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Combination
of Art and
Science...
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ater, Cement, & Aggregate

» As the water to cement ratio increases, the
strength of a concrete mix decreases.

N

happy + compressive

water / qement strength
ratio
-compressive
strength

+ water
loss of compressive strength
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ater, Cement, & Aggregate

» As the water to cement ratio increases, the
strength of a concrete mix decreases.
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Low w/c Moderate w/c High w/c

< 0.35 0.35-0.45 > 0.45
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ater, Cement, & Aggregate

As the surface area of the aggregate increases
more water will be needed to maintain a given
slump.

» Coarser Surface Texture
« Particle Shape
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ater, Cement, & Aggregate

As the surface area of the aggregate increases
more water will be needed to maintain a given
slump.

» Particle Size Distribution

Given equal aggregate volume, smaller core size
yields greater surface area for particle size
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Smaller particles give more surface area
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Water, Cement, & Aggregate

As the surface area of the aggregate increases
more water will be needed to maintain a given

slump.
* Particle Size Distribution
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ater, Cement, & Aggregate

As the air content increases, the strength of the
concrete decreases.

Entrained Air Entrapped Air
Untform Alr Distribution ’ Non Unlorm Al Distribution '
Due to Intentional Creation Due to Insufficient Compaction
with Air Entraining Admixtures
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As the air content increases, the strength of the
concrete decreases.
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Water/Cement Ratio

It's a calculation:
w/c ~ Ibs. of water / Ibs. of cement

- )

45 Ibs of

= Water cement ratio
water

ot = 45 |bs + 100 Ibs

100 Ibs = 0.45 expressed as decimal
of
cement
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ater/Cementitious Ratio

It's a calculation:
w/c,, ~ Ibs. of water / Ibs. of cementitious

—— )

45 lbs of = Water cementitious ratio

water
ot Fyhsh = 45 Ibs + (80lbs + 20 Ibs)
80 Ibs of 20 Ibs of = 0.45 expressed as decimal
cement Flyash
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Often when wi/c is discussed its really wic,,
that is intended as the reference

Water/

Cementitious Water/Cement

b W
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Water needs to be drinkable or meet ASTM 1602
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Terminology

» Specific Gravity
» The relative density of a material compared to

PING PONG BALL

water LAMP OIL
- The ratio of a material’s weight to the weight of ~ **""¢ <"t 5004 CAP
an equal volume of water VEGRTABLE QLR Meiss

WATER

DISH SOAP

MILK
DIE
100% MAPLE SYRUP

POPCORN KERNEL
CORN SYRUP

HONEY
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What about vou?

g
b g PING PONG BALL

LAMP OIL
RUBBING ALCOHOL

VEGETABLE OIL
WATER

DISH SOAP
MILK

100% MAPLE SYRUP
CORN SYRUP_
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pecific Gravity

Water:
Specific
Gravity = 1.00

Stone:

Specific

Gravity = 2.70

Same Volume, but 2.70 Times More Mass

Cement — 3.15
Steel — 7.85
You - ???
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Terminology

Bulk Specific Gravity (SSD):

» Used to determine the “solid volume” (absolute
volume) of a material going into concrete

* It is determined by submerging the material in
water for 24 hours in order to fill any
permeable voids
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IIaions for SSD Bulk Specific Gravity

Coarse Aggregate Using Basket Suspended in water:

B/ (B - C)=SSD Bulk Specific Gravity

where;:

B = weight of SSD sample in air
C = weight of SSD sample in water

Water permeating Pores
SSD level

i 2 , . Impermeable Pores

Permeable Pare
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Calculations for SSD Bulk Specific Gravity

Field Calculation of SSD Bulk Specific Gravity:
:> Weight of Agaregate @ SSD - Specific Gravity

Weight of equal volume of water displaced

12459 of SSD aggreqgate - 265
469.81g of water displaced
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Concrete Mix Design

It's always about volume!

What is absolute volume?
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hat IS Absolute Volume?

 Relationship of Materials to Volume
» specific gravity of Type | Cement = 3.15
« specific gravity of water = 1.0
1 gallon of water weights 8.33 pounds
« water weights 62.4 pounds / cubic foot

_Pounds of Material

SG X624 = Absolute Volume
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Basic Concrete Mix Design

Materials Pound§ of S.G. AbS
material Volume
Cement 667 3.15 3.39
Total Cementious 667
Miller Stone 1590 2.6 9.80
Evert Sand 1242 2.65 7.51
Water 300 1 4.81
Air § 0
Total 3799 27.00
w/cm 0.45 Unit Wt. 140.72
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Basic Concrete Mix Design

. Pounds of Abs (667 )
Materials material >G Volume | | 315X 624
/—/
______ Cement | 667 315  3.39 7] = 1500 )
_ 2.60 X 62.4
Total Cementious 667 /A J
Miller Stone 1590 2.6 9.80 / 1242
Evert Sand 1242 2.65 7.51= 265X 62.4
Water 300 1 4.81 /L }
Air 5.5% 1.485
Total 3799 27.00
w/ cm 0.45  Unit Wt.  140.72
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Basic Concrete Mix Design

