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Athletic concrete is lean, muscular and has great endurance with respect to long-term 
durability,increased abrasion resistance and decreased permeability, cracking, and curling. This 
concrete is muscular in the sense that it has a strong paste with a proper water-to-cementitious 
materials ratio (w/cm), but not too much of it. The solid frame of athletic concrete is composed of a 
high content of wellgraded combined aggregates. Its water content should be minimal. 
 
Many current mixture proportions are nonathletic in nature (see photo below).  They are fat in the 
sense of high paste, mortar, and sand contents. The coarse aggregate content is chosen by habit 
and is well below optimum. These oversanded mixtures have evolved from the days of concrete 
placement by hand.  It was easier to strike-off and handle during the initial finishing operations. 
However, it has none of the abovementioned essential qualities for athletic concrete. The paste 
content of fat concrete is well beyond that needed for proper workability and finishability.  Its surface 
area is much higher than optimum and therefore requires a higher water content.  Aggregate is not 
ideal and extra paste is needed to fill the voids resulting from gaps in the grading. Shrinkage 
characteristics of nonathletic concrete are high. Such shrinkage results in unnecessary cracking. 
These defects expose the body concrete to penetration by corrosive materials, increased breakdown 
under traffic and at the very least, cosmetic distress. 
 

 
      Nonathletic concrete was chosen for ease of pumping. 
 
 
HPC 
In the construction industry, high performance concrete (HPC) is required on a daily basis. It is 
achieved less often. HPC in the hardened state can only be achieved with proper plans, specifications, 
teamwork, and the use of the aforementioned athletic concrete.  The proper admixtures and 
aggregates are essential ingredients of this concrete. Low water content is required for HPC success. 
It allows a low w/cm with a low total paste content. The lowest shrinkage concrete, with given 
ingredients, is a mixture with the lowest w/cm and the least paste. If the water content is not low, the 
low w/cm is achieved with a high cement factor, which results in a higher than optimum paste content. 
 



Each 20 lb/yd3 (12 L/m3) of additional water requires an additional 40 lb/yd3  (24 kg/m3) of cement in 
concrete required to have a maximum w/cm of 0.50. The 20 lb of water displaces 53 lb (24 kg) of 
aggregate (specific gravity of 2.65). The 40 lb (18 kg) of additional cement causes an aggregate 
reduction of 31 lb (14 kg). So this additional 20 lb (12 L) of water used to increase slump and/or 
accommodate a poorly graded aggregate triggers an increase in paste of 60 lb (27 kg) and a decrease 
in aggregate of 84 lb (38 kg). This is a significant change for the worse. This change results in 
nonathletic concrete. 
 
Today ACI is requiring a combined aggregate gradation of 8 to 18% for large top size aggregates (1 
1/2 in. [40  mm]), or 8 to 22% for smaller top size aggregates (1 or ¾  in [25 or 20 mm]) retained on 
each sieve below the top size and above the No. 100 sieve (150 um). This requirement allows one to 
maximize aggregate content and minimize gap grading. The result is that the surface area required to 
be coated with paste is reduced. This paste is low in quantity and high in quality and is sufficient for 
proper workability and finishability. The aggregate content, the skeleton of the mixture, is high and well 
graded. 
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 Athletic concrete used on new pavement at 
 Newark International Airport. 

                                                                                             
                                                                                                   During Newark International Airport paving, 
                                                                                                             athletic concrete is very visible to an observer 

ater content 
he use of the microwave test enables one to accurately verify water content of the plastic concrete on 

he job site. This test has worked extremely well with a typical standard deviation of 0.03 (AASHTO TP 
3, "Proposed Standard Method of Test for Water Content of Freshly Mixed Concrete Using 
icrowave Oven Drying)." 

he water requirement is minimized by the use of the proper high-range water-reducing admixture 
nd, on occasion, a mid-range water-reducing admixture. The admixture choice is based on the water 
eduction necessary, the placing slump, the target w/cm, and the setting time requirements on the 
roject. Water- to-cementitious materials ratios of 0.45 and below require the use of the high-range 
ater-reducing admixture. Values of w/cm below 0.50 generally allow the choice of either the high-

ange or mid-range water reducing admixture. 

ozzolans 
ly ash, slag, and silica fume are the supplementary cementitious materials that maximize the 
erformance of athletic concrete. Pozzolans are the vitamins that provide specific benefits to a 
articular mixture. Fly ash is commonly used in concrete required to be impermeable, in mass 
oncrete, and in HSC mixtures.  Silica fume is used regularly for concrete requiring increased 
orrosion resistance in construction of bridge decks and parking structures, and in HSC (10,000 psi [70 



MPa] and higher). Ground granulated blast furnace slag is used regularly in all the abovementioned 
concrete mixtures. 
 
For mixtures that illustrate athletic concrete in current successful usage, see Table 1. 
 
This industrial floor mixture optimizes athletic concrete is has low water and optimum cement contents. 
It is certainly lean and muscular, and has a high aggregate content; it has a great skeleton for a 
mixture that is and has performed very successfully throughout the country. Placement of millions of 
square feet of this mixture, fine tuned with test slabs, has resulted in very flat and level floors with 
minimal cracking and curling in use. 
 
In the case of a parking structure mixture (Table 2), one is interested in minimal cracking and excellent 
corrosion protection. This air-entrained concrete has the lowest possible water content and the 
cementitious content as listed is necessary to achieve a 0.40 w/cm. This mixture is easily placed when 
the aggregate is well graded. 
 
