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Crusher type Primary crushers Secondary and tertiary crushers

Gyratory Cone

Main purpose Size reduction Size reduction, cubicity and
breakage of microfractured particles
Production line Open circuif Secondary: open circuit,
tertiary: closed circuit
Reduction ratio 21 to 10:1 3 to 10:1 2:1 to 8:1
3lto 7] 2:0 1o 6:1
Fines <0.075 mm 3.5% 4.7% Secondary: 1.1%,
(percentage of feed) tertigry: 16-1.9%

Input in italics: gathered from 35 granite quarries in Georgia as part of this study. About 60%: of the primary crushers are jaw crushers. Impact crushers
are used for softer rocks such as limestone. Wet crushing lowers capacity and improves shape (particles stay longer within the crusher and experience
more loading cycles). Only | of the 35 surveyed quarries operates under wet conditions.

Other sources: McNally ( 1998), Heikkila (1991) and Bowers et al. (1996).
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Natural Aggregates

Recycled Aggregates

About 2 billion tons of sand and gravel and crushed
stone were reported to have been consumed as
aggregates m the United States in 1996 (Teporded,
1997a).

Aggregates are derived from avanety of souwrce rocks
and mined primarily by surface methods.

Mining requires environmental monitoring and
reclamation. Costs for exploration, permitting,
overburden removal, site preparation, and both ongeing
and final site reclamation must be considered.

Quality depends primarily upon the physical and
chemical properties of the source deposit.

Must conform to Federal, State, or local technical
specifications for each product application.

Currently used in road base, concrete, and asphalt
applications in all States (see Appendix 1).

Processing primarily consists of crushing, sizing, and
blending.

Location dependent upon msource. Equipment selection
depends upon mumerous technical, economic, and
market factors. Transportation distances and costs
among resources, processing facilities, and markets
affect end nses.

Mine and plant layout in part defermines the efficiency
of an operation.

Processing generally cccurs at mine site, often cutside
city limits. Resource suitable for multiple products.

Mobile. on-site plants may be used for large projects:
time required for takedown, transport, and setup.

Products marketed locally or regionally. mostly in wban
areas. Higher valued products may have larger
marketing area.

Less than 80 millica tens of mcveled material were
estimated to have been consumed in construction
applications in the United States in 1996 (T. D. Kelly,
oral commun., 1997).

Aggregates are derived from debris of road and bulding
construction projects.

Recycling requires limited menitoring and reclamation.
Costs for exploration, mining, or stripping are not
incurred, but costs for ongoing reclamation, site cleamup,
and dust and neise reduction may be incurred

Quality varies significantly due to large variation in type
and impurities of debris sources.

Must conform to Federal, State, or local technical
specifications for each product application.

Forty-four States allow its use as road base, other
permissible applications vary by State (see Appendix I).

Processing similar to natural aggregates, but increased
wear of equipment may result because of variable size
and angularity of feed and the presence of deleterious
material.

Location determined by feed sources and markets.
Location, equipment selection. and plant layout affect

operational economics. Transportation distances and
costs affect both feed supply and markets.

Recycler must be able to adjust material feed and ocutput
to meet changing product requirements.

Processing often at centrally located site in urban area
wsing mobile equipment. Product mix often limited.

Mobile plants commonly relocate 4 to 20 times each
vear, affecting productivity; time required for takedown,
transport, and setup.

Products marketed locally in urban areas. Lower valued
product mix may constrain markets.
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Salient Statistics—United States: 2002 2003 004 2005 2006°
Production 1,510 1,530 1,630 1,690 1,670
Imports for consumption 14 15 19 21 24
Exports 3 1 1 1 1
Consumption, appa\rent3 1,530 1,540 1,640 1,710 1,690
Price, average value, dollars per metric ton 5.71 5.98 6.08 7.18 71.75
Stocks, yearend NA NA NA NA NA
Employment, quarr&t and mill, number® 4 79,000 78,500 79,600 79,600 79,700
Net import reliance” as a percentage of

apparent consumption ® ) ) ®) ®)

“Estimated. NA Not available

'See also Stone (Dimension)

2See Appendix A for conversion to short fons.

*Data rounded to no more than three significant digits.

*Including office staff.

*Defined as imports — exports + adjustments for Government and industry stock changes. Changes in stocks were assumed to be zero in the net
import reliance and apparent consumption calculations because data on stocks were not available

®Less than % unit.

"See Appendix C for definitions.

*No reliable production information for other countries is available owing to a wide variety of ways in which countries report their crushed stone
production. Some countries do not report production for this mineral commodity. Production information for some countries is available in the
country chapters of the USGS Minerals Yearbook.

