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Study Guide 

  
Congratulations Congratulations on your enrollment in a distance education course from the 

Distance Learning and Technologies Department (DLTD) of the Marine 
Corps Institute (MCI).  Since 1920, the Marine Corps Institute has been 
helping tens of thousands of hard-charging Marines, like you, improve their 
technical job performance skills through distance learning.  By enrolling in 
this course, you have shown a desire to improve the skills you have and 
master new skills to enhance your job performance.  The distance learning 
course you have chosen, MCI 1327, Engineer Estimations, provides 
instruction to personnel in the ranks of sergeant through master sergeant in 
MOSs 1300.  

  
Your Personal 
Characteristics 

• YOU ARE PROPERLY MOTIVATED.  You have made a positive 
decision to get training on your own.  Self-motivation is perhaps the most 
important force in learning or achieving anything.  Doing whatever is 
necessary to learn is motivation.  You have it! 

 
• YOU SEEK TO IMPROVE YOURSELF.  You are enrolled to improve 

those skills you already possess, and to learn new skills.  When you 
improve yourself, you improve the Corps! 

 
• YOU HAVE THE INITIATIVE TO ACT.  By acting on your own, you 

have shown you are a self-starter, willing to reach out for opportunities to 
learn and grow. 

 
• YOU ACCEPT CHALLENGES.  You have self-confidence and believe 

in your ability to acquire knowledge and skills.  You have the self-
confidence to set goals and the ability to achieve them, enabling you to 
meet every challenge. 

 
• YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL 

GOALS.  You are willing to commit time, effort, and the resources 
necessary to set and accomplish your goals.  These professional traits will 
help you successfully complete this distance learning course. 

 

Continued on next page 
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Study Guide, Continued 

  
Beginning Your 
Course 

Before you actually begin this course of study, read the student information 
page.  If you find any course materials missing, notify your training officer or 
training NCO.  If you have all the required materials, you are ready to begin. 
 
To begin your course of study, familiarize yourself with the structure of the 
course text.  One way to do this is to read the table of contents.  Notice the 
table of contents covers specific areas of study and the order in which they are 
presented.  You will find the text divided into several study units.  Each study 
unit is comprised of two or more lessons and lesson exercises or lesson 
challenges. 

  
Leafing 
Through the 
Text 

Leaf through the text and look at the course.  Read a few lesson exercise 
questions to get an idea of the type of material in the course.  If the course has 
additional study aids, such as a handbook or plotting board, familiarize 
yourself with them. 

  
The First Study 
Unit 

Turn to the first page of study unit 1.  On this page, you will find an 
introduction to the study unit and generally the first study unit lesson.  Study 
unit lessons contain learning objectives, lesson text, and exercises. 

  
Reading the 
Learning 
Objectives 

Learning objectives describe in concise terms what the successful learner, 
you, will be able to do as a result of mastering the content of the lesson text.  
Read the objectives for each lesson and then read the lesson text.  As you read 
the lesson text, make notes on the points you feel are important. 

  
Completing the 
Exercises 

To determine your mastery of the learning objectives and text, complete the 
exercises developed for you.  Exercises are located at the end of each lesson, 
and at the end of each study unit.  Without referring to the text, complete the 
exercise questions and then check your responses against those provided. 

 

Continued on next page 
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Study Guide, Continued 

  
Continuing to 
March 

Continue on to the next lesson, repeating the above process until you have 
completed all lessons in the study unit.  Follow the same procedures for each 
study unit in the course. 

  
Preparing for 
the Final Exam 

To prepare for your final exam, you must review what you learned in the 
course.  The following suggestions will help make the review interesting and 
challenging. 
 
• CHALLENGE YOURSELF.  Try to recall the entire learning sequence 

without referring to the text.  Can you do it?  Now look back at the text to 
see if you have left anything out.  This review should be interesting.  
Undoubtedly, you’ll find you were not able to recall everything.  But with 
a little effort, you’ll be able to recall a great deal of the information. 

 
• USE UNUSED MINUTES.  Use your spare moments to review.  Read 

your notes or a part of a study unit, rework exercise items, review again; 
you can do many of these things during the unused minutes of every day. 

 
• APPLY WHAT YOU HAVE LEARNED.  It is always best to use the 

skill or knowledge you’ve learned as soon as possible.  If it isn’t possible 
to actually use the skill or knowledge, at least try to imagine a situation in 
which you would apply this learning.  For example make up and solve 
your own problems.  Or, better still, make up and solve problems that use 
most of the elements of a study unit. 

 
• USE THE “SHAKEDOWN CRUISE” TECHNIQUE.  Ask another 

Marine to lend a hand by asking you questions about the course.  Choose 
a particular study unit and let your buddy “fire away.”  This technique can 
be interesting and challenging for both of you! 

 
• MAKE REVIEWS FUN AND BENEFICIAL.  Reviews are good habits 

that enhance learning.  They don’t have to be long and tedious.  In fact, 
some learners find short reviews conducted more often prove more 
beneficial. 

 

Continued on next page 
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Study Guide, Continued 

  
Tackling the 
Final Exam 

When you have completed your study of the course material and are confident 
with the results attained on your study unit exercises, take the sealed envelope 
marked “FINAL EXAM” to your unit training NCO or training officer.  
Your training NCO or officer will administer the final examination and return 
the examination and the answer sheet to MCI for grading.  Before taking your 
final examination, read the directions on the DP-37 answer sheet carefully. 

  
Completing 
Your Course 

The sooner you complete your course, the sooner you can better yourself by 
applying what you’ve learned!  HOWEVER--you do have 2 years from the 
date of enrollment to complete this course.   

  
Graduating! As a graduate of this distance education course and as a dedicated Marine, 

your job performance skills will improve, benefiting you, your unit, and the 
Marine Corps.  

  
Semper Fidelis! 
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STUDY UNIT 1 

HORIZONTAL CONSTRUCTION PROJECTS 

Overview 

 
Scope Horizontal construction encompasses the basic principles of construction.  As 

an engineer chief, you must understand the basic fundamentals of 
construction and be an expert in carrying out horizontal projects. 

 
Purpose The purpose of this study unit is to provide you with the knowledge of 

preparing and supervising work activities for horizontal construction projects. 

  
In This Study 
Unit 

This study unit contains the following lessons: 

 
Lesson See Page 

Estimate Requirements 1-3
Field Soil Tests  1-27
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LESSON 1 

ESTIMATE REQUIREMENTS 

Introduction 

 
Scope You are the unit engineer chief and have been assigned a horizontal 

construction project.  Equipped with an area site reconnaissance and methods 
of estimating job requirements, you can now begin to properly plan the start 
of your mission. 

 
Purpose The purpose of this lesson is to give you a working knowledge and the 

necessary tools to estimate construction projects. 

 
Learning 
Objectives 

At the end of this lesson, you will be able to 
 
• Recall the items needed to conduct a site reconnaissance. 
 
• Recall the information collected to conduct a site reconnaissance. 
 
• Identify the person responsible for performing the analysis during a site 

reconnaissance. 
 
• Recall the primary functions for soil stabilization. 
 
• Recall the order of operations when working with formulas. 
 
• Formulate an estimate. 
 
• Calculate the perimeter and area. 
 
• Recall the formula used to find the perimeter. 
 
• Calculate volume. 

Continued on next page 
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Introduction, Continued 

  
Learning 
Objectives, 
continued 

• Recall the way to find the volume of a prism. 
 
• Convert soil volume. 
 
• Identify the three states of soil. 
 
• Identify the three major soil categories. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 1-3
Conducting a Site Reconnaissance 1-5
Formulating an Estimate 1-8
Calculating Perimeter and Area 1-10
Calculating Volume 1-13
Converting Soil Volume 1-17
Lesson 1 Exercise 1-22
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Conducting a Site Reconnaissance 

 
Collect Data When conducting site reconnaissance of area, you can collect data by way of 

maps and topographical observation platoon (TOPO).  The mission of TOPO 
is to give satellite imagery of an area.  This imagery can be made into three-
dimensional maps that may be used to estimate mission requirements.  It is 
recommended that the equipment chief, technical engineer chief, utilities 
chief, and survey teams are available to provide input.  More information on 
engineer reconnaissance can be found in FM 5-35. 

  
Areas of 
Considerations 

Consider the following areas when conducting a site reconnaissance: 
 
• Roads 
• Bridges 
• Natural and artificial obstacles 
• Nature of the terrain (drainage, forests, swamps, elevations) 
• Natural materials that can be used for road construction 
• Other engineer equipment in the area 
• Errors or omission on your maps 
• Barriers to enemy movement 
• Water points 
• Streams and their characteristics (cross ability, depth, etc.) 
• Defensive positions 
• Bivouac areas (soils, drainage, entrance/exit routes, sanitation, and 

concealment) 
• Storage areas for petroleum, oil, and lubricants (POL) and equipment 
• Utilities (water, sewage, electricity, and fuels) 
• Ports 
• Cargo-handling facilities and storage 
• Transportation routes 
 
For the actual construction sites, record the soil, acreage, access, drainage, 
earthwork, water supply, and power source findings. 

Continued on next page 
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Conducting a Site Reconnaissance, Continued 

 
Record 
Observations 

Recording site reconnaissance observations is very important.  Make your 
notes as detailed as possible.  To conduct a site reconnaissance, use a 
checklist as a guide to collect the information for the project as shown below: 

 
Checklist 

 Project Location Public Works Coordination  
 Project Officer Input Base Environmental Coordination  
 Combat Engineer Chief Input External Support Requirements  
 Basic Facilities Coordination Hasty Runoff Calculations  
 Logistics Coordination Existing Vegetation  
 Soil Field Identification Test Frost Line  
 Existing Terrain Manmade Obstacles  
 Water Table Barrow Pit Location  
 Natural Obstacles Existing Buildings  
 Existing Roads Existing Drainage Problems  
 Existing Bridge Location Culvert Requirements/Locations  
 Ditching Requirements Preliminary Location Problems  
 Erosion Control Requirements Survey Support Coordination  
 Final Location Justification Earthwork Volume Readouts  
 Survey Alignment Data Structural Drawings  
 Project Site Plan Building Details  
 Plan and Profile Drawing Project Plot/Grading Plan  
 Culvert Drawings Cross Section Drawings  
 Project Design Specifications Project Bill of Materials  
 Project Description/Maps Engineer Assistance Chief Input  

   
Read Survey 
(Blueprint) 

Surveyors are essential to most engineer units.  Recent technological progress 
has greatly improved the surveying process.  When the engineer officer orders 
a survey, the equipment chief will study the completed blueprint to compile a 
list of materials, measurements, and look for lines that may be barred like 
power, phone, and sewage lines. 

Continued on next page 
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Conduct Site Reconnaissance, Continued 

  
Identify Soil 
Analysis 
Information 

The engineer officer orders the soil analysis.  A surveyor will perform the soil 
analysis using sieves and lab tests.  The equipment chief identifies the results.  
Soil analysis determines soil stabilization.  The three primary functions for 
soil stabilization are listed below: 
 
• Improve strength. 
• Maintain dust control. 
• Waterproof to prevent water saturation.  
 
FM 5-34, chapter 8, contains hasty soil identification procedures and 
application feasibility of different soil types.   

 
View 
Environmental 
Impact Study 

The equipment officer orders the environmental impact study through the 
Environmental Protection Agency (EPA) and makes sure that the grade stakes 
and environmental areas are clearly marked.  The equipment chief must be 
aware of boundary lines, plant life, and endangered species that could be 
affected by earth-moving operations and ensure that erosion, pollution, and 
contaminates are always controlled and contained.   
 
Note:   Contact the base’s Fish, Game, Wildlife, and Natural Resources 

Branch to arrange for the study.   
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Formulating an Estimate 

 
Written 
Estimations 

The equipment officer may order each chief to write a written estimation on a 
specific section or part of the project.  The equipment chiefs complete 
estimates of equipment, personnel, time, and materials.  This information is 
then passed to the NCOs so that estimates of fuels and oil and other logistic 
planning can begin.  The estimates are then returned to the equipment officer 
who compiles the overall estimate and develops a critical method or bar scale 
graph. 

 
Order of 
Operations for 
Basic Math 

Estimating equipment production consists of using basic mathematics.  We 
will discuss and provide the formula for each different item of equipment or 
operation in the calculations section in study unit 2.  When working with 
formulas, follow the steps listed in the table below for order of operations:  

  
Step Action 

1 Perform the mathematical operations inside the parenthesis 
2 Find the value of the exponents 
3 Multiply 
4 Divide 
5 Add 
6 Subtract 

 
Memory Aid The letters, P-E-M-D-A-S literally stand for the order in which to perform the 

math operations. 
 
• Parenthesis 
• Exponent 
• Multiplication 
• Division 
• Addition 
• Subtraction   
 
You can use the phrase, “Please Excuse My Dear Aunt Sally” to remember 
the letters of the memory aid.  Also, use your own memory aid to help 
remember the order of operations. 

Continued on next page 
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Formulating an Estimate, Continued 

 
Decimals Often your measurements will not be expressed in feet, so you must convert 

them to feet.  Any part of a foot can be expressed as a fraction and then 
converted to a decimal by dividing the whole into the portion.  For example, 
consider the relationship of 4 inches to 1 foot.  It can be written as the fraction 
4/12 because the whole is 12 inches or 1 foot and the portion is 4 inches.  So, 
divide 12 into 4 to get .333. 
 
Note:   It is easier to multiply whole numbers with decimals than with 

fractions.  Always convert inches to feet so that all measurements are 
the same and easily converted to cubic yards. 

  
Challenge  Convert the following measurements into decimal form: 

 
1. 6" of 1´ 
2. 8" of 1´ 
3. 10" of 1´ 

 
Answers 1. .5´ 

2. .666´ 
3. .8333´  
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Calculating Perimeter and Area 

 
Introduction Before you begin an estimation, calculate areas and volumes and then convert 

square feet into square yards.  When you calculate area, measure the space 
that lies inside the lines—the perimeter.  When you measure perimeter, you 
are measuring the distance around a plane surface.  To do this, you must 
know some basic formulas.   

 
Perimeter 
Formula 

Perimeter is expressed as a length in linear units—inches, feet, yards, etc.  
Perimeter equals the distance around an object.  The formula used to find the 
perimeter of a rectangle is (L + W) x 2.  The perimeter of a rectangular 
surface as shown below is 150 feet. 
 

 
 

 
Area Formula Area is always expressed in square units—square inches, square feet, square 

yards, square miles, etc.  Area equals the surface area of a plane.  The formula 
for the area of a rectangular surface is L x W.  The area of that same object is 
1,250 square feet. 
 

 
 

Continued on next page 
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Calculating Perimeter and Area, Continued 

 
Challenge  What are the perimeters and areas of the following rectangles? 
 

1a.  

 
1b.  

 

 
Answers 1a.  Perimeter equals 400 feet and the area equals 9,375 square feet. 

1b.  Perimeter equals 950 feet and the area equals 55,000 square feet. 

Continued on next page 
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Calculating Perimeter and Area, Continued 

  
Circles The formula to find the perimeter or circumference of a circle is 3.14 x D.  

The circumference, 3.14 is a rounded-off-value for a number referred to as pi.  
Pi is represented by the symbol π.  D represents diameter, which is the 
distance straight through the center of the circle from one side to the other.  
Radius is half the diameter and is represented by the letter r.  You can find 
the area of a circle by using the following formulas: 
 
• π r2 = A 
• r x r  x 3.14 = Area 

 
Example The diameter (D) of this circle is 100’.  Remember that the radius (r) is one-

half of D.  What is the circumference of this circle?  Use the formula,  π x D 
and remember:  π equals 3.14, D equals 100’, and the circumference is  
100 x 3.14 or 314 feet. 
 

 
 
To find the area of the same circle, use the following formula: 
 
• Square the radius.  The radius is 50’, so radius squared (r2) is the radius 

multiplied by itself once or r x r.  So 50’ x 50’ = 2,500 square feet. 
 
• Multiply that result by π.  So 2,500’ multiplied by 3.14 equals 7,850 

square feet. 
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Calculating Volume 

 
Importance of 
Volume 

Now that you know how to find the area, lets consider volume.  Volume is 
calculated by multiplying by another factor that represents a third dimension, 
thickness, or depth.  Volume answers are expressed in cubic measurement 
instead of square measurement.  For engineer construction, you will calculate 
most of your estimations in cubic yards (cu yd).  Volume is important because 
you will be working with thickness and area of materials to be placed on or 
removed from surfaces.   

  
Squares and 
Rectangular 
Shapes 

Using the rectangle, expand it into the third dimension by giving it thickness.  
The formula, V = L x W x H, is used to calculate the volume of a solid 
rectangular.  If the length, width, and height are in feet, the results of the 
calculations will be in cubic feet, which will be converted into cubic yards as 
shown below: 

 
 

 

 
Unit 
Conversion 

To find cubic yards, divide cubic feet by 27.  This number is used because 1 
cubic yard (3’ x 3’ x 3’) equals 27 cubic feet.  So (L x W x H) ÷ 27 = cu yd. 
  
The 420D IT Backhoe Loader bucket has a capacity of 6.75 cubic feet.  Find 
the cubic yardage capacity of the 420D IT bucket by using the following 
formula:  6.75 ÷ 27 = 0.25 which is a 1/4 cubic yard.  

 
Example  If a parking space that is 50’ x 25’ must be covered with 6 inches of gravel, 

how many cubic yards of gravel will be required to cover it? 
 
50 feet x 25 feet x .5 ft = 625 cu ft divided by 27 = 23.148 or 24 cu yd.   
 
Remember, 6 inches of gravel is the same as half a foot (.5 foot).  Always 
round up to the next full yard. 

Continued on next page 
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Calculating Volume, Continued 

 
Cylinders Cylinders are related to circles.  Imagine that you expand a circle by giving it 

a depth and turning it into a three-dimensional figure.  The formula for the 
volume of a cylinder is V = D (depth) x AB (area of base).  Using the circle 
on page 1-12, give it 4 feet of depth to make a cylinder; the diameter is 100’.  
Now, find the volume of the cylinder. 
 
The area of the base equals the area of circle (π r2 = Area)—3.14 x 50’ x 50’ = 
7,850 sq ft.  Use the formula below to find the volume of the cylinder: 
 
• V = D x AB 
• V = 4’ x 7,850 sq ft = 31,400 cu ft  
• 31,400 ÷ 27 cu ft per cu yd = 29.06 cu yd, rounded to 29 cu yd 

 
Finding the 
Volume of a 
Cylinder 

Use the steps listed in the table below to find the volume of a cylinder with a 
diameter of 3’ and a depth of 9’: 
 

 
 

 
Step Action 

1 AB = πr2 = 3.14 x 1.5’ x 1.5’ = 7.065 sq ft 
2 7.065 x 9’ = 63.585 cu ft 
3 63.585 cu ft ÷27 = 2.355 cu yd 

 
Note:   When we multiply by depth, a third dimension to a measurement, the 

result is changed from square units to a cubic unit. 

Continued on next page 
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Calculating Volume, Continued 

  
Prism or Berm The volume of a prism or berm can be found by multiplying the area of base 

times the length of the prism or berm (V = L x AB). 
 

 

 
Finding the 
Volume of a 
Prism or Berm 

Use the formula below to find the volume of a prism shown above: 
 
• Base of triangle = 12’ 
• Height of triangle = 10’ 
• Area of triangle = 1/2 B x H 
• The base of the prism is the area of the triangle. 
• The formula for finding the area of the triangle is 1/2 B x H. 

 
Formula 
Results 

The results of the above formula are listed below: 
 
• The base of the triangle is 12’. 
• The height of the triangle is 10’. 
• The area is 1/2 B x H or 6’ x 10’ = 60 sq ft.   
• The area times the length is 60’ x 200’ = 12,000 cu ft.   
• To find the number of cubic yards, divide 12,000 by 27.   
 
The answer, 444.44 is rounded to 445 cubic yards. 

Continued on next page 
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Calculating Volume, Continued 

  
Challenge  Find the cubic yards required to build a berm 12’ wide, 12’ high, and 150’ 

long. 

 
Answer General formula for volume is V = L x AB.  Area of triangle = area of base. 

 
• Base of triangle = 12 
• Height of triangle = 12 
• Base of berm = 12 
• Length of berm = 150 
• Area of base = (12 x 12) ÷ 2 = 72 sq ft 
 
Area of base times length of berm equals volume in cubic units:   
 
• 72 sq ft x 150 ft = 10,800 cu ft 
• 10,800 cu ft ÷ 27 cu ft per cubic yard = 400 cu yd 
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Converting Soil Volume 

 
Soil Volume To find the volume of your material requirements, convert the square 

measurements into cubic yards when possible.  Once you find the volume of 
your soil requirements in cubic yards, convert the volumes by multiplying 
factors that represent the different conditions or states of the soil.  If the clay 
is in a loose initial state and you need a compacted volume finished product, 
multiply your delivered volume requirements by 1.59 to get enough material 
to complete the job as measured.  Do this by multiplying the volume by the 
representing factor that shows the from/to state in the table below.   
 
