00 IN 4.75 IN 504.00 #/FT° 1253

AXLES - 3-3/4" DIA. 3.75 IN 2.75 FT 504.00 #/FT> 850
RUBBER SEAL

TOP SEAL 1 4.42 IN? 22.67 FT 74.00 #/F 7 51

SIDE SEAL 2 4.42 IN? 7.00 FT 74.00 #/FT> 32

BOTTOM SEAL 1 4.00 IN* 2267 FT 74.00 #/F7? 47
BOLTS SIDE SEAL

TOP/ BOTTOM SEAL 2 23.58 43.00 #/100 61

SIDE SEALS 2 7.00 43.00 #/100 18
Note: Total weight shown does not include any allowance for welds TOTAL 12046




GATE S-72 ONITWT TOTAL
Material Take-Off QTY | DIM. |UNITS| DIM. |JUNITS (@) UNITS | WEIGHT,
(2 Req'd) lbs

SKIN PLATE - 3/8" 1 27.75 FT 12.06 FT 15.75 | #/FT’ 5270
VERTICAL END CHANNEL - C18 12.06 FT 4550 | #/FT 1098
VERTICAL INTERIOR CHANNEL - C18 12.06 FT 4550 | #/FT 1098
VERTICAL STIFFENER PLATE, 3/8" 12.06 FT 1.50 FT 15.75 | #/FT° 1424
HORIZONTAL CHANNEL - C18 8 27.75 FT 4550 | #/FT 10102
BOTT STIFF PL-3/8" X 1'-6" (TAPER) 26 0.45 FT? 15.75 | #/FT° 184
VIBRATION PL-1/2" 1 1.33 FT 27.00 FT 21.00 | #/FT° 754
TOP SEAL PL - 3/8" 1.75 IN 27.75 FT 15.75 | #/FT° 64
TOP SEAL PL - 3/4" 2.00 IN 27.75 FT 31.51 | #/FT 146
SIDE SEAL PL - 3/8" 2 1.75 IN 11.67 FT 15.75 | #/FT° 54
SIDE SEAL PL - 3/4" 2 2.00 IN 11.67 FT 31.51 | #/FT 123
BOTTOM SEAL PL- 1/2" 3.75 IN 26.83 FT 21.00 | #/FT’ 176
BOTTOM SEAL BAR - 1-1/2" 1.50 IN 26.83 FT 63.00 | #/FT 211
LIFT BRACKET

PL-1" 2 1.69 | FT 42.00 | #/FT° 142

PAD EYES - 13/16" 5.00 IN 5.00 IN 34.13 | #/FT 24

WEBPL-1" 4 3.50 IN 1.50 FT 42.00 | #/FT° 73
WHEEL ASSEMBLIES

WHEELS - 1'-3" DIA. 15.00 IN 4.75 IN 504.00 | #/FT 1958

AXLES 3.75 IN 2.75 FT | 504.00 | #/FT 850
RUBBER SEAL

TOP SEAL 3.86 IN? 27.00 FT 74.00 | #/FT° 54

SIDE SEAL 2 3.86 IN? 12.06 FT 74.00 | #/FT° 48

BOTTOM SEAL 4.00 IN? 27.00 FT 74.00 | #/FT° 56
BOLTS

TOP/ BOTTOM SEAL 2 27.00 43.00 | #/100 70

SIDE SEALS 2 11.00 43.00 | #/100 28

UPPER TO LOWER GATE SECT 1 27.00 43.00 | #/100 23

(a) Material weights are based on density of 504#/ft°
NOTES: TOTAL 23907

1. Total weight given is for each gate

2. Total weight does not include any allowance for welds

6/6/13




GATE S-75 NI W TOTAL
Material Take-Off Qty | pim. |UNITS] DIM. |UNITS (@) UNITS | WEIGHT,
(1 Req'd) lbs
SKIN PLATE - 3/8" 1 28.83 FT 10.00 FT 15.75 | #/FT’ 4540
VERTICAL END CHANNEL - C18 10.00 FT 4550 | #/FT 910
VERTICAL INTERIOR CHANNEL - C18 10.00 FT 4550 | #/FT 910
VERTICAL STIFFENER PLATE, 3/8" 10.00 FT 1.50 FT 15.75 | #/FT° 1181
HORIZONTAL CHANNEL - C18 6 28.75 FT 4550 | #/FT 7849
BOTT STIFF PL-3/8" X 1'-6" (TAPER) 27 0.45 FT? 15.75 | #/FT° 191
VIBRATION PL-1/2" 1 1.33 FT? 28.00 FT 21.00 | #/FT° 782
TOP SEAL PL - 3/8" 1.75 IN 28.83 FT 15.75 | #/FT° 66
TOP SEAL PL - 3/4" 2.00 IN 28.83 FT 31.51 | #/FT 151
SIDE SEAL PL - 3/8" 2 1.75 IN 9.58 FT 15.75 | #/FT° 44
SIDE SEAL PL - 3/4" 2 2.00 IN 9.58 FT 31.51 | #/FT 101
BOTTOM SEAL PL- 1/2" 3.75 IN 27.83 FT 21.00 | #/FT’ 183
BOTTOM SEAL BAR - 1-1/2" 1.50 IN 27.83 FT 63.00 | #/FT 219
LIFT BRACKET

PL-1" 2 1.69 | FT 42.00 | #/FT° 142

PAD EYES - 13/16" 5.00 IN 5.00 IN 34.13 | #/FT 24

WEB PL-1" 4 3.50 IN 1.50 FT 42.00 | #/FT° 73
WHEEL ASSEMBLIES

WHEELS - 1'-3" DIA. 15.00 IN 4.75 IN 504.00 | #/FT 1958

AXLES - 3.75 IN 2.75 FT | 504.00 | #/FT 850
RUBBER SEAL

TOP SEAL 3.86 IN? 28.00 FT 74.00 | #/FT° 56

SIDE SEAL 2 3.86 IN? 10.00 FT 74.00 | #/FT° 40

BOTTOM SEAL 4.00 IN? 28.00 FT 74.00 | #/FT° 58
BOLTS

TOP/ BOTTOM SEAL 2 28.00 43.00 | #/100 72

SIDE SEALS 2 10.00 43.00 | #/100 26

(a) Material weights are based on density of 504#/ft°
NOTES: TOTAL 20328

1. Total weight does not include any allowance for welds

6/6/13




GATE S-82

. UNIT WT TOTAL
Material Take-Off ary | oim. |units| pim. |uniTs ) UNITS | o
(2 Req'd)

