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(76) Tnventors: Zhong Qi Yue, Hong Kong (HK); An apparatus is used with an impact hammer penetration
Chack Ffm Lee, Hong Kong (HK); assemble such as standard penetration test (SPT) in geo-
Pete.r Kai Kwong Lee, Pokfulam (HK); technical engineering. The impact hammer penetration
Leslie George Tham, Hong Kong (HK) assembly comprises a penetration sample, a series of rods
) coupled together and an impact hammer apparatus. The drop
(Cj%rgi}izogdzm];[ﬁgglr 231\5/1 LLP of the hammer from a constant height hits the coupled rods
1185 AVENUE OF T‘HE’ AMERICAS and sampler in series agd forces the. sampler deeper into the
NEW YORK. NY 10036 ground. The apparatus includes a tip depth transducer and
? sampler to output a first electrical signal that is a function of
. the sampler tip position. A shock force transducer commu-
(1) Appl. No- 11/302,048 nicates the axial shock force in the rod to output a second
(22) Filed: Dec. 13, 2005 electrical signal that is a function of the rod shock force and
hammer blows. A shock penetration transducer communi-
Publication Classification cates the movement of the coupled rods and sampler to
output a third electrical signal that is a function of the
(51) Int. CL sampler penetration due to the hammer blows. A micro-
E2IB 1102 (2006.01) process controller monitors and processes the first, second

(52) US. CL e 175/20; 175/135  and third signals in real time.
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AUTOMATIC SPT MONITOR

FIELD OF THE INVENTION

[0001] This invention relates to improved methods for
subsurface exploration, and more particularly to an auto-
mated apparatus and methods for performing the standard
penetration test.

BACKGROUND OF THE INVENTION

[0002] The Standard Penetration Test (SPT) is an in-situ
testing technique that drives a sampler into the ground at the
bottom end of a drill hole (or borehole) during subsurface
exploration. The test can yield a measure of the soil resis-
tance to the penetration of the sampler under the impact of
a free drop hammer from a constant height.

[0003] There are two operators to conduct the test opera-
tions. As shown in FIGS. 1 and 2, the primary operator uses
the power of the drilling rig and the steel wireline above the
derrick to lift or drop the hoist hook. The secondary operator
couples or decouples the hoist hook either with the top of a
drill rod (FIG. 1) or with the steel chain of a impact hammer
apparatus (FIG. 2). The impact hammer apparatus includes
the steel chain, a X-clamp, the hammer and the guide rod.
The guide rod has a lower anvil at its bottom, an upper anvil
at its top, and a steel chain. The hammer has a cap for
clamping by the X-clamp. The testing at a drill hole depth
follows the following three processes in a real time
sequence.

[0004] At first, the sampler coupled to a drill rod in series
has to be inserted into the drill hole (FIG. 1). The sampler
has to reach the bottom of the drill hole. If the length of the
drill rod whose bottom end is coupled with the sampler
cannot make the sampler tip to reach the bottom of the drill
hole, a second drill rod will be added to the top of the first
drill rod to make the sampler tip to reach the drill hole
bottom. Similarly, a third drill rod will be added and coupled
if the sampler tip still cannot reach the drill hole bottom.
This adding, coupling and inserting process will be repeated
until the sampler tip reaches the drill hole bottom. This
process is the first process of sampler inserting.

