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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

GENERAL 

INSPECTION AND ACCEPTANCE* 
ASPHAL'J' CEMENT 4137, CUTBACK ASPHALT 4138, 

EMULSIFIED ASPHALT 4140 

Asphalt materials shall consistently meet the requirements of the 
current applicable specifications of the Highway Division, Iowa 
Dept. of Transportation. Final acceptance of all materials will 
be based on the results of tests performed on samples obtained 
and tested as required by the appropriate Highway Division, Iowa 
Dept. of Transportation, Laboratory Test Methods and Instructional 
Memorandums. 

Refineries and terminals which have been designated approved sources, 
lists attached, are permitted to ship asphalt materials to projects 
on the basis of certification. Since several modes of handling and 
shipping are used by this industry, documentation procedures must ne­
cessarily be geared to accommodate the various types of operations. 

QUALIFICATION OF SUPPLIERS 

The Office of Materials will evaluate and approve each new supplier 
who proposes to operate under the certification program. The ap­
proval will be based on the supplier's quality control program, qua­
lity history, and other information deemed relevant. 

After the Office of Materials has approved a source to operate 
under the certification program, the source will be notified by 
letter wherein authorization will be granted to ship materials. 
Such authorizations will normally be continuing authorizations; 
additional documentation will not be furnished by the Iowa DOT 
unless specifically requested by the source. 

Suppliers operating under the program will be evaluated on a con­
tinuing basis by the Office of Materials in cooperation with the 
Distri.ct Materials Offices. In the event that a source does not 
consistently furnish material complying with the specifications 
or furnish adequate documentation, the Iowa DOT Office of Ma­
terials may suspend or otherwise restrict shipment of materials. 
Before shipping can be resumed on a continuing basis, the Office 
of Materials will review corrective action and issue a new letter 
notifying the source of such action. 

*General rewrite, read in detail. 
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MONITORING OF SOURCE QUALITY 

July 1976 

The contracting authority will monitor the quality control program 
of each supplier through a sampling and testing program as follows: 

A. Sampling at Destination 

The contracting authority will obtain samples at the 
point of delivery - jobsite. These samples are clas­
sified by the Office of Materials I.M. 204 as job con­
trol and assurance samples. 

B. Sampling at Other Points 

The contracting authority may require that samples be 
taken at the source or intermediate points (such as 
from railroad cars, storage tanks or truck transports) 
as may be deemed necessary. 

Test data obtained as outlined above will be used to monitor the 
operation of sources, and will be evaluated as required by Sec­
tion 1105.05 of the Iowa Department of Transportation, Highway 
Division, Standard Specifications and the requirements of this 
memorandum. 

The contracting authority may require the suppliers to furnish 
additional test information and operational data, such as ship­
ping logs to facilitate monitoring source operations and material 
quality. Each supplier shall maintain complete records of all 
testing and shipping operations; all such records shall be avail­
able for inspection by representatives of the contracting authority. 
All equipment and operations shall also be subject to inspection 
by the contracting authority. 

Source history records will be maintained for each active source 
by the Office of Materials. Information filed will include the 
following: test data, correspondence and administrative action 
documentation. 

DOCUMENTATION 

l. Rail Shipments to Projects 

A document containing test data and a certification of 
compliance shall accompany each shipment. When railroad 
cars are grouped to form a shipment, a single document 
may be furnished covering the shipment. The minimum 
data furnished for a grouped shipment shall include one 
complete material analysis and one partial analysis, 
e.g. penetration, viscosity, as required, for each 
railroad car. The document shall be forwarded to the 
point of destination, terminal or project, and made 
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available to the contracting authoritys' representative. 
The supplier with the approval of the contractor and Dis­
trict Materials Engineer may forward the certification 
documents for project shipments to an alternate delivery 
point to facilitate record keeping. 

2. Truck Shipments to Projects from Refineries and Terminals 
Located Outside of the State 

A certified truck shipment ticket shall be furnished by 
the supplier to the state or county inspection personnel 
at the point of destination. Complete test analysis of 
the material being shipped shall be forwarded regularly 
to the Iowa DOT, Office of Materials, Ames, Iowa, 50010. 

3. Truck Shipments to Projects from Terminals Within the State 

A certified truck shipment ticket shall be furnished by 
the supplier to the state or county inspection personnel 
at the point of destination. Original source test data, 
terminal check testing data, and terminal process con­
trol testing data shall be maintained at the terminal 
office or control laboratory. 

The certification documents are to: properly identify the ma­
terials being furnished, provide the specific gravity or weight 
per gallon, quantities furnished, and carry signed statements 
which certify that the subject material complies with the appro­
priate Iowa DOT specifications. 

All records and operations shall be subject to inspection by 
Iowa DOT representatives. 

ACCEPTANCE 

The certification accompanying each shipment or lot of shipments 
will constitute the basis for accepting delivery of the materials, 
but it will not insure that final acceptance has been made. Final 
acceptance will be based on the results of tests performed on sam"­
ples obtained at the project site; sampling frequencies and me­
thods shall be in accordance with the requirements of the Standard 
Specifications and Instructional Memorandum I.M. 204. 
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APPROVED SOURCES - ASPHALT CEMENT 

The following sources are approved to furnish asphalt cement on the 
basis of certification: 

IBM Code 

01 
02 
03 
04 
05 
06 
07 
08 
09 
22 
24 
26 
28 
30 
34 
36 
40 
45 
50 
55 
66 
67 
69 
70 
71 
72 
73 
74 
77 
78 
81 
82 
83 
85 
91 
93 
94 
95 
97 

Supplier 

American Oil Co. 
Bitucote Products Co. 
Bitucote Products Co. 
Bituminous Materials 
Bituminous Materials 
Bituminous Materials 
Monarch Asphalt Oils 
Jebro, Inc. 
Koch Asphalt Co, 
American Oil Co. 
American Oil Co. 
American Oil Co. 

& Supply 
& Supply 
& Supply 
Inc. 

Oil Co. 

Co. 
Co. 
Co. 

Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 

American Oil Co. 
American Petrofina 
American Petrofina 
Anderson Pritchard 
Bell Oil & Gas Co. 
Continental Oil Co. 

Oil Co. l"'e-::;/er 
Oil Corp. frl(Jto {to{e<l) 

1
/ ;ckt_(;;, 

Cosden Petroleum Corp. (Am. 
Cross Oil & Refining Co. 
Empire State Oil Co. 
Kock Refining Co. 
Husky Oil Company 
Illinois Road Contracts Inc. 
Kerr McGee Corp. 
Kerr McGee Corp. 
Lion Oil Company 
Little America Refining Co. 
Mobil Oil Co. 
Mobil Oil Co. 
Northwestern Refinery Co. 
Okmulgee Refining Co. 
Phillips Petroleum Co. 

Petro Corp. ) 

Terminal 

Richards Oil Co. Terminal 
Clark Oil & Ref. Co. 
Sinclair Refining Co. (Atlantic Richfield) 
The Texas Co. (Texaco) 
The Texas Co. (Texaco) 
The Texas Co. (Texaco) 

Address 

Linwood, Ia. 
Alton, Ia. 
Des Moines, Ia. 
Algona, Ia. 
Remsen, Ia. 
Tama, Ia. 
East Omaha, Nebr. 
Sioux City, Ia. 
Dubuque, I a. <E-­
Sugar Creek, Mo. 
Wood River, Ill. 
Whiting, Ind. 
Casper, Wyo. 
Mt. Pleasant, Tex. 
El Dorado, Kans. 
Arkansas City, Kans 
Ardmore, Okla. 
Billings, Mont. 
Big Springs, Tex. 
Smackover, Ark. 
Thermopolis, Wyo. 
St. Paul, Minn. 
Cody, Wyo. 
Meredosia, Ill. 
Wynnewood, Okla. 
Cushing, Okla. 
ElDorado, Ark. 
Evansville, Wyo. 
Augusta, Kans. 
Sioux Falls, S.D. 
St. Paul Park, Mini 
Okmulgee, Okla. 
Kansas City, Kans. 
Savage, Minn. 
Hartford, Ill. 
East Chicago, Ind. 
Tulsa, Okla. 
Casper, Wyo. 
Port Neches, Tex. 
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January 19 80 

The following firms comprise a partial list of Marketers and Transpor­
ters of asphalt materials. They are not, unless specifically listed 
as approved sources, authorized to initiate certifications of com­
pliance or certified analyses. Materials supplied to all work shall 
be furnished from approved sources. 

Supplier 

Bitucote Products Co. 
Bituminous Materials & Supply Co. 
Hydro-Carbon Specialties Co. 
Lake Asphalt & Petroleum Co. 
MacMillan Oil Co. Inc. 
Riffe Petroleum Co. 
Union Asphalts & Road Oils Inc. 

Address 

Des Moines, Ia. 
West Des Moines, Ia. 
Joplin, Mo. 
Minneapolis, Minn. 
Des Moines, Ia. 
Tulsa, Okla. 
Kansas City, Mo. 
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APPROVED SOURCES - LIQUID ASPHALTS AND CUT-BACKS 

The following sources are approved to furnish liquid asphalts and 
cut-backs on the basis of certification: 

IBM Code 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
22 
24 
26 
28 
30 
34 
36 
40 
45 
50 
55 
66 
67 
69 
70 
71 
72 
73 
74 
77 
78 
81 
82 
83 
85 
91 
93 
94 
95 
97 

Supplier 

American Oil Co. 
Bitucote Products Co. 
Bitucote Products Co. 
Bituminous Materials & Supply Co. 
Bituminous Materials & Supply Co. 
Bituminous Materials & Supply Co. 
Monarch Asphalt Oils Inc. 
Jebro, Inc. 
Koch Asphalt Company 
MacMillan Oil Co. Inc. 
American Oil Co. 
American Oil Co. 
American Oil Co. 
American Oil Co. 
American Petrofina Oil Co. 
American Petrofina Oil Co. 
Anderson Pritchard Oil Corp. 
Bell Oil & Gas Co. 
Continental Oil Co. 

Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 

Cosden Petroleum Corp., (Am. Petro. Corp.) 
Cross Oil & Refining Co. 
Empire State Oil Co. 
Koch Refining Co. 
Husky Oil Company 
Illinois Road Contracts Inc. Terminal 
Kerr McGee Corp. 
Kerr McGee Corp. 
Lion Oil Company 
Little America Refining Go. 
Mobil Oil Co. 
Mobil Oil Co. 
Northwestern Refinery Co. 
Okmulgee Refining Co. 
Phillips Petroleum Co. 
Richards Oil Co. Terminal 
Clark Oil & Ref. Co. 
Sinclair Refining Co. (Atlantic Richfield) 
The Texas Co. (Texaco) 
The Texas Co. (Texaco) 
The Texas Co. (Texaco) 

Address 

Linwood, Ia. 
Alton, I a. 
Des Moines, Ia. 
Algona, Ia. 
Remsen, I a. 
Tama, Ia. 
East Omaha, Nebr. 
Sioux City, Ia. 
Dubuque, Ia. ~ 
Des Moines, Ia. 
Sugar Creek, 
Wood River, Ill. 
Whiting, Ind. 
Casper, Wyo. 
Mt. Pleasant, Tex. 
El Dorado, Kans. 
Arkansas City, Kan. 
Ardmore, Okla. 
Billings, Mont. 
Big Springs, Tex. 
Smackover, Ark. 
Thermopolis, Wyo. 
St. Paul, Minn. 
Cody, Wyo. 
Meredosia, Ill. 
Wynnewood, Okla. 
Cushing, Okla. 
El Dorado, Ark. 
Evansville, Wyo 
Augusta, Kans 
Sioux Falls, S.D. 
St. Paul Park, Minn. 
Okmulgee, Oklci. 
Kansas City, Kans. 
Savage, Minn. 
Hartford, Ill. 
Eas·t Chicago, 1.11d. 
Tulsa, Okla. 
Casper, Wyo. 
Port Neches, Tex. 
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January 1980 

The following firms comprise a partial list of Marketers and Trans­
porters of asphalt materials. They are not, unless specifically 
listed as approved sources, authorized to initiate certifications 
of compliance or certified analyses. Materials supplied to <Ill wm·k 
shall be furnished from approved sources. 

Supplier 

Bitucote Products Co. 
Bituminous Materials & Supply Co. 
Hydro-Carbon Specialties Co. 
Lake Asphalt & Petroleum Co. 
MacMillan Oil Co. Inc. 
Riffe Petroleum Co. 
Union Asphalts & Road Oils Inc. 

Address 

Des Moines, Ia. 
West Des Moines, Ia. 
Joplin, Mo. 
Minneapolis, Minn. 
Des Moines, Ia. 
Tulsa, Okla. 
Kansas City, Mo. 
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The following sources are approved to furnish asphalt emulsion 
on the basis of certification: 

IBM Code Supplier Terminal Location 

02 Bitucote Products Co. Alton, IA 
03 Bitucote Products Co. Des Moines, IA 
04 Bituminous Materials & Supply Co. Algona, IA 
05 Bituminous Materials & Supply Co. Remsen, IA 
06 Bituminous Materials & Supply Co. Tama, IA 
07 Monarch Asphalt Oils Inc. East Omaha, NE 
09 Koch Asphalt Company Dubuque, IA ~ 
49 Chevron Oil Co. Peoria, IL 
62 Emulsified Asphalts Inc. Chicago, IL 
63 Emulsified Asphalts Inc. Rock Falls, IL 
85 Richards Oil Co. Savage, MN 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

ASPHALT MATERIALS 

GENERAL 

Most asphalt materials used in highway construction are produced 
by the petroleum industry; a few natural deposits of lake asphalt 
and rock asphalt are worked although the quantity of these 
latter materials is relatively small. A variety of terms are 
associated with asphalt materials, some are used interchangeably. 
This often results in confusion, therefore, the following defini­
tions have been listed: 

1. Asphalt - "A dark brown to black cementitious material, 
solid, semi-solid or liquid in consistency; in which the 
predominating constituents are bitumens which occur in 
nature as such or which are obtained as residue in 
refining petroleum." (ASTM D-8) 

2. Bitumen - A mixture of hydrocarbons of natural or 
pyrogenous origin, or a combination of both; frequently 
accompanied by non-metallic derivatives which may be 
gaseous, liquid, semi-solid, or solid; and which is 
completely soluble in carbon disulfide. 

3. Flux or Flux Oil - A thick, relatively nonvolatile 
fraction of petroleum which may be used to soften 
asphalt to a desired consistency. 

4. Asphalt, Natural (Native) - Asphalt occuring in nature 
which has been derived from petroleum by natural processes 
of evaporation of volatile fractions leaving the asphalt 
fraction. 

5. Asphalt, Petroleum - Asphalt refined from crude petroleum. 

6. Asphalt, Rock - Porous rock such as sandstone or limestone 
that has become impregnated with natural asphalt through 
geologic process. 

7. Diluent - cutter stock such as gasoline, kerosene, and 
low volatile oils used to liquify asphalt cement in the 
manufacture of cutback asphalts. 
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The chemical elements commonly found in asphalts include: 
carbon, hydrogen, oxygen, nitrogen, sulphur and other trace 
minerals depending upon the source of the asphalt. These 
chemical elements are combined in complex compounds varying 
in composition, molecular weight and chemical properties. 
These compounds are believed to be polymers that tend to 
grow together and change their molecular weights and corn­
position under varying exposure to heat, sunlight, weather 
or simple aging. such polymerization has a material affect 
upon the physical properties of the asphalt. 

Asphalt Cement 

Asphalt cements are thermoplastic materials that change in 
consistency or viscosity with changes in temperature. The 
relationship between temperature and viscosity, however, 
may not be the same for different sources or types and 
grades of asphaltic material. Grading of this material is 
accomplished by setting limits on the viscosity ;'It specified 
temperatures; this is done by specifying minimum' and maximum 
values for the empirical penetration test at 77°F or the 
physically fundamental viscosity test at l40°F. The specifications 
list the types and grades of material to be used in each type 
of mixture. 

Asphalt is a relatively strong cementing agent, readily 
adhesive, and resistent to the action of water, most acids, 
alkalies and salts. Since it is a plastic substance, it 
imparts flexibility within certain temperature ranges to 
mixtures of mineral aggregates with which it is usually 
combined. In view of these properties the asphalt cement 
content of asphalt aggregate mixtures should be as high as 
economic, stability, and durability requirements permit and 
warrant. The mineral aggregate void space (VMA), as defined 
by IM-321, in wearing course mixtures, and economics, additional 
cost of increased binder material, in base course mixtures normally 
control the quantity of asphalt incorporated in asphalt aggregate 
mixture systems. • 

In order to mix asphalt cement with aggregate, it is necessary 
to make the asphalt cement fluid by heating, emulsifying, or 
dilution. For high type surfacing the most practical approach 
is to heat and dry the aggregate and make the asphalt fluid by 
heating prior to mixing. The temperature must be carefully 
controlled at all times to prevent damage to the asphalt binder 
and aggregate. Minimum and maximum specification limits have 
been set for the various mixture types, and care should be taken 
to see that the requirements are met. 
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In the proportioning of asphalt, it is important to note that 
there are two methods of specifying asphalt cement content: 
"percent by weight of total mix", or "percent or parts by 
weight of dry aggregate". 

By Specification, the "percent by weight of total mix" 
is used on all hot mix work. This means that when a 
6.0 percent asphalt content has been ordered, that each 
100 lbs. of mix should contain 6 lbs. of asphalt cement 
and 94 lbs. of dry aggregate. 

On cold mix work, the asphalt content is specified by 
"percent or parts by weight of dry aggregate." This 
means that when 5.0 percent or parts asphalt has been 
ordered, that 5 lbs. of asphalt cement residue is to be 
combined with 100 los. of dry aggregate. This method 
is utilized when cutback or emulsified asphalts are 
combined with aggregate mixtures. The quantity of 
diluent or water carried by the asphaltic material and 
aggregate must be kept separate in order to control the 
quantity of asphalt residue incorporated in the mixture. 

Cutback Asphalt 

Three types of cutback asphalt are currently being produced. 
The types and uses of this material are listed below: 

(a) Rapid curing (RC) - Liquid asphalt composed of 
asphalt cement and gasoline type diluent of high 
volatility. The lighter grades such as RC-70 
are used for tack coats and light surface treatments. 
The heavy grades such as RC-800 are used for 
sealcoats and some agqregate mixtures. Since the 
diluent is highly volatile, flash point nil, extreme 
care must be used when this material is handled. 
A minimum amount of heat should be applied to this 
material. 

(b) Medium Curing (MC) Liquid asphalt composed of 
asphalt cement and a kerosene typ·e diluent of medium 
volatility. The lighter grades are used for prime 
coats, tack coats, and light surface treatments. The 
heavy grades are used for sealcoats and aggregate 
mixtures. Although the flash point of this material 
is considerably higher than the flash point of RC 
material, extreme care should be used when heating 
to minimize fire hazards. 
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(c) Slow Curing (SC) - Liquid asphalt composed of asphalt· 
cement and oils of low volatility. This material is 
primarily used for dust alleviation treatment and 
soil or aggregate stabilization. 

The application rates and curing periods are provided for in 
the specifications and on the plans. Typical application rates 
are as follows: 

Tack Coats RC-70, MC-70 0.02-0.05 gal/sy. 
Prime Coats MC-70 0.10-0.30 gal/sy. 
Light surface Treatments RC-70, MC-70 0.10-0.20 gal/sy. 
Seal Coats RC-800, MC-800, MC-3000 0.25-0.35 gal/sy. 
Dust Alleviation SC-250, SC-800 0.10-0.30 gal/sy. 

The asphalt content of aggregate mixtures used for base and 
surface courses should be based on the results of central lab-· 
oratory tests unless other conditions or provisions govern. 
The asphalt content of maintenance patch miXtures is normally 
set by experience; this commonly results in asphalt contents 
ranging from 4% to 5% A.C. residue by weight of mix. In order 
for aggregate mixtures containing cutback asphalt to develop 
stability, it is absolutely necessary that a minimum of SO per­
cent of the diluent be aerated out of the mixture before it is 
spread and compacted. Since aggregates used in the mixtures are 
not dried before mixing, the aeration process must also reduce 
the moisture content to approximately 2 percent before compaction. 

The curing properties of a cutback asphalt are determined by the 
quantity and type of diluent. Cutbacks containing small percent­
ages of diluent and/or highly volatile diluent will cure more 
rapidly than cutbacks containing higher percentages of diluent or 
diluent of low volatility. Temperature and humidity also effect 
the rate of cure. 

The measuring unit for the consistency of a cutback is the 
centistoke (abbreviated c.s.) and is measured in a device called 
a Kinematic Viscometer at 140°F. The maximum viscosity for each 
grade by specification is twice the minimum limit. For example, 
a RC-70 cutback has a viscosity range of 70 to 140 centistoke (CS). 
Specifications for the standard grades of cutback asphalt are 
provided by AASHO Specification Designations M-81, M-82 and M-141. 
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Emulsified Asphalt 

Ma tls. I. M. 501 
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Emulsified Asphalts are composed of asphalt cement and water, and 
a small quantity of emulsifying agent which is similar to detergent. 
They may be of either the Anionic, electro-negatively charged 
asphalt globules, or cationic, electro-positivily charged asphalt 
globules types, depending upon the emulsifying agent. 

Emulsified asphalts are produced in three grades: 

1. Rapid setting (RS) 
2. Medium Setting (MS) 
3. Slow Setting (SS) 

The RS and MS grades are further broken down into subgrades 
(1 and 2); this is accomplished by changing the percentage of 
asphalt residue which in turn changes the consistency - viscosity. 
The MS and SS grades may be produced with either 100 to 200 
penetration asphalt cement or 40 to 90 penetration asphalt 
cement; the latter type is designated (h) for hard residue. 
Special emulsions may be produced which contain a small per­
centage of high or medium volatile type diluent; these special 
emulsions are designed to improve or extend workability of 
the resultant asphalt-aggregate mixture. 

Emulsified asphalts are normally used in the following manner: 

Material 

RS-1, CRS-1 

RS-2, CRS-2 

MS-1 MS-2, MS-2h, CMS-1, 
CMS-2 

SS-1, SS-lh, CSS-1, 
CSS-lh 

Usage 

Light Surface Treatments 

Seal Coats 

Plant or Road mixtures with aggrcJates 
containing essentially no fine, minus 
No. 8, material. 

Plant or Road mixtures containing 
substantial fine aggregate, tack coats 
when diluted with 50+ %water and 
Slurry Seals. 
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Application rates for surface treatments, and A.C. residue 
content for aggregate mixtures are designated on the plans and 
in the specifications. When A.C. determinations are made, 
moisture present in the aggregate and water contained by the 
emulsion must be taken into account in the calculations. 

The consistency of emulsions is controlled by placing limitations 
on the viscosity as measured in the Saybolt Furol Viscometer 
at 77°F or 122°F depending on the grade. The measuring unit 
is "Saybolt Seconds" which is the time interval required for 
a given volume of material to flow through a specified orifice 
at the test temperature. Specifications for the standard 
anionic and cationic grades are provided by AASHO specification 
designations M-140 and M-208. 
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OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

BITUMINOUS TREATED AGGREGATE BASE 

General 

Bituminous treated aggregate base mixtures are processed gravels, 
crushed stones, or blends gravel, sand and crushed stone stabilized 
with a specified percentage of asphalt. The asphalt may be incor­
porated by mixing emulsified asphalt or cutback asphalt with the 
moist aggregate blend or by mixing asphalt cement with aggregate 
which has been previously heated and dried. The contractor may 
select from specification options the binder material, mixing 
process, and placement procedure. Job mix formulae are not required. 

These mixtures are placed as base course and stabilized shoulder 
surfacing although other uses may be assigned by special design. All 
designs should provide for a sealcoat or surface course to provide 
protection from traffic abrasion and weathering. 

Procedures 

Mixtures processed cold are mixed at or near optimum moisture content 
as determined by Matls. I.M. 309. This moisture content is a com­
posite: combined aggregate moisture, water from the emulsified 
asphalt and water added at the mixer. When the contractor selects 
the option to incorporate asphalt cement as binder, conventional hot 
mix equipment and procedures are employed. 

Mixtures containing the standard ss-1 emulsified asphalt or RC-70 
cutback asphalt normally require aeration prior to final placement 
and compaction; the amount of aeration required is variable. Factors 
influencing aeration are: temperature, humidity, wind velocity, 
aggregate characteristics, moisture content, and aeration procedures. 
Aeration should be carried on until the asphalt in the windrow is 
uniformily tacky; in some cases it may be necessary for the contractor 
to place and compact special test sections to determine the proper 
mixture condition. 

