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|. GENERAL DESCRIPTION

The North Carolina Department of Transportation M), in partnership with the North
Carolina Aggregates Association (NCAA), administiesAggregate Quality Control/Quality
Assurance (QC/QA) Programto ensure the consistent quality of aggregate ma#gaised in
NCDOT construction projects. This program estaleléstiefined responsibilities for both
aggregate producers and the Department with regpacaterial sampling, testing, and
documentation.

Under this framework, aggregate producers are steluvith the responsibility for quality
control (QC) of the materials they supply. Thislimes performing QC sampling, conducting
appropriate testing procedures, and maintainingocehensive records for all aggregate
shipments intended for use by the Department. tallgh NCDOT performs quality assurance
(QA) sampling, testing, and record keeping verifythe adequacy and effectiveness of each
producer’s control plan, as outlined herein.

The program applies to producers and supplierteahccoarse aggregates, fine aggregates, and
aggregate base materials destined for use inofghity applications. Subject to Departmental
approval, the program may also be extended to epassrecycled and innovative sustainable
materials appropriate for NCDOT projects.

It is the intent of the Aggregate QC/QA Progrant thaterial acceptance or rejection be
determined based on an evaluation of the compleigram. This includes a comparative
analysis of producer-generated QC data, Departin@dtaesults, and any other relevant sample
information.

Participation in the Aggregate QC/QA Program isigilege anddoes not relievethe producer
of the obligation to comply fully with all applicebprovisions of thé&dCDOT Standard
Specifications for Roads and Structur&€he program serves as a collaborative mechamsm t
enhance communication, reinforce accountabilitg, suppport continuous improvement across
the aggregate supply chain.

This manual contains standardized procedures foplsag and testing aggregate materials at
production sites, including quarries, sand pits| sales yards. Additional sampling and testing
protocols applicable to other locations—such as RCDight of way, asphalt and concrete
plants, and pipe or block production facilities—axailable in supplemental documents
including theAggregate Sampling Manuahd theHot Mix Asphalt Quality Management System
Manual
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Il. PROGRAM REQUIREMENTS

A. Basic Requirements

Participation in théAggregate Quality Control/Quality Assurance (QC/QA)Program
requires producers to meet a set of foundation@ria. Thesdive basic requirementsare
designed to ensure that each participating faaimonstrates a consistent ability to produce
and evaluate aggregates that meet the Departmgyaieus standards.

5 Basic Requirements

Submit an Ownership Update showing proof of facilit

Ownership Update Form ownership.

Provide aggregate materials that meet requiredagiiadand

Aggregate Materials quality standards.

Have a written and approved in-house QC plan angin

Quality Control (QC) Plan procedures and responsibilities.

Operate a certified on-site lab or receive wrigpenmission tg

Certified Laboratory use an approved off-site certified lab.

Have at least one NCDOT-certified quality contesttinician

Certified QC Technician assigned to the facility.

By meeting these five basic requirements, aggrquaiducers establish a firm foundation for
participation in the QC/QA Program. Each compomeflects NCDOT’s commitment to
oversight, transparency, and operational excellerkay values for delivering safe and enduring
transportation infrastructure across North Carolina



B. Plant Approval

The North Carolina Department of Transportation [NILT) offersthree pathsfor aggregate
producers and suppliers seeking approval undégigsegate Quality Control/Quality Assurance
(QC/QA) Program. Each pathway has different regquéets based on location and the nature of
aggregate use, ensuring a structured yet flexgbecach to quality oversight.

Three Paths to Approval

Applies to producerwithin North Carolina , or out-of-state producerssupplying
raw aggregates or aggregates used in ready-mixextate that cross into NC.

In-State
Approval » These producers must comply with fhi# scopeof NCDOT's Aggregate QC/QA
Program.
Applies to out-of-state producers in one of théofwing categories:
Special » Supply aggregatenly to out-of-state precast, prestressed, or conete block
Out-of-Stat facilities, where the finished product is shipped into NC.
ut-or->tate »  Supply aggregate tosales yard approved by NCDOT
Approval

Note: These producers are not held to the full Cp@Qogramif they participate
in their own State's equivalent QC/QA program

Sales Yard| Applies to facilities thatlo not produceaggregate budistribute materials from
Approval | approved producers

Note: This manual focuses on requirements for prediwith In-State Approval. Details for
Special Out-of-State and Sales Yard Approvals eafobnd in Sections IV (see page 26) and V
(page 28).




To initiate the approval process, tReoducer must submit a written requestto theNCDOT

Aggregate QC/QA Engineer

J.J. Myers
Aggregate QC/QA Engineer
(336) 596-8768 (mobhile)
jimyers@ncdot.gov (email)

Plant Approval

Submit a written requestto the
NCDOT Aggregate QC/QA Engine
(via letter or email).

1%

Must Include:

Facility name and location

Types of aggregate materials

Intended usage (e.g., asphalt, precast/prestressed
concrete, ready-mixed concrete)

Provide supporting documentation

Ownership Update (use Exhibit Apage 3}
Written Quality Control Plan (page 6)

NCDOT Approved Materials

At least300 tons of each materiamust be produced before
sampling and testing.

Upon passing tests, materials are listed oiNGBOT
Aggregate Physical Properties Listmeaning they're
approved for use.

Testing must include L.A. Abrasion (AASHTO T96),
Soundness (AASHTO T104), Gradation (AASHTO
T11, T27), and Electrochemical tests when required.

On-Site Inspection

NCDOT reviews implementation of the QC Plan
Verifies presence of certified QC technician during
shipping

Inspects and certifies the lab (if not alreadyitied)
SeeExhibit B for the required lab equipmemiage 33

Note: If deficiencies are found in the QC Plan or lalbong the Department will provide a written
notice. Once corrected, the Producer may reapplsgproval.

This approval process reflects NCDOT's commitmemnisuring consistent quality
validating testing procedures andmaintaining accountability throughout its infrastructure
material supply chain. By offering multiple appropaths, the Department accommodates
diverse producers while upholding rigorous stansléod safety and performance.
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C. Quality Control Plan

A crucial component is the requirement for prodaderdevelop and maintainaaitten Quality
Control Plan (QC Plan). This plan establishes the procedures, persoanélpperational
methods that ensure aggregate materials meet NGD{D@lity standards and are suitable for

use in transportation projects.

To begin, theQC Plan must be site-specificeven if it utilizes a generic format. The Produce
must clearly outline how the facility witlontrol equipment, raw materials, and production
processeselevant to the products intended for use by tepddtment. This includes a detailed
listing of personnel responsible for production and quality cotrol, accompanied byp-to-
date contact information, which supports accountability and communication.

QC Plan

Facility Location

A detailed description of the facility locationclnoding reference
points like highways or nearby towns

Stockpile Signage

Description of signs used to mark stockpiles folDN\II use.
Signs must be readable from a truck cab a0 feet

Loading & Shipping Control Plan

Explain how materials will be loaded and shippedluding:

« Loading and shipping procedures ensuring proper
handling and product integrity

« Measures to prevent contamination, degradation,
segregation, and incorrect loading

« Methods to verify cleanliness of shipping units and
maintain clear product identification

Response Plan for QC Failures

Outline procedures for:

« Immediate investigation steps
« Corrective actions to resolve the issue and prevent
recurrence

Personnel Details

Names, roles, and contact information for stafpoesible for
production and quality control at the site

Note: The initial Quality Control Plan must be submittedheAggregate QC/QA Engineeralongside
the plant approval request. An updated QC Plaegsired anytime there are changes to facility

operations or ownership.




D. Certified Laboratory

Each aggregate source, including distribution yasdsequired to operate a fully equipped
quality control laboratory. This laboratory is ess& for conducting material testing to ensure
compliance with Department standards.

The criteria for an approved laboratory are dedaiteExhibit B (page 33)and specify
requirements related to both equipment and infuagire. The laboratory facility must be
housed within a permanent structure, including:

* Electricity

* Heating and air conditioning

* Proper ventilation and lighting
* Sink with running water

If a facility is unable to meet the specified plogdirequirements, &ritten request must be
submitted to the Aggregate QC/QA Engineer outlining the oeasfor noncompliance.
Approval may be granted upon thorough evaluatiothefproposed accommodations.

Beyond physical setup, producers must maintain cehgnsivaecords at the lab. These
include:

Equipment & Records

Required equipment is listed itxhibit B (page 33)

» Scale Calibration and Equipment Maintenance records
» Sample collection logs

Labs must maintain i )
» Gradation analysis records

« A demonstration of lab equipment
NCDOT may request + Review of all documentation

Although each facility is expected to establish apdrate its own laboratory, the Department
acknowledges that some producers may opt to ustified off-site laboratory. In such
instances, producers must submit a written recqaresiobtain written approval from NCDOT
prior to conducting off-site testing.

This process helps ensure that all testing renteansparent, consistent, and properly
documented across facilities. A list of approvegigie laboratories is available on the Materials
and Tests website, providing producers with alt@vaaoptions that adhere to the QC/QA
Program.

https://connect.ncdot.qgov/resources/Materials/Pdbgsrials-Manual-by-
Material.aspx?Method=MM-01-02




E. Quality Control Technician

All quality control samples must lhaken and tested by technicians certified by the
Department. Producers are responsible for identifying anigagsg these certified quality

control technicians at each plant in both their I@u&ontrol Plan and Ownership Update forms.

Technicians may hold either of two certificationsthe NCDOT Aggregate QC/QA

Sampling Technician, who is authorized to collect @terial samples, or the NCDOT
Aggregate QC/QA Sampling and Testing Technician, winis authorized to both sample and
test materials

When material is being shipped for use on NCDOThRa Way, the Producer must ensure that

atleast one certified techniciar—holding either of the above certifications—is @eisonsite
and available to work alongside Department perdaonebtain samples. This requirement also
applies to shipments sent to vendors producingoaepr materials for the Department (e.g.,
Ready Mixed Concrete, Precast Concrete, Asphait@ss prior approval has been granted by

the Department. It is strongly recommended thal éacility also designate at least one certified

backup technician to ensure continuity in caseptiaary technician is unavailable.

Certifications for NCDOT Aggregate QC/QA Samplingdalesting arealid for five years
from the date of successful program completionmEantain certification, technicians seeking
Aggregate QC/QA Sampling certification must attémel Sampling Certification Class. Those

seeking Aggregate QC/QA Sampling and Testing ¢eatibn must complete both sampling and

testing classes and pass a skills performanceaw@iuconducted by an Aggregate QC/QA
Specialist. Technicians who do not pass the wrigteams may retake them by registering for a
reexamination session. If a technician fails a sdaitempt, they must reattend the relevant
certification class.

Technicians are subject to loss of certification ttough revocation. The primary grounds
for revocation include falsifying test results, reords, or reports. Other causes for potential
certification loss include gross negligence or cleencompetence in performing assigned

duties.
Types of Certifications
Technician Type Authorized Responsibilities
NCDOT Aggregate QC/QASsampling Obtain samples ONLY
NCDOT Aggregate QC/Q/ASampling and Testing Obtain and Testsamples

Certifications arevalid for five years from the date of successful program completion

Note: The Producer must list all certified techniciaosdach plant in both tHguality Control Plan
andOwnership Update Form




F. Certification for Participation in the Aggregate QC/QA Program

If the Department approves the Producer’s writteial@y Control (QC) Plan and the on-site
inspection verifies compliance with program requneats, a certification letter will be issued by
the Aggregate QC/QA Engineer. This lettalid for one year, confirms the plant’s eligibility

to participate in the program.

To maintain approved status beyond the initial ytar following actions must be completed

annually:

3 Annual Requirements

Annual Facility
Assessment

The Department audits the producer’s facility tafaon compliance with
program standards and provides the final repaghBure transparency
and accountability.

Quality Sample Testing

The Department conducts standardized tettss-Angeles Abrasion,
Unit Weight, Soundness, and Electrochemical analys+on a_requiredy
frequency to verify aggregate compliance.

Updated Documentation

* An updatedAggregate QC/QA Plant Ownership Update Form
by October 31 each year*

» A revisedQuality Control Plan, if any changes in operations oj

ownership have occurred.

o0 The Department may ask at any time for an updated ¢

Plan.

*Submitted via theNCDOT QAP web-based portal supporting efficient and centralized

recordkeepin(

Once all three requirements are confirmed, the égate QC/QA Engineer will renew the
Producer’s approval for an additional year.

Note: The Department reserves the right to conduct randspections and comprehensive
audits at any time to ensure ongoing compliance.



G. Modifications to the Producer’'s Approved Producs List

Once a Producer is added to the North Carolina i@eat of Transportation’s (NCDOT)
Approved List, eligibility is granted to supply aggate materials for Department projects.

To expand the range of approved materials, theuesydnust follow a formal evaluation
process to confirm that additional products meetiegble quality and specification standards.
This process begins with written notification te thggregate QC/QA Engineer, which initiates
official communication and the material assessmpentedure.

The Producer is responsible for ensuring thégast 300 tonf the proposed aggregate
material are available onsite for sampling purpo$és volume is necessary to facilitate
representative testing and verify the consistemcysaitability of the material for use in NCDOT
projects. In the absence of a load face, samples$ beucollected from three distinct locations
around the stockpile.

The Department is responsible for sampling andhiggshe material to determine compliance
with specified gradation standards—a key indicafguarticle size distribution and material
performance in construction applications.

If the material meets all testing criteria, it Vb approved for use by the Department.
Thereafter, both the Producer and the Departmest canduct routine sampling and testing as
outlined in theAggregate QC/QA Program Manut maintain ongoing compliance and supply
chain integrity.

Additionally, any changes to the Producer’'s ApprbfAzoducts List—such as the addition or
removal of materials—must be reported on the negtiired Ownership Update FolExhibit
A, page 31)This form serves as the official record of fagilbperations and must accurately
reflect current product offerings.
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H. Assessment Program

The Assessment Programandated by the Federal Highway Administration (FHWA), rapés
the Department’s former Independent Assurance sagy@quirements. Its primary objective is
to validate the effectiveness of the Departmerdtseptance program as reported to the FHWA.

Aggregate technicians who actively perform testing subject to assessment by North Carolina
Department of Transportation (NCDOT) personnekast once per calendar year. These
assessments, conducted by certified Aggregate Q@€3&ssment Technicians, ensure testing
procedures are executed accurately and consistently

Technicians are exempt from assessment during @aryig which they obtain initial
certification or recertification.

Assessments will emphasize key techniques sucanaglisig, splitting, and testing of materials
specific to those supplied by the Producer to tapddtment.

If a QC technician demonstrates deficiencies, t&®RNT Assessor must document the errors on
the official assessment form. One opportunity @assessment will be provided. If the
technician fails the re-assessment, additionatitrgiunder the supervision of the Aggregate
QCJ/QA Specialist will be required. Based on theuirabf the deficiency, the technician may
also be directed to retake the Aggregate QC/QAitrgicourse.

In cases of unsuccessful assessment, the Assessaamtician must submit a completed

assessment form—detailing the reasons for failuoebeth the Aggregate QC/QA Engineer and
the IA Program Engineer.

11
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[1l. A GGREGATE SAMPLING AND TESTING PROCEDURES

A. Producer’s Quality Control Procedures

The Producer'Quality Control (QC) samplesare used by the Producer to monitor the quality
of material being shipped. The Producer is to perfall aggregate sampling and testing in
accordance with this manual.

* Quality Control Sampling

The Producer is responsible for collecting quatiytrol (QC) samples from all approved
materials and stockpiles. These samples are usetifg that materials being shipped to the
Department remain consistent and compliant witlti§igations.

