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Appendix N – Roadway Development and Geotechnical Activities
1.
Task
The roadway development activities consist of two components: roadway construction and geotechnical activities.  The roadway construction activity requires coordination of delivery of paving materials with the cadet working groups.  The "time critical" portion of the roadway activity is the asphalt paving. The timing and duration of other activities will be adjusted based on the progress of the asphalt paving.

During the roadway activity cadets will place a section of asphalt roadway, learn about asphalt mixture design and layout a horizontal curve.  Each flight will split into four groups and each group will rotate through each of these activities during the course of the morning, with two groups at the paving operation, one discussing the Marshall mix design method and one laying out a horizontal curve.  The groups at the paving operation will also be responsible for traffic control on the roadway, to ensure the safety of the personnel working on the roadway activity site.  The flight will complete a section of roadway approximately 8-feet wide by 200-ft long using approximately 40 tons of asphalt.  The roadway activity will be completed in the morning hours.

The geotechnical activities consist of hands on soils testing, a soils walk and demonstrations of geotechnical testing equipment and procedures.  The demonstrations will include: subsurface investigation using a drill rig, a Standard Penetration Test (SPT) and a Dynamic Cone Penetrometer (DCP) test.  Cadets will be divided into three groups after the demonstrations.  One group will be lead on a soils walk, a second group will perform a sand cone density test and the third group will perform a compaction test.  The activities will take place in the afternoon.

Upon completion of the afternoon activities, the flight will report back to the classroom to complete a brief, multiple-choice quiz. The Cadet Flight Commander will ensure that the areas are clean prior to dismissal.
2.
Purpose
This activity will allow cadets to observe how soil types, moisture and compaction affect road base strength.  Cadets will see firsthand the different components of a flexible pavement as they are installed.  Cadets will practice surveying as it applies to roadway development.  Cadets will practice heavy equipment operating skills and appreciate the magnitude of effort required to build a modern road.

The geotechnical activities will allow cadets to form an understanding about in-situ soil investigation and testing, soil genesis and deposition and compaction principles.

The geotechnical activities relate directly to Civ Engr 390, Introduction to Soil Mechanics.  The paving operation and the compaction activities relate directly to CIV ENGR 488—Pavement Design and Transportation. The equipment operations relate to Civ Engr 480—Construction Management and Administration. 

3.
Learning Objectives
a)  Identify the components of flexible and rigid pavements and how these components interact to form roadway and airfield pavement systems.



1)  draw cross-sectional diagrams of both



2)  describe the difference between the load transfer mechanisms

b)  Describe the steps in roadway layout and construction for both flexible and rigid pavements



1)  surveying



2)  subgrade and base course preparation 



3)  placement (plus rolling for ACC and finishing for PCC)
c)  Demonstrate knowledge of some basic soil characteristics:



1)  distinguish between fine and course grained soils


2)  identify strength, compressibility, and permeability as the three fundamental 



engineering properties of soil



3)  describe how compactive effort affects soil density, strength, and compressibility
       
4)  describe how soil type, water content, compaction equipment used, and compactive effort 



affect the degree of compaction



5)  select appropriate field compaction equipment based on soil types

d)  Give examples of how equipment operator skill influences the ability to meet design specifications in a finished pavement system and how it impacts the construction process.

e)  As a group, list and implement safety procedures used during roadway development.

f)  Given two centerline tangents and curve data, describe how to layout a curve and how it is surveyed on site.

g)  Given locations of the PI, PC, PT, a fixed reference point, and curve data including tangent distances and offsets for each station, be able to locate and place centerline and edge station markers.

h)  Given benchmark, centerline, and edge elevations, be able to place survey stakes to the proper elevation.

i)  Describe the purposes of compaction.

j)  Describe typical compaction specifications and the methods used to verify that the specifications were achieved.

k)  Compare and contrast the SPT procedure and DCP procedure.

l)  Describe the genesis and disposition mechanisms of soil.
m) Use field testing procedures to characterize soil type.
4.
Roles and Responsibilities of the Cadet Flight Commander
Before the Roadway Development Activity begins, each Cadet Flight Commander is expected to:

1)
Contact activity leader the night before construction for any final schedule changes

2)
Know when and where the flight is to report that morning and ensure ALL cadets are on time

The Cadet Flight Commander is expected to be present during the Roadway Development Activity to act as an aide to the instructors.  Cadet Flight Commanders have the following responsibilities:

1)
Act as a safety monitor

2)
Aid in a smooth transition of cadet teams from operation to operation

3)
Ensure each cadet gets time as both a laborer and equipment operator

4)
Ensure water is available on site
5) 
Ensure all the classroom and work areas are clean prior to flight dismissal
Cadet Flight Commanders should monitor the construction process especially at operations where the instructor is absent.  Cadet Flight Commanders should immediately correct any safety violations they observe.  If the Cadet Flight Commander notices a bottleneck in the flow of cadet teams from one operation to the next operation, the Cadet Flight Commander should bring this to the attention of the NCOIC, mentors or task director, who will give directions to alleviate the problem. It may not be possible for each cadet to operate every piece of heavy equipment used in the construction process.  Cadet Flight Commanders should ensure that each cadet is rotating between manual labor and equipment operations as the teams move from operation to operation.

5.
Assignments and Assessments
Evaluation for this task consists of an individual participation grade and a short quiz.

6.
Safety
Roadway construction is a very dangerous activity.  Multiple tasks will be run concurrently.  Each task may use several pieces of heavy equipment.  Cadets must remember and follow the safety rules cadets learned during their equipment operation lessons.  As a reminder, recall the following general rules:

1)
Equipment will inspected (usually by mentors) prior to operation and periodically thereafter.

2)
Equipment will not be started or placed in motion until a 360-degree walk around is accomplished.

3)
Ensure proper hearing protection is available and used.

4)
Safe operating speeds will not be exceeded.

5)
Seat belts will be used whenever available.

6)
Ensure standard hand signals are used.

7)
Ensure only one person is giving hand signals.

8)
Never leave equipment running and unattended.

9)
Never mount or dismount equipment that is still moving.

10)
When mounting/dismounting equipment always face towards the machine; use hand and foot holds.

11)
 Lower all attachments to the ground before exiting the equipment.

12)
Always use a spotter when backing any piece of equipment 

13)
Never make adjustments or perform operator's maintenance with the equipment running.

14)
Never allow riders on the equipment, unless it is designed for it.

15)
Always be alert to what's going on in the immediate work area.

7.
Equipment List
Cadets must have work gloves, hardhat, earplugs and wear steel-toed boots (or boot caps) for the paving operation.  DFCE will provide all the heavy equipment and hand tools required.  For the afternoon activities cadets must bring a pencil and a calculator.

8.
Supplemental Reading

Daily Plan
a)  Morning Plan:

The Roadway Development Activity is heavily loaded toward the morning in order to avoid the afternoon thunderstorms common during the summer.  The day will begin with a short classroom discussion on paving operations followed by instruction at the construction site.  During this period we will cover the basic process of constructing a flexible pavement.  After these overview lessons, roadway construction will begin.  Construction is scheduled to be completed by 1130 each day.  After construction is completed and the site is cleaned up, the flight will be dismissed for lunch.
Flights will be divided into four teams.  These teams will rotate through paving (2 teams), asphalt mix design and surveying.  A detailed outline of these operations is given in paragraph 6 below.  Each team will spend approximately 45 minutes at each operation.  However, since asphalt placement is the critical phase, other operations will have to be flexible.

b)  Afternoon Plan:

The geotechnical activities consist of hands on soils testing, a soils walk and demonstrations of geotechnical testing equipment procedures.  Flights will be divided into three groups: one group will be lead on a soils walk, a second group will perform a sand cone density test and the third group will perform a compaction test.  Cadets will spend approximately 45 minutes in each of these tasks. A short quiz will be given upon completion of all tasks.  The activities will begin about 30 minutes after lunch and be completed by 1630.
Operations

a)  Morning

Surveying

The purpose of this task is to properly layout a horizontal curve so that the road is built in the right place at the right elevation.  At every station on the project cadets will place a "blue top" marking the centerline of the road and surveying stakes marking the edges of the road.   Each stake must be marked with the desired elevation of the base course.  The road will be crowned, that is the center of the roadway will be higher than the edges.

Personnel:
2 Cadets on instrument; 2 Cadets on rod or target; 1 Mentor

Marshall Mix Design

The purpose of this task is to become familiar with hot mix asphalt ingredients and specifications and to determine the optimum asphalt content of an asphalt design.  Cadets will use some asphalt from the paving activities to compact a Marshall puck, from which strength, deformation and volumetric characteristics of the asphalt mix can be determined.  Cadets will also use data from an asphalt mix to determine if the optimum asphalt content meets industry standard specifications.

