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Abstract
In karst area, existing methods used to determine whether single pile is embedded into rock masses cannot ensure that there is no
steep rock surface around the pile tip or that there is no cave within a certain range under the pile ending, and thus, there are great
safety risks for the pile foundations. Based on the building foundation survey and the pile foundation engineering practice in karst
terrain, this paper establishes a probability model for embedment of single pile into rock masses which considers the degree of
foundation dissolution and the pile diameter, deduces the depth distribution formula for the rock-embedding probability of single
pile, and verifies the rationality of the proposed probability model with a project instance. According to the results, the degree of
ground dissolution and the pile diameter are the main influencing factors to the rock-embedding probability of single pile; the
proposed model properly reflects the pattern that the rock-embedding probability of single pile decreases with the rise of the
foundation dissolution degree and with the increase of the pile diameter. The project instance shows that, overall, the theoretical
rock-embedding probability is 10% smaller than the actual rock-embedding probability of single pile, and this difference is less
than 5% in the depth range with a small dissolution ratio; so, the proposed probability model for embedment of single pile into
rock masses is of high engineering accuracy. All data used in the proposed rock-embedding probability model for single pile is
only from site investigation, which contains cheap, abundant, and reliable available data sources; so, this model can be used to
evaluate the reliability of the embedment of single pile into rock masses in the karst terrain.
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Introduction

Ensuring the reliable embedment of pile foundations into rock
steep rock surface around the pile ending and that there should
be masses is the key to the safety of pile foundations in the
karst terrain (Wong et al. 2011; Niu et al. 2015; Xu et al.
2020). The basic requirement is that there should be no be
no cave within a certain range under the pile bottom so as to
avoid instability of the single pile due to insufficient thickness

of the karst cave roof (Perrotti et al. 2019; Alemdag et al.
2019; Wu et al. 2019). The conditions of single pile embed-
ding into rock masses are cross-sectional of pile tip enters the
rock. The thickness of intact rock bellow pile tip is not less
than 5 m. The rock-socketed thickness of pile tip should be
deducted.

Within the scope of engineering construction in Karst Area,
there are dolines, clints, ditches and grooves, caves, and fis-
sures and other karst forms with irregular geometric shapes,
various sizes, and uncertain locations (Parise et al. 2015; Knez
et al. 2012; Zhang et al. 2020; Cao et al. 2020; Shi et al. 2020;
Anchuela et al. 2015; Andriani and Parise 2017; Andriani
et al. 2015). Due to the limitations of the existing survey
means, the morphological features of karst at the site cannot
be adequately identified by either drilling or geophysical
method (Pazzi et al. 2018; Martel et al. 2018; Drahor 2019;
Bu et al. 2019). In engineering practice in China, in order to
ensure that the pile foundation meets the rock-embedding re-
quirements, the embedment of the pile foundation into rock
masses is usually checked initially in the construction survey
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of pile foundations on a one-pile-one-hole basis and finally
confirmed after the pile hole is formed: dug piles are visually
inspected down the hole; for punching piles, several points of
the pile bottom are checked with the reinforcing bars or hang-
ing cones. However, the above methods cannot ensure that the
single pile ending is embedded into rocks reliably: first, even
if the cross-section of the pile bottom touches rocks, there
would be no guarantee that there is no free surface around
the pile tip. If below the pile tip is a steep rock surface or a
clint, a free surface is very likely to appear around the pile.
Secondly, there is no guarantee that the thickness of the rock
stratum below the pile tip can meet the design requirements.
Practice of karst survey shows that, when a small-caliber sur-
vey hole is shifted by several centimeters, the thickness and
depth of the exposed cave roof will likely be very different and
even cannot reveal the hidden caves. Therefore, reliable em-
bedment of pile foundations into rock masses in the karst
terrain still needs further studies.

