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11.

Cinders as an ArereEte for Concrete

Cinders are prodficed from both anthracite and

bituminous coals. Their physical characteristics

differ to a small degree. Anthracite cinders have

been defiipded over bituminous cinders by certain

specifications but evidence does not justify this

attitude. Some engineers on the other hand prefer

bituminous cinders because the particles are strong-

er and the major part of the combustible matter is coke.

Cinders for aggregate should be obtained from

gas works, industrial plants, locomotives or similiar

sources where a large amount of coal is burned. If

the cinders are obtained from the above sources where

efficient firing is maintained, a fairly uniform ash

will result.

The combustion process is practically always in-

complete. The ash left usually contains unburned coal

or coke. Well fired bituminous coal used in the follow-

ing tests contain from 18% to 15% combustible material.
#9

1’

"‘x

Hany of the standard tests for stone aggreg te 1

A
I
!

“.-
s.

can not be apMl- ed to cinders as cinders vary zreatly ‘,

when compared to stone. Cinders vary in weight, hard-

ness, porosity, absorption, foreign material, and

strength.

-1-



A. Specifications

The following specifications have been sug—

gested; Cinders, when used for concrete, shall be

the product of high temperature combustion of coal

or coke. Residue from domestic furnaces shall not

be used. The cinders shall be well burned, free

from foreign matter, and so graded from coarse to

fine as to produce cinder concrete or sand-cinder

concrete, meeting the strength requirements of the

building code. The cinders shall contain not more

than 0.45 per-cent sulphur trioxide as sulphate.

Experience indicates that if the first part of

the specifications as to source is met,the cinders

.1.

will also meet the requirements for unc nsumed ca-—

.cn and sulphur compounds.

Cinder aggregate should be graded frsn course

to fine. Cincers free high temperature combustion

do not contain any amount of fine, fluffy ash-

they contain some fine gritty material. These fines

are rarely present in any undesirable excess-—they

are needed for workability. A typical cinder aggre—

gate usually contains less than 10% finer than the

#100 mesh. The maximum size used in building units

is generally 3/4 inches or less.
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o. Sieve Analysis

A sieve analysis is used to determine the par-

ticle size distribution of fine and coarse aggre-

ate, using sieves with square holes. The ap-(
n

aratus used consisted of a nest of Tyler sieves,

”
0

(1-1/2, 3/4, 3/8, #4, #8, #14,#88, #48, #100),

automatic shaker and scales (accurate to the near-

est gran).

Three representative test samples (cinder?

from power plant at Lichigan State College) were

obtained by quartering and shaking in the auto—

matic shaker for 5 minutes. The results were ta -

ulated in table 1. Curves were drawn (figs. 1, 2,

and 3), plotting sieve sizes and per-cent retained.

The fineness was calculated for the different samp-

les of cinders to determine if there was enough of

each size.

C. Absorption
 

Compared with sand and gravel, cinders are

porous and highly absorptive. Although the ab-

sorption is important, it is not a criterion as

to whether a cellular material will produce a

dry wall.' Suction is an important factor. A

driving rainstorm does not ordinarily penetrate an

.f.‘
. 'r 1 - . - 'o- fin O "r‘ I‘ . . ~~

8 inch mail - is osn ,oice, tne tater is usually

"
\

l
.
.
.
)

drawn by capillary force, which for cinder concrete

is very low



To determine the absorption of cinders, sever—

al tests were made on surface dry cinders (ungrad—

ed). The results varied greatly and were not re-

corded. The samples were then graded in five

parts by a set of sieves ( #4, #14, #28, #48, #lfifi,

pan). The absorption was found for each of the graded

sizes (table 2). By knowing the grams retained on
_-.—.‘ _

“a~u.~' ‘

each of these sieves in our sieve analysis, we were

able to calculate the water in the total sample,

hence the absorotion,which checked within .2 of

one per-cent.

The following apparatus was used in this

test--

1. Balance (accurate to the nearest gram)

2. Oven (100-120 c)

3. Beaker

4. Trowel

5. Dry pans

The test samples were representative samples

which were screened to the sizes mentioned above.

Each part of the sample was soaked for 84 hours

and was first placed in a pan in the sun to sur—

face dry. Next, the Sanples were placed in cans

of known weight and wei;heo. Then they were plac-

ed in the drying oven for 24 hours and reweiphed



to deternine the moisture loss, which is tabulat-

ed in table 3. From this 1088 we calculated the

absorption (table 4).

