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In 2014, we worked together on the pile head tensile test of DH quick piles.
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Foreword

In this case, the DH quick pile head pull-out test is the first test in the world.

In the field of foundation piles, PC/PHC piles are indeed piles with a fairly high C/P value. It is
not to say that PC/PHC piles are the best, not the omnipotent and versatile piles, but the
conclusions drawn from the comprehensive measurement of the nature, performance, cost and
other factors of each pile. Each type of foundation pile also has special applications, such as the
applicable alluvial soil layer/gravel layer/rock formation, applicable plain/hill
slope/riverside/seashore/sea, applicable building type/construction life/durability/quality/strength
requirements, applicable depth, applicable time requirements, and even the applicable funds (in
fact, this is the most important), have different considerations, and there are different selection
criteria, can not be forced. But undoubtedly, PC/PHC piles are one of the most excellent pile
options.

In the early years, the diameter of PC piles was mostly 300~400mm. The main reason was
that the pile prefabricated capacity/energy was small in the early years, such as the weaving
machine, the crane, the pre-tensioning machine, the rolling table, the steaming furnace, etc. It
should be one of the options under economic underdevelopment. Also, because the construction
method in the early years mainly used the hammering method (commonly known as striking pile),
the penetration efficiency into the soil layer of the small pile diameter pile is obviously better. As
time goes by, the public's requirements for the environment are high, such as noise pollution (this
is the most serious), vibration, squeezing, and neighboring disputes, or the engineer is safe on the
pile head/pile crack on the pile structure. Concerns about hidden dangers, etc., have gradually
developed new construction methods to overcome them, such as static pressure loading method
or vibration pressing method (both of which have not developed in Taiwan), or implantable
methods (the mainland China called Buried) to improve the lack of hit piles. In order to increase
the bearing capacity of the pile and improve the safety of the pile, the pile diameter of PC/PHC is
also getting larger and larger. At present, the 500 600m is the most popular in the Taiwan
engineering market, and the pile diameter of 700 800mm is normal, and then go up. Less
common. Taiwan can prefabricate up to 1,000mm pile diameter, while the mainland has a
diameter of 1,400mm. The larger the pile diameter is, the larger the pile wall thickness is. The
larger the protective layer for the pre-force steel rod is, the higher the water resistance/durability
of the pile body is. This is the general knowledge of reinforced concrete. Not asking what
university.

DH quick pile, we also called it "advanced DH prestressed concrete pile" in the early days, and
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later simplified the name into DH quick pile, which is mainly simple and easy to remember. DH is
just an abbreviation of the company's English name, and it has no special meaning. The DH quick
pile is actually a kind of PC/PHC pile, and the research and development is mainly based on the
implant pile type.

We all know that PC/PHC piles are prefabricated piles, and the main 3-disadvantages are the
upper, middle and lower ends. In the development of the DH quick pile, the starting point of the
improvement was initiated from the "improving the weakness of the pile head treatment of the
PC/PHC pile", which is the improvement of the upper end of PC/PHC pile. This is because the main
developers are engaged in the petrochemical industry construction, from the step-by-step
construction process of the piling, and discovery the disvertage [1]. The field of vision is still on the
structural mechanics weakness improvement, mainly in the pile head resistance on the pulling
force.

However, with more research and more careful calculations, the best verification method still
needs to be demonstrated by "testing". We started preparing for the test in 2012-2013, and we
were unable to get assistance after consulting some southern university civil engineering
departments. We think about it, probably because the school campus has limited land and cannot
provide the engineering space as large as the piling. The piles are quite large, and the implantation
and removal work is quite large, which is not easily accepted by the school.

Fortunately, we got the assistance of the Department of Civil Engineering of Kao Yuan
University. Under the introduction of Professor Chang Jiaqi and Professor Liu Wenzong, the school
also encouraged the development of innovative technologies, especially in the civil engineering
department. A small piece of land beside the school wall next to the pavilion serves as our place of
study and experimentation. It is a project of industry-university cooperation, on the other hand, as
a civil engineering student's engineering observation and engineering entity furnishings (pile
structural parts are generally hidden underground, students cannot contact for learning) to
increase students' practical experience and teaching requirement. Later, we used these implanted
piles to further test of other technologies (such as E1 washing technology for electric insolation).
Originally, W1 sponge city and P5/P6 technology were arranged, but they were later delayed by
the vulgar things. In the end, we donated all the crops to the school as a teaching resource.
Possibly, in the campuses of all universities in Taiwan, there should be no items in the piles of real
works, except for Kao Yuan University.

These samples should still exist in the civil engineering building of Kao Yuan University (the life
of the pile can reach 50-100 years). The engineer who are interested in research can go to the
school to visit, and maybe you can develop better and newer. Engineering technology, as an
engineer, we are optimistic.

At that time, we had a lot of ideals and concepts for the DH quick pile, but many of the details
were not understood. Now, the DH quick pile has matured and is gradually being used in various
projects. Now I want to write the DH quick piles in the process of enlightenment, conception,
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design, trial production, planting, trial pulling, etc., and write them in words so that the follow-up
engineers can understand, in terms of application or innovation.

1. The production of piles for DH quick piles

During this period (~2014), the DH quick pile has not yet developed, so only the trial piece.

