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11.

Cinders as an Azrregate for Concrete

GETERAL INFOTU/ATICN

Cinders a2re prod-ced from both anthracite and
Pituminous coals. Their ohysical characteristics
differ to a smell degree. Anthracite cinders have
been dggggded over bitunmincus cincders by certain
epecifications but evidence does not justify this
attitude. Some engineers on the other hand prefer
bituminous cinders because the perticles are strong-
er and the major part of the combustible matter is coke.

Cinders for aggregate should be obtained from
gas works, induc=trial plants, locomotives or similiar
sources where a large amount of coal is burned. If
the cinders are ovbtained from the above sources where
efficient firing is maintained, a fairly uniform ach
will recsult.

The combusticn vrocess is practically always in-
complete. The zgsh left usually contains unburned coal
or coke. Well fired bituminous coal used in the follow-

ing tests ccntain from 18% to 15% cowbustible material.

-

CINDZR AGHREGATE TESTS

Ty
Yany of the standard tests for stone ag:.reg te !

-
§
can not be applied to cinders as cinders vary greatly
4

when compared to stone. Cinders vary in weight, herd-
ness, porosity, atsorntion, foreizn material, and

strength.
-1-



A. Specifications

The following specifications have bteen sug-
gested; Cinders, when used for concrete, shall be
the product of high temperature combustion of coal
or co%e. Residue from donestic furnaces shall not
be used. The cinders shall be well burned, free
from foreign matter, and so graded from coarse to
fine as to vroduce cinder concrete or sand-cinder
concrete, neeting the strenzth requirements of the
building code. The cinders shall contain not more
than 0.45 per-cent sulphur trioxide as sulnhate.

Experience indicates that if the first vart of
the sonecificstions as to source is met,the cinders
%ill =21so meet the reguirenents for unconsuned car-
hon gad sulshur coucsonde.

Cincer e;zrerate should be zrnded froin coerse
to fine. Cinders froa high tenserature combustion
do not contain any amount of fine, fluffy ash—
they contain some fine gritty material. These fines
are Terely nresent in any undesiratle excess--they
are needed for workability. A typical cinder agcre-
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.



B. Sieve Analyeis

A sieve analysis is nzed to determine the par-
ticle size distributicn of fine and coarse 2ggre-
gate, using sieves with square holes. The ap-
paratus used consiested of a2 nest of Tvler sieves,
(1-1/2, 2/4, 3/2, #4, #8, #14,#28, #48, #100),
autonatic sheker and scales (accurete to the nezar-
est oran).

Taree reprecentative test eamvles (cinderp
from vower plant at llichizan State College) were
obtained by quartering and sheaking in the auto-
matic shaker for 5 ninutes. The results were tab-
ulated in teble 1. Curves were drawn (figs. 1, 2,
and 2), vlettinz sieve 8izes and per-cent retained.
The fineness was calculated feor the different sawnp-
les of cinders to determine if trhere was enouzh of
each esize.

C. Absorntion

Compared with cand and gravel, cinders are
rorous and highly absorptive. Although the ab-
sorvtizsn ie iapertant, it is not a criterion as
to whether a cellular mzterial will produce a
dry wall. Suction is an iugertant factor. A
drivin> veincstorm does not crdinarily venetrerte an
€ irnch wall “y i*= ouwn Torce; *he wrter is uvsually

c¢rawn vy capillarv ferce, wiich for cinder concrete



To deteraine the ebscrnstion of cinders, sever-
al tests were made on surface drr cinders (unzrad-
ed). The results varied greatly end were not re-
corded. The samdles were then gracded in five
varts by a set of sieves ( #4, #14, #29, #4838, #1790,

h)

pan). The sbsorption was found for each c¢f the greded

cizes (tarle 2). By ¥nowins the zrams retained on

O <

——————

each of these sieves in ~ur sieve analysis, we were
able to calculate the water in the total sample,
hence the absoration,which checked within .2 of
one per-cent.

The following avparstus was used in this
test--
1. Balance (accurate to the nearest gran)
2. Oven (3100-120 c)
3. Beaker
4., Trowel
5. Dry pans

The test ermples were representative samnles
which were screened to the eizes mentiocned abdove.
Each part of the sanle was ecaved for 24 hours
and was first claced in a ven in the sun to sur-

face érv. lllext, the sauztles were placed in ceons

-y

of ¥nown weight and weil_ nec. Then thev were vlac-

ed in the drving oven for 24 hours and rewei_hed



to deteruiine the :olstire loss, wiich is tebhulat-
ed in tanle 3. Fron this loss we calculrtecd the

sbeorntion (table 4).