Note:   Material delivered to you will always be in a loose state. 

 
Conversion 
Factors 

The table below shows the soil conversion factors: 

 
 To Final Condition 

Soil Type From Initial Condition Bank Loose Compacted 
Sand Bank 

Loose 
Compacted 

-------------- 
.90 
1.05 

1.11 
------------- 

1.17 

.95 

.86 
----------------- 

Loam Bank 
Loose 

Compacted 

-------------- 
.80 
1.11 

1.25 
------------- 

1.39 

.90 

.72 
----------------- 

Clay Bank 
Loose 

Compacted 

-------------- 
.70 
1.11 

1.43 
------------- 

1.59 

.90 

.63 
----------------- 

Blasted Rock 
or Gravel 

Bank 
Loose 

Compacted 

-------------- 
.67 
.77 

1.50 
------------- 

1.15 

1.30 
.87 

----------------- 
Hard Coral or 

Limestone 
Bank 
Loose 

Compacted 

-------------- 
.67 
.77 

1.50 
------------- 

1.15 

1.30 
.87 

----------------- 

 Continued on next page 
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Converting Soil Volume, Continued 

  
Soil States Soil is found in three different states: 

 
• Banked 
• Compacted 
• Loose 
 
Due to the volume changes of soils from one state to another, a soil 
conversion factor is used to calculate the volume transitions from one state to 
another. 

  
Banked Banked soil is any soil that has not been disturbed from its natural state for at 

least 10 years.  In most cases, a burrow pit, hillside, etc. contains soils in a 
banked state.  An illustration of banked soil is shown below: 
 

 
 

  
Compacted Compacted soil is any soil that has been compacted by artificial means.  

After you have compacted a road surface by driving over it with tons of 
equipment or a compactor, it is considered a compacted state.  An illustration 
of compacted soil is shown below: 
 

 
 

Continued on next page 
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Converting Soil Volume, Continued 

  
Loose Loose soil is any soil that has been disturbed.  Soil is always in a loose state 

when being hauled, worked, or stockpiled.  An illustration of loose soil is 
shown below: 
 

 
 

 
Soil Weights Not only do you need to know the soil volume in cubic yards, you also need 

to know the weight of the soil in pounds and short tons (2,000 lbs) so you can 
figure capacity and other limitations of haul units.  Soil analysis personnel are 
trained to determine the moisture content, and the weight of this moisture 
must be calculated and added to the weight of the dry soil. This moisture will 
be expressed as a percentage of the weight added to the weight of the dry soil.  
To determine the weight of the moisture, multiply the dry weight by the 
percentage of the moisture content, and then add the result to the dry weight 
to determine the actual weight of the soil.  Change the total weight into short 
tons by dividing by 2,000.  Use the table below to identify the weight per 
cubic yard of specific soils:  

 
Type of Soil Weight per Cubic Yard 

(Pounds) 
Type of Soil Weight per Cubic Yard 

(Pounds) 
Cinders 1200 Hardpan 3100 
Clay (Dry) 2000 Limestone 2500 
Clay (Wet) 3000 Sandstone 2200 
Clay and Gravel 2700 Sand (Dry) 2900 
Coral (Hard) 2440 Sand (Wet) 3100 
Coral (Soft) 2030 Shale and Soft Rock 2700 
Earth Loam (Dry) 2200 Slag, Bank 1940 
Earth Loam (Wet) 3200 Slate 2500 
Gravel (Dry) 3000 Tap Rock 3500 
Gravel (Wet) 3100  

Continued on next page 
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Converting Soil Volume, Continued 

 
Example 1 Dry earth loam:  2,200 lbs with a 10-percent moisture content  

 
2200 x .10 = 220 > 2200 + 220 = 2420 lbs per cu yd 
 
Formula:  Short tons equal total weight (lbs) divided by 2,000. 

  
Example 2 Using dry sand as an example, you calculate that you will need 100 cu yds of 

dry sand for a construction project.  The finished project will be compacted.  
You know you will receive loose materiel from the haul unit.  Convert the 
volume required from the compacted state (finished product) to the loose state 
(delivered material) using the factor 1.17 from the soil conversion factors in 
Table 2-17.  The reason we convert compacted to loose instead of loose to 
compacted is because whenever you take measurements from blueprints or 
from your own site survey, convert compacted to loose because the numbers 
will always represent the finished measurements.  The finished measurements 
will be compacted.  So as a general rule, convert from compacted to loose to 
determine the required delivered volume. 
 
Calculate the above problem as follows:  100 cu yd x 1.17 = 117 cu yds of 
loose sand, which is required to get the finished product of 100 cu yds of 
compacted sand.  The haul units will need to deliver 170 tons of sand because 
117 cu yds x 2,900 lb per cubic yard divided by 2,000 pounds per short ton 
equals 169.65 short tons, rounded to 170 short tons. 

 
Estimating 
Production 
Time 

To calculate production time, use different formulas for each type of 
equipment.  However, your goal is the same:  You want to determine how 
many hours or days will be required for the equipment and operator to 
perform the mission. 
 
Some operations, such as forklift and crane operations, can be very difficult to 
estimate.  Other projects may be so simple that an estimation is not required.  
Projects of a larger, complicated nature will require the equipment chief to do 
good planning and estimating.  To make a calculated estimate of production 
time, you must further define the equipment’s capacity and capability by 
calculating the various factors involved with the different types of operations. 

Continued on next page 
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Converting Soil Volume, Continued 

  
Terms and 
Abbreviations 

The table below defines some of the abbreviations you will be working with 
during the estimation process.  It is very important that you memorize them. 

 
Abbreviation Meaning Abbreviation Meaning 
ALS Actual load size LCY Loose cubic yards 
ASW Actual soil weight LCYPH Loose cubic yard per hour 
BCY Banked cubic yards LW Load weight 
BL Number of buckets loaded MF Management factor 
CT Cycle time OE Operator efficiency 
CCY Compacted cubic yards per hour RR Rolling resistance 
FT Fixed time RT Return time 
GA/GR Grade assistance/resistance ST Short tons 
HT Haul time TPH or CPH Trips per hour or cycles 

per hour 

 
Challenge  1. You have measured the volume of materiel needed to build up a mile long 

stretch of road with 8 inches of dry clay.  Your project will require 1,467 
compacted cubic yards of dry clay. 

 
a. How many loose cubic yards of materiel should you receive? 
b. How many short tons does this material weigh? 
 

2. You need 200 cubic yards of dry compacted sand for a project. 
 

a.   How many loose cubic yards of material must be delivered to you? 
b. How many short tons should you receive? 
c. Using a 5-ton dump truck, how many loads will be required? (Use the 

table above to assist you with the answer.) 

 
Answers 1a. 2332.53 or 2333 LCY 

1b.  2333 ST  (1 cu yd = 2,000 lbs for dry clay) 
2a.  234 LCY 
2b.  339.3 or 340 ST 
2c.  68 loads 
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Lesson 1 Exercise  

  
Directions Complete exercise items 1 through 11 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

  
Item 1 What areas are considered when conducting a site recon? 

 
a. Areas closest to the barracks and chow hall just in case of bad weather or 

food shortages 
b. Man made obstacles only 
c. Soil conditions and chow hall location 
d. Natural or man made obstacles, engineering effort involved for 

construction, and existing soil conditions 

 
Item 2 What item is used to conduct a site reconnaissance? 

 
a. Compass 
b. Checklist 
c. Map 
d. Blueprint 

 
Item 3 Formulating an estimate consists of using basic math.  What memory aid is 

used to perform the math operations? 
 
a. PEMDAS 
b. MADEPS 
c. SADMEP 
d. ADDIDA 

  
Item 4 To calculate a perimeter, measure the ____________ around a plane surface. 

 
a. object 
b. distance 
c. area 
d. length 

 Continued on next page 
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Lesson 1 Exercise, Continued 

  
Item 5 What is the formula used to find the perimeter of a rectangle? 

 
a. (L + W) x 2 
b. (W + L) x 3 
c. (L + W) x 3 
d. (H + L + W) x 2 

  
Item 6 To calculate the area, measure the space that lies _____________ the lines. 

 
a. around 
b. outside 
c. inside 
d. between 

  
Item 7 Volume is calculated by multiplying by another factor that represents a 

_________ dimension, thickness, or depth. 
 
a. first 
b. second 
c. third 
d. fifth 

  
Item 8 Once you find the volume of your soil requirements in cubic yards, convert 

the volumes by __________________ that represent the different conditions 
or states the soil may be found in. 
 
a. adding factors 
b. subtracting samples 
c. multiplying factors 
d. dividing samples 

 Continued on next page 
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Lesson 1 Exercise, Continued 

  
Item 9 Through 
Item 11 

Matching:  For items 9 through 11, match the soil state in column 1 with its 
definition in column 2.  Place your responses in the spaces provided. 

 
Column 1 
 
Soil State

Column 2 
 
Definition 
 

___ 9. Banked 
___ 10. Compacted 
___ 11. Loose 

a. Soil that has been disturbed 
b. Soil that has not been disturbed 
c. Soil that has been compacted by 

artificial means 

Continued on next page 

MCI Course 1327 1-24 Study Unit 1, Lesson 1 Exercise 



Lesson 1 Exercise, Continued 

  
Solutions The answers to the exercise items are listed below.  Check your answers 

against those listed on the reference page. 
 

Item Answer Page 
1 d 1-5
2 b 1-6
3 a 1-8
4 b 1-10
5 a 1-10
6 c 1-10
7 c 1-13
8 c 1-17
9 b 1-18
10 c 1-18
11 a 1-19
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LESSON 2 

FIELD SOIL TESTS 

Introduction 

  
Scope The field soil identification test is an excellent tool to use when you need to 

have an idea of the general type of soil found on the construction site.  These 
tests will allow you to approximately classify a soil into one of the three 
major categories: course grained, fine-grained, and highly organic.  These 
tests are performed due to a lack of time and, or equipment that is required for 
deliberate laboratory tests. 

  
Purpose The purpose of this lesson is to provide you with the basic knowledge and 

skill to perform field soil identification tests on a soil for classification. 

  
Learning 
Objectives 

At the end of this lesson, you will be able to 
 
• Identify the procedure for performing soil identification tests. 
 
• Identify the procedure for performing plasticity estimations. 
 
• Identify the Unified Soil Classification System. 
 
• Identify the three major soil categories. 

  
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 1-27
Procedures 1-28
Unified Soil Classification System 1-35
Soil Categories 1-36
Lesson 2 Exercise 1-37
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Procedures 

  
Introduction The surveying section should perform a soil analysis test.  However, if that is 

not possible, a series of simple or “hasty” tests may be performed on almost 
any soil.   
 
• Hasty test 
• Sedimentation test 
• Comparison of gravel, sand, and fines 
• Cast test 
• Dry strength test 
• Powder test 
• Odor test 
• Wet shaking test 
• Thread test 
• Ribbon test 
• Shine test 
• Grit or bite test 
• Wash, dust, and smear test 
 
These tests will help eliminate the need for specialized equipment such as 
sieves.  The results will give at least a tentative classification to almost any 
soil. 

 Continued on next page 
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Procedures, Continued 

  
Preparation Initial preparation is required to perform the field identification test.  Use the 

following steps to prepare for each test: 
 

Step Action 
Collect a soil sample from the 
project site. 

• Remove all highly organic materials with 
an E-tool or shovel until you are down to 
the subsurface soil below the topsoil. 

 

• Remove enough of the subsurface soil to 
fill a sandbag at least half full. 

 

• Spread the soil sample out on a 
nonabsorbent material and dry until all 
the moisture has been removed. 

 

• Pulverize the soil until any clumps have 
been completely broken down by simply 
stepping on the sample using your feet, 
then using a bowl and pestle to pulverize 
the remaining clumps. 

Gather equipment to perform 
test. 

• A digging tool such as a pick, shovel, or 
entrenching tool 

 

• A stirrer such as a large spoon 
 

• An engineer knife or other small tool 
used for cutting 

 

• Sheets of nonabsorbent paper 
 

• A mixing bowl and a pestle or canteen 
cup and wooden dowel 

 

• A pan and heating element or microwave 
 

• Glass mason jars with lids 
 

• Water 
 

• A grease pencil 
 

• A number 4 and number 40 sieve if 
available to speed the separation of soil 
particles 

 Continued on next page 
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Procedures, Continued 

 
Hasty Test The following steps are used to perform the hasty test: 
  

Step Action 
1 Select a random, but typical sample of soil. 
2 Remove all particles larger than 1/4 inch in diameter. 
3 Estimate the percentage of gravel. 

 
Sedimentation 
Test 

The following steps are used to perform the sedimentation test: 

  
Step Action 

1 Place the sample (less gravel) in a canteen cup and fill with water. 
2 Shake the mixture vigorously. 
3 Allow the mixture to stand for 30 seconds to settle out. 
4 Pour water containing the suspended fines into another container. 
5 Repeat steps 2 to 4 until water is poured off clear. 
6 Dry the soil left in the cup (sand). 
7 Estimate the percentage of sand. 

  
Comparison of 
Gravel, Sand 
and Fines 

The following steps are used to perform the comparison of gravel, sand, and 
fines: 

  
Step Action 

1 Estimate gravel. 
2 Estimate sand. 
3 Estimate the percent of fines. 

 
Note:   Dry soil that remains in the second container is fines. 

Continued on next page 

MCI Course 1327 1-30    Study Unit 1, Lesson 2 



 

Procedures, Continued 

  
Cast Test The following steps are used to perform the cast test: 
  

Step Action 
1 Compress handful of moist (damp but not sticky) soil into a ball or 

cigar-shaped cast. 
2 Observe the ability of the cast to withstand handling without 

crumbling. 
3 If the cast crumbles when touched, the sample is sand with little or 

no fines (SW or SP). 
4 If the cast withstands careful handling, the sample is sand with an 

appreciable amount of fines (SM or SC). 
5 If the cast can be handled freely or withstands rough handling, the 

sample is either silt (M) or clay (C). 

 
Dry Strength 
Test 

The following steps are used to perform the dry strength test: 

 
Step Action 

1 Form a moist pat 2 inches in diameter by 1/2 inch thick. 
2 Allow the pat to dry with low heat. 
3 Place the dry pat between thumb and index finger only and attempt 

to break the pat. 
4 If breakage easy, the sample is slightly plastic silt (M). 
5 If breakage difficult, the sample is medium plastic and medium 

compressible clay (C). 
6 If breakage impossible, the sample is highly plastic and highly 

compressible clay (CH). 

  
Powder Test The following steps are used to perform the powder test: 
  

Step Action 
1 Rub a portion of the broken pat with thumb and attempt to flake 

off particles. 
2 If the pat powders, it is silt (M). 
3 If the pat does not powder, it is clay (C). 

Continued on next page 
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Procedures, Continued 

  
Odor Test The following steps are used to perform the odor test: 
  

Step Action 
1 Heat the sample with a match or open flame. 
2 If a musty or foul-smelling odor results, organic material is 

strongly indicated. 

 
Wet Shaking 
Test 

The following steps are used to perform the wet shaking test: 

  
Step Action 

1 Place a pat (about 1/2 cubic inches) of moist (not sticky) soil in the 
palm of your hand. 

2 Shake your hand vigorously and strike it against your other hand. 
3 Observe the rapidity of water’s rising to the surface. 
4 If water quickly rises to the surface, the sample is silty (M). 
5 If there is no reaction, the sample is clayey (C). 

 
Thread Test The following steps are used to perform the thread test: 
  

Step Action 
1 Form a ball of moist soil (marble size).   
2 Attempt to roll the ball into a thread 1/8 inch in diameter. 
3 If a thread is easily obtained, the sample is clay (C). 
4 If a thread cannot be obtained, the sample is silt (M). 

  
Ribbon Test The following steps are used to perform the ribbon test: 
 

Step Action 
 Form the soil into a cylinder about as big as a cigar. 
1 Flatten the cylinder over index finger with thumb.  Attempt to 

form a ribbon 8 to 9 inches long, 1/8 to 1/4 inch thick, and 1 inch 
wide. 

2 If an 8- to 9-inch ribbon is formed, the sample is CH.  If less than 
8-inch ribbon is formed, it is CL.  

Continued on next page 

MCI Course 1327 1-32    Study Unit 1, Lesson 2 



 

Procedures, Continued 

  
Shine Test The following steps are used to perform the shine test: 
  

Step Action 
1 Draw a smooth surface, such as a knife blade or thumbnail, over a 

pat of slightly moist soil. 
2 If the surface becomes shiny and lighter in texture, the sample is a 

highly, compressible clay (CH). 
3 If the surface remains dull, the sample is a low compressible clay 

(CL). 
4 If the surface remains very dull or granular, the sample is silt (M) 

or sand (S). 
5 If the sample feels smooth and floury, the sample is clay (C). 

 
Grit or Bite 
Test 

The following steps are used to perform the grit or bite test: 

  
Step Action 

1 Place a pinch between your teeth and bite. 
2 If the sample feels gritty, the sample is silt (M) or sand (S). 
3 If the sample feels floury, the sample is clay (C). 

 
Wash, Dust, 
and Smear Test 

The following steps are used to perform the wash, dust, and smear test:. 

  
Step Action 

1 Drop a completely dry sample of soil from a height of 1 to 2 feet 
onto a solid surface. 

2 If a fairly large amount of dust is produced, the sample is silty 
sand (SM). 

3 If very little dust is produced, the sample is a clean sand (SW or 
SP). 

4 Smear a moistened (just below "sticky limit") sample of soil 
between thumb and forefinger. 

5 If a gritty, harsh feel is produced, the soil contains a small amount 
of silt (SW or SP). 

6 If a rough, less harsh feel is produced, the soil contains about 10 
percent silt (SM). 

Continued on next page 
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Procedures, Continued 

  
Plasticity 
Estimation 

The following steps are used to perform plasticity estimation: 

  
Step Action 

1 Remove all particles coarser than a grain of sugar or table salt 
from the sample. 

2 From remaining soil particles, mold a small cube to the 
consistency of stiff putty. 

3 Dry the cube in air or sunlight. 
4 Crush the cube between the fingers: 

 
If the cube is… Then the soil is… 
Falling apart easily Non-plastic 
Easily crushed Slightly plastic 
Difficult to crush Medium plastic 
Impossible to crush Highly plastic 
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Unified Soil Classification System 

  
Introduction The Unified Soil Classification System (USCS) is used to determine if the 

engineering characteristics of the soil are suitable for construction and, if they 
are, what type of equipment is to be used for compaction purposes.  After 
each test is completed in order, you need to compare your results to the USCS 
classifications table shown below: 

 
UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) 

IMPORTANT PROPERTIES 
 

Primary Letter Secondary Letter 
G – Gravel 
S – Sand 
C – Clay 
M – Silt 
O – Organic 

W – Well graded 
P – Poorly graded 
M – Silty fines 
C – Clayey fines  
L – Low compressibility 
H – High compressibility 

Symbol Shear Strength Compressibility Workability as a 
Construction Material

Permeability When 
Compacted 

GW Excellent Negligible Excellent Pervious 
GP Good Negligible Good Very Pervious 
GM Good to Fair Negligible Good Semi-impervious to 

Impervious 
GC Good Very Low Good Impervious 
SW Excellent Negligible Excellent Pervious 
SP Good Very Low Fair Pervious 
SM Good to Fair Low Fair Semi-impervious to 

Impervious 
SC Good to Fair Low Good Impervious 
ML Fair Medium to High Good to Fair Semi-impervious to 

Impervious 
CL Poor Medium Good to Fair Impervious 
OL Poor Medium Fair Semi-impervious to 

Impervious 
MH Fair to Poor High Poor Semi-impervious to 

Impervious 
CH Poor High to Very 

High 
Poor Impervious 

OH Poor High Poor Impervious 
PT Not Suitable for Construction 
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Soil Categories 

  
Considerations The primary considerations used to classify a soil sample are  

 
• Percentages of gravel, sand, and fines in the soil 
• Well graded or poorly graded soil 
• Plasticity and compressibility of the soil 

  
Categories All soils are divided into three major categories: 

 
• Course grained 
• Fine grained 
• Highly organic 

  
Course Grained Course grained soils have less than or equal to 50 percent fines and are 

subdivided into the following two divisions for further classification: 
 
• Gravels and gravelly soils 
• Sands and sandy soils 

  
Fine Grained Fine grained soils have greater than 50 percent fines and are subdivided into 

three divisions for further classification: 
 
• Silts 
• Clays 
• Organics 

  
Highly Organic These soils have no construction value and have no laboratory standards 

established since they are so easily identified in the field. 

  

MCI Course 1327 1-36    Study Unit 1, Lesson 2 



 

Lesson Exercise 2 

  
Directions Complete exercise items 1 through 8 by performing the action required.  

Check your answers against those listed at the end of this lesson. 

