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Construction Technology and Engineering Application of Mass Concrete Bearing Platform in Deep Foundation Pit

Abstract：Taking the main pier bearing platform construction of a cable-stayed bridge as the background, this paper addresses the problems of high deep foundation pit support risk, difficult mass concrete temperature control and complex construction under complicated geology. It studies the construction technology system of a 33.2m×18.2m×4.5m large-volume bearing platform, elaborating on core technologies such as steel sheet pile cofferdam support, deep foundation pit excavation and dewatering, mass concrete pouring and temperature control, as well as reinforcement and formwork construction. Targeted quality and safety control measures are proposed and verified by on-site test data. The results show that this technology effectively resolves key problems like hole collapse in silty fine sand stratum and mass concrete crack control, with the bearing platform concrete strength qualification rate reaching 100% and structural integrity meeting design requirements, providing a technical reference for similar projects.
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 Introduction 
With the large-scale and deep-water development of transportation infrastructure, the main pier bearing platform, a key component connecting bridge foundation and superstructure, faces challenges such as large size, deep foundation pit and complex geology. Deep foundation pit construction is prone to hole collapse, quicksand and piping due to loose geology and water level effects. Mass concrete is likely to produce temperature cracks due to concentrated hydration heat, which affects engineering quality and structural durability.
Taking a cable-stayed bridge's main pier bearing platform as the research object, this platform is a 33.2m×18.2m×4.5m rectangular structure with a concrete volume of 2719m³. The foundation pit excavation depth is 8.5m, the stratum is dominated by silty fine sand and adjacent to a river channel. This paper studies the project from the aspects of overview, construction scheme, quality and safety control, and construction effect, providing reference for similar projects.
1 Project Overview
1.1 Project Background
The project is an extra-large bridge integrating first-class highway and urban road functions. Its main bridge is a (35m+81m+135m) concrete single-tower cable-stayed bridge. The main tower foundation is an integral bearing platform, with 28 bored piles of φ2.0m and length 95m arranged underneath. The designed reaction force at the pile top is 17700KN. The construction quality of the bearing platform directly affects the overall stability and bearing capacity of the bridge.
1.2 Geological and Hydrogeological Conditions
The bridge site is located in a fluvial alluvial plain with stable geological structure. The stratum from top to bottom consists of artificial fill layer, Quaternary Holocene lacustrine-alluvial layer and Early Tertiary argillaceous sandstone formation. The site has abundant groundwater, divided into perched water, phreatic water, confined pore water and bedrock fissure water. Surface water and groundwater are slightly corrosive to concrete and reinforcement, and the site environmental category is Class Ⅱ.
1.3 Key and Difficult Points of the Project
The core key and difficult points of the bearing platform construction are reflected in three aspects: first, the high safety risk of deep foundation pit. The maximum excavation depth of the foundation pit is 8.5m, adjacent to the river channel, and the silty fine sand stratum is prone to quicksand, piping and steel sheet pile deviation and deformation; second, the great difficulty in temperature control of mass concrete. The concrete volume reaches 2719m³, and the concentrated hydration heat is easy to produce temperature cracks; third, the complex construction conditions. The bearing capacity of the silty fine sand stratum is low, which requires high construction quality of the bottom sealing concrete. In addition, the environmental protection requirements are strict, and it is necessary to control construction dust, slurry discharge and other pollutions.
2 Construction Technical Scheme
2.1 General Construction Process
The construction follows the process: surveying and setting out → site leveling → steel sheet pile cofferdam construction → foundation pit dewatering → excavation → bottom sealing concrete pouring → pile head chiseling → reinforcement fabrication and installation → formwork installation → mass concrete pouring → temperature control and curing → backfilling → cofferdam demolition → detection. Each procedure implements the three-inspection system, and the next procedure can be carried out only after the previous one is qualified.
2.2 Key Construction Technologies
2.2.1 Steel Sheet Pile Cofferdam Support Construction
According to the characteristics of deep foundation pit and silty fine sand geology, Larsen Ⅳ type steel sheet pile cofferdam support is adopted. The size of the cofferdam is 37.3m×22.3m, the length of the steel sheet pile is 18m, and a two-layer horizontal support system is set up, with the first layer elevation of 27.5m and the second layer elevation of 24.0m. The waling is made of double assembled HW400×400×13×21 section steel, the diagonal brace is φ630×12 steel pipe, and the opposite brace is φ800×12 steel pipe. A double-row steel sheet pile cofferdam is arranged on the water-facing side to ensure the rigidity and stability of the support system.
