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LIMESTONE SAND IN CONCRETE MIXTURES

Introduction

The use of stone send as a [ine sggregate in concrste construct-
ion has been in disfavor not only in Mi@higan, ub also in‘other states
where thig material is available. The main objections to its use in con~
crete are reduced workability, excessive bleeding, difficult finighing
and a tendency‘tb produce gcaling of pavement surfaces.

| " There hag been a feeling on the part of certain individuals that
come of fhe available loeal dources of degirsble hatural aggregaées may
become depleted and because of the fact that there is zvailable to cer-
tain areas of Michigan alsupp;y of stone gand, the Resgearch Division of
the Michigan State Highway Depsriment has been requested to make a study
of the advigability of gsiﬁg gtone gand in concrete consiruction.

The purpose of the study is to establish future Departmental
policieg in fegard to the use of stone sand ag a fine aggregaté in con-
crete congtruction.

The gtudy of stone sand bas included a review of the use of stone
gsend In Michigan, the characteristics of manufactured stone sand, and
their effect upon concrets mixtures, the menufacture and characteristics
of Inland limegtone sand, é summary of the sealing survey made of exist-
ent concrete pavements containing stone sand, the regults from the sealing
gtudy made on the durability section of the Michigan Test Road during the

previous winter and a degeripblion of the Manistigue stone gand durability
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project which will be congtructed this year to sgtudy further the char-
acterizstics of this material when usged with certain sdmixtures,
'The Use of Limestone Sand by the

Michigan Stete Highway Department

In 1931 the use of stone éand as an alternate for natural gand
in concrete miztures was considered by the Michigan State Highway De-
partment. Before that tiﬁe, stone gereenings, either alone or in com-
bination with natural gand was not alléwed in concrete mixtures. In
April, 1931, ab the request of C. E. Foster, Chief Engineer, specific-
tiong for the uge of stone gand were prepared by W.J., Fmmong, Laboratory
Director of the Highway Department. ¥Mr. Emmong collaborabted with Dr.
Kriege of the France Stone Company, and Vire Goldbeck of the National
Crushed Stoné Agsoclation, in preparing the specifications. With the
exception of & change in the washing fequirements from max. 2-1/2% to
A% the specifications as presgnted by Mr. Eomeong in 1931 have remained
mmchanged until 1940. A copy of the originsl specification is present-
ed in the appendix. |

_In 1940-a-chaﬁge was made in the gleve sizeg with congeguent
change in gradstion limitation Tequivements. The Public Roads Adminis-
tration, after reviewlng the 1940 Standard Specifications made the fol-
lowing recommendation "Natural Sand 2NS, along with sﬁone gand, we be-
lieve that a finer sand might be permitted in some cases in the interest

of greater workability for which purpose we suggest the use of the follow-
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ing requirementss"

Pagsing No. 50 10 - 30%
" n 100 0 - 10%
Loss by washing Max. 3%

The present and proposed supplementsal gpecifications for Natu-
ral and Stone Sands is given in the appendix,

Under present Michigan-state Highway Department specification
requirements for stone sand 288, the sand must be manufactured from
stone meeting all of the physical requirements of 4 A coarse aggregates.
Algo, It must meet all of the requirements of natural sand 2ZNS except
losg in waghing which shall be not more than 4 per cent. In addition,
stone sand is used conly when specif.‘icallj’ provided for by the Highway
.Departmente At the present time only one source of limestone aggregate
in Michigan is approved by the Public Roads Administration for use in
concrete mixtures and that_saurce is the limegtone guarry at Manisticue,
operated by the Inland Time and Stone Co. Comsequently, only stone sand
from this souree will be congidersd in the repori.

Characteristics of Manmufactured Stone Sand

Stone gand i3 & residue resulting from the crughing and screen-
ing of large Dlocks of quarried ;iméstone. The method of erushing and .
characﬂeristics of the parent meterial determine the final shape‘of the
sand particles. A study by Goldbeck (1) of samples of stone sand pro-

duced in different plants shows that there is a difference in the ghipe



of the psrticles. Sand from some plents is decldedly angular, flat in
shape and with sharp edges; other sands are more cubical, bubt none of
them exhibits much rounding of the edges. Further gtudy by Goldbeck
on the effect of shape of particle on mortar—making properties of stone
sand revesl that the shape of the particle is largely responsible for
the many mndesirable characteristic of conerete containing stone sand,
For example: +the more angular the sand the higher must be the water
content for a given consigtency, when = contractor must work with very
apgler and sharp cornered pands containing slabby and needle like pie-
cog, it ig clearly indicated that he must uge a much higher percentage
of water then is the case with s more rounded gand.

Leboratory tests on cement mortars (2s reported by Goldbeck)
containing rounded sands showed a higher strength, greater density, and
greater resislance to freezing and thawing cycleg than the cement mor-
targ compoged of angulsr stone particles.

A gtudy of the results'indicate that slabby and angular par-
ticles which occur 1n meny stone sands are undesirable.