  
Item 1 When conducting a hasty test, remove all particles larger than _______ inch 

in diameter from the sample. 
 
a. 1 1/8 
b. 1/2 
c. 1/4 
d. 2 3/4 

  
Item 2 When conducting a sedimentation test, how long should the mixture stand?  

 
a. 1 hour 
b. 24 hours 
c. 30 seconds 
d. 60 seconds 

 
Item 3 When conducting a cast test, which type of sample crumbles when touched? 

 
a. Sand with little or no fines 
b. Clay with large stones 
c. Sand with a lot of fines 
d. Clay with a lot water 

 
Item 4 What fingers are used to conduct a dry strength test? 

 
a. Index finger and middle finger 
b. Thumb and index finger 
c. Middle finger and thumb 
d. Any finger you feel comfortable using 

Continued on next page 
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Lesson Exercise 2, Continued 

  
Item 5 When conducting an odor test and the sample has a musty or foul-smelling 

odor,  
 
a. the sample was collected from an area that was once a saddle trench. 
b. the sample was taken from an area that recently had a forest fire. 
c. there is strong indication of organic material. 
d. the area usually floods during the springtime. 

  
Item 6 When conducting a plasticity estimation, remove all particles 

 
a. that has gold.   
b. coarser than a grain of sugar.  
c. that is not biodegradable. 
d. that will stick to a magnet.  

 
Item 7 After each test is completed in order, compare your results to the __________ 

classifications to determine if the engineering characteristics of the soil are 
suitable for construction. 
 
a. USCS 
b. UPS 
c. USSS 
d. UNCS 

  
Item 8 What are the three soil categories? 

 
a. Silts grained, clays, and highly organics 
b. Course grained, fine grained, and highly organic 
c. Gravels, sands, and highly organic 
d. Silts grained, course grained, and highly organic 

Continued on next page 
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Lesson Exercise 2, Continued 

  
Solutions The answers to the exercise items are listed below.  Check your answers 

against those listed on the reference page. 
 

Item Answer Page 
1 c 1-30  
2 c 1-30
3 a 1-31
4 b 1-31
5 c 1-32
6 b 1-34
7 a 1-35
8 b 1-36
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STUDY UNIT 2 

ESTIMATE LOGISTICAL REQUIREMENTS 

Overview  

 
Scope Planning and estimating time requirements for any given project or mission is 

a key management task that chiefs must perform.  The equipment officer 
and/or the unit commander will expect you to brief them before, during, and 
after a construction project or mission.  Estimating helps you better plan, 
manage, and supervise any construction project.  Although it may take a bit of 
extra time and effort, good planning saves time overall. 

 
Purpose The purpose of this lesson is to teach you how to perform horizontal 

construction estimation requirement and calculation steps and establish a plan 
of operation.  

 
In This Study 
Unit 

This study unit contains the following lessons: 

  
Lesson See Page 

Calculations 2-3 
Compile Logistical Support Needs 2-63 
Implement the Construction Plan 2-73 
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LESSON 1 

CALCULATIONS 

Introduction 

 
Scope You are the engineer chief for your unit and tasked with a horizontal 

construction mission.  You will be required to estimate horizontal 
construction projects and logistical requirements needed to support the 
mission. 

 
Purpose The purpose of this lesson is to teach you how to accurately estimate an 

equipment-oriented job by using given estimation production times and 
procedures. 

  
Learning 
Objectives 

At the end of this lesson, you will be able to 
 
• Estimate calculations for bucket loading. 

• Calculate excavating estimations. 

• Calculate dump truck estimations. 

• Calculate push tractor estimations. 

• Calculate scraper estimations. 

• Calculate dozer estimations. 

Continued on next page 
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Introduction, Continued 

 
In This Lesson This lesson contains the following topics: 
  

Topic See Page 
Introduction 2-3
Production Calculations 2-5
Data for Production Calculations 2-6
Loader Calculations 2-15
Excavator Calculations 2-19
Dump Truck Calculations 2-22
Scraper Calculations 2-28
Push Tractor Calculations 2-33
Dozer Calculations 2-35
Clearing, Grubbing, and Stripping Calculations 2-37
Ripper Productions for the D7G 2-43
Ripper Estimation Methods 2-44
Grader Production 2-45
Compacting 2-48
Lesson 1 Challenge Solutions  2-54
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Production Calculations 

 
Estimation 
Process 

As the equipment chief, you will be able to put all of your completed 
estimations together, coordinate them, and establish a plan of operation when 
the estimation is complete.  It is important that you understand the calculation 
steps that must be completed to obtain the final outcome, which will be 
hours/production days.   

 
Worksheets To simplify the estimation process, worksheets have been designed and 

developed for use when calculating any project during this lesson or working 
on your own project.  Tables for various equipment estimations, as well as 
extra worksheets, can be found throughout this lesson.   

 
Round off 
Rules 

The round off rules are listed in the table below: 
 

 
Round Up 

 
• Days to the next full day 
• Cubic yards to the next full 

cubic yard when measuring the 
amount of soil needed or to be 
removed 

Round Down 
 
• Buckets to the next full bucket 
• LCYPD, CCYPD, BCYPD, 

LCYPH, CCYPH, BCYPH 

Round Off 
5 or Greater Round Up 
4 or Less Round Down 

 
• Rolling resistance 
• Grade resistance 
• Grade assistance 

Never Round Off 
 
• Converting inches into feet 
• Weight/Short tons 
• MPH 
• Size of the load 
• Time 
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Data for Production Calculations 

 
Tables The following tables list various data for engineer equipment.  You will find 

the information helpful when performing exercises throughout this lesson. 

  
Table 2-1  The table below shows the estimated hourly loader production for various 

bucket sizes and cycle time: 
 

Cycle Time in Seconds from 20 to 100 Bucket  
Size 
CY  20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

 Production in Loose Cubic Yards per 60-Minute Hour 
1 1/8 202 162 135 115 101 90 81 73 67 62 57 54 50 47 45 42 40 

1 1/2 207 196 180 154 135 120 106 98 90 83 77 72 67 63 60 56 54 

2 1/2 450 360 300 257 225 200 180 163 150 138 128 120 112 105 100 94 90 

4 1/2 811 648 540 463 405 360 324 294 270 249 231 210 202 190 180 170 102 

5 900 720 600 514 450 400 360 327 300 276 257 240 225 211 200 189 180 

 
 

Cycle Time in Seconds from 105 to 185 Bucket 
Size 
CY 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 

 Production in Loose Cubic Yards per 60-Minute Hour 
1 1/8 38 36 35 33 32 31 30 28 27 27 26 25 24 23 23 22 21 

1 1/12 51 49 46 45 43 41 40 38 37 36 34 33 32 31 31 30 29 

2 1/2 85 81 78 75 72 69 69 64 62 60 58 56 54 52 52 50 48 

4 1/2 154 147 141 135 129 124 120 115 111 108 104 101 98 95 95 90 87 

5 171 163 156 150 144 138 133 128 124 120 116 112 109 105 105 100 97 

 Continued on next page 
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Data for Production Calculations, Continued 

 
Table 2-2 The table below shows the management efficiency factors: 
 

 Management Factors 
 Excellent Good Fair Poor 

Job Factors Management Efficiency Factors 
Excellent 0.84 0.81 0.76 0.70 

Good 0.78 0.75 0.71 0.65 
Fair 0.72 0.69 0.65 0.60 
Poor 0.63 0.61 0.57 0.52 

 
 Note:   Try not to overrate management factors.  Management efficiency 

factors based on the actual experience of the units are proven to be 
more satisfactory. 

  
Table 2-3 The table below shows the backhoe/excavator cycle time given in depths of 

cut and degrees of swing: 
 

 Depth of Cut in Feet 
Degree of 
Swing 

2 4 6 8 10 12 14 

 Cycle Times in Seconds 
45 degrees 12 16 22 25 31 38 46 
90 degrees  22 25 30 36 42 49 56 

   
Table 2-4 The table below shows the equipment/operator efficiency factors: 
. 

Equipment Type  Time of Day 
 Operator Day Night 

Excellent 1.00 0.75 
Average 0.75 0.56 

Crawler Tractors 

Poor 0.60 0.45 
Excellent 1.00 0.67 
Average 0.60 0.40 

Wheeled Tractors 

Poor 0.50 0.33 

Continued on next page 
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Data for Production Calculations, Continued 

 
Table 2-5 The table below shows the bucket sizes: 

 
Equipment Type  

TRAM 644-E CASE 1155E CASE 1085 1085 General 
Purpose Bucket 

HSMC Crane 
Clamshell 

Bucket 
Capacity in 

Cubic Yards 
(CY) 

2.5 1.75 1.5 0.75 1 

   
Table 2-6 The table below shows the haul unit rolling resistance (RR) factors: 
 

Surface Type RR in Pounds 
per Ton of Load 

Hard, smooth stabilized roadway without penetration under load 
(Concrete or Blacktop) 

40 

Firm, smooth rolling roadway flexing slightly under load (1” penetration) 
(Gravel Topped Road) 

65 
 

Rutted, dirt roadway flexing considerably under load (2 to 3” penetration) 
(Hard Clay Road) 

100 
 

Rutted, dirt roadway no stabilization under load (4” to 6” penetration) 
(Soft Clay Road) 

150 
 

No stabilization.  (7” or greater penetration) 
(Soft, Muddy, Rutted Roadway or Sand) 

400 
 

   
Table 2-7 The table below shows the power characteristics of the 621B scraper (RPP): 
 

Gear 1st 2nd 3rd 4th 5th 6th 7th 8th 
Available 

RPP 
35,062 23,375 16,187 13,148 9,146 6,657 5,008 3,393 

Top Speed 
(MPH) 

2 4 6 8 11 14 19 26 

Continued on next page 
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Data for Production Calculations, Continued 

 
Table 2-8  The table below shows the fixed times for loading the 621B scraper: 
 
 Gear of Haul 
 
 
 
 

1st 
2nd 
3rd 

4th 5th 
6th 
7th 
8th 

 Type of Load 
Equipment Loading the Scraper Struck Heap Struck Heap Struck Heap 
 Type of Load 
Scraper loading itself 2.50 N/A 2.80 N/A 3.0 N/A 
1155E 7.0 9.0 7.30 9.30 7.50 9.50 
Tram 6.0 7.0 3.30 4.30 6.50 7.50 
1085 with 1 CY bucket 12.0 14.0 12.30 14.30 12.50 14.50 
1085 with .75 CY bucket 16.0 22.0 16.30 19.30 16.50 19.50 
Clamshell HSHMC 16.0 19.0 16.30 19.30 16.50 19.50 
Scraper being push loaded 1.43 1.71 1.73 2.01 1.93 2.21 

  
 Notes:   These are only average fixed times and are based on an average 

operator who is familiar with the attachments and equipment 
operation.  These are only basic starting points for making estimates; 
actual fixed times can vary considerably due to varying conditions. 

 
Timing of several actual fixed cycles is necessary to obtain a more 
realistic fixed time average for the particular job being performed.  
For classroom purposes, if the load falls somewhere between struck 
and heap, use the heap load time for the fixed time. 

Continued on next page 
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Data for Production Calculations, Continued 

 
Table 2-9  The table below shows the estimated dozing production in loose cubic yards 

per hour: 
 

 

  
Table 2-10 The table below shows the grade correction factor for dozers: 

 

 
 
 Note:   Favorable grades are downhill (factors greater than 1). 

Continued on next page 
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Data for Production Calculations, Continued 

 
Table 2-11 The table below shows the dozer soil type correction factors: 
 

Soil Type Factor 
Loose, stockpile 1.20 
Hard to cut (with tilt cylinder) 
Hard to cut (without tilt cylinder) 

0.80 
0.70 

Hard to drift (sticks to blade) 0.80 
Rocks, ripped, or blasted 0.60 

   
Table 2-12 The table below shows the dozing management correction technique factors: 
 

Management Technique Factor 
Slot dozing 1.20 
Slot by side dozing 1.25 

 
Table 2-13 The table below shows the equipment/operator efficiency correction factors: 
 

Type Unit Operator Day Night 
 

Tracked 
 

Excellent 
Average 
Poor 

1.00 
.75 
.60 

.75 

.56 

.45 

 Continued on next page 
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Data for Production Calculations, Continued 

  
Table 2-14 The table below shows the quick estimates for tree clearing: 

 
 Tree Type 

Equipment Small Trees 
(6 inches or less) 

Medium Trees 
(7 to 12 inches) 

Large Trees 
(13 to 30 inches) 

Dozer Man/Equipment Hours per Acre 
Medium (D7) 2.5 5 10 
Heavy    (D8) 1.5 3 8 

Spade Plow    
D7 1.33 2.2 3.9 

Shear Blade    
D7 0.4 0.8 1.3 
D8 0.3 0.5 0.8 

 
 Note:   These clearing rates are averages for tree counts of 50 trees per acre.  

Adverse conditions (or more trees) can reduce these rates 
significantly. 

 
Table 2-15 The table below shows the clearing time for various sizes of brush and trees: 
 

Tree Size Medium Dozer (D7) Heavy Dozer (D8) 
Brush and small trees (up to 6 inches) .5 minutes per tree .25 minutes per tree 
Medium trees (7 to 12 inches) 3 to 9 minutes per tree 2 to 6 minutes per tree 
Large trees (12 to 30 inches) 5 to 20 minutes per tree 5 to 20 minutes per tree 

 
 Note:   These clearing rates include the removal of the entire tree and stump 

and piling the trees in windows.  Clearing may take longer per tree 
than the table shows if the size and location of the trees present 
difficulties. 

   
Table 2-16 The table below shows the speed of the 130g grader in gears: 
 

 Speed (Forward and Reverse) in Miles per Hour 
Gear 1st 2nd 3rd 4th 5th 6th 

Speed (mph) 2.3 3.7 5.8 9.6 15.5 24.5 

  Continued on next page 

MCI Course 1327 2-12    Study Unit 2, Lesson 1 



 

Data for Production Calculations, Continued 

  
Table 2-17 The table below shows the truck capacities: 
 
Type of Truck Load Capacity (Pounds) Struck Volume (LCY) Heap Volume (LCY) 

2 1/12 tons 5,000 See equipment TM for 
volume 

See equipment TM for 
volume 

5 tons 10,000 5 LCY 7.5 LCY 
20 tons 40,000 See equipment TM for 

volume 
See equipment TM for 
volume 

 
Table 2-18 The table below shows the soil conversion factors: 
 

 To Final Conditions 
Soil Type From Initial Conditions Bank Loose Compacted 

Sand Bank 
Loose 

Compacted 

-------------- 
.90 
1.05 

1.11 
------------- 

1.17 

.95 

.86 
----------------- 

Loam Bank 
Loose 

Compacted 

-------------- 
.80 
1.11 

1.25 
------------- 

1.39 

.90 

.72 
----------------- 

Clay Bank 
Loose 

Compacted 

-------------- 
.70 
1.11 

1.43 
------------- 

1.59 

.90 

.63 
----------------- 

Blasted Rock or 
Gravel 

Bank 
Loose 

Compacted 

-------------- 
.67 
.77 

1.50 
------------- 

1.15 

1.30 
.87 

----------------- 
Hard Coral or 

Limestone 
Bank 
Loose 

Compacted 

-------------- 
.67 
.77 

1.50 
------------- 

1.15 

1.30 
.87 

----------------- 

 Continued on next page 
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Data for Production Calculations, Continued 

  
Table 2-19 The table below shows the soil weights: 
 

Type of Soil Weight per Cubic Yard  
(Pounds) 

Type of Soil Weight per Cubic Yard 
(Pounds) 

Cinders 1200 Gravel (Wet) 3100 
Clay (Dry) 2000 Hardpan 3100 
Clay (Wet) 3000 Limestone 2500 

Clay and Gravel 2700 Sandstone 2200 
Coral (Hard) 2440 Sand (Dry) 2900 
Coral (Soft) 2030 Sand (Wet) 3100 

Earth Loam (Dry) 2200 Shale and Soft 
Rock 

2700 

Earth Loam (Wet) 3200 Slag, Bank 1940 
Gravel (Dry) 3000 Slate 2500 

  Tap Rock 3500 
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Loader Calculations  

 
Applicability The calculations needed to estimate bucket-loading operations apply to the 

1155 case, 644E TRAM, small emplacement tractor (SEE), 1085 excavator, 
and the HSHMC/Clamshell.  Whether you are using a front-end loader or a 
clamshell, follow the steps listed in the table below: 

 
Step Action 
1a Determine the time required to make one complete loader cycle—

fill, dump, and return to stock of materials = (one cycle). 
1b Convert that time (seconds) into minutes = CT.  (Seconds divided 

by 60 equals minutes.) 
1c Divide the minutes per hour worked by the loader cycle time to 

determine the total cycles per hour (CPH). 
1d Multiply the bucket size times the CPH to find the maximum loose 

cubic yards per hour (LCYPH) your loader will produce. 
2 Multiply the LCYPH by the management factor to find the actual 

production in LCYPH that you can expect on the job. 
3 Multiply the LCYPH times the conversion factor found in  

Table 2-18.  (If your job requires uncompacted material as the end 
product, disregard this step.) 

4 Divide the total volume of materiel required by the LCYPH from 
step 3 to find the total hours required. 

5 Divide the hours required by the hours worked per day to find the 
total days required for the job. 

Continued on next page 
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Loader Calculations, Continued 

 
Example  You will need 225 compacted cubic yards of gravel for a project.  You need 

to know how long it will take to load the material into haul units.  Using the 
following scenario, you will have a haul unit available to keep the SEE tractor 
fully employed without dead time. You have timed the SEE and found it takes 
55 seconds to fill, dump, and return to a stockpile of gravel.  You know the 
SEE bucket will hold .75 cubic yards and you will be working 50 minutes of 
every hour for a 7-hour day.  You estimate the job and management factors to 
be good.  Follow the steps listed in the table below to solve the problem on 
the next page: 

 
Step Action 
1a Find cycle time.  This is already done; it is 55 seconds. 
1b 55 seconds divided by 60 (60 seconds in a minute) = .916 minutes 

CT. 
1c 50 minutes per hour worked divided by .916 min. = 54.58 CPH. 
1d .75 cubic yards bucket x 54.58 CPH = 40.935 LCYPH (do not 

round off). 
2 40.935 x management factor .75 = 30.701235, rounded down to 30 

LCYPH. 
3 30 x (loose to compacted gravel, see Table 2-19) .87 = 26.1 

CCYPH, rounded down to 26 CCYPH. 
4 Hours required:  225 CCYD required divided by 26 CCYPH = 

8.6538461 hours. 
5 Days required:  8.6538461 divided by 7 hours = 1.2362637 days 

(days are rounded up to the next full day) = 2 days. 

Continued on next page 
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Loader Calculations, Continued 

 
Challenge 1 Calculate the following problem using the steps on the previous page.  Use 

the estimation worksheet for loaders on the following page.  Check your 
answers at the end of this lesson.   
 
You will need 500 compacted cubic yards of clay for a project.  You need to 
know how long it will take to load the material into haul units.  You will have 
a haul unit available to keep the 644E TRAM fully employed without dead 
time. You have timed the TRAM and found it takes 30 seconds to fill, dump, 
and return to a stockpile of clay.  You know the TRAM bucket will hold 2.5 
cubic yards and you will be working 50 minutes of every hour for a 7-hour 
day.  You estimate the job and management factors to be good.  How many 
hours and days will be required for one TRAM to accomplish this task? 

 
Step Action 
1a Find cycle time (CT):  ____ 
1b CT seconds divided by 60 (60 sec. in a minute) = ___ minutes.  

This is your cycle time. 
1c ___ min. per hour worked divided by ____ CT min. = ____ CPH.   
1d ___ cubic yards bucket x ___ CPH = ___ CYPH—do not round off. 
2 ___ (_ CYPH) x  ___ MF = _____ (_ CYPH) = ____ (round down). 
3 ___ (_ CYPH) x (conversion factor, Table 2-18.) = ___ (_ CYPH) 

(round down). 
4 Hours required ____(_ cu yd required) divided by ___ (_ CYPH) = 

total ____ hours. 
5 Days required ___ hours required divided by ___ hours/work/day = 

___ days (round up). 
 

Note:   The space in front of the cubic yards per hour (CYPH) allows you to 
indicate whether you are calculating loose or compacted yards. 

