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Group 1 Consulting Co.
Stillwater, OK 74074

February 26, 2016

207 Engineering South
Stillwater, OK 74078

Dear Dr. Veenstra,

Our team has completed the site development plans for the proposed apartment complex located at 4th
and Ramsay. Attached is the report documenting the engineering calculations and final design
recommendations.

As requested by the developer, the report includes the following information:

The structural design for the attached parking garage.

An analysis of the existing utilities system

A hydrological analysis of the site for both pre and post development
The proposed grading for the site

A transportation analysis of the surrounding area.

ISANE A

Thank you for allowing our group to complete the design and assessment of the project. We look forward
to hearing from you and can be contacted by phone at (123-456-7890) or by email (groupl@okstate.edu)
to answer any further questions.

Sincerely,

Group 1 Consulting Co.
Stillwater, OK 74074
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Introduction

Mega Developers, LLC is undergoing an apartment complex project in the urban core of
Stillwater, Oklahoma, close to Oklahoma State University’s campus. This project includes the
construction of two large apartment buildings that will have retail space, as well as a multi-story
parking garage. The two apartment buildings will be five stories tall and have a total of 451
bedrooms. The project site will be fully developed as it will end up having up to 95 percent lot
coverage. Our Senior Design group was chosen as the single consultant for the project. Our
duties included project management, design, and construction of the project. We were fully
responsible for meeting the scope, schedule, budget, and quality objectives of the project
including traffic, environment, surveying, design, and construction administration.

Our project design and management tasks included coordinating all aspects of the project to
ensure the best value for the developement, good time management, and efficient work. We
submitted biweekly progress reports so that the developers were fully aware of everything that
was happening. In order to accommodate for the traffic increase in the area, we conducted a
traffic analysis to determine if our surrounding intersections needed traffic control modifications.
We also had to account for the increase in water demand created by the new apartment complex.
Because of this, we were responsible for analyzing the current system and determining whether
or not additional piping would be needed to meet the added water demand. We also had to
address the increase in water leaving the property. Our responsibilities for the sewer system in
connection with the apartment complex included choosing where the new sewer pipes would go,
where they would tie into, and then designing the actual piping system. Sewage is not the only
water leaving the site. Our stormwater and hydrology systems needed to be designed so that they
would have a low impact development. The structural elements of the project were very
complex. They included developing a grading plan, designing the foundation, and then creating
the entire design and layout of the parking garage. Last but not least, we developed a
construction schedule of this apartment complex as well as a cost estimation. After completing
all of these tasks, we have designed and constructed an efficient and quality apartment complex.
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Project Overview

As the lead consultant for the new apartment complex being constructed by Mega Developers,
LLC, we have numerous important tasks to complete. These tasks include structural and
foundation design for the parking garage, water and sewer utility improvements, hydraulic
evaluations, grading plans, and transportation studies.

The structural aspect of the project began with the foundation design. We were given soil data of
the surrounding area that allowed for us to create a plan for our cast-in-place piers. From here we
completed the rest of the foundation work and moved on to the structural design of the parking
garage. This structure was to be constructed out of reinforced concrete. Our responsibilities
consisted of full design, including columns, beams, slabs, and walls. We then focused on the
water and wastewater improvements. For the water distribution system, we evaluated the current
system conditions to see if it could support the additional water demand. We were to decide if
any new piping would be necessary. The wastewater system consisted of us designing and
placing the new sewage lines and then tieing into an existing system. Our group then conducted a
hydraulic evaluation of the site to determine where we would run the stormwater runoff. This
was designed with a low impact approach. To finish off the site development, we did the final
grading around the apartment complex. Lastly, we completed a traffic analysis to determine if
traffic control improvements were needed at the surrounding intersections.
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Transportation Analysis

We assumed that the apartment complex has a total of 420 units for a traffic point of view instead of the
actual 451 units assuming that a few residents don’t drive or that they have shared cars. The total number
of trip generated by the construction of the apartment complex was calculated using ITE trip generation
rates for an apartment. We assumed that the garage has a single exit on Hester Street. The time of peak
traffic flow for the trips generated was calculated as between 4pm and 5pm on a weekday from the traffic
flow distribution percentage provided to us in the Traffic Impact Analysis report. See Appendix A.
Transportation Analysis for the exact turning lane counts.
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The parking garage has a single exit on Hester street so we analyzed the traffic intersections at 4th and
Hester, and 6th and Hester to determine the current traffic capacity. This was done using the turning
movement data for the 2 intersections provided to us in the Traffic Impact Analysis report. We then used
a growth rate of 2% per annum to obtain the future traffic demand in the design year of 2020.
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6TH and Hester (2016)
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To estimate the traffic demand in 2020 with the additional demand generated by the construction of the
apartment complex, we distributed the apartment traffic through the intersections of 4th & Hester and 6th
& Hester. We estimated that 65% of the residents will be returning home to the apartments from work or
school between 4pm - 5pm on a weekday and thus constitute the incoming traffic. Consequently, we
assumed that 35% of the residents will be leaving the parking garage during the peak hour for recreational
purposes or for dinner. These percentages were estimated from the ITE trip generation counts for an
apartment complex. The apartment traffic was then traffic was then distributed amongst the intersections
based on existing 2016 traffic turning movements. See Appendix A. Transportation Analysis for further
details on traffic counts.These estimated traffic counts for 4th & Hester, 6th & Hester are shown below.
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Based on these projected traffic counts in 2020 with the addition of the apartment complex, the traffic
growth is not sudden and the current traffic components are sufficient to deal with the increase in demand.
Since these counts are based on the worst case scenario with all the residents of the apartment complex
entering and leaving the garage during the peak hour between 4pm-5pm, which is unlikely in reality, we
can conclude that the increase in traffic will still be at a Level of Service of C for 4th & Hester, and C or
borderline D for the intersection at 6th and Hester. This summary of traffic counts is shown in the graph
below:
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Intersection Demand Analysis
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Figure 1. Summary of intersection demand

From the above analysis we can conclude that the current transportation facilities at both intersections are
sufficient to meet future demands in 2020. There are 2 recommendations that we would like to make:

1.

In the year 2020, pedestrian traffic will substantially increase because of the proximity of the
apartment complex to the Oklahoma State campus. Cyclists will also increase. To account for
higher pedestrian traffic, an increase in the current width of the sidewalks from 4ft to 6ft would

be needed.

4th street needs to be repaved and repainted for a smoother surface finish. All the existing
potholes need to be fixed. Repair and maintenance of the currently existing 4th St. would be
sufficient to meet future demands. No changes need to be made with traffic signals and signs.
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Water Utilities

Our responsibilities for the water distribution system of the apartment complex included analyzing the
current system and determining whether or not additional piping would be needed to meet the added
water demand.

Our approach with the analyzation of the water system began with taking the given information and
creating a schematic of the current system. We were provided with a layout of the water pipes including
their size, material, and junction elevations. The lengths of the pipes were acquired from Google Maps.
We were given the maximum and average daily usages at each junction. From there we calculated a peak
factor and created charts consisting of the hours versus their multipliers. The fire hydrants and their
variables were placed into the system as well. The 24-inch water main on University Avenue was
designated as the reservoir for our system. The elevation of the reservoir was adjusted so that the fire
hydrant pressures in the system would match what was given to us. Once the pressures were correct, we
could confirmed that our design was running like the current system. This gave us a hydraulic grade line
of 1,075 feet. We then added the additional demand that the apartment complex would bring, including
the fire demand. All of these characteristics and values were plugged into the appropriate controls in
WaterCAD and the system was run.

We then evaluated the pressures in each junction of the system. According to the Stillwater Engineering
Standards, the pressure cannot exceed 100 psi but cannot be below 45 psi. The pressures in our system
were far outside of these values. Because our system was not working in the desired range with the added
demand, we determined that extra piping would be needed. We decided to add a 10” PVC pipe from the
24” line on University Avenue and run it straight down Ramsey Street to the apartment junction. We
chose this size because it was greater than the minimum diameter of 6” and it was able to sufficiently
supply the demand of the apartment at a desired pressure. We chose PVC as the material because of its
higher performance values, relatively low costs, and its long lifetime. This pipe would be buried 4 feet
below the ground level to meet the city standards. A manhole will be placed approximately in the middle
of this line, which would be 350 feet South of the intersection at University Avenue and Ramsey Street.
This additional piping solved the problem. In our adjusted system, the lowest pressure in the system was
found to be 66 psi and the highest was 86 psi. The pressure at the apartment junction was 76 psi. All of
these pressures are well within the desired pressure range. The surrounding water distribution system can
now sufficiently supply the additional water demand.

The water distribution system schematic and plan and profile views can be seen below. Flex tables and
water demand calculations can be found in Appendix B-1. Water Utilities Tables
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Figure 2-Water Distribution System Schematic
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Wastewater Utilities

Our responsibilities for the sewer system in connection with the apartment complex included choosing
where the new sewer pipes would go, where they would tie into, and then designing the actual piping
system.

Our goal was to design a gravity-based system so that no pumps would be needed. We decided the place
the sewer lines along Fourth Avenue, run them west, and tie into the existing 10-inch line running north
and south along Washington Street. Our pipes would start at the intersection of Fourth and Hester, run to
Fourth and Ramsey, and then tie into Fourth and Washington. This would allow for the system to flow
downhill. These pipes would be buried 3 feet under ground level beneath Fourth Avenue in order to stay
within the right of way. We calculated a design flow for the system based on the number of residents in
the apartment. The design flow was found to be 0.365 cfs. We were given the elevation at each
intersection, along with the length of each section. From here we were able to calculate the slopes and
ensure that they were greater than the minimum slope of 0.0033 ft/ft. We then calculated the required
diameter of the pipe. For the section running from Hester to Ramsey, we found the needed diameter to be
5.35 inches. However, the Stillwater Engineering Standards state that the minimal sewer pipe size is 8
inches, so this is what they size of our pipe would be. The pipe capacity was then checked to make sure it
could support the system, which it could support 2.13 cfs. This is far greater than the needed 0.365 cfs.
The maximum and minimum velocities were evaluated to make sure they met the desired range set forth
by the city of Stillwater. The maximum average velocity was 5 fps and the maximum peak velocity was 7
fps. The minimum velocity was 2 fps. All of our velocities fell in those ranges. This section had a
hydraulic grade line of 899 feet. This process was repeated for the section running from Ramsey to
Washington. It was found to have a diameter of 5.81 inches would was bumped up to 8 inches as well and
it met all capacity and velocity requirements. This section had a hydraulic grade line of 888 feet. All of
the pipes would be PVVC material due to its high performance values and reasonable costs. These pipes
would be buried at least 3 feet below ground level to meet the city standards. Manholes would be installed
at each intersection. This would be 3 feet in diameter so that city engineering standards would be met.
There is currently a 6 inch PVVC sewer pipe on our development site that we will not need and are
choosing to abandon.

The plan and profile views can be seen below. Pipe calculations can be found in Appendix B-2.
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Hydrology

Hydrologically we were responsible for determining the hydrological conditions of the site and
developing a stormwater management plan. This included determining the site characteristics pertaining
to surface runoff, the predevelopment and post-development peak runoff flow rates, and the design and
function of a detention facility if necessary. It was the goal of our team to develop an accurate, effective,
and feasible hydrological assessment and stormwater detention plan. The team’s process and conclusions
are presented below.

In order to determine the predevelopment site characteristics our team consulted the NRCS Online Web
Soil Survey, the given AutoCad file of the existing site conditions including a topographic survey of the
site, and regular site visits. From the NRCS Online Web Soil Survey we were able to determine the soil at
our site is Norge Urban Land Complex with 1-5% slopes with a C-grade hydrological classification.
Using the existing site autocad file we were given we were able to determine a total area of the site to be
approximately 2.5 acres including the sidewalks surrounding the property on the East, North, and West
sides extending from the property boundary.

The next step was to determine the watershed characteristics of the site. This included determining the
number of control points that where water exits the site, assigning the drainage areas the contribute to
each respective control point, and lastly developing the characteristics of each drainage area used to
effectively calculate the predevelopment runoff values for the site. Using the existing site AutoCad file
combined with site visits we were able to determine three control points where water enters the
stormwater drainage system of Stillwater, Oklahoma, and assign the respective areas that contribute to
these control points.

The first control point is located on the corner of 4th and Ramsey and accounts for approx. 1.23 acres.
From control point 1 the storm water flows west on 4th St. to Washington St., where the water either
enters the storm sewer system on Washingston St. or flows South to inlets located at 6th St. The second
control point is located at the Southwest corner of the property and has a contributing area of approx. 1.12
acres. As seen, water that contributes to this point exits the property boundary at two locations but is
rejoined some distance along Ramsey St. From the second control point water flows South on Ramsey St.
until it enters the storm sewer system at an inlet on 6th St. The third control point is located in the
Southeast corner of the property and has a contributing area of 0.15acres. This area is mainly consists of
the East sidewalk. The water from this control point travels South on Hester street and enters the storm
sewer system at inlets located on 6th St. The diagram showing the control points, their respective areas,
and flows to the storm sewer are shown in Figure 5. below.
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Figure 5- Pre-development flow diagram

Next, WinTR55 small watershed analysis program was used to model each drainage area. The inputs used
in the program were calculated using each individual drainage area. The curve-number detail was
determined by the program after the area of each type of land cover (impervious, grass, etc.) were
calculated using the dimensions presented in the existing site AutoCad file. Time of concentration and
reach detail was determined by the program with the input of the type of flow expected at the site. The
time of concentration for control point one and three were calculated to be less than 0.1hr causing the
program to default to the minimum value of 0.1hr. The inputs and respective output for each control point
are presented in Appendix B. Hydrological Inputs and Calculations . Allowing the 100 year-24 hr
frequency storm to control the design, the predevelopment peak flow rates for control points 1, 2, and 3
were determined as 12.70 cfs (cubic feet per second), 10.11 cfs, and 1.47 cfs respectively.
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Figure 6 - Post Development Flow Diagram

To determine the post-development peak flow rates the relative same process as described above was
used. The same three control points were used and the respective areas were decided in a manner to
optimize the amount of water that we were able to flow off of the site. The control points and their
assigned areas are presented in figure 7 below. As shown, it is assumed that the area in the north portion
will flow from the roof in a manner that it contributes to the area of control point 1 on the corner of 4th
and Ramsey. In addition the area in the south, including the parking garage is assumed to flow to control
point 2. The area contributing to control point 3 is the same portion of the sidewalk as the predevelopment
conditions. WinTR55 small watershed analysis program was employed to determine the post
development peak runoff rates and hydrographs. Due to the floor plan of the building to be 95% lot
coverage, a conservative CN value of 98 was selected for areas 1 and 2 which assumes the entire area is
impervious cover. The reach detail used for the calculation was designed as a very large channel with 1%
slope which conservatively allows the water to flow from points in a manner faster than that in the field.
This resulted in higher peak flow rates allowing for a conservative design. The inputs and output used for
the post-development calculation are detailed in Appendix C Hydrological Inputs and Calculations The
peak flow rates for the controlling 100yr frequency 24 hour storm for points 1, 2, and 3 were determined
as 12.67 cfs, 13.79 cfs, and 1.47 cfs respectively. The peak flow for control point 3 was not changed
because it is outside of the property boundary and is not going to undergo further development.

With pre and post development peak flows determined, we were able to determine the need for a
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stormwater detention facility. Control points 1 and 3 did not exceed the predevelopment conditions and
therefore there is no for detention of water that exits these point. For control point 1 this occurred because
of the smaller contributing area, and for control point 3 this occurred because the area remained
unchanged. For control point 2 however, the post-development exceeds the predevelopment peak runoff
rates and therefore detention is required to reduce the peak runoff flow below the predeveloped
conditions. In this case we need to ensure the peak runoff at control point 2 does not exceed 10.11 cfs. To
do this our team investigated two options, the first would be to detain all of the water that flows to control
point 2 and release it at a predesigned rate, and the second would be to detain only a part of the water and
release it at the design rate.

To evaluate both options, our team needed to estimate the size of the detention facility for each case. The
calculations used to determine the size of detention facility for each case are presented in Appendix C
Hydrological Inputs and Calculation. In the first case, the detention facility would need at least 1728
cubic feet of volume (approx. 13,000 gal.) and would require routing all water in the drainage area to the
detention system and then controlling the release to allow for 10 cfs of flow. The second would detain
water from the east most 0.7 acres of the facility and would require a detention volume of 2392 cubic feet
of volume and allow for a controlled release of approx. 4.0 cfs.

Looking at the site layout, our team determined the best location for a detention facility would be either
an aboveground or belowground system located in the area of the driveway on the southwest corner of the
property. This location is would allow for easy access to the detention facility for possible maintenance
and allows for greater flexibility in the design. After selecting this option our team selected going with the
second option presented above. This option allows for the water from the west 0.5 acres of the drainage
area to be directly deposited from the roof to Ramsey St., while the water from the east 0.7 acres to be
deposited directly into the detention facility. With this option selected we decided to locate the detention
facility at the west most portion of the driveway located in the southwest corner of the property. This
allows for the water to flow from the detention facility directly onto the driveway that is designed to carry
the flow to Ramsey street. A figure showing the location of the detention facility and the approximate
flow of water are presented in figure 7 below.