The National Crxughed Stane Association (2) afﬁer conglderable
study on this problem states that the harshness found in some stone
sandg 1s largely a funciion of the éhape of the gtone particles. A
cublcal shape wag found to give satigfactory workability whereag flat,
elongated graing were aggociated With harsh mizes, which require either

more water per sack of cement, or an increased cement factor for a work-



able mix, Algo, they siate that cubical.shaped graing are being pro-
duced with a variety of eqﬁipment such as core crusghers, ring rolls,
rod mills, hemmer mills, and that the type of eguipment suitable for
any particulsr quarry is dependent on the characteristics of the rock
to be crushed and particularly on its sillca content; in other words,
équipment found bo be satisfactory at one location might not neces-
sarily be.found to be satisfactory at another where the gtone has dif-
ferent characteriéticse

On large congtructlon ﬁrojects where limestoné aggregates are
to be used, it is customary to gend samples of the rock to several
manufacturerg for reduction in their mills to determine which menu-
facturer has the proper equipment to produce the most cubical shaped
particleg.

Recent regearches by the Ohio State Highway Department in col-
Yaboration with several manufacturers of stone aggregate, have shown
that in those cases where a rock deposit ic operated for the express
purpose of producing relstively large sizes of gtone for non-sggregate
purposes, bthe resultant aggregate.cf gmaller gizes is of 2 duality much
inferior to what standard tests would indicate that qualiﬁy to be,

The rock from the harder and sounder ledges are less inelined

to break dowm to small sizes in the crusher while the rock from the soft-

er ledges break down easily. In consequence, the so called "by-product

stone" containg the larger ?ercentage of softer gtone. When the removal
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of flux stone therefore reaches as high as 60% of the quarried rock, it

can be found that the quality of what remains is unlikely to be a good

consﬁruction ageregate.

Characheristics of Tnland Limestone Sand

The stone sand manufactured by the Inland Lime and Stone Come-

pany is a residue from plant operations designed primarily to produce

2-1/2n x-6" flux gstone. The lérge‘blocks of quarried limestone are

introduced into a cone erusher set to produce 6" maximum size flux—

stone. The residue material below 2-1/2" in size ig passed over a series

i . . .
of sereens and further subdived into commerecial size esggregates for con-

erete and bituminous work. The finer fractlons continué on through a

series of rollers which further reduce the stone particles to stone sand.

The stone sand is deposited into a gettliing bgsin where 1t is washed and

finally stock piled,

‘A typiecal gradstive znalysis of Inland stone sand is shown below:

Sieve Size
3/8 ineh
No. 4
.No. 8
No. 16
No. 30
No. 50
No, 100

Lose by washing
Fineness modulus

Recent Paséing
100
92
&8
52
28
13

Proposed1943
MeSHaDe
Specificatichs
1007
95 - 100
65 - 95
35 =75
15 - 55
10 - 30

0 - 10
4%
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Soundnegs. test on lOA-Inland Stone consisting of five alter-

" nations of msgnesium sulfate,

Sieve Size %
Pagsing Retained Retained Weighted Average % Loss
2-1/2 1-1/2 5e3 0.00
1-1/2 3/4 48.6 0.00
3/4 3/8 33.2 0.00
3/8 No. 4 12.9 0.13
Total 100.0G 0.13
Particle Test
Size Fraction Disintegraiion Split Cracked Flaked
g-1/2 - 1-1/2 = 22 - 0 0 2- 3
1-1/2 - 3/4 25 0 0 2 1

—

Soundness test on Inland Stone Sand 288 from Project (F 18-20,C3)

gongisting of five alternations of magnesium sulfate.

Sieve Size Gradation Welghted Average
Pagging Retained on % Retained % Logs
3/8 No. 4 0.9 10.09
Noe 4 Vo. 8 10.6 1.06
Wo. 8 No. 16 36.3 2.18
Yo, 16 No. 30 23.7 1.90
Bo. 30 No. 50 - 15,0 '1;80
No. 50 No. 100 | 9.2 1.20
No. 100 - _ted
100 8.23




A. Stone Send Particles passing 3/8" sieve
retained on #4, magnification 2 times.

B. Stone éhnd Particles passing #4, retained
on #8, magnification 3 times.

Fig. 1 Inland Stone Aggregate.



A. Stone Sand Particles passing #8 retained
on #16 magnification 2 times. :

B. Stone Sand Particles passing #16 retained
on #30 magnification 2 times.

Fig._2 Inland Stone Sand Aggregate.
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A. Stone Sand Particles passing #30 retalned
on #50 magnification 50 times.