Continued on next page 
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Loader Calculations, Continued 

  
Loader 
Worksheet 

The loader worksheet below is provided for your use: 

 
Step Action 

1 Basic Production (Table 2-1 or manually timed cycle): 
 
______ Min.  ÷    ___ CT = ____  
Min. work/hr       Min.         CPH 
 

____  CPH  x  ___ Bucket Size = ____ LCYPH 
2 Production rate (LCYPH)P 

 
______________  x   ________________  =      ____________________  =  ___________ 
Basic production        Management             =      Production rate (LCYPH)     Round down 
                                  efficiency factor  
                                     (Table 2-2) 

3 Soil conversion production rate (if needed):  
 
_______  x                                                   =   _________________   =    ___________ 
LCYPH      Conversion factor (Table-2-18)     Soil converted (CCYPH)   Round down 

4 Total hours required: 
 
Quantity to be loaded   ________ ÷ __________ =  _______ Total hours required 
                                         ( _ CY)         ( _ CYPH) 

5 Total production days: 
 
____________   ÷  __________________   =   ________ 
Hours required       Hours worked per day        Total days _______ Round up 
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Excavator Calculations 

 
1085 Excavator 
and SEE 
Operations 

The excavators are designed to dig below ground level.  They are mobile, 
fast, and efficient.  Coupled with their attachments, these machines become 
extremely versatile items of equipment.  Use Table 2-3 (depth of cut) and 
Table 2-4 (operator efficiency) to help estimate these items.  Production for 
the excavators is calculated by performing the steps listed in the table below: 

 

Step Action 
1 Convert soil volume from bank to loose using Table 2-18. 
2 Find cycle time in Table 2-3. 
3 Multiply the cubic yard capacity of the bucket x minutes worked per 

hour x 60 seconds. 
4 Divide the answer from step 3 by the cycle time in sec. = LCYPH. 
5 Divide 2,300 lbs (soil weight correction factor) by actual material 

weight found in Table 2-19 = weight factor. 
6 Find the equipment/operator efficiency factor in Table 2-4. 
7 Find the management efficiency factor in Table 2-2. 
8 Multiply step 3 x step 4 x step 5 x step 6 = ______ LCYPH. 
9 Divide the quantity to be moved by the hourly production rate 

(step 8) =  _____ hours required. 
10 Divide hours required (step 9) by hours worked per day = ___ days. 

 
Example  You are tasked with digging 10 fighting positions 4 ft deep x 4 ft wide x 6 ft 

long.  The volume of each hole is 96 cubic feet of clay.  Divide this by 27 to 
get 3.55 cubic yards per hole.  3.55 x 10 = 35.55 BCYD (banked cubic yards) 
to remove.  Table 2-3 estimates a cycle time of 16 seconds for a 4'-depth with 
a 45-degree swing.  We are providing an average operator working 45 
minutes an hour at night.  With a fair job/management factor, how long will it 
take the 0.26 cubic yard SEE bucket to complete this mission?   

Continued on next page  
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Excavator Calculations, Continued 

 
Example, 
continued 

 

 
Step Action 

1 Convert soil:  35.55 BCYD x 1.43 = 50.8365 (round down to the 
nearest whole number) = 50 LCYD (loose cubic yards). 

2 Find cycle time (see Table 2-3) = 16 sec. 
3 Multiply cubic yard of bucket x minutes worked per hour x 60 sec. 
4 Divide the answer from step 3 by the cycle time in sec. = LCYPH. 
5 Divide 2,300 lbs (soil weight correction factor) by actual material 

weight found in Table 2-19 = weight factor. 
6 Find the equipment/operator efficiency factor in Table 2-4. 
7 Find the management efficiency factor in Table 2-2. 
8 Multiply step 3 x step 4 x step 5 x step 6 = ______ LCYPH. 
9 Divide the quantity to be moved by the hourly production rate (step 

8)  =  ________ hours required. 
10 Divide hours required (step 9) by hours worked per day = ____ days. 

 
Challenge 2 Work out the next estimation using the steps above.  If it comes out wrong, 

try using the estimation worksheet for backhoes and excavators on the 
following page.  Check your answers with those provided at the end of this 
lesson. 
 
You are tasked with digging a dry sand trench 2 feet deep, 24 inches wide, 
and 600 feet long.  You will employ the SEE with an average operator in 
daylight with good job and management factors.  The operator will work 45 
minutes of every hour.  The swing angle will be 90 degrees.  How many 
hours or days will it take to complete this job if working an 8-hour day? 

 Continued on next page 

MCI Course 1327 2-20    Study Unit 2, Lesson 1 



 

Excavator Calculations, Continued 

 
Backhoe/ 
Excavator 
Worksheet 

The backhoe/excavator worksheet below is provided for your use. 

  
Step Action 

1 Bucket size:  _______ (Table 2-5) 
2 Cycle per hour: 

 
Min worked/Hour x 60 sec/min   ______ =    ________________ CPH 
        Cycle time (secs)                                    Never round off CPH 

3 Operator efficiency factor:  _________ (Table 2-4) 
4 Hourly output calculation: 

 
______ x _____ x  _____   =   ___________ LCYH  
 Step 1     Step 2     Step 3        Round down  

5 Soil conversion (if needed): 
 
___________(_CYPH)_  x  _________ = __________  (_CYPH) 
                                           (Table 2-18)    Round down 

6 Total time requirement:  
 
Material to remove _____ (LCY) divided by _____ LCYPH = ____ Hours required 
                               Step 1                               Step 7                         Never round off time 

7 Total # of days required: 
 
# Hours required___________   =   _____ Number of days required  
# Hours worked per day                             Round up to next full day 

 
Loader 
Excavator 
Considerations 

Loaders and excavators are capable of moving large volumes of soil in a short 
period of time.  You should perform careful calculations to estimate the haul 
units required to move the material to the work site.  The numbers of haul 
units your loader can employ without excess slack time for either the loader 
or the haul units will be a major factor in your estimation process.  If the 
material delivery rate is greater than the project can handle, would it be 
economical to stockpile the material at the job site, or would pre-delivery be 
beneficial?  What are your optional haul units?  These are some things you 
must consider.   
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Dump Truck Calculations 

 
Classification The primary haul units for soils are dump trucks.  They come in various 

carrying capacities ranging from 2.5 to 20 tons.  Capacities of dump trucks 
are expressed two ways: 
 
• Tons:  Use the table below or check the data plate for load weight.   
• Cubic Yards:  Use the table below for CY or call the MT section.   
 
Dump trucks are classified by the weight they carry in tons, by the truck 
volume in cubic yards.  For example, a 5-ton truck is capable of carrying 5.88 
cubic yards of loose dry clay weighing 1,700 pounds per loose cubic yard, but 
is restricted to the 5 cubic yard capacity.  Wet clay weighing 3,200 pounds 
per cubic yard would be restricted to the 5-ton capacity. 

 
Type of Truck Load Capacity in Pounds Struck Volume in LCY Heap Volume in LCY 

2½ Tons 5,000 Call MT for volume Call MT for volume 
5 Tons 10,000 5 LCY 7.5 LCY 
20 Tons 40,000 Call MT for volume Call MT for volume 

Continued on next page 
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Dump Truck Calculations, Continued 

  
Dump Truck 
Production 

To find out the yardage a truck can safely carry without exceeding its weight 
capacity, take the actual load capacity from the truck’s data plate and divide 
the material weight per loose cubic yard into the truck’s capacity.  You will 
also be calculating travel time of the trucks (cycle time).  The formula is 
provided in the example after step 12.  Production for dump trucks is 
calculated by performing the following steps: 

 
Step Action 

1 Find the soil weight per CY of the material being used and factor in 
percentage of soil moisture content that may exist = ASW. 

2 Divide the truck's load-carrying capacity by the weight of one loose 
cubic yard of material = cubic yard capacity. 

3 Divide the truck CY capacity by the CY of bucket used for loading 
to determine buckets loaded per truck. 

4 Multiply the number of buckets times the bucket capacity = ALS.   
5 Multiply the ALS times one cubic yard of soil weight = LW. 
6 Calculate CT (cycle time--load, haul, dump, and return). 
7 Divide the working minutes per hour by the CT = TPH. 
8 Multiply TPH x ALS x operator efficiency factor (Table 2-4) = 

______ LCYPH. 
9 Perform soil conversion (Table 2-19) from LCY to CCY when 

required. 
10 Multiply hourly _ CY production x number of haul units = hourly 

production. 
11 Divide CY of material required by hourly production = hours 

required. 
12 Hours required divided by days worked per day = days required. 

 
Example:  To calculate cycle time in minutes, multiply the haul unit 

travel speed by 88, and then divide that result into the 
travel distance (feet).  Do this for both haul and return 
routes (HT and RT).  Add 2 minutes fixed time (FT) = 
minutes CT.  Multiply by 88.  Sixty miles per hour is 
exactly 88 feet per second.  If you divide the haul unit 
travel speed by 60 and multiply by 88, you will get the 
haul unit travel speed in feet per second.  Since you 
want the speed in feet per minute, multiply by 60.  
Multiplying by 60, dividing by 60, and then multiplying 
by 88 is the same as multiplying by 88. 

Continued on next page 
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Dump Truck Calculations, Continued 

 
Example  A project requires you to build up a road with dry gravel having a 3-percent 

moisture content.  How many days are required to complete the project using 
ten 5-ton dump trucks working 7 hours per day?  Use the job conditions 
below to calculate the days required to complete the project: 
 

• Compacted gravel required ..........................150,000 CY 
• Average haul distance at ..............................5,000’/35 mph 
• Average return distance at ............................4,000/45 mph 
• Excellent operators/daylight hours ...............1.0 
• Trucks are loaded with a 1155 with .............1.75 CY bucket 
• 1155 cycle time is .........................................50 seconds 
• Minutes per hour working ............................50 

 
Example 
Calculations 

The example calculations are listed in the table below: 

 
Step Action 

1 Find soil weight + moisture factor:  3,000 + 90 = ASW of 3,090 lbs. 
2 Determine the CY capacity of dump trucks:  (See Table 2-17) 5-ton 

struck volume is 5 LCY.  A 10,000-pound capacity divided by 3,090 lbs 
per LCY = 3.2362459, rounded down to 3 LCY. 

3 Determine buckets loaded:  3 LCY divided by 1.75 = 1 bucket. 
4 Find actual load size (ALS):  2 x 1.75 = 3 CY ALS. 
5 Calculate load weight:  3 cu yd x 3,090 lbs = 9,270 lbs LW (do not 

exceed truck's weight capacity; it can carry only 3 CY, not 3.5.). 
6 Calculate cycle time (CT):  Distance (feet) divided by (speed x 88) + 2 

min (fixed—see the notes on the following page) = cycle time.   
 
Example:  5,000’ divided by 35 x 88 + 4,000’ divided by 45 x 88 = 2.63 
+ 2 minutes FT (fixed time) = 4.63 minutes. 

7 Calculate trips per hour:  50 minutes per hour divided by 4.63 = 
10.799136 TPH (never round off TPH). 

8 Calculate hourly production:  TPH x ALS x operator efficiency factor 
(Table 2-3) = 32.397 LCYPH, rounded to 32 LCYPH. 

9 Perform soil conversion:  150,000 CY x 1.15 x 1 = 172,500 LCY. 
10 Find total hourly production:  LCYPH (32) x  # haul units (10) = hourly 

production of 320 LCYPH. 
11 Find total required hours to deliver:  Total CY (172,500) divided by 

LCYPH (320) = 539.062 hours. 
12 Total days required:  529.062 hours divided by 7 (hr/days) = 77.0089, 

rounded to 78 days required. 

Continued on next page 

MCI Course 1327 2-24    Study Unit 2, Lesson 1 



 

Dump Truck Calculations, Continued 

  
Example 
Calculations, 
continued 

Notes:   Production for one truck is 32 CY per hour.  Production when using 
four trucks will be 4 x 32 or 128 CYPH.  172,500 divided by 128 = 
1347.6562 hours or 192.522 rounded to 193 days. 

 
Fixed time (FT) is a constant use to allow for loading, dumping, 
starting, and stopping the truck.  For this course, use 2 minutes for the 
fixed time.   

 
Challenge 3 Work out the following estimation using the “Example Calculations” table on 

the preceding page, and use the dump truck worksheet on the following page.  
Check your answers with those listed at the end of this lesson. 
 
A project assignment requires you to move a dry gravel berm to another 
location ½ mile away.  The truck’s travel speed will be 25 mph.  Your 
calculation for volume is 900 BCY.  Moisture content is 2 percent.  Provided 
two 5-ton dump trucks and an 1155-tracked loader with average operators 
working 45 minutes an hour in an 8-hour day, how long will this project take?  
The loader cycle time is 60 seconds. 

Continued on next page 
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Dump Truck Calculations, Continued 

  
Dump Truck 
Worksheet 

The dump truck worksheet below is provided for your use: 

 
Step Action 

1 Actual soil weight per cubic yard: 
_____________   x  _________ =  ____________ +  _____________  =   ____________ 
SW (Table 2-19)       Moisture %    Moisture weight     SW (Table 2-18  )       ASW (per CY) 

2 Cubic yards per load: 
_______________________  ÷    ______________ =                          Cubic yards per load 
Max. rated haul capacity (lb.)               ASW               

3 Full buckets per load: 
____________  ÷  _____________ 

Cu.yd. per load      Bucket size (CY) =  ____ Buckets loaded (round down to full buckets) 
4 Actual load size: 

______________  x    _____________   =   _______ ALS (never round off ALS) 
# Buckets loaded         Bucket CY size 

5 Load weight: 
___________   x   _________     =   _________  Load weight (never round off) 
ASW per CY         ALS (CY) 

6 Cycle time: 
____________  ÷  (            x  88)        =  ________ Minutes haul time  (HT) 
Distance in feet       Travel speed      
____________  ÷  (            x  88)        =  ________ Minutes return time (RT) 
 
Distance in feet       Travel speed     
________  +  __________ +   2 minutes     =  ________ Cycle time (CT) min. 
Haul time      Return time      Fixed time 

7 Trips per hour: 
___________________  ÷  _________ =  _______ Trips per hour (TPH) 
Minutes worked per hour     Cycle time                    Never round off TPH 

8 Loose cubic yards per hour: 
____  x _______  x  ___________________   =  ___________ Production rate (LCYPH) 

TPH      ALS            Efficiency factor (Table 2-4)                      Round down 
9 Soil conversion, when required: 

______  x  ______________________         =  ______________ Soil converted (_ CYPH) 
LCYPH     __ CYPH factor (Table 2-19)                                         Round down 

10 Hours required: 
____________   ÷  _________ =  ______ ÷ _________________  =  ___ Hours required 
Volume needed    (__ CYPH)      Hours       Number of haul units 

11 Total production days: 
____________  ÷  __________________  =  ______ Days (round up to a full day) 
Hours required      Hours worked per day 

Continued on next page 
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Dump Truck Calculations, Continued 

 
Truck-to-
Loader 
Worksheet 

To effectively employ your loaders, dump trucks, and haul units, calculate the 
number of haul units the loader can handle.  Calculate the truck-to-loader 
ratio, using the steps listed in the table below:  

 
Step Action 

1 Determine the loads the loading unit can load per hour: 
 
____________________  ÷  _______________________   =  ___________ Loads per hour 
Loader output (LCYPH)       Truck capacity (LCY/Load)         Round down 

2 Determine truck loads per hour: 
 
____________________  ÷  _____________    =   __________ Actual loads per hour 
Minutes per hour worked       Loads per hour 

3 Determine amount of trucks that can be efficiently used: 
 
(______________ ÷_______________ )  =              +       1         =  _____ Haul units 
Truck cycle time       Loading time/min.                         Haul unit     Round up 

 
 Note:   Although 5-ton dump trucks are used as the primary haul unit for 

engineer projects, scrapers may also be used depending on the 
situation. 

   
Truck-to-
Loader 
Solution 

The answer is provided in the table below: 

 
Step Action 

1 Determine the loads the loading unit can load per hour: 
 
1.75 CY x 45 min. x 60 sec_ ÷ 60 sec.   =             _____3.5______             22  Loads per hour 
Loader output (LCYPH)              CT          Truck capacity (LCY/Load)      Round down 

2 Determine truck loads per hour: 
 
________45__________  ÷  ______22_____    =   _2.04545 min.___ Actual loads per hour 
Minutes per hour worked       Loads per hour 

3 Determine amount of trucks that can be efficiently used: 
 
( _____4.4______ ÷____2.04545 min._)  =      2.15     +       1         =  __3__ Haul units 
Truck cycle time       Loading time/min.                            Haul unit      Round up 
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Scraper Calculations 

 
Scraper 
Production 

Scrapers can haul two to three times more material (14 to 18 CY) than a 5-ton 
dump truck (5 CY).  Scrapers are very effective in cutting and filling 
operations of horizontal construction projects.  They are self-loaded or push 
loaded, and can spread material faster than most dump trucks.  Some 
disadvantages of using scrapers as strictly haul units are their lack of speed, 
heavy weight, large size, and their inability to dump a load in a small area.  
This section is about new formulas for grade assistance/resistance, rolling 
resistance, and required pounds pull (RPP).  The process is simple and builds 
on the knowledge you have gained thus far.  Follow the steps listed in the 
table below for scraper estimations: 

 
Step Action 

1 Find actual soil wt per CY (ASW):  wt + moisture wt ______. 
2 Find cu yd per load (CYPL):  weight capacity divided by ASW per 

CY ________. 
3 Determine buckets loaded (BL):  CY per load divided by bucket size 

_______. 
4 Determine actual load size (ALS):  # of buckets x CY bucket ____. 
5 Calculate load weight (LW):  step 1 x step 4 ________. 
6 Find short tons (ST):  step 5 (LW) + tractor WT (66,590) divided by 

2,000 =  _____ ST. 
7 Find rolling resistance (RRF/Table 2-6): 

 
• Haul:  ST x factor =  _______ RR 
• Return:  ST x factor =  _______ RR 

8 Calculate grade assistance/grade resistance (GA/GR) (Table 2-10):  
 
• Haul:  ST x 20 x ___% (no decimal) =  ____GR/GA 
• Return:  ST x 20 ___% (no decimal) =  ____GR/GA 

9 Determine required pounds pull and speed (RPP/MPH) (Table 2-7). 
10 Calculate cycle time (CT). 
11 Find trips per hr (TPH). 
12 Find loose cubic yards per hr (LCYPH). 
13 Convert soil (Table 2-18). 
14 Determine hours required (HR). 
15 Determine production days required. 

Continued on next page 
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Scraper Calculations, Continued 

 
Example A project requires you to build a campsite using dry sand.  You will need 

20,000 LCY of material.  The moisture content is 5 percent.  Your operators 
are average and will work 10 hours per day for 50 minutes per hour.  The haul 
distance is 1,400 feet and the return distance is 1,200 feet.  The haul and 
return route is a flat dirt roadway that is rutted and has no stabilization under 
load 4” to 6” penetration.  You will use three 621Bs hauling heap loads  
(18 CY) and one 644E TRAM.  Follow the steps listed in the table below to 
determine how long it will take: 

 
Step Action 

1 Find actual soil wt (ASW):  2,900 lbs x moisture %  +  soil weight = 
3045 ASW. 

2 Find the cubic yards per load (CYPL):  Max. Cap. 48,000 divided by 
3045 = 15.76 CY/load (no more than 18 CY). 

3 Determine buckets loaded (BL):  15.76 CY divided by 2.5 CY = 6.3 
or 6 buckets. 

4 Determine actual load size (ALS):  6 x 2.5 CY  = 15 CY - ALS. 
5 Calculate load weight (LW):  3,045 lbs x 15 CY = 45,675 lbs LW. 
6 Find short tons (ST): 45,675 lb + 66,590 (TW) divided by 2,000 lbs 

= 56.1325 ST. 
7 Find rolling resistance (RRF) (Table 2-6): 

 
 

• Haul route:  56.1325 ST x RRF (Table 2-6) 150 lbs = 8419.875 
or 8,420 lbs. 

 

• Return route:  66,590 TW divided by 2,000 = 33.295 or 33.30 ST 
(empty constant) x RRF 150 lbs (Table 2-6) = 4,995 lbs (RRF). 

8 Calculate grade assistance/grade resistance (GA/GR) (Table 2-10):   
 
56.1325 x 20 (constant) x 0 percent grade = 0 for both haul and 
return routes in this case.  In other words, the power of the scraper is 
not increased or decreased by uphill or downhill effect. 

9 Determine required pounds pull and speed (RPP/MPH): 
 
 

• Haul route:  8,420 lbs (RR) + 0 (GA/GR) = 8,420 (REQPP) 
required pounds of pull.  See Table 2-7 = 5th gear or 11 mph  
(wt. must not exceed the scraper's available RPP for that gear). 

 

• Return route:  4,995 lbs (RR) + 0 (GA/GR) = 4,995 (REQPP) = 
7th gear at 19 mph 

Continued on next page 

MCI Course 1327 2-29    Study Unit 2, Lesson 1 



 

Scraper Calculations, Continued 

 
Example, 
continued 

 

 
Step Action 
10 • Calculate cycle time (CT):  1,400' divided by (11 mph x 88) = 

1,400’ divided by 968 = 1.446 min. (HT) 
 

• Add fixed time (Table 2-8) = 7.5 min. (FT)  
9.66 min. CT 

11 Find trips per hr (TPH):  50 min. per hr divided by 9.66 CT = 
5.17598 TPH. 

12 Find loose cubic yards per hour (LCYPH):  TPH 5.17598 x ALS 
15 CY x EF .60 = 46.58 or 46 LCYPH production. 

13 Convert soil:  20,000 loose cubic yards required (no conversion 
needed). 

14 Determine hours required (HR):  (volume needed) 20,000 LCY 
divided by LCYPH (46) divided by number of scrapers (3) = 
144.927 hrs. 

