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of drawings, cost data, and bylaws.

Using the drawings, cost data, and bylaw information given to me, I created a construction management
plan while considering the environmental and stakeholder factors surrounding the project. A total of 130
hours was spent on the project.

The project allowed me to learn different software, bylaws, and how to create each of the deliverables I
mentioned above. The software I learned to use were Bluebeam for the quantity takeoff and MS Project
for the scheduling. Additionally, I read up on multiple bylaws related to municipal development and
environmental protection. Finally, I learned the process of how an owner, like the
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SUMMARY

A construction management plan was made for the replacement of a culvert and the road area
around it in Mission Creek at Evergreen Place, North Vancouver. This plan was recommended
by my sponsor , at the . The
culvert will be reconstructed from a circular bell & spigot precast concrete pipe to an open
bottom multiplate arch culvert. The management plan was created by meeting three main
objectives: creation of a stakeholder matrix and traffic detour plan, identification of tasks and
resources, and creation of project schedule and cost estimate.

The construction occurs within a riparian and salmonid habitat so environmental factors must be
considered. The following environmental laws must be followed: DNV Environmental and
Preservation Bylaw 6515, Water Sustainability Act (WSA), and Water Sustainability
Regulations. The Reduced Risk Window is within the WSA and indicates that construction can
only occur between July to September, but through an application to the Ministry of Forests,
Lands, and Natural Resources, the window got extended to between May and October.

A stakeholder analysis matrix focused on community external stakeholders was created. There
were three things that were both important to the stakeholders and impacted them during the
construction: traffic, utilities, and the environment. The stakeholders were split into directly or
indirectly affected and to consult or to inform. The stakeholders who were both directly affect
and needed to be consulted were the residents living within the construction zone and Braemar
Elementary.

A traffic detour plan was made for Braemar Elementary as the student drop off and pick up route
would be disturbed by the construction.

After the completion of the traffic detour plan, a work breakdown structure was made wherein
the project was broken into major project deliverables and then into work packages, a
combination of related tasks that could be priced together. The major project deliverables were
sequenced into a master schedule, and it showed that it would take the entirety of May to
October to finish the project.

Following the creation of the schedule, a quantity takeoff (QOT) was done for the materials that
were priced with unit rates using Bluebeam and Excel. The materials were first measured in
Bluebeam, then calculated individual and added together into work packages in Excel. Some
work packages had an associated lump sum value instead of associated unit rate value, so no
quantities were needed in that case. After summing all the work packages together, an ending
cost estimate of around $1 800 000 was achieved.

An Excel file containing the stakeholder analysis matrix, work breakdown structure, quantity
takeoff, and cost estimate was completed for the project along with a Gantt chart schedule and a
traffic detour plan.



The resources used to achieve the objectives is the issue for construction drawings provided by
my industry sponsor, city records of past projects, District of North Vancouver Bylaws, Master
Municipal Construction Documents, Excel, Bluebeam, and MS Project. The deliverables of the
project are a stakeholder matrix, traffic detour plan, quantity takeoff, work breakdown structure,

schedule, and cost estimate.
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1.0 INTRODUCTION

The purpose of this project was to create a construction management plan for the replacement of
an old, undersized circular concrete culvert and the road area around it. My sponsor

, at the recommended this project to
develop my critical planning and practical problem-solving skills in the construction
management field. As the real-world project is already completed, my work can be compared
with the real results to help refine the ’s construction management
processes.

The culvert conveys Mission Creek at Evergreen Place, North Vancouver. The old culvert was
installed in the 1964 as a circular bell & spigot precast concrete pipe using sparsely available
climatic data and sized to the period’s acceptable risk tolerance. The concrete culvert will be
replaced with a new, bigger corrugated steel arch culvert. Figure 1 showcases the new culvert’s
design.