B. Stone Sand Particles passing #50 retained
on #100 magnification 40 times.

Fig. 3 Inland Stone Sand Aggregate.
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L visusl examination of the separate fractions of Inland stone
sand reveal that the sbone gand particles are very angular and irregular
in shape.' There is a preponderance of flat and tfiangular shaped pieces,
aé the photographs-in Figs 1-2-3 show. The pe;centage of cubical pieces
ig very smell. A stone sand with such particle shape characteristics has
been definitely proven to be ﬁ#ﬁesirable for concréte nixtures.,

For comparative_study a series of phoﬁographs Qf natural sand

particleé heve been ineluded in the repért. The photographs are shown

in Figure 4-5-6.
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A. Natural Sand Particles passing 3/8 retained
on #4 actual size.

3
J
, B. Natural Sand Particles passing #4 retained
i on #8 magnification 4 times.
e

.73 ' , . Fig._ 4 Natural Sand Aggregate.




A. Natural Sand Particles passing #8 retained
on #16 magnification 6 times.

B. Natural Sand Particles passing #16 retained
. on #30 magnification 15 times.

Fig._5 Natural Sand Aggregate.




A. Natural Sand Particles passing #30 retained
on #50 magnification 30 times.

B. Natural Sand Particles passing #50 retained
on #100 magnification 50 times.

Fig. 6 Natural Send Aggregate.




SCATLING STUDY OF FXISTENT CONCRETE PAVEMENTS

In the fall of 1939 a visual examination was made of all con-
crete pavements congtructed on the Michigan State trunk-line system.
The purpose. of this survey was to determine the amount and degree of
" pealing prevalent in Michigan. In order to evaluate the type and
emount of scaling in accord with similar researches being conducted by
-other organizationa, fhe intensity of scaling was divided into four
clagses designated as light, medium, heavy and disintegration of the
concrete,

Light scaling may be described ag a very thin cement film coat
legs than 1/16 inch in"thickneés, wmedium scaling refers to a thin mor-
tar coat from 1/16 inch %o 3/8 inch in thicknegs. Heavy scaling indi-
cates complete remofal of the mortar cocat the aggregafe béinglexposed
and started to ravel, disintegration of the slab implies that progres-
give disintegration of the concrete subsequent to scaling has been in
progress for some time and that the pavement is'iﬁ need of immediate
repairs or the surface has been repaired. |

The results of this survey with respect to.projects containing
Inland stone sand and natural sand available in the Upper Peninsula zare
given in table Eo.;;;_ and summarizéd in table Mo. 2«

From a carsful snalysis of the data presented in tables 1 and
2 relative to compafable concrete projeets constructed in the ﬁpper

Peningula, it is evident that,
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1. Scaling hes taken place on 96% of the projects countaining
stdne sand as compared with 58% of the projects in which
natural send was used.

2. On those projects where sgcaling has ccoured, with few ex-
ceptions the degree and intensity of séaliﬁg ig greater
on the stone sand projects.

3. Buch fsctors as topogrsphy and location with respect %o
citieg requiring additional applications of eslelium chloride,
plecing and finishing of concreie, brand of cementh, age with
respebt to firsf applicetion of calcium chloride, method and

degree of curing, and construction conditions must be consid-
ered in drawn concluslong.

4e In general, when all factorg are considered where stone sand
ig used, scaling prevalls to a greater extent than when natural
sands - are empioyed,

bttention is called to two projects congtructed in 1936 (projects
2-1-04) and (2-1-C3) containing stone sand and natural sand resgpectively
under cﬁmparable weather, soil and grade conditions. The two projects
désignated as No. 13 and 14 in table 1, were constructed continuous on
route US-41, Trenary North. A4t the end of 3 years the survey showed thatr
the intensity 0? medium geale was 2L.8% on the stone gand project and |

0,1% on the natural gand project.




Table No, L

. COMPARISON OF SCALE INTENSITY
ON PROJECTS USING STONE SAND AND NATURAL SAND
: — ]
o Percent
No. Project Year Age Length Cement Fine & Coszrse gSecale Intensity
- . ) : Aggregates” Tight Hedinm

1 489 C2 1931 8 2./90 Petoskey  Inland 0 8407

2 21-9, C1-2-3 1931 8 6.846 Universal  Whitehead 0 0.8
3 22-26, C5 1933 6 9.741 Universal Champion Mggn— 0 | C.03
. Lake

L 75-30, C2 1935 4 1,000 TUniversal Inland | 0 25.9

5 21-79, 02 1935 4 0.946 Petoskey  Inland 0 18,3’

6 21-28, Cl&R 1935 4 4.107 Manitowoe Bichler 0 0.8

7 22-2, C2&3  1935. 4 1.24) Universal Champion Moon~ 3.8 0.8

$ 36-17, G3%, 1935 4 1.779 Huron Champi.on %Zlégh- o 0

.~ wood

§ 21-29, G3-7 1936 3 5.906 Petoskey  Inlend 1.7 0.6
10 21-28, C3-4 1936 3 5.456 Petoskey  Inland 0.4 0
11 231-29, C8 l936 3 R2.576 Petosgkey Iniand 5.6 1.5
12 21-28, €6 1936 3 4.213 DPetoskey  Inland 0 243
13 2-1, G4 1936 3 5.332 Petoskey  Inland 0 21.8
1, £49-28, C1&2 1936 3 10,123 Universal  Inland | 5.0 5.6
15 75-30, Cl-45 1936 3 8.504 Universel  Inland 8.7 heb
16 52-25 C5 1936l 3 2(approx) Huron Iniand 10.0 1.0
17 21-32 02 1936 3 2.091 Manitowoc Bichler 0 Aal
18 55-22 C2&3 1936 3 44610 Universal  H.Hoimes Wallace O 0
19 55-24 C3 1936 3 8.914' Universal Champion Loretto 0 0.02




