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Abstract. In order to study the temperature process of concrete gravity dam in
Qianming Reservoir during construction, temporary temperature monitoring was
carried out. The reliability of the temperature monitoring data obtained by the
dam permanent temperature monitoring system, such as the temperature during
the construction period, the concrete temperature record of the construction unit
and the local temperature history record, is demonstrated and some basic under-
standings are obtained. At the same time, according to the monitoring data anal-
ysis, put forward some concrete crack prevention measures. The main conclu-
sions are as follows: (1) Temperature after embedding and maximum temperature
of dam section 7# and 14# are higher than those of 8# and 11#, but the tempera-
ture rise of 8# and 11# is higher than that of 7# and 14#, The temperature differ-
ence in dam section 7# and 14# is the largest, while the temperature difference
between dam section 8# and 11# is small. (2) After concrete pouring, the temper-
ature of the dam body rises sharply. Most of the dam sections reach the highest
level about 60 hours after pouring, and the highest temperature rise is about 30°C.
The internal temperature of concrete is controlled within 45°C. During the heat-
ing stage, there is no significant difference between the upstream and down-
stream panels of the dam and the internal temperature of the dam. In the cooling
stage, the relationship between the temperature of different parts at the same time
point is that the internal temperature is higher than that of the upstream and down-
stream panels. The results can provide reference for gravity dam placement en-
gineering in temperate areas.
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1 Introduction

The problem of temperature crack often exists in the construction process of mass con-
crete[1-2]. The dam concrete temperature control and crack prevention through all
stages of dam construction, but in the construction stage is particularly important [3-4].
After the dam enters the construction stage, it is affected by the construction conditions
and management level, and there are different degrees from the design condition[5].
Therefore, it is necessary to use monitoring data to feedback key parameters, according

© The Author(s) 2023

Z. Ahmad et al. (eds.), Proceedings of the 2023 5th International Conterence on Structural Seismic and Civil
Engineering Research (ICSSCER 2023), Atlantis Highlights in Engineering 24,
https://doi.org/10.2991/978-94-6463-312-2_7


https://doi.org/10.2991/978-94-6463-312-2_7
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-312-2_7&domain=pdf

48 S. Chen et al.

to the actual progress and temperature control measures, timely feedback construction,
optimization design, improve the quality of project construction [6-7]. In the process of
concrete gravity dam pouring, due to raw materials, temperature control measures and
other reasons, there will often be an obvious temperature rise phenomenon, especially
high fly ash normal concrete and RCC [8-9]. Some positions rose above the maximum
temperature of a cold session. In order to evaluate the influence of temperature on con-
crete gravity dam, this paper takes the concrete gravity dam of Qianming Reservoir in
Zhejiang Province, China as the research object, and fully considers the external air
temperature, thermodynamic characteristics of pouring materials, warehousing temper-
ature, pouring layer thickness, interlayer intermittent and conventional thermal insula-
tion measures to evaluate the temperature of concrete at various parts of the dam. It
provides monitoring data and technical support for temperature control optimization of
concrete gravity dam during construction.

2 Project overview

The dam site of Haoxi hdraulic project is located in Lishui City, Zhejiang Province,
China. Qianming Reservoir is an integral part of Haoxi hydropower project. The project
tasks are mainly flood control and water supply, combined with irrigation and power
generation. Qianming Reservoir, with a total storage capacity of 34.13 million m?, is a
medium-sized project. The main hub buildings of the project are composed of barrage,
drainage buildings, power generation diversion buildings, power plants and booster sta-
tions. The dam type of the barrage is the normal concrete gravity dam, the top elevation
is 247.00m, the maximum dam height is 42.50m, the top length is 335.0m, and the top
width is 5.0m.

3 Monitoring arrangement

Barrage is a normal concrete gravity dam. In order to test the temperature control effect
of dam concrete and understand thermal parameters such as adiabatic temperature rise
of dam concrete and surface heat release coefficient, concrete was observed in situ on
the construction site to provide measured data such as temperature for the optimization
of concrete mix ratio and the study of temperature control and crack prevention during
construction.