In order to provide basis for the analysis and evaluation on
the reliability of the embedment of single pile into rock masses
at building sites in karst terrain, this paper, based on the build-
ing foundation surveys in the karst terrain and the pile founda-
tion engineering practices, establishes a probability model for
embedment of single pile into rock masses which considers the
degree of foundation dissolution and the pile diameter, deduces
the depth distribution formula for the rock-embedding proba-
bility of single pile, and at lastly verifies the rationality of the
proposed probability model with a typical project instance.

Construction of the probability model for embedment
of single pile into rock mass

Let the diameter of the survey hole be d, and the diameter of
the pile hole be D, and that the survey hole is arranged within
the pile hole, i.e., d ≤D, as shown in Fig. 1.

Let the area ratio between the pile hole and the survey hole
be m′, which is:

m
0 ¼ D

d

� �2

ð1Þ

At karst construction sites, most of the rock-embedded
piles have a diameter of 0.8~3.0 m, and survey holes have a
diameter of no greater than 108 mm. In many areas, the diam-
eter of a survey hole is usually 75mm or even less; so, the area
ratio m′ is greater. If the pile diameter is between (0.8~3.0) m,
and the diameter of the survey hole is 75 mm, then according
to Formula (1), m′ is 113.8~1600. Therefore, compared with
the plane coverage of a pile hole, the survey hole is very small
and can be regarded as a point in the pile hole. From the
probability point of view, on a plane at an elevation ofH, each
survey hole can be seen as a random test E carried out within
the plane coverage of the pile hole, and then the embedment of
the pile into rocks is the set of the results of the m′ random E
tests. According to the above explanation, the relationship
between a single pile and survey hole is exactly the relation-
ship between the sample value and sample group in statistics.
The area of a single survey hole represents a sample value, and
the area of a pile hole represents m ' collection of sample
values.

On the plane at an elevation H, if the coverage of a
survey hole is filled with rock and the thickness of the
intact rock stratum below the hole bottom meets the design
requirements, it is called an “rock-embedment” event on
this plane; otherwise, it is called a “non-rock-embedment”
event. As shown in Fig. 2, in any plane above the elevation
H1, the coverage of the survey hole is in the soil layer; so,
the random test results would all be “non-rock-embed-
ment” events; in any plane between the elevation H1~H2,
part of the survey hole is filled with soil, and part of it is
filled with rocks, and the random test results would still be
“non-rock-embedment” events; in any plane below the el-
evation H2, the coverage of the survey hole is filled with
rocks. If the difference between the elevation of this plane
and the elevation H3 is no less than the thickness of an
intact rock stratum required for a pile tip in the design
(usually 3 times that of the pile diameter and no less than
5.0 m), the test result would be an “rock-embedment”
event; otherwise, it would be an “non-rock-embedment”
event. As mentioned above, the possible results of each
random tes t E are {rock-embedment ; non-rock-
embedment}.

Based on the results of them′ random tests, the embedment
of the single pile in the plane at the elevation of H can be
determined using the following method: when the results of
the m′ random tests are all “rock embedment,” it is deemed
that the single pile is “embedded into rocks”; otherwise, it is
deemed as “not embedded into rocks.”

Fig. 1 Probability model for embedment of single pile into rock masses
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Optimization of the probability model for
embedment of single pile into rock mass

Construction practice in the karst terrain shows that, when the
pile diameter is less than 3.0 m, if the peripheral edge of the
pile is in contact with the rocks, it indicates that the pile has
been embedded into rocks. So, the analysis on the rock em-
bedment of single pile with a diameter of less than 3.0 m can
be simplified into the analysis on rock embedment of the
peripheral edge of the pile, and there is no need to analyze
the m′ areas of the pile tip section one by one. As shown in
Fig. 1, let the thickness of the annular region on the edge of the
pile hole be d. According to the size of the survey hole, it can
be divided into m areas, which means m random tests should
be carried out. The criterion for the embedment of single pile
into rocks is the results of the m random tests are all “rock-
embedment” events. The calculation formula for m is:

m ¼
1

4
π D2− D−2dð Þ2
h i

1

4
πd2

¼ 4
D
d
−1

� �
ð2Þ

Within the scope of the drilling depth, the rock embedment
at the survey hole is confirmed: when the survey hole is “not
embedded into rocks” at the elevationH, in the random tests, it
is definite that single pile at the elevation H cannot be embed-
ded into rocks; when the survey hole is “embedded into rocks”
at the elevation H, at least it can be certain that part of the pile
hole is “embedded into rocks.” The number of areas

embedded into rocks has something to do with the dissolution
degree at the elevation H.

Whether tectonics, lithology, and groundwater differ from
each other or not, the dissolution ratio r can characterize the
degree of carbonatite dissolution in the plane at the elevation
H, which shows an exponential attenuation trend with the
decreasing elevation, (Cao et al. 2014a, b; Cao et al. 2016).
It can be expressed as:

r ¼ aeb H0−Hð Þ ð3Þ
where a and b are constants, and H0 is the initial elevation.

The dissolution ratio r stands for the percentage of the
dissolved area in the statistical area. So, the number of non-
dissolved areas on the edge of the pile shown in Fig. 1 ism(1 −
r), and the probability of the other mr areas “embedded into
rocks” is (1 − r).

According to the pile foundation engineering practice at the
karst terrain, when there are no more than 3 construction sur-
vey holes within the scope of the pile hole, the exposed max-
imum rock-embedding depth is very close to the actual rock-
embedding depth of the singe pile. This indicates that, in a
small known area, if the 3 points arranged on the edge of the
area are “embedded into rocks,” it can be deemed that the
whole area is “embedded into rocks.” In Fig. 1, if the shadow
areas A on the two sides of the known area B are “embedded
into rocks,” then the boundaries between this area B and the
adjacent two shadow areas A are “embedded into rocks.”
Accordingly, the four corners of the area B are “embedded
into rocks,” and thus, the area B is also “embedded into
rocks.” Therefore, the rock-embedding probability model for
the pile hole can be determined based on the rock-embedding
probability of the 0.5 mr area in the annular region in Fig. 1.

In the current practices of pile foundation construction sur-
vey, the pile diameter is usually the main basis for the layout
form and number of survey holes. In the karst terrain in
Guangxi, when the pile diameter is less than 1.0 m, there are
no more than 2 survey holes for each pile hole, arranged sym-
metrically around the pile center. This survey plan is proved to
be working in most cases. As a survey hole is far smaller than
a pile hole, the above hole arrangement plan can also be used
as the basis for the optimization of the probability model anal-
ysis. The probability model can be finally optimized as
follows:

In Fig. 1, the known area A is “embedded into rocks,” then
the two areas B adjacent to the area A are also “embedded into
rocks.” Therefore, the minimum number of areas needed to
calculate the rock-embedding probability of the outer ring of
the pile hole is (mr/3) just like the number of the shadow areas
A in Fig. 3.

The value of pile diameter D should be slightly larger than
the actual pile diameter, so as to consider the rock mass enter-
ing into the rock within a certain range around the pile.

Fig. 2 Schematic diagram of random “rock-embedment” events of single
pile
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However, the author does not recommend this, because it is
difficult to unify the specific increase amount which has
caused the lack of comparability between the results of differ-
ent sites, which is not conducive to the summary of engineer-
ing experience. In engineering practice, the radius of pile is
generally less than 1.5 m, which is generally no larger than the
undulation degree of rock surface. In addition, the rock enter-
ing into pile core has been indirectly considered when solving
the elevation distribution curve of dissolution ratio. Therefore,
the random test sampling for the model of single pile entering
into rock is reasonable.

