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| eported by HAROLD W. HANSEN, 

ighway Engineer 

N RECENT YEARS a number of State 

highway departments have established 

ighway control sections * as a means of co- 

sdinating records of the work performed 
1 highways. Among the objectives in- 

olved in such undertakings is the bringing 

gether of construction expenditures and 

i eo, and operation expenditures in 

fashion that will establish a current and 

: ontinuing record of the annual cost of each 
/ ection of highway. 
_ Such cost information, when available 
or the entire highway system, will pro- 

‘ide a wealth of facts concerning the costs 
'f providing road transportation service. 

 )ata pertaining to the annual cost of each 

 \ype of surface, each type of structure, and 

i ther elements of the highway can be made 

vailable as a routine, continuing process 

» a those States operating on a control-sec- 
ion basis. From such information on the 

ost of highways under a variety of condi- 

ions can be obtained the facts useful in 

hort- and long-range planning and pro- 

_vaming, and in numerous types of eco- 

_omie analyses and problems of economic 

ustification. 

, : Annual Road Cost 

- The term “annual road cost” as used in 
. he following discussion refers only to the 

ictual or estimated annual depreciation 

harge plus the annual expenditure for 

naintenance and operation. In accord 

vith present-day accounting practice these 
Wo cost elements would be considered es- 

ential to any method of computing annual 

oad costs. 
; The depreciation charge is a measure of 
he annual capital (construction) cost. The 

 Xpenditure for maintenance and operation 
ndicates what has been spent to preserve 
ae as nearly as possible in its 

riginal condition as constructed or as sub- 
ic ently improved, and for the operation 

T highway facilities and services to provide 

‘isfactory and safe highway transporta- 

Report of the Highway Research Board Committee 

ighway Costs, Memorandum No. 1. Highway Re- 

ch Correlation Service Circular No. 61, May 1949. 

GOVERNMENT PRINTING OFFICE: 1951—911330 

| Determining the Annual Cost 
Df a Section of Rural Highway 

Other elements of highway cost, such as 

interest, taxes, and the like, may be in- 

cluded in the term annual road cost de- 

pending on the use to be made of the cost 

information.? These items have been omit- 

ted from this discussion but could, if needed, 

be added to the costs obtained as described 

here. 

The procedures outlined in this report 

have been discussed with members of State 

highway planning surveys, engineers, ac- 

countants, and highway officials in more 

than 20 States. This material has also 

been discussed by members of the Highway 

Research Board Committee on Highway 

Costs* at the twenty-eighth and twenty- 

ninth annual meetings of the Highway Re- 

search Board (1948 and 1949). The sug- 

gestions and advice received as a result of 

these discussions are gratefully acknowl- 

edged. Special recognition is due the Texas 

Highway Planning Survey for its coopera- 

tion in furnishing the basic data which 

were used to prepare the road cost charts 

exhibited in this report. 

Depreciation 

There are many mathematical formulas 

which can be utilized in computing depre- 

ciation charges. Some of the better known 

include the straight-line, production, com- 

pound-interest, sinking-fund, annuity, and 

fixed-percentage-of-declining-balance meth- 

ods. There are others which are not as 

well known. In spite of the diversity of 

formulas the straight-line method is in al- 

most universal use throughout the United 

2¥For a discussion of this subject, see Costs of high- 

ways to the public and uses of cost computations, Re- 

port of the Highway Research Board Committee on 

Highway Costs: Proceedings of the 24th annual meet- 

ing of the Highway Research Board, 1944; page 1. 

3 The members of this committee are Fred B. Farrell, 

chairman, Chief, Highway Cost Section, Bureau of Pub- 

lic Roads; James A. Foster, Highways and Municipal 

Bureau, Portland Cement Association; Carl E. Fritts, 

Director, Highways Division, Automotive Safety Foun- 

dation; Raleigh W. Gamble, Superintendent, Bureau of 

Street Construction and Repairs, Milwaukee, Wisc.; 

O. L. Kipp, Chief Engineer, Minnesota Department of 

Highways; Bertram H. Lindman, Transportation Con- 

sultant, Washington, D. C.; H. Re Wilson, Fiscal Man- 

ager, Finance and Management Division, Bureau of 

Public Roads; and Robley Winfrey, Research Professor 

of Civil Engineering, Iowa State College. 

BY THE FINANCIAL AND ADMINISTRATIVE RESEARCH BRANCH 

BUREAU OF PUBLIC ROADS 

Following its initial construction, 

highway generates a demand upon current 

every 

revenue for maintenance and operation and 

upon future revenue for rebuilding and 

modernization. In order that this demand 

may be met in a plan that will provide maxi- 

mum service at minimum cost, it is essential 

to have knowledge of annual road costs. 

Such cost information is invaluable for plan- 

ning and programing and, when correlated 

with traffic volumes, weights, surface types, 

and similar factors, is useful in a variety of 

economic analyses. 

States.* The principles of this method have 

been adapted to the determination of an- 

nual road costs. 

For such purposes the funds which have 

been expended (invested) for the construc- 

tion of highways are subdivided into vari- 

ous fixed-asset accounts. There are eight 

such fixed-asset accounts recommended by 

the Subcommittee on Uniform Accounting 

of the American Association of State High- 

way Officials: (1) Right-of-way, (2) road- 

way and drainage grading and earthwork, 

(8) drainage structures and roadway earth- 

work protective structures, (4) roadway 

surface and base (by roadway surface 

type), (5) improved shoulders and ap- 

proach surfacing, (6) bridges, viaducts, 

grade-separation structures, and tunnels (by 

individual structure), (7) traffic and pedes- 

trian services, and (8) roadside develop- 

ment. 

For purposes of an annual cost computa- 

tion, the basic information required for 

each control section includes date of con- 

struction, cost of construction (by fixed- 

asset accounts), amount depleted (or, con- 

versely, the amount salvaged) at the time 

of each subsequent reconstruction, age at 

the time of reconstruction, and other facts. 

As used here, depletion refers to that por- 

tion of the construction investment which is 

lost at the time of reconstruction, aban- 

4Report of Committee on Depreciation, National 
Association of Railroad and Utilities Commissioners, 

1943, page 89. Published by the Association, Washing- 

ton, D. C. 
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Figure 1.—A simple survivor curve, showing the age of the original investment at the time 

of each reconstruction and the amount of capital depleted, and the steps involved in 

deriving the combined straight-line depreciation curve. 

donment, or transfer of the highway to an- 

other authority.° 

This basic information can be used to 

construct for each fixed asset the type of 

graph shown in figure 1A, which was made 

by plotting the percentage of the original 

investment surviving at %, 1%, 2%, ete., 

years of age and then connecting these 

points with straight lines, a standard prac- 

tice in mortality studies of highways. The 

resulting curve shows the survivor history 

of the capital invested in a given year for 

the construction of one of the fixed assets 

(roadway and drainage grading and earth- 

work, drainage structures and roadway 

earthwork protective structures, each road- 

way surface and base type, etc.) comprising 

the highway. Such graphs can be prepared 

for the capital invested in each of the other 

fixed assets, and for additional capital in- 

vested when the highway is subsequently 

reconstructed. The total annual deprecia- 

tion charge for the contro] section is built 

up from data computed from these indi- 

vidual investment survivor curves. 

Depreciation Rate 

To determine the rate of depreciation for 

a fixed asset having the survivor history 

indicated in figure 1A, each depletion is 

treated as a separate unit of property and 

the rate of depreciation for each depletion 

is found. Then the several rates of depre- 

ciation are added together to give the total 

rate of depreciation for that fixed asset. 

This is known as the unit summation 

method*® for applying the principle of 

straight-line depreciation to a _ property 

group consisting of units having different 

service lives. 

Figure 1B illustrates the first step in this 

procedure, that of determining the rate of 

depreciation for the individual depletions. 

The first reconstruction, 5 years after the 

initial construction, caused a depletion of 

15 percent of the fixed asset. Accordingly, 

5 Methods of developing a progressive record of con- 
struction investment are outlined in the Bureau of 
Public Roads Planning Survey Memorandum No. 322, 
June 30, 1939: Further suggestions on the summary 
and tahulation of the road life studies. 

® Depreciation of Group Properties, by Robley Win- 
frey, Iowa Engineering Experiment Station Bulletin 
155, 1942; Iowa State College, Ames, Iowa. 
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15 percent of the fixed asset must be depre- 

ciated over a period of 5 years, which is the 

equivalent of an annual rate of 3 percent. 

Similarly, for the second depletion 65 per- 

cent is depreciated over a 13-year period, 

or an annual rate of 5 percent, and for the 

third depletion 20 percent is depreciated 

over 20 years, or 1 percent per year. 

The manner by which the several rates 

of depreciation are combined to yield the 

resultant rate for the fixed asset is illus- 

trated in figure 1C. During the period from 

age zero to age 5 years, the three separate 

rates of depreciation (3, 5, and 1 percent) 

are added together to obtain a total rate of 

depreciation of 9 percent per year. For 

this 5-year period, then, the total depre- 

ciation was 5X9=45 percent. From age 5 

years to age 13 years two separate rates 

(5 and 1 percent) are added together to 

obtain the total rate of depreciation of 6 

percent per year. For this 8-year period 

the total was 8X6=48 percent. In the final 

period, from age 13 years to age 20 years, 

the total rate of depreciation for the fixed 

asset was 1 percent per year. For this 7- 

year period, the total was 7X1=7 percent. 

The grand total depreciation for ‘the three 

periods (45, 48, and 7 percent) is 100 per- 

cent of the original amount. 

The unit summation method has the merit 

of relating depreciation charges to the serv- 

ice given by each of the units (depletions) 

comprising the group. It tends to reduce 

the underaccrual of depreciation charges on 

short-lived units and the overaccrual on 

long-lived units which is common to certain 

other methods for computing depreciation 

of group properties. 

The example shown in figure 1 illustrates 

a situation in which all of the original fixed 

asset has been depleted. Comparable situa- 

tions usually do not exist on highway con- 

trol sections since much of the original in- 

vestment (roadway and drainage grading 

and earthwork, for example) has not been 

depleted. For this undepleted capital it is 

necessary that the remaining life expect- 

ancy be estimated. Indications of service 

life may be obtained from the analysis of 

construction investment retirements, a phase 

of the road life studies being conducted by 

the State highway planning surveys in co- 

operation with the Bureau of Public Roads. 

The share of construction costs w 

may properly be charged to a control see 

during a given year is found by adding) 

gether the depreciation charges which }} 
been computed for that year for all} 
provements built within the control see) 

These figures in turn are made up of ac 
or estimated depreciation charges for} 

individual fixed-asset accounts comprit 
the improvement in accordance with 

methods outlined above. 

Forms for Computations 

Depreciation computations can be gret 

facilitated by the use of well-desigi 

forms. A form which provides for all } 
sible adjustments to depreciation rates 1 

for all future additions of data may) 

come unnecessarily complicated. A simi 

form will usually prove more desirable ; 

though it may require the occasional p} 

aration of a new depreciation sheet for 

control section when an appreciable revi 

is caused by later reconstruction. 

