
The CONCRETE MATRIX is presented as a guide to a 
beƩer understanding of concrete properƟes. It is not in-
tended as a blueprint for the formulaƟon of individual 
concrete mixes. While many aspects of concrete are con-
sidered, this representaƟon is not intended to illustrate 
all potenƟal concrete properƟes. 

 

At one Ɵme or another, many of us 
have been involved in a home do-it-
yourself project that required the use 
of ready mix concrete. Perhaps we 
obtained some sand, gravel and a sack 
of cement and combined these materi-
als in a small mixer or even just a 
wheelbarrow.  Or we may have pur-
chased the sand, gravel and cement 
pre-mixed in a bag and we just added 
water. Certainly concrete producƟon 
can be as simple as this with the Įnished product results 
quite adequate for the intended job. 

But in today’s commercial concrete market, there is an 
ever present eīort to push the limits of all aspects of the 
Įnished properƟes of concrete, including compressive 
strength, Ňexible strength, durability, architectural ap-
pearance and economy. To accomplish this, a wide varie-
ty of high quality chemical and mineral admixtures are 
uƟlized. These are coupled with variaƟons in concrete 
mix design and project speciĮcaƟon criteria and a variety 
of placing methods. The result is a complex matrix of in-
ter-related properƟes. In some cases, many of the de-
sired properƟes of the Įnished product can be accom-
plished at the same Ɵme. In other cases, speciĮc proper-
Ɵes of the Įnished concrete become mutually exclusive 
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CONCRETE MATRIX  of other properƟes. The old saying that “you can’t have 

your cake and eat it too” is deĮnitely applicable in 
these cases. An adjustment in any one property will 
have a primary eīect on the performance of the mix 
design as well as side eīects which must be  consid-
ered, but oŌenƟmes are not, with negaƟve results. As 
an example, an increase in cement content might be 

called for with the intended result of higher earlier 
strength. Secondary side eīects of this adjustment 
would be: 1. an increase in the temperature of the mix 
which will produce shorter set Ɵmes, 2. a decrease in 
the air content of air entrained mixes, 3. a possible re-
ducƟon in slump and thus workability. 

To help you understand the interrelatedness of a varie-
ty of the most common concrete mix design proper-
Ɵes, chemical and mineral admixtures, and placing 
methods, CalPortland has developed a CONCRETE MA-
TRIX which illustrates these properƟes in a cause and 
eīect relaƟonship. 



CONCRETE TEMPERATURE IMPACTS: 

• Water Demand: The amount of water required in a 
concrete mix to produce a given slump will be higher 
in concrete mixes with higher temperatures. This can 
be a seasonal situaƟon where concrete temperatures 
are usually higher in the summerƟme. 

• Air Content:  With a Įxed amount of air entraining 
agent, less entrained air will be formed in concrete 
that has higher temperatures. The amount of air en-
training agent needed to produce a Įxed amount of 
air must be increased for mixes that will produce high-
er internal temperatures. 

 

AIR CONTENT IMPACTS: 

• Water Demand: In some instances, an increase in en-
trained air will allow for a reducƟon in the amount of 
water required to produce a given slump. This is espe-
cially true in mixes with lower cement contents (470 
pounds and less). However, air entraining agents 
should not be thought of as plasƟcizers. 

• Compressive Strength: An increase in the entrained air 
content will produce a decrease in the compressive 
strength for concrete mixes with generally higher ce-
ment contents. A general rule of thumb would be to 
Įgure a 5% reducƟon in compressive strength at 28 
days for every 1% increase in entrained air content. 
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AGGREGATE SIZE IMPACTS: 

• Water/Cement RaƟo: Concrete mixes designed with larger top sized aggregates (1” and 1-1/2”) will require less 
water to produce a concrete mix of a given slump than mixes designed  with smaller sixed aggregates (3/8” and 
sand). The void content (the space between all aggregate parƟcles) is higher in mixes with smaller aggregates thus 
necessitaƟng addiƟonal water for workability which results in higher water/cement raƟos. 

• Cement Content:  Because the water content is increased for mixes designed with smaller sized aggregates,  the 
amount of cement will also increase if a Įxed water/cement raƟo is desired.  