D. ei-h%
One of the csdvanta_es of cincder concrete is

its wei-ht. For the cinder used in these tects
(obtained from the lichisan State Colleze tower
rlant) the unit weight was found to be 61.4*per
cubic foot.

The apnaratus used in this test was as foll-
OWS=——

1. Ealance (accurate to the nearest gran)

2. Tauninz rod (5/8 inches diameter)

3. leasure (1/2 cubic foot)

The cinders wvere room dried and thorou hly
mixed. The measure wee filled 1/3 full and the
ton leveled off with the fingers. The mass was

then rocdded 25 times, cdistrivcoting

o the stro¥es ev-

evly cver the surface. The ieasure wzs then filled
to 2/3 full ¢nd a_ain rocded 25 tines. The contain-
er was now filled overflowing ond for the third

time rodded. The surolus was sitruck off leaving a
level surface. The ceontainer was then weilghed and

the net weicht deteriiired. Freom this net weisht

the wei-ht ner cubic foot was calculeted.(table 5)



111.

w

E. secific Gravity

In this test the fellewin pieces of ecuirp-
ment were used--

1. Balance (sensitive to .1 gran)

2. Graduated flesk

The flask wrs filled to the 270 c.c. meork. A
500 zram, surface dry camnle was slowly noured in-
to the flask, end the comhined volumie reod and re-
corded. Trhe increccse in voluue is the difference
in the %two readings and is also equal to the aoorox-
imate velume of the cinders. The weizht divided by
the volume will give the aprroximate svecific grav-
itv (table 6).
CINDER CONCRETE TESTS

A. Drivins and opullinz of nails.

In this experiment six-penny naills were driven
into 21 day and 28 day cincder concrete. It was found
to be readily nailadle, and moisture increased the
ease of driving.

B. Sound Absorption

Cinders which are porouvs are efficient in ab-
soroing sound.

The Portland Cement Association has made tests
for the coefficient of absorntion by using'the Sabine
reverberatiorn method in which *the tiwme that elences

vhen various <etsndard sounde die out in a specially



constructed room, both with and without the sound
absorbing semnles, are measured. Calculaticns
based on these periods give coefficients of ab-
sorption that can be used to deternine the area
or amount c¢f sound absorbent surface that will be
needed to control the sound in any room.

Calcﬁlations showing the absorption coef-
ficientes made on walle built of standard 4 x 8 x
16 inch, 3-coré concrete wmasonry partition unit
ie found in takle 7. It czn be observed that con-
crete masonry units made of porous agzregate such
as haydite and conders are efficient from a sound-
absorbing etand point.
C. 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 ié equivalent
to the 707 p.s.i. gross area. However therce tests
were only 21 dav tests and higher water-cement
ratio could be used. A water-cement ratio of 1.0
means that 7.5 gallon cf water is used vner sack

of cement.



1v.

Tables € and 3 show the datn cc to the nix
and couprecsive strength. TFigure 4 shows a curve
rlot*ing water-cement retin cgainet crinressive
strencgth.

D. Commarative Crste

Suvpose that it is desirzble to determine
the relative cnsts of cinder blocke (8 x g x 15
inch unite), clay tile (8 x 12 x 12 inch units}
and clav brick for the conctruction of a building
requiring 2000 scuare feet of 8 inch wall. Tables
10 end 11 show the calculatinns for this wall. It
will be noticed that cinder vnits are a _ood deal
less expensive.

SUMVARY

Cinders, when used as an eaggregate for concrete,
do not give a strength counarable to that of stone
snd eand concrete, but if dces have other pronerties
which favor it as a building material.

One of the vrincinle factors for the use of cin-
der concrete is its light weight. ts weizht is less
than one half of that of stone concrete. This procer-
ty makes it an excellent material for cartitisong in
buildinze where weighf is iwmortent.

Cinder cnncrete hes z0od sound abenarntion #nd
givees a }igh dezree of satisfection ~n manr jobhs 1lie

hotels, hospitals, ~r =partuents, where sound insvl-



atinn is impcortant.

Cinders are readily naileble which is an added
good feature.

Cinder units make a inexpencive wall when conm-
pared to clay tile or brick walls. ts fire resiest-
ance also equals that of these other walls.

A vad feature of cinder concrete is that it
is hipgnly abesorbant and should not be uced where it
is constently in contact with nonisture unlesc a
wvater vroofing is uced.

On *he whole we c=2n say that cinders a2¢ an ag-
grecete for concrete hag its place in building mat-

erials.
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