Figure 1. New culvert inlet section design

The new culvert will be 4.9 m wide and 2.5 m high. The new design will increase the creek’s
flow capacity and the open-bottom culvert design, which mimics natural stream beds and has a
shorter overall length of culvert, will make the crossing more fish-passable ( , personal
communication, April 12, 2022). This will help restore the channel and increase fish passage.

This project covers the entire replacement process from start to finish. It covers the planning,
demolition and construction of the culvert and road area, utilities reconstruction, and traffic
management of the road.



There are three main objectives in this project:

e Creating a stakeholder matrix and traffic detour plan.

e Identifying the project’s tasks for a work breakdown structure and materials for a
quantity takeoff

e Creating a project schedule and cost estimate.

The project is only focused on the construction planning and execution phase of the project. It
does not include the designing of the new culvert since it does not relate to the construction
management process. Instead, completed issue for construction drawings were provided for
reference. Additionally, all the deliverables were done in the owner’s perspective and like it was
for the original construction year of 2019.

All the deliverables mentioned in the proposal were completed. However, there were changes to
how each deliverable was approached. The programs Heavy Bid, Primavera P6, and Microsoft
Vision were not used because their features were not needed for an owner’s construction
management plan. RS Means and the Handbook of Steel Drainage & Highway Construction
(Canadian Edition) were also not referred to because I got the information directly from my
sponsor instead. The resources I used instead will be mentioned in their respective sections
below.

All construction drawings used in the report were given by my sponsor, CAll
quantities, lump sum, and unit rate values were rounded to the nearest whole number.
Additionally, all cost values are in Canadian dollars.

The report will provide background on the environmental considerations, and bylaws applicable
to the project. Afterwards the stakeholder matrix and traffic detour plan of the project will be
explained. Following that, the schedule of the project will be discussed which will also include
the work breakdown structure (WBS). Finally, the process of constructing the cost estimate
which will include the quantity takeoff process will be shown.

2.0 BACKGROUND

The background includes information on the old culvert, environmental considerations
surrounding the project, bylaws, and permits required.

2.1 Environmental Considerations

The culvert’s construction takes place in a creek that has resident and transient spawning
salmonid populations recorded. All work must follow federal, provincial, and municipal
laws on in-stream construction. The laws that need to be followed are

o DNV Environmental and Preservation Bylaw 6515
o Water Sustainability Act (WSA)
o Water Sustainability Regulations (WSR)



The selected contractor is compelled to engage the services of a Registered Professional
Biologist as an environmental monitor to ensure construction meets all applicable
regulations as well as to provide environmental reporting to regulatory agencies.

Construction must take place during the time where the risk of negative impact to
organisms in the creek are low. Since the creek is considered riparian and salmonid
habitat, any work in the stream must take place in a time where there is no fish spawning
or any over-wintering eggs, alevins, or juveniles within and around the gravels. See
Figure 2 for the reduced risk work window.

Figure 2. Reduced Risk Work Window for In-Stream Work
(Ministry of Environment, 2006)

The reduced risk window for salmon is two months, spanning mid July to mid
September. This is not enough time for the construction to take place as you will see in
the Schedule of Construction Process section below (pg. 8). Therefore, an application to
the BC Ministry of Forests, Lands, and Natural Resource Operations (MFLNRO) is
recommended to extend the working window. An assumed extension from May to
October is given through the application.

The WSA requires a bypass system to allow creek flows to continue running throughout
the duration of project (British Columbia, 2022). The bypass system must maintain the
flow upstream and downstream of the construction area. I chose a gravity bypass
because it is less expensive, quieter, and does not require a 24-hour diesel pump to keep it
working ( , personal communication, November 24, 2021). The specifics on
how the gravity bypass will be created is up to the contractor chosen for the project.

Additionally, according to British Columbia (2022), the WSR states that the culvert
replacement is an authorized change meaning replacing the culvert does not need
approval from the MFLNRO. But since a water diversion is needed to do the in-stream
works, a Water Act Approval was submitted during the planning stage to make sure
water would be allowed to be diverted during the construction process. A notice was also
sent to a habitat officer in the MFLNRO.