SKIN PLATE - 3/8" 1 23.58 FT 7.17 FT 15.75 | #/FT? 2662
VERTICAL END CHANNEL - C15 7.17 FT 36.75 | #/FT 527
VERTICAL INTERIOR CHANNEL - C15 7.17 FT 36.75 | #/FT 527
VERTICAL STIFFENER PLATE, 3/8" 7.17 FT 1.25 FT 15.75 | #/FT? 565
HORIZONTAL CHANNEL - C15 5 23.58 FT 36.75 | #/FT 4333
BOTT STIFF PL-3/8" X 1'-1 1/2" (TAPER) | 22 034 | FT? 15.75 | #/FT? 118
TOP SEAL L5" X3" X 1/2" 22.67 FT 13.17 | #/FT 298
TOP SEAL PL - 3/8" X 2-1/2" 2.50 IN 22.67 FT 15.75 | #/FT 74
SIDE SEAL L5" X3" X 1/2" 2 7.00 FT 13.17 | #/FT 184
SIDE SEAL PL - 3/8" X 2-1/2" 2 2.50 IN 7.00 FT 15.75 | #/FT? 46
BOTTOM SEAL PL- 1/2" 3.75 IN 22.58 FT 21.00 | #/FT? 148
BOTTOM SEAL BAR - 1-1/2" 1.50 IN 22.58 FT 63.00 | #/FT? 178
LIFT BRACKET

PL-1" 2 1.69 | FT? 42.00 | #/FT? 142

PAD EYES - 13/16" 5.00 IN 5.00 IN 3413 | #/FT? 24

WEBPL-1" 4 3.50 IN 1.26 FT 42.00 | #/FT? 61
WHEEL ASSEMBLIES

WHEELS - 12" DIA. 12.00 IN 4.75 IN | 504.00 | #/FT° 1253

AXLES - 3-3/4" DIA. 3.75 IN 2.75 FT | 504.00 | #/FT° 850
RUBBER SEAL

TOP SEAL 442 | IN? 22.67 FT 74.00 | #/FT° 51

SIDE SEAL 2 4.42 IN® 7.00 FT 74.00 | #/FT? 32

BOTTOM SEAL 400 | IN 22.67 FT 74.00 | #/FT° 47
BOLTS

TOP SEAL 2 23.58 43.00 | #/100 61

SIDE SEALS 4 7.00 43.00 | #/100 36

BOTTOM SEAL 1 23.58 43.00 | #/100 30

(a) Material weights are based on density of 504#/ft3
NOTES: TOTAL 12121

1. Total weight given is for each gate

2. Total weight does not include any allowance for welds

6/6/13




S-72 Gate Recess Liner, NI WT TOTAL
Material Take-Off Qty | pim. |uNiTs| DIM. |UNITS @) UNITS | WEIGHT,
(2 Gate Ass'y Req'd) Ibs
GATE RECESS LINER

PL 1/4" 2 5.08 FT 11.60 FT 10.50 1238

1/2" DIA X 2-5/8" NELSON STUDS | 144 EA
RAILS

PL-1/2"X4-1/2" 4 4.50 IN 26.75 FT 21.00 #/FT2 843

BAR - 2-1/2" X 3-3/4" 4 375 | IN 26.75 | FT | 105.00 | #/FT? 3511
RAIL CLIPS

PL-7/8" X 1-3/4" X 1-3/4" 152 | 175 | IN 175 | IN 36.75 | #/FT 119
HILTI ADHESIVE ANCHORS

1/2" DIA W/ 5" EMBED 80 EA
SS BOLTS W/ DBL NUTS

1/2" DIAX 5" LG SS BOLTS 72 EA

(a) Material weights are based on density of 5044/ft>
NOTES: TOTAL 5710

1. Material quantities given are for one gate assembly

2. Total weight does not include any allowance for welds

6/6/13




S-75 Gate Recess Liner, TOTAL
. UNIT WT
Material Take-Off Qty | pim. |uNiTs| DIM. |UNITS @) UNITS | WEIGHT,
(1 Gate Ass'y Req'd) Ibs
GATE RECESS LINER
PL 1/4" 2 5.08 FT 9.50 FT 10.50 #/FT2 1014
1/2" DIA X 2-5/8" NELSON STUDS | 112 EA
RAILS
PL-1/2"X4-1/2" 4 4.50 IN 21.75 FT 21.00 #/FT2 685
BAR - 2-1/2" X 3-3/4" 4 375 | IN 2075 | FT | 105.00 | #/FT? 2855
RAIL CLIPS
PL-7/8" X 1-3/4" X 1-3/4" 128 | 175 | IN 175 | IN 36.75 | #/FT 100
HILTI ADHESIVE ANCHORS
1/2" DIA W/ 5" EMBED 72 EA
SS BOLTS W/ DBL NUTS
1/2" DIA X 5" LG SS BOLTS 56 EA
(a) Material weights are based on density of 5044/ft>
NOTES: TOTAL 4654

1. Material quantities given are for one gate assembly

2. Total weight does not include any allowance for welds

6/6/13




S-82 Gate Recess Liner, TOTAL
. UNIT WT
Material Take-Off Qty | pim. |uNiTs| DIM. |UNITS @) UNITS | WEIGHT,
(2 Gate Ass'y Req'd) Ibs
GATE RECESS LINER
PL 1/4" 2 4.67 FT 6.52 FT 10.50 #/FT2 640
1/2" DIA X 2-5/8" NELSON STUDS | 80 EA
RAILS
PL-1/2"X4-1/2" 4 4.50 IN 21.45 FT 21.00 #/FT2 676
BAR - 2-1/2" X 3-3/4" 4 375 | IN 2145 | FT | 105.00 | #/FT? 2815
RAIL CLIPS
PL-7/8" X 1-3/4" X 1-3/4" 128 | 175 | IN 175 | IN 36.75 | #/FT 100
HILTI ADHESIVE ANCHORS
1/2" DIA W/ 5" EMBED 88 EA
SS BOLTS W/ DBL NUTS
1/2" DIA X 5" LG SS BOLTS 40 EA
(a) Material weights are based on density of 5044/ft>
NOTES: TOTAL 4231

1. Material quantities given are for one gate assembly

2. Total weight does not include any allowance for welds

6/6/13



















SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Engineering Calculations
Everglades Restoration & Capital Projects

Submitted By T
M.