The development principle of the DH quick pile is actually quite simple, because the main
focus has been firmly verified in the development of the engineering industry's predecessors for
decades. The main purposes of the trial work of this case are:

(1) Examine several R&D points and whether there are any problems in the production of
the pile factory, which will be prepared for mass production in the future. For
example, the lower stop-plate, the upper cover-plate, the preset pile head horizontal
reinforcements (the 1st/2nd generations have some differences), and the venting (the
1st and 2nd generation are very different, and the difference is greater after the 3rd

generation). Inspect the implementation situation of the production team of the pile
factory and the necessary encounter problems, such as the assembly of the horizontal
reinforcements of the pile head and the setting of the lower stop-plate. In addition to
the prefabrication of the pile factory, the production of piles, steel-form, cranes, rolling
tables, pre-force machines, steaming furnaces, etc., are numerous and difficult.

(2) Review the preparation conditions (prefabricated and supplied) of various types of pile
heads, such as stop-plates, cover-plates, and ventilation sets.

(3) Examine the assembly of pile head parts in the production of the pile factory.

(4) Inspection The pre-judgment of the newly developed hollow pile head in the future
construction site (piling).

(5) Predicting future improvements. And through many trials to improve the lack of DH
piles, we do.

(6) Predicting joint improvement points in the future with other technologies. (Note: DH
quick pile is only the first stage technology of our company's P-series technology, and
can be further combined with other technologies)

It is one of the biggest gains of this case to consolidate DH quick pile technology through
implementation (trial) and test, and to reduce errors and reduce the cost of heavy work in
future batch implementation.

1.1 The 1st generation product of DH quick piles

The 1st generation of piles of DH quick piles was commissioned about 2011. The piles are
mainly 2- 500mmX12ML type-C PHC piles, including DH pile heads.

Part of the 1st generation of the test sample, see Fig. 1-1-1. The actual assembly of the pile
head is shown in Fig. 1-1-2. The case of DH pile horizontal reinforcement embedded in the pile wall
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concrete after hardening is shown in Fig. 1-1-3. DH pile head vent, see Fig. 1-1-4.

Fig. 1-1-1: The 1st generation of the test piece - DH pile head part pattern

Fig. 1-1-2: The 1st generation of test pieces - DH pile head horizontal reinforcements

Fig. 1-1-3: The 1st generation of test pieces - DH pile head horizontal reinforcement are firmly
embedded into the pile wall after concrete casting
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Fig. 1-1-4: The 1st generation test piece - DH pile head vent hole of 25mm

The 1st generation of products modified the S-hook pattern of the 0th generation pile (only
paper work), and applied the mode of the preset pile head horizontal reinforcement for the first
time. This is a relatively common and easy-to-assemble form of steel bars. The main form of the
pile horizontal reinforcements in this period is the”U-shaped” with hooks at both ends (U-shaped:
flat reinforcemtn and two heads with the same direction hooks, or Z-shaped : flat reinforcement
with reverse hooks), presets embedded into the pile wall concrete. The design principle is mainly
to use the 90 degree hook at the end of the reinforcement bar to improve the end point anchoring
force of the horizontal reinforcements of the pile head (when the tension is applied, even when
the pressure is downward), to ensure that the horizontal reinforcement can be the largest vertical
when the tension is applied. Shear capacity; and provides a better level of shear energy (somewhat
similar to the column's secondary stirrup type), is a fairly conservative design concept. This pile
horizontal reinforcement has also become the main type of DH quick piles later, although there are
still some improvements (the 2nd generation has improved, the 3rd generation has improved again).
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Fig. 1-1-5: Traditional pile end bar cage[2]

The lack of the 1st generation products:

(1) The shape of the horizontal reinforcement of the DH pile head is incorrect:
    In  the  1st generation of the product trial, we encountered a rather difficult problem.
The 1st generation of the pile head horizontal reinforcement is made of "U-shaped
reinforcement" (Z-type horizontal reinforcement are used in this case), that is, the two
ends of the horizontal reinforcement are directly made into hooks to ensure the
anchoring force of the ends of the horizontal reinforcement. In the pile factory, when the
steel cages of PC/PHC piles are assembled (currently Taiwan manufacturers use
automatic electric welding to form steel cages, commonly known as "bar neting", saving
time and effort, and eliminating the lack of quality of artificial electric welding), often in
pile heads. Use BWG as a spiral around the bundle. In the case of the 2- 500mm PHC
type C, the screw rib at the end of the pile is BWG. 4.18 @50mm, and the middle part
is BWG. 4.18@100mm, see Fig. 1-1-5. Such a spiral rib is a general case, but when using
the DH quick pile, the horizontal rib of the pile head is 3-layers of 2-D22@500mm, and
the Z-shaped reinforcement are provided with hooks at both ends. When the pre-
strength wire mesh is laid, On the contrary, the horizontal reinforcement of the pile head
cannot be fully extended and assembled, because the length of the hook (the D22 rib in
this case, the length of the hook = 6*db is about 132mm) exceeds the spacing of the
BWG. spiral reinforcement (@ 50 mm), so that it is necessary to manually open the spiral
reinforcement, insert the horizontal reinforcement of the pile head, and then correct the
spiral reinforcement.
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    There are two missing things: (A) manually opening the spiral reinforcement will
waste cost/time; (B) when the spiral reinforcement are opened/corrected, brute force
and secondary welding are sometimes used, which will affect the quality of the steel
cage. These defects were corrected in the 2nd generation. This missing product in the 2nd

generation has been corrected to an L-shaped (or double L-shaped) pile horizontal rib.