CIVE 4043 - Spring 2016 Group #1 - 22

0.50ac. 0.70ac.
‘: B “illi -'.,I_-..Y-.___._." 7 ; J‘{ .J':. .- ,’.. E #I:. 1 -.-:-I ;:
: F— I ‘.'. / e * \ 1:
¥ - L ns __z' y \ d . ; - H b, —~
T Ry T el WA= i _,I ' |
: = =) P = & Lk =i - - = . i
= § = = | - } 1 . =T
:-] i — {
{4 el B Ik s crs i ="
-‘- o 2! 1 "_ - . |J
L2 . ! " |?-:.‘L i - . { . S il S | H
HE=—8F===""=1 : = | +==1ET1
.i_:.-.a.!?.-z.i__..._..._..._..._..._ a..—..n._l b ;___.f_ . — ! |_ ;.
Detention Facility §{lid & l‘ T
l | 1 : = ! i —'--4|
000 7 e
) I

Figure 7 -Flow Diagram w/ Detention Facility

With the detention facility sized and located, we were then able to determine operation of the detention
facility. Our team investigated two options, a gravity flow facility and a modified pump flow facility. The
gravity flow system would be an above ground system (fig. 8) consisting of at least an 18,000 gal tank
with an orifice at the bottom to limit the flow of water to 4 cfs. The tank would need to have an overflow
above the 17,900 gal mark in case of malfunction. The tank would have a manhole at the top to allow for
entrance into the tank. Due to this being such a large tank to place above ground, and the negative
aesthetics of the situation, our team decided to pursue the underground option.

For the underground option, our team selected a modified pump flow facility similar to the one presented
in figure 9. In this case, the facility would be a concrete vault approximately 10 x 10 x 25 ft. It would
operate by water flowing through a channel that is controlled by an orifice that would only allow 4.0 cfs
through the channel. If the channel were to experience more than 4.0 cfs it would fill up and overflow into
the tank. The emptying of the tank would be controlled by a pump that would lift the water back into the
channel and allow the water to exit the facility. The bottom of the channel would be the same elevation as
the road causing the top of the facility to extend approximately 1.5 ft above the ground surface. In order
to provide maintenance to the facility a manhole would be installed. In order to drain the facility in less
than 4 hours, a pump of at approx. 75 gpm will be needed.



CIVE 4043 - Spring 2016 Group #1 - 23

In'et  Surdfacoarea  Overflow

(m?) Dameter
e
Dopth obove /

overlow (nmly_ 4/

\\-/k 0 S P intgrnal
drain
[

Volume below
overflow pipe

Siudge 2000 % o "
w Outlet R

Figure 8 - Above ground detention Figure 9- Below ground detention

Based on the following options, our team selected the aboveground option. This is primary due to the
increased cost with installing a below ground system and the added maintenance cost included with an
underground pumped design.
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Structural Design

Structurally, we were tasked with designing the parking garage facility for the project. This included
deriving the loads for the structure from International Building Code 2009 and American Society of Civil
Engineers/Structural Engineering Institute 7-2010 as well as designing the structural elements such as
beams, columns, and piers out of reinforced concrete using the design standards presented in American
Concrete Institute 318-2014 and PCI Design Handbook: Precast and Prestressed Concrete 7th Edition.
The vast majority of the computations were carried out using Microsoft Excel Spreadsheets derived by
the structural design team members.

The layout of the structural elements had to be changed from the original layout due to the required floor
to floor clear spacing of ten feet provided by the customer and the required floor to bottom of beam clear
spacing of seven feet. With the original number of columns and the span requirements, it was quickly
obvious that the provided spacing was not adequate to meet these clear spacing specifications using a
reinforced concrete structure. Because our design computations were carried out through excel
spreadsheets, the design group was able to optimize a modified column spacing for a reinforced concrete
structure that could provide a way to meet these limits without far exceeding the requirements with a non-
economical design. The final optimized layout required us to increase the number of columns from 12 to
41. The increase represents the minimum depth that can be achieved with a Prestressed concrete design vs
a precast, reinforced design. The change from having the greatest span of more than 60 ft. to one of 32 ft.
allowed for an immense decrease in the depth of the cross section based on the limit found in ACI 318-14.
This value went from a required minimum depth of more than three and a half feet to a value of two feet
two inches. While this change results in an overall increase in the amount of raw materials necessary to
construct the parking garage, and thus an increase in cost, the change increases the structural redundancy
to improve the safety and reliability of the structure in the event of a localized failure. The final layout is
shown in the figure below:
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Figure 10. Structural Floor Layout

The ultimate goal during design was to provide a safe and reliable structure that would be capable of
handling the loads sustained on the parking garage while retaining the serviceability that the users would
require. Load derivation from Chapter 16 of IBC 2009 consisted of determining the Occupancy Category
for the structure prior to using the tables to determine the live, snow, wind, rain, and earthquake loads for
an Occupancy Category of Il and a location in Stillwater, OK. The exact dead load was used in
conjunction with an additional 5 psf load to cover the effect of MEP loading. The additional 5 psf was not
taken into account in the combinations that included a wind or seismic uplift component, per ASCE 7-10

requirements. The exact loads are presented in Appendix C. Structural Design Calculations

Design for each structural element consisted first of determining the maximum distributed load from the
strength design load combinations presented in ACI 318-14 and the tributary width and span length at the
location of the element. Preliminary beam dimensions are selected based on these values, such as the
beam depth and height. From this, the dead weight of the element can be distributed over the area and
included in the calculations for the ultimate load. After this, the ultimate moment and shear were
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calculated based on pre-determined support conditions, in our case simply supported beams resting on
column corbels. From the maximum moment calculated from the load cases, the flexural steel was
calculated using the Goal Seek function. Goal Seek was used because the equation in ACI 318-14 for
flexural reinforcement is a quadratic function. The exact number of steel bars used was calculated for
each iteration for a variety of rebar sizes, which allowed the structural engineer to optimize the beam to
require the least amount of material possible while also providing the necessary strength. Shear
reinforcement was selected similarly, but unlike the triple shear zone method found in ACI 318-14, a
single spacing was selected across the span of the bridge to increase the provided ductility and
redundancy. Required shear reinforcement and spacing was calculated using the equations in ACI 318-14
for multiple locations throughout the span to ensure that the provided amount was always adequate for the
ultimate value imposed by the load.

The necessary serviceability checks were also performed at each iteration. The clear spacing limit of the
maximum of either the diameter of the longitudinal bar chosen or a value of one inch was calculated for a
single, double, and triple layer of reinforcing bars. Because the optimal location of reinforcement is
further down the depth of the cross section, the least number of layers allowed by the clear spacing limit
could be chosen to provide the maximum flexural capacity. Another check necessary for the serviceability
of the structure was the deflection limit equal to one sixteenth the value of the span. This value changes
for each element, so an excel spreadsheet was necessary to calculate each additional iteration of the
design of each element. Deflection in concrete beams is based on the lesser of the cracked or gross
moment of inertia, which depends on cross sectional properties, so for each change in these values, no
matter how minimal, had an effect on the deflection values of the element. It was necessary to keep in
mind how each design element influenced deflection as it was the controlling aspect of most of the design
process. Knowing the smaller details of design, as well as keeping the bigger picture in mind was
necessary to optimize the elements. The ultimate tensile strain in the longitudinal steel was also calculated
to verify that the element was in the tensile failure mode and not in the compression zone. This ensures
that in the event of failure, the failure will occur in a slow, ductile fashion, not the drastic, sudden failure
that a compression failure event would incur. By ensuring that the element is always in the tension failure
zone, it greatly simplified the design process and the optimization of the required reinforcing.

In addition to the clear spacing, ultimate tensile strain of the steel, and the deflection requirements, the
necessary lap splices, developmental length, and reinforcing ratio in each member was also calculated.
These values are necessary to detail to provide adequate force transfer between elements and to develop
the composite action between the steel reinforcing and the precast concrete elements. The reinforcing
ratio minimum requirement of 0.015 is provided to ensure adequate composite interaction while the
maximum requirement of 0.08 is to prevent the overcrowding of bars in the cross section. Each of the
values were compared to the limits as stated in ACI 318-14, with the amount of reinforcing or cross
sectional properties changed to verify that each was alright.

Column and beam-column connection was performed in a similar fashion, with similar calculation checks
occurring at each step and iteration of the process. Because the corbel connections are simply a short span
cantilever beam with an angled compression zone, the design was very straightforward and easily able to
draw upon the calculations performed in the beam and girder design calculation sheets. Column design
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consisted of a similar series of design iterations at each location to provide adequate support for the
structure, with each column being a single continuous element upon which precast beams, girders, and
slab sections can rest without additional requirements for other supporting elements. This simplified the
design of the columns by providing purely axial loading effects without a significant moment applied.

The slab, designed as a rigid diaphragm connecting the exterior simple column and beam supports to the
shear wall allowed for complete design of a lateral force resisting system capable of absorbing the loads
from wind and seismic events.

The exact calculations for each element, with labels in the heading on each page, can be found in the
design spreadsheets attached in Appendix D 1 Structural Design Calculations
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Foundation Design

The geotechnical investigation provided undrained shear strength and shear angle values for six separate
borings taken over the area that the parking garage will sit. Using these values, the foundation design
team members were able to calculate the design strength vs. depth for three differently sized piers. A deep
foundation, such as drilled, cast in place piers, was chosen primarily for the fact that a shallow foundation
would not have been adequate for the soil structure and the high values of load experienced by the large
reinforced concrete parking structure. Piers were chosen over driven piles due to the noise level and cost
that is required by the equipment necessary to drive piles deep into the earth. Because the structure is
nearby residential, commercial, and educational facilities, the noise level of the necessary construction
equipment is an important thing to consider. The primary design codes utilized for the foundation design
were in Chapter 1810 Deep Foundations of IBC 2009, ACI 336.3R Report on Design and Construction of
Drilled Piers, and in ACI 318-14 Chapter 25.

From the structural engineering group members, the maximum axial, moment, and shear values were
obtained. Using the maximum moment value, it was determined that a two and a half foot diameter pier
would be most cost effective to provide the necessary flexural capacity of the reinforced concrete pier and
necessary side bearing force to prevent uplift of the structure. A Microsoft Excel spreadsheet was created
in conjunction with the base design strength charts that calculated the required depth of each pier at the
location of each column and pier. To do this, each boring location was provided with coordinates in
Northing and Easting directions and the depth and design strength determined based on the ultimate axial
load. Similarly, each column and wall junction was given coordinates where the South-Westernmost
column was chosen as the origin point. From the coordinates, depths, and strengths, an equation was
derived in excel that was able to calculate the inverse distance weighted average based on the boring logs
that surrounded it. Similar to a weighted average, which calculates a basic interpolation between two
points, the inverse distance weighted average is able to calculate the weighted average between multiple
points of reference. The main application of the inverse distance weighted average is in interpolating
topographical and similar environmental factors, so the application to the varying strength and depth
requirements at a point in the middle of four boring locations at different distances allowed for a more
precise estimate of the necessary depth and strength provided at each location. This is the reason that the
design provides the necessary strength without over utilizing material and construction resources in
assuming the worst case throughout the site.

The design for the reinforcing of each pier is the same, due to similar axial loads and to optimize
constructability when casting each pier. The design was done using a combination of an excel spreadsheet
to determine factors and an interaction diagram obtained from ACI Special Publication 7. The strength
safety factor of 0.65 was used to modify the design as noted in ACI 318-14 from when the original
publication was produced. The design of eight longitudinal #10 bars with a #5 spiral tie with an inclined
pitch of 5.0 inches provided the necessary strength without exceeding the limits imposed by ACI 318-14
Chapter 7 for clear spacing, axial shortening, and minimum reinforcing values, as reflected in the design
spreadsheet in Appendix D 2. Foundation Design Calculations
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Grading Plan

We were asked to create the grading plan for the proposed site. We were given elevations and a
topographical map of the site that was from a recent survey. As a team, we worked to provide a grading
plan that minimized excess cut and fill as well as one that could accompany the new utility lines that were
needed for the project.The existing topography can be seen below
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Figurell- Grading plan topography
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Figure 12 - Existing site topography

To start the process, we took the elevations given in the construction drawings and used the finished floor
elevations to start determining the initial ground elevations for our site. Our lot has 95% building
coverage so we decided to place more emphasis on the slab layout rather than the hydrology of the site.
The property line does not include the existing sidewalks or roads. We focused mainly on the earthwork
within the property line. We set the highest point of the lot on the Northeast corner at 905°. We then
compared the proposed elevations with the elevations for our updated utilities. The highest point of our
utilities line was also located on the northeast corner at 900°. The proposed elevation allowed for proper
cover for the new lines. After checking the utilities height, we used the proposed site layout and began to
hand draw the contours we needed for the grading.

To model our grading plan and calculate our total cut and fill, we used a combination of Google Earth and
Revit. Google Earth contains existing topography and allows users to take sections and import it into
CAD software. Using Revit we were able to manipulate the surface to get the required elevations. The
final drawing can be seen below. When we imported the topography from Google Earth, the relative
elevation was lost. To correct this in our model, we established a control point on the imported surface
and made all the elevations relative to this point. On our grading plan. The elevation 0’ is equivalent to
900’ in the field. After grading, we had an excess of 3863 cubic yards of cut.
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Construction Management

Project Estimation:

We used a unit cost analysis to estimate the overall cost of our parking garage. The four main sections
that were analyzed are sewage line installation, water line installation, grading, structural elements,
detention facility and interiors. Interiors include electrical wiring, elevators, staircases and fire protection
equipment. The parking garage has 6 floors including the basement. The actual floor area is 113,363 sq.
ft. but for estimation purposes the area per floor was assumed to be 113,000 sq. ft. The costs for all the
components of the garage were calculated using 2011 RS Means. The unit price includes material cost,
equipment cost and labour cost. Once the project cost was estimated, the total cost was multiplied by the
location factor for Oklahoma. According to RS means, construction in Oklahoma costs 80% of the
national average. Once all the costs were calculated, the location factor was applied to get the final project
cost.

Structural cost was calculated on a linear foot or square foot basis. The length of all the columns were
added together and multiplied by the unit price per linear foot. Beams and girders costs were also
estimated in a similar way. To obtain the total slab area, the floor area of the garage was multiplied by 6
to account for the floor area of all 6 floors.

The total project cost after accounting for location factors was estimated to be $ 4470624.48. All the costs
for the structure, grading, utilities and detention are given below.
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Sewer Line Installation

Construction Event Unit UnitPrice = Amount Cost % of total
Construct 8" PVC Sewer Line® LF 5 21400 7086 % 151,084.00
Construct 3' Manhole Each S 2,500.00 3 5 7,500.00
Connect to Existing Line Each S 2,800.00 1 5 2,800.00
Tatal 5 161,384.00 2.89%
*Includes excavation, pipe installation, and backfill
8" PVC pipe costs 512 37 /ft
Water Line Installation
Construction Event Unit Unit Price Amount Cost
Construct 10" PVC Line® LF 5 22500 725 S 163,125.00
Construct 3' Manhole Each 5  2,500.00 1 5 2, 500.00
Connect to Existing Line Each 5 2,B0000 1 5 2,800.00
Total $ 168,425.00 3.01%
*Includes excavation, pipe installation, and backfill
10" PVC pipe costs 519.99/ft
Structural Elements
Unit Unit price Amount Cost
Slabs 3Q.FT s 8.75 113363 5 991,926.25
Columns LF 5 150.40 2758 5 414,803.20
Beams & Girders LF s 13985 17004 % 2,378,009.40
Total $3,784,738.85 67.73%
Substructure (Grading And Foundation)
Unit Unit price Amount Cost
Basement Excavation S0, FT 5 0.18 113000 5  20,340.00
Piers Y s 273.59 3127 & 8,555.16
Slab on Grade 5Q.FT 5 624 114000 5 711,360.00
Total S 740,255.16 13.25%
Interiors
Unit Unit price Amount Cost
Stairs Each $  3,750.00 15 3,750.00
Elevators Each 164 575.00 1 & 184,575.00
Fire Protection sQ. FT floor 3.83 700D 5 298,740.00
Electrical sQ. FT floor 3.29 78000 5 256,620.00
Total S 719,935.00 12.88%
Detention Facility
Unit Unit price Amount Cost
Detention Facility CY 365.65 3I7.03704 & 1354259 0.24%
Total Project Cost % 5,588,280.60
Total Project Cost after location adjustment 54,470,624.48

Group #1 - 32
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Project Scheduling:

We used RS Means for the scheduling for the parking garage. Additionally, we used a current
construction project to adjust our time for the schedule. There is a parking garage being built on the south
side of Stillwater that is of comparable size and material. It will take a total of 183 days to complete the
structural elements of the parking garage. That is assuming an eight hour work day and not working on
Saturday and Sunday.
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GANTT CHART
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Appendix A - Transportation Analysis

Determining Peak Hour capacity using the traffic distribution on a weekday.