“CheckedBy

) Date 'wm{”ﬁi’éjéb‘t%mww ST

" Description T

Form 1300 (12/2009) Page 1 of 1



downstream center wrT=-4.0'.dat
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:28:57

kk

o+

hkhhddddhhik
* INPUT DATA *
hekkhddddd ki k
I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER

IT.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

1.00
1.00

I n

IIT.--WALL DATA
ELEVATION AT TOP OF WALL = 26.00 FT.

IV.--SURFACE POINT DATA

IV.A.--RIGHTSIDE

DIST. FROM ELEVATION
wALL (FT) (FT)
0.00 -4.00
50.00 -4.00
IV.B.--LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
0.00 -4.00
50.00 -4.,00

V.--SOIL LAYER DATA

V.A.--RIGHTSIDE

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT

LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <-~BOTTOM--> <-FACTOR->
WGHT. WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.

(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
115.00 110.00 31.00 0.00 14.00 0.00 -18.40 0.00 DEF DEF
110.00 105.00 30.00 0.00 11.00 0.00 DEF DEF
V.B.--LEFTSIDE

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT

LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->

WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF)  (PCF) (DEG)  (PSF) (DEG)  (PSF)  (FT) (FT/FT)
115.00 110.00 31.00 0.00 14.00 0.00 -18.40 0.00 DEF DEF
110.00 105.00 30.00 0.00 11.00 0.00 DEF DEF

VI.--WATER DATA

UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 18.00 (FT)
LEFTSIDE ELEVATION = -4.00 (FT)
SEEPAGE ELEVATION = -4.00 (FT)
SEEPAGE GRADIENT = AUTOMATIC
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downstream center WT=-4.0"'.dat

VII.--VERTICAL SURCHARGE LOADS
NONE

VIII.--HORIZONTAL LOADS
NONE

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:29:01

Thdhdedefkdhhdhdhdhhhdfdhkk

o

= SOIL PRESSURES FOR *

* CANTILEVER WALL DESIGN *
O L L L T IR O

I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER

IT.--SOIL PRESSURES
RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.
LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

SOIL PRESSURES ARE REPORTED FOR A SEEPAGE GRADIENT = (.0001
AND MAY CHANGE WITH AUTOMATIC ADJUSTMENT OF THE GRADIENT.

<--—=-=-- NET------ >
NET <---LEFTSIDE---> (SOIL + WATER) <--RIGHTSIDE--->
ELEV. WATER PASSIVE ACTIVE ACTIVE PASSIVE ACTIVE  PASSIVE
(FT) (PSF) (PSF) (PSF) (PSF (PSF) (PSF) (PSF
26.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17.0 62.4 0.0 0.0 62.4 62.4 0.0 0.0
16.0 124.8 0.0 0.0 124.8 124.8 0.0 0.0
15.0 187.2 0.0 0.0 187.2 187.2 0.0 0.0
14.0 249.6 0.0 0.0 249.6 249.6 0.0 0.0
13.0 312.0 0.0 0.0 312.0 312.0 0.0 0.0
12.0 374.4 0.0 0.0 374.4 374.4 0.0 0.0
11.0 436.8 0.0 0.0 436.8 436.8 0.0 0.0
10.0 499.2 0.0 0.0 499,2 499.?2 0.0 0.0
9.0 561.6 0.0 0.0 561.6 561.6 0.0 0.0
8.0 624.0 0.0 0.0 624.0 624.0 0.0 0.0
7.0 686.4 0.0 0.0 686.4 686.4 0.0 0.0
6.0 748.8 0.0 0.0 748.8 748.8 0.0 0.0
5.0 811.2 0.0 0.0 811.2 811.2 0.0 0.0
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1030.
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1456.
1545.
1802.
2060.
2318.
2575.
2833.
3090.
3348.
3605.
4929,
7153.
7761.
7925.
8095.
8271.
8450.
8634.
8819.
9007.
9197.
9388.
9580.
9773.
9968.

10149.
10330.
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10720.
10916.
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11309.
11506.
11703.
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12296.
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936.

998.
1060.
1123.
1185.
1248.
1310.
1372.
1615.
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2101.
2343.
2586.
2745.
2829.
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3314.
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3800.
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4528.
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8036.
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8770.
8926.
9087.
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9420.
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9939.
10116.
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10473.
10653.
10820.
10987.
11166.
11347.
11529.
11711.
11893.
12076.
12259.
12442,
12625.
12809.
12993.
13177.
13361.
13545.
13730.
13914.
14099.
14284.
14469.
14654.
14839.
15024.
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587.

616.
630.
645 .

660

674.
688.
703.
717.
732.
746.
761.
775.
789.
804.
818.
833.
847.
861.
876.
890.
904.
919.
933.
948.
962.
976.
991.

1005
1019
1034
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.0
.0
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7
6
3
0
1
0
8
7
5
4
2
1
9
0
2
1
1
9
7
5
1
8
4
9
4
.0
4
9
4
8
3
7
1
5
9
3
7
1
5
8
2
6
9
3
7
0
4
8
1
.5
.8
.2

873.
936.0
998.4
1060.8
1123.2
1185.6
1248.0
1310.4
1372.8
1130.1
887.4
644.6
401.9
159.2
0.0
-83.5
-326.2
-568.9
-811.7
-1054.4
-1297.1
-1539.8
-1782.5
-2025.2
-3237.7
-5290.9
-5875.4
-6024.3
-6179.9
-6340.8
-6505.9
.2
2
4
5
0
8
7
5
0
6
1
1
5
4
7
3
2
4
8
4
2
2
3
6
1
6
2
0
8
7
7
8

~-6674

-6845.

