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FOREWORD

This work conghtibutes primarily a progress

repors on the gbatus of the cooperative research

- project, as of July 1, 1942, bebtween the Michigan

State Highway Pepartment and ths Michigan College
of Mining and Tecimology.

This work was perforamed and reported by
W. A, Xevanen, of the Testing and Research Divisien
who was in respensible chérge of the project st

Houghbon.




TNTRODUCTION

In March 1941, at the request of Grover C. Dillman, President of the
Michigan College of Mining and Techmology, State Highway Commissioner,
Go Donald Kennedx; instructed the Research Division to procesd with Lhe
egbablishment of a cooperste research project between the Michigan Ceollege
of Mining and Teclmology and the State Highwey Department., The Research

Division to agoume the resp@nsibility-for the general direction of the

Torke

It was mnderstood that the Tranch research 1aﬁoratory would be estab-
lished at Houghton fer the purpoge of using the laboratory facilities of
_ the College for convenlence in investigating the problems of immediate
@gﬁ concern to the eonstructlon of highways in the Upper Peninsuls,
| After conpidereble delmy in obbaining and training a men to assume
the regponsibility for this particular projsct, the project was siarted -
in December 1941 under the fellowlng program.

The program was prepared on the basls of suggested projects rscommended
by the Testing Divislon and the current activitles of the Research Division
in the Upper Peaninsula.

The research program cousiste of three major projeoits as followss

1., Field secaling studies on concreite pavements.
2. Concrebe materisls investigaiion.

Be Ctabilized basge course invesbigation.

Qﬁ@ The major sbudies ligted above will be discussed in the order presentsd,
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Field Sealing Studies on Concrsbe Pavements

Asceleratéd scalinglstudies were made on certain concrete pavemenks
to supplement similsr secaling studies on the Michlgan Test Road as well
ag 1aboratory gtudies being conduched alt East Lansing. |

The fizld scaling prcjeéts include 2 comparative study of caleium
chloride salt versus natural freezing and thawing, the effect of calcium
chloride on concrete conbaining stamp sand and the effect of caleium

chloride on stone sand with and withoubt silica dust and containing Orvua.

TInvesbigation of Caleium Chloride Salt versus Nabural Freezlng and Thew-—

ing of Water on Concrebe Pavement

The purpose of this project was to condueh comparative sealing studies
on & concrsbe slab nob previouwsly treated with calelum ehloride to deber—
mine in what.degree caleivm chioride or natural f?eézing and thawing ars
inducive to sealing of concrebe surfaces.

Sealing penels simller to those used on the Test Read were insbtalled
on US-41, Barags Cownty near. L'Anse. The pavement was constructed in 1941

uging Champlon Sand and Gravel.

Iaveghigation of Calcium Chioride on Stamp Sand Fine Azgregabe Concrete

Pavement

The purpoge of thisz study was 4o determine the resichanes to séale of
concrete pavement containing ghtamp sand as a fine aggrsgate.

2 sealing panel was estan 1ished on pavement surface eontaining stamp
gand., The gesling panel is on US=41 about 8 miles north of Hancock boward

Calumet, station 440+00.
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Tovesbigation of Calcium Chleride on Stone Send Fine Aggregate Concrete

With 2nd Without Silica Dust aﬁd Conbeining Orvue

The purpose of this study was to deterwine the relative resistance to
scaling of stone sand conecrete pavement with and without silica.dust as a
mineral filler'and‘containing Qrvis.

Sealing panels'wére installed on stone sand project in the City of
Vanistique, Project M 75-28, C2. . Panels at station 53400 right (Orvus and
gilica dust), Station 54415 left {Orvus only).

The field scaling projeets have been completed. The resulis from these
studies are being incorperated into s major repcrt on concreie scaling te

be subnitted at a later date.

Concrete Materials Investleabion

It was proposed to make a comprehensive study of local mine wastes o
deternine their suitabilliy for use in highway copatruetiens The study in-

cludes both stamp sand and crushed mine rock.