There are also environmental concerns regarding the removal of trees to construct the
new culvert. The tree removal will be hired out to a contractor, but a DNV arborist or
environmental monitor must approve all removals ( ,2019). For any
tree removals within the bird nesting window of March 31 to September 1, a nesting
survey must be performed within 48h prior to the start of tree removals (Government of
Canada, 2018).

Lastly, dust control and cleaning measures must also be in place during construction.

Dust is dangerous to the workers and is a pollutant to the environment (Donald, 2020).

The Master Municipal Construction Documents (2019) recommends the application of

calcium chloride to control dust. Additionally, all public roads must also be clean and

free of equipment when construction activity is not in occurring (
,2019).

Following the rules set out by British Columbia (2019) in the Guidance for Applications
or Notifications for Changes in and about a Stream under the Water Sustainability Act in
the South Coast Region, the Squamish First Nations were also consulted, and their needs
accommodated, as the culvert replacement is within their traditional lands. Since the
project digs deeper into undisturbed part of the brownfield, an Archaeological Overview
Assessment (AOA) was done. It is a review of known knowledge on the site to figure out
the possibility of it being an archeological site. An Archaeological Impact Assessment
(AIA) may also be done depending on the results of the AOA.

2.2 Traffic Permits and Requirements
There are several permit and requirement that the selected contractor will need to apply
for and follow respectively.

The contractor must follow DNV’s traffic bylaw 7125 and apply for highways permits
for all lane closures that are required for construction. The DNV also requires that a
traffic control plan be submitted by the contractor ten working days in advance of
construction start date.

3.0 STAKEHOLDER ANALYSIS MATRIX

A stakeholder analysis matrix is a chart that shows the stakeholders of the project. Stakeholders
are the people affected by and who have influence on the project. As projects progress
stakeholders may change (Smith, 2000). Due to lack of time, the report focuses on only the
external community stakeholders that appear at the beginning of the construction of the project.

To create the stakeholder analysis matrix, all the stakeholders were found by looking at the area
the construction of the culvert affects on google maps. The area highlighted in orange in Figure 3
shows where the stakeholders reside.



Figure 3. Area Where Stakeholders Reside (Google, n.d. ), ( )

The shaded area showcases the residential and public users of the area affected by the
construction. The stakeholders of the project are the people who use the area in and around
Delbrook Avenue, Evergreen Place, Mahon Avenue, and W Windsor Road.

After figuring out the list of stakeholders, they were labeled as directly or indirectly affected by
the construction and then were categorized into groups to consult and groups to inform. Any
member in the consult group must be listened to as they have the power to prevent the project
from proceeding. The three things that the stakeholders of the project will be affected by is
traffic problems, utility stoppages, and environmental concerns due to the construction.

Any stakeholders that live on Evergreen Place between Delbrook Avenue and Mahon Avenue
will not be able drive through the construction zone for most of the project, affecting their access
into and out of their residence. Additionally, any stakeholders living 45 m from the edge of the
creek will not have access to Evergreen Place Road as it will be turned into a construction zone
which is shown in Figure 4.



Figure 4. Construction Zone of the Project (Google, n.d.), ( )

The stakeholders who live on Evergreen Place between Delbrook and Mahon and outside of the
construction zone will be informed and the stakeholders living within the construction zone will
need to be consulted. The location of the channel and culvert is shown in green, and the
construction zone is shaded in blue.

Additionally, Braemar Elementary School is on Mahon Avenue. Many parents pass through the
Evergreen Place to pick up and drop off students. The school will need to be consulted on the
optimal time for the construction to occur so the students will be affected the least. Since I was
unable to consult Braemar Elementary School, I assumed that they would want the project to
occur during summer break.



A traffic detour plan was made for the parents of students of Braemar Elementary. The traffic
detour plan is shown in Figure 5.