Probability formula for embedment of single pile into
rock mass

The rock-embedding probability of single pile in Fig. 1 de-
pends on the rock-embedding probability of the annular re-
gion in the figure. Each area into which the annular region is
divided is the same as that of the survey hole, which can be
deemed as one random test E. The m(1 − r) areas are certain
“rock embedment” events, and mr areas are random events
with a rock-embedding probability of (1 − r), where the rock-
embedding probability is determined based on the 0.5mr area.
From this, the formula for the rock-embedding probability of
single pile can be obtained:

ηD ¼ 1−rð Þmr=3 ð4Þ
where ηD is the rock-embedding probability of the single pile
with a diameter of D in the plane at the elevation H.

In Formula (4), the term 0.5 mr is regarded as an integer in
the inference process. It is not hard to find that, in reality, this
term may not be an integer. But it still can be understood that
the calculation of Formula (4) is still reasonable when this

term is not an integer. Therefore, this term can be any real
number above 0. Substitute Formula (2) into Formula (4),
and the following can be obtained:

ηD ¼ 1−rð Þ43 D
d−1ð Þr ð5Þ

Formula (5) is the formula for the rock-embedding proba-
bility of the single pile when the survey holes are embedded
into rocks. Let d =0.1 m, and Formula (5) can be approximate-
ly expressed as:

ηD ¼ 1−rð Þ43 10D−1ð Þr ð6Þ

According to the experience of foundation subsoil inspec-
tion on the single pile of karst buildings, there are no large
errors in the strata revealed by small-caliber survey holes,
mainly because the absolute errors of the hole diameters are
very small. In the current practices of surveys at the karst
construction sites, the diameter d of a survey hole is usually
(75–110) mm. If d is set to 0.1 m, the absolute deviation from
the actual diameter is less than 2.5 cm. In most cases, these
errors are acceptable in engineering; so, Formula (5) can be
approximately expressed as Formula (6).

This probability model of single pile entry into rock is
mainly used to estimate the pile foundation into rock at the
design stage of pile foundation, in order to evaluate the diffi-
culty of pile foundation forming and the technical economy of
pile foundation scheme. So, instead of analyzing a specific
part of the site, this model mainly considers the situation of
pile foundation entering into rock within a certain range of the
site. Although the scale and characteristics of karst caves, rock
surface undulation, karst fractures, and other karst morpholo-
gy development are uncertain, the stability of statistical law
has been verified in the author’s previous study on the decay
law of dissolution ratio along depth with a large number of
engineering practices; so, the model built in this paper does
not need to consider one by one the specific site of a single
karst cave, local rock surface undulation, or karst fractures.

Project instance

Project profile

Jinsheng Square in Liuzhou is located in the former Donghuan
Produce Market on the west side of Donghuan Avenue and
north of Jianpan Road. The project owner thinks that raft
foundation used for buildings 1–3# in the early stage of con-
struction is too costly; so, pile foundation is adopted for build-
ings 4# and 5#. This paper only introduces the situation of
building 5#. This building has 28 stories aboveground and
one storey underground, built on a frame structure. Except
in local areas where independent foundations are used due to
low load and high strength of the soil layer, a total of 85 piles

Fig. 3 Optimized probability model for embedment of single pile into
rock mass
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are designed for the whole building, among which 44 have a
diameter of 0.8 m, 8 have a diameter of 1.4 m, 15 have a
diameter of 1.5 m, 12 have a diameter of 1.8 m, and 6 have
a diameter of over 1.8 m. The floor plan for the foundation is
shown in Fig. 4. All single pile takes the underlying intact
limestone layer as the pile tip bearing stratum, whose thick-
ness should be no less than 3 times the pile diameter.

