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FOREWORD

Subgrade and Base Inspection is a training course in the activities required to ensure proper field inspection and to
achieve subgrades and bases that comply with the specification requirements. The major areas covered in this

course include:
* construction preparation;
« materials inspection and control;
* equipment familiarization;
+ application and mixing operations inspection;
* compacting and finishing operations inspection;

« final checking and testing; and

* documentation.
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DIRECTIONS TO COURSE USERS

TRAINING TECHNIQUE

This course has been designed for self-instructional training:

* You can work alone.

* You can make as many mistakes as are necessary for learning - and correct your own
mistakes.

* You can finish the training at your own speed.

You will keep this book as your reference, so work neatly.

PREREQUISITES

The Department Construction Training Policy requires that you take two courses within the first year of your
employment: Construction Mathematics and Contract Plan Reading. For Subgrade and Base Inspection, you will
need both. In addition, you should have completed Earthwork Inspection or know the subject matter thoroughly.
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HOW TO USE THIS BOOK

This is not an ordinary book. You cannot read it from page to page as you do other books. This book gives you some
information and then asks a series of questions about that information. The questions are asked in such a way that you

will have to think carefully and draw some conclusions for yourself. If you have difficulty answering the questions,

review the sections that give you trouble before going on.

The answers to the questions are in the back of each chapter.

EXAMINATION

An Examination has been developed for Subgrade and Base Inspection.

The Examination contains questions and problems only -- and no answers. To help you prepare for the
Examination, a Review Quiz is included at the end of this course. If you have no difficulty with the Review Quiz, the
Examination should present no problems.
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1
BASIC INFORMATION ABOUT SUBGRADES

In this first chapter of Subgrade and Base Inspection, we will cover Information that is. basic to your work as an Inspector.

We will discuss the basic roadway parts and their functions and the types of subgrade operations that will be covered in
this course.

ROADWAY PARTS AND FUNCTIONS

PARTS

As an Inspector, you should be familiar with the major parts of roadways. Typical sections are especially helpful in
identifying these different parts. Review the typical section below:
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NOTE: The profile grade (PG) line may not be the highest elevation of the pavement.
Now let's review a typical divided highway section.
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Nearly the same terms apply to single roadways and divided highways. The only differences are these: (1) on divided
highways, a distinction is made between inside and outside shoulders, but there is no such distinction between shoulders on

single roadways, and (2) divided highways have medians, but single roadways, of course, do not. Finally, here's a typica!
urban or municipal section.
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Again, the same terms apply to municipal sections as to single and divided roadways. The main difference with rhunicipa!
sections is the presence of curb and gutter and the absence of shoulders. However, some roads may have curb and gutter
construction on one side and shoulder on the other side.

Now, quiz yourself on what we just discussed by taking the quiz on the next page.




Quiz

Identify the roadway parts labeled and the typical section below.
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FUNCTIONS
The definitions and functions of the different parts of roadways are described below:

* ROADWAY: The portion of a highway within the limits of construction.

» ROADBED: The portion of the roadway occupied by the subgrade and the unpaved shoulders.
roadbed provides support for the base course and pavement

» SHOULDER: The portion of the roadbed outside the edges of the traveled way (or back of curb) and
extending to the top of front slopes. The shoulders may be either paved or unpaved. They provide lateral
support for the pavement.

* SUBGRADE: The portion of the roadbed immediately below the base course or pavement which usually
must be constructed to a design bearing value or be otherwise specially treated.

* BASE COURSE: The course which is constructed on the subgrade to provide support for the pavement.

« PAVEMENT: The surface or traveled way which supports the traffic load and distributes it to the roadbed,
and which provides a smooth, skid-resistant wearing surface.
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QuIZ

Do single roadways have medians?

On divided highways, a distinction is made between and shoulders.

Curb and gutter is generally found in sections.
Do all types of roadway sections have profile grade points?
What is the term for the portion of a highway within the construction limits?

The portion of the roadbed outside the edges of the traveled way and extending to the top of front slopes is the

What portion of the readway is occupied by the subgrade and unpaved shoulders?

What is the function of the pavement?
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SUBGRADE OPERATIONS

Subgrade operations can be divided into two types: stabilization treatment. Both types strengthen the subgrade so that it will
provide a durable support for the base and/or pavement. We will briefly introduce stabilization and cement treatment here, and
we will discuss them in detail in later chapters.

CEMENT TREATMENT

Cement-treated subgrades are constructed by combing portland cement with the soil. The combination must be uniformly
mixed, moistened, compacted finished and cured.

STABILIZATION

Subgrade stabilization increase the structural strength of the embankment to the required load-bearing capacity specified in
the plans. The stabilization may be achieved by adding and mixing commercial materials - or other high-bearing materials
selected from borrow pits or roadway excavations - into the embankment. Also, the subgrade may be constructed full depth
with select high-bearing borrow material that only requires mixing in place.

Some Florida soils must be blended with select high-bearing materials in order to meet the bearing values required for the
areas to be stabilized. In areas where the natural soils meet the bearing value requirements, the only work necessary before
final testing is the thorough mixing of the material in place to provide a homogenous mixture.

There are two different methods of stabilization, designated as Types B and C. While Type B Stabilization is the most
common -- and will be emphasized'in this chapter -- we will also discuss Type C briefly.

Type B and C differ in the method of determining compliance with the bearing value requirements — the Limerock Bearing
Ratio Method or the Florida Soil Bearing Test.

Type B. As we mentioned, Type B Stabilization is the most commonly used of the methods.
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By this method, the Contractor has the option of using either commercial or local materials as stabilizing additives.
No separate payment for stabilizing materials is made to the Contractor (other than as may be paid for as borrow).
Bearing value determinations are made by the Limerock Bearing Ratio (L.B.R.) Method.
Type C. The Type C method of stabilization is the same as the Type B method in the first two factors, namely:

* The type of material -- commercial or local - is at the Contractor's option.

* No separate payment is made for stabilizing materials (other than as may be paid for as borrow).
However, the method of determining compliance with the bearing value requirements is the Florida Soil Bearing Test.
L.B.R. Method. Since Type B Stabilization will be emphasized in this course, we will be mainly concerned with the L.B.R.

method of determining compliance with bearing value requirements. Although you will not be responsible for determining

limerock bearing ratios, you will be working closely with L.B.R. values. We will discuss the L.B.R. method in more detail in
Chapter Four.

Stabilization Subbase. When called for the plans, a stabilized subbase is constructed by further strengthening the upper
portion of the stabilized subgrade. A loose depth of commercial stabilizing material is added and mixed in with the subgrade

after the mixing operations for the entire subgrade have taken place. The minimum loose depth of commercial stabilizing
material is three inches.

Before the subbase is stabilized, the bearing value requirements for the subgrade material must be met. The subgrade also

must be shaped and compacted. The subbase operations themselves are similar to those for subgrade stabilizing, and will be
covered in Chapter Four.

No additional tests for bearing value are made after the mixing of materials for the stabilized subbase.
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QuIZ

Subgrade operations can be divided into two basic types. List them.

1.

2.

How are the two different methods of stabilization designated?

Which of the foflowing factors are different between the two stabilization methods?

___A.  The method of determining compliance with the bearing value requirements.

____B. The use of commercial or local materials.

_____G. The depth to which the subgrade is stabilized.

_____D. The basis of payment for the work.

The following description is for which type of stabilization? The Contractor may use either commercial or local materials.
He will not be paid separately for the stabilizing materials he uses. The bearing value determinations are made by the
F.M. method. Type Stabilization
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Write the letters of the roadway parts that make up the roadbed in the typical section above:

What three types of roadway typical sections did we review in this chapter?
' , and

Are all shoulders paved?
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TO MAKE THE BEST USE OF THIS COURSE

Take the time to study. Don't expect to learn well by just reading - you must study.

Studying is not the same as memorizing all the material. Don't try to memorize everything said. Instead, study well
enough to understand everything and remember the main points and the special terms.

Be guided by how well you do on the QUIZZES in this text. If you cannot answer all the QUIZ questions easily, restudy
the text until you can. If repeated study does not help, get help from someone.
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ANSWERS TO QUESTIONS

Page 1-5 Page 1-10
*  A. back or cut slope + stabilization; cement treatment
B. unpaved shoulder + TypesBand C
C. surfacing or pavement « A
D. subgrade - B
E. base B and D (shoulders and subgrade)
F. front or fill siope
Page 1-7 Page 1-11
* no « BD
* inslde + Single roadway; divided highway; urban
* municipal {urban) outside (municipal) section
* yes
* roadway
* unpaved shoulder
* roadbed

to support the traffic load and distribute it to the roadbed,
and provide a smooth skid-resistant wearing surface
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PRECONSTRUCTION PREPARATIONS FOR
SUBGRADE OPERATIONS

Before subgrade operations (and base course construction) can take place, certain preparations must be made. The
preparations involve both construction and inspection activities, including the following:

staking;

inspecting the existing surface;

obtaining the necessary inspection equipment and materials;
studying the contract documents; and

meeting with the Contractor.

We will discuss each of these activities. First, let's talk about staking.

STAKING

The Contractor's survey party will set stakes for controlling line and grade. The stakes help maintain close control in checking
the width and depth of the subgrade. Grade stake are set to control grade, and hubs are set to control line.

These stakes are set a maximum of 50 feet (15m) intervals on tangent sections and at a predetermined offset. On curves, the
stakes will be set a maximum of 25 foot (7m) intervals. The offset distance Is determined in advance by a discussion between
the Foreman and the Party Chief. The offset is necessary because mixing will be done out to the shoulder line and would
disturb any stakes not offset. Typically, the offset is 3 feet (1m) from the edge of the mixing operations.

GRADE STAKES

As we mentioned, grade stakes which may be referred to as "blue tops" are set to control the grade in subgrade work. You will
also use them in determining whether or not the subgrade has been stabilized or treated to the proper depth. This check
involves using a string line and jacks in conjunction with the stakes. We will discuss the procedure for checking depth later in
the course.

, ‘
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All grade stakes on the job must be referenced to the same point. However, the reference point will vary from job to job. They
may be referenced to the top of the finished subgrade for example, or they may be referenced to the profile grade. You will
need to check with the survey crew to be sure what the grade stakes are referenced to.

Guard stakes are placed by the grade stakes to protect and locate them. The guard stakes may be marked in different ways.
Study the examples shown below.

HUBS

Hubs are set for line at the same HUB WITH STRING LINE FOR FINEGRADER

offset as the grade stakes. Tacks
set in the hub tops form a "tack
line" which indicates the exact fine
for the subgrade to follow. Hubs
are used especially in connection
with cement-treated subgrades.

Tack set in hub
top indicates
exaet iine,
On divided highways, hubs
usually are set on the high side.

Hubs should be set before the

Guard stake

o .

subgrade work begins. Normally, T e " S Owaare 2 x I
they are driven flush with the - ~ (50 x 50 wm )
ground level, and are not set to

grade.



QuIZ

Who will set stakes for subgrade operations?

What is the name for the stakes used to control line?

Stakes help to maintain close control in checking the and of the subgrade.

What is the maximum interval for setting the stakes along the roadway?

Grade stakes may be referred to as

What is the offset of the grade stake identified by the guard stake shown at right? from

What will be the offset for the hubs?

Which of the following phrases applies to hubs?

A Normally driven flush with the ground level
B. Set to profile grade

C. Not set to grade

D Set along subgrade centerline.

o0 +22Z

How is the exact line indicated on the hubs?

2pelD Tuid d 3 ...
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INSPECTING THE EXISTING SURFACE

The embankment surface to be stabilized or treated must comply with the plan and specification requirements before the
beginning of subgrade operations. As the Inspector, it will be your responsibility to check for this compliance.

STABILIZATION

When the subgrade is to be stabilized, the smbankment surface must be finished to the lines, grade and cross section shown
in the plans, with the specification tolerances. The Contractor will check the elevation of the top of the embankment or the cut
section before subgrade operations begin, but you must check it also to see that it meets the requirements. Embankment
finishing operations are discussed in the Earthwork Inspection training course. Also, before any stabilizing material is spread

on the subgrade, the roadbed must be brought to a plane approximately parallel to the plane of the proposed finished
subgrade surface.

CEMENT TREATMENT

The requirements mentioned above under STABILIZATION apply also to roadbeds which will be cement-treated. In addition,

roadbeds to be cement-treated must be firm enough to support the equipment without distortion or displacement. Any soft or
yielding areas must be corrected before operations begin.

When cement-treated subgrade is constructed of central plant-mixed material, the underying roadbed must be moist when the
material is spread.

Many defects in the existing roadbed surface can be visually detected. You hopefully will never see an existing surface as bad
as the one shown below -- but you will see the individual defects frequently.



Roots or other
foreign matter

Rocks

Potholes

Erosion

Spongy areas

All defects must be corrected before the beginning of subgrade operations.
INSPECTION EQUIPMENT AND MATERIALS CHECKLIST

As an Inspector, another important pre-construction preparation for you to make is that of checking to be sure you have

all the inspection equipment and materials you will need. The following list serves as a summary of the items you should
have:
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Plans, Special Provisions and Standard Specifications book:
Project Sampling and Testing Guide Schedule:

field books and tally books;

report blanks;

tape and rule; and

shovel, pick and posthole digger.

Be sure that you have all the equipment and materials on the checklist. We will discuss them individually, as they come
up in the course. In addition, you also should have access to the Construction Manual and the Manual on Uniform Traffic
Control Devices. This latter document contains the minimum traffic control procedures that should be observed on the
project,



CONTRACT DOCUMENTS

SUPPLEMENTAL SPECIFICATIONS TO THE STANDARD SPECIFICATIONS

Revisions to the standard specifications are being made all the time. These revisions initially show up in contracts in the
form of Special Provisions. When enough of these standard special provisions accumulate, they are printed in booklet
form. This booklet is called Supplemental Specifications to the Standard Specifications.

SPECIAL PROVISIONS

When unusual problems or conditions arise during the design or development of a project and special instructions are
necessary, these will be covered by Special Provisions which are included only in the contracts of projects to which they
apply.

SUPPLEMENTAL SPECIAL PROVISIONS

When last minute changes are required after the special provisions have been completed, Supplemental Special
Provisions are issued to everyone having a set of special provisions.

DISCREPANCIES

The order of ranking authority of all contract documents -- necessary to resolve discrepancies (from highest to lowest) --

is supplemental special provisions, special provisions, confract plans, design standards, supplemental specifications, and
standard specifications.
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QuIZ

The roadbed surface to be stabilized or treated must comply with the and

requirements
before the beginning of subgrade operations.

Who is responsible for checking for this compliance?

Before any stabilizing material is spread on the subgrade, the roadbed must be brought to a plane approximately
to the plane of the proposed finished subgrade surface.

Why must roadbeds be firm prior to cement treatment?

When cement-treated subgrade is constructed of central plant-mixed material, the underlying roadbed must be
when the material is spread.

Which of the following are defects that must be corrected before the beginning of subgrade operations?

A. Crowns C. Ruts E. Spongy Areas
B. Potholes D. Hubs F. Roots
List the equipment and materials you should have for subgrade inspection:

Number the following documents according to governing order -- with 1 being the highest, 2 the next highest and so on:

A. Supplemental Special Provisions B. Contract Plans C.  Special Provisions
D. Standard Specifications E. Supplemental Specifications.

Name the document that contains the minimum traffic control procedures that should be observed on the project:

As an Inspector, should you have access to a Construction Manual?
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Page 2-4

Page 2-9

ANSWERS TO QUESTIONS

the contractor

hubs

line; grade

50 feet (15 m)

"blue tops"

8 feet, (2.4m) from the edge of pavement; the same 8' (2.4 m), from edge of pavement)
AC

by tacks driven in the tops of the hubs

plans; specifications

DOT inspector

parallel

to support stabilization equipment without distortion or displacement

moist

B,C,EF

plans, special provisions and standard specifications; project sampling and testing guide schedule; field books
and tally books; report blanks; tape and rule; shovel, pick and posthole digger

AN W=

A.
B.
C.
D.
E.
Manual on Uniform Traffic Control Devices
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CEMENT TREATMENT MATERIALS
Cement
Soil
Water
Asphalt
Lime

/ANSWERS TO QUESTIONS

CHAPTER THREE

CONTENTS
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MATERIALS INSPECTION AND CONTROL

The materials used in subgrade stabilization and cement treatment must meet the specification requirements in order to

produce strong and durable subgrades. Proper materials inspection and control will ensure that the materials meet the
requirements.

STABILIZING MATERIALS

TYPES OF MATERIALS

The types of materials used to stablilize subgrades can be divided into three groups: commercial, local, and existing base. We
will discuss each of these.

Commercial - As you learned in Chapter One, the Contractor has the option of using commercial or local materials.

Allowable commercial materials include commercial limerock, limerock overburden, stone screenings and crushed shell. These
materials have certain chemical and physical requirements outlined in the Standard Specifications. Because of these
requirements, the materials must be sampled and tested. We will say more about the sampling and testing in a few pages.

Specifications - Because of these requirements, the materials must be sampled and tested. We will say more about the
sampling and testing in a few pages.

Local - Local materials for use in stabilizing subgrades must be high-bearing soils ~ like sand-clay material. Like the
commercial materials, local materials have to meet certain requirements shown in the specifications.



Existing Base - Sometimes the plans call for the use of materials from an existing base course. This may occur for either type
of stabilization. These existing materials may form all of the stabilizing additives or only a portion of them.

The existing base material must be used before any additional commercial or local materials are spread. The Engineer will
direct the locations, placing and distribution of the base material.

Often, the existing base is used to maintain traffic through the construction area. Because of this, the removal of any section of
existing base will not be required until the need for it in maintaining traffic is fulfilled.

Materials from an existing base are not considered for payment as commercial materials.

SOIL SURVEYS

The Department performs soil surveys partly to show what materials are suitable for use in embankments and subgrades. The
results of soit surveys are shown on Soil Survey and Cross Section sheets in the plans. You should know that the soil survey

determines only what materials may be suitable for use in subgrade stabilization -- it does not guarantee that the materials will
achieve the required results.
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The Contractor determines what material or combination of materials to use to obtain the required bearing values. As an
Inspector, you should be sure that only suitable materials are used. A Soil Survey sheet is shown below. Study it and then take
the quiz on the next page.

STATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION
MATERIALS AND RESEARCH

DATE OF SURVEY:  [/20 - 2/15/34 06010-1505 PREL. PISTRICTs EIRST
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L] 3 Tul~lal —— L] wo-M -1 - H-1 N-M 4 w1 »h -y Srvy o Brom B |y Sond 9 firous Cley ard LR, q EN,000-T3,000 {RO-80 - 4,004
1 B T T T N RTINS R T TR BT S 401 Ten ond Light Brow 1 Hy Sard w/isess Giay and Hreos Shat! 5 NOOMEEW  MD-G RIS BET)
L} ] 10 2-4m.p R0-d0 e sememw arveew wieass wessrs O30 J n-a - (o] WIEL 1Dark Brown 511ty Ko wisoes Slay - Rttt Ll mETEmwmr  SESeSes  ssmmmen
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EMBANKMENT AND SUBGRADE MATERIAL

STRATA BOUNDARIES ARE APPROXIMATE MNAKE FINAL CHECK AFTER GRADING.
3L = WATER TABLE ENCOUNTERED.
The sntarn} from Strotum Nunker 1 1n Rock Base unde~ Asphaltie Cororete, GNE = DROUND WATER NOT ENCOUNTERED.
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QuIZ

Commercial materials for subgrade stabilization include:

Local materials for stabilization must be

When the existing base material is to be incorporated into the subgrade, should it be used before or after other stabilizing
additives have been mixed in?

Who determines what material or combination of materials to use to obtain the required bearing values?

How should the muck/A-8 material be removed?
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SAMPLING

To determine whether or not materials are suitable for use in subgrade stabilization, samples must be obtained and submitted
to District Laboratory. These samples can be divided into ftwo groups: initial (source) samples and job control samples.

Initial samples are obtained and tested in order to approve the materials at their source. These samples, therefore, are
obtained before hauling and mixing begin. As an Inspector, you will not be responsible for obtaining and submitting them. They
are sampled at the source by Testing personnel.

Job control sampies are obtained and tested in order to verify that the same materials are being used and that the materials
continue to meet the requirements. Job control samples should be taken directly from the road. You wilt be responsible for job
control sampling.

SAMPLING, TESTING AND REPORTING GUIDE
To obtain and submit samples of stabilizing materials, you must follow the Department's Sampling, Testing and Reporting
Guide. The Guide contains frequencies, samples sizes, test namas, designations of report forms and work performed and

materials used on Department projects.

The Sampling, Testing and Reporting Guide consist of two sections: the Material Acceptance and Minimum Sampling
Schedule and the Testing and Reporting Guide.

We will cover both parts by reproducing the explanations preceding each section and by showing a page from each section.
Look over the explanations, study the sample pages and take the quizzes that follow.



MATERIAL ACCEPTANCE AND MINIMUM SAMPLING SCHEDULE

L (Level)

Pay ltem

Matl. No.

Matl. Name

Frequency

This abbreviation stands for "level of sample.” By "level of sample" we are referring to one of the three
categories of sampling and testing which comprise the sampling and testing program. These three categories
are defined as job control, Independent Assurance and/or acceptance, so there will be a "J", "[", or "A” in this
column depending upon the category or leval being implemented.

The term "Pay ltem," as used in any of the schedules utilized in our computerized materials certification system,

refers to the numbers which identify a contract pay item and which reference a section of the Standard
Specifications or Special Provisions.

An abbreviation for "Material Number." This is an arbitrary number assigned to each "Material Name" as part of
an identifying process when compiling the List of Materials. When a sample is being obtained, the psrson
sampling should note the "Material Number" for that particular material and write it in the required space on
Sample Transmittal Card 691-07A which is being used with the Contract Certification System. The alphabetical
designation immediately following the material number denotes the number of samples or actions required. Each
different letter indicates a separate action or sample; however, the appearance of the same letter four times such

as A1, A2, A3, A4 means that four separate tests are to be performed on one sample - not that four samples are
to be obtained.

This obviously describes the material to be sampled, tested, verified, etc.

A field description of the material must be shown on the sample Transmittal Card (691-07A).

The material sampling frequency is applicable to state and federal aid projects, except "TOPICS™ projects.
*TOPICS means Traffic Operations Programs to Increase Capacity and Safety. There is available "A Guide

Schedule for Sampling and Testing at a Reduced Frequency” applicable to small quantities of materials

delivered intermittently to large projects and contracts covering TOPICS, safety, rest areas, and other small
projects,



Methods of this item relates to the sample of material being Acceptance checked for specification compliance
and simply states the basis upon which acceptance or rejection is made.

THE FOLLOWING LIST GIVES EXAMPLES OF METHODS OF ACCEPTANCE USED

Approved List - A list of acceptable material as established from initial certification of vendor, or manufacturer's processing,
and periodic test to assure continued substantial conformity to the Department's Specifications.

Certified Mill Analysis - This is a manufacturer's or supplier's report of test which is attested to by the manufacturer or supplier
as representing material which has been supplied to the Department.

Commercial Testing Laboratory - Any approved private testing agency offering inspection and testing services.

DOT Hammer Mark or Commercial Laboratory Hammer Mark - An identity used on pretest timber products. Hammer leaves
identifying mark on materials considered acceptable by the Inspector applying the mark.

DOT Labe! - A pretested material identity consisting of a printed gum label attached to the materials or container.
DOT Seal - Railroad car seals used to identify a pretested material.

DOT Stamp - One method of identifying pretested materials. Method generally employs use of rubber stamp and ink pad;
howaever, stencil and paint are acceptable.



FLORIDA DEPARTMENT OF TRANE RORTATION PRGE
SAMPLING, TESTING, AND REPORTING GUIDE BY DESCRIPTION
MATERIAL DESCRIPTION L MAT METHCD OF ACCEPTANCE
SAMPLE . TEST NAME SKMPLE FREQUENCY / SAMPLE LOC.  BY
LAE / TEST / SAMPLE SYZB REPORT / WORKSHEET
STAB SUGRADE & SHLD - FBV A 010C  TEST
E - DENSITY IN PLACE 1/LIFT/500' SECTION RORDWAY pp
SOIL F1-T238 N/A 02022 £97-01 5
M - DENSITY IN PLACE 1/LIFT/150 M1 SECTION ROADWRY »P
SOIL F1-T238 N/A 02022 £97-01 PP
8TAB SUGRADE & SHLD - FEV A 010D  IMSPECTYON BY FIELD PROJ PERS
E - CHECK UNIFORM MIX/DEPTH 1/8' WIDTH/100’ RDWY ROADWAY PP
890IL 5-180-4 4-IN HOLE 19501 N/A PP
M - CHECK UNIFORM MIX/DEPTH 1/2.4M1 WIDTH/30M1 RDWY ROADWRY 2P
850IL S5-180-4 10CM HOLE 19950 N/R ' (]
STAB SUGRADE & SHLD - FBV I Dl10F1 TEST
E - P.B.V, 1/ROADWAY MILE ROADWAY pL
S0IL F®5-517 1 QT 15001 700-15 cL
M - F.B.V. : 1/1.6 ROADWAY KM ROADWRY L
80IL F5-517 1 LI 15051 708-15 cL
STAB SUGRADE L SHLD - FBV I 010F2 TEST
E - PROCTOR (MODIFIED) 1/ROADWAY MILE ROADWAY DL
S0IL P5-521 2 BAGS 15001 697-19 CL
M - PROCTOR (MODIFIED) 1/1.6 ROADWAY KM RORDWRY DL
EQIL F5-521 2 BAGS 15051 £97-1% cL
STAR SUGRADE & SHLD - FRV ¥ 0106  TEST
E - DEWBITY IN PLACE 1/ROADHAY MILE ROADWAY DL
SOIL F1-T238 N/A 02022 697-01 . DL
M - DENSITY IN PLACE . 1/1.6 RORDWAY XM ROADWAY DL
SOIL F1-T238 N/A 062022 6€97-01 oL
STABILIZING MATERIALS-LOCAL A 440A1 TEST
E - PLASTIC INDEX 1/S00RCE MINE/RDWY DL
80IL F1-T0S0 0.5 BAG 15001 697-17 DL
M - PLASTIC INDEX 1/80URCE MINE/RDWY DL
S0IL F1-TOS0 0.5 BAG 15051 697-17 DL
STABILIZING MATERTALS-LOCAL A 440A2 TEST
E - LIQUID LIMIT 1/SO0URCE MINE/RDWY DL
S0IL F1-T089. 0.5 BAG 15001 697-17 DL
M - LIQUID LIMIT 1/50URCE MINE/RDWY DL
SOIL F1-TOBY .5 BRG 15051 £97-17 bL
STABILIZING MATERYALS-TLOCAL A 44081 TREST
E « LIQUID LIMIT 2/RXISTING ROWY MILS RORDWARY PR
S0IL F1-TOB® 0.5 BAG 15001 697-17 DL
M - LIQUID LIMIT 2/BXISTING 1.6 RDWY KM  ROADWAY PR
BOIL F1-T0OBS 0.5 BRG 15051 697-17 . DL

LEGEHD: ExENGLISH M=METRIC A«ACCEPTANCE I=INDEPENDENRT ASSURMNCE
Reviged: 05/14/95
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QuIZ

What worksheet should be used to report material 010C stabilized Subgrade and Shoulder?