The steel sheet piles are inserted and driven by the screen driving method, starting from the upstream and closing to the downstream from both ends. CAT349-18.8 pile driver combined with Aisbo 450 vibratory hammer (exciting force 81t) is used for vibration sinking, and the verticality deviation is controlled to be ≤1% and the plane center position deviation ≤5cm. A guide frame is used to strictly control the accuracy during the insertion and driving process, and mixed oil is applied to the lock joints to reduce friction. The matching pile method is adopted during closing, and the size of the special-shaped steel sheet piles is measured on site and processed accurately to ensure the tightness of the cofferdam. Before the installation of waling and support, the foundation pit is excavated to 1m below the support. The support and waling are connected by double-sided welding and stiffening plates are set. The gap between the waling and the steel sheet pile is filled with steel plates or grouted to ensure close fit.
2.2.2 Foundation Pit Excavation and Dewatering
Long-arm excavators are used for layered and segmented excavation of the foundation pit, with the layered thickness ≤1.5m. The principles of "layered, symmetrical, balanced and time-limited" are followed to avoid over-excavation. Piling is strictly prohibited within 10m around the foundation pit. The well point dewatering scheme is adopted for dewatering. 6 well points with a depth of 15m are set up, the well-forming diameter is 800mm, and the water output of a single well is 100m³/h. Dewatering is carried out one week in advance before construction, and the water level in the pit is controlled to be 0.5~1.0m lower than the excavation surface to ensure no open water on the foundation pit excavation surface.
Interception ditches and catchment wells are set around the foundation pit. Protective railings are erected with φ48mm×3mm steel pipes, with a height of 1.2m, equipped with dense mesh enclosure, and 2 upper and lower passages (steel inclined ladder + vertical ladder) are set to ensure construction safety. During the excavation process, the monitoring of steel sheet pile deformation and foundation pit settlement should be strengthened, and hidden dangers such as quicksand and piping should be handled in a timely manner to ensure the stability of the foundation pit.
2.2.3 Bottom Sealing and Bearing Platform Main Body Construction
C30 concrete is used for bottom sealing with one-time pouring, with a thickness of 1.5m and a volume of 1247m³. 2 truck pumps are selected for symmetrical pouring, and the distribution points are arranged in a plum blossom shape at 5~7m, with a total of 15 distribution points. The dry sealing process is preferred. After the bottom of the foundation pit is drained and dried, it is manually leveled and compacted. Foam boards are set to isolate from the steel sheet piles before pouring. Catchment pits are set at the diagonal points of the foundation pit before pouring the bottom sealing concrete, and drainage grooves are set after pouring to ensure no water accumulation at the base. If the water seepage in the foundation pit is large, underwater bottom sealing is used as an alternative scheme. The first pouring is 1.4m, and after pumping water to clean the laitance, a 10cm leveling layer is poured.
The ring cutting method is adopted for pile head chiseling. First, the pile top elevation is measured and set out, 3~4cm ring cutting is carried out with a toothless saw, then the concrete is stripped with a pneumatic pick to expose the pile top reinforcement, and finally the pile head is broken off with a steel brazing rod and lifted away. It is ensured that the pile foundation extends into the bearing platform by 10cm, and the pile top is flat and dense. The reinforcement is centrally fabricated in the processing plant and transported to the site for installation in sections. The main reinforcement is connected by rolled straight thread sleeves, the number of joints on the same section is ≤50%, and the spacing is ≥35d. Cooling water pipes are arranged synchronously during reinforcement installation, using φ32mm black iron pipes, with a horizontal spacing of 1.5m and 3 vertical layers. The water pipe joints are treated for water stop and checked by water passing.
Large-sized fixed steel formwork is adopted, with the main size of 1500mm×2000mm. The main ribs are double assembled 14 channel steel with a spacing of 800mm, and the tie rods are φ20 threaded steel with a spacing of 800mm. Before formwork installation, it is polished and cleaned and coated with release agent, and installed manually with the cooperation of truck crane. The axis deviation is controlled to be ≤15mm, and the surface flatness ≤5mm. After installation, cement mortar is used to seal the gap between the bottom of the formwork and the cushion layer to prevent slurry leakage.
2.2.4 Mass Concrete Pouring and Temperature Control
C40 concrete is used for the bearing platform, which is poured in 2 layers (each layer thickness is 2.25m), with a single pouring volume of about 1359m³. Retarding polycarboxylate superplasticizer is selected, and the slump is controlled at 180~220mm. The concrete is mixed in the self-built mixing station and transported to the site by concrete mixer trucks, then pumped into the formwork by pump trucks. Two pouring points are arranged, and pouring is carried out layer by layer from one end to the other along the long side direction. The layered thickness is controlled at 30cm, and the free falling height of concrete is ≤2m. If it exceeds, a chute is used for assistance.
The temperature control standard implements that the mold entry temperature is ≤30℃, the temperature difference between inside and outside is ≤25℃, and the cooling rate is ≤2℃/d. The hydration heat is reduced by optimizing the mix proportion (adding fly ash and slag powder). Circulating water cooling is carried out by arranging cooling water pipes. The temperature difference between the inlet water temperature and the concrete internal temperature is ≤20℃, and the temperature difference between the inlet and outlet water is ≤5℃. After pouring, covering and moisture retention curing is adopted, and the curing time is ≥14d. Two layers of temperature measuring points are arranged, and monitoring is carried out every 2 hours. The cooling water volume is adjusted in real time to ensure the temperature control effect.