Loy VO 8 Jle alie e 4 Cd &5 L W 5 anle 9 53 5 Oados YT otle ol 53 ioman
Loy Aoy PV 8 Jl 4 Ced 457 590 o5 O gkos BOA e sl 53 A g8 O e gore 53 3L 515
A A5 SIUTFA 5 anle 5 o 5 O ke QF) (Y00 Lo gl anle 6 53 Sl il

Gleiin 5 5l s Sl Uil 5 Ten 5 OT Cundy 35 0595 opl 4o Mg 5 Lol il cle
Bl il Aoy AY g SEWS W 5 W5 Olie e pl 53 il o (o508 5 (0505 Sl
wad Ol ) Yoo Y=Y e r 8 oLl 13 1K 6T 55 (5 pae 5 U 5 Camd s (V=Y) gl .ol

Yord Jlo 4 S S s W 5 ol ‘SVL:{AJ\J&;NQSQ)A:{ VVY sgde Yoo 8 Jlo 53 I 6T s
Youd Jlo a4 G &S Sl 5Y5 Oaks WA Sl 5 ol o550 el Bl 21530 5 Ogeben VY 350

L(Y=Y)Jsd) Sl adly 2ol 530 ez )5 1Y 55




ol (gl Kiw 5 S gy My el ilalllas Oyl xino kS i g S oS mlio ylojlu

Yoo¥=Yee? lgdle 5o lgijaT)a ol 6&&‘3&##;)““’:("—*)ij'

{Thousand metric tons and thousand dollars)

2002 2003 2004 2005 2006

Sold or used by ]:orcnzlucers:2
Quantity 1,510,000 1,530,000 1,630,000 1,700,000 1,720,000
Value 8,650,000 9,060,000 9,800,000 12,400,000 ° 13,800,000
Exports, value 54,000 45,600 54,500 50,500 57,300
Imports, value’ 124,000 143,000 149,000 194,000 206,000

"Revised.

'Data are rounded to no more than three significant digits.

"Does not include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands.
*Excludes precipitated calcium carbonate.
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2005 2006
Quantity Quantity

Number (thousand Value Unit Number (thousand Value Unit
Kind of quarries  metric tons)  (thousands)  value of quarries  metric tons)  (thousands)  value
Limestone’ 1,970 1,090,000  $7.540,000" $6.93° 1,948 1,080,000  $8,190,000  $7.60
Dolomite 205 94,500 7 6430007 6817 149 87,700 663,000 7.55
Marble by 8,350 " 69,200° B29° 24 11,800 116,000 9.77
Calcareous marl [ 4,950 28,300 573 7 3,910 17,700 4.52
Shell 8§ 4,420 27,200 6.15 7 8,690 74,300 8.54
Granite 346 7 266,000 7 2,240,000° 842° 379 268,000 2,590,000 9.66
Traprock 339 ° 128,000 7 10300007 BO8T 355 148,000 1,320,000 8.89
Sandstone and quartzite* 1657 55,800 7 4040007 7247 173 57,400 444,000 7.73
Slate 267 42707 349007 8187 24 4,000 37.400 9.16
Voleanic cinder and scoria 44T 3,350°" 237007 F.09T 47 6,470 41,500 6.42
Miscellaneous stone 196 7 44,600 7 3090007 6937 266 45,200 357,000 7.90
Total or average XX 1,700,000 12,300,000" 7.26°7 XX 1,720,000 13,800,000 8.05

Revised. XX Not applicable.

'Data are rounded to no more than three significant digits, except unit values and number of quarries; may not add to totals shown.
*Does not include American Samoa, Guam, Puerto Rico, and the U.5. Virgin Islands.

“Includes limestone-dolomite reported with no distinction between the two kinds of stone.
*Includes sandstone-quartzite reported with no distinction between the two kinds of stone.
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Item Mo. 2002 2003
(D00 t) (B000) (DOD t) ($000)
Crushed stone for
Concrete aggregate 20519 138 836 21320 164 154
Asphalt aggregate 12 051 77728 11 798 78 211
Road metal 43 545 263 761 41076 263 3M
Railroad ballast {includes traprock) 1605 13 458 1833 15 181
Other uses 37 243 228 336 38683 235 232

OT ool s Yoo X 5 Yo e Y olgdlo 53 5L ol (gtisails &T&w&\-\zj}? Ol s 1 (O=Y) J s>

e e e e g —

Item Mo. 2002 2003
(000 t) (000) (000 t) (000
Crushed stone for
Concrete aggregate 15 870 106 093 16 198 127 8234
Asphalt aggregate 6 168 37 482 5715 37 382
Road metal 34 324 215212 31775 209 892
Railroad ballast (includes traprock) 58 406 52 369
Other uses 26 B8O 163 042 27 288 162 909
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Item Mo. 2002 2003
(000 t) (000) (D00 t) [ B000)
Crushed stone for
Concrete aggregate 139 1744 109 1319
Asphalt aggregate 19 138 50 79
Road metal 40 195 145 833
Other uses 126 2977 109 2835