Once a material has been approved, the minimunt@®d8tockpile requirement no longer
applies. However, maintaining at least 300 tore¢é®@mmended to help ensure consistent
material quality throughout production and shipmémthe absence of a load face, the
Department may require samples to be collected troee distinct locations around the
stockpile.

* QC Lot Size

o Sampling Requirements:For each approved material stockpoétain at least
one sample for every 2,000 tons shipped, or one spi@ per week—whichever
occurs first.

Exceptions to Lot Sizes

Exception A Temporary SuspensionAll Material Shipments

Exception B Temporary Suspension oSagle Material Shipment

Note

If the Producer has be@mactive for a duration that causes their annual rguirements to expire the
necessary evaluations mustdmmpleted prior to reinstatement

13



Exception A: Temporary Suspension 8fl Materials & Reinstatement

If a Producer voluntarily suspends the shipmerallomaterials for an extended period, but
intends to resume shipments in the future, theotlg procedures apply:

1. Voluntary Removal: The Producer may request temporary removal fram th
Department’s Approved List by notifying the Aggrég&@C/QA Engineer.

2. Proceeding with Shipping:If a Producer's period of inactivity results in #iration
of annual sample validity or facility audit requments. Before shipping can start:

o Samples must be collected and tested in accordaiticeurrent program
requirements.
o Facility Audit: A full facility audit must be sucesfully completed.

If there is no remaining stockpile of any materaaljf the existing stockpiles have less than 300
tons, the Producer must ensur@iaimum of 300 tonsis available before sampling may
proceed.

During periods of inactivity unddfxception A, the Producer may conduct bi-weekly sampling
of approved material stockpiles, as outlined imlgggthed sampling/testing guidelines. Sample
results are not required to be reported to the iQuassurance Program (QAP), but complete
records must be maintained and provided to the D@eat upon request. Department sampling
and testing will cease until the Producer notifles Aggregate QC/QA Engineer of intent to
resume shipping.

Exception B: Temporary Suspension ofangle Material & Reinstatement

If a Producer elects to suspend the shipmentspkaific material for an extended period and
requests the removal of sampling/testing for thatemal, the following protocol shall apply:

1. Voluntary Removal: The Producer must notify the Department’s AggregaC/QA
Representative of the intent to stop shipmentb®ftpecified material.

2. Stockpile SignageThe Producer must remove identification signagelearly mark the
material as “non-DOT” to avoid misrepresentationhef material’'s acceptability for
Department use.

3. Ownership Update: The removal of this material shall be documentethe facility's
Ownership Update for the upcoming year.

4. Proceeding with Shipping:To restore the material to the approved list, ssiva
Verification sample conducted by the Departmemngdpiired before shipments may
resume. If no stockpile remains or if the existatgckpile is less than 300 tons, the
Producer must ensurev@animum quantity of 300 tonsis available before sampling is
performed.

During periods of inactivity unddfxception B, Department sampling and testing will cease.

14



Sampling Procedures

Sampling must be conducted bpapartment-certified sampling technician The technician is
responsible for collecting Quality Control (QC) saes from designated areas such as the
stockpile, conveyor belt or another approved location When sampling from stockpiles, the
technician must take samples from kbad face—the same area being actively used for material
shipment—to ensure accurate representation of #terral being delivered. Sampling
procedures must adhere to detailed guidelinesneatlinExhibit C (page 35) ensuring
technicians follow standardized methods acros#itiasi

To maintain consistency across all tests, the pragspecifiesninimum sample weight
requirements for each aggregate type:

Minimum Sample Weights (lbs.) *

Material Type Quality Control (QC)
Clean Coarse Aggregate** 20
Fine Aggregate 10
Aggregate Base Material 35

* Sample weights are based on dry material.

** When testing Clean Coarse Aggregates that p@68dlthrough the %" sieve (e.g., #78, #14M, #9),
samples should be split into portionsl@fto 15 Ibsto prevent overloading testing sieves.




Sample Identification and Record Keeping

Producer’s Quality Control (QC) samples must beledh usingconsecutive numberingfor
each material size and stockpile (e.g., QC-1, Q€2). Numbering should remain sequential

throughout the calendar year.

If a Producer maintains two or more stockpileshef $ame material type—such as multiple ABC
stockpiles—each pile must be distinctly identif(edy., Stockpile 1 and Stockpile 2). The
Department must be notified of these identificaditmensure proper tracking and

documentation.

Sample Identification

Sample Numbering

QC-1, QC-2, QC-3, etc.

Multiple Stockpiles

Stockpile 1, Stockpile 2, Stockpile 3, etc.
Example: #57

» Stockpile 1 - QC-1, QC-2, QC-3, etc.
» Stockpile 2 - QC-1, QC-2, QC-3, etc.

ABC Samples for NCDOT
Roadway Projects

The QCsample number must be recorded on the delivery
ticket of the truck that is loaded immediately followitige
sample collection.

Data Entry

All QC test results must be entered into the Depant’s
internet-based QAP Systamithin five (5) business dayf
sample collection.

Data Retention

The Producer is responsible for retaining QC dataéch

material size for aminimum of one yearand must provide
access to these records upon request by the Degrtiithis may
be in paper form or electronically.

Test Procedures

Modifications to standard testing procedures mapgdrenitted to accommodate specific material
types and improve operational efficiency, provideat quality control standards are upheld.

* Coarse Aggregate- See page 60

* Fine Aggregate— See page 70

* ABC (Aggregate Base Course} See page 83

» Atterberg Limits (Liquid Limit and Plastic Limit) — See page 98

16



B. Check Sample Procedures

If a QC sample fails to meet the specifications,djgregate producer shiaimediately collect
the first Check Sample from the same location ugiiegoriginal sampling method.

This check samplmust be doubled in size of the original sample anobtained in the
same manner

The check sample shall:

* Be clearly labeled to distinguish it from routin€ @amples.
* Be evenly divided into two portions:

o One portion to be retained and tested by the pexduc
0 One portion saved for the Department.

Once the check sample has been collected and prajpeded, the producer shall promptly
notify the Department’s Aggregate QC/QA Represérdgaif the sample’s collection.

If the material meets specifications
» The producer shall document the suspected caube @fitial noncompliance.

» This documentation ensures traceability and suppmantrective analysis.

» After documentation, the producer shall resumedstethtesting procedures in
accordance with established QC protocols.

If the material does not meet specifications
* The producer shall immediately notify the Departmei’'s Aggregate QC/QA
Representative.
» A thorough investigation shall be initiated to detane the root cause, including:

0 Review of sampling methods for compliance with ded procedures.
Evaluation of production and testing equipmentnf@alfunctions or

inaccuracies.
0 Assessment of technician testing procedures tarocomiroper execution and

technique.

If the investigation identifies a contributing igsuhe producer shall:

* Implement corrective actions to address the defayie
* Document all corrective actions taken to ensurmeethility and compliance.

17



If the first Check Sample fails to meet specifioat, the aggregate producer shall coordinate
with an Aggregate QC/QA Representative to schethdecollection of a second Check Sample.

This sample must be taken from the same locatioguke original sampling method. The
second Check Sample shall be doubled in size abriiggnal sample and collected in the
presence of both the aggregate producer and theegate QC/QA Representative.

This second check sampteust be doubled in size of the original sample anobtained in
the same manner

The check sample shall:

* Be clearly labeled to distinguish it from routin€ @amples.
* Be evenly divided into two portions:

o0 One portion to be retained and tested by the pexduc
o0 One portion to be submitted to the Department.

The producer shall submit QC test results for the acond Check Sample within three (3)
working days of reporting the first Check Sample rsults.

If the material meets specifications
» The producer shall document the suspected caube @fitial noncompliance.

» This documentation ensures traceability and suppmantrective analysis.

» After documentation, the producer shall resumedstethtesting procedures in
accordance with established QC protocols.

If the material does not meet specifications or rests are not reported within 3 working
days.
» The producer shall immediately stop material shipmat and notify the Aggregate
QC/QA Engineer without delay.
* The producer shall continue the investigation asithlborate with the Department toj
resolve the issue.

18



The investigation shall include:

* Review of sampling methods to confirm compliancéhvgtandard procedures.
» Evaluation of production and testing equipmentfi@ifunctions or inaccuracies.
» Assessment of technician testing procedures taremsoper execution and technique.

If the investigation identifies a contributing igsuhe producer shall:

* Implement corrective actions to address the defayie
» Document all corrective actions taken to ensurmeethility and compliance.

To Resume Shipping

Once the identified issues have been resolvecet®dpartment’s satisfaction, the Producer may
resume aggregate shipments upon submissitimed consecutive Quality Control (QC)
samplesthat meet specification requirements.

Each sample must be collected in the presencéepartment Aggregate QC/QA
Representative, doubled in size, and split. Onkvinllibe tested by the Department, while the
Producer’s portion will be used to confirm comptarFor a sample to be accepted, the
Producer’s results must also be within the tolerane limits outlined in Table 2(page 55),
relative to the Department’s results.

There is no time restriction for collecting the $d@s; however, if multiple samples are obtained
on the same day, each must be taken from diffelepths of the load face within the stockpile.

Accurate labeling and documentation of check sasngte critical for maintaining QC integrity.
The following protocol must be observed:

» Each check sample shall be labeled using the aligeimple number followed by a
sequential alphabetical suffix (e.g., QC-7A for tinst check sample corresponding to
QC-7, QC-7B for the second).

* This system ensures traceability and consistenmoygfinout the sampling and reporting
process.

* Noncompliance Procedures

If a Producer fails to meet the required samplieg@iencies or submits material that does not
comply with specifications—based on either Produsedepartment test results—the
Department will issue a formal written requestdarexplanation of the noncompliance.

19



The Producer must provideaaitten response within one weelof receiving the request. If the
response is deemed inadequate, the Departmendeuiliify the specific deficiencies and may
remove the plant from the Program. Failure to radpa writing may also result in removal
from the Program.

A Producer whose plant has been removed may recgiastatement upon completion of
corrective actions deemed satisfactory by the Depent.

20



C. NCDOT Verification and QA Split Sampling

The Department's Verification and QA Split sames used to verify the performance of the
Producer's quality control plan.

Minimum Sample Weights (Ibs.) *

Material Type QCOQA Split Verification
Clean Coarse Aggregate** 40 20
Fine Aggregate 20 10
Aggregate Base Material 70 35

* Sample weights are based on dry material.

** For Clean Coarse Aggregates where 100% passe®itisieve (e.qg., #78, #14M, #9), reduce the
working sample size th0-15 Ibsito prevent overloading sieves during testing.

1. Verification Samples —Verification samples are collectgitiependently of the Producer’s
Quality Control (QC) samples.

» Each material size shippedo the Department will be subject to sampling.

* Producers may collect samples for internal use;gvew
0 These internal samples are for reference purpadgs o
o Shall not be used for future QC testing or repottethe Department.

* Producers may also request to split a VerificaBample, which will be permitted
solely for internal reference purposes.

2. Quality Assurance Split Samples QA split samples must be collected for each mdtsiza
shipped to the Department.

» Samples are split for testing by both the Departraad the Producer.

* A Department representative supervises the samphidgsplitting process, following the
procedures outlined in Exhibits C and D (pagesr8b38).

* The portion retained by the Producer serves as theext official Quality Control
(QC) sample for that specific product.
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3. Sampling Frequency

Verification - Minimum Sample Frequency

Material Type Frequency

Minimum 2 samples per month for each NCDOT approved

ABC and ABCRC .
aggregate stockpile.

CORE Aggregates Minimum 1 sample per month for each NCDOT approved

(#57. #57M, #67, #78M, 2S, and 2Msf99regate stockpile.

Minimum 1 sample per month for each NCDOT approved
Non-CORE Aggregates aggregate stockpile that has only shipperhaterial since last
visit.

Screenings(Washed, Dried, or Other) Minimum 1 annual sample.

QA Quarterly Splits - Minimum Sample Frequency

Material Type Frequency

Minimum 1 sample per quarter for each NCDOT

All NCDOT Approved Stockpiles approved aggregate stockpile .

All Verification and QA Split Samples must be eithe collected or directly observed by a
Department-authorized representative.This ensures consistency in sampling methods eegkpres
the reliability of test results.

4. Sampling Locations —The Department’s representative must collect sasripten the
stockpile, conveyor belt, or another approved locabn.

* When sampling from a stockpile, the material mestdken specifically from thead
face—the area currently being shipped.
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5. Sample Identification and Record Keeping- It is critical that care be taken to properlydha
samples and record test data accurately.

Verification Sample Numbering

Label V samples sequentially (e.g., V-1, V-2, ...)
V Sample Numbering| Sequence begins each calendar year or upon famiitgptance
into the prograi

Quality Assurance (QA) Sample Numbering

Label QA samples to match corresponding QC samplgg.qg.,
QA-1 with QC-1, QA-2 with QC-2)

Same pairing format applies to check sample®.g., QA-1A
with QC-1A)

QA Sample Numbering

6.V and QA Testing— Verification and QA Split Samples must be tested Department
Regional Laboratory or the Central Laboratory ineiRgn.

* Annual Quality Samples
0 Exclusively tested at the Department’s Central katmyy in Raleigh.

7. QC/Verification Sample Comparison— QC versus Verification samples will be compared
using the F-test and t-test (F&t) data compiled)d®\P. The data will be checked in accordance
with “Optimal Procedures for Quality Assurance Speations” FHWA-RD-02-095 (Appendix
F). A report can be generated to compare the datanly discrepancies within the program.

8. QC/QA Split Sample Comparison - Statistical Compason— QC versus QA Split samples
will be compared using the Paired t-test basederdata provided in QAP. The data will be
checked in accordance with “Evaluation of Proceslfioe Quality Assurance Specifications”
FHWA-HRT-04-046. A report can be generated to camplae data for any discrepancies within
the program.

If the results of the QA Split sample are not imeggnent with the results of the corresponding
QC sample, i.e., outside the limits of Table 2 ghibit G (page 55) an investigation will be
made to determine the source of the differencee ivestigation will include a review of the
testing procedures and the testing equipment. ré@sdts of the investigation will be recorded in
the Department’'s computerized tracking system (HE3A) and a copy given to the aggregate
producer and the Aggregate QC/QA Engineer.

If the cause is determined to be improper splitingesting procedures, the appropriate certified
technician will be notified. There will be a folleup visit by an Aggregate QC/QA Specialist. If
the problem continues, the technician's certifaratnay be revoked. If the cause is determined
to be in the Producer's testing equipment or hagdif the material the Producer is to take
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corrective action. The follow-up visit will audhie documentation and observe the sampling
process. If this problem continues, the Produegsoval to provide material to the Department
may be revoked. If the cause is determined tmhlea Department's testing equipment, the
Department will take corrective action and nothg taggregate producer of the action.

Example: QC/QA Tolerance

ABC
Sieve QA-24 QC-24 Difference | Tolerance| Pass/Falil
1" 100 100 0 2 PASS
1” 95 95 0 4 PASS
1/2” 60 59 1 5 PASS
#4 43 41 2 6 PASS
#10 32 30 2 5 PASS
#40 20 21 1 5 PASS
#200 6 4 2 3 PASS
Soil Mortar
#40 63 69 6 6 PASS
#200 19 13 6 5 FAIL
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QC/QA Comparison —Work Problem #1

#67
Sieve QA-13 QC-13 Difference | Tolerance| Pass/Falil
1” 100 100
3/14” 94 95
1/2”
3/8” 18 20
#4 4 4
#8 1 2
#200 0 0
QC/QA Comparison — Work Problem #2
2MS
Sieve QA-32 QC-32 Difference | Tolerance| Pass/Falil
3/8” 100 100
#4 100 99
#8 88 86
#16 63 61
#30 45 44
#50 30 30
#100 16 17
#200 5.2 4.9

9. Noncompliance -The Aggregate QC/QA Engineerwill investigate any noncompliance by
the Department’s QA staff with the QA Sampling aresting manual (e.qg., frequency,
techniques)QA staff who violate requirements may face discigty actions, including
certification revocation or dismissal
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IV. SPECIAL OUT-OF-STATE APPROVAL PoLicy

The purpose of this policy is to establish the pthoes for the use of out of state coarse and fine
aggregate facilities that provide raw materialsub of state producers of manufactured products
for use on NCDOT highways.