-7018.

-7193.

-7370.

-7547.

-7726.

-7906.

-8074.

~-8240.

-8420.

-8601.

-8782.

-8964.

-9146.

-9329.

-9512.

-9695.

-9878.

-10062.
-10246.
-10430.
-10614.
-10798.
-10983.
-11167.
~-11352.
-11537.
-11721.
-11906.
-12091.
-12276.
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downstream center WT=-4.0'.dat

-57.0 1372.1 14882.8 1048.5 -12461.9 15209.2 1048.7  14885.6
-58.0 1372.1 15082.3 1062.9 -12647.1 15394.5 1063.1  15085.2
-59.0 1372.1 15281.9 1077.2 -12832.4 15579.8 1077.4  15284.8
-60.0 1372.1 15481.6 1091.6 -13017.7 15765.1 1091.8  15484.5
-61.0 1372.1  15681.2 1105.9 -13203.0  15950.5 1106.1  15684.3
-62.0 1372.1  15881.0 1120.2 -13388.4 16135.9 1120.5 15884.1
-63.0 1372.1 16080.7 1134.6 -13573.9 16321.4 1134.8 16083.9
-64.0 1372.1 16280.6 1148.9 -13759.3 16506.9 1149.2  16283.7
-65.0 1372.0 16480.4 1163.3 -13944.9 16692.4 1163.5 16483.6
-66.0 1372.0 16680.3 1177.6 -14130.4 16878.0 1177.9 16683.6
-67.0 1372.0 16880.2 1192.0 -14316.0 17063.6 1192.2  16883.5
-68.0 1372.0 17080.1 1206.3 -14501.6 17249.2 1206.5 17083.5
-69.0 1372.0 17280.1 1220.6 -14687.2 17434.9 1220.9  17283.5
-70.0 1372.0 17480.1 1235.0 -14872.9 17620.6 1235.2  17483.6
-71.0 1372.0 17680.1 1249.3 -15058.6 17806.3 1249.6 17683.6
-72.0 1372.0 17880.1 1263.7 -15244.3 17992.0 1263.9 17883.7
-73.0 1371.9 18080.2 1278.0 -15430.0 18177.8 1278.3  18083.8
-74.0 1371.9 18280.3 1292.3 -15615.7 18363.6 1292.6  18284.0
-75.0 1371.9 18480.4 1306.7 -15801.5 18549.4 1306.9  18484.1
-76.0 1371.9 18680.5 1321.0 -15987.3 18735.2 1321.3  18684.3
-77.0 1371.9 18880.6 1335.4 -16173.1 18921.0 1335.6  18884.5
-78.0 1371.9 19080.7 1349.7 -16358.9 19106.9 1350.0 19084.7
-79.0 1371.9 19280.9 1364.0 -16544.7 19292.7 1364.3 19284.9
-80.0 1371.9 19481.1 1378.4 -16730.6 19478.6 1378.6  19485.1
-81.0 1371.8 19681.3 1392.7 -16916.5 19664.5 1393.0  19685.4
-82.0 1371.8 19881.5 1407.0 -17102.3 19850.4 1407.3  19885.6
-83.0 1371.8 20081.7 1421.4 -17288.2 20036.3 1421.7  20085.9
-84.0 1371.8 20281.9 1435.7 -17474.1 20222.3 1436.0  20286.2
-85.0 1371.8 20482.2 1450.0 -17660.0  20408.2 1450.3  20486.5
-86.0 1371.8 20682.4 1464.4 -17845.9 20594.2 1464.7 20686.8
-87.0 1371.8 20882.7 1478.7 -18031.9 20780.1 1479.0  20887.1
-88.0 1371.8 21082.9 1493.0 -18217.8 20966.1 1493.4  21087.4
-89.0 1371.7 21283.2 1507.4 -18403.8 21152.1 1507.7  21287.7
-90.0 1371.7 21483.5 1521.7 -18589.7 21338.1 1522.0 21488.0
-91.0 1371.7 21683.8 1536.0 -18775.7 21524.1 1536.4  21688.4
-92.0 1371.7 21884.1 1550.4 -18961.7 21710.1 1550.7  21888.7
-93.0 1371.7 22084.4 1564.7 -19147.7 21896.1 1565.0 22089.1
-94.0 1371.7  22284.7 1579.0 -19333.6 22082.1 1579.4  22289.5
-95.0 1371.7  22485.0 1593.4 -19519.6 22268.1 1593.7  22489.8

* STANDARD WEDGE SOLUTION DOES NOT EXIST FOR INDICATED PRESSURE
FOR THIS ELEVATION.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 15-JANUARY-2014 TIME: 9:29:02

ks

FTekdhhkhhkhddhhhhkhhhhddedhdeidk

%%
SUMMARY OF RESULTS FOR *

* CANTILEVER WALL DESIGN *
R R R R R R R TR X IR R X

I.--HEADING
'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER
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downstream center wWT=-4.0'.dat
IT.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

*HHECWARNING: STANDARD WEDGE SOLUTION DOES NOT EXIST

AT ALL ELEVATIONS. SEE COMPLETE OUTPUT.

