DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
CVEG 4100 — Geotechnical Engineering Design Laboratory

FALL 2021
Instructor: Md. Jobair Bin Alam, Ph.D., P.E.

Title of Assignment

Stress Distribution and Consolidation Settlement

Outcome Measured Using this Assignment

QOutcome 7
An ability to acquire and apply new knowledge as needed, using appropriate
learning strategies.

Check the acquiring and applying engineering knowledge related to this assignment

Assignment problem

involves wide-ranging problem-solving issues

involves critical thinking in solving engineering and design problems

Involves real time design problems solution

involves identifying appropriate parameters for designing

Involves practicing application of engineering judgement

involves familiarizing with contemporary industry design and field investigation

Assignment problems will improve

Ability to command basic and applied knowledge of mathematics, science, and
engineering

Ability to identify, formulate, and solve geotechnical engineering problems by interpreting
data and data analysis.

Ability to design a system, component, or process in geotechnical engineering to meet
desired needs within realistic constraints such as economic, environmental,
social, ethical, health and safety, manufacturability, and sustainability.

Ability to communicate effectively to understand the impact of geotechnical engineering
solutions in a global, economic, environmental, and societal context.

Brief justification of the suitability of assignment for the outcome

This assignment will increase the students ability to determine the stress
distribution into the soil due to structural loading and associated soil movement
or settlement.




Sample of graded student’s solution
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CVEG 4100 P81 — Geotechnical Engineering
Design Lab

Fall 2021
Homework #2
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Grader: Dr. J. Alam, MD
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Date Assigned: 21 September 2021
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CIVIL ENCGINEERING DEPARTMERMT

CVES 4108- Geotechuical Engimeerimg Design
Homework #2

Shadaria Lymeh
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CIVIL ENGINEERING DEPARTMENT
PRAIRIE VIEW A&M UNIVERSITY

CVEG 4100 P81 GEOTECHNICAL ENGINEERING
DESIGN

Homework #2
Perla Zaldivar (#10)
Given: September 22, 2021

Due: September 28, 2021
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OUTCOME “7” SPECIFIC ASSIGNMENTS
USED TO ASSESS THE OUTCOME IN

CVEG 4472
SENIOR DESIGN & PROFESSIONALISM |




DEPARTMENT OF CIVIL & ENVIRONMENTAL ENGINEERING
CVEG 4472 Senior Design and Professionalism I
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
FALL 2019

Instructor: Dr. R. Radha

Title of Assignment

Information research for the project, determining needs,
understanding contemporary issues and to use the information
to implement in the project design

Outcome Measured Using this Assignment

Outcome 7
An ability to acquire and apply new knowledge as needed, using appropriate learning
strategies

Check the outcome appropriate characteristics related to this assignment

Ability to Acquire new knowledge using the appropriate learning strategies

Requires students to:

Be knowledgeable of and use different learning strategies (Instructor may provide information on different learning
strategies

Identify and take advantage of learning opportunities available in the library, online resources, seminars, webinars,
conferences, workshops and tutorials.

Be aware of the need for and are able to independently acquire additional knowledge and data needed for solving
problem using appropriate learning strategies and tools.

X

X

X

Ability to apply new knowledge to solve problems
Requires students to:
X ‘ Demonstrate appropriate use of the new knowledge to solve problems.

Brief justification of the suitability of assignment for the outcome

All students will be required to read reference materials and use library and web
resources needed to perform the project. Literature review and reference
documentation related to the project subtasks will have to be prepared and submitted




CVEG 4472 Senior Design and Professionalism I
FALL 2019

ASSIGNMENT STATEMENT/QUESTIONS
GRADING SCHEME FOR ASSIGNMENT

Literature search documentation 25 pts

Document use of new knowledge 25 pts

References listing and relevance statements 50 pts
Total: 100 pts

See below Student Sample for Crit. 7



Insert here Student Sample for Crit. 7



CIVIL ENGINEERING DEPARTMENT
PRAIRIE VIEW A&M UNIVERSITY

CVEG 4472
FALL 2019
Civil Engineering Firm
MARIETOU ZIDA

JUSTIN JONES
JARVIS HAWKINS



Organizational Chart

Jarvis Hawkins

Project Manager
AutoCad drawings
Structural

Justin Jones Marietou Zida

Grading Organization
Cost estimate Drainage
Plan and Profile .

Structural
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Existing Conditions
Lot size is a 130x130

M?Ew—nv
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PRAIRIE VIEW GARDENS MASTERPLAN RESIDENTIAL COMMUNITY
LOT ADDRESS: 2020 MAY RD. PRAIRIE VIEW, TX 77446 -
MJ2 CIVIL ENGINEER FIRM SITE PLAN: LOT SCALE: 1/64"= 1- 0"| [RENDERING: o s
L 22
el X0 8 -
GENERAL NOTES LIST OF DRAWINGS [REFERENCE SYMBOL ABBREVTIONS

BUILDING DESIGN.

| TRanssosTATION
CONNECTING LOT STREET DESIGN
SIGNAGE LAYOUT

CODE

ENGINEERING TEAM

[PROJECT MANAGER:

Vs Hawons
[PHONE 532771 8418
[EMAL IARVS8791 GMAL COM

REVISIONS
#|_DATE_| DESCRIPTION |INITIAL |

EnameERs:
2sTv JonES
[PHONE: 214 2807

wes
“SALLDAY SGMAIL COM

COVER SHEET]

SHEETNO.:10F3




Site plan

Eva'l’

; S SR S R R I G
i SECTION 4. SECTION 3. g
[ =
¢ e mm—— e —————— + i 7 T N
1 L = Az 1 1 @]
v = Il .
L ¢ g ad b \O
B Iio - - =9 |
i . !
— 1 289"
i 1
> 1 by : 70—
: | 5% == T i SECTION I. ",IT
1 | | ! 50"
1 = 1 24-0'——
|% —F : TOWN HOME o
\ 1 — ] 1 ] FOOT PRINT
5 '3 3 1 : 19471
] e :
(R i
i L1,
I e 125"
i O SECTION 2
LEGENDS ] )
\) GRASS DRAINAGE ARROW -o—e—o—e— FENCE LINE 2) 2 J (h—
CONCRETE #====4 PROPERTY LINE TREE STREET ELEVATION 152'
O DRAIN INLET ! NORTH ARROW D MAIL BOX .




Drainage and Grading

1616—HD!

Grading
Area Cut Volume (ft*3)  [Fill Volume (ft*3)
Town House 0 22477
Section 1 316.9 0
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Second Floor

Floor plan
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Third Floor

Floor plan Steel Design
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Fourth Floor Plan

Floor plan Steel Design
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Staad Pro (sometric view)
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Staad Pro Elevation
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Dead Load and Live Load
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Wind Load
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May Rd. Plan View
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Structural plans
e Foundation Design

Transportation Plans
e Finish Plan & Profile View

Quantity Takeoff
e Finalize Cost Estimates

Next Stage
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Ethics Quiz

Fall 2019
CVEG 4472 Name:_Zida &0 Maxieloy
LG St = Y < . -
Answer all Questions below by circling the correct answer: gk

D 1. What is the direct result of ethical behavior?

A. Your reputation will be enhanced.
B. will be rewarded economically.
You will feel good about yourself.
4~ D.Neithera, b, or ¢

2. Complete the sentence: “if you check the calculations for a
licensed (registered) friend who has gone into a consulting
business for himself’herself,

A. “you should be paid for your work.”
@“your friend’s client should be told of your involvement.”

C. *you do not need to be licensed or registered yourself.”
D. “your friend assumes all the liability for your work.”

(_ 3. What does it mean when a design professional accepts a
punishment for an unethical act from his technical society “with

prejudice?”

A. The professional’s race, creed, and national origin were
Considered in deciding on the punishment.

B. The professional’s race, creed, and national origin were

idered in deciding on the punishment.

€n after the sentence is served or punishment is

completed, there may-be further actions taken.

The professional is held in bad report for the period of

ejudice.
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@‘) 4. While supervising a construction project in a developing
country, an Engineer discovers that his client’s project manager

is treating laborers in an unsafe and inhumane manner
(but for that country, legal). When he protests, the Engineer is
told by the company executives that the company has no
choice if it wishes to remain competitive in the regions, and he
should accept this as the way things are. What would Ethics

require the Engineer to do?

A. Take no action — the company is acting in a perfectly legal

ve already received. L2 '
Report the company to the proper authorities for its

human rights abuses. _ _
D. Assist the laborers in organizing a strike to obtain better

working conditions.

5. Two engineers submitted sealed bids to a prospective client
for a design project. The client told Engineer A how much
Engineer B had bid and invited Engineer A to beat that

amount. Engineer A really wants the project and honestly
believes he can do a better job than Engineer B. What should

he do?

A. H¢ should submit another quote, but only if he can
perform the work adequately at the reduced price.
. He should withdraw from consideration for the project.
(€)He should remain in consideration for the project, but not

change his bid.
D. He should bargain with the client for the cost of the work.
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6. You are a city Engineer in charge of receiving bids on behalf of
the city council. A contractor's bid arrives with two tickets to a
professional football game. The bid is the lowest received.

/m t should you do?
NG A)Return the tickets and accept the bid.

B. Return the tickets and reject the bid.
C. Discard the tickets and accept the bid.
D. Discard the tickets and reject the bid.

7. The first and foremost obligation of registered professional

engineers is to:

®. The public welfare
B. Their employer
C. The government
D. The engineering profession

8. Registered professional engineers should undertake services for
clients only when:

A. They really need the fees
B. Their own bid is the lowest one

( C) They are fully technically competent to carry out the
"~ services
D. Carrying out the services would not involve excessive

time or effort

9. The Model Rules of Professional Conduct require registered
o conform to all but one of the following rules. Which
is'not required?
(A Do not charge excessive fees

B. Do not compete unfairly with others

C. Perform services only in the areas of their competence

D. Avoid conflicts of interest
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C i ;{Jo;l ?nrc a quality control engineer of a completely produced
. ‘ade product compliance. You notice one subcontractor
used foreign-made bolts. The customer urgently needs this
product. What should you do?
A. Say nothing and deliver hoping no one notices
B. Find, or invent, some equivalent violation of contract
Where the customer is responsible. Tell them you will
ignore the violation if they ignore your violation
C./Tell the customer and let them decide :
).\Put all efforts into trying to find a legal loophole in the
original specs.
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DEPARTMENT OF CIVIL & ENVIRONMENTAL ENGINEERING
CVEG 4472 Senior Design and Professionalism I
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
FALL 2020

Instructor: Dr. R. Radha

Title of Assignment

Information research for the project, determining needs,
understanding contemporary issues and to use the information
to implement in the project design

Outcome Measured Using this Assignment

Outcome 7
An ability to acquire and apply new knowledge as needed, using appropriate learning
strategies

Check the outcome appropriate characteristics related to this assignment

Ability to Acquire new knowledge using the appropriate learning strategies

Requires students to:

Be knowledgeable of and use different learning strategies (Instructor may provide information on different learning
strategies

Identify and take advantage of learning opportunities available in the library, online resources, seminars, webinars,
conferences, workshops and tutorials.

Be aware of the need for and are able to independently acquire additional knowledge and data needed for solving
problem using appropriate learning strategies and tools.

X

X

X

Ability to apply new knowledge to solve problems
Requires students to:
X ‘ Demonstrate appropriate use of the new knowledge to solve problems.

Brief justification of the suitability of assignment for the outcome

All students will be required to read reference materials and use library and web
resources needed to perform the project. Literature review and reference
documentation related to the project subtasks will have to be prepared and submitted




ASSIGNMENTS FOR OUTCOME “7”

An ability to acquire and apply new knowledge as needed, using
appropriate learning strategies




DEPARTMENT OF CIVIL & ENVIRONMENTAL ENGINEERING
CVEG 4200 Senior Design and Professionalism I
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
FALL 2021

Instructor: Dr. Md Jobair Bin Alam

Title of Assignment

Information research for the project, determining needs,
understanding contemporary issues and to use the information
to implement in the project design

Outcome Measured Using this Assignment

Outcome 7

An ability to acquire and apply new knowledge as needed, using appropriate learning
strategies

Check the outcome appropriate characteristics related to this assignment

Ability to Acquire new knowledge using the appropriate learning strategies
Requires students to:

x | Be knowledgeable of and use different learning strategies (/nstructor may provide information on different learning
strategies

X Identify and take advantage of learning opportunities available in the library, online resources, seminars, webinars,
conferences, workshops and tutorials.

x | Beaware of the need for and are able to independently acquire additional knowledge and data needed for solving
problem using appropriate learning strategies and tools.

Ability to apply new knowledge to solve problems
Requires students to:

X ‘ Demonstrate appropriate use of the new knowledge to solve problems.

Brief justification of the suitability of assignment for the outcome

All students will be required to read reference materials and use library and
web resources needed to perform the project. Literature review and reference
documentation related to the project subtasks will have to be prepared and
submitted




CVEG 4200 Senior Design and Professionalism I
FALL 2021

ASSIGNMENT STATEMENT/QUESTIONS
GRADING SCHEME FOR ASSIGNMENT

Literature search documentation 25 pts
Document use of new knowledge 25 pts
References listing and relevance statements 50 pts

Total: 100 pts
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Summary

The proposed project is the development of a 400 acre lot for Amazon. This new development is
located near the city of Brenham in Washington County, Texas. G.A.M.S Engineering is to
develop and design Amazon distribution center, IT Hub, Office space, convention center,
wastewater treatment facility, storm water ditch (to connect to a major lake), parking lots, roads,
intersection and a highway extension that will accommodate the new facilities. G.A.M.S
Engineering is to provide details on progress and milestones with completion dates for thus

scope of work.

Geotechnical Engineering

The following report summarizes G.A.M.S. Engineering, Inc’s Geotechnical Evaluation for the
proposed Amazon Hub, located in Washington County, Texas. This report includes information
regarding the field and laboratory testing analysis, the subsurface conditions encountered, and
discussion related to building construction in relationship to the subsurface conditions at the site.
The analysis was performed in general accordance with CVEG 3023 and 4100 processes and

formulaic assessment,

At this time, the project consists of constructing a two five-story commercial office building, a
steel structure warehouse, and a three-story convention center building with a footprint of
approximately 30,000 to 50,000 square feet based on historical data. The building is proposed to
be constructed at grade (i.e. without subsurface floors) with a finished floor elevation of

approximately 340 feet.

On August 26, 2021, two (2) Standard Penetration Test (SPT) borings were performed using
CME 75 drill rigs with 8" test hole diameter in the vicinity of the proposed Amazon hub building
location to depths at 75 feet below the existing ground surface. Beneath a surface layer, the
subsurface conditions observed can be described as lean to fat clay with varying amounts of silt
to the extent of the test boring logs. Based on the assessment of the subsurface conditions and
information exchanged to and between the G.A.M.S. Engineering team, the following comments
and recommendations are made: The proposed building construction could not be supported on a

conventional shallow foundation system and slab-on-grade nor a Matt foundation. However, it



was determined that Pile foundations could be designed for a maximum allowable bearing
pressure of 560 pounds per square foot (psf). Total foundation settlement is estimated to be on
the order of 1.34 inch or less, and a differential settlement on the order of a ' inch or less;
Groundwater was observed in the test borings performed at the site at depths approximately 7.5
feet below the existing ground surface. Based on the groundwater depths observed during soil
assessment, it is likely that groundwater will be encountered during foundation construction.
Therefore, the best course of action would be a deep pile system suitable to carry the load of the

Amazon facility.

Structural Engineering

The scope of work for the structural engineering portion of the project is to provide
designs for the Amazon distribution center warehouse, five story IT Hub and office building, and
three story civic center. It is to include the location of where the buildings are to be built. The
location of the buildings will be coordinated with geotechnical engineers and water resources
engineers to provide the best location for the foundation design and on grade slab of the building.
As well as the watershed that could cause flooding to the buildings.

The warehouse is to be designed with reinforced concrete step footings that will support
the load of the building. Anchors bolts for the columns will be set in the concrete footings. Steel
H-beams with base plates will be used for the load bearing column of the buildings. The spacing
of the building columns is to utilize and provide the most floor space possible. To roof supports
for the building will be that of I beams and joist that will run perpendicular to the beam. The
connection joints to be determined depending on shear and moment of the location. The dead,
live, and wind loads for the buildings will be calculated using the Load and Resistance Factor
Design (LRFD). The live, dead and wind loads that meet the requirements given in the
International Building Code. The information will be imputed into STADD pro modeling for ali
four buildings. To provide output results of the given bending moments, and shear and axial
loads. The STADD report is to be utilized for design purposes of the buildings. As the warehouse
design, the multistory buildings will also be of steel structure meeting all International Building

Code (IBC) guidelines and local ordinances. The building's footing will be dependent on the

«



geotechnical report and could require pile footing to support the structures. Autocad will be used
to provide a detailed design of the building's footing, floor layout, column and beam locations,

dimensions of building and building materials that are to be used.

Water Resources

In the water resources portion project the tasks included determining the location of a
storm water ditch, the rainfall intensity based on the 100-year rainfall investigation period,
calculating the quantity of water and designing the ditch based on the rainfall study. The ditch
was assumed to be an unlined trapezoidal channel and was designed by using hydrologic and
hydraulic methods. One of The hydrologic methods used was the “Tractive Force based Unlined
Channel Design Method " to get the design dimensions for the ditch/channel. One of the first
things done was determining the runoff based on the rainfall intensity by using the Rational
Method. Next, the Manning’s roughness coefficient and the sediment size were determined based
on the surrounding land. The slope of the land was then determined. Moving forward the design
depth of the was calculated and the value of side slope was assumed. The area and perimeter
were then set up as equations where the base was unknown.

After everything that could be determined was calculated, the runoff, Manning’s
roughness coefficient, area, perimeter, and the slope of the land were all put into an equation to
determine the base of the ditch/channel. The design velocity and the Kennedy equation velocity
were then calculated. The design velocity would need to be greater thafi the Kennedy equation
velocity in order for the design to be sufficient. If the Kennedy equati;n velocity was greater,
then the design calculations would have to be done again by assuming a different side slope until

the design velocity is greater.

Transportation Engineering
The transportation engineering part of this project include the task to design a roadway
layout for the entire project site including a connecting road with the nearby highway 290, create

an interchange design, design a parking lot for entire facilities, locate signals and related traffic



studies, and provide a plan and profile as well as a pavement design cross section for a typical
local road in the development.

Within the roadway layout of the project site there are to be two entrances required into
the site. One entrance on the east side and one entrance on the west side of the project site. One
entrance must be regulated by a traffic signal in order to direct traffic. The traffic signal setup
will be a simple 3 way intersection signal that will help people from the Amazon hub exit the site
safely and in a timely manner. Furthermore, within the parking layout there is to be service truck
parking for the warehouse that is separate from visiting cars of the office buildings for amazon.
The parking for the service trucks are found on the west portion of the project facility near an
existing Farm to Market road which will make it efficient for the trucks to come in and out of the
facility. In addition, sidewalks will be placed throughout the project site especially around the
business offices and convention center. These sidewalks will help connect parking lots to the
respective buildings as well as creating an easy path from building to building. Lastly, all
roadway designs for this project must meet Texas Department of Traffic (TxDOT) and US DOT
requirements and specifications. For all the transportation parts of the project that require design,

the software AutoCAD will be used to create and portray these ideas in a professional manner.

Environmental Engineering

In the environmental engineering portion of this project the tasks included calculating the
estimated wastewater quantity, determining the location of a wastewater treatment plant, a
schematic of the treatment plant, an approach to treat the wastewater, and to choose a reliable
dumping location for the disposal of the wastewater. The scope of work for this portion of the

project is to be completed in the following semester.

Recommendations

Geotechnical:There are currently no recommendations at this time.
Structural: There are currently no recommendations at this time.

Water Resources: There are currently no recommendations at this time.

Transportation: there are currently no recommendations at this time



Environmental: There are currently no recommendations at this time
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Geotechnical Survey

Introduction

This report is a representation of the subsurface performed for the design and construction of the
proposed Amazon Hub in Washington County, Near the city of Brenham, Texas. It is understood that the
overall project has been split into four (4) phases, with separate engineers working on each phase, and
each phase being constructed within different construction periods. The four phases, and corresponding
project periods, are as follows:

Table 1. Project Phasing

Phase Project Area Development Period
A Geotechnical Survey 4 weeks
B Structural Design 8 weeks
C Hydrology Design 4 weeks
D Environmental/Traffic 5 weeks

This investigation was performed for Phase A, which is for the 400-acre segment that is located
adjacent to the Interstate-290 and Southwest of the City of Brenham. Information provided by the
coursework scope, it is understood that the proposed Amazon Hub will consist of an The specific scope of
the project will include Civil Engincering Development and Design services for the entire site which will
include two five-story commercial office building, a steel structure warehouse, a three-story convention
center, parking lots. The students will also perform new road network development, engineering design of
pavement and pavement subgrade, intersections, sidewalks, driveways, and extension of major
highways/service road and connecting local road with highway, a storm water ditch connecting a major
lake, a municipal solid waste and a temporary recyclables disposal facility, and wastewater treatment
process and facility. The facilities will be designed for 20,000 people or based on population projection
for 15 years., and road connections to I-290. Phase A project alignment, which will interconnect with the
existing drainage systems and interstate roads.