To become an approved Out of State Producer:

1) The Producer must be in compliance with the NCD(Bkcy for out of state producers
(see following page).

2) If a Producer is in compliance with the out of stpoblicy, they must submit a letter to the
Aggregate QC/QA Engineer requesting to be add¢det&pecial Out-of-State Approved
List. The Producer is to include what aggregateens sizes they would like to produce
for the NCDOT and what the material will be utilizas (i.e., precast, prestressed, or
concrete pipe plant).

3) A certified Material Technician with the Materiaad Tests Unit will obtain Annual
Quality Samples of the material to be providech® Department (this will be done on an
annual basis). Samples collected shall be testeldX Wear, Soundness, etc. Also,
Verification samples for gradation will be obtainfied each size aggregate sold for
production of precast/prestressed/concrete pips.uni

4) While Department samples are being processed,rddiBer will need to submit an
Ownership Update Form, and proof they are appravéide state they reside in. This
could be a letter from the state or an approved@@.

5) Once the samples are determined to be within spattdns and the required
documentation information from the Producer havenbeceived, the quarry will receive
a letter indicating they have been added to therdymal Producers List and can produce
from that specific facility with that specific tygwoduct ONLY.

6) A Materials and Tests Technician will pull samples listed in step 3 for out-of- state
aggregate facilities, once per year from the fgcib remain active, and the facility will
also need to submit an Ownership Update Form oecgqar.
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NORTH CAROLINA DEPARTMENT OF TRANSPORTATION

APPROVAL POLICY FOR OUT OF STATE AGGREGATE FACILITI ES THAT
PROVIDE RAW MATERIALS USED IN MANUFACTURED PRODUCTS FOR NCDOT

The purpose of this policy is to establish the pthoes for the use of out of state coarse and fine
aggregate facilities that provide raw materialprimducers who make manufactured products for
use on NCDOT highways:

» The producer/supplier of the manufactured produmbriporating the aggregate must be
on the NCDOT Approved list.

» The aggregate facility supplying aggregate to hyg@ved producer/supplier must also
be on the NCDOT approved list of Coarse and Fingrégates.

* The aggregate facility must be an approved prodswgeplier in the state in which the
facility is located.

» If the host state does not have an approved lisiggregates or other formal approval
process, then the producer will have to have,raghanum, test data from a private
accredited testing laboratory confirming basic matgualities for the aggregate.

* The aggregate facility must have a published Qu@ldntrol Plan that addresses the
frequency of quality control checks and who is casible for taking and testing the
samples.

* The above listed information will be submitted he Quality Assurance Engineer for
review before approval is granted (compliance W@DOT’'s QC/QA Aggregate
Program may be waived provided the all the abower@ is met).

» The Department will visit the out of state facilaya minimum of once per year to take
verification samples.

 NCDOT personnel have the authority to perform uamced quality assurance
inspections of the facilities furnishing aggregatsed for NCDOT work at any time
without notice.

» A facility that does not comply with this policy tirat is not actively furnishing material
to approved manufacturers for NCDOT work will bkema off the approved list.

To illustrate, the following example is provided:

A fine aggregate facility in Georgia furnishes saémdbe used in the production of concrete for an
NCDOT Approved Precast Concrete manufacturer. tliisrexample, the precast concrete
manufacturer must be on the NCDOT approved ligire€ast concrete suppliers. The supplier
of the aggregate must also be listed on the NCD@praved list of Coarse and Fine Aggregates
but does not have to comply with all the QC/QA perg requirements provided that facility is
currently on Georgia DOT’s approved list of Coamsd Fine Aggregates or they provide a
Quality Control plan and test data confirming basgtterial qualities for the aggregate.

Requests for approval shall be submitted by Emdilail to:

J.J. Myers Phone: (336) 596-8768
Aggregate QC/QA Engineer Emailjjmyers@ncdot.gov
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V. SALES YARD APPROVAL PoLICY

A Sales Yardwill be considered any facility that sells aggregaaterial not manufactured
onsite. Like an approved producer, the Sales Yarst also be on the NCDOT Approved List.
The material sold can come from one or multiplélitees. However, these facilities must all be
on the NCDOT Approved List as well. If source fai@s are not on the approved list, they must
follow the Aggregate Approval Guidelines to becoapgroved.

To become an approved Sales Yard:

1)

2)

3)

4)
5)

6)

7

The facility shall send a letter to the Aggregat®/QA Engineer requesting to sell
(XYZ) material and document the source facilitynfravhich the material is coming
from.

Create a 300-ton stockpile of the material to bd.s®his stockpile shall be clearly
labeled.

Assign a QC Technician to the facility for sampleugd testing purposes. This QC
Technician must possess a valid Aggregate QC/QApBaghand Testing certification
through the Department. This Technician does aweho remain onsite at all times but
must be readily available to obtain samples asegkedth Department personnel. If
multiple attempts must be made by the Departmeatremmge sampling with this
Technician, the Department reserves the rightdaire that a QC Sampling Technician
be onsite at all times as material is being shigpdtle Department.

Submit a QC Plan and Ownership Update Form indigatie material that will be sold
and where it originates from.

The certified QC technician for the Sales Yard nsuktmit a request to be added to the
QAP System to log testing data.

A Materials & Tests Technician will then sample thaterial for gradation and annual
quality verification and perform a laboratory inspen. If no onsite laboratory, then an
offsite laboratory can be utilized if a requesiiade in writing, and it is an approved
NCDOT Laboratory. If using an offsite laboratotiye facility is still required to have a
splitter_onsite large enough to split samples W@DOT.

Once the material has passed, a letter will betseihie Sales Yard approving them and
the material. The Sales Yard will be given a RgciD number. The facility will then
have to start sampling and entering the material @AP. A Materials and Tests
Technician from the Department will continue to géarand test the material for
gradation purposes as per the QC/QA Manual. Aipgroval, further Annual Quality
samples will not be required from the Sales Yakdnual Samples will be obtained from
the original source of the material on an annuaisha
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VI. EXHIBITS
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ExHIBIT A- NCDOT AGGREGATE QC/QA PLANT OWNERSHIP UPDATE FORM
NCDOT Aggregate QC/QA Plant Ownership Update

Name of Company:
Name of Facility:
NCDOT Facility ID Number: CA: FA:

Is Facility Approved as "Out of State Producer" only providing materials to Precast,
Prestressed, Concrete Pipe, and/or Asphalt facilities that are also Out of State? (To qualify, YES:
facility cannot ship raw aggregate across NC state line or to Ready Mixed Concrete Facilities) NO:

Mailing Address (Can be Facility's Main/Coorprate Office) & Contact Information to this Location:
Street:

City: State: ZIP:
Telephone: FAX:
Telephone: Email:
Name and Title of Prefered Contact for QC Related Inquures:
Physical Address of Facility (If Different from Mailing Address) | Same as Above: | |

Street:

City: State: ZIP:
Telephone: FAX:
Telephone: Email:
Is Check-in Location at the Main Entrance of Facility (Yes/No)?

If No, dniving directions to locations NCDOT Staff should Check-in:

Plant Personnel Responsible for Quality Control (List phone # for Primary QC & QC Manger/Supervisor):

NAME/TITLE CERT # PHONE NUMBER (Optional)
1)
2)
3)
4)
5)
Material List (Only those materials sampled and tested in the QC/QA Program mark with an "X"):
ABC ABC-M ABC-Recy. Concrete Lightweight Agg.
#57 #™ #67 #78M #46TM
#5 =1 #6M #14M #OM
2S Sand 2MS Sand 1S Sand 4S Sand
Washed Screenings Dryed Screenings
Others:

“* If Quality Control Plan has changed or been updated this calendar year, send a copy of the new QC Plan to the
Aggregate QC/QA Engineer at the time of submitting this Ownership Update.
I certifv that the forgoing entries are correct: Signature:
Print Name:
Title:
Date:
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EXHIBIT B- LABORATORY TESTING EQUIPMENT LIST

Equipment Required for testing Coarse and Fine Aggegate

Automatic Shakers

Large shaker equipped with a timer

Mounted to a concrete floor or installed on a pdurencrete
base

Must include all required sieve sizes for appliea#dgregate

types

Precision Electronic Scaleg

Readability and sensitivity: 0.1 gram
Minimum capacity: 2,500 grams

Accuracy: £0.1 gram or £0.1% of full capacity
Must be calibrated annually

Heavy-Capacity Electronic Scales

Readability and sensitivity: 20 grams
Minimum capacity: 50 kilograms (110 Ibs)
Accuracy: 20 grams or +0.1% of full capacity
Must be calibrated annually

Automatic Shaker for Soil Mortar and
Fine Aggregate

Shaker that can accommodate 8” or 12" sieves.
Includes timer, cover, and appropriate sieve qusgNCDOT
specifications

Sample Splitters

Splitter with 8” x 14” x 4" opening, two catch pamsd one
pouring pan
Chute-style splitter with adjustable ¥2” bars antl\2¢lth

Drying Pans

Sufficient quantity of pans sized 24” x 12" x 3"

Sieve Setg

One set of 8” or 12” diameter sieves for ABC sodrtar
One set of sieves for fine aggregate testing adlg&OT
specifications

Wooden Mallet or other
Acceptable Equipment

Dimensions: 132" x 3¥%2" x 6"
Dowel: 1” diameter x 12" long (centered)

Bowl

Large stainless steel bowl for material preparation

Spoon

One large spoon 11"-13" stainless steel

Sample Cans

Sufficient quantity with approximately 400-gram aapy

Sieve Brushes

Adequate supply for routine sieve maintenance

Drying Oven

Gas or electric
Thermostatically controlled at 110 + 5°C

Oven Thermometer

Range: 0 to 150° +0.5°C
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**Eacilities identified with potential plas

ticity i ssues, must also have the following additional equment**

Liquid Limit Machine

* Includes grooving tool
e« Conforms to AASHTO T-89 standards

Sieve

#40 Sieve

Mortar Bowl

Diameter: 210 mm (outside)

Pestle Devicel Rubber-covered base (2" diameter) or drill pregh wibber disc

Stiff Blade Spatula

Dimensions: 3¥2" x 136>

Glass Plate or Unglazed Rolling Surface Smooth surface; unglazed paper must be fiber-imdday flat

Mixing Dish

Porcelain evaporating dish or equivalent

Heat-Resistant Containers

With secure lids for sample processing

Equipment Required for testing ONLY Fine Aggregate

Automatic Shaker

* Shaker that can accommodate 8” or 12" sieves.

* Includes timer, cover, and appropriate sieve quseNCDOT
specifications

Precision Electronic Scaleg

* Readability and sensitivity: 0.1 gram

*  Minimum capacity: 2,500 grams

* Accuracy: £0.1 gram or £0.1% of full capacity
* Must be calibrated annually

Divider or Splitter

» Divider: ~5" tall with four 14" legs at right angles
(constructed from 18-gauge aluminum)

» Splitter: 8" x 14" x 4" opening with two catch pans and on
pouring pan

Bowl

Large stainless-steel bowl for material preparation

Spoon

One large spoon 11"-13" stainless steel

Sieve Setg

One complete set of 8” or 12" diametesieves as per NCDOT fine
aggregate specificatio

Oven

Thermostatically controlled at 110 + 5°C (gas @c#ic)

Oven Thermometer

Range: 0 to 150° +0.5°C
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EXHIBIT C- SAMPLING PROCEDURES
Sampling Procedures — Production Stockpile

To minimize variables that impact correlation beswasamples, all samplingust strictly
follow the proceduresoutlined in the manual. Adherence to these prdsoeasures more
accurate, consistent, and reliable comparisonsbfrésults.

When sampling from a stockpile:

« Take the sample from tlsame section of the stockpile being shipped.

« For base materials, sampiear optimal moisture to avoid segregation.

« Visually inspectthe load face for signs of contamination or segtieg before sampling.
o Ifiissues are found, mix or remove affected maltéxedore proceeding.

Sampling Method:

« Use material scooped by a loader from the existtogkpile
o A single loader bucket may not yield a represevgéasample; multiple buckets
may be needed across the stockpile to mix the e@ard fine sections. Same
method should be used as loading trucks.
« Dump the material onto the ground as if loadingual, avoiding high drops to prevent
segregation.
» Strike off and level the pile to half its originaight.
« Divide the surface into four equal sections labde®, C, and D.
« Collect samples from two opposite quadrants (A@nd D or B and C) to preserve
uniformity.

(A BN
- T TR T \C[D/

Material first dumped on ground Material after being leveled off and sectioned

(Side View) (Top View)

When collecting material with a shovel, take caravoid spilling it while transferring it to the
sample container.
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Belt Sampling

A sampling lot shall be represented_by obtainingglrandomly located samples from
approximately equal increments of the sampling Tthe three samples are to be combined and
tested. The sample shall be taken from the comiasib before the material has passed through
the pug mill, if a pug mill is being utilized.

The sample is obtained by isolating a cross sectiarh the belt and removing all material

inside of the isolated cross section, including dihes. Samples obtained from a conveyor belt
anywhere other than an approved QC/QA Aggregaibtyashall not exceed limits of Column

C inTable 3(page 57)
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Tube Sampling

For tube samplinghe sample must be collected from a portion of thetockpile that

accurately represents the material being shippedine aggregate samples may be obtained
using a tube approved by the Department. The tobk Isave a minimum diameter of 1¥4 inches
(30 mm) and a minimum length of 6 feet (2 m). Itanlbe constructed of either aluminum or
PVC to ensure durability and compliance with speatfons.

The sampling process requires inserting the tuloetire stockpile at evenly spaced points across
the exposed face of the pile. To achieve a reptasem samplea minimum of five insertions

must be performed Each insertion shall be made dteaght of no less than three feet above

the base of the stockpileThis procedure ensures that the collected matefiacts the quality

and characteristics of the aggregate intendedhipngent.
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EXHIBIT D- PROCEDURES FORSPLITTING AND L ABELING SAMPLES

Method — Split in Two Halves

« Placehalf of the material (e.g., ~35 Ibs of a 70-lb sampi&) the splitter.
« Open the splitteslowly so material flows into the two catch pans.

- Swapthe pans’ positions and repeat with the remaihid

\

[r L e —

Pour remainder of ai‘hplc}?‘ ~
into the splitter and

repeat the process ”

g

M
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Half of sample kept Half of sample kept
by DOT as the QA sample by lab as QC sample

General Requirements for Splitting

Finger gate settings must be at leaSttimes the largest particle size

The splitter must rest onlevel surface

Split the samplé&efore it completely dries

While not required to weigh each half; Producery elact to do so to verify an appropriate
split. It should be noted that measurable diffeesria weight between halves may still influence
QC/QA result comparisons, even when all requirest@dures have been followed.
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Fine Aggregate Sample Splitting Using a Divider

This method is an alternative to using a splittet B intended fomoist fine aggregateghat do
not flow freely.