Table No. 1 conttd’

COMPARISON OF SCALE INTENSITY
. ON PROJECTS USING STONE SAND AND NATURAL SAND

_ ' ) o o Percent

No. Froject Year Age Length  Cement Fine & Coarge gSeale Intensity

' o e ' - hAgpregates Light Medium
20  49-28, C3& 1936 3 8(approx) Aetna Whitehead Bre- 0 0

voort
21 2-1, €3 1936 3 4.715 Aetna Champion Loretto 3.1 0.1
22 21-25, C3&, 1937 2. 6.820 Aetna Inlangd X.3 1.0
23 362, C3 . 1937 2 4.924  Universal Champion Beech-
wood 9] 0
2, R21-25, G5 1938 4026 Universal Inland 0 0
25  75-31,03-4-5- 1938 11.951 Petogkey Inland 0 0
6

26  55-3, C4 1938 24451 Universal Champion Loretto O 0




Table lo. 2

SUMMARY OF SCALE STUDY
STONE SAND VERSUS NATURAL SAND

TETTTEY ' - Stong,Sandm,'l T wgié}ZiAEQ&f“v e
length 7 Seale length % Scale
Tear Age niles light | medium _mileg light | medium
1931 8 2490 0 8447 16.587 0 Ol
1935 Lo | 1.94L6 0 22.1 7.127 1.2 0.6
1936 3 44,6110 3.9 L'l 27730 0.6 1.0
1937 2 6,820 1.3 | 1.0 4924, 0 0




TEST ROAD DURABILITY STUDY

In the durability section of the Michigan Test Hoad there
was included in the study two test sress compriged entirely of crushed
stone eggregates from the Inland quarries at Manisticue., Theze two
tegt eresg were congtructed for the express purpose of studying the
stone sand problem under controlled conditionsg.

One test area designated as "EA" is 1084 feet in length, con-
tains limestone coarse aggrggate and gtone sand with limestone dust ad-
mixture added ag & possible method to improve the-cbaractefistics of the
mixture. For comparatiys study & second besct avres (8B} 1054 feet in
1ength.was established adjacent to eres "SAY and conbtains a straighi
gtandard limesione aggrpgéte mixture with stone sand but no,aﬁmixture
added. Both sections were congtructed and cured wnder gimilar conditiong,

| During the constructlion of the limestone tegt aress, visusl ob~
‘servations were made of the concrete mixture including its characterigtics
and sppesrance during'mixing, placing, and finighing operations.

| During therwinter of 1940 the liméstona aggregate tegt areas,

as well asg other tegt areas containing concrete with natural sand and In
some caces admixbtures, were subjecﬁed to controlled applicatlions of Cal-
- eine Chloride to observe the action of ice and_salts in an accelerated
manner, In conducting the scaling study, definite pavement gectiong 120
feet in length were cﬁosen with respect to the wvarlous concreie mixtures_

snd surface treatments involved in the construetlon of the pavement. In
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each sectlon two areesg were dyked off, each area being 3 feet wide and
12 feet long. The dyked aress were esteblished slong the east edge of
the pavement and parallel to it.

Two different types of accelerated test methods were employed.
In test area "AY, 2 10% solution of Calcium Chloride of 1/4 ineh depth
wag applied and allowed to remain in place 5 days. At the end of the
periocd, the golubtion was removed, the panel'flushed and water applied
tora depﬁh-of 1// inch. The water was allowed to freeze for two days
after Which it was melted by an application of 5 1bg. of flake Calcium
Chloride per zres. VWhen the lce wag decomposed, it wag removed from
the test ares, tﬁe surfece flughed and allowed to rest cne day hefore
completing the next cycle.

Test Area "B" received a differsnt trestment. Water wag ap-
plied to the tést area and allowed to freeze over night. | The following
morning the ice was melted by distributing Celeium Chloride over the
area at the rate of 5 lbs.'per area. When the ice was decompoged it was
- rencved from the test ares and the surface flughed, Flugh waler was
applied %o the test area and the freezing and thawing cycle repeated.
On the basis of the quantity of water resulting from the melted ice in
each test area, it wes calculated that 5 1lbs. of flake Caleium Chlofide
would be sufficient to produce a 10 percent solution.