• Course Aggregate/Fine Aggregate RaƟo (CA/FA RaƟo): Because mixes designed with larger  top sized aggregates 
have fewer void spaces between the aggregate parƟcles, less Įne aggregate (sand) is usually required to Įll these 
voids thus allowing a change in the CA/FA RaƟo. 

• Water Demand: Again, less void space between the aggregate parƟcles in mixes designed with larger top sized ag-
gregates will require less water to produce a given slump. 

• Compressive Strength: The strength of a speciĮed coarse concrete aggregate is Įxed and is based in large part to 
the material and the geological formaƟon. The cement paste that surrounds this aggregate, however, can be creat-
ed with cement, Ňy ash, sand, water and a variety of chemical and mineral admixtures. The quality (strength) of the 
paste can vary tremendously and can actually be designed to be stronger than the aggregate itself.  

CONCRETE PUMP IMPACTS: 

• Air Content: Entrained air contents as measured at the 
discharge chute of a ready mix truck will be altered 
aŌer being put through a concrete pump. The change 
will be based on the type of pump and conĮguraƟon of 
the boom and hose. SomeƟmes the air content is in-
creased and someƟmes it is decreased. 

• Slump: Concrete slump is generally (but not always) 
reduced aŌer going through a concrete pump. This is 
especially true if the aggregates are not completely 
saturated  with water at the Ɵme of batching 

SLUMP IMPACTS: 

• Air Content: Low slump concrete will require a higher 
dosage of air entraining agent to produce a given en-
trained air content than moderate or high slump con-
crete.  

• Concrete Pump: Generally, lower slump concrete is 
more diĸcult to pump than higher slump concrete. 

 (Please note that slump does not aīect            
 compressive strength. Compressive strength is 
 primarily aīected by the water/cement raƟo and 
 air content.) 

SUPERPLASTICIZER IMPACTS:  

• Air Content: SuperplasƟcizers tend to decrease or even eliminate entrained air.  To obtain proper percentages of 
entrained  air, dosages of air entraining agents may have to be abnormally increased and monitored. 

• Set Time: Set Ɵmes can vary widely from load to load.  Some loads will be retarded and other loads will not be 
aīected at all resulƟng in erraƟc set Ɵmes.  (The use of mid-range plasƟcizers will eliminate this variaƟon in set 
Ɵmes.) 

• Water/Cement RaƟo: The use of superplasƟcizers in a concrete mix will reduce the amount of water required thus  
lowering the water/cement raƟo while sƟll producing a mix of a given slump. 

• Concrete Temperature: As a general rule, superplasƟcizers will help suppress concrete temperature gain during the 
period that they are acƟve (generally 30 to 45 minutes). 

• Water Demand: For a given slump the water demand will be lowered signiĮcantly. 



COARSE AGGREGATE / FINE AGGREGATE RATIO IMPACTS: 

• Cement Content: Over-sanded mixes will require addi-
Ɵonal cement to maintain a given compressive strength. 

• Water/Cement RaƟo: Over-sanded mixes will require ad-
diƟonal water to maintain a given slump. 

• Air Content: With the same amount of air entraining 
agent, rocky mixes will produce concrete with higher en-
trained air contents. 

• Concrete Pump: Rocky mixes may prove to be more diĸ-
cult to place with a concrete pump. In some cases, mate-
rial segregaƟon can occur within the pump line creaƟng 
plugs and lost Ɵme. Conversely, over-sanded mixes with-
out an increase cement content can result in mixes with 
too liƩle lubricaƟon to pump eĸciently. 

• Slump: Rockier mixes will have a higher slump with a 
Įxed amount of water. Sandy mixes will have less slump 
with this same amount of water. 

• Compressive Strength: With a Įxed amount of cement  
and water in the design, rockier mixes will produce high-
er compressive strengths and sandy mixes will produce 
lower compressive strengths. 

FLY ASH CONTENT IMPACTS: 

• Concrete Temperature: If a percentage of the ce-
ment content is being replaced with Ňy ash, the 
reduced cement content will produce less total 
heat thus lowering the concrete temperature. 