Required Equipment
« Impervious surface such as a steel plate or table (approx. 28" ¥ 32"

« Four-way divider: 28" legs forming a right angle; about 5" tall
« Perform splittingoefore material fully dries

14”

Device is approximately 5” tall.
14" Device has four legs attached at right angles, krls 14” long.
Construction is of 18 gauge or similar aluminum.

L

O
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Procedure

1. Placeall moist material in the center of the table.

2. Remix thoroughly and shape intogd cone-shaped pile
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3. Insert thefour-way divider straight down through the pile until it touches thble.

Alternative Splitting Method
for fine aggregate ONLY ™ _

4. Slide the divider slightly to separate the material.

" Alternative Splitting Methge! ;
forifine aggregate ONLY
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5. Removetwo opposite quadrants.

Alternative Splitting Method
for fine aggregate ONLY

6. Remix the remaining two quadrants argpeat until you reach the sample size
needed.

Sample Numbering Guidelines

Each material size/type begins a new sample nusdggrence odlanuary 1, starting atl for
each category.

Quality Control Sample Identification

Product (size) Sample Number Sequence beginning Januaryj1
#57 QC-1, QC-2, QC-3, QC-4, etc.
#67 QC-1, QC-2, QC-3, etc.
#78M QC-1, QC-2, QC-3, QC-4, etc.

*QA Split samples will follow the corresponding QCsample sequence.
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Verification Sample Identification
Product (size) Sample Number Sequence beginning Januaryjl
#57 V-1, V-2, V-3, V-4, etc.
#67 V-1, V-2, V-3, etc.
#78M V-1, V-2, V-3, V-4, etc.
Washed Screenings V-1, V-2, etc.

Check Sample Identification (Out of Spec Samples)

Product (size) Sample Number Sequence beginning Januaryjl
#57 QC-1, QC-2, QC-2A, QC-3, etc.
#67 QC-1, QC-2, QC-3, QC-3A, QC-3B, QC-4, etc.

*A suffix of “A” indicates that the preceding sameplvas out of specifications, and the sample cagryir
the“A” suffix is the first check sample. A suffix of “B” indicates a second check samplavas
required.

Key Points
« Separate numbering for each material type (e.q@., #67, #78M).

+ QA split samples continue from their correspondd{g sequence.
« Out-of-spec samples add suffixes to identify cdivectests.
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EXHIBIT E—RAPID DRYING

If a facility is required by the Department to testfor Plasticity Index (P.l.), the sample must
be dried at a temperature not exceeding 60°C (140yH-or this reason, rapid drying is not
permitted when material is to be tested for plastity.

For drying operations, pans may be placed dirextlglectric heating elements or conventional
oven-style gas elements.

Rapid Dry, Mettiod

When using large exterior gas-burning units, a hfedae such as angle iron or another suitable
structure must be used to support the drying palesst four inches above the burners. Each pan
should contain 30 to 40 pounds of material, spreafbrmly to ensure consistent drying.

When gas burners are used, the flame must be edjtsprevent excessive heat from being
applied directly to the bottom of the parroughout the drying process, a technician must
remain present to monitor and adjust the heat as reessary, and to mix, stir, and turn the
aggregate to prevent scorching.

The sample should be dried until all moisture rmoeed, then allowed to cool. Stirring during

cooling helps achieve uniform temperature througio&i sample. Once cooled, the sample must
be processed promptly to prevent reabsorption a$tone from the air.
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EXHIBIT F—QAP SYSTEM FOR REPORTING SAMPLE TEST DATA AND
RETRIEVING STATISTICS

The Quality Assurance Program (QAP)is a secure, web-based platform utilized by thetiNo
Carolina Department of Transportation (NCDOT) apdraved aggregate and asphalt
producers/suppliers to support highway construgbiajects. The system is accessible at
https://apps.dot.state.nc.us/vendor/qap

« Online Submission Enter and upload Quality Control (QC) and Quafigsurance (QA)
test results efficiently.

« Secure Data Transfer Ensure the safe transmission of sensitive testifmgmation.

+ Report Access View both individual and summary test reportfhrasded.

« Statistical Analysis Tools Utilize built-in features to assess and interpest data.

All producers, suppliers, and their associatedgersl must be registered in tNerth
Carolina Identity (NCID) system to gain access to the QAP platform.

Immediately notify theAggregate QC/QA Engineeror QAP Liaison upon discovery of test
data errors.

* Include a detailed explanation to facilitate promgmtrection.
» Repeated submission errors may result in disciptiaation, up to and including loss of
certification.

QA results will be made visible to producers onég data has been uploaded to the system.

Contact Information

Francine Ward

QAP Information Systems Liaison
Phone: (919) 707-2369

Fax: (919) 733-8742

Email: fdward@ncdot.gov
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QAP/HICAMS User Registration Form

To link a user’'s NCID account to the HICAMS apptioa in the Quality Assurance Program
(QAP), the following steps are required:

« Complete the designated fornwith all required information.
«  Submit the form to your company’ QAP Account Administrator .

COMPANY INFORMATION

Business Nan

Business Addre:

Contact Phone Numk

USER INFORMATION

Last 4 Digits of SSN

Last Name

First Name

Middle Name/Initial

Job Title

User ID from NCID

Email Address Linked to NCID Account

Supervisor's Name

Supervisor’s Title

For Use by Company Account Administrator Only

Account Administrator Name

Administrator NCID User ID

I hereby confirm that | am a designated Account idtstrator for the above company and do
authorize the above person to have access to mgamyis information available via the NCDOT
QAP Application. 1 also verify the accuracy oé tibove user inforntion.
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List of Most Common Material Names for HICAMS QC/QA Batch Process in QAP

Material Description Code Name

Aggregate Base CourseABC

Aggregate Base Course made from Recycled Conc/BCRC
Aggregate Base Course, ModifiedBCM

Stabilizer Aggregate SA

Coarse Aggregate, #467MCA467M
Coarse Aggregate, #5CA5
Coarse Aggregate, #51TCA57
Coarse Aggregate, #57MCA57M
Coarse Aggregate, #6 TCAG7

Coarse Aggregate, #78MCA78M
Sand, 2MS S2MS

Sand, 2S S2S

Sand, 4S S4S
Screenings, Dry SD
Screenings, WashedSW

Screenings, Sup-Washer SSW
Lightweight Concrete, (See SpecsJALWT

Lightweight, Structural Concrete, (See SpedSALWTSC
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Gradation Test Report Form

North Carolina
Department of Transportation - Materials and Tests
Raleigh, North Carolina

Producer’s Coarse Aggregate Quality Control Teshi®ary

Quarry: Number: Producer: Page:
County: Number: Size Material:
Grading - Percent Passing
Date Sample| Quantity | 2" | 1.5" | 1" | 3/4” | 1/2” | 3/8" | #4 | #8 | #10 | #40| #200 #4Q #200| L.L | PI Sampling Tech.
Numbe (Tons @ @ Name / Cert

Place * in columns containing values that are detsif specifications
Remarks: @ Soil mortar fraction for ABC.

Quality Control Testing Technitia
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EXHIBIT G — GRADATION SPECIFICATIONS & TOLERANCES FOR COMPARISONS

TABLE 1A — CORE AGGREGATEGRADATIONS  ...vivvieiiieneenaaneannsennennennne.. PAGE 53

TABLE 1B—NON-COREAGGREGATEGRADATIONS  ......eeiveiiiiiiiieiineineeneenann. PAGE 54
TABLE 2—- AGGREGATEQC/QA GRADATION TOLERANCES  ....c.viiviiviieiieineieinannneene.. PAGE 55
TABLE 3— AGGREGATEBASES—COLUMNSB& C .......cccoiviiiiieiie e e e PAGE 57

TABLE 4 — STABILIZER AGGREGATE(SA) ..cvivviiiiiiiiiiiie e iiiieeiennen.. PAGE 57
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TABLE 1A — CORE AGGREGATES GRADATIONS

CORE AGGREGATE GRADATION SPECIFICATION

Sieves | 2" 1-1/2” 1" 3/4” 1/2” 3/8” #4 #8 #10 #16 #40 #200 @40 @200 | LL Pl
ABC* - 100 75-97 - 55-80 - 35-55 - 25-45 - 14-30 12B | 40-8%2 | 11-3% | 0-30| 0-4
ABCRC | - 100 75-97 - 55-80 - 35-55 - 25-45 - 14-30 4-12BO-84P | 11-3% | 0-35| 0-4
#57 - 100 95-100 - 25-60 - 0-10 0-5 - - - -1 - - - -
#57M - 100 95-100 - 25-45 - 0-10 0-5 - - - f-1 - - - -
#67 - - 100 90-100 - 20-58 0-10 0-5 - - - -1 - - - -
#78M - - - 100 98-100 75-100 20-4b5 0-15 - - 0-1 - - - -

A See Sub article 1005-4 (A)

B-See Sub article 1005-4 (B)

¢ See Sub article 1014-2 (6)

P- For information only, unless Pl exceeds 4. IeRteeds 4, soil mortar limits apply. If PI exce6dmaterial shall be rejected.

*Use ABC Specs for all base course materials sscABC, ABC Type A, CTBC, Select Material-Class IV

Sieves | 1/2” 3/8” #4 #8 #10 #16 #30 #40 #50 #80 | #100 #200 F.M. - - -
2S - 100 95-100 80-100 - 45-95 25-15 - 5-30 - 0-10 0-3 2.3-3.1 - - -
2MS - 100 95-100 80-100 - 45-9% 25-75 - 5-35 0-200-8" 2.3-3.1 - - -

A. When tested at the job site before use, theuatnaf material passing the No. 200 sieve shalbeogreater than 10%
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TABLE 1B — NON-CORE AGGREGATES GRADATIONS

NON-CORE AGGREGATE GRADATION SPECIFICATION

Sieves | 2" 1-1/2” 1" 3/4” 1/2” 3/8” #4 #8 #10 #16 #100 #200 @40 @200 | LL Pl
#4 100| 90-100] 20-55 0-15 - 0-5 - - - - - f-1 - - - -
#467M | 100 | 95-100 - 35-70 - 0-30 0-5 - - - - 0-1 - - - -
ABC(M) - 100 75-100 - 45-79 - 20-4( - 0-2% - - k12 - - - -
#5 - 100 90-100 20-55 0-10 0-5 - - - - - b-1 - - - -
#6M - - 100 90-100, 20-55 0-20 0-8 - - - - 6-1 - - - -
#789 - - - 100 95-100 80-100 20-50 - - 046 02 - - - -
#E(VA) - - - - 100 85-100, 10-30 0-10 - 0-% - 0-1.6 - - -
#14M - - - - 100 98-10G0  35-7( 5-20 - 0-8 - f-1 - - - -
#9M - - - - 100 98-100 85-100 10-4|O - 0-10 - 0-1 - - - -

A See Sub article 1005-4 (A)

B-See Sub article 1005-4 (B)

¢ See Sub article 1014-2 (6)

P- For information only, unless Pl exceeds 4. IeRteeds 4, soil mortar limits apply. If PI exce6dmaterial shall be rejected.

*Use ABC Specs for all base course materials sscABC, ABC Type A, CTBC, Select Material-Class IV

Sieves

1/2”

3/8”

#4

#8

#10

#16

#30

#40

#50

#80

#100

F.M.

4S

100

95-100

15-45

0-10
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TABLE 2 — AGGREGATE QC/QOA GRADATION TOLERANCES

AGGREGATE QC/QA GRADATION TOLERANCES

Sieves 2" | 1-1/2” 1" 3/4” 1/2” 3/8” #4 #8 #10 #16 #40 #200 @40 @200 LL
ABC* - | H-2 | +-4 - +/-5 - +/- 6 - +/-5 - +/-5 +/-3 +/-6 +-5 | +-4
#4 - | +-2 +/- 4 +/- 4 - +/-2 - - - - - +/- 0.5 - - -
#467M - +/- 2 - +/-5 - +/-3 +-2 - - - - +/-0.b - - -
#5 - - +/-2 +/-5 +/-2 +/-2 - - - - - +/- 0.5 - - -
L R I IR 1 IR N2 B N PV S IREVA- I i B VY T :
#6M - - +/-2 +/-3 +/-5 +/-5 +/-3 +/- 5 - - -| /405 - - -
#67 - - +/-2 +/-3 - +/-5 +/-3 +/- 5 - - - +:9 - - -
;87 2(3\|>/I A; - - - +/-2 +/-3 +/-3 +/-5 +/- 3 - - - +/- 0.5 - - -
ApA I i i - | w3 | 45| 5| - i _ | +-08 - i i
#789 - - - +/- 3 +/-3 +/- 3 +/-5 - - +-8 +-3 - - - -
*Use ABC Specs for all base course materials sscABC, ABC Type A, CTBC, Select Material-Class IV
Sieves | 1/2" | 3/8” #4 #8 #10 #16 #30 #40 #50 #80 #100 #200 F.M.
2S/2MS| - - - +/-1 - +/-3 +/-3 - +/-2 - +-1 [-4 | +-0.2 - -
4S - - - +-2 - +/-3 +/-3 - +/-3 - +/- 4 +-14 - - -
Asphalt
Sand - - +/-2 +/- 6 +/- 6 +/- 6 +/- 6 +-6| +-4 - +2- | +/-2 - - -
Screenings|

Screenings — Dry Screenings, Washed Screeningsy S¢gshed Screenings
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TABLE 3

GRADATION.
ABC, ABC-TYPE A, CTBC, AND SELECT MATERIAL CLASS IV
Column A Column B Column C
% Passing % Passing
1-1/2” 100 98-100
1" 75-97 72-100
1/2” 55-80 51-83
#4 35-55 35-60
#10 25-45 20-50
#40 14-30 10-34
#200 4-12 3-13
Material Passing #10 (Soil Mortar)

*#40 40-84 36-86
*#200 11-35 10-36
LL 0-30 0-30
*Pl 0-4 0-4

NOTE: * For information only, unless Pl exceeds 4. leRteeds 4, soil mortar limi

apply. If Pl exceeds 6, material shall be rejected

S

TABLE 4

Stabilizer Aggregate (SA) - Gradation

Sieves % Passing
1-1/2” 100
1" 72-100
1/2” 51-83
#4 35-60
#10 25-50
#40 10-34
#200 3-13

Material Passing #40

LL

0-30

PI

0-6
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Cement Treated Base Course (CTBC)

For Cement Treated Base Course (CTBC), the desidnat size for aggregate base material
shall be2,000 tons, or the shipped quantity if lesA certified plant technician must collect one
Quality Control (QC) sample per lot, withmanimum weight of 35 pounds

All samples must be collected according to procesigletailed in Exhibit C and must be
obtained prior to the introduction of cement. Eaample is to be clearly labeled for
identification purposes. In cases where a splitdans collected, the remaining portion must be
retained and made available to the Department ugaqunest.

Rejection and Corrections
If a QC sample exceeds the criteria outlined iru@wl B of Table Ipage 57) the technician
must follow the check sampling procedures describedkction lll(page 17)of this manual.

Once cement has been added to the material, chegiliag is no longer permitted.

Any lot represented by a non-conforming samplel dleatejected and must be removed and
replaced by the Contractor at no additional coshéoDepartment.

Additionally, material passing the No. 40 sieve 'met exceed a Liquid Limit of 30 or a

Plasticity Index of 4. Any test results exceedingse values will result in rejection of the lot,
which must also be removed and replaced by ther@ctot.
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EXHIBIT H — Aggregate QC/QA Sampling and Testing Training Manual

Testing Procedures for Clean Coarse and Fine Aggrates

All sampling and testing of clean coarse aggregatefine aggregate must follow the latest
guidelines and procedures established by the Neatblina Department of Transportation
(NCDOQOT). These procedures are described in detaileNCDOT Standard Specifications for
Roads and Structuresas well as in th&ggregate Sampling (Roadwaypuidelines.