Figure 5. Traffic Detour Plan for Braemar Elementary (Google, n.d. ), ( )

The detour to Braemar Elementary is shown using green arrow. The construction zone is shown
in blue and local traffic zones are labeled using a local traffic only symbol. The traffic detour
route is for anyone who normally turn into Evergreen Place from the North. They will need to go
south an additional 700 meters before turning into W Windsor Road, and then turning again into
Mahon Avenue to get to their destination.

The construction will cause more traffic than normal to go through the above-mentioned roads,
increasing traffic congestions to the residents living on or near the detour route. These residents
will need to be informed of the construction and the possible increase in traffic.

There will also be utility replacement occurring. Throughout most of the construction the utilities
will be kept running until the replacement occurs. The residents will be directly affected by the
water main replacement during the tie-ins of the new water main to the existing one. The water
main will need to be shut down for one day. Any stakeholder affected by the utility
reconstruction will need to be informed.

Lastly, any stakeholders that live within the construction zone will have environmental concerns
due to trees needing to be cut down and soil possibly being contaminated due to the construction



near or on their residence. These stakeholders will need to be consulted on the tree removal and
replanting as well as informed of the measures that will take place to prevent contamination.

A summary of the stakeholders is shown in Figure 6.

Figure 6. Power Interest Matrix for Stakeholders

The stakeholders living inside the construction zone and the administrators at Braemar
Elementary are directly affected by the construction and must be consulted on how the
construction should take place. The stakeholders living on Evergreen Place but outside of the
construction zone are directly affected as well but to a lesser degree, so they will only be
informed on the construction. Additionally, any residents living near the possible increased
traffic zones will need to be informed of that possibility. For the full stakeholder analysis matrix,
see Appendix A.

4.0 SCHEDULE OF CONSTRUCTION PROCESS

The creation of the schedule is in two parts: creating a work breakdown structure and the
schedule itself. The WBS was made in Excel and the schedule was made in MS Project.

4.1 Work Breakdown Structure

A work breakdown structure deconstructs a project into work packages that are to the
complexity required for the schedule and cost estimate. Work packages are a combination
of related tasks within a project (Wrike, n.d.).

The top-down method where the project is split into smaller and smaller activities was

used for the WBS. This method allows for all the activities that occur during construction
to be found. Additionally, the outline style where the activities are put into a list was used
to format the WBS instead of the hierarchical structure style where the activities are made



into a flow chart. This was because the outline style is quicker to make and easier to
scroll through. The finished WBS was created on Excel.

According to the Project Management Institute (2019), to create a WBS, the project must
be split into levels, with each level getting progressively more detailed. The first level is
the major project deliverable, followed for the second level, a project deliverable, and
then followed by an even smaller deliverable. The deliverables keep getting smaller until
they reach the level of complexity necessary for the project, a work package.

I used the Master Municipal Contract Documents (MMCD) and the District of North
Vancouver Development Servicing Bylaw 8145 to determine the Level 2, 3 and 4
activities. This allowed me to not miss any of the required tasks in the construction
process.

This construction project was broken down into 9 major project deliverables:

Procurement

Field Mobilization and Site Preparation

Excavation and Backfilling

Riprap and Fish Habitat

Culvert Assembly

Footing, Headwalls, Debris Barrier, and Lock Blocks Construction
Utilities Replacement

Road and Sidewalk

Finishing Operations

A I A U S o

Due to my lack of experience in the construction field, the major deliverables were
figured out by reviewing pictures from the real-life construction of the culvert. In Figure
7, the Excavation and Backfilling deliverable is broken down into its work packages.



Figure 7. Example of WBS of Excavation and Backfilling Deliverable

The major project deliverable of Excavation and Backfilling was broken down into work
packages using three steps. First the MMCD codes that are related to excavation and
backfilling were found. Then using the code as reference, the “Measurement and
Payment” section and “Execution” sections of the code were used to find the Level 2 and
Level 3 work. See Appendix B for full work breakdown structure of all the major project
deliverables.