(2) The vent holes in side wall of the DH pile head is improper:
    The design of these side wall vents is to discharge the cement slurry and the pile
hole soil mixture in the pile hole and the remaining air in the pile hole to the pile in
response to the characteristics of the PC/PHC pile implant method. In addition to the pile
body, the floating load of the pile can be reduced (Note: the Archimedes buoyancy
principle), so that the pile can rely on its own weight to smoothly sink the pile to correct
elevation in soil. The wall side venting hole is disposed below the "hollow pile head" of
the pile head portion (ie, below the lower stop-plate). When pile sinking, the air and
cement slurry will be discharged outward from the vent holes ( 25mm) on both sides.
    This is the old design of our 1st generation. After the production, we observed that
the venting hole was not effective, and it was easy to plug the hole. It may cause the pile
to "sand" and cause damage. Therefore, it is discarded. This technique was later cited by
us as the drainage technology of the W1 (DH-RAIN) sponge city. However, the contract
pile factory is not willing to pre-embed the perforated device, and the direct drilling of
the hole into the hole also makes us feel a bit uncomfortable (see Fig. 1-1-4).

We did find some missing implants (this has a new flaw in the 2nd generation), so there was
no site construction at the time. In the implementation of this case (2014), based on certain
factors, we also implanted the two 1st generation products together.

1.2 The 2nd generation of DH quick piles

The 2nd generation pile of DH quick pile is also commissioned about 2014, which is 5-
600mmX10ML type-C PHC pile, including DH design. Because this batch of samples has a variety

of design purposes, it is not allowed to elaborate. (See Fig.1-2-1)

Due to the small number of samples, the manufacturer has no profit at all. Corrected the 1st

generation U-type (Z-type) pile horizontal reinforcement (factory assembly difficulty), improved
the L-shaped pile head horizontal rib type, directly inserted into the steel cage, easier to pre-stress
steel rod and spiral cage for lashing (see Fig. 1-2-2). In Fig.1-2-3, it can be seen that the horizontal
reinforcement of the pile head after concrete casting hardening are embedded in the pile wall. In
Fig.1-2-4, it can be seen that the pile head venting parts of the DH quick pile are assembled.

However, this L-shaped horizontal rib still has a little missing in the small-sized pile. Later in
the technical briefing of Dec 2015, it was picked out by the chief engineer of the Water
Conservancy Bureau of Kaohsiung City Government. This also prompted the 3rd generation
improvement of the DH quick pile (2016); however, the L-shaped horizontal rib style, due to better
end anchoring, we still retain the application of large-size piles.
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The 1st generation piles was prefabricated as early as 2011 and has been placed in the factory.
The 2nd generation pile was prefabricated in Jan 2014. Careful friends, you can see the difference
between the two generations of products from historical photos.

More importantly, the 2nd generation of piles used the pile head vent pipe for the first time. A
2" vent pipe is used when pile diameter is 450mm or less, and a 3" vent pipe (most commonly
used) is used for the pile diameter 500mm or more. The above-mentioned venting method has
higher venting efficiency for the piling construction in site, and the possibility of plugging the pipe
during the piling is greatly reduced, overcoming the lack of the wall-side vent of the previous
generation.

The general design details of the steel bars (improvements in mechanics) have matured in the
2nd generation, and the subsequent modifications are limited. However, the vent pipe section
(which is more relevant to the construction) will be delayed until the 3rd and 3.5th generations.
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1-2-1 2 DH [3]

Fig. 1-2-2: The 2nd generation DH quick pile factory group pile head horizontal rib

Fig. 1-2-3: The horizontal rib (2X2-D19, double L-type) of the pile head after concrete casting of
the 2nd generation DH quick pile is embedded into the pile wall

Fig. 1-2-4: Assembly of the pile head venting holes of the 2nd generation DH quick pile (this case
is organized at the construction site)

1.3 DH quick pile prefabrication test harvest

To be honest, a new engineering technology or product comes from the imagination, the
shape, the design drawing correction, the factory test, it takes a lot of time and effort. The cost is
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due to the small amount of trial work and the small amount, and it will not be troubled for the
time being. Everyone knows that R&D is a crazy act of burning money, and we are also trying to
restrain ourselves.

The volume of the pile body is quite large, and in the case(full scale) of test, the base pile of a
normal size is made quite large. Because we don't do the traditional pile load test, we don't have
to spend too much cost (prefabricated and planted piles), so we only made 10ML long. The pile we
made this time is:

(1) 1st generation pile, 2- 500mmX12ML PHC (CNS 2602 Type-C), with DH technology
(produced in 2011);

(2) (2) 2nd generation pile, 5- 600mmX10ML PHC (CNS 2602 Type-C), including DH
technology.

Of course, the shape and the amount of steel bars are the same as those of the traditional
piles. However, some connectors still need to add our own technology.