PM Peak
% Per |Traffic
Hour Volume

12 AL 0.48 1

1:00 0.32 1

2:00 0.28 1

3:00 0.28 1

4:00 0.27 1

5:00 0.63 2

G:00 2.19 3

700l 4.82 12

g:.000 497 12

9:00( 4.72 12
10:00( 543 14
11:00 6.24 16
12:00| 6.58 16
13:00 6.81 17
14:00| 6.72 17
15:00 .17 18
16:00( 8.45 21
17:00 9.97 25
13:00( 7.39 13
19:00( 5.33 13
20:00 4.62 12
21:00 3.38 )

22:00| 2.01 5
23:00 0.92 2
Total 100 250
Total Check 230

Group #1 - 35
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Peak Hour counts for Hester & 4th, Hester & 6th for 2016 and 2020

. Senior
Project Design
Engineer: Group 1
Date: 4/23/2016
Traffic studies Capacity Analysis
4th and Hester 6th and Hester
NB Left |Center| Right | Total NB Left | Center | Right | Total
2016 9 48 = B6 2016 9 20 21 50
2020 10 52 10 71 2020 10 22 23 54
Apt. Traffic 12 60 28 100 Apt. Traffic o 10 o 10
Total 22 112 38 171 Total 10 32 23 Bd
5B Left | Center| Right | Total 5B Left | Center | Right | Total
2016 12 144 35 191 2016 15 71 70 160
2020 13 156 38 207 2020 21 77 76 173
Apt. Traffic 0 40 o 40 Apt. Traffic 11 26 2B B3
Total 13 186 38 247 Total 32 103 102 236
WE Left | Center| Right | Total WB Left | Center | Right | Total
2016 3 B2 14 24 2016 14 793 24 831
2020 g 67 15 91 2020 15 853 26 900
Dist. T 10 o o 10 Apt. Traffic o o 10 10
Total 19 67 15 101 Total 15 253 36 910
EB Left |Center| Right | Total EB Left | Center | Right | Total
2016 45 135 11 191 2016 30| 1013 25| 1068
2020 45 146 12 207 2020 32| 1097 27| 1156
Apt. Traffic 1] o 12 12 Apt. Traffic 12 o 0 12
Total 49 146 24 219 Total 44| 1097 27| 1168
Sum of Critical Lanes |Traffic Sum of Critical Lanes|Traffic
2016 382 2016 1228
2020 413 2020 1329
2020 + Apt Traffic 465 2020 + Apt Traffic 1404
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Appendix B-1 Water Utilities Tables and Calculations

Water Demand:

Residential Flow = 451 residents x 150 gal/unit/day = 67,650 GPD

To Accommodate for Retail Flow =+ 10,000 GPD = 80,000 GPD

Design Flow = 80,000 GPD = 3,333 GPH = 55.55 GPM

Design Flow + Fire Demand = 80,000 GPD + 8,640,000 GPD = 8,720,000 GPD = 363,333.33 GPH

Fire Demand:

8,640,000 GPD = 360,000 GPH = 6,000 GPM

Intersection Max Day Max Day Average Average Peak
Usage Usage Usage Usage Factor
(GPH) (GPM) (GPH) (GPM)
3rd and Hester 223.80 3.73 95.01 1.58 24
3rd and Knoblock 281.60 4.69 103.46 1.72 2.7
4th and Hester 282.73 4.71 132.80 2.21 2.1
4th and Knoblock 421.65 7.03 100.39 1.67 4.2
4th and Ramsey 338.83 5.65 126.86 2.11 2.7
4th and Washington 1002.60 16.71 314.95 5.25 3.2
6th and Hester 289.47 4.82 128.28 2.14 2.3
6th and Knoblock 506.00 8.43 200.30 3.34 2.5
6th and Ramsey 418.00 6.97 165.24 2.75 2.5
6th and Washington 706.17 11.77 262.48 4.37 2.7
7th and Hester 268.02 4.47 53.88 0.90 5.0
7th and Knoblock 164.40 2.74 69.57 1.16 2.4
7th and Ramsey 132.00 2.20 48.89 0.81 2.7
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Apartment Unit + Fire

Group #1 - 38

363333.33 6055.56 ‘ 2.5 ‘

JUNCTION TABLE
Junction Elevation (ft) Pressure (psi)
1 889 78.3
2 896 75.3
3 903 72.2
4 915 67.0
5 884 80.4
6 878 83.0
8 870 86.4
9 886 79.5
10 896 75.2
11 896 75.2
12 914 67.4
13 892 76.9
14 883 80.8
15 903 72.1
16 899 73.9
17 906 70.9
18 917 66.2
19 884 80.4
20 892 76.9
21 903 72.1
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22 914 67.4
23 883 80.8
24 899 73.9
25 906 70.9
26 917 66.2
27 883 80.8
29 884 80.4
30 892 76.9
31 883 80.8
32 906 70.9
33 917 66.2
34 914 67.4
35 903 721
37 899 73.9
44 880 82.0
45 886 79.7
46 878 82.8
47 904 717
48 896 75.1
49 894 76.1
50 881 816

Apartment Complex 892 76.9

HYDRANT TABLE
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Hydrant Elevation (ft) Pressure (psi)

1 878 83.0

2 897 4.7

3 881 81.7

4 904 71.8

5 907 70.5

6 897 74.8

7 896 75.2

8 884 80.4

9 878 83.0

PIPE TABLE
Pipe Length (ft) Diameter (in) Material

1 355 8 PVC
4 677 8 DIP
5 393 8 PvC
6 366 8 PvC
7 381 8 PvC
9 373 8 ACP
10 386 8 CIP
11 425 8 ACP
12 386 10 CIpP
13 397 10 CIpP
14 2000 24 CIP
15 253 8 pPvC
16 253 6 PVC
17 395 4 CIpP
23 733 4 CIpP
24 750 4 CIP
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26 373 ACP
27 386 ACP
28 425 ACP
30 360 PVC
31 345 PVC
33 400 cIp
34 400 cIp
36 395 DIP
91 140 ACP
92 195 ACP
93 533 CIp
94 212 CIp
95 126 PVC
9 224 PVC
101 369 PVC
103 351 PVC
104 341 CIP
105 342 CIP
106 348 DIP
107 379 DIP
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Appendix B-2 Wastewater Utilities Tables and Calculations

Design Flow = 0.365 cfs
Minimum Slope = 0.0043 ft/ft (Table 7.3)
n=0.013

Hester to Ramsey:

Length = 356 feet
Change in Elevation =903 ft — 892 ft = 11 ft
Slope = 0.031 ft/ft = 3.1 % (Design Slope)

Pipe Size:
Q@n 0.365 x 0.013
Diameter = ( 0.465x 5% )9-375 - (0.465 % 0.031%% 10375 _ 4 13 inches

Half-Full:

:} DEEEIE‘DIE:}
Dlameter—173(_‘-":'5 8/3 _ =1.73( 0.031%= 8/3 _ 5 35 inches

City Standard Minimum Pipe Size = 8 inches

Buried 3 feet below ground surface, PVC pipe

Pipe Capacity:
0463 0463

Fow= = D%3sY/2-0.013(8/12)%3(0.031)12 = 2.13 cfs

Hydraulic Elements Chart: (n = constant)
9 0365 d
@ =213 =0.1716 > D =0.28 > d=0.28 x 8 = 2.24 inches

2.13
Q I.{“ )
Velocity-Full =4 = 22/ =6.1 ft/s (Max Velocity) < 7 ft/s

d v
From £ =0.28: ¥ =0.75 — v = 4.58 ft/s (Average Velocity) < 5 ft/s

Group #1 - 42
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Ramsey to Washington:

Length = 350 feet
Change in Elevation = 7 ft
Slope = 0.020 ft/ft = 2.0 % (Design Slope)

Pipe Size:
@n 0.365 x 0.013
Diameter = ( 0.485x 595 )0-375 - (485 x 0.020%5 )0-375 -4 48 inches

Half-Full:
} 0.365 x 0,013 :}
Diameter = 1.73( _‘-":' =834 73( G.0zob= 8/3 _ 5 81 inches

City Standard Minimum Pipe Size = 8 inches

Buried 3 feet below ground surface, PVC pipe

Pipe Capacity:
0.463 0.463
Fow= n D%3sY/2_0.013(8/12)8/3(0.0201/2 = 1.71 cfs

Hydraulic Elements Chart: (n = constant)

g 0365 d
= 171 =0.2135 > 0 =0.32 > d=0.32x8=2.56inches
1.71
2 2y
Velocity-Full =4 = L2122/ =4.9 ft/s (Max Velocity) < 7 ft/s

d v
FromZ =0.32: ¥ =0.80 — v =3.92 ft/s (Average Velocity) < 5 ft/s
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Appendix C - Hydrological Inputs and Calculations

Predevelopment Peak Runoff Inputs and Output

Control Area Weighted| Time 100 vr. Peak
Point i CN Conc. |Peak Flow | Time
1 1.23 &8 0.100hr | 12.70cfs | 1193 hr
2 1.12 85 0163 hr | 1011 cfs | 1197 hr
3 0.15 &5 0100hr | 147cfs | 1193 hr

Post-Development Peak Runoff Inputs and Output

Weighted Time 100 vr.

Control Point | Sub-Area Area N Conc.  |Peak Flow Pealc Time
1 A 0588 08 0.100 hr 6.07 11.93
B 0.6 98 0.100 hr 65.63 11.93

TOTAL 12.67 11.93
*It was assumed area B exited the roof at the NE corner of the building and
traveled west on 4th St. to the contol point.

100 yr.

Wet i i
Control Pomt | Sub-Area Area mgthd Time Pealk: Flow Peak Time
CN Conc. (hr)
(cfs)
2 D 0.55 Ac 08 0.100 hr 6.07 11.93
E 0.30 Ac 98 0.100 hr 332 11.93
F 0.40 Ac 08 0.100 hr 4.44 11.93

TOTAL 13.79
*Tt was modeled that area E and F flow into a reach that travels along the
driveway in the SW corner of the property to the control point

100 yr.
Wei - ) .
Control Point | Sub-Area Area e:tgh_ted Time Peak Flow Peak Time
CN Conc. (hr)
(cfs)
3 G 0.15 Ac 85 0.150 hr 1.47 11.93
TOTAL 1.47

Sizing of Detention Facility

Case 1- Detaining all water to control point 2
In order to properly size the detention facility the team used the hydrograph generated from
WInTR55 to determine the the volume of water exceeding the allowable flow of water.
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Assuming the allowable outflow is 10 cfs, we determined the area under the hydrograph that was
greater than 10 cfs. The hydrograph used in case 1 is below.

WinTR-55 Qutput Hydrograph Prnject: Senior Design 4/28/2016
Subarea: (Outlet) Storm: 100-Yr
Cilsers\ustin Becker\Documents\CVE 404 3\Hydrology\Post Development Ramsey-5th w55
. : . . . OUTLET (cfs)
10 ' i ' ' ' ' ' ' ' ,
7]
a2 ' i ' ' ' ' ' ' ' ' ,
z ' i ' ' ' ' ' ' ' ' '
o '
L .
E .
o ! | : : i ’ \ ! ! !
. 2 4 8. 8 10 12. 14 16. 18. 20. 22 24
T I ME {hrs)

Using the zoom function in the program, we determined the time intervals where the hydrograph
was above 10 cfs. The portion of the graph used for analysis is presented below.
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WinTR-55 Qutput Hydrograph Prnject: Sanior Design 4/2812016
Subarea: (Qutlet) Storm: 100-Yr
CAUsersiJustin BeckenDocuments\CNVE 404 3\Hydrology\Post Development Ramsey-5th.wss
1358 E 1 1 1 1 1 1 1 1 1 1 1
E OUTLET (cfs)
13.48 . .
1298 . .

o 1248 :

'\-\‘:"!' : 1 1

= :

o \

L 1188 : : :
11.48 i 1 1
10.88
10.48 ' '

2.98 - -
9.48 I } } } } } } } } } } |
1183 11.85 1187 1189 1191 1183 1185 11.97 11.99 1201 12.03 1205 1207
T | M E {hrs)

The time interval used for analysis was t1-11.85hr and t2=12.04. We were then able to calculate
the area under the curve by assuming the graph closely resembles that of a parabola.

Area=2/3bh

b=12.04 - 11.85 = 0.19 hr = 684 sec.

h=13.79 - 10.00 = 3.79 cfs
Area=(%5)*(684s)*(3.79¢cfs) = 1728.25 cubic ft = 12,928 gal

VVolume of Detention = Area under Curve = 12,928 gal
Case 2-Detain only East 0.70 Ac.

The volume for case two was determined in the same manner with different constraints. The
peak flow from this area is 7.76 cfs. To determine the maximum allowable flow we assumed the
work case scenario. This assumes west 0.50 ac was at peak flow. The allowable flow would then
equal the maximum peak flow from the west 0.5 ac subtracted from the maximum allowable
flow from the control point.

Allowable flow from Area= Max allowed from control point - peak flow from 0.5 ac.
=10.11 cfs - 6.07 cfs = 4.04 cfs
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The same process was used as presented in Case 1 to determine the area under the hydrograph. A
picture of the hydrograph used is presented below.

AinTR-55 Output Hydrograph Prnject: Senior Design 412812016
Jpstream Reach: (Pipe) Storm: 100-YT
C:\Users\Justin Becker\Documents\CIVE 4043\Hydrology\Post Development Ramsey-5th. w55

T.74 4

Flow {cfs)
[=1]
[[%]
s

4.74

3.74 + + + + + + + + +
1177 11.8 11.83 11.88 11.89 11.92 11.95 11.98 12.01 12.04 12.07

T 1M E {hrs)

Assuming the area is equal to that of a parabola we can determine the volume of detention
needed. By zooming in closer on each section one is able to obtain more accurate results.

Volume = Area under hydrograph
Area =% bh
b=12.06-11.795= 0.27 hr =954 s.
h=7.76-4.04 =3.72cfs
Area =% * 954s * 3.72 cfs = 2365.92 cubic feet = 17,698 gal.

Volume = Area = 17,698 gal
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Appendix D-1 Structural Design Calculations

. Senior Design Parking
Project Garage
Engineer: Group 1 LOEIdS l:pSﬂ
Date: 3/25/2016 Dead 20.00
Eeam.,."Cc:Iumn Slab Design . Live 40
Location: Wind (Pressure) 0
Wind [Suction) -35
Roof Live 20
Load Combinations Snow 2
Seismic -3.41
Case Equation Load [psf) Rain 52
1 14D 112.0
2a. 1.20+1.6L+0.5(Lr) 170.0
2b. 1.2D+1.6L+0.5(5) 155.0 MEI}'( Lnad
2c. 1.20+1.6L+0.5(R}) 186.0 Tributary Width [ft) 1
3a. 1.20+1.6(Lr)+0.5(L) 148.0 Tributary Length (ft) 10
3b. 1.20+1.6(Lr)+0.5(+W) 128.0 Distributed Load [kIf) 0.20
3c 1.20+1.6(Lr}+0.5{-W) 110.5 Point Load (Kips) 1.99
3d. 1.2D+1.6(5)+0.5(L) 132.0
3e. 1.20+1.6(5)+0.5(+W) 112.0 .
3f. 1.20+1 6(5)+0.5(-W) 94.5 Max Uphﬂ:
3g. 1.2D+1.6(R)+0.5(L) 199.2 Tributary Width [ft) 1
3h. 1.2D+1 6(R)+0.5(+W) 179.2 Tributary Length (ft) 10
3i. 1.20+1 6(R)+0.5(-W) 161.7 Distributed Load [kIf) 0.00
4a. 1.20+1 0{+W)+0.5L+0_5(Lr) 126.0 Point Load (Kips) 0.00
4b. 1.20+1.0{+W)=+0.5L+0.5(5) 121.0
4c. 12041 0+ W)+0.5L+0.5(R) 142.0 Beam ReactlD”S 'FOI'
4d. 1.20+1 0(-W)+0.50L+0.5(Lr) 91.0 )
de. 1.70+1 0j-W)+0.5L+0_5{Lr) 86.0 SImphf Su ppo rted
41 1.20+1.0(-W)+0.5L+0.5(Lr) 107.0 Max Moment, M, K-ft 25
5 1.20+1 0E+0.5L+0_25 1i46 Max Shear, V,, Kips 10
Ga. 0.90+1.0{-W) 37.0
bb. 0.90+1.0(+W) 72.0 Additional Motes and Assumptions
7 0.90+1.0F 68.6 5 psf MEP load
Max 199.2
Min 0
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. Senior Design [page: | 2/5]
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,." oiumn Slab Design
Location:
Flexure Design Checks
Span Width, W ft 10.00 Strain, €, 0.0306
28-Day Concrete Strength,f'c ksi 5.00 Bl 0.8
Steel Yield Strength, fy ksi &0.00 C,in. 0294118
Minimum Thickess, h in 6.00 a, in. (.235294
Beam Width,b in 12.00 dt, in. 4.00
Depth of Reinforcing, d=0.9h in 3.00 Clear Space, in. 5.75
Self Weight, Wsw i1f,|"f'1:2 75.00 Reinforcing Ratio, p | 0.005556
Max Moment, Mu k-ft 249 Minimum py 0.003536
Max Shear, Vu k 1.00 Minimum p, 0.003333
Goal Sesk 2.06
Okay? Yes
Design Moment, Mn k-ft 277 Y
. - -2
Area of Steel Required, As in 0.14 Double Layer Check
Mumber of Bars Required
Size 4 0.20 10 Clear Space, in.
Size 5 0.31 1.0
Size 6 0.44 10 Okay?
Size 7 0.60 1.0
s Triple Layer Check
Size B 0.79 1.0
Size 8 1.00 10 Clear Space, in.
Size 10 127 10
. Okay?
Size 11 156 1.0
Size 14 225 10 *Assumptions and Notes*
Size 1B 4.00 1.0 Long term deflection multiplier,l
Size of Bar Chosen Size 4 . is 2.0 for loads sustained
Total Area of Steel, As in2 0.20 greater than &0 months.
Moment Capacity, Mn k-ft 288
Okay? Yes
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. Senior Design Parking IF'age: | 3;"5|
Project Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Slab Design
Deflection Check, D+L Deflection Check, D
Deflection Limit in. 05 Deflection Limit in. 0.33
Long Term Multipler il 2 Long Term Multipler [l 2
Service Load psf 120.00 Service Load psf 20.00
Service Load kIf 0.12 Service Load kIf 0.08
ksi 29000 ksi 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity !
Concrete Modulus of ksi 074 kesi 4074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 378 Gross Moment of Inertia in* 378
Cracked Inertia in* 12 Cracked Inertia in? 12
Centroid in. 3.00 Centroid in. 3.00
Effective Inertia in* 18736 Effective Inertia in® 18736
Cracking Moment k-ft. 56 Cracking Moment k-ft. 5.6
Moment at Service Load k-ft. 15 Moment at Service Load k-ft. 1
Deflection at Service Load in. 0.04] Deflection at Service Load in. 0.02
OKAY? Yes OKAY? Yes
Transverse Steel Requirements Development and Splice Length
Area of Steel in’ 0.130 Development Length, Id ft 1.00
Spacing in 120 Splice Length, Is ft 1.30