In addition to those references, producers shdatwlaarefully follow the instructions provided

in this manual to ensure all material testing isdiected accurately and consistently. Adhering to
these standards helps maintain quality controlearsdires that the materials meet the necessary
specifications for use in NCDOT projects.

A wash test is required for all fine aggregate sanips. For coarse aggregate, a wash test is
not necessary on the Producer’s split portion unlesspecifically requested.

Clean Coarse Aggregate — Sampling and Identificatio

Samples of clean coarse aggregate must be colloradn approved location, such as a
stockpile, conveyor belt, or another site approvetly the Department These samples should
be taken according to the procedures outlined mtitixC and then delivered to the laboratory
for testing.

Each sample must be clearly labeled; NCDOT usesmple card as shown in Exhibit(page
38). If the sample is split, with half retained foetBepartment, this must be done using the
appropriate method with a sample splitter, alseilesd in Exhibit D.

With site-specific approval from the Departmeng thtained portion of the sample may be rapid
dried. This process must be carried out carefollgrevent overheating and should follow the
guidelines listed in Exhibit Epage 46)

Once prepared, the coarse aggregate will be téstepladation using the AASHTO T 27

procedure. Additionally, a wash test will be penfiedd according to AASHTO T 11 standards to
ensure the material meets required quality bencksnar
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Clean Coarse Aggreqgate

To begin testing, the sample must be reduced taraageable size4;000 to 2,000 gramsThis
reduction should follow the sample splitting methaaitlined in Exhibit O(page 38)

Washed Gradation Procedure — AASHTO T 11

Step 1:

Step 2:

Step 3:
Step 4:

Step 5:

Split sample until a workable size Hf000 to 2,000 gramss obtained. Follow
procedures for splitting a sample described in ExID.

Ae Y

=

Once the sample is dried to a constant mass libised to cool to the touch prior
to proceeding with any testing procedu

Weigh and record weight of sample (Total dry Wt.).

Place sample in a container and cover with watassuire a thorough separation of
material finer than the No. 200 sievom the coarser particle

Using a large spoon vigorously agitate contentliwithe container.
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Step 6: Immediately pour the wash water over a nest ofesi¢lat are arranged with the
coarser sieve on top.

Step 7: Care should be used to avoid pouring the coardelgarout of the container.
Step 8: Add water as previously described and repeat tbespiures.
Step 9: Repeat this process until the wash water is clear.
Step 10: All material retained on the nested sieves shafeb@rned to the washed sample.
Step 11: The washed aggregate shall be dried to a constasy at a temperature bf0° C

(+/-5°C) [230° F (+/- 9° F)]. If using the Rapid Dry method follow the
procedures in Exhibit Epage 46)

N
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Step 12: Weigh and record weight of the sample (Wt. afteshuag).

Step 13: Calculate the percent passing the No. 200 sieve.

Calculation of Percent Passing No. 200 Sieve

To determine the percentage of material passinglthe200 sieve during a washed gradation
test, use the following formula:

Percent Passing No. 200 Sieve Formula

((Total Dry Weight — Weight After Washing) + Total Dry Weight) x 100

Example Calculation
A washed gradation test is performed on a sampb&d bf aggregate material.

« Total Dry Weight = 1,520 grams
« Weight After Washing = 1,515 grams

Calculation: Percent Passing No. 200 Sieve =[(1,520 — 1,515520] x 100
Percent Passing No. 200 Sieve = (5 + 1,520) x 100

Percent Passing No. 200 Siev8.3 % Passing

Percent Passing No. 200 Sieve

Product (size) Percent Passing Specification
#200 0.3 0-1.0

Result: The sample meets the specifications for 57M aggeematerial tested from a quarry
stockpile, specifically for the No. 200 sieve fiant
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Clean Coarse Aggreqgate

Sieve Analysis Procedure — AASHTO T 27

This procedure outlines the method for determinimggradation of clean coarse aggregate using
a mechanical sieve shaker.

Step 1:
Once the sample is dried to a constant mass libiwed to cool to the touch prior to
proceeding with any testing procedures.

Step 2: When testing material which 100% passes the % $imt¢1$ #78, #14M, #9, etc),
split the sample into a workable sizel@fto 15 poundgo avoid overloading
sieves. Follow procedures for splitting a sam@scdbed in Exhibit page 38)

Step 3: Based on the Specifications for the material béasted, the proper sieves are
selected. Additional sieve(s) may be added asatk&dprevent sieve overloading.

Step 4: The sieves are placed into the mechanical shakkithe smallest opening on bottom
and largest opening on top.
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Step 5: Weigh and record the weight of the sample.

Shake for 10 Minutes

Step 7: Carefully remove each sieve, weigh, and recordetened material (cumulatively)
using the following steps:

a.
b.

C.
d.

—h

Remove the top sieve weigh and record materialneda

Remove the next sieve from the shaker and adcethaed material to the
material from the first sieve.

Record cumulative weight from both sieves.

Remove the next sieve from the shaker and adcethaed material to the
material from the two previous sieves.

Record cumulative weight from all three sieves.

Repeat this process for each of the remaining sigvéne catch pan.
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Step 8: Calculate the cumulative percent retained for eaebe.

Step 9: Calculate the percent passing for each sieve.
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Example: Calculating Percent Passing from a Sieverralysis

This example uses a previously tested 57M aggresgaigple, which showel 3% passingthe
No. 200 sieve based on the wash gradation testtoféledry weight of the sample used for the
sieve analysis i22.1 Ibs

Step 1: Calculate Cumulative Percent Retained

Use the following formula:

Cumulative % Retained Formula

(Cumulative Weight Retained + Total Dry Weight) x 100

Example for the 1’ Sieve:
Calculation: Cumulative Percent Retained = (0.9 + 22.1) x 100
Cumulative Percent Retained = (.041) x 100

Cumulative Percent Retainedd=9o Retained \

#57M \
Std. Size # Cumulative Weight Retained Cﬁ@ulative % Retained
1-1/2” 0 \ 0
1" 0.9 N 4
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Step 2: Calculate Percent Passing

Use the formula:

Percent Passing Formula

100 — Cumulative % Retained

Example for the 1’ Sieve:
Calculation: Percent Passing = 100 -4

Percent Passing 86 % Passing \

#57TM\
. Cumulative Weight] Cumulative %\ . .
Std. Size # Retained Retained X Y% Passing SPECS.
1-1/2” 0 0 \ 100 100
1" 0.9 4 x 96 95 -100
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Sieve Analysis — Clean Coarse Aggregate Work Prolste#3

« Total dry sample weigh24.8 Ibs.(oven-dried)

#67
. . ——
Std. Size # C“m%\’ge'qm C“& % | wPassing SPECS
1” 0 100
3/4” 0.2 90 - 100
1/2”
3/8” 19.0 20-55
#4 23.8 0-10
#8 245 0-5
Pan 24.8
Passing #200 (wash method)
#200 0.1* 0-1

*Wash Test not required on QC samples but musep®pned when requested.

Please review the sieve analysis results and detenvhether the sample meets the minimum

specification requirements fé67 aggregate

Question:

Based on the data, does the sample meet the spéorfi requirements for #67 stone?

Reminder:

The1/2" sieveis not a specified requirementfor #67 stone. However, its inclusion supports

mix design and quality control for ready-mixed cate applications.

68




Sieve Analysis — Clean Coarse Aggregate Work Probite#4

« Total dry sample weightt5.6 Ibs.(oven-dried)

#78M
Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS.
Retained Retained
3/4” 0 100
1/2" 0 98 - 100
3/8” 2.1 75-100
#4 12.9 20-45
#8 15.0 0-15
Pan 15.6
Passing #200 (wash method)
#200 0.4* 0-1

*Wash Test not required on QC samples but musep®pned when requested.

Please review the sieve analysis results and detenvhether the sample meets the minimum
specification requirements fé78M aggregate

Question:
Based on the data, does the sample meet the spéoifi requirements for #78M stone?
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Test Procedures — Fine Aggregate

Fine aggregate samples must be collected from proagd location (e.g., stockpile or conveyor
belt) following the sampling procedures outlinedxhibit D (page 38) Each sample must be
clearly identified. (See Exhibit C for an exampfeaacompleted Sample Identification Card used
by NCDOT.)

If the sample needs to be split so that half igined for Department use, follow teample
splitting procedure using a mechanical splitter as describelbthibit D .

When approved by the Department on a site-by-sisessbthe split half of th@uality Control
(QC) samplemay be force dried. Care must be taken duringhdryo avoid overheating. When
Rapid Dring samples follow the procedures iBxhibit E (page 46)

Fine aggregate must be tested in accordance with:

» Gradation testing shall be performed in accordante AASHTO T 27, and wash tests
in accordance wWithAASHTO T 11, as modified by the Department
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Fine Aggregate

Washed Gradation Procedure — AASHTO T 11

Step 1: Split sample until a workable size 490 to 600 gramss obtained (Note: this
sample size deviates from standard AASHTO procegjurieollow procedures for
splitting a sample described in Exhibit(Page 38)

Step 2: Once the sample is dried to a constant mass libised to cool to the touch prior to
proceeding with any testing procedures.

Step 3: Weigh and record weight of sample (Total dry Wt.).

Step 4: Place sample in a container and cover with watessure a thorough separation of
material finer than the No. 200 sieve from the seaparticles.
(#16 and #200 sieves must be used)

Step 6: Immediateiy pour the wash water over a nest ofesi¢liat are arranged with the
coarser sieve on top.
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Step 7:
Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

Step 13:

Care should be used to avoid pouring the coargelearout of the container.
Add water as previously described and repeat theeplures.

Repeat this process until the wash water is clear.

All material retained on the nested sieves shateb@ned to the washed sample.
The washed aggregate shall be dried to a constasg at a temperature bf0° C

(+/-5°C) [230° F (+/- 9° F)]. If using the Rapid Dry method follow the
procedures in Exhibit BPage 46)

Weigh and record weight of the sample (Wt. afteshuag).

Calculate the percent passing the No. 200 sieve.
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Calculation of Percent Passing No. 200 Sieve

To determine the percentage of material passinglthe200 sieve during a washed gradation
test, use the following formula:

Percent Passing No. 200 Sieve Formula

((Total Dry Weight — Weight After Washing) + Total Dry Weight) x 100

Example Calculation
A washed gradation test is performed on a sampimefaggregate material.

« Total Dry Weight = 552 grams
« Weight After Washing = 538 grams

Calculation: Percent Passing No. 200 Sieve = [(552 — 538) + 85H)0
Percent Passing No. 200 Sieve = (14 + 552) x 100

Percent Passing No. 200 Siev@.5 % Passing

Percent Passing No. 200 Sieve

Product (size) % Passing Specification
#200 2.5 0-3.0

Note: All Fine Aggregate samples must be washed in a@ecare with AASHTO T 11, as
modified by the Department
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Fine Aggregate

Sieve Analysis Procedure — AASHTO T 27

This procedure outlines the steps for determiniegparticle size distribution of fine aggregate
using a mechanical shaker and a set of sieves.

Step 1: Once the sample is dried to a constant mass libised to cool to the touch prior to
proceeding with any testing procedures.

Step 2: Based on the Specifications for the material béasted, the proper sieves are
selected. Additional sieve(s) may be added as netedéetermine Fineness
Modulus or to prevent sieve overloading.

Step 3: The sieves are placed into the mechanical vibraithr the smallest opening on
bottom and largest opening on top.

Step 4. Weigh and record the weight of the sample.

Step 5: Place the sample in the mechanical shaker andaielO minutes
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Step 6: Carefully weigh and record the retained materiakach sieve (cumulatively) using
the following steps:

Carefully remove the nest of sieves from the shaker

Remove the top sieve weigh and record materiaineda

Remove the next sieve and add the retained materihé material from the
first sieve.

Record cumulative weight from both sieves

Remove the next sieve and add the retained materihé material from the
two previous sieves.

Record cumulative weight from all three sieves

Repeat this process for each of the remaining sitvéhe catch pan.

Step 7: Verify mass of sample after sieving is witlir8% of sample mass originally placed
on nest of sieves.
Step 8: Calculate the cumulative percent retained for eaebe.

Step 9: Calculate the percent passing for each sieve.

Example: Calculating Percent Passing in a Sieve Ahgis

A sieve analysis was performed on a 2MS sand satopletermine the percent passing the No.
200 sieve using a wash gradation test.

« Total Dry Weight = 496.7 grams
« Weight After Washing = 481.3 grams

Step 1: Calculate Cumulative Percent Retained

Formula:

Cumulative % Retained Formula

(Cumulative Weight Retained + Total Dry Weight) x 100
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Example for #4 Sieve:
Calculation: Cumulative % Retained = (14.4 + 496.7) x 100
Cumulative % Retained = (.029) x 100

Cumulative % Retained 3 % Retained \

2MS \
Std. Size # Cumulative Weight Retained C\u{nulative % Retained
3/8” 0 \ 0
#4 14.4 A 3

Step 2: Calculate Percent Passing

Formula:

Percent Passing Formula

100 — Cumulative % Retained

Example for the 1’ Sieve:
Calculation: Percent Passing = 100 — 3

Percent Passing %7 % Passing \

2MS \

. Cumulative Weight| Cumulative % 0 )
Std. Size # Retained Retained /‘\ %o Passing SPECS.
3/8” 0 0 \ 100 100
X
#4 14.4 3 97 95 -100
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Verifying Sample Mass After Sieving Is Within Tolerance

According to Step 7 of thBieve Analysis Procedures — Fine Aggregate (AASHINQ) the total
mass of a sample after sieving must be wittiir8% of the original dry mass placed on the nest
of sieves.

Example:

For a 2MS sand sample where the No. 200 sieve et@sndined using the wash method:

« Dry sample weight before washing6.7 grams
« Dry sample weight after washing81.3 grams

Since the sample was washed, useotren-dried weight after washing(i.e., the weight of
material placed on the sieves) for calculations.

Formula:

Sample Mass Tolerance Formula

Weight After Washing x 0.003 = Sample Mass Tolerarmc

Calculation: Sample Mass Tolerance = (481.3 x 0.003)
Sample Mass Tolerance = (1.44)
Sample Mass Tolerancel=4 grams

This defines the acceptable mass range after gievin

« Lower limit: 481.3 - 1.4 479.9 grams
« Upper limit: 481.3 + 1.4 482.7 grams

To stay within tolerance, trmumulative weight of material retained on the pan #er sieving
must fall betweed79.9 grams and 482.7 grams
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Sieve Analysis — Fine Aggregate Work Problem #5

« Total Dry Weight = 442.9 grams
« Weight After Washing = 434.6 grams

2S
Std. Size # Cumulativ_e Weight Cumulgtive % % Passing SPECS.
Retained Retained

3/8” 0

#4 15.3

#8 52.4

#16 96.6

#30 179.9

#50 349.1
#100 420.0

#200

Pan 434.1

Please review the sieve analysis results and detenvhether the sample meets the minimum
specification requirements f@S material

Questions:

1) Based on the data, does the sample meet the spéoifi requirements for 2S
material?

2) Does the total mass of the sample after sievingimvit0.3%?
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Fineness Modulus (F.M.) Overview
TheFineness Modulus (F.M.)is an empirical value that provides an index effiheness or
coarseness of an aggregate. Defined by the Ame@oanrete Institute (ACI), it is calculated by
summing the cumulative percent retained (by weighta specific set of standard sieves and
dividing that total by 100.
For NCDOT: Standard Sieve Sizes Used in F.M. Calcation:

« 3/8", No. 4, No. 8, No. 16, No. 30, No. 50, No. 100
Note: The No. 200 sieve is included in gradaticsting as required by specifications but is
not used when calculating F.M. Also, exclude the matergthmed in the pan from the F.M.
calculation.