Study of Stemp Send ag Fine Ascrepate for Concrete

The purpose of thiz shtudy wes to detefmine the suitability of stamp
sand, grcuﬁd and regroun& fef‘use in concrete mixtures, Thie work will
entail field and-laboratory studiss on the aggregété separately and in con—
crete speclmens. ' '

To date, the work has consisted of collection of samples and running

routine laboratory tests on materials from different sources.

Study of Crushed Wine Rock as Cosrse Aprregate for Concrele

The purpose of this gtudy was to determine the suitability of crushed
mine rock for use as coarge aggregate in concrete miwtures. This work will
entail field and laboratory studies on the sggregate separately and im con-

crete specimens.
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. Thiz study was in progress in conjunction with the stamp sand in—

vesblgation.

Stabilized Base Course Investigation

The purpose of this.pfoject was o determine fhe suitability of stamp
sand for bituﬁinous or portland cement stabilized base coursss. The pro-
jeeh will congist of two parts -

1. Bituminous stabilization studies
2. Cement gtabilization stuéies

Tt mas proposed fo conduct laboratory studies on these maeterials for
the purpoge of developing proper mix desigm and prepare specificaticms for
ﬁase or surface construction. ' i}

This phass of the program has not‘been sbarted.

This report presenbs a compilaticn of the data obtained from the wor
perbaining to the Concrste Mﬁtgri&lﬁ Investigatimng The work up unbil |
July 1, 1942 inecluded field surveys and material analyses pertinent to ithe
following sourées of meterialss )

1. Atlantic {Bosch) Sand Deposit

2. Boston Stamp Sand Deposit

5. Calumet and Hecla Regrind Deposit

4, Franklin and Gentenial Deposit

8, TIsle Royal Stamp Sand Depesit

8. Quincy Stamp-Sand Depoagit

7. Trimountain and Baltic Stamp Sand Deposit

8. Winona Stamp Sand Depesit

9, Calumet Crushed Trap Rock.
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ATLANTIC (BOSCH) SAMD DEPOSIT

Type of ¥Material

Crushed amygdaloid rock sand.

Logation and Accegsibility

The deposit is located in sectlon 54, TSN, R34W, in two portions,
the one locabted near the Bosch brewery and the other near the Michigan
Smelber slag deposit & short disbance west. It 1g easily accessible by

either a good highway or rallroad.

Quantity
There is an ea@inﬂtad 15,000 cublc yards available. However, the

i1 depegit is pretty well worked outb.
i

Type of Deposit

These sandg heve been used on Michigan State Highway Depariment con-

crote jobs, alsc for oil aggregateiand shest asphalt work.

Owner

Bosch Brewiag Company.

Phyeical Properties
1. Unit Wedght « . o « o o« & o o o 109 Ibs./eubic fool

2; Orgazlic L] L] " & L] & L L] @ L) [ o o Pla‘be 1

5. Stone dost {through Me. 200) = « o o o o o0.7%
4, TFinensss Moéhl}.us = o 7 7 ® [ ® 2 @ ® 5507

i® B, Bulk Specific Gravity « . o o o o o o R.87




6., Bulk Specifﬁ_c Gravity (Surface dry) « » « « o o 275
7. Apparent Specific Gravily . o ° v ® s s 2689
8. Ahsorptiom, percent . . + . &+ . o 2688
9, Percent Voids « .+ o « o & o o o o 34,5

10, Mechaniecal Analysis

- Cumulative passing Noo 4« «  « o o o« » 100%

| S T T O
" " Ne.18 . . o . o  58%

" t Hoe 30 o s % o« o o 303
r | " T Ne. 50 . . . e . 11.5%
" T We. 100 .« . s . . 2.2

11, Structural Soundness o o « 6 & o s e
@@lﬁ 12. Compression and Tension Tegls « o+ o o o o
15. Soundness thru 5 cycles of magnesium sulphate . .
14. TWeighted average (corrected percent) . . o o 2.89 firsh

3.04 second

f‘;;, . _-j
S

Fay

Pl
;



BOSTON STAMP SAND DEPOSIT

Type of Material

Conglomerate nature

Tocation and Accegeibility

The deposit is located near the former mining tom of Boshon, near

U8-41, approximstely 8 miles from Houghton, section 8, TS6N, R33W.

