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A Study on Drying Shrinkage Stress in Unrestrained
Mortar Specimen
by
Yasunori MATSUFUJI, Shunji YOSHIOKA and
Toshiyuki SHIRAHAMA

(Department of Structural Engineering)

There are many factors on strength changes resulting from moisture changes in mortar or
concretz, for instance, transitory progress of hydration and hardening at drying, etc.

The main factor may be drying shrinkage-stress in drop of bending and tensile strength.

As the arbitrary distribution of shrinkage-strain is not permitted in the continuum, the
shrinkage-stress of unrestrained specimen must satisfy the condition of continuity in the distribution
of shrinkage-strain, or, if it agrees with the pattern satisfied the condition of continuity, shrinkage-
stress does not arise.  The strain &s by stress is

& =ex + S
where ey is real shrinkage-strain in the direction of length of specimen, and S is free, unrestrained
unit linear shrinkage-strain.
Although it is desired
that both e, and S arz gat expzrimantally, S can be little get by experiment. About the theoretical

Therefore, if ez and S are known, the strain €s or it’s stress is given.

method on free shrinkage-strain, there is the way of diffusivity equation, and drying shrinkage
process coressonds to the equation of heat conduction.
G. Pickett is one of reseachers lead this solution and analysed shrinkage-stress.

Authors added the experimental study on his analysis and considered the possibility of it’s

apprication.
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Fig. 1 Shape and size of the specimen,
shading indicates sealed surfaces.
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Table 1 Mix proportion of mortar

sand mix proportion by weight
v water - flow
gravity . cement : sand : water
absorption (mm)
L 4 0.6 % 0.35 198
2,64 0.73(%) 1 - 2.5 ¢ 0.55 195
1 - 3.1 : 0.65 207
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Fig. 2 Specimen used measurement of
warping
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Calculated values of surface factor f, diffusivity coefficent of shrinkage k, and final

shrinkage strain Sex from warping values.

water~ |thickness| maximum | drying surface |[diffusivity |final
cement of | warping age factor coefficient|shrinkage
ratio specimen | value ' : © lstrain
w/C b (mm) Vmax(mm) | t (ddys) f (em/day) | k (em*/day) | Se (x10~%
10 1,30 3.0 , ,
0.35 2.0 0.95 6,0 0,0615 0.060 26,7
. 30 0.58 8,0 0,0615 0,060 24,8
40 0.32 8.0 00,0615 0.060 20.7
10 0.67 1.5
0 55 20 0,54 3.0 0.0503 0,120 29.4
’ 30 0.34 4,0 0,0460 0.121 26,7
40 0.22 4.0 0.0372 0.123 27.0
10 0.98 1.5
0.65 20 0.49 2,0 0,0503 0,120 30.1
’ 30 0.25 2.0 0,0503 0.120" 28.8
40 0.12 1.5 0.0503 0.120 28.8
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Fig. 3 Theoretical curves calculated by the
equation (7), (13) and (14).
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Table 3 Compressive, tensile and bending strength of mortar specimens in 28 days of

water curing.

Compressive| Tensile

0.65 213 19.5 58.3

W /C | strength strength Bending strength Fb (kg/cm?®)
Fe(kg/em? ) | Ft(kg/em® )i mean [B=5cm |[B=6cm|B=7cm|B=8cm| B=9cm

0.35 478 38.8 99.3 101.4] 103.1 93.8| 100.6 97.7

0.55 289 25,2 68.3 72.8 67.8 66.2 66,2 68.4

65,0 60.6 55.0 55,6 55.1
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Fig. 4 Relation between test results and calculated values.
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Fig. 5 Test results and theoretical curves.
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