What is the frequency for sampling material number 010D ?

Samples of material number 010D are of what level?

What size job control sample should you obtain for Proctor tests on stabilized subbase?

Who should obtain and submit samples of material number 440 B1?

Now, look over the explanation and example page from the Testing and Reporting Guide portion of the Sampling, Testing
and Reporting Guide on the next three pages. Then, try the quiz on page 3-14,
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TESTING AND REPORTING GUIDE

Requisition from State Warehouse - Refers to the stamped copy of the originator's request for material from the Department's
warehouse. The test results for the requisitioned material are transcribed from records maintained in the warehouse.

Specification - Refers to the Department's Standard Specifications for Road and Bridge Construction, and/or the Special
Provisions released with the approved plans, and/or notes or details on approved plan or shop drawing.

Test - Indicates a test is utilized in evaluating the material sample.
Approved Source - Verification that the material is shipped from a Department approved source.

Approved Type - Refers to material complying with the type specified in the specifications or plans and carries the markings or
identification data, if specified.

Certification - This is a manufacturer's or supplier's certification that the material supplied meets Department specification
requirements. One copy is retained in the Project File and one copy is forwarded to Gainesville for the CL Project Files.

NOTE: In the foregoing definitions, the word "pretest" appears. This term applies to testing which is accomplished prior to

stockpiling, or warehousing a material which will eventually be used in a construction project. The above methods of
acceptance have nothing to do with pretesting procedures.

Saniple Size - The required quantity of the material to enable the necessary test or tests to be performed on that particular sample.

By - This column will contain letter "PP", "DL", "BL" or "CL" which have related meanings "Project Personnel,” "District Laboratory,"
“Branch Laboratory” and “Central Laboratory" and designates the responsibility for sampling/testing/inspection activity. The
information in the "By" column is stacked vertically with the top line designating the sampling responsibility and the next line down

designating the testing responsibility.
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Sample/Test Name - Tells the kind of test to be performed. Usually states the test name in shortened form or states the
commoniy used term for the test.

Test - The identifying number for the corresponding test name. This could be a test method, a Standard Specification ariicle
number stating what measurement must be performed, or a non-FDOT specification listing required properties of a material so
that the certification can be verified. Numerical prefixes have the following meaning:

1.AASHTO Procedures

2.Federal Standards (Procedure or Requirement)

3.ASTM Procedure

4. American Welding Society =
5.FDOT Procedure

6. Equipment Manufacturer Procedure

7.American Wood Preservers >
8. The Asphalt Institute.

Repart Form - The DOT report form, or recording form, where tests results are documented. =
Work Sheet - The form used (when required) by Project Personnel or the laboratories to record data and calculate test results.

LAB (Laboratory) - The individual laboratory within the Central Laboratory (BM&R) having primary responsibility for review and
revision of sampling and testing methods and frequencies.
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FLORIDA DEPRRTMENT OF TRANSPORTATION PAGE
SAMPLING, TESTING, AND REPORTING GUIDE BY DESCRIPTION
MATERTAL DESCRIPTION L MAT METHOD OF ACCEPTANCE
SAMPLE - TEST NAME SAMPLE FREQUENCY / SAMPLE LOC. BY
LAB / TEST / SAMPLE SIZE REPORT / WORKSHEET
STAB MATL-SHELL-LOCAL,COMMER A 423A3 TEST
E -~ LIQUID LIMIT 1/BARGE OR 1200 TONS ROADWAY PP
SOIL F1-T089 0.5 BAG 15001 697-17 DL
M - LIQUID LIMIT 1/BARGE OR 1100 MT ROADWAY PP
S0IL F1-TOAS 0.5 BAS 15051 697-17 DL
STAB MATL-SHELL-LOCAL,COMMER A 423A4 TEST
E - PLASTIC INDEX 1/BARGE OR 1200 TONS ROADWAY PP
SOIL F1-T0S0 0.5 BAG 15001 637-17 DL
M - PLASTIC INDEX 1/BARGE OR 1100 MT ROADWRY PP
80IL F1-T090 0.5 BAG 15051 697-17 DL
STAR MATL-SHELL-LOCAL,COMMER I 423FL TEST
E - GRADATION 1/BARGE OR 4800 TONS ROADWAY DL
$O0IL FL-T027 0.5 BRG 15001 696-19 cL
M - GRADATION 1/BARGE DR 4500 MT ROADWRY DL
80IL F1-T027 0.5 RAG 15051 £96-19 cL
STAB MATL-SHELL-LOCAL,COMMER I 423F2 TEST
E - ¥ PASSING 200 SIEVE 1/BARGE OR 4800 TONS RORDWRY DL
S0IL F1-T011 0.5 BAG 15001 696-19 cL
M - ¥ DASSING 200 SIEVE 1/BARGE OR 4500 MT ROADWAY DL
80IL F1-TO1l 0.5 BAG 15051 £96-19 CL
STAB MATL-SHELL-LOGAL,COMMER I 423F3 TEST
E - LIQUID LIMIT 1/RARGE QR 4800 TONS ROABWRY bL
SOIL F1-T08? 0.5 BAG 15001 697-17 CcL
M - LIQUID LIMIT 1/BARGE OR 4500 MT RORDWAY oL
S0IL F1-T0B® 0.5 BRG 15051 697-17 CL
STAB MATL-SHELL-LOCAL,COMMER I 423P4 TEST
E - PLASTIC INDEX 1/BARGE OR 4800 TONS RORDWAY pL
SO0IL F1-TO90 0.5 BAG 15001 £97-17 CL
M - PLASTIC INDEX 1/BARGE OR 4500 MT RORDWRY DL
SO0IL F1-T090 0.5 BAG 15051 697-17 CL
STAB SUBGRADE & SHOULDERS A 0201 TEST
E - L.B.R. 4 /LIFT/RDWY MILE RORDWAY ep
EOIL F5-515 2 BAGS 15001 700-15 DL
M - L.B.R. 4/LIFT/1.6 RDWY KM ROADNAY PP
SOIL F5-515 2 BRGS 15051 700-15 DL
STAB SUBGRADE & SHOULDERS A 020A2 TEST
E - PROCTOR (MODIFISD) 4/LIPT/RDWY MILE ROADWAY PP
SOIL FS-521 2 BAGS 15001 700-15 DL
M - PROCTOR (MODIFIED) 4/LIFT/1.6 ROWY KM ROADWAY PP
S0IL P5-521 2 BAGS 15051 700-15 DL
LEGEND: E=ENGLISH MsMETRIC AcACCERTANCE I=INDEPENDENT ASSURANCE
N Reviged: 05/14/95
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QUIZ

What test is performed on material number 423A47

What is the test number for Modified Proctor tests?

Who performs the tests on material number 423F1?

What is the test number for liquid limit tests?

GO ON TO Sample Transmittal Card.
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Sample Transmittal Card

For each sample you send to the Lab, you must complete
and attach a Sample Transmittal Card (Form
675-050-04).

Look over the examples shown here carefully. Then, go
onto TEST REPORTS.
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FORM AS1-ATA

1y STATE GF FLORIDA ORPARTMENT OF TAANSFORTATION

0. oR ACE. ND,ar .
Jos N, m{ﬂ@h LINE ITEM NO. I-LL-IJ-IJEI-QL-I—I.U—I._L_I_.I

MA‘I‘INIA’L NO, BAMPLE NO. " L

DATE IAMALED YA FROM .
mATa ﬁ{d-!ﬂl.ﬁmugl_l_l_l SAMP FROM Il-rlzw_l_l_.l
dONTRAGT -——Ez.ﬂ'/ ". 2

WMATERIAL DESE,
ASAD NODW DISTNICT NQ,
INTENOED VIE OR PART OF §STHUCTY AT FLACED
MANUFACTURER OGN FROBUGEN [NOT Jouskn|
SOUNRCE [FLACE FROM WHIGH SHIFMENT WAS MaDE)

BATCH NO. e e

AUART ARP ——
LDT ND. —_— LAS NO, — MIX NO. e
LuMp h— w AR B.O.F, FLANT MO, e
" ENT. — F.A, = €A, =
AETARDANT LY ABM
AEMARHEL

WBMITTED BY: —AMLE‘J% aooneew LI0L BIE  Sorrhel T

FORM S8T-87 4
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CONTRACT _@ _é

MATENIAL DESE.
woan wo, Do 2K niyrRiet na. o
MTINDED UK ON PART BF STRUCTY RE FLACED

IANPLED BY

county wd2malo) fo
T ey S

MARUFASTURER BN iNar 1 ——— =

FOURCH [FLACE PROM WHICH IHIPMENT WAS MADE | e IT Ne, T
QUANT mEp P anaoe — BATEH NO: e
LOT Ho, —_— LA NG, —_ MIK Na,

sLuMP » AR — 0,81 PLANT NS st
PROCUCERS) &MT. yiram—s. r.a. &.a. —

RETARDANT LY ASN ———
AEMARNY, —A—-—'E:T'_#—L
susmitree avi LdondS A foda s Abnn:.lnM%EC




TEST REPORTS

Results of tests performed on roadway materials are shown
on test reports issued by the Lab. As an Inspector, you

should be familiar with the information contained in the
reports.

On the facing page are two test reports for materials
submitted to and tested by the District Lab.

The page from STRG is shown here for a material that is to
be used as a Stabilizing material. This particular material
was approved for use as a stabilizing additive.

Look over the report briefly, then go on.

FLORIDA DEPARTMENT OF TRANSPORTATION PRGE
SAMPLING, TRSTING, AND REPORTING GUIDE BY DESCRIPTION
MATERIAL DESCRIFTION L MAT METHCD OF ACCEPTANCE
SAMPLE - TRST NAME SAMPLE FRRQUENCY / SAMPLE LOC. BY
LAR / TEST / SAMPLE SIZE REFORT / WORKSHEET
STAB SUGRADE & SHLD - FBV A 0l0C  TEST
# - DENSITY 1IN PLACE 1/LIFT/500' SECTION ROADWAY PP
SOIL F1-T238 N/A 02022 £97-01 PP
M - DENSITY IN PLACE 1/LIFT/150 M1 SECTION RORDWAY PP
BOIL F1-T238 H/A 02022 §97-01 3]
STAR SDGRADE & SHID - FBY A QLOD INSPECTION BY FIELD PROJ PERS
R - CHECK UNIFORM MIX/DEPTH 1/8* WIDTH/100°' RDWY ROADWAY 1
SOIL 5-1B0-4  4-IN HOLR 19501 N/A PP
¥ - CHECK UNIFORM MIX/DEPTH 1/2.4M1 WIDTH/IOM1 RDWY ROADMAY PP
S501L 35-180-4  10CM HOLE 19950 N/A PP
STAB SUGRADE & SHLD - FBV I 010F1 TRST
E - F.B.V, 1/ROADWAY MILE ROADWAY oL
SOIL FS5-517 1Qr 15001 700-15 cL
M - F.B.V, 1/1.6 ROADMAY KM ROADWAY DL
SOIL F5-517 1 LI 15051 700-15 cL
STAB SUGRADE & SHLD - FBV I 010F2 TEST
B ~ PROCTOR {MODIFIED) 1/ROADMAY WILE RORDWAY DL
S0IL F5-521 2 BAGS 15001 697-19 cL
M - PROCTOR (MODIFIED) 1/1.6 ROADWAY XM ROADWAY DL
SOIL FS5-521 2 BAGS 15051 £97-19 cL
STAP SUGRADE & SHILD - PR I QL06  TEST
B - DENSITY IN PLACE 1/ROADMAY MILE RORDWAY DL
SOIL Fi-T238 N/A 02022 697-01 DL
M - DEMBITY IN PLACE 1/1.6 ROADWAY K ROADHAY DL
S0IL  PF1-T238  H/A 02022 697-01 oL
STABILIZING MATRRIALS-LOCAL A 440A1 TEST
E - PLASTIC INDEX 1/ MINE/RDWY DL
S0IL F1-T0S0 0.5 BAG 15001 697-17 DL
M - PLASTIC INDEX 1/50URCE MINE/RDWY DL
50IL F1-TOP0 0.5 BAG 15051 697-17 DL
STABILIZING MATERIALS-LOCAL ' A 440hA2 TEST
B - LIQUID LIMIT 1/SOURCE MINE/RDWY DL
50IL F1-TD0B? 0.5 BAG 15001 697-17 © DL
M - LIQUID LIMIT 1/ MINE/RDWY DL
B80IL Fi-TOBY 0.5 BAG 15051 697-17 DL
STABILIZING MATERIALS-LOCAL A 440B1 TEST
E - LIQUID LIMIT 2/EXISTING RDWY MILE ROADWAY PP
80IL F1-T08%2 0.5 BAG 15001 697-17 DL
M - LIQUID LIMIT 2/EXISTING 1.6 RDWY XM  ROADWAY P
SOIL F1-TORY 0.5 BAG 15051 637-17 DL

LEGEND: E~ENGLISH M=METRIC A=ACCEPTANCE I=INDEPENDENT

ASSURANCE
Ravised: 05/14/95

12"
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The Test Report for Stabilized Subgrade and
Shoulders shown here shows the bearing values
obtained for samples of stabilized Subgrade. These
samples were submitted after the Subgrade mixing
operation took place.

Notice that the minimum design L.B.R. of 40 is
achieved. Therefore, the mixed Subgrade material
meets the bearing value requirements.

FORA: 118~-01

CaRoyI?

MATER AL NO:

STATION FROMI
LAB NOt DA99S
PAY [TEM NO{SI? 1 180 4

FLOR1DA DEPAATHERT OF TAANSPORTATION PAGE 28

DATE: 9729737

TEST REPORT FOR $TAH. SUBGRADE & SHOULDENS

PRAJECT NO: 92506~36802 WaPaNOI 5123626 a0
0204 SANPLE WOI JOOIS DATE SANMPLED: 09/21/87
§19¢92.A9 STATION TO! 946+92,8) SANPLE FROMT 54480
TESTED BY! SD  ON 09/28/BT PASS/FAlL STATUS: P

DISTRICTS &
SOURCE! N/4
PRODUCEN]

CONTRACTS 106344 oSN

PLANT NO?

AQAD NO:
QUANTITY?
[MTENORD USE! SUNGRADE

JO8 CONTROL RESULTS

|
|
{
*

[QUAL| TYPg OF TRST/MEASUAEMENT | ARRILT | MINIWUM | MAXINUM |
(¢mmame satoil CE LT . - ¢
| MAXIMUM DENSITY [WODIFLED) | 1168.0000 PCPF| I |
| OPTIMUM MOISTURE | 10,0000 PCT| l I
| LINEROCK BEARING RATIO ) 40,0000 PcT| 40,0000} |
L} + LT LT L4
i, AT 51" FERETRATHIN
i 1 T I N
— i I: ”
. I : I -
AP S T
Il [ENSF (U P H A
i oo ol ap
‘\‘A N IE ':E—-I [L] \ i b - - ]I .+'-'
T AB t T
I A I Lo o g 72—t
t h ‘1 L - ok E‘ : .
i - ".\ h af.T ‘| 0 |' N : :
\Q M iyl -y [ e BT A U
§ L (T ILIR AT i 1
H 1 L] | . 1
i : H — I !
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QuIZ

Initial samples are obtained and tested to approve the materials at their

Job control samples must be taken from:

A. The roadway

B. Railroad cars
C. Haul trucks
__D. Stockpiles.

Samples of stabilizing materials are submitted to

Where will you find sampling frequencies, sample sizes, etc?

Use this excerpt from the Sampling, Testing and Reporting Guide to answer the questions on the next page:
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QUIZ, continued

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

STABILIZING MATERIALS -LOCAL

E - PLASTIC INDEX
SCIL F1-TO0S50
M - PLASTIC INDEX
S0IL F1-T090

A 440A1

0.5

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

STABILIZING MATERIALS-LOCAL

E - LIQUID LIMIT
SOIL F1-T089
M - LIQUID LIMIT
SOIL F1-T089

0.5

STABILIZING MATERIALS-LOCAL

E - LIQUID LIMIT
SOIL F1-TO8S
M - LIQUID LIMIT
SOIL F1-T08%9

A 440Bl
0.5 BAG

0.5 BAG

TEST

1/800URCE

15001 697-17
1/SQOURCE

15051 697-17

TEST

1/SOURCE

15001 697-17
1/SOURCE

15051 £97-17

TEST

2/EXISTING RDWY MILE
15001 697-17
2/BXISTING 1.6 RDWY KM
15051 697-17

LEGEND:

Reviped:

Should project personnel sample material number 440 A1?

E=ENGLISH M=METRIC A=ACCEPTANCE I=INDEPENDENT ASSURANCE

MINE/RDWY DL
DL

MINE/RDWY DL
DL

MINE/RDWY DL
DL

MINE/RDWY DL
DL

ROADWAY PP
DL

ROADWARY PP
DL

05/14/95

What will material numbers A 440 B1 and A 440 B2 be tested for?

What size sample of material number A 440 B1 should be submitted?
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QUIZ, continued

Use the completed Sample Transmittal Card at right to
answer the questions below.

Describe the material comprising this sample?

FORM ER1-0TA

i STATE OF FLORIDA BEFARTMENT OF TRANBPORTATION

e wn0,3,013.9.0.2, T remmo, L8Ol 4 o000 4 1,

H 1
MATEAIAL NO, BAMPLE NO. -
OATE SAMPLED ITA FROM
ETA TO #IAA[ PRI T T B I LAMPF FROM
A A

CONTRACT LS ZTH
MATERIAL DESE. Lil&ing -
noAD No, 2Tl T SISTRIEY HO.

INTENDED USKE OF FARY OF STRUCTURE PLACED
MANUFACTUREN OR PACDUCER [NOT JORBER)
SOURCE [PLACE FROM WHICH SHIPMENT WAS MADE]

QUANT AEF aRAPE RAYEH NOD.

LOT NO, LAR HT, e e DES1GN MIX NO.

WUMs W AIR S 0.0, 7. FLANT HO.

PRODUECERNEL CMT. F.A, <A,
AETARDANT LY ABM

NEMARKE:

SUTMITTED BY: w_“'nnonnm W

What was the location of the sampling?

What was the sample number?
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CEMENT TREATMENT MATERIALS

Like the materials used in subgrade stabilization, the materials for cement-treated subgrade must meet certain requirements.
You must follow the Sampling , Testing and Reporting Guide in obtaining and submitting samples of the separate materials
used in cement treatment. In this section, we will discuss briefly each of the cement treatment materials.

CEMENT

Portland Cement Type | is used in treating subgrades. Samples that you submit to the Lab will be tested for many things,
including strength, air content and chemical make-up. Again, you are not responsible for the testing, only for the sampling.

However, you do have responsibilities in the general area of being sure that the cement is handled and stored property. The

requirements for handling and storing Portland Cement are discussed in the Standard Specifications. You should become

familiar with them. Basically, the cement must be kept clean and dry. Moisture can cause caking, lumps and a partial setting of
cement. Cement thus damaged must be rejected.

SOIL

The soil for cement-treated Subgrade must consist of:
* natural material in the roadway;
« select soil that has been placed in the roadbed: or
* a combination of natural and select materials:

The Engineer will indicate which materials may be used and in which proportions.

The material to be used must not contain gravel or stone retained on a 2 inch (50 mm) sieve or more than 45 % retained on a
No. 4 (4.75 mm) sieve.

As an Inspector, your main concern is with the design spread -- the planned rate of cement application - in kilograms (pounds)
per square meter (square yard).
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QUIZ

What kind and type of cement is used in cement-treated subgrades? . —

Basically, for you to be sure that it is handled and stored properly, cement must be 7 ; J

What is your main concern with soil-cement designs : -
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WATER

The water applied to soil-cement mixtures must meet the chemical and physical requirements discussed in the Standard

Specifications. Basically, the water must be clean and practically free of oil, acid, alkali, chlorides, organic matter and other
harmful substances.

Water from city water supplies or other sources which are approved by a public health department may be accepted without
being tested. Water from all other sources must be sampled, tested and approved before use.

As an Inspector, then, you should:

+ verify that the water comes from an approved source; or
* obtain and submit samples for testing.

As always, follow the Sampling, Testing and Reporting Guide.

ASPHALT

Asphaltic material - cut-back or emulsified -- is applied to treated subgrades. The coating of the Subgrade with asphalt holds
in the moisture needed to cure the soil-cement mixture.

Consult the Sampling, Testing and Reporting Guide for the details of sampling.

LIME

Lime stabilization may be required in some cases prior to cement treatment.
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QUIZ

If the water to be used in a cement treatment job comes from a city's water supply, may it be used without testing?

What should you do if the water to be used comes directly from a free-flowing stream?

Why is asphaltic material applied to cemeni-treated subgrades?

Which of the following materials are used for curing treated subgrades?

A Slurry Seal B. Emulsified Asphait
C. Asphalt Cement D. Cut-back asphalt
The results of soil surveys are shown on and sheets in the plans.

Who determines what material or combination of materials is used to obtain the required bearing values?

Is sand-clay material an example of a commercial material that may be used in Subgrade stabilization?

When the existing base material is to be incorporated into the Subgrade, should it be used before or after other stabilizing
additives have been mixed in?

Where will you find frequencies for sampling, sample sizes, etc?

What should you complete and attach to each sample you send. to the Lab?

List the three basic materials used in cement-treated subgrades: , , and
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Page 3-5

ANSWERS TO QUESTIONS

* limerock; limerock overburden; stone screenings; crushed shells
* high-bearing soils -- like sand-clay material

* before
= contractor

* |In accordance with Index 500

Page 3-14
* plastic index
+ F5-521
* district lab
* F1-T089

Page 3-20

* grey limerock stabilizing material

Page 3-18
* source
- A
» district lab
* Sampling, Testing
and Reporting Guide

* station 61 + 56.96 (202 + 00) 38’ left of B/L. Survey

= AO0O05

Page 3-24
yes

B,D

contractor

soil survey; cross section

obtain and submit samples for testing
to allow the Subgrade to cure (to hold in moisture)

3-25

Page 3-10
« 697-01
* (4 perlift/1.6 roadway km)
* job control
+ 2 bags
» project personnel

Page 3-19
* no, district lab personnel

* liquid limit and plastic index
+ 0.5bag

Page 3-22
* Portland cement Type |
+ clean; dry
+ to know the design spread

Page 3-24 (contd.)
* no, it is local material
* before

» Sampling, Testing and Reporting

Guide
= Sample Transmittal Card
* cement, soil, water
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4
STABILIZATION SUBGRADES

INTRODUCTION

Subgrade stabilization consists of spreading stabilizing additives on the roadbed (when necessary) and mixing, compacting
and finishing the upper portion of the roadbed to the required bearing value and density. The following list contains some new
information, but basically is a review of points we have covered in earlier chapters:
¢ Stabilizing additives may consist of commercial, local or existing base material B or a combination of these.
s There are two types of stabilization B designated B and C. The type of stabilization detérmines the method of
determining compliance with the bearing value requirements. Both types are discussed in detail in the Standard

Specifications.

* The bearing value requirements may be based on the Limerock Bearing Ratio Method or the Florida Scil Bearing Test
B depending on the type of stabilization used.

+ Maximum particle size for subgrade material should not exceed 3 %2 inches (20mm.).

In this chapter, and for the rest of the course, we will emphasize Type B stabilization.

We will begin by looking briefly at the equipment typically used. Then we will discuss the construction, inspection and
documentation procedures. We also will talk briefly about stabilized subbase construction.



EQUIPMENT

For the purposes of our discussion, subgrade stabilization equipment can be divided into three groups: application equipment,
mixing equipment, and compaction and finishing equipment. The equipment we will discuss is typical, but you likely will see
other types of equipment on subgrade stabilization jobs. There are few specific requirements for the equipment, and the
Contractor is free o select the amounts and types he wants. Therefore, as an Inspector, you will not be inspecting the
equipment itself, but will be verifying that the desired resuits are obtained by the equipment. Of course, you should notice any

equipment in bad condition because such equipment will likely produce poor results and call this to the attention of the
Contractor.

APPLICATION EQUIPMENT

The equipment used to haul, apply and spreads stabilizing additives must be able to transport and apply the materials
efficiently and spread them uniformly over the area to be stabilized. Typical application equipment includes haut trucks, buil
dozers and motor grades. However, commercial stabilizing materials normally must be spread by mechanical spreaders.

BULLDOZER



MIXING EQUIPMENT

Whether or not stabilizing additives are applied to the roadbed, the area to be stabilized must be mixed thoroughly to the
designated limits. The specifications require that the mixing to be done with rotary tillers or other equipment mesting the
Engineer's approval.

One type of mixing equipment is shown below: a traveling mixer. The rotary tillers have blades that mix the roadbed materials
thoroughly in place. More than one pass is necessary to mix the full subgrade width. More than one pass may be necessary to
mix the full subgrade depth.

TRAVELING

DIRECTION OF
TRAVEL
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The mixer can be adjusted to different mixing depths.

Besides the traveling mixer, rotary tillers
materials is an approved plant. In an
width of the stabilizing limits.

, motor graders and similar types, the Contractor may choose to mix the subgrade
y case, the roadbed materials must be thoroughly mixed throughout the entire depth and

BLADES OF TRAVELING MIXER
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COMPACTION AND FINISHING EQUIPMENT

Compaction and finishing equipment are necessary to obtain the
required density, lines grades, and cross section for the stabilized
subgrade.

Earthmoving equipment - such as the scraper - or heavy rollers such as
the sheepfoot roller often are used to compact the lower portion of the
subgrade without removing the top layer.

