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Abstract 
To improve the crack resistance of large-area and mass concrete structures, a 
considerable number of projects adopt the Construction Technology of Post-pouring Belt 
Method. In the executive order to make up for many shortcomings of the post-pouring 
belt method, the construction technology of the jump-warehouse method came into 
being. This paper proposes a complete set of operable technical processes and measures. 
It is hoped that it can provide reference and inspiration to the front-line engineers and 
technicians. 
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1. Introduction 

1.1 Principle of the Jump-warehouse Method 

Currently,the post-pouring belt method is mostly used as a convenient means of crack control in large-
area and mass concrete foundation engineering. Although the post-pouring belt method is a relatively 
mature construction technology, it still has some shortcomings, such as difficult cleaning of 
construction joints and long interval time. In recent years, a construction technology of large-area and 
mass concrete called "the jump-warehouse method" has attracted more and more attention from 
engineers and technicians. Just as the name implies, the jump-warehouse method refers to the 
construction method of dividing large-area concrete blocks into several small-area concrete blocks 
before pouring large-area mass concrete structures and then pouring them in stages.Green areas were 
poured in the first phase and white areas in the second phase,as shown in Figure1. In the first stage, 
the temperature and stress level of the concrete blocks are released to a reasonable range, and then 
pouring of the remaining areas in the second stage is carried out[1]. 

 

   

   

   

Figure 1. Schematic diagram of the Jump-warehouse Method 
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Compared with Post-pouring Belt Method, the advantages of jump-warehouse method are as follows: 

(1) Project progress. The jump-warehouse method saves the intermittent waiting time of the post-
pouring belt and avoids the loss of construction period caused by retaining the post-pouring belt. At 
the same time, it creates conditions for the early admission of follow-up work such as equipment 
installation, secondary structure, and decoration construction[2]. 

(2) Project cost. If the post-pouring belt method is used for construction, according to the Construction 
Method of Joint at post-pouring belt, the water stop steel plate and steel wire mesh need to be buried 
on both sides of the post pouring belt. If the jump-warehouse method is used for construction, two 
joints become one joint, and the consumption of water stop steel plate, steel wire mesh, pattern plate 
and support will be reduced by 50%, greatly reducing the material cost. The cleaning of the 
construction joint at the post pouring belt is time-consuming and laborious, and the jump-warehouse 
method can save a lot of labor costs[3]. 

(3) Project quality. The Fast-Easy Net is adopted for the construction joints of the jump-warehouse 
method, which has low difficulty in cleaning the construction joints, ensures the bonding strength and 
impermeability of the joints between the old and new concrete, and improves the project quality[4]. 

Broadly speaking, although there are increasingly practical cases of the jump-warehouse method in 
the construction of large-area and mass concrete foundation slabs in China, the theoretical research 
on the prevention of cracks in large-area and mass concrete by the jump-warehouse method is not 
deep and comprehensive, and the relevant theoretical research is relatively lagging behind. 

1.2 Introduction of MIDAS FEA 

Midas FEA is a professional software for solving engineering nonlinear problems successfully 
developed under Windows operating system. In the software development stage, the software 
development team selects different types of engineering cases, uses Midas FEA finite element 
analysis software for calculation, compares and demonstrates the calculation results and theoretical 
results with the calculation results of other similar software, and confirms the accuracy and reliability 
of the analysis results through practical application in a large number of Engineering construction 
projects.  

2. Feasibility Analysis Stage of the Jump-warehouse Method based on MIDAS 
FEA 

 
Figure 2. Technical flow chart of feasibility analysis stage of the jump-warehouse method 
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According to the technical principle and characteristics of the jump-warehouse method construction, 
the technical process of the jump-warehouse method feasibility analysis stage based on MIDAS FEA 
is proposed, as shown in Figure 2. The feasibility analysis stage of mass concrete hydration heat 
analysis stage mainly includes block division, optimization of concrete mix proportion, and heat of 
hydration analysis. 

2.1 Block Division 

Engineering and technical personnel can determine the spacing value according to the layout of the 
post-pouring belt provided by the design unit. According to the drawing design and the position of 
the original post-pouring belt, combined with the actual site, according to the principle of Blocks 
should not be large. the block is divided according to about 40 m, and the Spacing value is adjusted 
according to the calculation results. The concrete pouring interval of the adjacent region is not less 
than 7 days. 

2.2 Optimization Design of Concrete Mix Proportion 

In the design of concrete mix proportion, comprehensive consideration should be given to reducing 
the hydration temperature rise of concrete, reducing the shrinkage of concrete, and improving the 
working performance of concrete: (1) medium-coarse sand with good gradation should be selected; 
(2) Gravel with continuous grading, hard texture, no impurities, and large particle size shall be 
selected. (3) Strictly control the mud content of aggregate and the use of alkali-activated aggregate. 
(4) By adding an appropriate amount of high-quality fly ash to reduce the amount of cement. The 
addition of fly ash will not only reduce the adiabatic temperature rise of concrete but also reduce the 
early tensile strength of concrete. Therefore, the optimum content of fly ash can be optimized by a 
mortar experiment. (5) Strictly control the water-cement ratio and add an appropriate amount of 
water-reducing agent, retarding agent, and other admixtures. 