15 Determine production days required:  144.927 divided by 10 (hrs 
per day) =14.492 days or 15 days. 

 
Challenge 4 Given the following scenario, calculate the production time required to 

complete the mission in days.  Try to work out the problem using the format 
given.  Refer to the worksheet if you do not understand the process.  Check 
your answers against those provided at the end of this lesson.   
 
A project requires you to build up a road using dry clay with a 2-percent 
moisture content.  You will need 5,000 LCY of material.  Your operators are 
average and will work 8 hours per day at 45 minutes per hour.  The haul 
distance is 12,000 feet and the return distance is 11,000 feet.  The haul and 
return route is a hard clay roadway flexing 2 to 3” under load.  You will use 
three 621B scrapers and one 1155E tracked loader.  Use the efficiency factor 
for rubber-tired equipment.  Determine how long the project will take. 

Continued on next page 

MCI Course 1327 2-30    Study Unit 2, Lesson 1 



 

Scraper Calculations, Continued 

  
Scraper 
Production 
Worksheet 

The scraper production worksheet below is provided for your use: 

 
Step Action 

1 Actual soil weight per CY: 
 
(__________________   x   _________ )   =    ___________________ 
Soil weight (Table 2-19)       Moisture %         ASW (do not round off) 

2 Cubic yards per load: 
 
48,000 lbs           ÷  __________  = __________ Cubic yds per load (never exceed 18 CY) 
Max. capacity          ASW 

3 Buckets loaded: 
 
_______________  ÷   ________________  = _________ Buckets loaded 
Cubic yds per load      Bucket size of loader   (Round down) 

4 Actual load size:  __________ x  ________________  =  __________ ALS (CY) 
                                          # of buckets       Bucket size of loader 

5 Load weight: _____________ x  ___________ = __________ Load weight 
                              ASW                       ALS 

6 Short tons: 
 
Haul:      __________  +          66,590         =   __________   ÷ 2,000  =  ______ _ Short tons 
Route            LW            Tractor weight          Gross weight                  Do not round off 
 
Return:   __________  +         66,590          =   __________   ÷ 2,000  =  ________ Short tons 
Route          LW               Tractor weight         Gross weight                   Do not round off 

7 Rolling resistance: 
 
Haul:   __________   x  _____________________________   = ________ Rolling resistance 

        Short tons          Rolling resistance factor (Table 2-6)  
Return: ________     x   ___________________________     =        33.30   Rolling resistance  

       Short tons          Rolling resistance factor (Table 2-6)       Constant  
8 Grade resistance/assistance:  

 
Haul:  ________  x        20         x                                                          =  _________GR/GA 
          Short tons       (Constant)     Grade factor (do not convert % to decimal) 
Return:  _______  x      20          x                                                         =  _________GR/GA 
            Short tons     (Constant)     Grade factor (do not convert % to decimal) 

Continued on next page 
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Scraper Calculations, Continued 

 
Scraper 
Production 
Worksheet, 
continued 

 

  
Step Action 

9 Required pounds pull/tractor speed: 
 
Haul:  __________ ±  ________  =  ________, then Table 2-7 for tractor speed _________ 
                 RR               GR/GA         REQPP 
 
Return:  ________ ±  _________ =  ________, then Table 2-7 for tractor speed _________ 
                 RR               GR/GA         REQPP 

10 Cycle time: 
 
Haul:     ____________  ÷  (                x 88)     =  ________  Minutes haul time  (HT) 
            Distance in feet        Travel speed     
 
Return:  _____________  ÷  (               x 88)     =  ________ Minutes return time (RT) 
            Distance in feet          Travel speed     
 
Add:    _________  + _________    +         2 minutes                   =   _______ Cycle time (CT) 
          Haul time       Return time     Fixed time (Table 2-8) 

11 Trips per hour: 
 
__________________ ÷   __________  =  _______ Trips per hour (TPH) 
Minutes worked per hr      Cycle time 

12 Cubic yards per hour (LCYPH): 
 
_____  x    ____  x   _____________   =                    _________ Production rate (LCYPH) 
TPH         ALS        Scraper efficiency factor           Round down 
                (Step 4)       (Table 2-4) 

13 Soil conversion (if needed): 
 
______    x   ________________________    =   _____________ Soil converted (_ CYPH) 
LCYPH       Conversion factor (Table 2-18) 

14 Hours required: 
 
(_____________ ÷ ___________)  x   __________________    =  _____Hours required 
Volume needed      (___  CYPH)          Number of haul units 

15 Total production days: 
 
____________ ÷   __________________  =  ______   Days (round up to a full day) 
Hours required       Hours worked per day 
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Push Tractor Calculations 

 
Push Loading Push loading a scraper is one of the most effective methods of loading a 

scraper.  A self-loaded scraper may require twice the time and distance than 
one being assisted by a push tractor, thus effecting the cycle times and 
production throughout the project.  Usually, a caterpillar D7G dozer pushes a 
621B.  The D7G is the only dozer in the Marine Corps with a reinforced blade 
for push loading.  Push loading increases production by reducing load time 
and distance.   
 
Use the worksheet on the next page to find out how many push tractors are 
required for seven 621Bs, with an 8.92-minute cycle time.  The length of cut 
is 125 feet.  Before going into dozer operations, follow the push tractor 
estimation process listed in the table below.  These steps can also be used for 
scrapers being push loaded by the D7G dozer.   

 
Step Action 

1 Calculate load time.  Load time is the time it takes to load the 
scraper while the dozer is pushing the scraper. 

2 Boost time (constant of 0.25).  Boost time is the time after the 
scraper is loaded when the dozer boosts the scraper off to a faster 
departure.  

3 Calculate return time.  Return time is the time it takes the dozer to 
return to its starting point. 

4 Calculate cycle time. 
5 Determine scraper cycles per hour. 
6 Determine push tractor cycles per hour. 
7 Determine number of push tractors required. 

Continued on next page 
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Push Tractor Calculations, Continued 

 
Push Tractor 
Worksheet 

The push tractor worksheet below is provided for your use: 

 
Step Action 

1 Load time: 
 
___________ ÷  (     2  x  88)  = ________ Load time (min.)   
Length of cut         mph x 88 
                         (2 x 88 constant) 
Note:   Never round off time. 

2 Boost time  (Use a constant of 0.25):  BT =  0.25 
3 Return time: 

 
                  x        1 .4       =  _______ Return time 
Load time         constant 
 
Note:   Never round off time. 

4 Calculate cycle time: 
 
_______  +  ______ + _______ = ____________ Min. push tractor cycle time (PTCT) 
   LT              BT            RT  
 
Note:   Never round off time. 

5 Scraper cycles per hour: 
 
60 ÷    _____________ =  ____________ Scraper cycles per hour (CPH) 

Scraper CT  
(Step 10 of scraper production worksheet) 
 
Note:   Never round off time. 

6 Push tractor cycles per hour: 
 
60 ÷   _______   =   __________ Push tractor cycles per hour   

(PTCT) 
 
Note:   Never round off time. 

7 Push tractors required: 
 
(___________  x ___________________)  ÷                  =  ________ Push tractors required 
Scraper CPH       # of scrapers employed        PT CPH                         Round up equipment 
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Dozer Calculations 

 
Dozer 
Production 

Scrapers and dozers are the most frequently used earthmoving equipment for 
construction projects.  Dozer production may also be calculated.  Through the 
use of estimation worksheets for dozing operations, increase your planning 
and directing abilities of a project to ensure the maximum production of your 
equipment. 
 
Dozer production for LCYPH can be estimated by simply multiplying six 
factors found in Tables 2-4, 2-9, 2-10, 2-11, and 2-13.  Volume needed, soil 
conversion, hours required, and days to complete are all processes that you 
are familiar with.  Use the steps listed in the table below to calculate dozers: 

 
Step Action 

1 Find LCYPH in Table 2-9 for dozer type and push distance. 
2 Find grade correction factor in Table 2-10. 
3 Find soil weight correction factor: 

2,300       ÷                                =               Soil wt correction factor 
Constant       Soil wt in Table 2-19 

4 Find the soil type correction factor in Table 2-11. 
5 Find equipment/operator efficiency factor in Table 2-4. 
6 Find management technique factor in Table 2-12. 
7 Calculate LCYPH production (Steps 1 x 2 x 3 x 4 x 5 x 6). 
8 Calculate soil conversion (if required) in Table 2-18. 
9 Calculate total hours required. 
10 Determine days. 

 
Example Determine how long it will take one D7G dozer to cut three enemy tank traps 

200 feet on a 2-percent grade in wet sand at night using the slot dozing 
method with an excellent operator working 7 hours a night.  Use a factor of 
1.0 for soil correction.  Material to move is 2,133 banked cubic yards.  Use 
the worksheet on the following page to make the estimation process fast and 
simple. 

Continued on next page 
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Dozer Calculations, Continued 

 
Dozer 
Production 
Worksheet 

The dozer production worksheet below is provided for your use: 

 
Steps  Action 

1-7 LCYPH: 
 
 200      x    .96       x   .7419354    x     1.0       x   .75    x   1.20    = 102.56 or 102  LCYPH 
Step 1       Step 2         Step 3             Step 4        Step 5        Step 6   Round down LCYPH 
Table           Table        SW Table 2-19        Table            Table           Table 
 2-9               2-10         divided by 2,300        2-11              2-4               2-12 

8 Conversion (If needed): 
 
            1.11                       x          2133 BCY      =   2367.63  Converted soil  LCY 

9 Hours required: 
 
(        2,368       ÷        128    )              1          =   18.492187  hours required 
__ CY to move        __ CYPH          # of dozers        Never round off time 

10 Days required: 
 
  18.492187         ÷                          7                       =         2.6 or 3     nights 
Hours required        Hours worked per day/night        Round up to full day/night 

 
Fixed 
Time/Multiple 
Dozers 

The required number of dozers required to complete a job in a given time limit can 
also be calculated after determining LCYPH production for one dozer.  The 
process is simple.  Use the formula below to find the answer to the challenge 
above.   
 
If the mission requires completion in 7 hours (one night), how many D7 dozers 
will be required? 
 
(       2,368       ÷         128           )   =  18.5    ÷                7                   =   2.64 or 3 dozers
LCY to move     LCYPH per dozer   hours       Required completion     # Dozers required 

in hours 
 
Note:   Remember the order of operations:  Parenthesis, exponent, multiplication, 

division, addition, and subtraction (PEMDAS).  We may not use all the 
operations in this lesson, but the order always stays the same. 
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Clearing, Grubbing, and Stripping Calculations 

 
Definitions Dozers are primarily used for clearing, grubbing, and stripping operations as 

well as stockpiling, ripping, and winching operations, which will be discussed 
in another lesson. 

 
Clearing and 
Grubbing 

Clearing and grubbing consists of removing all trees, fallen timbers, brush, 
and other vegetation from a designated area.  Table 2-14 shows average 
clearing rates for normal jobs. 
 
Note:   If estimating clearing and grubbing only, omit 1.6 (constant) from 

numerator of equation.  The 1.6-hour is there for disposal and 
stripping of vegetation. 

  
Stripping Stripping consists of removing and disposing of the topsoil and vegetation 

that is unsuitable for use as a sub grade to build upon for roads and airfields.  
Estimations for earthmoving in general (discussed earlier in this lesson) may 
be used for estimating stripping operations as shown in the table below: 

 
Tree Size Time Required 

Brush and small trees 6 inches or less in 
diameter  

900 to 1,000 square yards 
per hour 

Medium trees 7 to 12 inches in diameter 2 to 9 minutes per tree 
Large trees over 12 inches have deep 
imbedded root systems that are difficult to cut 
 
Note:   After cutting the roots, a ramp is built 

on one side and used as leverage for 
the dozer to push the trees over. 

5 to 20 minutes per tree 

 
Large Rocks Large rocks are usually dug up using the cutting method for large trees and 

using the tilt blade to lift the rock out of the hole. 

 Continued on next page 
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Clearing, Grubbing, and Stripping Calculations, Continued 

 
Estimating 
Methods 

To help you estimate a given project, perform production estimation for 
clearing with dozers.  Two possible methods are the quick method and the 
tree-count method.  By closely studying these two worksheets, you should 
understand the process.  

 
Example You are tasked to clear, grub, and strip an area 1,500 feet x 24 feet.  The trees 

vary from small to large.  You have one D7G and an excellent operator, but 
he must work at night for no more than 6 hours per night.   

  
Quick Method Use the quick method steps listed in the table below to determine how long it 

will take to count the trees: 
 

Step Action 
1 Determine acreage: 

 
(1500’    x      24’)  =  36,000 sq ft   ÷     43,560      =  0.8264462  acres (never round off acres) 
Length        Width                                Sq. ft/acre 

2 Identify dozer type and number available:  Dozer D7G    Available 1
3 Determine average size of trees to be cleared:  __ Small    x Medium   __ Large 
4 Find estimated production rates for clearing (Table 2-14): 

 
Tree size:  medium   Dozer size:  D7  =  5.00 hours per acre 

5 Calculate basic production for various trees sizes (Table 2-15) (if needed): 
 
                     _+                        __ + __                    ÷                        ___ =              hrs per acre 
Hr/acre (small)    Hr/acre (medium)     Hr/acre (large)    # of different trees 

6 Find equipment/operator efficiency (Table 2-4)  =    0.75   
7 Total hours required: 

 
(0.8264462    x    5.00      x  1.6 )    ÷   (   .75      x          1       )  =   8.814  Total hours required 

Step 1             Step 4/5    Constant      Step 6            Step 2 
                                      for stripping 

  (Acres)       (Hrs per acre)              (Efficiency)      (# dozers) 
8 Production days: 

 
      8.814        ÷                6                  =     1.46 or (round up)   2   days/nights 
Hrs required        Hrs worked per day 

Continued on next page 
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Clearing, Grubbing, and Stripping Calculations, Continued 

 
Challenge 6 The equipment chief has been tasked with a project to clear, grub, and strip a 

wooded area 650’ x 650’.  The average size of the trees is small.  Using a 
D7G with an average operator working a 7-hour day, how long will the job 
take?  Check your answer against those provided at the end of this lesson. 

 
Step Action 

1 Determine acreage: 
 
( _______  x  _________ )  ÷    43560 sq ft   =   _______ Acres (never round off acres) 
    Length           Width               Acre 

2 Identify dozer type and number available:        Dozer ____     Available _____ 
3 Determine average size of trees to be cleared:  __ Small   __ Medium   __ Large 
4 Find estimated production rates for clearing (Table 2-13): 

 
Tree size ______ Dozer size ______ = _______ Hours per acre 

5 Calculate basic production for various tree sizes (if needed): 
 
___________  +_____________ + ___________ ÷  _______________ =  _____ Hrs per acre 
Hr/acre (small)   Hr/acre (medium)   Hr/acre (large)    # of different trees 

6 Find equipment/operator efficiency (Table 2-4) = _________ 
7 Total hours required: 

 
(           x                 x   1.6               ) ÷ (               x              )  =  _______ Total hours required 
  Step 1     Step 4/5            Constant         Step 6        Step 2 

8 Production days: 
 
_________________  ÷    __________________ =  ______ hours or ______ days 
  Hours required                 Hours worked per day                Round up to nearest day 

 

Continued on next page 
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Clearing, Grubbing, and Stripping Calculations, Continued 

 
Counting the 
Trees 

Replace step 4 with step 5 and use the same production worksheet to get a 
more accurate method when counting trees.  To count an acre of trees, use the 
steps listed in the table below: 

  
Step Action 

1 Measure out a 50 x 50-foot section and count all the small, 
medium, and large trees. 

2 Determine the fraction of an acre that a 50 x 50-foot section 
equals.  This is .0573921 of an acre.  Divide this factor into the 
tree size count to find the average number of each size tree per 
acre. 

3 Multiply the trees per acre for each size tree times the time it takes 
to remove them (Table 2-14).  Add all the time and divide by 60 
(60 min. per hour) to get the total hours required. 

 
Example Use the example below by counting the trees manually.  In a 50 x 50-foot 

section, use 20 small, 15 medium, and 10 large trees.   
 
Find the acreage: 
 
50’ x 50’ section = 2,500 square feet ÷ 43,560 square feet/acre = .0573921 acre 
 
Using a D7G to clear the trees: 
 
20 small:     20  ÷  .0573921 =  348  per/acre.     2.50 min/tree x 348 =  870 min. 
15 medium: 15  ÷  .0573921 =  261  per/acre.    5.00 min/tree x 261 =1,305 min. 
10 large:      10  ÷  .0573921 =  174  per/acre.     10.00min/tree x 10 =1,740 min.

3,915 total min. 
 

Continued on next page 
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Clearing, Grubbing, and Stripping Calculations, Continued 

 
Tree Count 
Method 

Use the tree count method to count the trees.  The steps are listed in the table 
below: 

 
Step Action 

1 Determine acreage: 
 
(1,500'   x   24')  =             36,000 sq ft   ÷  43,560 square feet/acre =   0.8264462  acres 
 Length     Width            Square feet (area) 

2 Identify dozer type and number available:  Dozer   D7G       Available   1
3 Determine average size of trees to be cleared:  __ Small     __ Medium    __ Large 
4 Find Basic Production Rate for Clearing:  Table 2-13 (N/A) 

 
Tree size __________  Dozer size ____  =    ______ Hrs per acre 

5 Calculate basic production for various tree sizes (if counted):  Table 2-14 
 
348   Small trees/acre   x   2.50   Minutes/tree  =       870  Min. per acre (small trees) 
261   Med. trees/acre    x   5.00   Minutes/tree  =    1,305  Min. per acre (med. trees) 
174   Large trees/acre   x 10.00   Minutes/tree  =    1,740  Min. per acre (large trees) 

3,915 Total min/acre 
 
Total min/acre  3,915  ÷  60  =   65.25 hours per acre 

6 Find equipment/operator efficiency (Table 2-4)  =   .75
7 Total hours required: 

 
(.8264462 x 65.25  )      1. 6           ÷        ( .75    x     1 )  =   71.9008  Total hours required 
  Step 1       Step 4/5 (constant for strip)    Step 6      Step 2  
 

8  Production days: 
 
  71.9008          ÷                   6                  =   11.9834   or      12     Days/Nights 
Hours required     Hours worked per day 
 
Note:   Although the tree count may be a little high for such a small section, you 

can see that the tree count method you choose can make a tremendous 
amount of difference in the clearing time estimate. 

 

Continued on next page 
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Clearing, Grubbing, and Stripping Calculations, Continued 

 
Challenge 7 The equipment chief has been tasked with a project to clear, grub, and strip a 

wooded area 150 feet by 300 feet.  Your NCOs report to you that there are 
100 small, 50 medium, and 15 large trees in a 50 by 50 section.  Using a D7G 
with an average operator working 7 hours a day for 50 minutes per hour, how 
long will the job take?  Check your answer against those listed at the end of 
this lesson. 

  
Worksheet The worksheet below is provided for your use: 
 

Step Action 
1 Determining acreage: 

(              x               )  =         sq ft          ÷  43,560 sq ft/acre  =                    acres 
 Length           Width        Sq ft (area) 

2 Identify dozer type and number available:  Dozer            Available    1    
3 Determine average size of trees to be cleared:   __ Small     __ Medium    __ Large 
4 Find basic production rate for clearing:  Table 2-14 (N/A) 

Tree size __________  Dozer size ____  =    ______ Hrs per acre 
5 Calculate basic production for various tree sizes (if counted):  Table 2-15 

         Small trees/acre  x   2.50    Minutes/tree  =                Min. per acre (small trees) 
         Med. trees/acre   x   5.00    Minutes/tree  =                Min. per acre (med. trees) 
        Large trees/acre   x  10.00   Minutes/tree  =                Min. per acre (large trees) 

                                                                                            Total min/acre 
 
Total min/acre                    ÷                               =             Hours per acre 
                                             Min/per/hr/work 

6 Find equipment/operator efficiency (Table 2-4) =          
7 Total hours required: 

(               x                 ) ÷ (               x                )  =                      Total hours required 
  Step 1         Step 4/5           Step 6        Step 2   

8 Production days: 
                       ÷                                        =                      or                Days/Nights 
Hrs required          Hrs worked per day 
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Ripper Production for the D7G  

 
D7G 
Characteristics 

The ripper is designed to loosen hard materials.  Doing so assists in the 
production rate of scrapers and dozing.  The number of teeth used, the tractor 
speed, operator proficiency, depth of cut desired, and the hardness of material 
must be experimented with to find the right combination of equipment and 
method of operation for your particular job.  Consider the effective width of 
the following before performing ripping operations: 
 
• A single shank placed in the center of the tool bar is 36 inches or 3 feet.   
• Two shanks placed one on each side of the tool bar is 72 inches or 6 feet.   
• Three shanks, one placed in each position of the tool bar, is 108 inches or 

9 feet. 