WALL BOTTOM ELEV. (FT) ~37.48
PENETRATION (FT) 33.48
MAX. BEND. MOMENT (LB-FT) 4,1149€E+05
AT ELEVATION (FT) -21.82
MAX. SCALED DEFL. (LB-INA3): 6.9417E+11
AT ELEVATION (FT) : 26.00
SEEPAGE GRADIENT 0.3288

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 15-JANUARY-2014 TIME: 9:29:02
AR ERERRARRRR TR IRRR TR TT K%
* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *
I T T
I.--HEADING

'S72 COFFER DAM WALL DESIGN -DOWNSTREAM STREAM CENTER
IT.--RESULTSO. (LB))

BENDING SCALED NET

ELEVATION MOMENT SHEAR DEFLECTION PRESSURE
(FT) (LB-FT) (LB) (LB-INA3) (PSF)
26.00 0.0000E+00 0. 6.9417E+11 0.00
25.00 -3.3528E-08 0. 6.7853E+11 0.00
24.00 -3.3528E-08 0. 6.6290E+11 0.00
23.00 -3.3528E-08 0. 6.4726E+11 0.00
22.00 -3.3528E-08 0. 6.3163E+11 0.00
21.00 -3.3528E-08 0. 6.1600E+11 0.00
20.00 -3.3528E-08 0. 6.0036E+11 0.00
19.00 -3.3528E-08 0. 5.8473E+11 0.00
18.00 -3.3528E-08 0. 5.6910E+11 0.00
17.00 1.0400E+01 31. 5.5346E+11 62.40
16.00 8.3200E+01 125. 5.3783E+11 124.80
15.00 2 .8080E+02 281. 5.2220E+11 187.20
14.00 6.6560E+02 499, 5.0656E+11 249.60
13.00 1.3000E+03 780. 4.9093E+11 312.00
12.00 2.2464E+03 1123. 4.7530E+11 374.40
11.00 3.5672E+03 1529. 4.5968E+11 436.80
10.00 5.3248E+03 1997. 4.4406E+11 499.20
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-26.
-27.
-28.
-28.
-29.
~30.
-31.
-32.
-33.
-34.
-35.
-36.
-37.
-37.
-37.

downstream center wT=-4.0"'.dat

.5816E+03
.0400E+04
.3842E+04
.7971E+04
.2849E+04
.8538E+04
.5100E+04
.2598E+04
.1095E+04
.0653E+04
.1334E+04
.3200E+04
.6314E+04
.1074E+05
.2650E+05
.4345E+05
.6142E+05
.8023E+05
.9971E+05
.1966E+05
.3993E+05
. 5490E+05
.6033E+05
.8068E+05
.0080E+05
.2053E+05
.3967E+05
.5806E+05
.7551E+05
.8215E+05
.9130E+05
.0300E+05
.0975E+05
.1141E+05
.0787E+05
.9904E+05
.8478E+05
.6500E+05
.3957E+05
.0837E+05
.0362E+05
.7151E+05
.3052E+05
.8747€E+405
.4442E+05
.0344£E+05
.6596E+04
.5947E+04
.3564E+04
.5099€e+03
.1873E+00
.0000E+00
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2527.
3120.
3775.
4493,
5273.
6115.
7020.
7987.
9017.
10109.
11263.
12480.
13759.
15101.
16385.
17491.
18420.
19172.
19746.
20143.
20362.
20410.
20403.
20267.
19954.
19463.
18795.
17949.
16925.
16209.
14076.
9260.
4220.
-921.
-6167.
11525.
16997.
22586.
28295,
34127.
34939.
39268.
42364.
43394.
42359.
39258.
34092.
26860.
17563.
-6200.
-372.
0.
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.2845E+11
.1285E+11
.9727E+11
.8172E+11
.6619E+11
.5071E+411
.3527E+11
.1990E+11
.0460E+11
.8939E+11
.7428E+11
.5930E+11
.4446E+11
.2979E+11
.1531E+11
.0104E+11
.8703E+11
.7329E+11
.5987E+11
.4679E+11
.3409e+11
.2503e+11
.2181E+11
.0997E+11
.8624E+10
.7794E+10
.7518E+10
.7829E+10
.8758E+10
.5310E+10
.0336E+10
.2590E+10
.5539E+10
.9196E+10
.3563E+10
.8634E+10
.4393E+10
.0817E+10
.8709€E+09
.5105E+09
.2285E+09
.6821E+09
.3223E+09
.3606E+09
.2283E+08
.3491E+08
.2633E+08
.3724€E+07
.4246E+06
.0794E+04
.7987€E-01
.0000E+00

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT

OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

IIT.--WATER AND SOIL PRESSURES

ELEVATION

WATER
PRESSURE

<----LE
PASSIVE

——————— SOIL PRESSURES

FTSIDE----- >
ACTIVE
Page 6

561.60
624.00
686.40
748.80
811.20
873.60
936.00
998.40
1060.80
1123.20
1185.60
1248.00
1310.40
1372.80
1195.30
1017.80
840.31
662.81
485.31
307.81
130.31

-47.18
-224.68
-402.18
~579.68
-757.17
-934.67

-1112.17
-2470.04
-4639.12
-4992.21
-5088.80
-5192.19
-5300.87
-5413.73
-5529.93
-5648.84
-5769.96
-5892.90
-5910.04
-4128.83
-2063.26

2067.89
4133.46
6199.04
8264.61
10330.18
12395.76
13331.55
13389.09

<---RIGHTSIDE---->

ACTIVE

PASSIVE
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7375.
7482.
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7678.
7786.
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8004.
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8164.
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525.
534.
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584.
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Detailed Cost Estimate
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Corrected Final Design Report Spillway Refurbishments S72/575/582



Cost Estimate for S-82 Concrete Repair and Gates Replacement of a
Spillway Concrete Structure

Description Total

Civil Work Direct Cost $788,429
Structural Work Direct Cost $731,229
Total Direct Cost $1,519,658
Mobilization 8% $121,573
Field and Office Overhead 6% $91,179
Subtotal Cost With Overhead $1,732,410
Sales Tax 6.5% of 20% total Cost 6.5% $22,521
Profit 10% $173,241
Construction Cost $1,928,172
Bonds 1.5% $28,923
Contingency 5% $96,409
Total Project Construction Cost $2,053,503

Low Range -5% $1,950,828

High Range +5% $2,156,178

7/17/2013

Estimator: Jack Ismalon




Cost Estimate for S-82 Concrete Repair and Gates Replacement of a
Spillway Concrete Structure

CIVIL WORK

Description Qty Unit Unit Cost Total
Erosion control, silt fence, adverse conditions, 3' high 900 L.F. $2.54 $2,286
Floating turbidity barriers @ 20 ' depth 330.0| L.F. $37.80 $12,474
Additional cost for standby barge 6.0| Month | $8,975.00 $53,850
Attached Sheet Pile Connections to the existing concrete 40| Ea. $6,500.00 $26,000

abetments, using chemical anchored, includes. Layout,
drilling, threaded rod & epoxy cartridge