T

Lighter, rubber-tired traffic rollers usually are effective on the top 6-inches
(150mm.) layer of the stabilized subgrade.

Motor grades are commonly used to finish the subgrade to
the lines, grades and cross sections shown on the plans.




QuUIZ

What is your concern with the equipment used in subgrade stabilization operations?

Which of the following can be considered application equipment for subgrade stabilization?

__A. Bulldozer
__ B. Haul Truck

___ G. Motor Grader
____D. Sheepfoot Roller

The specifications require that mixing be done with

or other approved equipment.

May subgrade materials be mixed in an approved plant?

The top 160mm. layer of stabilized subgrade may be effectively compacted by




CONSTRUCTION OPERATIONS

Once the necessary pre-construction preparations have been made as we discussed in Chapter Two the actual construction
work may begin. Subgrade to be stabilized mixing uniformity, particle size limitation, compaction and other desired results.
When the required and desired results are not achievable in a one-course operation, the Project Engineer will direct the
processing be done in more than one course.

BASIC SEQUENCE
The basic sequence of construction and inspection activities is:

spreading;

mixing;

checking;

sampling;

compacting; and

finishing ( the proper final subgrade elevation should be achieved.

We will discuss each step of the sequence in turn. First, let’s discuss the application and spreading of the stabilizing materials.

SPREADING

When additive stabilizing materials are necessary, they must be spread uniformly over the area to be stabilized. The uniformity
of spreading is important, as it affects the subsequent of mixing and thus the strength of the entire stabilized subgrade.

Remember, in Type B Stabilization, the Contractor has the option of using either commercial or local stabilizing additives. He
also determines the quantities of material to be added to achieve the required LBR value. The Contractor should notify the
Project Engineer of the source and the approximate quantity of stabilizing material he intends to add.

The applied stabilizing materials must be blended to a plane paralle! to the bottom of the base spread uniformly to the full width
of the section to be stabilized.
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As we mentioned earlier, when materials from an existing base are used in the stabilizing at a particular location, all of such
materials must be placed and spread before other stabilizing materials are added.

Sometimes, it may not be necessary to apply stabilizing materials to the roadbed. The existing soils alone or in combination
with select high-bearing soils obtained from the regular earthwork operations may have the required bearing value without the
addition of stabilizing materials. As we mentioned in Chapter One, in areas where the natural soils meet the bearing value

requirements, the only work necessary before final testing is the thorough mixing of the in-place soils to produce a
homogenous mixture.

MIXING

Mixing should be accomplished by rotary fillers or other approved equipment whether in place or in a plant. Mixing is a
necessary step even when the existing soil has the required LBR value without the addition of stabilizing materials. The only

exception to this requirement is when the existing subgrade is of limerock. In this case stabilization operations will likely be
waived altogether.

The subgrade materials must be thoroughly mixed by the approved equipment until the blended mix is uniform in texture

throughout the width and depth of the course being processed. As we mentioned, stabilization may be done in one or more
course,

if you observe poor mixing, checking the condition of the mixing equipment. Also, closely observe the methods for operating
the equipment. Adjustments will be required to achieve proper mixing. After mixing the subgrade, the Contractor should walk it
down to seal and hold down the material. Walking down the subgrade is done by bulldozers and motor graders.

When the mixing is completed, all particles of material within the stabilized area must be small enough to pass a 3% inch
(90mm.) ring. Any particles not meeting this requirement must be removed from the stabilized area or be broken down in order

to meet the requirement. As an Inspector, you should make visual and hand checks during and after mixing to be sure that this
requirement is met.

To inspect for adequate mixing width and depth, you should follow the procedures that we will discuss after the quiz beginning
on the next page.
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QuIZ

Are subgrade sometimes stabilized in more than one course?

Put the following construction and inspection steps in the correct order, numbering them 1 through 6:
—_A. Checking ___B. Mixing __ C. Finishing __ D. Sampling __E. Compacting __F. Spreading

The most important thing about spreading additive stabilizing materials is that they be spread

Under Type B Stabilization, who determines the quantity of material to be added to the subgrade to achieve the required LBR
value? . '

What should the Contractor tell the Project Engineer in regard to the stabilizing material he intends to add?
and

The applied stabilizing materials must be bladed and spread:

__A.In no fewer than three passes —. B. Uniformly to the full width of the section to be stabilized
___C. To a plane parallel fo the bottom of the base ___D. To a depth of 508 mm. by rotary tillers.

When materials from an existing base are used in the stabilizing, they should be placed and spread
other stabilizing materials are added.

Can the natural (existing) soils in the roadbed sometimes meet the bearing value requirements without the addition of
stabilizing materials?

After being mixed, the subgrade soils should be uniform in texture and biend throughout the
and the of the course being processed.

The stabilized subgrade particies must be small enough to pass a . ring. How can you check for this?
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CHECKING

Although hand and visual checks may be enough to ensure the proper blending and maximum particle size of the stabilized
materials, you will have to do some measuring to inspect the subgrade width and depth. The Contractor also checks the
subgrade width and depth behind the mixer during the mixing operation.

These checks should be performed at maximum Intervals of 100" (30m.). Also, be sure that you check the width and depth at
any location where the subgrade appears to be deficient in one or both.

Checking Width. To check the width of the stabilization, use the string line and jack method (as discussed on the next page) at
the same time you check the depth.

Checking Depth. At this point, depth checks are made as rough checks of the mixing depth. The important thing is for the
bottom of the mixed subgrade to be at the proper elevation. A good tool for checking depth is a smooth metal rod about 4'
(1.2m) long. For convenience of use, a handle may be welded on one end of the rod. To indicate subgrade depth, a tape
showing the minimum and maximum depth limits may be attached to a rod or a rule may simply be held against the rod while
measuring. Probe is one of the several methods used to check mix depth. If required test pits should be dug to checked the
depth of mixing. Also, posthole diggers should be used to check mix uniformity and ensure proper depth. The depth-checking
procedure is illustrated on the next page. The depth rod is used in conjunction with a string line and jacks {elevation stakes).
Jacks are simply wood laths that can be used to set a string line at a convenient distance say, 2' (0.6m.) above the grade
stakes. The jacks are marked at their 2' (0.6m.) points and are set on the grade stakes on opposite sides of the 2' (0.6m.)

points on the jacks. The depth rod is probed into the subgrade and the depth is observed at different points across the
roadbed.

In our example, the subgrade has been mixed to the proper depth (elevation) of at least 12" (300 mm.) below the bottom of the
proposed base (top of finished subgrade). The 3' (914.4 mm.) indicated on the depth rod includes 2' (0.6m) of jack distance

and 1'(.3m.) of subgrade below the bottom of the proposed base. The actual subgrade thickness will be reduced somewhat by
the compaction and finishing operations.

Another way of checking the depth is by using a posthole digger to dig a hole to the bottom of the subgrade. Then, a rule is
inserted in to the hole to measure the depth. For the results of these depth checks, study the diagram below:
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Jack Depth Rod

f

0 Rod is maked to show
6 depth of subgrade

String Line

Eluff Eluff

I 12 300mm

|
Grade stake selt-h N _;{' e > Grfs_ldg :tike sbet d

I
|
—_——— e ]

Subgrade has been mixed to 12 inches
below the bottomn of the proposed base
(top of finished subgrade).

4-12



Quiz

Width and depth checks should be performed at maximum intervals of

Using the diagram which follows, answer the next two questions.

What is the subgrade depth at this point below the bottom of the proposed base (top of finished
subgrade).
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SAMPLING

After you check the stabilized subgrade width and depth - and after the subgrade is “walked down” - it is time to submit
samples of the material. Samples must be submitted to the District Soils Lab for two purposes:

» to determine the maximum density and optimum moisture values for the subgrade material. After compaction,
moisture-density tests must be performed on the completed subgrade to see if the specification requirements

are met. Moisture-density sampling and testing procedures are covered in the Moisture-Density Testing and
Control training course.

+ to determine if the mixed subgrade materials has the required Limerock Bearing Ratio value.

As an Inspector, it will be your responsibility to obtain and submit these samples. Follow the Sampling, Testing and Reporting

Guide as we discussed in Chapter Three. Place the samples in the bags provided by the Department, and complete and attach
Sample Transmiital Cards.
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The results of Limerock Bearing Ratio Test are reported by
the Lab to the project on Test Reports, as we discussed
before. An example of the Test Report for Stabilized
Subgrade and Shoulders is shown at the right. Notice the
L.B.R. test value of 40 obtained by the Lab. The “pass/fail
status” blank at the top verifies that the sample passes the
minimum design lime rock bearing ratio in this case, 40.

Note also that this report shows the optimum moisture and
maximum density values for this material.

FLORIDA DEPARTHERT OF TRANSPORTATION PAGE 26
FORMI 115~01 DATE: 9729787
TEST REPORY FOR STAH. SUBGRADE ¢ SHOULDERS
CakoL Y

PROJECT NOT 92508~3602 HePoNQ:I 5123626 40

MATERIAL NO: Q204 SANPLE NOI JOOLS DATE SAMPLED: 09/21/87
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R Lar@ 3

prcaL SECTION .. ¢, COUNTY ROAD
TYPIcAL SE& g;,a{u:tb_ maawcf; ’a:mo} oo
m‘”mw,mb”;:tw’m DO AP,

Minimum design L.B.R’s are shown in the typical sections of the plans. Find the “Min. L.B.R.” In the typical section below.

“Under-tolerances” are allowed for the specified bearing values. The under-tolerances are shown below, as taken from the
Standard Specifications.

SPECIFIED BEARING VALUE UNDERTOLERANCE
LBR 40 5.0
LBR 35 4.0
LBR 30 (and under) 25
All Florida Bearing Values

5.0
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Sample submitted for maximum density and optimum
moisture determinations are termed “Proctor” samples,
after the name of the test performed on them.

Test results will be reported to the project on Test Report,
like the one shown below. A graph showing the moisture-
density curve is included in the report.

Notice the density of 116 pounds per cubic foot (1858kg per
cubic meter) and the optimum moisture of 10 percent on
this report. The results of moisture-density tests to be
performed on the compacted subgrade will be compared to
these laboratory values.

FORME 118-01 _
TEST AEPORT FOR STAM.

CRRO1DT

PROJECT NO: 92506=3602
KATERIAL NO: 0204 SAMPLE NO
STATION FROWI
LAB HO1 08993 TESTED BY: 50
PAY [TEM NOLSI! | 160 &

FLOR(DA DEPARTMENT OF TRANSPORTATION

51949309 STATION TOI

PAGE 26
DATES /29797

SUNGRANE & SHOULDERS

WaPaNOE §125626 a0
1 JooLs OATE SAMPLED: 09721787
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SOUACET N/A PLANT MOt QUANTITYS 0,00
PAOOUCERT [NTENORD USE! SUNGAADE
J08 CONTROL RESULTS
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|QUAL] TYPQ OF TEST/MEABUREINENT | REMILT | wiNtsuM | MAXTHUM |
& P T [T T enus§ ¥
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| | GPTINUM MOISTURE | 10,0000 PCT| . [ |
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You should take note of the following points congerning sampling for L.B.R. and Proctor tests.

» The sampling frequencies shown in the Sampling, Testing and Reporting Guide are the minimum
frequencies. You must also obtain and submit samptes whenever the stabilized subgrade materials change.
Change in materials will result in different L.B.R’s and maximum density and optimum moisture vaiues.

¢ Approximately four to five days are necessary for the Lab to perform the required tests and send out the
results. (four to five days : one day to dry, one day to soak and compact, 48 hours to sit in the soak tank)

» While there are different specified bearing values, the minimum acceptable density for stabilized subgrade is
98 percent of the maximum (lab) density (modified proctor).

Okay, test yourself on this discussion of sampling by taking the quiz on the following page.
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QuIZ

Samples of material from Type B Stabilization must be submitted to the Lab and tested to determine the:

___ A. Optimum moisture

— B. Percent of maximum density
__C.LB.R

___D. Florida bearing value

___ E. Maximum density.

Are L.B.R. tsamples submitted to the Lab after compaction of the subgrade?

Where can you find the required minimum design L.B.R.'s?

Proctor samples are tested for and

In addition to sampling at the minimum frequencies shown in the Sampling, Testing and Reporting Guide, you should also
obtain samples when

What is the approximate number of days required by the District Lab to test samples and send out the results?

What is the minimum acceptable density for stabilized subgrades?
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COMPACTING AND FINISHING

The contractor may or may not begin compaction before test results come back from the Lab. Whether he does or doesn’t
depends on the operation. For, example, the Contractor may go ahead with mixing the subgrade down the road. Or, he may
begin compacting the already mixed sections.

In general, compacting should begin after the mixing operation has been completed and after the requirements for bearing
value, uniformity of mixing and maximum particle size have been met.

When test results indicate that certain areas do not meet the bearing value shown in the plans, remixing will be necessary or
more stabilizing materials will need to be spread and mixed in to subgrade before compaction. Any remixing should be done
throughout the area covered by the field sample. Such reprocessing must be done for the full subgrade width and for a

distance of 50 feet (15m.) beyond the limits of the deficient area. Again, the Contractor will decide how much additional
stabilizing material to spread.

Using equipment as we referred to earlier, the Contractor must compact the entire subgrade for the full width and depth so that
density at any location will meet the specification requirement. The only exceptions to these requirements are: 1) areas to be
subsequently incorporated into a base course under the same contract: 2) the upper 6" (150mm) of area to be grassed under
the same contract. These areas must be compacted to a reasonably firm condition, as directed by the Project Engineer.

After compaction, the subgrade must be shaped to conform with the finished lines, grades and cross sections shown in the
plans. This finishing work is usually performed. by motor graders.

STABILIZED SUBBASE

As was mentioned in Chapter One, stabilized subbase construction may be called for by the plans. Basically, stabilized
subbase involves the additional strengthening of the upper portion of the stabilized subgrade. Stabilized subbase is
constructed in the following steps:

1. After the mixing of the stabilized subgrade and the determination that the bearing value requirements have been

meet, the subgrade surface must be shaped to the approximate finished grade of the subgrade and to plane
approximately parallel to the plane of the proposed finished surface.
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2. The subgrade is then compacted to provide a firm surface for the equipment.

3. Commercial stabilizing material is spread to a minimum loose depth 3" (76mm.), according to the regular
procedures for applying subgrade stabilizing additives.

4, The subbase is then mixed to the depth shown in the plans, following normal subgrade mixing procedures. A
tolerance of 1" (25mm.) in excess of the plan depth is allowed in this mixing. No additional tests for bearing value
will be made.

9\ Compaction and finishing procedures are the same as those just discussed for subgrade stabilization.

The completed subbase is then checked and maintained as we will discuss In the next few page.
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QuIZ

Is it permissible for the Contractor to begin compaction before test results come back from the Lab?

Generally, compaction should begin after mixing is completed and the requirements are met for

___A. Density

___ B. Uniformity of mixing
___C. Bearing value

____ D. Maximum particle size.

What will need to be done when test results indicate that certain areas of the stabilized subgrade do not mest the bearing
value shown in the plans?

After compaction, the stabilized subgrade must be shaped to conform with the finished and
shown in the plans.

When stabilized subbase is called for, commercial stabilizing material is spread to a minimum loose depth of

A tolerance of in excess of the plan depth is allowed in subbase mixing.

Are additional bearing value tests performed on samples of stabilized subbase?
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INSPECTION OF COMPLETED SUBGRADE

After the compacting and finishing operations have been completed, the stabilized subgrade must be inspected to ensure
the proper:

« depth and templet (width, line and grade);
¢ density; and
* maintenance.

As an Inspector, it will be your responsibility to verify that the subgrade meets all requirements. Let’s discuss this
individually.

DEPTH AND TEMPLET

To ensure that the completed subgrade has the proper depth and tempiet, use a string line and jack set-up as we discussed
earlier. Only, this time, a rule or other measuring stick may be used measure down from the string line instead of the metal
probe. After the compacting and finishing operations, the stabilized subgrade will usually look like the one below.

In shaping tfie subgrade to plan ) .
grade, excess material is removed Shipping the subgrads in this Small flag {ndicates edge |
andplaced bruild up the shoulders manner is termed “hoxed out of proposed base course.
L2 . g e
A ‘12 - (0.6m) The base course will be constructed in

the hoxed out section of the subgrade 1 2'=0.6m

d . N = = :I ; :
T i T
. . - —— e, . m TITE Ul e o i it :
. ek Grade stake set o

finished subgrade
By setting the string line at a convenient height above each grade stake, measurements can easily be made down to the finished

subgrade surface. In the example above, measurements of 2' (0.6m) should be obtained across the surface - if the subgrade has
been properly shaped.

To check the lines of the completed subgrade, little flags or other markers can be aftached to the string line at the appropriate
points such as the edges of the proposed base course in the above example.
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QuIZ

List the inspections that are performed after stabilized subgrade is completed:

If the string line in the illustration below is setim above the grade stakes, and the rule measure 863.6mm from string line
to surface, is the subgrade built to plan grade at the point?

3{1m)}Y il T"—-u—r ; - ]
| 34'(843.5mm) 1 3 (1m)
< . N -
_ {
Gitade stake Bet 1o~ T T e e e, —— e e )
finishid subgrade

Grade stake sof to
finished subgrade
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DENSITY

The completed stabilized subgrade must have a density of at least 98 percent of the maximum laboratory density
(modified Proctor).

The completed subgrade will be tested in one layer up to a maximum of 12" (300mm.). For thickness greater than 305mm.
such as for curb pads more than one test is needed. The subgrade must pass the density requirement before base course
or pavement construction begins. As an Inspector, you must ensure that the Contractor corrects any failing areas.

MAINTENANCE

Even after you determine that the completed subgrade meets the templet, depth and density requirements, you must
perform one more inspection. You must see the Contractor maintains the subgrade properly until the subsequent base or
pavement is in place. Basically, this involves observing that the subgrade is kept free of ruts, depressions and any
damage resulting from equipment operation, rain, etc.
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QuIZ

How can the completed subgrade depth and templet be inspected?

Must all layers and locations in the completed subgrade pass the density requirements before base course or pavement
construction begins? : .

For how long must you see that the Contractor maintains the completed subgrade properly?
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DOCUMENTATION

Subgrade stabilization work must be properly documented on a daily basis. As an Inspector, you will be responsible for writing
and submitting a Daily Report of Construction, as shown at right.

=<3 The Daily Reports are

ST R BN compiled at the project ARY REPOHT 6 CONs T e
Gexa Ll office into a weekly dairy to
——— il document all the work on
s o the project.

i by
|y

; You should write accurate,
it SRS neat and complete reports.

1B B ey

i
i iy -

"ty

Pl Study the examples shown
here.

|““ P it g Wi ey
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QUIZ

The type of subgrade stabilization determines:

— A.The required percentage of maximum density.

___ B. The basic of payment for the work.

__ C. The requirements for the type of stabilizing additives.

___D. The weight of the compaction rollers.

___E. The method for determining compliance with the bearing value requirements.

What is the main concern with the equipment used in subgrade stabilization operations?

Subgrade mixing must be done with or other approved equipment.

May subgrade be stabilized more than one course?

Should sampling for L.B.R. and Proctor tests be done before or after mixing?

Who determines the amount of material to be added Type B Stabilized Subgrade to achieve the required L.B.R. value?

Describe how the applied stabilizing materials must be bladed and spread:

Do the natural (existing) soils in the roadbed sometimes meet the bearing value requirement without the addition of
stabilizing materials?

When materials from a existing base are used in the stabilizing, when should they be placed and spread in relation to the
other stabilizing materials to be added?

Is mixing always necessary even when the existing soil has the required L.B.R. value without the addition of stabilizing
materials?
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QUIZ, continued

Stabilized subgrade particles must be small enough to pass a

What checks can you perform to verify this?

Width and depth checks should be performed at maximum intervals of ?

Look at the mixed subgrade below. What is the subgrade depth at the depth rod?

Iack Depth rod
: Jack
String line I
. Rod i marked 12"
2% lo show deplh |
of subgrade, 8"
T Fiull ,F Thit ™ :
| 774
. ,
Gnde“au'k—-— - e -—An--———-—-———
set 1o finished Bottom of "'b""“/ .: :’o. lﬁl.lls‘l.ud
subgrade subgrade -

Where can you find the required minimum design L.B.R.’s?

You should obtain and submit stabilized subgrade samples according to the minimum frequencies of the
And also whenever?

What is the density requirement for stabilized subgrade?
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What will need to be done when test results indicate that certain areas of the stabilized subgrade do not meet the bearing
value shown in the plans? :

Additional bearing value tests are not performed on samples of stabilized subbase. True or False?

What do you write at the end of each day’s operation?

HOW DID YOU DO ON THIS QUIZ? IF YOU COULD NOT ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU
NEED TO REVIEW CERTAIN PARTS OF THIS CHAPTER. DO SO BEFORE GOING ON TO THE NEXT CHAPTER.

RETAKE THE QUIZZES AS NECESSARY TO TEST YOURSELF. WHEN YOU ARE READY, BEGIN CHAPTER FIVE,
CEMENT-TREATED SUGBRADE.

4-30



ANSWER TO QUESTIONS

Page 4-7 Page 4-10
¢ that it obtains the desired results s yes
« AB,C e A, 3,B.2,C.6 D. 4 E. 5 F. 1
o rotary tillers « uniformly
* yes ¢ confractor
o ftraffic (rubber-tired) rollers « the source; approximate quantity
e« C
Page 4-13 » before other stabilizing materials are added
e 100’ (30 m) * yes

* 12" (300 mm)

width and depth of the course being processed
¢ 90 mm; visual and hand check

Page 4-19 Page 4-22
« AE * yes
e Yes s B,C,D
» Typical sections of the plans * remix subgrade; spread and mix more stabilizing
¢ Optimum moisture content, maximum density material into subgrade lines;
» Whenever the stabilized subgrade materials change e grade; cross section
+ 410 5 days e 75mm
* 98 percent of maximum lab density (modified proctor) e 254
* NO
Page 4-25 Page 4-27
 depth and templet; density maintenance * by using a rule to measure from a string line
* no, it's 50.8mm above plan grade subgrade surface
s yes

* until the subsequent base or pavement is placed
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ANSWER TO QUESTIONS, continued

Page 4-29
e E
that it obtains the desired results
rotary tillers
e yes
» after
contractor
Uniformly to the full width of the section to be stabilized and a plan parallel to the bottom of the base
yes
before the other material
yes

Page 4-30
¢ 90 mm; hand and visual

e 30m

e 305 mm

typical sections of the plans

» Sampling, Testing and Reporting Guide: subgrade materials change

Page 4-31
* 98 percent of maximum laboratory density (modified proctor)
* remix subgrade; spread and mix more stabilizing material into the subgrade
s true
e Daily Report of Construction
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CEMENT-TREATED SUBGRADES

INTRODUCTION

Cement-treated subgrades are constructed by combining portland cement with the soil. The combination must be uniformly
mixed, moistened, compacted, finished and cured.

We discussed the materials used in cement treatment - portland cement Type |, soil, and water -in Chapter Three. The design
application rate for the cement will normally be shown as pounds of cement per square yard of area. Your job will be to ensure
that the cement is spread at the design rate.

Of course there’s much more to inspecting cement-treated subgrade operations. Before we discuss all of the construction,
inspection and documentation procedures, let's look briefly at the equipment commonly used in cement-treated subgrade
construction.

EQUIPMENT

The equipment used in cement-treated subgrade construction can be divided into five groups; application equipment, mixing
equipment, compaction equipment, finishing equipment, and curing equipment. As with stabilization equipment, cement
treatment equipment can beof any type - as long as it is in good, safe condition and produces the desired results. We will start
with the application equipment.

APPLICATION EQUIPMENT

Cement spreaders - like the one shown on the next page - attach to the back of cement transports. As the transports move
along the subgrade they discharge the cement into the spreaders. The spreaders can then apply the cement to the subgrade.

Water often must be added to the subgrade before and after the soil and cement are mixed. Gravity-type water trucks
spread the water uniformly and at a controllable rate. Water trucks should be free of leaks.



Cement /
spread on
subgrade

MIXING EQUIPMENT

The soil and cement must be thoroughly and uniformly mixed by one of two methods: in-place mixing or central plant
mixing.

Like the mixer used in stabilization mixing, this mixer can be adjusted to mix to different depths in the subgrade.
By the central plant methods, the soil and cement are mixed in a batch or continuous-mix-type pugmill and hauled by

trucks to the job. The mixture is then spread by an approved mechanical spreader.
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Quiz

What is the main thing you are interested in from soil-cement designs?

Soil and cement should be mixed by one of two methods. List them:

1.

2.




COMPACTION EQUIPMENT

Sheepsfeet, vibratory and rubber-tired (traffic) rollers are typical
compaction equipment for cement-treated subgrades.

Different soil-cement blends may require different types and
combinations of equipment in order to obtain the specified density.

TRAFFIC ROLLER
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FINISHING EQUIPMENT

Motor graders or finegraders are used to
shape the compacted cement-treated
subgrades to the lines, grades and cross
section shown in the plans.

% Scarifer may be usad to loosen
surface when more soil-cement must
be added to correct the low areas.

CURING EQUIPMENT

Finally, asphalt distributors are used to apply a coating of asphalt which keeps the subgrade from drying. The protection
from drying enables the cement-treated subgrade to cure.

Asphalt distributors must be able to apply the asphalt in a uniform coat.

Finegraders have semorw that run on
Directions of traviek FINEGRADE a siring line and auﬁlmﬁcaill;:qonﬁul shaping.

e e e P g Py

» P Rtring line
= . .
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QuIZ

List three of typical compaction equipment used on cement-treated subgrade:

1.
2.
3.

Fine-graders have that run on a string line and automatically control the shaping.

What equipment is used to apply a curing coat that keeps the subgrade from drying?

The equipment used in cement-treated subgrade construction should:
__ A. Operate safely
___ B. Produce the desire results

___C. Be in good condition
___ D. Weigh no more than four tons.

Now proceed to CONSTRUCTION OPERATIONS.
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CONSTRUCTION OPERATIONS

Once the necessary pre-construction preparations have been made - as we discussed in Chapter Two - the actual
construction work may begin. If you do not remember those preparations, review Chapter Two now.