The WBS in Appendix B is to a more detailed level than necessary for either the schedule
or the cost estimate.

4.2 Master Schedule

After a work breakdown structure (WBS) is done, a master schedule can be created. It is
a document that gives a summary so that the owner understands how much and what kind
of work needs to be completed for the project (PM Majik, 2021). This type of schedule is
used by the to understand how the project will proceed
overall before putting out the project for bidding.

The most important part the schedule from the owner’s perspective is the start and end
date. This is because the start and end dates must be stipulated in the contract for the
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contractors to use to estimate the duration of all the work required for the project. It is the
contractor’s responsibility to sequence the project in such a way to meet all milestones
including completion of the project. Therefore, having a start and end date allows the
contractors to use their in-house productivity rates to calculate the amount of crew and
equipment required to complete the project on time and within costs.

The start and end dates of the project were decided using the Guidelines for Reduced Risk
Instream Work Windows and school breaks for Braemar Elementary school. The
construction must happen between May and October to avoid fish spawning. This
window of time also lands during the summer break of Braemar Elementary, so there will
not be traffic congestion due to student pick up and drop off during July to September.

The milestone schedule was made in MS Project and made using the Level 1, major
project deliverables, activities in the WBS. I gave an estimated duration to each high-
level activity and then sequenced them together in order produce an overview of how
long the entire project will take. The schedule is shown in Figure 8.

Figure 8. Master Schedule of Construction Process

The schedule starts on May 15, 2019, and after sequencing, it was found to end on
October 18, 2019. There is one Level 1 work activity, Excavation and Backfill, that was
split into two since it has two distinct parts with many activities occurring between them.
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Master schedules are usually made by using data from previous projects and crew
productivity rates. Due to my lack of construction experience and my inability to get hold
of the past data, I was only able to create a schedule with personal assumptions of how
long each part would take. This schedule is likely to have a high level of error.

5.0 COST ESTIMATE

An owner’s estimate was created to make sure the project is within its budget. If this estimate is
notably lower than the lowest bid, the project may need to be cancelled or redesigned as the
owner will no longer be able to afford it (Faithful Gould, 2016). To create an owner’s estimate,
first a quantity takeoff (QOT) was done, then using the quantities found in the QOT a cost
estimate was created.

5.1 Quantity Takeoff

A quantity takeoff (QTO) was done to figure out the quantities of material needed to
construct the project. The Issue for Construction (IFC) drawing package in Appendix D
for the culvert was used for the QTO with only items that could be easily quantified being
taken off. The quantities are used in the cost estimate for items that have unit prices
attached to the work packages that they are in.

The work packages found in the WBS do not directly relate to the work packages in the
cost estimate. This is because the work packages in the cost estimate were given by my
sponsor and the work packages in my WBS were done by me. I broke down items to a
higher complexity for learning purposes. As most owners,

( ) relies on higher-level information for big-picture planning with
individual material supply quantities being more relevant to contractors performing the
work.

The QOT done in this project only covers the quantity of materials and not equipment or
labour as mentioned in the proposal. Initially, I assumed I had to create my own unit rate
and lump sum values but discovered that the hires a consultant that uses a database
of past unit rate and lump sum values instead to create cost estimates. Therefore, a QOT
of the equipment or labour is not required because it is already included in the unit rate
and lump sum values in the database. Any indirect costs like project supervision would
be included into the unit rate and lump sum values. Additionally, waste was not
considered as it is an owner’s takeoff.