The percentage of scale appearing after each cycle wag deter-
mined by means of a specizl grid which wes superimposed over the dyked
ares. Winter conditions permitited 23 cycles of freezing andrthawing

eycles to be obtained.

Ay
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The results from the accelerated scaiing tests are shown
in Table _3 . The data pertainiﬁg to gtone sand is the analysgis of
one test panel for each method while the results on natural sand
are the average of 4 panels.

The results of the accelerated tests zs presented in
Table 3 show definitely that conerete contailning stone sgand is
more conducive to scaling then concrete made wilth natural sand. Tﬁe
extent to which this relationsghip will prevail is no doubt dependent
upon numerous factors. The use of limestone dust as a corrective

measure wag not satisfactory oniy in so far as it improved materi-

ally the workability of the concrete mixture.




Table 3 .

r“.‘;)
o

RESULTS FROM ACCELFRATIVE FREEZING AND THAWING
TESTS Ol TEST ROAD '

et cparme

—

e

Eycle of|’ Total |Ares Area 4
First Wo. Tested Scaled Scale Concrete
Scale Cycles |[sq. ft. Sq. ft. Mixture
Application of Caleium Chloride Solution
3 6 weekly| 36 15 41 Standard mix with natural
' sand.
1 3 36 36 100 Stone sand plus limestone
' dust.
2 5 n 36 36 100 Standard stonesand mixture.
Freezing and Thawide Tests
9 28 daily 36 24, 67 Standard mix with natural
sand.
1 5 0 36 36 | 100 Stohe gand + limegtone dugb. |
5 22 m 36 36 100 Stendard stone sand mixture. |




A series of ghotographs are presented in Figures 7 to 11, to
illustrete further the degree and intensi%y‘of scaling occeurring as
the resuit of the accelerated Calcium Chloride tests on the Durability
Section of the Michigan Test Road. The photographs in figures 7, &, 9,
10 illustrate the amount and type of sesling which occurred on the test
aereas composed of limestone aggregates ag compared with ceoncrete containing
natursl aggregates under similar controlled Celcium Chloyide trestments
designated‘asrﬂ and B and described previcusly in the report. The
photographs in figure 11 do not pertain to limestone aggregetes. They
are include&Aprimérily to show whet can be sccomplished to improve the
resistance of concrete to scaling by the use of certain admixtures..
The excellent results ohbtained from these tests relstive to the use of
Orvus ag an admixture in concrete to reduce scaling have been instru-

mental in reguiring the use of Orvus on the Manistigue Stone Sand project.
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A. Standerd Limestone Aggregate
Petoskey Cement, Standard Curing
100% Scaled, 5 cycles, Method A.

B. Standard Natural Aggregates
. Petoskey Cement, Standerd Curing
6% Scaled, 6 cycles, Method A.

Fig. 7 Standard Natural and Limestone Aggregates,
Treatment A.




‘A. Standard Limestone Aggregates
Petoskey Cement, Standard Curing
100% Scaled, 22 cycles, treatment B.

B. Standard Natural Aggregates
' Petoskey Cement, Standard Curing
61% Scaled, 33 cycles treatment B.

Fig. & Standard Concrete with Natural and Limestone
: - Aggregates, Treatment B. ’
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A, Standard Limestone Aggfegate + Limestone Dust
Petoskey Cement, Standard Curing
100% Scaled, 13 cycles, Method B.

B. Standard Natural Aggregates + Limestone Dust
"~ Petoskey Cement, Standard Curing
94% Scaled 33 cycles, Method B.

Fig. 10




- A. Standard Natural Aggregetes with Orvus
Petoskey Cement, Standard Curing
: ' No Scale, 7 cycles, Method A.

B. Standard Natural Aggregates with Orvus
Petoskey Cement, Standard Curing
No Scale, 33 cycles, Method B.

Fig. 11 Natural Aggregates Containing {rvus.




MANISTIOUE STONE SAND DURABILITY STUDY

On the besis of results obtaiﬁed from the séaling study con-
ducted last winter on the durability section of the Michigan Test Road
M-115 relative to the use of agmixlures to improve the phﬁsical char-
acteristic of gtone sand concrete and its ability te resist scaling, it
hasg béen propazed to experiment further with the uge of admixtures in
stone sand concrete mixtures. Congeguently, in the construction-of a
-0e417 mile of 38 ft. .- 42.fﬁ. conerete pavement in the City of Manig-
tique with limesﬁone aggregates certain admixtures will be added for
conparative study:of the resultant concrete mixtures and durability of
the finished gurface.

The limestone sgpregates both coarse and fine will be obbain—
ed from the Inland Lime and Stone Company quarries located at Manis—
tique. Orvue wetting agent paste admixture will be added in specified
amounts to the concrete throughout the entire project. In the north
half of the pavement only, silica dugt will be added in =ddition to the
"érvus“ at the rate of 65 1bs. per cubic yard of concrete.