Sheet piling, (HZ 1180 MD @ 97.82 Ib./sf, using 55' long, 10,230 S.F. $26.00 $265,980
drive, extract and salvage, (Two Phase Installation)

Hydrophilic Grout on the upper and lower streams of he 7,560 LB $20.00 $151,200
structure
Maintain structure dewatering, Includes fuel and discharge 6 Month [ $18,000 $108,000
pipes
Install Staff gauge (Concrete Pile - Mounted) 2 Ea. $4,735 $9,470
Replace existing Stilling Wells with (Platform-Mounted)(F&aI) 1 Ea. $35,000 $35,000
Replace guardrail (Roadway) 124 L.F. $110 $13,640
Sodding, placed and staked 3,867 | S.Y. $3.92 $15,159
Install fall protection 4 L.F. $2,620 $10,480
Concrete (Approach Slab) 7 C.y. $320 $2,240
Platform (Grating) to approach the stilling well 75 S.F. $102 $7,650
Rubble Riprap (Incl. Bedding Stone & Fabric) 1000 | Ton S75 $75,000
Construction Direct Cost: $788,429

7/17/2013 Estimator: Jack Ismalon



Cost Estimate for S-82 Concrete Repair and Gates Replacement of a
Spillway Concrete Structure

STRUCTURE WORK
Description Qty |Unit| Unit Cost Total
Cutout and remove (3 in) depth from the existing reinforced 4,197 | S.F. $24.71| $103,707.87
concrete walls, slabs, and weir
Sandblast concrete, walls, slabs, and weir 4,197 | S.F. $4.42| $18,550.74
Attaching welded-wire mesh to the existing concrete walls 4,197 | S.F. $4.12| $17,291.64
Wall Formwork for self-consolidating concrete 2,076 | S.F. $35.78| $74,279.28
Self-consolidating concrete on wall, slab, and weir 39 C.. $400.00( $15,600.00
Stainless Steel plates along the weir (1/8" thick, includes gasket 997 | S.F. $18.00| $17,946.00
and bolts
Needle Beam Groove Lower and Upper Detail Stainless Steel 2,100 | Lb. $12.00| $25,200.00
needle sill plate, includes gasket and bolts
Gate Groove Detail 6540 | Lb. $8.50| $55,590.00
F&I Stainless Steel Railing, 6,120 | Lb. $8.50| $52,020.00
Fabricate and Deliver two (2) Roller Gate (Stainless Steel) (Two 23'-{24,560] Lb.. $7.94| $195,006.40
7" x 7'-3"
Additiona)l cost for Brass Hex Nuts 1 LS. [ $1,075.00f $1,075.00
Install Two Stainless Steel (304) Gates 2 Ea. | $20,000.00 $40,000.00
Dewatering Beam Recess (Repair) 8 EA | $2,500.00| $20,000.00
Concrete Repairs (Service Bridge and Platforms) 1 LS |$15,000.00( $15,000.00
Anchor Bolts(Platform)(Remove & Replace)(3/4"@x10"SST Bolts) 30 EA $28.00 $840.00
Structure Railing (42"High)(Galvanized)(F&I) 280 LF $84.00| $23,520.00
Structure (Recoat) 4,254 | SF $4.25| $18,079.50
Steel Sheet Piles Cap (Remove & Replace) 90 LF $124.00| $11,160.00
Pile Caps 4 EA | $2,500.00 $10,000.00
Recoating sheet piles 1,870 | S.F. $8.75| $16,362.50
Construction Direct Cost: $731,229

7/17/2013

Estimator: Jack Ismalon




Cost Estimate for S-75 Concrete Repair and Gate Replacement of a
Spillway Concrete Structure

Description Total

Civil Work Direct Cost $550,185
Structural Work Direct Cost S466,774
Total Direct Cost $1,016,959
Mobilization 8% $81,357
Field and Office Overhead 6% $61,018
Subtotal Cost With Overhead $1,159,333
Sales Tax 6.5% of 20% total Cost 6.5% $15,071
Profit 10% $115,933
Construction Cost $1,290,338
Bonds 1.5% $19,355
Contingency 5% $64,517
Total Project Construction Cost $1,374,210

Low Range -5% $1,305,499

High Range +5% $1,442,920

7/17/2013

Estimator: Jack Ismalon




S-75 Structure Concrete Repairs and Gate Replacement
CIVIL WORK
Description Qty Unit Unit Cost Total

Erosion control, silt fence, adverse conditions, 3' high 825 L.F. $2.54 $2,096

Floating turbidity barriers @ 20 ' depth 315 L.F. $37.80 $11,907

Sheet piling, @ 40' long, drive, extract and salvage, includes | 10,305| S.F. $22.00 $226,710

wales, (Two Phase Installation)

Maintain structure dewatering, Includes fuel and discharge 6 Month [ $18,000 $108,000

pipes

Install Staff gauge (Concrete Pile - Mounted) 2 Ea. $4,735 $9,470

Replace existing Stilling Wells with (Platform-Mounted)(F&aI) 2 Ea. $35,000 $70,000

Sodding, placed and staked 1,875 | S.Y. $3.92 $7,350

Replace (Roadway) guardrail 120 L.F. $110 $13,200

Install fall protection 2 L.F. $2,620 S5,240

Concrete (Approach Slab)(F&l) 7 C.y. $320 $2,240

Platform (Grating ) to approach the stilling well 186 S.F. $102 $18,972

Rubble Riprap (F&l)(Incl. Bedding Stone & Fabric) 1000 TN S75 $75,000
Construction Direct Cost: $550,185