OT Lol 5 Yoo ¥ 5 Yo r Y sledle s 15U1S os (guails il § 68w I 35 Ol et (V=Y) J s

Item Mo. 2002 2003
(000 t) ($000) (D00 t) (3000)
Crushed stone for
Concrete aggregate 4247 29 357 4791 33 384
Asphalt aggregate 5211 35 146 5568 37 494
Road metal 6 B33 37 440 6929 41663
Railroad ballast (includes traprock) 1428 12 412 1741 14 611
Other uses 7781 48 742 8635 53477

OT ool s Yoo 5 YooY ol s 3Ll o (sutnails oKiw anle Ko Sl 3 O et (A-Y) g

Item Mo. 2002 2003
(000 t) (000) (000 t) (000
Crushed stone for
Concrete aggregate 263 1642 213 1575
Asphalt aggregate 653 4 962 465 3276
Road metal 1238 6 401 1188 6 495
Railroad ballast (includes traprock) 57 343 11 69
Other uses 1984 11 356 2100 12 604
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Item Mo. 2002 2003
(000 t) (000) (000 t) [ B000)
Crushed stone for
Concrete aggregate - - 9 43
Road metal 1061 4514 1039 4418
Railroad ballast (includes traprock) 65 297 28 133
Other uses 472 2218 552 2 B08
QMSM’
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3,5 oylal 535,00 4 Oly g0 S A
e Veer Trading Company, Delhi
e Sanjay Minerals, Udaipur
e Milkyways Chemicals, Mumbai
e Bharat Chemicals, Satara, Satara
e Sudarshan Minerals and Industries, Udaipur
e Shivam Chemicals&Minerals Limited, Agra
e Minerals and Trading Company Mitco, Gandhidham
e Shanti Chemicals Works, Belgaum
® Britex Enterprises, New Delhi
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Limestone
for cement Chalk, Granules,
Destination Limestone manufacturing crude  chippings Other Total
North America meftric tons 7.360 511,000 2,720 122,000 427,000 1,070,000
South America do. 73 70 1,230 365 3806 2,120
Europe do. 162 927 19 563 37,100 38,700
Asia do. 263 24,100 34 2,580 3,210 30,200
Oceania do. -- -- 157 7 309 473
Middle East do. 1 113 3 1,260 569 1.940
Africa do. -- -- -- -- 111 111
Total:
Quantity do. 7.860 536,000 4,180 127,000 469,000 1,140,000
Value thousands $1.280 $13,000 $3 516,200  $26,900 $57,300
- Zero.

'Data are rounded to no more than three significant digits; may not add to totals shown.

Yoof Jlo 5s 15 6T Silsyls t (M=) Jsu

2005 2006
Quantity Quantity
(thousand)  Value, c.i.f.’ Unit (thousand)  Value, c.i.f’ Unit
Type meftric tons)  (thousands) value metric tons)  (thousands) value
Crushed stone and chips:
Limestone 7.860 $59,300 $7.54 9,180 $72,200 $7.87
Limestone for flux or cement manufacturing 4,100 38,100 9.29 3,270 32,000 9.78
Quartzite 11 2,350 213.55 21 3,000  147.14
Other 8,990 03,800 10.43 7,350 98,100 13.34
Total or average 21,000 194,000 XX 19,800 205,000 XX
Calcium carbonate fines:
Natural chalk ) 21 87.87 4 15 66.67
Calcium carbonates, other chalk 1 496 597.59 1 456 53396
Total or average 1 517 XX 1 471 XX
Grand total or average 21,000 194,000 XX 19,800 206,000 XX

XX Not applicable.

"Data are rounded to no more than three significant digits, except unit value; may not add to totals shown.
2Cost, insurance, and freight value.

*Excludes precipitated calcium carbonate.

“*Less than 2 unit.
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Polished Stone Value = 58
Aggregate Abrasion Value < 16
Aggregate Impact Value < 30%
Ten Percent Fines Value = 140kN

Magnesium Sulphate Soundness Value = 75%
)‘6;’,«&‘ ol ﬁ‘)‘kslhmél.@u)l.w ,h«-’): Gef.an J}«br.ﬁ L;‘J{)Lf J)}ﬁ LglA:)l..waUQLM
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. The American Society for Testing and Materials (ASTM)
http://www.astm.org

. American society of State Highway and Transportation Officials
(AASHTO), http://www.aashto.org
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. U.S. Department of Transportation, Federal Highway Administration
(FHWA), http://www.thwa.dot.gov
. U.S. Army Corps of Engineers, http://www.usace.army.mil
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