Use #4 bars in a 12"X12" Grid Mat
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. Senior Design |raze: | 4/5]
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Slab Design
Shear Equations
Max Shear at d from Support, Vu kips 0.95 Distance |Vu

Beam Width, b inches 12.00 0.00 1.00

Cepth of Reinforcement, d inches 3.00 0.25 0.95

28-Day Concrete Strength,f'c ksi 5.00 1.00 0.80

Steel Yield Strength, fy ksi 60.00 2.00 0.60

Concrete Shear Strength, Vic ksi 5.1 3.00 0.40

Factored Vc k=i 382 4.00 0.20

Required Steel Shear Strength, @Vs ksi 0.00 5.00 0.00

Adequacy Check ksi 1527 5.00 0.00

Distance of Max Reinf. From Support ft. -14.17 5.00 0.00
Distance of Max Reinf. From Midspan ft. 19.17

Size of Chosen Stirrup Size 4 Distance |@WVn

Spacing Requirement inches -9.401 0.00 191

Max Permissible Spacing in Critical Sec. inches 15 5.00 191

Shear Strength Provided in Critical Sec. kips 0.82 5.00 191

Mumber of Stirrups in Critical Sec. My 21 5.00 191

Distance of Min. Reinforcement ft. -4 58 5.00 191

Length of Min Reinforcement ft. 9.58 5.00 191
Length of No Reinforcement ft. 9.58
Mumber of Stirrups in Min. Reinforcing M, B9
Mominal Shear Strength for Critical Sec., @Vn kips 0.82
Mominal Shear Strength for Min. Section, DWn  |kips 2891

Mo Reinforcement
OKAY? Yes .
MNecessary in Slab
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5/5]

. senior Design |Page: |
arking Garage
Project Parking G
Engineer: Group 1
Date: 3/25/2016
Beam/Column
_"f Slab Design
Location:
Shear vs. Half Span
250
2.00 191
150
=3
=
Fr 1
100 100
0.95
0.80
0.50
0.50 0.40
0.20
0.0
0.00 2.00 3.00 4.00 5,00 6.00
0.00
Span, Feet

Group #1 - 52
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. Senior Design Parking
Project Garage
Engineer: Group 1 LOEdS l:pSf]
Date: 3/25/2016 Dead 09167
Eeam.,."CnIumn Roof Typical #1 Beam . Live 40
Location: Wind (Pressure) 0
Wind (Suction) -35
Roof Live 20
Load Combhinations Snow 10
Seismic 391
Case Equation Load (psf) Rain 52
1 14D 128.3
2a. 1.20+1.6L+0.5(Lr) 1840
2b. 1.2D+1.6L+0.5(5) 179.0 MEI}{ Lnad
2c. 1.2D+1.6L+0.5(R) 200.0 Tributary Width [ft) 10
3a. 1.20+1 6(Lr)+0.5(L) 162.0 Tributary Length (ft) 18
3b. 1.2D+1 B(Lr)+0.5(+W) 142.0 Distributed Load (kIf) 213
3c. 1.20+1.6(Lr}+0.5]-W) 124.5 Point Load (Kips) 38.38
3d. 1.20+1.6(5)+0.5(L) 146.0
e, 1.20+1.6(5)+0.5(+W) 126.0 .
3f. 1.20+1.6(5)+0.5(-W) 108.5 MEK Upllﬂ:
3g. 1.2D+1.6(R)+0.5(L) 213.2 Tributary Width [ft) 10
3h. 1.2D+1.6[R)+0.5(+W) 193.2 Tributary Length (ft) 18
3i. 1.20+1.6{R)+0.5(-W) 175.7 Distributed Load (kIf) 0.00
4a. 1.20+1.0{+W)+0.5L+0_5(Lr) 140.0 Point Load (Kips) 0.00
4b. 1.20+1.0{+W)+0.5L+0.5(5) 135.0
4c. 1.20+1.00+W)+0.5L+0.5(R) 156.0 Beam ReactlD“S 'FGI
4d. 1.20+1 0(-W)=+0.5L+0.5(Lr) 105.0 )
de. 1.20+1 0(-W)=0.5L+0_5(Lr) 100.0 5Imp|‘f SUPPDﬂE‘d
4. 1.20+1.0(-W)+0.5L+0.5(Lr) 1210 Max Moment, M, K-ft 86.3
5 1.20+1.0E+0.5L+0.25 128.1 Max Shear, W, Kips 192
Ga. 0.90+1.0{-W) 47.5
eb. 0.90+1.0(+W) 82.5 Additionzl Notes and Assumptions
7 0.9D+1.0E 78.6 6" slab and & psf MEFP load
Max 213.2
Min 0
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. Senior Design |Page: 1,."6|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column )
. Roof Typical #1 Beam
Location:
Flexure Design Checks
Span Width, W ft 18.00 Strain, g, 0.00589
28-Day Concrete Strength,f'c ksi 5.00 Bl 0.8
Steel Yield Strength, fy ksi 2000 C, in. 5602941
Thickess, h in 1400 a, in. 4 482353
Beam Width,b in 8.00 dt, in. 12.00
Depth DfREinfDrcinE, d=0.9h in 12.00 Clear Space, in. 0.46
Self Weight, Wsw 115,."1"1:2 1167 Reinforcing Ratio, p | 0.026458
Max Moment, Mu k-ft 86.35 Minimum p, 0003536
Max Shear, Vu k 19.19 Minimum p, 0.003333
Goal Seek 095.93917454
Okay? No
Design Moment, Mn k-ft 0554 Y
R - =2
Area of Steel Required, As in 185 Double Layer Check
Mumber of Bars Required
Size 4 0.20 10.0 Clear Space, in. 1.73
Size 5 0.31 6.0
Size 6 0.44 50 Okay? Yes
Size 7 0.60 4.0
= Triple Layer Check
Size B 0.79 3.0
Size 9 1.00 2.0 Clear Space, in.
i >
S!ze 10 1.27 2.0 Uka‘,r?
Size 11 156 2.0
Size 14 2.25 1.0 *Assumptions and Motes*
Size 18 4.00 1.0 Long term deflection multiplier,T,
Size of Bar Chosen Size 10 I 2.0 for loads sustained greater
Total Area of Steel, As in’ 2.54 than 60 months.
Moment Capacity, @Mn k-ft 11154
Okay? Yes
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Project

Senior Design Parking
Garage

Engineer:

Group 1

Date:

3/25/2016

Beam/Column Location:

Roof Typical #1 Beam

Group #1 - 55

Deflection Check, D+L Deflection Check, D
Deflection Limit in. 0.9 Deflection Limit in. 06
Long Term Multipler Il 2 Long Term Multipler T 2
Service Load psf 13167 Service Load psf 91.67
Service Load klIf 1.31666667 Service Load klIf 0916667
ksi 29000 k=i 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity g
Concrete Modulus of ksi 4074 ksi 4074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 3750] Gross Moment of Inertia in.* 3750
Cracked Inertia in.* 1736 Cracked Inertia in.* 1736
Centroid in. 7.61 Centroid in. 7.6l
Effective Inertia in.* 1873 Effective Inertia in.* 1873
Cracking Moment k-ft. 218 Cracking Moment k-ft. 218
Moment at Service Load k-ft. 53325 Moment at Service Load k-ft. 37.125
Deflection at Service Load in. 0.81] Deflection at Service Load irn. 0.57
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, Id ft 454
Splice Length, Is ft 6.43




CIVE 4043 - Spring 2016 Group #1 - 56

. Senior Design [rage: | 4/6]
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Roof Typical #1 Beam

Shear Equations
Max Shear at d from Support, Vu kips 17.06 Distance |Vu

Beam Width, b inches 8.00 0.00 19.19

Cepth of Reinforcement, d inches 12.00 1.00 17.06

28-Day Concrete Strength,f'c ksi 5.00 1.80 15.35

Steel Yield Strength, fy ksi 60,00 3.60 11.51

Concrete Shear Strength, Vic ksi 13.6 5.40 7.68

Factored Vc k=i 10.18 7.20 384

Required Steel Shear Strength, @Vs ksi 6.87 9.00 0.00
Adequacy Check ksi 40.73

Distance of Max Reinf. From Support ft. 422 Distance |DVn

Distance of Max Reinf. From Midspan ft. 478 0.00 20.08

Size of Chosen Stirrup Size 3 9.00 20.08
Spacing Requirement inches .64
Max Permissible Spacing in Critical Sec. inches 6.00
Shear Strength Provided in Critical Sec. kips 20.08
Mumber of Stirrups in Critical Sec. My 18
Mominal Shear Strength for Critical Sec., @Vn kips 20.08

Actual Spacing, in.
OKAY? Yes EF’DD :
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. Senior Design [Page: | 5/6)
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column
_"f Roof Typical #1 Beam
Location:
Shear vs. Half Span
25.00
20.08
20.00
19.19
17.06
15.00
=3 15.35
=
5
2
Py
10.00 11.51
7.68
5.00
3.84
0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 B.00 9.00 10.00
Span, Feet
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. Senior Design IPage: 6}"5|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
Eam_"ll elumn Roof Typical #1 Beam
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 192 Tension Reinforcement
Corbel Width, b in. 10 Size 4 0.20 3
Corbel Height, h in. 10 Size 5 031 2
Effective Corbel Height, d in. 8 Size 6 0.44 2
2B-Day Concrete Strength,f'c ksi 5.00 Size 7 0.60 1
Steel Yield Strength, fy ksi 60.00 Size B 0.79 1
Size 9 1.00 1
i ?
Size Dka?' Yes Size 10 1.27 1
Eccentricity in. -] Size 11 156 1
Coefficient of Friction W 0.6 Size 14 225 1
Shear Friction Steel, Avf in? 0.71 Size 18 4.00 1
Ultimate Horizontal Force, Nu kips 3.84 Chosen Size Size 5
Tension Steel, An in.t 0.09 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 12.792 Size 4 0.20 2
Flexure Steel, AT in? 0.50 Size 5 031 1
Angle btwn Comp and Tens, B N 48 58 Size b 0.44 1
Depth of Whitney Stress Block, a in. 121 Size 7 0.60 1
Size B 0.79 1
I . 3
Distribution Case? Case 2 Size 100 1
Required Area of Steel, As in’ 0.59 Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0.008
Corbel Depth in. 21.00 Min. Ah 0.25
. ) .
Area c.:f Horizontal TIES |r1. 0.25 Dkav? Yes
Depth of Ties from Tension Steel in. 5.33
A5 el 8 l L fan i . E L e
% = ;l ’ b - =
b Ao de i
FRAMHNG [ E NG
HEBAH REBAR
CASE 1 CASE 7
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. Senior Design Parking
Project -
: e Loads (psf)
Engineer: Group 1
Date: 3/25/2016 Dead 98.75
Beam.,."CDIumn Roof Typical #2 Beam . Live 40
Location: Wind [Pressure) 0
Wind (Suction) -35
Roof Live 20
Load Combhinations onow 10
Seismic -4.21
Case Equation Load (psf) Rain 52
1 14D 138.3
2a. 1.2D+1.6L+0.5(Lr) 192.5
2b. 1.2D+1.6L+0.5(5) 187.5 Max Load
2c. 1.2D+1.6L+0.5(R) 208.5 Tributary Width (ft) 10
3a. 1.2D+1.6(Lr}+0.5(L) 170.5 Tributary Length [ft) 24
3b. 1.2D+1 B(Lr)+0.5(+W) 150.5 Distributed Load (kIf) 2.22
3c. 1.2D+1 B(Lr}+0.5(-W) 133.0 Point Load {Kips) 53.21
3d. 1.2D+1.6{5)+0.5(L) 1545
3e. 1.20+1 6(5)+0.5(+W) 1345 .
3t 1.20+1.6(5)+0 5(-W) 117.0 Max Uplift
3g. 1.2D+1.6{R)+0.5(L) 2217 Tributary Width (ft) 10
3h. 1.2D+1 6(R)+D.5(+W) 201.7 Tributary Length [ft) 24
3 1.20+1.6[R)+0.5(-W) 1842 Distributed Load (kIf) 0.00
4a. 1.20+1 0(+W)+0.5L+0_5Lr) 1485 Point Load (Kips) 0.00
b 1_20+1.0{+W)+0.5L+0.5(5) 1435
4d. 1.20+1.0{-W)+0.5L+0.5(Lr) 1135 ,
de. 1.20+1.0{-W)=0.5L+0.5(Lr) 1085 5Imp|‘f SUPPDTTE‘CJ
af 1.20+1.0{-W)+0.5L+0.5(Lr) 1295 Max Moment, M, K-ft 159.6
5 1.20+1.0E+0.5L+0.25 136.3 Max Shear, \/,, Kips 26.6
Ba. 0.90+1.0{-W) 53.9
ob. 0.90+1.0{+W) BB 9 Additional Motes and Assumptions
7 0.9D0+1.0E B4.7 6" zlab and 5 psf MEP load
Max 2217
Min i)
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. Senior Design IP‘agE: 2.|"E|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
Eam_"ll oimn Roof Typical #2 Beam
Location:
Flexure Design Checks
Span Width, W ft 2400 Strain, £, 0.006375
28-Diay Concrete Strength,f'c ksi 5.00 Bl 0.8
Steel Yield Strength, fy ksi 60.00 C,in. 7.058824
Thickess, h in 18.00 a, in. 5647059
Beamn Width,b in 10.00 dt, in. 16.00
Depth nfREinfnrcinE, d=0.9h in 16.00 Clear Space, in. 0.162667
Self Weight, Wsw ?1f,|"f't2 18.75 Reinforcing Ratio, p 0.025
Max Moment, Mu k-ft 159.62 Minimum py 0.003536
Max Shear, Vu k 26.60 Minimum p, 0.003333
Goal Seek 177.3596323
Okay? No
Design Moment, Mn k-ft 177.36 Y
. . . 2
Area of Steel Required, As in 249 Double Layer Check
Mumber of Bars Required
Size 4 0.20 13.0 Clear Space, in. 1.37
Size 5 0.31 9.0
g ?
Size D44 EO Okay Yes
Size 7 0.60 5.0
e Triple Layer Check
Size B 0.79 40
Size 8 1.00 4.0 Clear Space, in.
i ¥
S!ze 10 1.27 20 C'k-a',r?'
Size 11 156 20
Size 14 2.25 20 *Assumptions and Notes*
Size 18 4.00 1.0 Long term deflection multiplier,T,
Size of Bar Chosen Size 9 Is 2.0 for loads sustained greater
Total Area of Steel, As in’ 4.00 than 60 months.
Moment Capacity, DMn k-ft 237.18
Okay? Yes




CIVE 4043 - Spring 2016

Project

Senior Design Parking
Garage

Engineer:

Group 1

Date:

3/25/2016

Beam/Column Location:

Roof Typical #2 Beam

Group #1 - 61

Deflection Check, D+L Deflection Check, D
Ceflection Limit in. 12 Ceflection Limit in. 08
Long Term Multipler [l 2 Long Term Multipler [l 2
Service Load psf 13875 Service Load psf 98.75
Service Load kIf 1.3875 Service Load kIf 0.9875
ksi 29000 ksi 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity !
Concrete Modulus of ksi 074 ksi 4074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 10144] Gross Moment of Inertia in* 10144
Cracked Inertia in.* 4811 Cracked Inertia in.* 4811
Centroid in. 5.84 Centroid in. 9.84
Effective Inertia in* 5318 Effective Inertia in? 5318
Cracking Moment k-ft. 456 Cracking Moment k-ft. 456
Moment at Service Load k-ft. 99.9 Moment at Service Load k-ft. 711
Deflection at Service Load in. 0.95] Deflection at Service Load in. 0.68
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, Id ft 4 92
Splice Length, Is ft 6.39
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. Senior Design [raze: | 4/6]
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Roof Typical #2 Beam

Shear Equations
Max Shear at d from Support, Yu kips 2365 Distance (Vu

Beam Width, b inches 10.00 0.00 26.60

Cepth of Reinforcement, d inches 16.00 1.33 23.65

28-Day Concrete Strength,f'c ksi 5.00 2.40 2128

Steel Yield Strength, fy ksi 60.00 4 80 15.96

Concrete Shear Strength, Vc ksi 226 7.20 1064

Factored Vc ksi 16.97 9.60 5.32

Required Steel Shear Strength, OVs ksi 6.68 12.00 0.00
Adequacy Check ksi 67.88

Distance of Max Reinf. From Support ft. 435 Distance |OWn

Distance of Max Reinf. From Midspan ft. 7.65 0.00 26.87

Size of Chosen Stirrup Size 3 12.00 26.87
Spacing Requirement inches 11.86
Max Permissible Spacing in Critical Sec. inches B.00
Shear Strength Provided in Critical Sec. kips 26.87
Mumber of Stirrups in Critical Sec. My 18
Mominal Shear Strength for Critical Sec., @Vn kips 26.87

Actual Spacing, in.
OKAY? Yes E“DD :




CIVE 4043 - Spring 2016
. Senior Design IP‘agE: | SIIEI
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam,Column
_"II Roof Typical #2 Beam
Location:
Shear vs. Half Span
30.00
26.87
TE B0
25.00
2365
20.00 2128
a2
2
< 15.00
2 15.96
v
1064
10.00
5.00
532
0.00
0.00 2.00 400 6.00 B.00 10.00 12.00 1400
Span, Feet