D. Tei ht

One of the advantages of cinder concrete is

its weight. For the cinder used in these tests

(obtained from the Kichigan State College power

plant) the unit weight was found to be 61.4 per

cubic foot.

The appara us used in this test was as foll-

ows——

1. Balance (accurate to the nearest gram)

2. Tapping rod (5/8 inches diameter)

3. heasure (l 8 cubic foot)

The cinders were room dried and thoroughly

mixed. The measure was filled 1/3 full and the

toe leveled off with the fingers. The mass was

then rodded 25 times, distributing the strokes ev—

1'73".

0v IJ-‘n ‘Q 5 ‘ 1 x.‘ d" v '1‘ " y .1

ail; over the surface. rne Jeasure was tied filled

j
l‘

to 2/5 full end again rodded 25 times. The contain-

er was now filled overflowing and for the third

Ttime rodded. he surplus w 1
1
)

,s struck off leaving a

level surface. The container was then weighed and

the net weight determined. From this net weight

the weiiht per cubic foot was calculated.(tahle 5)
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E. Stecific Gravityk
)

In this test the following pieces of esuip-

ment were used--

1. Balance (sensitive to .1 gram)

2. Graduated flask

The flask was filled to the 200 c.c. Hark. A

500 gram, surface dry sample was slowly poured in-

to the flask, and the combined volume read and re-

corded. The increase in volume is the difference

in the tw readings and is also equal to the approx—

imate volime of the cinders. The wéight divided by

the volume will give the approximate saecific grav—

ity (table 6).

CINDER CONCRETE TESTS

A. Driving and pulling of nails.
 

In this experiment six-penny nails were driven

into 21 day and 28 day cinder concrete. It was found

to be readily nailable, and moisture increased the

ease of driving.

B. Sound Absorption
 

Cinders which are porous are efficient in ab-

sorbing sound.

The Portland Cement Association has made tests

for the coefficient of absorption by using the Sabine

reverberation method in which the time that elapses

when various standard sounds die out in a Specially



constructed room, both with and without the sound

absorbing samples, are measured. Calculations

based on these periods give coefficients of ab-

sorption that can be used to determine the area

or amount of sound absorbent surface that will be

needed to control the sound in any room.

Calculations showing the a sorption coef-

ficients made on walls built of standard 4 x 8 X

16 inch, 3-core concrete masonry partition unit

is found in table 7. It can be observed that con-

crete masonry units made of porous aggregate such

as haydite and conders are efficient from a sound-

absorbing stand point.

0. Strength

Cinder concrete is used in making hollow cin—

der concrete building units. The Specifications

call for a 700 p.s.i. gross area at 28 days.

It was observed in the following test that

a water-cement ratio of 1.0 or higher had to be

used to get 875 pounds net area which is equivalent

to the 700 p.s.i. gross area. However these tests

were only 21 day tests and higher water-cement

ratio could be used. A water-cement ratio of 1.0

means that 7.5 gallon of water is used per sack

of cement.



1V.

Tables 8 and 3 show the data as to the mix

and compressive strength. Figure 4 shows a curve

plotting water—cement ratio against compressive

strength.

D. Comoarative Costs
 

Suppose that it is desirable to determine

the relative Costs of cinder blocks (8 x 8 X 18

inch units), clay tile (8 x 12 x 12 inch units},

and clav brick for the construction of a building

requiring 2000 scuare feet of 8 inch wall. Tables

10 and 11 Show the calculations for this wall. It

will be noticed that cinder units are a good deal

less expensive.

SUMKARY

Cinders, when used as an aggregate for concrete,

do not give a strength c mparable to that of stone

and sand concrete, but it does have other pronerties

\.

which favor it as a.bui1ding material.

One of the principle factors for the use of cin-

der concrete is its light Weight. Its weiiht is less

than one half of that of stone concrete. This proner—

ty makes it an encellent material for partitions in

buildings where weight is incortsnt.

1 _ o

adsorotion$
4
.
:

O
J

T11
5

0 (
D
J

Cinder concrete has go scun.

gives a high degree of satisfaction on nsnv jobs like

hotels, hospitals, or apartments, where sound insul-



ation is 'mpcrtant.

Cinders are readily nailable which is an added

good feature.

Cinder units make a inexpensive wall when com—

pared to clay tile or brick walls. ts fire resist—

ance also equals that of these other walls.

A bad feature of cinder concrete is that it

is highly absorbant and should not be used where it

i c.nstantly in contact with moisture unless a(
I
)

l

water proofing is used.

0n the whole we can say that cinders as an ag-

gregate for concrete has its place in building mat—

erials.
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