Forms 1 and 2, shown in figure 2, 

examples of the type of form used for i 

puting and summarizing depreciation 

for control sections and are shown in 

report for illustrative purposes only. 

facilitate comparing the cost of one sec 

of road with the cost of any other, these js 
ticular forms provide for showing depri 

tion as an annual charge on a per-mile I 
for any selected segment within the cot) 

section and for the contro] section 

whole. It will be noted also that t: 

forms provide for adjusting depreciti 

charges to a common price level in ©! 

that all costs may be expressed in tern 

dollars having approximately the same 

chasing power. 

Correlating maintenance and operéi 

expense with depreciation charges ca’ 

readily undertaken in those States that } 

established control sections since this isi 

of the basic functions of the control sel 

procedure. In the same way that de 
ciation charges are adjusted to a com! 
price level, maintenance and operatiore® 

pense is adjusted by means of a mainten 

price index to a common price level. 

same base periods should be used for 
the construction and maintenance ) 

indexes. 

Form 38 (fig. 2) is an example of a { 

for summarizing depreciation charges! 

maintenance and operation expense ‘ 

per-mile basis for a given control se¢ 

This particular form is for illustrative} 

poses only and should be designed in | 
instance to fit the needs in a given & 
For example, bridge data are not recc 

on form 3, but may readily be include 

desired. 
The annual road cost per mile for 

control section is obtained by adding 

total annual depreciation charge per 

for the control section and the corresy! 
ing maintenance and operation expenst 

mile. P 

i 
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FORM 1.—CAPITAL DEPRECIATION WORK SHEET 

CONTROL SECTION LENGTH: 

SEGMENT NUMBE 

BO GHWAY CST STGP ieee TOTAL.... 
CONTROLISECTION ING, SS URBAN....... 
FAXEO=ASSET, ACCOUNT oS RURAL: 

ROADWAY J'6:¢,——____. 2 
BRIDGES... 

3 

TERMINI OF SCGMENTS WITHIN CONTROL SECTION 

| 

- 
| 

p 

NET LENGTH 
5 ORIGINAL PRICE SERVICE 
2 > ST: ENGTH | DI Zls/e COST: L E PLETED INDEX LIFE; 
BIZ\L DEPLETED: i] PER MILE; FOR 
iE iS AMOUNT MILES YEAR CON- AVG. FOR 
= ¥ Hee ANO AMOUNT ACTUAL STRUCTED YEAR CON- 
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ANNUAL AVERAGE DAILY TRAFFIC VOLUME 

TOTAL VEHICLES PER YEAR 

WEIGHTED AVCRAGE ANNUAL COST PER VEHICLE-MILE (RURAL ) 

—__ 

Figure 2.—Forms for com- 

puting and = summarizing 

depreciation charges and 

for summarizing annual 

road costs. 
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1940 population of County was 83,202. Principal cityin county 1s Brownsville U9¢0 pop- 
ulation was 22,803). 

Weighted Traffic for Section 
Trucks and 

Passenger 

Car Traffic 

Passenger Cars 

Trucks 

Total 

Figure 3.—Log record of project construction and retirements for Texas control section 39-6. 

At the bottom of form 8, space should be wide and consists of a 1-inch limestone a number of manufacturing establishme; 

provided for special computations. One  rock-asphalt mat on an old portland cement in the county, some of which depend on le} 

such possible computation is the cost per concrete base, crops for raw materials. Many of these} 
vehicle-mile, as shown on the form. Others Although agriculture plays a dominant tablishments rely upon motor carriers) 

may be entered on the form at the discre- role in the economy of the county, one-half support their operations. The area also) 

tion of the highway department to show of the population lives in urban areas. In- a modest tourist trade. Average traffic 

trends in the annual costs of the control terurban bus service is scheduled at fre- control section 39-6 was 3,389 vehicles * 

section in relation to other factors. quent intervals along this route. There are day in 1936. Following a wartime dee 

Annual Road Cost Data 

As an example of annual cost determina- 

tions, a highway in Texas is here consid- 

ered. Figure 3 shows one of the construc- 

tion project log records prepared by the 

Texas State Highway Department for con- 

trol section 39-6 on a portion of U S 83 

in Cameron County, the southernmost 

county in the State. This control section 

begins at the west county line and extends 

eastward to the intersection with State 

Route 96 in the city of Harlingen. The 

total length of the control section is 10.292 

miles, but only the rural portion of 8.705 

miles is embraced in the following dis- 

cussion. 

A view of the roadway looking to the west 

from just inside the city limits of Harlingen 

is shown in figure 4, and another part of 

the control section is depicted on the cover. 
The existing three-lane surface is 32 feet Figure 4.—View of the eastern end of Texas contro! section 39-6. 
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r 
® in 1948, the average traffic increased 
5,542 vehicles per day in 1948. 
Annual] roadway costs for an average mile 

-eontrol section 39-6 are shown in the 
per left portion of figure 5. In this il- 

‘tration all costs have been adjusted to a 

37-41 price level. Bridge costs were 

jitted from the computations of costs, but 
jild be included, if desired, with no change 

ithe general procedure. 

'The annual depreciation charges, as ob- 

ined from the investment study, extend 

Hck to 1924. Data on maintenance and 

eration expense, however, date back only 

{ 1936. The State’s control-section setup 
is not in full operation before that date, 

d maintenance and operation expense 

ald not be correlated with construction 
fists for the years prior to 1936. Conse- 
(ently, the data presented in figure 5 begin 

th the year 1936. 

Only the total annual depreciation and 
je total maintenance and operation expense 

~ 

VEHICLES 

osecenecececete 
Secececes 
sintetsteteteeaeten 
‘a! enote OO 

JB! “Ic ROADS e Vol. 25, No. 7 

SMM Yi Y
j 

WWW WIM: 

are shown in figure 5. Similar charts could 
be prepared for each of the fixed-asset ac- 
counts, if desired, by selecting the appro- 
priate data from the annual road cost work 
sheet for the control section. 

For purposes of general illustration, an- 

nual average daily traffic information has 

been obtained for control section 39-6, and 
an annual cost per vehicle-mile computed. 
These data are also shown in the left side 
of figure 5. The true significance of such 
a trend for a particular control section can, 

of course, be properly appraised only after 

consideration and study of many factors, 

such as composition and type of traffic, fre- 

quency of heavy axle loads, subgrade condi- 

tions, degree of maintenance afforded, and 

type and width of surface and shoulders. 

Cost Trends 

In order to smooth out the somewhat er- 

ratic trends characteristic of these data 

ANNUAL COST PER MILE 

1 

ANNUAL BASIS 

when presented on an annual basis, averages 

for a group of years may prove more use- 

ful. The right side of figure 5 shows the 

annual cost data for control section 39-6 on 

In this case 

the 5-year averages are plotted at the last 

year of each 5-year group. Thus, the aver- 

age for 1936-40 is plotted at 1940, and-so 
on. The trends are more apparent when 

the data are arranged this way, thus mak- 

ing them more acceptable for general ad- 

ministrative use. The average annual daily 

traffic and annual cost per vehicle-mile, on 

a 5-year average basis, are also shown in 

the right side of figure 5. 

Computations similar to the foregoing 

have been made for other control sections 

in Texas and other States. The annual 

cost per mile, traffic volume, and annual cost 

per vehicle-mile for four additional control 

sections in Texas are shown in the upper 

the basis of 5-year averages. 

1944 

5-YEAR AVERAGE BASIS 

—Annual cost per mile, annual average daily traffic, and annual cost per vehicle-mile, on an annual basis and a 5-year 

auerdge basis, for Texas control section 39-6 (data adjusted to 1937-41 prices). 
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ANNUAL BASIS 
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Figure 6.—Annual cost per mile, annual average daily traffic, and annual cost per vehicle-mile, on an annual basis and a 5-year-e 
age basis, for four Texas control sections (data adjusted to 1937-41 prices). 
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ee 

t of figure 6. Similarly, the 5-year- 

rage annual cost per mile, 5-year-average 

ly traffic, and 5-year-average annual cost 

‘yehicle-mile for the same sections are 

wn in the lower part of figure 6. These 

trol sections, which were selected at ran- 

a, are briefly described in table 1. The 

t data shown here are not necessarily 

¥ resentative of the average cost of these 

pd types and consequently conclusions 

§ uld not be drawn from this small sample 

ito relative cost. 

fhe Bureau of Public Roads has recently 

dlished The Mathematical Theory of Vi- 
iition in Suspension Bridges, a 450-page 

ort of a study undertaken under the 
spices of the Advisory Board on the In- 

tigation of Suspension Bridges. The 

»%k is for sale by the Superintendent of 

cuments, U. S. Government Printing Of- 

i2, Washington 25, D. C., at $1.25 a copy. 

m The Advisory Board, established subse- 
tent to the collapse of the Tacoma Nar- 

ws Bridge in 1940, has sponsored a series 

(investigations seeking to determine the 
‘ases of suspension bridge vibration, to 

velop a rational theory explanatory of the 
enomenon, and to work out methods of 
sign practice which will reduce these dan- 
rous motions. 
The Mathematical Theory of Vibration in 
spension Bridges develops mathematical 

alyses of the dynamic problem and sug- 

sts experimental data needed to support 

The Bureau of Public Roads has recently 

blished a Selected Bibliography on High- 
ty Finance which provides nearly 1,400 

otated references, for the years 1939-49, 

the field of highway taxation and finance 

the United States. Emphasis is placed 

iefly on theory, but basic sources of perti- 
nt statistics are included. The bibliog- 

phy may be purchased from the Super- 
tendent of Documents, U. S. Government 
jinting Office, Washington 25, D. C., at 

cents a copy. 
The search for solutions to the problems 

ae 

Now available is the Bureau of Public 
ads’ Highway Statistics, 1949, the fifth 

| the bulletin series presenting annual 

istical and analytical tables of general 
he st on the subjects of motor fuel, 

dtor vehicles, highway-user taxation, fi- 

BLIC ROADS e Vol. 26, No. 7 

Table 1.—Length, type, and location of control sections 
eR Ba ee ie ee 8 I oR EE Rat Bs oe Beal a a Ses Pt Seg Me a US 
Control Num- 
section Length ber of Surf t i Sb sae urface type Route County Location 

4 Miles ; 
359-1 7.102 2 Bituminous surface | Texas 119....| DeWitt...... From Yorktown south- 
Fate treated. - east toward Goliad. 

— 9.768 2 Bituminous penetration.| US 87....... Tom Green...| From Coke County line 
southeast toward San 

167 ; ; Angelo. 
—2 15.246 12 Bituminous concrete...| US 54....... BOY IM abt gots, inate From El Paso north to 

New Mexico State 
line. 

14-8 10.062 22 Portland cement con- | US 77and81 |} McLennan....| From Hill County line 
crete. south toward Waco. 