 
Tooth 
Penetration 

Tooth penetration is often the key to ripping success, regardless of seismic 
velocity.  This is particularly true with homogenous materials such as 
mudstone, claystone, and fine-grained caliches (a hard soil layer cemented by 
calcium carbonate and found in deserts and other arid or semi-arid regions).  
It is also true in tightly cemented formations such as conglomerates, some 
glacial till, and caliches containing rock fragments. 

  
Sedimentary 
Materials 

Low seismic velocities of sedimentary materials can induce probable 
ripability; however, if the fractures and bedding joints do not allow tooth 
penetrations, the materials may not be ripped effectively. 

  
Pre-Blasting  Pre-blasting or "popping" may induce sufficient fracturing to permit tooth 

entry, particularly in the caliches, conglomerates, and some other rocks.  The 
feasibility should be checked carefully when considering popping of 
sandstone, limestone, and granites. 
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Ripper Estimation Methods 

 
Record, Rip, and 
Weigh Material 
Method 

The best method is to record the time spent ripping and to weigh the ripped 
material.  The total weight divided by the time spent will give hourly 
production.  Use care to ensure only ripped materials are removed. 

 
Cross-Section 
the Area  

Another method is to cross-section the area and then record the time spent 
ripping.  After the material has been removed, cross-section the area again to 
determine the volume of rock removed.  Divide the volume of rock by the 
time spent ripping to find the ripping rate per minute or hour. 

 
Time the Ripper The least accurate method, but a valuable one for quick estimating on the job 

is timing the ripper over a measured distance.  Determine the average cycle 
time from a number of timed cycles.  Turn around or backup time must be 
included.  Measure the average rip distance, shank spacing, and depth of 
penetration.  This data gives the volume per cycle from which the production 
of bank cubic yards can be calculated.  Experience has shown that results 
obtained from this method are about 10 to 20 percent higher than the more 
accurate methods of cross sectioning. 

 
No Rule of 
Thumb 

There is no ready answer to predict ripping production.  Even if everything is 
known about the seismic velocity of the material, its composition, the job 
conditions, equipment, and the operator, only a "guesstimate" can be given.  
The final answer must come from a production study obtained from the job 
site. 
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Grader Production 

 
Purpose Graders are multipurpose machines used primarily for general construction 

and maintenance of roads and airfields.  When properly used, the grader can 
be employed for crowning and leveling, mixing and spreading materials, 
ditching and bank sloping, and side casting material. 

 
Factors  Grader production is based on the number of passes required, speed, used 

gear, and distance traveled per pass.  Operator skills are very important 
because grader work is the last performance step before final compaction of 
the material. 

  
Formula 
Factors  

The formula factors to use are listed in the table below: 

 
Factor Formula 

(P) The number of passes (P) depends on the operation.  Careful 
consideration must be made when determining the number of 
passes required.  Base the number of passes required on several 
factors, including the effective grading width of the moldboard in 
the material being worked and the number of passes required to 
cut or fill a given lane to bring the surface to the desired grade. 

(D) Distance is the length of travel expressed in miles. 
 
Feet ______ divided by 5,280  =  ______ miles 

(S) Speed is expressed in miles per hour (mph).  Table 2-16 depicts 
the speed for any gear selection.  Speed will vary according to the 
operation and the experience of the operator. 

(E) The efficiency factor takes into account several factors, including 
a 60-minute work hour, supervision, operator skill, site 
conditions, and maintenance requirements.  Use a factor of 60 
percent efficiency as the standard in all your grading estimations. 
 
Note:   When a grader makes a number of passes of less than 

1,000 feet, it is more efficient to back the grader to the 
original starting point rather than turn the grader around.  
This backing pass must also be factored into the 
estimation formula. 

Continued on next page 
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Grader Production, Continued 

  
Example Two miles of gravel road is to be leveled and reshaped by a 130G with a 12-

foot moldboard.  The estimate is that five passes will be required.  The 
material allows for passes one and two in second gear, passes three and four 
in third gear, and the last pass in sixth gear.  How long will it take to level and 
reshape the road? 

  
Solution The solution to the example is shown below: 
 

Passes one and two -   (2   x   2 mi)   (3.7 mph  x  .60)  =  4   2.22 = 1.81 hours 
(P)      (D)       (S)               (E) 

Passes three and four- (2   x   2 mi)   (5.8 mph  x  .60)  =  4   3.48 = 1.14 hours 
(P)      (D)       (S)                (E) 

Pass five-                (1   x  2 mi)   (24.5 mph  x  .60)   =  2   14.7 = 0.13 hours 
(P)       (D)       (S)               (E) 

Total hours:  1.81 + 1.14 + 0.13  = 3.08 hours
Total production (days):  3.08   8 (hrs a days) = .385 or 1 Day 

 
 Note:   Using the grader production worksheet on the following page is 

simple.  Try using the worksheet for the next practice exercise. 

Continued on next page 

MCI Course 1327 2-46    Study Unit 2, Lesson 1 



 

Grader Production, Continued 

 
Challenge 7 You have 4 miles of road that requires leveling and reshaping.  The estimate 

is that eight passes will be needed to complete the job.  The type of material 
will permit passes one through three in first gear, passes four and five in third 
gear, passes six and seven in fourth gear, and pass eight in sixth gear.  The 
operator will work 6 hours per day.  Using the worksheet below, find the total 
production days for the grader.  Check your answer against those at the end of 
this lesson. 

  
Grader 
Production 
Worksheet 

The grader production worksheet below is provided for your use: 

 

  

Step # of Passes 
speed 

Times 
 

Distance in Miles 
.60 (efficiency factor) 

Equals  Equals 
 

Hours 
 

1  
__3___ 

2.3 

 
x 

  
 

_8.70_

 
_12_ 

 1.38 

  
__4mi__ 

.60 
= = 

 
2    

x 
 

________ 
.60 

 
_____ 

 
= ____ 

 
= 

 
 

_____ 
3  

_____ 
 

x 
 

________ 
.60 

=  
____ 

=  
 

_____  
4    

_____ 
 

 
x 

   
=  = ____ ________ 

_____ .60 
Add hours from steps 1 through 4. 

 
________  +  ________  +  ________  +  ________   =   ________ Hours required   
1.                    2.            3.            4.  

 
5  

Total production  =  ____________  ÷  _________________  =  _____  or  _____ days 
                              Hours required     Hours worked per day                     Round up 
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Compacting 

 
Definition Compaction is the process of mechanically densifying a soil by moving a load 

over the surface.  No other construction process applied to natural soils so 
drastically affects the properties of those soils.  Although compacting does 
not affect all soils alike, the advantages gained by compacting have made it a 
standard and essential part of the horizontal construction process. 

 
Classification Compacting may take place at various stages of the construction process.  To 

build a strong base, the padded drum may be used to compact before the 
finish grades are applied.  Then, after the finish grade is applied, the smooth 
drum compaction process takes place. 

 
Equipment 
Selection  

Even though the Marine Corps has one type of compactor (vibratory), the 
military community has several to choose from.  If the job you are working 
on needs a specific type that the Marine Corps does not have, you can 
temporarily get a loaner from another service.  Engineers use hand held 
tampers, and occasionally a unit will have a commercial compactor or old 
sheep foot towed type compactor.  
 
Note:   The padded drums compact up to14 inches of soil from the bottom up 

with a compaction factor of 95 percent.  The smooth drum will 
compact 7 inches of soil from the top down with a 95-percent 
compaction factor. 

 
Tables 2-20 and 2-21 provide guidance in selecting the right compactor type 
for the material.  Table 2-22 is the compaction guide on soil classifications 
and compaction requirement guides in the estimation process by listing lift 
thickness, compactor speed and vpm, and number of passes for various soil 
types. 

Continued on next page 
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Compacting, Continued 

 
Table 2-20 The table below shows the spectrum of roller capabilities: 
 

 
100%                                                      100%                                                         Rock 
Fines                                                       Sand                      

          Sheepsfoot 
       _________________________ 
 

                        Tamping foot 
                         _____________________________ 
 

                                          Vibratory 
                                    ______________________________________________________________________ 
    

                                                     Pneumatic, rubber 
                                                          _______________________________________________ 
 

                                                                     Smooth steel drum 
                                                                             ________________________________________________ 
   

                                                                                        Grid roller 
                                                                                                       __________________________________________ 
 

 

  
Table 2-21 The table below shows the compactor selection guide: 

 
Roller Type Soil Type Compactive Effort 

Sheepsfoot Fine-grained soils, sandy silts, 
clays, gravelly clays 

Kneading 

Tamping foot (BOMAG) All soils except pure sands and 
clay 

Kneading 

Vibratory Sand/gravel, gravelly and sandy 
soils 

Vibratory (granular-type soils) 

Pneumatic  Sand/gravel, fine grained soils, 
asphalt 

Kneading or static (tire pressure) 

Steel wheel Gravelly soils, asphalt Static 
Grid roller Rock, large grains, till Static 
 
Note:   Use this table only if a test strip is not obtainable. 

Continued on next page 
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Compacting, Continued 

 
Table 2-22 The table below shows the compaction guide: 

 
Symbol Description Depth After 

Compaction 
(inches) 

Value as a Subgrade/ 
Sub Base/Base♦ 

Rolling 
Speed 

Number 
of  

Passes 
GW Well-graded gravel sands 

mixture with 5% of less fines 
18  

(Best) 
Excellent/Excellent/ 
Good 

4 mph 
1400 vpm 

8 

GP Poorly graded gravels or 
gravel-sand mixture with little 
or no fines 

18  
(Best) 

Good to excellent/ 
Good/Fair to good 

4 mph 
1400 vpm 

8 

GM Silty gravel and poorly graded 
gravel-sand-silt mixture 

12 Good to excellent/ 
Good/Fair to good 

4 mph 
1400 vpm 

6 

GC Clayey gravel and poorly 
graded gravel-sand-cay mix 

12 Good /Fair/ poor to 
not suitable 

4 mph 
1400 vpm 

6 

SW Well-graded sands or gravely 
sand mixture with 5% or less 
fines 

18  
(Best) 

Good/Fair to good/ 
Poor 

4 mph 
1400 vpm 

8 

SP Poorly graded sands or gravely 
sand mixture with 
5% or less fines 

18 
(Best) 

Fair to good/Fair/ 
Poor to not suitable 

4 mph 
1400 vpm 

8 

SM Silty sands, sand-silt mixture 12 Fair to good/Fair to 
good/Not suitable 

4 mph 
1400 vpm 

6 

SC Clayey sands, sand-clay 
mixture 

12 Poor to fair/Poor/ 
Not suitable 

3 mph 
700 vpm 

7 

ML Inorganic silt of low plasticity, 
silty fine sands 
 

8 Poor to fair/Not 
suitable/Not suitable 

3 mph 
700 vpm 

7 

CL Inorganic clay of low to 
medium plasticity, lean clays 

8 Poor to fair/Not 
suitable/Not suitable 

3 mph 
700 vpm 

7 

OL * Poor/Not suitable/ 
Not suitable 

N/A N/A Organic silt and organic silt-
clay of low plasticity 
Inorganic silt micaceous or 
diatomaceous silty soil 

* Poor/Not suitable/ 
Not suitable 

N/A N/A MH 

Poor to fair/Not 
suitable/Not suitable 

CH Inorganic clay of high 
plasticity, fatty clays 

* N/A N/A 

Organic clay medium to high 
plasticity 

* Poor to very poor/ 
Not suitable/Not 
suitable 

OH N/A N/A 

♦Value as a ___ grade when not subject to frost action. 

Continued on next page 
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Compacting, Continued 

 
Table 2-23 The table below shows efficiency factors for compacting equipment: 

 
Type of Operation Working Hours Efficiency Factor 
Day 50 Min/Hr 

45 Min/Hr 
0.83 
0.75 

Night 50 Min/Hr 
45 Min/Hr 

0.75 
0.67 

  
Compactor 
Production 

Knowing the characteristics, capabilities, and limitations of the different types 
of rollers, a project officer can select the most appropriate type of compaction 
equipment.  Once selected, figure your production.  Use the following 
formula to calculate compactor production in compacted cubic yards per hour.
 

16.3 x W x S x L x E 
                                     P                   = CCYPH 

 
W  = Effective width of the roller 6 feet:  The compactor’s drum is 7 feet 
wide; however, to eliminate non-compacted strips, each pass should overlap 
the preceding pass by 1 foot, thus giving the 6 feet effective width. 
 
S  = _______________ Compactor speed in mph 
         (Table 2-21) 
 
L  = _______________ Compacted lift thickness in inches 
          (Table 2-21) 
 
E  = _______________ Efficiency factor 
          (Table 2-22) 
 
P  = _______________ Number of passes required 
          (Table 2-21) 
 
16.3  = Constant used in formula 

Continued on next page 
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Compacting, Continued 

 
Type of Soil 
Formula 

Production estimation starts with determining the type of soil you are working 
with and then referencing Tables 2-22 and 2-23 for information to put into the 
formula.  After you find how many compacted cubic yards per hour the 
compactor will produce, divide the quantity to be compacted by the hourly 
production rate to find how many hours and days are required. 

 
Example  You are compacting clay (CL).  The operator is working 45 minutes of every 

hour during the day.  The amount to be compacted is 2,000 CCY.  You are 
working an 8-hour day.  To determine the type of soil formula, follow the 
steps listed in the table below: 

 
Step Action 

1 Soil type CL 
2 Speed 3 mph, Lift thickness _8_, and Passes _7_ from Table 2-21 
3 Efficiency factor _.75_ from table 2-22 
4 16.3  x  W  x    S      x   L    x   E 

16.3  x   6’  x 3 mph  x    8   x    .75 
________________________________  = 251.48 or 251 CCYPH 
                                 7 
                                 P 

5 Material to be compacted (2,000) 
2,000 
  251      = 7.96 total hours required 

6 Hours required 7.96 ÷ 8-hour day  =   .995 or 1 day 
 Round days to next full day 

 
Challenge 8 Use the compactor worksheet on the next page to solve the challenge.  Check 

your answer against those at the end of the lesson. 
 
Your section has been tasked with a road construction project.  The total 
amount of GW gravel to be compacted is 5,000 CCY.  The compactor will be 
a self-propelled vibratory roller with a 6-foot compaction width during the 
day.  Your operator will average 50 minutes an hour for 8 hours a day.  How 
long will the project take? 

Continued on next page 
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Compacting, Continued 

 
Compactor 
Worksheet 

The compactor worksheet below is provided for your use: 

 
Step Action 

1 Soil type _____ 
2 Determine compaction requirements using Tables 2-21/2-22. 

 
(W) Effective width     6 feet   

 
(S) Speed  _______ mph 

 
(L) Lift in inches  ________ 

 
(P) Number of passes  ________ 
 

3 Determine equipment factor using Table 2-23 (E)  ________. 
4 Calculate hourly production. 

 
(16.3         x               x               x                x            )    ÷             =                      CCYPH  
Constant   x      W     x    S          x     L        x    E                 P          Round down 

5 Hours required:  Quantity to compact ______  ÷  ______ CCYPH = _______ hours 
6 Total days:  ___________   ÷   __________________    =  ____ days required 

                  Hours required        Hours worked per day      Round up 
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Challenge Solutions 

  
Challenge 1 The solution for challenge 1, using the loader worksheet is shown below: 

 
Step Action 

1 Basic production (Table 2-1 or manually timed cycle): 
 
     50    Min.  ÷    .5 (30sec) CT =  100             
Min. work/hr            Min.              CPH 
 

  100  CPH  x   2.5 CY  Bucket Size =  250  LCYPH 

2 Production rate (LCYPH): 
 
     250                  x           0.75                    =      ______187.5________     =  187 LCYPH
Basic production        Management             =      Production rate (LCYPH)     Round down 
                                  Efficiency Factor  
                                   (Table 2-2) 

3 Soil conversion production rate (if needed): 
 
   187      x                       .63                        =         117.81                         =  _117 CCYPH_ 
LCYPH      Conversion factor (Table-2-18)     Soil converted (CCYPH)     Round down 
Total hours required: 

 
4 

Quantity to be loaded      __500__ ÷   __117     __ =     4.27   Total hours required 
                                    ( CCY)         ( CCYPH) 

Total production days: 5 
 
       4.27             ÷              7          =                 .61  or  1 day  (round up) 
Hours required       Hours worked per day           Total days    

Continued on next page 
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Challenge Solutions, Continued 

 
Challenge 2 The solution for challenge 2, using the backhoe/excavator worksheet is shown 

below: 
 

Step Action 
1 Convert soil from bank to loose. 

 
    89   BCY  x     1.11          =       99      LCY 
                            Table 2-18            Round up 
Cycle time (Table 2-3)  22 sec. 2 

3 Basic production: 
____.25____  x _____45________   x      60        ÷   ____22 _____ =  ____30_____ LCYPH 
Bucket size CY    Min. worked per hr.     Sec/min         Cycle time sec.   Round down 

4 Soil weight factor     2,300     ÷ _______2900 lb_____    = __.7931______ Conversion Factor 
                         Constant       Soil weight (Table 2-19) 

5 Operator efficiency factor (Table 2-4)          ____.60_____ 
6 Management efficiency factors (Table 2-2)  ____.75_____ 
7 Hourly output calculation: 

 
__30__ x  .7931 x  _.60 _ x  _.75 _=   ____10.70___ LCY = 10 LCYPH 
Step 3      Step 4     Step 5    Step 6      Round down 

8 Total time requirement:  
 
Material to remove     __99      _  ÷__10__ = __9.9  _   Hours required 

                          Step 1(LCY)    Step 7     LCYPH (never round off time) 
9 Total production days: __9.9    _ ÷ ______8__  _____  =   ______1.23____   or 2 days 

                               Hours req.   Hrs worked per day       Days (round up) 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 3 The solution for challenge 3, using the dump truck worksheet is shown 

below: 
 

Step Action 
1 Actual Soil Weight per cubic yard: 

 
       2000               x      .02         +           2000       =                     2040                                     
SW (Table 2-19)       Moisture %              SW                ASW (per CY) 

2 Cubic yards per load: 
 
                  10,000                    ÷             2040         =      4.90196                Cubic yards per load 
Max. rated haul capacity  (lbs)               ASW               

3 Full buckets per load: 
 
    4.90196          ÷             1.75               
Cu.yd. per load      Bucket size (CY) =       2     Buckets loaded (round down to full buckets) 

4 Actual load size: 
 
            2              ×              1.75         =       3.5 CY  ALS ( never round off ALS) 
# Buckets loaded         Bucket CY size 

5 Load weight: 
 
     2040           x       3.5            =         7140 lbs    Load weight (never round off) 
ASW per CY         ALS (CY) 

6 Cycle time: 
         2640          ÷  (25   x   88    )        =  ___1.2__ Minutes haul time  (HT) 
Distance in feet       Travel speed  
     
___2,640_____  ÷  (25   x  88    )        =  ___1.2__  Minutes return time (RT) 
Distance in feet       Travel speed 
     
    1.2         +        1.2         +  2 minutes     =    4.4    Cycle time (CT) min. 
Haul time      Return time      Fixed time 

7 Trips per hour: 
_______45___________  ÷  ____4.4__ =  10.2272 Trips per hour (TPH) 
Minutes worked per hour     cycle time                    Never round off TPH 

8 Loose cubic yards per hour: 
10.2272   x __3.5__  x  ________.75________   =  ______26___ Production rate (LCYPH) 

TPH            ALS            Efficiency factor (Table 2-4)                      Round down 
9 Soil conversion (when required): 

___26_  x  ____.70 Loose to Bank_         =  _____18_______ Soil converted (BCYPH) 
LCYPH     __ CYPH  factor (Table 2-18)     Round down 

10 Hours required: 
_900 BCY___   ÷  ____18___ =  __50__ ÷ _______2__________  =  _25 Hours required 
Volume needed    (__ CYPH)      Hours       Number of haul units 

11 Total production days: 
___25_______  ÷  _______8__________  =       4     Days (round up to a full day) 
Hours required      Hours worked per day 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 4 The solution for challenge 4, using the scraper production worksheet is shown 

below: 
 

Step Action 
1 Actual soil weight per CY: 

 
(______3000________   x    __1.02__ )      =              _______3060    ____ 
Soil weight (Table 2-19)       Moisture %                   ASW (do not round off) 

2 Cubic yards per load: 
 
48,000 lbs          ÷  ___3060____  = _ 15.68_ Cubic yds per load (never exceed 18 CY) 
Max. capacity             ASW 

3 Buckets loaded: 
 
_____15.68________  ÷   ________1.75________  = _____8__ Buckets loaded 
Cubic yds per load       Bucket size of loader             (Round down) 

4 Actual load size:      ____8   __ x       ____  1.75________  =  ____14____ ALS (CY) 
                                 # of buckets        Bucket size of loader 

