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Manufactured Sand in Concrete

 Issues with availability of natural sand vs. manufactured sand

 How manufactured sand differs from natural sand

 Different methods of manufactured sand production

 Designing concrete with manufactured sand

 Production of concrete with manufactured sand

 Placement of concrete with manufactured sand

 Example projects that have been completed



Natural Sand Sources

 Natural sand sources are not readily available in certain areas
 Northern Virginia

 Central & Western North Carolina

 Atlanta, GA

 How do you supply natural sand to concrete producers in these markets?
 Lots of transportation cost



• Truck 9 miles from Sand Source 
to Sales Yard

• Barge 160 miles from Sales Yard 
to Sales yard

• Truck 12 miles from Sales Yard to 
Concrete Plant

• 181 Miles of Transportation



Manufactured Sand

 When we crush stone to make coarse 
aggregate for concrete
 We also make fine aggregate
 This fine aggregate can be used as 

manufactured sand

 Benefits
 More readily available and closer to 

the concrete plants
 Can save on transportation costs
 Makes use of a locally available 

material



Man Sand vs. Natural Sand

Sieve Size Manufactured Sand Natural Sand
3/8” 100 100
#4 99 97
#8 76 93
#16 52 81
#30 48 48
#50 22 9
#100 11 1
#200 3.9 0.5



Man Sand vs. Natural Sand

Sieve Size Manufactured 
Sand

Natural Sand ASTM C33

3/8” 100 100 100
#4 99 97 95-100
#8 76   Coarse 93 80-100
#16 52   Coarse 81 50-85
#30 48 48 25-60
#50 22 9 5-30
#100 11 Fine 1 0-10
#200 3.9  Fine 0.5 0-3*

*For manufactured sand, may be raised to 5% for concrete subject to 
abrasion and 7% for all other concrete



Manufactured Sand Specifications

 Several Issues with typical sand specifications

 C33 was really designed for natural sand
 Gradation doesn’t fit man sand

 Doesn’t mean man sand gradation is bad

 ASTM C33 allows alternate gradations

 The language about minus #200 and concrete subject to abrasion
 Minus #200 in man sand is not clay or clay like

 International Center for Aggregate Technology found that man sand with up to 
18% minus #200 performed very well in abrasion



Manufactured Sand

 Definition from ASTM C 125 – fine aggregate produced by crushing rock, 
gravel, iron blast-furnace slag, or hydraulic-cement concrete

 Manufactured sands are made by
 Blast Crush Screen

 Other options include
 Impact crushing to change particle shape

 Washing to reduce minus #200



Crushing & Screening Man Sand

 Quarries typically use compression 
crushers (cones and jaws)

 Aggregate then screened to separate 
into coarse and fine

 Man Sand is typically the minus 3/8” 
material

 Man Sand may then be washed to 
remove minus #200



Sand Screw For Washing



Impact Crushing

 Some plants may also use an “impact” crusher to improve the particle 
shape
 Horizontal or Vertical Shaft Impact Crushers (HSI or VSI)

 This can be helpful, but is not always necessary



Manufactured Sand In Concrete

 Concrete producers may use 100% manufactured sand

 May use a blend
 In some areas we pre-blend natural and manufactured sand

 How do concrete producers proportion/use manufactured sand?



Mideast 
Concrete 

Division

Concrete finishers hate it
difficult to “close” with a trowel.
like rubbing on stone with a trowel

Pump operator hates it
High pump pressure – more wear/tear

Ready mixed guy hates it
Higher water demand

Manufactured sand: 
Adoption barriers
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Vulcan’s Success in Using Manufactured 
sand since 2011

INFRASTRUCTURES



Transform I-66 Outside the 
Beltway (current)

http://outside.transform66.org/about_the_project/maps_plans.asp

• 60% manf sand
• $3.7 billion project
• Two express lanes, 

22.5 mi both 
direction, I-495 to 
Haymarket.