BASIC SEQUENCE
This is the basic sequence of construction and inspection activities for cement-treated subgrade:

marking spread distances;
spreading;

mixing and moistening;
checking;

performing field Proctor tests;
compacting;

finishing; and

making construction joints,

We will cover each of these steps.
MARKING SPREAD DISTANCES

Before the cement can be spread on the roadbed, stakes should be set to mark the spread distance for each transport
load of cement. These distances are based on the amounts of cement contained in the transports, the spread width, and
the design application rate for the cement.

For example, suppose a certain transport holds 15 tons (13.5MT) - 30,000 pounds (13,636 kg) - of cement. The cement

will be spread in a 24-foot (7.2m wide) subgrade at a rate of 30 pounds/yd? (13.6 kg/m5). What is the spread distance for
this particular transport?
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Follow these formulas:

Weight of cement+ Application Rate = Total square yards (meters) to be covered,
Total square yards to be covered) spread width (feet) = spread distance
(Total square meters to be covered) spread width (meters) = spread distance.

The example calculations look like this:

(30,000} Ibs 30 Ibs/ sq. yard = 1000.0 sq. yards
(1,000 sq. yds. 9 sq.ft./sq. yd.) 24ft.=375 t.)

(NOTE: Our example is just one way to calculate the spread distance. You will probably learn other methods on the job.)

The spread distance for this transport is 375' (114.3m). Stakes marking the beginning and ending points for this spread should
be set along the subgrade.

As an inspector, you should set these stakes before cement spreading is to begin. Of course, these stakes are only temporary
markers and do not need to be of any specific dimensions or have any information written on them. Also, you can use as few

as two stakes over and over again. Simply remove the back (beginning) stake and set it for the next ending stake - in leapfrog
fashion.

To document the cement spread and account for the cement delivered (the cement is a separate pay item), you should collect

the certified scale (delivery) tickets for the transport trucks or railroad cars. On rare occasions you will have to observe the
actual weighing of transport trucks.

A spread shest can be worked up containing all the information about spreading the cement. As you receive each delivery
ticket, you can record the weight of the cement, compute the spread distance for that load, and mark the distance with stakes.

A spreadsheet is shown on the hext page.

5-9



Study the spread sheet below. Then, read the explanation on the preceding page.

CEMENT-TREATED SUBGRADE

PAY QTY. LBS.

PAY QTY. TONS

TRK. NO, 5TA. TO STA. LBS. PER. Q. YD. TOTAL SQ. YD. LBS. APPLIED THEO. LBS. TIME

404 311+00- Truck no. 404 34 882 23,202 34 23,202 11.60 7:30am
308473

a1 308+73 Truck no. 411 34 1,372 46,840 34 46,640 23,32 8:00 am
304+16

416 304+16 Truck no. 416 34 1,366 46,440 34 46,440 23.22 8:45 am

| 208+81

424 299461  Truck no. 424 34 1,368 48,540 34 486,540 23.77 9:30 am
2895+05

an 295+05 Truck no. 311 34 1,408 47,820 34 47,820 2391 10:15 am
290+38 )

343 290+38 . Truck no. 343 34 1,379 46,880 34 45,880 23.44 11:00am
285478 :

345 285478 Truck no. 345 34 1,406 47,820 4 47,820 23.91 11:45am
281+07

304 281407  Truck no. 304 34 1,408 47,880 34 47,880 23.84 12:30 pm
276+38

417 276+38 Truck no. 417 34 1,381 47,280 M 47,280 23,84 1:15 pm
27T1+74

338 271+74 Truck no. 318 34 1,384 47,040 34 47,040 23.52 2:00 pm
267+13
TOTAL 13,163 447,542 223.77
REMARKS
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As each truck arrives at the job, collect its delivery ticket and record the truck number.
1. Record the weight of the cement shown on the delivery ticket, in pounds.
2. List the design application rate(Theoretical Pounds)-- in this case, 34 pounds per square yard.

3. Now, to find the total square yards to be covered, divide number 2 by number 3. For truck number 404: 23,202Ibs.
34lbs./sq.yd. = 682 sq. yds.

4. Tofind the spread distance, multiply the answer from # 4 by 9 sq. ft./sq. yd. and divide by the width of spread (in feet). In
this case, the spread width is 27 feet. So, [(682sy)(9sf/sy)] / 27 feet =227.3 feet. The spread distance is 227 feet. Since the

spreading will begin at station 311+ 73. For the next spread distance, the stake at station 308+73 will serve as the starting
stake.

5. if all the load of cement is spread at the desired width and from stake to stake, the actual application is the same as the
theoretical 34 pounds per square yard.

6. The amount of cement spread is the pay quantity.

~

You should record the time that each spread begins.
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QUIZ

How are spread distances marked?

Spread distance are based on the:

A. Amount of water that will be spread

B. Type of spreader used

C. Spread width

D. Design application rate for the cement

E. Amounts of cement contained in the transport

A certain transport holds 38,500 pounds of cement. The design application rate is 32 pounds/yd 2. The subgrade is 24'
wide. What is the spread distance for this particular transport? . (to the nearest foot). Use the space below for

calculating your answer.
CEMENT TREATED SUBGRADE

DATE h-26-78

TRE|STA. TD 5TA| LBS. PER.|{ TOTAL| LBS THEQ. { PAY QTY. | pay QT1Y. TIME

ND. 50.¥D. | so_yp] APPLIED| LBS. | LBS 1ONS

a04 | 311+ 00- 34 682 | 23202 | 34 | 23202 | 1160 |7:3mam
308+73

111 | 308+73 34 1.372 | 46640 | 34 | 46.640 | 2332 | g-00am
304+16

416 | 304+16 34 1.366 | 46440 | 34 | 46.440 | 2322 |6:45am
£299+61

= 46540 | 34

Using the spread sheset excerpt above, complete the (Total Sq.) Yd. and Sta. To Sta. Blanks for trucks number 424. The
subgrade width is 8.2m.
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QUIZ (con’t)

Total 8q. Yd.

Sta. to Sta.

What should you collect from each cement transport as it arrives at this job?

What kind of cement should be used for cement-treated subgrades?

Is the cement a separate pay item?
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SPREADING

The cement for cement-treated subgrades may either be spread directly on the roadbed (to subsequently be mixed in place
with the soil) or be mixed with soil in a central plant first and then spread on the roadbed. In this course, we will emphasize the
mixed-in-place method, the more common of the two.

On some jobs cement treatment is performed in conjunction with lime treatment. Briefly, lime is applied and mixed into a
roadbed to break down clay-type soils and make them friable (granular). When the two operations are performed on the same
job, the cement spreading in any area must not begin until at least seven days have passed since the lime treatment was
completed.

The moisture percentage in the soil at the time the cement is spread must not exceed the amount necessary to achieve a
uniform and well mixed soil-cement combination during the mixing operations. This translates into some basic guidelines: The
moisture content for clay soils should not exceed the optimum moisture content for the soil-cement mixture. For sandy soils,
the moisture content should be within two percentage points above or below the optimum moisture content. The Engineer may
designate other moisture ranges for other types of soils. Optimum moisture contents are determined by field tests, which we
will discuss later in this chapter.

Cement must be spread uniformly on the roadbed and at the application rate determined by the Engineer.

Weather conditions must be taken into consideration during cement treatment operations. Naturally, the spreading of cement
or soil-cement mixtures must not take place during rain, since the soil's moisture content is so critical. Spreading of cementin
high winds should also be avoided. The wind will blow some of the cement off the subgrade and will otherwise interfere with a
uniform application. Cement should not be spread if the temperature may fall below 32°F (2°c) within 24 hours or unless the air
temperature is at least 40°F (4°c) in the shade and rising. As an Inspector, you must always observe weather condition and
any limitations they impose on the cement treatment operations.

As we mentioned a few pages ago, you should collect the delivery tickets from the cement transport drivers as the trucks arrive
on the job. Again, these tickets help you to inspect and document the spread and account for the amounts of cement used. As
we have said, you may collect delivery tickets for railroad cars, and - in rare cases - you may have to observe the weighing of
individual trucks.
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There is one final responsibility you have in regard to spreading operations. At the start of each day, you should verify that the
spreading equipment is adjusted properly to spread at the design application rate. To check spreader adjustment, place a 1-
square yard piece of canvas on the roadbed in front of the spreader. Have the spreader begin application, passing over the
canvas. Then pick up the corners of the canvas and work the cement into the center. Weigh the canvas by hanging it from a
scale (the canvas may have rings in the corners for this purpose) or by placing it on a small platform scale. The weight of the
canvas should be subtracted from the total weight of the canvas plus cement to obtain the net weight of the cement. This
weight is the actual application rate. If the actual application rate is not the same as the design rate, adjustments should be
made to the spreader. As an Inspector, you should make these rate checks at least daily - when the spreading begins -~ and
whenever you feel that the actual rate differs from design rate, and when the design rate changes.

The canvas checks, in combination with your marking of the spread distances, should give you adequate control over the
spreading operation.
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QuIZ

When cement treatment follows lime treatment, what minimum amount of time should pass between the completion of the
lime treatment and the beginning of the cement treatment?

What is the proper moisture content for sandy soils before cement application?

Cement may be spread:

___A. During rain

___B. Attemperature of 4.4°C in shade and rising
___C. In high winds

___D. At any rate within 20% of design rate.

A canvas check reveals that the actual application rate is 30 pound/ sq yard. The design rate is 34 pounds per square
yard. What should be done? _

If you could not answer the question in this quiz, re-read pages 5-15 and 5~16. We will discuss
mixing and moistening next.
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MIXING AND MOISTENING

After the cement has been spread it must be mixed in place with the soil. The mixed subgrade must then be brought to the

proper moisture content in order to be compacted to the required density. The requirements for the mixing and moistening
operations are summarized below:

Mixed in Place

e The entire subgrade width should be mixed in a single operation, when possible.

¢ Mixing may be done to the full depth in one course - as long as the cement and water can be thoroughly
mixed with soil and the required density can subsequently be obtained. Otherwise, the subgrade must be

mixed in multiple courses. When mixed in more than one course, the subgrade rmust have sufficient
bonding between courses.

e Mixing must begin within 30 minutes after the cement is spread. The scil and cement are initially mixed
just enough to prevent the formation of cement balls when water is added. Then, water is added as
necessary, and the subgrade is remixed. Sometimes additional water is still needed. During the

moistening - and after all the water has been added - mixing must continue until a uniform, well mixed
subgrade is obtained

* [ftoo much water is added to certain areas, the subgrade should be manipulated (aerated) by remixing or

blading to reduce the moisture to within the desirable rage. Excessive concentrations of water in the
subgrade must always be avoided.

Central Plant Mixing

As we have indicated, central plant mixing is less common than in-place mixing, but we will discuss the basic procedures
here. As an Inspector of subgrade operations, you may be required to help inspect the plant operations. In any case, you
will be responsible for inspecting the road operations. You should be aware of the following poaints:
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The soil, cement and water must be mixed in a pugmill of either the batch or continuous-mix type. The plant must have
feeding and metering devices that accurately proportion the soil, cement and water in the quantities specified. All the
materials must be mixed for least 30 seconds.

» The mixtures must be hauled to the job in a truck with protective covers and be spread on the moistened subgrade in a
uniform layer by an approved spreader. Dumping of the mixture in piles or windrows upon the subgrade will not be
permitted. There is a time limit of 30 minutes between placement of the mixture in adjacent passes of the spreader.

» When Portland concrete pavement will be constructed on the subgrade, the Contractor must plan his operations so that

the joint between adjacent passes of the spreader will be offset at least 1 foot from the proposed longitudinal joint in the
concrete pavement.

» Layers of soil-cement mixtures must be uniform in thickness and surface contour and of such quantity that the
completed subgrade will conform to the grade and cross section.

Checking

Okay. We have discussed the general mixing and moistening procedures. But what are your specific responsibilities
during the phase of cement treatment? Of course, you must ensure that the general and basic requirements just
discussed are met. Also, you must check the mixed subgrade for proper depth and uniformity of mixing. These checks are
similar to the ones performed on stabilized subgrades.

Depth

The depth of the cement-treated subgrade will be specified on the plans. To check the depth during mixing operations,
follow the same procedures described on pages 4-13 and 4-14 using a smooth metal rod, jacks and sting line. Review

those pages now, if necessary to remember the procedure. You should check the depth at 100’ (30m.) minimum intervals
during and after the mixing operations.
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Uniformity of Mixing

To check the uniformity of mixing, use a posthole digger to remove a fuli-depth sample of soil-cement mixture. Observe
the thoroughness of the blend - to verify that the cement and soil are completely mixed together. Also look for any cement
balls or lumps of soil. There should be no soil particles larger than 1 inch in diameter, and a minimum of 80% of the
particles should pass the No. 4 sieve -- exclusive of gravel and stone.

PERFORMING FIELD PROCTOR TESTS

When inspecting stabilized subgrade operations, you submit samples of the mixed subgrade materials to the District Lab for
maximum density optimum moisture content and bearing value tests. On cement-treated jobs, however, time is critical-

because the cement begins to set as soon as it is mixed with the soil. Therefore, maximum density and optimum moisture
values must be determined immediately in the field.

For this reason you will perform field Proctor tests on samples of the soil-cement mixture. A district Lab representative will
spend two or three days with you on the job at the beginning of the project to teach you the test procedures. Thereafter, you
will perform field Proctor tests for the job and use the test results - the maximum density and.optimum moisture values - for
determining whether or not the compacted subgrade meets the moisture-density requirements.

We will discuss compaction operations after you take the quiz beginning on the next page.
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QuIZ

When possible, the entire subgrade width should be mixed in:
___A. a single operation.
___B. five minutes.
__ C. acentral plant.

May subgrade mixing be done to full depth in one course if mixing and density requirements can be met?

Mixing must begin within minutes after the cement is spread.

The soil and cement are initially mixed just enough to;

What can be done to the subgrade whenever the moisture content exceeds the specified level?

By the central plant method, all the materials must be mixed for at least

What is the time limit for placement of the central plant mixture in adjacent passes?

Is the dumping of soil-cement mixture in piles or windrows on the subgrade acceptable?

What should you use to check the depth of cement-treated subgrade?

What tool should you use in check for uniformity of mixing?

For cement-treated subgrades, where are the maximum density and optimum moisture values

Who makes these determinations?

determined?

How will you learn the field Proctor test procedures?
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COMPACTING

The compaction of the cement-treated subgrade should begin immediately after mixing is completed. in no case should more
than 60 minutes elapse between the last mixing pass and first compaction pass at a particular location.

The moisture content at the start of compaction should not be more than two percentage points above or below the optimum
moisture content.

While there are no special requirements for the compaction equipment, the operation itself should proceed in an orderly and

efficient manner to obtain a uniform compaction of the entire subgrade. The subgrade must be compacted to at least 95
percent of the maximum density.

FINISHING

After compaction, the surface of the subgrade must be shaped to the lines, grades and cross section shown in the plans. In
areas needing additional soil-cement mixture to comply with the above requirement, the areas must first be lightly scarified -
loosened. Scarifying enables the added mixture to bond with the surface. If scarifying is not done, compaction planes -
slippage surfaces - will form when the area is rolled. The scarifying can be done with a spring-tooth harrow, spike drag or other

approved device. Once the deficient area is scarified, the mixture is spread and compacted to the specified density. The rolling
should continue until all rutting stops.

During the finishing operation, the moisture content of the surface material must be maintained at not less than two percentage
points below optimum.

If the subgrade is to be trimmed to final elevation with an automatically controlled finegrader, the subgrade surface just before
the trimming must be parallel to, and not in excess of % inch (13mm.) above the finished elevation of the subgrade.

In summary, the compaction and finishing operations should produce a smooth, dense surface, free of compaction planes,
cracks, ridges or loose material.
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MAKING CONSTRUCTION JOINTS

Atthe end of the day's construction, a straight transverse construction joint must be formed in the cement-treated subgrade.
Construction joints are made by cutting back into the completed work to form a vertical face. The joint should be located so as
exclude all of that part of the subgrade at the end of the run which does not meet the requirements.

For example, the end of the run probably will not have the proper thickness, depth, uniformity of mixing or density. Such
material should be wasted,

As an Inspector, cbserve construction to verify 1) that a straight, vertical-face joint is formed and 2) that the end portion of the
run not meeting the requirements is excluded.
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QuIZ

When is the earliest that compaction can be started after mixing has been completed?
. When is the latest?

Cement-treated subgrade must be compacted to a least percent of the maximum density.

Areas of the subgrade that need additional soil-cement in order to comply with the plans must first be lightly

Which of the following are desirable in a finished cement-treated subgrade?

- A ridges —__D. compaction planes
__B. smoothness __ E. dense surface
__C. cracks __F. loose material

Construction joints are made by cutting back into the complete work to form a

With the compaction and finishing operation completed, you are ready to inspect the finished subgrads.

Go on to the next page.
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INSPECTION OF FINISHED SUBGRADE
Even after the compaction and finishing are completed. You will have work to do. You will be responsible for:

» testing and checking the finished surface - to ensure that the finished subgrade meets the requirements for density,
line, grade, cross section and thickness.

« inspecting the curing operations - to ensure that the finished subgrade is protected from drying and allowed to cure.

TESTING AND CHECKING

As we mentioned above, the finished subgrade must be tested and checked to see if it meets the requirements for density,
line, grade, cross section and thickness. Let's discuss how you will determine if each requirement is met. First, for density.

Density. As you know, cement-treated subgrades must be compacted to at least 95 percent of the maximum density that you

will determine by field Proctor tests. You can find moisture-density test procedures discussed in the Earthwork Inspection

training course. Follow the frequencies shown in the Sampling, Testing and Reporting Guide. Any failing areas must be
corrected by the Contractor.

Line, Grade and Cross Section. The templet line, grade and cross section of the finished cement-treated subgrade may
checked by using a string line, jacks and rule as covered in Chapter Four.

Crowns may be checked by means of a templet cut to the required crown and placed on the subgrade surface.

The checks should be made as soon as possible after the compaction and finishing operation - and no later than the beginning
of the day after the completion of any subgrade section.

All areas higher or lower than the plan grade must be corrected immediately. High spots can be bladed down. Low areas must
be corrected by removing and replacing the subgrade to full depth.

Thickness. Test holes must be dug or drilled and measured to determine finished subgrade thickness.
Subgrade of up to a 6-inch specified thickness must not have deficiencies greater than 1/2 inches (13mm.).
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The tolerance for subgrade over a 6" (150mm) specified thickness is 1" (25mm.) of deficiency.

Deficiencies in thickness greater than the above guidelines must be corrected by removing the deficient areas full depth and
replacing them with subgrade of the specified thickness. This work will be done at the Contractor's expense.
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QuiZ

What must be done about areas that fail density tests?

Should subgrade surface areas higher or lower than plan grade be corrected?

How are thickness checks made?

Subgrade up to a 6"(150mm) specified thickness must not have deficiencies greater than?

NOW, GO ON TO CURING.
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CURING

Just as portland cement concrete must be allowed to cure, so must cement-treated subgrades. “Curing” is the means of
sealing the water in so that it can react with the cement (a chemical process called “hydration”) to bond the soil particles
together in a firm, strong, durable mass. For hydration to take place, sufficient moisture must be present in the subgrade
throughout the curing period. If the subgrade were allowed to dry, the soil-cement mixture would not attain the desired
strength, and shrinkage would occur causing cracks and a weak subgrade.

To allow cement-treated subgrade to cure, a thin coating of liquid asphaltic material is sprayed on them by asphalt distributors.
The asphalt coating holds in the subgrade moisture.

Even before the asphaltic material is applied, curing is taking place. Because of this, the moisture content of the subgrade
must be controlled. While finishing and surface correction operations are being done, the subgrade surface must be sprinkled
to keep it moist. As an Inspector, you should be sure that the Contractor keeps the surface moist until the asphaltic material is
applied. Also, at the time the asphalt is applied, the subgrade surface must be dense and free of loose and foreign material.

Two types of asphaitic material are specified for use as curing coats: cut-back asphalt, Grade RC-70 and emulsified asphalt,
Grade SS-1.

The specification ranges for applying these materials are:

e cut-back asphalt: 0.15 to 0.25 gallon per square yard (0.70 to 1.1 L/m?)
* emulsified asphalt: 0.2 to 0.25 gallons per square yard (0.91 to 1.13 L/m?)

The actual rate of application will be specified in the plans or by the Engineer. As an Inspector, there are three things you
should especially verify:

*» Application of the asphailt at the specified rate;

* complete, uniform coverage of the subgrade surface; and
» Sanding the asphaltic material with an acceptable aggregate
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After the finishing operations, traffic should not generally be allowed on the subgrade for seven days. This is considered
necessary time for proper curing of the subgrade. The only exceptions fo the “no traffic” requirement are the equipment
necessary to make subgrade corrections or to applg water or asphalt - and this equipment must not have tire contact pressing
greater than 45 pounds per square inch{ 317kg/m®).
The curing coat itself must either "cure” before traffic is allowed on the subgrade surface or be sanded. The sand prevents tires
from picking up or displacing the asphalt, and should be spread at a rate of about 10 pounds of clean sand per square yard.

After the seven-day curing period, the subgrade may be opened to traffic provided that it is either protected or sufficiently hard
to avoid being marred or distorted. Haut trucks carrying central-mixed concrete must never be allowed to run on completed
cement-treated subgrades.

The Contractor must maintain the completed subgrade properly until the overlying course of materials is placed. Shouid any
repair or patching be necessary they must be made the full depth of the subgrade. In no case should repairs be made by
adding a thin layer of soil-cement to the completed work. The Contractor may, at his option, make full-depth repairs to small or
minor areas such as to manholes, inlets or the like, with Class | Concrete.

In summary, as an Inspector you must be sure that once the cement-treated subgrade is properly finished, it is cured and
maintained satisfactorily until the base or pavement is constructed on it.
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Quiz

The chemical process by which the soil, cement and water react together to become a firmly boned mass is called

What would happen if the cement-treated subgrade were allowed to dry too quickly?

How is moisture retained in the subgrade before asphalt is applied?

How long is the curing period?

What three things should you verify during curing coat application?

1.

2.

3.

GO ON TO DOCUMENTATION.
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DOCUMENTATION T

Cement-treated subgrade work must be properly documented on a daily
basis - the same as subgrade stabilization.

You will be responsibie for writing and submitting a Daily Report of
Construction. As you know, the Daily Report is compiled at the project office
into a weekly diary to document all the work on the project.

Always remember to write accurate, neat and complete reports.

Study the example shown to the right.
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QuiZ

What is the main thing to look for on soil-cement designs?

Soil and cement can be mixed in two ways: and

Is there any specified compaction equipment for use on cement-treated subgrade?

What types of equipment are typically used to finished the subgrade?

Why are asphallt distributors used in connection with cement treatment operations?

List three general requirements for ali equipment used in subgrade operations:

1.

2.

3.
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QUIZ, continued

Using the spreadsheet excerpt below, complete the “Total Sq. Yd.” and “Sta. To Sta.” blank for truck number 311. The
subgrade width is 8.2m. '

CEMENT — TREATED GUBGRADE
DATE _ G- 2 & — 75
I T B T

' L o, - . LB T
— T L F. 3 i = -m— 3
Jrr _g%s};% F* | S£82 IE; L i . Y i o AR A "

_,.,:f}' d I | 4B60 |t 990 | 3£ | sG55z | 23.22 | qrws =]
: : | 4HTES 8,500 | 3¢ | sh5Hr | Za2r |osoear
4 ! FEE20 | e

Total Sq. Yd.

Sta. to Sta.

How are spread distances marked?

Why is it important to document the amount of cement used?

What should you coltect and refer to in documenting cement quantities?

Can cement for cement-treated subgrade be spread five days after lime stabilization?
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QUIZ, continued

A Canvas check of the cement spread is performed. The canvas plus cement weighs 16.4kg. The canvas alone weighs 1.9Kkg.
What was the application rate?

If possible, should the entire width of the subgrade be mixed in one operation?

Mixing must begin within after the cement is spread.

Is it good for the subgrade moisture contentto be 10 percent above optimum during mixing?

What can be done to the subgrade whenever the moisture content exceeds the specified level?

When mixed in a central plant, the soil and cement must be mixed for at least
Should you check the depth of cement-treated subgrade during mixing operations?

Who determines the maximum density and optimum moisture values for soil-cement mixtures?

In no case should more than minutes elapse between the last mixing pass and the first compaction pass at a
particular location.

Cement-treated subgrade must be compacted to at least

During finishing operations, areas needing to be corrected by the addition of soil-cement mixture must first be lightly

Should subgrade surface areas higher or lower than plan grade be corrected?

The types of asphalt to be used as curing material are asphailt, Grade RC-70, and
asphalt, Grade SS-1,
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ANSWERS TO QUESTIONS

Page 5-4 Page 5-16

» design application rate for the cement e Seven

e 1. In-place mixing; 2. central plant mixing e within 2 percentage points above or below optimum moisture content
e B

Page 5-7 e Spreader should be adjusted

» sheepsfoot rollers; vibratory rollers;

traffic rollers Page 5-20

* Sensors e A

¢ asphalt distributor e Yes

o A e 30

e B e Prevent the formation of cement balls when water is added
e 30 seconds

Page 5-12 ¢ 30 minutes

e With stakes e No

e C,DE e From the district lab

o 4498.2' (1371.4m) e Representative on the job

Page 5-13 Page 5-23

o 1144.6m? (1368 yd? e immediately; no later than 60 minutes

e 91 +32 (123) to 89 + 93 (182) e 95

« certified scale (delivery) tickets e scarified

¢ Portland Cemerit Type | e B

e Yes e E
e Vertical face
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Page 5-26

Contractor must correct them

yes

by digging or drilling hole in subgrade
and measuring it

12.5mm.

Page 5-31

design application rate for the cement
in-place; in a central plant

no

motor graders; finegraders

to apply curing material

be in good condition; operate safely;
produce desired resuits

Page 5-33

14.5 kg/m?

yes

30 minutes

no

it can be aerating by mixing or balding
30 second

yes

inspector

60

95% of maximum density
sprinkled to keep moist
lower

cut-back, emuisified

Page 5-29

hydration

desired strength would not be obtained
and shrinkage would occur

by sprinkling

seven days

application at specified rate; complete,
uniform coverage; sanding with acceptable
aggregate

Page 5-32

5-35

12664.8 ft* (1177.2 m?)

89 + 93 (182) to 88 + 50 (138)

with stakes

to calculate the actual spread and account for
pay quantity

delivery tickets

yes
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BASIC INFORMATION AND PRECONSTRUCTION PREPARATIONS

FOR BASE OPERATIONS
TYPES OF BASE COURSES

The Standard Specifications describe nine different types of base courses:

limerock,

limerock stabilized,
shell stabilized,
sand-clay,
soil-cement,

local rock,

shell, and

hot bituminous.