In order to cooperate with the research of temperature control and crack prevention
during the construction period of concrete, temperature monitoring was arranged in the
dam section 7#, 14#, 8# and 11# during the construction and pouring of the dam as
shown in the figure 1. Three temperature monitoring points were arranged in each bin
of concrete, and one thermometer was arranged in each monitoring point. A total of 90
thermometers were buried. The temperature is in the range of -30~200°C, and the ac-
curacy is 0.1°C. Automatic monitoring, reading once an hour.
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Fig. 1. Thermometer installation position diagram

4 Analysis of monitoring results

Temperature load is one of the main loads of concrete arch dam during construction
and operation. The temperature change has great influence on the deformation and
stress of the dam. In the design and construction of concrete arch DAMS, the internal
temperature of concrete rises rapidly due to the large volume of concrete and the diffi-
culty of releasing a large amount of hydration heat during solidification. When the cool-
ing temperature of concrete decreases, the volume will shrink, and the dam volume
deformation will be constrained, resulting in great shrinkage stress. If the ultimate ten-
sile strength of concrete is exceeded, there will be shrinkage cracks. Such cracks some-
times run through the whole section and become structural cracks, leading to serious
harm. Therefore, temperature control and crack prevention is the key factor restricting
the construction quality and progress of the project. Temperature is an important load
that gravity dam needs to pay special attention to. Many scholars have carried out field
temperature monitoring test and simulation analysis of concrete, and obtained temper-
ature rise rules of several concrete projects[10]. In order to further study the temperature
variation law in the process of concrete gravity dam, temperature monitoring of differ-
ent dam sections was conducted in 2018, and the results are shown in Table 1. The
average temperature of each dam section varies from 12.32°C to 25.23°C. The temper-
ature in 7# and 14# dam section has the greatest degree of dispersion, while the tem-
perature in 8# and 11# dam section has little difference. The maximum mean tempera-
ture varies from 29.46°C to 42.07°C. Similarly, the maximum temperature of 7# and
14# is higher than that of 8# and 11#. The temperature rise of each dam section varies
from 12.87°C to 17.14°C, and the temperature rise of 8# and 11# is higher than that of
7# and 14#.

Table 1. Statistical table of characteristic values of concrete temperature after pouring

Statistical value T# 8# 11# 144#

index of variability 0.44 0.01 0.09 0.40

Tempera- standard_ deviation 10.65 0.12 1.15 8.34
ture after variance 113.39 0.02 1.33 69.50
embedding maximum 39.70 25.40 13.50 34.20
minimum 5.40 25.10 10.60 6.20

mean 2424 25.23 12.32 20.75

index of variability 0.16 0.03 0.07 0.16

standard deviation 5.89 1.38 1.94 5.88
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Maximum Vari'ance 34.71 1.91 3.78 34.60
tempera- maximum 46.70 43.50 32.70 46.20
ture minimum 24.30 40.20 27.10 24.60
mean 37.11 42.07 29.46 36.03

index of variability 0.49 0.08 0.11 0.40

standard deviation 6.32 1.40 1.84 6.11

Tempera- variance 39.92 1.96 3.39 37.31
ture rise maximum 26.50 18.40 19.70 25.40
minimum 2.30 15.00 14.70 1.10

mean 12.87 16.83 17.14 15.28

In order to more clearly represent the temperature variation in early age of concrete
after pouring, the measured temperature process line inside concrete after pouring of
dam section 14# is shown in fig.2. The results show that the temperature of the dam
body rises sharply after concrete pouring, and most of the pouring silo at the end of the
dam reaches the highest level about 60 hours after pouring, and then begins to decline
slowly, with the highest temperature rising about 30°C. The internal temperature of
concrete can be controlled within 45°C.

In the heating stage, there is no big difference between the upper and lower panels
of the dam and the internal temperature of the dam. This is because the heating stage is
short and the heat loss is not much. The heat dissipation environment of different parts
does not have a great impact on the temperature.