14.776 miles adjacent to El Paso were widened to four lanes in 1941. 
* 0.544 mile at the south end was built (1934) as three lanes. 

New Publications 

them. Authors of this highly technical. 

study are Dr. Friedrich Bleich, Consulting 

Engineer, American Institute of Steel Con- 

struction; Dr. C. B. McCullough, Assistant 

Chief Engineer, Oregon State Highway 

Commission; Richard Rosecrans, Structural 
Research Engineer, Oregon State Highway 

Commission; and George S. Vincent, Princi- 

pal Highway Bridge Engineer, Bureau of 

Public Roads. Unfortunately, both Dr. 

Bleich and Dr. McCullough died before their 

work appeared in published form. 

The content of the publication is indi- 

cated by the subjects of the major sections: 
Chapter 1.—History of troublesome dy- 

namic stress effects in suspension bridges; 

a general statement of the dynamic prob- 

lems; the mathematical theory of vibration 

problems. 

Chapter 2.—A general statement of the 

problem and determination of physical data 

needed for its solution. 

currently encountered by all levels of gov- 

ernment in obtaining adequate revenues for 

highway operation and capital outlay has 

intensified the value of all types of infor- 

mation on finance. The Selected Bibliogra- 

phy on Highway Finance is the complete 

key to this need. 

The references in the bibliography are 

arranged according to a useful classification 

scheme under seven major topics—general 

discussions, taxation, expenditures, borrow- 

ing, financial programs and plans, miscel- 

laneous topics, and statistics. Both geo- 

HIGHWAY STATISTICS, 1949 

nancing of State highways, and highway 

mileage. Included for the first time in the 

annual publication is information concern- 

ing the financing of highways by county 

and local rural governments. 

Highway Statistics, 1949 is for sale by 

THE MATHEMATICAL THEORY OF VIBRATION IN SUSPENSION BRIDGES 

Chapter 3.—Frequencies, modes of vibra- 

tion, and energy storage in freely vibrat- 

ing suspension bridges with hinged stif- 

fening frames. 

Chapter 4.—Application of the energy 

method to the analysis of the frequencies, 

modes of vibration, and energy storage 

capacity in freely vibrating suspension 

bridges with continuous stiffening frames. 

Chapter 5.—Influence of various design 

factors on frequencies, modes of motion, 

and energy storage. 

Chapter 6.—Consideration of structural 

damping in suspension bridges. 

Chapter 7.—The flutter theory of truss- 

stiffened suspension bridges under wind ac- 

tion. 
Chapter 8.—The linearized deflection the- 

ory developed for suspension bridges having 

tower stays. 

Chapter 9.—Experimental verification of 

the linearized deflection theory. 

SELECTED BIBLIOGRAPHY ON HIGHWAY FINANCE 

graphical and author indexes are included 

in the publication. 

Brief annotations accompany most entries 

to indicate the general nature of content, 

but evaluation of importance, accuracy, or 

validity has not been attempted. The ref- 

erences were carefully selected, however, so 

that all included are of some significance. 

While the bibliography covers intensively 

the years 1939-49, a limited number of sig- 

nificant references from earlier years are 

also included, as are available items pub- 

lished in the first four months of 1950. 

the Superintendent of Documents, U. S. 

Government Printing Office, Washington 25, 

D. C., at 55 cents acopy. The full series of 

the annual bulletins are available from the 

Superintendent of Documents, as indicated 

on the inside back cover of PUBLIC ROADS. 
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Methods for the 

of Soft Pieces in Aggregate 

BY THE PHYSICAL RESEARCH BRANCH 

BUREAU OF PUBLIC ROADS 

Reported by D. O. WOOLF, Senior Materials Engineer 

The classification of materials in aggregates as “ 

variation and loose definition. 

separately restricted. 

Materials classed as soft pieces in various State 

specifications also include those which more properly should be defined as un- 

sound, light-weight, brittle, friable, highly absorbent, or combinations of these. 

As pointed out in this article, specifications for aggregates should define and limit 

soft pieces as such, and the presence of other deleterious substances should be 

Determination 

soft pieces” is subject to wide 

The study reported here included an examination of existing methods, and 

an attempt to develop new ones, for the determination of the presence and pro- 

portion of soft pieces in aggregate. All commonly known test methods, and many 

specially devised ones, were studied. It was concluded that the only method suit- 

able for both field and laboratory use is the scratch hardness test using a hard, 

yellow brass scribe. For convenience, 

suggested. 

I; 1941 the Bureau of Public Roads 

undertook an investigation of methods 

of testing coarse aggregates to determine 

the content of soft pieces, at the request of 

Subcommittee IX of Committee C-9 of the 

American Society for Testing Materials. 

It was hoped that the results of this inves- 

tigation would direct attention toward the 

development of a new method of testing 

aggregates for soft pieces, or identify exist- 

ing methods which would be suitable for 

this purpose. 

This paper describes the test methods em- 

ployed and gives typical test values which 

were obtained. With each description of a 

method of test are presented the conclu- 

sions obtained from the test data: Whether 

the method appears to be useful, and the 

difficulties encountered in its performance. 

Throughout the investigation, efforts were 
made to develop a method which would be 

suitable for use in the field. It is thought 

that this determination—the detection of 

the amount of soft pieces in aggregates— 

is properly a duty of the inspector in the 

field. Any method which the inspector can 

use can also be performed in the laboratory; 

consequently, the program of the investiga- 

tion was planned with consideration of field 

use as a primary requisite. In some of the 

methods employed, apparatus suitable only 

for use in the laboratory was used. In most 
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a wooden pencil with a brass core is 

of these cases, however, plans were prepared 

for the construction of equipment sufficiently 

portable to permit its installation at aggre- 

gate plants. 

Conclusions 

The tests reported were made in an at- 

tempt to develop a rational method of test- 

ing aggregates for soft-piece content, Al- 

though most tests used standard or readily 

procurable apparatus, some rather fanciful 

or weird contraptions were designed or ac- 

tually constructed for this purpose. On the 

whole, a thorough study has been made of 

all different methods of test which could be 

expected to give information of value. 

Of all methods tried, the only one con- 

sidered suitable for both laboratory and 

field use is the scratch hardness test using 

a hard, yellow brass scribe. For conven- 

ience, a pencil with a brass core is suggested. 

Attention is called to the rather frequent 
practice, in writing specifications for aggre- 

gates, of using the soft-piece classification 

as a catch-all for many different types of 

deleterious substances. If it is desired to 

limit types of deleterious substances other 

than soft pieces, these other types should be 

mentioned specifically and separately, in the 

specifications, from pieces which are merely 
soft. 

Figure 1.—Toughness test for gravel, us 

the 2%-inch ball. 

Classification of Materials 

Prior to starting this investigation | 

methods of test, an attempt was madal 

determine the character of the materi} 

which the various highway authorities el} 

sify as soft pieces. The State highway } , 
partments were requested to submit samy} 

of such soft pieces as are encountered! 

each State, and to furnish information > 

lating to their particular conditions inso} 

as this problem is concerned. The inforti 

tion requested was as follows: 

1. Names of the different materials wh! 

may be classified as soft pieces. 

2. Names of such materials Ae gi 

erally throughout the State or in large ar 

of the State. 
3. Amount of soft pieces permitted 

specifications for pavement surface cours 

4. Method of test or identification u 

by laboratory operators or field inspecté 

5. Names of the materials occurring Fr 

urally which are considered to be objecti 

able for surface courses but which are 

included in the class of soft pieces. 

Replies were received from practically 

of the State highway departments. Mi 

were in sufficient detail, but a few were 

pressed in generalities, or in terms wh 

appear to be of local usage only. F 

the information received, table 1 repor 

list of materials which are classed as “S 

pieces,” the number of States which clas 

these materials as soft, and the numbe 

States which report the materials to 

widely distributed. 

At first glance, many of the mate 

listed in table 1 appear to be included 

the designation of soft pieces by misté 
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ample, granite is placed in the classi- 
jon of soft pieces by two States, al- 

h the word “granite” usually conveys 

BR ensign of a hard and enduring 
e. A number of other apparent incon- 

meies exists. However, some interpre- 

m of these classifications is probably 

inissible. 

nere is little doubt that the inclusion of 
ite in a classification of soft pieces is 

to refer to material of a granitic 

e which has weathered to such an ex- 

that the component crystals are soft 

oorly bonded to each other. Similar in- 
‘etations can be made of a number of 

Bisterials included in table 1 and, in 
oral, most of the materials mentioned 

{be placed in one or more of the follow- 

. Soft. 
Unsound. 

Light weight. 

. Brittle. 

. Friable. 

. Highly absorbent. 

ie 

Pcs 

128 
oO nm 

rae a 2 
Ter 
aanrwnre 

ne materials may be both soft and 

ble, or soft and brittle, or different sam- 

of the same material may be placed 

oerly in separate groups. Consequently, 

lout reference to actual samples, a 

iper grouping of materials by name alone 

s robably not feasible. Certain materials 
: jitioned in table 1, such as brownstone, 
‘ aceous granite, and limonite, are not 
‘Mitified definitely by the names given, al- 
Sagh use of such terms may be justified 
. a limited area where the persons con- 
: ed would have an understanding of their 
Hlication. However, as these terms may 

: be widely used to ‘deseribe materials of 
(nite physical characteristics, some 

ught could be given toward the use of 

‘we descriptive names, or to the establish- 

mt and use of a systematized glossary of 

ions relating to the materials under 

sideration. 
‘faterials classed as deleterious but not 
Usidered as soft pieces by the reporting 

F hority are listed below: 

‘\Ikaline reactive Mica 
{mphibolite Mud balls 

¢ thert Obsidian 

Yhert, opaline Ochre 
/vhert, unsound Pyrite in rock 

‘lay lumps Quartzite 

Yoal Sandstone, hard ab- 

voated material sorbent 
Jolomite, some Sandstone, soft 

: "lint Shale 
¢ Hlassy rock Shale, hard 

iss, soft Shale, opaline cherty 

mb ‘anite Shale, soft 

ay or anite, soft Shale, some 

\s 2¥anite, some Shell 
11a avel, aquartz Slate 

dy fdrophilic rock Sulphates—sulphides, 

Limestone, argil- iron, in rock 

; Thin or elong- 

ated pieces 

Unsound pieces 
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Table 1.—List of materials classed as soft pieces and number of States giving this 
classification or having material widely distributed 

Sen ees ee te en ee Or ns, ag ee 
Number of States— 

Material 

Classify- wide 
ing as soft | distribu- 

tion 

Reporting 

Number of States— 

Material } é 
Reporting 

Classify- wide 
ing as soft | distribu- 

tion 

Basalt, disintegrated 
Brownstone 

Chert, chalky 
Clay balls 1. 8 a ah 
Clay, iron bearing 
CORT Pra ete = CSTR ee 
Concretion, calcareous 
Conglomerate]. 3 sere aaa. 
Dolomite, weathered and porous 
Earth, diatomaceous 