After experiencing the pre-production test process of the 1st and 2nd generation products
mentioned above, the research and development points will be gradually implemented into the
production line of the factory through the design, calculation and drawing on the drawings. When
you see the product coming out, you can't say it; but if you see the missing or missing product, you
can only go back and modify it. These journeys have also allowed our product models to be fully
established, and we are more confident in the third generation of practical applications.

the piling construction of DH quick pile

PC/PHC piles can be divided into two main processes: factory prefabrication and site piling in
civil engineering. We completed the prefabrication of the 1st and 2nd generation piles of the DH
quick piles, and obtained some necessary parameters and corrections (much like playing war).
After all, it is necessary to carry out piling in site to get the evidence of the construction.

In fact, for us at the time, the DH quick pile was a brand new pile. In some parts, we also
made unclear functions (including advantages and disadvantages), and we could only cross the
river by feeling the stones.

2.1 Piling construction of DH quick pile

It’s really not easy. We can find a school landon the university campus that is willing to let us
conduct field experiments. It is worth giving a round of applause.

2.1.1 DH quick pile piling plan (campus)

Although school and professors have the heart to assist us in the experiment, there is limited
space in the school. We can only assign it to the corner of the school wall next to the Civil
Engineering Museum (see Fig. 2-1-1). We also planned a plan for the location of the piles for the
current piling construction of the experiment in this case (see Fig. 2-1-2). These 5-piles of the 2nd
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generation and 2-piles of the 1st generation are also implanted at the outer periphery.

Fig. 2-1-1: Wall-to-wall land for piling and test piles

Fig. 2-1-2: Planned position of piling

2.1.2 DH quick pile transportation to the construction site (campus)

The piling work was carried out because the land allocated to the test by the school was quite
small, and the location was close to the wall next to the civil building, which was a bit crowded and
surrounded by buildings and tall trees. The day (2014-01-18), the prefabricated DH pile was
transported to the school by cart.
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Fig. 2-1-3: DH piles are transported to the side of the civil engineering department on campus.

2.1.3 DH quick pile construction

includes: strange hand modified drilling and excavating machine, crane, strange hand, cement
slurry mixing and pumping machine. Cement is bulk cement that uses space packaging; because
the quantity is not large and the pressure load test is not the main, the demand for cement is not
large, so the bulk cement tank is not used in this case (that would make the work in the campus
more annoying). The general standard drilling machine is quite tall, but this case is only 10ML
because of our pile, not long, single-segment pile, no pile connection, and the working time is not
long (including start-up), so the main equipment is modified by strange hands. Drilling machine
(see Fig. 2-1-4 to Fig. 2-1-7).

The location of the campus is a bit narrow, and there are many trees around (these are not
damaged), which is quite difficult to construct. Fortunately, there are only 7 small piles in this case,
which can still be disposed of.
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Fig. 2-1-4: Strange hand-modified pile driver and drill bit, etc.

Fig. 2-1-5: The strange hand pile driver begins to drill the pile hole
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Fig. 2-1-6: Hanging pile into the pile hole

(Note: The bottom left figure shows that the cement slurry is ejected from the vent hole at the top
of the pile. This is the first time the world has been implemented and photographed.)

Fig. 2-1-7: Hanging pile into pile hole, measuring and determining pile top elevation
(Note: On the right, the pile head is protruding from the ground, because this case is for

testing purposes only, no need to dig)

2.2 The curing word of DH quick pile

Although we have shortened the construction period of the DH quick pile in the later stage,
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we have not fully grasped many properties in this stage of research and development. Therefore,
the "curing" after piling still follows the traditional method of piling. If you want to keep the pile
for at least 28 days, the next process will be carried out: test. See Fig. 2-2-1.

Fig. 2-2-1: After piling, the pile is statically placed, usually 28 days.

2.3 The opening of top cover-plate of Dhquick pile

On 2018-01-27 (the 8th day after planting), based on curiosity and uneasiness, we went to
the campus to open the top cover-plate of one of the piles to determine the pile head condition.
Fortunately, the situation is good. Verify the true existence of the “hollow pile head” in the design
of the DH pile (see Fig. 2-3-1). (Note: This is the first field piling of DH quick pile)

Fig. 2-3-1: 8 days after piling, we open a cover and look at the situation.

At 2018-02-08 (the 20th day after piling), we opened all the top cover-plates of the pile heads.
The hollow pile head is in good condition.

"Opening the top cover-plate of the pile head" is a unique feature of the DH quick pile. This
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time we use the simplest "manpower + pickpocket" to open the cover (Note: in future real cases,
we sometimes use pneumatic pickpockets to open the cover to save time). This process is only a
small movement at the pile head. Open the 5-6 festen bolts (M24) of the upper cover and
disengage the upper cover from the top of the pile. This opening operation does not have any
force on the pile body, and it does not affect the hardening of the cement slurry in the pile hole.

Basically, the action of "opening the top cover" reflects:

(1) The opening operation does not have any force to the pile body. There is no mechanical
and safety impact on the hardening of the cement slurry in the pile hole. This action is
also quite easy, and the manpower and tools are extremely simple.

(2) The early opening of the opening operation can produce the positive effect of the
"compression period" on the overall construction process, without the need to make the
construction period waste, and will not let the work class idle, or find the manpower
when it is used. Or contact the subcontractors. More importantly, the construction period
compression is conducive to engineering and capital operation.