5 Load weight: _____3060________ x  ___14____ = __42840  Load weight 
                                  ASW                       ALS 

6 Short tons: 
 
Haul      _42840  +          66,590        =   109,430 lbs  ÷ 2000 = 54.71 Short tons (Haul route) 
Route        LW          Tractor weight        Gross weight               (do not round off) 
 
Return   _4280   +          66,590          =   _78,870___ ÷ 2000 = 33.30 Short tons (Return route) 
Route        LW         Tractor weight       Gross weight                (Do not round off) 

7 Rolling resistance: 
 
Haul:   _54.71     x  _______100________________   = _54.71_ Rolling resistance 
           Short tons   Rolling resistance factor (Table 2-6)  
 
Return: _33.30_x  _______  100_____                   _   =  33.30    Rolling resistance  
            Short tons   Rolling resistance factor (Table 2-6) 
Grade resistance/assistance:  8 
 
Haul:  54.71__  x        20         x          1094.20                                          =  _1094___GR/GA 
         Short tons       Constant    Grade factor (do not convert % to decimal) 
 
Return:  33.30   x       20          x            666                                              =     _6666 __GR/GA 
            Short tons     Constant    Grade factor  (do not convert % to decimal) 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 4, 
continued 

 

 
Step Action 

9 Required pounds pull/tractor speed: 
 
Haul:  ___54.71__ ±          0        =  _5471  , then Table 2-7 for tractor speed  6 mph_ 
                 RR               GR/GA       REQPP 
 
Return:  __666       ±          0 _     =  __666   , then Table 2-7 for tractor speed _8 mph_                  
                 RR               GR/GA        REQPP 

10 Cycle time: 
 
Haul:     __12,000______  ÷  (14 x 88)     =  _9.74  Minutes haul time  (HT) 
            Distance in feet      Travel speed     
 
Return:  __11,000_____   ÷   (26 x 88)     =  _4.80  Minutes return time (RT) 
            Distance in feet     Travel speed   
 
Add:    _9.74___  +    _   4.80     _    +         9.50                   =   24.04 Cycle time (CT) 
          Haul Time       Return Time     Fixed time (Table 2-8) 

11 Trips per hour: 
 
_______45_________ ÷   _24.04_________  =  _1.87  Trips per hour (TPH) 
Minutes worked per hr      Cycle time 

12 Loose cubic yards per hour (LCYPH): 
 
1.87    x  __14 cy      x      ___.60    _   =            ___15.70  _or  15___ Production rate (LCYPH) 
TPH            ALS             Efficiency factor               Round down 
             (Table 2-4) 

13 Soil conversion (if needed): 
 
__15__  x  __________N/A___________    =   ______15_____ Soil converted (L CYPH) 
LCYPH       Conversion factor (Table 2-18) 
Hours required: 
 
(___5000______ ÷   _____15____)     _________3______    =  111.11 Hours required 

14 

Volume needed         (LCYPH)            Number of haul units      Do not round off time 
15 Total production days: 

 
__111.11___ ÷   _________8________  =  13.88 or 14 days (round up to a full day) 
Hours required       Hours worked per day 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 5 The solution for challenge 5, using the quick method of tree clearing is shown 

below: 
 

 
Step Action 

1 Determine acreage: 
 

( 650'    x      650')  =   ÷     43,560      =  9.69926 Acres (never round off acres) 
  Length          Width            sq. ft/acre 

2 Identify dozer type and number available:  Dozer D7G    Available 1
Determine average size of trees to be cleared:  _ x_ Small  __ Medium   __ Large 3 

4 Find estimated production rates for clearing (Table 2-13): 
 
Tree size   small   Dozer size D7  =  2.50 Hours per acre 
                                                         (Table 2-14) 

5 Calculate basic production for various trees by averaging (Table 2-15) (if needed): 
 

                     _ +                        __ + __                    ÷                        ____ =             Hrs per acre 
Hr/acre (small)    Hr/acre (medium)   Hr/acre (large)      # of different trees 

6 Find equipment/operator efficiency (Table 2-3)  =    0.75   
Total hours required: 7 
 
(9.69926    x    2.50      x  1.6 )    ÷   (   .75      x      1     )  =   51.72938  Total hours required 

 Step 1          Step 4/5  Constant     Step 6           Step 2 
   (Acres)          (Hrs per acre)        (Efficiency)  (# dozers) 

8 Production days: 
 
      51.72938      ÷                7                  =     7.38991  or   8 days 
Hrs required           Hrs worked per day 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 6 The solution for challenge 6, using the tree-count method is shown below:  

 
Step Action 

1 Determining acreage: 
 
(  150’      x     300  )  =  45000 sq ft          ÷  43,560 sq ft/acre  =    1.0330    Acres 
 Length           Width        Sq ft (area) 

2 Identify dozer type and number available:  Dozer   DG7      Available    1    
3 Determine average size of trees to be cleared:   __ Small     __ Medium    __ Large 
4 Find basic production rate for clearing:  Table 2-14 (N/A) 

 
Tree size __________  Dozer size ____  =    ______ Hrs per acre 

5 Calculate basic production for various tree sizes (if counted):  Table 2-15 
 
  100  Small trees/acre  x   2.50    Minutes/tree  =      250      Min. per acre (small trees) 
     50 Med. trees/acre   x   5.00    Minutes/tree  =      250     Min. per acre (med. trees) 
     15  Large trees/acre   x  10.00   Minutes/tree  =    150     Min. per acre (large trees) 

                                                                                 650      Total min/acre 
 
Total min/acre     650            ÷               50              =     13      Hours per acre 
                                               Min/per/hr/work 

Find equipment/operator efficiency (Table 2-4) =    .75       6 
Total hours required: 
 

7 

( 1.0330       x     13          ) ÷ (     .75          x     1   )  =   17.90533  Total hours required 
  Step 1             Step 4/5           Step 6            Step 2   

8 Production days: 
 

     17.90533   ÷                    7                    =   2.557904 or    3   days/nights 
Hrs required          Hrs worked per day 

Continued on next page 
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Challenge Solutions, Continued 

  
Challenge 7 The solution for challenge 7, using the grader production worksheet is shown 

below: 
 

Continued on next page 

Step # of Passes 
Speed 

Times 
 

Distance in Miles 
.60 (efficiency factor) 

Equals  Equals 
 

Hours 
 

1  
__3___ 

2.3 

 
x 

 

 
__4mi__ 

.60 

  
 

 
= 

 
=  

8.695621 
2  

__2___ 
      5.8 

 
x 

 
____4___ 

.60 

 
= 

  
= 

 
 ____ 

2.2988505 
 

x 
 

____4____ 
.60 

=   
 

1.3888 

3   = 
_2_ ____ 
9.6 

  4a  
__1___ 

     24.5 
x 

 
____4____ 

.60 
= 

  
= 

 
 ____ 

.2721088 
4b Add hours from steps 1 through 4a: 

 
8.695621  +  2.2988505  +  1.3888  +  .2721088   =   12.655459 Hours required   
      1                   2              3               4 

5  
Total production  =  ___12.655459  ÷  _________6______  =  2.109231 or _3_ days 

                               Hours required    Hours worked per day                      Round up days 
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Challenge Solutions, Continued 

  
Challenge 8 The solution for challenge 8, using the compactor worksheet is shown below: 
 

Step Action 
1 Soil type _____ GW 
2 Determine compaction requirements using Tables 2-21/2-22. 

 
(W) Effective width     6 feet   

 
(S) Speed  ___4____ mph 

 
(L) Lift in inches  __18______ 

 
(P) Number of passes  ____8___ 
 

3 Determine efficiency factor using Table 2-23 (E)  ___.83__. 
4 Calculate hourly production. 

 
16.3         x   6     x    4    x   18    x    .83       )  ÷   8      =   730.566 or 730 CCYPH  
Constant     W     x          x           x    E   ÷    P                    Round down 

5 Hours required:  Quantity to compact _5000 ÷ _730_ CCYPH = 6.849315 hours 
6  

Total days:  _____6.85           ÷                __8__      =   .85 or 1 day
                    Hours required   Hours worked per day      Round up 
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LESSON 2 

COMPILE LOGISTICAL SUPPORT NEEDS 

Introduction 

  
Scope This lesson describes the process and procedures for computing the logistical 

effort required to support a horizontal construction project. 

  
Purpose The purpose of this lesson is to recognize logistical support needs and 

familiarize the engineer chief with supply areas to be considered when 
determining the logistical support required for a horizontal construction 
project. 

  
Learning 
Objectives 

At the end of this lesson, you will be able to 
 
• Calculate estimations for fuel. 
 
• Calculate estimations for petroleum, oil, and lubricant (POL). 
 
• Calculate estimations for water. 
 
• Calculate estimations for meals. 

  
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 2-63 
Logistic Support Considerations 2-64 
Fuel, Oil, Water, and Meal Calculations 2-65 
Successful Estimation 2-70
Lesson 2 Challenge Solutions 2-71 
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Logistic Support Considerations 

 
Need for 
Estimates 

To complete your estimation logistically, you will need to compile an 
estimation of fuel, oil, water, and meal requirements needed to perform your 
field operation. 
 
Provided with formulas and tables that are relatively accurate for estimating 
fuel, oil, water, and meals, you will be able to request the proper amounts to 
support your mission. 

 
Fuel There is a rule of thumb that heavy equipment fuel consumption can be 

calculated at “one gallon per cylinder per hour.”  Fuel consumption for a 
particular item can sometimes be found in its TM or FM 5-35. 
 
Another way that may prove more reliable is checking several trip tickets for 
various jobs, then calculating the fuel used compared to the operating time of 
the equipment. 

  
Table 2-24 The table below shows the fuel consumption for various types of equipment: 
 

Equipment Type of Fuel Gallons per Hour 
TRAM 644E Diesel 6 

HSHMC Diesel 6 
Excavator Diesel 6 

Grader Diesel 4 
Compactor Diesel 4 

Scraper Diesel 10 
Dozer 1150E Diesel 6 
Dozer 1155E Diesel 6 
Dozer D7G Diesel 8 
See Tractor Diesel 4 

Ace Diesel/Multi-fuel 17 
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Fuel, Oil, Water, and Meal Calculations 

 
Fuel 
Consumption 
Formula 

The following formula is used to compute fuel consumption.  Using your 
estimation worksheets, multiply the hours worked per day times the total days 
required. 

 
____________________  x  _______   x    _________    x   _________    = _____________ 
Quantity of equipment          Gals/Hr         Hours/Days          # of days          Total gals req 

 
Example Compute the total fuel consumption using the worksheet below for two D7G 

dozers working 6 hours a day for 5 days, two 1150E dozers working 5 hours 
per day for 5 days, and two 130G graders and one 420C compactor working 6 
hours per day for 7 days. 

  
Worksheet The fuel consumption worksheet is shown below: 
 

Equipment Qty x Gals per Hour x Hours per Day x # of Days = Total Gals 
D7G 2 x 8 x 6 x 5 = 480 

1150E 2 x 6 x 5 x 5 = 300 
130G 2 x 4 x 6 x 7 = 336 
420C 1 x 4 x 6 x 7 = 168 

 Total Gallons =       1,284 

Continued on next page 
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Fuel, Oil, Water, and Meal Calculations, Continued 

 
POL 
Worksheet 

A vital part of your estimation is the planning for preventive maintenance 
checks and services that will require you to bring necessary petroleum, oil, 
and lubricants (POL).  Information for POL can be found in FM 101-10-1.  
The formula is built into the following POL worksheet: 

 
Equipment:  D7 Dozer Total Fuel Required   OE   - GO  - GAA 

 0.02 x 480     = 9.6      OE GAL 
 .005 x 480   =     24   GO GAL 
EST Hours 60 ÷                    8          x 0.25 =        1.8  GAA LB  

Subtotals    9.6  24  1.8  
 

Equipment:  1150E Dozer Total Fuel Required   OE  -  GO  - GAA 
 0.02 x 300    = 6       OE GAL 
 .005 x 300   =  15     GO GAL 
EST Hours 50 ÷ 8 x 0.25 =   1.5    GAA LB 

Subtotals 6 15 1.5  
 

Equipment:  130G Grader Total Fuel Required     OE  - GO  - GAA 
 0.02 x 336    = 6.7     OE GAL 
 0.05 x 336   =  16.8    GO GAL 
EST Hours 84 ÷ 8 x 0.25 =    2.6  GAA LB 

Subtotals 6.7 16.8 2.6  
Equipment:  420C Total Fuel Required                            OE   -GO  -GAA 
 0.02 x 168    = 3.3   OE GAL 
 .005 x 168   =  8.4  GO GAL 
EST Hours 84.00 ÷ 8 x 0.25 =   2.6 GAA LB 

Subtotals 3.3 8.4 2.6  
TOTALS 25.6 64.2 8.5  

 GAL GAL LB  

Continued on next page 
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Fuel, Oil, Water, and Meal Calculations, Continued 

  
Challenge 1 Using the following worksheets, find the total fuel and POL consumption for 

three D7s working 7 hours a day for 4 days, one 1150E working 8 hours per 
day for 5 days, two 130Gs working 8 hours a day for 7 days, and one 420C 
compactor working 5 hours per day for 7 days.  Check your answers against 
those at the end of this lesson. 

 
Fuel 
Consumption 
Worksheet 

The fuel consumption worksheet below is provided for your use: 

 
Equipment Qty  x Gals per Hour x Hours per Day x  # of Days = Total Gals

   x  x  x  =  
               x  x  x  =  
               x  x  x  =  
               x  x  x  =  
                                                                                              Total Gallons     =             

 
Petroleum, Oil, 
and Lubricant 
Worksheet 

The POL worksheet below is provided for your use: 

 
 Equipment: Total Fuel Required              OE -  GO  - GAA 
  0.02 x    =    OE  GAL 
  .005 x    =    GO GAL 
 EST Hours  ÷ 8 x 0.25 =    GAA LB 
           Subtotals   

 

 Equipment: Total Fuel Required                                    OE - GO - GAA 
  0.02 x     =    OE GAL 

  .005 x    =    GO GAL 
 EST Hours  ÷ 8 x 0.25 =    GAA LB 

           Subtotals    
 

 Equipment: Total Fuel Required                                    OE -  GO - GAA  
  0.02 x     =    OE GAL 

  .005 x    =    GO GAL 
 EST Hours  ÷ 8 x 0.25 =    GAA LB 

              Subtotals    
 

 Equipment: Total Fuel Required                                    OE - GO - GAA 
  0.02 x     =    OE GAL 

  .005 x    =    GO GAL 
 EST Hours  ÷ 8 x 0.25 =    GAA LB 
            Subtotals    

          TOTALS     
 GAL GAL LBS  

Continued on next page 
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Fuel, Oil, Water, and Meal Calculations, Continued 

 
Water 
Consumption 

Equipment and personnel require specific amounts of water to survive in any 
type of climate.  Equipment requires water for the cooling system, window 
washer reservoir, and cleaning.  The earth or soil requires water for proper 
compaction and dust control in many climatic conditions.  Personnel need 
water to drink, bathe, and do laundry.  You must plan these water needs 
beforehand to make your field operation successful.  The water consumption 
table below was taken from FM 101-10-1 and FM 5-434.   
 
Note:   Remember to multiply your waste factor (1.10 constant) when 

calculating water estimations. 

  
Potable/Non-
Potable Water 

When planning and estimating, you must account for both potable and non-
potable water.  Potable water is water that is safe to drink.  Use this water for 
showers, drinking, and cooking.  Use non-potable water to wash laundry, 
equipment, refill equipment reservoirs, and to aid in dust control and 
compaction.   

  
Table 2-25 The table below shows the water consumption for various climates: 
 

Climate  
Hot Temperate Cold 

Use Consumption (Gallons per day) 
Drinking 3.0 1.5  2.0 
Laundry 2.1 2.1 2.1 
Shower 1.0 1.0 1.0 
Soil Preparation 1.0 gal/sq yd 1.0 gal/sq yd 1.0 gal/sq yd 
Equipment 1.0 1.0 1.0 

  
Challenge 2 Using the water worksheet provided on the following page, calculate the 

logistical requirements for the following engineer project.  You will deploy 
25 personnel and 15 vehicles to a hot climate for a 90-day period.  Showers 
and laundry will take place daily during the operation.  Soil preparation 
requirements are for 6,000 square yards.  Check your answers against those 
listed at the end of this lesson. 
 
1.  Total gallons of potable water  ______ 
2.  Total gallons of non-potable water ________ 

Continued on next page 
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Fuel, Oil, Water, and Meal Calculations, Continued 

  
Water 
Worksheet 

The water worksheet below is provided for your use: 

 
Step Action 

1 Soil preparation and dust control--non-potable water: 
 
________________________ x        1        x        1.10             =  _____________ 
Total compacted square yards     Gal/sq yd        Waste factor          Gallons required 
                                                                                                             (Round up) 

2 Equipment—non-potable water: 
 
________________ x          1            x _______ x       1.10       =  _____________ 
# of equipment items   Gal/equip/day    Est. days    Waste factor    Gallons required 
                                                                                                             (Round up) 

3 Showers—potable water: 
 
                                   x                   x  ___________ x     1.10          =  ___________ 
Number of personnel   Table 2-24    Number of days   Waste factor   Gallons required 
                                                                                                                 (Round up) 

4 Laundry—non potable water: 
 
 ________________ x  ________ x ___________ x        1.10        =   ___________ 
Number of personnel    Table 2-25   Number of days   Waste factor    Gallons required 
                                                                                                                (Round up) 

5 Drinking water—potable water: 
 
__________ x _____________________ x ____  x      1.10          = ____________ 
# of personnel   Table 2-24 Gal/person/day   Days     Waste factor      Gallons required 

Totals Step 1  ____  + Step 2 ____   + Step 4  ____   =   _____ Gals/Non-potable water 
Step 3  ____  + Step 5 ____                              =   _____ Gals/Potable water 

 
Calculating 
Meals 

To increase production time, MREs may be consumed on the job site.  Use 
this formula if three meals a day are desired: 
 
___________ x _________ x  ____________ = _________÷  12  = _______ 
# of personnel   3 meals/day    Number of days   Total number         # of cases 

of meals 

 
Challenge 3 A job project will require 10 personnel for 7 days.  How many meals will be 

required and how many cases of meals will be required? 
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Successful Estimation 

  
Finished Product By individually estimating equipment production time for each step of the 

construction project, you are then able to total all the hours or days on the 
worksheets to determine the initial project duration.  However, these 
worksheets are only a starting point for your operation planning.  How you 
manage the project depends on many variables.  The actual time required to 
complete a project will depend on how well you coordinate the operations 
and the key to success is flexibility.  Your goal is the finished product. 
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Challenge Solutions 

 
Challenge 1 The solution for challenge 1, using the fuel consumption worksheet is shown 

below: 
 

Equipment Qty x Gals per Hour x Hours per Day x  # of Days = Total Gals
D7G 3 x 8 x 7 x 4 = 672 

1150E 1 x 6 x 8 x 5 = 240 
130G 2 x 4 x 8 x 7 = 448 
420C 1 x 4 x 5 x 7 = 140 

                                                                              Total Gallons   =     1,500  
 
 The solution for challenge 1, using the petroleum, oil, and lubricant 

worksheet is shown below: 
 
EQUIPMENT:  D7G TOTAL FUEL REQUIRED    OE GO GAA  

0.02 x 672      = 13.44   OE  GAL
.005 x 672   = 33.6  GO GAL

EST HOURS 84 ÷ 8 x 0.25 =   2.62 GAA  
LBS 

Est. Hours = Hrs/Per Day x  # of Days  x   # Equip SUBTOTALS 15.36 33.6 2.62  
EQUIPMENT:  1150E TOTAL FUEL REQUIRED                          OE      GO       GAA  
 .02 x 240    = 4.8   OE  GAL
 .005 x 240   =  12  GO GAL
EST HOURS 40 ÷ 8 x 0.25 =   1.25 GAA  

LBS 
Est. Hours = Hrs/Per Day x  # of Days  x   # Equip SUBTOTALS 4.80 12 1.25  
EQUIPMENT:  130G TOTAL FUEL REQUIRED                          OE       GO      GAA  
 .02 x 448    = 8.96   OE  GAL
 .005 x 448   =  22.4  GO GAL
EST HOURS 112 ÷ 8 x 0.25 =   3.5 GAA  

LBS 
Est. Hours = Hrs/Per Day x  # of Days  x   # Equip SUBTOTALS 8.96 22.4 3.5  
EQUIPMENT:  420C TOTAL FUEL REQUIRED                          OE        GO     GAA  
 .02 x 140    = 2.8   OE  GAL
 .005 x 140   =  7  GO GAL
EST HOURS 35 ÷ 8 x 0.25 =   1.09 GAA  

LBS 
Est. Hours = Hrs/Per Day x  # of Days  x  # Equip SUBTOTALS 2.8 7 1.09  

   TOTALS 30 
GAL

75 
GAL 

8.46 
LBS 

 

Continued on next page 
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Challenge Solutions, Continued 

 
Challenge 2 The solution for challenge 2, using the water worksheet is shown below: 
 
Step Action 

1 Soil preparation and dust control-non-potable water: 
 
              6,000                              x         1          x          1.10           =        6,600__ 
Total compacted square yards        Gal/sq yd          Waste factor           Gallons required 
                                                                                                                  (Round up) 

2 Equipment-non-potable water: 
 
                15               x             1            x         90     x       1.10       =       1,485__
# of equipment items    Gal/equip/day         Est. days      Waste factor  Gallons required 
                                                                                                                  (Round up)  

3 Showers -potable water: 
 
            25                 x       1.0       x            90           x     1.10       =     2,475  (round up) 
Number of personnel   Table 2-25    Number of days    Waste factor    Gallons required 

4 Laundry-non potable water: 
 
            25                 x       2.1       x            90           x     1.10       =     5,198  (round up) 
Number of personnel    Table 2-25    Number of days   Waste factor    Gallons required 

5 Drinking water-potable water: 
 
          25         x                      3                     x     90   x     1.10         =         7,425____       
# of personnel   Table 2-24 Gal/person/day      Days     Waste factor    Gallons required 

Totals Step 1  6,600   + Step 2  1,485   + Step 4  5198   =   13,283   Gals/Non-potable water 
Step 3  5,198   + Step 5  7,425                             =    12,623   Gals/Potable water 

  
Challenge 3 The solution for challenge 3 is shown below: 

 
        10        x      3     x    7      =        210     ÷  12  =    17.5  or  18 
       # of          3 meals  Number   Total number             # of cases 
    personnel       day      of days      of meals 
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LESSON 3 

IMPLEMENT THE CONSTRUCTION PLAN 

Introduction 

 
Scope Prior planning prevents poor performance, permits a schedule to be developed 

for tracking job progress, and allows for adjustments.  Without a plan, the 
goal may never be accomplished.  Whatever the assignment, it is important to 
keep track of job progress to see if the goals are being met.   