7/17/2013 Estimator: Jack Ismalon



S-75 Structure Concrete Repairs and Gate Replacement

STRUCTURE WORK
Description Qty |Unit| Unit Cost Total
Cutout and remove (3 in) depth from the existing reinforced 2,595 | S.F. $24.71| $64,122.45
concrete walls, slabs, and weir
Sandblast concrete, walls, slabs, and weir 2,595 | S.F. $4.42| $11,469.90
Attaching welded-wire mesh to the existing concrete walls 2,595 | S.F. $4.12| $10,691.40
Wall Formwork for self-consolidating concrete 1,842 | S.F. $35.78| $65,906.76
Self-consolidating concrete on wall, slab, and weir 20 C.. $400.00 $8,080.00
Stainless Steel plates along the weir (1/8" thick, includes gasket 711 | S.F. $18.00| $12,798.00
and bolts
Needle Beam Groove Lower and Upper Detail Stainless Steel 1,050 | Lb. $12.00| $12,600.00
needle sill plate, includes gasket and bolts
F&I Stainless Steel Railing, 3,100 | Lb. $8.50| $26,350.00
Fabricate and Deliver Roller Gate (Stainless Steel) (One 28'-91/4" x 18,480 Lb. $7.94| $146,731.20
10'-0")
Additional cost for Brass Hex Nuts 1 L.S. $500.00 $500.00
Install one Stainless Steel (304) Gates 1 Ea. | $20,000.00| $20,000.00
Dewatering Beam Recess (Repair) 4 EA | $2,500.00( $10,000.00
Concrete Repairs (Service Bridge and Platforms) 1 LS $8,000.00 $8,000.00
Anchor Bolts(Platform)(Remove & Replace)(3/4"@x10"SST Bolts) 30 EA $28.00 $840.00
Structure Railing (Remove) 143 | LF $8.50( $1,215.50
Structure Railing (42"High)(Galvanized)(F&l) 273 LF $84.00| $22,932.00
Structure (Recoat) 1,036 | SF S4.25| $4,404.46
Steel Sheet Piles Cap (Remove & Replace) 111 | LF $124.00| $13,770.13
Pile Caps 4 Ea. | $2,500.00| $10,000.00
Recoating sheet piles 1,870 | S.F. $8.75| $16,362.50
Construction Direct Cost: $466,774

7/17/2013

Estimator: Jack Ismalon



Cost Estimate for S-72 Concrete Repair and Gates Replacement of a
Spillway Concrete Structure

Description Total

Civil Work Direct Cost $1,039,884
Structural Work Direct Cost $1,047,628
Total Direct Cost $2,087,513
Mobilization 8% $167,001
Field and Office Overhead 6% $125,251
Subtotal Cost With Overhead $2,379,764
Sales Tax 6.5% of 20% total Cost 6.5% $30,937
Profit 10% $237,976
Construction Cost $2,648,678
Bonds 1.5% $39,730
Contingency 5% $132,434
Total Project Construction Cost $2,820,842

Low Range -5% $2,679,800

High Range +5% $2,961,884

7/17/2013

Estimator: Jack Ismalon




S-72 Structure Concrete Repairs and Gates Replacement

CIVIL WORK
Description Qty Unit Unit Cost Total

Erosion control, silt fence, adverse conditions, 3' high 380 L.F. $2.54 $965

Floating turbidity barriers @ 20 ' depth 379.5| L.F. $37.80 $14,345

Additional cost for standby barge 6.0| Month | $8,975.00 $53,850

Attached Sheet Pile Connections to the existing concrete 4 Ea. $6,500.00 $26,000

abetments, Using Chemical anchor, 1-3/4" Dia. x 15" L, incl.

layout, drilling, threaded rod & epoxy cartridge

Sheet piling, (HZ 1180 MD @ 97.82 Ib./sf, using 55' long, 18,495| S.F. $26.00 $480,870

drive, extract and salvage, (Two Phase Installation)

Hydrophilic Grout on the upper and lower streams of the 7,560 LB $20.00 $151,200

structure

Maintain structure dewatering, Includes fuel and discharge 6 Month [ $18,000 $108,000

pipes

Install Staff gauge (Concrete Pile - Mounted) 2 Ea. $4,735 $9,470

Replace existing Stilling Wells with (Platform-Mounted)(F&aI) 2 Ea. $35,000 $70,000

Sodding, placed and staked 1,350 | S.Y. $3.92 $5,292

Replace (Roadway) guardrail 120 L.F. $110 $13,200

Install fall protection 4 L.F. $2,620 $10,480

Concrete (Approach Slab) 7 C.y. $320 $2,240

Platform (Grating ) to approach the stilling well 186 S.F. $102 $18,972

Rubble Riprap (Incl. Bedding Stone & Fabric) 1000 | Ton S75 $75,000
Construction Direct Cost:| $1,039,884

7/17/2013

Estimator: Jack Ismalon




S-72 Structure Concrete Repairs and Gates Replacement

STRUCTURE WORK
Description Qty |Unit| Unit Cost Total
Cutout and remove (3 in) depth from the existing reinforced 6,108 | S.F. $24.71| $150,928.68
concrete walls, slabs, and weir
Sandblast concrete, walls, slabs, and weir 6,108 | S.F. $4.42| $26,997.36
Attaching welded-wire mesh to the existing concrete walls 6,108 | S.F. $4.12| $25,164.96
Wall Formwork for self-consolidating concrete 4,272 | S.F. $35.78| $152,852.16
Self-consolidating concrete on wall, slab, and weir 57 C.. $400.00( $22,800.00
Stainless Steel plates along the weir (1/8" thick, includes gasket 998 | S.F. $18.00| $17,964.00
and bolts
Needle Beam Groove Lower and Upper Detail Stainless Steel 1,050 | L.b $12.00| $12,600.00
needle sill plate, includes gasket and bolts
Gate Groove Detail 6540 | L.b $8.50| $55,590.00
F&I Stainless Steel Railing, 6,120 | L.b $8.50| $52,020.00
Fabricate and Deliver two (2) Roller Gate (Stainless Steel) (Two 27'{46,480| L.b. $7.94| $369,051.20
91/4" x 12'-3/4")
Additional cost for Brass Hex Nut 1 L.S | $2,500.00] $2,500.00
Install Two Stainless Steel (304) Gates 2 Ea. | $20,000.00| $40,000.00
Dewatering Beam Recess (Repair) 8 EA | $2,500.00| $20,000.00
Concrete Repairs (Service Bridge and Platforms) 1 LS |$15,000.00/ $15,000.00
Anchor Bolts(Platform)(Remove & Replace)(3/4"@x10"SST Bolts) 30 EA $28.00 $840.00
Structure Railing (Remove) 260 LF $8.50 $2,211.42
Structure Railing (42"High)(Galvanized)(F&I) 390 | LF $84.00( $32,774.00
Structure (Recoat) 2,544 | SF $4.25( $10,812.00
Steel Sheet Piles Cap (Remove & Replace) 90 LF $124.00| $11,160.00
Pile Caps 4 Ea. | $2,500.00| $10,000.00
Recoating sheet piles 1,870 | S.F. $8.75| $16,362.50
Construction Direct| $1,047,628