Paving 1

The objective of this task is to place the hot mix asphalt on the roadway at the proper thickness so that it can be compacted by the team doing the Paving 2 task.  Cadets will have to feed the hot mix asphalt from the dump truck into the paving machine.  Close coordination with flight mates in the Paving 2 task is essential.  Cadets will probably have to move laborers back and forth between the two tasks.

Paving 2

The objective of this task is to compact the hot mix asphalt with the roller.  Cadets will have to help the team doing the Paving 1 task during placement of the hot mix asphalt.  After the asphalt has cooled to the proper temperature, cadets will be able to compact it.  .  Close coordination with flight mates in the Paving 1 task is essential.  Cadets will probably have to move laborers back and forth between the two tasks.

Traffic Control (when necessary as determined by the activity leader)
The objective of this task is to ensure that vehicular traffic is maintained on the roadway where the construction activities are taking place.  Cadets will be responsible for the safety of fellow flight mates and mentors that are working on the roadway completing surveying operations, base coarse placement and paving.  Cadets are in control of the vehicles that travel on the roadway and must be in constant communication with the other cadets in the traffic control group.

b)  Afternoon

Soils Testing (drill rig, SPT, DCP, etc.)
This activity consists of demonstrations and hands on experiments that familiarize cadets with in-situ soil testing methods.   Cadets will learn how soil properties, such as strength and density are measured in the field and how soils are sampled at greater depths than can be reached by a hand auger.   Cadets will receive a general briefing on the types of testing that can be performed in the field using a trailer mounted drill rig.  Cadets will be exposed to the various types of soil sampling methods and the equipment needed to complete these tests. Additionally, a sample hole will be drilled to illustrate the capabilities of the trailer mounted drill rig.  A Standard Penetration Test (SPT) will be completed on the soil in the area of the drill rig, using the SPT setup on the rig.  Two logistics cadets will assist the instructor in the completion of this test.  The SPT test will give the cadets a rough assessment of soil strength that that can be compared to the results achieved using another field testing method, the Dynamic Cone Penetrometer test which will be demonstrated by the instructor.  During this activity, cadets will need a pencil and a calculator.  All required data sheets will be supplied by the instructor.

Soils Walk

This activity takes place on a walk throughout the FERL site.  The primary objective of the walk is to familiarize cadets with naturally occurring soil deposits that are common to the Academy grounds and the FERL site.  Cadets learn how to visually classify soils as either fine or coarse grained by completing a field classification exercise.  Cadets will collect different types of soil samples during the walk that will be used later in the laboratory experiments in CE 390 – Introduction to Soil Mechanics.  This allows integration between the classroom activities and their FERL experience.  A hand auger will be used to collect soil samples and log a boring in the field.  Cadets will need a pencil to take notes and record their soil boring findings.  The instructor will supply all other tools required for this activity.
Standard Proctor Test
The objective of this task is to introduce the cadets to compaction theory and develop a moisture-density relationship that could serve as the basis for a field compaction specification.  After a brief lecture on compaction theory, cadets will perform a standard proctor test in groups of two.  Each group will complete a data point on the compaction curve and then compile and plot their data.  Cadets will need to have a pencil and a calculator to complete this activity.  The instructor will provide all other required data sheets.

Sand Cone Test
The objective of this task is to introduce the cadets to compaction theory and to determine in-situ density of a soil as a field compaction verification technique.  After a brief lecture on compaction theory, cadets will perform a sand cone test in groups of two.  Each group will determine the dry density of the soil in the test pit of the geotechnical PEB.  Cadets will need to have a pencil and a calculator to complete this activity.  The instructor will provide all other required data sheets.

Schedule

The roadway paving is scheduled to be completed by early afternoon in an attempt to avoid the frequent afternoon rains.  The schedule may change some as dictated by the weather and each day’s construction  (asphalt delivery).  It may not be possible for each team member to operate every piece of heavy equipment that will be used in the construction process.  Cadets should rotate between manual labor and equipment operations as they move from operation to operation.  The goal is to eat lunch by 1130, finish the afternoon activities by 1630 and complete the quiz by 1645.