CSCISS SRG ehaehee Ceeie ee cs ot cates 
Gneiss, micaceous............. 
Gneiss, weathered 
Graniterein ne se ree ree 
Granite, decomposed.......... 
Granite, gieintesrateds: 
Granite, micaceous. 
Granite, weathered........... 
Gravel, cemented............. 
Gravel, magnesia............. 
Iron clay balls....... 
TrOMtOMIdGAr Hh ee ey eee. 
Limestone, argillaceous........ 
Limestone, porous 
Limestone, shelly............. RPREN NE REN WR REN RR Re RR Re Re RR REN EN REN REE Oe eH LO RR RE HOR OR BR HOR RE Or OR OR eS 

EIMEStONEG. BOLU tn. awe see 
Limestone, some varieties 
Limestone, weathered 
Limonite 
Marble 
Oechret Sean eee aie Sc, 
Quartz,isugarsiy yo ear 
Quartz, weathered............ 
Rock, aisintegrated.......... 
Rock, weathered........ 
Rottenstone...... 
Sandstoneses isis). Sb 
Sandstone, argillaceous......., 
Sandstone, friable: .........°. 
Sandstone, friable arkosic..... . 
Sandstone, soft 
Schisty., i: (re isnh A eee te 
Schist; somel) = 42. ee 
Schist, micaceous............. 
Schist, tale 

SCOMS tus Sevres ae ee ee 
Scoria, certain grades of....... 
Shale. . LR cate eae 1 
Shale, clay. Men ey are ge me 
Shale, diatomaceous 
Shale, disintegrated 
Onell cp cee ee ae 
Soapstone... 
Volcanic rock, coarse.......... DD DO OL OT RR RR OR NNN WOR Whe wo HOR BR BR HARE RENO OR WK OR KORN EN ENE NWR H 

It is interesting to note, in this list of 

37 items, that 17 are placed in the category 

of soft pieces by other States. This illus- 

trates one of the difficulties encountered in 

attempting to coordinate requirements or 

tests for soft pieces in aggregate. Unless 

there can be some agreement as to what 

constitutes a soft piece, work along the pro- 

posed line may not be of suitable value. 

Table 2 presents a compilation of the 

various State specifications for limitation of 

soft pieces. Most specifications limit the 

content of soft pieces of aggregate to 5 per- 

cent or Jess. In a few cases, limits for spe- 

cific types of soft particles are given, but 

usually the specifications fail to identify the 

materials covered by the requirement. 

Test Methods Reported by States 

The following methods of test to deter- 

mine the content of soft pieces of aggregate 

were reported by the States: 

Number of 
States 

Los Angeles abrasion test......... 10 

Breakage test under roller........ 1 

Waisualeinspectloner seme. ont .rste este 14 

Scratch Mtest tie creas. iiceeen eiete hoes 4 

Hand hammer or compression test.. 4 

Douglass stone meter............ 2 

SOCIO! SEAVIUY ao sce eels whee a 2 

Sfokrlopiiimatihs YO brcon eens Conn et be 1 

Sulfate soundness test............ 2 

IA DSOLDULONMsbESL prams ener stowele loiere rents 6 1 

Flotation by heavy liquid.......... 1 
Gravel impacttest.)...5. saeme-e 1 

Devaleabrasione testes a tate apie 1 

The methods most commonly used are vis- 

ual inspection, the Los Angeles abrasion 

test, the scratch test, and a test by use of 

a hand hammer or compression machine. 

These and the other tests listed are of two 

types—a test in which the individual par- 

ticles are examined separately, and a test in 

which the effect of soft pieces on a charac- 

teristic of the entire material is determined. 

It should be noted that, with the exception of 

the requirement involving the use of the 

sodium-sulfate test, all of the specification 

requirements shown in table 2 necessitate 

the use of the first type of test and, in the 
one exception, this type of test is used in 

part. Consequently, there appears to be a 

strong opinion to the effect that determina- 

tions of the content of soft pieces should be 

based on actual count or weight of particles 

rather than through the use of an indirect 

method involving some characteristic .per- 

taining to the whole sample. 

A number of the States report the use of 

certain methods of test—the Los Angeles 

abrasion test for example—for determining 

Table 2.—State specification limitations 

for soft pieces 

Num- 
Specifi- | ber of 

Item cation | State 
limit specifi- 

/ cations 

| | Percent | 
Soft pieces....... Po : 2 2 

DO meee cane tee : Le 3 3 
Do} aati t2han bets is | 5 4 
Davy tents eA gett 10 1 
Do Se tetee he Free 1 

from 
excess 

Soft pieces, bituminous aggre- 
Paton... sic. ee eee : 1 2 

Soft pieces, concrete aggregate 2 2 
Ds ik eos hore” SA are k 3 1 

Go ageregate:. 6 \ 
2h Jover material . 7 

Soft pieces4 Oi] mix material... 12 { 1 
Stabilized material. 20 } 

A hie gee gue Saar ae a 0.5 ) 
PAL es nce edie 28 ourieky 2.0 1 
(Sp. gr. less than 1.95. Bye 20 ‘ 
Total shale, coal, clay lumps, “and 

soft fragments. Ae oe Pee 5 7 
If loss in Na: SO; test is less | 

than 2 percent, soft shale | 
may not exceed....... ; 10 1 

If loss is 2.0 percent or greater, 
soft shale is limited to...... 6 
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the presence of soft pieces in aggregate, but 

fail to include numerical values in their re- 

ported limitation requirements for soft 

pieces which are applicable to these meth- 

ods. Although the reporting authorities 

may consider the methods mentioned to be 

suitable for use, it is probable that lack of 

sufficient test data has so far prevented the 

establishment of specification requirements. 

Eighty-four samples of aggregates were 

submitted by the States in response to the 

request for typical samples of material com- 

posed of soft pieces. In a number of cases 

the samples were confined, as requested, to 

a given type of material. However, many 

samples were found to be composed of a 

number of kinds of material differing as 

greatly as limestone and gneiss. It is pos- 

sible that the request for samples composed 

wholly of soft pieces was misunderstood, 

and that some samples were submitted which 

contained a small amount of soft pieces as 

it naturally occurred in these materials. 

From the number of varieties of ma- 

terials submitted as representing soft pieces, 

it is apparent that there is no concordance 

of opinion as to the kind of material which 

should be thus described. It is further ap- 

parent that the term “soft pieces” is used 

as a catch-all description of a number of 

different types of possibly undesirable ma- 

terial in aggregates. Prior to spending 

much time in testing materials, it was real- 

ized that some rational conception must be 

formed of the type of material to be identi- 

fied by the test procedure. Choice must be 

made between the application of the term 

“soft pieces” to pieces of aggregate which 

are actually soft, or the application of the 

same term to pieces of a wide variety of 

characteristics. Although the latter may 

be undesirable for use in construction, this 

is their only common feature. As shown in 

the samples submitted, these pieces may be 

hard or soft, tough or brittle, sound or un- 

sound; in fact, they include the whole gamut 

of physical properties of aggregates. To 

this question of choice, there can be but one 

answer: If these tests are to identify soft 

pieces, the only problem to be considered is 

whether the piece under test is hard or soft. 

During the course of this investigation, tests 

foreign to a strict hard-or-soft determina- 

tion were made. In these tests it was hoped 

that some correlation between the hardness 

of the particle and some other characteris- 

tic of interest could be established. As a 
general rule, the results were rather dis- 

appointing. Although in some cases, with 

selected samples, definite correlations were 

found between the hardness and some other 

characteristic of a material, when a wider 

variety of samples was considered the agree- 

ment between the two characteristics ap- 

peared to be largely a matter of chance. 

Classification of Test Methods 

The tests made in this investigation may 

be grouped in the following classifications: 

1. Visual inspection. 

2. Scratch hardness. 

. Specific gravity and absorption. 

. Resistance to impact. 

. Resistance to abrasion. 

. Resistance to static loads. 

. Soundness. HT Sy OS OD 

In some cases, the tests were made on the 

material as received; that is, without pre- 

liminary separation into individual] sizes. 

In most tests, however, the size of the piece 

affected the test result to a marked extent, 

and it was necessary to sieve the test sample 

into separate sizes. The sizes generally 

used were 2- to 1%-inch, 1%- to 1-inch, 1- 

to %4-inch, and %- to %-inch. Pieces 

smaller than 44-inch were found to be diffi- 
cult to test by some methods, and it was 

thought that it would be sufficient, for the 

present at least, to study methods of testing 

the larger pieces only. 

In the first series of tests made on the 84 

samples submitted by the State highway de- 

partments, the samples were separated into 

three groups with respect to hardness of the 

material: Soft, hard, and borderline. This 

was done by a combination of visual inspec- 

tion and the use of a scratch test employing 

a steel knife. It was realized that these 

methods are not dependable for separating 

any and all materials into hard and soft 

classifications. However, they can be used 

to separate unquestionably soft material 

from unquestionably hard material. The 

materials that were found to be neither 

hard nor soft were classified as borderline 

materials and excluded from further tests. 

Visual inspection of aggregates for the 

presence of soft pieces is associated with 

what might be called the luster or appear- 

ance by reflected light, and the degree of 

Table 3.—Use of the absorption test for the identification of hard and soft materials 

Item 
Size of pieces 

| 2- to 114-inch | 114- to 1-inch | 1- to 34-inch | 34- to %-inch 

Sort MATERIAL: 
Number of samples 4 30 31 20 
Absorption: 
Minimum percent. . | 2.6 2.6 3.2 4.3 
Maximum ..do / 23.4 30.1 29.0 30.9 
Average FiO dane 11.5 12.8 14.4 18.2 

HARD MATERIAL: 
Number of samples ate | 6 22 22 10 
Absorption: | 
Minimum percent 1.4 0.5 0.6 | LS 
Maximum wok val ig Cee | 11.3 11.3 / 11.0 
Average . SdO25 4.7 Vay | | 3.0 | 8. 
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bonding. Pieces of aggregate with a gh 

or stony luster are usually classed as hig 
those with a dull or earthy appearance 
classed as soft. Compact materials | 

usually placed in the hard classifica) 

while those which have a loose or frij 

texture are considered as soft. 