N

1.1 Existing Site Conditions

The project site encompasses an approximately 400 square foot long arca along the southwestern bank of
the city of Brenham on the southwest side of the Interstate-290, Texas. Brenham is a city in east-central
Texas in Washington County, United States, with a population of 15,716 according to the 2010 U.S.
census. It is the county seat of Washington County. The elevation is approximately (341’) and the city has
an area: 13.03 mi2, Brenham is located at 30°9'43"N 96°23'49"W (30.161901, -96.397004). Industrial
properties and Blinn Community College facilities are located along the northeast side of the proposed
space, and it is presumed that the land is baron and free of residential buildings. Pond Creek sits just
southwest of the proposed space in the town of Wesley, Texas. i

i
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Design Location (Theory)

Figure 1: 400 Acre ncar Brenham (Washington County)

Figure 1: 400 Acre near Brenham (Washington County)

1.2 Site Geology

Washington County is in the Blackland Prairies region of southeast central Texas. The center of the
county is at 30°14' north latitude and 96°24' west longitude. Brenham, the seat of government, is near the
county's center and seventy-five air miles east of Austin. The county was named for George Washington,
the first president of the United States. Washington County encompasses 611 square miles of gently
rolling land with elevations ranging between 200 to 500 feet above sea level. Sloping generally
southeasterly, the area drains into the Brazos River, which runs along the eastern border. Other prominent

streams include New Year's Creek, East Fork Mill Creek, Doe Run Creek, Wolf Creek, and Yeguﬁ Creek,
"
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which forms the county's northern border. Soils along the Brazos River are brownish to reddish, cracking
and clayey or loamy; in most of the rest of the county, shallow to deep clayey soils cover a bed of chalk.
Subterranean water reservoirs include the Catahoula, Qakville, and Lagarto formations. Washington
County, located in the post oak belt, is well timbered, and elms, ashes, hackberries, hickories, pecans,
cottonwoods, red cedar, mulberry, and other trees grow in its forests. The county's climate is subtropical
and humid, with an average annual precipitation of forty inches. Temperatures range from an average low
of 39° F in January to an average high of 96° F in July; the growing season lasts 277 days. The principle
mineral resources include oil, natural gas, lignite, brick clay, salt and sulphur. The county is linked to the
rest of the state by U.S. Highway 290, which crosses east to west, and by the Burlington Northern Santa
Fe Railroad, which runs north-south.

The Blackland Prairies region is named for the deep, fertile black soils that characterize the area.
Blackland Prairie soils once supported a tallgrass prairie dominated by tall-growing grasses such as big
bluestem, little bluestem, indiangrass, and switchgrass. Because of the fertile soils, much of the original
prairie has been plowed to produce food and forage crops. The average annual rainfall ranges from 28 to
40 inches. May is the peak rainfall month for the northern end of the region; however, the south-central
part has a fairly uniform rainfall distribution throughout the year. Typically, soils are uniformly
dark-colored alkaline clays, often referred to as "black gumbo," interspersed with some gray acidic sandy
loams. The landscape is gently rolling to nearly level, and elevations range from 300 to 800 feet above sea
level. Crop production and cattle ranching are the primary agricultural industries.

2.0 SUBSURFACE INVESTIGATION

On September 1, 2021, a total of two (2) borings, designated as B-1 and B-2, were drilled at the locations
illustrated on the boring plan provided in Appendix I and summarized in Table 2 (Appendix III) below.
The borings were drilled to a completion depth of 68.0 feet cach below the existing ground surface.

The boring locations were determined and field located by G.A.M.S. personnel. During the field
reconnaissance, G.A.M.S. personnel documented the existing site conditions. Ground surface elevations
at the boring locations were determined using topographic mapping information provided by the United
States Soil and Conservation Services (USSCS). The borings were drilled with a drilling machine,
utilizing a hollow stem auger to advance the holes. Standard penetration test (SPT) were performed at
6-inch intervals to a depth of 68.0 feet below the ground surface. Driving resistance is recorded on the
boring logs in terms of blows per 6.0-inch interval of the driving distance. The second and third intervals
are added to obtain the number of blows per foot (N). SPT blow counts aid in determining soil properties
applicable in foundation system design.

.

3.0 SUBSURFACE PROFILE
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Interpreted engineering logs have been prepared based on the field logs, visual interpretation of samples
and chart analysis. Classification follows the current USCS specifications. The following is a summary of
what was found in the test borings and what is represented on the boring logs.

Baring 1 Assume Gravel0
SPT-Vakes | Depth (Feet) 19 P Plastic Index, P1 | Sieve No. 200 | Water Content, % |  Plastidty Chart Coarse Fraction, % Classification N
3,34 25 43 16 27 71 4 (4} 5% Sandy Lean Clay 7
385 75 47 19 28 81 12 a 19% Sandy Lean Clay 10
487 9 - - - 20 6 . B0% Sand 15
3.7.8 15 51 24 27 2] 13 CH 3% Sandy Fat Clay 15 l/
810,10 20 e = 5 i6 8 8 845 Sand 0
9,12,13 30 B2 30 32 - 4] 15 €H 0% Sandy Fat Clay 25
111821 40 62 27 a5 75 13 H 1% Sandy Fat Clay 31
132231 S0 (=) 8 41 83 17 CH 17% Sandy Fat Clay 53 -
17.26.34 &0 71 33 38 72 18 {H 28% Sandy Fat Clay 60 ‘f/
18.39.50 63 59 34 35 79 19 MH 21% Sandy Elastic Sift B9
v’ %
Borirg 2
SPT-Vahugs | Depth (Feet) TR PL Plastic Index, Pi | Sleve No. 200 | Water Content, % | Plasticity Chart Coarse Fraction, % Classification M
a44 25 48 0 8 54 13 o 45 Sandy Lean Clay 8
5.5.5 5 51 32 19 € 14 MH 31 Sandy Elastic 5K 10 L/
€88 10 - - - g ] 5 Sand 16
889 125 46 19 37 74 18 L 6 Sardy Lean Clay 17
810,10 17 o g g 10 = Sand 0
10,12,:2 20 32 16 16 54 13 a 4% Sandy Lean Clay 24
- 25 60 31 29 BL 21 MH 19 Sandy Elastic Silt
10,1212 30 72 3 41 82 20 €H 18 Sandy Fat Clay 24 I
13,2528 <0 63 34 34 62 4 MH 38 Sandy Elast ic 5it 54 :
162022 50 80 29 41 & 18 MH 31 Sandy Elastic 5ift 44
143338 60 68 34 34 84 20 MH 15 Sandy Elastic 5ift 72
13 48,50, 68 = o 98

Table 2: Soil Classification Summary

>

3.1 Subsurface Soils

The below CAD drawing displays the layers of the soil types found in the Boring samples . Bedrock was
not encountered for this investigation.
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SOIL CLASSIFICATION



TABLE 2.7 AASHTO Soll Classification System

Granular materials
General ciassification {35% or less of total sample passing No, 200 sleve)
A-1 A-2
Group classification A-t-a A-l-b A-3 A-2-4 A.2.5 A-2-6 A-2-7

Sieve analysis (% passing)

No. 10 sieve 50 max

Ko 40 sieve 0 max 50 maox §1 mun

No. 200 sieve 15 max 25 max 10 max Bmax Smax 35max IS max
For fraction passing
Mo. 40 sieve

Liquid himit (LL} d0max 4lmin  40max 4] min

Plasticity index (PI) 6 max Nooplastic l0max  10max llmin 1l min
Ulsual type of material Stone fragmenis, Fine sand Silty or clayey gravel and sand

gravel, and sand

Subgrade ratng Excellent ta good
Silt-clay materials
General elassification {More than 35% of total sample passing No. 200 sleve)
Groap classlficatlon A-4 A-S A-6 A7
A-7-5°
A-7-6°
Sieve analysis (% passing)
No. 10 sieve
No. 40 sieve
No. 200 sieve 36 min 36 min 36 min 36 min
For fraction pazsing
No. 40 sieve
Liguid limit (LL) 40 max 41 min 40 max 41 min
Plasticity index {PI) 10 max 10 max Il min tl mun

Usual types of material
Subgrade rating

Mostly silty soil

Mostly clayey soil
Fair to poar

*If PI = LL - 30, the classification is A-7-5.
*If PF > LL — 30. the classification 15 A.7.6.

Table 3: AASHTO Soil Classification

Applying Group index, GI= (F-35) x [0.2+0.005 x (LL-40)}+0.01 x(F-15) x (PI-10) , F IS % OF

PASSING #200



3.1 ULTIMATE BEARING CAPACITY SCHEMATIC
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Figure 3. Footing Diagram

4.0 CONCLUSIONS AND RECOMMENDATIONS

Data obtained from the drilling and testing program have been used to determine foundation, structural
systems, and pipe support capabilities for the soil encountered at the site. These parameters have been
used to provide guidelines for the design of the foundation systems, as well as the construction of the
detention basin, the pipe bedding and general earthwork recommendations. Allowable bearing capacity
considers the gross loading, which includes weight of foundation concrete for elements placed below the
existing ground and the loading from the superstructure. Based on plan information provided by G.A.M.S.
Engineering, it is understood that the proposed Amazon hub site will support the two five-story
commercial office building, a steel structure warchouse, a three-story convention center, parking lots, road
network development, engineering design of pavement and pavement subgrade, intersections, sidewalks,
driveways, and extension of major highways/service road and connecting local road with highway, a
storm water ditch connecting a major lake, a municipal solid waste and-a temporary recyclables disposal
facility, and wastewater treatment process and faci]ith.’ o :

P



APPENDIX I

Boring Locations




APPENDIX I
BORING LOGS

Definitions of Abbreviations

AS = Auger sample

HP = Unconfined compressive strength as determined by a hand penetrometer (tons per square foot)

LOI = Percent organic content (by weight) as determined by ASTM D2974 (loss on ignition test)

PID = Photo-ionization detector reading (parts per million)

QR = Unconfined compressive strength of intact rock core sample as determined by ASTM D2938
(pounds per square inch)

QU = Unconfined compressive strength of soil sample as determined by ASTM D2166 (pounds per
square foot)

RC = Rock core sample

REC = Ratio of total length of recovered soil or rock to the total sample length, expressed as a percentage

RQD = Rock quality designation — estimate of the degree of jointing or fracture in a rock mass, expressed

/" as a percentage:

z segments equal to or longer than 4.0 inches %100
Core Run Length

S = Sulfate content (parts per million)

SPT = Standard penetration test blow counts, per ASTM D1586. Driving resistance recorded in terms of
blows per 6-inch interval while letting a 140-pound hammer free fall 30 inches to drive a 2-inch outer
diameter (O.D.) split spoon sampler a total of 18 inches. The second and third intervals are added to

obtain the number of blows per foot (Nm).

Neo = Measured blow counts corrected to an equivalent (60 percent} energy ratio (ER) by the
following equation: N, = N, *(ER/60)

S8 = Split spoon sample



28 = For instances of no recovery from standard SS interval, a 2.5 inch O.D. split spoon is
driven the full length of the standard SS interval plus an additional 6.0 inches to obtain a representative
sample. Only the final 6.0 inches of sample is retained. Blow counts from 28 sampling are not correlated
with N, values.

3S = Same as 28, but using a 3.0 inch O.D. split spoon sampler.
TR S Top of rock k
USCS = Unified Soil Classification System per ASTM D2487

W = Initial water level measured during drilling

¥ = Water level measured at completion of drilling

Classification Test I
Gradation (as defined on Description of Soil Terms):

GR =% Gravel

SA =% Sand

SI =% Silt ;
CL = % Clay .

Atterberg Limits:

LL = Liquid limit

PL = Plastic limit

PI = Plasticity Index
WC = Water content (%)
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Determining Bearing Capacity Factors

Step 1:

Testl:01=03+A0d HAod =0 —o0,

Test 2: crl=c3+Acd © Ao, =0 —o0,

Step 2:

25 kPa — 10kPa

45 kPa — 30kPa

15 kPa

15 kPa__




T =c + o tan(p) = 7.5kPa + 25kPa X tan(0) = 7.5kPa + 0 = 7.5 kPa

Thus,

Q. = Bearing Capacity(BC) = 1.3 X ¢ X N_+ q X Nq +0.4XyXBX NY

= 1.3 X 7.5kPa x 514+ g %X 1+ 0.4 X y X B X 0(Table
4.2 in Appendix)

= 1.3 X 7.5kPax514 + g Xx1

Where, g = v fo

The “specific gravity” of soils and soil solids refers to the mass of solids in
the soil compared to the mass of water at the same volume. The specific
gravity of soil is actually an average of the specific gravity of all included
soil particles. In general, the specific gravity tends to fall between 2.65 and
2.80, with coarser soils generally having lower specific gravities than finer

soils. £ (“‘)I"k\\_ éﬁ?{ ]/y\ K QJ C,o)'ﬂéj{f} )\(’ MJ
A soil’s specific gravity largely depends on the density of the minerals

making up the individual soil particles. However, as a general guide, some

typical values for specific soil types are as follows:

.« The specific gravity of the solid-substance of most inorganic soils varies
\ between 2.60 and 2.80._ -

» Tropical iron-rich laterite, as well as some lateritic soils, usually have a
\ specific gravity of between 2.75 and 3.0 but could be higher.

|

/



« Sand particles composed of quartz have a specific gravity ranging from 2.65
to 2.67.

* Inorganic clays generally range from 2.70 to 2.80.

» Soils with large amounts of organic matter or porous particles (such as
diatomaceous earth) have specific gravities below 2.60. Some range as low as
2.00.

In solving for the saturated unit clay we apply the below equation taking
w=12%=0.12 (at 7.5 feet) where Gs (Specific gravity) = 2.68

Next, we apply the SPT to the dry unit weight relationship to find the Degree
of Saturation.

Table 21. Relationship among relative density tral
cohesiantess solls (aftor Duncan and ""d“ﬂnmm;h" resistance, dry unit weight, and angie of intemat friction of

Descriplive Relalive Slandard Stalic Cone Angle ternal
Relalive Density Density Panetralion Resistanca Fn:l::n I DrwyUn:t
Rasistance Ny ¢ o
- (sae Note) * L "R

% ~ blows/Toot tsf or kglicm® KN/my

Very Loose < 15 < 4 < wcm d:nr:;s < 14'
Loose 15-35 4-10 50 - 100 30-32 14-18
Medium Denge 35-65 10-30 100 - 150 32-35 16- 48
Dense 65-85 30- 50 150 - 200 35-38 18-20

Very Danse 85 - 100 > 50 > 200 > 38 > 20

* Ny =N -value correclad to an effactive vertical overburden pressure of 1.01sf or 100 kPa
** Frashly depositad, normally consolidated sand

Note: As originally proposed, this correlalion used the uncorrecied bloweount, However, hammers delivering
the lheonallf::al energy have been the mosi commonly used harm'ne?::-u §PT lastle' ' i
ihe correlation was based was obtained primarily from tasls with such hammers, I
this correlation, and i is the recommendalion of this report hat this be done.



th
ft’

Note: 1 & — 6.366}5"? — 164X =101.854
t

kN
ft ¢

f

Boring 1 Assume Gravel 0
SPT-Values | Depih [Feet) 18 PL Plastic Index, P1 | Sieve No. 200 | Water Content, % | Plasticity Chart Coarse Fraction, % Classification N
3,34 2.5 43 16 27 71 1 [0 6% Sandy Lean Clay 7
155 75 47 19 28 81 12 [ 19% Sandy Lean Clay 16
4.87 9 - - - 20 3 - 0% Sand 15
78 15 51 24 27 9 3 LR 31% Sandy Fat Clay 15
51010 20 - - 16 8 2 BA% Sard m
912,13 20 52 30 a2 a0 15 CH W% Sandy Fat Clay 5
11,1821 <0 62 27 35 79 13 H 1% Sandy Fat Clay 3
132231 0 &9 28 41 83 17 CH 17% Sandy Fat Clay 53
17.26.33 ] 7t 33 33 72 18 CH 28% Sandy Fat Clay 60
18.39,50 [ 6 34 as 79 19 MH 21% Sandy Elastsc Sit 89
Baring 2
SPT-values | Depth (Fest) L L Plastic \ndex, P| | Sieve No. 200 | Water Content, % | Plastidty Chart Coarnse Faction, % Classification N
4,44 25 48 20 28 54 13 e 45 Sandy Lean Clay 2
5.5,5 2 51 3z 19 69 14 MH 31 Sandy Elastic il 10
6,88 10 o o c g B8 2 Sand 16
8,89 125 46 19 27 74 18 (=8 26 Sandy Lean Clay 17
810,10 17 g o g S 10 = Sand 1)
1012,12 20 32 16 16 13 a 45 Sandy Lean Clay 34
- 25 60 31 29 81 21 MH 19 Sandy Efastic Silt
101212 30 72 31 41 82 20 CH 18 Sandy Fat Clay 24
13,2628 <0 68 34 34 62 4 MH 33 Sandy Elastic it 54
16.20,22 50 80 39 4] & 18 MH 31 Sandy Eiastic 5it 43
14,3438 60 =] 34 Ead 84 20 MH 16 Sandy Elastic Silt 72
13,48,50, 68 - - . - - - -

GXW  368x0.12
s - 1

exs=Gsxw—>e= = 0.3216

Therefore, the saturated unit of clay is given by the below where

_ b .
Y, = 62.4 P X m
—
G x+e 2.68+0.3216 Ib '
> 641

— — O 18
Yoar = T1xe XY, = 1303216 < 62'4f j’ P

Next, we calculate the dry density using the following equation: Mé{l

b
Y, X(w+100) 101854~ X(13+100)

Ysar
= — = - = = =
Ydry w+100 X 100 Ysat 100 100




_ Ib _ Ib
o 115'995’_}1:_3 and Vory = 101. 854.?;;-

where:

Viry = dry unit weight, in pcf of compacted soil

Y, = wet unit weight, in pcf of compacted soil

w = percentage of moisture in the specimen

Bearing Capacity Equations (INCOMPLETE)

MEYERHOF EQUATION (Bearing Capacity):

Example: 6.1 Find the allowable, Qu =?

Approach:

T=¢+ o‘ltan((p) = 7.5kPa + 25 kPa X tan(0) = 7.5kPa + 0 = 7.5kPa

Thus,

@ . = Bearing Capacity(BC) = 1.3 X ¢ X Nc+ q x Nq+ 0.4 x yx B xN]r

ult,
=1.3%x7.5kPax514+qgx1+04xXxyxBx0
=13 x75kPax514+gx1

From Table 6.2, for ¢ = 0°,NC= 5.14,Nq= l,Ny= 0

Also, Assuming foundation will be positioned at 7 feet.

g{pressure) = y X ADJr =Yury xD

= 115.095-% x 5 ft.= 575.475 = = 27.554 kPa
f Ft ft /

FJ

By simplification and direct substitution we obtain

Q,, = Bearing Capacity(BC) = 1.3 X 7.5kPa x 5.14 + 27.554 kPa x 1 = 77.669 kPa = 1622.151 -:f—,

Next, Q 0 18 given by the below equation with a given Factor of safety at 3

Allowable



1622.151 2
el

=t L= 540.717% {Q = Load; q = pressure B <=485 good. If larger then increase

QAHowable FS. 3
foundation)

In order to Sotve for B= 777 (Ny=0,)

We know the load applied, Q = (From ARMANDO GOMEZ) = 400 (Should be pounds) and Area {Square) = B’

. The stress developed at the footing base is given by the below where S =2 Q iowable

0t
s = .Q _!_. _I_16
5 ft

(Footing must be greater than Column size- coordinate with structural engineer. Can play with Df value. If the
foundation size is greater than required then we are good.)

