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CONSTRUCTING CONCRETE DAMS IN REGIONS WITH SUBZERO AVERAGE YEARLY
TEMPERATURE

IZVESTIYA VSESOYUZNOGO NAUCHNO-ISSLEDOVATEL'SKOGO INSTITUTA
GIDROTEKHNIKI in Russian Vol 101, 1973 pp 133-138

[Article by K. A. Mal'tsov, doctor of technical sciences, Sh. N. Plyam,
doctor of technical sciences, and L. I. Rudoyarov, candidate of technical
sciences)

(Text] Building concrete hydraulic engineering structures in regions with
severe climatic conditions characterized by a subzero average yearly
temperature raises a number of problems which do not occur when dams are
constructed in regions with a moderate or warm climate. These problems
arise because of the complete freezing of a considerable amount of the
embankment of a concrete dam during the operational period on the one
hand, and the change in the thermomechanical properties of the concrete
(coefficient of linear expansion, strength, modulus of elasticity, etc.),
on the other hand.

Figures 1, 2 and 3 show the temperature field* in the vertical profile of
various sections of the concrete dam at the Kolymskaya GES (variant of

the plan). The climatic conditions of the construction region are very
severe: the average yearly air temperature is ~12.0°C, the average temper-
ature in January is -38°C; over 90 days a year have an average daily temper-
ature of -30° and below. The construction region is in an area with a
continuous occurrence of perennially frozea rock ("permafrost"). The

frozen ground is 100-200 m thick. As can be seen from Figure 1, in the
operational period, three-fourths of the width of the profile of the section
of the spillway dam will be frozen. In the summer months the concrete on
the downstress face of the dam thaws to a depth of 2-3 m. In the founda-
tion the subzero temperature area extends to a depth of 6~9 m; the temper-
ature of the rest of the foundation is sbove zero.

®* All the data given in the article on the temperature conditions of dams
were obtained as the result of calculations on a digital computer using
the method developed at the All-Union Scientific Research Institute
imeni V. Ye. Vedeneyev.
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Temperature Field of Section of Spillway Dam in Operating Period

(Kolyma River Region)

Figure 1.

a) on 15 January; b) on 15 July
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Figure 2. Temperature Field of Section of Enclosed Dam Located at Upper E:
Levels Near Canyon Rims (Kolyma River Region) o
a) on 1 January; b) on 1 July
’




Figure 3.

Pigure 4.

Temperature Field of Section of Enclosed Dam Located at Lower
Levels Near Canyon Rims (Kolyma River Regiom)

a) on 15 January; b) on 15 July
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Temperature Field of Section of Spillway Dam in Operating Period
(Ust'~Ilimskaya GES Region)

a) on 15 January; b) on 15 July




In the foundation of the sections of a spillway dam which are located in
the channel part of the site, the thawed ground freezes to a depth of up
to 6-9 m from the side of the toe of the structure.

The foundation of the other sections of a spillway dam during operation
will gradually pass from a state of permafrost to a thawed state and the
subzero temperature zone in the structure will adjoin the permafrost zone
of the foundation for a long time. In this period a counter pressure curve
will be in effect along the toe of the dam.

The sections of the enclosed river bank of the dam are under various condi-
tions during the operating period: under the sections which are located

at the upper levels near the rims of the canyon, the foundation is frozen
through (figure 2); under the sections closer to the center of the dam,

the foundation is only partially frozen through (Figure 3). High counter
pressure may develop along the toe of this part of the sections.

The temperature conditions of a concrete dam constructed in a region with
a moderately subzero average yearly temperature are illustrated from the
example of the Ust'-Ilim hydraulic engineering system.

The region in which the Ust’'-Ilim hydraulic engineering system is constructed
is distinguished by a sharply continental climate. The average yearly
temperature of the air is -3.9°C. For 120 days of the winter period there

is an average daily temperature of the air below -15°C, and for 95 days,
below -20°C. The difference between the maximal summer and minimal winter
temperatures of the air reaches 94°C. Results of calculating the temper-
ature field of the dam of the Ust'~Ilimskaya GES are shown in figures 4

and 5.

The zero isotherm passes along the center of the width of the spillway dam
gsection from its crest to the foundation, drops into the rock to a depth

of 2-2.5 m, diverging toward the tailwater, and then returns to the dam

at a distance of approximately one-fourth of dts width along the foundation
from the downstream shell (Figure 4). Then the zero isotherm emerges at
the downstrean face of the dam at the tailwater level. In summer, because
of the seasonal changes in air temperature, the concrete of the downstream
face of the dam thaws to 3-4 m., The subzero temperature zone in the toe

of the blank dam is 2-2.5 m closer to the headwater than the corresponding
sections of the spiliway dam (Figure 5). On the tailwater side the founda-
tion proves to be frozen through to a considerable depth.