Aecessible to US-41l.

Cnantity

Too high in organic material te be practical. '

Tyoe of Deposit

Appearently too high in organie wmaterial to be practical for bitumi-

nous or concrsbe work.

Dyner

Boston Mining Company

Phvaiecal Properties

1. Unit Weigh'b ° 8 ®

2. Organic . . . o

3. Stome dust (through No. 200) . .

4, TFlineness modulug . .

5., Bulk specific graviity .

k-1

8

L o

8. Bulk gpecifie gravity (surface dry)

7. Apparent specific gravity

8. Absorphion . . o

*

e « Plate 1

&

@

0.8%
2.B7
2.58
2.86
2,78

1.44%
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9. Percent volds . . . . . N

10. Hechanical analysis

Cumulative passing No. 4 o

ki)

1]

#

ki

"

i1

#t

i

u

No. 8
No. 16 .
He. 30 /.
No. 30 .

No. 100 .

@
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CALUMET AND HECLA RECRIND DEPOSIT .

Type ef Material

This deposit is the tails from a reground comglomerate shamp sand

with some reground amygdaloeid stamp sand mixed with the conglomerate.

Location and Accessibilits

Lake Linden approximetely 1500 feet from highway M-28, covering about
& half section in Torch Lake, inm the east 1/2 of section 5, T55N, R52W,
The deposit 1ls adjacent to the Mneral Range railroad and sasily accessible

from highway M-28.

Guantity
Unlimited. -

Type éf Depogit

Thie material was stamp send which was hydraulically treated for its
copper conbent and then deposited into Torch Lake., Tt was then dredged
and repumped into the mills, reground and remilled and after belang ammonla

leached was depogited into Torch Lake again.

Ownep

The Calumel and Heela Mining Company, Caluwet, Michigan.

Physical Properties

1, Unibt weight « o« o« o o « = s o o o 108 lbs./cu.ft.
20 QZ‘ganic L) @ 3 b @ o 4 2 . -o L & Pl&te 1

5. Stonme dust (through No. 200) . . . . . o 18,57
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=3

5,

£, Bulk specific gravity (surface dry) .

7s
8,

9.

10.

Fineness modtdus .

Bulk spscific gravity

Apparent specific gravily .

Abgorption .

Percent voids

Hecheniecal analysis

&

[

&

L]

L]

L] L] | L

L o &

Cumulative pagsing No. 4 » o e

]

u

0’

"

n

1

]

¥o.
ﬁoo
No.
Heo
Nos

Fo.

S * L] -
6 , .«

50 [ - L]

50 ® ® ®

160 . .

200 {by rotap)
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1.12
2,58
2,83
2.71
2.06%
36

100%

99, 6%
98.5%
92 .4%
84.8%
32650

12.8%
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FRANETLIN AND CENTENIAT DEPOSITS

f1 Type of Material
| Thege sands are a mixture from various mines in this locality. These

mills, especially the Franklin, did custom milling for independent mining

companies in the'copper country. Therefore, they are a mixbure of the red

conglomerates as well as the gray amygdaleids.

Logation and Accessibility
Village of Polat Mills, aboub 14 miles from Houghton on the shore of
Portage Lake in ssctlons 10 and 11, T52N, R38W, and are easily szccessible

by voad or lzake trangportation in the summer months.

Quanptity
Talinibed

Type of Dépesit

Mixbure of red conglomerabeg as well as the gray amygdaleids.