Contractors may incorporate CSS-1 emulsified asphalt or modified 
SS-1 emulsified asphalt as binder material to facilitate placement 
and compaction. The use of these materials may reduce or eliminate 
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manipulation and aeration; this is particularly advantageous when 
the mixtures are placed in confined areas and on shoulders. Longer 
mixing times and higher moisture contents are often required to 
obtain adequate dispersion of the asphalt and to prevent premature 
break. In some cases pugmill production must be reduced by 25 to 
50 percent. 

Inspection 

Plant calibration and inspection procedures are provided in Materials 
I.M. 508 and I.M. 509. Sampling and testing requirements are contained 
in Materials I.M. 204 and I.M. series 300. Additional information is 
provided by the Office of Construction. 

It should be noted that the specifications do not provide for separate 
measurement for payment of the bituminous binder material. The bitum­
inous binder material and moisture present following mixing are 
included in the pay quantities when payment is based on weight measure­
ments. 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

ASPHALT TREATED BASE 

General 

Asphalt Treated Bases are composed of crushed and uncrushed aggregates 
stabilized with varying quantities of asphalt cement. Materials can 
normally be produced from local sources because quality limits reflect 
usage and economic requirements. Asphalt Treated Base mixtures may 
be placed: l. directly on earth subgrades with minimal preparation, 
2. below rigid pavements as subbase, 3. adjacent to flexible or 
rigid pavements as shoulders, 4. below surface courses 1 inch or 
more in thickness as base, leveling and strengthening courses, and 
5. adjacent to rigid or flexible pavement for widening. All designs 
should provide for a seal coat or one inch or more of surface course 
before asphalt treated bases are placed in permanent service. Con­
ventional hot mix equipment and procedures are employed to produce, 
place and compact asphalt treated base courses although more special­
ized equipment may be required for widening, shoulders, and subbases. 

Job Mix Formula 

When the specifications require a job mix formula, representative 
samples of the aggregate are to be obtained as directed by the District 
Materials Engineer and submitted to the central laboratory for analysis. 
A job mix formula will be set for each aggregate combination on the 
basis of gradation, stability, asphalt content and voids. The design 
criteria developed from laboratory studies and performance evaluations 
pertains specifically to base courses. This criteria places combined 
limitations on void percentage, (maximum) and effective asphalt content, 
(minimum). Factors influencing the resultant job mix formulae are: 
aggregate surface area based on gradation, aggregate absorption expressed 
as a function of the water absorption (50 percent), and mixture 
mechanical properties as determined from Marshall stability tests. The 
final formula is comprised of the aggregate percentages and percent 
asphalt. 
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Inspection 
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Plant calibration and inspection procedures are provided in 
Materials I.M. 508 and I.M. 509. Sampling and testing requirements 
are contained in Materials I.M. 204 and I.M. series 300. Additional 
information and instructions are provided by the Office of Construc­
tion. 

It should be noted that specifications may provide for separate 
measurement for payment of the asphalt cement for all asphalt treated 
base mixes subject to mix design. The tonnage of asphalt cement is 
not deducted from the tonnage of mixture incorporated and accepted 
in the work. 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

General 

Type B Asphalt Concrete base, binder, leveling, strengthening, and 
surface course mixtures. are composed of gravel, crushed stone or 
combinations of gravel, stone, and sand produced from approved 
sources and formulated to provide service for roads carrying low to 
moderate traffic. The formulation procedure results in a job mix 
formula for each aggregate combination together with a recommended 
percentage of a s p h a l t c e m e n t . C l a s s 2 m i x t u r e s 
can often be produced utilizing a single processed aggregate such 
as pit run gravel because crushed particles are not specifically 
required. Class l and surface course mixes requirements include a 
minimum crushed particle percentage and additional controls. 

Type B Asphalt concrete may be placed as base, binder, or surface 
course depending upon mix class and size. class 2 mixtures may be 
placed full depth on virtually any roadway except those subjected 
to heavy traffic volumes. class l mixtures may also be placed 
full depth; both classes of mix are con®only placed as upper base 
or surface on Bituminous Treated Aggregate Base and Asphalt Treated 
Base courses. Type B Base specifications are employed on the 
secondary road system and by special designs on the primary road 
system. The Type B surface specifications apply on primary projects 
unless otherwise provided. Because several options are available, 
care must be exercised in selecting the mix class, lift thickness, 
and mix size during the various stages of design and construction 
so that the appropriate requirements are met. 

Job Mix Formula 

Job mix formulae are required by the specifications for all aggregate 
combinations. rn each case, Lepresentative samples are to be obtained 
as directed by the District Materials Engineer and submitted to the 
central laboratory for analysis. A job mix forn1ula will be set for 
each aggregate combination on the basis of gradation, stability, 
asphalt content and voids. The design criteria developed from 
laboratory studies and performance evaluations apply specifically 
to wearing courses; limiting values for the various characteristics 
for each mixture as actually produced are provided in Materials 
I.M.-511. The formulae are comprised of the aggregate percentages, 
percent asphalt, and gradation as limited by specification requirements. 
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In the event satisfactory job mix formulae cannot be set within 
the limitations imposed by the specifications, they may be set by 
extra work order with the advance approval of the Construction 
Engineer. Formulae set in this manner may be outside of the 
standard limits and may incorporate materials percentages or material 
types other than specified. Adjustments in contract price may be 
required depending upon the type of changes ordered. 

Special Requirements 

The standard specifications for Type B aggregates and mixes permit 
usage of a broad range of aggregates and formulations. These 
requirements will provide the design level of service, light to 
moderate traffic, under average service conditions, although some 
aggregates or aggregate combinations may not exhibit satisfactory 
performance when incorporated in surface courses. Problems of this 
type will vary across the state and are to be monitored by the 
District Materials Engineer. Special specifications will be prepared 
by the Central Office Materials staff on request or by recommendation 
by the District for specific projects. In some cases special 
provisions will be initiated by the central office staff for projects 
that will be subjected to unusual service conditions or contain 
special designs. 

Inspection 

Plant calibration and inspection procedures are provided in Materials 
I.M. 508 and I.M. 509. Sampling and testing requirements are containe 
in Materials I.M. 204 and I.M. series 300. Additional information and 
instructions are provided by the Office of Construction. 

It should be noted that the specifications may provide for separate 
measurement for payment of the asphalt cement. The tonnage of asphai_ 
cement is not deducted from the tonnage of mixture incorporated and 
accepted in the work. 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

TYPE A ASPHALT CONCRETE 

General 

Type A Asphalt concrete binder, leveling, strengthening, and surface 
course mixtures are composed of combinations of high quality gravel, 
crushed stone, and sand produced from approved sources and formulated 
for service on road surfaces carrying high traffic volumes. Mixtures 
designated a l inch and 3/4 inch may also be placed full depth as base 
or widening although economic considerations will normally favor usage 
of lower mixture classes except when small quantities are required. 
because four mix sizes are available, care must be exercised in select­
ing the lift thicknesses and mix sizes during the various stages of 
design and construction so that the appropriate requirements are met. 

,Job Mix Formula 

Job mix formulae are required by the specification for all aggregate 
combinations. In each case, representative samples are to be obtained 
as directed by the District Materials Engineer and submitted to the 
central laboratory for analysis. A job mix formula will be set for 
each aggregate combination on the basis of gradation, stability, 
asphalt content and voids. The design criteria developed from labora­
tory studies and performance evaluations apply specifically to wearing 
courses; limiting values for the various characteristics for each 
mixture as actually produced are provided in Materials I.M.-511. The 
formulae are comprised of the aggregate percentages, percent asphalt, 
and gradation as limited by specified tolerances for each controlling 
sieve size. 

In the event satisfactory job mix formulae cannot be set within the 
limitations imposed by the specifications, they may be set by extra 
work order with the advance approval of the construction Engineer. 
Formulae set in this manner may be outside of the standard limits 
and may incorporate materials percentages or material types other 
than specified. Adjustments in contract unit price may be required 
depending upon the type of changes ordered. 
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The standard specifications for Type A aggregates and mixes provide 
for usage of a restricted range of aggregates and formulations. These 
requirements will provide the design level of service, moderate to 
heavy traffic, under average service conditions, although some aggregates 
or aggregate combinations may not exhibit satisfactory performance when 
incorporated in surface courses. Problems of this type will vary across 
the state and are to be monitored by the District Materials Engineer. 
special specifications will be prepared by the central Office Materials 
staff on request or by recommendation by the District for specific 
projects. In some cases special provisions will be initiated by the 
central Office staff for projects that will be subjected to unusual 
service conditions or contain special designs. 

Inspection 

Plant calibration and inspection procedures are provided in Materials 
I.M.-508 and I.M.-509. Sampling and testing requirements are contained 
in Materials I.M.-204 and I.M. series 300. Additional information 
and instructions are provided by the Office of Construction. 

It should be noted that the specifications may provide for separate 
measurement for payment of the asphalt cement. The tonnage of asphalt 
cement is not deducted from the tonnage of mixture incorporated and 
accepted in the work. 
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OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

ASPHALTIC CONCRETE PLANT INSPECTION 

General 

The plant inspector should witness the contractor's operations, 
from the initial plant set up to the final shutdown. The 
contractor's plant and method of operations should be examined 
thoroughly before work begins; any deficiencies which are observed 
with regard to specification compliance should be reported to the 
contractor and the engineer. The Inspector's diary should include 
all pertinent information regarding the plant, plant set up and 
calibration,as well as the project data required for contract and 
specification compliance documentation. 

On most projects an assistant plant inspector will be assigned to 
assist in performing the various tests and inspection functions. 
The overall responsibility for plant inspection remains with the 
senior inspector assigned to the plant. This section of the manual 
deals primarily with this overall responsibility, therefore, no 
guidelines will be presented regarding division of duties and 
functions. The assignment of duties and functions remain the 
responsibility of the Resident Construction Engineer; decisions 
in this area should be based on and commensurate with the assigned 
inspector's capabilities and experience. 

PLANT INSPECTOR'S DUTIES 

A. Preliminary 

The first phase of the contractor's operations consists of 
preparing the plant site and building stockpiles. The plant 
inspector should be assigned to the project prior to this phase 
of the work so that those procedures which are governed by the 
specifications may be observed and properly controlled. 

The general areas or procedures requiring attention are: 

1. Construction of Stockpiles to: 
(a) minimize segregation, and 
(b) eliminate contamination and intermingling. 
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This is accomplished by constructing stockpile in lifts, 
controlling stockpile height, controlling drifting and 
rolling of material, constructing partitions or bulkheads, 
and stabilizing the stockpile work area. Refer to the 
specifications for specific requirements. 

2. Plant Erection Which Provides: 

(a) safe working conditions, and 
(b) reliable operation. 

This is accomplished by proper site preparation, placement 
of adequate foundations for bins and mixing equipment 
and constructing safeguards such as berms and drainage 
ways. 

B. Job Mix Formula 

The job mix formula together with the specifications provide 
the initial basis for setting up and starting the job, there­
fore, the plant inspector must be thoroughly familiar with 
the information provided by the job mix formula report. 

Before a job mix formula can be developed by the laboratory, 
numerous arrangements must be made in the field by the 
contractor, material producers, and District Materials 
Engineer. The contractor must first select his material 
sources and estimate, in cooperation with the producers, 
the tentative proportions and gradations of each of the 
materials. After the contractor has selected his materials, 
representatives of the District Materials Office obtain 
samples and attempt to combine them as requested by the 
contractor. Adjustments may be necessary in these proposed 
proportions since the exact gradations may not be known in 
advance although experienced contractors and material 
producers are often able to make precise estimates. 
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The following example demonstrates how two materials are combined 
to arrive at a composite gradation. 

Gradation of Individual Aggregates-Percent Passing 
Sieve No. 3/8 #4 #8 #30 #50 #100 

21 
0.5 

#200 

(A) Crushed Stone 
(B) Concrete Sand 

100 
100 

75 
95 

54 
84 

35 
35 

29 
3. 5 

13.1 
0.2 

/ 

For the purposes of this example, the assumed proposed proportions 
are 72.5% crushed stone and 27.5% sand. The composite gradation 
is arrived at by multiplying each set of percehts passing by the 
proportion percentage and summing the results as shown below. 

Line Ax 72.5% 
Line B X 27.5% 

*Sum = Composite 
Gradation 

72.5 
27.5 

100 

54.4 
26.1 

39.2 
23.1 

80.5 62.3 

25.4 
9. 6 

21.0 
1.0 

35.0 22.0 

15.2 
0.1 

15.3 

9.5 
0.1 

9 • 6 

If the composite gradation complies with the limits specified for 
the job mix formula, production limits are set for the individual 
aggregates and samples are submitted to the Central Laboratory for 
the Job Mix Design Analysis. 

Aggregate production and inspection are covered in detail by Matls. 
I.M.-204 and I.M.-209. The acceptance of mixture gradation is 
outlined in section 2.53 of the Construction Procedures and In­
structions Manual. 

If the materials as first analyzed do not consistently meet the 
specified limits, it may be necessary to adjust the proportion 
percentages or production limits. Familiarity with the material 
sources and production methods facilitates setting realistic 
limits. This reduces the number of trial and error steps and 
subsequent adjustments. It is advantageous to maintain records 
of this type for each material source and type. 
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After the preliminary proportions and limits have been established 
(refer to page 5) samples of the aggregates are analyzed in the 
laboratory to determine the characteristics of the proposed 
asphalt-aggregate mixture. Certain characteristics are subject to 
specification limitations. Occasionally changes are required in 
the material proportions or material sources because mixture 
characteristics cannot be controlled within the specification limits 
or design criteria. When changes are made during the design stage, 
they will be incorporated in the job mix formula report. If changes 
are found necessary after production begins, they are to be made as 
provided for in Materials I.M. 511 unless a complete new job mix 
formula is required. The report shown on page 6, together with a 
description of test results, is typical of reports of this type. 
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10\\A J£P,\RTMENT Of TRANSPORTATION 
HIGHWAY DIVISION 
Office of Malf'rials 

PROPORTIONS & PROOI!CTION liMITS fOR ACGREGATFS 
Matls. I.M. 508 
(;p~ of :l6) 

COUNTY: Marshall PROJE<jl NO.: 

~o~nu_~u~s~3~0L_~f~r~o~m~J~c~t~·~I~a~·~3~30~e~a~s~t=-~8~·~4~m~l~·=l~e~s~--------------

FN-30-5_(_£ti _______ 0ATE:April 13, 1972 

PROJECT LOCATION: 

3/4" TYPE AND CLASS OF MIX : Type A COURSE:-- Surf ace __ MIX SIZE: 
6 o o o -=.--vPIS-- --
7000 CONTRACTOR Cessford Const Co LeGrand ; . ' ' - TRAFFIC: A.D .T. 

MATERIAL .lt(\_"!PlE PROP.% PRODUCER & LOCATION INDENT. IN MIX 

lcr. Lmst .T-1-72 55 LeGrand NW!<NW,_ 1-83-17 Marshall 

l!=:and J-2-72 35 Marshalltown SW!< 29-84-17 " 
Ls. ,- Chips J-6-72 10 Ferguson NW!>.iSWl:r 5-82-17 " 

--
GRADATION OF INDIVIDUAL AGGREGATE SAMPLES (Typical, Target, or Average) 

>I<VE ANALYSIS-% PASSING 
MATERIAL 

1 3/4 y, 3/8 4 8 16 30 50 100 200 SILT 

lcr T.l'< ')') 100 99 88 65 43 32 25 20 17 14 12 --
Sand 35 100 97 85 69 45 11 0.9 0.4 --

-

Ls. Chips 10 100 70 2.3 1.9 1.7 1.3 0. 9 0.7 --- --r---·-· --

PREU~~ARY JOB MIX FORMULA TARGH GRADATION 

[ -TOLERANCE 
- ----- -----,---------- ------- --..-

+ 100 100 -- +7 +7 +5 -- +4 -- + - -
COMBINED 
GRADING 100 99 93 81 65 48 38 27 13 8.1 6. 

SURF ACE AREA C. .02 .04 ,08 ,14 30 bO 1, 6 

[s ~~-SQ. FT. /LB. +2Jl 
-----~----·----

PRODUCTION liMITS FOR AGGREGATES APPROVED BY THE CONTRACTOR/PRODUCER 
~----;S~IE~V~E-'i----------,------------,-----------~-------------,-------

~;--_~_M:li:;N.u9 O-l.,.. 108~~~~-:-;M_""~-""x-~~O~:~~-M---IN~.~~~~~-M---A-X·~-~----~--1--=~M-~-N-~. ~~~~~-M~A~,-~,~~:---~M~IN~-·-_-_:' ----M--A~X-.~~~~-~~-M--:-~- : --. --M-A~-
y, 

----t-------+---+--·--+--·--+------ ----
--

3/B 61 75 100 100 
~---4~---r--~3~5~---4~7~--~9~5-+--l~0~0~--~6~5-+--~8~0~------~----~------------ --

----~---~~~--~~--~~~~~r-~~--~-~----+----~~---~-----~ 
8 27 35 81 89 2.0 10 

--~~--i--~t--~-r~~---~t------~~~--------+------~--------~-----1 30 15 21 41 48 0 3.0 
50 

---------~----~r---~----+------r-~~--~~----~---+----~----~ 
200 10 13 0 1.0 0 1.0 

-C()"'M"M-=E"NT--.s~,-----1.-os"i'n-~gc"il;-;e;-'-?";~'T .ua;-y;;-.);e;>r;;--cr;:;;;e::-:-::rL"•----:,,-.-.,-,-:-,-,.1, ... ,--:,.-,-"'-'':-'"-""''•L• _____ ..J ______ L _____ j__ _____ _j ______ ____j 
(Spet·. No .etc.l Surfacl. ng over onlorm1HI0riill purposes only The 

ContractonQ AuthOritY makes no 
, represontatoons as to fiC!::uracy preVlOUsly resur- either express or Implied, whoch 

faced p 0 c. c . pave- ~h: ~?o~~rac2,~~~;~0~~ :~e~;~1s0pvoens. 
ment • ~~\\~n~O comply With the SP8Cifl· 

Signe<l ----,-,.,.,-=:-,-;;~:-cc--·------­
con t rae tor /Produ C~"• 

Signed -------,:=-;-;-=--.-:c-c----------­
oist. Mntls, Enqr, 
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MIX, TYPE AND CLASS: TYPE B SURFACE LAB NO. ABDB-177 

INTENDED USE: 

SIZE 1/2' SPEC. NO. !32:5 DATE REPORTED 9/14/7!3 

A COUNTY BUCHANAN PROJECT FN-187-1<61--21-10 

CONTRACTOR CESSFORD 

PROJ. LOCATION FROM OLD US 20 NORTH & EAST 14.0 MILES TO BACKBONE STATE PARK 

AGG. SOURCES 1/2' CR. LST. - WESTON/LAMONT QR. - BUCHANAN CO. 
1/2' GRAVEL - HULLERMAN PIT - BUCHANAN CO. 

B JOB MIX FORMULA AGGREGATE PROPORTIONS: 50X AATB-611, 50X AATB-612 

JOF.l MIX FORMULA - COMBINED GRADATION 
1··1 /2' 1 • 3/4' i ;:~ D ;3/B" N0.4 N0.8 NO. 1 6 N0.30 N0.50 NO.1 00 N0.200 

c 100 92 72 58 44 30 15 8.B 5 ... 9 

TOl..EF~ANCE: ·-· 98/ 10(~ 7 7 6 5 3 
75 BLOW MAfUAHLL DENSITY 2 .. ~31 

D ASPHALT SOUI~CE AND APPROXIMATE VISCOSITY KOCH .. ,. 1160 POISES 
PLASTICITY INDEX N. p . 

E X ASPH. IN MIX C" ') r. .. .) • ~.::> 6 .. 25 7 .. 2~> 
F NUMBER OF MARSHALL BLOWS 50 5(·) 50 

MAf~SHALL STABILITY .. LBS. 2248 2287 223B 
FLOW •.. ~).,)1 IN. 8 8 B 

G SP.GR. BY DISPLACEMENT(LAB DENS. > 2 .. 2~) 2 .. 29 2"3i 
H BULK S'P ... Gr·L. COMB. DRY AGG. 2.6f34 2.684 2.684 
I SP. GR .. ASPH. @ 77 F. 1. 030 1.030 1 • 03,) 
J CALC. SOLID SF' .. GF~ .. 2.49 2,.46 2 .. 42 
K Y. VOIDS .•. CALC. 9. "? 6.7 4 , .. .::> 
J RICE SP. GR ... 2.50 2.46 2 .. 42 
K Y. VOIDS ·-· fUCE 10.0 6.8 4.9 
L Y. WATEI~ ABSORPTION -· AGGREGATE 0.60 0.60 0. 6(~ 
M Y. VOIDS IN THE MINEF~AL AGGREGATE 20.6 20.0 20 ... 2 
N Y. V.M.A. FILLED WITH ASPHALT 52.7 66.3 77.5 
0 CALCULATED ASPH.FILM THICKNESS< MICRONS> 7.8 9.4 11.2 

P A CONTENT OF 6.75X ASPHALT IS RECOMMENDED TO START THE JOB. 

COPIES: 
ASPH. 11IX DESIGN 
FN-187-1(61--21-10, BUCHANAN 
DISTRICT ENGINEER 
RESIDENT ENGINEER 
BITUMINOUS ENGINEER 
BIT. FIELD ENGINEER 
BIT. CHEMIST 
CONTRACTDI~ 

SIGNED: BERNARD C. BROWN 
TESTING ENGINEEF~ 
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Section A. Project Information. 
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Line B. Job Mix Formula aggregate proportions set as specified. 
Aggregates listed by lab. no. in sequence as identified on source 
line in section A. 

Line C. Job Mix Formula target and design gradation with tolerances 
when specified. 

Line D. Source and grade of the asphalt used in the job mix formula. 

Line E. Asphalt percentages used to establish asphalt content for 
formula. 

Line F. Marshall Stability and Flow test data, refer to I.M. 511 for 
recommended minimum stability values. 

Line G. The specific gravity by displacement of the (2~ by 4 in. 
dia.) specimens before being tested for stability. The specimens are 
compacted in a mold by a mechanical Marshall compactor. These lab 
density values are used to compute void percentages line K, per 
I.M. 321. 

Line H. The bulk specific gravity of the combined aggregate used in 
the trial mixtures. 

Line I. The specific gravity of the asphalt used in the laboratory 
trial mixtures. 

Line J. The calculated solid specific gravity as determined per 
I.M.-321 and Rice Specific Gravity as determined per IM-340. 

Line K. The percent total voids in the compacted specimens. 

Refer to Matls. I.M. 321 for the recommended methods of measurement 
and calculation for results shown in lines J,K,M and N. 

Line L. The percent by weight of water absorption for the combined 
aggregate used in these trial mixtures. 

Line M. The voids in the mineral aggregate expressed as percent of 
the bulk volume of the compacted mixture. This void space is defined 
as the intergranular void space between the particles of aggregate in 
a compacted mixture. 



Matls. I.M. 508 
(Page 8 of 36) 

January 1979 

Line N. The percentage listed in line M filled with asphalt, design 
range 65-80 percent. 

Line o. Average asphalt coating film thickness, the ratio of 
effective asphalt, adjusted for absorption, to the aggregate surface 
area as determined from the job mix formula gradation. 

Line P. The target asphalt content recommended to start the job set 
as specified as part of the job mix formula. 

c. sampling and Testing 

There are a number of sampling and testing procedures that a 
plant inspector must be familiar with and perform in order to 
establish and maintain acceptable quality construction. A number 
of these tests, measurements, and calculations, in addition to 
documenting specification compliance, also provide the basis for 
determining contract pay quantities. 

Sampling frequencies are provided for in Materials Dept. I.M. 204 
and the Standard Specifications. Sampling and testing methods 
are provided for in the Materials Department I.M. 300 series. 
Testing equipment may be obtained from the District Office and 
the central Laboratory; other supplies may be obtained from the 
central Storerooms. Each of the measurements and tests which 
are the responsibility of the plant inspector are discussed in 
subsequent sections of this instruction. 