7/17/2013

Estimator: Jack Ismalon




Hex nuts, Stainless steel 18-8 - Bolt Depot

Product Catalog » Nuts » Hex nuts

Stainless steel 18-8

Nut size (A.K.A. diameter) is the size bolt that the nut is used with. The
same is true of the thread count. Thus a 1/4"-20 nut fits a 1/4"-20 bolt.

Diameter et

Page 1 of

Email: info@boltdepot.com
Toll Free: 1-866-337-9888

Resources

US Nut sizes

US Nut dimention
table

| «Hide Bulk | Add All Entered |

Product | Diameter and Buy Each Buy Box Box Buy Bulk Bulk

# Thread count Qty Qty
Coarse (standard) thread

2563 1/4"-20 $0.08 $4.97 $42.50 '

rea 5/16"18 o0 coas 655,00

e —_ co1s [ 610,50 659,40

s i .55 . so0.50

2566 1/2"-13 $0.35 $11.99 $103.00

2567 5/8"-11 $0.64 il s o U $106.00

2568 3/4"-10 $0.90 $14.97 $129.00

4068 7/8"-9 $2.08 $33.85 $289.00

4069 1"-8 $2.59 $43.17 $380.00

5260  1/4"-28 $0.12 650 $56.50

5261 5/16"-24 $0.14 $9.34 $80.60

5262 3/8"-24 $0.20 $12.22 $106.00

5263 7/16"-20 $0.37 $13.14 $114.00

5264 1/2"-20 $0.41 $15.54 $135.00

5265 5/8"-18 $1.10 $21.12 $190.00

5266 3/4"-16 $1.43 $25.28 $228.00

htto://www.boltdenot.com/Hex nuts Stainless steel 18-8.asnx?nv=l

| Add All Entered |

7/11/20]



Hex nuts, Brass - Bolt Depot

Product Catalog » Nuts » Hex nuts

Brass

Nut size (A.K.A. diameter) is the size bolt that the nut is used with. The

same is true of the thread count. Thus a 1/4"-20 nut fits a 1/4"-20 bolt.

Diameter -

Page 1 of .

Email: info@boltdepot.com
Toll Free: 1-866-337-9888

Resources

US Nut sizes

US Nut dimention
table

| «Hide Bulk | Add All Entered |
Product | Diameter and Buy Each Buy Box Box Buy Bulk Bulk
# Thread count Qty Qty
Coarse (standard) thread
4152 1/4"-20 5021 [Add]| 1363 [Add] 100 | $122.00  [Add] 1000
4153 5/16"-18 $0.36 | $21.94 | | 100 | $197.00 | [Add] 1000
4154 3/8"-16 $0.54 | $33.55 | 100 | $302.00 [Add] 1000
4155 7/16"-14 $1.04 | $38.09 | so | $343.00  [Add] 500
4158 1/2"-13 $1.07 | $38.68 = | |Add| 50 | $348.00  [Add] 500
4159 5/8"-11 b S T $34.42 | s o5 0¥ o O 250
4160 3/4"-10 $2.84 $44.81 | 20 | $403.00  [Add] 200
4161 7/8"-9 $6.97 Add|| $76.44 15 | $688.00 150
4162 1"-8 $10.04 | [Add]| $80.04 10 | $720.00 100
Fine thread
10520 |  1/4"-28 $0.38  [Add]| $23.09 = Add] 100 | $208.00  [Add] 1000
10521 5/16"-24 $0.50 | $32.08 Add| 100 | $289.00 Add| 1000
10522 3/8"-24 $0.72 | [Add]| s45.06 | | [Add] 100 | $405.00  [Add] 1000
10523 7/16"-20 $1.40  [Add]| $49.72 | [Add] 50 | s$447.00  [Add] 500
10524 1/2"-20 $1.45 | $50.67 | |Add] 50 | $456.00 [Add] 500
10525 5/8"-18 $3.00 | $53.64 | 25 | $483.00  [Add] 250
10526 3/4"-16 $4.43 | $65.02 | 20 | $585.00  [Add] 200

httn:/[mww holtdenot. com/Hex nuts Brass.asnx?nv=l

[ Add All Entered |

7/11/20



Hex nuts, Silicon bronze - Bolt Depot

" Sastenes shopping made easy
Product Catalog » Nuts » Hex nuts

Silicon bronze

Nut size (A.K.A. diameter) is the size bolt that the nut is used with. The

same is true of the thread count. Thus a 1/4"-20 nut fits a 1/4"-20 bolt.

Page 1 ot

Email: info@boltdepot.com
Toll Free: 1-866-337-9888

Resources

US Nut sizes

= US Nut dimention
o table
o 1
Dxametet
| «Hide Bulk | Add All Entered |
Product | Diameter Buy Each Buy Box Box Buy Bulk Bulk
# and Thread Qty Qty
count
Coarse (standard) thread
3481 1/4"-20 $0.27 $18.35 $170.00 Add] 1000
3482 5/16"-18 $0.46 $31.81 $288.00
- - e BaE T -
3484 7/16"-14 $1.26 $51.66 $480.00
3485 1/2"-13 $1.46 $59.07 $543.00
3486 5/8"-11 $3.75 $73.51 $683.00
3487 3/4"-10 $7.95 $119.75 $1,113.00
| Add All Entered |
See also

Metric hex nuts
A standard six sided nut.

Copyright © 2000-2013 Bolt Depot, Inc.

www.boltdepot.com e info@boltdepot.com e Toll free: 1-866-337-9888

http://www.boltdepot.com/Hex nuts Silicon bronze.aspx

7/11/201
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