Response to Reviewer 1 Comments

Dear reviewer,

Thanks very much for taking the time to review this manuscript. We really appreciate all your comments and suggestions! Our responses to comments are given in a different color (red), and the added contents in the manuscript in green. We would also like to thank you for allowing us to resubmit a revised version of the manuscript. Please kindly find our itemized point-to-point responses below.

1. In the abstract, it is necessary to describe in more detail the essence of the experimental studies presented in the manuscript. Why overpass and what is the problem? 
Response 1: 

We thank the reviewer for raising this valuable comment. This article is based on the following engineering background: Due to the rapid growth in the number of urban buildings, situations involving the construction of new bridges or subway tunnels near or through existing structures have become increasingly common. This has led to safety concerns related to the inadequate bearing capacity of the foundation, which urgently need to be addressed. The engineering project at hand involves the construction of pile foundation replacement beams beneath an urban overpass. To ensure the safety of the structures above, pile foundation replacement technology is often employed to transfer the superimposed loads from existing piles, ensuring the smooth progress of the project.
The main issue addressed in this article pertains to the insufficient bond strength at the interface between old and new concrete in the construction technology of pile foundation replacement beam nodes. This deficiency makes the transfer beams more susceptible to shear failure under the upper replacement loads. To tackle this problem, the article proposes a method involving chiseling - prestressed reinforcement - epoxy resin bonding for treating the interface between old and new concrete. This approach is validated through scaled-down model tests of the pile foundation replacement beam system and simulation analysis, confirming that the replacement beam nodes possess adequate load-bearing capacity.
We have added more detail the essence of the experimental studies in the manuscript's introduction session. The additions in the revised manuscript are as the following:
Paragraph 1-4 of capture 1, page 1-4, lines 32-198.
2. The article does not substantiate the type of testing of the experimental model. For a better understanding, it is necessary to add information about what deformations the model under study undergoes and why? As far as it is clear from the text, displacement deformations are used, again why? 
Thank you for your comment. We have provided explanation about the research model and why we adopt displacement deformations as the measurement metric.
This paper conducted scaled-down model experiments on a pile foundation transfer model to assess its performance under transfer loads. We used strain gauges to measure rebar strains and calculate stresses. Additionally, displacement gauges were employed to monitor surface displacement variations and settlements while observing the development of surface cracks on the specimens. Furthermore, a finite element simulation model was established using Abaqus for the transfer beam system, allowing us to further validate the structure's sufficient load-bearing capacity under transfer loads by analyzing structural deformations and stress-strain contour plots.
Considering the need for measured data to correspond to the development of specimen cracks, and based on previous research suggesting that displacement measurement serves as an intuitively reliable indicator for settlement deformations, this paper adopted displacement as the measurement metric.
3. There is no description of the experience itself. What equipment was used? What testing scheme was used? This will greatly improve the understanding of the objectives of the study. 
Thank you for your comment. We have provided some description of the experience itself, such as equipment and testing scheme. Meanwhile, we have added a table to show the specific loading conditions of this study. The additional content in the revised manuscript is as follows:

Paragraph 1 of capture 2, section 2.4, add green mark content. (Page 8 lines 259-282)
The geometric similarity ratio for the experimental model in this study is 1:6. The testing equipment used is a computer-controlled electro-hydraulic servo shear testing machine. The test loading system consists of a 5000kN hydraulic jack and a roller system. The loads are precisely measured using pressure sensors and collected and recorded through a data acquisition system. Throughout the entire loading process, a repeated progressive static loading method is employed, which includes loading, unloading, and then reloading. Before applying replacement load to the specimen, it is preloaded twice with a load of 100kN. Subsequently, loading is carried out in stages, with 150kN applied as the first stage, repeatedly, until reaching 1850kN. Finally, the load is incrementally increased by 100kN stages until the specimen reaches its ultimate load capacity. To ensure load and deformation values stabilize, two minutes holding period follows the completion of each stage of loading. The loading protocol used in the experiments were displayed in Table 5.
Table 5. Loading protocol