D. Plant Equipment 

I_tems of equipment to he checked for specification compliance 
prior to beginning operations are listed below: 

1. Truck Scales 
2. cold Aggregate Feeders 
3. Dryer 
4. Dust Collector and Feeder 
5. Hot Aggregate Storage Bins and Feeders 
6. Revolution counters, and/or Scales 
7. Thermometer Equipment 
8. Equipment for Heating, Storing and Measuring Asphalt 

cement 
9. Asphalt Pump, Surge Tank, and/or Scales 

10. Testing Laboratory 
11. Safety Requirements 

Refer to the following plant diagrams and descriptions. 
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In addition to determining if all of the required equipment is 
available and functioning properly, the plant inspector should 
look for potential sources of difficulty. One of the most trouble­
some difficulties encountered during production is mixture segre­
gation which may be caused by plant equipment or operation. Segre­
gation at the plant may be caused by: 

1. Pugmill discharge being too high above the truck bodies. 

2. Depositing into very large truck bodies, causing the mixture 
to cone and rbll. In this case trucks should be moved back 
and forth during loading. 

3. Pugmill or storage gates opening improperly. They may not 
open or close quickly or to the full extent of the opening. 

4. Inadequate mixing. This may be caused by short mixing cycle, 
improper mixer paddle positioning, worn paddles, or low level 
in the mixing chamber. 

5. Improperly designed, maintained, and operated surge and storage 
bins and conveyors. Example - material discharge into conveyor 
must be centered into the bucket or belt. 

6. Failure to provide near level truck charging platform. 

Coarse - lean mixtures are more subject to segregation than fine­
rich mixtures, therefore more care must be exercised when the 
former type of mixtures are being produced. Undue segregation 
of the mix results in non-uniform distribution of the material 
in the pavement. This can lead to a patchy appearance as well 
as early structural distress. 

Another troublesome problem encountered during production is con­
tamination of the asphalt cement. This may be caused by: 

1. Allowing fuel oil used for cleaning pumps and lines to 
enter the storage tanks. 

2. Accepting delivery of non-specification material or material 
of a different grade. 

3. Leakage of plant heating oil into the storage tanks. 

4. Contaminated delivery tanks. 

5. Improper sampling, and sample catching container, refer to 
Matls. I.M. 323. 

Contamination can be prevented by alert inspection and proper 
supervision by the contractor since most of the problems are 
associated with the use of cleaning fluids and improper material 
combination. 



CONTINUOUS PLANT 
Material Flow Diagram 

1. Aggregate Stockpiles a. Dust Return 

2. Separating Bulkheads 9. Burner 

3. Proportioning Feeder 10. Hot Aggregate Elevator 

4. cold Aggregate conveyor 11. Hot Aggregate Storage Bin 

5. Dryer Intake, Screen 12. Approximate Location of 
Revolution Counte-r 

6. Dust Collector 
13. Bin Gate Control 

7. Dryer Drum 
14. Feeder Belt 

15. Asphalt Spray Bars 

16. Mixer and Holding Hopper 

17. Asphalt Pump 

18. Truck Position 

19. Fuel Line to Burner 

20. Asphalt Storage Tanks 
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A. 

B. 
c. 
D. 

E. 

F. 
G. 

BATCH PLANT 
tffiTERIAL FLOW DIAGRAM 

Multiple Compartment Cold H. Aggregate Batcher 
Feeder 

cold Elevator I. Asphalt Transfer 
Drier J. Asphalt Batcher & 

Horizontal Cyclone Dust K. Pugmill Mixer 
Collector & Exhaust Washer 

Hot Aggregate Elevator & L. Optional Mineral 
Dust Return Elevator 

Screening Unit M. Optional Mineral 
Hot Aggregate Storage Bins Feeder 

& Scale 

Pump 
Scale 

Filler 

Filler 

E. Plant Calibration 

The specifications require that all material proportioning 
equipment be calibrated and checked for accuracy. The job 
mix formula provides the basis for the calibrations. 

The specifications require that the contractor provide the 
personnel, scales, test weights, and equipment for calibrating 
each delivery component. The calibration operations will be 
witnessed by and subject to the approval of the District Ma­
terials Engineer or his authorized representative. The plant 
inspector should be present and observe all procedures. The 
District Materials Engineer will furnish the plant inspector 
with copies of the calibration results, so that adequate in­
formation is available for making adjustments when indicated. 
Should difficulty be experienced during operations, the Dis­
trict Materials Engineer should be contacted for assistance. 
Normally the District Materials Engineer will assign one or 
more experienced inspectors to witness the calibration of 
proportioning and mixing plants. The plant inspector should be 
thoroughly acquaintedwith plant operations, so that problems 
are recognized and corrected as early as possible. 

A sample calibration has been included in this section to be 
used as a guide. Due to the wide variation in plant equipment, 
this example will not cover all· situations, but it should pro­
vide the basis for understanding the overall procedure. 
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The first step in calibrating a proportioning plant is the 
calibration of the cold aggregate feeders. These units de­
termine the final gradation of the mixture. 

These feeders are controlled by gates which meter the flow 
volumetrically. They are calibrated by weighing the quantity 
of material which passes through a given gate opening during 
a measured time interval. The interval is determined by 
counting the number of revolutions that the feeder makes 
while the material is delivered. From the speed of the feed­
er and the weight of the material, the delivery rate in 
pounds per minute is calculated. 

A moisture correction must be applied to these determinations 
to correct to dry weight delivered. 

Refer to the following tables and graphs A, B and c. 

2. Conveyor Scales 

The specifications require Drier Drum Mixing Plants be equip­
ped with continuous weighing central conveyor scales that are 
interlocked with the asphalt delivery system. These scales 
are checked for accuracy by two methods as follows: 1. The 
scale is first zeroed while the conveyor is operating at 
normal operating speed but unloaded. It is then adjusted to 
readout a predetermined total weight using the special scale 
beam weights and a standard operating time interval. Both of 
the foregoing procedures are to be performed in accordance 
with the scale manufacturer's instructions. 2. The second 
accuracy check requires the comparison of the weight shown on 
the totalizing meter, with the weight actually delivered as 
determined by running material over the conveyor into a tared 
truck. The truck tare and loaded weights must be obtained 
by weighings over certified commercial truck scales, or plant 
scales that have been checked against certified scales and 
approved by the engineer. The conveyor scales should be 
checked at several delivery rates representing the proposed 
operating range. The contractor shall adjust the weighing 
system, so that when the plant is operating, the final mix­
ture is uniform and consistently within the specified job 
mix formula tolerances. 
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3. Asphalt Pump 
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Some batch plants, all continuous and drum mixing plants 
deliver asphalt material to the mixer through volumetric 
pumps. The pumps are adjusted by changing drive sprockets 
or movement of a vernier dial control. These volumetric 
systems must be calibrated throughout the proposed operat­
ing range at the normal operating temperature. Refer to 
Graph D. When totalizing meters are required, they must 
be adjusted to readout the quantity delivered within the 
specified delivery tolerance. 

4. Hot Aggregate_yeeders 

After the various aggregates have been proportioned and 
dried, they are fed to the mixer unit in one of two ways: 

(a) On ~ontinuous flow plants the hot aggregate is fed 
through adjustable calibrated gates to the mixer by 
elevator or belt. These feeders are calibrated in 
the same manner that cold feeders are calibrated, 
but in relation to the plant revolution counter. 
Refer to tables and graphs E and F. 

(b) on batch plants the hot aggregates are weighed in 
batches over calibrated scales as described in the 
following paragraphs and examples. 

The dust collected by the dust collector is fed from a cali­
brated bin or ~eturned directly to the hot aggregate, depend­
ing on the type of plant equipment and the specifications 
requirements. If the dust is returned separately, the feeder 
should be calibrated to feed the required quantity of dust 
in a uniform manner. If the dust is returned directly to the 
hot aggregate, the weight or volume of dust collected and 
returned is taken into account automatically in the cali­
bration of the hot aggregate delivery system or batch weights. 

If the plant is equipped with a gradation unit which divides 
the aggregate after drying by screening into size fractions, 
it will be necessary to determine the percentage of each size 
fraction that must be fed or weighed into the mixer or weigh 
box. This may be done by one of two methods. In the first 
method the plant screen sizes must be known such that the 
percentage passing (adjusted for carry over) each screen can 
be estimated from the estimated average composite gradation 
curve. These percentages are then used to compute the 
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delivery rate (gate openings) or batch weight for each 
size fraction. The second method which can be only used 
for setting up batch plants is based on the actual weights 
of material accumulated in each individual hot bin after 
a short period of plant operation. The bin weights are 
totaled and the individual bin weights converted to percentages 
of the total. These percentages are multiplied by the size 
of the aggregate batch, this results in individual batch weights 
for the various size fractions. Either of the previously 
mentibned methods of determining proportions are st,bject to 
adjustment as work progresses since the estimates are subject 
to error and variation will be encountered in the gradation of 
the aggregates being fed to the plant. When gradation units 
are used, they should be balanced, to deliver material which 
has a gradation similar to the composite gradation being 
delivered by the cold feed system. 

5. Batch Plant Scales 

6. 

calibration of batch plant scales as required by the specifi­
cations is performed by incrementally loading the scales with 
standard test weights and partial batches through the operating 
ran9e of the scales. As each increment of load is applied, the 
actual observed weight and the required weight are compared. 
The differences, plus or minus, are determined and converted 
to percentages of the required weight. Ifr the percentage 
deviations are less than the tolerance allowed by the specifi­
ca.tions and the scales are sensitive to the test loads' the 
scales will be considered in calibration. If the scales do 
not meet the various requirements, the contractor should be 
notified immediately and required to make the necessary repairs 
or adjustments. Recalibration may be ordered by the engineer 
if the scale equipment malfunctions or if required material 
quantities do not agree with actual material quantities. 

Initial Plant Settings 

Three examples of initial plant settings have been provided: 
one for a continuous plant with a vernier type A.C. pump control, 
one for continuous plant with a sprocket type asphalt pump, 
and one for a 6000 pound batch plant with a scale bucket for 
asphalt measurement. 

The plant inspector is at this point cautioned not to make 
adjustments or effect settings of plant equipment, and in no way 
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manipulate or OE~~~~~-any_~~i~en~at ~~i~~-·- All 
operations connected with the contractor's E!:.an~_or__<:>_ther 

-" equipment are ~-§E_ecifica tion the strict and total respon­
sibility of the contractor. 

7. Mixing Rate 

The specifications contain requirements regarding the quality 
and duration of mixing for the various types of mixes and 
plants. The quality of mixing may be evaluated by the Ross 
Count procedure per I.M. 319, while the duration of mixing 
is established by the quantity of material in the mixer during 
a given time period. The design, condition, speed and loaqing 
of the mixer unit together with the characteristics of the 
materials being mixed will vary from job to job and need to 
be taken into account when evaluations are made. 

Mixing times are determined in the following manner: 

(a) Continuous Plants. Mixing time in a continuous plant is 
the interval between the entrance of the aggregate into the 
mixer and the discharge of the same aggregate, coated with 
asphalt, from the mixing chamber. The mixing time in 
"seconds" is determined by the following fc';rmula: 

Pugmill Content (Pounds) = 

pugmill output (Pounds per second) 
Mixing Time 
(Seconds) 

The pugmill content in pounds is determined under operating 
conditions by stopping the mixer, emptying hopper, cutting 
off the feed and running the material in the mixer into 
a separate truck to be weighed. The weight of the material 
adhering to the walls and paddles of the mixer is estimated 
and added to the quantity in the truck. The pugmill out­
put equals the pugmill input and is determined from the 
bitumen pump and hot aggregate calibration data. Mixing 
times may be increased by: l. reversing the mixer paddles 
to retard the flow of material through the mixer, 2. by 
reducing the material input rate, 3. raising the dam gate at 
the end of the mixer. 

(b) Batch Plants. The mixing rate of batch plants is controlled 
by the batch size and the dry and wet mixing timer settings. 
The batch size should not exceed the manufacturers rated 
capacity and the timer should be set to provide the specified 
mixing time unless more or less time is authorized by the 
engineer. The accuracy of the timer may be checked with a 
stop watch if necessary. 
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I 0!1~ Ulb 
!0/11 IOWA DEPARTMENT OF TRANSPORTATIONJ 

CALIBRATION Of PLANT EQUIPMENT 

County --~M~'~R~S~f~lA~L"-"L'--------

Project _ __!Fcc· Ncc-:ole:Occ-005;u_( £24ou_l ---~-

Date 4-13 1972 

Rejl'Oft No._l!__ ________ _ 

Contractor CESSFORD CONSTRUCTION CO, Plantlocation __ ~L~e~GOJ:r~a,cn~dL_ _______ _ Res. Eng.! Co. Eng.----------

Plant Type and Name Batch Cedar Rapids Material _ __,J~/~4~'~' ~C~ro_,_.__i;S~t~o~n~e;__ _______ _ MoisiUre -----"'"-""-0_% 

Mix Type ~T~y~p~euA'L __ _ Class ____ _ Mix Size _ __,3L/~4L'~' ~s~uw;:rzf~azc~e,__ ____ _ R.P.M. Feeder--'-'""~· z9 ______ _ 
R.P.M. Plant 

Asphall Type and Grade __ _!9~5~-~lLOUJiO ____ _ Temperatur~ °F ------'-llil-'----------

Pump vernier sening, gate opening in inches 
----

Run nul'l'lber 

Revolutions delivered 

Total wet weight aggregate delivered 

hill" ~·ahl' € llelin!red 
Total ilry weight aggregate delivered 

Dry weigh! per revolution 

Dry weight per minute 

Averase dry weisht per (Minute· Rev.) 
- '--·--

R.P.M. Feeder--"'""--'-· g'O._ _____ _ 

ihP;'/u PliiRI 

Pump vernier setting, gate opening in inches 

Run number 

Revolutions delivered 

Total wet weight aggregate delivered 

Tetal neigkt ,' .E deli ered 
Total i:lry weight aggregate delivered 

Dry wl!ight per revolution 

Dry weight per mitlute 

Average dry weight per (Minute· Rev.) 

-~~~----------··· 

R.P.M, Fet!der __ ~28~. 9:c_ ____ _ 
RoP•'I Plant 

Pump vernier setting, gate opening in inches 

Run number 

Revolutions delivered 

Total wet weight aggregate delivered 

~ght ',E. dcli,c:etl 
Total dr,y weigh! aggregate delivered 

Dry weigh.! per revolution 

Dry weight per minute 

Average dry weight per (Minute-Rev.) 

Scales comply [lg:O 
Yes No 

See Graph 'A' 

3" 4" 5" 

1 2 3 1 2 3 1 2 3 1 2 3 

125.0 145.5 58.3 58.4 42.5 41.8 

7500 9190 4910 4930 4460 4390 

7350 9000 4810 4830 4375 4300 

58.8 61.9 82.6 82,8 102o8 103.0 

1700 1790 2390 2395 2970 2980 

1745 0 2393 (') 2975 li"· 
---

Material 3/8 inch cr. stone - 35% Moisture _ __.c._;,___% 

See Graph 'B' 

2" 3" 4" 

1 2 3 1 2 3 1 2 3 1 2 

125.0 145.5 58.3 58.4 42.5 41.8 

7500 9190 4910 4930 4460 4390 

7175 8790 4700 4720 4270 4200 

57.4 60.4 80.7 80.9 100.3 100.5 

1660 1750 2335 2340 2900 2905 

1705 €· 2338 <:;:, 2903 e 
-----

Material __ s.,_,a~n~dL.:-:_3"-.\!0%"--. _________ _ Moisture 4 0 % 

3" 4" 

1 2 3 1 2 

140.0 141-5 88,1 83.1 

8220 8500 8910 7450 

7900 8180 7550 7150 

56.4 57.8 85.7 86.0 

1630 1670 2475 2485 

1650 <;:_, 2480 C· 

3 

See Graph 'c' 

5" 

1 2 3 1 2 

66.5 69.5 

7800 8310 

7500 7910 

112.6 113.9 

3255 3290 

3275 0 

The above data is furnishe-d as set forth in the 
Standard Specifications for plant operatioos, for 
informational purposes only. The Contracting 
Authority nt.lkes no representations as to 
accuracy, either express or implied, which are 
to be construed to relieve the Contrdctor from 
the responsibility to comply with the specifications. 

3 

--

3 

Dlstribullon: calibrated by ___ EB~i~l~l'----'B~r~o~'~'~n'----------- Received by -------'J~o~hc.::n__o:J~o~n=e~s'---------
Copy I ·fl~nl lns!>('clor 
Cupy 2 • Con!rutor 
Copr 3 • Dlsulct Matl!rlals E113lneer 
Copy 4 •Rl'Sklent Engiul!er 

Ndn"' "-
______ ':'M:..• '-'-=c· S""-.-_1:__ _______ Title -------"-su,_p"-t'-7;. ==------

tuto <:onu•ch>l 
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IOWA DEPARTMENT OF TFANSPORTATION 

CALIBRA liON Of PLANT EQUIPMENT 

County 

P10iect 

Date 

Report No. 

Janua1·y 1979 

Harshall 

FN-30-'J 24 

4/13/72 

1 

Contractor Cessford Construction co. Plant location __ L_~C'~an_d ___ ··------ Res. En~./ Co. Eng.----------

Plant Type and Name Batch - Ce(l"' r Rapids Material --------------- Moisture _____ % 

Mix Type-· Type A Class------ Mix Size ~--__2(~~-~-l!.._~_face ------ R.P.M. Feeder 
R.P.M. Plant 

28. 9:._ ____ _ 

Asphah Type and Grade __ _!'8"5c::.!l'"0"!0c_ ___ _ Temp-erature °F _ _.'3~0~0;_ ___ _ 

Asohalt Pumo calibration 

Pump vernier sening, s~lo !!PIIIIiRS in iR,l:l.;~s 

Run number 1 

Revolutions delivered 165.0 

Total wet weight aggregate delivered 

Total weight A.C. delivered 
lola I ilry weight aggregate delivered 429 

Ozy weight per revolution 

Dry weight per minute 

Average dry weight per (Minute· Rev.) 2.6 

Bwmp u~iu li~lis'Mfil gate opening in inches 

Run number 1 

Revolutions delivered 299.5 

Total wet weight aggresate delivered 

Total weight A.C. delivered 
Total dry weighl aggregate delivered 16700 

Dry weight per revolution 

Dry weight per minute 

Average dry weight per (Minute· Rev.) 55.8 

-
IPIIntp ~efnier setting, fi1Uii! apew(lls in 116IIUi 

Run number 1 

Revolutions delivered 18.00 

Total wet weight aggregate delivered 

Total weight A.C. delivered 
Total dry weight aggregate delivered 57.5 

Dry weight per revolution 

Dry weight per minute 

Average dty weight per (Minute· Rev.) 

Scales comply 0 0 

Distribution; 
Copy I •PI~nt lnsprrtnr 
Cnpf 2 • Ct•n!rannr 

Yes No 

C.tlibra1ed by 

30 40 

2 3 1 2 

94.91 

350.5 

('; 3.7 c 

Hot Bin Calibration 

4" 5" 

2 3 1 2 

275.0 

19150 

{i, 69.7 (-

oust Feeder Calibration 

5 10 

2 3 1 2 

9.85 

73.8 

3. 2 c;-. 7.5 

3 

3 

3 

!': 

S':",:c. Grn.PL 'D 1 

50 60 

1 2 3 1 2 

43.82 35.00 

210.5 210.5 

4.8 c! 6.0 c: 

Q ' 

6"' 

1 2 3 1 2 

251.3 

20180 

83 .o ~ 

15 

1 2 3 1 2 

11.10 

122.0 

11.0 e 

The above dJta is furnistwd as set forth in th(' 
Stand.ud SP'{'fi!t(,llion' lm piJnt oppralinns, for 
information.ll purpo~es unly. llll' (ontr.lc\illg 
Authorit~ m.t\..t•' no 1\'fln•~rnt.J!HHl\ ,h 10 
anur.lcy, ettiwr ('XPf<'~' ur tmpl~<•d. wht\h are 
to bl' conslrurd to n•lirvr ttw f"nntr.tf!<}l' from 

3 

3 

3 

the re~ponstblil1y to tomply with tlw ~j)(·ulk.ltiun~. 

Received by 

Copy J • Oi~!"f! M.HI'rMI~ [f1KiO~Pr 
Cnpy ~ •R,.,Kl,.n! loK'"~pr --------~'~'~· ~'~·~~;~·-'--- ------ Title ------~s~'~' ~~ ~'~·---------'"'ri c_.,,..,,,.,,., 
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INITIAL PLANT SETTING 

Matls. I.M. 508 
(Page 23 of 36) 

The following examples are based on initial plant output of 200 TPH 
of mix and an intended asphalt content 5.0% by weight of mix. 

Typical Plant Cold Feed Seetings 

Set for 190 TPH total Cold Aggregate (Dry Weight) 

Material 
3/4" Cr. Stone 
3/8" Cr. Stone 
Sand 

% in Mix 
35% 
35% 
30% 

lbs./Min. 
2217 
2217 
1900 

Drum Mixing Plant 

Set Cold Feed Proportions as shown above. 

Gate Setting 
3-3/4" (Graph A) 
2-13/16'' (Graph B) 
3-5/16" (Graph C) 

Set aggregate delivery control on plant control console to de­
liver 190 tons per hour of dry aggregate (95% of 200). 

Set asphalt delivery control on Control Console to deliver 10 
tons per hour of asphalt cement (5% of 200). 

Continuous Plant 
Hot Feed and A.C. Pump Calculatlons and Settings 

"Vernier Pump Control" 

200 TPH X 2000 lbs./Ton 
6 0/l~in. /hr. 

6667 lbs./Min. of Mix 
78 RPM Plant 

= 

= 

6667 lbs./Min. of Mix 

85.5 lbs/Rev. of Mix 

85.5 lbs./Rev. Mix x 5.0% AC = 4.3 lbs./Rev. of AC 
85.5 - 4.3 = 81.2 lbs./Rev. Total Hot Aggr. 
81.2 x 5.0% Dust= 4.1 lbs/Rev. of Dust 
81.2 x 95.0% Hot Aggr. = 77.1 lbs./Rev. of Hot Aggr. 

Asphalt Pump= 4.3 lbs./Rev. = 44.2 (Graph D) 
Hot Aggr. Gate= 77.1 lbs./Rev. = 5.5" (Graph E) 
Dust Feeder= 4.1 lbs./Rev. = 6.0 (Graph F) 

If the dust is returned directly to the hot aggregate, separate 
computations are not required for the dust being fed since it is 
automatically included in the hot aggregate delivery. 
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Continuous Plant 
Hot Feed and A.C. Pump Calculations and Settings 

11 Sprocket Drive A.C. Pun~p" 

Assume Asphalt Pump Calibrated with 43T x 43T 
Sprockets and delivers 4.5 lbs. AC/Rev. 
Assume RPM Plant = 78.0 

4.5 lbs. ACLRev. = u 90.0 lbs. Mix/Rev. 
5.0% AC 0.05 

90.0 lbs. Mix/Rev. X 78.0 RPM x 60 :fin/Hr. 210 TPH ;Jix 
2000 lbs. /Ton 

4.5 lbs. AC/Rev. X 78.0 RPM x 60 Hin/Hr. 10.5 TPH A.C. 
2000 lbs. /Ton 

85.5 lbs. Hot Aggr. /Rev. x 78.0 RPH x 60 Min/Hr. 199.5 TPH Hot Aggr. 
2000 lbs./Ton 

85.5 x 5.0% Dust = 4,3 lbs. Dust/Rev. 
85.5 x 95.0% Hot Aggr. 81.2 lbs. Hot Aggr./Rev. 

Hot Aggr. Gate 
Dust Feeder 

81. 2 lbs. /Rev. 
4. 3 lbs. /Rev. 

5.9!! 
6.3 

Batch Plant 
Initial Plant Setting 

(Graph E) 
(Graph F) 

After the aggregate scales and asphalt scale have been checked for accuracy, 
the batch weights are set and mixing operations are begun. The scales are 
checked by adding weights to the hopper and observing the scale dial 
indicators. Some batch plants are equipped 1vith volumetric asphalt pumps 
rather than scale buckets; these devices are calibrated the same way 
that asphalt pumps are calibrated on continuous plants, but operated on a 
batch basis: 

Assume: 6000 lb. batch plant, cold feeds as cited previouslv. 

Scale Settings 

Asphalt: 5% AC x 6000 lbs. 300 lbs. 

Combined Hot Aggr.: 6000 - 300 5700 lbs. 

Dust: Returned to hot aggr. bin directlv. 