[0005] Next, once the sampler is placed at the test depth,
the impact hammer apparatus will be added to the top of the
coupled drill rods and the sampler system. The hammer
impact apparatus will be used to make the sampler penetrate
into the ground at the drill hole bottom (FIG. 2). The hoist
hook will lift the X-clamp upward through the steel chain.
The X-clamp will clamp the hammer cap and carry the
hammer upward along the guide rod. Once the X-clamp
impacts the upper anvil, the clamping at the hammer cap will
be forced to open and release the hammer automatically. The
hammer will drop freely along the guide rod. The flat bottom
surface of the hammer will hit the lower anvil at its flat top
surface. The lower anvil bottom is coupled to the drill rods.
The induced shock force in the drill rods will make the
sampler penetrate into the ground below the drill hole
bottom. Once the hammer becomes stable on the lower
anvil, the primary operator will drop the hoist hook to make
the X-clamp drop onto the hammer cap along the guide rod.
Then the operator will tighten the steel chain to make the
X-clamp couple the hammer cap again. The operator will
then lift the hammer quickly. Again, the hammer will drop
freely once the X-clamp impacts the upper anvil. The
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hammer will hit the lower anvil to make the sampler to
penetrate the soil again. The above operation process will be
repeated several times until a test criterion is satisfied. This
process is the second process of hammer impact and sampler
penetrating.

[0006] Third, once the penetrating stage is completed, the
operators will remove the hammer impact apparatus from
the drill rods. The operators will then retrieve the drill rods
from the drill hole one by one (FIG. 1). The drill rods and
the sampler will be lifted up. The top drill rod will then be
decoupled from the remaining drill rods in the drill hole, and
it will be placed on the ground nearby. Then the remaining
drill rods will be removed from the drill hole. The second top
drill rod will be decoupled and placed on the ground nearby.
This lifting, decoupling and placing process will be repeated
until the first drill rod with the sampler is retrieved from the
drill hole. This process is the third process of sampler
retrieving. Further drilling work will be then carried out until
the bottom end of the drill hole reaches the subsequent test
depth. Then the subsequent test will be conducted following
the above three processes.

[0007] The hammer is made of steel and weighs 63.5 kg.
The free drop height is 760 mm. The blow counts of the
hammer falling on the anvil are recorded for each of 75 mm
penetration between O and 450 mm penetrations. The first
150 mm penetration is regarded as a seating drive. The
number of blows necessary to drive the sampler to penetrate
300 mm into the ground is known as the penetration resis-
tance or N-value. A specification on how to determine the
N-value is normally adopted by authorities for determining
the soil shear strength and bearing capacity. A hammer
efficiency can be further defined as the percentage ratio of a
rod dynamic energy over the total potential energy of the
hammer drop height (473 Joule). The rod dynamic energy is
calculated from the axial shock force in the drill rod gen-
erated by the hammer blowing according to a specific
equation such as the equation in ASTM (1995).

[0008] The SPT has been widely used and is a tool of
choice in Hong Kong housing and infrastructure develop-
ment as well as landslip preventive measures project. The
SPT is included for most ground investigation contracts. The
SPT has the following advantages: a) the test apparatus is
simple and rugged; b) the test can be carried out in many
different types of soils; c) the test has been widely adopted
as a routine in-situ testing method throughout the world; and
d) tremendous experience and empirical correlations have
been obtained for geotechnical design and construction.

[0009] The SPT results, and more particularly the N-value
and the test depth, however, have been obtained completely
from manual measurements. Usually. two contractors con-
duct the manual measurements. For most tests, there is no
full-time independent supervision or inspection. Further-
more, the testing and the drilling are destructive, non-
repeatable and time consuming. More importantly, the test is
often carried out in colluvium and weathered rock soils in
Hong Kong. Gravel, cobbles, and boulders of high strengths
and stiffness can appear randomly in the soil. They can
substantially alternate the N-values. As a result, the N-values
at a construction site can have a large range of variations in
Hong Kong.

[0010] Therefore, the accuracy and quality of the manual
test results have always been the main concern of many
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geotechnical engineers and contractors in Hong Kong. At
present, there is no tool independently to check and verify
the accuracy and quality of the manual test results. There-
fore, it is believed that automation of the measurement
monitoring and recording for SPT can solve the pressing
issues and offer additional data for independently checking
and verification of the manual test results.