• Water/Cement RaƟo: Fly ash parƟcles are round 
and impart a “ball bearing” quality (increased 
workability) to the concrete mix. This can allow 
the mix to be designed with less “water of conven-
ience” and a lower water/cement raƟo. 

• Air Content: Type “F” ashes contain a certain 
amount of carbon. There are certain air entraining 
admixtures that are made with products that have 
an aƩracƟon to this carbon. The net result can be 
that the air entraining admix is not uniformly dis-
tributed throughout the concrete mix and the de-
sired air content is not achieved. 

• Concrete Pump: Concrete mixes made with Ňy ash 
are oŌen easier to pump. 

• Slump: Because Ňy ash parƟcles are round and im-
part a “ball bearing” quality to the cement paste, 
slumps are oŌen Ɵmes increased with no addiƟon 
of water. 

• Compressive Strength: Fly ash chemically reacts 
with by-products from the cement/water reacƟon. 
OŌen, the early compressive strengths are re-
duced in mixes where a percentage of the cement 
has been replaced with Ňy ash. However, the Ňy 
ash acts as an eīecƟve secondary cement and can 
improve compressive strengths at 56, 90, 180 and 
360 days. 

 

 

 

MIX TIME IMPACTS: 

• Air Content: The entrained air content of a concrete mix 
will be reduced as the mix Ɵme is extended. 

• Concrete Temperature: As concrete is allowed to mix for 
longer periods of Ɵme, the temperature will increase. 
This is a natural result of the cement and water reacƟng 
together and the internal fricƟon of the mix. 

• Slump: Longer mix Ɵmes will produce lower slumps. 

• Compressive Strength: Studies have shown that concrete 
mixed for prolonged periods of Ɵme will have lower com-
pressive strengths. 

 



 
 CEMENT CONTENT IMPACTS: 

• Fly Ash Content: Fly ash is usually added to a con-
crete mix design as a percentage of the cement. To 
fully react with by-products from the cement/water 
reacƟon Ňy ash is usually speciĮed to be between 
15% and 25% of the cement content. 

• Water Demand: To produce a concrete mix with a 
given consistency, an increase in the cement con-
tent may necessitate an increase in the water con-
tent. 

• Compressive Strength: An increase in the cement 
content will produce an increase in the compressive 
strength with a Įxed amount of water. There are 
levels where the eīects of diminishing returns are 
encountered and ulƟmate strengths are achieved. 

• Slump: Higher cement contents produce concrete 
mixes that are sƟīer and sƟckier thus aīecƟng the 
mix consistency, or slump. 

• Concrete Pump: Concrete mixes with low cement 
contents are more diĸcult to pump than mixes with 
higher cement contents. 

• Air Content: Higher cement contents will result in 
lower entrained air contents if a Įxed amount of air 
entraining admixture is used. 

• Concrete Temperature: A by-product of the chemi-
cal reacƟon between cement and water is heat. In-
creased amounts of cement produce increased con-
crete temperatures. 

• Water/Cement RaƟo: Increases in cement content 
will produce lower water/cement raƟos if the water 
content is held steady. 

WATER/CEMENT RATIO IMPACTS: 

• Compressive Strength: It is a standard rule that lower 
water/cement raƟos (weight of water in pounds divided 
by the weight of cement in pounds) produce higher com-
pressive strengths. Unfortunately, the amount of water 
cannot be reduced to the minimum required for com-
plete cement hydraƟon. AddiƟonal water (water of con-
venience) is required for workability and Įnishing prop-
erƟes. 

• Slump: Lower water/cement raƟos produce concrete 
mixes with lower slumps and visa versa. OŌenƟmes, the 
advantages of the lower water/cement raƟos can be 
gained and the workability of the concrete mix can be 
improved with the addiƟon of plasƟcizers (normal, mid-

range or superplasƟcizers). 

• Air Content: It is usually very diĸcult to produce an eĸ-
cient entrained air void system in concrete mixes with 
very low water/cement raƟos (i.e. low slump concrete). 
Increased doses of air entraining agent are oŌen re-
quired coupled with addiƟonal monitoring and tesƟng. 

 

 

If you would like to be added to our mailing list and 
receive future copies or to unsubscribe from receiv-
ing this newsleƩer, please email 
tmason@calportland.com 