MATT FOUNDATION DESIGN

Matt Foundations on saturated Clays (¢ = 0) and a vertical loading condition (=0} the net ultimate
bearing capacity

qult.=cuanmechdxq
D
=514 xC x(1 +W)X(1+O.4x—£f)+q
D
=514 XC X (1 + 2572 x (1 + 0.4 x=5) +q
e 9 e 0195)(3 4.
T T 1.713 XCuX QA+—)x(1+04x )-I- q

Or, the load-bearing capacity can be obtained based on Standard Penetration Test (SPT) and may be expressed
as:

q (ﬁtl) = 0.25 X% N60[1 + 0.33 -I—;f- ][S (m)] < 0.33x Nso[s (m)]

allowable net f &

http://site.iugaza.edu.ps/ymadhoun/files/2016/09/Chapter-08.pdf



SOLUTION: Using Meyorhof’s Equation (Table 6.4 and Equation 6.19)
o 4
q,= CxNCx F. . xXF. XF. + quq X Fqs X qux Fqi + 5 X y><B><N]r X Fy: xF X Fvi
From Table 6.2, forp = 0°, Nf__ = 5,14, Nq =1, Ny =0
Also, Assuming foundation will be positioned at 7 feet.

g=yXD =y, X

D = 144.332 & x 7 ft.= 1,010.3245 22
f ft ft
Next, go to table 6.3 (equation table)
Fo=1+fxe=1
es L N,

= 2 = =
Fq$—1+than(p-1+0xtantp 1

F =1-04x2=1-04x0=1
Ve) L
Table 6.3

D
[ _ 15 _
7 = 5 = 0.7551

: o s L s PR -
F =1+ 2 xtang'(1 — sing) X & =1+ 2 X tan26°(1 — 5in26°) x 0.75 = 1.23

qd
=F ——m_ g3 __LLB___ 49
ed | qd N Xtang - 22.5xtan26® "

Sincef = 0°,weassumedF_=F =F =1
Ci qi yi

= = 310.6 kN/m’

2
q,= 931.8kN/m and Qowate - TS =1

Next,

2
Qmowble = qa“awablexArea = 310.6 kN/m x2m = 621 kN/m



Given:

Find:

SOLUTION:

Yo = 120 pef

e =1.1173

o = l.leef

c=0478 L

C =0.041 /
5

s =?
c

/‘

S
OCR = —
aﬂ

o, = 6x118 + 112(120 — 62.4) + 5(120 — 62.4) = 1,687.2 psf

OCR = % = 1.3 > 1 (Therefore soil is OC)/

Next, check if a Case 1 or Case 2

X=2,Y¥=2

Where

00+Ac

Ao = 4xIxg

4
g=24=22=0.94tsf = 1880 psf

Ao = 4xIxq = 4%0.014x1880 = 105. 28 psf

o, + Ac = 1687.2 + 105.28 = 1792.48

¥



o, = 1.1x2,000 = 2,200 psf
CASE 2: L
0;: + Ag < 0;
CASE 2:

ou+Acr

C xH
Sc=%xloglag( ) = 0.058 ft = 0.6%inches < 1

u:
Since the parameter is met then the soil is good and we are okayl = ’\T
\x

SHALLOW FOUNDATION DESIGN

DEEP FOUNDATION DESIGN (pg. 463 Ch. 12 Notes 10/20/2021)

Total Capacity, Qu = Qp + QS

Where

Qp = Tip Resistance/End Bearing = Apx NC X Cu =9 X Cu XA =
P

=9 X 7.5kPa X (Base X Width)
= 9 x 156.6407570477925 psf x (Base x Width)
= 9 X 156.6407570477925 psf X (Base x Width)

Q =f X PXAL=aXx(2XBase +2 X width) X L =

=fXPXAL=aXxXC(C X (2X Base + 2 X width) X L =



Note: 1 kilopascal =

Yl — 0.4x4 =1 - 0.4x0 = 14—

CAPACITY CURVES wﬂ d

Tabie 1a: Bering 1| Analysis for Circular Pjle

Depth (1) |Qp (b) Qs k) Qu (16
[* 1] ("] 0
25 6361.725204 2544.690082 8906.415286
7.5 8542.587807 12087.27789 21629.8656%9
9 0 12087.27789 12087.27789
15 14137.16712 35177.98419 49315.15131
20 0 35177.98419 35177.9841%
30 24033.18411 96062.05059 120095.2347
a0 36756.63451 207148.7682 243905.4027
50 49480.08492 394073.5335 443553.6184
60 56548.66848 650427.4973 706976.1658
68 74220.12738 1031754.018 1105974.146

Table 1b: Boring | Analy

sis for Square Section Pile

Depth (ft)|Qp (b} Qs (b) Qu (b}

0 0 5] 1]
25| 7068.58356 1675 8743.58356
5| 9083.129875 5594,25 14677.37988
10| 1519745465 15914.25 31111.70465
12 5| 1€081.0276 29279.875 45360.9026
15| 18873.11811 45700,375 64573.49311
20| 22619.46739 FO660.375 93279.54239
30| 22619.46739 108100.3 75 130719.8424
10| 5018694328 | 204660375 254847.3183
50| 40997.78465 303260375 344258.1597
60| 67858.40218 | 499100.375 566958.7772

68| 92598.44464 B01972.375| 894570.8156

Pt
e

20.88543423315 pounds per square foot

ElACe

L
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Table 2a. Boring 1 Analysis for Circular Pile

Depth () |Qp (b} Qs @b) Qu (1b}

0 0 0 0
24 7.069 1675 874358
5 9.083 3504 25 14.677.38
10 15,197 15,914.25 31.112
125 16,081 29,279 88 45,360.90
s 18,873 45,700.38 64,573.49
20 22.619.47 70.,660.38 53,279.84
30] 2261246739 108100 375| 130719.8424
40 50,187] 204660375 154,847.32
50 40,998] 303260375 344,258.16
60 67,858] 499100375 566,958.78
68| 92598.44464 B801972.375 §94570.8196

Table 2b: Borning 1 Analysis for Square Secton Pile

ID epth (ﬂ)IQp ab) Qs (b) Qu {Ib)

of 0 0 0
25 16,000 1675 37,675 00
5 16,260 5594 25 51,854 25
10] 77,400 1%,914 25 93,3 14|
125 81,900 29,279.88]  111.179.88
13 96,120 45700.38]  141,82038
20]  115.200 00 70,660.38] 185,860 38
30 §15200} 108100.375] 223300375
40 255.600] 204660 375]  460,260.38
50 208,800] 303260375] 512,060 38
0 345,600] 499100375 844,700 38)
624 471,600 801972375] 1,273,572 38]

GEOTECHNICAL APPENDIX
APPENDIX III

BORING LOG DATA
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Boring 1 Assume GravelQ
SPT-values | Depth {Feet] 1% L Plastic |ndex, Pl | Sieve No. 200] Water Content, % {  Plasticity Chant Coarse FRction, % Classification N
3,34 2.5 43 16 27 71 14 L % Sandy Lean Clay 7
3,55 7.5 47 19 28 Bl 12 a 15% Sandy Lean Clay 10
4,87 ] - - 20 1] - ) Sand 15
XA 15 Sl 24 27 9 13 CH 3% Sandy Fat Clay 15
810,10 20 - o 2 15 8 o Bd% Sand 20
9,12,13 30 a2 30 32 80 15 CH 20% Sandy Fat Clay P
11,1821 £0 62 27 s Es] 13 R 1% Sandy Fat Clay 51
13,2231 50 69 28 41 83 17 CH 17% Sandy Fat Clay 53
17,26,34 &0 71 33 38 72 18 €H 8% Sandy Fat Clay &)
18,3950 68 &3 Ead 35 79 19 MH 21% Sandy Elastic Sit 82
Boring 2
SPT-Values | Depth (Feet) 1N PL Plastic Index, P1 | Sieve No. 260 | Water Content, % |  Plastidty Chart Coarse Fraction, % Classification N
4,44 25 48 20 28 55 13 {1 46 Sandy Lean Clay -]
5,55 5 51 32 19 &3 14 MH 31 Sandy Elastic Sitt 10
5,88 10 - - - 2 - Sand 15
889 125 46 19 17 74 18 L 26 Sandy Lean Clay 17
81010 17 o o o 10 & Sand 20
101212 20 32 16 16 54 3 [« § L] Sandy Lean Clay 24
- 25 60 31 p] 81 2L MH 19 Sandy Elastic 5ilt
101212 30 72 31 41 82 20 CH 18 Sandy Fat Clay 24
13.26.28 £0 68 34 34 62 4 MH k=] Sandy Etastic Sik 54
16,20,22 50 20 39 41 & 18 MH 31 Sandy Elagtic §ilt 44
143438 (] L] 34 34 Bd 20 MH 15 Sandy Elastic Sit 72
13,4850 68 - - - - = = = 98




TABLE 2.3 Relationships for v, y,, and v,

Unit welght relationship Dry unit weight Saturated unit welght
(1 +w)Gy, Y _ G, t ey,
T 1 +¢ hnl-‘-w Yau = | +¢
_— M Gs)‘w w = [(1 — MG, + nly.
1—e¢ Ye ™ I - P i + w0
y= (1 + w)G,y, ¥ = Gyl —n) Y T AT wG, Gi¥e
‘llG G
1§ == - e\l +w
S Ve = wG Y Y = (_.)( ] )?u-
¥y =Gyl = nil + w) | 5= AR
§ Yo = Ya T Y
25y, .
Y4 = e— - 5 4
{1+ ehe Yo = Ve I~ e Y
Yi = Y — RYw

Yi

e (i

TABLE 2.4 Specific Gravities of Some Soll

Type of soll )

Quartz sand 2.64-2.66
Silt 2.67-2.73
Clay 2.70-2.80
Chalk 2.60.2.75
Loess 2.65-273
Peat 1.30-1.90
Mine tailings 2.80450

1 __&SL-

AT



Bearing Capacity Factors

¢ N,
0 5.14
1 5.38
2 563
3 5.90
4 619
3 6.49
6 6.81
? 7.16
3 7.53
9 7.92
10 8.35
11 8.80
12 9.28
13 281
14 10.37
15 i0.98

"T
000

007
0.15

034
0.45
057
o
0.86
1.03

L44
L69
197
219
165

Table 4. Bearing Capacity Factors

¢ X, ", X,
16 1.63 434 3.06
7 1234 4.77 3.53
1B 13.10 526 4.07
19 13.93 5.80 4.68
20 14.83 640 5.39
21 15.82 107 620
22 16.88 1.42 7.13
px] 18.05 8.66 8.20
24 19.32 9.60 9.44
25 0,72 10.66 10.88
26 225 11.85 1254
7 23.94 13.20 14.47
28 25.80 14.72 16712
g 27.86 16.44 19.34
30 30.14 18.40 2240
31 3267 20.63 2599
(confinued)
",
, \
\
\\



Structural Engineering

Introduction

The structural design is part of phase B of the project. The Amazon Hub in Washington County
encompasses the structural design of two five-story commercial office buildings, a single-story
steel Amazon warehouse, and a three-story convention center building. The Amazon distribution
center will be a single story warehouse with a total gross area of one million square feet. Its
design requirements are that of a single story with a steel frame. One of the five-story
commercial buildings will be utilized as office space for Amazon. The second five-story building
is to be designed as an IT Hub. The last building will be a convention center and will be three

stories steel structure design. —
Building Geometry and Utilization

The initial step taken in the structural design process is to have a good understanding of what the
structure is to be utilized and its geometric design. The Amazon warehouse is to be the central
hub for distribution. Is to be rectangular to be able to accommodate large space for storage that
will be utilized as a distribution center. The length of the building is to be 20001t by 5001t for a
total of 1M square feet facility. The floor layout then would require large open spacing for use
storage and for equipment machinery to move around freely. Minimizing then the amount of
columns supporting the structure would utilize the floor layout to its fullest potential and storage
space. As standard storage racks are 48in in depth. The average height of the racks are 20-28ft.
The rack heights need to be taken into account as to have plenty of ceiling space for the rack

heights for storing the packages that would later be transported to their final destination.

The Amazon five-story buildings for the IT hub and office space have a different set of
requirements that would need to be taken into account in its design. The buildings are to twins of

each other as they will both be identail in design of each other. Its rectangular desighi is to

"



provide ample work space. The dimensions are to be 300ft by 2001t for a total of 60,000ft” per
floor having a total floor space of 300,000ft* per building. Utilizing spacing between the columns

for optimal office and IT space.

The convention center design will be required to follow standards for its design. As this building
will be a mixed use facility and would need to adhere to them. The building will be that of a
three-story building with the dimension of 500ft by 3001t for a total of 150,0001t? per floor and a
building total of 450,000ft’. This building will also utilize columns optimal spacing to achieve
the most spacing for the convention center to utilize for occupancy and accommodate large open

spaces for convention center events

BLDG. COLUMNS CiC
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Figure 01: 50ft Column Spacing to maximize storage bays
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Loading and standards

It is important when designing the building that all loads are considered so the building can
withstand them. The loads that are applied are broken down into dead loads, live loads, and
environmental loads (wind loads, snow loads, etc..). This is an important part of the design phase
as to be able to anticipate the loads the structures would endure. Depending on the building use
different sets of guidelines would be followed in order to accommodate its use as the
environmental loads depending on its location. As in some areas are more prone to different

weather patterns that need to be taken into consideration during the design stage.
Dead loads

Dead Loads consist of the permanent loads that are affixed to the structure itself. These include
the self-weight of the structure, architectural features, fixed service equipment such as heating

and air-conditioning systems, sprinkler systems, and utility services. (Williams).

Live loads Live loads are defined in ASCE 7 Sec. 4.1 as loading on a floor produced by the
occupancy or use of the building that does not include construction loads, dead loads, or

environmental loads. (Williams)
Wind Loads

Wind loads are loads that impact the exterior of the building produced by the wind. The wind
exerts forces that can tear roofs from buildings. The building's roof ovg;hﬁﬁg can have air build
up a force and cause an uplift. There are three types of wind forces: uplift load, shear load and

lateral load.
Load and Resistance Factor design (LRFD)

For the design of the buildings the use of the LRFD will be used to provide the load calculation
F

of the buildings.



Load Types

Loads used in design load equations are given letters by type:

D = dead load
L = live load

Lr = live roof load

W =wind load
S = snow load
E = earthquake

load

R = rainwater load or ice water load
T = effect of material & temperature

H = hydraulic loads from soil LJ

s

F = hydraulic loads from fluids

ASCE-7 (2010) combinations of factored nominal loads:

N LA WL =

1.4D

1.2D+ 1.6L + 0.5(L, or Sor R)
12D+ 1.6{L,orSorR)+(Lor05W)
12D+ 10+ L+05(L,or SorR)
1.2D+1.0E+L +028

09D+ {.OW

09D+ 1.0E

When £ loads are present, they shall be
tncluded wath the same load factor as
dead load D n ) through 5 and 7

When H loads are present, they shall have
a load factor of 1.6 when adding to load
efTect, or 0.9 when resisting the load when

permanent

Figure 01: ASCE-7 Combination of factored nominal loads

Occupancy or Use Uniform (psf) Concentrated (Ibs)
Access Floor Systems Office Use 50 2000
Computer Use 100 2000
Roof Roof Area not 20 -
intended for
occupancy

Roofarea used for
other occupancy

Same as occupancy
served

Primary Roof Members Exposed to a work floor




Roof Single panel point of --- 2000
lower chord of roof
trusses of any point

along primary
structural member
supporting roofs over
manufacturing,
storage warehouse,
and repair garages

All other Primary --- 300
Roof Members
Storage Warehouse Heavy 250 -
(Shall be designed for
heavier loads if
required for _
anticipated storage) Light 150 --
\//

Figure 03: Table 1607.1 Minimum Uniformly Distributed Live Loads
Building Layout

The building's floor plan was critical in the design process of the building. This is dependent on

the use of each individual building. Designation of beam sizes and types is subject to change

once it has been run through STAAD Pro its output.




Figure 04: IT Hub and office space building side view

Figure 05: IT Hub and office space building top view of a typical floor

Figure 06: IT Hub and office space building view of front of building




Figure 08: Convention Center side view of building {/



Figure 09;: Amazon warehouse front view



Figure 10: Amazon warehouse top view

[ L R e A B R B R A MR

Figure 11: Amazon Warehouse side view of building =

Joist Beam

The design of the joist is to provide additional lateral support of the roof load and any additional
equipment that will be suspended on the ceiling. The joist will run perpendicular to beams that
are spaced 50ft apart. They will run parallel to the long side of the warehouse denoted by Figure
04 joist evenly spaced 5ft from beam to joist center. Using the roof live load given to calculate
the beam size to be used. The dead load would be the weight of the beam would be given in 1b/ft
on Table 1.1 from the Steel Manual on Figure 04 & 05.



When
W = Weight
DL = 15 Ib/ft (W8x15)
LLg = 2000 lbs == (2000 lbs) / (50ft) = 40lbs/ft => (40lbs/ft) / (5ft) = 8psf
W=D +L,
W = 15]bs/ft + 40 lbs/ft
W =55 lbs/ft

Now we will need to calculate the maximum shear and bending moment to see if the beam

chosen would work for this application. Using Table 3-23 from Figure 06 from the steel manual.
When
Viax = WL/2
Vmax = (55 Ibs/ft * 50ft) / 2
Vuax = 1,375 lbs/ft => 1.38 kip/ft
My = WL/ 8
My = (551b/Mt * 50°ft ) / 8
My =17,187.5 lbs * ft => 17.19 kips*ft
Check Answers:

VMax = ¢'V Vnu



1.38 kips < 59.6 Shear is Okay
hdMn‘<¢%hAn
17.19 kips*ft < 21.5 kips*ft Bending Moment is Okay

The results of the moment and shear provide that the beam for the joist would work to support

the roof structure of the warehouse. All the following calculations will be done through Staad

Pro as there is the number of calculations that would be provided t

dofugh the report /L_B%Q‘) 9 Sq
_55/” y oo

fiLlelw ! "luq" ' 1rl1 ' 1r1
LN s

L 50 [ft)
el el
1 Ser (X1)

N

1375

o

ST ]l” i

-1575

T
"

171875
Figure 12: Shear and bending moment of joist :




28 DIMENSIONS AND PROPERTIES

Table 1-1 {continued)
W-Shapes
Dimensione
]
Tukknesn, | & | wish, | Tickness, k-]
2 by & g!'
i n in .
% | S5a | 6.28]8Ys |0.095] W4 bW
12 | ' | B22|8s |0810] Y
% | %a | B11|8% |0885| e
% | %u | aovia'e |0.580| e
Sha| %a | ae2|ls  |oass| w
She | %u | sooja | 0435] The
B | ¥m | 8548 |0.485| TAs 4
v | 4 | asolee |D.400| W 4
e | 4 | 827{5% |0.400| W %A
v | & | s25|5% |0.390] Sme 2a
Yo | & | 402)4 |0.815| YA 24
Vs | 14 | 4004 0.255] a *
¥e| & | 204]la |0.208] M
e | ¥w | 6.08|8'% |0A5G| TAe e
ww | & | s02ls |osss| W +
W | ‘& | pools |o.200|
v | % | acala |o0.405| W 2119
v | % |ao0la Jozso| w
¥a| 4 | apala  |0.215| s
¥ | ta | 364la |0.185] e
vo | % | 503|5 |0430] Tas 218
v. | 4 | 6oojs |0360| A %4
¥ | & | 408|a |o0348] W P

* Shape i slendsr far compremion wih /5 — GO kal.