Owner

Calumet and Hecla Mining Company

Physical Properiies

(Franklin Stamp Send)

I, Tnit Wedght . & . & +« &« o o o & 110.5 ibg/cu.fte.
2. Organic . 0 - o . . o N s - e Plate No. 1

Z, Sbtone dust (through No. 200) . .+ .« . o 2.5%

- N
L ) B
[EY

1. TPiosmess Modwlus . e e a o s e s s RaT3

=11 =




5. Bulk gpeclfic gravity . . . - o o o o 283
6. Bulk specific grevity (surface dry) « .« =« « o 288
7. Apparent specifie gravity e s . v . . - 2.78
B. Absorptian T 5
9, Percent voildz « . .« o & « o & s o o B52,8%
10. Yechanieal analysis

Cumnlative pesping Noo 40 & ¢« « - 1007

& n HO. 8 « o o« o & & o 25
" P TS ..
M Mo, B0 .. . ., . . . 398
n | " Ho. BO o o o . " o 22%
mo Koo 100 ¢« ¢« o« o s 8.5%

(Centenial Stemp Sand)

1. Unit Weight o o o o « o o . . 118.2 Ibs./cu.fh.
2. Orgsnic . - . . . . . . . . . Plate No, 1
3. Stone dust {(through No. 200) « « « « .« . « 2.8%

4, Tineness NModulus . o a P . ° N . o  R:T0

5. Bulk specific gravity . s e v o . . e ReTl

8, Bulk specific gravity (surface dry) o+ . o+ o+ o 2.78

7w Apparent specific gravity . . . . . o s R.93

8. Absorption . .« < o « o e s s o s o R.5B%

9. Percent voids . - .« .« + . s« o o Bl
10. MNechanieal énalysis

Cumlative passing Wo. 3/8 « o o « o . 100%

-12 -




Cumilative passing Noe 4 « o o o o o 99.4%

" " Ho.B . . . o« .+ o 088%
" v Mo.16 . . . 1. . 60%
.1 No.30 .- 0. o e« 41%
: " M Nee 50 . . - . . 27,13
:5 # P Fo. 100 . . o« . o 1B.3%
; _
»

o - 15—




ISLE ROYAT, STAMP SAND DEPOSIT
k]

Type of Material

Amyedaloid crushed rock sand,

Tocatlon and Accessibility

Pwo miléé east of Houghton and approximately 500 feet north of highway
US-41, covering approximetely a half section in'the north 1/2 of section &,
T54N, R35W and o small portion of the SW 1/4 of section 32, TB2N, RE3W,

The deposit is adjacent to the DES and R railroad and easily accessible

from UB-41 by a good road.

Cuantity
Unlimited,

Lype of Devoglt

This material is the tails from the amygdalold rock crushed for its
copper content by the Isle Royal Copper Company. It is deposited from
water, which is Tun down a sluice from the mill to the place of deposlt
and is deposited in layers, the coarse settling out first, and then grad-
ing to #he finef, unbil 2 layer of such fineness is réaghed that the per-
colation of the water stops and a coarse layasr is deposiﬁed again. The
material comes from an ore thal is considered easy milling and crughing
for this district. It contains considerable of the soft minerals such as
ealeite, ebtec. Although the meterial is not miform in grading bhroughout
the deposit, the material taken from the face of the pit gives a wniforn
grading by mixing. | .

- 14 -



Owner
" Isle Royal Mining Company, Houghton, Michigan
Phyeical Properties
1. Unit weight . . . e e e s e e e 118,0 lbs./cu.ft.
2. Organic . . ° R . - . . a o Plate No., 1
5. Stone dugt (through No. 260} . . o e B.5%
4. Finenegs modulus . e s e . s e o 3,17
5. PBulk specific graviiy . . . . s . 2a?1
8. Bulk specific gravity (surface dry) o s e ReT7
7. Apparent specifiec graviiy . o . e s o w282
8. Adbgorptioen . e s = ® v . o o N Rarl
2. Percent voids . . o s e . . a 30.0
10. Mechanical analysis
Cumalative passing No. 4 o & e e e 99, 7%
n " No. & + & e & e 78%
n " oo 18 « & o o o s 52%
" T No. B0 . s« . s« o 3%
’ v " Ko, B0 . . o e 8 e ia,é%
" 1 To. 100 . . . . . . B.TF
li, Structural soundness . e o . e ° « OK
12. Compression and tensien tests . . o N - 0K
| 13, Souncnese through 5 cyc;es of magnesium-sulphata
Welghted average (corrected %) . . .. e 2,82 1lsgt test
3.04 2nd test
Qgﬁ@ ~ 15 -