( Lbs Materlao
= Absolute Volume

'bs MAT = ABS VoL *S.6- % ¢ 2:4

(S.G. X 62.4 x Abs. Volume = Lbs. of Material>
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Basic Concrete Mix Design

Materials || Foundsof g o Abs 557 /o0 =005%
material Volume
Cement 667 3.15 3.39
"""""""""""""""""""""""""""""""""""""""" - | (800 _
Total Cementious 667 1.0X62.4
Miller Stone 1590 2.6 9.80
Evert Sand 1242 2.65 7.51
Water 300 1 4.81 /( 0.055 X 27 }
Air 5.5% 1.485—=T -
Total 3799 27.00
w/cm 0.45 Unit Wt. 140.72
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Basic Concrete Mix Design

Materials Pound§ of S.G. AbS
material Volume
Cement 667 3.15 3.39
________________________________________________________________ - 36 gal
Total Cementious 667 1.0X62.4
Miller Stone 1590 2.6 9.80
Evert Sand 1242 2.65 751
Water 36 Gal 1 4.81
Air 5.5% 1.485
Total 3799 27.00
w/cm 0.45 Unit Wt. 140.72
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Basic Concrete Mix Design

Materials Pound§ of S.G. Abs
material Volume
___Cement | 667 315 3.39
- 36 gl x 8.33 Ibs/gat
Total Cementious 667 " 1.0X62.4
Miller Stone 1590 2.6 9.80
Evert Sand 1242 2.65 7.51
Water 36 Gal 1 4.81° Zoo |h Hz0
- o T AT — = | L2
Air 5.5% 1.485 o xozq _ LBIE
Total 3799 27.00
w/cm 0.45 Unit Wt. 140.72
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Materials Pound§ of S.G. Abs
material Volume

Water / Cement

300
______ Cement 315L 667  wein
(mass)

Total Cementious
Miller Stone 1590 2.6
Evert Sand

Water 300

Air

Total

w/cm 0.457 UnitWt.  140.72
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Density (Unit Weight)

Pounds of Abs

Materials . S.G.
material Volum

Design (unit weight)
3799

~ wl/cm 045  UnitWt  140.72 /bs/A°

@ 1.5% air, unit weight (density) = 147.26 lbs/-l-‘t'j
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ix esign with Cement & Fly Ash

Materials | Foundsof oo Abs
material Volume
Cement 534 3.15 2.72
Fly Ash 133— 245 0.87
Total Cementious 667/ @0 |
Miller Stone 260  TUwe 133 Ibs fly ash}
Evert Sand 2.65 0.00 | 667 Totallbs.Cm
Water 295 1.0 4.73 - 20%ash
Air 1.5% 0.405
Total 962 8.72
w /[ cm 0.44 Unit WVit. 110.33
Sand/Agg -

It's about volume!
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.......... L AT T
Materials | ~oundsof o4 AbS | i il i
material Volume | % |- { ... /|L//J,H
- P O 11 A AN
Cement 534 315 272 )3 ol HA A
Fiy Ash 133 545 0.87 | & o [ TII¥ //r | i
Total Cementious 667 . "/1 11 *h """" 1T
Miller Stone 2.60 0.00 : “’P —r i Lo
Evert Sand 2.65 0.00 e
Water 295— 1.0 4.73
Air 1.5% ——=ang | |
Note: lower water
Total 962 8.72 demand due to fly ash
w [/ cm 0.44 Unit VVt. 110.33 - for same slump

Sand/Agg -

It's about volume!
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ix esign with Cement & Fly Ash

Materials | " ouMdsof g Abs
material Volume
Cement 534 3.15 2.72 ~
Fly Ash 133 2.45 0.87 . .
: Proportion the mix to
Total Cementious 667 yield 27 2 ... but how
Miller Stone / N\ 2 60 N 00 1 much sand, stone ...
Evert Sand W what ratio
Water 295 1.0 473 /
Air 1.5% 0.405
Sand / Aggregate
Total 962 8.72 ratio is by volume
w [/ cm 0.44 Unit VVt.
Sand/Agg

It's about volume!
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Materials | ~oundsof oo Abs
material Volume
. ~
Cement 534 3.15 2.72 Volume without
Fly Ash 133 2.45 0.87 aggregate = 8.72
Total Cementious 667
Miller Stone 3,60 0.00 |
Evert Sand 2.65 0.00 27.00-8.72 =
Water 295 1.0 4.73 18.28 ft? required
Air 1.5% 0405 |/
Total 962 (8.72 )
w / cm 0.44  Unit Wt.  %10.3%
Sand/Adg -

It's about volume!
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Materials | "oundsof oo Abs
material Volume
- Left for
Fly Ash 133 2.45 087 - 18.08 1t
Taotal Cementious 667
Miller Stone 2.60 0.00 Already
Evert Sand 265 0.00 |27 used
Water 295 1.0 473
Air 1.5% 0405 _
Total 962 (8.72 )
w/ em 0.44 Unit Wit. 10.
Sand/Adgg \\_éz, 18.28 ft3 + 8.72 ft3 = 27 ft3