All gate and scale settings, and weighing controls shall be set 
to target on the required quantities. Offsetting shall not be 
permitted except to correct calibration errors. 
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F. Production Inspection Duties 

1. Temperature Control 

Matls. I.M. 508 
(Page 25 of 36) 

It is necessary to observe and control the temperature of 
the various material components to document specification 
compliance, to prevent damage to the material, and to pro­
duce uniform workable mixtures. The specifications con­
tain the ranges and tolerances for each type and class of 
mixture. It has been found that base mixtures which are 
to be placed in thick lifts can be produced at 240°F, where 
as fine mix surface courses must be produced at, or above 
300°F. The specification limits for mix temperature are 
the same for all plant types. Production above or below 
these limits must be approved in advance by the engineer, 
and documented as set out in section 1108.04 of the stan­
dard specifications. 

Point of Test (Temperature) 

(a) Asphalt Cement 
(b) Aggregate 
(c) Final Mixture 
(d) Final Mixture (on road) 

2. Gradation Control 

Delivery units and storage tanks 
Dryer Pyrometer 
Truck body at plant 
Behind Paver 

The contractor is responsible for insuring that the gra­
dation of the final mixture as shown by extraction tests 
consistently complies with the requirements of the job mix 
formula. Advisory sampling and testing will be performed 
at the aggregate sources and after cold feed combination 
at the plant site. The sampling and testing frequencies 
are outlined in Materials I.M. 204. Additional service 
will be provided at time of calibration as outlined in 
the foregoing sections of this I.M. Cold feed proportioning 
will also be observed and verified as part of the overall 
plant inspection activity. 

Cold feed check samples will be taken daily to verify the 
accuracy of proportioning and to provide guidance to the 
contractor with regard to mixture gradation. The samples 
are obtained by incrementally cutting the stream of com­
bined aggregate or by taking several sections from the belt 
feeding the drier. Arrangements are to be made at time of 
calibration to obtain samples in a safe and reliable manner 
as provided by sections 1106 and 2001 of the Standard Speci­
fications. Testing procedures are provided by Materials 
I.M. Series 300. 

Cold feed and extraction gradation irregularities may re­
sult from the following causes: 
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(a) Sample not representative 
of lot 

(b) Test errors, weights, cal-
culations, etc. 

(c) Stockpile segregation 
(d) Storage bin segregation 
(e) Incorrect dust adjustment 
(f) Wet - non-uniform stockpi ·,es 

January 1979 

(g) Improper bin balance 
(Multiple hot bins) 

(h) Incorrect cold feed settings 
(i) Non-uniform cold feed delivery 
(j) Stockpile contamination 
(k) Intermingling of aggregates in 

stockpiles and/or feeders 
(1) Degradation 

When the cold feed sieve analysis tests indicates that the 
combined material does not comply with the gradations re­
quirements, the following steps are to be taken by the 
plant inspector. 

(a) Recheck test procedures and compptations 
(b) Check gate settings and feeder operations 
(c) Check the materials and material handling procedures 
(d) Notify Resident Construction Engineer, District 

Materials Engineer and the Contractor of the results 
(e) Obtain a second sample and test promptly. 

If the cold feed tests and/or inspection observations indi­
cate proportioning irregularities are occurring, the con­
tractor is required to take corrective action immediately. 
Cold feed gradation test deviations may also predicate other 
corrective action or adjustments by the contractor although 
reasonable conformity with the job mix formula requirements 
will be determined on the basis of the extracted aggregate 
gradations. Adjustments in proportions, and other job mix 
formula changes must be approved in writing as provided by 
Materials I.M.-511. 

Several alternatives are normally available to the oontractor 
when difficulties are encountered: 

(a) Change matccial handlin0 proccdt1rcs 
(b) Change proportions (Job Mix Formula 

change) 
(c) Change materials (New Job Mix For­

mula required) 
(d) change processing procedures at 

the source. 

(e) Correct proportloning irregu­
larities 

(f) Waste fines collected by dust 
collection systems 

(g) Reset Job Mix Formula target 
gradation 

rn most cases, operations will not be interrupted more 
than a few hours. If a change is made affecting the materials 
or proportions, a mix sample should be rushed to the laboratory 
for density-void analyses, and extraction tests. Major pro­
portion changes and source changes normally require central 
laboratory'analyses; these tests must be performed before a new 
job mix formula can be approved and used. All changes must be 

documented and reported immediately. Changes in materials or 
proportions are to be reported on Form 908. 
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3. Asphalt Content Control (also refer to Materials I.M. 509) 

r:L:''he control of this mat2rial C0:7t::.JOnent is the most im?:Jrta:-..t 
plant inspection responsibility because th2 ?2rformance of 
the finished pavement is directly relat2d to the q~antity of 
binder incorporated in the mix. Seoa~ate check systems are 
used for continuous 2nd bate~ plants as follows: 

(a) continuot.s an:l Drunt Mixina Type p::_ants 

During the first day or two of operation and during 
periods when asphalt or aggregate delivery is question­
able, it is adviseable to perform ?roportioning 
verifications in addition to the measurements required 
by I.M. 204.. The verification methods are listed 
belo•,r: 

(1) Compare asphalt delivered by metering pump 
with outage shown by 2 or 4 hour tank measure­
ments. 

Tank Heasured A.c. (NPR) x (lbs AC/rev.) 
outage (lbs.) from calibration data. 

(2) compare total mix produced including waste to 
asphalt and aggregate delivered by plant for a 
given period of time or number of plant revolutions. 

Tons of Mix Weighed 
Over truck scale 

(NPR) X (lbs/rev. A.C.)+ 
(NPR) x (lbs/rev. Aggr.) 

(3) compare: percent A.C. by 2 hour tank measurement 
and percent A.c. by delivery. 

Tank Measured 
A.C. content % 

(NPR)x(lbs/rev.AC)xlOO 
(lbs. of mix produced) 

Intended 
A.C. 
content 

% 

NPR = Net Plant Revolutions = Final Counter Reading minus 
Initial Counter Reading. 

The specifications require drwn mixing plants to be equip­
ped with totalizing asphalt meters and aggregate scales. 
This equipment should be utilized for making continuing 
checks; total asphalt delivered as indicated by the meter 
should be periodically compared with quaritities used as 
determined by tank measurements. 

(b) Batch Type Plants 

The operation of batch type plants should also be verified 
when work begins on a project. This is done by making 
intermediate tank measurements at 2 or 4 hour intervals 
and by checking the operation and sensitivity of the 
scale equipment. 
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If the measurements indicate that uniform control is not being 
maintained, the contractor is reqJired by the specifications 
to adjust and correct his operations to obtain specification 
compliance. Such actions may include but not be limited to 
cleaning, repair, or replacement of eq~ipment, recalibration 
of pumps and feeders, and training of personnel. In some 
cases it may be necessary for the contractor to obtain assist­
ance from equipment manufacturers or distributors. Refer to 
the check list on page 29 for possible causes of difficulty. 

The plant inspector should be aware of the fact that the 
specifications provide for establishing mutual agreements 
for determining asphalt quantities on projects involving 
small quantities, or intermittent or diversified operations. 
~fuen the contractor is operating under such an agreement the 
plant inspector will receive special instructions from the 
engineer. 

The illustration on page 30 shO\.'S how a control chart may be 
used to monitor asphalt content control and detect operating 
trends. The chart is a plot of the difference between the 
intended asphalt content and the actual as determined by 
tank measurements. Charts of this type are reconwended for 
all projects and are particularly significant when continuous 
plants are employed. 

4. Specification Compliance 

All materials shall be inspected prior to being incorporated 
in a pavement structure. Some materials such as asphaltic 
materials are being shipped to projects under the 
certification program, in either case, it is necessary 
to check and file the reports such that each material 
component is properly identified and is incorporated 
under the proper documentation. This is accomplished 
by obtaining material reports or certification documents 
for each lot of material before the material is incorporated 
in the work. All shipments of Bituminous Material incorporated 
in ·the work shall be logged on Form 7 as they are received. 

A Non-Compliance Notice (Form 225) s~all be immediately de­
livered to the acting representative of the Contracror for 
the area of construction involved ,.,·henever test results on 
acceptance samples representing material to be incor­
porated or incorporated in the work indicate non-compliance 
with the specifications and plans. Appropriate action in 
accordance with the applicable specifications and instructional 
memorandums shall be taken. 
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INSPECTORS CHECK LIST 
FOR 

ASPHALT CO;)!TROL 

I. Before calibration 

1. Check capacity of storage tanks 
2. Check tank sticks 

(a) to be sure they fit the tanks 
(b) to determine how they are to be used (touch stick or 

dip stick, percent of diameter or inches, etc.) 
(c) to be sure tanks are level 

3. Check piping and type of pumping system 
4. Learn contractor's method of operating the system 
5. Check truck scales· 

II. During Operation 

III. 

1. Determine percent A. c. by tank stick measurement .method as ~equired. 
2. n.etermine percent A.C. by verification as required 
4. Check batch scales for sensitivity 
5. Check truck scales for sensitivity 

If Computed Percent A.C. is High 

1. Check tank stick readings and computations 
2. Check to be sure that all mix produced was included 

in the computations. 
3. Check for spilled, wasted, or otherwise used asphalt cement 
4. Check to be sure all asphalt listed as "added" during the 

period should be included 
5. Check truck scales and total mix made 
6. Check hot feeder gates and pump setting 
7. Check aggregate delivery level for uniformity 

IV. If Computed Percent A.C. is Low 

1. Check tank stick readings and co:nputations 
2. Check total mix made 
3. Check to be sure that all asphalt added during the period 

is included 
4. Check hot feeder gate and pump setting 
5. Check for plugged nozzle 
6. Check pumping pressures 
7. Check strainer screen 
8. Check truck scales 

Materials Instructional Memorandum 509 provided the detail procedure 
for making tank measurements and determining asphalt content. 
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comparison of Tank Measurement Determinations with Specification Requirements 

+0.6 r----------------------------------------------------------------, 

Upper Specification Limit (Intended +0.4%) 

+0.4 ~~--~----------------------------------~~------------------1 

+0.25~============================================================~1 
+0.2 

-0.2 

-- ~, ,, 
+----Well contr"GJ.ed job 

-0.25~----==============-===================~~=================1 

Lower Specification Limit (Intended -0.4%) 
-0.4 

Operating Dates 

5. Checking Scales 

(a) Batch Scales 

Batch scale sensitivity shall be checked at least twice 
during a normal working day by placing a weight equal 
to 1/10 percent of the batch weight on the fully loaded 
scales and observing the movement of the indicator. A 
properly sensitive scale will exhibit a visible indicator 
movement when so tested. If no indicator movement is 
visible, immediate corrective action must be taken hy 
the contractor. 

The specified scale delivery tolerance limits should be 
checked by periodically witnessing the batch weighing 
operations. Each scale indicator should consistently 
indicate the required weight within the specified deliv­
ery tolerance, and return to zero when unloaded within 
the specified 0.5 percent tolerance. 
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When automatic batch weighing equipment is used, the 
interlock system shall be set at the 1.0 percent limit 
as specified. They may be manually over-ridden to 
continue plant operation if the specified delivery 
tolerance is not exceeded. When the delivery toler­
ances are exceeded, the asphalt or aggregate hatch 
sizes shall be adjusted manually to bring the batch 
into compliance, or it shall be wasted. 

The plant superintendent or other authorized contractor 
representative must make all necessary scale and equipment 
settings and/or adjustments. Before the plant operation 
begins or resumes the plant inspector will independently 
determine for himself that the settings and/or adjustments 
are accurate and that the weights of material being 
delivered to the batch are correct. 

Normal plant operation causes vibration which tends to 
change these adjustments. Accumulation of material 
clinging to the inside of the weighing hopper can also 
cause these adjustments to drift. If the amount exceeds 
one percent of the material batch weight it must be 
removed and the empty weight readjusted to indicate a 
zero load. 

(b) Truck Scales 

Truck scales shall be checked as provided by Instructions 
to Construction Procedures and Inspection Manual, 
Section 3. 42. 

6. Sampling and Testing 

The plant inspector is normally assigned the responsibility 
for securing all job control samples, and performing gradation 
tests, tank measurements, density tests, calculating the percent 
laboratory density, percent voids, percent asphalt, and report­
ing the results. The specifications and Materials I.M. 204 
establish the requirements and minimum frequencies for each 
type of material and construction. Density and gradation test­
ing are to be given prompt and careful attention and the 
contractor and Resident Engineer are to be kept advised at all 
times. The Construction Procedures and Inspection Manual 
provide instructions and examples pertaining to documentation 
requirements. 
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When granular base courses, subbases and soils are being 
compacted to a specified level of density, the laboratory 
density, Standard Proctor or Modified Proctor will be 
determined in the field. Representative samples should be 
obtained as early as possible so that immediate evalua­
tions can be made of the contractor's compaction procedures. 

Laboratory density of hot asphalt mixtures, due to equip­
ment limitations and requirements can only be determined 
by the Central Laboratory, and the District Laboratories. 
It is, therefore necessary that arrangements be made to 
collect and forward the samples to the nearest laboratory. 
In order to prevent confusion and delays, these arrange­
ments should be made before work begins on the project. 
Hot mix samples are to be obtained in accordance with 
I.M. 322 on all types of work. 
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7. completed Project 

When a project is completed, the plant inspector should 
again check all records and documentation for accuracy 
and completeness. It is also necessary to determine at 
this time the net quantity of materials incorporated in 
the project. The field records and plant records should 
be compared and final determinations made. Detailed 
instructions are provided in the Construction Procedures 
and Inspection Manual. 

8. Diary and Report Requirements 

(a) Diary, refer to Construction Procedures and Inspection 
11anual. 

(b) Report Forms. Two forms are used to document plant 
operations and provide sample identification. They 
are: 

Form 7 "Asphaltic Concrete Plant Daily Report". 
This form is submitted daily to document 
plant operations, job control testing, and 
material placement on all hot mix and cold 
mix construction. A completed sample form 
has been included. 

Form 193 "Identification of Sample for Test". This 
form must accompany all samples submitted 
to the Central Laboratory and District 
Laboratories. Examples of completed forms 
have been included in this instruction. 

(c) Testing Worksheets. All worksheets and other original 
documents used by inspection personnel are to include 
identification of: l. individuals associated with 
sampling and testing, 2. county and Project No., 3. 
Material and sampling point, 4. date and time of 
sampling and testing and, 5. source, producer or 
contractor. All documents other than field notebooks 
are to be filed with the appropriate report and 
retained per the file retention schedule. 

Refer to Construction Procedures and Inspection Manual. 
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0·72 Ht07:S IOWA DEPARTMENT OF TRANSPORTATION 
DAILY PLANT REPOnT 

County S tor 
Pcoject FN-115-4(6) 

BITUMINOUS THEA TED 0/\S(. 1\SPHALT Tl\(1\Tf[l ft/.:;J. A~?HALT CONCRETE Date -

Cootractor ~--. Inw.:1_Sur.ft!S:_i!lf, _C_9~~---
P!ant Type--··- Aul\.l:-:Jlilt_<;-:h:-6000 lbs _ _._ ____ _ 

'·30 
\Ill)" T~pe --- _\ --- --~ C 1ass _B_i;_1(1 t;!'~ Size _)_L!I 
Asph<:llt SourC•' 1\m. Oil Co., St11~:1r CrL'l'k }1•1 8:30 A.\C"' P.M 
-""=:..:..::::.:::..:.c...."-=-:.......:.:.O.:..._"=~- . - - ~~""-"'-·---'-----,--~ ----------

SIEVE ANALYSIS OF COMUINUJ AGGREGATES SAMPLES SUBMITTED SAF>-'.PLES SL'S'J TTEO 

SAMPLE _ SIEVE. NO~J-~% P~;~~-G-----4- , ~~-RIALS -;z~r;o.-- 11.1ATERI!I.L5 J. S::·.:;:-=lS NO. 

JOB MIX FORMULA I -T100 99 86 '17-7 64-5 46-5 34 22"4 12 8.iiJ.3 Tvne B Mix __ ..._dJM.u,::-"'4--i--------r-----
NO. 11ME COI\lPLIANCEJ~'J 1 ;.; Y, 318 4 8 16 30 50 100 200 

~ Jq.nn rQJ;;n]jc'f~ l00 100 87 79 65 48 35 2.1_ 11 9.0 8.( RS .. JOOAr ..Jl:!.::-6 
~ S ?·00 DNC F30 100 lOO 89 81- 67 50 39 !(27 1U b.Uib.~ 

<; 3:"0 Co;;mlios I 1100 100 85 76 66 '+0 jb "'YL_ U >.) 1.< R.C-70 Tack I M-12 
85-lOC 

Per Balch or Re 300 Lb Per Batch """"' 5, 700 Lb. Intended 5. 00 % A.C Tank !\'Pea [1] @]@] %A_C .. ' ~u. ' -. -· u• '''''"' ' - -
Lab. Den. 2.30 DENSITY RECORD Solid Den. 2.42 ASPHALT DELIVERIES 

COURSE LAID STATION c REFER DAlE LAID • [11 DENSz-~ ~DENSITY ------ ----~~ --4TRT 2.2 Binder 50+DO 9-4-73 1.6 9b.u 
Binder 90+50 8'RT 9-4-73 1.5 2.23 ~7. u, 

·-
.....Bi.n.d.cr. 105+00 6'RT. 9-4-73 1.7 2.26 l-;8.3. 

ll2+DO 2 RT 9-4-73 1.6 2.T5 9D. _______]2jJ1 d < • r __ 
116+00 S'RT 9-4-73 2. 17 94. 3. B imler 1.3 

~' 

TEMPERATURE RECORD 

TIME 7 9 11 1 3· 5 • [2) SIDE 

AIR 78 82 86 86 84 
. ' Left 

A.C. 290 292 2 90 295 2 9C 

AGGREG-\ TE 45 350 %0 345 360 
MIX 270 ?75 270 275 285 

MAT 

COI\11\IE~ TS: 
Gr3J3tion Test No. 5: Sand gate out o2 adjustment, 

Notified RCE, & Contractor Supt. 
Contractor corrected gate to 
proper setting. Test No. 6 
verifi~d gate adjustment. 

%VOIDS GRADE CAR OR TR. NO. TICKET NO. TIME UNLO'IQf[l 0\''INTITY 
8)-100 Pen 'T-141 9:00 A,'i --· '-:Jo-;--S(j(j]"b ~./ 77943 

I.~ b)-lUU J-cn 9~147 77944 l:OOP.-t · ---Ts-, 9oo lb 
_ :001~ -- ~-, 560 ga 6.7. RC-70Tack 9-170 77945 

Ill. z ----

10.,3 
--. 

--ux:;-~ 'lli.c;-!S' KEIT · -r::n-· 
" ·---
·-----,,~-

" 

PRODUCTION AND PLACEMENT RECORD 

COURSE LAID From STATION to STATION TONS TODAY TOr'\S TO DATE 

Binder 120+00 to 25+50 1006.0 J6Lio. o 

L.. ---------- ·-·---·~·--

Q.I. = 95.8 -(94-l) = .583 
98.3 -93.5 

Sampling and Testing frequencies shall 
meet requirements in Naterials !.}1. -204 
or as otherwise specifiedo 

DNC: Does Not complv. ** Number gradation sanoles consecutivelv throu£h pr0ject. 
COMil.lENTS- Delays, Breakdowns, Corrective Action. etc. 
• Thid.ness: 111 Actual, (2) Intended 
Bituminous Treated Base: Enter% Moisture in% Voids Column 

'."ATE.'' -'<lS DEPARTMENT -CENTRAL FILES COPY 

SIGNED James Jones 
Inspector 
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Material 

IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 
OFFICE OF MATERIALS 

Ames, Iowa 

IDENTIFICATION OF SAMPLE FOR TEST 
(Read Instructions on back before taking sample and filling out form) 

Type "A" Asphalt Cone. 3/8" Mix 5.75% AC _ _ Sender's Sample No. 4 

Intended Use Surface Course Contract Number ______ _ 

County Wapello Project 

Design No. 

FN-34-4(6) 

Specification No. 

Road No. US 3 4 

Std. 

_ _£M~o~r~r~i~s~c~o~n~s~t~·~c~o~·~·~--~o~t~th>umwa.~I~o~w~a~--~~c--~----·--------
<Name> (Address) 

Contr,actor 

Producer Brand 
Paving 

Location of llfiiJililffiiif; Plant Johnson Quarry l _rnile _IL_Qf Po_"d'-'u'-'n-"k"--"'C"'e,_.n._.t,.e"'r,___ ______ _ 

Sec. Twp. Range Co. 

Unit of Material Represented ----'l'---=--'d'-'a"'y:t--'-'s'-----"'-r-"nun;___.z9~-:.o4c:-=--<7-"0~_ 

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

Quantity Represented 1200 Tons 

Sampled by --"'•IC!.OlJhu.nrL-<SumJLLi ~tctb..___ ________ __\,OLtc..t.LLLJl !llltla..-lo.W_a___ __ 
(Name) (Address) 

Date Sampled -c:19-=-,_,4._,-,_7_,__,Q _____ _ __ Sample Shipped by (Frt.l (P.P.) (Ex preS>) 

Report to _.,x..;x,_xo.x~x.,_x,_.x":x""'x""x"x"x"'---------"'M"'a"-"t~e,_,r:-'l"-. ,_._,als En_g.J;__.___~ __ ____li,IJ)es, Iowa 
(Name) (Title) (Address) 

Report to -->XcoX<..X><.X.>W<XcoX<..X~CX>W<XCJX<.X><.XX---------'DLl.L. »S"':t:-'rc..JL• C'-'-L-t _ Eng.r_.___ _____ ---XXXXXXX2XCJX'-XIUIX2X'-------------
<Name) (Title) (Address) 

Report to xxxxxxxxxxxx 
(Name) 

Additional Detailed Information: 

Resident Engr ._ 
(Title) 

-~X"'-"X£XXXXXXXXXX. _____ __ 
(Address) 

(For paint give analysis printed on container. For tile give grade specified, etc.) 

40 lb. Mix sample per Materials D_~j:_._IM-204. 

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

-~------- --- ----------

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

(NOTE: A representative of the Department of Transportation shall select the S<lmple.) 
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FORM 193 
3-75 H-3575 

IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 
OFFICE OF MATERIALS 

Ames, Iowa 

IDENTIFICATION OF SAMPLE FOR TEST 
{Read Instructions on back before taking Hmple and filling o.ut form) 

Material 85-100 Penetration Asphalt Cement Sender's Sample No. 

Intended Use Type B Asphalt Concrete Surface Course Contract Number 

1 

County O'Brien Project FN-10-5(2) Road No. I a. 10 

Design No. Specification No. 

Contractor Midwest Surfacing Co. , Humbold,_.t""----"I.,o,_,w._.a,_ _____ ~-----------
(Name> (Address) 

Producer American Ojl Company Brand 

Location of Producing Plant Sugar Creek. Mo 

Sec. Twp. Range ______ Co. 

Unit of Material Represented 10,000 gallons used on 10-1-~7~0~----

Quantity Represented 10,000 _gallons 

Sampled by Tom Brown Cherokee. Iowa 
(Name) (Address) 

Date Sampled _ _...lJ.Oc:-::_.l~.e-=-<-7-"0'----------- Sample Shipped by (Frt.) (P.P.) (Express) 

Report to _.,x,.x,.,x""x""x"'x,,x"'x"'""x"'x"x"'x"'--~-----'-M"'a""t"'e'-"'r. ia ls En,.g=rc''"---
<Name> (Title) 

Ames, Iowa 
(Address) 

Report to _ _}x~x~x=x~x~x=.x~x:Jxc;x~x=x:._ _____ JDLLJ.i -"s'-!t=,.rLJ.i .<..;eC t . Engr_.___~ __ _____xxxxxzxxxX_l{_lL___~---
<Name> (Title) (Address) 

Report to _ _.x._,x,...x"-"'xc"'x~x,...x""'xc"'xux,.xo..x~------'R"'e""'s-"iden t Eng r. 
(Name) {Title) 

Additional Detailed Information: 

{For paint give analysis printed on container. For tile give grade specified, etc.) 

J -3 oz. sample per Matls. IM-2Q_L_~--

------------"·-·---~-----·-"·--

xxxxxxxxxxxx 
(Address) 

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

--------------" ---------~"--

--~---------

"----~--------~ 

(NOTE: A representative of the Department of Transportation shall select the sample.) 
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ASPHALTIC CONCRETE EQUIPMENT 

Mfg. Quan. 
Code Stock No. Needed Description 

1 Ea. Box Sieves- 1-1/2", 1.06", 3/4", .530", 

3/8", #4 

1 Ea. 8" Round Sieves - #4, #8, #16, #30, #50, 

#100, #200, #200 Wash, Pan and Cover. 

1 Box Shaker w/pans 

1 Sample Splitter (w/Pans, Scoop & Brush) 

1 O'Haus Balance w/pan and weights 

1 O'Haus Balance Wood Stand 

012 532165 1 1-Gal. Dunking Can. 