According to the concrete mix proportion, the adiabatic temperature rise of concrete can be measured 
directly in the laboratory, which provides parameters for the heat source function in the hydration 
heat model. Under the condition of no laboratory, the theoretical value of adiabatic temperature rise 
can also be calculated according to the current national standard code for the construction of mass 
concrete, or the built-in codes or standards of MIDAS FEA can be directly adopted. 

2.3 Establishment of Hydration Heat Model to Calculate Temperature Field and Stress Field 

 
Figure 3. MIDAS FEA modeling process 
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Considering the complex distribution of temperature field and stress field of mass concrete structure, 
the hydration heat analysis by using finite element simulation software such as Midas FEA can help 
engineers and technicians comprehensively and intuitively predict the temperature field and 
temperature stress field of mass concrete, and provide a reference for the later construction stage. The 
modeling process of concrete hydration heat construction stage analysis using Midas FEA finite 
element software is shown in Figure 3. 

2.4 Method of Adjusting Parameters of Hydration Heat Model 

2.4.1 Temperature Index 

Engineers and technicians use Midas FEA finite element simulation software to model and calculate 
mass concrete, analyze the output results, and the temperature control index should meet the 
following requirements[5]: 

① The temperature rise of concrete based on the Pouring temperature shall not be greater than 50℃; 

② The inner surface temperature difference of concrete pouring block (excluding the equivalent 
temperature of concrete shrinkage) shall not be greater than 25 ℃; 

③ The temperature difference between the surface of the concrete pouring block and the atmosphere 
shall not be greater than 20 ℃; 

④ The cooling rate of the concrete pouring body shall not be greater than 3.0 ℃ /d; 

If not, the relevant parameters in the hydration heat analysis model can be adjusted and recalculated, 
and analyzed until the temperature control index requirements are met. 

(1) Reduce the adiabatic temperature rise of the heat source function in the model. The heat source 
function is used to describe the relationship between the hydration temperature rise of concrete with 
time. The function includes three independent variables: cement type, water temperature, cement 
dosage per unit volume, etc. Based on the three variables of the heat source function, we can do the 
following. first, change the type of cement, such as medium and low-heat Portland cement. Second, 
reduce the amount of cement in unit volume concrete, such as adding an appropriate amount of fly 
ash into ordinary concrete to replace cement; Third, reducing the water temperature can also reduce 
the adiabatic temperature rise of concrete. However, with the change of model parameters, the 
concrete mix proportion should be adjusted in the actual construction. 

(2) Reduce the concrete molding temperature. The concrete molding temperature value is entered 
when defining the construction stage. In engineering practice, relevant measures to reduce the 
temperature of aggregate, concrete mixing water, and other materials and other safeguard measures 
during construction can be taken to ensure that the real molding temperature shall not be greater than 
the model input temperature; 

(3) It can improve the value of the concrete surface convection coefficient. The smaller the value of 
concrete surface convection coefficient, the better the thermal insulation effect, and can effectively 
reduce the occurrence of surface cracks. This goal can be achieved by covering thermal insulation 
materials in engineering practice. 

In addition to adjusting the temperature control parameter value, for super thick mass concrete, the 
temperature control index can also be met by defining the construction stage. 

(1) Layered pouring can be used for temperature control. For example, layered pouring can be carried 
out for every 1500mm along the thickness direction. Midas FEA is used to simulate the construction 
process of layered pouring and calculate the hydration heat; 

(2) For super thick mass concrete, the internal temperature of mass concrete is reduced by adding a 
circulating cooling water pipe in the model. The optimal layout scheme for cooling water pipes is 
selected by adjusting the pipe diameter, water temperature, pipe distance, flow, and other parameters 
in the model. 
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In conclusion, with the change of model parameters, corresponding adjustments should be made 
during construction, which is very important. 

2.4.2 Stress Index 

According to the temperature stress analysis results of mass concrete by Midas FEA finite element 
analysis software, focus on the temperature stress of nodes at special positions. The node positions 
are shown in Figure 4. By analyzing the allowable tensile stress of each node, the time history curve 
of tensile stress or the crack index curve of each node, judge whether the concrete has crack risk, and 
the crack index of each node shall be greater than 1. 

 

 
Figure 4. Special location nodes 

 

If there is a risk of cracking, the following measures can be taken: 

① Further adjust the temperature control parameters; 

② The spacing value can be reduced and the temperature stress can be calculated again until the risk 
of cracking is eliminated in theory. On the contrary, it can be increased on the premise of no cracking 
risk. 

3. Construction Process Control 

The crack control of mass concrete is a comprehensive and comprehensive systematic process. Even 
after sufficient demonstration in the early feasibility analysis stage, corresponding coordination 
measures should be taken in the construction stage to achieve the success of crack control. 