1Shope scneds compact fimi for Rane wih 50 ksl

" The aclugl size, comiimiion and orendaiion of terener componenta atoull b comperad win the geamelry of the croes sactian
‘o Breure compatibitby

AMERICAN DSTITUTE OF STEHE. COMNSTRUCT IONM

Figure 13: Steel Manual Table 1-1 L



Compact

e
S Gt
by J.]
67 | 4431119
] 6.O7F|12.4
48 5.82)15.¢
A0 7.21|178
85 | 8.10/20.6
1] Q.19|225
8 | 7.03228
24 | 812/B0
n 6.50|27.6
18 | 7.06|209
16 | 6.37|28.%
18 | 7.84|2008
1¢ | @.61|40.6
26 | 6.84|16.5
20 | 82|18
16 (1156|218
18 | 4.88[18.1
12 rALIF4E)
e | 9.16|20.2
8.5|10.1 281
19 | bAK[1AT
8 ﬂ.mlts.l
13 b.28|10.8

1-2%9
Table 1-1 (continued)
W-Shapes
Propertieea

WS-Wa

I ; ;

Axis X-X fada ¥-Y . A Prupertios

] 7 T ] S < . DR T P d &

(o | n® o in? [ o [0 [ e [ 0! | b [ 0] o int
2 a4 | 372 A1 8886 | 214 | 212 27 | 243 BO7 L& 140
27 | 20 | 3665 58| 761 | 183 (210 | 270 |2.36 | 784| ass 1180

184 432 | 361 460 a0 | 150 | 2,08 29 | 236 782 100 T
s | 955 | 353 888 | 491 | 122 |204 | 186 |231 | 700 142 po]
1z 31.2 | A51| 34.7 428 | 108 ({209 i8.1 | 2.8 783 a.maa &19

10 | 275 | 347 904 | 371 | P27|202 | 141 |2.26 | 757| 0538 530

0| 243 | 345 272 | 2.7 | eaal1e2 | 101 |1.84 | 780 0537 312

27| ono [ 342| =1 | 189 | 683181 | B8.67|181 | 753 0348 750

753| 182 | 340 204 | @77] 9371|120 | 6500|146 | 788| 0282 152

819 152 | 3.43| 170 787 3Da| 123 406|143 781 a.172 12
480| 118 | 32| 198 | a#| 1700870 | 267|408 | 700 0.137 518
308 ot 32| 1.4 zml 137} 08439 216| 1.03 774 008711 408
so8| 781 322 a7 200 108j0B43| 188101 | 700| 0CO0428 W6
4| 167 |270| 188 | 171 | S&1|152 | B.56{t74 | 6R3| 0481 150
41.4| 1324 | 268]| 14.8 133 4A41) 150 8.72] 1.720 G84| 0240 113
mi1| @72 258 108 | @32 IN|145 | 476|186 | 673 0.101 785
321 102 | 280 1.7 443 220{ 08967 3.98| 1.13 588 0.223 m2
2% 791|240 ew0| 200 1s50{oe8| 232(1.08 | 575 OGmD3 27
18.4 G58| 2.47 &’ 2. 1.11| 0806 1.72| 1.08 589 00405 177
uel 610l 2430 &7 3 i1Dt|0200| 1.58| 106 | 584| Q333 158
2.3 102 | 217 118 13| 3| 128 5.63| 1.45 472 03916 BB
21.4] &85 213 aeal 751 9poj126 | 4.68(1.43 | 486| 0.102 408
19| 648|172 oa2a| ame| 180|100 | 202118 | 3B2| 0151 140

AMEF B AN INSTITUTE OF STEEL CIORITR UCT 1001

Figure 14: Steel Manual Table 1-1



BEAM IMACGRAMS AND PORMULAS

3.213

Table 3-23

Shears, Moments and Deflections

. SAPLE BEAM — UMIFORMLY DISTRIBUTED LOAD
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Figure 15: Table 3-23 Shear, Moment and Deflections
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OF FLEXURA L MEMBERS

3-134

Table 3-10 (continued)

T

W-Shapes

14

12

10
Usbruosd Langth [.5-2 kacrammania)

]

Available Moment va. Unbraced Length

mMm g 2 § 3 2 3 E o o s
3
mwmmE S u mamh g s el ed .
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4
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Figure 16: Table 3-10 W-Shapes Available Moment vs Unbraced Length
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WSHAPE SHI HCTION TABLES 3=27
Table 3-2 {(continued)
F, = 50 ksl W-Shapes 2 :x
Selection by Zx
z 2 | 0BGy [MaChy| Wy | BF7E | &F | | L L L0, [ &
Shape hip-R | Kip-t | kipft { iip-ft | Eipe | Wips | hipe | kips
3 | ABD [LRFD( ASD | LhFD | ASD | LRFD | R | in® | ASD | LEFD
Wiz | 209 |50 [ 754 | amo | 440 | aem [ 573 [ 273 | 805 [103 | s2m | a2
wie<1? | 187 | 487 | 701 | Ba ]| 425 | 208 | 447 | 288 |08 | B1D | 285 | 727
WA | 174 | 8348 | 655 [ 280 ] 904 | 243 | 517 | 266 | 773 | eas | az8 | 643
wexiB | 170 | 424 | s3p | M5 | 900 | 174 | 281 | 434 |15 | eto | WA | 552
wie<15 | 160 | 309 |00 | 249 | 962 | 276 Y 414 | 288 | 861 | ean | 480 | e25
woxi5 | 136 | 880 | 510 | me | 390 [ 100 ] 245 | 300 101 | sB0| 907 | s0e
Wby | 126 | 342 | @60 | 190 | 6 | 238 | 252 |28 | 895 | 538 | 30 | 563
wid3 | 14 | 284 | 428 | 173 | 280 [ 18 | 257 | 208 | e27 | 06| 98B | 5
WEAY | 087 | 28 | 2o | 148 | 205 | 184 | 230 | 214 | 852 | a0 | oM | 402
ASD LRFD | *Shaps excoats compac limit for fiesirne with A= 50 lot
"Ham e ot st the 0 06 N far whear hlmm Sectian G2, 14w Ullhl-',— 0 kst
Q= 187 | 04— 000 | thOMON, gp— 0.0 tnd Oy— 1.67.
Q=18 | 5= 100

AME B AN DNATITUTE OF STEEL COMSTRUCTION

Figure 17: Table 3-2 W-Shapes Selection by Z,
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Beams design

The beam is to be spread out between columns at 50ft evenly spacing and having joists running
perpendicular between the beams. Bracing members must be connected with a minimum of one

bolt or its equivalent (Steel Manual).
When
W = Weight
DL = 40 Ib/ft (W16x40)
LL = 3,500 Ibs/ft
W=DL+LL
W = 40 lbs/ft + 10(3,500 1bs/ft)
W = 590 lbs/ft

Now we will need to calculate the maximum shear and bending moment to see if the beam

chosen would work for this application. Using Table 3-23 from Figure 06 from the steel manual.
When
Vmax = WL/2
Viax = (590 lbs/ft * 50£t) / 2
Vi = 14.75 Ibs/ft => 14.8 kip/ft
My = WL?/ 8

My = (590 1b/ft * 50°ft ) / 8 >



Myx = 184,375 1bs * ft == 184.4 kips*ft
Check Answers:
Vivtax < by Vi
14.8 kips < 146 kips Shear is Okay
My < 4 M,

184.4 kips*ft < 200 kips*ft Bending Moment is Okay

R, a,~ 590

v 1l ) T ¢ v oYY OYow y ¢ty 34

b 50 (fy

o 1 sec. (X1) I

P

-14750

T

184375

Figure 18: Shear and bending moment of beam /
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W-Shapes

Table 3-10 (continued}

.r1

Available Moment va. Unbraced Length
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Figure 19: Table 3-10 W-Shapes Available Moment vs Unbraced Length
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Table 3-2 (continued)
Fy = 50 ksl W-8hapes 2 :x
Selaction by Zy

2 Pl [iia] o [0 0 [ T T TRl h] ke
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Columns Design

The columns are to provide the support of the structures live and dead loads of the building.
These compression members are critical that the correct column size is used for its application to
provide the ample support of the structure and the cost of not over building the structure if not

needed. We can calculate the load on the column by the following.
P,=1.2P, + 1.6P,

With the assumptions of the following values the column requirement can be provided:
Lcotumn = 341t
Pp = 165kips
P, = 535kips

P, = 1.2(165kips) + 1.6(535kips)

74

P, = 1054kips

Getting our total design load for the particular column with a column length of 34 for feet
referencing Table 4-1 from Figure 20. The following W- shape beam values will be utilized to

meet load requirements.
W12x252
$.P, = 1120 kips
1054 kips < 1120 kips, Okay beam to use 2
¥
The beam W12x252 will meet the requirements for the total axial load of that particular beam at
344t in length.
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Table 4-1 (continued)
F, = 50 ks Available Strength in
= - - -
Axial Compression, kips
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Figure 20: Table 4-1 Axial Compression kips



Joints and connections

The joints and the connection points for the structure will be provided depending on the results

provided by STAAD Pro. As to assume all the joints depend on its final design parameters.
Building Slab
The building slab 1s to be addressed the following year due to time restraints.

Footings Design e

The footing design will be coordinated with Geotechnical Technical engineering to provide the
adequate footing support for each of the structures. This is dependent on the load bearing
capacity of the soil type at each of the locations. From there knowing the on total load from

each of the buildings' live and dead loads.



Water Resources

Introduction:

The Water Resources design is part of phase C of the project. In the water resources portion of
this design project, the task was to design a trapezoidal storm water drainage ditch based on a
100-year rainfall investigation period all while avoiding flood risks and property damage from
the storm water runoff. The trapezoidal ditch is to be designed by using hydrologic and hydraulic
methods. The hydrologic methods used was using the Rational Method to obtain the peak runoff
outflow and the “Tractive Force based Unlined Channel Design Method” to get the design
dimensions for the channel.

Design Methods and Equations (Theory)
Before the design of the channel/ditch could be done, the Rational Method was used to find the
peak runoff outflow, which was then recorded and used to find the design of the channel.

Q = CiA ¢

Where, | %4
Q = Peak Outflow, cfs
C = Runoff Coefficient based on land
i = Rainfall Intensity, in/hr = 3.93 in/hr (determined by Figure 1 below)
A = Drainage Area, acre = 400 acre
PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)

A
PDS-based precipitation frequency estimates with 90% coane intervals {in inches)!
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Upon completion of the Rational Method, The peak outflow was recorded and continued to be
represented by ‘Q’ when it came to using the “Tractive Force based Unlined Channel Design
Method” to find the design dimensions of the channel. Those dimensions were the side slope (z),
bottom width (b), design depth from water surface O, and velocity of the channel (V). Each of

the dimensions were calculated and determined with the following equations;

_ 1/6
n =.031d_ (2)

Where,
n = Manning’s roughness coefficient based on land
d75 = sediment size, ft

d75 will then obtained by manipulating Equation (2)

n 6 L
d,s = Cosr) ' (3)
The value of d75 will then be determined.

The slope of the land, S, will be obtained by taking the latitude, longitude, and elevation from the
site and comparing it to the latitude, longitude, and elevation of another point in Washington
County:

§=—2 0
Where,

S = slope of land

Ax = Change in longitude, ft

Ay = Change in latitude, ft

Az = Change in elevation, ft

Next, the critical shear stress could either be obtained from Figure 8-11 (from water resources
book) or from the following equation:

T, = kY, ®)
Where,
T, = critical shear stress, psf
kb = 1.0 {

Y, = unit weight of water = 62.4 pcef

Yy = design depth from water surface, ft



S = Slope of land = .00076

The T, value will be found from Figure 8-11 (from water resources book) using the determined

d7s converted from feet to millimeters.

20 4
Y
/] /]
1.0 A
.6 Shields (mean sediment size) ) '/‘f
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Figure 2

The angle of repose (¢) will be determined by using Figure 8-22 (from water resources book)
using the obtained d75.
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Figure 8-22 Angle of repose (Lane, 1955, p. 1247).

Figure 3 ;
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The angle from the side slope was determined by:

X =z (6)
Where,

z = side slope

For the side slope (z) to be sufficient, it must be greater than cot cot ¢ .

T, will be determined with the help from this equation:

K:T—:=H (7

T, = critical shear stress, psf /

Where,

T_ = shear stress, psf " 4

o« = angle from side slope



¢ = angle of repose

T will be determined by manipulating Equation 7:

T =714/l —— (8)

T, could also be determined by:
1:s = ksY“)’ OSO (9)

Where,
e shear stress, psf

k =075
3

The design depth (yu) will determined by manipulating Equations (5) and (9) and using the

equation that produces the smaller value:

_ b

Yo = Tvs, (10)
TS

yo = k:YwSO (11)

After conducting proper calculations, the value from the Equation with the lowest value will be
used.

Next the bottom width (b) will be determined using the following equation:

1, 4" 1/2
Q S * 2 * SD (12)
Where,
Q = Outflow
n = Manning’s n = 0.035
S 0= 0.00076

A = Area of Trapezoidal Channel-
P = Perimeter of Trapezoidal Channel



The Area of Trapezoidal Channel was equivalent to:
A= by0+zy02 (13)

The Perimeter of Trapezoidal Channel was equivalent to:

P=b+2y\N1+z7 (14)

By substituting Equations {13) and (14) into Equation (12):

/3

(by +2y, ) 1/2
kS, (15)

=L«
Q==

(b+2y,\142°)

Equation (15) was then manipulated to solve for b:

2 5/3

Qn_ _ (by,*+zy, ) (16)
s 172 — 273

¢ (b+2}'D‘-.,| 1+27)

£

b will then be solved by putting Equation (16) into a solver.

The design velocity must be greater than the Kennedy equation velocity. The design velocity will
be determined by:

V= % (17)

Where,
V = design velocity, m/s

The Kennedy equation velocity is given by:

0.64
v, =0.84y, (18)

Where,
Vo = Kennedy equation velocity, m/s



After calculations are done for each of the velocities, the design velocity would be sufficient if it
is greater than the Kennedy equation velocity.

Results and Discussions

Design Channel Dimensions/Results

Q | 235.8 cfs

|
Conclusions ?} . f{g%i‘%\

Once all the calculations and procedures are finished, the trapezoidal channel/drainage ditch will
be successfully designed. There is currently nothing else that has been completed at this time.



Transportation Engineering

Introduction

The task of the transportation portion of this project was to design the roadway layout for the
entire project. This included connecting roads from the site to existing roads and highways,
interchange design, traffic study, parking lot layout, pavement design cross-section, and the plan
and profile of a typical local road in development.

Site Layout

The Figure 1 below shows the entire layout of the project site and where each of the buildings,
drainage ditch, and water treatment plant will be. The Convention Center was placed at the main
entrance of the project site near Farm to Market Road 332 which connects to the major Highway
290. The dimensions of the building were made to be 1600 ft by 300 ft. The two Commercial
Offices are located in the middle north side of the project site with dimensions of 500 ft by 250
ft. The Warehouse is located on the furthest south west point of the project site out of the way of
the office buildings and visitor convention center. The dimensions of the Warehouse is 2000 ft by
500ft. The Warehouse is located by an existing road Baranowski Rd, which allows easy access
for trucks to import and export goods from the ports located on the west most portion of the
warehouse. The existing road connects to Farm to Market Road 389 which leads to the major
Highway 290. Parking lots are placed near and in between each building allowing for easy access
for employees and guests to access the buildings. Interconnecting roads were placed within the
project site connecting each parking lot. The Detention basin and Water Treatment plant are
located in the southeast most part of the project site. This location of the project site 1s at the
lowest elevation of the land which is also located by a forking creek. This will allow the runoff
water and drainage water to travel more efficiently to the basin and water treatment plant.

L g
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Future Work

In the next phase of the project starting in January, the Transportation Engineering portion of the
project will go more in depth showing steps, procedures, and calculations with Interchange
Design, Location of signals, Traffic Warrant Studies, Plan and profile as well as pavement design

cross-sections for a typical local road in the development.
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SAPS Engineering Inc.

Dec 1, 2021
Dear Professor Alam,
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Introduction

The proposed development is located south of Columbus, TX in Colorado County. The proposed
development will be located on 400 acres of land near 1-10. The property was designed for
20,000 it will consist of 4 buildings, parking lots that accommodate employees, visitors, and
trucks. Within the development, a detention basin and drainage ditch were added to prevent
stormwater damage. A wastewater treatment process facility based on the population projection
for 15 years. SAPS Engineering designed the roads and parking to effectively and efficiently
allow the flow of traffic from I-10 to the Amazon distribution center and other buildings on the

property. 2
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Chapter 1: Project Scope

1.1 Problem Statement

Design a two five-story commercial office building, a steel structure warehouse, a three-story
convention center, and parking lots for Amazon located in Colorado County, Texas

1.2 Project Goals

The design team was required to perform civil engineering site development and design

services and address all aspects outlined in the reporting requirements and deliverable items of
this project description. This project aims to provide an AutoCAD geometric design

that includes an Amazon distribution headquarters with a roadway layout and a detention pond.
Water & Wastewater Treatment plants are needed to serve 20,000 people for the center and
surrounding area. In addition, a 2D conceptual layout design of the and office building is needed.
Also, in the area, parking facilities will be designed for each building.
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Chapter 2: Task Definition and Project Design

2.1 Geotechnical Engineering

To first complete this aspect of the project the task had to be defined first. This task needed to
analyze the topography map to develop boring logs from raw information and analyze those
boring logs to develop the soil classification. Once this is done the foundation design can begin.
To complete this project the foundation design needs to be completed where I will go for both
shallow foundation and deep foot foundation and choose which is the most safe at the best cost.

The picture below is a topography map that shows the location of the site. The location of the
site is south of I-10, in Colorado County TX. The size of the site is 400 acres. The elevation of
the site goes into a downwards slope from 300 to 289 feet above sea level. Therefore the average
elevation of the site is 294.5 feet above sea level. The black circles shown on the tpgsography
map represent the locations where the borings were taken.
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Figure 2.1 Proposed Site

AutoCAD was used in this project to create a preliminary layout of the 400 Acres. In the plan
view provided by Google Maps; 2 miles scales to 2 inch. In order to follow the constraints of the
project the layout includes two five-story commercial office buildings, a stegl-sfructure
warehouse, three-story convention center, facility parking lots, new roadfictwork development,
sidewalks, driveways, and extension of major highways and connecting local road with highway
and a storm water ditch connecting a lake. The layout below shows the preliminary layout of the
proposed site plan. The layout includes a main entrance for 2-axle cars containing a right-turn
lane, traffic signal, and ability to make left turn movements into each entrance. Also in the layout
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service truck parking for the warchouse is provided. A wastewater treatment plant with a
retention pond provides both stormwater attenuation and water quality treatment by providing
additional storage capacity to retain runoff and release at a controlled rate. The design of the
pond features includes an emergency spillway for safe overflow when storage capacity is
exceeded.

SAPS Eng..

PVANU - Bod
T RWTY W
oA VI, TERA Posk

Hi

£
IHT
ROUGH LAYOUT.. e
SCALE: NOT TO SCALE A-1

Figure 2.2 Preliminary Layout
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2.1.2 Soil Properties

The boring log data for the location of the site is located below. This boring log displays the
testing of the soil to classify the type of soil it is, the amount of stress it can take, as well as other
properties of the soil that will make a difference when designing a structure on it.

The boring log tells the engineer the results from various tests of the soil within the site location.
The log shows the depth of each kind of soil down to 70 feet. Based on the boring log data, the
soil is classified as mostly Sandy Elastic Silt from boring 1 and Sandy Fat Clay from boring 2.
Excel was utilized in developing a table to analyze this data. This was found by using the Liquid
Limit (50), Plastic Limit (30), and Plasticity Index (29) according to the first table and Liquid
Limit (60), Plastic Limit (27), and Plasticity Index (32) for the second table. This is shown on the
boring log, and the use of the table and chart below to classify the soil of the site.

The bearing capacity of the soil was calculated by using the bearing capacity equation along with
the safety factor.

qu=1.3cN¢’ +qNg'+0.4yBNy’ (square foundation)
-
Where
¢ = cohesion

B = width of footing

D¢ = depth of the footing

The exact calculations of this are provided in the appendix. Using a FS factor of safety, of 3, the
allowable bearing capacity, gatow,was found.

_
Qallow £y FS

¥
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Table 2.1 Soil Classification 1

Plastle Limdt Plastic Incex Slave Analysls (#200) Coarte Fraction Water Content Group Name Qassiication
Sandy Lean Clay
gk sk AP | Sandy Elastic Silt
10~ S - = &% sand
125 s g 2 % 2% _sxa  SadyleanClay
17> o = e b ) 10% ‘Sand_
0 » 1655 ey, e EFe 50% ax% 13% o ___SandyleanClay
25 B0 31 2 81% 19% 21% MH Sandy Elastic SHt |
S 7 R | O S | Gl PR | 20% o1 _ SandyfatCay
| © 68 39 _20 62% 38% 4% MH Sandy Efastic St
| 50 . 80 0 39 o » ! I— 69% - 18% MH _ Sandy Elastic Siit |
| 60 68 34 - 34 84% 16% __20% MH Sanddy Elastic Silt

Table 2.2 Seoil Classification 2

Depth{ft)  Lquid Umit PMastle Limit  Plastls incex Sheve Aralysls (#200) Cosrse Fraction Water Corent  Group Name Oasslifcation
25 Il 16 Y 71% % % SandyLean Olay
25 7 1. EL I 81X 19% _a ‘Sandy Lean Clay _
e - e 20% BOX 6%~ Sad
5 s ]} z 69% 31% FE N1 Sandyfat Clay
0~ R P . 16% Ba% % ~ lsand o]
| P 8 30 R BO% 0% . 1s%¢H Sarly Fat Clay
& Wi 10 3 ™ aw 13% CH Sandy Fat Olay
40 6 2 . o% 17% 7% o SancyFatCay |
50 7 n 38 E7: T ' . T L 1 _ SandyFatCay
60 69 34 35 % 21% 19% CH Sarcy Fat Clay

The Plasticity chart which is a graph between plasticity index (PI) and liquid limit (LL) in
percentage which is used for the classification of fine-grained soils in accordance with the
USCS. From the graph the geotechnical engineer and determine that low plasticity has a (LL) =
< 35%, Intermediate plasticity (LL) = 35-50%, High plasticity (LL) = 50-70%, Very High
plasticity (LL) 70-90%, and Extremely High plasticity (LL) = > 90%

|

"

To develop the boring logs AutoCAD needed to be used. The raw data given was tabulated, and
the data produced was essential in creating the boring logs used to show the various fine-grained
soils. This boring log also shows the elevations from which the raw information was taken.

o~
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Table 2.3 Boring 1 Analysis For Square Pile Section

0 0 0 0 0 0 0 0 0 0
2.5 7 900 043 0.72 32400.00 3240.00 35640.00 648 1620
7.5 10 1200 0.57 0.6 43200.00 14040.00 57240.00 720 5400
9 15 0 0.00 0 0.00 14040.00 14040.00 0 0
15 15 2000 0.96 049 72000.00 43440.00 }15440.00 980 14700
20 20 0 0.00 0 0.00 43440.00 43440.00 0 0
30 25 3400 1.63 0.38 122400.00 120960.00 243360.00 1292 38760
40 39 5300 2.54 0.34 190800.00 265120.00 455920.00 1802 72080
50 53 7100 3.40 0.34 255600.00 506520.00 762120.00 2414 120700
60 60 8000 383 0.34 288000.00 §32920.00 1120920.00 2720 163200 |
68 89 9400 4.50 0.34 338400.00 1267576.00 | 1605976.00 3196 217328
Sum 633788
Lf/-ﬂ W
Table 2.4 Boring 2 Analysis for-Square Pile Section
0 0 0 0.00 0.00 0.00 0.00 0.00 0 0
25 8 1000 0.43 0.67 36000.00 6700.00 42700.00 670 1675
5 10 1200 0.57 0.61 43200.00 21340.00 64540.00 132 3660
10 16 2100 1.01 0.48 75600.00 61660.00 137260.00 1008 10080
12.5 17 2250 1.08 0.47 81000.00 114535.00 195535.00 1057.5 | 13218.75
15 20 2500 1,20 0.41 90000.00 176035.00 266035.00 1025 15375
20 24 3300 1.58 0.39 118800.00 278995.00 397795.00 1287 25740
30 24 3300 1.58 0.39 118800.00 433415.00 552235.00 1287 38610
40| 54 7200 345 0.34 259200.00 825115.00 1084315.00 2448 97920
50, 44 5600 2.68 0.34 201600.060 1205915.00 | 1407515.00 1904 95200
60| 72 9400 4.50 0.34 338400.00 1972955.00 | 2311335.00 3196 191760
68| 98 9400 4.50 0.34 138400.00 2842267.00 | 3180667.00 3196 217328
Sum__| _69748.75

oo Ay

ol — O O
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2.2 Water Resources Engineering

2.2.1 Water Resources Objective

The objective of water resources is to design a ditch and a detention basin for the development of
400-acre land. The location of the proposed stormwater ditch was located at the lowest elevation
of the proposed site using the local topographic map. The rainfall intensity for 100-year flooding
was determined for Colorado County. The quantity of water and stormwater runoff was
determined in order to build a ditch that can sustain the flow and detention basin.