1 Surface Checker w/Parts Box 

003 059500 25 2-Gal. Cardboard Box (14"x9"x6'') 

020 015500 1 Roll 3" Tape (Paper-Stickum Type) 

012 733100 24 3 Oz. Ointment Tins 

016 009400 3 12-Qt. Pails 

012 660225 6 4-Qt. Round Pans 

012 660250 6 6-Qt. Round Pans 

020 527 000 1 Short Handle Round Point Shovel 

1 Pointing Trowel 

012 702100 1 Candy Scoop 

012 717725 1 Large Spoon 

012 530155 6 1-Qt. Cans w/Lids 
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Mfg. 
Code Stock No. 

020 491500 

Quan. 
Needed 

l 

2 

2 

l 

l 

l 

l 

l 

The following items 

370 820007 l Pad 

370 820193 l Pad 

370 830252 l Pad 

000 352700 l Box 

000 319200 l Box 

000 480300 l Box 

No Numbers 30 

January 1979 

Description 

-30 to l20°F. General Purpose Thermometer 

200 to 400°F. Maximum Registering Thermometers 

100 to 400°F. Asphalt Thermometers 

Electric Sieve Shaker 

Electric Sieve Shaker Timer (Switch) 

Asphalt Sampler with scoop 

Putty Knife 

Sieve Cleaning Brush (cropped paint brush) 

stocked by the Office Supply Storeroom 

Form 7 

Form 193 

Form 52 

Pencil Carbon Paper 

Tag Envelopes 

SEC Shipping Tags 

Combined Aggregate Grading Curves 

Uncoded Items Stocked by Ames Laboratory 
Coded Items Available Through Ames Storeroom 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

TANK MEASUREMENT AND ASPHALT CONTENT DETERMINATION 

General 

Unless otherwise specified this instructional memorandum covers the 
procedures used by the contracting authority to determine: 1. the 
quantity of asphalt incorporated in a project, and 2. the aBphalt con­
tent of individual production runs of asphalt mixtures. The plant 
inspector is referred to the applicable specifications and instruc­
tions for the specified tolerances and measurement frequencies. 

Tables are furnished for computing quantities of materials stored in 
standard horizontal cylindrical tanks, and for correcting volumes to 
standard temperature. The plant inspector is responsible for check­
ing to see that appropriate gauging tables and calibrated sticks are 
available prior to beginning work on a project. The contractor ie 
required to furnish the calibrated measuring sticks, and gauging 
tables for all storage tanks. 

Except when otherwise provided or directed, the quantity of material 
on hand shall be determined by the following measurement procedures 
prior to, and upon completion of each work day or production run. 

Procedures - (Refer to example, Form 904) 

columns 1 & 2 - Date and Time 

These columns provide space for the dates and time intervals for 
each production run. 

column 3 - Tank Identification 

Each asphalt storage tank shall be identified by a number or 
letter and listed on the tabulation sheet. If a separate work­
ing tank or surge tank is provided, it will be necessary to 
establish a uniform procedure for determining the quantity or 
level of material in the tank. It is recommended that the plant 
inspector arrange with the contractor to maintain a uniform 
storage level in the surge tank. 

Column 4 - Temperature (Degrees) 

The temperature of the asphalt in each tank must be determined 
at the time the measurements are made. This is done by lowering 
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a maximum registering thermometer to the approximate center 
of the asphalt stored. The thermometer must be shook down 
to a temperature less than that of the asphalt in the storage 
tank and must be allowed to adjust to the temperature of the 
stored material. From 3 to 5 minutes should be allowed for 
this adjustment. Thermometers mounted permanently in the storage 
tanks by the manufacturers may be used if they agree with the 
thermometers checked by the central laboratory. 

column 5 - Measurement of Outage (Percent of diameter) 

The number entered in this column ia obtained from the actual 
tank measurement using the calibrated stick provided for each 
tank. The measurement is made by placing the stick through 
the designated tank hatch down to the level of the stored mat­
erial. The percent outage is read from the stick at the refer­
ence elevation, which is normally the inside shell wall. The 
reference elevation can be checked by placing the stick at the 
full elevation and checking to see that the zero percentage 
line and the top of the tank coincide. When the tank shell 
is full, the outage percentage is zero, and when the tank is 
empty the outage is 10~/o. 

When non-standard tanks are used, the manufacturers tables, 
measuring sticks, and instructions must be followed. 

column 6 - Percentage Inage (Percent of capacity) 

The gauging table is used to convert the outage percentage 
from column 5 to percent of capacity. Refer to the manufacturers 
tables for non-standard tanks. 

column 7 - Tank capacity 

The capacity of each tank depends upon its dimensions. The 
capacity of standard cylindrical tanks may be computed by 
determining the length and radius from actual measurements. 
All dimensions must be inside measurements. The volume of 
a cylindrical tank is obt&ined by multiplying the 
constant 7.48 X the constant pi 3.1416 X the length X the 
radius squared. The contractor is required to furnish the 
manufacturers data for non-standard tanks. The contractor 
should not be permitted to allow the level of the asphalt to 
drop below the level of the heating coils, because accurate 
measurements cannot be made when the cross section of the 
storage area varies. 
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Column 8 - Temperature Correction Factor 

Matls IM 509 
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The volume of asphalt in the tank at the time of measurement 
must be corrected to 60° (oF.) . Refer to tables T-102 or 
T-103 to obtain the appropriate correction factor. 

column 9 - Corrected Gallons 

The corrected gallons (at 60°F.) in the tank previously measured 
is the product obtained by multiplying columns 6, 7 and 8. This 
is the standard temperature at which pay quantities are deter­
mined. 

column 10 - Total Corrected Gallons on Hand 

This is the sum of the corrected gallons in each tank at a given 
date and time. 

Columns 11 & 12 - Total Asphalt Added 

These columns provide space for entering the total quantity 
of asphalt added during the production run. care must be ex­
ercised to insure that weight tickets are obtained for each 
load placed in the storage tank during the production run. Each 
shipment ticket should be logged in the plant field book with 
the appropriate date and unloading time. The weight figure in 
column 11 is converted to corrected gallons (at 60°F.) by divid­
ing by the weight per gallon coefficient provided by the supplier. 
Quantities added shall be certified or determined at the job site. 

•· 
Columns 13 thru 19 

These columns correspond to Columns 4 thru 10 except that they 
are used when determinations are made at the end of a work day 
or production run. Column 19 provides the number of corrected 
gallons remaining in the tank at the end of the production run. 

Column 20 - Total Corrected Gallons used 

column 20 value is obtained by adding Columns 10 and 12 and sub­
tracting the gallons on hand, Column 19. 

Columns 21 & 22 - Average Weight Per Gallon 

The average weight per gallon is provided by the asphalt sup­
plier. The total corrected gallons listed in Column 20 is multi­
plied by the average weight per gallon, column 21. The total is 
listed in column 22. 
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If asphalt from different sources has been used during the pro­
duction run, it is necessary to compute a weighted average 
weight-per-gallon for the total quantity used. If emulsified 
asphalt or cutback asphalt is being used, it is necessary to 
reduce the weight of the diluted material to asphalt residue. 
The quantity of asphalt residue incorporated is determined 
by multiplying the total weight of emulsion or cutback by the 
percent residue value furnished by the supplier. 

Column 23 - Total Pounds of Mixture Produced 

The total pounds of mixture produced is determined by adding 
the net weights of all the scale tickets. This total includes 
all mixture produced, including rejected, wasted, or commer­
cial loads. Mixtures such as cold mixes which contain mois­
ture must be corrected for the moisture content. 

column 24 - Total Pounds of Mix Wasted 

This column provides space to record the total number of pounds 
of mix which was wasted, sold, rejected or otherwise disposed 
of. All mix so wasted should be weighed, if at all possible. 
It may be necessary to estimate small quantities of waste in 
some cases. 

Column 25 - Total Pounds of Asphalt Wasted 

This is determined by multiplying the percent asphalt from 
column 28 by the total pounds of mix wasted from Column 24. 
This quantity will not be included in the project pay quantity 
total. 

column 26 - Net Quantity of Asphalt Incorporated in the Project 

This is the net quantity of asphalt for which the contractor 
will be eligible to be paid. This total is obtained by sub­
tracting column 25 from Column 22. 

column 27 - Net Pounds of Mix Incorporated in the Project 

This quantity is obtained by subtracting Column 24 from Column 
23, and is the net quantity eligible for payment. 

Column 28 - Percent Asphalt (by tank measurement) 

This percentage is obtained by dividing the total net pounds 

of asphalt used by the total net pounds of mix produced. The 
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column 28 (continued) 
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plant inspector is at this point directed to refer to appro­
priate specifications to determine if this percentage is 
within the allowable tolerance, and to furnish the contractor 
with the information. 

Column 29 - Percent Asphalt (Extraction) 

This column is provided to record the extraction test results 
obtained from the District and central Laboratories. This is 
provided for comparison purposes only. 

ALL COMPUTATIONS SHOULD BE CHECKED THOROUGHLY AND PROMPTLY; ANY 
CORRECTIONS SHOULD BE REPORTED TO THE CONTRACTOR AND RECORDED 
ON THE DAILY REPORT FORMS. UPON COMPLETION OF THE PROJECT THE 
COMPLETED FORM 904 SHALL BE INCORPORATED IN THE RESIDENT OR 
COUNTY ENGINEERS PROJECT FILE. 
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* 

OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

CONTROL OF ASPHALTIC CONCRETE MIXTURES 
* 

A. General 
The job mix formulae are established on the basis of the 
results of tests performed on samples obtained during the 
initial stages of material production. since these samples 
may not be truly representative of the material produced, 
and since materials do change with time and through handling, 
the plant produced mixtures may not develop test character­
istics that meet design criteria. Therefore, each mixture 
shall be re-evaluated after paving operations have begun. 
Because material and mixture characteristics may change 
at any time, they must be monitored continuously throughout 
the course of the work. The re-evaluation procedures out­
lined herein are to be carefully followed so that all mix 
characteristics will conform with the appropriate require­
ments contained in tables A,B,C, and D. 

B. Job Mix Formula Definition 
The specifications define the job mix formula as the percentage 
passing each specified sieve (target gradation), and the per­
centage of each material including asphalt, (aggregate and 
asphalt proportions). The original job mix formulae and sub·­
sequent adjustments are set after consultation with the con­
Lractor on the basis of gradation, stability, skid resistance, 
film thickness, asphalt and void analyses. Design criteria 
for setting the original formulae and subsequent adjustments 
are provided by the attached tables for the various mix types 
and service requirements. 

c. Sampling and Testing 
The initial plant calibrations will, in virtually all cases, 
be based on the formulae established by the Central Laboratory. 
Samples of the combined aggregate and plant produced mixture 
should be obtained and analyzed as soon as the operations of 
the plant stabilize. The first samples can normally be ob­
tained after the plant has operated an hour or so. sampling 
and testing should be performed promptly so that production 
and proportion changes, if required, can be effected before 
large quantities of mix are produced. If adjustments are 
made in the proportions, the entire procedure must be repeated. 

Laboratory density per I.M. 325 shall be furnished to each pro­
ject as set out in the sampling and testing guides contained 

Complete rewrite. Read in detail. 
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in I.M. 204. The 50 blow Marshall density values are to be 
used for density-void control as outlined in this Instruc­
tional Memorandum and for determining the density of compacted 
pavements as required by the specifications. 

Interstate, Freeway, Heavy traffic Primary and Urban binder and 
surface courses are to be monitored using the 75 blow Marshall 
laboratory density for the density-void analyses. Heavy traffic 
is defined as: 3000 ADT or greater on two (2) traffic lanes. 
Unusual traffic volumes or loadings and sensitive material com­
binations should also be monitored using the 75 blow Marshall 
density-void analyses procedure. 

Sand Hix Surface Courses. (Pen. or Vise. Graded Binder, and 
Emulsion Residue Binder) . Density-void control is to be based 
on the special one (l) inch Marshall specimens compacted with 
75 blows on one (1) specimen face. 

D. Job Mix Formula Changes 

l. Changes in Mix Characteristics. 

As soon as the test data are available they should be com­
pared with ranges of values found in the attached tables 
and with the original job-mix data. In the event that the 
plant produced mixtures do not exhibit test characteristics 
which fall within the ranges found in the tables, the Dis­
trict Materials Engineer will order appropriate changes 
in the Job Mix Formulae. 

The District Materials Engineer may order changes even 
though the test results are within the ranges given pro­
viding that the quality of the mix will be improved with 
respect to durability or skid properties. 

When changes are ordered for the foregoing reasons, the 
magnitude of the changes are to be limited such that ad­
justed mixtures will continue to exhibit test characteris­
tics which fall within the ranges found in the tables. 
In each case, the properties of the aggregate and asphalt, 
projected traffic loadings and volumes, layer thickness, 
and service conditions shall be taken into account. Spe­
cific attention is to be directed towards optimizing sur­
face courseJob Mix Formulae to insure that antiskid sur 
faces are obtained. 

The tables contain two sets of design void ranges, one based 
on the Job Mix calculated solid specific gravity, and one 
based on the measured solid specific gravity using the pro­
cedure outlines in IM-340. Since the latter procedure uti­
lizes tests on the actual plant mix rather than tests on pre­
liminary aggregate samples, adjustments can be made on a 
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rational basis. This approach should also be utilized when 
changes are noted in aggregate characteristics resulting from 
production adjustments or variation. 

Variations in compacted laboratory density and/or measured solid 
specific gravity of more than 0.02 shall be investigated promptly 
since these tests reflect changes in asphalt content, and aggre­
gate properties and gradation. In some cases variations may be 
attributed to segregation, thoroughness of mixing, sampling pro­
cedure, and changes in aggregate production. 

If the variation exceeds+ 0.03 from the average of previous 
day's tests the investigaiion shall include the testing of the 
back up samples for that particular day's run. The average den­
sity of all samples tested for that day shall be used in deter­
mining roadway density compliance. If no backup sample is 
available, the density determination shall be averaged with the 
density of the previous day's run to determine density compliance. 

2. Proportion Changes 

The contractor must occasionally adjust aggregate proportions 
in order to consistently comply with the job mix formula target 
gradation tolerances and to correct for calibration errors. 
Proportion changes of 10 percent or less, for each material, 
may be approved without delaying operations for qualifying 
tests. Adjustments or interchanges exceeding 10 percent shall 
be evaluated before they are approved. Changes will be subject 
to the crushed particle and sand limitations, and mix design 
criteria. 

3. Aggregate Changes 

(a) The addition of new materials to job mix formulae may 
be approved without central laboratory tests providing 
the materials are produced from geologically comparable 
sources, do not constitute more than 15 percent of the 
aggregate, meet quality requirements, and produce mixes 
that meet design criteria and specifications. 

(b) When aggregates are introduced from sources that are 
not geologically comparable or otherwise differ sig­
nificantly complete central laboratory testing is 
required. 

4. Target Gradation Changes 

Unusual aggregate gradation variation or degradation may 
cause the contractor to request that a new job mix formula 
target gradation be set using materials already on hand. 
Target gradation changes shall not be considered or approved 
until options under 2 and 3 above have been evaluated. 
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Resetting the target may also involve proportion inter­
changes and the introduction of a new aggregate. New 
target gradations together with proportion changes may 
be approved for future production when all design cri­
teria and specifications limitations can be satisfied. 
Except for stability and A.C. film thickness, mixture 
characteristics can be predicted from tests on previous 
production; chang•s that may adversely affect stability 
should not be approved without Central Laboratory Con­
sultation. Compliance with film thickness criteria shall 
be determined by the following procedure: 

Determination of surface Area 
(Refer to form 955} 

51£vT ANALYSIS·% PASSING··----- --------- - ---· -

' TARGBT 1% 1 3/4 y, 3/B 4 8 16 30 50 - "100- L(lfl I 

COMBINED I ---
__ _'_'~:' __ _j 

GRADING 100 93 81 65 48 38 27 13 8.1 6.8 
SURF ACE AREA C, 

"' .02 : .04 ,08 .14 ,30 bO L60 .)_.. 
I liT AI 

S, A. SQ. FT. /LB. +20 
~------

1. 301 1. 92 3.04 I 
_:L:ZllL.3.,.~Q _4.~. 8 6 10.88 31.68 - ------

Effective A.C. Content -Aggregate Basis 

Effective A.C. o/o ~ 100 (A.C. o/o Mix} -- ~ (%Water Absorption*) 
(% Aggregate/Mix} 

Bitumen Index~ 
Bitumen Index 

(Effective A.C.o/o} 
100 (surface Area} 

Film Thickness 

*Refer to Job Mix Report. 

jot:J 05) ----· 'l'z. c;,;~) 

·" ,-;} 

Film Thickness (Microns}= (Bitumen Index} (4870} 

When significant aggregate characteristics change, e.g. Specific 
Gravity, and Absorption, or other variations are encountered, com­
plete central Laboratory Tests are required. Field adjustments 
in job mix formulae must be supported by complete District labo­
ratory testing. Modification of job mix formulae that exhibit 
borderline test characteristics, e.g. stability, voids, and film 
thickness, shall be approached with caution because some types of 
adjustments may result in unsatisfactory mixes. 

i 

' I 

1 
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TYPE A ASPHALTIC CONCRETE 
LEVELING, BINDER 1 AND SURFACE COURSES 

TABLE A 
Test Value Guides for Plant Produced Mixtures 

Mix Size l'' Mix 3/4'' Mix 
Mix Compacted in Laboratory 

%Lab Air Voids (Min-Max) 3-6 3.5-6 
(l) (2) Calculated 
Basis Per Il1 321 

%Lab Air 
(l) (2) 
dure Per 

Voids (Min-Max) 
Rice Proce­

IM 340 

%Voids in Mineral Aqgr. 
VMA (Min) ( l) 

%VMA Filled with A.C. 
(Min-Max) ( l) 

3-6 3.5-6 

14 14.5 

65-80 65-80 

'>" Mix 
Average 
3.5-6 

3.5-6 

15 

65-80 

3/8" Mix 
Values 

3.5-6 

3.5-6 

15.5 

65-80 

A.C. Film Thickness 
(Min) (3) 

7.0M 7.0M 7.0M 
(& t e, 

7.0M ~J . ~~/ 
c,o~..>' 

A.C. Film Thickness 
(Min) (4) 

6.5M 6.5M 6.5M 6.5M ~~' D\f\ ' t.JU 
CoLJJ 

Marshall Stability (lbs.) 
(Min) 

Filler - Bitumeft 
Ratio (Max.) (5) 

%Lab Density (Min) 
%Voids (Min-Max) 

1750 

1.3 

Mix 

4-8 

1750 

1.3 

Compacted 

4-8 
(l) (2)Avg. _1§~--------------------

1750 1750 

1.3 1.3 

on Roadway 
As Specified 

4-8 4-8 

(l) Except when otherwise specified, mix proportions should be 
adjusted to exhibit test values in the ranges given. When 
conflicts develop, void criteria based on Rice Procedure 
shall govern. 

(2) Extreme caution should be exercised when mixtures exhibited 
average values near the lower limits and ADT exceeds 3000 
VPD. 

(3) 

( 4) 

( 5) 

( 6) 

Applies to wearing courses only, refer to job mix report 
for data. (M=Microns) 

Applies to binder courses only, refer to job mix report 
for data. (M=Microns) 

Filler bitumen is the ratio of material passing the 200 mesh 
screen divided by percent of asphalt in the mix. 

~+ conflicts develop between lab and field vol'dc fl'eld vol'ds Wlll govern. ·· 0
' 
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TABLE B 

Test Value Guides for Plant Produced Mixtures 

January 1980 

Mix Size 1" Mix 3/4" Mix 1/2" Mix 3/8" Mix 
M7ix--~C~o-m-p~a~c-t~e~d~i-n~L~a~b~o-r~a~t~o~r-y--~~~~A~v~e-r~aLg~e~V~a~l~u~e-s---

%Lab Air Voids (Min-Max) (1) 2.5-6 2.5-6 2.5-6 2.5-6 
(2) Calculated Basis Per IM-340 

%Lab Air Voids (Min-Max) (1) 
(2) Rice Procedure Per IM-340 

%Voids in Mineral Aggr. 
VMA (Min) (1) 

%VMA Filled with A.C. 
(Min-Max) (1) 

A.C. Film Thickness 
(Min) (3) 

A.C. Film Thickness 
(Min) (4) 
Marshall Stability (lbs.) 

2.5-6 

14 

65-85 

7.0M 

6.5M 
1500 

2.5-6 

14.5 

65-85 

7. OM 

6.5M 
1500 

2.5-6 

15 

65-85 

7.0M 

6.5M 
1500 

Filler Bitumen Ratio (Max.l (51 1.3 1.3 1.3 
Mix Compacted on Roadway 

2.5-6 

15.5 

65-85 

7.0M 

6.5M 
1500 

1.3 

%Lab Density (Min) As Specified 

\o"~ ,I 
f-,v 

' 

I)IJ( 
. ~\ 

VJ' 

%Voids (Min-Max) (1) (2) Avg._(~6~}~4-~~8 ______ ~4--.~8 ________ ~4_-~8 ______ ~4_-~8 ______ __ 

(1) Except when otherwise specified, mix proportions should be ad­
justed to exhibit test values in the ranges given. When con­
flicts develop, void criteria based on Rice Procedure shall 
govern. 

(2) Extreme caution should be exercised when mixtures exhibit average 
values near the lower limits and ADT exceeds 2000 VPD. 

(3) Applies to wearing courses only, refer to job mix report for 
data, (M=Microns) 

(4) Applies to binder courses only, refer to lab mix report data. 
M=Microns. 

(5) Filler bitumen is the ratio of material passing the 200 mesh 
screen divided by Percent of asphalt in the mix. 

(6) If conflicts develop between lab and field voids, field voids 
will govern. 
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IOWA DEPARTMENT OF TRANSPORTATION 
Materials Department 

TYPE B ASPHALTIC CONCRETE 
CLASS I AND II BASE COURSES 

TABLE C 
Test Value Guides for Plant Produced Mixtures 

Class of Mixture 
Mix Compacted 

%Lab Air Voids (Min-Max) (1) (2) 
Calculated Basis Per I.M. 321 

%Lab Air Voids (Min-Max) (1) 
Rice Procedure Per IM 340 

%Voids in Mineral Aggregate 
VMA (Hin) (1) 

%VMA Filled with A.C. 
(Min-Max) (1) 

A.C. Film Thickness 
(Min) (3) 

A.C. Film Thickness 
(Min) (4) 

Marshall Stability (lbs.) 
(Min) 

Filler Bitumen Ratio (J1ax.l 

( 2) 

(51 

I 
in Laboratory 

2-6 

2-6 

14.5 

65-85 

7.0M 

6.5M 

1500 

1.3 
Mix Compacted on Roadway 

II 
Average Values 

2-6 

2-6 

14.5 

65-85 

7.0M 

6.5M 

1000 

1.3 

%Lab Density (Min) 
%Voids (Min-Max) (1) 

As Specified 
(2) Avg. (6) 4-8 4-8 

(1) Except when otherwise specified, mix proportions should be 
adjusted to exhibit test values in the ranges given. When 
conflicts develop, void criteria based on Rice Procedure 
should be given prime consideration. 

(2) Extreme caution should be exercised when mixtures exhibit 
average values near the lower limits and ADT exceeds 500 
VPD. 

(3) Applies to wearing courses only, refer to job mix report 
for data. (M=Microns) 

(4) Applies to lower courses only, refer to job mix report for 
data. (H=Microns) 

(5) Filler bitumen is the ratio of material passinq the 200 mesh 
screen divided by percent of asphalt in the mix. 

(6) If conflicts develop between lab and field voids, field voids 
will govern. 
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IOI~A DEPI\R'n!ENT OF TRI\NSPORTI\TION 
Office of Materials 

ASPHALT - SAND SURFACE COURSES 

Table D 

Test Value Guides for Plant Produced Mixtures 

Mix Compacted in Laboratory Average Values 

%Lab Air Voids (Min-Max) (1), (2) 
Calculated Basis Per I.M. 321 

%Lab Air Voids (Min-Max) (1), (2) 
Rice Procedure Per I.M. 340 

Marshall Stability (lbs.) Min. 

6.5 - 9.5 

6.5 - 9.5 

200 

January 1980 

(1) Except when otherwise specified, mix proportions should be 
adjusted to exhibit test values in the ranges given. When 
conflicts develoP, void criteria based on Rice Procedure 
shall aovern. 