The site is made up of miscellaneous fill, silty soil, and red
clay. The covering layer is 9.60~23.43 m thick, with an aver-
age thickness of 16.81 m. The tectonics conditions are rela-
tively simple, because there is no obvious fault tectonics at the
site or within the scope of 10 km. Regarding the hoar lime-
stone in the underlying carboniferous system, during the con-
struction survey, 47 survey holes reveal 69 karst caves,
grooves, and fissures, which are all filled with soft plastic clay.
The hole-encountering rate at the site is 55.29%, the line karst
rate is 17.3%, the elevation difference between the rock sur-
faces revealed by adjacent holes is over 10 m, and the karst at
the site is highly developed. The groundwater at the site is
karst fissure water, which can bear some pressure. The eleva-
tion distribution function of dissolution ratio with a similar
form to Formula (3) is obtained using the method in
Reference Cao et al. (2014a), and the curve is shown in Fig. 5.

The original design of the site used manual dug cast-in-
place piles, but according to the survey result of the dug pile
at the site of building 4# adjacent to this site, the conditions of
the karst foundation are very complex, making it very difficult
to form a pile, so at last boring cast-in-situ piles are adopted. In
the actual construction of the pile foundation, there are certain
deviations between the actual rock-embedding depths of most
pile holes and those revealed by the survey holes at the pile
position. The deviations of the data revealed by 1/3 of the
survey holes from actual data are over 1.5 m, and the maxi-
mum deviation is up to 8.1 m. This paper chooses the site as an
instance to verify the rationality of the model constructed for
the embedment of single pile into rock masses as it is very
representative.

Data processing

Embedding one pile into rock mass is essentially a probabi-
listic problem of random trials, which probability model
should be tested by a random trial with a certain sample size.
From another point of view, a survey hole is a randomized
trial, belonging to a sample, a pile hole belongs to a collection
of survey holes, a group of small samples, and a pile founda-
tion of a site belongs to a larger sample set. From single pile to
group pile, it is essentially the expansion of the small sample
number to the large sample number, and the statistical law
obtained from this is more obvious and the statistical results
are more reliable. Therefore, it is appropriate to verify this
model through pile group verification.

First, the rock-embedding elevations of the survey holes
are determined based on the construction survey data of the
pile foundations, and the actual rock-embedding elevations of
the piles are determined based on the pile foundation construc-
tion data.

The above elevation range is dispersed at an interval of 0.5
m. As elevation decreases, the sequence is:

H1>H2>…>Hi − 1>Hi>Hi + 1>…
However, the single pile at the site is classified into cate-

gories A, B, and C by pile diameter. Those with a diameter of
0.8 m fall within Cat. A, of which there are 44 in total; those

Fig. 4 Floor plan for the pile
foundation of building 5# in
Jinsheng Square in Liuzhou
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with a diameter of 1.4–1.5 m fall within Cat. B, of which there
are 23 in total; and those with a diameter of 1.5 m fall within
Cat. C, of which there are 18 in total. They are so classified
mainly to avoid excessively small sample sizes that make
patterns not obvious. The numberND

i of piles of each category
embedded into rocks at the elevation Hi is calculated. And the
actual rock-embedding probability ηDsi of the piles of each
category is defined as follows:

ηDsi ¼ ∑
n

k¼1
Ψ k

ND
ki

Nd
ki

� 100%

ηDsi ¼
ND

k

ND

8>><
>>:

ð7Þ

where Ψk is the weight of a pile diameter in the pile category;
ND

k is the total number of piles with a certain pile diameter at
the site, and for example; and if there are 44 piles with a
diameter of 0.8 m at the site, the value should be 44; ND is
the total number of piles of a certain category at the site, and
for example, if there are 23 Cat. B piles at the site, which
include those with a diameter of 1.4 m and 1.5 m, the value
should be 23; k stands for the sequence number of a pile
diameter; n stands for the total number of pile types in each
category, and for example, if Cat. B piles include two types of
piles—1.4 m and 1.5 m, and Cat. C piles include three types—
1.8, 2.0, and 2.2 m, the number for Cat. B and C piles should
be 2 and 3, respectively; ND

ki is the number of piles of a certain

type embedded into rocks at the elevation Hi; Nd
ki is the num-

ber of survey holes of a certain type embedded into rocks at

the elevation Hi; and Nd
i is the number of survey holes em-

bedded into rocks at the elevation Hi.
The theoretical rock-embedding probability ηDi of the sin-

gle pile of each category at the elevationHi. is calculated ac-
cording to the following formula:

ηDi ¼ ∑
n

k¼1
Ψ k 1−rið Þ43 10D−1ð Þri ð8Þ

where ri is the dissolution ratio of the foundation at the eleva-
tionHi, which is obtained directly from the elevation distribu-
tion function of dissolution ratio, and for the meanings of the
other parameters, please refer to the preceding paragraphs.

The measured rock-embedding probability curves and the-
oretical rock-embedding probability curves of single pile with
Cat. A, B, and C, as well as dissolution ratio distribution
curves, are shown in Fig. 6.

The solution of the relationship between dissolution ratio r
and the depth requires heavy workload of statistics which
could be completed by the program developed by the author
in the previous research process.

Errors of the rock-embedding probability of single pile at
different elevations are calculated according to the following
formula:

ΔηDi ¼ ηDi −η
D
si

�� �� ð9Þ

The rock-embedding probability error curve of single pile
ΔηD(H) is shown in Fig. 7.

Result discussion

From Figs. 5 and 6, we can see that, with the elevation de-
creasing (the depth increasing) and the dissolution ratio at the
site decreasing, the theoretical and measured values of the
rock-embedding probability of single pile both increase.
This indicates that the dissolution degree of foundation has a
significant correlation with the rock-embedding probability of
the single pile—the higher the dissolution degree of the site is,
the smaller the rock-embedding probability of the single pile
will be. When the dissolution ratio remains constant (at the
same depth at the site), the actual rock-embedding probability
of Cat. A pile (with a pile diameter of 0.8 m) is generally
higher than that of Cat. B ones (with a pile diameter of 1.4
m and 1.5 m), and that of Cat. B ones is generally higher than
that of Cat. C ones (with a pile diameter of 1.8 m, 2.0 m, and
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2.2 m), indicating that, at the same dissolution degree, the
rock-embedding probability of the single pile decreases with
the increase of the pile diameter, which is consistent with the
pattern shown by the theoretical probability curve of the single
pile embedded into rocks.

From Fig. 7, it can be seen that, for Cat. A pile, at an
elevation of 68.5 m or above (corresponding to a dissolution
ratio of over 34%), the deviation between the theoretical and
measured probabilities is 12~31.45%, and the average devia-
tion is 25.11%, and at an elevation of less than 68.5 m (cor-
responding to a dissolution ratio of less than 34%), the devi-
ation between the theoretical and measured probabilities is
less than 7.5%, and the average deviation is less than 5%;
for Cat. B piles, at an elevation of 67.0 m or above (corre-
sponding to a dissolution ratio of over 25.9%), the deviation
between the theoretical and measured probabilities is
13.78~26.41%, and the average deviation is 15.94%, and at
an elevation of less than 67 m (corresponding to a dissolution
ratio of less than 26.41%), the deviation between the theoret-
ical and measured probabilities is less than 8%, and the aver-
age deviation is less than 5%; for Cat. C piles, at an elevation
of 66.5 m or above (corresponding to a dissolution ratio of
over 25.9%), the deviation between the theoretical and mea-
sured probabilities is 13.78~26.41%, and the average devia-
tion is 15.94%, and at an elevation of less than 66.5 m (cor-
responding to a dissolution ratio of less than 23.61%), the
deviation between the theoretical and measured probabilities
is less than 8.4%, and the average deviation is less than 5%.