Specific Gravity and Absorpt 5 

Tests for bulk specific gravity were 

on saturated and surface-dry samples u 

the mason jar pycnometer.* This dé 

mination does not appear to have any} 

nificance in differentiating between } 

and soft pieces. Seven samples of hard) 

terials had bulk specific gravities var. 

from 1.62 to 2.55; five samples of softh 
terials varied from 1.48 to 2.57; eight | 

ples classed as borderline materials vEl 

from 2.11 to 2.59. Since there is so 1 

overlapping, use of the test for spi 

gravity to identify hard and soft pieces % 

not appear feasible. 
The absorption test was made byt 

mersing oven-dried samples in water f 

period of 24 hours. The samples were 

surface-dried with a towel and weighed} 

the absorption expressed as .a perceri 

of the dry weight. A summary of th) 

sults obtained is given in table 3. In) 
table, as in others to follow, each siz 

each material tested is treated as an } 
vidual sample. This permits compart 

between the two types of material, | 

and soft, for each size of piece. Alth 

the average values for the two types o 

terial differ markedly, there is some 

lapping in the test values. In the 1-t 

inch size, for example, one sample of 

material had an absorption of only 3.2 

cent, whereas a sample of hard ma 
had a quite high absorption of 11.3 per 

Because of this overlapping, it is not 

sible to set a value separating hard 

soft material and this method is of 

use for the identification of soft part 

Impact Tests 

A number of different types of in 

tests were used in this investigation. 

one which is believed to have the 

promise is the test for the toughnes 

gravel.” As shown in figure 1, the é 

ratus used in this test consists essen 

of a 24-inch steel ball mounted on a 

block to serve as an anvil, and another 

ball of the same size which can be lif 

a maximum height of 7 inches and al 

to fall on the specimer under test. D 

the course of this investigation, certai 

provements in the original apparatus 

made so that the ball could be droppe 

exact distance desired with but one 

urement of the thickness of the spec 

under test. 

1 Described in Principles of Highway Const 
as Applied to Airports, Flight Strips, and other 
ing Areas for Aircraft, Bureau of Publie Roads 
1943. p. 297. 

2 Method T-6-27, Standard Specifications for 
wau Materials and Methods of Sampling and T 
1938; American Association of State Highway O 
p. 152. This method has been withdrawn by the 
ciation. 
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if), making this test, the specimen was 
‘§~ on the anvil in its most stable position, 
gully with the least dimension vertical, 
‘fy the movable ball dropped on the speci- 

fy, from a height of 1 inch. The height 
‘(fall was increased 1 inch after each blow 

il the specimen failed or until it with- 

ida drop of 7 inches. Under normal con- 
M jms, a test sample containing 50 to 100 
gies of the same sieve size was used. An 

“pirical value for each sample was ob- 
ifaed by multiplying the number of pieces 

feh failed by the square of the drop, in 
jes, at which they failed, and dividing 
ysum of these values by the total number 

Wieces tested. For the purpose of this 

wijeputation, pieces which did not fail at a 
39 of 7 inches were assumed to fail at a 

sit) of 10 inches. This value, called the 
yiothness factor, can vary from a minimum 

f to a maximum of 100. 
“a he results of these tests are shown in 

e 4, Although higher toughness factors 

e found for the hard materials than the 
, there is a considerable amount of over- 

wading of the two sets of values. It is 

jajarent that the toughness test for gravel 
yas not separate hard from soft material. 

‘Mer a review of the detailed records of 

test, it appears that the falling ball is 

ih too heavy to separate soft pieces from 

d but brittle pieces. Furthermore, when 
yt brittle piece fails, the fracture is ap- 

bent, but many pieces of soft material 

\@y fail without the break being seen from 
sve as the operator would normally view 

|specimen. This results in the soft piece 
Dig given a higher rating than it should 

e, thereby decreasing the value of the 

‘ll 

zm!) 

et 

jn an attempt to correct these difficulties, 
Aither toughness apparatus was made 

flag a steel ball of 1%-inch diameter. For 

tain sizes of particles, the 17-inch ball 
s found to furnish more indicative test 

ip 

Table 4.—Use of the toughness test (21%-inch ball) for the identification of 
hard and soft materials 

Item 

2- to 14%-inch 

Size of pieces 

Sort MATERIAL 
Number of samples 
Toughness factor: 
Minimum 
Maximum 
Average 

HARD MATERIAL 
Number of samples 
Toughness factor: 
Minimum 
Maximum 
Average 

3 

aco 

14%- to l-inch | 1- to 34-inch | 34- to 14-inch 

28 29 20 

Ae | 250 1.0 
46.2 16.9 5.7 
20.5 7.9 235 

23 23 10 

0 4.5 2.9 Le 
0 67.2 32.0 10.3 
3 29.8 i Ue! 3.8 

results than the 2%-inch -ball, but the con- 

clusion was reached that to test aggregate 

of a complete range in size from 2- or 2%- 

inch to %%-inch, at least three toughness 
testers of different sizes should be used, and 

each size used to test material of a definite 

and narrow range in sieve sizes. As time 

to develop these testers and correlate the 

test results of each was not available, fur- 

ther consideration of the use of this type 

of apparatus was deferred. 

Rotary Soft Stone Machine 

Another type of impact test tried involves 

the use of the rotary soft stone machine 

shown in figure 2. This machine consists 

essentially of a cast-iron disk revolving in 

a horizontal plane inside a vertical steel 

drum made of %-inch steel plate. The disk 
is 29 inches in diameter and the drum has 

an inside diameter of 33% inches. Ribs on 
the upper surface of the disk form pockets 

to catch the material fed on the disk through 

a sheet-metal cone, and to throw these pieces 

against the steel drum. Another cone below 

the disk serves to collect the sample and 

lead it to a pan in which the tested material 

can be inspected. The disk is powered by 

a variable-speed motor and can be operated 

at speeds from 110 to 200 r.p.m. In these 

tests, the fastest speed was used. The test 

was conducted on individual sizes of aggre- 

gate. The weight of the test sample was 

determined, and the pieces passed singly 

through the machine. After all pieces had 

been tested, the sample was sieved on the 

original retaining sieve, and the weight of 

material passing this sieve expressed as a 

percentage of the original weight of the 

sample. 

The results obtained with the rotary ma- 

chine are given in table 5. These results 

indicate the same conditions as were found 

for the falling-ball apparatus. Hard but 

brittle material as well as soft material is 

readily broken in the rotary machine, and 

it does not appear possible to separate 

truly soft pieces from others with this type 

of test. 

Hand-Hammer Tests 

Several other types of impact tests were 

tried. In former years, a hammer test was 

occasionally used to identify soft pieces. Al- 

though the application of a hand hammer 

involves a number of intangible conditions, 

it was believed desirable to include this test 

in the investigation. The hammers used 

varied from a 2-ounce tile-setter’s hammer 

to a stone-mason’s hammer with a 2-pound 

head, as shown in figure 3. Several dif- 
ferent types of technique were used. In 

one, the hammer was allowed to drop with- 

out bending of the wrist; in another, the 

hammer was swung by movement of the 

wrist only; in a third, the end of the ham- 

mer handle was placed on the table and the 

hammer head allowed to fall through an are 

of about 8 inches. The tile-setter’s hammer 

has one flat and one sharply beveled end. 

With this hammer, one method included a 

free swing of the arm, with the flat face 

striking the piece under test. In another 

application of the same small hammer, the 

beveled end was used to peck at the test 

specimen to determine whether or not the 

material could be flecked away or cut by 

Table 5.—Use of the rotary soft-stone machine for the identification of hard 
and soft materials 

2h Je ee a Ea a Se eS aS 

Size of pieces 

Item 

2- to 14-inch | 144- to l-inch | 1- to 34-inch | %4- to 44-inch 

: = : - ee ae 

Sort MATERIAL 
3 

Number of samples.........---.+s ee reeeees 3 25 28 18 

Loss: 
7 z j 

ini pe tans Percent, = 13.5 2.5 2.5 1.4 

epee EN ae ho ; ue ithe 22.0 29.9 21.4 20.8 

Average tah calles en reid (ORs Pace 19.0 11.2 10.4 9.6 

HARD MATERIAL . ‘o me 

Number of samples......--.---+++-+s0007> 5 ¢ 2 « 

Loss: 
. wie 

ATTA ee ee he he es sez ercent. . 1.0 2.0 2.5 1.4 

ewan Prey By etal Ab ie ee 24.0 19.5 32.0 34.2 

fea iN eM 0 daa sale 1.8 10.3 9.9 11:6 

ee 
ee 

Ce en a Leen ae eee a 
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Figure 3.—Hammers and _ scribes used in 

soft piece test. Left to right: 2-pound 

stone-mason’s hammer, 1-pound tinner’s 

hammer, 8-ounce _ tinner’s 

2-ounce tile-setter’s hammer, brass 

scratch pencil, knife, and rubber mallet. 

hammer, 

light taps. Consideration was also given 

to the type of failure of a specimen under 

blows of a reasonably heavy hammer. It 

was thought that if the material were soft 

it would crush under the hammer, produc- 

ing a large amount of powder with rela- 

tively few large fragments; hard material, 

on the other hand, would break to sharp- 

edged fragments with relatively little pow- 

dering. Of all these hand-hammer tests, 

none gave satisfactory results, and this type 

of test was discontinued. 

Consideration was then given to an im- 

pact test using as the striker an article 

which would deform around the piece under 

test but still transmit stress to it. The 

articles considered for this application were 

a device known in some circles as a black- 

jack, and a mallet with a rubber head such 

as is used in removing dents from automo- 

bile bodies. A blackjack having a leather 

ease filled with lead shot was tried, but 

after a few tests the leather broke and fur- 

ther consideration of this was discontinued. 

For a few very soft materials, the rubber 

mallet gave satisfactory results, but mod- 

erately soft materials of l-inch size or 

larger could not be crushed with the mal- 

let. This test was also discontinued. 

Compression Tests 

The suitability of a compression test to 

identify soft pieces was tried. A small ap- 

paratus known as the Douglass’ stone 

meter * has been used for such a test, but 

the maximum load specified is only 75 

pounds and this load will crush only the 
weakest specimens. This apparatus is 

shown in figure 4. The use of a hydraulic 

compression testing machine was then pro- 

posed. In the method considered, an at- 

tempt was made to apply load to the par- 

ticle through %-inch steel balls. For pieces 
of irregular shape, this was very difficult 

to perform, and flat-faced steel cylinders of 

%-inch diameter were substituted for the 

balls. The pieces under test were ground 

on a lap to secure bearing faces, and were 

tested with the least dimension in a verti- 

% Douglass stone meter described in Method T-8-24, 
Standard -Specifications for Highway Materials and 
Methods of Sampling and Testing, 1938; American 
Association of State Highway Officials, p. 154. This 
method has been withdrawn by the Association. 
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cal position. Load was applied at a slow 
but predetermined rate and failure deter- 

mined to the nearest 10 pounds. Each 

sample tested contained from 20 to 100 

pieces. 

The results obtained are given in table 

6. It will be observed that no well-defined 

separation between hard and soft materials 

is obtained. Study of the pieces under load 

revealed one interesting feature. In test- 

ing one material—a shale which occurs in 

rather thin pieces—it was noticed that the 

portion of the piece not in contact with the 

loading cylinders fell away at a relatively 

low load, but the material between the load- 

ing cylinders became more compact as the 

loading continued. In one case, this ma- 

terial was loaded to 35,000 pounds or al- 

most 180,000 pounds per square inch. It is 

apparent that this type of loading is unsuit- 

able for thin specimens of soft material and 

that the test does not separate hard from 

soft material. 