• VMC share: 70% of 
400,000cy

http://outside.transform66.org/about_the_project/maps_plans.asp


WMATA Silver Line Phase 2

- 75% manf sand in 
concrete exposed 
to view

- Pump placed
- $2.8 billion project
- 11.4 mile extension

Mideast Concrete Division

http://www.dullesmetro.com/silver-line-stations/dulles-airport1/

http://www.dullesmetro.com/silver-line-stations/dulles-airport1/


I-495 Express Lanes: Springfield to Tysons

40% manf sand 
$2 billion PPTA project 
180,000 cy 
50+ bridges in 14-mile 

stretch

Mideast Concrete Division

http://495expresslanes.com/



Mideast 
Concrete 

Division

Reagan National Airport (DCA) 
R 1-19 Improvement Paving (2012)

• 100% manf
sand 

• FM = 2.85



Mideast 
Concrete 

Division

Reagan National Airport (DCA) 
Runway 1-19 Improvement



Vulcan’s Experience Using 
Manufactured sand

Buildings



High Performance Computing Center 2 (2014)
National Security Agency (NSA), MD

 100% manf sand
 Pump placed
 $565 mil project
 40,000 cy

Mideast Concrete Division

https://www.nab.usace.army.mil/Portals/63/docs/BusinessWithUs/MMSAME_Industry%20Day_PDF.pdf?ver=2018-07-24-162644-310

https://www.nab.usace.army.mil/Portals/63/docs/BusinessWithUs/MMSAME_Industry%20Day_PDF.pdf?ver=2018-07-24-162644-310


East Campus Building 2
Fort Meade, MD

100% manf sand
10-floor Building & 

Garage
Pump placed
90,000 cy

Mideast Concrete Division

https://www.wileywilson.com/project/ecb2/
/

https://www.wileywilson.com/project/ecb2/
http://www.dullesmetro.com/silver-line-stations/dulles-airport1/


Mideast Concrete Division

Contractor’s 
Onsite Plant

http://www.macfarlanepartners.com/projects/rosslyn-commons/

Rosslyn Commons, Arlington, VA 

100% manufactured sand, FM = 3.66



Mideast 
Concrete 

Division

Placed Oct 
26, 2011

Pictures courtesy of Swope Associates

Rosslyn Commons, Arlington, VA 



Mideast Concrete Division

Tysons Corner Center, Tysons, VA

 high-end office building, a 400-unit apartment tower 
and a four-star hotel 

http://www.washingtonpost.com/business/capitalbusiness/macerich-starting-
mixed-use-tysons-corner-project-in-early-2012/2011/06/22/AGz5YXjH_story.html



Tysons Corner Center

70% manf sand, 30% 
natural sand

Placed September 
14-15, 2012

Mideast Concrete Division



Mideast 
Concrete 

Division

Mix proportioning techniques for 
manufactured sand

• Standard ACI 211 proportioning 
• Manf sand Fineness Modulus (FM): 2.8 to 3.7
• VDOT Spec:  2.3 <FM<3.1
• Blend with natural sand
• Composite FM: 2.3 <FM<3.1



Mideast 
Concrete 

Division

Stone Volume Per ACI 211

FM



Mideast 
Concrete 

Division

Composite FM: M_sand + N_sand

Manf sand 90% 80% 70% 60% 50% 40% 30%
Natural sand 10% 20% 30% 40% 50% 60% 70%

3/8" 100.0 100% 100% 100% 100% 100% 100% 100% 100% 100
#4 97.7 96% 98% 97% 97% 97% 97% 97% 97% 95-100
#8 63.8 87% 66% 68% 71% 73% 75% 78% 80% 80-100
#16 33.9 76% 38% 42% 47% 51% 55% 59% 63% 50-85
#30 19.5 56% 23% 27% 30% 34% 38% 41% 45% 25-60
#50 10.2 25% 12% 13% 15% 16% 18% 19% 21% 5-30
#100 4.4 4% 4% 4% 4% 4% 4% 4% 4% 0-10
#200 2.2 1.8% 2% 2% 2% 2% 2% 2% 2% 0-5
FM 3.71 2.56 3.59 3.48 3.36 3.25 3.13 3.02 2.90
S.G. 2.93 2.60 2.90 2.86 2.83 2.80 2.77 2.73 2.70
abs 0.85 0.75 0.84 0.83 0.82 0.81 0.80 0.79 0.78

