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Tests of the Physical Properties of Blast Furnace 31ag 

for Use as a Road Building Material.

From the time of the Romans, good roads have teen a ques­

tion that has constantly pushed its way out "before the

public for considerati on. Hot so much so in the older days

but as time passed on and the world became more civilized,

and progressive, the road problem became more and more a

topic of public interest. People began to realize the val­

ue of good roads, what7^ meant to the public in the decrease

in the cost^transportation, what meant to the farmer in
fficy

the equalization of the product market and what it meant to

the merchant/uniformly distributing his trade throughout all

seasons and many other similar reasons they were found bene­

ficial to the entire commonwealth.

The constant growth of the good roads sentiment made its

greatest spurt upon the advent of the motor vehicles. Hot

only were good roads necessary or demanded by automobiles

but it became known to the highway engineer, due to the dis­

integrating and suction effect of the automobile tire^a rood

hard, well cemented road was in the long run the most econom­

ical. This brought about a more careful stugty of one of the

vital problems of road construction, that is the selection of

materials best suited to meet demands of the traffic condi­

tions. The action of automobiles on roads has stimulated

a study of highly cementing road binders. Limestone, dhert

dolermite, and v&hejjus other stones have proven efficient

materials along this line for road building purposes.
T37t

303257I )l 3

Recent



2.

investigation in the laboratories erf ©flfixfe of public roads

in Washington, compiled with the results obtained in actual

road construction have demonstrated that certain types of

open hearth and blast furnace slags possess not only high

cementing powers but other physical properties as well that

render them especially adapted to road making.

hut beyond foundation in macadam roads where it is some­

times used, slag has never gained prominence as a road build­

ing material. This is probable due to two main reasons;

first, it has never been easily obtainable throughout the

country where road building was being conducted. Second,

there isa:sad lack of knowledge on the part of the public,

of the road building properties that sjtags possess. The

Unided States government, through the department of Agricul­

ture has done much within recent years in the way of labora­

tory tests and actr.il experiments on roads towards enlighten­

ing the public along the lines of the latter, and has promised

to do even more in the future.

In the series of tests that follow the object in view is

to make experiments on blast furnace Slag determining its
t>

physical properties for a road building material. The ma­

terial used in these experiments were obtained at the blast

furnace at Holt, Alabama, and the results given are com­

puted to within a reasonable degree accuracy. It is to be

borne in mind, however, that no matter how carefully con­

ducted, it is impossible for laboratory tests to do more

than approximate the actual conditions that would resutjr

from traffic. It would therefore be impossible to judge ac­

actr.il
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curately the ovalities of this slap from theselab oratory tests

unless it was supplemented by results of actual road obser­

vation of similar material.

(1)

Abrasion Test for Toughness.
o f th is

It is the object^particular experiment to show with an

impact and abrasion machine uhe tourhness and hardness

of blast furnace slag.

The abrasive resistance of road stone to withstand the

effect:' of traffic depends principally on toughness and to a

less extent upon the hardness of the rock. The difficulty

of most abrasion tests lies in-the fact that they cannot

be accurately and satisfactorily made for various weathering

conditions of the stone. However, machines have been de­

signed for this work and results obtained that give a fairly

good representation of what actually occurs on the road. The

best machine for this kind of work is a-rotating cylinder

apparatus somewhat similar to that of Davalfe impact machine

designed by T. de Courcy Meade. The principle difference

between this and dieval's machine is that the cylinder of

the Meade machine contains rims or (fridges on the inside about

three inches high over which the stone topple when the cylin­

ders are rotating. Instead of this machine Deval's plane

cylinder and somewhat more simple machine is'more often used.

This type was used in these tests and a description of it

follows.
. , a gear pulley

See figiire (1). The Devals machine consists of A which

receives th-is driving force from a direct current motor (not

shown). This pulley drives a shaft BB' upon which are mounted
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the three cast iron cylinders C C C in suchzthat the axes

of the cylinders are sloped- at an angle of 30 degrees with

the axis of rotation. The cylinders are 7" inside diameter
on

and 15" deep. The shaft is set two pivoted bearings shown

at ]) and D' ’ and on the end of D' e Veeder speed counter is

attached to determine the number of revolutions. The cylin-
are

ders fastened to the shaft with set screws shown at E, and

also with clamps shown on the outdide of the cylinders. In

order to open the cylinders they are moved from the frame and

the cap unbolted.