Lab Data Sheets
See attached

FERL standard Proctor Test

Compaction is the process of reducing the volume of air in void space of a soil.  The Proctor test is a means of simulating field compaction in a laboratory. The purpose of the test is to compact soil at different water contents () to determine the maximum dry unit weight (density) and optimum water content (opt) of the soil.  The soil is compacted in a mold having a volume of 1/30 ft3.  For a standard Proctor test, compactive energy is applied using a 5.5-lb drop hammer having a 12-in drop.
The soil is placed into the mold in 3 layers and each layer is compacted using 25 blows with the drop hammer.  The mold has a collar that permits that top layer to extend slightly over the top of the mold.  After compacting the top layer, the collar is removed and the soil is trimmed off even with the top of the mold.  The procedure is performed in several trails over a range of water contents of the soil.  The relationship of the dry unit weight (d) to the water content is then plotted, and the maximum dry unit weight (d max) of the soil is determined.  Some fraction of d max is specified as the soil density needed to be obtained in the field for the project.  This fraction is called relative compaction (R = d max / d field) and is expressed as a percentage. 
For example, if the maximum dry unit weight in the Proctor test was 100 lb/ft3 and 95 % of the maximum density (relative compaction, R = 95%) was needed to satisfy the compaction specifications, then a dry unit weight of 95 lb/ft3 must be achieved by a compaction contractor in the field.
Each group will develop a point on the compaction curve or moisture density relation on three soil samples of varying water contents by using the data sheet below.  The target water contents for the provided soil are 12 %, 20 % and 28 %.  The CIC or instructor will provide instruction on the standard Proctor test procedures and how to determine the total and dry unit weights.
1) Weight of mold and base 





______________ lbs 

2) Weight of soil and mold and base



______________ lbs 

3) Weight of soil in mold (line 2 – line 1)


______________ lbs 

4) Total unit weight (line 3 / 1/30 ft3)



______________ lb/ft3


5) Dry unit weight (line 4 / (1 + water content)
)
______________ pcf      
6) Plot compaction curve and estimate d max and OMC

Group 1 d
_______ lb/ft3    _______ %
Group 2 d 
_______ lb/ft3    _______ %
Group 3 d 
_______ lb/ft3    _______ %

d max 
________ lb/ft3  


opt
 
________ %


Sand Cone Density Test


If cadets specified 95% as the relative compaction, the compacted soil in the field must have a dry unit weight of at least 95% of the maximum dry unit weight obtained in the standard Proctor test.  In order to ensure that the field density meets our specification, the sand cone density test is performed.  
Purpose:  To measure the in situ unit weight of soil.   Note: "in situ" means in place. The in situ dry unit weight can be compared with the maximum dry unit weight from the Proctor test to determine if the contractor has met his compaction specifications. 

Equipment needed:

Sand cone device

Field Scales

Spoon (NOT for digging, used to pick up loose soil only!)
Template



Plastic bag


Screwdriver or ice pick (for digging or loosening hard soil)
Procedure:    

1.  Specify a relative compaction between 90% and 100% (1)

1. Place the template flat on the ground and use the screwdriver or ice pick to loosen the soil and then remove the loose soil with the spoon.  Dig the hole about as deep as the template diameter 4 inches.

2.  Place all of the soil removed from the hole in a plastic bag and weigh the soil on the field scales (to a precision of 0.01 lbs).  (2)
7.  Record the weight of the sand cone device. (3)
8.  Invert the sand cone device over the hole making sure that the valve is closed. 
9.  Open the valve and allow the sand to fill the hole and cone. (Listen to the valve…when the “ringing” stops the hole and cone are filled).  Close the valve and re-weigh the sand cone device. (4)
10. Determine the weight of the sand filling the hole knowing that a full cone holds 0.86 lb of sand. (5-6)
11.  Determine the dry unit weight of the soil (using an assumed water content of 7% and a dry unit weight of sand of 87.9 lb/ft3) and compare it to you compaction specification. (7-9)
12.  Compare the in situ density of the soil to your compaction specification.  Does the soil meet specification? (10)

1) Relative compaction









______________ %

2) Weight of soil 










______________ lbs 
3) Weight of sand cone 1








______________ lbs 

4) Weight of sand cone 2








______________ lbs 

5) Weight of sand in hole and cone (line 2 – line 3)


______________ lbs


6) Weight of sand in hole (line 4 - 0.86 lb)




______________ lb

7) Volume of hole (line 5 / 87.9 lb/ft3)





______________ ft3
8) In situ moist unit weight (line 5 / line 6)



______________ lb/ft3
9) Dry unit weight of in situ soil (line 11 / (1 + ))

______________ lb/ft3
10) Does the in situ meet your compaction specification?

YES
NO

11) Why or why not? __________________________________________
Notes:
































































































































































Dry Unit Weight, d (lb/ft3)





Water Content,  (%)
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