SUMMARY OF THE INVENTION

[0011] The field observation and issue of the manual
operations and measurements of the conventional standard
penetration test have led to the present invention for auto-
mation of the test measurements. The inserting process, the
impact hammer and sampler penetrating process, and
retrieval process are carried out sequentially in time
sequence. A first object of the present invention is to provide
an automatic digital SPT monitor for recording and evalu-
ating the inserting process of the rods and sampler into a drill
hole in real time, which enables the assessment and verifi-
cation of the test depth and its commencement time. A
second object of the present invention is to provide an
automatic digital SPT monitor for recording and evaluating
the impact hammer and sampler penetration process in real
time, which is able to assess the soil resistance and more
particularly the N-value and the associated hammer effi-
ciency in accordance with a specification [in the present
configuration, the specification is the Hong Kong Housing
Authority specification]. A third object of the present inven-
tion is to provide an automatic digital SPT monitor for
recording and evaluating the retrieval process of the rods
and sampler from a drill hole in real time, which enables the
assessment and verification of the test depth and its comple-
tion time.

[0012] In order to accomplish the foregoing objects, the
present invention provides an in situ digital SPT monitor for
the standard penetration tests in association with an existing
SPT apparatus and operation procedures. The digital SPT
monitor comprises a tip depth transducer, a shock force
transducer, a shock penetration transducer, and a micro-
process controller for data acquisition and processing. The
micro-process controller comprises a notebook computer, a
data logger, and a battery. The data logger connects with the
tip depth transducer, the shock force transducer and the
shock penetration transducer with a first signal cable, a
second signal cable and a third signal cable for transmission
of a first electrical signal, a second electrical signal and a
third electrical signal, respectively. The first and third elec-
trical signals are digital signals. The second electrical signal
is an analog signal.

[0013] Immediately before the commencement of the
insertion process, the tip depth transducer is mounted onto
the top of a drill hole casing and unlocked. The tip depth
transducer senses the vertical movement (or non-movement)
of the sampler and each of the coupled drill rods with respect
to a fixed position (i.e., the casing) on the ground during the
insertion process, and transmits the first electrical signal into
the micro-process controller for storage and display at a first
pre-selected sampling rate in real time. At the completion of
the insertion process, the tip depth transducer is locked and
dismounted from the casing and placed on the ground
nearby. The lock makes the first electrical signal have no
change with time.

[0014] Subsequently. the impact hammer apparatus
together with the shock force transducer and the shock
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penetration transducer are mounted onto the top of the drill
rod in series for the second process of impact hammer and
sampler penetration. The shock force transducer senses the
axial force in the rod and the shock penetration transducer
senses the rod displacement with respect to a fixed position
on the ground. They transmit the second and the third
electrical signals to the micro-processor controller with the
second and the third electric cables simultaneously and in
real time. A triggering method is adopted for data acquisition
and storage for a pre-selected duration of time in the
micro-processor controller at a second pre-selected sam-
pling rate. The criterion for triggering is that the shock force
is equal or greater than a pre-selected magnitude in com-
pression. The pre-selected interval of data acquisition is less
than the time interval for hammer lifting and drop and is
greater than the time interval for hammer rebound. At the
same time, the micro-process controller counts and records
one hammer blow. This auto-monitoring and data acquisi-
tion process is repeated for each hammer blow until the
micro-processor controller finds that the test has reached one
of the predetermined criteria for the N-value. At this
moment, the computer of the micro-process controller alerts
the operators. After the completion of the second process,
the impact hammer apparatus, the shock force transducer,
and the shock penetration transducer are removed from the
drill rod.

[0015] At the beginning of the retrieval process, the tip
depth transducer is re-mounted onto the casing and
unlocked. The tip depth transducer senses the vertical move-
ment or non-movement of the sampler and each of the
coupled drill rods with respect to a fixed position (i.e., the
casing) on the ground during the retrieval process and
continues the transmission of the first electrical signal into
the micro-process controller for storage and display at the
first pre-selected sampling rate in real time. At the comple-
tion of the retrieval process, the tip depth transducer is again
locked and dismounted from the casing and placed on the
ground nearby.