  
Purpose This lesson will teach you the mechanics of the project planning process, 

which allows your personnel to work on projects with maximum efficiency. 

  
Learning 
Objectives 

At the end of this lesson, you will be able to 
 
• Recall a description of the task list worksheet. 
 
• Recall the description of an activity planner worksheet. 

 
In This Lesson This lesson contains the following topics: 
 

Topic See Page 
Introduction 3-73 
Project Planning 3-75 
Task Scheduling 3-77 
Activity Planner 3-78 
Charting 3-80 
Lesson 3 Exercise 3-81 
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Project Planning 

  
Importance of 
Planning 

Whether working a project for training purposes through the S-3 or 
assignment by higher authority for actual maneuver from S-4, the planning 
process is vital to operating smoothly.  Planning helps to 
 
• Plan detailed projects. 
• Manage better projects. 
• Keep you focused on the goal.  

 
Mapping 
Layouts 

Mapping layouts are helpful for briefing those personnel involved or 
concerned with a project.  Normally, but not always, blueprints or drawings 
will be provided to you by the surveying section.  Therefore, it is to your 
benefit as the equipment chief to improvise drawing or layouts of the 
proposed construction site.  Drawings are very helpful for all personnel 
involved with the construction process to see the overall picture of the 
project and are certainly helpful in briefing superiors and equipment crew 
leaders. 

 
Review  You are tasked with building a base camp, constructing 5 miles of access 

routes, excavating defensive positions, and installing a fuel pit for an 
operation.  With the assistance of maps, drawings, and blueprints, draw a 
proposed drawing or use blueprints along with a standard map, and brief 
personnel involved with the construction project, both junior and senior.  
Layout maps are provided on the following pages for overview and briefing 
purposes.  

Continued on next page 
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Project Planning, Continued 

 
Illustration 1 The following illustration is a drawing of a proposed project area:  

 

 

Continued on next page 
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Project Planning, Continued 

  
Illustration 2 The following illustration is a drawing of a proposed construction site: 
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Task Scheduling 

 
Task List Developing and using a task list for a construction project will help manage 

equipment and personnel by delegating tasks to the small unit leader.  You 
know that once construction of this project is completed, you will be assigned 
another mission, so you must keep your officer in charge informed about the 
project requirements and status so that future assignments can be planned. 

 
Procedures After your reconnaissance of the area, make a list of specific tasks and 

estimate the work involved to complete those tasks.  The task list worksheet is 
a convenient way to construct this list.  The worksheet contains the task 
number, job description, equipment, task priority, and task duration.  You 
should be able to identify the priority or order of operations accordingly—
tasks having equal priorities will be worked on at the same time.  The 
worksheet looks something like the one in Table 2-26.  In this case, clearing 
trees for base camp, digging the defensive positions, digging gun 
emplacements, hauling sand for sandbags, and repairing creek crossings are 
established as the number one priorities. 

  
Table 2-26 The task list worksheet is shown below: 
 
Task No. Job Description Equipment Priority Duration 

1 Clear trees for base camp. 2-D7Gs 1 2 days 
2 Repair and maintain supply 

routes. 
2-130Gs 1-5 3-5 days 

3 Dig personnel defense positions. SEE 1 1 day 
4 Lay 6” gravel over 1 mile road. 1-Scrapers, 1-Tram, 1-420C 3 4 days 
5 Construct fuel pits. 3-D7s 4 2 days 
6 Dig gun emplacements. 2-1150s 1 1 day 
7 Install tank traps. 2-D7Gs 2 2 days 
8 Haul sand for sandbags. 2-Dumps, 1-1155E or Tram 1 1 day 
9 Load and unload supplies. 2-4000s, 2-EBFLs 1-6 6 days 
10 Repair creek crossings. D7G /Scraper/Compactor 1 2 days 
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Activity Planner 

 
Purpose The activity planner worksheet allows better management and control of 

personnel and equipment tasks.  This type of planning schedule will best 
support a more complicated or extended project. 

  
Sequencing and 
Grouping Task  

Once a task list is complete, plan your project in a logical sequence.  Notice 
the equipment is grouped by type, workday, task number, and task duration.  
This grouping of tasks is the key to beginning the successful planning of 
equipment operations.  When one task is complete, the equipment moves to 
the next job in a priority sequence.  You must make sure the supporting 
equipment items are available for the next task, but it is not unlikely that 
some engineer items may begin on a task prior to full equipment dedication 
to that task. 

  
Table 2-27 The activity planner worksheet is shown below: 
 
Equipment/Quantity Start/Stop 

Dates 
Task 

Number 
Activity 
Duration 
(Days) 

Equipment/Quantity Start/Stop 
Dates 

Task 
Number 

Activity 
Duration 
(Days) 

D7G    2 1-2 1 2 EBFL   2 1-6 9 6  
D7G    1 1 10 1 Total Days   6 
D7G    1 2 10 1 420C      1 1-2 10 2 
D7G    2 2-4 7 3 420C      1 3-6 4 4 
Total D7Gs  6    Total 420Cs   2    
Total Days   7 Total Days   6 
1150E   2 1 6 1 SCRAPER   1 1-2 10 2 
Total 1150Es 2    SCRAPER   1 3-6 4 4 
Total Days    1 Total Scrapers 2    
1155E   1 1 8 1 Total Days   6 
Total Days   1 GRADER    2 1-5 2 5 
TRAM 1 1 8 1 Total Days   5 
TRAM 1 2-5 3 4 DUMP        2 1 8 2 
Total Days   5 Total Days   2 
SEE       1 1 3 1 4000 LB LIFT   2 1-6 9 6 
Total Days   1 Total Days   6 

Total Days 
Column Subtotal 

  15 Total Days Column 
Subtotal 

  32 

TOTAL DURATION 
DAYS 

47    

DAYS TO COMPLETE PROJECT = 6 
 

Note:   Compare the duration days with the number of days to complete the project.  If you 
were to do only one task at a time, the project would require 47 days, but that would 
be a poor use of personnel and equipment.  Whenever possible, work on several tasks 
at once which decreases the time to complete the project to 6 days in this case. 

Continued on next page 

MCI 1327 2-78    Study Unit 2, Lesson 3 



 

Activity Planner, Continued 

  
Results of 
Efficient 
Planning 

A task list worksheet and activity planner worksheet for this project was 
completed.  The following equipment was available to complete the project:  
 
• (3) D7Gs  
• (1) Scraper 
• (2) 1150Es 
• (1) Tram 
• (2) Graders 
• (1) SEE 
• (2) 4000 
• (2) EBFLs  
• (1) 420 
 
Using the activity planner worksheet sequenced by a task priority number and 
coordinating the use of the equipment, the mission was completed in 6 days.  
Planning, coordination, and working various tasks simultaneously resulted in 
significant time savings.  According to the activity duration column in Table 
2-27, the maximum task duration was 1 through 6 days for the 4,000-pound 
forklift—all other tasks were ongoing and were completed in this time. 

   
Adopt the 
Activity 
Planner 

Adopt a schedule that suits your needs.  It can be improved or simplified 
depending on your creative skill and your assigned mission or project. 
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Charting 

  
Useful Aid Once the task list is complete, you can chart it on a calendar, bar graph, or 

graph chart.  Charting is useful for monitoring the project progress and 
helpful for briefing the OIC, engineer operators/mechanics, and other 
personnel involved with the mission as workers, support personnel, or 
customers.  Bar charts may be used alone for projects that involve few tasks 
or that are short in duration.  These charts diagram the steps to be performed 
for a project and specify the time required to complete each step.  The 
illustration below shows the previous project as it might appear on a bar 
chart: 
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Lesson 3 Exercise 

  
Item 1 Using your engineer construction knowledge and experience, read the 

following scenario and complete the task list in the worksheet provided. 

  
Scenario A road needs to be built through a wooded area.  It has two creek crossings 

that will require the installation of culverts before the road can be opened to 
traffic.  Defensive positions must be built on two nearby hills to block enemy 
advancement and to provide security for friendly forces advancing from the 
rear. You will have a D7G dozer, a SEE, a 1085 excavator, a 130 grader, and 
a 420 compactor.  You estimate that will take 3 days to clear the roadway 
with the D7.  The crossing will require 2 days use of the excavator.  The 
grader will take 2 days to make the road passable.  Compaction will require 
only 1 day.  The SEE tractor will take 1 day to dig the defensive positions.  
Compare your answer to the one at the end of this lesson. 

  
Task List 
Worksheet 

The task list worksheet below is provided for your use: 

 
Number  Job Description Equipment Priority Days 

     
     
     
     
     
     
     
     
     
     
     

Continued on next page 
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Lesson 3 Exercise, Continued 

  
Item 2 From the list you created for the engineer project in challenge 1, how many 

days were you able to complete the mission?   

  
Activity 
Planner 
Worksheet 

The activity planner worksheet below is provided for you to complete a 
schedule of activities.   

 
Equipment/ 
Quantity 

Start/ 
Stop 
Dates 

Number Activity 
Duration 
(Days) 

Equipment/ 
Quantity 

Start/ 
Stop 
Dates 

Number Activity 
Duration 
(Days) 

        
        
        
        
        
        
        
        
        
        
TOTAL DAYS        
TOTAL DURATION DAYS =   
DAYS TO COMPLETE PROJECT = 

Continued on next page 
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Lesson 3 Exercise, Continued 

 
Item 1 Solution The solution for item 1, using the task list worksheet is shown below: 
 

Number Job Description Equipment Priority Days 
1 Clear path for road. D7 Dozer  2 20 
2 Install culverts at crossings. 1085 Excavator 2 2 
3 Shape roadway. 130G Grader 3 2 
4 Compact the road. 420C Compactor 4 1 
5 Dig defensive positions. SEE 1 1 

  
Item 2 Solution The solution for item 2, using the activity planner worksheet is shown below: 
 
Equipment/ 
Quantity 

Start/ 
Stop 
Dates 

Number Activity 
Duration 
(Days) 

Equipment/ 
Quantity 

Start/ 
Stop 
Dates 

Number Activity 
Duration 
(Days) 

D7/1 1-3 1 3     
1085/1 1-2 2 2     
130G/1 3.00 3 2     
SEE/1 1.00 5 1     
420C/1 3/4 4 1     
        
TOTAL DAYS 4       
TOTAL DURATION DAYS =  9 (when working  tasks non-concurrently) 
DAYS TO COMPLETE PROJECT =4 (DAY 1-4) (with supervisor coordination of the project) 
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ENGINEER ESTIMATIONS 

REVIEW LESSON EXAMINATION 

Review Lesson 

  
Introduction The purpose of the review lesson examination is to prepare you for your final 

examination.  We recommend that you try to complete your review lesson 
examination without referring to the text, but for those items (questions) you 
are unsure of, restudy the text.  When you finish your review lesson and are 
satisfied with your responses, check your responses against the answers 
provided at the end of this review lesson examination. 

 
Directions Select ONE answer that BEST completes the statement or that answers the 

item.  For multiple choice items, circle your response.  For matching items, 
place the letter of your response in the space provided. 

  
Item 1 When conducting site reconnaissance of an area, collect data by way of a 

________ and/or by topographical observation platoon (TOPO). 
 
a. globe 
b. map 
c. compass 
d. protractor 

  
Item 2 The engineer ______ orders a survey and the __________ studies the 

completed blueprint so that measurements and a list of materials can be 
compiled. 
 
a. officer/equipment chief 
b. equipment chief/officer 
c. supply section/NCO 
d. NCO/equipment chief 

 Continued on next page 
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Review Lesson, Continued 

 
Item 3 Improving strength, maintaining dust control, and waterproofing are the three 

primary functions of 
 
a. earth-moving operations.  
b. controlling waterways.  
c. soil stabilization. 
d. channeling waterways.  

  
Item 4 The first step in the order of operations is to perform the mathematical 

operations ______ the parenthesis. 
 
a. after 
b. before 
c. outside 
d. inside 

 
Item 5 When formulating an estimate, what memory aid is used to perform the math 

operations? 
 
a. PEMDAS 
b. PEMADS 
c. MEPDSA 
d. EMADSP 

  
Item 6 Which measurement is the decimal form of 10" of 1'? 

 
a. .1’  
b. .10’ 
c. .888’ 
d. .8333’ 

  
Item 7 The formula used to find the perimeter of a rectangular is  

 
a. (L + W) x 2.  
b. (W x W) + 2. 
c. (L – W) x 2. 
d. (L + 2) x W. 

 Continued on next page 
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Review Lesson, Continued 

 
Item 8 What are the perimeter and the area of the rectangle below? 

 

 
 
a. Perimeter = 400 feet; area = 9,375 square feet 
b. Perimeter = 4,000 feet; area = 937 square feet 
c. Perimeter = 9,375 feet; area = 400 square feet 
d. Perimeter = 937 feet; area = 4,000 square feet 

  
Item 9 What is the formula used to find the perimeter of a circle? 

 
a. 2.14 x D  
b. 3.14 x O 
c. 3.14 x D  
d. 3.14 x F 

 
Item 10 The formula used to calculate the volume of a solid rectangular is 

 
a. V = L - W - H. 
b. V = L + W + H. 
c. V = L + W x H. 
d. V = L x W x H. 

 
Item 11 Which formula is used to calculate volume of a cylinder? 

 
a. V= D x AB 
b. V = L x W x H 
c. V = A x M x P 
d. V = L x AB 

Continued on next page 
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Review Lesson, Continued 

  
Item 12 The volume of a prism can be found by _________ the area of the base times 

the length of the prism. 
 
a. subtracting 
b. adding 
c. multiplying  
d. dividing 

 
Item 13 Once you find the volume of soil requirements in cubic _______, convert the 

volumes by multiplying the factors that represent the conditions of the soil. 
 
a. yards  
b. inches 
c. tons 
d. feet 

 
Item 14 The three states of soil are banked, loose, and 

 
a. dumped. 
b. muddy. 
c. compacted. 
d. tight. 

 
Item 15 Remove all particles larger than _______ inch in diameter from the sample 

when conducting a hasty test. 
 
a. 1⅛ 
b. ½ 
c. ¼ 
d. 2¾ 

 
Item 16 The first step to perform a field identification test is collecting a soil sample 

from the project site.  What is the second step?   
 
a. Form a ball of moist soil. 
b. Remove all highly organic materials. 
c. Add sand to the soil if it has more than 30 percent water. 
d. Gather equipment needed to perform test. 

 Continued on next page 
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Review Lesson, Continued 

  
Item 17 When performing plasticity estimation, remove all particles from the sample 

that are coarser than a grain of  
 
a. wheat or hay. 
b. sand or pebble. 
c. rice or pea. 
d. sugar or table salt. 

  
Item 18 What are the three major soil categories? 

 
a. Course, fine, and highly organic 
b. Course, dirt, and mud 
c. Soft, medium, and hard 
d. Sand, medium, and rocks 

 
Item 19 The calculations needed to estimate bucket-loading operations apply to the 

1155 case, 644E TRAM, small emplacement tractor (SEE), ____________, 
and the HSHMC/Clamshell. 
 
a. EBFL 
b. 1085 excavator 
c. M9ACE 
d. D7G with ripper 

 
Item 20 Production for the excavators is calculated by using depth of cut and   

 
a. machine efficiency.  
b. operator license. 
c. power characteristics. 
d. operator efficiency.  

  
Item 21 Calculating the travel time of dump trucks is called _________ time. 

 
a. cycle 
b. travel 
c. truck log 
d. round about 

 Continued on next page 
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Review Lesson, Continued 

  
Item 22 Grade assistance/resistance, rolling resistance, and required _____________ 

formulas assist in calculating scraper estimations. 
 
a. push/pull weight  
b. physical training  
c. pounds of weight 
d. pounds pull  

 
Item 23 To calculate load time, load the scraper while the dozer is ______ the scraper. 

 
a. loading 
b. timing 
c. pushing 
d. scraping 

 
Item 24 If the mission requires completion in 7 hours (one night) to move 2,368 LCY 

at 28 LCYPH per dozen, how many D7 dozers will be required? 
 
(       2368       ÷         128           )   =  18.5    ÷                7                   =   _____________ 
LCY to move     LCYPH per dozer   Hours       Required completion     # dozers required 
                                                                                   in hours 

 
a. 2.64 or 3  
b. 7.11 or 7  
c. 3.97 or 4  
d. 9.59 or 10  

  
Item 25 Compute the total fuel consumption for two D7G dozers working 6 hours a 

day for 5 days. 
 
a. 65  
b. 286  
c. 480  
d. 856 

 Continued on next page 
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Review Lesson, Continued 

  
Item 26 Using the worksheet below, what is the total POL consumption for OE GAL 

and GO GAL? 
 
a. OE 9.0/GO 2.0 
b. OE 9.6/GO 2.4 
c. OE 9.9/GO 1.9 
d. OE 6.5/GO 2.2 

 
Equipment:  D7 Dozer Total Fuel Required        OE  -   GO  -  GAA 

 0.02 x 480     = ___   OE GAL 
 .005 x 480   =    ___   GO GAL 
EST Hours 60 ÷                    8          x 0.25 =         1.8 GAA LB 

Subtotals ___ ___ 1.8  

 
Item 27 How many gallons of non-potable water are needed to wash and service 15 

pieces of engineer equipment for a 90-day period? 
 

EQUIPMENT-NON-POTABLE WATER 
                15               x             1            x         90     x       1.10       =       __________    
# of equipment items    Gal/equip/day       Est. days    Waste factor   Gallons required 
                                                                                                                  (Round up) 
 
a. 1,400  
b. 1,485  
c. 1,600  
d. 1,900  

  
Item 28 A job project will require 10 personnel for 7 days.  If three meals are 

required, how many cases of meals will you need? 
 
a. 17.5 or 18 
b. 12.00 or 12 
c. 23.51 or 24 
d. 18.99 or 18 

 Continued on next page 
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Review Lesson, Continued 

  
Item 29 Developing and using a task list for a construction project will help manage 

_____________ and __________ by delegating tasks to the small unit leader. 
 
a. equipment/chow 
b. workload/load personnel 
c. water rations/MRE request 
d. equipment/personnel 

Continued on next page 
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Review Lesson, Continued 

  
Solutions The table below provides the answers to the review lesson examination items.  

If you have any questions, refer to the reference page listed for each item. 
 

Item Number Answer Reference Page 
1 b 1-5 
2 a 1-6 
3 c 1-7 
4 d 1-8 
5 a 1-8 
6 d 1-9 
7 a 1-10 
8 a 1-11 
9 c 1-12 
10 d 1-13 
11 a 1-14 
12 c 1-15 
13 a 1-17 
14 c 1-18 
15 c 1-30 
16 d 1-29 
17 d 1-34 
18 a 1-36 
19 b 2-15 
20 d 2-19 
21 a 2-23 
22 d 2-28 
23 c 2-33 
24 a 2-36 
25 c 2-63 
26 b 2-64 
27 b 2-66 
28 a 2-67 
29 d 2-75 
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