It's about volume!
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30%
30%
25%
20%
15%
10%

5%

0%

Volume of Sand
Volume of Total Aggregate

Manufactured Concrete Pipe O

60-80% Packerhead Mix _  °
45-65% Dry Cast

I\ Il Il Il |
T T T T T

2t #4 #a #16 #30  #50 #1100 Pan

SIEVES
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| Callaing Sand & Stone to Yield 27ft3 of
Concrete

Assume this concrete needs to have Sand / Aggregate ratio of 0.42

Volume of Sand
n = 0.42

Total Volume of Aggregate

m X Vqu Sand =042 ¥ (5. 2 6

Volume of Sand = 7.68 ft3
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alculaing Pounds of Sand

Pounds of Material — Absolute Volume

S.G. X624
/ﬁzunds of Material (Sand) _
TR :7_68ft3)(2.65'k62»‘/—-
2:65%x624—

Sand = 1270 Ibs

Evert Sand S.G. = 2.65
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Total Volume

Total Left for Stone

Aggregate
Volume /

18.78 - 7.68 =10.60 ft3

\

Sand Volume
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alculating Pounds of Stone

Pounds of Material — Absolute Volume

S.G. X624
//(‘/{o(unds of Material (stone) —1060ft3 x2 .~ xC2.d
2:66x62.4

Stone = 1720 Ibs

Miller Stone S.G. = 2.60
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Materials | °W"9sOT s Abs
material Volume
Cement 534 3.15 2.72
Fly Ash 133 2.45 0.87
Total Cementious 667
Miller Stone 1720 2.60 10.60
Evert Sand 1270 2.65 7.68
Water 295 1.0 4.73
Air 1.5% 0.405
Total 3952 27.00
w/em 0.44 Unit V. 146.36

Sand/Agg 042
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| Absorption
| capacity
Effective Surface |
absorption moisture
Abs_o;bed F_rete
moistiure i moisiure
(absorption) SSD (ideal) (moisture
content)
Add Water Subtract
Water
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Moisture Adjustments

Moisture Management is Critical (How much free water)

Total aggregate moisture = Aggregate absorption + Free water

Oven Dry Air Dry  Saturated Surface Dry Wet

eIy
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Moisture Adjustments

Moisture Management is Critical (How much free water)

Aggregate Absorption = Total aggregate moisture - Free water

Oven Dry Air Dry  Saturated Surface Dry Wet
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Moisture Adjustments

Moisture Management is Critical (How much free water)

Free Water = Total aggregate moisture - Aggregate absorption

Oven Dry Air Dry  Saturated Surface Dry Wet

eIy

o]
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Moisture Adjustments

What if we do not make moisture corrections
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Moisture Adjustments

Moisture Management is Critical (How much free water)

Total aggregate moisture = aggregate absorption + free water

T ABS 7
Stone  3.0% = 1.5% + free water, (% free water = 1.5%)

0.015 X 1720 = 26 pounds of free water on the Stone

Sand  5.5% = 0.85% + free water, (% free water = 4.65%)
0.0465 X 1270 = 59 pounds of free water on the Sand

3.0’—'%*‘“‘« SS:M*FM

-1g =" )5 ~0.55 ~0 85
i&l—— FM '-{.69/-= FM
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Moisture Adjustments

Moisture Management is Critical (How much free water)

Total aggregate moisture = aggregate absorption + free water

Total Maisture  Absarption Froe % Moisture
Yo Yo i [Adjustment
Millsr Stone | 300 150 150 .26 .
Evertsand | 550 085 . 485 i 59 .
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Water Adjustment

If 26 + 59 pounds of water rides in on the aggregates
you must take that amount of water out of the BATCH water.

Design water 295
Water on aggregates -85
Batch water 210
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Moisture Adjustment

Total moisture = Free moisture + Aggregate absorption

. Eatch
. Founds of Abs MoistUre :
Materials material 56 Yolume 25D Adjustment weight
yard
Cement | BEA AN AR R
Type F ash 133 245 0&7 133 133
Miller Stone | 1720 26 1080 | 1720 26 1746
Evert Sand 1270 265 7 68 1270 59 1329
\Water 295 1.0 473 295 -85 210
Alr 15% 0405 || 123
Total 3952 2700 |( 3952 )e——( 3952
Density 146 4 — \
Total Moisture  Absarption Free % Moisture SSD & ba.tCh tOtals
% % 7 dwsment | will be the same
MillerStone [ 300 150 150 | 26
Evertsand | 550 .. 085 .. 485 4 59 .
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Now we must be done, right?

If you said yes, than...
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@ s PO
Design and Control
of Concrete

Mixtures

Where Can | Get This?

* Portland Cement Association (PCA)
5420 Old Orchard Road
Skokie, IL 60077-1083

847 966-6700 PH
847 966-8389 FX
Info @ cement.org
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