3 Quality and Safety Control Measures
3.1 Quality Control
The focus of quality control is on three links: raw materials, construction process and finished product inspection. Raw materials must be re-inspected when entering the site. Low heat of hydration ordinary Portland cement is selected, with alkali content ≤0.60%. Aggregates are verified by alkali-aggregate reactivity test, and the compatibility between admixtures and cementitious materials is good. During the construction process, the pile position deviation is controlled to be ≤50mm, the hole diameter is not less than the design value, the inclination ≤1/100, the sediment thickness ≤15cm, the main reinforcement spacing deviation ±10mm, the stirrup spacing deviation ±20mm, and the protective layer thickness deviation ±10mm. The slump of concrete is tested for each truck, and no less than 4 groups of test blocks are made for each pile, with the 28d strength ≥ the design value.
Special prevention and control measures are formulated for common quality defects: the risk of hole collapse is solved by improving slurry performance and following up with steel casing; hole shrinkage is treated by slow drilling and hole sweeping; concrete cracks are controlled by optimizing temperature control and strengthening curing; water leakage of steel sheet pile cofferdam is blocked by filling joints with cotton and sawdust; piping is handled by increasing the penetration depth of sheet piles and thickening the bottom sealing concrete.
3.2 Safety Control
Safety control is centered on deep foundation pit monitoring and hazard source management and control. Deep foundation pit monitoring items include steel sheet pile top displacement, surrounding ground settlement, deep soil displacement, steel support stress, etc. A total of 12 horizontal displacement monitoring points for the support structure top, 10 surrounding ground settlement monitoring points, 4 deep soil displacement monitoring points and 20 support stress monitoring points are arranged. The monitoring frequency during excavation is once a day. When the displacement exceeds the early warning value (wall top displacement 8cm, maximum wall displacement 10cm, ground settlement 10cm), the monitoring frequency is increased and emergency measures are activated.
4 Construction Effect Analysis
4.1 Quality Inspection Results
After the construction of the main pier bearing platform, the ultrasonic transmission method is used to detect the structural integrity. The results show that there are no defects such as cracks and mud inclusion in the bearing platform, and the integrity is up to standard. The average 28d compressive strength of concrete test blocks is 38.6MPa, the coefficient of variation is 3.2%, and the strength is stable and uniform. The maximum settlement of the foundation pit is 3.5mm, and the maximum horizontal displacement of the steel sheet pile is 4.2mm, both less than the early warning values. Indicators such as reinforcement protective layer thickness and formwork installation accuracy all meet the requirements of the Technical Specification for Construction of Highway Bridges and Culverts (JTG/T3650-2020), and the overall construction quality complies with the design standards.
4.2 Construction Efficiency and Environmental Protection Effect
The construction period of a single bearing platform is 56 days, including 35 days for steel sheet pile cofferdam construction, 21 days for foundation pit excavation and bottom sealing, 15 days for reinforcement and formwork installation, and 16 days for concrete pouring and curing, meeting the requirements of the overall schedule. During the construction process, the slurry is recycled after being treated by a separator, the drilling slag is transported to the designated waste slag yard, the dust is controlled by measures such as fog cannon dust suppression and covering of exposed ground surface, and the waste water is reused after being treated by a sedimentation tank. No environmental pollution accidents have occurred, complying with relevant environmental protection regulations.
5 Conclusions and Prospects
5.1 Conclusions
(1) Aiming at the technical difficulties of deep foundation pit and mass concrete for the main pier bearing platform of a bridge, an integrated construction technology including steel sheet pile cofferdam support, layered and segmented excavation, and circulating water temperature control is optimized. It effectively solves the core problems such as hole collapse in silty fine sand stratum and mass concrete cracks, and the construction technology is advanced and reliable.
(2) By strictly controlling the quality of raw materials, construction process parameters and finished product inspection, and strengthening deep foundation pit monitoring and hazard source management and control, the construction quality and safety of the bearing platform are effectively guaranteed. All indicators meet the design and specification requirements, which can provide practical reference for similar projects.
(3) The support scheme combining steel sheet pile cofferdam with well point dewatering and the temperature control system of cooling water pipe plus moisture retention curing show good adaptability and stability under complex geological conditions, and have high popularization and application value.
5.2 Prospects
In the future, combined with intelligent construction technology, a real-time monitoring system for bearing platform construction can be developed to realize dynamic early warning and automatic regulation of parameters such as foundation pit deformation and concrete temperature. The mix proportion of mass concrete should be further optimized, new thermal insulation materials and curing processes should be explored to reduce the risk of cracks. At the same time, the recycling technology of steel sheet pile cofferdam should be studied to improve the level of green construction of the project, providing technical support for the construction of bearing platforms of more major bridge projects.
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