	
	Preloading
	Loading

	Loading protocol
	0-100kN
	100kN-1900kN
	1900kN-2700kN

	
	Loop loading twice
	Loading step with 150kN
	Loading step with 100kN

	loading level
	L0
	L0-L12
	L12-L20


4. Test results of the experimental model can be improved. So, Figures 5-7 show the cracks formed during the destruction of the model. Is there a relationship between them? Why are only three sides of the model shown and not the top of the model? By themselves, these drawings are beautiful, but, unfortunately, they do not carry any information. 
Thanks for raising this critical issue, Figures 5 to 7 depict the development of cracks on the south, north, and ground sides of the specimen under the influence of transfer loads. Due to the presence of the testing equipment on the top surface of the specimen, it was difficult to capture crack patterns on the top surface during the loading process; hence, the crack diagrams for the top surface are not included.
5. In fig. 8 I recommend highlighting the areas of development of deformations: linear (elastic), point, plastic deformations. Those. what is described in the text when analyzing this figure. 
Response 5: 
We appreciate the reviewer for raising the helpful suggestion. We have supplemented the new manuscript with a discussion of Fig. 8. We have also highlighted the areas of development of deformations.
The additional contents in the revised manuscript are as follows:

For paragraph 1-2 of 3.2, add green mark content. (Page 10 lines 314-338)
When the load on the underpinning beam ranged from 0kN to -1900kN, the behavior of the underpinning beam exhibited linear elastic deformation. As the load continued to increase, a turning point appeared in the load-displacement curve with a decrease in the curve's slope. When the load reached the maximum design load of 2750kN during the test, a peak appeared in the curve, indicating that the specimen was approaching failure. The phase from the turning point in the curve to reaching the ultimate load represented the plastic deformation stage of the underpinning beam. Afterward, as the load continued to increase, cracks in the specimen rapidly developed and propagated until failure occurred.

The load-displacement curve for the transfer beam under transfer loads is similar to the deformation curve of the steel reinforcement. This similarity is attributed to the optimized bonding performance of the new planning rebar anchoring technology at the interface between old and new concrete in the underpinning beam. This optimization overcomes the weak points in the underpinning structural system, enhances the deformation performance of concrete, and thus allows the steel reinforcement to play a primary controlling role in the deformation of the underpinning structural system.

6. The list of references needs to be supplemented. According to the reviewer, it should contain at least 35 references. 
Response: 
We thank the reviewer for raising this valuable comment. We have revised the manuscript's introduction and added more comprehensive previous studies on pile foundation replacement. Besides, there are 37 references in this article. The added contents are as follows:

Paragraph 1-4 of capture 1, page 1-4, lines 31-197
With the acceleration of urbanization, urban rapid rail transit systems, represented by subway tunnels, have been extensively constructed. However, due to the rapid growth in the number of urban structures, situations involving the construction of new bridges or subway tunnels near or through existing buildings have become increasingly common. In order to ensure the safety of the upper structures, pile foundation replacement technology is often employed to transfer the superimposed loads from existing piles, ensuring the smooth progress of new construction projects [1-6]. Pile cap replacement technology is an effective construction technique that involves the creation of a new replacement beam and replacement piles to efficiently transfer the existing load-bearing system. This process redirects the loads previously borne by the existing piles onto the newly constructed replacement piles, effectively managing the stresses and deformations in the existing upper structure [7-9].

As urban underground construction continues to grow rapidly, the significance of pile foundation replacement construction technology for urban development becomes increasingly prominent. The pile foundation underpinning technology was first applied to Winchester Cathedral in the United Kingdom. Divers dig a trench through the peat and chalk layers to access the gravel layer, then fill it with concrete to carry out underpinning construction [10]. Germany has conducted several theoretical and practical investigations into pile foundation underpinning technology since the 1950s, employed this technology in numerous projects, and included pile foundation underpinning technology in its industrial standard (DIN) [11–12]. Shan et al. [13] conducted pile underpinning research on an actual building, and the results indicated that the piles acted well as an underpinning role in transferring structure load into surrounding geomaterials, which may offer enough support for the rebuilt structure. Xu et al. [14-15] based on the engineering background of shield tunnel crossing through group pile foundation of a road bridge with pile underpinning technologies in Shanghai verified the feasibility of pile underpinning technology to solve this problem. Li et al. [16] investigated stress transfer mechanism during underpinning process by conducting the refined numerical simulation of the pile foundation underpinning construction using FLAC3D, and found that pile foundation underpinning technology could effectively transferred the overlying load on the underpinning pile to a new underpinning pile. That confirmed the significance of pile foundation displacement construction technology to urban infrastructure projects.