Not all of these types of bases are frequently constructed. For example, due to environmental concerns, shell is generally not
available for roadway construction. Also, some of the bases are built very similarly to the others. For example, shell bases are
constructed much like limerock bases. Reworked limerock and local rock bases also are buiilt like limerock bases. Limerock
stabilized and shell stabilized bases - while seldom constructed - can be treated like Type B stabilization (discussed in the
subgrade chapter of this course) and like limerock bases. Similarly, soil-cement bases are constructed like the cement-treated
Concrete Paving Inspection training course.

In short - after eliminating the infrequently built bases and those covered in other training courses - only two of the nine types
of base courses remain: limerock and sand-clay. These are the types of base course construction we will concentrate on in
this course.

However, we should take a brief overview of each of the nine base courses - so that you will be somewhat familiar with each.

So, let's begin with limerock bases.
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LIMEROCK

Limerock base courses are constructed on prepared subgrades. They are constructed of limerock from either the Ocala or
Miami Oolite formations. Basically, limerock is spread in one or more courses, compacted, finished and primed.

Typically, a bulldozer or grader is used to spread the limerock.

Rollers then compact the limerock to the required density. Motorgraders are used to shape and finish the base. The finished
base is then primed with a bituminous material to seal the surface.

REWORKED LIMEROCK

Reworking a limerock base consists of reworking - or widening and reworking - an existing limerock base, including:

preparing the existing surface;

adding new limerock as required

spreading, shaping and compacting the work; and
priming the reworked base.

LOCAL ROCK

A local rock course is constructed by scarifying, shaping and compacting a roadbed that consists of existing local rock in
place. A prime coat is then applied.

LIMEROCK STABILIZED

Limerock stabilized bases are built by stabilizing the roadbed soil by adding and mixing in limerock. The mixture is then
shaped, compacted and primed. This work is similar to Type B Stabilization.
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SAND-CLAY

Sand-clay base courses are constructed of naturally blended sand-clay or mixed sand and clay. They are built on prepared
subgrades, following the basic operations already referred to: spreading, mixing, shaping, compacting, finishing and priming.

SHELL

Base construction using oyster shell is mainly a thing of the past because of the environmental regulations that have restricted
removal of the shell from the ocean, gulf bays. Local shell (including coquina) in above-water sources is found in several areas
along the east and west coasts and is suitable for shell base construction. This construction is similar to limerock base
construction.

SHELL STABILIZED

Shell stabilized base course are buiit basically like limerock stabilized bases -only, the stabilizing material is shell rather than
limerock.

SOIL-CEMENT

Soil-cement base courses are constructed of soil, cement and water. The construction is similar to the cement-treated
subgrade operations discussed in the chapters about subgrade: spreading and mixing in the cement with the roadbed soil -
followed by moistening, finishing and priming for curing purpose.

HOT BITUMINOUS

Hot bituminous base courses are constructed of hot-mixed, hot-laid bituminous mixture. The operations include subgrade
preparation, tacking, laydown (paving) and compaction. Asphaltic Concrete Paving Inspection discusses the tacking,
consfruction and inspection procedures that pertain to this type of base course.



Quiz

How many different kinds of base courses are described by the Standard Specifications?

Which of the following statements concerning shell and shell-base construction are true?

A. Shell base construction is similar to limerock base construction.
B. Environmental regulations have restricted the removal of shell from the ocean, gulf and bays.

C. Local shell (including coquina) in above-water sources is suitable for shell base construction.
D. The use of oyster shell in base construction is mainly a thing of the past.

i

Does all base course construction include the application of prime (or curing) materials?

Reworked limerock and local rock bases are constructed basically like

Limerock stabilized and shell stabilized base courses are constructed much like and

limerock bases.
Must sand-clay base courses be constructed of only naturally blended sand-clay? .
Which of the following are included in hot bituminous base course operations?

A. subgrade preparation C. laydown (paving)
B. taking D. compaction

6-5



STAKING

One typical staking procedure is illustrated below. Grade stakes referenced to the profile grade were set before subgrade
operations began. They were used in guiding the
construction of the subgrade and will be used in constructing the base course and pavement as well.

As you learned in the chapter about subgrade, grade stakes may also be referenced to the finished subgrade or the finished
base course, instead of the profile grade of the finished roadway.

Base course will be
constructed in boxed out portion
of subgrade.

Pavement and shoulders
will be constructed later.

Base cours

*_-_"‘-‘

Grade stake referenced
Grade stake referenced to profile grade

to profile grade

For example, another typical procedure is shown below. The grade stakes were referenced to the finished subgrade and were
used in guiding the subgrade operations. To guide the base course construction, blue tops were set after the base material was
placed and balanced. They are referenced to the top of the finished base course. The blue tops may be set on the edge of the

base as shown below - or may be offset, for example, 03m.

Blue tops often are covered up during construction and must be exposed in order for the motor grader operation to just clip over

the top. -

As an Inspector, be sure that the stakes are set - whether by the State or Contractor's survey party - and are maintained in
position and followed by the construction operation. As with subgrade inspection, the grade stakes are used in making string
line checks of base course construction.
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INSPECTING
THE SUBGRADE

Before any base material is applied, the subgrade must meet grade and cross-sectional requirements, have the specified
density, be firm and unyielding and be in generally good condition. As an Inspector of base course construction, it will be your
responsibility to inspect the subgrade before base operations begin.

On projects where it is your job to inspect both subgrade and base course construction, you already will have inspected the

finished subgrade. Often, however, different Inspectors are assigned to the two stages of construction. In these cases, you -
the Base Course Inspector - should never assume that the Subgrade Inspector on the finished subgrade has completed

~ Blue tops - - referenced to finished base .

Base course that has been balanced

#" but not finished ‘\ -

"~ Habilized subgrade, 12 (300mm) _ __ . ]

| ! ey L

Grade stake referenced

Grade stake referenced to finished subgrade
to finished subgrade

every aspect of his inspection and, subsequently, the following should be completed by you:
e string line check for grade and cross section;

« verification that specific density was reached: and
» visual inspection of the general subgrade condition.
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MEETING WITH THE CONTRACTOR

The Project Engineer and the Inspector should meet with the Contractor before the beginning of base course operations. The
purpose of this meeting is to discuss the requirements for the work and the proposed plan of operations.

The types, sources and proportions of the required base materials should be included in the discussion. Incoming materials
must be from approved sources.

Be sure that all questions are answered before the work begins, and that any points of conflict are resolved.
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Quiz

Before any base material is applied, the subgrade must meet and

requirements, be firm and , have a specified , and be in
generally good condition.

Who is responsible for verifying that these requirements are met?

If you did not inspect the subgrade operations, should you assume that the subgrade meets all requirements?

You should meet with the Project Engineer and the Contractor to discuss the and
Included in the discussions should be the ' and
of the required base materials.

Incoming materials must be from sources.
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ANSWERS TO QUESTIONS

Page 6-5

hine

all of them

no; hot bituminous base course
limerock bases

Type B stabilized subgrade

no; the sand and clay may be mixed
all of them

Page 6-9

grade; cross sectional; unyielding; density

base inspector

no

requirements for the work; proposed plan of operations
types; sources; proportions

approved
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7
LIMEROCK BASE COURSE

Limerock is the most widely used base material in Florida. The reasons for its extensive use are:

It is a local material.

It is abundant.

It is economical to construct.

it has adequate bearing capacity

It may be salvaged for re-use on reconstructed projects.

Limerock is available from two geologic formations in the State: Miami Oolite and Ocala. All you need to know about these
formations is that limerock from either formation may be used, but limerock of only one formation may be used on any contract.

In our discussion of limerock base course, we will cover the following areas:

material acceptance and control;
equipment;

construction operations;

inspection and testing procedures; and
documentation

Priming will be discussed in Chapter Ten.
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MATERIAL ACCEPTANCE AND CONTROL

As with almost all roadway materials, limerock for
base course must be sampled, tested and approved
during construction for job control.

SOURCE APPROVAL

The Central Lab publishes a list of the approved
sources - by pit number - around the State. As an
Inspector, when you learn of the Contractors
proposed source of limerock, contact the District Lab.
They will inform you if the pit is on the approved list. If
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not on the list, the pit will have to be visited by Central e =
Lab personnel so that they can obtain samples for renl—r = = = — =
testing. Remember, no limerock should be placed as N ARy el el |
base material until its source is approved. All delivery Bl W am =

tickets must be stamped certified by the producer.

JOB CONTROL

Although you are not responsibie for obtaining initial (source) samples for pit approval, you will have to sample the limerock for
job control.

In obtaining and submitting these samples, follow the Sampling, Testing and Reporting Guide - as we discussed in Subgrade
Inspection. Each in-place sample that you obtain should consist of limerock taken from several spots in a small area of the
base course across the roadway. (FM 5-504, 4.1.5 Roadway)

Complete a Sample Transmittal Card for each sample and attach it to the sample container. Be sure to indicate the source (pit
number) of the limerock.

During construction operations you should make visual checks of the limerock before it is spread - to ensure that it has the
proper gradation.
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QuUIZ
Which of the following are not reasons for the extensive used of limerock as a base material?

___A. ltis economical to construct.

___ B. It may be salvaged for re-use on reconstructed projects.
___ C. It can be stabilized with Portland cement.

__D. It does not need testing before use.

___E. It is a local material.

__F. It has adequate bearing capacity.

May the Contractor use either Miami Oolite limerock or Ocala fimerock on the job?_

May the Contractor use both on the same job?

Limerock must be tested during construction for

What should you do when you learn of the Contractor's proposed source of limerock?

The Central Lab published a list of the around the State.

Each job control sample of lime rock that you obtain should consist of material taken from:
___A. ahaul truck.
___B. only one spot in the base course.

___C. three levels of the window.
___D. several spots in a small area of the base course.

GO TO PROCTOR SAMPLES
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PROCTOR SAMPLES

Limerock - just like other base, subgrade and embankment materials - must be sampled and tested to determine the
maximum density and optimum values for the compacted base course. Usually, you will be required to sample the limerock for
the Proctor tests. In some cases, the samples will be taken from the pit by lab personnel,

LIMEROCK TEST REPORTS

The results of a test performed on samples of limerock are reported to the project on Test Report for Limerock Materials (Form
16001 English, 16051 Metric.)

The report shows whether the sample passed or failed the tests, and whether.the limerock is accepted or rejected for use in
the base.

A sampie Report is shown on the next two pages. Study the information thoroughly.



= s TR

FLORIDA DEPARTMENT OF TRANSPORTATION PAGE 1

FORM: 160-51 DATE: 10/31/01

TEST REPORT FOR BASE-LIMEROCK MATERIALS

CQRO137
FIN PROJ: 210541-1-52-01 MNG DIST: 02 COUNTY: 35 SECTION: 010
MATERIAL NO: 405A SAMPLE NO: A0001 DATE SAMPLED: 02/23/01
STATION FROM: 101+23.00 STATION TO: 118+84.00 SAMPLE FROM: 117+00
ROADWAY SIDE: C OFFSET DIST.: 010.0 M1l OFFSET DIR.: L
MAINLINE FLAG: Y REFERENCE LINE: C/L CONST
LAB NO: 0563-S TESTED BY: 2D ON 02/28/01  PASS/FAIL STATUS: P
PAY ITEM NO(S): 12285706
DISTRICT: 02 CONTRACT: 20938  ROAD NO: SR 10
SOURCE: PIT PLANT NO: QUANTITY: 5,167.40 M2
PRODUCER: - INTENDED USE: RDWY BASE (DETOUR)

ACCEPTANCE
o e ———— e e — fmm e ——— fomm +
IQUAL| TYPE OF TEST/MEASUREMENT | RESULT | MINIMUM | MAXIMUM |
T e Fo—mm Fem—————————— +
| | MAXIMUM DENSITY (MOD) | 1858.0000 KG3| 1 |
i | OPTIMUM MOISTURE | 12,0000 PCT| | |
1 | MATERIAL DESCRIPTION | LIMEROCK | ! |
| | PASS 90.0 MM SIEVE [ 100.0000 BCT | ! |
| | TEST METHODS |F5-521 | | |
| | RESPONSIBLE ENGINEER T.J. RUELKE 1 | |
o e e e e e e o — Fo—— fmm +



FLORIDA DEPARTMENT OF TRANSPORTATION PAGE 1
FORM: 160-01 DATE: 10/31/01
TEST REPORT FOR BASE-LIMEROCK MATERIALS

CQRO137
FIN PROJ: 210789-2-52-01 MNG DIST: 02 COUNTY: 37 SECTION: 010
MATERIAL NOC: 4054 SAMPLE NO: AQ0001 DATE SAMPLED: 07/17/01
STATION FROM: 535+69.00 STATION TO: 564+34.00 SAMPLE FROM: 547469
ROADWAY SIDE: R OFFSET DIST.: 018.0 LF OFFSET DIR.: R
MAINLINE FLAG: Y REFERENCE LINE: C/L OF SURVEY
LAB NO: 2005-8 TESTED BY: 2D ON 07/19/01 PASS/FAIL STATUS: P

PAY ITEM NO(S): 1 285701

DISTRICT: 02 CONTRACT: 21148 ROAD NO: SR 10

SOURCE: ROADWAY PLANT NO: 37112 QUANTITY: 2,865.00 FT

PRODUCER: ASPHALT TECHNOLOGIES (MINE) INTENDED USE: WIDENING BASE
ACCEPTANCE

e i T T R U e e +

| QUAL | TYPE OF TEST/MEASUREMENT RESULT | MINIMUM | MAXIMUM |

116.0000 PCF|
13.0000 pCT|

MAXIMUM DENSITY (MOD)
OPTIMUM MOISTURE

| i

! ! |

f | MATERIAIL DESCRIPTICN | LIMERQCE, = |

| | TEST METHODS |F5-521 !

| | REMARKS |ENTERED 7/20/01| | ]
| | REMARKS ILIFT 1/2 I [ |
] | RESPONSIBLE ENGINEER IT.J. RUELKE | | I
ot e Fom e ————— +



QuIZ

the tests, and whether

Limerock material reports show whether the samples or
the limerock is or for use in the base,

Who normally obtains samples of limerock for Proctor tests?

GO ON TO EQUIPMENT
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EQUIPMENT

The equipment used in construction limerock base courses can be divided into three groups: hauling and spreading

equipment, compaction equipment and finishing equipment. Since we will discuss priming operations in separate chapter, we
will also talk about priming equipment later.

As the Base Inspector, your main concern with all construction equipment is that it:

[ ] is in good condition:
® can be operated safely; and
° produces the desired resuits.

The equipment should be in good condition so that it will produce the desired results and not delay the operations because of
breakdowns.

The equipment must be capable of safe operation so that the Contractor, State personnel, and the public can work and travel
safely.

Finally, the equipment must produce the desired results so that strong, stable and lasting base course can be constructed
according to the plans, specifications and special provisions.

Let's look briefly at the equipment, beginning with the hauling and spreading equipment.

HAULING AND SPREADING EQUIPMENT

Limerock is transported to the jobsite by haul trucks and dumped. It is spread with bulldozers or graders to a uniform thickness.
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COMPACTION EQUIPMENT

and traffic rollers are typical,

Most of the compaction is achieved by the vibratory
or three-wheeled roliers.

Traffic (rubber-tire) rollers are especially useful for “sealing” the base -
knitting the finer particles into the spaces among larger particles to close
the base course surface.

FINISHING EQUIPMENT FINISHING EQUIPMENT

Finishing equipment is used to shape the compacted
et base course to the proper grade and cross section and
Motor grader - aemlm f to smooth the base surface. Some shaping also is done
before compaction.

Shaping is usually done by motor graders. The
scarifying attachment on the grader above is used to
loosen the base surface so that shaping can be
accomplished.

Three-wheeled rollers and traffic rollers are used to
further compact and seal the base surface.
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QuIZ

The types of compaction equipment shown on the preceding page are especially useful for the base.

Which of the following are usually used to compact limerock bases?

___ A_three-wheeled rollers.
__ B. grid rollers.

—__C. vibratory rollers.
___D. sheepsfoot rollers.

Finishing equipment is used to
and to the base surface.

the compacted base courses to the proper grade and cross section

GO TO CONSTRUCTION OPERATIONS AND INSPECTION.



CONSTRUCTION OPERATIONS AND INSPECTION

Before limerock base course construction begins, the subgrade must be inspected to ensure compliance with the requirements
for grade, cross section, density and general condition. In connection with our discussion here, we should emphasize the
following:

® The subgrade should be moist - to prevent moisture loss from the limerock during compaction operations.

o Any spongy or loose areas in the subgrade must be corrected by aerating or replacing the unsuitable materials
with approved material - and then reshaping the corrected areas and compacting them to the required density.

GENERAL SEQUENCE

With the subgrade in proper condition, the base construction operations may begin. The general sequence of limerock base
course is:

hauling and dumping

spreading

sampling and checking

compacting

testing; and

finishing

We will discuss each step in sequence beginning with hauling and dumping.
HAULING AND DUMPING

Haul trucks transport the limerock to the jobsite and dump it in position to be spread. Bulldozers and graders are used to
spread the material. The trucks must be driven on the subgrade to some extent but hauling on the unprotected subgrade
should be minimized. The limerock should be transported to the dumping point over rock previously placed, and then dumped
on the end of the preceding limerock.

As an Inspector, you should observe the results of hauling. Watch for rutting, displacement, etc. Damage to the subgrade
during hauling will affect the quality of the base.
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SPREADING

Spreading the limerock means distributing it evenly over the subgrade to a roughly uniform thickness. The term “balancing”
refers to achieving an even distribution and uniform thickness.

“Laying” thickness is the thickness of the spread limerock before it is compacted. The base course thickness specified by the
plans is the compacted thickness. The Contractor must determine the proper [aying thickness that will compact to the specified
thickness shown in the plans, depth checks should be performed properly

When the plan thickness of the base is greater than 6 inches (150mm), the base must be constructed in two courses. [f the
Contractor can demonstrate and if approved by the Engineer, thick base courses up to 8" (200mm:.) thickness may be used.
The first course should be approximately half the total thickness of the finished base, and must be compacted to the required
density before the second course is placed. The cross section templet of the first course should closely approximate that of the
finished base. Also, the surface of the first course may require a light application of water just before limerock is spread for the
second course. The spreading, balancing and shaping of the second course should be done in the same manner as they were

for the first course. Care should be taken to ensure that the density of the first course is not disturbed by the operations of the
second course.

The width of spread for the limerock should equal the width of the paved area plus 3 inches (75m) on each side. This extra
width allows for the tapering of the limerock at the edges. The tapered areas will not have the same thickness as the rest of the
spread. The extra width should be measured for payment. No checking of density should be done in the extra width
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QUIZ

Why should the subgrade be moist before limerock is spread?

Describe two ways in which spongy or loose areas in the subgrade can be corrected:
1.

2.

Should hauling over the subgrade be encouraged?

Limerock bases must be constructed in two courses when the plan base thickness is greater than

How thick should the first course be?

What may the surface of the first course require just before limerock is spread for the second course?

Care should be taken to ensure that the of the first course is not disturbed by the operations
of the second course.

Which of the following statements concerning the extra widths of spread beyond the width of the paved area are true?

___A. Should be 75mm wide on each side.

___B. Should be measured for payment.

—_ C. Should be provided at no additional cost to Department.
__.. D. Should be checked for width, depth and density.
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SAMPLING AND CHECKING

During spreading operations you will be involved with sampling and checking the limerock.
Sampling

Job control samples of the limerock must be obtained and sent to the District L.ab for testing. Review your responsibilities in the
area by re-reading page 7-3.

Checking
The spread limerock must be checked for the following:

width;

depth (thickness);
segregation; and
foreign matter.

The Contractor should make depth (thickness) checks as the limerock is spread. This will ensure that the proper faying
thickness is achieved.

As an Inspector, you may also make random depth checks. For example, when a double course (two lifts) of limerock is being
spread, you can check the thickness of the first lift to be sure that it is correct (approximately half of final course thickness).

Segregation in the spread limerock should be watched for very closely. Segregation is the separation of the larger limerock
particles from the finer particles. In other words, these areas do not have a uniform gradation of particle sizes. Such areas, if
left in the base, will not compact properly and may eventually cause roadway defects. As an Inspector, watch for segregated

areas and bring it to the attention of the Contractor. The segregated material will have to be removed and replaced with
properly graded limerock.

While you are watching for segregation, observe any foreign materials. These may include clumps of dirt, clay, vegetation, or
just about anything other than the limerock. Such materials, if left in the base, could also weaken the course.
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Quiz

The spread limerock should be checked for

Should the Contractor check the depth of the limerock as it is spread?

Which of the following can lead to roadway weaknesses?

. A. Segregated areas in base.

___ B. Optimum moisture.

__ C. Non-uniform base thickness.

_. D. Laying thickness greater than compacted thickness.
___E. Foreign materials mixed in with limerock.
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COMPACTING

Compacting means rolling the limerock with the type of equipment discussed earlier in order to obtain the required density in
the base course. Strength and durability of the base course are directly related to the density.

The Contractor is free to determine the types and numbers of compaction equipment he will use and the patterns they will
follow. Again, your main concern as an Inspector is that adequate density is obtained throughout the base course.

However, there are procedures that should be followed before and during compaction:

Single-Course Bases. After the spreading and balancing are completed, the entire surface should be scarified and then
shaped so that the required grade and cross section will be obtained after compaction.

Double-Course Bases. After spreading and balancing are completed, the entire surface should be scarified and then shaped
so that the required grade and cross section will be obtained after compaction.

Widening Strips. Limerock widening strips may be constructed to increase the width of existing roadways. Sometimes the
regular compaction equipment cannot compact the widening strips because of the narrow trenches they are in. Equipment
such as vibratory compactors or trench rollers may be needed. The Project Engineer must approve such equipment before it is
used. In addition, he may require that the haul truck help in the compaction by running one pair of wheels on the widening

strips. The haul trucks should not be used, however, until the widened sections have reached the elevation of the existing
pavement surface.

CONTROLLING AND TESTING FOR MOISTURE DENSITY

You already should be familiar with importance of moisture-density testing and control from the Earthwork Inspection training

course or from your own experience. Let's talk about the elements of controlling and testing for moisture and density on
limerock bases.

Moisture Content

Moisture content is one of the basic factors that affect compaction. Limerock base courses should be kept as near to their
optimum moisture contents as possible in order for the required density to be obtained. Wetting or drying will be mixed into the
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base uniformly to the full width and depth of the course being compacted. Drying can be accomplished by manipulating
(aerating) the limerock, and should likewise be done to the full width and depth of the course being compacted.

As you conduct moisture tests, you may need to inform the Contractor of the moisture content of the base. Normally, however,
this is only necessary when the density fails. Most motor grader operators are experienced and know by sight, feel and
workability whether or not the base has the proper moisture content.

Density

As soon as the base has the proper moisture content, it can be compacted. The Standard Specifications show the minimum
percentages of maximum density to which the base must be compacted are 98% for the traveled roadway and 95% for areas
outside the traveled roadway (crossovers, tumouts, etc.). As you remember, the maximum density and optimum moisture
values will be furnished to you by the Lab.

During final compaction operations, when blading is necessary in some areas to obtain the true grade and cross section, you

should run the density test after the compacting of these areas is completed. Follow the minimum frequencies of the Sampling,
Testing and Reporting Guide in running the moisture-density tests.
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QuIZ

Which of the following should be done to the first course of a double-course base before the second course is placed?

___A. compacted to the required density.
__ B. tested for density with passing results.

— C. bladed to a surface cross section approximately parallel to that of the finished base.
—_ D. mixed with the top layer of the subgrade.

Widening strips may require equipment such as or for compaction
operations. The Project Engineer also may require to run one pair of wheels along the strips.

Wetting or drying of the base - to obtain the proper moisture content for compaction should be done to the full and
' of the course being compacted.

GO TO FINISHING
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FINISHING

Finishing operations include the shaping, trimming and rolling necessary to leave the limerock base at the proper grade, cross
section and surface condition. We can also include here any repair needed to correct defects discovered during compaction
and finishing operations. These defects may include:

areas of failing density;
areas not to grade

wet, spongy areas;
scabs;

cracks and checks; and
‘contamination.

As you must be sure that all such defects are properly repaired, let’s briefly discuss each problem.

Areas of Failing Density

Different things may lead to insufficient density in certain areas: Maybe the moisture contents were not correct, or maybe not
enough rolling was done on those areas. Whatever the cause, the Contractor must correct the problem. Based on the cause,
different correction procedures may be needed: wetting, drying reshaping, recompacting, etc.

Areas Not to Grade

Areas of the base that are too high can be trimmed to grade. In some cases, sub base may have to be removed to get the
required base thickness. Areas that are too low will need additional limerock. These areas must be scarified and have the new
material added. Then reshaping, compacting, and finishing can take place.

Wet, Spongy Areas

Wet, spongy areas can usually be repaired by scarifying, aerating, reshaping and recompacting. Sometimes more limerock
should be added.
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Scabs

Scabs (laminated areas) occur when thin surface sections of limerock do not bond with the underlying rock. These areas can
loosen and break away just like real scabs. A common cause of scabs is the improper adding of limerock to areas not up to

grade. In such places, as we mentioned, the surface must first be scarified so that the added limerock will mix in and bond with
the existing rock.

Another cause of scabs may be foreign objects in the base. Whatever the cause, you must be sure that these defects are
properly corrected by scarifying, reworking and recompacting the areas.

Scabs may be detected visually or audibly. They sound hollow when walked on or struck with a pick or shovel.

Cracks and Checks

Cracks and checks appearing in the compacted base course may be caused by the underlying limerock being too wet. When
the underlying rock dries, the surface cracks due to shrinkage.

Contamination

Contamination of limerock base occurs when subgrade materials become mixed with base material. To correct the situation,
the Contractor should dig out and remove the mixed materials. He should reshape and compact the area.

Repairs of contaminated and other defective base course areas must be done without additional pay to the Contractor. The

correcting of defects is part of finishing the limerock base course to comply with the plans' special provisions and
specifications.

Traffic Rolling

In addition to final shaping and repair of defects, finishing operations include sealing the base course. This is accomplished by
traffic rollers. The rubber tires seal the base, leaving a smooth, hard surface.
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QUIZ

May both Miami Oolite limerock and Ocala limerock be used in the same limerock base course?