Method. The slag employed in this test is about the size

that is ordinarilly used in practical road construction, that

is, sizes varying from 3/4 to 2" in diameter. A known amount

of this material after having been thoroughly cleaned and

dried is placed in each of the cylinders and the machine

allowed to rotate.- At each revolution of the shaft the

pieces of Hag are thrown twice from one end bf the cylinder

to the other affijb thereby producing a grinding effect against

each other and against the sides of the cylinder, also an

impact effect that results when the stones drop from one end

to the other. After about 10,000 revolutions at the rate

of 60 or 65 per minute the particles are removed and placed

on a twenty mesh sieve. The material that passes the sieve

is used in a later test for cementation,and the remaining

specimSe^^hcaioughly washed of surface dust and dried, after

whichis carefiully weighed and subtracted from its original

weight. The percentage of wear is then determined from the

amound of dust worn off.

There were three tests made, and the tabulated data for 
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each follows.

Ho of revolutions r 10,090

" ” ■' per min. 65

Average per cent wear7.13

Total time required 3 hr 10 min.

number Original Ut. ’,7t after test. Dust worn off 5 wear

1. 5012 grms 4676.8 gr. 335.58 gr. 6.7

2 5000 4608.0 390.4 7.8

3 5000 4651.4 348.6 6.9

The testing laboratory of road material in Washington

has since 1902 been carrying on a series of thsts on slag

for road building purposes and an average of sixteen of these

tests (made from samples from all parts of the Unites States)

on the abrasion of slag gives a value of 6.3 ,3. It will be
c omn are s fav o rably

seen that the slag under consideration in toughness and hard­

ness with the average.

• (2)

Impact test to Determine Toughness.

The object of this test is to determine the toughness

of slag by means of a Drop or impact testing machine. Tough­

ness is understood to mean ability to resist fracture due to

impact. To be resistant to the severe pounding action of

traffic on the roadway, road materials, it will be recognized,

should possess cualities of toughness to a very high degree.

The impact method of testing the thughness of road stones

was first used by the French. It was adopted by the Americana

Society of Testing .Caterials of August 15, 1908. It is not

used to a very great extent at the nresent time, since an
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more easily determination of the resistance to labrasion is

made with the Davals abaasion machine which was done in ex­

periment one. It is used here for a diheck.

Decription of Machine. Figure (4) shows the front and

side view of the impact machine. This machine is made on the

principle of the pile drivedt. It consists of a two-pound

hammer A arranged between two verticle guides B and B ' . The

hammer is raised by the pulley C, which is in turn run by the

motor D. The hammer may be dropped from any desired height

by slipping out plugs along M which trips$ the trigger P. It

falls on the flat head plunger weighing two pounds, which is

pressed upon the specimen placed between F and H. The plunger

F is held in position by a cross head. The apparatus is
iron

mounted upon a castAblock.

Method. A piece of slag:, is sawed out and ground down

with an emery wheel to the required dininsions which for

this machine ys about a 5mm.cube, care being taken to have

the surfaces very smoothe and the cube as near perfect as

possible. The cube is places' in the machine on the small

cylinder shown at H, The harm er is allowed to fall upon

it from the height of 1cm. and an increased height of one

em/ for each successive blow until failure of test piece

occurs. The number of blows required to cause failure is

used to'.represent toughness. The number of blows neces­

sary to crack the snecimine as well as the number required

to destroy it wane recorded. The following table gives

results from six tests.

No. Size No. of Blows to No of Blows caus-
crack specimine ing destruction.

1 5.95mm 9 13
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No Size Blows Blows caus-
crack specimine ing destruction.

2 5.83m 4 7

3 6.0 6 9

4 5.45 4 7

5 5.35 4 6

6 4-75 3 6

Average 5 8

From seven similar Slap tests determined in the depart­

ment of agriculture the result 3.3 was obtained. The slag

under test, as will be seen, was .3 above these results.

However, comparing these results with a standard table of

toughness, it will be seen that they fall in the cjLass of

low toughness which,,below 13. The results of this test gave

a fair check to.no (1).

Cementation Test.

The object is to determine the cementing value of blast

furnace slag. No attempt being made to find a material to

increase the binding power.

The binding power or cementing value of road material

is a physical property possessed by the roak dust combinded

wi th water to act as^cement on the coarser materials, holding

them together. This quality in stones is considered by

many as the most important factor in road maintainance. The

Study of cementation of road stone has, since the introduction

of the automobile, been of pery great interest to the road

builder. The terrific shearing force and suction effect of the

automcbileoire on the road is very destructive to binders, and

it was this cause more than any other that promoted the study 
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of 'binding power of road stone in the laboratory. A cementa-
, . test
tion^was invented by Hr. Logan 'Taller rage; It was made by

"jy zZ
wetting the stone dust with water roouldaS under pressure into

brickets, whi ch , afterAdried, were subjected to blows of a

dropping weight.