The purpose of this work is an attempt at improving the ob-
jectionable characteristics of stone send in conerete such as bleeding,
difficult finisbing and scaling by ﬁhe addition of wetting agents and
additional fines.

Throughout the-construction of the pavgment thé conerete op-—
erations will be carefully watched and observatioms recorded for future
comparison and gtudy. Complete results from this study will not be

available mmtil after at least one seasan of lee removed with conse-

quent calciuvm chloride trestments.

N\
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CONCLUSIONS

Tt is evident from the foregoing informetion that stone sand
a5 a concrete aggregate is a questionable material. Its performance
depends to a certain extent upon quality, gradation and character of
the stone sand particles.

Quality, in so far as current laboratery practices can deter-
mine it, is a factor which can be controlled by épecification require—
ments in the same manner as for natural aggregates.

The grading of gstone sand, in go far aslspecifications are
concerned, is satisfaétoryo However, due to the general characteris-
tieg of the material itéelf, it hag beén proven in éxperimental mix-
tureg that a iarger portion of fineg passing the 50 mesh gieve alds
méteriaily in {mproving the workability of the mixture.

The charactefistic slabby and angular shape of sbone sand
particles meke it undesirable for concrete Work,.particularly in
the consgtruction of councrete pavemeﬁts. Such characterigtic partiecle
ghapes reduces the workability of the conerete which iz overcome to a
ceftain exfent by the addition of more water than would be requifed
normelly. This excess waler eventually reasches the surface during
finighing operations causing bleediﬁg, a condltion which iz undegir-
able{from the staendpoint of durable concrete. Field surveys, experi~
mental tests-and lahoratory researcheg subsbantiate the fact that fine
aggregates congigting of glabby and angular perticles are undesirable

for concrete congtruction.
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Cubical shape stone sand particles have been found to give
satisfactory.workability and if producers are interested in produ-
cing stone sand , having satisfactory properties, it is-desirable.
that they use meang of production which will eliminate tﬁe slabby
and angular shaped paﬁticles and to some extent,.round off the edges
of the perticles.

In view of the facts get forth in thig report, we hereby re-
commend thalt any stone sand which is not properly manufactured; of
does not pbssess adequate propertieé in quality and gradation ghall-
be excluded from all highway concrete construction work. Specifica~
tions-for gtone sznd shall be writien to exelude all such material
until such time thet it can be definitely proven that a sufficient
change in characteristics particle shape hag been made’to,overcome
its present objections. It is not the intent to excluée a mamfacture
improving crushing pfactice for ﬁhe‘purposé of improving final pro-
duots-

The present objections may be overcome successfully by the
uge of wetting agents admixtures, the‘addition of fineg or a coxbi-
nation of admiztures and fineg. Until these conditions are realized,
it is suggested that on any future projecfs,‘either ﬁighway structures
or pavenment surfaces; where it is necessary to use stone'sanﬁ because
of local natural zggregates, fhe érojecﬁ bg get up as an experimental
project with a definite thought be given to the uge of certain cor-

rechive meagures introduced with stone sand.
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Tn keeping with thege suggestlons a stone sand concrete pro-
ject will be congtructed this year at Manistique, Michigan in which
an admixture and additional fines will be incorporated iito the con-
crete mixture to determine what effect these meterials will have on
changing the objectionable characteristice of stone gand concrele.

Fe believe that the nature of the problem ig such that fur-
ther congideration should be given to the procuring of comparative
field data relative to the use of stone sands from different produ-
cers. Consequently, we recommend that another experimental concrete
proﬁéct be éet up to include a stone sand manufactured by the Stur-

geon Bay Company, Wisconsin.
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SPECIFICATION FOR PREPARED STONE SAND, AND COMBIWATIONS
-CF" PREPARED STONE SAND AND NATURAL SANWD

t

Stone sand, for uze alone or in combinatlon with suitable
nafural ssnd, shall be prepared from rock of approved quality. The
use of unprepared gtone sereenings will not be permitted.

Stone sand or combinations of ptone sand and natural sand
shall meet the_following re@uirements:

1. General:

It ghall meet the general reguirements for fine
agegregates ag defined in Division 12, Section 3,

Paragraph 2, of the 1926 Stenderd Specifications.

2. Grading:

Paseing 3/8 ‘inch screen 1004
1/4 o n 90 to 100

10 mesh sieve 60 to 90

20 " n 25 to 65

50 " n T to 25

100 n n 0 to 6

3. Lose by Elutriation, not more than 2-1/2 per centb.
4o Gltrengbhs

The fine aggregate shall be of pguch guality that
nortar composed of one (1) part of Poriland cement
and three (3) parts of the fine sggregate made into
briquettes according to standard laboratory methods,
shall have a tensile strength of at least one hundred
(100) per cent of that developed in the same time by
mortar of the same proportions and conglstency made
of the same cement and Ottawa sand.

When a mixture of prepared stone gand and natural sand is
proposad, the natural sand shall meet all of the requirements for a
natural sand fine aggregate for concrete, with the exception of those

for grading and for strength in 1:3 Ottawa send mortar.