There are numerous factors that influence the safety of pile foundation replacement beam construction. Employing appropriate construction methods and effective safety control measures are essential safeguards for pile foundation replacement beam construction technology. In this regard, scholars both domestically and internationally have conducted extensive research. Li et al. [17], Dong et al. [18], Wang [19] and Huang et al. [20] investigated the mechanical performance of replacement piles under replacement loads and proposed a method for predicting the pile's bearing capacity. Huang Xi et al. [21], by analyzing the transfer of replacement loads, the settlement patterns of pile foundations when t tunnel traverses the pile foundation of flyover, and the impact of design parameters on the safety of pile foundation replacement construction, have found that active replacement is superior to passive replacement. Furthermore, they observed a positive correlation between the pile length, pile diameter, replacement beam height, and the safety of the pile underpinning replacement structure. Through the orthogonal experiment of scaled models of the wrap-underpinning joints under frame columns in moving engineering, Zhang et al. [22] investigated the influences of the shear-span ratio, longitudinal reinforcement parameter, and stirrup ratio in the underpinning joint surface on the orthogonal experiment of scaled models of the wrap-underpinning joints under frame columns. They also provided the formula to calculate the bearing capacity of underpinning joints. Xu et al. [15] conducted a seismic analysis of pile foundation replacement structures to elucidate the load transfer mechanism of bridge structures throughout the entire construction process. Meanwhile, Zhang et al. [23] established a numerical simulation model that accounted for the entire foundation replacement structure and construction steps to validate the feasibility of the pile foundation replacement construction scheme. Yue et al. [24] tested sixteen prototypes considering different shear span-to-depth ratios, underpinning joint heights, and reinforcement ratios and discovered that the underpinning beams can fail in shear or flexure-shear. During loading, the interface between the column and the beam would also be prone to failure. Yan et al. [25] studied the shear and slide characteristics of the joint and developed a revised method for determining shear capacity using three local node models of the underpinning structures with a similarity ratio of 1/1. Horpibulsuk et al. [26], Wang et al. [27], Kou. [28] Tu et al. [29] and Igba U.T. et al. [30] proposed an optimized pile cap replacement construction scheme based on practical engineering applications. The aforementioned research has elucidated the key factors affecting pile foundation replacement beam construction technology, including pile foundations, replacement beams, and replacement piles. It has also proposed relevant computational models, laying a solid foundation for the practical application of pile foundation replacement beam systems and paving the way for further exploration in novel pile foundation replacement techniques.

However, there is a notable lack of research addressing the issue of the connection between newly cast replacement beams and existing structures in pile foundation replacement beam construction technology, specifically, the adhesive properties at the interface between old and new concrete. bond slippage between the new and old concrete contact surfaces of pile foundation underpinning beam structures has become the key to limiting the use of underpinning construction technology in large-scale projects due to insufficient anchoring technology and bond material limitations. Fortunately, the development of polymer composite reinforcing adhesive anchoring technology for pile foundation underpinning has created new ideas. Epoxy resin reinforcing adhesive of planting rebar as a commonly used composite building structural adhesive materials, with excellent adhesive properties, chemical stability, and strong heat resistance, has attracted scholars in various fields of research [31-32], while also adding a variety of new polymers of composite epoxy resin materials and new epoxy resins with specific properties have also appeared one after another, such as the novel in-situ polytriazolesulfone modified epoxy and the epoxy resin modified with biodegradable polymer [33-35]. Liu et al. [36] pointed out that cracks in building structure adhesives can be self-healed in various ways and proposed a new epoxy with self-repairing properties for environment-friendly building structure adhesives, which is helpful to the prolongation of the reinforcing adhesive of planting rebar’s working life in complex climatic and engineering environments and also opens the door to the future application of a new type of the reinforcing adhesive of planting rebar to pile foundation underpinning technology. He et al. [37] conducted a study on the mechanical properties of a new epoxy resin reinforcing adhesive for planting reinforcement in highway engineering and discovered that the use of a new composite material can not only greatly improve bond strength between structures but also greatly improve over-all structural load-bearing performance. Gou et al. [6] proposed five different beam-column joint forms and demonstrated that the combination of “tongue and groove + anchor bar + prestressed force” can effectively guarantee the safety of beam-column joints. That provides a valuable reference for the combination of the new type of epoxy resin reinforcing adhesive and reinforcing bar construction technology. It can be seen that the epoxy resin reinforcing adhesive composite material has the high bonding characteristics that traditional planting reinforcement construction requires. Now, the epoxy resin composite material has been widely used in various fields with a good research foundation and technical reserve, which is beneficial to the realization of pile foundation underpinning technology in the complex project, and it is worth introducing into the attempts. However, aiming at reinforcing adhesives excel-lent material performance, it must be combined with reasonable planting reinforcement construction technology, such as the rough interface - prestressing - planting re-bar - reinforcing adhesive construction technology methods, such as joints with a rough interface + planting reinforcement + prestressing + epoxy resin reinforcing adhesive of planting rebar connections.
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