In the cooling stage, the cooling trend of different parts is basically the same, but the
relationship between the temperature of different parts at the same time point roughly
follows the rule that the inner panel is larger than the upstream and downstream panel.
This is because when it comes to the cooling stage, the heat dissipation environment of
different parts plays a dominant role in the temperature. The heat dissipation environ-
ment inside the dam is the worst, so the temperature inside the dam is higher than that
of the upstream and downstream panels.
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Fig. 2. Measured temperature process line inside concrete after pouring of 14# dam section
(Figure a,b,c,d,e,f respectively represent temperature process line of No. 1,5,6,7,9,14 ware-
house of 14# dam section)

5 Improvement measures

Through the analysis of monitoring data, the following concrete crack prevention
measures are proposed.
(1) Optimize the concrete mix ratio and improve the cracking resistance of concrete
The purpose of selecting concrete raw materials and optimizing concrete mix ratio
is to make concrete have greater cracking resistance. Specifically, it is required that the
adiabatic temperature rise of concrete is small, the tensile strength is large, the ultimate
tensile deformation capacity is large, the thermal strength is relatively small, the linear

expansion coefficient is small, the autogenous volume deformation is the best micro
expansion, at least the low shrinkage.

(2) Reduce the concrete warehousing temperature

The higher the temperature outside, the higher the pouring temperature of the con-
crete. However, higher concrete temperature will accelerate the hydration reaction of
cement, shorten the time for concrete to reach the highest temperature, thus reducing
the available heat dissipation time, which is not conducive to reducing the maximum
temperature of concrete and reducing the temperature difference. In general, the pour-
ing temperature of concrete should not be greater than 28°C. By means of aggregate
precooling and ice mixing, the exit temperature of concrete is reduced, while the
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transportation distance is shortened as much as possible, so as to reduce the warehous-
ing temperature.

(3) warehouse surface insulation

When concrete is poured in summer, if only the entry temperature is lowered, the
effect of lowering the maximum temperature may be affected due to external heat re-
charge. In the early stage of pouring, the temperature is higher than the temperature of
concrete, so the heat recharge cancels out the effect of pre-cooling aggregate, adding
ice and other measures. Therefore, appropriate insulation measures should be taken for
warehouse surface.

(4) Others

Take measures such as warehouse surface insulation, water pipe cooling, surface
protection, surface moisturizing, warehouse surface spray and reasonable template se-
lection to prevent cracks.

Through the reasonable analysis of the monitoring data, the anti-crack measures are
put forward to ensure the construction quality of the mass concrete, the concrete con-
struction does not appear to endanger the structure safety cracks.

6 Conclusion

This paper analyzes the temperature of Qianming concrete gravity dam during the con-
struction period by combining the temporary monitoring data, the construction temper-
ature data recorded by the construction unit and the data measured by the permanent
monitoring thermometer. The analysis of these data deepens the understanding of the
temperature process of concrete gravity construction period, which is summarized as
follows: (1) The temperature and maximum temperature of dam section 7# and 14# are
higher than those of 8# and 11#, but the temperature rise of 8# and 11# is higher than
that of 7# and 14#. In addition, the temperature dispersion of 7# and 14# is the largest,
while the temperature difference of 8% and 11# is not much. (2) The temperature of the
dam rose sharply after the concrete was poured. Most of the dam sections reached the
highest about 60 hours after the concrete was poured, and the highest temperature rise
was about 30°C. The internal temperature of concrete is controlled within 45°C. In the
heating stage, there is no big difference between the temperature of the upstream and
downstream panels of the dam and the temperature inside the dam. In the cooling stage,
the cooling trend of different parts is basically the same. However, the relationship be-
tween the temperature of different parts at the same time point roughly follows the rule
that the temperature inside the dam is higher than that of the upstream and downstream
panels. In addition, a comprehensive quality inspection was carried out on the dam dur-
ing the acceptance, and no cracks were found. The results of drilling and coring also
showed that the concrete quality was good. The results can provide reference for gravity
dam pouring engineering in areas with mild temperature.
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