L



Stone sand and natural send shall be combined by a method
which will ingure uniformity of composition throughout each shipment
and between verious shipments. If uniformity is not m‘aintained the
material will be rejected and permission to use such compinetion will

be regcinded.
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MICHIGAN STATE HIGHWAY STONE SAND

SPECIFICATIONS
Proposed
1941
Sieve 1940 Supplemental
|Passing 3/8 inch 100% 1002
Passling No. 4 95 ~ 100 95‘- 100
Papping No. 8 65~ 95 65 -~ 95
Passing No. 16 35 -7 35 -5
Passing No. 30 15 ~-55 15 - 55
Passing No. 50 &= 25 10 - 30
Passing No. 100 0 -5 0 - 10
Tosg by washing R 4% A%
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SCREEN ANALYSIS

or.

STURGEON BAY STONE SAND

Percentage Passing
Sereen Size Clagsified Unclasgsified MSHD Specification
No. 4 100 100 95-100
No. 8 87 80,9 80-90
Yo. 16 43.3 65.35 25-85
1 -MoilB0 25.5 38,80 8-25
No. 50 11.9 14.05 0=-5
No. 100 4.2 4.6



A. Stone Sand passing #4 retained #8
magnification 4 times.

B. Stone Sand passing #8 retained #16
magnification 18 times.

Fig. 1A Sturgeon Bay Stone Sand, Classified.




A. Stone Sand passing #16 retained #30
magnification 30 times.

B.. Stone Sand passing # 30 retained #50
magnification 80 times.

Fig. 2A Sturgeon Bay Stone Sand, Classified.




A. Stone Sand passing #50 retained #100
magnification 50 times.

B. Stone Sand passing #100 retained #0
magnification 50 times.

Fig. 3A Sturgeon Bay Stone Sand, Classified.
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A. Stone Sand passing #4 retained #8
magnificatipn 4 times.

B. Stone Sand passing #8 retained #16
magnification 18 times.

Fig. 4A Sturgeon Bay Stone Sand, Unclassified.




A. Stone Sand passing #16 retained #30
magnification 30 times.

.B} Stone Sand paessing #30 retained #50
magnification 80 times.

Fig. 5A Sturgeon Bay Stone Sand, Unclassified.




AT AA
TR
UM O

A. Stone Sand passing #50 retained #100
- magnification 50 times

B. Stone Sand passing #100 retained #0
magnification 50 times.

Fig. 6A Sturgeon Bay Stone Sand, Unclassified.




By Letter to
Jo We Kushing.
May 2, 1941

April 29, 1541

O- I Hannas -
Wisconsmn Public” Serv1ce Gorporaﬁlon
Green Bay, Wisconsin

Dear Nr. Ehnnas:

While you and Mrs Romig were in my office a feéw days ago

we discussed some of the factors entering inko the quality
deternination of ‘erushed stonos These factors very often
tend to render ‘tests by laboratories ctherwise accurately
and honestly made entirely useless for the purpose intendeds

Since talking €6 jyou, I have had an opportunity to check some
tests made a number of years ago in the State of Ohio from
productlons results of the eleven guarries aof wh1eh I had
chargee - S

Among thesa quarrles was the Carey plant of the National

Lime and Stome Companye This quarry like all guarries had
ledges of various tektures, physical characteristics and
structures.- It %as operated For fluxing or metallurgical -
stoné “for - the ‘gtesl’ mllls “In the Youngstown'disbrict. - Thls
flux’ §tofe Was sized 25" x 6" and about 60% of the plant's:
productlon wras Flux” stone sige. 'The ‘obher. 407 was a by-xa
product stone from 2 dOWn. e : e

Tests ‘of the quarry face estab%;shed an’ ‘average qualatj which
conlormed to the: rlgld -Okio specﬂflcatlons. “These tests were:

“specimen™ tests; and ‘they'wers” checked in the*finished product
by subjecting sized aggregate to the "modified sbrasion test".
This test is- 31m11ar to the Los Angeles Rattler Test and its
purpose is to index the quality of the prepared- aggregate. As
the result of this test Carey stone was indexed in "B" olass
while by all Standard tegts of the gquarry face it ‘was well
within the requirements of "A" class. Quite paturally rejectien
Pollowed and investigation was immediately made.  All of these
tosts were in collaboration with the Testing laboratory of the
Department of nghways, State of Ohio, Re Re Litehiser, Chief
En 1neer.7“ o
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April 29, 1941

Ire O' de Ham]as
Page 2 oo i

Elghteen tests were nade on ap bregate prepared in the normal
opération”df “the- Carey plant. The McdifLed Abra51on loss-d“
‘ showed the followang : e X e

Ohlo 34 (11“ X 1/2"

. 25,6 _

.Qi27;4¢‘#hg:\.