Fineness Modulus Classification

Fineness Modulus (F.M.) Index
F.M. Rating Index Range
Coarse Sand 2.80-3.10
Medium Sand 2.50-2.80
Fine Sand 2.30-2.50

The F.M. should be between 2.3 and 3.1 and mustamgtby more than 0.20.
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Example: Fineness Modulus Calculation
Sample Information:

« Total Dry Weight = 496.7 grams
« Weight After Washing = 481.3 grams

Step 1: Calculate Cumulative Percent Retained

Formula:
Cumulative % Retained Formula
(Cumulative Weight Retained + Total Dry Weight) x 100
2S | 2MS
Std. Size # Cumulative Weight Retained Cumulative % Retained

3/8” 0 0
#4 14.4 3

#8 83.9 17
#16 183.8 37
#30 258.3 52
#50 347.7 70
#100 405.3 82
#200
Pan 481.1
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Step 2: Calculate F.M.

Fineness Modulus (F.M.)is a numerical value used to describe the coassamefineness of
aggregate. It is calculated by adding up the cutivelgpercentages of material retained on a set
of standard sieves, and then dividing that total 0§.

Example:

Fineness Modulus (F.M.) Formula
O0O+3+17+37+52+70+82)+100=2.61

Since the Fineness Modulus (F.M.) of the sarl8q, it is rated as Medium sand based on
the F.M. Index.
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Sieve Analysis — Fine Aggregate Work Problem #6

« Total Dry Weight = 418.1 grams
« Weight After Washing = 402.8 grams

2MS
Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS.
Retained Retained
3/8” 0
#4 5.2
#8 64.9
#16 150.5
#30 206.3
#50 271.5
#100 352.0
#200
Pan 403.1
F.M.
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 402.8 - = grams
Upper limit: 402.8 + = grams
What type of F.M. rating is this material?
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Test Procedures — Aggregate Base Products

Overview of Agdregate Base Types

Aggregate Base Course (ABC):

ABC is a well-graded mix of fine and coarse aggtegearticles. When placed according to
specifications and compacted to meet minimum dgnsguirements, ABC forms a strong,
stable foundation layer for pavement structuraspitimary function is to distribute traffic-
induced stresses across the pavement layers. Acargdtructed ABC layer enhances load-
bearing capacity and reduces rutting. It also glesiseveral additional benefits, including:

« Mitigating pumping

« Minimizing frost heave

« Improving surface and subsurface drainage

« Controlling subgrade volume changes in expansiits so
+ Preventing lateral movement in flexible pavemesteamns

Cement Treated Base Course (CTBC):
CTBC is similar to ABC but includes cement to impeastrength and load-bearing capacity. It's
commonly used in high-traffic roadway projects whgreater durability is required.

Aggregate Base Course — Modified (ABC-M):
ABC-M has a different gradation specification tlsaandard ABC and is typically used for
maintenance stabilization, offering structural supjn repair work or temporary applications.

Stabilizer Aggregate (SA):

SA is designed specifically for subgrade stabiioratlts specification requirements differ from
ABC, making it suitable for use beneath pavemeydrsato improve stability and reduce
movement from underlying soils.
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Aggregate Base Course (ABC)

Type A ABC — Production Stockpile:

This refers to ABC sourced from an active producstockpile. These stockpiles may be
continuously replenished with new material whilésérg material is being distributed to
customers.

= — T

Sampling and Handling Procedures

« Sampling Locations:
Aggregate base material must be sampled from &gmtecconveyor belt, or other
Department-approved locations using establishedgghares. Refer to Exhibit (page
35) for proper sampling methods.

Each sample must be clearly labeled with a comghlstenple card. Use the splitter per Exhibit
D (page 38)for splitting procedure. Rapid drying may be ugetbne cautiously to prevent
overheating; for rapid drying, follow Exhibit (eage 46)

Important: If the sample is required to undergo testing flastcity Index (P.1.), it must be
dried at temperatures not exceedd®jC (140°F) Rapid drying is1ot permitted in such
cases.
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Adgregate Base Course

Procedures — AASHTO T 11 and AASHTO T 27

Step 1: AASHTO T 27
Once the sample is dried to a constant mass libised to cool to the touch prior to
proceeding with any testing procedures.

Step 2:
The 1%, 17, %", %" g, #4 and #10 sieves are placed in the mechanieies
with the smallest openings on bottom and largeshmms on top. A pan is placed
in the shaker to catch the -#10 material. The 341 sieves are not necessary to
determine gradation but are inserted to preventi@aging other screens.

Step 3: Weigh and record the weight of the sample.
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Step 4: Place the sample in the mechanical shaker andagmal0 minutes

Step 5: Carefully remove each sieve, weigh, and recoraetened material using the
following steps:
* Weigh and record material cumulatively retaineceanh sieve.
* The - #10 material in the shaker pan is reducesphiting to a sample
size of approximately 800 — 1200 grams and placeddample can.
This sample of -#10 material is used to deternineepercent passing the
#40 and #200 sieves and, if required, the Liquidit(L.L.) and
Plasticity Index (P.I.
Step 6: Split sample until a minimum &O00 gramsis obtained. The remaining -#10
material is set aside for determining Liquid Lirarid Plasticity Index if required.

Step 7: Weigh and record weight of sample (Total Dry Wte-ashing).




Step 8: AASHTO T 11
Place sample in container and cover with water.

Step 9: Using a large spoon vigorously agitaté contenthinithe container to assure a
thorough separation of material finer than the #3@0e from the coarser particles.

Step 10: Immediately pour the wash water over a nest ofesigkiat are arranged with the
coarser sieve on taq@16 and the #200 sieves must be used)
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Step 11:
Step 12:
Step 13:
Step 14:

Step 15:

Step 16:

Step 17:

Step 18:

Step 19:

Step 20:
Step 21:
Step 22:
Step 23:

Step 24:

Care should be used to avoid pouring the coardelearout of the container.
Add water as previously described and repeat $teps9 — 11.

Repeat this process until the wash water is clear.

All material retained on the nested sieves shateba@ned to the container

The washed aggregate shall be dried to a constass at a temperature tf0°C

(+/- 5° C [230° F (+/- 9° F)]. If using the Rapid Dry method, follow proceduies
Exhibit E (page46).

Once the sample is dried it must be allowed to tmtthe touch prior to performing
any additional tests.

AASHTO 27

Weigh and record weight of the sample (Total Dry.\\fter washing). Calculate the
percent passing the #200 sieve.

Place sample in a mechanical shaker with a nesewés, including a catch pan,
and cover plate. The sieve sizes are as follo@@; #40, #100, and #200 (place
sieves with the largest openings on top and thdlesh@n bottom). The #30 and
#100 are included to prevent overloading of th

EnsUre correct sieve sizes
The sample is screened f® minutesin the mechanical shaker.

Add the material retained on the #30 sieve to thtenal retained on the #40 sieve.
Weigh and record the material retained on the #Mes

Add the material retained on the #100 sieve tavihterial retained on the #40
sieve.

Add the material retained on #200 sieve to thea®#100 material.

Weigh and record the cumulative material from th6,#100, and #200 sieve to
determine the cumulative weight retained on theD#26ve.
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Step 25:
Step 26:
Step 27:
Step 28:
Step 29:
Step 30:

Step 31:

W‘e'ig/handfeﬁd matth on each sieve

Verify mass of sample after sieving is witldr8% of mass placed on nest of sieves.

Calculate the cumulative percent retained on eigste $0 the #10 sieve.
Calculate the percent passing each sieve dowret#18 sieve.

Calculate the cumulative percent retained on tieatl #200 sieve (- #10 material
or Soil Mortar).

Calculate the percent passing on the #40 and #2008ss

Complete the gradation results with the percerdipgdor each sieve (top to
bottom).

When reporting the #200, use the percent passsg200 sieve calculated after
performing the wash process.

Example: Calculating Percent Passing — Sieve Analgsfor ABC

Sample Information:

- Total Dry Weight = 41.4 Ibs.

Step 1: Calculate Cumulative Percent Retained

Formula:

Cumulative % Retained Formula

(Cumulative Weight Retained + Total Dry Weight) x 100
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Example — 1” Sieve:

Example for the 1’ Sieve:

Calculation: Cumulative Percent Retained = (2.3 + 41.4) x 100
Cumulative Percent Retained = (.056) x 100

Cumulative Percent Retainedc=0 Retained \

ABC \
Std. Size # Cumulative Weight Retained éu{nulative % Retained
1v" 0 \ 0
1” 2.3 : 6
7 13.3 32
#4 23.7 57
#10 29.1 70
Pan
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Step 2: Calculate Percent Passing the No. 200 Sigit®m -No. 10 Material)
Sample Information:

« Total Dry Weight = 320.0 grams
« Weight After Washing = 227.2 grams

Formula:

Percent Passing No. 200 Sieve Formula

((Total Dry Weight — Weight After Washing) + Total Dry Weight) x 100

Calculation: Percent Passing No. 200 Sieve = [(320.0 — 227320:0] x 100
Percent Passing No. 200 Sieve = (92.8 + 320.0)0x 10
Percent Passing No. 200 Siev@%% Passing

Step 3: Calculate Cumulative Percent Retained for bl 40 Sieve (Soil Mortar)

Formula:

Cumulative % Retained Formula

(Cumulative Weight Retained + Total Dry Weight) x 00
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Example for #40 Sieve:
Calculation: Cumulative Percent Retained = (132.5 + 320.0) x 100
Cumulative Percent Retained = (.414) x 100

Cumulative Percent Retainedd2 % Retained \

ABC \

Std. Size # Cumulative Weight Retained Cu}u{lative % Retained
#40 132.5 x 41
#200

Step 4: Calculate Percent Passing

Formula:

Percent Passing Formula

100 — Cumulative % Retained
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Example for the 1’ Sieve:
Calculation: Percent Passing = 100 — 6

Percent Passing 4 % Passing \

ABC N\
Std. Size # C“m‘;;‘;‘?#"i‘:m\’geiqm Cumulative %}b&;@ed % Passing
1% 0 0 \\ 100
1 2.3 6 Y
1/2" 13.3 32 68
#4 23.7 57 43
#10 29.1 70 30

Example for the #40 Sieve (Soil Mortar):

Calculation: Cumulative Percent Retained = (153.6 + 320.0) x 100
Cumulative Percent Retained = (.48) x 100
Cumulative Percent Retained = 48

Percent Passing = 100 — 48

Percent Passing52 % Passing
ABC\\

Std. Size # Cumulative Weight Cumulative % R(ﬁ%‘sd % Passing
Retained NG

#40 153.6 48 ~ 52

#200 --- FROM STEP #2 ——» 29
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Step 5 — Determine Percent Passing for each sievetél sample)

Formulas:

Percent Passing Total Sample (#40)

Percent Passing Total Sample +40 = (% Passing #10xPassing S.M. #40) + 100

Example for the + #40 Sieve:

Calculation: Percent Passing Total Sample #(B0 x 52) + 100
Percent Passing Total Sample #(.5.6) + 100

Percent Passing Total Sample 06 % Passing

Std. Size # % Passing
1" 100
17 94
1/2" 68
#4 43
#10 30
#40 16 ¥
#200
Soil Mortar
#40 52
#200 29
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Percent Passing Total Sample (#200)

Percent Passing Total Sample +400 = (% Passing #4006 Passing S.M. #200) + 100

Example for the + #40 Sieve:

Calculation: Percent Passing Total Sample +20(B0 x 29) + 100
Percent Passing Total Sample +20(B.7) + 100

Percent Passing Total Sample +208 % Passing

Std. Size # % Passing
1%” 100
17 94
1/2” 68
#4 43
#10 30
#40 16 /
#200 0 ¥
Soil Mortar
#40 52
#200 29
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Sieve Analysis — Fine Aggregate Work Problem #7

« Total Weight = 36.6 Ibs.

« Total Dry Weight = 410.0 grams

« Weight After Washing = 321.6 grams

ABC
Std. Size # Cum%ﬁeiqht Cu&z % % Passing SPECS.

1%” 0

17 2.5

3/4”
1/2” 14.1

3/8”
#4 21.0

#10 26.5

#40

#200

Soil Mortar

#40 209.3 ¢

#200

Pan 321.1¢g

Sample Mass Tolerance Formula: Weight After Washing< 0.003

Lower limit: 321.6 - g. Sample Tolerance within 0.3%7?
Upper limit: 321.6 + g.
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Sieve Analysis — Fine Aggregate Work Problem #8

« Total Weight = 43.7 Ibs.

« Total Dry Weight = 324.3 grams

« Weight After Washing = 266.0 grams

ABC
Std. Size # Cum%ﬁeiqht Cu&z % % Passing SPECS.

1%” 0

1” 3.2

3/4”
1/2” 12.8

3/8”
#4 19.9

#10 27.9

#40

#200

Soil Mortar

#40 166.5¢g

#200

Pan 265.2 ¢

Sample Mass Tolerance Formula: Weight After Washing< 0.003

Lower limit: 266.0 — g. Sample Tolerance within 0.3%7?
Upper limit: 266.0 + g.
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EXHIBIT | — A TTERBERG LIMIT PROCEDURES
(LIQUID LIMIT AND PLASTICITY |INDEX)

When a quarry has been flagged by the Departmepiofential concerns regarding Liquid
Limit (LL) or Plasticity Index (PI), it is necessato verify those properties using Atterberg
Limits testing.

This verification must be performed by testing atiaimum of every third sample reported

to the Department. The Liquid Limit is the moisture content at whisil transitions from a
plastic to a liquid state, determined AASHTO T 88e Plastic Limit is the moisture content at
which soil begins to show plastic behavior, deteediby AASHTO T 90. The Plasticity Index
is a calculated value that reflects the range abkte where soil remains plastic, and it is
obtained by subtracting the Plastic Limit from thquid Limit (Pl = LL — PL).

To perform the Atterberg Limits test, you'll needdbtain -#40 material Begin by using the
leftover -#10 material that was retained duringdieze analysis process. Because the LL and PI
are evaluated using only the -#40 fraction, thisemal needs to be further processed. First, sieve
the -#10 material using a #40 sieve and a catchTdamaterial retained on the sieve (+#40)
must be gently ground using a mortar and a rubbeered pestle—or an equivalent mechanical
tool—to break up clumped particles without crushimgjvidual grains.

If the sample contains fragile particles like mileges or seashell fragments, handle the grinding
with care and apply only enough pressure to ddtaeh particles from the brittle ones. After
grinding, re-sieve the material to separate outem40 particles. Continue this grind-and-sieve
cycle until only a small amount of additional -##@terial is generated and a tactile check of the
+#40 portion (rubbing between thumb and forefingenfirms it's clean.

Once these criteria are met, discard the remair#idd material. Thoroughly mix the -#40
material collected in the catch pan and transfiertat a clearly labeled sample can. This sample
is what you will use to determine the Liquid Lirartd Plasticity Index during testing.

Optional
Round end

= @i@ T ey | Mo s

—H Shaft-(*)76.2 mm _.

L End Square

Grooving Tool
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No Liquid Limit results required if test cannot be performed (i.e., the material is non-
plastic).

1.

7.
8.

9.

Prior to performing Liquid Limit testing, inspeatéadjust the Atterberg (Liquid Limit)
device in accordance with AASHTO T 89 and verifgttthe brass cup is calibrated to
produce a Lentimeter drop.

Thoroughly mix and obtain 50 to 100 grams of t#d0 material and place it in an
evaporating dish.