Limerock is tested during construction for

Will you, as a Base Inspector, obtain initial (source) limerock samples?

The Central Lab publishes a list of the _ around the State.

What should you do when you learn of the Contractor’s proposed source of limerock?

The form Base Material-Limerock shows:

—__A. the recommended equipment for compaction.
___ B. whether the sample passed or failed the tests.
—_ C. whether the limerock is accepted or rejected.
___D. the maximum density and optimum moisture.

Who obtains samples of limerock Proctor tests?

Which of the following are basic requirements for all equipment used in constructing limerock base courses?

___A. be capable of safe operation.
___B. have steel treads.

. C. weigh less than 10.8MT.
___D. be in good condition.

__ E. produce desired results.
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QUIZ, continued
Which of the following are commonly used to compact limerock bases?

___A. grid rollers.

___B. three-wheeler
___C. sheepsfoot rollers.
___D. scrapers.

___E. traffic rollers.

Should the Contractor avoid hauling over the subgrade when possible?

Why should the subgrade be maist before the limerock is spread?

Why should you observe hauling on the subgrade?

Limerock bases must be constructed in two courses when the plan base thickness is greater than

Which of the following are true about the first course of a double-course limerock base?

— A. should be compacted and tested for density before the second course is placed.
___B. should always be a maximum of 75mm thick.

—— C. may require a light application of water before the second course is placed.
— D. should be about half the total thickness of the finished base.
__E. should have a cross section approximately parallel to that of the finished base.
The width of limerock bases should be equal to the width of the paved area plus oh each side.

Should these extra-width strips be treated for density?

Be measured for payment?
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QUIZ, continued

Which of the following are not activities that can be included in a general description of the finishing operations?
— A repairing
___ B. trimming
—_C. laminating
___D. shaping
___E. bridging
. F. rolling.

What are two causes of failing densities? 1. . 2.

Besides seeing scabs, you can detect them by the they make when walked on or struck with a tool.

Besides being caused by the improper adding of limerock to areas not up to grade, scabs can also result from:

___A. too much subgrade moisture.
___ B. foreign objects in the base.
__C. string line checks.

___ D. widening strips.

Contamination of the limerock base occurs when becomes mixed with

Cracks and checks in a compacted base course may be caused by the underlying limerock being too wet. Another cause of
cracking and checking may be .

Traffic rollers are used mainly to the base course.

HOW DID YOU DO ON THIS QUIZ? IF YOU FOUND THAT YOU ARE WEAK IN CERTAIN AREAS, RE-READ THE PARTS
OF THE CHAPTER THAT GAVE YOU TROUBLE. RETAKE QUIZZES TO TEST YOURSELF ON THIS MATERIAL.
PROCEED TO CHAPTER EIGHT - SAND-CLAY BASE COURSES - WHEN YOU ARE READY.
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ANSWERS TO QUESTIONS

Page 7-4 Page 7-6

o C&D e passed, failed, accepted, rejected

s Yes e base inspector

* No

* Smoothness Page 7-12

» contact district lab * to prevent moisture loss from the rock during

« approved sources (pits) compaction

+ D ¢ by aerating, reshaping and compacting the area:

by replacing the unsuitable material then reshaping

Page 79 and compacting the area

e sealing no

e AC

6 inches (250 mm)
about half the total thickness of the finished base
a light application of water

e shape; smooth

Page 7-14

density

® width; depth (thickness); segregation; foreign matter A B
® yes
e ACE Page 7-17

e ABC

Page 7-20 e vibratory compactor; trench rollers; haul trucks

® no e width; depth
e job control
® no Page 7-21
e approved sources (pits) e B E
e contact district [ab ® yes
e B,C ¢ to prevent moisture loss from the lime rock
e Dbase inspector during compaction
e ADE

to be sure that the subgrade is not damaged
6 inches (250 mm)

ACDE

3 inches (75 mm)
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Page 7-21 {con’f)

® no
® Ves

Page 7-22

C,E

improper moisture content; not enough rolling
hollow sound

B

subgrade materials; base materials

defects in the subgrade

seal
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Sand-Clay Base Courses
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Source Approval and Pit Operations
Job Control
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Excavating Equipment

Hauling and Spreading Equipment
Mixing Equipment

Compaction Equipment

Finishing Equipment
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8

SAND-CLAY BASE COURSES

Sand/clay base courses are constructed mainly in Florida’s panhandle located in the northwestern part of the State. In this
area, sand and clay are plentiful, while limerock is not common.

When mixed in specified proportions, or when occurring naturally, the sand and clay can be used to construct strong, durable
bases. The construction steps are similar to those for other types of base courses: placing, mixing, compacting, finishing and
priming. -

In this chapter, our discussion of the construction and inspection of sand-clay base courses will cover the following areas:

materials acceptance and control;
equipment;
construction operations;
inspection and testing procedures; and
documentation.

Priming, as we mentioned earlier in the courses, will be discussed in Chapter Ten.



MATERIALS ACCEPTANCE AND CONTROL

Just like limerock, the materials for sand-clay base courses must be sampled, tested and approved before and during
construction.

SOURCE APPROVAL AND PIT OPERATIONS

The District Lab obtains and tests initial (source) samples of sand and clay to approved the materials for use in base
construction. The sources of the sand and clay pits may be furnished by the State or the.Contractor. The plans may indicate
pits that may be used, but the contractor still has the option of using the State-located pits or finding his own.

In the case of State-furnished pits, the Department will obtain any necessary property easement, but the Contractor must
provide and maintain all the necessary haul roads.

Other requirements of the Contractor for the use of material pits include:
» The materials must be removed from the pits according to the stakes set by State Survey crews.

» The excavation must be neat, staying within the staked limits and leaving the area in a condition satisfactory to
the Project Engineer.

» Where pit bottoms are above the normal water table, they must be shaped to a regular grade that will prevent
water from ponding.

There are different situations in which the sand and clay may be found:

 natural sand/clay. The sand and clay may be found in a natural blend that meets the requirements for the job.

« Different strata. The sand and clay may be found in the same pit, but in different strata. These strata will have to
be excavated and blended together.



 separate sources. The sand and clay may be found in separate pits. The blending and mixing of these materials
must be done entirely on the road.

The latter two situations are more common than the first, but all three are acceptable and can result in properly constructed
sand-clay bases. Your job as an Inspector is to see that; '

o the pits are properly staked and control grades are established before excavating begins.

+ the excavation is done according to the stakes and the established control grades.

» the proper equipment and procedures are used, depending on the situation of the sand and clay.

» the proper proportion of sand and clay are excavated and blended - whether at the pit or on the road.

We mentioned that the District Lab obtains and tests source samples of the sand and clay. If the results of the tests are
satisfactory, the Lab approves the pits and issues the “blend” for the sand and clay.

A blend gives the proportion in which the materials must be combined to produce a mixture that will resuit in a strong, stable
base course.

As you learned on the preceding page, one of your inspection responsibilities is to ensure that the specified blend of sand and
clay is maintained during construction.

We also mentioned that you must be sure that the proper equipment and procedures are used in excavating the pits. This
means that you should ¢heck the pits periodicaily. Observe that the excavating is being done according to the staking and
grade controls. Also note whether or not the Contractor is using the proper equipment, as we will discuss in the next section of
the chapter. When the pits contain separate strata of sand and clay that must be blended, be sure that the equipment rakes
the full face of the cut in order to get enough of each material. At the road, watch for rocks, sticks, clay balls, etc. in the
material. When these things get into the clay, the pit excavating is probably not being done properly. The equipment is getting
into areas of the pit that contain unsuitable materials. In such cases, be sure to inform the Project Engineer who needs to ask
the Contractor to correct the problem.
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JOB CONTROL

As an Inspector, you must obtain job control samples of the mixed sand and clay at the road and submit them to the District

Lab. The material will be tested for compliance with physical requirements - such as gradation, liquid limit and plasticity index -
and for L.B.R. and Proctor values. Test reports will be issued by the Lab.

Always follow the correct sampling procedures. Refer to the Sampling, Testing and Reporting Guide and complete the
necessary Sample Transmittal Cards. By now, you should be familiar with these procedures.
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QuIZ

Who furishes the material pits for sand and clay?

When the plans indicate material pits, is the Contractor required to use them?

Who performis the initial (source) sampling and testing?

When the materials and the pit are approved, the Lab issues the for the sand and clay.

Who obtains and submits job control samples of the sand and clay?

The materials must be removed from the pits according to the set by the State survey crew.

As an Inspector, are you responsible for seeing that the proper proportions of sand and clay are excavated and blended?

Briefly describe the conditions in which the sand and clay may be found:

When the pits contain separate strata to be blended, you should be sure that the equipment
in order to get enough of each material.

At the road, watch the materiais for undesirable:

__ A.sand

___ B. sticks
___C. clay balls
___ D. moisture
___E.rocks

GO TO EQUIPMENT



EQUIPMENT

The equipment used in construction sand-clay base courses can be divided into five groups: excavating, hauling, spreading,
mixed compacting, and finishing. As with all equipment used in base construction, the general requirements are as follows:

 the equipment is in good condition:
 the equipment operates safely; and
» the equipment produces the desired results.

Let's look at the equipment used by each type group.

EXCAVATING EQUIPMENT

The purpose of excavating equipment is to extract sand and clay from the pits and load it into haul trucks. Depending on the
situation of the sand and clay, different excavating equipment is used.

When the pits have strata to be blended, excavating should be done with a front-end loader or power shovel as shown below.
As we mentioned earlier, this equipment must rake the full face of the cut in order to remove enough material from each of the

strata. You should be sure that the power shovels or front-end loaders have working ranges large enough to excavate the
entire face of the cut.

When the sand and clay are to be excavated from separate
pits, the excavating usually is done by power shovals,
front-end loaders or draglines. Draglines - like the one

shown below - are not permitted in raking the faces of
stratified cuts.

The Contractor may use equipment of his choosing to
excavate pits having natural blends of sand and clay.
Usually, the equipment chosen includes the types
mentioned above.
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POWER SHOVEL

........
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HAULING AND SPREADING EQUIPMENT

The sand and clay generally are hauled to the job site by trucks. Usually, the material is dumped directly on the subgrade.

Material dumped directly on the subgrade is spread by bulldozers and/or motor graders. The motor graders should be self-
propelled, rubber-tired, and of sufficient size and weight to do the work properly. As you will see, motor graders are key pieces
of equipment used in several steps of the operation.

MIXING EQUIPMENT

When the base material is a natural blend, there are several types of equipment that can mix sand/clay properly. Various
combinations of pulvi-mixers, rotary tillers, motor graders and disk harrows are used.

When the sand and clay come from separate pits, or when the pit has strata to be blended, the Contractor will normally use
motor graders and double-gang disk harrow.
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The equipment used in constructing sand-clay
bases should be in good condition, operate
safely and .

Should the equipment shown at right be used
in a pit where strata of sand and clay must be
blended?

Material dumped directly on the subgrade is
usually spread by and

Which of the following normally would be used to mix the material when the sand and clay come from separate pits?

___A. sheepsfoot rollers.
___B. motor graders.
___C. rotary tillers.

__ D. disc harrow.

QuIZ
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COMPACTION EQUIPMENT

The sheepsfoot roller, as shown to the right, is the most commonly used
piece of compaction equipment on sand-clay base courses. It is used for
the initial rolling and achieves most of the required compaction.

Final rolling is normally done by traffic roilers, to achieve the final
compaction, sealing and smoothing of the base surface.

FINISHING EQUIPMENT

Finishing begins after the sheepfoot roller “walks out’ of the base. That is, as the
base becomes denser, the feet of the sheepfoot roller penetrate the base less -
until they eventually walk out of the base material.

At this time, the base must be brought to the approximate plan grade and cross
section by blading with motor graders. The final rofling referred to above is then
performed by fraffic rollers. After final rolling, some additional blading will be
necessary to bring the base to the plan grade and cross section.
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CONSTRUCTION OPERATIONS AND INSPECTION

Before sand-clay base construction begins, the subgrade must be Inspected to ensure that it meets the requirements for
grade, cross section, density and general condition. We discussed these inspections in Chapter Six.

GENERAL SEQUENCE

With the subgrade in proper condition, the base construction operations may begin. The general sequence of construction and
inspection operations for sand-clay base course is:

e hauling and spreading » checking * mixing
e sampling and checking * compacting » testing and
+ finishing

Let’s go through ali the operations, beginning with hauling and spreading.

HAULING AND SPREADING

As we said earlier, the sand and clay normally are hauled to the jobs site in trucks and dumped directly on the subgrade. The

spreading usually is done by bulldozers or motor graders and it should be done according to one of two cases discussed
below.

Case1 - This case involves the use of natural blends of sand-clay or of blended strata of sand clay. Neither type of mixture
needs additional sand or clay. Either type may be dumped directly on the subgrade and spread should be continuously

checked by the you and the Contractor to ensure that the finishing base will have the thickness and shape required by the
typical section.

Final base thickness, of course, should be shown in the plans.

Case 2 - Case 2 covers the use of sand and clay which must be hauled in from separate pits. The sand and clay must be
dumped on the subgrade, spread in successive layers and mixed in place. The Project Engineer will determine the order in
which the sand and clay should be placed and the depth of each layer. Usually the clay layer is spread first, then the sand.
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Marking Spread Distances

To ensure the proper uniform thickness of loosely spread sand and clay, the spread distances should be marked on the
subgrade as shown above.

Measured Spread

or other markers

As an Inspector, seeing that spread distances are marked will be one of your responsibilities. In order to mark these distances,
you will need to know the volumes of the individual haul trucks. Let's look at an example.

Suppose a haul truck carrying sand has a capacity of 12 cubic yards (9.1cubic meters). The designated lose thickness of the
sand is 4" (1.016mm,) and the width of the course is 12' (3.6m). What is the spread distance for the truckload?

First, multiply the depth of spread by the width:
0.33 foot (4 inches) x12 feet = 4 square feet
[0.1016 (3.6m)] = 0.37 square meters

Then, divide the trucks capacity by the above product:
truck capacity = 12 cubic yards = 324 cubic feet
spread distance = 324 cubic feet = 4 square feet = 81 feet
spread distance = 9.1 cubic meters = 0.37 square meters = 26.4 meters

The spread distance, then, is 81 feet (24.6m). As long as the width and loose depth of spread remain the same, you can
simply divide each truck’'s capacity by 4 square feet to obtain the spread distance.
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CHECKING

After the dumping and spreading, and before the mixing, certain checks must be performed. As an Inspector, you should
check:

+ the proportions of sand and clay (when they are hauled from separate pits and placed in separate layers).
¢ the loose depth (thickness) and uniformity of spread.

Proportions of Sand and Clay

To check the proportions of sand and clay, keep a tally of the truckloads hauled from each pit and observe the relative
thickness of the materials as they are spread. Recheck your spread-distance calculations to verify the correct proportioning.

Loose Depth and Uniformity of Spread

Use a rule or other measuring device to check the loose depth of spread frequently. Remember, the base course must have
sufficient loose thickness so that it will have the proper final thickness after compaction. Make enough depth measurements to
satisfy yourself that the material has been spread evenly over the entire length and width of the section. Be sure that any areas
deficient in thickness are corrected by adding more material before mixing begins.
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Quiz

Which piece of equipment is normally used on sand-clay bases to achieve the final compaction, sealing and smoothing of the
base surface?

Finishing begins after the sheepsfoot roller of the base.

Spreading should begin:

— A. as soon as possible after the materials are dumped on the subgrade.
— B. no sooner than 10 hours after the materials are dumped on the subgrade
—. C. within five hours after the materials are dumped on the subgrade.

How should the material covered under Case 2 be spread?

When the sand and clay are spread in successive layers, which are usually spread first?

A haul truck has a capacity of 11 cubic yards (8.4m;). The base course is to be 12' (3.6m). The Project Engineer has

designated a loose depth of spread of 3 inches (75mm). What should be the spread distance (to the nearest foot) for this
truckload? feet.

Who is responsible for seeing that spread distances are marked?

To verify the proper proportioning of sand and clay, you should recheck your

Besides the proportions of sand and clay, what else should you check the spread material for?
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MIXING

The sand and clay must be thoroughly mixed to produce a uniform, homogenous mixture with no lumps or concentrations of
one material. Material that is thoroughly mixed and properly proportioned according to the design can be compacted to the
required density and will have the required bearing value.

General Procedures

The base materials should be mixed as soon as possible after being dumped and spread in order fo take advantage of the “pit

moisture” in the material. Delay allows moisture to escape, making the mixing more difficult to mix and reducing the moisture
content to below optimum.

All sand-clay materials must be mixed - including natural blends. Natural blends are easier to mix because they are already
somewhat blended in their natural state. As we mentioned in the equipment section, various combinations of pulvimixers,
rotary tillers, motor graders and disk harrows may be used to mix natural blends. The mixing should be done to the full width
and depth of the course.

When the sand and clay are obtained from separate pits, or when the pit has strata to be blended, the Contractor should use
only motor graders and double-gang disk harrow to do the mixing. The disk harrow should continuously mix and cut while the
grader forms windrows and moves the material back and forth across the subgrade. The procedure should be repeated until a
homogenous mix is obtained.

Multiple-Course Bases

When the specified compacted base thickness is greater than 6"(150mm), the base must be constructed in two or more
courses. Multiple-course construction for thicker bases ensures that there will be adequate mixing and compaction of the entire
base.

The separate courses should be approximately equal in thickness. As each succeeding course is placed, the equipment

should penetrate and break up at least the top 1"(25mm) of the underlying course. This procedure ensures that the individual
course will be properly joined together, avoiding the formation of compaction planes as shown on the next page.
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Compaction

If the top of the first course is not
plane

Second course = penstroated and broken up when the
— First course second course is mixed, a plane will
form betwaen the course during
cempaction operations. The course will
nat bond and slippage may aecur.
= Mo
ampaction = By cdacquate pentrating and breaking up
p"'i.,_, R SEEOIE’. course v . the top 1" (25mm) of the first course, the
First course Contractor will ansure that the two course
will be properly joined.
SAMPLING AND CHECKING

After the sand and clay are spread and mixed, you must obtain samples of the mixture and perform another check.

Sampling

As we said early in this chapter, you will be responsible for obtaining and submitting job control samples of the mixed
sand and clay. The district Soils Lab will test these samples for gradation, liquid limit, plasticity index, L.B.R., maximum

density, the percent of sand, silt and clay, and optimum moisture. Test reports from the Lab will show the results of the
tests.

Your main concern are that the materials pass the tests and are accepted, and that maximum density and optimum
moisture values are obtained and used in determining whether the moisture-density requirements are subsequently met,
The Proctor test results normally come back in about two days after you submit the samples.

Checking

Although the Lab will be testing the sand-clay samples, you should check the thoroughness of the mixing. Make visual

and hand checks frequently, observing whether or not the sand and clay have been completely blended and mixed into a
homogenous mixture.
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QUIZ

Thoroughly mixed and properly proportioned sand-clay material;

__ A. will have the required bearing value.

__ B. will have concentrations of sand.

— C. can be compacted to the required density.
___D. will have clay balls.

The base materials should be mixed as soon as possible after being dumped and spread in order to take advantage of the

Natural blends of sand and clay do not have to be mixed. True or False?

How should sand and clay from separate pits or sand and clay blended in a stratified pit be mixed?

When the specified compacted base thickness is greater than the base must be constructed in two or
more courses.

The separate courses should be approximately equal in thickness. True or False?

What procedure should be followed to join separate courses together and avoid the formation of compaction planes?

How should you check the thoroughness of the mixing?
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COMPACTING

Atfter the sand and clay are thoroughly mixed and the Lab approves the mixture, compaction may begin. The Contractor should
start the compaction right away, unless the blend is a borderline case. That is, if it is possible that the proportions of sand and
clay are not what they should be, the Contractor will want to wait for the results of the tests for L.B.R, Proctor and clay to the

materials. In any case, compaction s usually achieved by sheepsfoot rollers. Passes are made until the rollers’ feet walk out
of the base material.

During compaction, and as you perform moisture-density tests, you should keep the Contractor informed of the moisture
content of the base. Note carefully the moisture content at which the maximum density is obtained and use this percentage as
a guide for the subsequent compaction of other sections.

Adjustments often are needed in the moisture content of the base. When watering is necessary, the water must be uniformly
mixed in by disking to full base depth. In multiple-course construction, you should be sure that wetting/disking operations in an
overlying course do not disturb the density of the underlying course. An alternate way of watering is to make a uniform
application, at night, allowing the moisture to settle in and become throughout the base by the next morning.

If the base is too wet, the materials should be aerated to allow the excess moisture to evaporate. Aerating usually is done by
windrowing and harrowing provided enough care is taken to prevent the breakdown of the material , if its integrity is affected the

material must be removed. Care must be taken to control the water content. The solution of letting it dry under the sun,

scarifying, aerating, or adding new material is never better than proper planning. Being that base material is very susceptible to
changes in moisture, study each situation for the following:

1) If heavy rains are expected, every effort must be made to prevent washouts.
2) If not firm, yielding, or spongy, too much water was used in that area.
3) The improper equipment was used and vibration caused water to be pumped up from lower layers.

4) The retained water in the underlayers was not allowed to escape the roadway.
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Then, the material is bladed back, usually in two or three layers. Each layer must be compacted following its placement. During
the mixing and compacting, the Contractor should take precautions to prevent washouts of the base. At the end of each
working day - especially on days when rains are expected - he should seal the entire area being worked by lightly compacting
the top of the base. Traffic rollers work well for this sealing.

As we have mentioned, traffic rollers are normally used in the final stages of compacting —to smooth, seal and obtain final
compaction of the finished base course.
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QUIZ

In borderlines cases, the Contractor may want to wait for the results of the tests for '
, and before beginning compaction.

One way of adding water to sand-clay base in order to adjust the moisture content is to mix in the water uniformly by
to the full base depth.

Aerating usually is done by and

What should the contractor do to prevent washouts?
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TESTING

The compacted base course must be tested for moisture content and density according to the procedures discussed in the
Earthwork Inspection training course. You should follow the minimum test frequencies in the Sampling, Testing and Reporting
Guide. Remember, the frequencies shown in the Guide are minimum frequencies. As an Inspector, you can and should

perform tests whenever and wherever you feel they are necessary to determine the actual density and moisture content of the
base.

The minimum density requirements for sand-clay bases are 98 percent of the maximum density for the travel portion of the
base and 95 percent for areas outside the travel roadway (crossovers, turnouts, etc.).

For multiple-course bases, the moisture-density tests must be run on each separate layer. In other words, before each
succeeding layer is placed, the underlying layer must be tested.

We mentioned the importance of keeping the Contractor informed of the moisture content at all times. Moisture is critical in
sand-clay bases, and its uniformity throughout the materials is absolutely necessary. Ideally, the moisture content should be
maintained at a percentage point or two below optimum during the compaction operations.

FINISHING

After the sheepsfoot roller walks out of the base, the top of the bases should be brought to the plan grade and cross sectioned
by grading.

The final rolling - usually done by traffic rollers (as seen on the following page). follows the blading. This final rolling achieves
the final compaction and seals and smoothes the base surface.

Additional blading will be necessary to trim high areas and rework low areas of the bases. When completed, the finishing
operations should produce a base course complying with the plan grade and cross section.

As with limerock base courses, watch out for scabbing during the finishing of'sand-clay bases. As you recall, scabbing is

chiefly caused by pushing material into low areas and compacting it to bring the areas up to grade. Be sure that the Contractor
properly prepares low areas by scarifying them before adding material and compacting it.
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QUIZ

Are the frequencies shown in the Sampling, testing and Reporting Guide maximum frequencies for testing?

The travel portion of sand-clay base courses must be compacted to at least percent to the maximum density.
For multiple-course bases, the moisture-density tests must be run on:

____A. altemate
__ B. the final course only.
__ C. each separate layer.

Ideally, the moisture content of sand-clay bases should be maintained at during compaction
operations.

The plan calls for 203.2mm sand-clay base course. Atone point you measure the thickness of the complete base and find it to
be 193.6mm. Is the base within the thickness tolerance at this point?

When the plans indicate material pits, does the Contractor have the option of using them or finding his own?

When the materials and the pits are approved, the Lab issues the for the sand and clay.

Briefly describe the three conditions in which sand and clay may be found:
1.

2.
3.
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QUIZ, continued

How should the excavating equipment remove materlal from the separate strata in a pit?

FRONT-END LOADER

Can the equipment shown to the right be used in excavating material from different strata
in a cut?

What equipment typically is used in spreading the sand and clay?

Which of the following should be used to mix the sand and clay when these materials come
from separate pits?

___A. motor graders.
. B. sheepsfoot roller.
__ C. jersey boxes.
___ D. rotary tillers.
__E. disk harrows.

Should spreading begin as soon as possible after the materials are dumped on the subgrade?

When the sand and clay are spread in separate layers, who should determine the order in which they are placed?

Which is usually spread first?

A haul truck has a capacity of 9.5m. The base material is to be spread to a loose thickness of 100mm. The base course is to
be 3.6m. What should be spread distance (to the nearest foot) for this truckload?
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QUIZ, continued

How can you verify the correct proportioning of the sand and clay (when they are placed in separate layers)?

Besides checking the depth of the spread material, you should check for of spread.

Should natural blends of sand-clay be mixed on the roadway?

You are inspecting sand-clay base construction in which the sand and clay come from separate pits. During the mixing
operations, a disk harrow is used to continuously mix and cut the material. How should the motor grader be used?

One way of adding water to sand-clay base in order to adjust the moisture content is to mix in the water by disking. What is an
alternate way?

Aerating is done reduce the moisture content of base materials. How is the aerating usually accomplished?

What should the contractor do to prevent washouts?

Should you ever perform moisture/density tests more frequently than indicated in the Sampling, Testing and Report Guide?

The traveled portion of sand-clay base courses must be compacted to at least percent of maximum density.
Crossovers and turnouts should be compacted to at least percent of maximum density.

Should you perform density tests on the first course of a multiple-course base?
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QUIZ, continued
During compaction operations, the moisture content of sand-clay bases should be maintained at:
___A. the optimum percentage plus seven percentage points.
__B. saturation.

—_ C. a percentage point or two below optimum
___D. five percentage points below optimum.