S, T
cheg4e2 T

5.0

o 26.3

WoregegT o

gyt o

SR TR

it '«'26’2

Miixe ‘Permitted”
EREEENA I WS RS 22,0

The ‘coriclision was “that ‘gither” ‘tHe' Modiried Abra51on test ‘was
not properly related to Standardﬂtests,'or that “$ome practlca
in' proc9351ng lowered the’ quallty of ‘the stone. “In oonsequance
the CareJ plant operated “two shifts- without produclng flux =
stones ~That is, the 25" x 6" 'stone WHich was 'in normsl oper-
aticns scalped ‘out o shwpmenh to stael “'lls was recrushed
to 13" ‘or “smalle¥, thereby enuerlng into the construction ag-
gregate ‘heretofore produced only as o by-prbdnct. Agaln tests,
51x 1n number, Were made Wlth results as fcllows. '

Ohlo 34 (1 x 1/?")

Oth Szze 4 (l" 2 4 Mesh)_' L

*18.7 A 2250
i 22 3 ‘:' PR 20.7 -2
rv21.4w»g f.; o o T U19.4 0
i 120.9 R PP 17 .9
o 19.4 , | 21.2 .
Pmowd g -_:&}ﬂ19}6'3:¢u5 :EJ?.Et.:'Lrb‘ :1120;6“‘?.‘
Avorages TIOAT caviinia s oL e

Max. Permitted 22.0 22,0

Jﬂrq
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Quite clearly this indicated that whers a rock deposit is
operated “for uhe express purpose of produclng relatlvaly large
sizes of"’ stone for non-aggregate purposes the’ resultant aggre=
‘gate of snplle¥ sizés is of = “quality’ much inferior to what
standard 'bests would indlcate tha.t quallty 'to be. ‘ ‘

At. Carey, Ohlo, ”ese1tests were repeated oftan’ enough to
Justlfy:a pollcy of” operation whlch preciuded flux stone
operaulé whenever the plant was requlred at the same time’
ﬁo.produce a stone to mset etactlnw specl?lcatlons. )

’Interestlng a5 tne forg01ng may be toky u, it does not constl-
“tute the only research on that suBJGct. ~The''Spore platit of the
\Natlonal lee & Stone Gampany operatlng ot Bucyrus, Ohlo, Pro=
,duced for yaars an ag greﬁate “that passeds"A" class’ requlremﬂnts
’by a small but comfortable margln.“”It operated from'a ‘ledge
'hav1ng only uwn dlstlnct 1edges, ohe being very much Loughsr
and harder than ‘the' other, ‘but when mixed in thelir mnatural
Jproportions, accep able as ClaSu A.

% P T AR TR
RIS A I 5

Tn 1934 the State BF" Ohig regected thHis quarry 5 product for
;the re A"modﬁfled abra51on‘loss ‘of "finighed aggre-
'gate was not w&th:n‘the max1mnm 11m1t “of 225 reaching -in fact
85 high as 24, In"previous years an ‘averags “of 20 to 21 could
be relied upons In investigating "the quarry face no change
from previous years was apparents No change in processing
methods had taken place which might Pe’résponsibles Unlike
previous years however, the plent was enjoying a ballast order
of considerable quantity sized 22" 'z 13" and this ¢onstituted
about 457 of its oubpubts To dotermine its effect the production

£ ballast was momentarily suspended and the resulbant smaller
aggregabe testede The result was an immediabe return to the
normal average of 20 to 21. Perhaps a hundred tests were made
in this insbtance, “oo many to inelude in tnls 1euter, but I
_would be glad to furnish the detalls.' '

It will be seen from this information how unfavorably the quali-
ty of a crushed stone aggregate is effected when there is re-
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moved from the natural mixture of gquarry produection sizes
larger than normal aggregabess The harder, sounder ledges
are less inclined %o brealk down to small sizes in the crusher
cireiit while the softer ledges breakdown easilys. - In conse=
quence, the so=called "by-product™ stone contains the larger
percentage of the softer stones Vhen the removal of flux
stone therefore réaches ds nigh as 607 of” the quarried rock it
can be said that the quality of what remalns ig wnlikely to be
a good construction aggregate. ‘In addltlon, it must be
remembered that stones aceeptable for metallurigical purposes
must of necessity contain 1oW percentages of Silica end it is
8ilice that gives limestones and dolomites their soundness,
toughness and abrasive resisting qualities.  Therefore, their
ledges are of necessiby of borderline quality and the further
removal of that portion of the ledges which represents the
harder and sounder part mekes the reuultant by-produc’c stbone
an inferior aggregate 1ndeed. T

Sturgeon Bay Stone on the other hand is produced for sggregate
purposes only, hence the quality of its ledges is preserved in
the finished products - This also explains why we are able to
ship large quantities of consbruction aggregates over all of
the Great Lakes in.comyat;tignuwiﬁh”ths by=produet stone. '

Yours very truly

STURGEQN BAY COMPANY

Ce Ge Knoblock
AGEsW