(3) The design of the "hollow pile head" is achievable. In addition to the exposure of the
horizontal reinforcement of the pile head (to facilitate the subsequent vertical anchoring
reinforcement construction), the hollow pile head is the main design of the rapid
compression period. The existence of the hollow pile head is determined, which is
extremely advantageous for the rapid construction of the pile in the future. Even so, we
have developed quicker construction methods such as "ultra-quick construction" and
"super-quick construction". It is said that after 24-Hours or even 10 minutes after piling, it
is possible to continue the construction of the latter process, which is extremely fun. And
because of the rapid construction of these highly compressed schedules, we have
developed many additional advantages. Interested friends, come and study.

(4) The opening of the cover is related to the success or failure of the "hollow pile head". This
case is only an experimental pile. The top of the pile has an elevated elevation and is
slightly different from the actual construction. In the yield of this "hollow pile head", we
have spent a lot of effort in the development of the next two years to make it more
complete. It is indeed quite satisfactory on the 3.5th generation pile.
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Fig. 2-3-2: 20 days after piling, fully open the cover
(Note: drooping lighting is used to assist in photographing)

In practice, we can know that the cement slurry and soil mixture in the pile hole have not
hardened for several days after piling (usually 28 days), there is no way to form friction against the
pile body. And the support force of the pile bottom, this is correct. However, in practice, the
standard two-segment of piles (such as the common 24 ~ 28ML), after a certain period of time
after the pile is set (usually 5 minutes), the surrounding soil will gradually clamp the pile body
(generating power), Forming a grip, the force may be as high as 50 tons (depending on the pile
diameter, pile length, and soil quality), and even the construction crane can no longer be pulled up.
Therefore, when constructing piles, the crane drivers are quite sensitive when the piles are placed
in the pile holes. If you are not careful, they will become "card piles"; instead of planting one pile
(repairing piles), you have to Inviting people to intercept the piles, but also to report to the design
unit for approval, cost/time are counted as the piling subcontractor.

Finish the piling work, then? During this time, what to do? The construction site is clean, all
workers rest, and wait 28 days (usually wait until 45 to 60 days), everyone will continue to work.

For construction contractors, the construction period is very very important. Why should we
wait for such a long time? After the piling finished, there is still a lot of work to be done on the site.
These tasks are very light, such as: soil preparation, stakeout, PC bottoming, pile head treatment,



p. 19

form work of the bottom structure, steel banding, and even concrete work. The pouring operation
(as long as it is not too high, such as the bottom layer, or the first floor, the pile should be
completed when filling), the original soil compaction, and even the floor pavement can be carried
out, which will not affect the deep pile bearing capacity. When the ground layer is completed, the
cement grouting of the pile hole is almost the same, and other processes can be carried out. The
construction period is compressed, the work class is not idle, and the inter-plant interface is
reduced, which is the main reason. This is also the main reason for the improvement of the DH
quick pile later.

The DH quick pile's compression capacity of the period is not from the DH quick pile itself
(including factory prefabrication and site planting), but from "compressing other types of
work/subcontractors, including waiting for floating time", urging the follow-up work to follow up
quickly. In order to achieve the goal of "overall rapid construction", this is a very important concept
in the construction management of construction projects.

More importantly, we found in the later period that this "construction period compression" is
more important to the "owners", especially the efficient private owners. Mainly in the "capital
investment and recycling speed considerations", this exceeds our original improved design concept
for the DH pile, but it is unintentional.

3. The test work of Dhquick pile

The test of PC/PHC piles can be divided into two categories: factory inspection and site test.
The factory inspection is pre-exit test in the pile factory. Most of the pile factories have TAF-
certified laboratories for relevant tests, such as pile bending resistance. Most of the manufacturers
issue reports to complete the inspection procedures. Public institutions or a handful of private
owners sometimes have more stringent requirements for the pile body to be broken to determine
the number of steel bars in the pile.

Most of the site tests are pile load tests (compression, tensile, shear) to determine whether
the allowable load values of the piles are qualified or not, mainly related to soil geological changes
(test geological drilling accuracy), which is prefabricated piles. The most important test.

The DH quick pile test project of this case considers that the material strength of the DH quick
pile is the same as that of the traditional PC/PHC pile, and there is no change in the shape of the
pile, which will not affect the bearing capacity of the pile ( Including three aspects of vertical
bearing, tensile and shearing, it is not used for the traditional pile load test (if repeated, it is
boring). The test project is mainly for the "pile head pull-up test" formed by the special "hollow
pile head" of the DH quick pile and its preset "pile head horizontal reinforcement".

3.1 Pile head treatment of DH quick pile

Originally, the pile head treatment of the PC/PHC piles was part of the construction process to
connect the PC/PHC piles below and the base structure (the caps) above. However, this case is not
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an actual construction case. It is only used for the "pile head pull-out test" and is used for piling. In
order to cooperate with the test, many test sensors and instruments must be installed, so the pile
head treatment is moved to this section.

The DH quick pile is created to improve the lack of the pile head treatment process of the
traditional PC/PHC pile. Basically, it is a safer and stronger improvement measure.

