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Shrinkage Forces on 
Concrete and Stone

Durability, corrosion resistance and 
resistance to chemical attack is 
directly related to concrete’s permea-
bility. If water cannot enter concrete, 

it cannot cause damage. Penetration of water into 
concrete is achieved by capillary action through 
actual physical passageways. Reducing these pas-
sageways will increase the resistance of concrete 
to water penetration.
Certain concretes are watertight and water resis-

tant, as well as strong and enduring in proportion 
to their absolute densities. Conversely, weak con-
cretes are permeable and of low endurance in 
proportion to their porosities.

Excess Water as  
a Cause of Porosity

Aside from segregated pockets of stone which 
may also be caused by excess water, water voids 
are quantitatively more important than are air 

pockets as passageways for 
penetrating or percolat-
ing water. The larger the 
water to cement ratio, the 
greater the volume of cap-
illary pores.
Table 1 illustrates the 

relationship between water cement ratio, poros-
ity, and permeability in concrete. “The first step in 
achieving a low permeability is to specify a water 

cement ratio of 0.4 or less, and then to consider 
using a supplementary cementing material or 
blended hydraulic cement”. (Nawy, 1977.)

Shrinkage Forces of Rocks
Flow through porous rock, such as cemented sand 
or unfractured sandstone, is regular and reliable. 
Permeability of the rock mass is a reasonably well 
defined quantity which can be used in analyses. 
Porous rocks often have a large pore volume of 
about 10 to 30 percent or more.
With reference to the Army Corps of Engineers 

Manual on Rock Foundations, Special Topics – 
in the “Free Swell Test,” a specimen of rock 
is ground and put into a tube where water is 
added and increase in volume is recorded. This 

Mix W/C Cure time Permeability
Hydraulic

Permeability
Air

Porosity % Volume Permeable 
Voids %

1 0.26 1 day
7 days

Too small to 
measure

37
29

8.3
7.5

6.3
6.2

2 0.4 1 day
7 days

0.03
0.027

130
120

11.3
11.3

11.4
12.2

3 0.5 1 day
7 days

0.56
0.2

120
170

12.4
12.5

13
12.7

4 0.75 1 day
7 days

4.1
0.86

270
150

13
13

14.2
13.3

Table 1.

Definitions
Porous: Possessing or full of pores, permeable 
to liquids.

Porosity: The ratio of the volume of interstices 
of a material to the volume of its mass.

Volume of Permeable Voids: Volume of space 
where water or air can permeate.
(From Webster’s 7th New Collegiate Dictionary, B4C 
Merriam Company, 1972.)

Table 2: From Masonry Design and Detailing for Architects, Engineers and Contractors (Beal, 1993).

Maximum water absorption requirements for building brick:

Designation

Min. Water Absorption 
by 5hr boiling (%) Max. Saturation Coeff. Min. Compressive 

Strength
Average of 

5 brick Individual
Average of 

5 brick Individual
Average of 

5 brick Individual
Severe 
Weathering 17 20 0.78 0.80 3000 2500

Moderate 
Weathering 22 25 0.88 0.9 2500 2200

No Weathering No Limit No Limit No Limit No Limit 1500 1250
Structural clay load bearing tile wall
Maximum water absorption by 1 hr boiling % average 16 to 28% Take 20%
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bulking is the increase in total volume of 
moist fine aggregate over the same weight 
dry, where surface tension in the moisture 
holds the particles apart causing an increase 
in volume. If alternate wetting and drying 
occurs, severe strain develops in some rocks 
causing an increase in volume and eventual 

breakdown of the material. Porous concrete 
will crack similarly.
Table 2 shows the relation between mois-

ture added to dry aggregates versus percent 
increase in volume. The addition of 5% mois-
ture by weight results in a 25% increase in 
volume, roughly.

Table 3 provides data on the Strength of 
Rocks.

Shrinkage Forces  
on Fresh Concrete

As an example, the following concrete mixture 
is proportioned by absolute volume where 
total aggregate may range from 60 to 75%, 
cement from 7 to 15%, and water approxi-
mately 20%.

Cement: 10%
Air:  5%
Fine Aggregate: 25%
Coarse Aggregate: 45%
Water: 15%

Assuming 3000 psi concrete, the tensile 
strength will equal 6 √f 'c = 6 x54.6 = 328.6 
psi. Although not allowed for major support-
ing structures, a factor of safety of 3 can be 
taken to obtain allowable stress in tension.
Taking a factor of safety of 1/3, the allowable 

tensile stress (P) becomes approximately 100 
psi (at design strength) = 14,400 lb/ft².
If we take the allowable stress of freshly 

placed concrete to equal zero, then from the 
initial placement to final cure the average 
tensile stress is roughly 50 psi.
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Table 3: From Rock Foundations Special Topics (Army Corps of Engineers EM 1110-1-2908).

Strength of Rocks
Type of Rock Tensile 

Strength (psi)
Tensile Stress 

(psi)
Compressive 
Strength (psi)

Youngs 
Modulus (psi)

Shale (Utah) 2494 831 31328 8441196
Shale (Pennsylvania) 203 67 14648 4525117
Granite (Georgia) 406.1 135 27992 5656472
Granite (Maryland) 3002.2 1000 36404 3683959
Granite (Colorado) 1726 575 32778 10239660
Marble (New York) 1696 565 18419 7832038
Marble (Tennessee) 942 314 15374 7005323
Sandstone (Alaska) 754 251 5656 1522896
Sandstone (Utah) 1595 531 15519 3103808
Slate (Michigan) 3698 1232 26106 11008360
Gypsum (Canada) 348 116 46267 —
Limestone (Indiana) 594 198 7687 7687000
Limestone (Germany) 580 193 9282 9253408
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As the volume of the paste decreases by 20% (which is roughly twice 
the porosity), then this force on the area will be equal to 50 x 0.2 = 
10 psi or 1,440 lb/ft2.
To determine the shrinkage force per foot width of concrete, take a 1-foot 

by 6-inch slab section and determine the length at which it will crack.

A x P = L x A x D or L = P/D
1 ft x 0.5 feet x 14,400 = L x 1ft x 0.5 ft x 1,440 lbs/ft2/ft
L = 14,400/1,440 = 10 feet.

For dry concrete, the porosity is 12%; hence, the force which will 
crack concrete exposed to dry and wet conditions will be about 12% 
of the allowable tensile stress.
Other examples:
•  For rocks, a 25% increase in dry density can more than double 

the swell pressures developed in the material. The density of 
the stone is directly related to its tensile stress. Considering 
an allowable tensile stress of 199 psi for limestone, and taking 
a 25% increase in the dry density of a facade sample during 
swelling, then drying – shrinkage forces will approximately 
equal 25% of the tensile stress of 199 psi or 49.75 psi.

•  For unreinforced solid brick masonry with an allowable tensile 
stress of 7.5 psi, and porosity of 20% from Figure 1, 
the resultant in a drying shrinkage force will be 1.5 psi.

•  For Gypsum, taking a tensile stress of 116 psi will result in a 
swell pressure of 29 psi. The porosity of gypsum board must be 
considered in the calculation, as the increase in dry density of 
the material will be the deciding factor in the pressure. Hence, 
for a ½-inch thick gypsum board:

½ x (4 ft x12) x P = 116 and P = 5 psi  
(will crack if its porosity equals 5%.)

Figure 1: Surface moisture on fine aggregate can cause considerable bulking, 
the amount of which varies with the amount of moisture and the aggregate 
grading. Reference PCA Major Series 172 and PCA ST20
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