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Case study on super high-rise foundation design of the
deep-buried beaded karst cave

XIAO Hongbinl , JIN Yaomin®
(1. Shanghai Urban Construction Design and Research Institute Group Co., Ltd., Shanghai, 200125, China;
2. Shanghai Institute of Building Research Co., Ltd., Shanghai, 200032, China )

Abstract In 2007, a super high-rise building was proposed in a city. A detailed survey revealed the distribution of
deep-buried beaded karst cave in the stratum under the surface of 80 meters. The construction of the proposed super
high-rise building highly requires foundation stability, bearing capacity and deformation. The geological conditions of
the site are complex because the site is irregularly distributed with deep-buried beaded karst caves with thin roofs in
multiple layer. Geophysical exploration was conducted to prove that the burial depth of karst caves is likely to be
deepened. There are many uncertainties in the horizontal and vertical distribution and connectivity of beaded karst
caves. Because of the deep burial depth, the situation of groundwater cannot be accurately identified. If the foundation
is shallowly buried and meets the demand of stability, its bearing capacity will not satisfy the requirement. Besides, the
effective pile length is very limited, and the bearing capacity of a single pile cannot meet the design requirements. If
the foundation is deeply buried, foundation piles will be fixed crossing the karst cave in each layer and entering the
lower stable bedrock. Before design and construction, the construction survey should be conducted pile by pile, and
foundation treatment such as grouting should be carried out for the karst cave in each layer within the range of pile
shaft. However, the site survey has indicated that the recovery of 80-meter casing pipe was very difficult and even
impossible for many pipes. The indeterminacy in vertical and horizontal distribution and in connectivity of karst caves
was relatively large, leading to the inaccurate estimation of grouting volume, poor construction feasibility, and
unavailability of managed cost. In order to address the indeterminacy of karst cave distribution —the biggest
construction difficult, the shallow-buried design principle of the foundation was finally determined.

According to the idea that the foundation should be shallowly buried and meet the requirement of bearing
capacity as well, in the aspect of survey, the precondition for the foundation stability requirement—the deepest burial
depth of each unit —was preliminary determined. Based on the distribution characteristics of karst caves, roof
thicknesses and cavity distribution depths of different units, the survey was carried out by qualitative method and semi-
quantitative method. It was also recommended to transform the foundation stability problem into an uneven foundation
problem according to the normative framework. In terms of structural design, the foundation stability scheme was
further defined through calculation, and accordingly the structure was redesigned to determine the structure model.
From the perspective of architectural design, the professional scheme was revised to reduce the burial depth of the

basement from the original 20 m to 12 m according to the shallow burial depth. The difficulty of shallow-buried
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scheme was focused on the bearing capacity of a single pile, and hence this problem was discussed in terms of
architectural design. In order to reduce the bearing capacity of a single pile, the team for architectural design decided to
use steel structure frame to reduce the upper load. In terms of structural design, the steel-framed shear wall and light-
weight partition wall were used to reduce the wall thickness and structural dead weight and other loads. Two layers of
reinforcement were adopted to increase the overall structural stiffness so as to control the uneven settlement. Although
the design scheme was revised repeatedly to minimize the bearing capacity of a single pile, it still could not meet the
design requirements; consequently, the construction was postponed. In order to successfully solve the problem of
bearing capacity of a single pile, we visited the survey expert for foundation scheme and were recommended the new
process of post-grouting for cast-in-place piles, which was still an innovation in 2007. In this process, the grouting of
pile ends and pile sides after piling reinforces the soil around the ends and sides, and thus effectively increasing their
resistance. In this way, this process greatly improved the bearing capacity of a single pile, and at the same time
controlled the uneven settlement. The project of super high-rise building was finally carried forward in 2010.

After the first phase of the project was completed, the average settlement and uneven settlement of Tower I well
met the design requirements according to the settlement observation data during and after the construction. This
complex project involved multi-disciplinary technical linkage including the deep integration of professional expertise
from architectural design, survey, structural design and construction, which is a successful attempt on technology
integration of survey, design and construction. Compared with the current integration of management progress, this
technology is more complex and forward-looking. It is not only an innovation in the construction management process,

but also shows a development direction for the future integration of technology optimization.

Key words super high-rise building, deep-buried beaded karst cave, foundation stability, overburden thickness, post
grouting process of cast-in-place pile, multi-disciplinary technical linkage, integration of survey, design and

construction technology
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