Group #1 - 63
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. Senior Design |Page: E,I’E|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,i' erumn Roof Typical #2 Beam
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 266 Tension Reinforcement
Corbel Width, b in. 10 Size 4 0.20 5
Corbel Height, h in. 10 Size 5 031 3
Effective Corbel Height, d in. 2 Size 6 0.44 2
2B-Day Concrete Strength,f'c ksi 5.00 Size 7 0.60 2
Steel Yield Strength, fy ksi 60.00 Size 8 0.79 2
Size 9 1.00 1
i ?
Size Dka‘f' Yes Size 10 1.27 1
Eccentricity in. 6 Size 11 156 1
Coefficient of Friction 1l 0.6 Size 14 225 1
Shear Friction Steel, Avf in* 099 Size 18 4.00 1
Ultimate Horizontal Force, Nu kips 532 Chosen Size Size 5
Tension Steel, An in? 012 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 17.736 Size 4 0.20 2
Flexure Steel, AT in.t 0.70 Size 5 0.31 2
Angle btwn Comp and Tens, B * 4858 Size 6 0.44 1
Depth of Whitney Stress Block, a in. 168 Size 7 0.60 1
Size B 0.79 1
- " " 7
Distribution Case? Case 2 Size 9 100 1
Required Area of Steel, As in* 0Bl Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0.012
Corbel Depth in. 21.00 Min. Ah 0.35
. . .
Area c.:nf Horizontal TIES |.n. 0.35 Dka*,r? Yes
Depth of Ties from Tension Steel in. 533
A5 e 8 l e fam i+ _ l o
IS, — 11
= ot Ah= 1 &l
FRAMNG E G
HERAR REBAR
CEEE 1 CASE 7
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. Senior Design Parking
Project Garage
Engineer: Group 1 LGE]dS {pSﬂ
Date: 3/25/2016 Dead 1128 06
Beam.,ﬂ'liolumn Roof Girder . Live 40
Location: Wind [Pressure) 0
Wind (Suction) -35
Roof Live 20
Load Combinations =now 19
Seismic -5.03
Case Equation Load (psf) Rain 52
1 1.40 165.3
2a. 1.2D+1.6L+0.5(Lr) 215.7
b 1.20+1.6L+0.5(5) 210.7 Max Load
7 1.20+1.6L+0.5(R) 2317 Tributary Width (ft) 21
3a. 1.20+1.6{Lr)+0.5(L) 193.7 Tributary Length (ft) 32
3b. 1.2D+1 B(Lr)+0.5(+W) 173.7 Distributed Load (kIf) 5.14
3c 1.2D+1 6{Lr)+0.5(-W) 156.2 Point Load (Kips) 164.55
3d. 1.2D+1.6{5)+0.5(L) 177.7
S 1.2D+1 6(5)+0.5(+W) 157.7 .
af. 1.20+1.6(3):0.5(-W) 140.2 Max Uplift
3g. 1.2D+1.6(R)+0.5(L) 2449 Tributary Width (fi) 21
3h. 1.7D+1 6(RJ+0.5(+W) 2249 Tributary Length (ft) 32
3i. 1.20+1.6(R)}+0.5(-W) 207.4 Distributed Load (kIf) 0.00
da. 1.20+1.0{+W)+0.5L+0_5{Lr) 1717 Point Load (Kips) 0.00
4b. 1.20+1.0[+W)+0.5L+0.5(5) 166.7
4c. 1.20+1 0(+W)+0.5L+0 5(R) 187.7 Beam ReactlD”S fOI
dd. 1.20+1 0{-W)+0.5L+0.5(Lr) 136.7 ,
4a. 1.2D+1.0(-W]+0.5L+0.5(Lr) 131.7 5Imp|‘p' SUPPDT‘tE‘d
af. 1.20+1 0{-W)+0.5L+0.5(Lr) 152.7 Max Moment, M, K-ft B5E.2
5 1.2D+1.0E+0.5L+0.25 158.6 Max Shear, W, Kips 82.3
Ba. 0.90+1.0{-W) 71.3
6b. 0.90+1.0(+W) 106.3 Additional Notes and Assumptions
7 0.90+1.0E 101.2 6" slab and 5 psf MEF load
Max 244 9
Min 0
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. Senior Design |Page: | 2!5'
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,." crumn Roof Girder
Location:
Flexure Design Checks
Span Width, W ft 32.00 Strain, €, (.005388
28-Day Concrete Strength, f'c ksi 5.00 Bl 0.8
Steel Yield Strength, fy ksi 60.00 cC, in. 12 80672
Minimum Thickess, h in 26.00 a, in. 10.24538
Beam Width,b in 1400 dt, in. 24.00
Depth DfREinfDrEinE, d=0.9h in 24.00 Clear Space, in. -0.16571
Self Weight, Wsw #,."ft2 18.06 Reinforcing Ratio, p | 0.030238
Max Moment, Mu k-ft 658.20 Minimum py 0.003536
Max Shear, Vu k 8228 Minimum p, (.003333
Goal Seek 731.3359995
Okay? No
Design Moment, Mn E-ft 731.34 Y
. c -2
Area of 5teel Required, As in 7.18 Double Layer Check
Number of Bars Required
Size 4 0.20 360 Clear Space, in. 1.306667
Size 5 0.31 240
ay P
Size 6 0.44 170 Okay: Yes
Size 7 0.60 12.0
s Triple Layer Check
Size B 0.79 10.0
Size 9 1.00 9.0 Clear Space, in. 2.585
i ¥
Size 11 156 5.0
Size 14 2.25 4.0 *Assumptions and Notes*
Size 18 4.00 2.0 Long term deflection multiplier,{
Size of Bar Chosen Size 10 , is 2.0 for loads sustained
Total Area of Steel, As in2 1016 greater than &0 months.
Moment Capacity, @Mn k-ft B63.0707
Okay? Yes
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Group #1 - 67

. Senior Design Parking IF'age: | 3}'5|
Project Garage
Engineer: Group 1
Date: 3/25/2016
Beam,/Column Location: Roof Girder
Deflection Check, D+L Deflection Check, D
Deflection Limit in. 16 Deflection Limit in. 1.066667
Long Term Multipler [ 2 Long Term Multipler [ 2
Service Load psf 158.06 Service Load psf 118.06
Service Load klIf 3.31916667 Service Load kIf 2479167
ksi 29000 ksi 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity .
Concrete Modulus of ksi 4074 ki 4074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 45402 Gross Moment of Inertia in.* 45402
Cracked Inertia in.* 26436 Cracked Inertia in? 26436
Centroid in. 14 60 Centroid in. 14.60
Effective Inertia in? 27078 Effective Inartia in? 27078
Cracking Moment k-ft. 1374 Cracking Moment k-ft. 1374
Moment at Service Load k-ft. 424 853333 Moment at Service Load k-ft. 317.3333
Deflection at Service Load in. 1.42] Deflection at Service Load in. 1.06
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, Id ft 6.55
Splice Length, Is ft 851




CIVE 4043 - Spring 2016

Senior Design

PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Roof Girder
Shear

Max Shear at d from Support, Vu kips 7199
Beam Width, b inches 14.00
Depth of Reinforcement, d inches 24.00
28-Day Concrete Strength,f'c ksi 5.00
Steel Yield Strength, fy ksi &0.00
Concrete Shear Strength, Vc ksi 475
Factored Vc ksi 35.64
Required Steel Shear Strength, Vs ksi 36.35
Adequacy Check ksi 142 55
Distance of Max Reinf. From Support ft. .07
Distance of Max Reinf. From Midspan ft. 6.93

Size of Chosen Stirrup Size 4
Spacing Requirement inches 5942
Max Permissible Spacing in Critical Sec. inches 2
Shear Strength Provided in Critical Sec. kips 78.84
Mumber of Stirrups in Critical Sec. M, 38
Mominal Shear Strength for Critical Sec., @Vn kips 7884

OKAY?

Yes

IF'age: | 4f5|
Equations
Distance |Vu
0.00 B2 28
2.00 7199
3.20 6582
5.40 4937
9.60 3291
12 80 16.46
16.00 0.00

Distance |DVn

0.00 78.54

15.00 78.54

Actual Spacing, in.

5.00

Group #1 - 68
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5/5]

- Senior Design |Page: |
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column )
_"II Roof Girder
Location:
Shear vs. Half Span
90.00
82.28 78.84
BO.0O
70.00
71809
50.00 65.82
& 50.00
=
E‘é 49.37
< 40,00
3291
30.00
20.00
10,00 16.46
0.00
0.00 200 4,00 5.00 8.00 10.00 12.00 14.00 16.00 18.00
Span, Feet

Group #1 - 69
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P . t Senior Design
rﬂjec Parking Garage
Engineer: Group 1
Date: 3252016
Beam, Column .
X Roof Girder
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 823 Tension Reinforcement
Corbel Width, b in. 10 Size 4 0220 12
Corbel Height, h in. 15 Size 5 031 8
Effective Corbel Height, d in. 13 Size 6 0.44 b
28-Day Concrete Strength fc ksi 5.00 Size 7 0.60 4
Steel Yield Strength, fy ksi 60.00 Size 8 079 4
. Size 9 1.00 3
7
Size Okay? Yes pr— 27 >
Eccentricity in. 6 Size 11 156 2
Coefficient of Friction n 0.6 Size 14 225 2
Shear Friction Steel, Avf in. 3.05 Size 18 4.00 1
Ultimate Horizontal Force, Nu kips 16.46 Chosen Size Size 5
Tension 5teel, An in.® 0.37 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 5485013 Size 4 020 ]
Flexure Steel, AF in.” 132 Size 5 031 4
Angle btwn Comp and Tens, B i 61.50 Size 6 0.44 3
Depth of Whitney Stress Block, a in. 4.44 Size 7 060 2
_— . Size 8 0.79 2
?
Distribution Case? Casel S 5 100 >
Required Area of Steel, As in.? 2.40 Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0.019
Corbel Depth in. 21.00 Min. Ah 1.02
Area of Horizontal '!'les '|_n.? 1.02 Dkay? Yes
Depth of Ties from Tension Steel in. B.67
Ao & AT+ — o 1 M I A= AL+ Fa I Hee I
= : ' = : 1
e § ted—1 b= A1
. FRAMING +— FRAMING
HEHRM . HEHEH
CASE CASE 2
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Group #1-71

Loads (psf)
Dead 91.67
Live 40
Wind (Pressure) 0
Wind (Suction) 0
Roof Live 0
Snow 0
Selsmic -3.91
Rain 0
Max Load
Tributary Width [ft) 10
Tributary Length (ft) 18
Distributed Load (kIf) 1.74
Point Load (Kips) 31.32
Max Uplift
Tributary Width [ft) 10
Tributary Length (ft) 18
Distributed Load (kIf) 0.00
Point Load (Kips) 0.00
Beam Reactions for
Simply Supported
Max Moment, M, K-ft 705
Max Shear, V,, Kips 15.7

Additional Notes and Assumptions

. Senior Design Parking
PrDJECt Garage
Engineer: Group 1
Date: 3/25/2016
Beam.,."CnIumn Typical #1 Beam
Location:
Load Combinations
Case Equation Load (psf)
1 14D 128.3
2a. 1.20+1.6L+0.5(Lr) 174.0
2b. 1.2D+1.6L+0.5(5) 174.0
2c. 1.2D+1.6L+0.5(R) 174.0
3a. 1.20+1.6(Lr}+0.5(L) 130.0
3b. 1.20+1 6(Lrj+0.5(+W) 110.0
3c 1.2D+1.6(Lr}+0.5]-W} 110.0
3d. 1.2D+1.6(5)+0.5(L) 130.0
3e. 1.2D+1.6(5)+0.5(+W) 110.0
3f. 1.2D+1.6(5)+0.5(-W) 110.0
3g. 1.2D+1 6(R)+0.5(L) 130.0
3h. 1.2D+1 6[R)+0.5(+W) 110.0
3i. 1.20+1 6(R)+0.5(-W) 110.0
4da. 1.20+1.0{+W)+0.5L+0.5{Lr) 130.0
4b. 1.2D+1 0(+W)=0.5L+0.5(%) 130.0
4c. 1.20+1.0(+W)+0.5L+0 5(R) 130.0
4d. 1.20+1.0(-W)+0.5L+0.5(Lr) 130.0
de. 1.20+1.0(-W)+0.5L+0.5(Lr) 130.0
4. 1.20+1.0{-W)+0.5L+0.5{Lr) 130.0
5 1.20+1.0E+0.5L+0.25 126.1
Ba. 0.90+1.0{-W) 825
Bb. 0.90+1.0(+W) 825
7 0.90+1.0F 78.6
Max 174.0
Min 0

6" slab and 5 psf MEF load
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. senior Design |Page: 2,."6|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,l" erumn Typical #1 Beam
Location:
Flexure Design Checks
Span Width, W ft 18.00 Strain, g, 0.00589
28-Day Concrete Strength,f'c ksi 5.00 Bl 0.2
Steel Yield Strength, fy ksi 6000 C, in. 5602941
Thickess, h in 1400 a, in. 4482353
Beam Width,b in B.00 dt, in. 12.00
Depth nfREinfDrcinE, d=0.%h in 12.00 Clear Space, in. 0.46
Self Weight, Wsw ?1f,|"ﬂ:2 1167 Reinforcing Ratio, p | 0.026458
Max Moment, Mu k-ft 7047 Minimum p, 0.003536
Max Shear, Vu k 15.66 Minimum p, 0.003333
Goal Seek 7830000356
Okay? No
Design Moment, Mn k-t 78.30 v
. - .2
Area of Steel Required, As in 146 Double Layer Check
Number of Bars Required
Size 4 0.20 8.0 Clear Space, in. 1.73
Size 5 0.31 5.0
Size 6 044 30 Okay? Yes
Size 7 0.60 3.0
e Triple Layer Check
Size B 0.79 2.0
Size 9 1.00 2.0 Clear Space, in.
;i -3
S!ze 10 1.27 2.0 Ok-a',r?
Size 11 156 1.0
Size 14 225 1.0 *Assumptions and Notes*
Size 18 4.00 1.0 Long term deflection multiplier,l ,
Size of Bar Chosen Size 10 is 2.0 for loads sustained greater
Total Area of Steel, As in’ 2.54 than 60 months.
Moment Capacity, DMn k-ft 111.54
Okay? Yes




CIVE 4043 - Spring 2016
. Senior Design Parking
Project Garage
Engineer: Group 1
Date: 3/25/2016

Beam/Column Location:

Typical #1 Beam

Group #1 - 73

Deflection Check, D+L Deflection Check, D
Deflection Limit in. 09 Deflection Limit in. 0.6
Long Term Multipler 4 2 Long Term Multipler [ 2
Service Load psf 131.67 Service Load psf 91.67
Service Load kif 131666667 Service Load kIf 0.916667
ksi 29000 ksi 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity .
Concrete Modulus of ksi 4074 kesi 074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 3750] Gross Moment of Inertia in.* 3750
Cracked Inertia in* 1736 Cracked Inertia in? 1736
Centroid in. 7.61 Centroid in. 7.61
Effective Inertia in* 1873 Effective Inertia int? 1873
Cracking Moment k-ft. 218 Cracking Moment k-ft. 218
Moment at Service Load k-ft. 53.325 Moment at Service Load k-ft. 37.125
Deflection at Service Load in. 0.81] Deflection at Service Load in. 0.57
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, Id ft 4.94
Splice Length, Is ft 6.43
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. Senior Design [page: | 476
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column Location: Typical #1 Beam

Shear Equations
Max Shear at d from Support, Vu kips 1392 Distance |Vu

Beam Width, b inches B.00 0.00 15 66

Depth of Reinforcement, d inches 12.00 1.00 1392

2B-Day Concrete Strength,f'c ksi 5.00 1.80 1253

Steel Yield Strength, fy ksi 60.00 3.60 29.40

Concrete Shear Strength, Vc ksi 136 5.40 6.26

Factored Vc ksi 10.18 7.20 313

Required Steel Shear Strength, OVs ksi 3.74 9.00 0.00
Adequacy Check ksi 40.73

Distance of Max Reinf. From Support ft. 3.15 Distance |@DVn

Distance of Max Reinf. From Midspan ft. 5.85 0.00 20.08

Size of Chosen 3tirrup Size 3 9.00 20.08
Spacing Requirement inches 1589
Max Permissible Spacing in Critical Sec. inches 6.00
Shear Strength Provided in Critical Sec. kips 20.08
Mumber of Stirrups in Critical Sec. M, 18
Nominal Shear Strength for Critical Sec., @Vn kips 2008

Actual Spacing, in.
OKAY? Yes E”DD .