Freezing and Thawing Test 

The freezing and thawing test was used 

to determine whether any relationship could 

be established between the results of this 

test and the hardness of the materials con- 

sidered. The samples were immersed in 

water for 24 hours prior to freezing, frozen 

at about 15° F. in water, and thawed at 

about 80° F. A 24-hour cycle was used. 

After 10 cycles of the test, the samples were 

examined. With only a few exceptions, this 

short test failed to differentiate between 

hard and soft materials. The test was then 

resumed for another 10 cycles. After the 

twentieth cycle, the samples were dried, 

Table 6.—Use of the compression machine for identification of hard and soft materia 
(load applied through flat faces of 44-inch diameter ) | 

sieved on a sieve with openings he 

linear dimensions one-half the size of ' 

in the original retaining sieve, and 

material passing the sieve expressed 

percentage of the weight of the ori 

The half-size sieves were 

rather than the original sieves to pri 

the inclusion, in the loss, of those 

which might pass the original reta 

sieve due only to minor flaking or chip 

Results of these tests are given in tal 

sample. 

Figure 4.—Douglass stone meter in use 

the rig 

with the 1%-inch and 2%-inch bal 

ht are the toughness mac 

Size of pieces 

Table 7.—Use 

Item 

2- to 14-inch | 114- to l-inch | 1- to 34-inch | 34- to %- 

Sort MATERIAL 
Numberof samples: aah ates meee earns ae 4 9 20 
Compressive strength: 

Muni Oe ate ets eels Ibias ts 540 120 12¢ 
IM A Xirn WT cee et dys oe ee ore dase 2,910 2,970 2,770 3, 5B 
AVerage hehe nae eet ee et eee dossen 1,840 1,270 860 1,016 

HARD MATERIAL 
Number’ ofisam ples. eur cat ote see 5 10 13 
Compressive strength: 
Minimum 6s ee. ae ee Drew e 500 860 690 48( 
Maximum fet. o5< ser acer ee dasa ti 3,460 2,950 3,250 1,29 
AN OTA ges yy +. kn 44k atin Se ee do... a 1,890 1,830 1,750 ; 

of freezing and thawing (20 cycles) for identification of 
hard and soft material 

Size of pieces 
Item 

| 2- to 149-inch | 144- to 1-inch | 1- to 34-inch | 34- to 

Sort MATERIAL | 
Wimmiber of:samples\ss,. «1.4.05 55s 44. Ree 1 12 21 11 
Loss passing 4-size sieve: | 
Minimum 82) fone teas ee DEvGent hi ciqse «ap 3.1 5.0 9.4 
Maximum: Serf ooeeea tt obo ae do. ect. 92.8 93.0 92.2 
Average == Ey Coste coe eee do 9.2 26.1 42.5 51.8 

HARD MATERIAL 
Number ‘of: samples.) 4/2 a. oe <a 9 ue ee 4 11 14 3 
Loss passing 14-size sieve: 

Minimum) se he tne oe eee percent. 227 0.6 0.4 5.4 
Maxtmum'’y. 34:5. eek eee ee dan. Ace 31.6 18.2 51.4 25.3 
AVELOTE: FR. peek ae ee do. 173 ) 5.0 11.4 13.1 
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Bee cratie overlapping of test results 

ound, but the average values are sep- 

ed so widely that they indicate some 

ibilities in the use of this method for 
identification of hard and soft aggre- 

ss. The main objections to this test are 
length of time required and the expense 

nonportability of the apparatus. The 

‘appears to be of some value for use in 

larch investigations, but it hardly seems 

able for a routine testing procedure. 

| wision of the Compression Tesi 

’ hortly after this investigation had been 

ted, the entry of the United States into 

‘1d War II required that the work be 

W@ontinued. Due to lack of storage space, 

Lf a few of the samples originally re- 

“Bed were kept intact and, consequently, 

itable correlation between the two por- 

s of the investigation cannot be estab- 
2d without repeating a large amount of 

Then the investigation was resumed in 
|we), a Study of the then existing data indi- 

ngi'd that possibly a fair trial had not been 

: gin to the compression test. In the pre- 

is work, plane and approximately paral- 

‘faces had been ground on each piece 

if@ed, and the pieces loaded between flat- 

asd cylinders of %-inch diameter. The 

lar of grinding faces on 50 to 100 pieces 

tach size in each sample tested was con- 

weflred objectionable, and some means of 

) wing pieces of any shape without prelim- 

eiity grinding was sought. Trials were 

wile of a number of different types of load- 
(i devices. After considerable work, a 

| WGling device consisting of a single-point 

er contact and a three-point lower sup- 

3 was adopted. As shown in figure 5, 

upper contact consists of a short steel 

of %-inch diameter, with a hemispheri- 
end, which is fastened to the spherical 

ring block of a hydraulic cube-testing 
vithine. The lower bearing consists of 

Sew " 

three '%-inch diameter steel balls grouped 
together so that their surfaces are in con- 
tact, and welded to a small steel base. With 
this loading and support arrangement, most 
pieces of both regular and irregular shape 

can be placed in a stable position for the 
test. 

To obtain values for use in identifying 

pieces of hard, sound aggregate, several 

hundred pieces of each size of three differ- 

ent materials were tested and the breaking 

load of each piece determined. From the 

data obtained, the following loads were se- 

lected as indicating hard materials: 

Size of piece, Load, 
inches pounds 

Seek lO motte dS par, Sethe, Ae 200 

OL PLO as TEI ee ey, Oe, Ses ee 350 

APA COB SAE I ye eee Oe ee 500 

COUN ITE GRO Hn sia SoRe eet 750 

LAO RELO es DRE nc Msn dr con oes le 1, 100 

2D BLOM Uo 6. amici res Sun iar nears 1, 500 

Tests of Commercial Gravels 

With the establishment of these tentative 

acceptance values for hard material, it was 

believed desirable to conduct tests on a 

number of different materials to determine 

whether the test would be found satisfac- 

tory. Only a few of the materials obtained 

in 1941 were still available, and these had 

been sampled so extensively that complete 

ranges in size of particle could not be ob- 

tained. To obtain samples for further 

tests, the National Sand and Gravel Asso- 

ciation was requested to furnish samples of 

commercially produced gravels which would 

contain some soft material. To the sam- 

ples received from the Association were 

added a number of gravels which had been 

submitted to the laboratory for routine 

tests. These samples were tested for soft- 

piece content using the compression test de- 

scribed above, the 20-cycle freezing and 

thawing test, and the Los Angeles abrasion 

test. In the last test, determinations of the 

Table 8.—Soft-piece tests on commercially produced gravels 

‘ 

Los Angeles abrasion test | Compression Freezing 
test: and thawing 

Sample No. | Percentage of test: Loss after 

Loss at 100 Loss at 500 Ratio of soft material, 20 cycles 

revolutions revolutions losses } | by weight | 
: ees ee ee , aS gare 5 

Percent Percent Percent Percent ercent 

6.0 28.1 21.4 nl 27.4 
4.9 24.2 20.2 10.4 
4.4 Doni 19.4 | 10.3 

8.1 32.6 24.8 9.1 

5.4 AEG) 19.8 | 9.3 

4.2 Zann Tso 4.8 

4.6 23.8 19.3 1.5 

5.6 23.6 23.7 iW! 42 

7.3 26.4 VA (EH | 11.0 

5.6 23.3 24.0 17.0 

4.2 25.0 16.8 : 17.2 

ae ae 6.1 27.8 21.9 20.4 

5.6 26.5 21.1 15.6 11.2 

7.6 30.7 24.8 24.5 19.7 

Beth vst ese. 5 5.4 26.3 20.5 | 19.5 6.5 

| 5.7 DA Pa 21.0 2128 5.7 

4.1 21.3 19.2 14.4 7.6 

6.5 29.0 22.4 26.2 8.4 

5.3 26.6 19.9 2307 3.8 

8.5 32.9 25.8 23.1 12.7 
oe eee 6.8 30.8 PEN 18.8 8.9 

6.4 31.8 20.1 38.9 21.3 

ae 7.4 32.4 22.8 29.8 29.2 
Ee 6.8 29.6 23.0 14.0 4.1 

(68779 5.8 25.5 22.8 23.7 2.4 
ee 6.6 30.3 21.8 17.6 oP 
i— 

25 
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)) ‘Ratio of loss at 100 revolutions to loss at 500 revolutions. 

Figure 5.—Compression test for soft pieces, 

using a three-point support and a single- 

point load-bearing contact. 

percentage of wear were made at 100 and 

500 revolutions and a ratio of the losses 

used as an expression of the amount of soft 

material in the sample. 

The results of these tests are given in 

table 8. Inspection of the results discloses 

immediately that there is little agreement 

among the indications of the three methods 

of test. For some few samples, all three 

methods show the presence of appreciable 

amounts of soft material. In most cases, 

however, the three methods give different 

results. One reason for nonuniformity 

among the three methods is the variance of 

the unit of failure on which the test result 

depends. In the compression test, the pieces 

of. the sample are tested separately, and the 

whole piece is discarded if it fails to meet 

the conditions of the test. In the Los An- 

geles abrasion test and in the freezing and 

thawing test, it is entirely possible that only 

a portion of a given particle may be in- 

cluded in the loss. Consequently, it is doubt- 

ful that any satisfactory agreement among 

different methods of test can be established 

unless the unit of failure is the same in 

each case. 

Consideration of the values obtained in 

the compression test shown in table 8 indi- 

cates that the limits set for the identifica- 

tion of hard pieces are probably too severe. 

A review of the individual test results for 

each sample shows a very high percentage 

of failures in the smaller sizes of piece, and 

also an excessive percentage of failures for 

pieces which tend toward a flat shape. In 

this test, the point of application of the 

load is normally above a point equidistant 

from the point of support of each of the 

three balls in the lower bearing. With thin 

or flat pieces, this could result in flexure of 

the piece under test, and the failure would 

be by bending instead of by compression. 
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Review of Methods of Test 

Late in 1946, several new methods of 

testing aggregates for content of soft pieces 

were suggested. These new methods in- 

cluded a scratch test using a scribe of yel- 

low brass, and two abrasion tests. In one 

of the latter, the sample was placed in a 

canvas bag with a charge of steel balls and 

the bag dropped on or swung against an 

anvil a given number of times. In the other 

abrasion test, the sample alone was placed 

in a bag and subjected to blows delivered 

by a rubber-headed mallet, freely swung 

as shown in figure 6. In trying these meth- 

ods, it was considered desirable to include 

in the program of tests some of the methods 

which had previously been used. 

Figure 6.—Bag and mallet test for soft 

pieces. 

The material used in these tests consisted 

of quartz gravel of a reasonably uniform 

hardness to which was added definite quan- 

tities of soft stone or gravel obtained from 

the remnants of the samples received in 

1941. It seemed possible that the test oper- 

ators might be influenced by the color of 

the different pieces and would unconsciously 

classify them on this basis, and suggestions 

were made that all the material be dyed to 

a uniform color, or the operators fitted with 

colored glasses. Both suggestions, after 

some consideration, were rejected and the 

difficulty overcome in part by the use of 

some soft material of nearly the same color 

as the base gravel. Furthermore, most of 

the tests made have definite end points, and 

the operator is not required to decide 

whether the material does or does not meet 

the conditions of the test. 