Multi-layer and multi-sets of pile-level horizontal steel bars are preset at the hollow pile head
of the DH quick pile. After the vertical anchoring steel bars and spiral stirrups in the pile head
treatment process are assembled, they are poured together with the core-filled concrete. carry
out.

Because it is necessary to make the "pile head pull-out test", it must rely on the vertical
anchoring steel as the medium of tensile force. Therefore, it is necessary to attach the sensor
(strain gauge) and conduct in advance (before pouring the concrete) on the vertical anchoring
steel. Line so that the force data can be read. The test equipment of this case was assisted by the
well-known Sanlian Technology Company. The engineers spent some time on the adhesion of the
sensor (see Fig. 3-3-1). The pouring of the remaining pile-filled concrete was also completed in the
afternoon, but it was simple work, using 210 kg/cm2 (about 3,000 psi) of ordinary ready-mixed
concrete without adding micro-expansion agent. In practice, we recommend that the strength of
the core-filled concrete should be the same as that of the concrete used on the foundation cap
above.

In 2018-04-10, the pre-guided pile head treatment and strain gauges and other instrument
wiring measures were implemented. Limited to the budget, the trial in this case is only for one pile.
The designated test pile is 600mmX12ML Type-C PHC, and the preset pile head horizontal
reinforcement is used: 6-layers 2X2-D19 (SD42) reinforcement. For vertical anchoring
reinforcement: 8-D36 (SD42W) reinforcement (prepared to withstand more than 400 tons of
tensile force).

In Fig. 3-1-1, it is the estimated time-schedule for the current year. In the case of a simple pile
test, it is quite complicated. The actual implementation schedule and projects have changed a bit,
but without affecting the narrative of this article, there will be no more words.
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Fig. 3-1-1: Estimated schedule of pile head pull-out force test

3.2 DH quick pile pile head pull-out test plan

The horizontal reinforcements used in this case are: 6-layers 2X2-D19 (SD42) L-type
reinforcement, a total of 24 steel bars, with 48 end points (embedded into the pile wall). (See Fig.
3-2-5)

The horizontal rib sectional area of the 48-embedded point = 48*( /4*1.92)=136.09
cm2,

Will withstand shear (vertical) = 136.09 cm2*4,200 kg/cm2 /1,000 = 571.5 tons

Therefore, the case is designed to: challenge the pile head tensile force of 400 tons.

The pile head anchored steel used in this case: 12-D36 (SD42W) reinforcement. (See Fig. 3-2-4)

Estimated pull force is 12*( /4*3.62)*4,200 kg/cm2 /1,000 = 513 tons

Therefore, the case is designed to: challenge the pile head tensile force of 400 tons.

The pile head pull-out force test of pre-stressed piles is a relatively small-scale test project in
engineering, but it has still been implemented and discussed locally [4] [5]. The reason why it is
rarely implemented, the reason may be that the test conditions are far from the on-site
construction conditions, and the test data is not highly adjuvant. According to the actual
construction of the pile-pile construction manufacturer, basically, the tensile strength of the core-
filled concrete of the pile hole at the pile head treatment site of the pile is measured, and the
general "secondary core clearing hole" work quality is generally The control is below 20 tons; if it
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exceeds 20 tons, the pile carrier can usually not guarantee that the core can pass the test. On the
other hand, the piles are generally used as "pressure piles". There are fewer "tension piles" and
the designers will not deliberately design them as tension piles. But how can you limit yourself so
much? In the real construction and use of buildings, what kind of accidents do you know? In the
2009 Shanghai Building incident, the accident was not "unexpected"? [7]

In Fig. 3-2-1, it can be seen that this is a pile designed for "testing". The symptom is that the
pile head obviously floats out of the ground surface (the pile top elevation of the general pile
foundation is about GL.-1.5M below the surface, to meet the elevation required for the
subsequent foundation caps, the floating holes of the cement mortar are not present in the bore
of the pile (the inner hole is obviously clean), and the artificial high-pressure water cleaning is also
obvious. (Fig. 3-2-1 left). This makes the inner hole surface of the pile quite clean, and also makes
the pile head pull-out test carried out in the latter stage can completely break the core-filled
concrete section of the pile head (Fig. 3-2-1 right), so that the core-filled concrete It has been able
to play to the fullest.

Fig. 3-2-1: High-pressure water cleaning pile hole for pile head pull-out force test (left), pull-out
damage (right) [4]

Because it is a test pile [4], the real situation is very different from the construction site. In Fig.
3-2-2 and Fig. 3-2-3, the operation of the "secondary core clearing" process in the front section of
the pile head treatment of the local general prestressed pile is currently carried out. In fact, this
weakness is the most original improvement motivation of the DH quick pile (multiple
improvements, but later it is not the keypoint).