CIVE 4043 - Spring 2016

. Senior Design [page | 5/6)
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,." oimn Typical #1 Beam
Location:
Shear vs. Half Span
25.00
20.08
20,00
15.66
15.00
=
2
- 1382
M
% 12.53
10.00
9.40
6.26
5.00
313
0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 E.00 900 1000
Span, Feet

Group #1 - 75
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. Senior Design IPage: E}"E|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,." emn Typical #1 Beam
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 157 Tension Reinforcement
Corbel Width, b in. 10 Size 4 0.20 3
Corbel Height, h M. 10 Size 5 0.31 2
Effective Corbel Height, d in. a3 Size 6 0.44 2
28-Day Concrete Strength,f'c ksi 5.00 Size 7 0.60 1
Steel Yield Strength, fy ksi 60.00 Size B 0.79 1
Size 9 1.00 1
i I
Size Dkay' Yes Size 10 127 1
Eccentricity in. 5] Size 11 156 1
Coefficient of Friction W 0.6 Size 14 225 1
Shear Friction Steel, Avf in? 058 Size 18 4 .00 1
Ultimate Horizontal Force, Nu kips 3.13 Chosen Size Size 5
Tension Steel, An in? 0.07 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 10.44 Size 4 0.20 2
Flexure Steel, AT in? 041 Size 5 0.31 1
Angle btwn Comp and Tens, B * 4858 Size 6 0.44 1
Depth of Whitney Stress Block, a in. 099 Size 7 0.60 1
Size B 0.79 1
I . 2
Distribution Case? Case 2 - 100 1
Required Area of Steel, As i 048 Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0.008
Corbel Depth in. 21.00 Min. Ah 0.20
. ) .2
Area c.:f Haorizontal TIES |.n. 020 Dkay? Yes
Depth of Ties from Tension Steel in. 5.33
e o+ g 1 e I da=Al+Aa . e I
I ; L
=4 Ak Ah= 1 8
FRAMNG FRAMNG
RERA RERAR
CASE1 CASE 7
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. Senior Design Parking
Project -
: e Loads (psf)
Engineer: Group 1
Date: 3/25/2016 Dead 98.75
Beam.,."CDIumn Typical #2 Beam . Live 40
Location: Wind [Pressure) 0
Wind (Suction) 0
Roof Live 0
. . Snow 0
Load Combinations por—— YET
Case Equation Load (psf) Rain 0
1 14D 138.3
2a. 1.2D+1.6L+0.5(Lr) 182.5
2b. 1.2D+1.6L+0.5(5) 1825 Max Load
2c. 1.2D+1.6L+0.5(R) 1825 Tributary Width (ft) 10
3a. 1.2D+1.6(Lr}+0.5(L) 1385 Tributary Length [ft) 24
3b. 1.2D+1 B(Lr)+0.5(+W) 1185 Distributed Load (kIf) 1.83
3c. 1.2D+1 B(Lr}+0.5(-W) 1185 Point Load {Kips) 43 80
3d. 1.2D+1.6(5)+0.5(L) 1385
3e. 1.70+1 5(5)+0.5(+W) 1185 .
3t 1.20+1.6(5)+0 5(-W) 1185 Max Uplift
3g. 1.2D+1.6(R)+0.5(L) 1385 Tributary Width (ft) 10
3h. 1.2D+1 6(R)+D.5(+W) 1185 Tributary Length [ft) 24
3 1.20+1.6[R)+0.5(-W) 1185 Distributed Load (kIf) 0.00
4a. 1.20+1 0(+W)+0.5L+0_5Lr) 1385 Point Load (Kips) 0.00
b 1.20+1 0{+W)+0.5L+0.5(5) 1385
4d. 1.20+1.0{-W)+0.5L+0.5(Lr) 1385 ,
de. 1.20+1.0{-W)=0.5L+0.5(Lr) 1385 5Imp|‘f SUPPDTTE‘CJ
af 1.20+1.0{-W)+0.5L+0.5(Lr) 1385 Max Moment, M, K-ft 1314
5 1.20+1.0E+0.5L+0.25 134.3 Max Shear, \/,, Kips 219
Ba. 0.90+1.0{-W) 88.9
ob. 0.90+1.0{+W) BB 9 Additional Motes and Assumptions
7 0.9D0+1.0E B4.7 6" zlab and 5 psf MEP load
Max 1825
Min i)




CIVE 4043 - Spring 2016 Group #1 - 78

. Senior Design IPagE: 2,."5|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam-,." eiumn Typical #2 Beam
Location:
Flexure Design Checks
Span Width, W ft 2400 Strain, €, 0.006375
28-Day Concrete Strength,f'c ksi 5.00 Bl 0.8
Steel Yield Strength, fy ksi &0.00 C,in. 7.058824
Thickess, h in 18.00 a, in. 5. 647059
Beam Width,b in 10.00 dt, in. 16.00
Depth nfREinfnrcinE, d=0.9h in 16.00 Clear Space, in. 0.162667
Self Weight, Wsw 115,."11:2 18.75 Reinforcing Ratio, p 0.025
Max Moment, Mu k-ft 131.40 Minimum py 0.003536
Max Shear, Vu k 2190 Minimum p, 0.003333
Goal Seek 146.00
Okay? No
Design Moment, Mn k-ft 146.00 Y
. - - 2
Area of Steel Required, As in 2.00 Double Layer Check
Mumber of Bars Required
Size 4 0.20 11.0 Clear Space, in. 1.37
Size 5 0.31 7.0
Size 6 0.44 50 Okay? Yes
Size 7 0.60 410
= Triple Layer Check
Size B 0.79 3.0
Size 9 1.00 4.0 Clear Space, in.
i >
S!ze 10 127 20 Ok-a',r?
Size 11 156 2.0
Size 14 2.25 1.0 *Assumptions and Notes*
Size 18 4.00 1.0 Long term deflection multiplier,T,
Size of Bar Chosen Size 9 15 2.0 for loads sustained greater
Total Area of Steel, As in® 4.00 than 60 months.
Moment Capacity, DMn k-ft 237.18
Okay? Yes
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Project

Senior Design Parking
Garage

Engineer:

Group 1

Date:

3/25/2016

Beam/Column Location:

Typical #2 Beam

Group #1 - 79

Deflection Check, D+L Deflection Check, D
Deflection Limit in. 1.2 Deflection Limit iF. 08
Long Term Multipler g 2 Long Term Multipler [ 2
Service Load psf 13875 Service Load psf 98.75
Service Load kIf 1.3875 Service Load kIf 0.9875
ksi 29000 ksi 29000
Steel Modulus of Elasticity ! Steel Modulus of Elasticity .
Concrete Modulus of ksi 4074 ksi an74
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.* 10144] Gross Moment of Inertia in.* 10144
Cracked Inertia in.* 4811 Cracked Inertia in.* 4811
Centroid in. 084 Centroid in. 9.84
Effective Inertia in.* 5318 Effective Inertia in? 5318
Cracking Moment k-ft. 456 Cracking Moment k-ft. 456
Moment at Service Load k-ft. 99.9 Moment at Service Load k-t 711
Deflection at Service Load in. 0.956] Deflection at Service Load in. 0.68
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, |d ft 492
Splice Length, Is ft 6.39
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. Senior Design [page: | 46
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam,/Column Location: Typical #2 Beam

Shear Equations
Max Shear at d from Suppert, Vu kips 19.47 Distance (Vu

Beam Width, b inches 10.00 0.00 2190

Depth of Reinforcement, d inches 16.00 133 1947

28-Day Concrete Strength,f'c ksi 5.00 2.40 17.52

Steel Yield Strength, fy ksi 60.00 4 80 13.14

Concrete Shear Strength, Vc ksi 226 7.20 8.76

Factored Vc ksi 16.97 9.60 438

Required Steel Shear Strength, Vs ksi 250 12.00 0.00
Adequacy Check ksi 67 .88

Distance of Max Reinf. From Support ft. 270 Distance |QWn

Distance of Max Reinf. From Midspan ft. 9.30 0.00 2687

Size of Chosen Stirrup Size 3 12.00 26 .87
Spacing Requirement inches 3173
Max Permissible Spacing in Critical Sec. inches 8.00
Shear Strength Provided in Critical Sec. kips 2687
Number of Stirrups in Critical Sec. My 18
Mominal Shear Strength for Critical Sec., @Vn kips 26.87

Actual Spacing, in.
OKAY? Yes E“DD :
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. Senior Design IP‘agE: | SIIEI
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam/Column
_"II Typical #2 Beam
Location:
Shear vs. Half Span
30.00
26.87
25.00
2190
20.00
19.47
-4
= 17.52
o 1500
]
2
W
13.14
10.00
876
5.00
438
0.00
0.00 2.00 400 6.00 B.00 10.00 12.00 1400
Span, Feet
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. Senior Design |Page: Ef5|
PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016
B Col
eam.,." crumn Typical #2 Beam
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 219 Tension Reinforcement
Corbel Width, b in. 10 Size 4 0.20 4
Corbel Height, h in. 10 Size 5 031 3
Effective Corbel Height, d in. 3 Size 6 0.44 2
28-Day Concrete Strength,f'c ksi 5.00 Size 7 0.60 2
Steel Yield Strength, fy ksi 80.00 Size B 079 1
Size 9 1.00 1
i ?
Size Okay? Yes Size 10 127 1
Eccentricity in. 5] Size 11 156 1
Coefficient of Friction W 0.6 Size 14 2.25 1
Shear Friction Steel, Avf in * 0.E1 Size 18 4 .00 1
Ultimate Horizontal Force, Nu kips 438 Chosen Size Size 5
Tension Steel, An in.2 0.10 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 146 Size 4 020 2
Flexure Steel, Af in.2 0.57 Size 5 031 1
Angle btwn Comp and Tens, B * 4858 Size 6 0.44 1
Depth of Whitney Stress Block, a in. 138 Size 7 0.60 1
Size B 0.79 1
I . 2
Distribution Case? Case 2 r— 100 1
Required Area of Steel, As in.* 0.67 Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0012
Corbel Depth in. 21.00 Min. Ah 0.29
. . .
Area u:.:f Horizontal TIES |.n. 0259 Uka*,r? Yes
Depth of Ties from Tension Steel in. 533
A g o+ £ l Mo fam e . l e
I ; iyl
= Ak Ah= :' i
FRAMMNG [ Fi MG
REBAR REBAR
CEBE 1 CASE 2

Group #1 - 82
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Senior Design Parking

Project Garage 1oads (pe)
Engineer: Group 1 p
Date: 3/25/2016 Dead 118.06
Beam/Column - Live 40
Location: ki Wind [Pressure) I:II
Wind |Suction) ol
Roof Live ol
: p Snow 0|
Load Combinations =z =53]
Case Equation Load (psf) Rain ol
1 1.4D 165.3
23, 1.20+1.6L+0.5(Lr) 205.7
2b. 1.20+1.6L+0.5(5) 205.7 Max I_Dad
2¢c. 1.2D+1.6L+0.5(R) 205.7 Tributary Width (ft) 21
3a. 1.20+1.6{Lr}+0.5(L} 161.7 Tributary Length (ft) 32
3b. 1.2D+1.6{Lr}+0.5(+W) 141.7 Distributed Load (kif) 4.32
3c. 1.20+1.6(Lr}+0.5[-W) 141.7 Point Load [Kips) 138.21
3d. 1.2D+1.6(5)+0.5(L) 161.7
3e. 1.204+1.6[5)+0.5[+W) 141.7 :
3f. 1.20+1.6[5)+0.5[-W) 141.7 Max Upl ift
3. 1.20+1.6(R)}+0.5(L} 161.7 Tributary Width [ft) 21
3h. 1.20+1.6|R)+0.5(+W) 141.7 Tributary Length (ft) 32
3. 1.20+1.6|R}+0.5(-W) 141.7 Distributed Load (kif) 0.00
4a. 1,20+ 1.0(+W}+0.5L+0,5(Lr) 161.7 Point Load (Kips) 0.00
4b, 1.20+1.0(+W)+0.5L+0.5(5) 161.7]
AL, I.ID+1-N+M*‘U-5L+C|.5E“] 161.7 Beam Reactinns for
4d. 1. 20+ 1.00-WD.5L+0.5(Lr) 161.7 -
e 1.20+10{-W)+0.5L+D.5(Lr) 1617 Simply Supported
4f, 1,20+ 1.00-W}+0.5L+0.5(Lr) 161.7 Max Moment, M, K-ft 552.8
5 1.20+1,06+0.5L+0,25 156.6 Max Shear, WV, Kips 69,1
Ba. 0.90+1.0{-W) 106.3
6h. 0.9D+1.0[+W) 106.3] | Additional Notes and Assumptions
7 0.90+1.0E 101.2 |5" slab and 5 psf MEF load
Max 205.7
Min 0
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Senior Design

Group #1 - 84
[Page: | 2/5]
Checks

Strain, g, 0.005388

Bl 0.8

c, in. 12 80672

a, in. 10.24538

dt, in. 24.00

Clear Space, in. -0.16571

Reinforcing Ratio, p | 0.030238

Minimum p, 0.003536

Minimum p, 0.003333
Okay? No

Double Layer Check

Clear Space, in. 1.306667

Okay? Yes

Triple Layer Check

Clear Space, in. 2.595
Okay? Yes
*Assurmnptions and Notes*

PrOJ ect Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beamji’[:nlumn Girder
Location:

Flexure Design
Span Width, W ft 32.00
28-Day Concrete Strength,f'c ksi 5.00
Steel Yield Strength, fy ksi 60.00
Minimum Thickess, h in 26.00
Beam Width,b in 14.00
Depth of Reinforcing, d=0.9h in 24.00
Self Weight, Wsw #/ft 18.06
Max Moment, Mu k-ft 552.83
Max Shear, Vu k 69.10
Goal Seek 614.2599597
Design Moment, Mn k-fit 614.26
Area of Steel Required, As in’ 5.83
Mumber of Bars Required

Size 4 0.20 30.0
Size 5 0.31 19.0
Size b 0.44 14.0
Size 7 0.60 10.0
Size 8 0.79 8.0
Size 9 1.00 8.0
Size 10 1.27 8.0
Size 11 1.56 4.0
Size 14 2.25 3.0
Size 18 4.00 2.0

Size of Bar Chosen Size 10
Total Area of Steel, As in2 10.16
Moment Capacity, Mn k-ft 958.9674

Okay?

Yes

Long term deflection multiplier,I
, 15 2.0 for loads sustained

greater than 60 months.
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Group #1 - 85

. Senior Design Parking |Page: | 3/s]
Project Garage
Engineer: Group 1
Date: 3/25/2016
Beam,/Column Location: Girder
Deflection Check, D+L Deflection Check, D
Deflection Limit in. 1.6 Deflection Limit in. 1.066667
Long Term Multipler [ 2 Long Term Multipler [ 2
Service Load psf 158.06 Service Load psf 118.06
Service Load kiIf 3.31916667 Service Load kif 2.479167
. ksi 29000 . ksi 29000
Steel Modulus of Elasticity Steel Modulus of Elasticity
Concrete Modulus of ksi 4074 ksi 4074
Elasticity Concrete Modulus of Elasticity
Gross Moment of Inertia in.” 45402 Gross Moment of Inertia in.” 45402
Cracked Inertia in.* 26436 Cracked Inertia in® 26436
Centroid in. 14.60 Centroid in. 14.60
Effective Inertia in.' 27078 Effective Inertia in.' 27078
Cracking Moment k-ft. 1374 Cracking Moment k-ft. 137.4
Moment at Service Load k-ft. 424.853333 Moment at Service Load k-ft. 317.3333
Deflection at Service Load in. 1.42| Deflection at Service Load in. 1.06
OKAY? Yes OKAY? Yes
Development and Splice Length
Development Length, Id ft 6.55
Splice Length, Is ft 8.51
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. Senior Design [Page: | 4/s)
Proje{:t Parking Garage
Engineer: Group 1
Date: 3/25/2016
Bearmn/Column Location: Girder
Shear Equations
Max Shear at d from Support, Vu kips 60.47 Distance |Vu

Beam Width, b inches 14.00 0.00 69.10

Depth of Reinforcement, d inches 24.00 2.00 60.47

28-Day Concrete Strength,f'c ksi 5.00 3.20 55.28

Steel Yield Strength, fy ksi 60.00 6.40 41.46

Concrete Shear Strength, Vc ksi 47.5 9.60 27.64

Factored Vc ksi 35.64 12.80 13.82

Required Steel Shear Strength, @Vs kesi 24.83 16.00 0.00
Adequacy Check ksi 142.55
Distance of Max Reinf. From Support ft. 7.95
Distance of Max Reinf. From Midspan ft. 8.25

Size of Chosen Stirrup Size 4 Distance |DVn

Spacing Requirement inches 8.700 0.00 62.64

Max Permissible Spacing in Critical Sec. inches 12 16.00 62.64
Shear Strength Provided in Critical Sec. kips 62.64

Mumber of Stirrups in Critical Sec. N, 24 Actual Spacing, in.
Nominal Shear Strength for Critical Sec., ®Vn  |kips 62.64 8.00
OKAY? Yes
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Group #1 - 87

. Senior Design [Page: | 5/5)
P rDJ ect Parking Garage
Engineer: Group 1
Date: 3/25/2016
Beam,/Column
_f Girder
Location:
Shear vs. Half Span
E0.00
7000 o g9.10
.\ 62.64
60.00
50.00
a
a
40,00
i
=
i
30.00
20.00
10.00
0.00
0.00 2.00 4.00 6.00 B.00 10.00 12 .00 14.00 16.00 18.00
Span, Feet




CIVE 4043 - Spring 2016

P - t Senior Design
rDJEC Parking Garage
Engineer: Group 1
Date: 3/25/2016
B
eam.,."Cc:Iumn Cinder
Location:
Corbel Connection Design Bar Sizes
Max Shear, Vu kips 69.1 Tension Reinforcement
Corbel Width, b in 10 Size 4 0.20 11
Corbel Height, h in. 15 Size 5 0.31 7
Effective Corbel Height, d in. 13 Size 6 0.44 5
28-Day Concrete Strength,f'c ksi 5.00 Size 7 0.60 4
Steel Yield Strength, fy ksi 60.00 Size B 0.79 3
Size 9 1.00 3
i T
Size Okay? Yes =10 T3 >
Eccentricity in. 6 Size 11 156 2
Coefficient of Friction 1l 0.6 Size 14 2.25 1
Shear Friction Steel, Avf in? 256 Size 18 4 .00 1
Ultimate Horizontal Force, Nu kips 1382 Chosen Size Size 5
Tension Steel, An in.? 031 Horizontal Reinforcement
Max Moment on Corbel, Mu kip-ft 45.06933 Size 4 0.20 5
Flexure Steel, Af in.? 111 Size 5 031 3
Angle btwn Comp and Tens, B * 61.50 Size 6 0.44 2
Depth of Whitney Stress Block, a in. 373 Size 7 0.60 2
Size B 0.75 2
. . 2
Distribution Case? Case 1 rr— 100 1
Required Area of Steel, As in® 201 Chosen Size Size 4
Supported Beam Width in. 18.00 Reinf. Ratio, p 0.017
Corbel Depth in. 21.00 Min. Ah 0.85
. ) . F
Area ?f Horizontal TIES |r1. 0.85 Dka‘,r? Yes
Depth of Ties from Tension Steel in. 8.67
A o+ £ I M famiiia . e
Iy = e
= o Ak Ah= 1 &f
FRAMING [ E MG
HERAR REBAR