Add water to the sample in the dish.

Mix the sample and water together with a spatulatiying and kneading the sample.
If needed, continue adding water and mixing uh®l sample is near the Liquid Limit
(based on judgment and experience of person candueist).

Using the spatula, place material in the lower bathe brass cup using as few strokes as
possible (excess strokes will bring the water ®ottp of the sample).

Using the spatula strike off the sample to a depth centimeter in the cup.

Using the grooving tool, make a groove in the sanfigm the top to the bottom (verify
the sample and grooving tool blade are the saminyep

Attach the brass cup to the Atterberg Device.

10.Turn the crank 25 times at a rate of approxima2diyrns per second.
11.1f the sample comes or flows together on th& BBw between ¥4” to ¥” in the cup, then

the material is considered to be at its liquid tinf this does not occur on the2Blow
then the sample will have to be dried or more watketed to reach the liquid limit.

12.1f repeating these steps to achieve the liquidt/ithoroughly clean and dry the grooving

tool and brass cup between each series.

13.1f the requirements are met, use the spatula @ikt slice of material which flowed

together by cutting at right angles to the groaeenfedge to edge (approximately 30
grams).

14.Place the sample into a moisture can or watch glalssown weight.
15.Weigh and record the weight of the sample.
16.Place the sample in an oven set at A@00(+/- 5°) or 230° F (+/- 9°) for three hours or

until dry.

17.Carefully (Caution: Hot) remove sample from oven.
18.Place glass on top of container to determine ifstaiog is forming on the glass. If

moisture forms, place sample back in oven. Regpemprocess until the sample is dry.

19.1f dry, allow sample to cool to room temperature.
20.Weigh and record weight

21. Calculate percent of moisture and record
22.Discard material
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If the Liquid Limit test cannot be performed, report the Plasticity Index (P.l.) as non-
plastic (N.P.).

1.

2.

©xoNOo

Take the remaining material in the brass cup (ftagaid Limit test) and form it into a
ball (approximately 15 grams).

Break the ball into 4 approximately equal ellipsbicthasses and place each on unglazed
paper.

Using your fingers, roll each ellipsoidal mass undisally (on the paper) out into a 1/8”
diameter thread. Use only minimal pressure withryfongers and roll at an angle.
Repeat the rolling process on the paper until thtermal crumbles before reaching a 1/8”
diameter thread.

Once the first piece is rolled down, collect antdits® the side. Repeat this procedure
with each of the remaining (3) pieces (Steps 349nd\ote: Use clean paper for each
mass “roll-down”.

Re-roll the total sample into one ball with yourdertips.

Place the sample into a moisture can or watch glassown weight.

Weigh and record the weight of the sample.

Place the sample in an oven set at ACO(+/- 5°) or 230° F (+/- 9°) for three hours or
until dry.

10. Carefully (Caution: Hot) remove sample from oven.
11.Place glass on top of container to determine ifstaiog is forming on the glass. If

moisture forms, place sample back in oven. Regpemprocess until the sample is dry.

12.1f dry, allow sample to cool to room temperature.
13.Weigh and record weight.

14.Calculate percent of moisture and record.

15. Discard material.
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Formulas/Calculations - Liquid Limit, Plastic Limit , and Plasticity Index:

Liquid Limit (LL)

Wit. of Oven Dry Soll

= (Wt. cup and Wet Soil — Wt. cup and Oven Dry)Sai100

Plastic Limit (PL) = (Wt. Cup and Wet Soil — Wt. Cup and Oven Dry)Soil00
Wit. of Oven Dry Soil

Plasticity Index (PI) = Liquid Limit (LL) — Plastic Limit (PL)

Liquid Limit Results (Wt. in grams)

Wi. of Cup & Wet

Wi. of Cup & Dry

Wt. of Cup Soil Soil Wt. of Dry Sall Wt. of Water
66.3 86.0 82.2 15.9 3.8
Liquid Limit (LL) = (86.0—82.2) x 100 24
15.9
Plastic Limit Results (Wt. in grams)
Wit. of Cup Wt of Cup & Wet| Wt. of Cu_p & Dry Wit. of Dry Soil Wt. of Water
Soll Soll
63.1 75.0 72.9 9.8 2.1

Plastic Limit (PL) = (75.0 —72.9) x 100 21

Plasticity Index (PI) =24 — 21 3

9.8
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EXHIBIT J — A GGREGATE BASE COURSE PRODUCTS QC/QA SPLIT SAMPLES
THAT ARE OUT OF TOLERANCE

When Quality Control (QC) and Quality Assurance {@glit samples of Aggregate Base
Course material fall outside the acceptable limitscified in Table 2page 55) the Department
must initiate a formal investigation to determihe tause of the discrepancy. This investigation
may involve a comprehensive review of QC/QA testlts, technician evaluations, laboratory
inspections, or monitoring of subsequent samplédirdlings must be documented on the
Department’s QC/QA Investigation form. Once tharias complete, copies shall be distributed
to both the Producer and the Aggregate QC/QA Emrgine

If the investigation reveals that the issue origgddrom a procedural error or equipment
malfunction on the Producer’s side, the Departmathinform the Producer of the findings and
any necessary corrective actions. These will bechoh the investigation form. Repeated
procedural or equipment-related issues may reswonsequences for the QC Technician, such
as mandatory retraining, suspension of certificata removal of the Producer from the
Approved Producers List.

On the other hand, if the problem is determinelde@aused by deficiencies in the Department’'s
sampling or testing process, the responsible te@mwill be informed, and both the root cause
and resolution must be documented. Ongoing issugssonature may result in similar
disciplinary actions, including additional trainingvocation of certification, or termination of
employment.
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EXHIBIT K- R ANDOM NUMBERS

When sampling base course material, a verifiabldom selection process must be employed to

ensure unbiased results. Randomly choosing sam¢idns eliminates the potential for
intentional or unintentional bias, and this carabeomplished through the use of random

numbers. An example of computer-generated numbayshma as follows: For random numbers,
use ASTM random number charts, random numbers gedvoelow, or any other method

approved by Materials and Tests.
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Type A ABC Random Numbers Calculation
Each sampling lot is to #8000 tons

The following example demonstrates how random nusmbee used to determine the tonnage
where each sample is to be taken for Type A ABC:

Random numbers:

1234 <« (column numbers)
2952
4167 \
2730
0560
2754

(random numbers)

QC-1 - Calculate tonnage for the sample withinfir& 2,000-tonlot using a random number
from column 1 above. In this example the numb@BisPlace a decimal in front to get the random
number 0f0.29. Multiply the random number by the tonnage aswshbelow:

2,000 tons x 0.29 §80 tons(Pull the sample QC-1)

Strike a line through the random number 29 (dousetagain). Go to the next random number
(52) when calculating the tonnage for the next dengpot.

QC-2 - For calculating QC-2 for the secdh@00-tonlot use random number 52. Place a
decimal in front to get the random numbeOd&2. Multiply the random number by the tonnage
as shown below:

2,000 tons x 0.52 £,040 tons
However, do not forget to add the previous tonnagkerefore, add previous lots.

2,000 tons (1 Previous Lot) + 1,040 ton8,840 tons(Pull the sample QC-2)

QC-3 - For calculating QC-3 for the thizgdD00-tonlot use random number 41. Place a decimal
in front to get the random number@#1. Multiply the random number by the tonnage as
shown below:

2,000 tons x 0.41 820 tons

4,000 tons (2 Previous Lots) + 820 ton4,820 tons(Pull the sample QC-3)

This process would be repeated for each sample.
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EXHIBIT L — COMMON AGGREGATE QC/QA PROGRAM FORMULAS
Coarse and Fine Aggregate Formulas

Percent Passing No. 200 Sieve(TotaI dry weight — Dry weight after wasrﬁng 100
Total dry weight

Cumulative Percent Retained :<Cumulative weight retained x 100
Tothaly weight of sampl

Percent Passing= 100 - Cumulative Percent Retained

Tolerance= Oven dry weight (placed on sieves) x 0.003

Example: ODW = 400.0 grams
400 x 0.003 2 grams

400.0 + 1.2 = maximum allowable is £0drams
400.0 — 1.2nmimum allowable is 398.8 grams

Fineness Modulus= Sum of cumulative percent retained percentfoges standard sieves
100

ABC Specific Formulas

Percent Passing Total Sample (#40F % Passing #10 x % Passing #40 soil mortHdG-

Percent Passing Total Sample (#200F % Passing #10 x % Passing #200 mortar + 1
(from steed #200 test)

Atterberqg Limits

Liquid Limit (LL) = <Wet Soil — Oven Dry SOD x 100
Weight of Oven C8gil

Plastic Limit (PL) :<Wet Soil — Oven Dry Sojl x 100
Weight of Oven Dry Soj

Plasticity Index (PI) = Liquid Limit (LL) — Plastic Limit (PL)
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GLOSSARY

Aggregate Producer- An approved facility responsible for manufactgreggregate materials—
such as crushed stone, gravel, or sand—that nesptifications of the North Carolina
Department of Transportation (NCDOT) for use im§ortation infrastructure projects.

Certified Laboratory - A laboratory officially certified by the Northatolina Department of
Transportation (NCDOT) to conduct aggregate tedtim@uality Control purposes. Facilities
may be located on-site or off-site, subject to Depantal approval.

Department - A term used to denote the North Carolina Depantnof Transportation
(NCDOT), that has jurisdiction and responsibilityeo transportation-related matters, policies,
and operations.

Department Representative (NCDOT)- A designated individual within the NCDOT who sct

as the official point of contact for a specific dien, project, or operational unit, responsible fo
communicating directives, coordinating activitiaed ensuring compliance with departmental

policies and procedures.

F-Test and t-Test- Statistical methods used to evaluate differebetseen Verification samples
and Quality Control (QC) samples. The F-Test agsegariance equality, while the t-Test
compares sample means. Both are conducted atificsigne level ofx = 0.05 to determine
statistical relevance.

Los Angeles Abrasion- A standardized test method used to evaluatetighness and abrasion
resistance of coarse aggregates by subjecting tinémpact and grinding in a rotating steel
drum with steel spheres. The resulting loss of mefexpressed as a percentage, indicates the
aggregate’s durability and suitability for use @ad construction and other structural
applications.

NCDOT - An acronym for the North Carolina Department cdisportation, the state agency
responsible for planning, building, and maintainirgnsportation infrastructure across North
Carolina, including highways, railways, public tsggnaviation, ferries, and bicycle and
pedestrian systems.

NCDOT Right-of-Way - The real property, including land and associaigits, acquired and
maintained by the North Carolina Department of $pamtation (NCDOT) for public use in
constructing, operating, and preserving transportanfrastructure such as highways, bridges,
and related facilities.

North Carolina Aggregates Association (NCAA) An organization representing the aggregate
industry involved in the production and sale ofstred stone, sand, and gravel across North
Carolina. It fosters collaboration between aggregabducers and the NCDOT, supporting
industry standards, education, and regulatory ciamqk.
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Paired t-Test - A statistical technique used to compare the nvadures of a specific aggregate
size or material measured under two different domus, typically applied in Quality Control
(QC) and Quiality Assurance (QA) split sample analys detect significant differences between
paired observations.

Plant Ownership Update Form- A document utilized by the NCDOT to record iaiti

approvals of aggregate production facilities, anddcument subsequent changes in ownership
and contact information. This form is requiredha initial request for facility approval, upon
any change in ownership or personnel, and mustitisted annually by October 31.

QAP (Quality Assurance Program)- A web-based system utilized by the NCDOT toemill
manage, and analyze Quality Control (QC) and QuAksurance (QA) data from aggregate and
asphalt producers. The program supports data essicyre file transfer, statistical analysis, and
reporting to ensure compliance with departmengaidards for highway construction materials.

Quality Assurance- A set of procedures designed to ensure thatustedr services

consistently meet defined specifications and perésce standards. It involves proactive
measures throughout production to evaluate masepabcesses, and outputs against established
benchmarks, aiming to prevent defects and maigaality integrity.

Quality Control Plan - A written document prepared by the Producerimuat) procedures for
managing production processes, materials, and eguipto ensure compliance with specified
standards. It defines quality objectives, inspectethods, responsibilities, and corrective
actions necessary to maintain consistent produaditgu

Quality Control Technician - A certified individual who has successfully cdetpd the

NCDOT Aggregate QC/QA Sampling Technician or QC/®#mpling and Testing Technician
training courses, qualifying them to perform samglitesting, and quality assurance procedures
for construction materials.

Soundness A measure of an aggregate’s resistance to dpiation caused by weathering,
particularly freeze-thaw cycles. Soundness testimglves repeatedly immersing aggregate
samples in sodium sulfate or magnesium sulfatetisaolsito simulate environmental stress. The
percentage of material loss after multiple cyctebaates the aggregate’s durability and
suitability for construction applications.

Unit Weight - The weight of a material per unit volume, typic@xpressed in pounds per cubic
foot (Ib/ft3). Used by the NCDOT to establish tardensity values for testing the compaction of
Aggregate Base Course (ABC) materials. In the pgigactor, this measurement is commonly
referred to as a Proctor, derived from standardiedpaction tests that determine a material’'s
maximum dry density and optimum moisture content.
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QC/QA PROGRAM CONTACT |NFORMATION

Todd Whittington, P.E.

State Materials Engineer

Materials and Tests Unit
1801 Blue Ridge Rd.
Raleigh, NC 27607

(919) 329-4000 (phone)
(919) 733-8742 (fax)

C.K. Su, P.E.

GeoMaterials Workgroup Supervisor
(919) 329-4153 (phone)
cksu@ncdot.go(email)

J.J. Myers
Aggregate QC/QA Engineer
(336) 596-8768 (mobile)
jimyers@ncdot.gov (email)

Contact - information regarding quarry approval, Aggrega@@/QA Program, QC/QA Class
scheduling, certifications, QAP data correction&jioss.

Website:https://connect.ncdot.gov/resources/Materials/Pagisefault.aspx

Yogesh Chauhan

Aggregate QC/QA Specialist (Eastern Region)
(919) 633-2659 (mobile
ychauhanl@ncdot.goyemail)

Scott Swicegood
Aggregate QC/QA Specialist (Western Region)
(336) 362-7978 (mobile)

jsswicegood@ncdot.goyemail)

Information regarding the QC/QA Aggregate Samphngl Testing Class Schedule can be found
on the NCDOT Materials and Tests Unit website.
https://connect.ncdot.gov/resources/Materials/Pag&3CQAAggregateSamplingTestingClass.aspx

Information regarding the Approved Private Labor@®can be found in the following link.
https://connect.ncdot.gov/resources/Materials/PagBdaterials-Manual-by-
Material.aspx?Method=MM-01-02#APPROVED%20GEOTECHNICAL%20LABORATORIES

109



ADDITIONAL WORK PROBLEMS

Work Problem #9

« Total dry sample weighR1.9 Ibs.(oven-dried)

#37
Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS
- Retained Retained -
1-1/2" 0
1” 0
3/4”
1/2" 13.5
3/8”
#4 20.9
#8 21.3
Pan 21.9
Passing #200 (wash method)
#200 0.3*
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Work Problem #10

« Total dry sample weigh®5.8 Ibs.(oven-dried)

#57M
Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS
- Retained Retained -
1-1/2" 0
1” 0
3/4”
1/2" 18.6
3/8”
#4 25.1
#8 25.3
Pan 25.8
Passing #200 (wash method)
#200 0.3*
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Work Problem #11

« Total dry sample weighB1.7 Ibs.(oven-dried)

#67
. . ——
Std. Size # C“m%\’ge'qm C“&Z % | % passing SPECS

1” 0

3/4” 2.3

1/2" 16.8
3/8” 22.9

#4 28.7

#8 30.7

Pan 31.7

Passing #200 (wash method)

#200 0.3*
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Work Problem #12

« Total dry sample weight5.2 Ibs.(oven-dried)

#78M
Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS
- Retained Retained -
3/4” 0
1/2" 0
3/8” 0.6
#4 11.1
#8 14.2
Pan 15.2
Passing #200 (wash method)
#200 0.3*
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Work Problem #13

« Total Dry Weight = 424.9 grams
« Weight After Washing = 414.6 grams

2S

Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS
- Retained Retained -

3/8” 0

#4 0.7

#8 11.4

#16 75.6

#30 246.3

#50 378.3

#100 409.7

#200

Pan 414.0

F.M.