Combined Fine Agg (by weight)

Manf 
sand

ASTM 
C33 
VDOTNatural sand



Another example

M sand
N sand

N sand

M sand



M_sand with high fines + N_ sand

 VDOT 2016 Road & Bridge Spec Section 
202.03.(e)

Mideast Concrete Division

(for) stone sand . . . (if) 
minus #200 sieve is dust of 
fracture . . . use in concrete 
subject to abrasion and in 
other concrete may be 
increased to 5.0 % and 
7.0%, respectively.



Mideast 
Concrete 

Division

M_sand with high fines + N_ sand
HDG #10 Dry Screening  40% 30% 25% 20%
YBP Cecil natural sand 60% 70% 75% 80%

3/8" 100.0 100% 100% 100% 100% 100% 100
#4 96.8 98% 97% 97% 97% 97% 95-100
#8 76.0 81% 79% 79% 80% 80% 80-100
#16 52.8 67% 61% 63% 63% 64% 50-85
#30 39.1 48% 44% 45% 45% 46% 25-60
#50 29.7 17% 22% 21% 20% 20% 5-30
#100 24.2 4% 12% 10% 9% 8% 0-10
#200 18.9 0.5% 8% 6% 5% 4% 0-5
FM 2.81 2.87 2.85 2.85 2.86 2.86
S.G. 2.77 2.64 2.69 2.68 2.67 2.67
abs 0.69 1.00 0.88 0.91 0.92 0.94

Combined Fine Agg (by weight)
HDG #10 Dry 
Screenings 

7/'10

ASTM 
C33 
VDOT

YBP Cecil 
natural sand 

'10

M_sand N_sand

N_sand
M_sand



Mideast Concrete Division

conc air 4 7 28 56 #57 NS PC MS cwt cy
564_0 0.516 4.75 3.4 152.2 26.9 35.0 72 70 4530 5575 6533 7370 1850 1393 564 0 3 16.9
564_20 0.511 4.25 3.0 154.0 26.7 34.8 72 70 4810 5990 6533 7730 1850 1130 564 279 3 16.9
564_30 0.521 4.00 2.4 156.1 26.4 35.0 73 70 4830 5615 6650 7500 1850 998 564 418 3 16.9

WR, oz per
w/c

***compressive strength 
averages (psi or %), (day)

Sampl ID
Temp, F

SL, in air, %

unit 
wt, 
pcf

Yld, 
cf

H2O, 
gal

Designed weights, pcy

Water Demand and Slump

2.00

3.00

4.00

5.00

6.00

564_0 564_20 564_30

Sl
um

p,
 in

33.0
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35.0

36.0
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er
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em
an
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al
/c

y

Slump H2O

Compressive Strength

4000

5000

6000

7000

8000

564_0 564_20 564_30

%
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er
en

ce 4d

7d

28d

56d



Mideast 
Concrete 

Division

FM > 3.1
ACI: % Stone Volume and Fineness Modulus

50%

52%

54%

56%

58%

60%

62%

64%

66%

68%

70%

2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00

Finenes Modulus

%
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to
ne
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um
e



Mideast Concrete Division

Contractor’s 
Onsite Plant

http://www.macfarlanepartners.com/projects/rosslyn-commons/

Rosslyn Commons, Arlington, VA 

100% manufactured sand, FM = 3.66



Mideast 
Concrete 

Division

Placed Oct 
26, 2011

Pictures courtesy of Swope Associates

Rosslyn Commons, Arlington, VA 



ASSISTANCE FROM CERTAIN ADMIXTURES

FM=3.5

FM=3.3

FM=3.5



Questions?
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