3.1 Structural Measures at Joints 

 
Figure 5. Construction joint structure of the jump-warehouse method 
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See Figure 5 for the construction practice of the construction Joints by the jump-warehouse method. 
The Fast-Easy Net can be adopted for the construction Joints. The sectional dimension of a waterproof 
steel plate is 300mm×3mm. Before the concrete is poured, the floating slurry at the construction joints 
should be removed and sprinkled with water to moisten it before pouring. The concrete should be 
vibrated carefully. 

3.2 Concrete Pouring 

Before concrete pouring, concrete operators shall be trained in operation skills. 

(1) During the division of warehouse blocks, the spacing value should be less than or equal to the 
value used in the simulation in the feasibility stage; Similarly, the pouring interval of adjacent blocks 
should be less than or equal to the interval in the feasibility stage simulation. 

(2) Before concrete pouring, the formwork shall be fully wetted; During concrete pouring, the 
vibration time shall be appropriately extended to improve the compactness of concrete. 

(3) The slump of concrete shall be well controlled, and the concrete supplier shall be required to 
appropriately extend the initial setting time of concrete. 

(4) For large-area mass concrete foundation works, the concrete is poured and tamped on the slope in 
layers, and the natural flow slope of concrete is about 1:5. The thickness of each layer shall be 
controlled within 500mm, each step shall be staggered by 4000-5000mm, and the one-way continuous 
pouring method shall be adopted for pouring and tamping; Further, strengthen the supervision of 
concrete vibration. If the next layer of concrete is not vibrated, it is not allowed to pour and vibrate 
the upper layer of concrete, and the upper layer of concrete must be poured and vibrated before the 
initial setting of the next layer of concrete. In addition, to ensure the close combination between layers 
and eliminate joints, the vibrator shall be inserted into the lower concrete for about 50mm. 

(5) During vibration, the upper, middle, and lower vibration points shall be arranged at the unloading 
point of the mixed soil, the middle of the ramp, and the foot of the slope. The vibration must be 
sufficient, the vibration time at each point shall be controlled at about 30s and timely drainage of the 
bleeding of the concrete. 

(6) The concrete shall be vibrated twice, troweled twice, or troweled many times from two hours after 
the concrete pouring construction to before the initial setting. The concrete surface can be leveled 
with a long scraper, compacted with a wood trowel and rubbed twice, and then polished with a 
calendar to eliminate the initial plastic shrinkage cracks on the concrete surface. 

3.3 Concrete Curing 

Concrete curing mainly refers to thermal insulation and moisture conservation. Among them, the 
purpose of thermal insulation curing is to prevent the internal surface temperature difference, cooling 
rate, and other indicators from exceeding the limit in order to prevent temperature cracks. The 
concrete warming stage, by covering insulation materials, can reduce the heat loss of the concrete 
surface, thereby reducing the value of the internal surface temperature difference of concrete, to 
prevent the generation of internal constraint cracks; concrete cooling stage, insulation conservation 
can reduce the overall cooling rate of concrete, to prevent the generation of external constraint cracks 
due to cooling shrinkage mainly. 

After the concrete is poured, immediately lay plastic films, geotextiles, and other thermal insulation 
materials and timely sprinkling water maintenance. When the temperature difference between inside 
and outside the concrete is close to 25℃, the thickness of the insulation layer can be increased 
appropriately; when the temperature difference between inside and outside the concrete is small, the 
thickness of the insulation layer can be reduced appropriately. After the temperature at the center of 
the concrete begins to fall, when the temperature difference between the surface temperature of the 
concrete and the ambient temperature is less than 20 ℃, you can remove the insulation material. 
Moisture conservation time generally should not be less than 14 days. 
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3.4 Automatic Temperature Measurement Control of Mass Concrete 

The electronic temperature measurement system is used to monitor the temperature changes at 
different thicknesses of mass concrete foundation engineering in real-time, and the thermal insulation 
measures are dynamically adjusted according to the monitoring results. Temperature measuring 
components can be embedded 3 days before concrete pouring. 

After the pouring is just completed, the temperature is measured 12 times a day and night in the first 
3 days and once every 2 hours. After the temperature peak appears and the temperature curve is stable 
and normal, the number of measurements per day and night can be appropriately reduced to 6 times. 

Arrange a measurement specialist to measure the temperature of concrete regularly every day and 
make relevant records. In case of abnormal temperature, inform the technical department in time to 
take corresponding measures to ensure the quality of concrete works. The temperature measurement 
specialist shall correctly master the use method of the temperature tester. Before the first temperature 
measurement, he shall be trained to ensure the accuracy of temperature recording. 

4. Conclusion 

According to the construction principle of the jump-warehouse method, this paper puts forward the 
construction method suggestion of the jump-warehouse method based on MIDAS FEA. This paper 
introduces the technical process of the feasibility analysis stage of the jump-warehouse method based 
on MIDAS FEA and puts forward the idea and method of adjusting the parameters of the hydration 
heat model from the perspectives of temperature control index and stress index, which is operable 
and can provide a reference for engineers and technicians. According to the construction stage of the 
jump-warehouse method, the technical points of the jump-warehouse method construction stage are 
put forward from the aspects of construction joint design and construction requirements, concrete 
pouring requirements, concrete maintenance, and automatic temperature measurement control of 
mass concrete, etc. 
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