(2) Extreme caution should be exercised when mixtures exhibited 
average values near the lower limits and ADT exceeds 2000 
VPD. 
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OFFICE OF M/\ TEI-\IALS- INSTRUCTIONAL MEMORANDUM 

SPRINKLE TREATMENT 

GENERAL 

Sprinkle treatment is the process of placing a high quality, pre·­
coated one size aggregate on the surface of freshly placed asphalt 
cement concrete surface course and rolling it in in conjunction 
with normal compaction procedures. The sprinkle treatment process 
is intended to improve the skid resistant characteristics and sur­
face texture of asphalt pavements. 

Sprinkle treatment of asphalt cement concrete surfaces is to be in 
accordance with the current standard specifications and amendments 
as applicable. 

The District Materials Engineer will assign an experienced inspector 
to witness the calibration of the proportioning and mixing plant 
that will be used for the precoating of the sprinkle aggregate. 
Should difficulty be experienced during operations, the District 
Materials Engineer should be contacted for assistance. 

AGGREGATE SELECTION 

Aggregates selected for sprinkle treatment are to be composed of 
Type III crushed gravel or a Type IV crushed stone as classified 
in I.M. T-203. More skid resistant aggregates may be specified 
in particular situations or projects. 

ASPHALT DETERMINATION 

Prior to the beginning of a sprinkle treatment project, a sample 
of the aggregate is to be sent to the Ames Laboratory for deter­
mination of the percentage of asphalt required to properly coat 
the aggregate. 

PRE-COATING 

Pre-coating of the sprinkle treatment aggregate can be accomplished 
by use of the same types of equipment used to produce hot mix as­
phaltic concrete. The specifications require that the asphalt ce­
ment used be the same as used in the job mix. 

The specifications require that the aggregate be pre-coated at a 
temperature between 240°F and 275°F. Attempts should be made to 
keep within this range, however, some increase in mix temperatures 
to a maximum of 330° may be considered if it does not cause a de­
tectable increase in the degradation or drainage of asphalt cement 
from the aggregate. 
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It is vitally important that the sprinkle treatment aggregate be 
thoroughly dried before it is coated. If not dried completely 
there may be some stripping or displacement of the asphalt coat­
ing as the moisture escapes. Time required for drying of the 
aggregate is associated with the length of time available from 
its introduction to the drier to the coating process. It there­
fore stands to reason that batch plants may not be as critical as 
drum mix plants. 

It is suggested that in the initial calibration process, smaller 
quantities should be produced initially to determine the best pro­
cedure for drying and coating a particular aggregate. 

If a problem occurs in obtaining and maintaining the required coat­
ing, it will be necessary that special handling procedures be under­
taken. Methods which have been successfully used have consisted of 
(l) super heating the aggregate then holding it long enough for it 
to dry completely and to cool to the specified mixing temperature and 
(2) using a lower drying temperature, run the aggregate through the 
drier once without coating then run it through again and coat it. 
This will give the internal moisture a longer time to escape. 

Other methods may be considered and evaluated for the required end 
result. 

Many aggregates have a tendency to degrade somewhat in the drying 
process. For this reason, initial coating operations must be 
closely observed to assure there is sufficient asphalt cement avail­
able to completely coat the aggregate. If visual inspection indi­
cates the coverage is not adequate, the mixing time should be in­
creased and/or the asphalt cement should be increased to provide 
for the additional demand caused by the increase in fines. 

In order that the minus 200 increase can be held to a minimum, it 
is necessary that all material intercepted by the dust collection 
system be kept out of the sprinkle treatment mix. 

STOCKPILING 

The freshly coated aggregate is to be piled on a clean, hard surface 
of sufficient size to permit some manipulation of the aggregate with­
out contamination during the cooling process. Experience has indi­
cated it is best if the freshly coated material is kept in piles less 
than 4 feet in height. 

Experience has also indicated that water added to the freshly coated 
aggregate during the manipulation and cooling process causes a 
stripping of the asphalt from the aggregate. The best results 
have been obtained by manipulating and wetting the aggregate just 
prior to loading. 
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If stockpiles are in an area exposed to any possibility of conta­
mination from dust, etc., they should be covered. The infiltra­
tion of this foreign material can cause a buildup of material on 
the spreader flutes causing unnecessary problems in the placement 
of the aggregate on the roadway. 

SAMPLING AND TESTING 

Aggregate for sprinkle treatment is sampled at the cold feed and 
checked for compliance with the specifications. Samples of the 
coated aggregate are taken from the roadway as a check of appli­
cation rates and for extractions and gradation testing for infor­
mational purposes only. A 3'x3' sample cloth is recommended. It 
can be placed beneath the spreader to catch the aggregate distri­
buted over one square yard. The weight can be checked and then the 
material can become a part of the required sample. 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

GENERAL 

}ffiTHOD FOR VERIFICATION OF FIELD DENSITY 
FOR ASPHALTIC CONCRETE PAVING 

Verification of the field density test result insures that testing 
equipment is operating properly and the results are within the 
range of accuracy. Investigations are conducted and corrections 
made when results can not be verified. 

SAMPLE 

A sample consists of all the cored specimens of one day's paving 
production. 

SAMPLING FREQUENCY 

A minimum of one sample per week, per project will be selected by 
the District Materials Office, on a random basis for verification. 
For projects that will be completed in less than a week, a minimum 
of one sample per project will be obtained. 

HANDLING, STORING AND SHIPPING SAMPLES 

The field technician, not knowing which samples will be selected 
for verification, will be required to retain all the specimens for 
at least one week. These specimens must be identified and stored 
in a manner which will not effect their densities. The field tech­
nician will submit the samples requested by the District Materials 
Office along with identification as to the location, the test re­
sults and calculations. 

VERIFYING THE RESULT 

The District Laboratory shall test each specimen of the submitted 
sample in accordance with IM 321. The test results of each specimen 
will be compared to each corresponding field test result for corre­
lation. Results that do not correlate to within 0.03 will be con­
sidered suspect. Other information gained through this verification 
testing, such as trends developing, will also give cause to suspect 
the results. Immediate investigations must be conducted and correc­
tions made on all suspect test results. 

Note: Each District Laboratory's procedure and equipment is 
verified through the established correlation program 
with the Central Laboratory. 
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The District Materials Office shall submit reports of the verifi­
cation of field density tests to the Central Materials Office along 
with the documentation of what action that was taken for suspect 
results. 



T-101 

T-102 

T-103 

T-104 

T-105* 

T-106* 

T-107* 

T-108 

Iowa Department of Transportation 
Office of Materials 

TABLES 

Aggregate Delivery Conversion Table 

Volume Correction for Asphaltic Materials 
Group 0 - Specific Gravity at 60°F above 0.966 

Volume Correction for Asphaltic Materials 
Group 1 - Specific Gravity at 60°F 0.850 to 0.9659 

Gaging Tables for Horizontal Cylindrical Tanks 
Outage % of Diameter vs. Filled % of Capacity 

Outage of Horizontal Cylindrical Tanks Outage, 
inches vs. Tank Diameter, Gal. per Ft. Length 

Outage, Gallons Bumped End Tanks 

Volume of Tank Car Domes 

Temperature-Volume Corrections for Emulsified Asphalts 

* Not included in this printing, available on request. 
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AGGREGATE DELIVERY CONVERSION TABLE 

Tons/Hour : 50 60 : 70 : 80 : 90 : 100 : l\1) c 120 _; 13(1 : 141' : 1~0 : 

Percent 

2.5 
5.0 
7.5 

10.0 
12.5 
15.0 
17.5 
20.0 
22,5 

';.0 

- 7. 5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 

-. 0 

u I. 5 
70.0 
72.5 
75.0 
77.5 
80.0 
82.5 
85.0 
87.5 
90.0 
92.5 
95.0 
97.5 

100.0 

:-

42: 50: 58: 67: 75: 83: 92: 100: 108: 117: 12$: 
83: 100: 117: 133: 150: 167: 183: 200: 217: 2J:l: 250: 

125: 150: 175: 200: 225: 250: 275: 300: 325: 150: 375: 
167: 200: 233: 267: 300: 333: 367: 400: 433: 467: 500: 
208: 250: 292: 334: 375: 417: 459: SGOJ 541: ~83: 675: 
250: 300: 350: 400: 450: 500: 550: 6CO: 650: 700: 7:SO: 
29?: 350: 408: 467: 525: 583: 642: 700: 7!:'8: 817: 875: 
33'3: 400: 467: 533: 600: 677: 733: SOC·: 867: 933: 1000: 
375: 450: 525: 600: 675: 750: 825: 900: 975: 1050: 112~: 

417: 500: 583: 667: 750: 833: 917: 1000: 1083: 1167: 12~.0: 

458: 550: 642: 733: 825: 917: 100_8: llOC.: 1192: 1283: 1375: 
500: 600: 700: 800: 900: 1000: 1100: 1200: 1300: }400: 1500: 
542: 650: 758: 867: 975: 1083: 1192: 1300: 1408: 1~17: 1625:. 
583: 700: 817: 933: 1050: 1167: 1283: 1400: 1517: 1633: 1750: 
625: 750: 875: 1000: 1125: 1250 :_ 1375: EOO: 1625: 17'C: 18J5: 
667: 800: 933: 1067: 1200: 1333: 1467: 1600: 1733: l8.§2.;__2000_L 
708: 850: 992: 1133: 1275: 1417: 15~8: 1700: 1842: ~~83: 2125: 
750: 900: 1050: 1200: 1350: 1500: 1650: 1800: 1950: 2100: 2250: 
792: 950: 1108: 1267: 1425: 1583: 1742: 1900: 2058: 2217: 2)75: 
833: 1000: 1167: 1333: 1500: 1667: 1833: 2000: 2167: 2~33: 2500: 
875: 1050: 1225: 1400: 1575: 1750: 1925: 2100: 2275: 24~0: 2625: 
917: 1100: 1283: 1467: 1650: 1833: 2017: 2200: 2383: 256~: 27SO: 
959: 1150: 1341: 1534: 1725: 1916: 2109: 230_Q_:__249:!._:. __ iL~"£l4: 2875: 

1000: 1200: 1400~ 1600: 1800: 2000: 2200: 2400: 2600: ~~~Q~L_~)OO: 
1042: 1250: 1458: 1667: 1875: 2083: 2292: 2500: 2708: 2917: 3125: 
1083: 1300: 1517: 1733: 1950: 2167: 2383: 26C'C: 2817: 30.'L1._L~})50: 

1125: 1350: 1575: 1800: 2025: 2250: 2475: 2700: 2925: 3150: 3375: 
1167: 1400: 1633: 1867: 2100: 2333: 2567: 2800: 3033: 3267: 3500: 
1209: 1450: 1691: 1934: 2175: 2416: 2659: 2900: 3141: 3}84; 3625: 
1250: 1500: 1750: 2ooo, 2250: 25oo, 2750: Jooo, 12so, 3500: 3L5D: 
1292:1550:1808:2067:2325:2583:2842:3100:3358: J6_17: 3875: 
1333: 1600: 1867: 2133: 2400: 2667: 2933: 3200: 3467: 3733: 4000: 
1375:1650:1925:2200:2475:2750:3025:3300:3575: 38,?0: 4125: 
1417: 1700: 1983: 2267: 2550: 2833: 3117: 3400: 3683: 3961: 4250: 
1459: 1750: 2041: 2334: 2625: 2916: 3209: 3500: 3791: :~084: 4375: 
1500: 1800: 2100: 2400: 2700: 3000: 3000;. 3600: 3900: 4}0~2_00: 
1542: 1850: 2158: 2467: 2775: 3083: 3392: 3700: 4008: 4317: _1625: 
1583: 1900: 2217: 2533: 2850: 3167: 3483: 3800: 4117: 4433: 475Q..:.· 
1625: 1950: 2275: 2600: 2925: 3250: 357S: 3900: 4225: 4550: 4875: 
1667: 2000: 2333: 2667: 3000: 3333: 3667: 4000: 4333: 466]: 500_Q_.;_ 
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percent 

' 2.5 125 133: 142: 150: 158: J~67L~~lTi"L~f:!]~~l92:._200: 208: 
5.0 250 267: 283: 300: 317: YC!~;l§.9~_367: 383: 400: 417L 

--:-:7..:.·-o:5 __ _,_-::3c:7-o:5_,_-=4.::0.::0_,:_-::4.:::2.:::5...:.:_-::4-::5.::0_,:_ 4 7 5 : 5 0 0 : 5 2 5 ' 5 5 0 : 5 7 5 : 6 0 0 : 6 2 5 : 
-71~0.:.. ::-0 __ ,_,5:-:0'-:0'-''--::'573-:':3_,_:_5=-6~7=--=-: -::600: 633: 66 7: 700: ~.133~-· 800: 833: 

12.5 625 667: 708: 750: 792: 833: 875: 917: 958: 1000: 10421. 
15.0 750 800: 850: 900: 950: 100Q_:__10~~_J;tao: 1150: 1200: 1250: 
17.5 875 . 933: 992: 1050: 1108: 1167: l225:.~ptl3: l34~_j--'l_400: 1158: 
20.0 :1000 1067: 1133: 1200: 1267: 1333: 1400: 1467: 1533: 1600: 1667: 
22.5 :1125 1200: 1275: 1350: 1425: 1500: 1575: 1650: 1725: 1800: 1875: 
25.0 :1250 1333: 1417: 1500: 1583: 1667: 1750: 1833: 1917: 2000: 2083 
27.5 :1375 1467: 1558: 1650: 1742: 1833: 1925: 2017: 2108: 2200: 2292. 
30.0 :1500 1600: 1700: 1800: 1900: 2000: 210Q~.200~ 2300: 2400: 2500: 
32.5 :1625 1733: 1842: 1950: 2058: 2167: 2275: 2383: 2492: 2600: 2708: 
35.0 :1750 1867: 1983: 2100: 2217: 2333: 2450: 2567: 2683: 2800: 2917: 
37.5 :1875 2000: 2125: 2250: 2375: 2500: 2625: 2750: 2875: 3000: 3125: 
40.0 :2000 2133: 2267: 2400: 2533: 2667: 2800: 2933: 3067: 3200: 3333: 
42.5 :2125 2267: 2408: 2550: 2692: 2833: 2975: 3117: 3258: 3400: 3542: 
45.0 :2250 2400: 2550: 2700: 2850: 3000: 3150: 3300: 3450: 3660: 3750: 
47.5 :2375 2533: 2692: 2850: 3008: 3167: 3325: 3483: 3642: 3800: 3958: 
50.0 :2500 2667: 2833: 3000: 3167: 3333: 3500: 3667: 3833: 40_00: 4167: 
52.5 :2625 2800: 2975: 3150: 3325: 3500: 3675: 3850: 4025: 4200: 4375: 
55.0 :2750 2933: 3117: 3300: 3483: 3667: 3850: 4033: 4217: 4400: 4583: 
57.5 :2875 3067: 3259: 3450: 3641: 3834: 4~022_:~lli§~4409:~4§Sl~79l: 
60.0 :3000 3200: 3400' 3600: 3800: 4000: 4200: 4400' 4600' 4800: ?~000: 

62.5 :3125 3333: 3542: 3750: 3958: 4167: 4375:_ 4583: 4792: 5000: 5"~08: 

65.0 :3250 3467: 3683: 3900: 4117: 4333: 4.550: 4767: 0~4~£53: _52gO.:_~'U,j-

67.5 :3375 3600: 3825: 4050: 4275: 4500: 4725: 4950: 5175: 5400: 5625: 
70.0 :3500 3733: 3967: 4200: 4433: 4667: 4900: 5133: 5367: 5600: 5833: 

~~----~------

72.5 :3625 3867: 4109: 4350: 4591: -1.834: 5075: 5316: 5559:_;:;.sc~1: 
--=7-"'5""'".-::o __ _,,-::3-::7-':s-:::o__,___,4-::o-:::o""o_,.___,4-::2-c:-5.c.o_,,-'4.":s-'-o-'-o-',-'4'-::7~5o, 5ooo, s25o, s5oo, s 1so, 60~Q_Q_;_62_5o, 
-':':7_,_7_,_. =:5 __ ..:.•--:3-::8':':7::'5--'-.::4-::0-::3-::3_,:__:::4-:'3-"'9-"2_,:__:::4:_::6=:5-::0'-':--.:!4:.;:9-::-0~ 8 : 5 16 7 : 5 4 2 5 : S6 8 3 ' 5 9 4} ' 6 2:_9~:__6 4 5 §_;_ 
-.:::8-::o_,_. -::o __ _..,-::4-::o-::o-::o___:_-.::4.::c2-::6c:7--'"'--"'4::'5-"'3-"'3-''--"'4-::8-::oc:o'-''--"5~o"'6'=7_,:--"s'=J:.::3:.:::3. , s 6 o o , s 8 6 1 , 61 3 3 , 6 4 o o~=-6_6_6_7_, 

82.5 :4125 4400: 4675: 4950: 5225: 5500: 5775: 6050: 6325: 6600: 6875: 
85.0 :4250 4533: 4817: 5100: 5383: 5667: 5950: 6233: 6517: 6800: 7083: -87.0 :4375 4666: 4959: 5250: 5541: 5833: 6125: 6416: 6709: 7000: 7291: 

__ 79~0~.0::----~·4~5:-:0'-:0~-.::4-':'8-:'0-':'0~:~5~10~0~:~5~4~0~0~:~5~7-:0~0c_::~6~0~0~0~:~6300: 6600: 6900: 7~Q~~OO: 
92.5 :4625 4933: 5242: 5550: 5858: 6167: 6475: 6783: 7092: 7400: 7708: 

__ 79~5~.0::-----·~.A~.7~5~0'-'--"5~0-':'6~7~:_5~38~3~:_,5~7~0~0~:~6~0~1~7~:~6~3~33.: 665Q: 6967: 7283: 7600: 7917: 
--::-79,:..7 .:.· 5::----:..:' 4;.:8'-'7C::5'-'--"5;:2-':'0.::::_0_,_: _5:::_5~2~5~: _::5~8~5~0~:~6:.=1:..!.7.:::.5_;_:.--::!6~5~0~0.,_: _6~8~2::.:::._5 : 715 0 : 7 4 7 5 : 7 8 0_0 : 8].2 5 _;_ 
-=1~0~0_,_.~0 ____ ~,5~0~0~0~~5~3~3~3'-':~5~6~6~7~:_6~0~0~0~:~6~3~3~3~:~6~6~6~7_;_:~7000: 7333: 7667: 8000: 8333: 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMOHANDUM 

TONS/HOUR 230 240 250 260 270 280 290 JOO 310 
""P-"e"'"r-"c-"e"'n"'t'----#.u./,_M=i ,_,_n"". _#u./'-'M"'~"'· n=-. ---J#ui...:M.:.o~:.:· n.:.:"'---'#u.l_o.M.,_,i"'n'".'---'#"'"/ M_i n • _fl~- tt7 ~li ~~ . #:?;;;i-,i-,=:::Jf) M l ;~ 

--~2~s _______ -71~9~2 ___ 2~o~o~--~z~o~8~--~2~1~7'-----~2~2~s~· ---~2~3~3 242 zso _____ L~3--
_,_5.._. ~o _____ 3:"8:"3~--4:c;o::.:o~--:4'-:1:-'7::--_--'4'-:3'-:3'-----:4:::5-"o ____ 4 6 7 ._-"c48~~---~ o o___ su 

7.5 575 600 625 650 675 700 725 750 ___ 11.2_ 
10.0 767 800 833 867 900 933 967 1000 1033 
12.s 958 1000 1042 1083 1125 1167 12os l,L:i_Q. _____ _l}_':l,£_ 

-=1~5~-~o _______ ~l~l~5~o ___ l~2~o~o~--~1~2~5::.:o~--~1~3::.:o::.:o'---~1~3~s~o l40o._~l~4~s~o~ 1soo ___ 12~~ 
17.5 1342 1400 1458 1517 1575 1633 1692 1750 1808 

~z~o .... ~o ________ ~l5~3~3~--~l~6~o::.:o~--~l~6~6~7::-----~l~7~3'-:3'----~1~8~o~o~--~l~86~7 ___ ~1~9~3~3 ___ ~zooo 2067 
22.5 1725 · 180C 1875 1950 2025 2100 2175 2250 2:325 

~2,_5_,_. ~o----::-..1 9""'1:-7:---'2:-'o"--o"--o:---:2:.:0:.:8:.:3=----:2:-:1:.:6:..:7:----:2:.:::2-:5.::o~---::2.::3-"3":3 2 4 17 
27.5 2108 2200 2292 2383 2475 2567 2658 

~30~.0~------72737o7o--~2~4~0'-:'0~--~27s~oo~---'2'-:6:.:0:.:0~--~2~7~00~--~28.::0~0---:-29~0~0~. 

32.5 2492 2600 2708 2817 2925 3033 3142 

~3~5~·~0~-----72~6~873 ____ ::;_28~0~0~--~2~9~1~7:--~3::.:0:-:3:-:3:--~3:.:1~5:-.:0'----· 3267 3383 
37.5 2875 3000 3125 3250 3375 3500 3625 
40.0 3067 3200 3333 3467 3600 3733 3867 
42.5 3258 3400 3542 3683 3825 3967 4108 
45.0 3450 3600 3750 3900 4050 4200 4350 

_z4~7~·~5 ________ 3~6~4~2~~~3~8~0~0~--~3~9~5~8'----"4~l~1~7~---~4~2~7~5'----~42433 4592 
50.0 3833 4000 4167 4333 4500 4667 4833 

2500 258:3 
2•-::7:::50:'----':2842 

__ 30_0_0_._--'3'-:':1· 00 
3250 3358 ---------·-
:1500 3617 --------
~1750 .3875 
4000 4133 
4250 4392 
4500 4650 

----===:::!==::..= 
4750 ·i908 

~ ,, ___ ·~·~~-
5000 5167 

-~~,~--·-

-"-5::.2.::.•.=.5 ___ __:4"-0"-2~5~_..:.4::c2o.:O::.:Oo:......._...:.4:-.;3'-:'7'-"5'---"4'-'5'-=5:-.;0'- _..:.4,_7'-.l?'-:5'------~.-c'0----'5075 525g _____ 5'!:2_2__. 
--"-5,_5_,_. :=:o ____ "-5 2::-=-1 7:----'47'4!-'o::.:o~--4:-:5:-'8'-:J'--""4'-:'7~6'-:'7:-----'::4'-:9~.5:'-':o~_ s 13 3 4 3 1 7 '! s o o ___ 'i..~~B 3 _ 

57 5 4409 4600 4791 4983 5174 5366 5559 5750 5942 
=~6~o~. Zo========4~6~o~o;====4~8~o~o~====s~o~o~o~===~5~2~o~o~===~5~4~o~o=:=-_·-=s~6-::o-::o __ 7s8 oo -~::-o __ -_ ~_-_-"£,·z_o.Q.. .. 

62.5 4792 5ooo 5208 5417 5625 5833 6042 62so §4SJL 
~6~5_,_.~0, ________ 4~9~8~3~--~5~2~0~0~-~5~4~1~7~-~5~6~3~3~-~5~8~5~0~-~6067 ~1~~§500 6717 

67.5 5175 5400 5625 5850 6075 6300 6525 6750 6975 ~~------~~--~~--~~--~~--~~~~~~~~ 1o.o 5367 56oo 5833 6067 63oo 6533 ?7£!_7 ___ 7ooQ__ __ 7n.L 
72.5 5559 5800 6041 6283 6525 6766 7007 
75.0 5750 6000 6250 6500 6750 7000 7250 

7250 
7500 

749.! 
7750 

~7~7~·~5 ________ ~59~4~2~--~6~2~0~0::----~6~4~5~8~--~6~7~1~7,..._ ___ 6~9~7~5~--~7~2~3~3~-~7~4~9~2 ___ 7750 8008 
80.0 6133 6400 6667 6933 7200•'--~7467 7733 _8~() __ 0 ___ 826_?_ 
82.5 6325 6600 6875 7150 7425 1700 ":-7C:9-':-7"-5 ___ 8="250 852~ 

~8~5~·~0 ________ 76~5~17=---~6:.:8~0~0~--~7~0~8~3~--~7~3~6~7:----~7~6~5~0, ____ ~79~3~3~--~8~2~.1~7 ____ ~8~5~0~0 ____ ~8~7~8~3-
87.5 6709 7000 7291 7582 7875 8166 8457 8750 9042 
90.0 6900 7200 7500 7800 8100 8400 8700 9000 9300 

--"'9-"2_,. ~5 ____ .:...7 .::.0 9""'-2 __ 7'-4.:..0;;.,0:;_ __ 7'-7'""0"-'8'-----'8::..:0:.:1'-'7'-----'B:.;:3;,.::2:.:5:__ __ _,8'-'6"'3'-"3e-. __ -"'8'-"9-'4-"2---"'9-"'2· _?Q__ __ 9 ~-5 D _ 
_z9~5..:.·~o ________ ~7~2B~3 ____ 7~6~o~o~--~7~9~1~7~--~8~2:.;:3~3~--~8~5~s~o~--~8~B~6~7 ___ ~9~1~8~3--~9so~o~~9~817 

97.5 7475 7800 8125 8450 8775 9100 9425 9750 , _ _l_QQL'i __ 
1 o o • o 7 6 6 7 8 oo o 8 3 3 3 8 6 6 7 9 o oo'----"9.c;3'""3-"3'---""9-'6""6-"'7- 10 o o o 1 o 3 3 J 
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OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

.zT.:eO:::N.=:St.../,_,H"'O_,.UR.,__-:-:'=;3 ::.2 0':---:-:3";3"-0':---::'3';-4':'0~--::':,';','-':' '·'. --'_"', t'-"J'-----"'Jc'-7 v'------"3""8'-'0'------"3'-'9 C: 
Percent #/Min. #/Min. #/Min. #/Hin. ±;/Hin. #/Hln. "'/Hin. n(MllL 

400 
~/Min. 