QUINCY STAMP SAND PBEPOSIT

‘Type of Material

Amygdaloid rocka

Locetion and Accessibility

Near thé village of Mason, approximately 6 miles from Houghton, on high-

way M-28, sections 28 and 26, T55N, RBEEW, The deposit is easily accessible.

Guantity

Tnlimited.

Tvoe of Deposit

There are two deposits of amygdaleidal nature from rock which is mined

in the vieinity of Hancock.

Ouner

Quincy‘Mining Company

Phvegical Properties

lo Unit Weight « « o s o  « & . 117.1 lbs/cu.ft. 118.2 1bs./cu.ft.
2. Organic , ; e e s e e e e Plate No. 1 Plate No. 1
%, Stone dust (through No. 200) s e e e
4. Pinepness modulusg . = . o s . . o 2.40 B.00
5. Bulk specific gravity « o o o o 2,78 2,76
8. Bulk specific gravity (surface dry). . . 2.84 2.93
7. Appavent gpecifie gravity . . ‘e o 2.27 " ”2»98
B '8, ibgorptiom, percent « o . . . o 2.40 2.48




9, Perecent voids .

10, Mechanicsl analysis

Cumulatbive paszsing No,.

c o

W

"

Fo.

-Fo,.

No.
Fo.

No.

4 . .

8.+

16 . .
30 . .
50 . .
100 .

- 17 -
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No. 1 Mill

32.2.

100%
91%
76%
48%
28.9%

13.6%

No, 2 M1l

§

31.2




TRIMOUNTAIN AND BALTIC STANP SAND

Tvpe of NMaterial

Thie depeeit conbteing tailings from five millg.

Location and Accegsibility

Shore of Lake Superier in the vicinity of Redridge and Beacon Hill.
They are spread oubt along the shore line in sections 19 and 20, T55N, R35W,

and are easily aceeseidble.

Cuantity

Unlimited.

Tvpe of deposit

The depesit conteing talling from the Freda mill of the Champion
Copper Company and the now exbinet Trimountain,Baltle, Edgemeer and Atlantic

mflls. These sands have been washed along the shores for milss,

Owner
The Champlon Copper Company of ?énesﬁale, Michigan
Physical Properties
Trimountain Baltice

1., Unib wedght « o o o o o . 112.1 lbs/cu.ft. 107.6 1bs/cu.fte

2. Orgemiec «. "« o+ . & . o Plate No. 1 © Plate No. 1
5. Stone dust (through Noe 200) o o« .  B.2% | 0.2%
4. Fineness modulus . o o s " o R.87 2.76
5, Bulk specific gravity « . . . . 2.74 2,82
8. Bulk specific gravity (surface dry) . . 2.80 2.85

- 18 =
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D T S

9,

10,

Wechenical analygis

Cumulative passing No.
" " No.
1 | NO °
" : ] Ko,
" n Ko,

" n No.

Triméuntain
Apparent specific gravity . . e e e 2.84
Absorption . . . - . o s 2.43%
Percent voids . . .

a a L L] 54’5

4. . . . 100%
- 94%
s . . . T0%
30 . . . i

500 s . o . 21.5%

100 ° ® L] % 896%

-19 =

Baltie
2,81
1.17%

38.8

100%
997
01%
297%
1.2%

1.2%

N
REREOR



WINGOHA STAMP SAND DEPOSIT

Tyee of Material

Amygdaloid crusghed rock sand.

Location and Accesgibility

30 miles soubh of Houghton and 1.7 miles from M-28, near the village
of Wirona which is the site of the now exbtinct Winona Copper Company.
Thie deposit is easily’acbeséible by 2 good road, especially in the summer

months.