I didn’t receive the work packages from my sponsor until after I finished my QOT so
there are some items that were measured but not used for the cost estimate. For example,
I did a QOT for the reinforcement, but it ended up being included in the lump sum value
of concrete, so the measurement was done but not used.
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The QOT was done using both Bluebeam and a physical copy of the drawings. There
were three steps to creating each QOT. First in Bluebeam, I would calibrate the scale to
the scaled dimension and measure the length or area I needed. If a volume was needed, a
depth could be manually added in. Some QOT required multiple dimensions from several
drawings. If that occurred, the measurements were taken in Bluebeam then manually
inputted in an equation in Excel. After an item was taken off, I would cross the section
out in my physical copy so I would not accidentally take something off twice.

There were also times where I just used the figured dimensions to figure out the
dimensioning. Additionally, the downwards slopping of the culvert was not considered to
speed up calculations.

An example of a QOT I did was the Excavation Between Station 1+018 and 1+043. The
first thing I did was measure the area excavated by following the original ground
elevation lines. This can be seen in Figure 9.

Figure 9. Area Calculation for Excavation Between Station 1+018 and 1+043

The drawing has a scale of 1:100 horizontal and 1:50 vertical. The area measurement of
312 sq m is incorrect because Bluebeam does not allow for different vertical and
horizontal scaling so 312 sq m had to be divided by 2 to get the correct area dimension.

The area was then multiplied by the length of the excavated area shown in the plan view
in Figure 10.
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Figure 10. Length Calculation for Excavation Between Station 1+018 and 1+043

The length of excavation was found to be 23 m. Therefore, the total volume of
construction was 312 sq m divided by 2 multiplied by 23 m, which comes out to 3588
cubic meters. See Appendix C for the full quantity breakdown.

5.2 Class B Cost Estimate

This is a Class B owner’s estimate. According to the (2019),
it is the first initial detailed estimate of the project done in the planning and design phase
of a construction project. It has an estimated accuracy between plus minus 10 to 20% and
is produced using the quantities found in the quantity takeoff.

The quantities were added up into the given work packages and then placed into a
spreadsheet along with unit prices to calculate the estimated price of each work package.
For work packages that have hard to measure items, lump sum values were used instead
of unit rate values. This cost estimate is used to get a general idea on how much the
project will cost and the range of the bids that will come in from contractors.

Initially, I was going to do an estimate using RS Means, a database of cost estimates for
different work activities. However, as mentioned in the quantity takeoff (QTO) section,
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past unit and lump sum values from a database was given instead. These past values are
better to use because they are more accurate than RS Means values. While RS Means
gives values that are in broad categories and are averages from projects within North
America, the past records in the  are specific for municipal projects and are based in
North Vancouver.

The  does not have access to the consultant’s wide database so instead my sponsor
gave me the actual unit rate and lump sum values from three contractors that bid on the
project when it was done in 2019. I averaged out each unit rate and lump sum value to
use for my cost estimate. I am unable to disclose the unit rate and lump sum values given
for each contractor because it is proprietary knowledge to the . The unit rates also
came with associated work packages that [ used for my cost estimate.

The work packages that had unit rates had their quantities multiplied by their associated
average unit rate. Some of the quantities had to be converted from their measured amount
in the issue for construction (IFC) drawings to the corresponding unit in their unit rate.
For example, the cubic meter measurement in the rip rap had to be converted to cubic
yards then to tons. The yards to tons conversion can be seen in Appendix E, and was used
to convert the gravel, rip rap, and boulder cubic meter measurements into tons.

If the work packages had lump sums associated with them, then the averaged lump sum
would be the value used for the cost estimate.

The averaged unit rate and lump sum values were rounded to the nearest one’s digit. It
was rounded using normal math conventions. It did not use the rounding method learned
in CIVL 4033 to convert values that had decimal values to ones without because the unit
rate and lump sum values were averages and not found through a quantity takeoft.