2.5 267 275 283 292 300 308 317 :'25 333 
s.o 534 550 567 584 600 617 634 650 667 
7.5 800 825 850 675 900 925 950 975 1000 

-"'1-"-o"-. o"-----=1"'0""6-'-7 __ 1"'l::.;o'"'o'---""l"'l"""3.::.3 __ l:;.;l"'b'-' 12 o o 12 3 3 12 6 7 13 o o 13 3 3 
12.5 1333 1375 1417 1456 1500 1542 1583 1625 1667 

--'1~5'"'.'-'o"------"1"'5:.::o:.::o'----:=1.:;:6-':5:.::o __ .:;1:o:.7 -"'o-':-o--7-13.7 c:_5 "-o 1 R""'o""o'-----_18 5 o~_--'10..9"-'o:'-:o~---'10'-'9'-:s'-'o'----=2'-'o"'o""o'--. 
17.5 1867 1925 1983 2042 .:100 2158 2217 2275 2333 
20.0 2133 2200 2267 2333 .~00 2467 2533 2GOO 2667 
2 2. 5 2400 24 7 5 2 550 262 5 :c i '·'_:'l __ =.2-'-7":-7"'-''--=-28'.'-"'-50~---"-2'c:._) ""-.'c.·' ----'3=00,:' 
25.0 2667 2750 2833 2917 3Uuu 3083 3167 3250 3333 
27.5 2933 3025 3117 3208 3300 3392 3483 3575 3667 
30.0 3200 3300 3400 3500 3600 3700 3800 3900 4000 
32.5 3467 3575 3683 3792 3900 4008 4117 4225 4333 
35.0 3733 3850 3967 4083 4200 4317 4433 4550 4667 
37.5 4000 4125 4250 4375 4500 4625 4750 4875 5000 
40.0 4267 4400 4533 4667 4800 4933 5067 5200 5333 
42.5 4533 4675 4817 4958 5100 5242 5383 5525 5667 
45.0 4800 4950 5100 5250 5400 5550 5700 5850 600J 

...:!4.!..7..:.· ;.:.5 ____ "-5 0"-6"-7':---'5='2=-'2=-5~--'5:'-'3:.08"-:3:---:5""5:-:4:.:2:---:5'-:7:-'0'-:0'---:'-:5 8 58 6 0 l 7 (, 17 5 6 ~ .. ~J-
~5:=,0..:. • .:::0 ____ ":-5 =.3 ':'-3 3o:----5':-5':-0:-0~---'5:-'6:-'67:7':---:5:'-:7'-:3'-:J~--~6'-;0:.:;0:.:;0':---:6":l:-:'6:-:7:----:"":3':3'::3:----76 ') 0_0 ___ 6 6.!:__7 __ 

52.5 5600 5775 5950 6125 6330 6475 GG50 Gb25 700J 
55.0 5867 ,050 6233 6417 6600 6783 6967 7i50 7333 

~5-:-7..:.'75 _____ 7671:-34~---6:-3:-2:-5:--~6~5:-1~7=----:6:-7~0:-9:---:6:-9:-0:-0:----:7:-:0:-:9~2:---:7:.::2:.:8:-:4:--__ ~7~4~~5 ______ 70_6_7 __ 
60.0 6400 6600 6800 7000 7200 7400 7600 7800 8000 
62.5 6667 6875 7083 7292 7500 7708 7917 8125 8333 

_:=,6;.:.5..:.·.:::0 _____ ~6~9~3~3 ____ 7~1~5~0~---7~3~6:-7:-__ -':7~5~8~3~_-':7:.:8~0:.:0'---~8:.:0~1~7 __ ~8~2~3:..:3~--~8(.50 8667 
67.5 7200 7425 7650 7875 8100 8325 8550 8775 9DOO 

=~7~o~.~o========~74~~6~7====7~7~0~o~====7t9~3~3~====8~1t6~7t===j8~4~o~ot:::j8~6~3~3t===~s~8~6~7~~9~_o_o ______ 9~_3 __ 
72.5 7732 7975 8216 8457 8700 8941 9~82 CJc~24 ___ CJ§_b_.7_ 

~7~5~.~o~------~8~0~0~0----~8~2~5~0----~8~5~00~---8~7~50~---9~0~0~0~--~9~2~5~0:---~9~'~'o~o=---~9~7SO 10000 
--'-~~------~~----~~--~~~--~~~--~~----~~--~~~--o-:-~~~ 
....c.7.!..7..:.·;.:.5 _____ 1if~6"-7':---'8"-5"-2:;-5~--'8;:-7::.:8:-:3:----:9:-:0:-:4:-:2~-·9•-=:3-=:o-=:o __ -:'9-::S-::5-::8--::--:'g"'s-O'l-':7·_~1C• n 'i ;_c 333 

80.0 8533 8800 9067 9333 9600 9867 10133 ~C'-,c:_J_::.Cl-====-~:-:. ci-i_-,6-7-~ 
_8:"-2"-'-.. o;.S ___ __:8;:-:8~"0:':0~--:9:'-'0 7 . .o5:___.c:9c::3c::5c.:0 __ ...:9.::6...:2...:5 __ ...:9...:9..::0..::0 _ ___::1_0=-=l-'-7-"'''--"'l..::O.c..4c:_'-i..::O_....cl l ' .)---~ __ :c_~ ~) (; CL .. 

:c.l3c::5-=.. • .::.o _____ 90-'6"'7 __ ...:9-=3-=s...:o __ ...:9...:6...:3...:3_-:--~9""9.=c1-'-7--"l·o"'"'2"'o"'o __ -=.l..::o4-=B "3---"1 o::.:-1 6::.7"---'l 1 : ~~:':.. ___ 1_] ::_ ·_, -_; __ 
_:=.ll,;7.:.•;;;.5 ____ ~9'5-30-3,_3 __ 9'E-6;:.2;_:.5:;:....-,..90.9:'-'1;:.;6:-----;l~Q~2::-;0'-:7'----'1:..:l:_l SecO:.:;O:__,l:.c0::-:7..:9'-'l'--'1'-'l~,O:oBc;2:_.....clce._. ___ .c'..,_'-'.:_· '--· 
-;,9_::0..:.• .:::,0 ____ .9~ 6~0~0,__,..9=-9~0::;0:-__,l::-;0:-:2;,;0:.;0:---;1~0~5=-'0:-;0:--;1;:_:0;;.:;8:-:0:-;C:.-I --:lc-:l:-:1:-;0:-'0'-.--;l:c:.1-:4:_:0:-:0~-"lC::L 7 v cJ " ;: () 0 U 
-;,9~2..:.·~5------~~98~67~--l~O~l~7~5:---l~0~4~6~3:-~1~0~7~9~2:-~1~1~1:-:0:-;0:-~1~1~4~0~8:---;1~l:-;7~1~7:--~l~20.~2c:_S_~l~2=-3_::.3=.3_ 

95,0 10133 10450 10767 11083 11400 11117 12033 l23o0 12661 
97.5 l0400 10725 11050 11375 11700 12025 12350 12675 13000 
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. OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

TONSLHOUR 410 420 430 44C· 450 460 470 480 
Percent #/Min. #/Min. #/Min. #/Min. #/Min. #/Min. #/Min. #/Min. 

2.5 342 350 358 367 373 383 392 400 
5.0 684 700 717 734 750 767 784 800 
7.5 1025 1050 1075 1100 1125 1150 1175 1200 

10.0 1367 1400 1433 146[ 1500 1533 1567 1600 
12.5 1708 1750 1792 1833 1875 1917 1958 2000 
15.0 2050 2100 2150 2200 2250 2300 2350 2400 
17.5 2392 2450 2508 2567 2625 2683 2742 2800 
20.0 2733 2800 2ji67 2933 3000 3067 3133 3200 
22.5 3075 3150 3225 3300 3375 3450 3525 3600 
25.0 3417 3500 3583 3667 3750 3833 3917 4000 
27.5 3758 3850 3942 4033 4125 4217 4308 4400 
30.0 4100 4200 4300 4400 4500 4600 4700 4800 
32.5 444~ 4550 4658 4767 4875 4983 5092 5200 
35.0 4783 4900 5017 5133 5250 5367 5483 5600 
37.5 5125 5250 5375 5500 5625 5750 5875 6000 
40.0 246Z 5!;200 5733 5867 6000 6133 6267 6400 
42.5 5!20!2 ::19:20 6092 6233 6325 6517 6658 6800 
4;2. 0 61:20 !2300 64:;10 6600 6:Z50 6900 7050 7200 
4Z.5 6492 6650 6!20!2 6967 7125 7283 7442 7600 
20,0 6!2~3 :zooo 7167 7333 7200 7667 7833 8000 
;22,2 :Z1:Z:2 :Z~::iO :Z5<l2 noo 78:Z5 8050 8225 8400 
52,0 Z51Z ZZOQ Z1l!2~ 8067 8250 8433 8617 8800 
::i:Z.:.l :ZB::i~ ElO:.'iQ !22411 !2434 8!222 £l817 9009 9200 
60,0 62QQ a~Qo 8(20Q 8600 9000 9200 9400 9600 
62,2 6:2~2 622Q !22:26 916:Z 2~:Z:2 9583 9292 10000 
!25.Q 666:l 2l,QQ i!:U:Z ~:i:l~ ~:Z!2Q 9~!2:Z 10163 10400 

- !2:Z.5 222 :i 2~2Q ~!225 i!~QQ l,O 1;; ::i 1Q:l20 lO;i75 lOIJOO 
:ZQ,Q 2521 26QQ l,QQ;l:l 1Q22:Z lQ::iQQ l2D;;l 1096] 11200 
12.5 Sl!:lQ:Z J.QHfl J.Q;m. l Qfi~2 lQfl:ZJ lHH ll~:'ill 11600 
:Z5.Q lQ25Q lQ5QQ lQ:Z5Q lJ.QQQ ll25Q ll5QO ll:Z 50 12000 
:z:z.s lQ::iSl:il lQ6.2Q lllQB l136:Z 11(222 11883 12142 12400 
flQ,Q J.0~;23 11200 11467 11733 12000 12267 12533 12800 
62.5 11275 11550 11825 12100 12375 12650 12925 13200 

_ln.o 11617 11900. 12183 12467 12750 13033 13317 13600 
e:z.s 11957 12248 12540 12832 13123 13416 13707 1.4000 
9Q,O 12300 12600 12900 13200 13500 13800 14100 14400 
96.5 12642 12950 13258 13567 l38Z5 14183 14492 14800 
9;!,0 12983 13300 13617 13933 14250 14567 14883 15200 
g:z, 5 13325 13650 13975 14300 14625 14950 15275 15600 

100 0 13667 14000 14333 14667 15000 15333 15667 16000 

490 
#/Min.~ 

408 
817 

1225 
1633 
2042 
2450 
2858 
3267 
3675 
4083 
4492 
4900 
5308 
5717 
6125 
6533 
6942 
7350 
7758 
8167 
8575 
8983 
9392 
9()00 

).0208_ 
10617 
11022__ 
1143_1__ 
11841 
122;20 
12658 . 
13067 
13475 
13883 
14291 
14700 
15108 
15517 
1592'' 
16333 
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OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

'l'ONSC::HOUR 500 510 520 
_Eercent #C::Min. #LMin. #/Min, 

2. 5 417 425 433 
5.0 1 834 850 867 
7.5 1250 1275 1300 

10 0 1167 1700 1733 
12,5 2083 2125 2167 
15.0 2500 2550 2600 
17.5 2917 2975 3033 
20.0 .3333 3400 3467 
22 .. 5 3750 3825 3900 
25.0 4167 4250 4333 
27.5 4583 4675 4767 
30.0 ;'''•,, 5000 5100 5200 
32.5 

I ) 5417 5525 5633 '···---~ 

35.0 5833 5950 6967 
37.5 6250 6375 6500 
40.0 6667 6800 6933 
42.5 7083 7225 7367 
45.0 7500 7650 7800 
47.5 7917 8075 8733 
50.0 8333 8500 8667 
52.5 8750 8925 9100 
55.0 9167 9350 9533 
57.5 9584 9775 9967 
60.0 10000 10200 10400 
62.5 10417 10675 10833 
65.0 10833 11050 11267 
67.5 11250 11475 11700 
70.0 11667 11900 12133 
72.5 12082 12324 12566 
75.0 12500 12750 13000 
77.5 12917 13175 13433 
80.0 13333 13600 13867 
82.5 13750 14025 14300 
85.0 14167 14450 14733 
87.5 14582 14874 15166 
90.0 15000 15300 15600 
92.5 15417 15725 16033 
95.0 15833 16150 16467 
97.5 16250 16575 16900 

100.0 16667 17000 17333 

• 
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OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

VOLUME CORRECTIONS FOR ASPHALTIC MATERIALS 
GII.OUI' ()-SPECIFIC GRAVITY AT 60°F AIIOVIE 0.966 

!.wEND: t ~ observed temperature in degree~~ Fahrenhdt 
M - multiplier for correcting oil volumes 10 the buis or 60"P 

• M e M • M e M 0 M 

0 1.0211 50 1.0035 100 0.9861 1$0 ri.96s9 ::100 0.9.520 
u 1.0208 51 1.0031 HH 0.9857 U1 0.9686 ::101 0.9.516 
2 1.0204 52 1.0028 102 0.9854 1.5:1 0.9682 20:1 0.9513 
:i 1.0201 53 1.0024 103 0.9851 153 0.9679 203 0.9509 
4 1.0197 54 1.0021 104 0.9847 154 0.9675 204 0.9506 
IS 1.0194 55 1.0017 105 0.9844 us 0.9672 205 0.9503 
6 1.0190 56 1.0014 106 0.9840 156 0.9669 206 0.9499 ., 1.0186 57 1.0010 107 0.9837 157 0.9665 207 0.9496 
I 1.01 83 511 1.0007 lOll 0.9833 158 0.9662 2011 0.9493 
9 1.0179 59 1.0003 109 0.9830 159 0.9658 209 0.9489 

10 1.0176 60 1.0000 110 0.9826 . 160 0.9655 210 0.9486 
11 1.0172 61 0.9997 111 0.9823 161 0.9652 211 0.9483 

,, 

Ill 1.0169 62 0.9993 112 0.9819 162 0.9648 212 0.9479' 
u 1.0165 63 0.9990 113 0.9816 163 0.9645 213 0.9476 
14 1.0162 64 0.9986 114 0.9813 164 0.9641 214 0.9472 
u 1.0158 65 0.9983 ns 0.9809 165 0.9638 :!U 0.9469 
16 1.0155 66 0.9979 116 0.9806 166 0.9635 :216 0.9466 
17 1.0151 67 0.9976 117 0.9802 167 0.9631 217 0.9462 
u 1.0148 611 0.9972 118 0.9799 168 0.9628 2111 0.9459 
19 1.0144 69 0.9969 119 0.9795 169 0.9624 :!HI 0.9456 
20 1.01 41 70 0.9965 120 0.9792 170 0.9621 220 0.9452 
21 1.0137 11 0.9962 121 0.9788 171 0.9618 221 0.9-449 
2:1 1.0133 n. 0.9958 122 0.9785 172 0.9614 :122 0.9446 
23 1.0130 73 0.9955 123 0.9782 173 0.9611 223 0.9442 
24 1.0126 74 0.9951 124 0.9778 174 0.9607 224 0.9439 
25 1.0123 75 0.9948 125 0.9775 175 0.9604 225 0.9436 
26 1.01 1 9 76 0.9944 126 0.9771 176 0.9601 226 0.9432 
27 1.011 6 77 0.9941 127 0.9768 177 0.9597 227 0.9429 
21 1.011 2 78 0.9937 121! 0.9764 1711 0.9594 221'1 0.9426 
29 1.01 09 79 0.9934 129 0.9761 179 0.9590 229 0.9422 
30 1.0105 80 0.9930 130 0.9758 uo 0.9587 230 0.9419 
31 1.0102 Ill 0.99'17 131 0.9754 1111 0.9584 231 0.9416 
32 1.0098 82 0.9923 132 0.9751 182 0.9580 232 0.9412 
33 1.0095 83 0.9920 133 0.9747 183 0.9577 233 0.9409 
34 1.0091 84 0. 991 6 134 0.9744 184 0.9574 234 0.9405 
35 1.0088 85 0.9913 135 0.97 40 185 0.9570 235 0.9402 
36 1.0084 86 0.9909 136 0.9737 186 0.9567 236 0.9399 
37 1.0081 87 0.9906 137 0.9734 187 0.9563 237 0.9395 
31 1.0077 118 0.9902 1311 0.9730 1811 0.9560 238 0.9392 
39 1.0074 89 0.9899 139 0.9727 189 0.9557 229 0.9389 
40 1.0070 90 0.9896 140 0.9723 190 0.9553 240 0.938.5 
41 1.0067 91 0.9892 141 0.9720 191 0.9550 241 0.9382 
42 1.0063 92 0.9889 142 0.9716 192 0.9547 242 0.9379 
43 1.0060 93 0.9885 143 0.9713 193 0.9543 243 0.937.5 
44 1.0056 94 0.9882 144 0.9710 194 0.9540 244 0.937::! 
·45 1.0053 95 0.9878 145 0.9706 195 0.9536 24!1 0.9369 
46 1.004 9 96 0.9875 146 0.9703 196 0.9533 246 0.9365 
47 1.0046 97 0.9871 147 0.9699 197 0.9530 247 0.9362 
48 1.0042 98 0.9868 148 0.9696 198 0.9526 2411 0.9359 
49 1.003 8 99 0.9864 149 0.9693 199 0.9523 249 0.9356 
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VOLUME CORRECTION FOR ASPHALTIC ,\J,TERIALS 

OlOUI' 0-Si'ECIFIC GRAVITY AT 60°f ABOVE 0.966 
LI!OEND: t ... observed temperature in degrees Falm::nheit 

M .. multiplier for correcting oil volumes IO I he basis or ro•p 

• M 0 M ' M e M • M 

:no 0.9352 :1100 0.9187 :no 0.902.<1 400 0.88641 450 0.8705 
:251 0.9349 301 0.91114 3!11 0.9021 401 0.8861 4!11 (Ul702 
an 0.9346 302 0.91111 :152 o. 90 111 402 0.8857 452 0.11699 
2.U 0.9342 303 0.9177 353 0.9015 40l 0.8854 4!13 0.11696 
254 0.9339 30-4 0.9174 354 0.90 II 404 0.8851 454 0.8693 
:us 0.9336 305 0. 9171 3!15 0.9008 405 O.ll!Wi 455 1).8690 
256 0.9332 306 0.9167 356 0.900.5 406 0.8845 456 0.86117 
257 0.9329 307 0.9164 351 0.9002 407 0.8941 457 O.MU 
258 0.9326 301 0.9161 :1511 0.8998 4011 O.!Hl38 4511 0.8680 
259 0.9322 309 0.91511 3!19 0.8995 409 0.883!1 459 0.8671 
2~ 0.9319 ::no 0.9154 360 0.8992 410 0.8832 460 CU674 
261 0.9316 lH 0.9151 361 0.8989 411 0.8829 461 0.8671 
262 0.9312 312 0.91.411 36::1 0.8986 412 0.8826 46:1! 0.8661 
:1!6::1 0.9309 313 0.9145 363 0.8982 4U 0.8822 4U 0.11665 
264 0.9306 314 0.9141 :164 0.8979 414 0.8819 464 0.11661 
265 0.9302 :IU 0.9138 ::16$ 0.8976 4U 0.8816 465 ().86511 
266 0.9299 ::116 0.913.5 366 0.8973 416 0.8813 466 0.11655 
267 0.9296 317 0.9132 367 0.8969 417 0.8810 467 0.8652 
261 0.9293 311 0.9128 3611 0.8966 4HI 0.8806 461 0.8649 
269 0.9289 319 0.9125 :169 0.8963 419 0.8803 469 0.8646 
270 0.9286 :no 0.9122 370 0.8960 420 0.!1800 470 0.8643 
271 0.921!3 :~:n 0.9118 ::171 0.89.57 421 0.8797 471 0.8640 
272 0.9279 322 0.9115 :172 0.89.53 422 0.8794 472 0.8636 
273 0.9276 ::123 0.9112 373 0.8950 423 0.8791 413 0.8633 
274 0.9273 324 0.9109 374 0.8947 424 0.8787 474 0.8630 
27.!1 0.9269 325 0.9105 375 0.8944 425 0.87114 475 0.8621 
276 0.9266 3126 0.9102 376 0.8941 426 0.8781 476 0.8624 
277 0.9263 327 0.9099 ::177 0.8937 421 0.8778 41'1 0.8621 
2711 0.9259 321 0.9096 ::1711 0.8934 4:111 0.877.5 4711 0.8611 
279 o:9256 329 0.9092 379 0.8931 429 0.877:! 419 CU!6U 
2110 0.9:!53 330 0.9089 3110 0.8928 430 0.8768 4110 0.8611 
2111 0.9250 331 0.9086 3111 0.892 4 431 0.8765 4ln 0.8601 
2112 0.9246 3::12 0.9083 3112 0.8921 432 0.8762 4112 0.8605 
2U 0.9243 333 0.9079 lU 0.89111 4::13 0.117 59 4U 0.8602 
2114 0.9240 3314 0.9076 ::11!4 0.891 5 434 0.8756 4114 0.11599 
2U 0.9236 3::15 0.9073 :IU 0.8912 435 0.8753 4U 0.8596 
2116 0.9233 336 0.9070 386 0.89011 436 0.8749 4116 0.8593 
217 0.9230 337 0.9066 387 0.1190.5 437 0.8746 4117 0.11590 
2U 0.9227 331 0.906:1 :Ill!! 0.8902 43; 0.8743 41111 0.!1581 
219 0.9223 339 0.9060 3119 0.81199 43 0.8740 489 0.11583 
290 0.9220 340 0.<;1051 ::190 0.11896 440 0.8737 490 0.85110 
291 0.9217 341 0.9053 391 0.8892 441 0.11734 49! 0.11571 
292 0.9213 342 0.9050 3n 0.!1889 442 0.8731 492 0.8574 
293 0.9210 3431 0.9047 :193 0.88136 443 0.8727 49:11 0.8571 
294 0.9207 344 0.9044 394 0.8883 444 0.!1724 494 0.8561 
295 0.9204 :145 0.9040 ::19$ 0.8880 445 0.8721 495 0.11565 
296 0.9200 ::146 0.9037 :196 0.8876 446 0.87111 496 0.8562 
297 0.9197 347 0.9034 397 0.8873 447 0.8715 491 0.8.559 
2911 0.9194 3411 0.9031 3911 0.8870 448 0.8712 4941 0.8556 
299 0.9190 349 0.9028 399 0.8867 449 0.8709 499 0.111552 
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VOLUME CORRECTION FOR ASPHALTIC MA'rERIALS 

GIIIOUI' 1-SPECIFIC GRAVITY AT t.o•f Of O.UO TO 0.966 
LIEGEND: I • observed temperaturll:! in de11r~ Fahrmheit 