2.2.2 Rainfall Intensity

The rainfall intensity was determined by using NOAA'’s National Weather Service. Using the
chart the intensity interval for the 100 year flood period was found to be 0.591 in/hr. Reference
Figure A.4 in Appendix that displays the precipitation frequency for Columbus, TX.

2.2.3 Stormwater Runoff

The water runoff depends upon the precipitation that infiltrates the ground. Once the infiltration
capacity of the soil exceeds, the water begins to runoff. Development typically increases runoff
and decreases absorption of water. Therefore, it is essential to determine the expected stormwater
runoff to prevent damage to the property. To manage the stormwater, the pre-development runoff
was determined. The runoff can be calculated with the rational equation,

Q=ciA
Q = peak runoff rate (cfs) v
¢ = runoff coefficient
i = storm intensity (in/hr)
A = area (acres)

The area taken into account for pre-development was 400 acres since the land has no existing
buildings. The runoff coefficient was determined to be 0.3 for farmland, the runoff for the pre-
development was determined to be 47.28 cfs.

2.2.4 Drainage Ditch

An open channel is an integral part of a stormwater ditch design. In order to design an open
trapezoidal channel, the manning equation was utilized.

1.49 1/2
Q = =2aRWs,

Q = discharge, ft’/s v
n = roughness coefficient
A = flow area, ft°

17



R = hydraulic radius
S, = channel slope

The hydraulic radius can be expressed as,

P = perimeter, ft
The area and perimeter can be defined as,

A=by, + Zyg
P=b+2y,VI+z?
z = side slope of the bank {
¥, = channel depth, fi
b = bottom width, ft

The manning equation can be written as,

149 A3 _§12
Q= n pMivo

The continuity equation can be written to find the design velocity,
Q=VA

Q

Vdesign_ A

. v’
Vaesign = velocity, ft/s

2.2.5 Drainage Ditch Design

The Manning's equation and continuity equation were used to find the ditch dimensions.
Manning's roughness coefficient for a grass lined channel is 0.03 with a max permissible channel
velocity of 3 to 6 ft/s. The slope of the channel is based on the elevation on the property, which
was determined to be 0.7177. The slope of the drainage ditch will be 1:3. Excel was used to
determine the channel depth and bottom width. The channel depth came out to be 0.494 ft and
width of 3 ft.

18



Top Width

- 5.96'
Area
1 2 I Channel Depth
4 i 0.494'
— 3 -
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Figure 2.5 Section View of Trapezoid Ditch

The dimensions of the trapezoidal channel will support the discharge for the 100-year flood.
Figure 2.6 displays the ditch in and flow of water on for a section of the development.

Section
Proposed
Development Proposed Channel
Q=47.28 cfs
S=7717
n=0.03

Figure 2.6 Profile View of Trapezoid Ditch /

2.2.6 Stormwater Basin

The development requires a stormwater basin that allows the storage of runoff water in order to
prevent flooding. With the data found on USGS the inflow of the ditch can be determined. A
routing table can be developed to determine peak outflow, as shown in Table 2.2.6.

19



Table 2.5 Routing Table

Index Time Inflow, | (2s/At)-0 | (2s/At)+O | Outflow, O
(i) (days) (cfs) {cfs) (cfs) (cfs)
1 0 517 21,600 500
2 1 519 22000 22,636 510
3 2 532 23000 23,051 550
4 3 741 24100 24,273 610
5 4 937 24200 25,778 690
6 5 645 25500 25,782 700
6 6 600 24000 26,745 690
7 7 590 23900 25,190 620
8 8 570 23800 25,060 610
9 9 565 23000 24,935 590

Figure 2.7 illustrates the inflow and outflow of the routing table. The peak discharge taken into
account for the detention basin is 700 cfs.

Discharge, cfs

1050

95

850

750

650

450

Inflow and Outflow Hydrograph

Time, days

i DIk OW =i Infliow

Figure 2.7 Inflow Hydrograph

The basin is suggested to have dimensions of 641t by 64t with a depth of 3.2ft. Figure 2.8 and
2.9 shows the section and profile view respectively.

20
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Figure 2.8 Detention Basin Section View
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Figure 2.9 Detention Basin Profile View

2.3 Structural Engineering

Structural requires a 2D drawing of the office buildings, warehouse, and convention center. To
determine structural load calculations, wind, dead, and live load will be taken for each structure.
The load calculations will then be put into STAAD Pro, to provide maximum values of BM,
shear, and axial load. Moreover, the structural design will include slab design, beam, and column
design, the steel structure design of the warehouse, and reinforcement bars, and reinforced
concrete design for foundations, including footing size, reinforcement.

2.4 Transportation Engineering

The goal for transportation is to provide a roadway layout for the project site and to have a
connecting road with the highway (I-10). When designing the road interchange designs will be
implemented. Plan and profile view and pavement-design cross-section of a typical road will be

21



included as well. When designing the roads, there will be a minimum of two entrances, left turn
movements will be at each entrance, a right-turn lane will be at the main entrance, and at least
one entrance will be regulated by traffic signals. Also, there will be parking lots within the
project site, service truck parking for the warehouse will be separated from cars to accommodate
visitors coming to the office building for Amazon. Additionally, the site will also include
sidewalks throughout the business center and subdivision including residential areas,
landscaping, and streetlights.

To get started on transportation, the roadway layout will be the first step. The engineer will
determine how many roads are needed by taking into consideration existing roads nearby and the
type of interchange that will best fit and meet Texas Department of Transportation (TxDOT) and
US DOT requirements and specifications. The design for the roadway layout will begin in the
next few weeks. Then, next semester the other sections for transportation will be completed.

2.5 Environmental Engineering

The beneficial purpose of environmental designing in the vicinity of Amazon’s Distribution
Center and IT Hub is to provide an efficient amount of water used for primary purposes that are
useful to human life. The importance of water is to control and eliminate diseases, quality of life,
carry out waste, and commercial and industrial activities. The municipal water use for this
project will be categorized into domestic, and commercial/industrial usage; initializing the
quality and quantity of water that will be useful on this site.

As the environmental engineer on this project, we will estimate the inflow water demand for the
facility population of twenty thousand with a project projection for 15 years. We will also
calculate the water demand for expansion for an additional 10-15 years for possible expansion of
the center and surrounding area and communities. With the inflow of water throughout the
quarters of the premises we’ll have to follow EPA (Environmental Protection Agency)
regulations regarding the Maximum Contaminant Level (MCL) that is legally enforced for
human consumption and usage; National Primary Drinking Water Regulation. The placement of
our wastewater treatment plant (WWTP) is located in the lower southeast region of our 400-acre
lot, as of now, we are still working on the methodology for cleaning the wastewater before the
disposal of effluent into a source of surface water. The disposal source fo; ,ﬂ‘{é facilities will be
Griffin Lake following the Texas Administrative C9d¢ (TAC). P

The first portion of the design process will start with calculating the population in Columbus,
Texas from the past five years, then calculate the population projection with the addition of
twenty-thousands employees for future population. We will obtain the current estimated per
capita raw water demand to determine our Q values. This process will begin over the span of
Christmas Break up until the start of spring semester. The remaining tasks such as developing a
wastewater schematic design, developing a disposal site, and articulating the proper disposal of

-~
-
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treated effluent contaminant level causing no harm to the environment and ecosystem will be
completed throughout the upcoming semester.
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Appendix 1 Images

Geotechnical Data Collected
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Figure A.2: Terzaghi Bearing Capacity Factors
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Table 24. Approximate values of undrained shear strength for cohesive soils

based on SPT blow count N-values (from Terzaghi and Peck, 1967)

Soil Consistency

SPTN
(See Note)

S, (psf)

Very Soft
Soft
Medium
Stiff
Very Stiff

Hard

< 2
2-4

4-8

< 250
250 - 500
500 - 1000
1000 - 2000
2000 - 4000

> 4000

Figure A.3: Approximate Value of Cu, SPT and soil consistency
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Figure A.4 Precipitation Point Frequency




Table 4.4-2 Roughness Coefficients {Manning's n) and Allowable Valocitiea for Natural
Channels

Pemmisiie
Channel Description Manalng’s 0 | 4 annel Velocity
(rs)
MINOR NATURAL STREAMS
Fairly regular section
1. Some grass and weeds: litle or no brush 0.030 kR
2. Danse growth of weeds, depth of flow
maledallyggreater than weed h[:llghl LRed LI
3. Some weeds, light brush on banks 0.035 3to6
4. Some weads, heavy brush on banks 0.050 3to6
5. Some weeds, dense willows on banks 0.060 3108
For trees within channels with branches submerged at 6.010
high stage, Increase above values by
Imegular section with pools, slight channel meander, 0.010
increase above values by
Floodplain - Pasture
1. Short grass 0.030 3to6
2. Tall grass 0.035 3to6
Floodplain — Cultivated Areas
1. No crop 0.030 36
2. Mature row crops 0.035 KEGY
3. Mature fleld crops 0.040 3106
Floodplain — Uncleared
1. Heavy weeds scattered brush 0.050 3tob
2, Woodad 0.120 3to6
MAJOR NATURAL STREAMS
Roughness coefficient is ususally less than for minor Range from
streams of similar description on account of less 0.028 to 3toé
effective resistance offered by irregular banks or 0.060

Figure A.5 Roughness Coefficient




Appendix 2 Calculations

Water Resources

Stormwakor Rmoff
Q= Cih
@ = {0-3)(¢. Avinfhr){yooacres)
Q= U7.28068

Draunage Dioh

Q=41.29ds
z2=3 (v3)
So= 0. V1T &Ift

assume b=3

- Fow ared
A =by + 2y?

A =(28)[0.yay &)+ (3 )(S-49UR)?
A= 2.214 &2

* Top wdth
T= bt 22y

Te (26)t 2(3)(0-43uft) ' o
- Wetted Penimuter \ qj‘q &’ “’ -

p= b+ 2Jyr+2%y3? Q\
P= 3f + 2] (0N94H)* + ()2 [0-Y9y f)? ( -

+ hydrayhe Raduws

R = (2.2044%) /-1 &
R= 0.32019 &
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* fydrawlic Depth
D= AT
D= (2.2 #2) [ 5.91Y
[p=0.3712 fi
- Howraie

G =-o%§_ (z.214 #2) (0.30156) 72 (0.077)""2

Q = Y71.28cfs

- ¢hanned vUouity

V=Q/r

V= UT.29cfs
2.24 2

V= 21.35 fils|
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Introduction

PVAMU Civil Engineering Students are to develop and design the business and

distribution center, IT Hub, and office development on a 400-acre site located in
Waller, Washington and Colorado Counties located south of major Highways {(US 290 and
I-10) for Amazon. The specific scope of the project will include Civil Engineering
Development and Design services for the entire site which will include two five-story
commercial office buildings, a steel structure warehouse, a three-story convention center,
and parking lots. The students will also perform new road network development,
engineering design of pavement and pavement subgrade, intersections, sidewalks,
driveways, and extension of major highways/service road and connecting local road
with highway, a storm water ditch connecting a major lake, a municipal solid waste
and a temporary recyclables disposal facility, and wastewater treatment process and
facility. The facilities will be designed for 20,000 people or based on population projection

for 15 years. A map showing site locations is included at the end of this document.

7
Project Scope

The project team is required to perform Civil Engineering Site Development and Design services

and address all aspects outlined in the project description:

Employee Count — 20,000 employees
o 40% of employees in the warehouse

0 35% of employees in the warehouse



o 15% of employees in the IT Hub
0 10% of employees in the warehouse

Location — Waller County

Figure 1.1: Waller County Project Location

Figure 1.2: Project Plan View
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Progression Timeline

Structural Engineering:

-0 dedign, with beam columa
waridngs, cokamin pledsment

Structursl Enginperiog

Figure 2.1: Structural Engineering Progression Timeline

Geotechnical Engineering:

Beginnmngo! LR

semestes Figure 2.3: Geotechnical Engineering Progression Timeline semetn

Water Resources Engineering:

SPp——
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Locanan of Storm Ditch Desgrng stomwsitear
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mm‘ mm‘ - -

Falt 2021
Semeazer 1

Spring 2021

Seivester 1

pidae Figyre 2.2: Water Resources Engineering Progression Timeline E i



Transportation Engineering:

Spring 7022: Semester 2

S milen [T
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Figure 2.4: Transportation Engineering Progression Timeline

Environmental Engineering:
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Fall 2021 Semester 1 | Sptang 20621, Sermester 2
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Figure 2.4: Environmetal Engineering Progression Timeline
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Water Resources

For the water resources part, the location of the storm water ditch was discussed and
placed with the help of the environmental and geotechnical authorities so that all aspects balance
out. Engineers studied the site using google maps to understand the elevation of the construction
site. Obtaining that information, the storm drainage ditches could be designed by the use of
gravity to create flow from the highest elevation. Below is a demonstration of where the storm
ditch will be placed as well as the detention basin:

-

The quantity of water was calculated by using the rational method . This equation
represents the relationship between rainfall intensity and catchment area as independent variables
and the investigation of the 100 year peak flood discharge as a dependent variable. This will help
with determining Q, the storm water runoff to avoid risk of flooding and property damage.
Rational Method:

Q=C*I*A
Where
Q =Runoff Flow
C = Runoff Coefficient
1 = Rainfall Intensity
A = Acres e



43560 ft 1ft 1hr
1in 12in 3600s

127.05¢fs =.3 X 1.05-= x 400acres X

All water will be carried from the pre/post construction area at its highest elevation, in a
desigr_leilf'ﬁa_'_ pezoid channel based on the peak rainfall in Waller county. The elevation
C"!ﬁ'fc;rmation has been obtained from my geotechnical engineer.To complete the design a profile

and crosssecion will be provided.
7 g ey decide Yo
? gy troppddal 7 g0 74T

chanrel goore Ty aften. desigt’s



Structural Engineering

Requirements and Designs

i. 2D Drawing- For the purpose of understanding, the 1T Hub will be fully
disclosed with figures and an explanation as a guide to how the other
buildings were designed and accurately accounted for. Refer to appendix
for Excel file 1 to account for the other buildings.

1. It Hub
a. AREA:
i. 100,000 square feet
ii. 400°x 250°
b. 4 —story building
c. This building is to be able to employ 10% of the projected
20,000 employees that are to be hired by Amazon.

2. Office Buildings
a. AREA:
1. 540,225 square feet { Combined)
il. 12.5 acres roughly
b. 5 —story building each
¢. These buildings are to be able to employ of 30% of the
projected 20,000 employees that is to be hired by Amazon.

3. Convention Center
a. AREA:
i. 2.5 million square feet
1. 57 acres (largest structure)
b. 3 - story building
c. This building is to be able to employ at least 15% of the
projected 20,000 employees that is to be hired by Amazon.

4. Warchouse
a. AREA:
i. 350,000 square feet
ii. 1000’x 350°
b. 1 - story building
c. This building is to be able to employ at least 45% of the
projected 20,000 employees that are to be hired by
Amazon.

2. Structural load calculation/ Slab Design



AN

i. As an update, the determination of load for each structure is being
calculated and appraised with regards to references from multiple manuals
and from similar buildings of the same structure in the nearby area.

Beam Column Design
Completion of Steel Structure
STAAD Pro

Reinforcement Materials

10
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Geotechnical

Introduction:

This section of the report is the progress for the geotechnical engineering portion of the Amazon
Business building and Distribution center. Our Company was contacted by Dr. Alam to perform
the appropriate task to make this project successful. The starting point for this project was the
SPT test. The Standard Penetration Test (SPT) is a method of determining the geotechnical
parameters of subsurface soil. This test is inexpensive and can accurately estimate the density
and shear strength of soil. To conduct this test, a standard, thick-walled sample tube is driven
into the earth at the bottom of a borehole. Strikes from a slide hammer mechanism with a set

weight and fall distance accomplish this.
Scope Of work:

The investigation's goal was to undertake subsurface exploration and establish subsurface
conditions at the project site so that geotechnical recommendations for the Amazon parking lots,
distribution facility, and company buildings could be developed. Testing and classifying
subsurface soils for strength, allowed bearing capacities, and foundation options, as well as
foundation soil expansive properties for construction of the above-mentioned institutions based
on laboratory tests and best engineering practices, are also included. The soil research began with
the drilling of two holes to a depth of 70 feet in the project site's center and the northwest corner

of the 400-acre property.

Drilling, Sampling, and Seil Classification:

17



The CME 75 Drilling Rig was used for the dnlling. The subgrade soils were investigated with a
continuous flight auger that was used to advance the hole’s dryness. Soil samples were collected
using thin-walled tubes in accordance with ASTM D 1587 during the drilling operation, and split
spoon sampler testing (STP) was performed in accordance with ASTM D 1586. Because bedrock
was encountered, continuous push tube samples were taken for the ground surface to a depth of
70 feet, and the borings were spaced 80 feet apart. The changes in soil strata noticed during
drilling operations were meticulously calculated and recorded on the boring logs. The procedures
outlined in ASTM D 2487, based on the Unified Soil Classification System, were used to
classify all soil samples (shown in Figure 1). Furthermore, using the methods provided in the
Plasticity Chart, the soils are documented in the boring logs (Shown in figure two). The Boring

logs' soil Classification were placed in Table 1 and Table 2 shown below.

Trrrap v wtad Lirowp hatwe
A0 fue = w13% fus No, 200 = Lean clay
* X 200  14-29% plus No. 20 w5 samd = & gravel = Leanclay with wand
M = Yand = CL = 5 s < % grase] = Lean «lay wich gravel
4 ok s or % ¢ % saml = % granc e <15% gravcl = Samuly foun clay
wharvi =% plus * 5% gravet = Samdy % clay with grasel
Ao Nu. 200 * T vanb G grael = <159 wand = Graselly bean clay
= 5% sand = Girnwelly K clay with vam)
_ <30 plas 155 plas No. N0 = Siky clay
Ko. X s 9% plus Nu 300 = % wand = & pravel = $iMy clay wilh saad
Inonganic P AEPmT—r CLML = 4 sand < 1% pravel * Siky clay with granet
" 2nd photd 01 . o« iz 3 punc) * <LS% gravel = Sy siley clay
o e =M% plus  2E5% gravel = Sandy ity ey wih gk
Addinr Ko, X = v s & gennel + 1A% samy * Gravelty silty clay
* =13% sand * Gravelly villy clay wath sand
< 3 pln = & <133 Pl No. 20 - 5ily
[T . " e 200 = E5-JF ples No, 300 & sand = % gravel = Sill with aad
P<dear - ML = % osamd < A prncd ® Silt wath prascl
o bekow - o Wsand 2% grovel & < 15% gravel & Smndy sl
Al =307 pfus BT el & Sarmly sl with gravel
b, 200 * % and =% grnel e <15% nnd = Gawvelly silc
=z * Gravelly stk with sarad /
LL —oven dried.
Drgul.( e <mi) o $o¢ Figure $.6 *7(
== MFL pluy = 15'% s Bo. X0 » Faclay
* o 0 Mk phua No, 00 % vead = e gl » Falvlay withsand
P1 phoes om0 = CH = T saad < W grnel ® Falclay with gravel
® of sy 4 - Tz % pnd & <13% el & Saady Bt cliy
Adie =MT plui = 203 gravel & Sandy fl clay with grael
P, 2un * % sand < % gracl = <3 and = Gravelly faclay
o Mg = 2 15% und » Gearelly Tt chay w b sand
. M pluc = < 13y Na, 20 & Elastic sl
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Figure 4.1: Unified Soil Classification System
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Plasticity index
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Figure 4.2: Plasticity Chart

@ Cengane Leaming 2014

Plastic index [ Sieve Analysis (#200) | [l Coarse Fraction [ water content [l Group Name i Classlfcatlon

25 43 16 27 % 29% 19% CL Sandy lean Clay

7.5 a7 19 28 81% 19% 12% Ccl Sandy lean Clay

8.7 - - 0 20% 80% 6% - Sand

15 51 24 27 69% 31% 13% CH Sandy Fat Clay

20 - - 0 16% 84% 8% - Sand

25 62 ao 2 80 20% 15% CH Sandy Fat Clay

30 62 27 35 9% 21% 13% CH Sandy Fat Clay

a0 69 28 41 B3% 7% 17% CH Sandy Fat Clay

50 71 33 38 72% 28% 18% CH Sandy Fat Clay

60 62 34 35 79% 21% 19% CH Sandy Fat Clay

Table 4.1: Soil Classification for Test hole #1
e - l - de . a 00 04 a 1) - 0 e p g atlo

2.5 48 20 28 54% 46% 13% L Sandy lean Clay
5 51 32 19 9% 31% 14% MH Sandy Elastic Sift
10 - - . - . 8% Sand

12.5 46 19 27 74% 26% 18% CL Sandy lean Clay
17 - - - - - 10% Sand

20 32 16 156 54% 46% 13% CL Sandy lean Clay
25 60 31 29 81% 19% 21% MH Sandy Elastic Silt
30 72 31 41 3% 18% 20% CH Sandy Fat Clay
40 63 38 29 52% 38% 4% MH Sandy Elastic Silt
50 80 39 41 69% 1% 18% MH Sandy Elastic Silt
60 58 34 34 84% 16% 0% MH Sandy Elastic Sitt

Table 4.2: Soil Classification for Test hole #2

The next step is to gather the unit weight of each soil layer and after recently receiving

the Unconsolidated Undrained test we can now calculate the settlement conditions, allowable
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bearing capacity, and develop a foundation recommendation. The foundation will not only be

safe for loading but will also be very cost efficient.