Several changes in the test procedure as 

previously used were thought to be desir- 

able. A brief description of each method 

follows. 
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Method 1: Steel scratch test—Each piece 

was scratched with a sharp knife blade. 

The weight of the pieces identified as soft 

was reported as a percentage of the orig- 

inal weight of the sample. 

Method 2: Brass scratch test——Hach 

piece was scratched with a pointed scribe 

prepared from %-inch diameter yellow 

brass rod. The results were reported as 

in method 1. 

Method 3: Light hammer test.—The test 

piece was placed on an anvil in its most 

natural position of repose, held firmly with 

the fingers, and struck at the center of the 

upper face with the flat end of the tile-set- 

ter’s hammer. The hammer was swung 

through an are of about 6 inches using only 

a natural movement of the wrist. Softness 

was recognized by crushing or crumbling 

of the piece under test. A clean fracturing 

or splintering of the piece—that is, break- 

ing into smaller but solid fragments with- 

out considerable powdering—was not con- 

sidered indicative of softness. More than 

one blow was permitted if necessary to 

classify the piece properly. The results 

were reported as in method 1. 

Method 4: Rubber mallet test. — This 

method followed the procedure given in 

method 3, but using a rubber mallet instead 

of the tile-setter’s hammer. 

Method 5: Toughness test for gravel.— 

The falling-ball apparatus previously de- 

scribed, and illustrated in figure 1, was 

used. The 2%-inch ball was dropped as 
follows: 

Size of piece, Height of fall, 
inches inches 

De Ro Ned BNA ee ng Be oes Os choke oo 3 

VEE Oise Dar care g PA fle fs Steed ok te ee 2 

OL 2 tOaaedel vo belo Salina ae eres 1 

The test piece was held on the anvil and 

adjusted under light tapping of the free 

ball to a secure bearing. The free ball was 

then raised to the height indicated for the 

size of aggregate under test and allowed to 

fall on the piece. Softness of the piece was 

shown by crushing, powdering, or crumb- 

bling. The test result for each piece was 

reported as in method 1. 

Method 6: Toughness test for gravel.— 

The procedure given in method 5 was re- 

peated, using the apparatus containing the 

1%g-inch ball, and with heights of fall as 

follows: 

Size of piece, Height of fall, 
inches inches 

TSG GO. AS teins oe eet ea Oe 5 

RR ih: tar Te ne ie Bk rie, A 3 

DA tO eG: tek ae osc eee i 

Method 7: Rotary soft-piece test.—The 

rotary machine previously described, and 

illustrated in figure 2, was operated at its 

slowest speed (about 110 r.p.m.). The 

pieces of the test sample were fed separately 

into the machine and all debris caught. 

The material passing the original retaining 

sieve was determined, and expressed as a 

percentage, by weight, of the original sam- 

ple. 

Method 8: Douglass stone meter te 

The stone meter was used with the f 

ing loads: 

Size of piece, Applied 

inches poun 

Lh to Ly Sean eee 125 
(Maximum loa 

of spring) © 

Lito S48 oes abicteitns tere eieeoiene 759 

Sh. tore: &. wet oak Oe 60 
The results were reported as in metho] 

Method 9: Compression test.—The 1 

were made in the hydraulic testing § 

chine with the one-point upper and tk 

point lower bearing surfaces, using the 

lowing loads: 

Size of piece, Applied 
inches pour 

LAB HON DS..4 See ae eee 500 

Ls CO PSAS a Sie ne ee tt eens 350 

340 45 CE een eeeee 200 

The piece tested was placed in its 1 

stable position on the three-point sup} 

and load applied without shock througt 
single-point contact on the upper sul 

of the specimen. Breakage of the spec! 

at a load below those indicated constit 
failure. The results were reported a 

method 1. 

Method 10: Bag abrasion method 
1,000-gram sample was placed in a 1 

14-inch canvas bag with an abrasive ch 

of five 1%-inch diameter cast-iron or 

balls. The neck of the bag was fas 

securely to prevent loss of the sample. 

bag was swung 100 times through a 

tance of 12 inches against an anvil. 

sample was then removed from the bag 

sieved on a No. 4 sieve. The material j 

ing this sieve was expressed as a percer 

of the original weight of the sample. 

Method 11: Bag and mallet methoa 
1,000-gram sample was placed in a 6- | 

inch canvas bag and the neck fastene 

curely to confine the sample in the 
possible space. The bag was then p 

on an anvil and struck 100 times wi 
rubber-headed mallet. The blows wer 

tributed over the side of the bag, and 

each tenth blow the bag was turned ov 

expose the lower side. The results 

determined as in method 10. 

Method 12: Los Angeles abrasion te 

Samples weighing 5,000 grams of eack 
of material were tested in the Los An 

machine, with an abrasive charge ¢ 

steel balls weighing 5,000 grams. The 

centage of wear was determined at 10( 

500 revolutions. 

The results obtained in these tests 

given in table 9. The values shown i 
first line of the table are the percent 

by weight, of soft material which 

added to the quartz gravel. The Vv 
given in the rest of the table, exce 

those of the Los Angeles abrasion tes 

the percentages by weight of soft ma 

found by the test method indicated. 

values given for the Los Angeles tes 

the losses in percentages by weight ob 
in the tests. The ratio of the losses a 
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ef 
a me Table 9.—Results of tests for soft pieces using prepared samples 

Percentage of soft pieces 

Method 
Size of pieces 

Average 

11%- to l-inch | 1- to 34-inch | 34- to %-inch 

Soft pieces placed in material................. 4.8 16.2 10.4 10.5 
Scratch hardness methods: 
BPM EON ROCIO ele ely rn Meee tne, dass a old nh el Sys Ay 3 17.6 18.2 14.9 16.9 
PAMBATRCULOS SUR tae Sota oe cots. ete 4.8 16.3 10.6 10.5 

‘mpact methods: 
PRETICESNAININGT ae ahi ies ha sess as Gate ek bth aks 11.3 18.8 17.9 16.0 
BERUMCEFINOLLGU serge sete Mylo Bye hye c nk Od eae 1.4 Onn: 12.6 8.0 
BETA T VA ITOCIING. tine eA Foe re irae Pesta eye Eh eins 14.6 10.6 10.9 12.0 
Monghness,'224-inch balls ii.) ob ori. alee: 10.2 34.1 hack 21.8 
joughness, 1 34-inch ball. 2... 0. ccc eee ee 20.1 22.0 10.2 17.4 

Compression method: 
| PPB UCINASINACHING Aeris ae esc lsgo'RpeosuirerSn le oe 8.5 4.8 0.6 4.6 
; BEDOUG BUD DOLL Re ae ts Cn el dt eins Ses See Pes 4.2 16.9 21.0 14.0 
» “Abrasion method: 

rE ROSION eee 29s iste ete cls ay anintiaat a oendia. + wens 6.7 18.0 14.0 parte) 
UNE OG TS CRS eS ta ae 6.4 sabe ja LY Ses 

vi} Los Angeles machine: 
F Toss atoOweyolutionss.. 2... 2cr. ns ce cee bal 19 14.8 — 
. Oss at O00 revolutions... seen onda sehl cee 22.0 40.3 45.3 _- 
’ Reeth tL ON OO cit eethies reas Sera. dh me teaek hes 220 29.5 Bye — 

i 

| 500 revolutions has been thought to 

e some relation with the amount of soft 

terial in the sample. A comparison be- 
‘en these values and the amounts of soft 

Wfterial actually added to the base gravel 
icates that this test, as made on indi- 

ual sizes of aggregate, does not furnish 

5 results which are indicative of the 

fount of soft material in the sample. 

ihe most favorable results obtained in 
$ series of tests are those furnished by 
_ brass scribe, the rotary soft-piece ma- 

‘ne, and the bag and mallet test. In pre- 

us work, when the rotary machine was 

Grated at a speed of 200 r.p.m., it had not 

‘Ben very significant results. Although 

mich better results are obtained when the 
chine is operated at a slower speed, fur- 

r consideration of this type of testing 
fiipment was discontinued as the machine 
inot suitable for field use. 

ed 

Bag and Mallet Test 

Some questions developed regarding the 

$e of sample which would be most desir- 

‘le in the bag and mallet method, and also 
iw many tests should be made to obtain a 

it value representative of a given. mate- 

i@i. From a practical consideration, a 

ss#mple of the size used appears to be about 

large as is desired for readiness of han- 

: 
~ 

dling. Should the material to be tested have 

a maximum size greater than 1% inches, the 

size of the test sample must be increased 

and a larger bag be used. Considerable de- 

velopment work along this and other lines 

remains to be done before this method can 

be adopted for use. To determine the other 

feature of particular interest here—that is, 

the number of 1,000-gram samples which 

should be tested for a material with a maxi- 

mum size of 1% inches—another series of 

tests was made. 

In these tests, a soft sandstone was added 

in definite quantities to a quartz gravel to 

prepare four aggregates containing 0, 4, 8, 

and 12 percent soft material. Each mate- 

rial, both the hard and soft, was graded uni- 

formly from 1%- to %-inch. After each 

aggregate had been prepared, it was mixed 

thoroughly and ten 1,000-gram samples 

taken for test. The attempt made here was 

to duplicate conditions which would exist 

if a sample of graded aggregate were tested 

by the bag and mallet method. Each sam- 

ple was placed in a double canvas bag, one 

bag inside of the other, and struck 100 

times with a rubber-headed mallet. The 

sample was then sieved on a No. 4 sieve, and 

the amount passing the sieve determined 

as well as the amount of soft materiai re- 

tained on the sieve. 

Table 10.—Bag and mallet tests on prepared samples of quartz gravel 
ontaining soft sandstone 

i: Amount of soft stone added to gravel 

t None 4 percent 8 percent 12 percent 
| 

i Sample No. 
Cumula- Cumula- Cumula- Cumula- 

Loss tive Loss tive Loss tive Loss tive 

average average average average 

loss loss loss loss 

Percent Percent Percent Percent Percent Percent Percent Percent 

Ue 4.4 4.4 6.2 6.2 12.5 12.5 9.7 9. 

| 5 Geen Ae 3.7 4.0 6.2 6.2 9.9 11.2 ij ley 10.4 

ee ee 5.9 4.7 6.3 6.2 8.7 10.4 12.3 ila Pets 

_ eS 4.3 4.6 7.4 6.5 10.6 10.4 10-7 inal) 

 Nabebebee 3.7 4.4 5.8 6.4 8.2 10.0 13.1 11.4 

ISN lo fae bo 8.9 4.3 7.0 6.5 9.0 9.8 12.4 11.6 

BT Sa veya tS 058 3 4.8 4.4 6.0 6.4 10.0 9.8 13.4 11.9 

» ee 4.7 4.4 6.3 6.4 6.9 9.5 9.8 11.6 

SS ee 5.0 4.5 6.5 6.4 6.9 9.2 10.9 11.5 

. AS OOn Ee 3.7 4.4 5.0 6.3 9.5 9.2 9.1 11.3 
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A summary of the results obtained is 

given in tables 10 and 11. In table 10, the 

percentage of loss for each sample tested is 

given, together with a cumulative average. 