When we saw the "pile head treatment" of the traditional PC/PHC piles after piling on the

construction site, the "secondary core clearing" process was used, and a large machine was used

to drill a hole of about 2M depth directly on the pile head. (Fig. 3-2-2), the cement slurry in the

inner hole is mixed and the sand is hard but not properly removed (it is also difficult to completely

remove it) (Fig. 3-2-3), then the anchor steel cage put into the pile head is refilled with "expanded

concrete" to become cored concrete. The expanded concrete used as the core of the pile head is

used to make the cored concrete in the inner hole of the pile head expand slightly after drying and
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hard to "support" the PC/PHC pile wall concrete, and generate friction to resist the upper

structure. The upward pull that is transmitted. However, the construction of piles in Taiwan's

construction sites has been subdivided into sub-contracts. The small subcontractors of these

"secondary core clearing" processes have low profit margins, and it is impossible to clean the inner

holes of the pile heads again with high-pressure water jets. To ensure the durability of the friction

of the inner hole), it is only required to use a higher pressure water (non-water knife) for a little

flushing (some even high-pressure water washing is not applied), which is only able to slightly

smear the mud Clearly, the completion of the work (Fig. 3-2-3), resulting in the pile cap concrete

section of the tensile strength of the loss or failure, seriously deviated from the design engineer's

ideal assumptions. [6]

Fig. 3-2-2: Traditional piling: secondary core processing and machine tools [6]
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Fig. 3-2-3: Traditional piling: the inner wall of the pile after the core is cleaned [6]

It should be pointed out in particular: in this case test, because the test project is "pile head
pull-out force", it has nothing to do with the pile load. Therefore, we also choose the "pile head to
protrude the ground" for the test. Actual site construction. Because if the actual construction
situation according to the construction site will cause a lot of excavation work on site (more cost
and time), there will be some disorder in the campus; and the pile head pull-out force test only
uses the pile head part, and does not need to go below the ground. jobs. When the funds and the
land are sufficient, more detailed tests will be carried out, which will be more timely and
appropriate.

Although the results of the test instrument are implemented, the final pull-out force data can
be known. However, in the experimental design, we still use the most traditional pre-embedded
strain gauge method to observe the force transmission of the core-filled concrete section (2M
deep) when the pile head pull-out force is implemented (see Fig. 3-2-4). Because the main body of
the experiment is preset to the horizontal reinforcement of the pile head (see Fig. 3-2-5), it needs
to be observed.

Fig. 3-2-4: Schematic diagram of the embedding position of the strain gauge for DH pile head
pull-out test
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Fig. 3-2-5: Schematic diagram of the horizontal reinforcement of the pile head in the DH pile
head pull-out test

3.3 Pile head treatment of DH quick pile

Before the test, we still have to complete the last part of the "pile head treatment" process:
steel cages and cast concrete to bridge the follow-up work. This work was carried out on 2014-04-
10.

In the traditional "pile head treatment", the steel cage (which has been assembled) is simply
placed in the inner hole of the pile, and concrete (generally expanded concrete, that is, concrete
with a micro-expansion agent added) is poured. However, due to the implementation of the test, it
is necessary to embed strain gauges and other objects, so it is slightly more complicated.

3.3.1 Embedding of strain gauges
Together with the subsequent test implementation, this is a professional job, and it depends

on the professional company to deal with it, not the school level.
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Fig. 3-3-1: Strain gauge preset for DH pile head pull-out test

3.3.2 Vertically anchored steel and cored concrete casting
After the strain gauge is preset (adhered to the vertical anchoring bar), the vent pipe (PVCP) is

removed, the anchoring bar is placed in the bore of the pile, and the concrete is poured. It is worth
noting that the concrete used in this case is fc'=210 kg/cm2 ordinary concrete, and no micro-
expansion agent is added because the DH quick pile does not depend on the friction between the
core-filled concrete and the inner wall of the pile.
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Fig. 3-3-2: Anchored steel and core-filled concrete casting for DH pile head pull-out test

3.4 DH quick pile pile head pull-out test execution

After the pile-filled core is hardened, the "pile head pull-out test" is carried out at 2018-05-26.
The design of the pile head pull-out test in this case has a tensile strength of 400 tons; it has also
been asked about the contractor's experience in the application. It is reported that the 400 tons
pile head pull-out test is carried out without problems.

In this case, the pile head anti-pull test was commissioned by Yantong Engineering Co., Ltd.
(including the geotechnical visa report). Early in the morning, the staff came to the campus site to
start work, mainly the installation of the pile head tensile test equipment and the fixing
mechanism of the machine (see Fig. 3-4-1).
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Fig. 3-4-1: Implementation of DH pile head pull-out test

3.5 DH quick pile pile head tensile test results

The force applied to the pile head pull-out test is 25 tons as a test interval, and the test force
is gradually adjusted upwards. In this case, up to 195 tons (in the range of 175-200 tons), the
vertical anchoring steel bars fractured above the pile top (the steel bars below the pile top were
not pulled out or pulled, and the concrete was also intact), and no further force could be applied.
The trial is terminated. (See Fig. 3-5-1)
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The upper pull-off results of the steel bars in this test are different from the steel pull-out and
concrete failure of the conventional pull test (see Fig. 3-2-1 right). The failure of Fig. 3-2-1 is mainly
caused by the core-filled concrete in the pile hole being pulled or broken, that is, the friction
between the core-filled concrete (using expanded concrete) and the wall surface of the pile hole is
broken and caused to be pulled or broken. This result, in the 2009 Shanghai building down event,
can also get a part of the evidence: the friction of the core-filled concrete in the pile is unstable,
may be lost or worn when subjected to tension, and the risk will be occured [7].