Apparatus. The mold-used in making these brickets is

shown in figure (2). It consists of a steele cylinder in

which a smoothe, carefully made hole of 1" in diameter is

reamed ah the center. A circular plug of the same material

shown in fig. 2b is made to snugly fit the hole.

The pressure machine used is the Olsen 10000-lb. hand-

driven testing machine shown in figure (3). It consists of

a solid cast-iron frame upon which is mounted a flat plate A.

She driving pulley B meahes with a small follower 6 which

is connected to two brass rods E controlling the pressure

plate F. As pressure is put on the plate A a force is exerted

on the beam 0 which acts a s a lever or the second class,

transmitting forces through a series of levers whidhips’ finally

scaled off on H. The weight Q is moved out automatically.

"' f The:.machine used for crushing the brickets was the same

one employed in the impact test of experiment (2), and the

full description of it with figures occurs in the report of

that experiment.

Method. The Setr'itus obtained from the abrasion test is

passed through a forty-mesh sieve and measured tbut in small

batches varyinginwraght from 20 to 25 grams. It is desired

to havethebrickets of circular section 25mm in diameter and

25/om. High. After a careful weight determination, each batch

is thoroughly needed with enough water to make a moist pdsdje.
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The paste is put in the cylinder die shown in figure 2a, the

plug placed in and a pressure of about 1422 pounds per sq.in/

applied. The bricket is taken out, put in a warm dry- place

and allowed to dry for two weeks.

The cementation power of the slag is represented by the

number of repeated bluws of a 2.2 pound hammer the bricket

will stand when the hammer is acting through a distance of

one en. The machine used for this test is a pile driver

impact machine for cementation shown in figure (4). After

the brickets are thoroughly dried they are placed in this

machine and tested, notes being make of the time the first

crack developed and when a total rupture occurred. Follow­

ing is a table for various conditions arranged for cc ascend­

ing quantities of water.

Height of drop is 1 cm.

Ho. cc of water. Mesh. Pressure.
Ho.of Blows to No .Bls. caus­

ing destructioncrack bricket

1 2.5 20 1100 lbs 2 2

2 2.5 20 1100 2 3

3 2.5 20 1100 4 6

4 2.5 20 1100 1 2

Average............ . . . . 2. 25 3.25

5 3 20 1100 1 2

5 3 20 1100 2 2

7 3 20 1100 1 2

Average............ . . ..1. 33 2

8 ■ 4 40 1100 4 6

9 4 4 0 1100 2 3

10 4 40 1100 2 3
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NB. cc of water Liesh. Pres sure. Uo.ofBlows to
crack bricke t

IJo.of Plows caus
ing destruction

11 4 40 1100 2 3

12 4 40 1100 2 3

13 4 40 1100 2 2

14 4 40 1100 2 2

Average 2.8 3.4

15 4.5 40 1100 2 3

16 4.5 40 1100 2 3

Average .......... 2 ............. 3

17 5.5 40 1100 4 9

The brickets moulded in these thsts were of approximate

standard uniform size, that is, 25 m in diameter and 25

mm high.

71 It will he’ noted from the results that the cementation

power has a tendencey to rise for increased amount of water.

For an average yield point for brickets contain-g 2.5 cc

of water, the value was 2.25 and the crushing point 3.25.

The average value, however, dropped to 1.33 and 2 respectively

for those contained in 3 ce of water, but as will be noticed

began to rise for-4cc. These values for a 4cc-bricket gave

probably the truest conditions of the slag,since successive

tests gave practically the same result. The strongest binding

bricket was the one containing 5.5 cc of water which gave a
and

result of 4a9 for yield and rupture points respectively.

These series of test for cementation have set forth the

fact that the binding power of the slag is very far below the

average results as obtained by the Department of Agriculture

at Washington. It compares favorably, however, with slag 

testedfromcertain localities,' for instance, that of Colorado 
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Tllondiis, Michigan and. Hew Jersey showed equally as low re­

sults.

Mote. In actual practice quick line and sometimes a

crude coal oil which solidifies when cold, are applied to

increase the Minding power of slap--

(4)

Absorption test.

The object is to determine the amount of water in per

cent of its own weight that slag will absorb, the value being

to judge the probable lasting qualities of the material under

the action of frost.