Lightweight concrete is regularly used throughout the country on mid- and high-rise buildings. A typical 
mixture is shown in Table 3.  This lightweight concrete mixture must be well proportioned, including air 
content within the specified envelope that, when combined with the right pump, allows easily pumpable 
concrete on multistory projects. 
 
The specification for w/cm is not used with lightweight concrete and is of much less concern because 
this concrete is used mainly for interior floors. When lightweight concrete is used for bridge decks and 
parking  structures, durability and impermeability are very important.  Proper finishability is a must. 
 
As shown in Table 4, this concrete mixture for heavy traffic epitomizes concrete with a low paste 
content and maximum large aggregate content. This mixture has achieved minimal cracking. (At 
Newark International Airport, the crack reduction is above 80% as compared to previous conventional 
mixes).  
  
Table 5 shows athletic concrete that is used  every  day, and Table 6 compares athletic concrete to 
conventional concrete. 
  
Conclusion 
Athletic concrete, lean, muscular, with minimal fat and great long-term endurance requires the proper 
admixtures and well-graded aggregates. This concrete is economical on an initial cost basis and is 
very economical in the long-term, since the cost of maintenance, repair, and worst of all, replacement, 
becomes very low. The concrete industry must constantly improve and increase the use of high 
performance cast-in-place concrete. Athletic concrete is our vehicle.  
 
 

 
Benefits of Athletic Concrete:
 
90lb (40 kg) less paste 
 
250 lb (110 kg) more 
aggregate 
 
1 in. (25 mm) more slump 
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Table 1 – Industrial floors: Interior troweled slabs subjected to vehicular 
traffic

Table 2 – Parking structure mixture

Table 3 – Lightweight concrete for mid- and high-rise buildings

Cement

Sand

Coarse aggregate, No. 467
(5 to 40 mm) (specific gravity = 265)

Water

Air content (entrapped)

High-range water reducer (HRWR)

w/cm

Slump

575 lb (260 kg)

1080 lb (490 kg)

2100 lb (950 kg)

275 lb (33 gal. [125 L])

1.5%

40 oz. (1200 mL)  +_    or as 
required  

0.48

Initial 2 to 3 in. (50 to 75 
mm) *Final 5 to 7 in. (125 
to 180 mm) after HRWR 

addition

Cement 550 lb (250 kg)

1850 lb (840 kg)Coarse aggregate, No. 67
(5 to 20 mm)

Fly ash 110 lb (50 kg)

Silica fume 35 lb/yd3 (20 kg/m3)

Sand 1185 lb (538 kg)

Water 280 lb (33.3 gal. [125 L])

Eucon 37 (HRWR) 60 oz. (1800 mL) or as required

Air content 4.5 to 7.5%

w/cm 0.40

Initial 2 to 3 in. (50 to 75 mm)
*Final 7 to 9 in. (180 to 230 mm)Slump

Cement

Sand

Coarse lightweight aggregate, 
No. 67 (5 to 20 mm)

Water

High-range water reducer

Air content

Slump

580 lb (260 kg)

1555 lb (705 kg)

800 lb (360 kg)

317 lb (38 gal. [140 L])

5 to 8%

Initial 3 to 4 in. (75 to 100 mm)
*Final 7 to 9 in. (180 to 230 mm)

60 oz. (1800 mL)  +_    or as 
required  



Table 4 – 750 psi (5 MPa) flexural mixture for heavily trafficked airport 
and highway projects*

Table 5 – 4000 psi (28 MPa) mixture for standard commercial projects

*(Newark International Airport — 100,000 yd3 [77,000 m3])

Cement

Coarse aggregate, No. 357
(5 to 50 mm)

500 lb (230 kg)

100 lb (45 kg)

2300 lb (1040 kg)

915 lb (415 kg)

252 lb (30.2 gal. [110 mL])

Sand

12 oz. (355 mL)

70 oz. (2100 mL)

5 to 8%

Slump 4 to 6 in. (100 to 150 mm)
average

>_ 0.42

Air content

Slag

Air-entraining agent

Water

w/cm

Air-entraining agent

High-range water reducer

Cement

Sand

Coarse aggregate, No. 67
(5 to 20 mm)

525 lb (240 kg)

1180 lb (535 kg)

1850 lb (840 kg)

Mid-range water-reducing
admixture

Water 280 lb (130 kg)

4 to 7%Air content

0.53w/cm

Slump 4 to 6 in. (100 to 150 mm)

35 oz. (1040 mL) +_ or as
required

Table 6 – Mixture proportioning comparison (steel troweled interior floors subjected to vehicular traffic)

Cement

Coarse aggregate

Sand

Water

Conventional concrete

635 lb (290 kg)

1850 lb (840 kg) No. 67
(5 to 20 mm)

1200 lb (540 kg)

305 lb (140 kg)

Admixture

w/cm

20 +_ oz. (590 mL) Type A

0.48

Slump 5 in. (125 mm) maximum

Athletic concrete

575 lb (260 kg)

2100 lb (950 kg) No. 467
(5 to 50 mm)

1080 lb (490 kg)

275 lb (125 kg)

HRWR — Type F @ 40 +_ oz.
(1200 mL) or as required

0.48

Initial: 2 to 3 in. (50 to 75 mm)
Final: 5 to 7 in. (125 to 180 mm), 

after addition of HRWR

Air content (entrapped) 1.5% 1.5%