In the case (Fig. 3-5-1), the upper part of the steel bar is broken. In our case, it is speculated
that the possible reason is the preparation of the front part of the experiment, which may be
improper in welding or uneven distribution of the connecting members. When the tension was 195
tons, 2-D36 bars of 12 were broken due to uneven force. The core-filled concrete below the pile
top and the preset horizontal reinforcement of the pile head have not been damaged, which
proves that the horizontal reinforcement embedded in the pile wall really play a role, which is
enough to replace the core filling treatment of the traditional expanded concrete. This is an
empirical demonstration of important mechanical improvements on DH quick pile components.

Fig. 3-5-1: Results of the DH pile head pull-out test - 2 of the steel bar of the upper part are
broken, and the section of the broken part is clear and tidy

What is particularly interesting is that during the implementation of this experiment, the
school's civil engineering department also held a teaching model, so that the young students in the
civil engineering department also came to see the pile test work (see Fig. 3-5-2). At the time, these
young people did not know that they personally participated in the world's first DH quick pile test.
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Fig. 3-5-2: Coordinating with the school's teaching model

In 2014-05-09, the product was published in cooperation with the school's industry-university
cooperation. (See Fig. 3-5-3 and Fig. 3-5-4)

Fig. 3-5-3: Cooperating with the school's industry-university cooperation product

Fig. 3-5-4: Handouts of the school's industry-university cooperation products [9]
Of course, the contractor must finally write a test report [8] to us (see Fig. 3-5-4).
In the least of the test report [8], the case of the steel bar above the pile top was broken.

This result is in fact significantly different from the design estimates we tested. We expect to pull
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or pull out around 400 tons, but only reach half the expected strength (195 tons). The standard
piles are generally used as pressure piles and are rarely used as tension piles. Moreover, the
average pile head tension is only 20 tons at most. The 195 tons of the test results in this case are
not satisfactory, but they are also acceptable. The chances of using such high tensile capacity in
the case are not high. When the case was going on, many details were still unclear, and the
experimental design was not complete enough. We thought it was not delicate enough; in the
future, we had the opportunity to re-test.

Secondly, the prefabrication of the DH quick piles and the construction of the site have
generally been carried out in a way that “reducing the amount of construction work and
minimizing the impact of quality variation on the construction site”, including the construction
site “seconary core drilling hole”. The quality of the work class (replaced by the hollow pile
head), the quality of the expanded concrete filled with core (replace the function of the
horizontal reinforcement of the pile head and ordinary concrete), and try to maintain the quality
of all DH piles. Therefore, the test results of this case have provided a strong reference for
design.

The horizontal reinforcement of the pile head are made of ordinary reinforcement. In the
general depth of the 2M pile head, the design of 6-layers - 2 pieces (or 2X2 pieces) is quite easy
to assemble and also provides sufficient tensile strength. capacity. When we use a larger pile
diameter or a longer pile, it is bound to use a deeper pile head treatment depth, such as 3M or
more, then we can use more layers of pile head horizontal reinforcement (for example, 12 layers
- 2X2) Support or 2X4, etc., or larger diameter bamboo reinforcement (such as D19, D22, D25,
etc.) to improve the tensile strength. This will meet the requirements of the design engineer.

The breakthrough of this point of view also makes us understand that prefabricated piles
(PC/PHC piles) can be used in better applications, such as challenging the dominance of full
casing piles, etc., and we will practice them in the later stages of research and development.
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Fig. 3-5-4: Test report on the pull-out force of the pile head of DH pile [8]

4. Conclusion

This article is mainly to commemorate the experiment of the year, and leave some records
and memories, the style is not so academic, please do not care too much. The article also quotes a
lot of photos, including campus photos, to increase reading, not too boring.

Every innovative product in the project is a result of the time spent by engineers. Of course, it
is impossible to implement it immediately. Usually, it has to go through many processes of
promotion, experimentation, and repeated argumentation. It is very hard. In particular, the "large-
scale structural parts" such as foundation piles are hard to develop in the domestic engineering
market in the recession.

In the pile head pull-out test of this case, although we have not been very satisfied, we also
got a few points from it:

(1) The pile head preset horizontal rib of the DH quick pile does provide sufficient pile head
pull-out force.

(2) The hollow pile head of the DH quick pile does exist during the pile construction.

Thank you:

This case is quite a time-consuming process. I would like to thank the Kao Yuan University for
encouraging technological innovation and generously providing land in the corner of the campus to
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assist in the implementation of this case. I would like to thank Professor Chang Jiaqi and Professor
Liu Wenzong for their encouragement and rushing to make this case a success. Thanks to the
assistance of Jieyang Engineering Company, Yantong Engineering Company and Sanlian Technology
Company, this case has been able to clear the outline in a thousand ways.

Postscript:

After the completion of the case, Dehan also used other existing piles to carry out other test
projects. The piles used in the experiment were stayed on the campus. The school has not
destroyed them, and is barely called a civil scene. Many of the DH piles are called the industry's
pioneering work. If young students or engineers are interested in research, they may wish to go to
the side wall of the Civil Engineering Department of Kao Yuan University. The experimental pieces
should still be visible. This may be the only local one. A school with physical pile teaching
equipment. However, there may be some corrosion in the end or the steel bars.
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