What will happen if the Contractor fails to scarify a low area before placing and compacting new material in it?
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9
FINAL INSPECTION OF BASIC COURSES

INSPECTION OF COMPLETED BASES

Completed limerock base courses must be inspected and checked for defects, surface iregularities and depth (thickness).
Let's discuss these different checks and inspections.

DEFECTS INSPECTION

You should inspect the completed base course for the defects we discussed in connection with finishing operations. Of
course, it is better to discover such defects while construction is still in progress. That's why we discussed the repair for such
defects in connection with finishing the base. Still, even when most of the defects are found and corrected early, you should
keep watching for others while observing templet and straightedge checks.

TEMPLET AND STRAIGHTEDGE CHECKS

Templets and straightedges are used to find surface'irregularities greater than %4” (6mm) in the completed base course. All
areas higher or lower than %" (6mm) from the plan grade of the finished base must be corrected.

Templets are made of wood or metal and are cut to the required crown of the completed base course. A templet is shown in
the diagram below:

Templets are placed transversely on the base at frequent intervals. Templet checks are made at a minimum of 50 foot
intervals. Of course, the surface should be checked at any points that appear to have irreguiarities.

Sometimes it is difficult to use templets for checking the base in curb and gutter (municipal) sections. In these cases, string
lines should be used instead of the templets. The Inspector should obtain the Project Engineer’s approval for this substitution.
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Fifteen-foot straightedges are used to check for surface itregularities longitudinally. The straightedge should be placed parallel
to the centerline at 50 foot (15mm) intervals.

Sometimes the backs of templets are used as straightedges. This is acceptable - in fact desirable - since the templets

normally are much longer than 15 feet (4.57m). This means that 3 @ (5.mm) irregularities are more noticeable. Of course, the
requirement is that a 4.572m straightedge be used.

All surface irregularities greater than 3 inches (75mm) must be corrected by:

scarifying;

removing or adding rock as required;
reshaping; and

recompacting

Sound familiar? This is the same basic procedure we discussed earlier for repairing defects.

DEPTH CHECKS

The final depth or thickness of the base should be determined by measuring through holes made in the limerock. The holes

must not be less than 3" (75mm) in Diameter. They should be made at the intervals specified in the Sampling, Testing and
Reporting Guide, and at various points on the cross section.

Areas of the completed base that are deficient in thickness by more than 2@ (10 mm) must be corrected by scarifying and
adding limerock. The correction must be made for a distance of 100'(30m) in each direction from the edge of the deficient
area. The entire area must be compacted properly and shaped to the required thickness and cross section.

In certain special cases, deficient area may be left in place - if it is determined that they will not seriously reduce the strength

of the base course. Approval for leaving the areas in place must come from higher authority, and payment will not be made for
these areas.

The Contractor should perform the surface irregularity and depth checks and you should closely observe. Be sure that you are
satisfied that the specification requirements have been met, and document the results of the checks in a field book.
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FINAL BORING

After you and Project Engineer are satisfied that the course has the proper density, grade, width, thickness, etc., you should
make final boring to determine average thickness. The average thickness of the base is used in calculating the total square
yards of limerock base course that will be paid for.

Measure the hole to the nearest 1/10 of an inch (2.5mm) and record the resuits in a field book. Follow the frequency shown in
the Sampling, Testing and Reporting Guide. When Finishing, turn in you field book to the Project Engineer. Test results will be
put into a computer to calculate the average thickness.

Notify the District Lab when you have finished a section of base course (before you make the final boring, if possible). They
will have to make an independent assurance inspection for thickness measurements.
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Quiz

Once you've watched for scabs, cracks and other defects during finishing operations, should you stop looking for them
after the base course is completed?

Templets and straightedges are used to find

All areas of the base surface that are higher or lower than must be corrected.

Templets are made of or and are cut to the required
of the completed base course.

instead of templets - may be used to check for surface irregularities in curb

and gutter sections.
Which of the following statements about straightedges are true?

___A. should not be under 4.5m long.

___B. should be placed transversely on the completed base course.
—_ C. should be at least 6.0m long.
___ D. should be placed parallel to the centerline.

Thickness checks should be made through holes not less than in diameter.

Areas of the completed base course that are deficient in thickness by more than must be corrected for
a distance of in each direction from the edge of the deficient area.

Final boring are made to determine , Which in turn is used in calculating the total area of

completed base course to be paid for.

GO TO DOCUMENTATION.
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DOCUMENTATION

Base course construction, justlike all other work, must be well documented. Documentation is part of your overall inspection
activities.

You should document base course construction by completing the Daily Report of Construction and making entries in one or
more field books. Typical entries in field books include the resuits of depth and surface irregularity checks and final boring. [n

setting up your field book entrigs, use a format that is neat and well organized. Make accurate and complete notations, being
sure to indicate date, location and results.

You are familiar with Daily Reports of Construction from the chapter about subgrade. These Reports are used to compile the

Daily and Weekly Project. Diaries at the project office. An example of a Report completed for limerock base course
construction is shown on the next page. Study the Report shown on the next page, then go on to the next chapter.
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10
PRIME COATS

INTRODUCTION

Prime coats are protective bituminous coatings applied to finished base courses. Prime coats consist of a thin layer of liquid
asphalt {bituminous) material covered by a light application of sand. All base course except hot bituminous base requires prime
coats. You will also see “sand-seal coat” construction. Sand-seal coats are really just a special type of prime coat.

In this chapter, we will divide our discussion into following area:

material acceptance and control;
equipment;

construction operations;
inspection procedures; and
documentation.

GO TO MATERIALS ACCEPTANCE AND CONTROL.
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MATERIALS ACCEPTANCE AND CONTROL

There are two materials that must be approved and controlled for prime coats; the bituminous material and the cover
aggregate (sand).

BITUMINOUS MATERIAL

Types of Prime

The Standard Specifications designate the following liquid bituminous materials for prime;

° cut-back asphalt;
® emulsified asphalt; and
. other types of material as may be called for in the plans or special provisions.

The Contractor may use any of the types of material referred to above, unless a specific material is required by the plans or

special provisions. Types other than those specified above may be allowed if the Contractor can show that they perform just as
well.

All bituminous materials must meet the specification requirements. As an Inspector, you will obtain and submit job control
samples of the prime to the Central Lab. We will talk about sampling procedures next.
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SAMPLING DEVICE

- valve

Discharge pipe

Sampling Procedures

You obtain samples of bituminous material through sampling devices — spigots -attached to the distributor tanks. The FDOT
Field Sampling and Testing Manuai (in Methods FM 1T040) shows two approved types of sampling devices that you will
encounter. One of these devices is shown in a simple diagram above. For more details, consult the Field Manual.

Samples are discharged from distributor tanks into sample containers. These containers must be new, clean and dry. They
should not be washed or rinsed.

Different sample containers should be used for different bituminous materials - according to the Sampling, Testing and
Reporting Guide.
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To obtain samples of prime, follow the steps listed below:

1. Be present when the distributor arrives at the project. Draw off at least one gallon of material from the spigot
(sampling device) before taking your sample. Drawing off one gallon or more of material ensures that your
sample is representative. The gallon that has been drawn off should be properly discarded.

2. Now, draw off enough material to fill the sample container. You also will be required to obtain a check sample.
Take it right off the sample. Do not transfer sampling from one container to another.

3. Seal the sample container immediately. Emulsion jar lids should be sealed with masking tape. Any spilled
material on the containers should be cleaned off with a dry cloth, not with a solvent.

4. Complete a Sample Transmittal Card, attach it to the container and send the sample to the Laboratory.

Obtain your sample of prime material according to the Sampling, Testing and Reporting Guide. In addition to obtaining and
submitting samples of the prime, you must also collect the delivery tickets that have certification stamps.

These stamped delivery tickets certify that the materials met State specifications at the source. Transfer the information on the
delivery tickets to the Sample Transmittal Cards, and then submit the tickets with the Daily Reports to the project office.

COVER AGGREGATE

The only requirement for the sand used as cover aggregate on prime coats is that it be clean. In other words, the sand must be
free of foreign materials - especially clay balls. during the spread and left on the prime.

You will not be required to obtain and submit samples of sand for cover aggregate.
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QUIZ

Prime coats are coating applied to finished base courses.
According to the Standard Specification, which of the following may be used for prime:

___A. asphalt cement.

___B. emulsified asphalt.

___C. cut-back asphalt.

___ D. other types of material as may be called for in the plans or special provisions.

You obtain sample of prime through attached fo the

Sample containers must be new, clean and

What should you do immediately before drawing off a sample of prime from a distributor tank?

What should you seal sample containers?

What shouid you complete and attach to sample containers?

What must you collect and submit with your Daily Reports?

What is the requirement for sand used as cover aggregate?

Okay? Now, go to Equipment.
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EQUIPMENT
The equipment used in prime coat operations include:

cleaning equipment;
water truck;

asphalt equipment; and
traffic roller.

We will discuss each type of equipment, however we will concentrate on the asphait distributor.

CLEANING EQUIPMENT

Cleaning equipment is used to sweep the base surface before the prime is applied. All loose material, dust, dirt, caked clay
and other foreign material must be removed to full width of application. Leaving these materials on the surface would prevent
the prime from bonding to the base. Particular care must be taken in cleaning the outer edges of the width to be primed. One
type of cleaning equipment is the power broom, an example of which is shown above

WATER TRUCK

If the base surface is quite dry, water may be sprinkled on it lightly from a water truck. Then the base is rolled (by traffic rollers}
before priming takes place. A gravity-type water truck is shown at right:

ASPHALT DISTRIBUTOR

An Asphalt Distributor is the combination of a storage tank and a truck. The
truck is insulated and equipped with a heating system that can heat the
asphalt uniformly and safely within specified temperature limits. These limits
are set to provide the best application of hot liquid asphalt as the truck moves
along the roadway.

Now let's discuss the individual parts and requirements of asphalt distributors.
First we will discuss distributor calibration.
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Calibration

Asphalt distributor tanks use calibration charts in
order to determine the quantities of bituminous
material supplied by them. Each distributor has a
calibration chart which is used to convert
measurements of the distributor's contents into
gallons of bituminous material.

As an Inspector, you must verify that every distributor
has its calibration chart. Check the calibration number
on the chart and be sure that the distributor has the
same number stamped on it. The chart will indicate
where the stamp is located on the distributor, how to
measure the distributor tank and how to convert the
measurements to gallons. We will discuss measuring
distributor tanks and using calibration charts later in
the chapter.

Sampling Device

Asphalt distributors must have serviceable discharge
pipes or spigots from which samples of the prime can
be taken. You saw an example of such a sampling
spigot on page 10-3.

Tires

Asphalt distributors must have pneumatic tires wide enough to avoid breaking the bond of forming ruts in the base surface.
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QuiIZ

Before the prime is applied, the base surface must be

Particular care must be taken in cleaning the of the width to be primed.

may be sprinkled lightly on the base before the priming takes place.

Asphalt distributor tanks are:

Al insulated
___B. calibrated
— C. refrigerated
___D. heated.

How should you verify that the correct calibration chart is being used with the distributor?

Calibration charts are used to convert tank measurements into of bituminous material.

How are samples of bituminous material obtained from distributor tanks?

Who obtains these samples?
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Thermometers

The temperature of the bituminous material has to be with specified range at the time of application. Because of this, there
must be some way of checking the temperature. These thermometers measure the average temperature of the bituminous
material in the tank. !t is an average temperature because the material in the tank is circulating.

-3 . Pump

-

- _ ' Spray bar

Circulation System

The circulation system uses a pump to exert a uniform pressure which is registered on a gauge on the distributor. The uniform
pressure:

e circulates material in the tank;

® sprays material through the spray bar or hand spray; and
® draws material back into the tank from the spray bar or hand spray.
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QuIZ

The thermometer measures the average temperature of the bituminous material because the material is
uniformly through the tank.

Prime is forced from the tank by the

To check pump pressure, refer to the on the distributor.

Next, we will talk about the Application Equipment.
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Application Equipment

Prime usually is applied to the roadway through a
spray bar with pressure nozzles. The spray bar folds
out and can be extended to various application widths.
By opening and closing specific nozzles, different
spray widths are obtained. Spray bars also are
adjustable vertically, to increase or decrease the
distance between the spray and the road surface.

-The nozzles themselves have requirements tco. The
distance between the centers of the openings of the
outside nozzles must be equal to the width of the
application required within a tolerance of two inches.
The nozzles should be parallel to each other and at an
angle of approximately 15 degrees to the spray bar.
The nozzies should be clean and open. It will be
necessary before making the initial application of
prime.

In some area where the spray bar cannot be used, prime may be appiied through a hose connected to the pump discharge. On
the end of the hose is a hand spray. The hand spray should be used for priming confined or small areas only.

Whichever means are used to apply the prime, the asphalt distributors must be able to apply it at controlled, uniform rates.

Tachometer

The bituminous material application rate depends on the spread of the speed of the distributor and the pump (spray) pressurs.
Both should be held constant to obtain uniform coverage. Holding a constant speed is much easier if the driver can referto an
accurate tachometer.

Be sure the truck has a tachometer capable of accurately registering truck speed in ft/sec (m/sec). The tachometer should be
visible to the driver. Tachometers are operated by a wheel independent of the truck wheels, often called a bitumeter.
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QUiz » ‘4.1

Label Parts 1,2, and 3: Wy,

1 k - ), J
2.
3.

Are spray bars vertically adjustable?

Prime is sprayed into confined areas with a

it

Asphalt distributors must be able to apply prime at and

A wheel independent of all truck wheels can be used to operate the

called a

The prime application rate depends on

rates.

. The independent wheel often is

GO on to SPREADING EQUIPMENT.
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SPREADING EQUIPMENT

The sand-cover aggregate must be spread uniformly over the primed bases. Usually, the sand is spread by rotary tailgate
spreaders. These spreaders are specially equipped trucks that both haul and spread the sand. At the rear of such trucks the
sand is funneled onto spinning blades that throw the sand evenly onto the surface of the primed base.

Sl

! e —

Thass,

Traffic rollers are used to roll the primed and sanded base. The rollers help to work the particles into the prime so that they will
stick. This also aids in curing the prime more rapidiy.

10-14







QuIZ

What is the main requirement for the spreading of the sand on primed bases?

Usually, the sand is spread by , spreaders.

rollers are used to roll the primed base.
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CONSTRUCTION OPERATIONS AND INSPECTION

To discuss the prime coat construction operations and your inspection of them, we will divide this section into the following
areas:

@ preparation for priming;
® asphalt distributor operations; and
® sanding and rolling.

PREPARATIONS FOR PRIMING

We can further divide the preparations for priming into several areas:

base condition and moisture content;
weather limitation;

application rate and temperature; and
protection of surrounding surfaces.

Let's start with Base Condition and Moisture Content,

Base Condition and Moisture Content

As we said earlier, before prime coat is applied, the base should be cleaned of alt loose material, dust, dirt, caked clay and
other foreign material that would prevent good bond from forming between the prime and the base course surface. In addition,

the base surface itself must be in good condition, having met all the requirements discussed previously in this course for
finished bases.

Moisture content is also important. The moisture content of base course at the time of prime application should not be greater

than 90 percent of the optimum moisture. The Project Engineer will determine whether or not the moisture content is proper
from the moisture/density tests.
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Weather Limitations

The weather conditions should also be proper when priming begins. The air temperature in the shade must be above 40°C.

Naturalily, prime should not be applied during or soon after rains, as the water will prevent the proper application of the prime.

Likewise, high winds will interfere with the spreading of the prime. Good judgment should be used in deciding whether or not
-all weather conditions are satisfactory for priming.

Application Rate and Temperature

Enough prime must be applied to base courses to completely cover the surface with a thin film but not so much that the prime
will run to the edge and puddle. Normally, an application of about 0.1 to 0.2 gallon/ per square yd (0.5 to 0.9 liter per square
meter) will work depending on the type of base. Local conditions, however, may require an increase or decrease from this
range.

The Standard Specification stipulate the minimum application rate for the different base courses. Limerock bases, for example,

require an application rate of not less than 0.1 gallons per square yd (0. 5 liter/m?). Sand-clay bases, however, must be primed
at not less than 0.2 gallons/square yd (0.7L/m?).

The responsibility for designating the application rate lies with the Project Engineer. The Contractor must apply the prime at the
designated rate, and you must verify that he does so.

We mentioned earlier that the prime must be heated to a designated temperature for application. The specification range of
temperatures for prime is between 100°F (40°C) and150° F (65°C). The Project Engineer will specify the best temperature to
ensure a uniform distribution of the prime.

Protection of Surrounding Surfaces

Where the prime is applied adjacent to curbs, gutters and other concrete structures, the concrete structures and the concrete
surface must be covered with heavy paper or otherwise protected as approved by the Project Engineer. Any bituminous
material sprayed on such surfaces must be cleaned off immediately. The exception to this rule is when the concrete surfaces
are to be subsequently covered by a bituminous wearing course-in which case the surface does not need to be protected from
the priming.
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ASPHALT DISTRIBUTOR OPERATIONS

Distributors used to apply prime must be capable of applying it at correct rate uniformly along the entire width and length of the
spread. While it is the Contractor's responsibility to obtain satisfactory prime coats, you should be able to recognize good and

bad jobs and be familiar with procedure and equipment conditions that cause them. You will have to ensure that good prime
coats are applied.

Application Method

The distributor spray bar connected to the pump discharge on the distributor has several pressure nozzles that should
distribute the liquid asphalt evenly as the distributor moves along. As we mentioned earlier in the chapter, the distance
between the center of the opening of the outside nozzie must be equal to the width of application require within a tolerance of
50.0mm. The application width can be adjusted by closing or opening nozzles.

All the spray nozzles should be opened uniformly to achieve a uniform coverage. Also, all the nozzles must be clean,

unclogged and adjusted properly. Nonuniform nozzle openings and clogged nozzles will produce a un-uniform prime coat with

streaks of thickly and thinly covered or bare pavement. Often the Contractor will ‘blow out” the spray bars to be sure that all
nozzles are open and adjusted properly.

I
VVVVVVY VY VY VYV Vs

surface

Distance between centers of outside nozzles »{ Spray bar

e A R T AN My S T 0 D TR T AR
Required application width ’{
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Earlier we said that uniform prime application could be achieved by holding the speed of the distributor and the pump (spray)

pressure constant. From the preceding discussion we see that nozzle cleanness and proper adjustment are also necessary in
obtaining prime coverage.

In summary, we can say that uniform prime coats can be achieved consistently when:

The prime is heated to the correct temperature;

The spray equipment is clean and properly adjusted;
The spray pressure is correct and constant; and
The speed of the distributor is correct and constant.

PWON =

Visually, you will recognize good prime coats by their thin, uniform appearance. We will discuss how fo determine actual
application rates and quantities after the quiz.
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Quiz
Which of the following should be cleaned from the base surface before priming begins?

A dirt ___ B. loose material ___C. dust
__D. oid tire ___E. caked clay __F. flattened piece of metal

The moisture content of base courses at the time of the prime application should not be greater than

Should you allow priming to begin if the air temperature, in the shade, is 8.3°C and other weather conditions are satisfactory?

Should enough primer be applied so that of it will run off the base?

Would 0.31 L/square meter prime normally be enough for lime rock bases?

Who will designate the prime application rate?

What is the specification range of temperatures for heating prime?

Before priming begins, what should be done to the curb and gutter that will not be covered by a bituminous course?

The application width of the spray bars can be adjusted by

Uniform prime coats can be achieved when:
___A. the spray equipment is clean and properly adjusted.
—__B. the spray pressure is correct and constant.
__ C. the spray bar is raised 150mm.
— D. the primer is heated to the correct temperature.
__E. the speed of the distributor is correct and constant.

GO TO APPLICATION RATES AND QUANTITIES
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Application Rates and Quantities

In inspecting priming, you often will need to determine the actual rate at which the prime is being applied. To find the correct
application rate, you must consider the temperature of the bituminous material. As we have said, the prime in the distributor is
heated for use. When prime is heated it expands. For example, 100 gallons (378.5 L} prime at 100°F (37.7° C) will have a
volume of about 105 gallons (397.4 L) when heated to 200°F (93.3°C). When large quantities of bituminous material are
involved, the differences are, of course, much greater.

To standardize the measuring of volumes of bituminous material, all quantities are based on the volumes of the material at
60°F (15.5°C). The department provides three tables with correction factors for converting volumes of bituminous material at
any temperature to the 60° F (15.5°C) volumes. The different tables are for the different types and grades of liquid bituminous
materials used in road and highway construction in the State.

The correction tabie for converting volumes of emulsified asphalt, Grade RS-2, is Table Iil and is shown on the next page.
Look it over briefly now. Then go on to the following page.
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Let's say the primer in the distributor is at 150°F (65.5°C). The beginning measurement showed that there were 350 gallons
(1324.8 L) in the tank. When the ending measurement was taken, there were 300 gallons (1135.6L) left in the tank. This
means that 50 galions (189.2L) at 150°F (65.5°C) were used. To convert 50 gallons (1 89.2L} at 150°C to gallons at 60°F
(15.5C) you would: '

1. Go to table.
2. Find 150°F (65.5°C) in the TEMP (temperature) column. (Notice that you read the table from left to right.)
3. Find the corresponding correction factor in the column to the right of 150°F (65.5°C). Itis 0.9780.

To convert 50 gailons (189.2L.) at 150°F (65.5°C) to gallons at 60°F (1 9.5°C), multiply 50 gallons (189.2L) by 0.9780.
50 gallons  (189.2L) @ 0.9780 = 49 gallons (185.4 L)
This means that 50 gallons (189.2L) at 150°F (65.5°C) is equal to 49 gallons (158.4 L) at 60F(15.5°C). Got that?

Let's see. Check yourself by taking the quiz on the next page.

10-24



Quiz

When prime is heated it

To what temperature do you correct volumes of liquid bituminous material?

Your beginning measurement shows 2857.9L. Your ending measurement shows 2687.6L. The prime is at
temperature.
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Did you get the correct answer for the quiz problem? If not, did you:

1. Find that there were 170.3 liters used at a temperature of 60°C?
2857.9 - 268.6 = 170.3L

2. Find that the correction factor for 60°C is 0.98047
TEMP, CORR.
60°C 0.9804

3. Muitiply 170.3 by 0.98047

170.3@ 0.9804 rounded to 166.5L.

Once you've found the number of gallons used at 15.5°C, you can determine the application rate in gallons per square yard.
But first, you must calculate the square yards covered.

For example, the beginning station of the priming operations is 3+96 and the ending station is 7+62. The difference between
the two is 366.0m. Right? (7+62 -3+96= 365.0m.) This means that 366.0m linear feet have been coated with prime. If the width
is 3.65, 1337.7 sq.m. have been covered.

366.0m @ 3.65m = 1337.7sq.m

To get square yards, divide square feet by 9.

1337.7 sq. m= 1,600 sq. m
0.8361 m5sq. m

The formula for finding the application rate of prime is:

Gallons per square yard = gallons of prime at 15.5°C
square meter covered

For example, Liter per square meters = 1029.6L. at 15.5°C =0.17
1,600 square meters
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Quiz
Using the following preceding information, answer the questions below:
The prime in a distributor tank is at 56.1°C. Your starting measurement shows that 5413.1 L of material are in the tank. Aftera

3.6m strip of roadway between stations 17+00 and 23+59 is primed, there are 3626.4L remaining in the tank.

How many gallons of prime at 15.5°C were applied? (nearest whole Liter) (Use the correction table.)

How many square meters of roadway were primed

What was the application rate? (nearest hundred of a Liter per square meter).
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Measurement of Prime in Distributors

You know how to correct quantities of liquid bituminous materials to their 60°F (15.5°C) volumes using the correction tables.
Also, you know how to determine application rates by dividing gallons of prime 60°F (15.5°C) by the square yards covered.
However, we need to back up for a moment. Just how do you measure the amount of prime contained in the distributors? We
will discuss that now.

Using Calibration Charts: As you know, we must determine the quantity of prime in the distributor at the Start of the operation
and again at the end of the operation. You recall our discussion of distributor calibration charts earlier in this chapter. Each
distributor must have one and it must be made and/or approved by the State Materials Office and Research.

The charts record depth measurements of the prime in the distributors to exact quantities (liter) of material. The charts are in

the form of computer printouts, although you may actually use smaller copies of the charts in the field. Each chart consists of
several pages.

The first page of a typical calibration chart is shown on the next page. Look it over and carefully read the explanation that
follows on page 10-38.

Notice the following information especially:

¢ This calibration chart pertains to a specific tank - No. DOT 2027. For verification that the correct chart is used with
this distributor tank, compare the tank number in the one stamped on the left rear bumped of the distributor.

® Data concemning the owner, make, dimensions and calibration of the tank are provided.

® Starting with ““NOTE,” instructions are given as to how and where to measure the tank:

- All measurements may be made from the top of the dome to the prime and only when the tank is level.

- Measurements must be made in inches and sixteenths of an inch. These measurements represent the number
of gallons remaining in the tank.

- The tank must be tited and drained in order to obtain a measurement equaling zero gallons.

Can you read and understand the chart on the previous page? Notice the circled figures at the bottom. The 2/03 means 2 3/16
inches (55.5mm). Right? When your measurement from the top of the dome to the surface of the prime is 2 3/16 inches
(55.5mm), there are 1647 gallons (6234.5liter) of prime in the tank. Now try the quiz on the next page.
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QUIZ

Shown below is a section of

page from the calibration chart we just discussed. If you measured the prime in Tank No. DOT
2027 as 21 14/16 inches (

555.5mm), how much bituminous material is the tank?

Who makes and/or approves calibration charts?

Which of the following describes the proper way to measure in Tank No. DOT 20277

__ A from top of dome to bottom of tank
—__B. from bottom of dome to surface of material

—_ C. from top of dome to surface of material
___D. when tank is tilted

___E.whentank s level
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Taking the Measurements : To measure from the top of the talk dome to the surface of the bituminous material, you should use
a straightedge and a ruler in the following manner:

1. Being sure that the tank is level, lay the straightedge across the center of the open dome.

2. Measure from the bottom of the straightedge to the surface of the material. (The bottom of the straightedge is
at the same level as the top the dome.) Be sure to just touch the surface of the material.