The absolution power of slag and road stone in general de­

pends upon their porosity. Porous slags absorbing a great

amount of water are more liable to disintegration due to

weathering and frost effect than more compact ones. Slag

with closeness of grain and absence of planes of weakness

absorb less water,and generally produce, as would be expected,

the best results in absorption tests.

The absorption test, like all other physical laboratory

thets, does not give exact conditions as would occur on the

road because of the varying conditions of traffic and climate

to which roads are subjected. Nevertheless a cor.pa.rative

accurate preliminary idea of the absorption value and the

effect of frost may be obtained from laboratory results.

Method. The Method employed for testing is that used by

the Massachusetts State Highway Commission and is as follows:

A smooth specimine of slag weighing between 20 and 75 grams

that has been through the abrasion test is weighed in air.
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It is then immersed in water and immediately reweiphed, and

after nigiTty-six hours of immersion the slap- is apain weighed

in water. The ahsorhtion is computed by the formula:
0 —B

X - .  z' 62.5,where X equals the number of pounds of wat-r
xL _D

absorbed by one cubic foot of slap, A equals weight in air,

B equals weipht immediately after immersion, and C equals

•weipht after 96 hours of absorbtion.

The only piece of apparatus used is a very sensitive

baliance.

Results of a series? of absorption tests are found below;

Table.

absorption power of this slag^high, going above the average

No. Agrams B grams C grms. Albs B lbs C.lbs .X

1 30.15 18.45 18.97 .0663 .0406 .0416 2.5

2 33.1 19.40 20.37 .0728 .0427 .0437 2.23

3 39.10 23.00 23.92 .0728 .0506 .0527 2.81

4 ' 42.50 22.30 22.95 .0936 .0491 .0505 1.90

5 50.30 32.50 32.65 .0111 .0706 .0719 1.33

6 73.35 44.20 45.09 .1611 .0973 .1010 3.78

7 69.00 42.70 44.01 .1518 .0940 .0970 1.87

8 76.70 48.80 49.79 .1689 .1073 .1096 2.33

9 51.20 29.70 30.61 .1125 .0653 .0673 2.78

10 5 6.00 29.70 30.60 .1221 .0653 .0670 2.35

11 21.00 13.20 13.57 .0462 .0290 .0298 2.90

Svprncfi...... 2.39

It will be noted from the tabulated data that the varia-

tions of the number of pounds of water absorba/per cubic foot

ran from 1.33 to 3.78 for the eleven specimen^, with a general

average of 2 .39. These results point out the fact that the



13.

value of 1.36 obtained, from a series of fourteen experiments

made from specimens secured, in all parts of the United States

by the Department of Agriculture. The results of these tests

also shovz| the slap to he loose grained and more or less

honey-combed in texture, which would be easily disintegrated

and weathered by rapid climatic changes.

(5)

Specific Gravifiy.

The' specific gravity test on slag is made to determine

the relative density as compared with water. Density is an

important property since strength and durability of the

slag depend upon it to a large extent.

The apparatus used is a very sensitive balance and a

light cord.
defer™ inaTion

The specific gravity^is made as follows: after all edges

and sharp corners have been removed, small samples ranging

in weight from 25 to 170 grams are carefully weighed in air.

The specimen is then immersed in water, and, after all bubbling

has ceased, the weight is again taken. The stone is removed

from the water and after absorbing all surface water with

blotter paper it is again weighed in air. The specific gravity

vzas calculated by the following formula: Sr Gsm— where

17^ equals weight in air, ’,7£enuals weight immersed in water, and

Uy equals weight after saturation. . Sixteen tests were

made, one group of eight unused specimins known as group A,

and another of eight samples that had passed the abrasion

test known as group B. The results are found in the Tables.

Table (1) Croup A.

No. Ua. Us. Ui. Sr G.

1 67.35g 67.85 39.9 2.41
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ITo. Wa. Ws. Di Sp. G.

2 148.95gr. 149.25 93.52 2.68

3 84.42 85.20 50.60 2.44

4 49.60 50.20 25.33 1.99

5 90.00 91.02 50.16 2.26

6 41.60 42. 60 26.00 2.78

7 70.15 70.80 40.00 2.28

8 74.42 75.20 42.20 2.25

2 Average.. .. 2.37

Table (2) Group B.