The calculating studies given show that, depending on the magnitude of the
average yearly subzero temperature in the hydraulic engineering system
region, two types of thermal states should be differentiated for the dam
in the operstional period: 1) a substantial part of the dam structure is
permanently frozen (average yearly air temperature is -8°C and below):

2) about half of the structure of the dam from the tailwater side is
permanently frozen (average yearly air temperature is -7:-2°C). This
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division is to acertain extent conditional. For example, some sections of
the first type of them will be only partially frozen through.
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Figure 5. Temperature Field of Section of Enclosed Dam in Operating Period
(Ust'-1limskaya GES Region)

a) on 15 January; b) omn 15 July

The experimental studies of the All-Union Scientific Research Institute of
Hydraulic Engineering imeni V. Ye. Vedeneyev [2-5], the Scientific Research
Institute of Concrete and Reinforced Concrete [6, 7] and other organizations
(8] showed that with subzero temperatures, concrete has higher strength
indices than at above-zero temperatures. The deformation characteristics

of the frozen concrete and concrete at above-zero temperatures are also
different. PFor example, it was determined ian work [3] that the strength

of the samples of natural moisture content increased by 25-60 percent when
frozen, and the value of the modulus of elasticity increased by 15-20 percent.
In this case the greatest increase in strength was observed in the range of
0-3#~10°C. The coefficient of linear expansion of concrete when it is

frozen increases [2, 3, 4, 6, 9]. Taking into account the temperature
conditions of the structure, the high strength indices of the concrete and
its favorable deformation characteristics at subzero temperatures can not
only increase the reliability and crack-resistance of dams, but can also

give a substantial economic saving in their construction and operation [9, 10].

At present, planning concrete dams for Siberia and the Far East mainly
amounts to adapting certain types of concrete gravity or roundhead buttress




dams for work in regions with a severe climate: specilal measures are
taken to maintain above-zero temperatures in the dams and the drainage
system is almost a complete copy of known design solutions, etc.

Under these conditions, developing new types of concrete gravity and
roundhead buttress dams especially for regions with a subzero average yearly
temperature becomes very important. The task posed is an important national
economic problem. Major comprehensive calculating-theoretical, experimental,
design, technological and technical-economic studies are required for its
solution.

1. Calculating-theoretical studies should be concerned with the following
problems: .

a) Calculating and analyzing the temperature conditions of the dams; here,
along with considerations of the special features of the process of erecting
and designing the dams, particular attention should be paid to the phenomena
of seepage in the foundation of the structure;

b) Calculating and analyzing the state of stress of the dams. Since the
deformation characteristics of concrete at subzero temperatures are consider-
ably different from the deformation characteristics of concrete at above-
zero temperatures, and since with any structural measures there will be

zones of both subzero and above-zero temperatures in the dam, an estimative
analysis must be made of the state of stress of the dams, the concrete of
which has different mechanical characteristics in different zones of the
structure; in this case attention should be given to the temperature-
moisture content changes, the intrinsic weight, hydrostatic pressure and
other types of power forces;

¢) Studying the physical-chemical nature of the processes taking place
when the concrete freezes.

2. Experimental studies should be made in two directions:

a) Experimental studies of the strength and deformation characteristics of
concrete at subzero temperatures. Particular attention should be paid to
testing the concrete for the prolonged action of a load, selecting the
compositions of the concrete for work under subzero temperatures and studying
the behavior of reinforced concrete.

Tests should be made both under laboratory conditions using large-dimension
models and under natural conditions, directly at the hydraulic engineering
structures;

b) Model studies of the hydraulic engineering structures should be made

along the line of formulating a model study theory, selecting model materials,
designing instruments and equipment to measure the deformation and forces. ¢
developing new methods of measuring deformations and forces, new methods of
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measurements using the most recent achievements of physics and acoustics,
etc. Particular attention should be paid to problems of model study of
zones of frozen concrete and opening of the intercolummar joints.

3. When making design studies, a distinction should be made between regions
with a low subzero average yearly temperature (-8°%-14°C) and with a
moderate subzero average yearly temperature (-2° -8°C). Each of these
regions should have its own optimal structural types of dams worked out

for it and its own structural measures to regulate the temperature condi-
tions for them. This i3 equally true of the different sections of the

same dam. Since the temperature condition for the dam, characteristic for
the operational period, 1s achieved over a period of 20-40 years from the
beginning of the construction, a construction process must be developed
under which, by the time the pressure is raised, the temperature field of
the structure would correspond to a quasistationary one. This will substan-
tially reduce the time for establishing the operational temperatures in the
structure.

When developing new types of dams, particular attention should be paid to
their technical-economic substantiation with a high degree of structural
reliability.
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