Sample Mass Tolerance Formula: Weight After Washing< 0.003

Lower limit: 414.6 —

grams

Upper limit: 414.6 +

grams

What type of F.M. rating is this material?
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Work Probl

em #14

« Total Dry Weight = 461.1 grams
« Weight After Washing = 449.5 grams

2S

Std. Size # Cumulativ_e Weight Cumulqtive % % Passing SPECS
- Retained Retained -

3/8” 0

#4 2.3

#8 62.2

#16 158.9

#30 236.7

#50 309.0

#100 384.4

#200

Pan 449.1

F.M.

Sample Mass Tolerance Formula: Weight After Washing< 0.003

Lower limit: 449.5 —

grams

Upper limit: 449.5 +

grams

What type of F.M. rating is this material?
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Work Problem #15

« Total Weight = 35.8 Ibs.
« Total Dry Weight = 323.1 grams
« Weight After Washing = 264.6 grams

ABC
Std. Size # Cum%geiqht Cu&z % % Passing SPECS.
1%” 0
1” 2.2
3/4”
1/2" 13.3
3/8”
#4 20.1
#10 231
#40
#200
Soil Mortar
#40 124.0 g
#200
Pan 264.0 g.
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 264.6 — = grams
Upper limit: 264.6 + = grams
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Work Problem #16

« Total Weight = 36.1 Ibs.
« Total Dry Weight = 337.8 grams
« Weight After Washing = 258.7 grams

ABC
Std. Size # Cum%geiqht Cu&z % % Passing SPECS.
1%” 0
1” 2.8
3/4”
1/2" 13.9
3/8”
#4 21.4
#10 24.9
#40
#200
Soil Mortar
#40 111.9¢g
#200
Pan 258.5 g.
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 258.7 — = grams
Upper limit: 258.7 + = grams
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Work Problem #17

Complete this work problem to determine the L.LL.Pand P.I.

Liquid Limit Results (Wt. in grams)

Wi. of Cup & Wet

Wt. of Cup & Dry

Wt. of Cup Soil Soil Wt. of Dry Sall Wt. of Water
66.2 77.5 75.0 8.8 2.5
Plastic Limit Results (Wt. in grams)
Wt. of Cup Wt of ggﬁ & Wet| Wt of ggi‘lj & Dry Wit. of Dry Soil Wt. of Water
66.4 75.2 73.4 7.0 1.8

Atterberg Limits - Calculation

Liquid Limit (LL)

Plastic Limit (PL) =

Plasticity Index (PI) =
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Work Problem #18

Complete this work problem to determine the L.LL.Pand P.I.

Liquid Limit Results (Wt. in grams)

Wi. of Cup & Wet

Wt. of Cup & Dry

Wt. of Cup Soil Soil Wt. of Dry Sall Wt. of Water
66.1 81.1 78.0 11.9 3.1
Plastic Limit Results (Wt. in grams)

Wt. of Cup Wt of ggﬁ & Wet| Wt of ggi‘lj & Dry Wit. of Dry Soil Wt. of Water
66.3 80.3 77.5 11.2 2.8

Atterberg Limits - Calculation

Liquid Limit (LL)

Plastic Limit (PL)

Plasticity Index (PI) =
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Work Problem #19

Complete this work problem to determine if the skEmjare in tolerance.

ABC
Sieve QA-42A QC-42A | Difference | Tolerance| Pass/Fail
1" 100 100
1” 94 93
1/2" 72 68
#4 49 49
#10 34 34
#40 20 19
#200 8 8
Soil Mortar
#40 58 55
#200 24 25

Work Problem #20

Complete this work problem to determine if the skE®jare in tolerance.

2MS
Sieve A-7 QC-7 Difference | Tolerance | Pass/Fail
3/8” 100 100
#4 100 99
#8 83 84
#16 o7 60
#30 42 45
#50 29 33
#100 16 19
#200 4.4 4.8
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Work Problem Answers

Answer #1
#67

Sieve QA-13 QC-13 Difference | Tolerance| Pass/Falil
1" 100 100 0 +/-2 PASS

3/4” 94 95 1 +/-3 PASS
1/2”

3/8" 18 20 2 +/-5 PASS
#4 4 4 0 +/-3 PASS
#8 1 2 1 +/-3 PASS

#200 0 0 0 +/-0.5 PASS

Answer #2
2MS
Sieve QA-32 QC-32 Difference | Tolerance| Pass/Falil
3/8” 100 100 0 === ===

#4 100 99 1 com com
#8 88 86 2 +/-1 NO

#16 63 61 2 +/-3 PASS

#30 45 44 1 +/-3 PASS

#50 30 30 0 +/-2 PASS

#100 16 17 1 +/-1 PASS
#200 5.2 4.9 0.3 +/-1 PASS
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Answer #3

« Total dry sample weigh4.8 Ibs.(oven-dried)

#67
. . ——

Std. Size # C“m%\’ge'qm C“& =% | % Passing SPECS
1" 0 0 100 100
3/14” 0.2 1 99 90-100

1/2” ---
3/8” 19.0 77 23 20-55
#4 23.8 96 4 0-10
#8 24.5 99 1 0-5
Pan 24.8

Passing #200 (wash method)
#200 0.1* 0-1
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Answer #4

« Total dry sample weight5.6 Ibs.(oven-dried)

#78M
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.
3/4” 0 0 100 100
1/2" 0 0 100 98-100
3/8” 2.1 13 87 75-100
#4 12.9 83 17 20-45
#8 15.0 96 4 0-15
Pan 15.6
Passing #200 (wash method)
#200 0.4* 0-1
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Answer #5

Total Dry Weight = 442.9 grams
Weight After Washing = 434.6 grams

2S
Std. Size # C”m%\’ge'qm C”& : % | o passing SPECS
3/8” 0 0 100 100
#4 15.3 3 97 95-100
#8 52.4 12 88 80-100
#16 96.6 22 78 45-95
#30 179.9 41 59 25-75
#50 349.1 79 21 5-30
#100 420.0 95 5 0-10
#200 1.9 0-3
Pan 434.1
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Answer #6

« Total Dry Weight = 418.1 grams
« Weight After Washing = 402.8 grams

2MS
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.
3/8” 0 0 100 100
#4 5.2 1 99 95-100
#8 64.9 16 84 80-100
#16 150.5 36 64 45-95
#30 206.3 49 o1 25-75
#50 271.5 65 35 b
#100 352.0 84 16 0-20
#200 3.7 0-8
Pan 403.1
F.M. 2.51
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 402.8- 1.2 = 401.6 grams
Upper limit: 402.8+_ 1.2 = 404.0 grams
What type of F.M. rating is this material? Medium
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Answer #7

« Total Weight = 36.6 Ibs.
« Total Dry Weight = 410.0 grams
« Weight After Washing = 321.6 grams

ABC
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.

1%" 0 0 100 100

1" 2.5 7 93 75-97
3/4”
1/2” 14.1 39 61 55-80
3/8"

#4 21.0 o7 43 SEESE
#10 26.5 72 28 25-45
#40 14 14-30
#200 6 4-12

Soil Mortar

#40 209.3 g. 51 49 40-84
#200 22 11-35
Pan 321.1 g.

Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 321.6- 1.0 = 320.6_g. Sample Tolerance within 0.3%?
Upper limit: 321.6 + 1.0 = 322.6 g. Yes
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Answer #8

« Total Weight = 43.7 Ibs.
« Total Dry Weight = 324.3 grams
« Weight After Washing = 266.0 grams

ABC
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.

1%" 0 0 100 100

1" 3.2 7 93 75-97
3/4”
1/2” 12.8 29 71 55-80
3/8"

#4 19.9 46 o4 SEESE
#10 27.9 64 36 25-45
#40 18 14-30
#200 6 4-12

Soil Mortar

#40 166.5 g. o1 49 40-84
#200 18 11-35
Pan 265.2 g.

Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 266.0- 0.8 = 265.2 g. Sample Tolerance within 0.3%?
Upper limit: 266.0+ 0.8 = 266.8 g. Yes
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Answer #9

« Total dry sample weighR1.9 Ibs.(oven-dried)

#37
. . ——
Std. Size # C”m%\’ge'qm C”& : % | 9 Passing SPECS
1-1/2” 0 0 100 100
1" 0 0 100 95-100
3/4”
1/2” 13.5 62 38 25-60
3/8”
#4 20.9 95 ) 0-10
#8 21.3 97 3 0-5
Pan 21.9
Passing #200 (wash method)
#200 0.3* 0-1
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Answer #10

« Total dry sample weigh®5.8 Ibs.(oven-dried)

#57M
. . —
Std. Size # C“m%\’ge'qm C“& : % | % passing SPECS

1-1/2” 0 0 100 100

1" 0 0 100 95-100
3/4”
1/2” 18.6 12 28 25-45
3/8”

#4 25.1 97 3 0-10

#8 25.3 98 2 0-5
Pan 25.8

Passing #200 (wash method)

#200 0.3* 0-1
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Answer #11

« Total dry sample weighB1.7 Ibs.(oven-dried)

#67
. . —

Std. Size # Cum%\/gelqht Cu&z s % Passing SPECS.
1" 0 0 100 100
3/14” 2.3 7 93 90-100

1/2” 16.8 ---
3/8” 22.9 72 28 20-55
#4 28.7 91 9 0-10
#8 30.7 97 3 0-5
Pan 31.7

Passing #200 (wash method)
#200 0.3* 0-1
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Answer #12

« Total dry sample weight5.2 Ibs.(oven-dried)

#78M
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.
3/4” 0 0 100 100
1/2" 0 0 100 98-100
3/8” 0.6 4 96 75-100
#4 11.1 73 27 20-45
#8 14.2 93 7 0-15
Pan 15.2
Passing #200 (wash method)
#200 0.3* 0-1
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Answer #13

« Total Dry Weight = 424.9 grams
« Weight After Washing = 414.6 grams

2S
Std. Size # Cum%geiqht Cu&z % % Passing Weﬁigtrwrtlu;zaetti;ﬁ\ec
3/8” 0 0 100 100
#4 0.7 0 100 95-100
#8 11.4 3 97 80-100
#16 75.6 18 82 45-95
#30 246.3 58 42 25-75
#50 378.3 89 11 5-30
#100 409.7 96 4 0-10
#200 2.4 0-3
Pan 414.0
F.M. 2.64
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 414.6- 1.2 = 413.4 grams
Upper limit: 4146+ 1.2 = 415.8 grams
What type of F.M. rating is this material? Medium
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Answer #14

« Total Dry Weight = 461.1 grams
« Weight After Washing = 449.5 grams

2S
Std. Size # Cum%\/gelqht Cu&z % % Passing SPECS.
3/8” 0 0 100 100
#4 2.3 0 100 95-100
#8 62.2 13 87 80-100
#16 158.9 34 66 45-95
#30 236.7 o1 49 25-75
#50 309.0 67 33 5-30
#100 384.4 83 17 0-10
#200 2.5 0-3
Pan 449.1
F.M. 2.48
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 449.5- 1.3 = 448.2 grams
Upper limit: 4495+ 1.3 = 450.8 grams
What type of F.M. rating is this material? Fine
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Answer #15

« Total Weight = 35.8 Ibs.
« Total Dry Weight = 323.1 grams
« Weight After Washing = 264.6 grams

ABC
Std. Size # Cum%geiqht Cu&z % % Passing SPECS.
1%" 0 0 100 100
1" 2.2 6 94 75-97
3/4”
1/2” 13.3 37 63 55-80
3/8"
#4 20.1 56 44 SEESE
#10 23.1 65 35 25-45
#40 22 14-30
#200 6 4-12
Soil Mortar
#40 124.0 g. 38 62 40-84
#200 18 11-35
Pan 264.0 g.
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 264.6 - 0.8 = 263.8 grams
Upper limit: 264.6 + 0.8 = 265.4 grams
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Answer #16

« Total Weight = 36.1 Ibs.
« Total Dry Weight = 337.8 grams
« Weight After Washing = 258.7 grams

ABC
Std. Size # Cum%geiqht Cu&z % % Passing SPECS.
1%" 0 0 100 100
1" 2.8 8 92 75-97
3/4”
1/2” 13.9 39 61 55-80
3/8"
#4 21.4 99 41 SEESE
#10 24.9 69 31 25-45
#40 21 14-30
#200 7 4-12
Soil Mortar
#40 111.9 g. 33 67 40-84
#200 23 11-35
Pan 258.5 g.
Sample Mass Tolerance Formula: Weight After Washing< 0.003
Lower limit: 258.7- 0.8 = 257.9 grams
Upper limit: 258.7 + 0.8 = 259.5 grams
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Answer #17

Liquid Limit Results (Wt. in grams)

Wi. of Cup & Wet

Wt. of Cup & Dry

Wt. of Cup Soil Soil Wt. of Dry Sall Wt. of Water
66.2 77.5 75.0 8.8 2.5
Plastic Limit Results (Wt. in grams)
Wt. of Cup Wt of ggﬁ & Wet| Wt of ggi‘lj & Dry Wit. of Dry Soil Wt. of Water
66.4 75.2 73.4 7.0 1.8

Atterberg Limits - Calculation

Liquid Limit (LL) = 28
Plastic Limit (PL) = 26
Plasticity Index (PI) = 2

137




Answer #18

Liquid Limit Results (Wt. in grams)

Wi. of Cup & Wet

Wt. of Cup & Dry

Wt. of Cup Soil Soil Wt. of Dry Sall Wt. of Water
66.1 81.1 78.0 11.9 3.1
Plastic Limit Results (Wt. in grams)

Wt. of Cup Wt of ggﬁ & Wet Wt of ggi‘lj & Dry Wit. of Dry Soil Wt. of Water
66.3 80.3 77.5 11.2 2.8
Atterberg Limits - Calculation
Liquid Limit (LL) = 26
Plastic Limit (PL) = 25

Plasticity Index (PI) =
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Answer #19

ABC
Sieve QA-42A QC-42A | Difference | Tolerance| Pass/Fail
114" 100 100 0 +/-2 PASS
1’ 94 93 1 +/-4 PASS
1/2” 72 68 4 +/-5 PASS
#4 49 49 0 +/-6 PASS
#10 34 34 0 +/-5 PASS
#40 20 19 1 +/-5 PASS
#200 8 8 0 +/-3 PASS
Soil Mortar
#40 58 55 +/-6 PASS
#200 24 25 1 +/-5 PASS
Answer #20
2MS
Sieve A-7 QC-7 Difference | Tolerance | Pass/Fail
3/8” 100 100 0 --- ===
#4 100 99 1 === com
#8 83 84 1 +/-1 PASS
#16 57 60 3 +/-3 PASS
#30 42 45 3 +/-3 PASS
#50 29 33 4 +/-2 FAIL
#100 16 19 3 +/-1 FAIL
#200 4.4 4.8 0.4 +/-1 PASS
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