3. Read the measurement in millimeters to the nearest millimeter.

This diagram illustrates the Straightedge Rule
procedures. Follow the same
steps in taking both starting

and ending measurements.
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Quiz

When measuring the level of prime in a tank, lay the straigh_tedge

You should use a to measure from the of the straightedge to the
of the prime.
Read your measurements to the nearest of a
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Record of Bituminous Materials

As an Inspector, you will be required to document the application of prime by completing a Record of Bituminous Materials
(Form 600-090-80)

The Record of Bituminous Materials is simple to complete. Its completion involves the same procedures as listed beiow and
which we have discussed in this section of Chapter Ten. The procedures begin with:

verifying that the correct calibration charts are used with the distributor tanks:
measuring the starting and ending depths of bituminous material in the tanks:

using calibration charts to determine quantities of material based on material depth;
calculating quantities of prime applied to roadway;

correcting heated quantities of prime to their volumes at 60°F (15.5°C)

calculating square yards covered and application rates.

Study the complete example Record of Bituminous Materials on page 10-33.

Refer to the form on the previous page and note the following:

Project-related information must be entered at the top of the form including the Type of Construction, the Data
Delivered (date prime is applied) and the Correction Table used.

The Delivery (Ticket) No. And DOT Calibration Tank No. Must be record

The Before (starting) and After (ending) tank measure must be entered, to the nearest sixteenth of an inch (tenth of
mm), and the calibration chart be consulted to determine the number of galions in the at each time.

The Temperature of the heated prime must be recorded.

The Net Gallon (Liter) (HOT) must be determined by subtracting the After Gallon (Liter) from the Before Gallons
(Liter) Band entered.

Correction Table Il must be consulted to determine and record the Correction Factor.
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The Net Gallon (Liter) (HOT) must be corrected by the GALLON (Liter) @ 15.5°C (60°F) by multiplying the Net
Gallons (liter) (HOT) by the Correction Factor - and entered.

If a sample of prime is obtained, the sample number must be recorded.
The Sq. Yds. (Sq. m) covered by the prime must be computed and entered.

The Spread (application rate) must be calculated by dividing Gallon (Liter) @ 15.5°C (60°F) by Sq. Yds. (Sg. m.)
covered and recorded.

Your signature must be added at the bottom of the form.

Enter any necessary remarks needed to clarify your work such as the station numbers between which priming was
done.
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QuUIZ

Refer to the completed Record of Bituminous Materials on the preceding page to answer the following questions:

How many different days are reported in this record?

How many different asphalt distributors were involved?

Why was the Correction Factor different on May 77

The Spread on May 8 has not been determined and recorded. Calculate it.
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SANDING AND ROLLING

As soon as possible after the prime is applied to the base, the sand should be spread. Your main concern with the sand
application is that it is uniform. Every part of the primed base should be covered.

As we mentioned, the sand usually is spread by rotary tailgate spreaders. Traffic rolling should closely follow the spreading

operation. The rolling will continue until all the sand that the prime will take has a chance to stick and shows no tendency to be
picked up.

All excess sand should be swept off the base as it is no longer is of any use. In fact, leaving it to the base is detrimental
because it will absorb water and delay the further curing of the prime. By “curing” we mean the process by which the prime

sets and forms a tight, impenetrable coating on the base. The power broom we saw earlier is effective in removing the excess
sand.

DOCUMENTATION

We have already covered one part of the documentation of prime coat operations, that is completing the Record of Bituminous
Materials. Information from the Record is used to complete the Daily Report of Construction for priming.

10-37



QUIZ

Prime coats are coating applied to the finished base course.

Is cut-back asphalt an acceptable prime material?

When you obtain samples of prime you should first draw off and waste at least of the material. What does this
procedure ensure?

Sample containers for prime shouid be:

___A.clean
___B.cloth
—_C.dry
__D.old

What can you find on delivery tickets that will help you in completing Sample Transmittal Cards?

The sand used for spreading on primed bases must be

Particular care must be in cleaning the of the width to be primed.

Should all asphalt distributors be calibrated?

How should you verify that the correct calibration chart is being used with the distributor?

To check distributor pump pressure, refer to the on the distributor.
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Areas inaccessible to the spray bars may be primed through

Asphalt distributors must be capable of applying prime at controlled and

Usually sand is spread by spreaders.

The moisture content of base courses at the time of prime applications should not be greater than:

___A. 90 percent of the optimum moisture.
___B. 17 percent.

__ C. 105 percent of optimum moisture.

It is not raining. There is no strong wind. The air temperature is 38°F (3.3°C) in the shade. All other weather conditions are
excellent. May priming begin? :

Is a prime application rate of 0.12 gallon (0.54 L/m8) per square yard usually enough for sand-clay bases?

The will designate the rate.

By opening or closing nozzles the of spray bars can be adjusted.

When prime is heated it
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To what temperature are volumes of liquid bituminous materials corrected?

Using the following information, answer the next three questions:

The prime in a distributor tank is heated to 125° F(51 -6°C). Your starting measurement shows the 1,215 gallons (4599.2 L) of
material are in the tank. After a 12-foot (3.6m) strip of roadway between stations 32+24 and 37+64 is primed, there are 738
gallons (2793.6L) remaining in the tank.

How many gallons of prime at 60°F (15.5°C) were applied? (nearest whole Gallon/ Liter) (Use the table on page 10-
31.).

How many square yards (square meters) of roadway were primed?

What was the application rate? (nearest hundredth of a Gallon/ Liter per square yard/square meter)

Shown below is a section of a page from a calibration chart. If you starting measurement of the tank were in mm, and your
ending measurement were 20 9/16 inches (52.2mm), and your ending measurement were 21 6/16 inches (542.9mm), how
much bituminous material was used? .

Who makes and/or approves calibration charts?

Where do you document prime coat operations?

YOU HAVE COMPLETED THE TRAINING COURSE IN SUBGRADE AND BASE INSPECTION. BEFORE TAKING THE
EXAMINATION, YOU WILL WANT TO QUIZ YOURSELF ON THE ENTIRE COURSE. CHAPTER ELEVEN AND THE
REVIEW QUIZ WILL SERVE THIS PURPOSE.
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ANSWERS TO QUESTIONS

Page 10-6

protective bituminous

B,C,D

sampling devices (spigots); distributor tanks
dry

draw off and waste at ieast one gallon (3.7Liter)
immediately

Sample Transmittal Card

delivery tickets '

it must be clean

Page 10-11
e circulating

e uniform pressure
® gauge

Page 10-16
¢ Dial, it must be spread uniformly
e Circulated, rotary tailgate
o Pump, traffic

10-41

Page 10-9

cleaned

outer edges

water

AB,D

check to see that the calibration numberon
the chart is the same as the one stamped
on the distributor

gallons

through a discharge pipe or spigot
inspector

Page 10-13

1. spray bar

2. flexible hose

3. hand spray

Yes '

hand spray
controlled; uniform
tachometer; bitumeter
pump pressure



ANSWERS TO QUESTIONS (con't)

Page 10-21
All of them

Spray bar, 90 percent of the optimum moisture
Yes

No

No

Project Engineer _
Between 100°F (37.7°C) and 150°F (65.5°C)
Uniform cover with heavy paper or otherwise
protect tachometer; bitumeter

Closing or opening nozzles

e ABDE

K tate Materials Office

Page 10-29
e S
e ADE

Page 10-35
e four
e two
e the temperature of the prime was 5° lower than
on the other day
¢ 0.18 (gallons per square yard), 0.57 liter/m®

10-42

Page 10-25

expands
15.5°C (60°C)
44°C

Page 10-27

464
2409
0.7

Page 10-31

across the center of the open dome
ruler; bottom; surface
sixteenth; inch

Page 10-38
protective bituminous
Yes _
One liter, that the sample is
representative
AC
certification stamps
clean
outer edges
yes
check to see that the calibration
number on the chart is the same as
the one stamped on the distributor
gauge



Page 10-39

hand sprays
uniform

rotary tailgate
A

no

no

Project Engineer
application width
expands

ANSWERS TO QUESTIONS (con’t)
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Page 10-40

15.5°C (60°F)

1775.3 Liters

1973.2 sq. m.

0.63

117.3 Liter

Bureau of Materials and Research
Record of Bituminous Materials;
Daily Report



CHAPTER ELEVEN

Review Quiz

The things you learned in this course are going to help you do a better job as an Inspector. This Review Quiz is designed to
help you know how well you have learned. it is also designed to prepare you for the Examination.

Listed below are instructions on how to take the quiz.

1.

2.

Do not take this quiz immediately after you finish the course.

Do not cram the night before you take the quiz. Remember that the objective is not to test your memory. The
objective is to help you evaluate how well you have learned the material and how well you can think through your
everyday work problems.

When you take this quiz, make sure that you will not be disturbed for about an hour.
Attempt all questions.
You may refer to the course material if you get stuck on a question. But first try to reason out the problem.

Finally, keep track of your wrong answers, instructions on how to grade yourself following the Review Quiz are at
the end of this chapter: If you score less than 90% on the quiz, do not be disappointed. Go back and study the
course materials once again and then reattempt the quiz.

GOOD LUCK!
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11
REVIEW QUIZ

Subgrade operation can be divided into basic types. List them.

Which of the following vary according to the type of subgrade stabilization

A the type of finishing equipment

—.. B. the method of determining compliance with the bearing requi
___ C. the use of commercial or local materials

___D. the depth of which the subgrade is stabilized

—__E. the basic of payment for the work

The following description is for which typé of subgrade stabilization?

The Contractor may use either commercial or local materials. He will not b

performed?

rements

e paid separately for the stabilizing materials he

uses. The bearing value determinations are made by the L.B.R. Method. Type . stabilization.

Which letter indicates the subgrade in the typical section below?

“E” represents the




Who will set stakes for subgrade operations?

What is the name for the stakes used to control line?

Stakes help to maintain close control in checking the and of
the subgrade.

On a curve, what is the maximum interval for setting the stakes along the roadway?

Grade stakes may be referred to as

What is the offset of the grade stake identified by the guard stake shown at right?

- Front

‘D ‘NId d4 W'+

. What will be offset for the hubs on this job?

How is the exact line indicted on the hubs?

The embankment surface to be stabilized or treated must comply with the

requirements before the beginning of subgrade operations.
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Who is responsible for verifying this compliance?

Before any stabilizing material is spread on the subgrade, the roadbed must be brought to a plane approximately
to the plane of the proposed finished subgrade surface.

When cement-treated subgrade is constructed of central plant-mixed material, the underlying roadbed must be
when the material is spread.

Number the following documents according to governing order - with 1 being the highest, 2 the next highest and so on:
___ A Contract Plans

___B. Supplemental Special Provisions

___C. Special Provisions

___D. Standard Specifications

___E. Supplement Specifications

When the existing base material is to be incorporated into the subgrade, should it be used before or after other stabilizing
additives have been mixed in?

Who determines what material or combination of materials to use to obtain the required bearing values?

Where will you find frequencies for sampling, sample sizes, etc.?
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Using the completed Sample Transmittal Card above, answer the questions below.

What is the material number for this material?

What was the location of the sampling?
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What is the intended use for this material?

What kind and type of cement is used for cement-treated subgrade?

If the water to be used in a cement-treatment job comes from a city's water supply, may it be used without testing?

What should you do if the water to be used comes directly from a free-flowing stream?

The results of soil surveys are shownon and - __ sheets in the plans.

Is sand-clay material an example of a local material that may be used in subgrade stabilization?

Stabilizing additives may consist of:
A existing base material.
___. B. local material.
__ C. commercial material.
___ D. a combination of the above.
__ E. all of the above.

May subgrade materials, for stabilization or cement treatment , be mixed in an approved plant?

Subgrade mixing must be done with or other approved equipment.
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The most important thing about spreading additive stabilizing materials is that they be spread

Under Type B Stabilization, who determines the quantity of material to be added to the subgrade to achieve the required
LBR value?

Can the natural (existing) soils in the roadbed sometimes meet the bearing value requirements without the addition of
stabilizing materials?

Mixing is necessary even when the existing soil has the required LBR value without the addition of stabilizing materials,
True or False?

The stabilized subgrade particles must be small enough to pass a ring. How can you check for this?

Width and depth checks should be performed at maximum intervals of
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Using the diagram below, answer the next question.

Depih rod

Red is marked
in show depth
of suhgrade

Graie staki Battem of subgrade set te finished

ot 1o lintished subgrade

subgrade —
What is the subgrade depth at this point? below the bottom of the proposed base (top of finished

subgrade). Is the above subgrade depth satisfactory?

Sample of material from Type B stabilized subgrade must be submitted to the Lab and tested to determine the:

__A. maximum density

_ _B.LBR

__C.FBvV

___ D. percent of maximum density

___E. optimum moisture =
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Refer to the Standard Specifications excerpt and the typical section here. If test results on samples of the stabilized
subgrade material from State road S-158 are 44 and 38, do the samples pass the minimum design LBR?

Are LBR samples submitted to the Lab before compaction of the subgrade?

In addition to sampling at the minimum frequencies shown in the Sampling, Testing and Reporting Guide, you should also
obtain samples when

What is the general minimum acceptable density for stabilized subgrades?

Generally, compaction should begin after mixing is completed and the requirements are met for:

__ A. uniformity of mixing.
—__B. bearing vaiue.
- C. final shaping
—_ D. maximum particle size.
___ E. density.

What test will be done to indicate that certain areas of the stabilized subgrade do not meet the bearing value shown in the
plans?

Are additional bearing value tests performed on samples of stabilized subbase?
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If the string line in the illustration below is set 2 feet above the grade stakes, and the rule measures 24 inches from string

line to surface, is the subgrade built to plan grade at that point?

How can the completed subgrade depth (thickness) be inspected?

Grade stake set to : Grade stake set to
finished subgrade | finished subgrade

Must all layers and locations in the completed subgrade pass the density requirement before base course or pavement

construction begins?

For how long must you see that the Contractor maintains the completed subgrade properly?

What is the main thing you are interested in from soil-cement designs?
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List three typical compaction equipment used on cement-treated subgrade:
1.

2.
3.

List three general requirements for all equipment used in subgrade operations:
1.

2.
3.

How are spread distances marked?

Using the spread shest excerpt above, complete the “Total 8q. Yd.” and “Sta. to Sta.” blanks for truck number 411. The
subgrade width is 27 feet.
Total Sq. Yd -
Sta. to Sta. -

A certain transport holds 18,214.4kg of cement. The design application rate is 13.6kg.The subgrade is 6.4m wide. What is
the spread distance for this particular transport (to nearest meter)?
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CEMENT-TREATED SUBGRADE

DATE 6/26/75
TRK. | STA.TO |[LBS.SQ.| TOTAL | LBS. | THEO. | PAY QTY.| PAY QTX. | TIME
'NO. STA. YyD. | sQ.YD. |APPLIED| LBS LBS. LBS.
404 311 +00 - 34 682 23,202 34 23,202 11.60 7:30 AM.
308 +73
411 46,640 34

What should you collect from each cement transport as it arrives at the job?

Cement should not be spread:

___A_during rain

___B. at steady air temperature of 1.6:C

__ C. in high winds

___D. at the design application rate

When cement treatment follows lime treatment, what minimum amount should pass between the completion of the lime
treatment and the beginning of the cement treatment?

A canvas check of the cement spread is preformed. The canvas plus cement weigh 17.6 kg. The canvas alone weigh 2.0kg.
What is the application rate?
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When possible, the entire subgrade width should be mixed in:

___A. three or more passes
__ B. a single operation
_ C. five minutes

—__D. acement plant

May subgrade mixing be done to full depth in one course - if mixing and density requirements can be meet?
Normally, mixing must begin within minutes after the cement is spread.

What can be done to the subgrade whenever the moisture content exceeds the specified level?

By the central plant method, all the materials must be mixed for at least

What is the time limit for placement of the central-plant mixture in adjacent passes?

Is the dumping of soil-cement mixture in piles or windows on the subgrade acceptable?

What should you use to check the depth of cement-treated subgrade?

What tool should you use in checking for uniformity of mixing?

11-13



In a mixed, cement-treated subgrade, there should be no soil particles larger than .

For cement-treated subgrade, where are the maximum density and optimum moisture values determined?

Who makes these determinations?

When is the earliest that compaction can be started after mixing has been completed? |
When is the latest? . o

Cement-treated subgrades must be compacted to at least percent of the maximum density.

Areas of the subgrade that need additional soil-cement mixture in order to comply with the plans must first be lightly

Should cement-treated subgrade surface higher or lower from plan grade be corrected?

How is moisture retained in the subgrade before asphalt is appiied?

How long is the curing period?
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What three things should you verify during curing coat application?
1.
2.
3.

How many different kinds of base courses are included in the Standard Specifications?

The purpose of a base course is to

For tangent sections, the maximum interval for setting the stakes along the roadway is feet.

Generally, grade stakes are offset feet from the edge of mixing operations.

Bick

Is the grade stake above referenced to the top of the finished subgrade?

The grade stake is 13 feet from the

i you are to be the Base Inspector and did not inspect the subgrade operations, should YOU @rade :t;u

assume that the subgrade meets all the requirements?

o

Must spongy areas and ruts in the subgrade be corrected before the beginning of base course operations?
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Do the contract plans govern over the special provisions?

Incoming materials for base course construction must be from sources that are:

____A. nearby

___B. approved.

__ C. inspected by the Base Course Inspector
___D. stratified.

May both Oolite limerock and Ocala limerock be used in the same limerock base course?

The publishes a list of the approved limerock sources (pits) around the State.

What should you do when you learn of the Contractor's proposed source of limerock?

Base Material-Limerock reports show:

___A. whether the limerock is accepted or rejected.
___B. the maximum density and optimum moisture.
___ C. whether the samples passed or failed the tests.
___D. the loose depth of spread for each course.

Are three-wheeled (steel) rollers and traffic rollers usually used to compact limerock bases?

The subgrade should be moist before the limerock is spread in order to prevent
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You should observe limerock hauling on the subgrade to be sure that

When the plan thickness of limerock base course is greater than 6" (150mm), the base must be constructed:

__ A, within forms.
__B. in two courses.
— C. within 10 days.

Which of the following are true about the first course of a double-course limerock base?

___A. should be compacted and tested for density before the second course is placed
___B. should always be a maximum of 75mm (3") thick

— C. may require a light application of water before the second course is placed
—D. should be about half the total thickness of the finished bage

— E. should have a cross section templet approximately that of the finished base.

The spread limerock must be checked for:

__A. calibration

— B. segregation
__ C. foreign matter
__D. depth

Should the Contractor check the depth of the limerock as it is spread?

When the base is moistened or died - to obtain the proper moisture content for compaction - the work should be done to the
full __and of the course being compacted.
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How can you detect scabs in the base course?

When additional limerock must be placed in a low area to bring it up fo grade, the existing surface must first be

What tools are used to check limerock and sand-clay bases for surface irregularities?

All areas of the limerock or sand-clay base that is higher or lower than must be corrected.

Areas of completed limerock base courses that are deficient in thickness by more than must be corrected for a
distance of in each direction from the edge of the deficient area.

In sand-clay base operations, when the materials and pit are approved, the Lab issues the for the sand and clay.

Briefly describe the three conditions in which the sand and clay may be found: 1.
2. 3.

How should the excavating equipment remove the material from separate strata in a pit?
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Should a dragline be used to excavate sand-clay material from different strata in cut? __. How about a power shovel?

What equipment is generally used in spreading the sand and clay?

Which of the following should be used to mix the sand and clay when these materials come from separate pits?

____A. motor graders
___B. pulvimixers
— C. Jersey boxes
—__D. rotary tillers
__ E. disk harrows

When the sand and clay are spread in separate layers, who should determine the order in which they are placed?
What is usually spread first?

A haul truck has a capacity' of 13 cubic yards (9.9m). The base material is to spread to loose thickness of 5 inches (127mm).
The width of spread is to be 12 feet (3.6m). What should be the spread distance (to the nearest foot) for this truckload?

What is a good way for you to verify the correct proportioning of sand-clay?

Besides checking the depth of the spread material, you should check for of spread.

Should natural bends of sand-clay be mixed in place on the roadway?
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You are inspecting sand-clay base construction in which the sand and clay come from separate pits. During the mixing
operations, a disk harrow is used to continuously mix and cut the material. How should the motor grader be used?

One way of adding water to a sand-clay base in order to adjust the moisture content is to apply the water uniformly at night.

What is an alternative way?

How is the moisture content of sand-clay base material reduced?

What should the Contractor do to prevent washouts?

The traveled portion of sand-clay base must be compacted fo at least percent of maximum density. Crossovers and

turnouts should be compacted to at least percent of maximum density.

Should you perform density tests on the first course of a multiple-course base?
During compaction operations, the moisture content of sand-clay bases should be maintained at:

___ A the optimum percentage _... B. saturation.
__C. a percentage point or two below optimum ___D. five percentage points below optimum.
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What will result if the Contractor fails to scarify a low area before placing and compacting new material in it?

A straightedge check reveals an area 5/8 inch above the surrounding base. Should this area be corrected?

An under-tolerance of is allowed for the final thickness of sand-clay base courses.

Prime coats are protective coatings applied to finished base courses.

Is cut-back asphalt an acceptable prime material?

When you obtain samples of prime, you should first draw off and waste at least of the material. What does this procedure
ensure?

Sample containers for prime should be new, clean and

Where do the certification stamps for the prime material appear?

What are the requirements for the sand spread on primed bases?

Should all asphalt distributors.be calibrated?
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How should you verify that the correct calibration chart is being used with the distributor?

How should you check the distributor's pump pressure?

Asphait distributors must be capable of applying prime at controlied and rates.

Usually sand is spread by spreaders.

The moisture content of base course at the time of prime application should not be greater than:

__A. 90 percent of the optimum moisture. _._B.10percent. __ C. 105 percent of optimum moisture.

It is not raining. There is no strong wind. The air temperature is 43<F (6.1 C) in the shade. All other weather conditions are
excellent. May priming begin?

Is a prime application rate of 0.15 gallons per square yard (0.67Liter/m5 per square meter) usually enough for sand-clay
bases? . The will designate the rate.

The application width of spray bars is adjusted by

When prime is heated it: ___ A. contracts. ___ B. solidifies. ___C.cures. ___D. expands.

To what temperature are volumes of liquid bituminous material corrected?
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Using the information below, and the calibration chart
and correction table excerpts on the next page,
complete the Record of Bituminous Materials on the
following page.

The prime in distributor tank #2027 is heated to
48.8°C for application. Your starting measurement of
the prime in the tank is 20-9/16 and your ending
measurement is 635mm even. The roadway is primed
In a 3.6m width from station 25+38 to station 27+82.
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NOW, TO GRADE YOURSELF ON THE QUIZ REVIEW QUIZ, TOTAL YOUR INCORRECT ANSWERS. THERE
ARE ABOUT 200 ANSWERS IN THE QUIZ.

IF YOU SCORED LESS THAN 90%-- THAT'S MORE THAN 20 INCORRECT ANSWER - GO BACK AND STUDY
THE PARTS OF THE COURSE THAT GAVE YOU TROUBLE. THEN, THEN TAKE THE REVIEW QUIZ AGAIN.
WHEN YOU CAN ANSWER THE REVIEW QUIZ QUESTIONS CORRECTLY, YOU SHOULD HAVE NO TROUBLE
WITH THE EXAMINATION.

11-26



ANSWERS TO QUIZ

Page 11-2

[ ]
L]
[ ]
|
L ]

stabilization; cement treatment
B

B

D

base course

Page 11-4

L]

Page 11-6

@ & & ® ® & @a

inspector
parallel
moist
A3,B1,C2
Before
Contractor

Sampling, Testing and Reporting Guide

Stabilizing material

Portland Cement Type |

Yes

Obtain and submit sample for testing
Soil survey; cross section

yes

E

Yes

Rotary tillers
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Page 11-3
* confractor's survey party
* hubs
* width; depth
« 7.62m
blue tops
4m; edge of pavement; 4m
tack setin hubs tops
plan; specification

Page 11-5
« 441 A

« 153 + 62, centerline of right roadway

Page 11-7
uniformly

contractor

Yes

True

3 12" (90mm); by making visual and
remix subgrade or spread and mix
stabilizing material into hand checks
+ 100’ (30m)

Page 11-8
+ 330mm; yes

- ABE



Page 11-9

| ]

Yes

Yes

the subgrade materials change

98% of maximum density

AB,D

Remix subgrade or spread and mix more
stabilizing material into subgrade

No

Page 11-11

g

)

-o-oocoom * & o ®
-

sheepsfoot roller; vibratory roller; traffic roller
be in good condition; operate safely;
produce desired result

stakes

418.1m; 94+10 to 92+70

605 feet (185 m)

113

B

Yes

60 minutes

it can be aerated by remixing or blending
30 seconds

30 minutes

no

smooth metal rod; jack; stringline
posthole digger
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Page 11-10

* Yes

* By digging holes with a position digger
and measuring depth

* Yes

* until the subsequent base or pavement is
in place

« design application rate for cement

Page 1112
« delivery ticket

- AB.C
= seven days

» 34.3 Ibs/sq.yd (18.6 kg/sq.m)

Page11-14
1" diameter

= inthe field

* inspector

+ immediately; no later than 60 minutes
- 95

» scarified

* yes

by sprinkling

* seven days



Page 11-15

application at specified rate; complete,
uniform coverage; sanding of asphaltic
material with acceptable aggregate
nine

support the pavement

50

3

no, to the profile grade

edge of pavement

no

yes

Page 11-17

e & & & @& @

the subgrade is not damaged
B

A,CD,E

B,C,D

Yes

Width; depth

Page 1119 -

no; yes
bull dozers; motor graders

AE

Project Engineer; clay

70

by rechecking the spread-distance calculations
uniformity

yes
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Page 11-16
* No
« B
* No
* Central Lab
* contact district lab
- C
* yes
« moisture loss from the limerock

Page 11-18
* by the hollow sound they make
when walked on or struck with a tool
= scarified
* templets; 8m straightedge

* 1/4" (6mm)
*  1/2" (12.5mm); 100’ (30m)
* blend

« natural blend in one pit; different strata in
same pit; separate pit
* by raking the full face of the cut

Page 11-20
* to form windows and move the material
back and forth across the subgrade
* add water and disk to full base depth
* by aerating (windrowing and harrowing)
* seal the entire area being worked each day
« 08;95
* yes
« C



Page 11-21

a scab

yes

15.2mm

bituminous

yes

3.7 liter; that the samples are representative
dry

on the delivery ticket

it must be clean

yes

11-30

Page 11-22

check to see that the calibration number
on the chart is the same as the one
stamped on the distributor

refer to the gauge on the distributor
uniform

rotary tailgate

A

Yes

yes; Project Engineer

opening or closing spray nozzles

D

15.5°C