9 70.09 70.65 42.19 2.46

10 73.50 73.82 45.86 2.63

11 42.80 42.95 27.26 2.72

12 33.52 33.67 20.92 2.51

13 86.70 87.60 50.35 2.30

14 171.50 172.39 103.95 2.57

15 52.29 52.57 31.99 2.56

16 25.49 25.45 15.00 2.44

Average.. ..,. . 2.52

The two average values of 2.37 and 2.52 for unused and

ahrased slag respectively, were combined and an'average of 2.44

was obtained from the two values,which compares favorably with

the results of the Department of Apr?culture.

The difference of .15 between the average of the two groups

is probably due to the fact that specimens of group B having

a very much smoother surface than group A and less interstices,

thereby absorbing less water.

The values of group A are the ones that pive the normal

conditions and are the ones to be used.
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(6)

Weight.

Like density, the importance of weight lied in the fact that

Strength and durability depends upon it. Weight is most easily

obtained by multiplying the specific gravity by 62.4 which is

the weight in pounds of one cubic foot of water. This method

does not give exact results, since the slag is more or less

porous and absorbs a small per cent of water. The error,

however, is appreciablly small and this method is sufficiently

accurate for parctical purposed and is used here. The specific

gravity results obtained in experiment (5) are each multiplied

by the weight of one cubic foot of water and the results ob­

tained for weight follow:

rourNumber. Group A. Dumber.. Group B.

1 150.7 lbs 9 153.9 lbs

2 165.7 10 164.3

3 152.5 11 170.0

4 118.7 12 156.9

5 113.5 13 143.7

E7 171.1 14 156.6

7 142.5 15 158.9

8 140.1 16 152.5

The average for group A values gave 147.3 pounds and for

group B, 157.1 pounds per cubic foot. And the average weight

per cubic foot of the entire sixteen tests gave 152.22 lbs.

From fifteen tests for weight made by Mr. Pare in the Depart­

ment of Agriculture, gave results ranging 'in value from 131 to

243 lbs. per cubic foot,with a general average of 186.2.

It will be seen from these results that the Holt blast
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be] ow
furnacetslag falls about 20 lbs. per cubic foot^computation

as made by Mr. Page.

A careful, review of the fesults obtained from the six

tests made oh the physical properties of the Holt blast fur­

nace slag, and a comparison with the average results of other

slags obtained by the government shows that the Holt pro­

duct falls slightly below the average in all six tests made.

The difference, however, is very slight.

By comparison with other road material, the relative

value of the fitness of slar for a road builder may be ob­

tained. Two stones, limestone and dolomite, which possess

a fair average value of all the physical properties, and

which have proven to be stone of unqustionable fitness for

road building are selecter for the comparison. For limestone

the per cent d>f wear is 5.6 and for dolomite it is 5.7, which

shows a value of 1.53 and 1.43 respectively below the value

obtained for the slag. Expressed in per cent, they gave

79.3 and 80 respectively. For results of toughness obtained

by the impact machine, limestone and dolomite each withstood

ten drops of the hammer, which is two above that obtained

for slag. Expressed in per cent, slag possesses 80 per cent

of the toughness of these two stones. The cementing valuer/

limestone and dolomite are 60 and 42 respect?vely, while

that of slag fell as &ow as an average of 3, or, expressed

in per cent, the values are 5 and 7.1. The absorption test

for limestone and dolomite gave values of 2.14 and 2.0 lbs/,

as the amount of water absorbed per cubic foot, giving ^5

and .39 pounds less than the value of slag, which, expressed

in per cent, equals 10.6 and 16.8. Specific gra.vity results 
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nm about .26 for both stones.above values obtained for slag,

which gives 98.6, expressed in per cent of the stone. The

weight of dolornite and limsetone each pave 174.4 pounds per

cubic foot, which is 22 pounds greater than the weight of

slag.

This comparison points conclusively that the slag ranks

moderately high as a road building material in all the physi­

cal properties except that of binding which is rather low.

This type of slag is known by experimenters as the non-binder

and it could not be used alone on roads, but such a material

could undoubtedly be used with excellent results provided

sufficient amount of a more cementations birder such as quick

lime asd asphalt, is incorporated with the upper or wearing

surface.

Since all physical properties show a slightly low per

cent as compared with limestone and dolomite, a conclusion

could be drawn that this product is not well adapted to

rough, heavy traffic. It could be used, however, to great

advantage in building such roads as park and private drive­

ways, where the sufface is not subject to a very great amount

of mechanical disintegration.
7. a
' A conclusion, I may say, the Holt blast furnace slag

with an addition of some binder, possessed high enopgh physi­

cal properties otherwise,to be • in general, well quali­

fied for the construction of light, Lie Adam, roads.