Transportation

For the Transportation aspect of this project, the parking lot design, plan and profile of
the local road, and the roadway intersections have been completed. For the parking lot design,
the amount of employees in each building was calculated based on the percentage of employees
working in each building. For the warehouse, 40% of employees work in the building so the
parking lot's capacity was 8000 parking spots. For the office development, 35% of employees
worked in the buildings so 7000 parking spots were designed. The convention center holds 15%
of the total number of employees so the parking lot will consist of 3000 parking spots and finally
the IT Hub will hold 10% of the total employees and will require 2000 parking spots. The
parking lot angle selected to ensure enough parking spots will fit in the provided area will be 30
degrees. This allows the space between one aisle to another to be the smallest at 14 feet. The
MUTCD was utilized to ensure the number of spots and the dimensions of the parking spots and

rows met the code.

For the plan and profile of the local road, the elevation for Warren Road, the road we plan
on connecting to, was determined and a 2% grade was calculated and drawn in autocad to create
an accurate profile curve. Below in figure 5.2 and 5.3 the plan and profile drawing completed in
autocad can be found. We designed each road within the property that will connect one building
to the next and allow simple access to each designated parking lot. Between each lot where there
is an intersection, the type was selected based on the maximum flow during peak hours. There is

a minimum of two entrances/exits for each parking lot to prevent congestion and allow a smooth

20



flow of traffic on the property. The roadway intersections were designed based on the maximum
number of employees that will be expected to travel through that area and estimate the peak
hours of traffic and the minimum for accurate timing on the signals. Next it was determined what
risks were found at each intersection and designed necessary barriers and and other protective
structures to protect all commuters that met the MUTCD code. Finally, utilizing autocad, a plan
drawing of each intersection was created so the layout and proximity to each parking lot is clear.
Below are the autocad drawings of each type of intersection as well as a sample parking lot plan

view to show the dimensions of each bay as well as the distance each row is from the next.

Figure 5.1 : 4-way intersection with stop sign

Figure 5.2: Profile View of Local Roadway
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Figure 5.3: Plan View of Local Roadway

53 +-wWay
intersection with stop
signs

. 4-Way
intersection with stop
light
Yellow: 3-Way
intersection with stop
signs

: Continuous

traffic with singular §
stop sign ; Warehouse

Figure 5.4: Intersection plan view of Profect

Figure 5.5:4-way intersection with stop light

Convantion Center

Business Centers

Otfice Development




Figure 5.7: Continuous Traffic Intersection
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Environmental

Wastewater treatment is the process of removing impurities from wastewater (water that
is no longer needed or appropriate for use) and converting it into effluent that can be returned to
the environment. The Texas Commission on Environmental Quality (TCEQ) and the Texas

Administrative Code (TAC) Chapter 30 will be used to design the Wastewater Treatment Plant.

Table : Wastewater Characteristics
— 2 Table. wunt W

Constituent|Concentration, mgll
Strong|(Medium||Weak
Total solids 1200 | 700 | 350
Dissolved solids (TDS)'}i 850 |i 500 | 250
Suspended solids 350 200 | 100
Nitrogen (as N) 85 40 || 20 ||
Phosphorus (as P) 20 10 6 |
Chloride' 100 || 50 | 30
l|Alkalirity (as CaCO3) 200 100 | 50
Grease 150 100 50
BODs’ 300 || 200 |f 100

—

In accordance with the Texas Commission of Environmental Quality (TCEQ) Design
Organic Loadings and Flows for a New Wastewater Treatment Facility, for an office building or

factory, designed for the largest shift, will produce a daily wastewater flow of 20 gallons/person.
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Table : Design Organic Loadings and Flows for a New Wastewater Treatment Facility

this chapter)

Source Remarks Daily Wastewater Wastewater Wastewater
Flow Strength Strength
(gallons/person) (ﬂ_gﬂ BOD,) (mg/l NH;-N)
Municipality Rcsidential 75-100 250-400 15-75
Subdivision |Rcsidential 75-100 250-400 15-75
Trailer Park 2% Individuals per 50-60 250-350 15-75
(Transicnt) Trailer
Mobilc Home Park |3 Individuals per 50-75 300 15-75
Trailer
School Cafeteria & Showers 20 300 15-75
Cafctenia/No Showers
15 300 15-75
Recrcational Parks |Overnight User 30 200 15-75
Day Uscr 5 100 15-75
Office Building or |A facility must be 20 300 15-75
Factory designed for the
largest shift
Hotel/Motel Per Bed 50-75 300 §5-75
Restaurant Pcr Mcal 7-10 1000* 15-75
Restaurant with bar|Per Meal 912 1000* 15-75
or cocktail lounge
Hospital Per Bed 200 300 15-75
Nursing Home {Pcr Bed 75-100 300 15-75
Alternative Per Capita 75 N/A N/A
Collection Systems
(Subchapter D of

*Bascd on a restaurant with a greasc trap

With this data, the expected wastewater flow may be calculated by multiplying the flow

per person by the population, and then converting the units to meters cubed per day using the

conversion factor.
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T AADF = Population X Average Daily Flow per Capita

AADF = 20000 ppl x 20 —2%_—— = 400000 g—g

capita — day
3 3

9% % 0.003785 =~ = 1514 —
ay gal day

%M &wf— q;aﬁmﬁ

{2 Ajat?

-

Q = 400000
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Executive Summary

Structural Problem Statement for Structural

In a recent request, Amazon has proposed a problem of expansion of distribution centers for the
Texas region. Only been provided with 400 acres of land and being asked to construct five
different structures along with wastewater management systems and a flood prevention
technique, there seems to be issues with proper location access within certain sub-disciplines. To
best accomplish, from a structural standpoint, or what Amazon is asking to do we must take in a
considerable design and make them simplistic yet intricate to the point where they will 5

function but in an Amazon style without disturbing existing surroundings.

Proposed Solutions for Structural

JPMS Consulting creates solutions to fit what is being asked for. The structural design
components have been set in place by the firm. With these designs, we will be able to actively

maximize the size of the buildings while still reducing cost of buildings by doing the following:

1. Allowing column beams to share the same footings would reduce cost.

2. By building identical office buildings it will help us determine cost and when it comes to
planning exactly how the building should be built.

3. Due to the small staff and the number of employees in the IT department, we can reduce
the size of the IT department and add office space to the office buildings.

4. And to incorporate an Amazon style building, with all of these are cost-efficient solutions

and we can add a skywalk between the identical office buildings.
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JPMS Consulting creates solutions to fit what is being asked for. The structural design
components have been set in place by the firm. With these designs, we will be able to eat
actively maximize the size of the buildings while still reducing cost of buildings by doing such in
the following: Note that our solutions are only apply to four of the five buildings being asked to
be built this is only because for our steel structure warehouse it has a more open floor design
which is automatically going to cost less the materials may cost more by finding the proper

material is the only effective problem at hand.

Value for Structural

With the inclusions of this land and the construction of these buildings, add personal belief that
the highest value of Amazon’s net worth will increase. The location may not have a high demand
population but is in high demand with high traffic volume. The structural design components
will not only as be mentioned before reducing costs play be an area where there is easier access
to any building maintenance that needs to occur. So, the value that is being 6 portrayed is more
song a long-term value in the sense of being one of the first to build on a new area, and he when
he comes to needing to get heavy equipment for maintenance equipment there’s not as much

in-tune section of regular traffic.
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Final Thoughts and Next Steps for Structural

My recommendation for the enhancements of things Is by increasing the dimensions of the
workplace buildings by permitting another story within the building to accommodate the
remaining worker overflow from the IT Hub or produce a second building of a smaller nature to
accommodate the remaining share of staff. As for the opposite buildings, the steel structure of the
warehouse was designed from innovation except for easier calculations, the warehouse can
mimic that of the FedEx warehouse off ninety-nine grand drive south. As for the workplace
buildings, mimicking the thought of the dual towers, however, not knowing the precise load can
produce these difficulties, so finding the foremost stable foundation within the profile for a
minimum of one, 600 sq. footage. The convention center was originally placed and is
unambiguously designed however the sole recommendation that’s being thought of is to relocate

the building to accommodate alternative subdisciplines of the project

Proposed Solution for Water Resources

The first solution to the problem is to find where the location of the drainage ditch will be
placed. We will use gravity to create the flow of the water to the nearest existing lake water
source which is East of our construction site. The drainage ditch will start at its highest elevation
of 456.9 coming from the topography map. Next the calculation of the rainfall intensity and
collection for 100 years should be computed. This is to keep the area from flooding. I will do so
by using the typical rainfall intensity -duration -recurrence interval curves. This graph shows the

rainfall inserted in in/h proportional with time min and hours.
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1. A design and location of a storm water ditch that avoids flooding hazards and damage to
valuable property.
2. Rainfall intensity and rainfall collection for 100-year flooding

Note that the project is still in progress and on route to be completed in 2022.

Value for Water Resources

The storm water drainage ditch has been stamped to its location with the help of my geotechnical
and environmental engineer. This was decided by locating the start of the ditch at its highest

elevation to help with gravitating the water to its correct location.
Final Thoughts and Steps for Water Resources

Final steps for this project pertaining to water resources would be to calculate the quantity of
water, design the storm water ditch based on a rainfall study, and show a profile and cross section

of the drainage ditch.
Problem Statement for Transportation

For the JJMPS consulting firm, the transportation engineer will be in charge of the entire
roadway layout of the project, interchange design, a parking lot proposal, and a plan and profile

of each local road.
Proposed Solution for Transportation

The dimensions for each major roadway will be determined and the speed for the minor and

major roads will be chosen based on the overall layout and utilizing the MUTCD (Manual on
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Uniform Traffic Control Devices). The size of each parking lot will be selected to accommodate
each employee in the vicinity as well as overflow and guests and the dimensions of each parking
spot and the angle of each spot will be chosen utilizing the MUTCD. Interchanges will be 4
designed based on the flow of traffic in the area at peak times. The type of interchange will be
selected based on the peak flow and location of the area. The roadway layout of the entire project
will be designed to meet the peak amount of traffic and to ensure that no congestion will occur at
peak hours of traffic flow. The dimensions of the lanes will be chosen to match the local roads
surrounding the project. This will allow a simple transition between one local road and a minor
road on the project site. A plan and profile will be drafted using the local existing road’s

elevation and using that to continue a seamless transition from one roadway to another.

Value for Transportation

The value of this project is to provide necessary insight and experience for each member of the
JIMPS Consulting company. The design portion of this project allows the transportation group to
utilize skills learned in previous courses and allows the application of those skills towards real
world issues and will force the transportation group to leamn to adapt and apply them as

necessary.
Problem Statement for Geotechnical

The scope of work is to execute a geotechnical analysis for Amazon's proposed 400-acre
commercial and distribution center, IT hub, and office development in Waller County, which is
located south of major highways (US 290 and I-10}). The report includes the findings of the site

inspection as well as project recommendations.
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Solution for Geotechnical

For the drilling, a CME 75 Drilling Rig was employed. A continuous flight auger was employed
to progress the holes dry as the subgrade soils were explored. During the drilling operation, soil
samples were obtained using thin-walled tubes according to ASTM D 1587, and split spoon
sampler testing (STP) was done according to ASTM D 1586. Due to the presence of bedrock,
continuous push tube samples were taken from the ground surface to a depth of 70 feet, with the
borings spaced 80 feet apart. Soil samples were sent to a lab to be examined for soil
characteristics. The findings were incorporated into the final report. During soil testing, a 7m
depth of water was detected. In addition, the study discusses the many types of retaining 3
structures and how to choose them based on the data provided. To help grasp the design and
focus on the details, a visual layout has been provided. In addition, calculations for footings and
settlements were performed to see whether they met the necessary requirement, and if

appropriate, helpful recommendations were made.
Geotechnical Value & Recommendations

The report includes a broad description of the soils found, their qualities, expected behavior
during construction, and measured groundwater levels. The final report includes geotechnical
advice for shallow foundations, pavement design, pile foundations, and embankment design. The
foundation design parameters were calculated using calculations from Braja M. Das Nagaratnam
Sivakugan's "Principles of Foundation Engineering, 9th Edition, SI Edition" and an engineering

textbook.
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Problem Statement for Environmental

For our project, the environmental engineer will be calculating the estimated wastewater quantity
for the project area. The location of the wastewater treatment facility should be near the lowest
elevation. After analyzing the wastewater quality, a method to treat said water can be

determined, as well as picking a suitable dumping location.

The Solution for Environmental

The environmental engineer will be utilizing the instruction given in the environmental design
course to determine the wastewater quantity. It is known that the wastewater treatment facility
should be placed at the lowest elevation to allow gravity to maneuver the wastewater to 2 its
proper location. The wastewater will be disposed of in a local stream or, if treated properly, could

be used as irrigation for the project area.

Value for Environmental

The purpose of this project is to give students a chance to apply the knowledge that they have

been acquiring over their last 4-5 years at university. The project is expected to be completed by

May 2022.
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Department of Civil & Environmental Engineering

CVEG 4093201 Systems Engineering Fall 2020

Dr. Nzew:e Homework 07 Assigned: 10/29/2020
Due: Friday, Nov 06, 2020 at10:0@ PM (Canvas)

Solving Mixed Integer Linear Programming (MILP) Problems

SUBMIT THIS as cover sheet with your work Name [PRINT]
Instructions:

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

You may obtain free online-printed graph paper at: http://www.printfreegraphpaper.com/
GRADE =

800

Problem 1 [100]

Solve the following discrete-valued linear program graphically. Show all the feasible points and plot the
objective function through the optimal point as a broken line (========). X2 should be the ordinate.

Minimize Z =6.0X1-6.0X2
Sk K
2 X1 +2 X2 < 24 (@)
X1 - X2 < 6 2)
2X1 > 3 (€))

X1¢(1,2,3,4,6.58); X2¢(0,2,4,6,7.58,11)

Problem 2 [250]

Consider the following discrete-valued problem:

Minimize Z2 = 4 X1 + 2 X2 + 5 X3

S X1 + X2 + X3 < 36 (1)
X1l - X2 + X3 < 16 (22
4X1 + 4X3 > 42 (3)

X1¢(1,2,3,4,6.3,8); X2¢(0,2,4,6,7.5,8,11); X3 ¢ (0,1,2,3,4,5,6,7,8,9,10,11,12)

Solve this problem by the Branch-And-Bound algorithm described in the class notes.
SHOW EACH STEP CLEARLY!

If you have more than one candidate LP to be solved, always select the continuous linear program
LP-k with the smallest number (k is the number of the candidate LP). For example, suppose you have
candidate LPs: LP-3 and LP-5, by this rule, you would choose to solve LP-3 first. Furthermore, always
branch on the variable with the smallest subscript; that is, if both X1 and X2 have unacceptable values,
branch on X1. When you branch, the LP to which the < constraint is added should be numbered lower
(i+1) and the LP to which the 2 constraint is added should be number higher (i+2).
ALL continuous LPs must be solved using LINDO-LP as a separate PURE LP model.

For each continuous LP, identify the PURE LP Model corresponding to each LP-k and its optimal
point(s) and the corresponding objective function (Z) value.

Provide the corresponding Branch-And-Bound tree to summarize your results. Whenever a “tree
branch” is fathomed, state the reason for the fathom.



Problem 3 [150]

(a) [80] Solve the discrete-valued LP given in problem 2 using LINDO-MIP. Add the necessary constraints to allow
solution by the LINDO-MIP solver. ONLY one MIP must be solved to provide the solution. Write out the LINDO-
MIP program first (and include any “comment” statements which explain your model). Recall from the class notes
that you should introduce and use additional integer (0,1) variables to setup the program in LINDO-MIP format. An
additional consideration is that you must use the smallest number of integer (0,1) variables. [Hint: Use Binary
Expansion for variable X3 and show all work.]

(b) [70] Solve the discrete-valued LP given in problem 2 again, using LINDO-MIP. Add the necessary constraints to
allow solution by the LINDO-MIP solver. ONLY one MIP must be solved to provide the solution. Write out the
LINDO-MIP program first (and include any “comment” statements which explain your model). Recall from the
class notes that you should introduce and use additional integer (0,1) variables to setup the program in LINDO-MIP

format. In this situation you are required to use (add) GIN variable(s) where appropriate.
However you must still add the smallest number of additional binary (0,1) variables where necessary.

Problem 4 [309]

You have, as the owner and operator of a new trucking company, WeHaul and Drop, LLC, contracted to
make 5 deliveries each week to customers denoted as A through E (see the table below). You plan to
capitalize on your knowledge of Systems Engineering to optimize your operations. You have 4 different
delivery trucks, each having different operational costs depending on assignment and weight capacities as
follows:

COST [$/LB]
FOR CUSTOMER
CAPACITY | FIXED
TRUCK lib] COST[§] A B c D E
1 3,500 550 9.55 | 0.65 | 0.50 | ©.58 | 0.41
2 7,500 900 0.45 | 0.48 | 0.55 | 0.50 | 0.45
3 8,000 450 ©.38 | 0.43 | 0.338 | 0.68 | 0.60
4 12,000 980 ©.35 | 0.35 | 0.27 | 0.46 | 0.65

Each week, you must make a 2,000 Ib. delivery to Customer A, a 3,000 Ib. delivery to Customer B, a 2,500
Ib. delivery to Customer C, a 4,800 Ib. delivery to Customer D, and a 7,500 Ib delivery to Customer E.
Because of location, a single vehicle cannot deliver to both Customers A and B.

Formulate and solve a mixed integer linear program (MILP) to determine the optimal shipping strategy that
minimizes the overall transportation cost of your company’s delivery operation.
[50] Clearly describe how you handled the requirement that the same truck cannot deliver to both Customers A and C in your LP.

[50] Present the LINDO model and solution and describe the solution fully.
[50] On a network diagram, present the results of your model solution.

HINT:
You will probably need to define some continuous variables and some binary variables.
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Problem 2
! LP1
Min Z) 4X1 + 2X2 + 5X3

ST

X1 + X2 + X3 < 36
X1 - X2 + X3 < 16
4X1 + 4%3 > 42
X1l < 8

X2 < 11

X3 < 12

END

Solution:

Global optimal solution found.
Objective value:
Infeasibilities:

Total solver iterations:
Elapsed runtime seconds:

Model Class:
Total variables:
Nonlinear variables:

Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

Variable
X1
X2
X3

Row

SO Wwbh N

44.50000
0.000000
1

0.06

LP

Value
8.000000
0.000000
2.500000

Slack or Surplus
44,50000
25.50000
5.500000
0.000000
0.000000
11.00000
9.500000

Reduced Cost
0.000000
2.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
-1.250000
1.000000
0.000000
0.000000
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! LP2
Min Z) 4X1 + 2X2 + 5X3

ST

X1 + X2 + X3 < 36
X1 - X2 + X3 < 16
4X1 + 4%X3 > 42
X1l < 8

X2 < 11

X3 < 12

X3 < 2

END

Solution:

No feasible solution found.

Infeasibilities:
Total solver iterations:
Elapsed runtime seconds:

Model Class:
Total variables:
Nonlinear variables:

Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

o W

Variable
X1
X2
X3

x
[}
=

oo WhDN

0.5000000
2
112.17

LP

Value
8.000000
0.000000
2.500000

Slack or Surplus

0.5000000
25.50000
5.500000
0.000000
0.000000
11.00000
9.500000

-0.5000000

Reduced Cost
0.000000
2.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
-1.250000
1.000000
0.000000
0.000000
0.000000
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! LP3

Mi

ST

X1
X1
4X
X1
X2
X3
X3
EN

n 2) 4X1 + 2X2 + 5X3

+ X2 + X3 < 36
- X2 + X3 < 16
1 + 4%X3 > 42
< 8
< 11
< 12
> 3

D

Solution:

Global optimal solution found.