M - mul!iplier for corre.:ting oil volumes !O !he basis or oo•p 

• M I M I M ! M I M 

0 1.0241 50 1.00•10 HIO 0.91342 ISO 0.9647 :100 0.9456 
1 1.02 37 51 1.0036 HH 0.98311 Ul 0.9643 :un 0.94.52 
:!1 1.0233 5:1 1.0032 10:1 0.9834 1!12 0.9639 ::!02 o.ll-441 
3 1.0229 .53 1.00:2 8 10:1 0.9830 UJ 0.9635 ::!OJ 0.9444 
4 1.0225 .54 1.0024 104 0.9826 154 0.9632 :104 0.9441 
5 1.0221 55 1.0020 105 0.9822 us 0.9629 205 0.9437 
6 1.0:117 .56 1.0016 106 0.9818 156 0.9624 206 0.9433 
'1 1.021 3 51 1.0012 107 0.9814 157 0.9620 207 0.9429 
I 1.0209 sa 1.0008 lOll 0.9610 1511 0.9616 20111 0.9425 
9 1.0205 59 1.0004 109 0.9806 159 0.9612 :109 0.942:1 

10 1.0201 60 1.0000 110 0.9803 160 0.9609 210 0.9411 
11 1.01 97 61 0.9996 111 0.9799 161 0.9605 :111 0.9414 
12 1.01 93 6:1 0.9992 11:1 0.9795 16:1 0.9601 :11:1 0.9410 
n 1.01 89 63 0.9988 113 0.9791 163 0.9597 :Ill 0.9401· 
14 1.0185 64 0.9984 114 0.97 87 164 0.9593 :114 0.9403 
u 1.01 81 65 0.9980 11!1 0.9783 16!1 0.9589 :IU 0.9399 
16 1.0177 66 0.9976 116 0.9779 1M 0.9585 216 0.9395 
17 1.0173 67 0.9972 117 0.9775 167 0.9582 211 0.9391 
18 1.01 68 611 0.9968 IU 0.9771 168 0.9578 2111 0.9388 
19 1.0164 69 0.9964 119 0.9767 169 0.957 4 219 0.93114 
20 1.0160 70 0.9960 120 0.9763 170 0.9570 220 0.9380 
:n 1.01 56 71 0.9956 121 0.9760 1.71 0.9566 211 0.9376 
:12 1.01 52 n. 0.9952 122 0.97 56 172 0.9562 22:1 0.9373 
23 1.0148 13 0.9948 123 0.97 52 !73 0.9559 223 0.9369 
:14 l.O 14 4 74 0.9944 124 0.97 4 8 174 0.9555 224 0.9365 
25 l.O 140 75 0.9940 125 0.9744 175 0.9551 21$ 0.9361 
26 1.01 36 76 0.9936 126 0.9740 176 0.9547 226 0.93511 
21 1.0132 77 0.9932 127 0.9736 177 0.954 3 227 0.9354 
211 1.0128 111 0.9929 12!1 O.'Y732 171! 0.9539 2211 0.9350 
29 1.0124 79 0.9925 129 0.9728 179 0.9536 219 0.9346 
30 1.01 20 1!0 0.9921 130 0 ~725 180 0.9532 230 0.9343 
31 1.011 6 I'll 0.9917 131 0.>"721 181 0.9528 231 0.9339 
:n 1.01 1 2 82 0.9913 132 0.9717 1112 0.9524 23::1 0.9335 
33 1.0108 83 0.9909 133 c 9713 183 0.9520 233 0.9331 
34 1.01 04 84 0.9905 134 a. 9709 1114 0.9517 234 0.93211 
:u 1.0100 liS 0.9901 135 0.9705 Ill !I 0.951 3 235 0.9324 
36 1.0096 116 0.9897 136 0.9701 186 0.9509 236 0.9320 
37 1.0092 87 0.9893 137 0.9697 1117 0.9505 :u:r 0.9316 
311 1.0088 118 0.9889 1311 0.9693 IIIII 0.9501 231 0.9313 
39 1.0084 89 0.9885 139 0.9690 1119 0.9498 239 0.9309 
40 1.0080 90 0.9861 140 0.9686 190 0.9494 240 0.9305 
41 1.0076 91 0.9877 141 0.9682 191 0.9490 241 0.9301 
42 1.0072 92 0.9873 142 0.9678 192 0.94 86 24'21 0.9298 
43 1.0068 93 0.9869 143 0.9674 19:1 0.9482 243 0.9294 
44 1.0064 94 0.986.5 144 0.9670 194 0.9478 :144 0.9290 
45 1.0060 95 0.9861 145 0.9666 19$ 0.9475 2"15 0.9286 
46 1.0056 '>6 0.9857 146 0.9662 196 0.9471 246 0.9283 
47 1.0052 97 0.9854 14:1' 0.9659 197 0.9467 247 0.927\'1 
41 1.0048 98 0.9850 1411 0.9655 1911 0.9463 2411 0.9275' 
49 1.0044 99 0.9846 149 0.9651 199 0.9460 :14'11 0.9272 
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OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

GAGING TABLE FOR HORIZONTAL CYLINDRICAL TANKS 

Outage: FillGd :Outage: Filled :Outage: Filled :Outage: Filled :Outage: Filled 
% of : c~ of 

I : % cf : %of : 'f. of : % of : % of : %of : % of : %of 
Diam. : Cap. : ·Dia'11 .. : Cap. ·: Diam.: Can . : Diam. : Cc'l.p. : Diam. : Cap. .. 
0.0 100.0000 n.o 94.0152 18.0 87.760 22.0 83.688 26.0 79· 339 
o.s. 99-9400 .2 93.855.5 .1 87. 662 .1 83-582 .1 79· 227 
i.o 99.8308 .4 93.6940 .2 87.563 .2 83.476 .2 79-114 
1.5 . 99.6896 .6 93·.5315 ·3 87.46.5 ·.3 83-370 ·.3 79.002 
2.0 99-.5227 .8 93-3680 .4 87-367 .4 8).263 .4 78.890 
2.5 99·3340 12.0 93.2030 ·.5 87.268 ·.5 83.158 ·.5 78.778 
3·0 99.12.58 .2 93.0370 .6 87.169 .6 83.051 .6 78.666 
3·.5 98.9002 .4 92.869.5 ·7 87.070 ·7 82.94.5 ·7 78·.5.53 
4.0 98.6.582 .6 92.','010 .a '86. 970 .8 82.839 .8 78.440 
4-5 98.4014 .8 92·5320 ·9 86.870' ·9 82.731 ·9 78-328 
' 
s.o 98.1307 13.0 92.3610 19.0 86.771 23.0 82.624 27.0 78.21.5 
5.2 98.0186 .2 92.1890 .1 86.671 .1 82 • .517 .1 78.102 
5-4 97.9044 .4 92.0160 .2 86.571 .2 82.410 .2 77-989 
.5·6 97-7884 .6 . 91~8420 ·3 86.471 ·3 82.J02 ·3 77.87.5 
.5·8 97.6703 .8 91.6670 .4 86.370 .4 82.194 .4 77-761 

' 6.0 97.5503. 14.0 91.4910 ·5 86.269 ·.5 82.087 ·.5 77.647 
6.2 97.428.5 .2 91.3140 .6 86.168 .6 81. 97a .6 77-.533 
6.4 97-3048 .4 91.135.5 ·7 86.066 ·7 a1.870 •7. "77.419 
6.6 97-1789 .6 90·9.560 .a 85-96.5 .8 81.760 .a 77-30.5 
6.a 97.0517 .a 90.7760 ·9 85.8.54 ·9 al.652 ·9 77.190 

7.0 96.9229 15.0 90 • .5940 20.0, 85.762 24.0 81 • .543 28.0 77.077 
7.2 96.a91a .2 90-412 .1 85.6.59 .1 81.434 .1 76.962 
7.4 96.6.591 .4 90.229 .2 8.5.556 .2 81.325 .2 76.a48 
7.6 96.52.51 .6 90.044 ·3 85.4.53 ·3 81.216 ·3 76.734 
7.8 96.3894 .8 89.858 .4 85.3.51 .4 ' 81.108 .4 76.620 
8.0 96.2520 16.0 89.673 ·.5 85.249 ·5 80.990 ·.5 76 • .506 
8.2 96.1131 .2 89.48.5 .6 85.146 .6 80.890 .6 76-389 
8.4 9.5· 9724 .4 89.397 ·7 85.0if3 ·7 80.780 ·7 76.272 
8.6 95.8304 .6 89.107 .8 84.940 .a 80.670 .a 76.158 
8.8 95.6869 .8 88.91a ·9 84.837 ·9 80 • .560 .9 76.043 

9.0 9.5-5418 17.0 88.727 21.0 84.733 25.0 80.449 29.0 75-92a 
9.2 95-3955 .1 88.631 .1 84.629 .1 80.J38 .1 75.a13 
9-4 95-247.5 ,2 88.535 .2 84.525 .2 ao.227 .2 75-698 
9.6 95.0985 ·3 88.439 ·3 84.421 ·3 80.116 ·3 7.5·.582 
9.8 94.9477 .4 88.343 .4 84.317 .4 ao.005 .4 75.465 

10.0 9~- 7960 .s 88.246 ·5 84.213 ·.5 79.894 ·.5 75.J49 
10.2 94.6420 .6 88.149 .6 84.108 .6 79-783 .6 75.231 
10.4 94.487a ·7 88.051 ·7 8~-. 002 .• 7 79.672 ·7 75.116 
10.6 94·3310 .8 87.954 .8 8J.899 .a 79.561 .8 7.5.000 
10.a 94.1742 ·9 87.857 .9 83.794 ·9 79.4.50 ·9 74.884 
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GAGING TABLE FOR HORIZONTAL CYLINDRICAL TANKS 

Out~g~7 -Fllled 7~t~~:- Fill~d-:0Utaga7 -Fllled 7~t~g;:- Pil1~-:0utagel -Fllled 
~ of : % of : % of : % of : % of : % of : % of : % of : % of : % of 

_Dia~.~ _ Qa~.-~ ~i~m~!- _PQp~_:_Dia~ol _ QaQu~ ~ ~i~:-~C~~ _:_~!a~.~_ ~2~0-

JO.o 74.767 ;34.0 70.019 38.0 65.127 42.0 60.138 46.0 55.082 
.1 74.650 .1 69.898 .• 1 65.004 .1 60.012 .1 54·957 
o2 74·533 .2 69.777 .2 6Lh881 .2 59-886 .2 .$4.829 
•J 74.416 ·3 69.565 ·3 64.758 ··3 59-760 .J 54.704 
.4 74.299 .4 69.535 .4 64.6)2 .4 59.635 .4 54.576 
·5 74.182 ·5 69.413 .5 64.571 ·.5 59·510 o5 .54.450 
.6 .74.065 .6 69.292 .6 64.J85 .6 59oJ85 .6 54. J22 
·7 73·947 ·7 69.:!.','1 .? 64.261 .7 59.259 ·7 .54.197 
.a 73•830 .8 69.050 .a 64.1J5 .8 59.1Jl .8 54.070 
·9 7'].712 ·9 68.929 .9 64.012 ·9 59.006 ·9 .53·942 

~ -31.0 7Jo59J 3.5·0 68.808 . :39·0 6J.890 4J.O 58.880 47.0 53o817 
.l 7Jo476 .1 68.686 .1 6).766 .1 .58-754 .1 ,5).689 
.2 73·358 .2 68.564 .2 63.641 .2 58.628 .2 53·562 
•J 7).240 .; 68,442 .3 63.517 ·3 .58.501 ·3 .53·43.5 
.4 7).122 .4 68.)20 .4 6).392 .4 ,58.)72 .4 .53·307 
·5 73.004 ·5 68.198 ·5 6),268 ·5 ,58.251 ·5 s;.la1 
.6 72.886 .6 68.076 .6 63.1Li4 .6 58.124 .6 53·053 
·7 72.768 ·7 67.9.54 .7 63.019 ·7 57.998 ·7 52.926 
.8 72.649 .a 67,832 .8 62.a94 .a .57.871 .a 52.799 
·9 72.,5)0 ·9 67.710 ·9 62.770 ·9 57·743 ·9 ,52.671 . 

)2.0 72.411 J6.o 67.58a 40.0 62.64.5 44.0 .57.617 . 48.0 ,52.543 
.1 72.292 .1 67.466 .1 62.,520 .1 .57·490 .1 52.417 
.2 72.17) .2 67.343 .2 62.J94 .2 57.)6) .2 52.290 
·3 . 72.054 .J 67.220 .J 62.269 ·3 .57.238 .J 52.163 
.4 71·935 .4 67.09a .4 62.144 .4 .57.110 .4 ,52.035 
.s 7le816 ·S 66.975 . ·5 . 62.019 ·5 ,56. 9a2 ·5 51·907 
.6 71.698 .6 66.8.53 .6 61.894 .6 .56.858 .6 .51.780 
·7 71o57a ·7 66.7)1 o7 61.769 ·7 .56·732 ·7 51.652 
.8 71·457 .a 66.608 .a 61.645 .8 56.603 .a 51·525 
·9 71·340 ·9 66.485 ·9 61.521 ·9 ,56.479 ·9 51·397 

3:3•0 71.219 )7.0 66.382 41.0 61.J96 45.0 56·3.52 49.0 51.2'21 
o1 71.101 .1 66.238 .1 61.270 .1 56.22.5 .1 .51.143 
.2 70.980 .2 66.115 .2 61.144 .2 56.098 .2 51.017 
•J 70.860 ·3 6.5.992 .) 61.018 ·3 .55· 972 •3 .so.88a 
.4 70.740 .4 6.5.869 .4 60.892 .4 55.84.5 .4 .50.761 
·S 70.620 .s 6.5.746 ·5 60.'/67 ·5 55·718 ·5 .50.634 
.6 70.500 .6 6,5.62) .6 60.642 .6 .55·.591 .6 .50.506 
·'7 70o380 ·7 6s.lj;J9 e? 60.518 .7 55.462 ·7 50.379 .a 70.26o .. 8· 65-375 .a 60.J92 .8 5.5·337. .a . 50.2.52. 

··9 70.140 ·9 6,5.251 .9 60.26.5 .9 ss.Zlo ·9 .50.123 
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GAGING TABLE FOR HORIZONTAL CYLINDRICAL TANKS 

outage: Filled: Outage: Filled: Outage: Filled: Outage: Filled: Outage: Filled: 
% of : 
Diam.: 
50.0 

.l 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

51.0 
.l 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

52.0 
.l 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

% of : 
Diam.: 

50.000 
49.877 
49.748 
49.621 
49.494 
49.366 
49.239 
49.112 
48.983 
48.857 

48.729 
48.603 
48.475 
48.348 
48.220 
48.093 
47.965 
47.837 
47.710 
47.583 

47.457 
47.329 
47.201 
47.074 
46.947 
46.819 
46.693 
46.565 
46.438 
46.311 

53.0 46.183 
.1 46.058 
.2 45.930 
.3 45.805 
.4 45.678 
.5 45.550 
.6 45.424 
.7 45.298 
.8 45.171 
.9 45.043 

% of : % of : 
Diam. : Diam. : 
54.0 44.918 

.1 44.790 

.2 44.663 

.3 44.538 

.4 44.409 

.5 44.282 

.6 44.155 

.7 44.028 

.8 43.902 

.9 43.775 

55.0 43.648 
.l 43.521 
.2 43.397 
.3 43.258 
.4 43.142 
.5 43.018 
.6 42.890 
.7 42.762 
.8 42.637 
.9 42.510 

56.0 42.383 
.l 42.257 
.2 42.129 
.3 42.002 
.4 41.876 
.5 41.749 
.6 41.628 
. 7 41.499 
.8 41.372 
.9 41.246 

57.0 41.120 
.l 40.994 
.2 40.869 
.3 40.741 
.4 40.615 
.5 40.490 
.6 40.365 
.7 40.240 
.8 40.114 
.9 39.988 

%of : % of : 
Diam.: Diam.: 
58.0 39.862 

.l 39.735 

.2 39.608 

.3 39.482 

.4 39.358 

.5 39.233 

.6 39.108 

.7 38.982 

.8 38.856 

.9 38.730 

59.0 38.604 
.l 38.479 
.2 38.355 
.3 38.23l 
.4 38.106 
.5 37.981 
.6 37.856 
.7 37.731 
.8 37.606 
.9 37.480 

60.0 37.355 
.l 37.230 
.2 37.106 
.3 36.981 
.4 36.856 
.5 36.732 
.6 36.608 
.7 36.483 
.8 36.359 
.9 36.234 

61.0 36.110 
.l 35.988 
.2 35.865 
.3 35.739 
.4 35.615 
.5 35.491 
.6 35.368 
.7 35.242 
.8 35.119 
.9 34.996 

% of : % of : 
Diam.: Diam.: 

62.0 34.873 
.l 34.749 
.2 34.625 
.3 34.501 
.4 34.377 
.5 34.254 
.6 34.131 
.7 34.008 
.8 33.885 
.9 33.762 

63.0 33.638 
.l 33.515 
.2 33.392 
.3 33.269 
.4 33.147 
.5 33.025 
.6 32.902 
.7 32.780 
.8 32.657 
.9 32.534 

64.0 32.412 
.l 32.290 
.2 32.168 
.3 32.046 
.4 31.924 
.5 31.802 
.6 31.680 
.7 31.558 
.8 31.436 
.9 31.314 

65.0 31.192 
.l 31.071 
.2 30.950 
.3 30.829 
.4 30.708 
.5 30.587 
.6 30.465 
.7 30.344 
.8 30.223 
.9 30.102 

% of : %of : 
Diam.: Diam.: 

66.0 29.981 
.l 29.860 
.2 29.740 
.3 29.620 
.4 29.500 
.5 29.380 
.6 29.260 
.7 29.140 
.8 29.020 
.9 28.899 

67.0 28.781 
.l 28.660 
.2 28.543 
.3 28.422 
.4 28.302 
.5 28.184 
.6 28.065 
.7 27.946 
.8 27.827 
.9 27.708 

68.0 27.589 
.l 27.470 
.2 27.351 
.3 27.232 
.4 27.114 
. 5 26.996 
.6 26.878 
.7 26.760 
.8 26.642 
.9 26.524 

69.0 26.407 
.l 26.288 
.2 26.170 
.3 26.052 
.4 25.935 
.5 25.818 
.6 25.701 
.7 25.584 
.8 25.467 
.9 25.350 
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February 1968 

OFFICE OF MATERIALS- INSTRUCTIONAL MEMORANDUM 

GAGING TABLE FOR HORIZONTAL CYLINDRICAL TANKS 

Outage: Filled :Outage: Filled -:outago: Filled :Outc.ce: Filled :Outage: Fillod 
% of : % of : % of : % of :% of : % of :1b of : r of : ~6 of : % o.f : 
Dic\m. : Gag"- Diamo: Cap. :Di2.111~ C2.n~ :Diarr.. Cap .. . Die.rr.~: Cap. -
70.0 25,?.33 74.0 20,66~ 78.0 16.312 82.0 12.240 89.0 5.9848 

.1 25.116 .1 20.550 .1 16.206 1 12,143 .2 5.8258 ,, 

.2 25.000 ,2 20.439 ,2 16,101 *% 12,046 . .4 5.6690 

.3 24.884 .3 20,328 • .3 15.998 ,J 11.949 .6 5.5122 

.4 24.769 ,4 20,217 .4 15.892 • Lj. 11,851 ,8 5.3580 

.5 24,651 .5 20' 106 .5 15.787 .5 11.?54 90,0 5,201;0 

.6 24.535 ,6 19.995 .6 1).683 ,6 11,657 .2 5.:!523 

.7 21;,418 .7 19.884 .7 15.579 .7 11.561 ,4 Lj., 901.5 
,8 24.302 .8 19.773 .8 15 •1<75 .8 "1 '"5 .l "'•-j{) .6 lf,7525 
.9 24.187 .9 19.662 .9 15.:371 .9 11.369 .8 4.6045 

71.0 24,072 75.0 19.551 79.0 15.267 83.0 11 .. 273 91.0 4.4582 
.1 23.957 ,1 19 ,4Lf0 .1 15.16) .2 11.082 ,2 ~.)1)1 
.2 23.842 ,2 19.330 .2 15,060 Jr 10,893 .~- 4,1696 
,J 2).728 .3 19,220 .3 14.957 ,6 10.703 ,6 4,0276 
.4 2),611 ,4 19,110 Jr 11},854 .8 10.515 .8 ),8869 r 
.5 23,494 ·5 19.010 .5 14.?51 84.0 10.327 92.0 3.7480 
.6 23.380 ,6 18.592 .6 14.649 .2 10,142 .2 ).6106 
.7 23.266 .7 18.784 .7 14.547 .4 9.956 .4 ).1>749 
.8 23.152 .8 18.675 ,8 14-.44Lf ,6 9.771 .6 ).3408 
.9 23,038 .9 18.566 .9 14.341 .8 9.588 .8 3.2082 

?2.,0 22.923 76,0 18.457 80.0 14,2)8 85,0 9.406 9).0 ),0?71 
,1 22,810 ,1 18.348 ,1 14.146 .2 9.2240 .2 2.948) 
.2 22.695 ,2 18,240 .2 14.035 GL~ 9,04!~ ,If 2.8211 
.3 22.581 .3 18.130 ,) 13.934 .6 8.86~-5 .6 2.6952 
.4 22,1;67 • 4 18.022 .Lj . 13.832 ,3 8.6360 .8 2.5?15 
,) 22.353 .5 17.913 .5 13.731 86,0 8,5090 94.0 2,1)!+97 
,6 22.239 .6 17.806 .6 1).630 ,2 (),)330 .2 2,)297 
.? 22,125 .7 17.698 .7 1).529 ,I;. 8,.1580 ,I;. 2.2116 
.8 22,011 .8 17.590 ,8 13 ,1<29 ,6 7 .98~·0 ,6 2.0956 
.9 21,898 .$1 17.483 .9 13.329 .8 7.8110 ,8 1.9814 

73.0 21.785 77.0 17.376 81.0 13.229 87.0 7.6390 95.0 1,8693 
.1 21,672 ,1 17.269 $1. 13.130 ,2 ?.4680 .5 1.5986 
,2 21.560 .2 17.161 .2 1),0)0 oLl' 7.2990 96.0 1,)418 
,:J 21.44? .) 17,055 .3 12.9)0 ,6 7 .1)05 .5 1.09S8 
.4 21,334 .4 16,9L:9 .4 12.831 ,8 6.9630 97.0 0.8742 
.5 21.222 .s 16.842 .5 12.?)2 88,0 6.?9'10 .5 0.6660 
.6 21,110 ,6 16.737 ,6 12,633 .2 6.6320 98.0 0.4773 
.7 20.998 .7 16,630 .7 12.535 ,I<· 6.4685 • .5 0.3104 
.8 20.886 ,8 16.524 .8 12,437 .6 6.3060 99.0 0,1692 
.9 20.?73 .9 16.41.8 .9 12.338 .13 6,1445 ·5 o.o6oo 



April 1974 

OFFICE OF MATERIALS -INSTRUCTIONAL MEMORANDUM 

TEMPERA lURE-VOlUME 
CORRECTIONS FOR EMULSIFIED ASPHALTS 

LEGEND: t = observed temperature in degrees Fahrenheit 
m = multiplier for correcting volumes to the basis of 60°F 

I M I M I M 

60 1.00000 90 .99250 121 .98475 
61 .99975 91 .99225 122 .98450 
62 .99950 92 .99200 123 .98425 
63 .99925 93 .99175 124 .98400 
64 .99900 94 .99150 125 .98375 

65 .99875 95 .99125 126 .98350 
66 .99850 96 .99100 127 .98325 
67 .99825 97 .99075 128 .98300 
68 .99800 98 .99050 129 .98275 
69 .99775 99 .99025 130 .98250 

70 .99750 100 .99000 131 .98225 
71 .99725 101 .98975 132 .98200 
72 .99700 102 .98950 133 .98175 
73 .99675 103 .98925 134 .98150 
74 .99650 104 .98900 135 .98125 

75 .99625 105 .98875 136 .98100 
76 .99600 106 .98850 137 .98075 
77 .99575 107 .98825 138 .98050 
78 .99550 108 .98800 139 .98025 
79 .99525 109 .98775 140 .98000 

80 .99500 110 .98750 141 .97975 
81 .99475 111 .98725 142 .97950 
82 .99450 112 .98700 143 .97925 
83 .99425 113 .98675 144 .97900 
84 .99400 114 .98650 145 .97875 

85 .99375 115 .98625 146 .97850 
86 .99350 116 .98600 147 .97825 
87 .99325 117 .98575 148 .97800 
88 .99300 1111 .98550 149 .97775 

.89 .99275 119 .98525 150 .97750 
120 .98500 
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