Table 1. Cost Estimate Summary

Cost Estimate Summary
Mobilization, Demobilization, and

Traffic Management $96,455.00
Environment Control and Plant

Management 81,992.00
Excavation, Backfilling, and

Geosynthetics Placement 471,763.00

Rocks and Soil Removal and Placement 264,961.02

Culvert and Utilities Removal and
Assembly 291,833.33

Concrete Related Construction 470,283.00

Subtotal $1,677,287.35
GST 5% $83864.37

Total (incl. taxes) $1,761,151.72
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The total cost of the project is estimated to be $1.8 million including taxes with the
concrete related construction costing the most. This is the cost for the assembly of the
footing, headwall, debris barriers, lock blocks, and road curbs. The full cost estimate can
be seen in Appendix F.

6.0 CONCLUSION

The construction management plan was made for the replacement of an undersized culvert with a
larger steel corrugated arch culvert. The plan covered the creation of a stakeholder matrix, a
traffic detour plan, a work breakdown structure, a milestone schedule, a quantity takeoff, and a
cost estimate for the project.

The main stakeholders that need to be consulted were found to be Braemar Elementary and the
residents living within the construction zone. As part of dealing with the stakeholders, a traffic
detour plan was made for the parents of Braemar Elementary as the construction affected their
drop-off and pick-up route. Afterwards, the work breakdown structure was created using the top-
down method and the major project deliverables found from it were used to produce the
schedule. The schedule’s start date was found through considering environmental and
stakeholder factors. The start date found to be May 15, 2019, and through sequencing each work
activity into a Gantt chart, an end date was found to be October 18, 2019

Following the schedule, the quantity takeoff was done using Bluebeam for materials that were
part of unit price work packages. The cost estimate was then created by using given unit rate and
lump sum values and multiplying them by the quantities found in the cost estimate. The quantity
would be one for lump sum work packages. The cost estimate was found to be around $1.8
million.
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Appendix A: Stakeholder Analysis Matrix

Stakeholder Analysis Matrix of External Community Stakeholders
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I was not given access to the personal information of the residents due to privacy reasons, so the
contact information column is empty. Additionally, there is an area labeled “Note/Log of
Communication” which is placed to show that the stakeholder analysis matrix should include the
information gained from consulting with stakeholders. This is a theoretical exercise so actual
contact was not made.



Appendix B: Work Breakdown Structure

Work Breakdown Structure of Culvert Replacement

20









Appendix C: Quantity Takeoff

Quantity Takeoff of Culvert Replacement
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Appendix D: Issue for Construction Culvert Drawings

Drawings of Culvert Replacement
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Source: (2019). In-Stream Works 545 Evergreen Place Culvert Replacement
Record Drawings.




Appendix E: Cubic Yards to Tons Conversion

Conversion from Cubic Yards to Tons for Gravel, Rip Rap, and Boulders

Source: Harmonys and Gravel. (n.d.). Landscaping and construction material weights.
Harmony Sand & Gravel. Retrieved April 10, 2022, from
https://harmonysandgravel.com/material-weights
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Appendix F: Cost Estimate

Legend of which MMCD is in each of the summary categories:

Mobilization, Demobilization, and Traffic Management

O
O

Mobilization and Demobilization
Traffic Control, Vehicle Access, and Parking

Environment Control and Plant Management

O

O
(@)
O

Environmental Protection

Hydraulic Seeding

Japanese Knotweed Removal and Management
Planting of Trees, Shrubs and Ground Cover

Excavation, Backfilling, Geosynthetics

O
O

Excavating, Trenching, and Backfilling
Geosynthetics

Rocks and Soil Removal and Placement

O

O O O O O O

Aggregates and Granular Materials
Granular Base

Granular Subbase

Hot-Mix Asphalt Concrete Paving
Rock Removal

Riprap

Topsoil and Finish Grading

Culvert and Utilities Removal and Assembly

O

O
O
O
O

Pipe Culverts

Waterworks

Sanitary Sewers

Storm Sewers

Manbholes and Catch Basins

Concrete Related Construction

O
O
O

Cast-In-Place Concrete
Concrete Walks, Curbs and Gutters
Precast Concrete
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Cost Estimate of Culvert Replacement