Group #1 - 88
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Senior Design

PrDJECt Parking Garage
Engineer: Group 1
Date: 3/25/2016

Beam,/Column

Location:

Typical Column

Loads and Reactions

Max Factored Load 1 at Roof Level kips 73
Roof Level 1 Eccentricity in. B
Resulting Max Moment kip-ft 0
Height of Roof Reaction 1 ft 50

Max Factored Load 2 at Roof Level kips 73
Roof Level 2 Eccentricity in. B
Resulting Max Moment kip-ft 0
Height of Roof Reaction 2 ft 50

Max Factored Load 1 at Floor Level kips 70
Floor Level 1 Eccentricity in. B
Resulting Max Moment kip-ft 0

Height of Floor Load 1 ft 35

Max Factored Load 2 at Floor Level kips 70
Floor Level 2 Eccentricity in. B
Resulting Max Moment kip-ft 0.00

Height of Floor Load 2 ft 35

Ultimate Axial Load at Ground, Pu kips 7393

Ultimate Moment at Ground kip-ft 0.00

Concrete Compressive Strength, fc' ksi 4

Steel Yield 3trength, fy ksi 60
Gamma ¥ 0.72
C-C Spacing of Longitudinal 5teel, vh in. 1587

Group #1 - 89
Sizes and Checks
Width 22
Depth 22
Moment of Inertia 19521.3
Gross Area 484
Radius of Gyration 6.35
Stiffmess 18.90
Stiffness Limit 34
Non-Slender? Yes
efh 0.27
Initial Rho 0.015
Required Area 33527
Required Steel Area 7.26
Bar Size Numlber of Bars
Size 4 37
Size 5 24
Size B 17
Size 7 13
Size B 10
Size 9 5
Size 10 B
Chosen Size Size 9
Provided 5teel Area B.00
Tie Size Tie Spacing
Size 3 18.00
Size 4 18.05
Size 5 18.05
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Appendix D-2 Foundation design calculations

Boring Log 1 Nu=9

Depth (ft) |[Cu (psf) Alpha fs{ksf) = alpha * Culgtip = Cu*MNu

0-9 1000 0.55 (.55 9
8-14.5 1250 0.55 0.6875 1125
14.5-51 18000 0.35 6.3 162
Boring Log 2

Depth (ft) [Cu [psf) Alpha fs{ksf) = alpha * Cu qtip = Cu*MNu
0-8 750 0.55 0.4125 6.75
8-15.5 2750 0.55 15125 2475
15.5-51 18000 0.35 6.3 162
Boring Log 3

Depth (ft) [Cu (psf) Alpha fs{ksf) = alpha * Cu qtip = Cu*MNu
0-8 3000 0.55 1.65 27
8-16.0 7500 042 3.15 67.5
16-51.5 18000 0.35 6.3 162
Boring Log 4

Depth (ft) [Cu (psf) Alpha fs{ksf) = alpha * Cu qtip = Cu*MNu
0-8 2350 0.55 1.2925 21.15
8-16.0 4250 0.45 19125 38.25
16-51.5 18000 0.35 6.3 162
Boring Log 5

Depth (ft) [Cu (psf) Alpha fs{ksf) = alpha * Cu qtip = Cu*MNu
0-7 900 0.55 0.495 B.1
7-19.5 1000 0.55 (.55 9
19.5-50 18000 0.35 6.3 162

Group #1 - 90
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Boring Log 6

Depth (ft) |[Cu [psf) Alpha fs{ksf) = alpha * Cu qtip = Cu*Nu
0-8 2000 0.4 3.2 72
8-15.0 2500 0.55 1.375 225
15-18 13500 0.38 5.13 1215
18-535 18000 0.35 6.3 162
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Boring Log #1
Skin Friction,| _ ) .| Dwesign Load for 2° Design Load for | Design Load for 3°
Depth ksi Tip Bearing, ksi 0.D. 2.5' 0.D. 0.D.

1 0.55 9 15.86 24.24 34.38
2 0.55 9 17.58 26.40 36.97
3 0.55 9 15.31 28.55 39.56
4 0.55 9 21.04 30.71 4215
5 0.55 9 2277 32 .87 4475
5 0.55 9 24 49 35.03 47 34
7 0.55 9 26.22 37.19 4995
8 0.55 9 27.95 359.35 5252
9 0.55 9 29.67 4151 55.11
10 0.6875 11.25 35.36 4572 66.25
11 0.6875 11.25 37.52 52.42 69.53
2 0.6875 11.25 39.68 55.12 7277
13 0.6875 11.25 41 84 57.82 76.01
14 0.6875 11.25 44 00 60.52 79.25
15 6.3 162 291.65 444 04 628.23
16 6.3 162 311.43 468.77 657.90
17 6.3 162 331.21 493 50 687.57
18 6.3 162 350.99 51822 717.24
15 6.3 162 370.78 54295 74692
20 6.3 162 350.56 567.68 776.59
21 6.3 162 410.34 592 41 B0E.26
2 6.3 162 430.12 61713 83594
23 6.3 162 449 90 641 B6 B65.61
24 6.3 162 469.69 66659 89528
25 6.3 162 489 47 59132 924 96
26 6.3 162 509.25 716.04 954 63
27 6.3 162 529.03 740377 984 30
28 6.3 162 54881 76550 1013.97
29 6.3 162 568.60 790.23 104365
30 6.3 162 588.38 81495 1073.32
31 6.3 162 &08.16 B39 68 110299
32 6.3 162 £27.94 Be4.41 113267
33 6.3 162 64772 BED 14 1162.34
34 6.3 162 667.51 913 86 1192.01
35 6.3 162 687.29 93859 122169
36 6.3 162 707.07 963.32 1251.36
37 6.3 162 72685 088.05 1281.03
38 6.3 162 746.53 101237 1310.70)

Group #1 - 92
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39 6.3 162 766.42 1037.50 1340.38
40 6.3 162 786.20 1062.23 1370.05
41 0.3 162 805.98 1086.96 1398.72

2 0.3 162 825.76 1111.68 1425.40
43 0.3 1a2 845.54 1136.41 14558.07
44 0.3 1a2 865.33 1161.14 1488.74
45 6.3 162 88511 118587 1518.42
46 0.3 162 904.89 1210.59 1548.09
47 0.3 162 924.67 1235.32 1577.76)
48 0.3 1a2 944.45 1260.05 1607.43
49 0.3 1a2 964.24 1284.78 1637.11
50 0.3 1a2 984.02 1309.50 1666.78

Group #1 - 93
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Baring Log #2
Skin Friction, ) ) _ | Design Load for | Design Load for | Design Load for
Depth ksi Tip Bearing, ksi 2' OD. 25'0.D. 3'0D.

1 0.4125 6.75 11.89 18.18 25.79
2 0.4125 6.75 13.19 1980 27.73
3 0.4125 6.75 14 48 2142 2967
4 0.4125 6.75 15.78 23.03 3162
5 0.4125 6.75 17.07 24 65 3356
6 0.4125 6.75 18.37 26.27 35.50
7 0.4125 6.75 19.66 2789 37.44
B 0.4125 6.75 20.96 2051 39.39
9 15125 2475 5397 67.95 110.10
10 15125 2475 LB.72 7188 11722
11 15125 2475 63.47 79.82 124 34
2 15125 2475 68.22 85.76 131.47
13 15125 2475 7297 01.69 138.59
14 15125 2475 77.72 09763 14572
15 15125 2475 B2.46 10357 152 84
16 6.3 162 317.73 476.64 B667.35
17 6.3 162 33751 501.37 69702
18 6.3 162 35729 526.10 726.69
19 6.3 162 377.07 L50.82 756.37
20 6.3 162 396.86 L7555 786.04
21 6.3 162 416.64 500.28 81571
2 6.3 162 436.42 52501 54539
23 6.3 162 456.20 64973 B75.06
24 6.3 162 47598 574 46 904.73
25 6.3 162 49577 59919 93441
26 6.3 162 51555 72392 964.08
27 6.3 162 53533 74864 99375
28 6.3 162 555.11 773.37 1023 .42
29 6.3 162 57489 79810 1053.10
30 6.3 162 59465 522 83 108277
31 6.3 162 614 45 B47 .55 1112 44
32 6.3 162 634.24 B72.28 114212
33 6.3 162 654.02 B897.01 117179
34 6.3 162 673.80 921.74 1201 .46
35 6.3 162 693.59 946.46 1231.14
36 6.3 162 713.37 97119 1260.81
37 6.3 162 733.15 995.92 129048
38 6.3 162 752583 1020.65 132015

Group #1 - 94



CIVE 4043 - Spring 2016

39 6.3 162 772,71 1045.37 1349.83
40 6.3 162 792.50 1070.10 1379.50
41 6.3 162 812.28 1094.83 1409.17

2 6.3 162 832.06 1119.56 1438.85
43 6.3 162 851.54 1144 28 1468.52
44 6.3 162 871.62 11658.01 1498.19
45 6.3 162 891.41 1193.74 1527 .87
46 6.3 162 911.19 1218.47 1557.54
47 6.3 162 930.97 1243.19 1587.21
48 6.3 162 950.75 1267.92 1616.88
49 6.3 162 970.53 1292.65 1546.56
50 6.3 162 990.32 1317.38 1676.23

Group #1 - 95
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Boring Log #3

Depth Skin Friction, | Tip Bearing, |Design Load for| Design Load for | Design Load for
ksi ksi 2'0.D. 250D 3'0.D.

1 1.65 27 4757 72.71 103.15
2 165 27 52.75 79.19 11092
3 165 27 5793 B85.66 118.69
4 1.65 27 63.11 92.14 126.46
5 1.65 27 65.30 98.62 134 .24
6 1.65 27 7348 105.09 142.01
7 1.65 27 75.66 11157 14978
B 1.65 27 8384 11804 157.55
9 3.15 67.5 157.31 22976 315.45
10 3.15 67.5 167.21 24212 330.29
11 3.15 67.5 177.10 254 49 34513
2 3.15 67.5 186.99 26685 359.96
13 3.15 67.5 196 B8 27921 37480
14 3.15 67.5 206.77 291 58 389.63
15 3.15 67.5 216.66 303.94 404 47
16 3.15 67.5 26.55 31631 41931
17 6.3 162 39470 57285 78280
18 6.3 162 414 48 597 58 812 .48
19 6.3 162 434 26 62231 B42.15
20 6.3 162 45404 64704 87182
21 6.3 162 473 83 67176 901.49
2 6.3 162 493 61 69649 931.17
23 6.3 162 513.39 72122 960.84
24 6.3 162 533.17 74595 950.51
25 6.3 162 55295 77067 1020.19
26 6.3 162 57274 795 40 1049 86
27 6.3 162 59252 82013 1079.53
28 6.3 162 £12.30 844 Bb 1109.21
29 6.3 162 632.08 86958 1138 88
30 6.3 162 651.86 89431 1168.55
31 6.3 162 671.65 01904 1198.22
32 6.3 162 691.43 043 77 1227 90
33 6.3 162 71121 958 49 125757
34 6.3 162 73099 993.22 1287 24
35 6.3 162 75077 1017.95 1316.92
36 6.3 162 770.56 1042 68 134659
37 6.3 162 790.34 1067 .40 1376.26
38 6.3 162 810.12 1092.13 1405.94

Group #1 - 96
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39 6.3 162 829.90 111686 143561
40 6.3 1le2 849 68 114159 146528
41 6.3 162 869.47 116631 1454 .95

2 6.3 162 889.25 1191.04 152463
43 6.3 le2 909.03 121577 155430
44 6.3 le2 92881 124050 1583.97
45 6.3 le2 948.59 126522 1613.65
46 6.3 162 968.38 128995 1543.32
47 6.3 162 988.16 1314 68 1672.99
48 6.3 162 1007 .94 133941 1702.67
49 6.3 162 1027.72 1356413 1732.34
50 6.3 162 1047.50 1388 86 1762.01

Group #1 - 97
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Group #1 - 98

Boring Log #4
) L . ) ) | Dresign Load for 2°| Design Load for Design Load
Cepth Skin Friction, ksi | Tip Bearing, ksi 0D 55 0.0 for 30D,

1 1.2925 21.15 37.26 56.96 80.80
2 1.2925 21.15 41.32 62.03 86.89
3 1.2925 21.15 45.38 67.10 9298
4 1.2925 21.15 4544 72.18 99.06
5 1.2925 21.15 53.50 77.25 105.15
6 1.2925 21.15 57.56 82.32 111.24
7 1.2925 21.15 61.61 87.40 117.33
8 1.2925 21.15 65.67 92.47 123 .41
9 19125 38.25 98.53 141592 192 83
10 19125 38.25 104 .53 145.43 201.84
11 19125 38.25 110.54 156.94 210.84
12 19125 38.25 11654 164.44 21985
13 19125 38.25 12255 171.95 228.86
14 19125 38.25 12B.55 179 .46 237 87
15 19125 38.25 13456 186.96 24687
16 19125 38.25 140.56 154 .47 255.88
17 6.3 162 354 63 522.77 72270
18 6.3 162 37441 547.50 752.38
19 6.3 162 39420 572.23 782.05
20 6.3 162 41398 596.95 81172
21 6.3 162 43376 621.68 84135
22 6.3 162 453 54 £46.41 B71.07
2 6.3 162 47332 671.14 900.74
24 6.3 162 493.11 £95.86 930.41
25 3 162 512 89 720.59 960.05
26 3 162 532 67 745.32 989.76
27 3 162 55245 77005 1015 .43
28 6.3 162 57223 79477 104511
29 3 162 592.02 819.50 1078.78
30 6.3 162 611.80 844 23 1108.45
31 6.3 162 63158 868.96 1138.12
32 6.3 162 651.36 893.68 1167 80
33 6.3 162 671.14 918.41 119747
34 6.3 162 690.93 943.14 122714
35 6.3 162 71071 96787 1256.82
36 3 162 73049 992 59 1286.49
37 3 162 75027 1017.32 1316.16
38 6.3 162 77005 104205 1345 84
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39 6.3 162 789.84 1066.78 1375.51
40 6.3 162 B09.62 1091.50 1405.18
41 6.3 162 529.40 1116.23 1434.85
42 6.3 162 549.18 1140.96 1464.53
43 6.3 162 B568.96 1165.69 149420
44 5.3 162 B88.75 1190.41 1523.87
45 5.3 162 908.53 1215.14 1553.55
46 6.3 162 928.31 1239.87 1583.22
47 6.3 162 948.09 1264.60 1612.89
48 6.3 162 957.87 1289.32 164257
49 6.3 162 987.66 1314.05 1672.24
50 6.3 162 1007 .44 1338.78 1701.91
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Group #1 - 100

Boring Log %
) L . ) ) | Dresign Load for 2°| Design Load for (Design Load for 3°
Cepth Skin Friction, ksi | Tip Bearing, ksi 0D 250D oD,

1 0.495 8.1 14.27 21.81 30.94
2 0.495 81 15.83 23.76 33.28
3 0.495 81 17.38 25.70 35.61
4 (0.495 81 18.93 2764 37.94
5 (0.495 81 20.49 2958 40.27
6 0.495 81 22.04 3153 2.60
7 0.495 81 23.60 33.47 44 .93
8 0.55 9 26.74 37.84 50.70
9 0.55 9 28.46 40.00 53.29
10 0.55 9 30.19 4215 55.88
11 0.55 9 31.92 4431 58.47
12 0.55 9 33.65 46.47 61.07
13 0.55 9 35.37 4863 63.66
14 0.55 9 37.10 50.79 66.25
15 0.55 9 38.83 52.95 65.84
16 0.55 9 40.55 55.11 7143
17 0.55 9 4228 57.27 74.02
18 0.55 9 44 01 5942 76.61
19 0.55 9 4573 61.58 79.20
20 6.3 162 296.70 45035 635.80
21 6.3 162 31645 47508 665.48
22 6.3 162 336.26 499 81 695.15
23 6.3 162 356.04 524 54 724 82
24 6.3 162 37583 54926 754 .45
2 3 162 39561 57399 78417
26 3 162 41539 59872 81384
2 3 162 43517 652345 84351
2 6.3 162 45495 64817 87319
2 3 162 47474 67290 902.86
a0 6.3 162 49452 697 63 93253
31 6.3 162 51430 72236 962.21
32 6.3 162 534.08 74708 991 88
33 6.3 162 553.86 77181 1021.55
34 6.3 162 573,65 796 54 1051.22
a5 6.3 162 59343 82127 1080.90
36 3 162 613.21 84599 111057
7 3 162 63299 87072 1140.24
38 6.3 162 652.77 89545 1169.92
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Group #1 - 101

39 6.3 162 672.56 520.18 1199.59
40 6.3 162 B92.34 94490 122926
41 6.3 162 712.12 969.63 1258.94
42 6.3 162 731.90 994.36 1288.61
43 6.3 162 751.68 1019.09 1318.28
44 6.3 162 77147 1043 81 134795
45 6.3 162 791.25 1068 54 1377.63
45 6.3 162 811.03 1093.27 140730
47 6.3 162 830.81 1118.00 1436.97
45 6.3 162 850.59 114272 1466.65
49 6.3 162 870.38 116745 1456.32
50 6.3 162 890.16 119218 152599
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Group #1 - 102

Boring Log #6

Design Load for 2'

Design Load far

Design Load for 3"

Depth Skin Friction, ksi | Tip Bearing, ksi o.0. 250D, 0.D.