Guantity

There ic an estimated 15,000 to 20,000 cubic yards of this materisl

gvailable,

Tvoe of Deposit

Thig material is’the talils from the crushed asygdaloid rock from the
old Winona Mining Company's stamp mill. The material is the larger size
from the tails. The fines were all weshed out a2nd gluiced away. The pile

is conieal in ghape and the sand is especially clean.

Owuer
Privately omed by Mr. R.R. Seeber, Mr. Dean Robinson and Mr. William

Smith, of Houghton, Michigsn

Phyzical Properties
1. Unit weight . . . o s . . . . 110.8 1bs/cu.ft.

2. Organic . . . » . . . » o Plate No, 1
3, Stone dust (through #200) . . . . . 0.81%
4, Fineness modulve . o . . . ° .64




8.

D

i0.

Bulk specific gravity . ° . .

Bulk specifie gravity (surface dry).

Apparent, specific gravity . . s

Abgorpbion . . ° s -
Percent voids . s . o
Mechanleal analysis . -

Cumilative passing No. 4 . .

" " No. 8., .

u t  No, 16 . .
n " No. 30 v
L T o, 80 . 0 .
n LE ﬁoa 100 . °

- 71 -

@

100%
77%
41%
14%
2.6%
1.7%
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CALUMET CRUSHED TRAP ROCK 4-A AND 10-A

Thls coarse ageregate is from the Houghton County Road Commigsion

crugher at the former Tamarch Mining Company borrow pile at Calumet,

Michigén

Physical Properties

1.
2a

Je

9
10.

1.

12.

Unit Weigh’b e ® @ '3 ® ® P l @ 2% le/cusfte

Stone dust {through No. 200) » - 0.6%
Finenegs modulus . o o . . ®

Bulk specific gravity . . o . a o RaTD
Bulk specific gravity (surface dry) » o  2.79
Apparent speelfiec gravity . . e @ 8 R.88
Mbsorphion « e« e ¢ ¢ e s s o LTB%
Mechanical Analysis
Cuwmilative paseing 2" v+ ¢« o o 100%
" U e I 7+ 04

i it lll

@ L] ® @ . 7?%

f o 1/2" [ [} i ® [ e
" Y B
- " Noe 4 o & . .

The so-called 4-A does not pass the secreen
enalysis specification.

Thin and elengated particles . & . . 10%

Soft particles . . “ o . . 5.8%

Sandstone end Caert . .+ & s s e None
{come wood chips present)

Abragion, 10,000 revolutions on the Dewel 10.2%

- 20 -

4-4

- 10--A

97 1lbs/cu.ft.

0.8%

2aT2

2678

289

2 RED

100%
98%

445

5%

12.5%

BaTh




CONCLUSIONS

As outlined In the imtroduction, the Houghton projeét at iis inception
conslsted of three main research problems, namely, scaling studies, concrebe
meteriels investigation and subgrade stabilization.

‘The sealing giudies were conducted during the winbter of lQélulQéQ._ The
resulte from these scaling studies do mot eppear im this report becausge it is
intended to correlats this information with the information oblained from
gimilar studies conducted on the Michigan Test Rosad.

The data presented in this report are preliminary to}tb& durability
studies which were to follow. Upon completion of the materisles surveye and
termination of the physical tests on the various aggregates, 1t was proposed
to meke concrele specimens using the various meteriels and then subject Lhe
specinens toiaccelerated freezing and thawing bests. The durability tests
were to bé mede at the Regeorch Laboratory in Fast Laﬁsinga Up wntil the
tine of ¥r, Keréhen‘s transfer to obher activities, be has been enpaged In
surveying the locel sources of aggregates and conducting the physical teéts,
the results of which are presented herein, The dursbility studies have not
been started. |

Thiz veport concludes the work st Houghton for the present, since
Mr. Keranen has been transferred to other dubiex. However, it is antici-
paféd that the project will be resumed ot seme later dote under the super-
vigion of College personﬁelar The sctvel work to be carried on by graduste

gtudents.

- 2AF e