Objective value:
Infeasibilities:

Total solver iterations:
Elapsed runtime seconds:

Model Class:

Total variables:
Nonlinear variables:
Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

Variable
X1
X2
X3

o
o}
=

o -Ja e WNN

45.00000
0000

0.03

LP

Value
7.500000
0.000000
3.000000

Slack or Surplus

45.00000
25.50000
5.500000
0.000000
0.5000000
11.00000
9.000000
0.000000

Reduced Cost
0.000000
2.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
-1.000000
0.000000
0.000000
0.000000
-1.000000
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! LP4
Min Z) 4X1 + 2X2 + 5X3

ST

X1 + X2 + X3 < 36
X1l - X2 + X3 < 16
4X1 + 4X3 > 42
X1l < 8

X2 < 11

X3 < 12

X3 >3

xl < 6.3

END

Solution:

Global optimal solution found.

Objective value:
Infeasibilities:
Total solver iterations:
Elapsed runtime seconds:

Model Class:
Total variables:
Nonlinear variables:

Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

o w

o 0

Variable
X1
X2
X3

Row

o JawvLes Wb N

46.20000
0.000000
1

0.03

LP

Value
6.300000
0.000000
4.200000

Slack or Surplus
46.20000
25.50000
5.500000
0.000000
1.700000
11.00000
7.800000
1.200000
0.000000

Reduced Cost
0.000000
2.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
-1.250000
0.000000
0.000000
0.000000
0.000000
1.000000
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' LP 5
Min Z) 4X1 + 2X2 + 5X3

ST

X1 + X2 + X3 < 36
X1 - X2 + X3 < 16
4X1 + 4X3 > 42
X1
X2
X3
X3
x1
END

vV VAAA
O WHr oo
N =

Solution:

Global optimal solution found.

Objective value: 47.00000
Infeasibilities: 0.000000
Total solver iterations: 0
Elapsed runtime seconds: 0.05
Model Class: LP

Total variables: 3
Nonlinear variables: 0
Integer variables: 0

Total constraints: 9
Nonlinear constraints: 0
Total nonzeros: 16
Nonlinear nonzeros: 0

Variable Value Reduced Cost

X1 8.000000 0.000000

X2 0.000000 2.000000

X3 3.000000 0.000000

Row Slack or Surplus Dual Price

Z 47.00000 -1.000000

2 25.00000 0.000000

3 5.000000 0.000000

4 2.000000 0.000000

5 0.000000 0.000000

6 11.00000 0.000000

7 9.000000 0.000000

8 0.000000 -5.000000

9 0.000000 -4.000000
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1 LP 6
Min Z) 4X1 + 2X2 + 5X3

ST

X1 + X2 + X3 < 36
X1 - X2 + X3 < 16

4X1 + 4X3 > 42

X1 < 8

X2 < 11

X3 < 12

> 3

xi < g

END

Solution:

Global optimal solution found.
Objective value: 47.000067<:
Infeasibilities: 0.000000
Total solver iterations: 0
Elapsed runtime seconds: 0.04
Model Class: LP

Total variables: 3
Nonlinear variables: 0
Integer variables: 0

Total constraints: 10
Nonlinear constraints: 0
Total nonzeros: 17
Nonlinear nonzeros: 0
Variable Value Reduced Cost
X1 8.000000 0.000000
-35 X2 0.000000 2.000000
X3 3.000000 0.000000
Incorrect
Row Slack or Surplus Dual Price
2z 47.00000 -1.000000
2 25.00000 0.000000
3 5.000000 0.000000
4 2.000000 0.000000
5 0.000000 0.000000
6 11.00000 0.000000
7 9.000000 0.000000
8 0.000000 -5.000000
9 0.000000 -4,000000
10 1.000000 0.000000
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! LP 7
Min Z) 4X1 + 2X2 + 5X3

ST

X1l + X2 + X3 < 36
Xl - X2 + X3 < 16
4X1 + 4X3 > 42
X1 < 8

X2 < 11

X3 < 12

ff > 3

x3 >

END

Solution:

Global optimal solution found.
Objective value:
Infeasibilities:

Total solver iterations:
Elapsed runtime seconds:

Model Class:
Total variables:
Nonlinear variables:

Integer variables:

Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

-35
Incorrect

Variabl
X

e
1

X2
X3

Row

=

oOwoOo-Joaue WNN

Value
8.000000
0.000000
5.000000

Slack or Surplus
57.00000
23.00000
3.000000
10.00000
0.000000
11.00000
7.000000
2.000000
0.000000
0.000000

Reduced Cost
0.000000
2.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
-4.,000000
-5.000000
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!Problem 3A
Min 2) 4X1+42X2+5X3

st

1) X1+X2+X3 < 36
2) X1-X2+X3 < 16
3) 4X1 +4X3 > 42

SwX1l) X1-Y11-Y12-3Y13-4Y14-6.3Y15-8Y16 = 0

SwX2) X2-2Y21-4Y22-6Y¥23-7.5Y24-8Y25-11Y26 = 0

SwX3) x3—Y31—2Y32-3Y33-4Y34-5Y35—6Y36—7Y37-8Y38—9Y39-10Y310-11Y311-12Y312 =0
SwxlY) Y11+4Y12+Y13+4Y144Y15+Y16 = 1

Swx2Y) Y21+Y22+Y23+Y24+Y25+Y¥26 < 1

Swx3Y) ¥31+Y32+Y33+Y344Y35+Y36+Y374+Y38+Y39+Y310+Y311+Y312 > 1

End

int Y11
int Y12
int Y13
int Y14
int Y15
int Y16
int Y21
int Y22
int Y23
int Y24
int Y25
int Y26
int Y31
int Y32
int Y33
int Y34
int Y35
int Y36
int Y37
int ¥38
int Y39

int Y310
int Y311
int Y312

Solution:

Global optimal solution found.

Objective value: 47.00000
Objective bound: 47.00000
Infeasibilities: 0.000000
Extended solver steps: 1
Total solver iterations: 64
Elapsed runtime seconds: 1.59
Model Class: MILP
Total variables: 27

Nonlinear variables: 0

Integer variables: 24
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Total constraints:
Nonlinear constraints:

Total nonzeros:
Nonlinear nonzeros:

Variable
X1
X2
X3

Yi1l
Y12
Y13
Y14
Y15
Y16
Y21
Y22
Y23
Y24
Y25
Y26
Y31
Y32
Y33
Y34
Y35
Y36
Y37
Y38
Y39
Y310
Y311
Y312

Value
8.000000
0.000000
3.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

Slack or Surplus
47.00000
25.00000
5.000000
2.000000
0.000000
0.000000
0.000000
0.000000
1.000000
1.000000

Reduced Cost

0

4

.000000
0.
0.
4.
.000000

000000
000000
000000

12.00000
16.00000
25.20000

32.
4.
8.

00000
000000
000000

12.00000
15.00000
16.00000
22.00000

5.

000000

10.00000
15.00000
20.00000
25.00000
30.00000
35.00000
40.00000
45.00000
50.00000
55.00000
60.00000

Dual Price

-1.
0.
0.
0.

-4.

-2.

-5.
0.
0.
0.

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000



!Problem 3B
Min Z) 4X1+2X2+5X3

st

1) X1+X2+X3 < 36
2) X1-X2+X3 < 16
3) 4X1 +4X3 > 42

SwX1l) X1-Y11-Y12-3Y13-4Y14-6.3Y15-8Y16 = 0

SwX2) X2-2Y21-4Y22-6Y23-7.5Y24-8Y25-11Y26 = 0

SwX3) x3—Y31—2Y32—3Y33—4Y34—5Y35—6Y36—7Y37—8Y38—9Y39—10Y310—11Y311—12Y312 =0
SwxlY) Y11+Y12+Y13+Y14+Y15+Y16 = 1

Swx2Y) Y21+Y22+Y23+Y24+Y25+Y26 < 1

Swx3Y) Y31+Y32+Y33+Y34+Y35+Y36+Y37+Y38+Y39+Y3104+Y311+Y312 > 1

End

int Y11
int Y12
int Y13
int Y14
int Y15
int Y16
int Y21
int Y22
int Y23
int Y24
int Y25

int Y26
GIn X3

Solution:

Global optimal solution found. \44/
Objective value: .00000

Objective bound: 47.00000
Infeasibilities: 0.000000
Extended solver steps: 0
Total solver iterations: 27
Elapsed runtime seconds: 0.05

Model Class: MILP
Total variables: 27
Nonlinear wvariables: 0

Integer variables: 13

Total constraints: 10
Nonlinear constraints: 0

Total nonzeros: 62
Nonlinear nonzeros: 0

Variable Value Reduced Cost
X1 8.000000 0.000000
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X2
X3
Y11l
Y12
Y13
Yl4
Y15
Ylé
Y21
Y22
Y23
Y24
Y25
Y26
Y31
Y32
Y33
Y34
Y35
Y36
Y37
Y38
Y39
Y310
Y311
Y312

0.000000
3.000000
0.000000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.8000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.2000000
0.000000

oNeoNoNeoNolelNolNoo)

Slack or Surplus
47.00000
25.00000
5.000000
2.000000
0.000000

.000000

.000000

.000000

.000000

.000000

o= O O0OO0o

0.000000
5.000000
4.000000
4.000000
12.00000
16.00000
25.20000
32.00000
4.000000
8.000000
12.00000
15.00000
16.00000
22.00000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

Dual Price
-1.000000
0.000000
0.000000
0.000000
-4,000000
-2.000000
0.000000
0.000000
0.000000
0.000000



!Porblem 4

Min 550T1+900T2+450T3+980T4

+0.55X1A+0.65X1B+0.50X1C+0.58X1D+0.41X1E
+0.45X2A+0.48X2B+0.55X2C+0.50X2D+0.45X2E
+0.38%X3A+0.43X3B+0.38X3C+0.68X3D+0.60X3E
+0.35X4A+0.35X4B+0.27X4C+0.46X4D+0.65X4E

S.T.

3500T1-X1A-X1B-X1C-X1D-X1E |>=
7500T2-X2A~-X2B-X2C-X2D-X2E [>=
8000T3-X3A-X3B-X3C-X3D-X3E [>=
12000T4-X4A-X4B-X4C-X4D-X4E\ >

X1A+X2A+X3A+X4A = 2000
X1B+X2B+X3B+X4B = 3000
X1C+X2C+X3C+X4C = 2500
X1D+X2D+X3D+X4D = 4800 _20

[oRe]

X1E+X2E+X3E+X4E = 7500
3500TA1-X1AIE;
3500TB1-X1B

TA1+TBl <=1
7500TA2-X2A >=
7500TB2-X2B >=
TA2+TB2 <= 1
8000TA3-X3A
8000TB3-X3B 0
TA3+TB3 <=
12000TA4-X4 =0
12000TB4-X4B
TA4+TB4 <= 1
END

INT T1

INT T2

INT T3

INT T4

INT TAl

INT TA2

INT TA3

INT TAd4

INT TB1

INT TB2

INT TB3

INT TB4

i
o (=N

|
[«
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Solution:
Global optimal solution found. \//////

Objective value: 10398.00
Objective bound: 10398.00
Infeasibilities: 0.000000
Extended solver steps: 0
Total solver iterations: 189
Elapsed runtime seconds: 0.09
Model Class: MILP
Total variables: 32
Nonlinear variables: 0
Integer variables: 12
Total constraints: 22
Nonlinear constraints: 0
Total nonzeros: 92
Nonlinear nonzeros: 0
Variable Value Reduced Cost
Tl 0.000000 410.0000
T2 1.000000 900.0000
T3 1.000000 450.0000
T4 1.000000 980.0000
X1A 0.000000 0.2100000
X1B 0.000000 0.3400000
X1C 0.000000 0.2700000
X1D 0.000000 0.1600000
X1E 0.000000 0.000000
X2A 0.000000
0.7000000E-01
X2B 0.000000 0.1300000
X2C 0.000000 0.2800000
X2D 0.000000
0.4000000E-01
X2E 7500.000 0.000000
X3A 2000.000 0.000000
X3B 0.000000
0.8000000E-01
X3C 0.000000 0.1100000
X3D 0.000000 0.2200000
X3E 0.000000 0.1500000
X4A 0.000000 0.000000
X4B 3000.000 0.000000
X4C 2500.000 0.000000
X4D 4800.000 0.000000
X4E 0.000000 0.2000000
TAl 1.000000 0.000000
TB1 0.000000 0.000000
TA2 1.000000 0.000000
TB2 0.000000 0.000000

TA3 1.000000 0.000000
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0.4000000E-01

0.3000000E-01

TB3
TA4
TB4

0.000000
0.000000
1.000000

Slack or Surplus
10398.00
0.000000

0.000000
6000.000
1700.000
0.000000
0.000000
0.000000
0.000000
0.000000
3500.000
0.000000
0.000000
7500.000
0.000000
0.000000
6000.000
0.000000
0.000000
0.000000

9000.000
0.000000

0.000000
-360.0000
0.000000

Dual Price
-1.000000

0.000000
0.000000
0.000000
-0.3800000
-0.3500000
~-0.2700000
-0.4600000
-0.4500000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000



STUDENT #2 - Mid

S PRAIRIE V1 Ew - : % -
A\ WA Department of Civil & Environmental Engineering

Systems Engineering Fall 2020
Homework 87 Assigned: 10/29/2020
Due: Friday. Nov 06, 2020 at 1000 PM (Canvas)
SUBMIT THIS as cover sheet with your wor . v
{nstructions e saaelwith your work Name (PRINT] _Porld 2aldivar

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowlcﬁdsgof the solution method. A substantial portion of the grade will be based on your methods.

You may obtain free online-printed graph paper at: Nttp://www, printfreegraphpaper,con/
GRADE =
420

800

Problem 1 [100]

Solve the following discrete-valued linear program graphically. Show all the feasible points and plot the

objective function through the optimal point as a broken line (=========) X2 should be the ordinate.
Minimize Z = 6.0X1-6.0X2
$. T

2 X1 +2X2 < 24 [@9)
X1 - X< 6 €9
2X1 > 3 (3

X1¢(1,234,6.58); X2¢(0,24,6,7.58,11)

Problem 2 [250]
Consider the following discrete-valued problem:
Minimize T = 4 X1 + 2 X2 + X3
s:t. X1 + X2 % X3 £ 36 (1)
s T 3 DI « O 16 {2)
§x1 43 . B (3)

X1¢(1,2,3,4,6.3,8); X2¢(0,2,4,6,7.5,8,11); X3 ¢ (0,1,2,3,4,5,6,7,8,9,10,11,12)

Solve this problem by the Branch-And-Bound algorithm described in the class notes.

SHOW EACH STEP CLEARLY!
If you have more than one candidate LP to be solved, always select the continuous linear program

LP-k with the smallest number (k is the number of the candidate LP). For example, suppose you have
candidate LPs: LP-3 and LP-5, by this rule, you would choose to solve LP-3 first, Furthermore, always
branch on the variable with the smallest subscript; that is, if both X1 and X2 have unacceptable values,
branch on X1. When you branch, the LP to which the < constraint is added should be numbered lower
(i+1) and the LP to which the 2 constraint is added should be number higher (i+2).
ALL continuous LPs must be solved using LINDO-LP as a separate PURE LP model.

For each continuous LP, identify the PURE LP Model corresponding to each LP-k and its optimal
point(s) and the corresponding objective function (Z) value.

Provide the corresponding Branch-And-Bound tree to summarize your results. Whenever a “tree
branch” is fathomed, state the reason for the fathom.
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Problem 3 [150]

(a) [80] Solve the discrete-valued LP given in problem 2 using LINDO-MIP. Add the necessary constraints to allow
solution by the LINDO-MIP solver. ONLY one MIP must be solved to provide the solution. Write out the LINDO-
MIP program first (and include any “comment” statements which explain your model). Recall from the class notes
that you should introduce and use additional integer (0,1) variables to setup the program in LINDO-MIP format. An
additional consideration is that you must use the smallest number of integer (0,1) variables. [Hint: Use Binary
Expansion for variable X3 and show all work ]

(b) [70] Solve the discrete-valued LP given in problem 2 again, using LINDO-MIP. Add the necessary constraints to
allow solution by the LINDO-MIP solver. ONLY one MIP must be solved to provide the solution. Write out the
LINDO-MIP program first (and include any “comment” statements which explain your model). Recall from the
class notes that you should introduce and use additional integer (0,1) variables to setup the program in LINDO-MIP

format. In this situation you are required to use (add) GIN variable(s) where appropriate.
However you must still add the smallest number of additional binary (0,1) variables where necessary.

Problem 4 [300]

You have, as the owner and operator of a new trucking company, WeHaul and Drop. LLC. contracted to
make 5 deliveries each week to customers denoted as A through E (see the table below). You plan to
capitalize on your knowledge of Systems Engineering to optimize your operations. You have 4 different

delivery trucks, each having different operational costs depending on assignment and weight capacities as
follows:

COST [$/LB]
FOR CUSTOMER
CAPACITY | FIXED
TRUCK ] | costs A B g D E
1 3,500 | 550 0.55 | 0.65 | ©0.50 | 0.58 | 0.41
2 7,500 | 900 0.45 | 0.48 | 0.55 | 0.50 | 0.45
3 3,000 | 450 0.38 | 0.43 | 0.38 | 0.68 | 0.60
4 12,000 | 980 2.35 | 0.35 | 0.27 | 0. 0.65

Each week, you must make a 2,000 Ib. delivery to Customer A. a 3,000 Ib. delivery to Customer B. a 2,500
Ib. delivery to Customer C. a 4,800 Ib. delivery to Customer D, and a 7.500 Ib delivery to Customer E.
Because of location, a single vehicle cannot deliver to both Customers A and B.

Formulate and solve a mixed integer linear program (MILP) to determine the optimal shipping strategy that
minimizes the overall transportation cost of your company’s delivery operation.

[50] Clearly describe how you handled the requirement that the same truck cannot deliver to both Customers A and C in your LP,
[50] Present the LINDO modef and solution and describe the solution fully.

[50] On a network diagram, present the resuits of your model solution.

HINT:

You will probably need to define some continuous variables and some binary variables.
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Minimize

8t

Z* U ¥ 2%: 15%3

XiaXg + Xy £ 30 (1)
X'~ Xa ¥y % v (2)
Uy, ty¥y 24l (3)
% ® (‘,’2;3”4;(, 2,9)
Xe € (002,M4,0,7.9,%,11)
X €(0,1,2,3,4,%0,7,8,9,10,11,12)




Min Z) 4X1 + 2X2 + 5X3
ST

ONE) X1 + X2 + X3 <= 36
T™0) X1 - X2 + X3 <= 16
THREE) 4X1 + 4X3 >= 42

FOUR) X1 < 8

FIVE) X2 < 11

SIX) X3 < 12

LKL TAKES 1,-2, 3, 4, 6,3 8

: X2 TAKES 0, 2, 4, 6, 7.5,.8;, 11

E NS TAKES S, 1, 2,3; 4. 576 ¢+ 7.8, 9. 18 11, 12
SWITCH1) X1 - Y11 - 2Y12 - 3Y13 - 4Y14 -6.3Y15 -8Y16 = @

LIMIT1) Y11 + Y12 + Y13 + Y14 + Y15 + Y16 < 1

+
SWITCH2) X2 - 2Y21 - 4Y22 - 6Y23 - 7.5Y24 - 8Y25 - 11Y26 = @
LIMIT2) Y21 + Y22 + Y23 + Y24 + Y25 + Y26 < 1
+

SWITCH3) X3 - Y31 -2Y32 - 3Y33 - 4Y34 - 5Y35 - 6Y36 - 7Y37 - 8Y38 - 9

LIMIT3) Y31 + Y32 + Y33 + Y34 + Y35 + Y36 + Y37 + Y38 + Y39 + Y310 +
END

-215
Incomplete
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Min Z) 4X1 + 2X2 + 5X3

o

ONE) X1 + X2 + X3 <= 36
TWO) X1 - X2 + X3 <= 16
THREE) 4X1 + 4X3 >= 42

FOUR) X1 < 8

FIVE) X2 < 11

Sl X3 < 12
1- XL TAKES 1;:2, 3,
!-X2 TAKES 0, 2, 4,
] X3 TAKES 8, 1, 2, ’
SWITCH1) X1 - Y11 - 2Y12 - 3Y
LIMIT1) Y11
SWITCH2) X2
LIMIT2) Y21
SWITCH3) X3
LIMIT3) Y31

END
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT
INT

Y1l
Y12
11
Y14
Y15
Y16
Y21
Y42
Y23
Y24
Y25
Y26
Y31
Y32
¥33
Y34
Y35
Y36
Y37
Y38
Y39
Y310
Y311
Y312

-+

-+
e

» 0e3; 8
7:5; 8;- 11
4,0, 8%, .8, 9718, 11, 12

13 - 4Y14 -6.3Y15 -8Y16 = @

Yi2 +# Y13 + Y14 + Y15+ Y16 < 1

2Y21 - 4Y22 - 6Y23 - 7.5Y24 - 8Y25 - 11Y26 = ©

Y22 + Y23 + Y24 + Y25 + Y26 < 1

Y31 -2Y32 - 3Y33 - 4Y34 - 5Y35 - 6Y36 - 7Y37 - 8Y38 - 9

Y32 + Y33 + Y34 + Y35 + Y36 + Y37 + Y38 + Y39 + Y310 +

w o
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Problem 4 CVEG 4093 Fall 2020 PZ

Variables Definition
¥4 = 9,1, binary:Tor truck L 1.1;- 2. 3. 4) Y1

1 (if truck is used

Xij = quatity in pounds (1b) supplied to truck i, j (customer)
= 1, quantity supplied using truck i to customer A
YBi = 1, quantity supplied using truck i to customer B

!