For most aggregates, an average value ob- 

tained from tests of three samples is very 

nearly the same as the average for all ten 

samples of a kind tested. Of more impor- 

tance, however, is the comparison of the 

amount of soft stone placed in the aggre- 

gate, the test result obtained, and the 

amount of soft stone remaining in the sam- 

ple after the test, as shown in table 11. 

Tests of the base gravel show a loss of 4.4 

percent. The results obtained in tests of 

the gravel containing 4 percent of soft stone 

show 6.3 percent loss but 2.0 percent of 

soft stone is left in the sample. This 6.3 

percent loss then includes 2.0 percent of 

soft stone and 4.3 percent from the quartz 

gravel. 

Table 11.—Percentage of soft stone remain- 
ing in sample after test,‘ and loss from gravel 

Bele evane eonaula: Soft stone | Loss from 
gravel average remaining gravel 

loss 

Percent Percent Percent Percent 
te Ais eae 4.4 oe 4.4 

LA, Nise 6.3 2.0 4.3 
Sete ae noe 9.2 3.3 4.5 

iF PR Rca, Be ceo PLES 4.5 3.8 

1 Averages for 10 samples. 

By a similar method of figuring, the test 

results for the aggregates containing 8 and 

12 percent of soft stone include 4.5 and 3.8 

percent, respectively, of the quartz gravel 

in the loss. Although it is granted that the 

quartz gravel may contain material of a 

friable nature, a comparison of the gravel 

and the sandstone used in these tests indi- 

cates that a satisfactory method of test 

should show a greater recovery of the soft 

material in the test results. The fact that 

from 38 to 50 percent of the soft sandstone 

placed in the sample remains there after 

the test shows definitely that the test as 

made is not satisfactory. 

Brass Scratch Test 

In this investigation, considerable diffi- 

culty was encountered in trying to unify 

the conceptions offered by different authori- 

ties regarding a proper description of a soft 

piece, and much time and effort were spent 

to develop a satisfactory method of test for 

soft pieces. In addition to the various tests 

described here, many more fanciful tests 

were considered and, in some cases, plans 

for quite elaborate pieces of testing equip- 

ment were prepared. A few of these fanci- 

ful tests were tried but did not prove even 

remotely satisfactory. Possibly we have 

been trying to make something difficult of 

a really simple problem: The testing of 

aggregates to determine the presence and 

quantity of soft pieces—those which yield 

easily to physical pressure or are not re- 

sistant to cutting or wear. 
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Among ail of the test methods consid- 

ered, the most simple and direct is a scratch 

hardness test. This would not indicate the 

pieces which are unsound, or light-weight, 

or highly absorptive; or the pieces of chert 

which appear to be included by some author- 

ities in the general classification of soft 

pieces. It would, however, show which 

pieces of the sample are actually soft, in- 

cluding those formed of a soft material and 

those which are so poorly bonded that the 

separate particles in the piece are easily 

detached from the mass. 

A satisfactory test for scratch hardness 

was used in this investigation. It consists 

merely of scratching the material under 

test with a piece of yellow brass, as shown 

in figure 7. This brass will not scratch 

limestone of good quality, but it is hard 

enough to scratch badly weathered mate- 

rials which may be objectionable for use in 

concrete. The brass used first in these tests 

consisted of a %-inch rod which has a Rock- 

well hardness of about B70. Later in this 

work, the thought of preparing a pencil with 

a brass rod replacing the lead was devel- 

oped. For this purpose, drill-rod brass* of 

about 1/16-inch diameter was used. Efforts 

4So called as it is obtainable in the same sizes as 
steel twist drills. 

In order to rectify a printer’s error, page 

121 of the February 1951 issue of PUBLIC 

Roaps (Vol. 26, No. 6) was reprinted 

with a heading “Errata Sheet” and dis- 

tributed to all subscribers. A number of 

inquiries since received indicate that the 

purpose of this was in some cases misun- 

derstood. The error involved a mix-up of 
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Figure 7.—The scratch test, using a hard, 

yellow brass scribe “pencil” made with 

a drill-rod brass core encased in wood, 

This is the only test for soft aggre- 

gates suitable to both field and labora- 

tory use. 

Errata 
text on page 121, under the caption “Part 

I1V—Over-All Intersection Capacity.” As 

originally printed, the first and third 

columns were inadvertently interchanged, 

so that the lower portion of the page must 

be read (by columns) from right to left. 

The printer also unfortunately turned 

chart 4, on page 128, to read from the left 

were made to obtain a Rockwell hard 

value for this material, but the rod was 

small to secure a satisfactory reading. | 

the purpose of this test, it is probable } 

minute distinctions in the hardness of 

brass used is of little moment. Poss 
it is sufficient to describe the materia 
hard, yellow brass. 

The test consists of separating the ag 

gate into different sizes, down to %-1 

and determining the scratch hardness ¢ 

representative number of pieces of ¢ 

size. With material of fairly unif 

quality, 10 pieces of a size may be suffici 

but 50 or 100 pieces of a size may be 

quired for heterogeneous materials. 

weight of the pieces identified as sof 

determined for each size, and a weig 

average based on the grading of the san 

is computed. 

This test is for soft pieces only. I 

is desired to limit the amount of 0 

types of deleterious materials in aggreg 

separate mention of these should be 9 

in specifications. 

The courtesy of the State highway departments 

the National Sand and Gravel Association in fu 

ing samples for use in these tests is appreciated, a 

the many valuable suggestions offered by Mra 

Smith, and the assistance furnished by him an 

other employees of the laboratories of the Bureé 

Public Roads. 

edge of the page instead of the right e 

thus considerably impairing the facility 

use of the chart series. 

While these errors occurred after f 

proofing and were beyond the control 

the editorial staff of PUBLIC ROADs, t 

nevertheless greatly regret the incon) 

ience caused thereby. 
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| A complete list of the ‘publications of the 

ureau of Public Roads, classified according to 

}iibject and including the more important 

rticles in PUBLIC ROADS, may be obtained upon 

}iequest addressed to Bureau of Public Roads, 

iMVashington 25, D. C. 

f Documents, Government Printing Office, Washington 25, 

). C. Orders should be sent direct to the Superintendent of 

Jocuments. Prepayment is required. 

\NNUAL REPORTS 
; ‘See also adjacent column) 

| teports of the Chief of the Bureau of Public Roads: 
1937, 10 cents. 1938, 10 cents. 1939, 10 cents. 

' 1940, 10 cents. 

1941, 15 cents. 

1942, 10 cents. 1948, 20 cents. 

1946, 20 cents. 1949, 25 cents. 

1947, 20 cents. 

Annual Report, Bureau of Public Roads, 1950. 25 cents. 

IOUSE DOCUMENT NO. 462 

Part 1... Nonuniformity of State Motor-Vehicle Traffic 

Laws. 15 cents. 

Part 2... Skilled Investigation at the Scene of the Acci- 

dent Needed to Develop Causes. 10 cents. 

Part 3... Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4... Official Inspection of Vehicles. 10 cents. 

Part 5... Case Histories of Fatal Highway Accidents. 

10 cents. 

Part 6... The Accident-Prone Driver. 10 cents. 

INIFORM VEHICLE CODE 

ict I.—Uniform Motor-Vehicle Administration, Registra- 

tion, Certificate of Title, and Antitheft Act. 10 

cents. 

ict Il—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 

License Act. 10 cents. 

Ket Il].—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 

ye 10 cents. 

Ket V.—Uniform Act Regulating Traffic on Highways. 20 

ee cents. 
Model Traffic Ordinance. 15 cents. 

MISCELLANEOUS PUBLICATIONS 

sibliography of Highway Planning Reports. 30 cents. 

Jonstruction of Private Driveways (No. 272MP). 10 cents. 

Zeonomie and Statistical Analysis of Highway Construction 

Expenditures. 15 cents. 
Zlectrical Equipment on Movable Bridges (No. 265T). 40 

| cents. 
Federal Legislation and Regulations Relating to Highway Con- 

struction. 40 cents. 

ena of Highways by Counties and Local Rural] Govern- 

’) Ments, 1931-41. 45 cents. 

PUBLICATIONS 
of the Bureau of Public Roads 

Guides to Traffic Safety. 10 cents. 

Highway Accidents. 10 cents. 

Highway Bond Calculations. 10 cents. 

Highway Bridge Location (No. 1486D). 15 cents. 

Highway Capacity Manual. 65 cents. 

Highway Needs of the National Defense (House Document No. 
249). 50 cents. 

Highway Practice in the United States of America. 50 cents. 

Highway Statistics, 1945. 35 cents. 

Highway Statistics, 1946. 50 cents. 

Highway Statistics, 1947. 45 cents. 

Highway Statistics, 1948. 65 cents. 

Highway Statistics, 1949. 55 cents. 

Highway Statistics, Summary to 1945. 40 cents. 

Highways of History. 25 cents. 

Identification of Rock Types. 10 cents. 

Interregional Highways (House Document No. 379). 75 cents. 

Legal Aspects of Controlling Highway Access. 15 cents. 

Local Rural Road Problem. 20 cents. 

Manual on Uniform Traffic Control Devices for Streets and 
Highways. 50 cents. 

aa Soa Theory of Vibration in Suspension Bridges. 
$1.25. 

Principles of Highway Construction as Applied to Airports, 
Flight Strips, and Other Landing Areas for Aircraft. $1.75. 

Public Control of Highway Access and Roadside Development. 
35 cents. 

Public Land Acquisition for Highway Purposes. 10 cents. 

Roadside Improvement (No. 191MP). 10 cents. 
Selected Bibliography on Highway Finance. 55 cents. 

Specifications for Construction of Roads and Bridges in Na- 
tional Forests and National Parks (I*P-41). $1.50. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces. 10 
cents. 

Transition Curves for Highways. $1.25. 

Single copies of the following publications are available to 

highway engineers and administrators for official use, and 

may be obtained by those so qualified upon request addressed 

to the Bureau of Public Roads. They are not sold by the 

Superintendent of Documents. 

ANNUAL REPORTS 
(See alse adjacent column) 

Public Roads Administration Annual Reports: 

1943. 1944, 1945. 

MISCELLANEOUS PUBLICATIONS 

Bibliography on Automobile Parking in the United States. 

Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 

Bibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 

Indexes to PuBLIC Roaps, volumes 17-19, 22, and 23. 

Road Work on Farm Outlets Needs Skill and Right Equipment. 
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