The above phenomena show that, when the dissolution
ratio is small, the deviation between the theoretical and mea-
sured values of the rock-embedding probability of single pile
will be small, but that, when the dissolution ratio is large, the
deviation between the two will be large. The main reason is
that, at a large dissolution ratio, the number of survey holes
embedded into rocks is small, that is, the sample size for
statistics is small. For example, for Cat. A pile, there are 10
survey holes embedded into rocks at an elevation of 68.5 m or
above; for Cat. B piles, there are 8 embedded into rocks at an
elevation of 67.0 m or above, and for Cat. C piles, there are
7 at an elevation of 66.5 m or above. Boring cast-in-situ pile
construction technique is adopted for the pile foundation.
There are great errors in the acceptance of the embedment of
pile tips into rocks. In engineering practice, these errors are
directly shown in the following aspects: in the depth range of
the shallow strata where the dissolution degree is high, and the
difference between the rock-embedding elevation of single
pile and the rock-embedding elevation revealed by the survey
hole at the pile position is often very large, but with the depth
increasing, this deviation gradually decreases. Therefore, the
measured rock-embedding probability of single pile above a
certain depth does not necessarily reflect the real situation. In
the depth range where the dissolution degree is high, the single
pile has a high risk of “not being embedded into rocks.” In

engineering practice, such single pile should be paid more
attention to in the inspection of rock embedment.

The difference between the theoretical and measured rock-
embedding probabilities of various piles at the site is generally
less than 10%, which, specifically, is 6.44% for Cat. A pile,
4.90% for Cat. B piles, and 7.47% for Cat. C piles, all less than
10%.

In summary, the higher the dissolution degree of the foun-
dation is and the greater the pile diameter is, the lower the
rock-embedding probability of single pile will be. The proba-
bility model for embedment of single pile into rock masses
proposed in this paper can properly show the actual rock-
embedding probability of single pile.

In addition to this example project, the author has verified
the model for dozens of other projects, and the results are still
reliable.

From the above analysis, it can be seen that the probability
model for embedment of single pile into rock masses pro-
posed in this paper fully utilizes the pile foundation construc-
tion survey data and does not need to carry out extra tests or
use extra test data, and the data are cheap, abundant, and
reliable; so, the analysis method for the rock-embedding prob-
ability of single pile proposed in this paper is highly operable
and the evaluation results are very project-specific.

Whether statistical function relationship between dissolu-
tion ratio and depth can reflect the foundation dissolution
characteristics is directly related to the accuracy of this prob-
ability model. According to the author’s previous research
results, the average distance from one borehole to another on
the spot is no more than 15 m, and the number of boreholes
that is no less than 12 is the requirement of the accuracy for the
depth distribution function of foundation dissolution ratio, so
are also one condition for affecting the accuracy of this model.

Finally, to be sure, the distribution ratio variation along
depth is the base theory of this probability model; its feasibil-
ity has been tested with building engineering practice, but the
model whether suitable for highway, railway, bridges, and
other construction site or not, is still need to do further
research.

Conclusions

(1) The dissolution degree of the foundation and the pile
diameter are the main influencing factors to the rock-
embedding probability of single pile. The model pro-
posed in this paper properly reflects the pattern that the
rock-embedding probability of single pile in the karst
terrain decreases with the rise of the dissolution degree
and with the increase of the pile diameter.

(2) In the shallow depth range where the dissolution ratio is
large, the rock-embedding probability of single pile is
low; so, during construction, the pile hole verification
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of such single pile should be strengthened to ensure the
safety of the pile foundations.

(3) The project instance shows that, overall, the theoretical
rock-embedding probability is 10% smaller than the ac-
tual rock-embedding probability of single pile, and this
difference is less than 5% in the depth range with a small
dissolution ratio; so, the proposed probability model for
embedment of single pile into rock masses is of high
engineering accuracy.

(4) The data used in the proposed rock-embedding probabil-
ity model for single pile are all from site survey data with
no extra test work needed; what is more, the data sources
are cheap, abundant, reliable, operable, and highly pro-
ject-specific.
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