!

!

!

! YAL
|

|

! Objective function
|

Min Z) 550Y1 + 900 Y2 + 450Y3 + 980Y4

+ 0.55X1A + 0.65X1B + 0.50X1C + 0.58X1D + 0.41X1E
+ 0.45X2A + 0.48X2B + 0.55X2C + 0.50X2D + 0.45X2E
+ 0.38X3A + 0.43X3B + 0.38X3C + 0.68X3D + 0.60X3E
+ 0.35X4A + 0.35X4B + 0.27X4C + 0.46X4D + 0.65X4E

st

3500Y1 - X1A - X1B - X1C - X1D - X1E >= 0

7500Y2 - X2A - X2B - X2C - X2D - X2E >=

8000Y3 - X3A - X3B - X3C - X3D - X3E
X4C - X4D - X4E >= 0

12000Y4 -
X1A + X2A
X1B + X2B
X1C + X2C
X1D + X2D
X1E + X2E
3500Y1A -
3500Y1B -
YAl + YB1
7500Y2A -
7500Y2B -
YA2 + YB2
8000Y3A -
8000Y3B -
YA3 + YB3

12000Y4B - X4B >=

X4A - X4B -

+
+
i
+

+

X3A + X4A
X3B + X4B
X3C + X4C
X3D + X4D
X3E + X4E

X1A >= 0
X1B >= 0

<=1

X2A
X2B

>=0
>=0

<=7

X3A
X3B

>= 0
>=:0)

<= )

12000Y4A — X4A >= 0

0

YA4 + YB4 <=1

END

INT Y1
INT Y2
INT Y3
INT Y4
INT YAl
INT YA2

2000
3000
2500
4800
7500

>=

0
0
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Final Exam

(Problem 06)



6 [75]
6(a) [15]

What is resiliency. Give and describe 3 factors used to determine resileincy

Factor 1

Factor 2

Factor 3

6(b) [15]
What is the relationship between risk and uncertainty in engineering design?

6(c) [15]

How is risk addressed/managed in the design of drainage systems?

6(d) [15]
Civil engineers must work with three key players in the project delivery process. List and describe each one
Player 1

Player 2

Player 3

6(e) [15]
A typical project moves through several phases as its developed and implemented
List and any three

Phase 1

Phase 2

Phase 3

CVEG 4093701 + Systems Engineeringe Fall 2020 -« Final Exam Online*
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STUDENT #2 - Mid

6 [75]

el g

What s resiliency. Give and describe 3 factors used to determine resileincy
pa

i /
Factor 1 Lﬁ); Q gk\r DAA AN ]
Factor 2 rAENNN I Bt cd ol
Factor 3 A,,,',A‘(;,',g-,.\ 2l D”%'f‘"? o
. ~ ( Vel o)

6(b) [15]
What is the relationship between risk and u?rtainty in engineering design?,
£

\

e Wdgher [rOfnaingy dhe pigoer Yhehel
J V 7 =

6(c) [15]

How is risk addressed/managed in the design of drainage systems?
Yelna Gy, %1 /%P,

-}a!ln w2 oY rx e\,

6(d) [15]
Civil engineers must work with three key players in the project delivery process. List and describe each one
Payer1 O Nievnl  — povseyn pavine

Player2 \Dijanes~ —  Weo ZarySacm n’t&a’gnl'\%.
Player3 O¥w®pl ¢ ordraciel * — the perseh Bl g

6(e) [15]
A typical project moves through several phases as its developed and implemented
List and any three
Phase 1 g(f)n oL DC%QV]
Phase2  {2¢%/or Develohh Cng /
Phase3 Q0N SIriaCHe4n VY 0or ¢a P\q %ét 4
\"4
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6(a) [15]
Wllft is resiliency. Give and describe 3 factors used to determine resileincy
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6(b) [15,

W{hzt[i.s t{le relationship between risk and uncertainty in engineering desig .
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6(c) [15]
How is risk addressed/managed in the design of drainage syiems?
Delermining dhe frdbeblfity ) PC//\[)(-/:\/\< "’y (j/a://f’L
0 (Mo, PaepmetesrS

mavieg o g7

Mocle,uv.) En)  rlic pcud

6(d) [15] |
Civil engineers must work with three players in the project delivery process. List and describe each one
Player 1 C 1 gn - Degermines how pley b bhe Pro'ect (0 set c/,c)me,
Player2 [ /intror L/).{/!”Giéf Nd on arpleet oMl Cervrute ¢
Player 3 [ et F State / £ el ore ) {:“nucw!’)’l&/"r’ -~ Plovid es fG‘?U"-’""O"IS
Conn | (rodes W09 Mgk e 5 d e NI i
/a\

D)

6(e) [15]

/-\_ typical project moves through several phases as its developed and implemented
List and any three
Phase 1 «SC hematl )esien

Phase2 _ flesS el o el imen—

Phase 3 QOna’HU&F,’Un ODLUW\@\"S 6%
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ASSIGNMENTS FOR ABET OUTCOME 7/

Ability to acquire and apply new knowledge as needed,
using appropriate learning strategies




DEPARTMENT OF

CIVIL & ENVIRONMENTAL ENGINEERING

OUTCOME SPECIFIC ASSIGNMENT
COVER SHEET

CVEG 4303
Water Resources Engineering

Spring 2022
Instructor: Dr. Emmanuel U. Nzewi, PE

Title of Assignment

1] Homework 04 — Solution of LPs using LP software and interpretation of results.
2] Homework 06 — Solution of MILPs using LP software for discrete math models

Outcome Measured Using this Assignment

Outcome 7
Ability to acquire and apply new knowledge as needed, using appropriate
learning strategies

Brief Description of the suitability of this assignment for the
outcome

In these homework exercises, the student is required to solve both pure LPs and Mixed Integer
Linear Program (MILPs) using LINGO software
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aelaebeataMd Department of Civil & Env ental Engineering

CVEG 4304 POl Systems Engineering Spring 2022
Dr. Nzewr Homework @4 Updated Assigned: 03/28/2022

SOLUTION OF LINEAR PROGRAMS (LPS) VIA LINDO

Due: Wed, March 30, 2022 at 10: 30 AM (in Class)
Due: Tue. March 29, 2022 at 11.:@0 PM (CANVAS)

SUBMIT THIS as cover sheet with your work Name [PRINT]_MARWIKA AQGARNIAL
Instructions:

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

_ GRADE=

i

600

In the solution of the following problems you must provide the following to support your solution:
Provide and describe your LP including at least 1 sentence that describes each constrain! and the objeclive function in the Standard form.
{This description should be imbedded in your LINDO LP model.)

Pravide the LINDO/LINGO formatted model. Include a LINGO label for the Objective function and each Constraint.
Provide the LINDO/LINGO solution.

Interpret the LINDO/LINGO solution results.

Provide your LINDO model and the LINDO sotution in the format described in class

(using a FIXED width font; for example, Courier or Monaco).

1.1399] from Homework @2

Blending Problems: This is another farge class of problems in which linear programming is applied heavily. Blending is concemed with mixing different
materials called the constituents of the mixture {these may be chemicals, gasoline, fuels, solids, colors, foods, elc.) so that the mixture conforms to
specifications an several properies or characteristics. To model a blending problem as an LP, the linearity assumptions must hold, This implies that the
value for a characteristic for the constifuents in the mixtures are the weighted average of the values of that characteristic for the constituents in the mixture;
the weights being the proportions of the constituents. As an example, consider a mixture consisting of 4 barrels of fuel 1 and 6 barels of fuel 2, and suppose
the characteristic of interest is the octana rating (Oc.R). If linearity assumptions hold, the Oc.R of the mixture must be equal to (4 times the Oc.R of fuel 1
+ 6 limes the Oc.R of fuel 2)/(4 +6). These linearity assumptions hold to a reasonable degree of precision for many important characteristics of blends of
gasolines, of crude oils, of paints, of foods, etc. That's why linear programming is used extensively in optimizing gasoline blending, in the manufacture of
paints, catlle feeds, beverages, etc. The decision variables in a blending problem are usually either the quantities or the proportions of the constiluents,

mPpo®m

Three liquid mixtures are to be designed as provided in the table below to contain a special chemical called “Optim.”

Material Optim [%] | Availability [gaflons] Cost [$/gallon]
1 45 200 20
2 35 1600 - 15
,. 3 65 700 ' 30
L a 30 1500
T TMinimum | Maximum | Requlred Amount [
Mixture Optim [%] E__t_]ptim [%)] | [gallons] _Selling | Pnce ($.-'5allon)
X 25 45 600 }
Y 30 50 1200 105
z 40 65 900 ' 140

Formulate an LP model to determine the production plan that maximizes proﬁt.



Job Scheduling or Project Management Problems [Look up information about PERT or Critical Path Method (CPM)]

You are the project manager for a construction project (maybe capstone design) and you must schedule the various jobs which
must be completed before the project is finished, Some of the jobs can begin immediately but other jobs can only begin after
others are completed. For example, grading can begin immediately but laying a foundation must be delayed untirthe grading
is completed. The data below are for a project which includes ten jobs; the time it takes to complete each job is known and the
set of jobs which must be completed before each job can begin is known. Your objective is to find a schedule (i.e. beginning
times and ending times} for all of the jobs such that no jobs begins before any of its predecessors are completed and the time
when all jobs are finished is minimized. Formulate a linear programming model to solve the problem.

For the following problem, formulate the Linear program or LP as follows:
1) Define the decision variables and briefly explain the significance of each one or group of variables.
2) Describe each constraint and the objective function adequately in one or two sentences.
3) After developing your model, provide the entire Linear program {LP) on one page.
4) Provide the activity network diagram
Be sure to include the non-negativity constraints as necessary.

ob Time to Complete Job Preceding Jobs
P B
1 8 days none
2 6 days 1
3 7 days none
4 12 days 3
5 4 days 1.3
6 8 days 23
7 7 days 12,5
8 14 days 45
9 7 days 56
10 9 days 1,4

Let Bi be the day on which activity i may start; for example B1 is the day job 1 may begin.

Let EF be the earliest time (days) when all jobs have been completed.

CVEG 4304 ‘Systems Engineering  +-Spring 2022 * Homework @4 . Page 20f 2
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CVEG 4304 Systems Engineering MAALVIKA AGGARWAL
POl Homework - 4 03/29/2022

PROBLEM 1
LP MODEL:

TITLE MATERIAL PROBLEM

{Revenue in mixture X TO{X1 + X2 + X3 + X4)

105(Y¥1 + Y2 + Y3 + Y4} \/@

140(Z1 + 22 + 23 + Z4)

t

'Revenue in mixture Y

tRevenue in mixture Z

'Total Revenue = 70({(X1 4 X2 + X3 + X4) + 105(Y1 + Y2 + Y3 + Y4) + 140(z1 + 22
+ 23 + Z4) .

20(X1 + Y1 + Z1)

'Cost for Material 2 = 15{X2 + Y2 + Z2) i;;)
!Cost for Material 3 I0(X3 + Y3 + 23) \\ﬁj/x/f/f’

'Cost for Material 4 = 25{X4 + Y4 + Z4)

il

!Cost for Material 1

'Total Cost = 20(X1 + Y1 + Z1) + 15(X2 + Y2 + Z2) + 30(X3 + Y3 + Z3) + 25(X4
+ Y4 + Z4)

'Total Profit Total Revenue - Total Cost

'Total Profit = 50 X1 + 55 X2 + 40 X3 + 45 X4 + 85 Y1 + 90 Y2 + 75 Y3 + 80 Y4
+ 120 21 + 125 22 + 110 Z3 + 115 Z4

ILP is

MAX PROFIT) 50 X1 + 55 X2 + 40 X3 + 45 X4 4+ 85 Y1 + 90 Y2 + 75 Y3 + 80 Y4 +
120 21 + 125 22 + 110 Z3 + 115 z4

! Let X1, X2, X3, X4 be the materials 1, 2, 3, and 4 respectively, in
gallons, required for mixture X for Optim
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! Let Y1, Y2, Y3, Y4 be the materials 1, 2, 3, and 4 respectively, in
gallons, required for mixture Y for Optim

! Let 21, Z2, Z3, Z4 be the materials 1, 2, 3, and 4 respectively, in (oa

gallons, requj for mixture=-E=<{or-{ptim ?
'

SUBJECT TO

1 + X2 + X3 + ¥ ! Demand constraint for mixture X, must be
greater than equal to the reguired amount

Y1 + Y2 + Y3 + Y4 >= 1200 ! Demand constraint for mixture Y, must be
greater than equal to the required amocunt

21 + 22 + 23 + Z4 >= 900 ! Demand constraint for mixture Z, must be
greater than equal to the required amount

X1 + Y1 + 21 <= 800 ! Availability constraint for material 1, must be
less than equal to the availability in gallons

X2 + Y2 + Z2 <= 1000 ! Availability constraint for material 2, must be
less than equal to the availability in gallons

X3 + Y3 + 23 <= 700 ! Availability constraint for material 3, must be
less than equal to the availability in gallons

X4 + Y4 + 24 <= 1500 ! Availability constrain O L~ ital 4, must be

less than equal to the availability in gallons (;

20 X1 + 10 X2 + 40 X3 + 5 X4 >= 0D ! Minimum Optim constraint for material
X

15 Y1 + 5 Y2 + 35 Y3 + 0 Y4 >= 0 ! Minimum Optim constraint for material
Y

521 - 5 Z2 + 20 Z3 - 10 Z4 >= 0 ! Minimum Optim constraint for material
Z

0 X1 - 10 X2 + 20 X3 - 15 ¥4 <=0 ! Maximum Optim constraint for material
X

-5 ¥l - 15 Y2 + 15 ¥3 ~ 20 Y4 <= O ! Maximum Optim constraint for material
Y

3N ]
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-20 71 - 30 22 + 0 23 - 35 Z4 <=0 ! Maximum Optim constraint for material
2

Xl >= 0 !No negativity constraint

X2 >= 0

X3 >= 0

X4 >= 0 )

Y1 >= 0

Y2 >= 0

Y3 »>= 0

Y4 >= 0

Z1 >= 0

22 »>= 0

Z3 >= 0

24 >= 0

END

SOLUTION:

LINGO/WIN64 19.0.53 (17 Feb 2022), LINDO AP1 13.0.4099.331

Licensee info: Term license, EuNzewi@PVAMU.edu

License expires: 2 OCT 2022

Global optimal solution found.

Objective value: 3865G0.0
Infeasibilities: 0.000000
Total solver iterations: ‘1 9 @
Elapsed runtime seconds: Vo.21

.
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(::; Model Class: LF

Total variables: 12
Nonlinear variables: 0
Integer variables: 0
Total constraints: 26
Nonlinear constraints: {
Total nonzeros: 69
Nonlinear nonzeros: 1]

Model Title: MATERIAL PROBLEM

Variable Value Reduced Cost
X1 0.000000 0.000000

= X2 400.0000 0.000000
0.000000 0.000000

200.0000 0.000000

800.0000 0.000000

400.,0000 0.000000

G.000000 0.000000

Y4 0.,000000 0.000000

z1 0.000000 0.000000

Z2 200.0000 0.000000

Z3 700.0000 0.000000

(::) “w Z4 1300.000 0.000000
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(::} Row Slack or Surplus Dual Price
PROFIT 386500.0 1.000000

2 0.0000060 -70.00000

3 0.000000 -35.00000

4 1300.000 0.000000

5 0.000000 120.0000

6 0.000000 125.0000

7 0.000000 110.0000

8 0.000000 115.0000

9 5000.000 0.000000

10 14000.00 0.000000

11 0.000000 0.000000

12 7000.000 0.000000

10000.00 0.000000
51500.00 0.000000
0.000000 0.000000
400.0000 0.,000000
0.000000 0.000000
200.0000 0.000000
19 800.0000 0.000000
20 400.0000 0.000000
21 0.000000 0.000000
22 0.000000 0.000000
23 0.000000 0.000000
24 200.0000 0.000000
25 700,0000 0.000000

"
() 26 1300.000 0.000000
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PROBLEM 2

LP MODEL:

TITLE PRECEDING JOBS PROBLEM

'Let Ef be the earliest time, in days, to complete all jobs

'!Let Bi be the day on which activity i may start for i= 1, 2, 3, 4, 5, 6, 7,
g, 9, and 10

MIN EF !Obiective function (Objective function is to minimize the time it
takes to finish all jobs)

SUBJECT TO

B2 - Bl >= 8§ 'It takes 8 days to finish job Bl, Job Bl must start
before job B2

B - Bl »>= 8 !It takes 8 days to finish job Bl, Job Bl must start
before job BS

B7 - Bl >= 8 !Tt takes 8 days to finish job Bl, Job Bl must start
before job B7

B10 - Bl »>= 8 'It takes 8 days to finish job Bl, Job Bl must start
before job B10

B6 - B2 >= 6 'Tt takes 6 days to finish job B2, Job B2 must start
before job B6

B7 - B2 >= 6 'It takes 6 days to finish job B2, Job B2 must start
before job B7

B4 - B3 >= 7 'It takes 7 days te finish job B3, Job B3 must start
before job B4

BS - B3 >= 7 'Tt takes 7 days to finish job B3, Job B3 must start
before iob B5

B6 - B3 >= 17 'It takes 7 days to finish job B3, Job B3 must start
before job B6
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B8 - B4 >= 12 'It takes 12 days to finish job B4, Job B4 must start
before job B8

B10 - B4 >= 12 'It takes 12 days teo finish job B4, Job B4 must start
before job B10

B7 - BS »= 4 'It takes 4 days to finish job B5, Job BS must start
before job B7

B8 - B5 >= 4 'Tt takes 4 days to finish job BS5, Job BS must start
before job B8

B9 - B5 >= 4 'Tt takes 4 days to finish job BS5, Job B5 must start
before iob B9

B9 - B6 >= 8 'It takes B8 days to finish job B6, Job B6 must start
before job B9

Ef - Bl >= 8B 'Finishing Job Limit Constraints (The time taken for
respective jobs must be less than equal to Ef)

Ef - B2 >= &
Ef - B3 >= 7
Ef - B4 >= 12
Ef - B5 >= 4
Ef - B6 >= 8
Ef - B7 >= 1
Ef - B8 >= 14

Ef - B9 >= 7

Ef - B10 >= 9

Bl >= 0 !Non-negativity constraint
Bz >= 0
B3 >= 0

B4 >= 0
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BS >= 0

B6 >= 0

B7 >= 0

B8 >= 0

B8 >= 0

B10 >= 0

EF >= 0

END

SOLUTION:

LINGO/WIN64 19.0.53 (17 Feb 2022), LINDO API 13.0.4099.331

Licensee info: Term license, EuNzewi@PVAMU.edu

License expires: 2 OCT 2022

Global optimal solution found.

Objective value: 33.00000
Infeasibilities: 0.000000
Total solver iterations: 4]
Elapsed runtime seconds: 0.37
Model Class: LP
Total variables: 11
Nonlinear variables: 0
Integer variables: 0

03/29/2022
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Total constraints:

Nonlinear constraints:

Total nonzeros: B2

Nonlinear nonzeros:

Model Title: PRECEDING JOBS PROBLEM
Variable
EF

B2

P
Wi

BS

BS

Row

Systems Engineering
POl Homework - 4

37 A,

Value
33.00000
8.000000
0.000000
8.006000
14.,00000
19.00000
14.00000
7.000000
0.600000
19.00000

22.,00000

Siack ar Surplus

33.00009

0.000000

0.000000

6.000000

MAALVIKA AGGARWAL
03/29/2022

Reduced Cost
0.000000
0.000000
0.000000
0.006000
0.000000
0.000000
0.000000
0.000000
1.000000
0.000000

0.000000

Dual Price
-1.,0000600
0.000000
0.000000

0.000000
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5

6

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

11.00000

0.000000

0.000000

0.000000

1.000000

7.000000

0.000000

0.000000

2.000000

7.000000

10.00060

0.0000060

25.00000

19.00000

26,00000

14.00000

21.,00000

11.00000

12.00000

0.000000

4,000000

5.000000

0.000000

8.000000

0.006000

7.000000

8.000000

14.00000

MAALVIKA AGGARWAL
03/29/2022

0.000000
0.000000
0.000000
-1.000000
0.000000
0.000000
-1.000000
‘0+000000
0.000000
0.000000
0.000000
0.000000
0,000000
0.000000
0.000000
0.000000
0.,000000
0.000000
0.000000
-1.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000

10
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33
34
35
36

37

14.00000

19.00000

22,00000

19.00000

33.00000

0.000000

0.000000

0.000000

0.000000

0.000000

MAALVIKA AGGARWAL
03/29/2022
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