1 3.2 72 123.09 189.19 269.41
2 3.2 72 133.14 201.75 284 48
3 3.2 72 143.18 21431 29956
4 3.2 72 153.23 26.87 31463
5 3.2 72 163.28 239.43 329.70
6 3.2 72 173.33 251.99 34477
7 3.2 72 183.38 264.55 359 84
2 .2 72 193 .42 277.11 37492
9 1.375 225 120.03 161.07 206.53
10 1.375 225 124 34 166.47 213.01
11 1.375 22, 12866 171.87 219.49
12 1.375 225 13298 17726 22596
13 1.375 225 137.30 182.66 232.44
14 1.375 225 14151 188.06 23891
15 1.375 225 14593 193.45 24539
16 5.13 1215 317.47 373.24 619.27
17 5.13 1215 353358 393.37 64343
18 5.13 1215 34969 41351 66760
19 6.3 162 433.05 &20.80 2840.33
20 6.3 162 452 84 &45.53 870.01
21 6.3 162 47262 670.25 299 68
22 6.3 162 452 .40 659495 92935
23 6.3 162 512.18 719.71 959.03
24 6.3 162 53196 744 .44 988.70
25 6.3 162 551.75 769.16 1018.37
26 6.3 162 571.53 793.89 1048.05
27 6.3 162 591.31 818.62 1077.72
28 6.3 162 611.09 84335 1107.39
29 6.3 162 630.87 868.07 1137.06
30 6.3 162 650.66 89280 1166.74
3l 6.3 162 67044 917.53 1196.41
32 6.3 162 690.22 94226 1226.08
35 6.3 162 710.00 066.08 1255.76
34 6.3 162 729.78 991.71 1285.43
35 6.3 162 74957 1016.44 1315.10
36 6.3 162 7659.35 1041.17 134478
37 6.3 162 78913 1065.89 1374.45
38 6.3 162 80891 1090.62 1404.12




CIVE 4043 - Spring 2016

Group #1 - 103

39 6.3 1lg2 B28.69 1115.35 1433.79
40 6.3 162 B45.48 1140.08 146347
41 6.3 162 B86E.26 1164 .80 1453 14
42 6.3 162 B85.04 1189.53 1522 81
43 6.3 1e2 90782 121436 155249
44 6.3 1e2 §927.60 1238.99 158216
45 6.3 1e2 947.39 1263.71 161183
46 6.3 1lg2 967.17 1288.44 1641.51
47 6.3 1lg2 986.95 1313.17 1671.18
48 6.3 1le2 1006.73 1337.90 1700.85
49 6.3 1le2 1026.51 1362.62 173052
S0 6.3 1le2 1046.30 1387.35 1760.20
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Factored Dead Load on the Pier Cap, kips

Depth 2' 0.D. Pier 25" 0.D. Pier 3' 0.D. Pier

1 0.66 1.03 148

2 1.32 2.06 297

3 198 3.09 4.45

4 2.64 412 5.93

5 3.30 5.15 742

6 3.96 6.18 8.90

7 4.62 7.21 10.39

8 5.28 8.24 11.87

9 5.93 9.27 13.35
10 6.59 10.30 14 84
11 7.25 1133 16.32
12 791 12.36 1780
13 8.57 13.39 19.29
14 9.23 14.42 2077
15 9.89 15.45 2225
16 10.55 16.49 2374
17 11.21 17.52 2522
18 11.87 18.55 2671
19 12.53 1958 2819
20 13.19 2061 2967
21 13.85 21.64 31.16
22 14.51 2267 32.64
23 15.17 23.70 34.12
24 15.83 2473 3561
2 16.45 2576 37.09
26 17.14 26.79 38.57
2 17.80 27.82 40.06
2 18.46 2885 4154
2 19.12 29 88 4303
30 19.78 30591 4451
31 20.44 31.54 4599
32 21.10 32597 47 48
33 21.76 34.00 4896
34 22.42 35.03 50.44
35 23.08 36.06 51.95
36 2374 37.09 5341
37 24.40 3812 5490
38 25.06 39.15 5638

Group #1 - 104
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34 25.72 4018 57.86
40 26.38 4121 5935
41 27.04 42.24 60.83
42 27.69 4327 62.31
43 28.35 44 30 63.80
44 29.01 45.33 65.28
45 29.67 45.36 66.76
45 30.33 47.35 68.25
47 30.99 45.42 69.73
45 31.65 4946 71.22
44 231 50.45 7270
50 32497 5152 7418
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Pier Design

Location | Northing | Easting Depth Provided Strength
Al 120 0 29 790.23
A2 120 18.25 29 790.23
A3 120 44 25 29 790.23
Ad 120 76.25 29 792.45
AL 120 108.25 29 796.52
A 120 140.25 29 798.10
AT 120 168.25 29 798.10
Bl 102 0 29 790.23
B2 102 18.25 29 790.23
B3 102 44 25 29 791.45
B4 102 76.25 29 792.50
BS 102 108.25 29 794.60
Bo 102 140.25 29 798.10
B7 102 168.25 29 798.10
Cl 78 0 25 792.50

2 78 18.25 25 794.60
C3 78 4425 27 795.60
C4 78 76.25 25 793.80
C5 78 108.25 25 794.20
Co 78 140.25 25 794.28
C7 78 168.25 25 794.28
D1 &l 0 25 757.60
Dz &l 18.25 27 790.20
D3 &l 4425 26 795.40
D4 &l 76.25 26 794.40
D5 &l 108.25 25 794.89
D6 &l 140.25 2 79428
D7 &l 168.25 2 795.40
El 42 0 2 795.64
E2 42 18.25 2 795.26
E3 42 4425 2 794.24
E4 42 76.25 2 796.32
ES 42 108.25 2 794.54
EE 42 140.25 2 79442
E7 42 168.25 26 795.36
F1 18 0 34 79489
F2 18 18.25 34 796.98
F3 18 4425 34 795.47
F4 18 76.25 32 795.54
F5 18 108.25 30 794.32
F& 18 140.25 28 796.11
F7 18 168.25 26 796.10
G1 0 0 34 796.05
G2 0 18.25 34 795.65

Group #1 - 106
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G3 0 44.25 33 794,58
G4 0 76.25 32 796.65
G5 0 108.25 30 794.38
G6 0 140.25 28 796.54
G7 0 168.25 26 796.54
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Design Capacity
Boring Northing |Easting Depth Strength

1 98.0 18.0 29 790.23

2 104.0 1450 29 798.10

3 60.0 445 26 795 .40

4 63.0 115.0 28 79428

5 8.0 20.0 34 796.54

B 12.0 150.0 26 793.89

kn Rn Ast

Max Axial Load 7303 0.2789 0.0836 10.16
Max Shear Load 738 Reinforcement is based on 8 #10
Max Moment 554 43 bars

Pier Reinforcement Dimensions

Diameter 2.5
Percent of Diameter to Reinforcing, y 09
Mumber of Longitudinal Bars 8
Size of Longitudinal Bars #10
Spiral Pitch 5.00
Spiral Bar Size #5
Spiral Clear Distance 4.375
Spiral Reinforcement Ratio 0.0078
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Appendix E- Construction Management

Project Schedule using Microsoft Project.

Group #1 - 109

ask

Task Name Duration

Finish

Predecessors

1D TT Start Mar 14, '16 Mar 21,16 Mar 28,
O  vode MlTIwlTlFls|siMm[TIwlTlFls]sIm[T
1 A Foundation Piers 29 days Tue 3/15/16 Frid/22/16
2 % - Basement Slab 2 days Mon 4/25/16Tue 4/26/16 1
3 @-_| - Basement Columns 2 days Wed 4/27/16Thu 4/28/16 2
4 % - 2W Beams 2 days Fri 4/29/16 Mon 5/2/16 3
5 @-_| - Basement Shaft 2 days Wed 4/27/16Thu 4/28/16 2
6 g_-| - Basement Walls 2 days Fri 4/29/16 Mon 5/2/16 3
7 % - Basement-1E Column:4 days Tue5/3/16 Fri5/6/16 8
8 % - Basement-1E Slab 2 days Fri4/29/16 Mon5/2/16 2,3
] % -, Foundation Walls 3 days Tue5/3/16 Thu5/5/16 8
10 % - 2W-2E Beams 3 days Mon 5/9/16 Wed 5/11/168,7
11 % - 1E Slab 1day Thu4/28/16 Tue 5/3/16 8
12 [;_1 - Basement Shear Wallz3 days Tue 5/3/16 Thu5/5/16 4
13 % - 1E Columns 2 days Fri 4/29/16 Fri5/13/16 11,10
14 @'_| - 1E Walls 3 days Mon 5/16/16Wed 5/18/1613
15 @_j - 2E Beams 2 days Mon 5/16/16Tue 5/17/16 13
16 [Ey 2W-1E Slab 2 days Wed 5/18/16Thu 5/19/16 11,15
17 % - 2W-1E Beams 3 days Fri 5/20/16 Tue 5/24/16 16
18 @'_| - 2nd Floor Shear Wall 3 days Fri 5/20/16 Tue 5/24/16 16
19 % - 2W Slab 1day Wed 5/25/16Wed 5/25/1616,17
20 @'_| - 2W Columns 2 days Thu5/26/16 Fri5/27/16 19,17
21 % -, 2W Beams 2 days Mon 5/30/16Tue 5/31/16 20
22 % -, 2W Walls 2 days Mon 5/30/16Tue 5/31/16 20
23 % - 2W Walls 2 days Mon 5/30/16Tue 5/31/16 20
24 % - 2W-2E Slab 3 days Wed 6/1/16 Fri6/3/16 19,21
Task Inactive Summary I} I External Tasks
Split s Manual Task I I External Milestone &
Milestone * Duration-only Deadline ¥
Project: Scheduling Summary "1 Manual Summary Rollup me—— Critical
Date: Fri 4/29/16 B 3
Project Summary I 1 Manual Summary [————""""1  Critical Split
Inactive Task Start-only C Progress
Inactive Milestone Finish-only 1 Manual Progress e —

Page 1
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ID ’Task Task Name Duration Start Finish Predecessors Mar 14 '16 Mar 21.'16 Mar 28
@  |Moce M| TIwltlelslsimITIwlTlEls]s|m[T|
25 @_| - 2W-2E Columns 2 days Mon 6/6/16 Tue 6/7/16 24
26 % - 2W-2E Beams 3 days Wed 6/8/16 Fri6/10/16 25
27 % - 2W-2E Walls 3 days Wed 6/8/16 Fri6/10/16 25
28 % - 2E Slab 2 days Mon 6/13/16Tue 6/14/16 24,26
29 @J - 2E Columns 1day Wed 6/15/16Wed 6/15/1628
30 % - 2E Beams 2 days Thu 6/16/16 Frig/17/16 29
31 gﬁ - 3rd Floor Apt Wall 3 days Wed 6/15/16Fri 6/17/16 28
32 % - 3IW-2E Slab 2 days Mon 6/20/16Tue 6/21/16 28,30
33 @J - 3W-2E Columns 3 days Wed 6/22/16Fri 6/24/16 32
34 % - 3W-2E Beams 3 days Mon 6/27/16Wed 6/29/1633
35 % - 3W Slab 1 day Tue 4/26/16 Thu 6/30/16 32,34
36 g_l - 3W Beams 2 days Tue 7/5/16 Wed 7/6/16 37
7 % - 3IW Columns 2 days Fri7/1/16 Mon 7/4/16 35
38 % - 3IW Walls 2 days Tue 7/5/16 Wed 7/6/16 37
39 @_1 - 3W Walls 1day Tue 7/5/16 Tue 7/5/16 37
40 @_| - 3rd Floor Shear 1day Fri7/1/16  Fri7/1/16 35
41 % - 3IW-3E Slab 2 days Thu7/7/16 Fri7/8/16 35,36
42 Gﬁ - 3IW-3E Columns 2 days Mon 7/11/16Tue 7/12/16 41
43 % - 3W-3E Beams 3 days Wed 7/13/16Fri 7/15/16 42
44 % - 3E Slab 1 day Mon 7/18/16Mon 7/18/1641,43
45 % - 3E Columns 1 day Tue 7/19/16 Tue 7/19/16 44
46 % - 3E Walls 2 days Wed 7/20/16Thu 7/21/16 45
47 % - 3E Beams 2 days Wed 7/20/16Thu 7/21/16 45
48 % - 3rd Floor Apt Wall 2 days Fri 7/22/16 Mon 7/25/1€46
Task Inactive Summary I [ External Tasks
Split v Manual Task | I External Milestone <
Milestone L Duration-only Deadline ¥
Project: .Scheduling Summary "1  Manual Summary Rollup me—  Critical
Date: Fri 4/29/16
Project Summary I 1 Manual Summary ———————===1 Cnitical Split
Inactive Task Start-only C Progress .
Inactive Milestone Finish-only 1 Manual Progress ————
Page 2
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D "lask Task Name Duration Start Finish Predecessors Mar 14, '16 Mar 21, 16 Mar 28,
@  Ivode M| TIwltlels|s M TIw[T Els|s m[T]
49 @_| -, 4Ath Floor Shear Wall 2 days Tue 7/26/16 Wed 7/27/1648
50 By 3E-4W Slab 2 days Fri 7/22/16 Mon 7/25/1644,47
51 % - 3E-4W Beams 3 days Tue 7/26/16 Thu 7/28/16 50
52 % - AW Slab 1day Fri 7/29/16 Fri7/29/16 50,51
53 E‘h - 4W Columns 1day Mon 8/1/16 Mon 8/1/16 52
54 % - AW Walls 2 days Tue 8/2/16 'Wed 8/3/16 53
55 % - AW Walls 2 days Tue 8/2/16 Wed 8/3/16 53
56 % - 4W Beams 1 day Tue 8/2/16 Tue 8/2/16 53
57 % - 5th Floor Shear 1 day Thu 8/4/16 Thu 8/4/16 55
58 % - AW-AE Slab 2 days Wed 8/3/16 Thu 8/4/16 52,56
50 % - AW-AE Columns 2 days Fri8/5/16 Mon 8/8/16 58
60 [;'_| - AW-4E Beams 3 days Tue 8/9/16 Thu 8/11/16 59
61 % - 4E Slab 1 day Fri 8/12/16 Fri8/12/16 58,60
62 @_| -, 4E Columns 1 day Mon 8/15/16Mon 8/15/1661
63 % - 4E Walls 2 days Tue 8/16/16 Wed 8/17/1662
64 % - 4E Beams 1day Mon 8/15/16 Mon 8/15/1661
65 % - Sth Floor Apt Wall 2 days Thu 8/18/16 Fri8/19/16 63
66 @_| - SW-4E Slab 2 days Tue 8/16/16 Wed 8/17/1661,64
67 % - SW-4E Columns 2 days Thu 8/18/16 Fri8/19/16 66
68 Eﬁ - S5W-4E Beams 3 days Mon 8/22/16Wed 8/24/1667
69 % - 5W Slab 1day Thu 8/25/16 Thu 8/25/16 66,68
70 % - 5W Columns 1 day Fri 8/26/16 Fri8/26/16 69
m % - 5W Beams 1 day Meon 8/29/16Mon 8/29/1670
72 % - S5W Walls 2 days Mon 8/29/16Tue 8/30/16 70
Task Inactive Summary I I External Tasks
Split e Manual Task I I External Milestone <
Milestone L Duration-only Deadline 4
Project: Scheduling Summary 0 Manual Summany Rallup e Critical
Date: Fri 4/29/16 . i
Project Summary I 1 Manual Summary "1 Critical Split
Inactive Task Start-only C Progress .
Inactive Milestone Finish-onky a1 Manual Progress e —
Page 3
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Group #1 - 112

ID ’Task Task Name Duration Start Finish Predecessors Mar 14, "16 Mar 21, "16 Mar 28
@ Moce M| T wlTlelsls MIT'IWITIFISIS‘MIT'
73 % - SW-5E Slab 3 days Tue 4/26/16 Thu 9/1/16 69,71
74 % - 6th Floor Shear Wall 1 day Wed 8/31/16Wed 8/31/1672
75 % - SW-5E Columns 2 days Fri9/2/16 Mon9/5/16 73
76 % - SW-5E Beams 2 days Tue 9/6/16 Wed 9/7/16 75
7 % - SE Slab 1day Tue 4/26/16 Thu 9/8/16 73,76
78 By wm SE Columns 1day Fri9/9/16  Fri9/9f16 77
79 % - 5E Beams 1day Mon 9/12/16Mon 9/12/1678
80 % - 5E Walls 2 days Mon 9/12/16Tue 9/13/16 78
81 % - 6th Floor Apt Wall 2 days Wed 9/14/16Thu 9/15/16 80
82 % - SE-6W Slab 1day Fri9/9/16  Frig9/9/16 77
83 gj - 6W Slab 2 days Mon 9/12/16Tue 9/13/16 82
84 % - 6th Floor Shaft Walls 2 days Wed 9/14/16 Thu 9/15/16 83
85 @_1 - Shaft Roofs 1 day Fri9/16/16 Fri9/16/16 84
86 % - 6W-6E 2 days Wed 9/14/16Thu 9/15/16 83
87 @_1 - 6W Walls 2 days Fri 9/16/16 Mon 9/19/1686
88 % - 6E Slab 2 days Fri 9/16/16 Mon 9/19/1686
89 % - 6E Walls 2 days Tue 9/20/16 Wed 9/21/1688
Task Inactive Summary | | External Tasks
Split s Manual Task I 1 External Milestone ¢
Milestone L 4 Duration-only Deadline L 4
Project: _SChEdu“ng Summary 1  Manual Summary Rollup s Critical
Date: Fri 4/29/16
Project Summary I 1 Manual Summary [——""""1  Cntical Split
Inactive Task Start-only C Progress
Inactive Milestone Finish-only 1 Manual Progress e ———
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