[0016] In the present configuration, the pre-selected first
sampling rate is 100 Hz for the first electrical signal and 50
kHz for the second and third electrical signals; the pre-
selected magnitude of the triggering axial force is 50 kN;
and the pre-selected duration of data acquisition for the
second and third electrical signals is one second.

[0017] The present invention is portable and is applicable
to any existing SPT apparatus. It monitors the three testing
processes in real time. It further evaluates the SPT measure-
ments and reports a summary of the test results from the
monitored digital data in real time sequence. It is applicable
to various ground conditions including extreme hard
(N>200), normal (1<N<200) and extreme soft (e.g., N<1)
ground conditions at any test depths.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The foregoing and other objects, features and
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

[0019] FIG. 1 is a prior art manual apparatus for the first
process of inserting (or the third process of retrieving) a
sample coupled with drill rods in series into and from a drill
hole for SPT at a given test depth at field,
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[0020] FIG. 2 is a prior art apparatus for hammer and
sampler penetrating at the bottom of a drill hole to determine
the soil N value at field;

[0021] FIG. 3 is a general schematic view of the measure-
ment, automation, and recording of the first process of the
sampler insertion or the third process of the sample retrieval
of the prevent invention;

[0022] FIG. 4 is a general schematic view of the measure-
ment, automation, and recording apparatus of the second
process of the impact hammer and sample penetration in
accordance with the present invention;

[0023] FIG. 5 is a detailed schematic view of the present
invention for measurement, automation, and recording of the
first process of the sampler insertion or the third process of
the sample retrieval;

[0024] FIG. 6 is a detailed schematic view of the tip depth
transducer of the present invention;

[0025] FIG. 7 is an example of actual measurement results
of the present invention from the tip depth transducer for the
first process of sample insertion and the third process of
sample retrieval in real time series;

[0026] FIG. 8 is a detailed schematic view of the present
invention for the measurement, automation, and recording of
the second process of the impact hammer and sample
penetration;

[0027] FIG. 9 is the axial shock force measurement with
the shock force transducer in the drill rod for one second due
to the impact of hammer drop at field;

[0028] FIG.10 is a detailed view of the result of the shock
force in FIG. 9 during its initial 0.05 second duration;

[0029] FIG. 11 is a detailed schematic view of the shock
penetration transducer of the present invention;

[0030] FIG. 12 is a detailed schematic view of the gear
box on the rack and along the two guide rods of the shock
penetration transducer of the present invention;

[0031] FIG. 13 is a graph of the shock penetration trans-
ducer for the change of the gear box position on the rack
with the time simultaneous to that for the shock force in
FIG.9,

[0032] FIG.14is a detailed view of the typical result of the
shock penetration transducer in FIG. 13 during its initial
0.05 second duration; and

[0033] FIG. 15 is a summary report for the measurement
automation of the second process of hammer blow and
sample penetration at the test depth showing in FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] The present invention will be described in further
detail by way of example with reference to the accompany-
ing drawings. As shown in FIGS. 3 to 8, a digital SPT
monitor 10 for measurement automation of standard pen-
etration test according to the present invention comprises a
micro-process controller 30, a tip depth transducer 40, a
shock force transducer 60, and a shock penetration trans-
ducer 70. The micro-process controller 30 comprises a data
logger 32, a battery 33, and a notebook computer 31. The
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data logger 32 uses a power supply cable 34 to attach the
battery 33 and uses a firewall cable 35 to communicate with
the computer 31. The battery 33 is used to supply the small
amount of power required for the data logger 32 and the
notebook computer 31. The micro-process controller 30
further uses the first signal cable 36 to communicate with the
tip depth transducer 40, the second signal cable 37 to
communicate with the shock force transducer 50, and the
third signal cable 38 with the shock penetration transducer
60.

[0035] Referring to FIGS. 5 and 6, the tip depth transducer
40 has the following components: a first circular wheel 41
with a first rotation sensor 42 and a lock, a second circular
wheel 41 and a third circular wheel 44, a hollow cylinder 43,
a footing plate 44 with a circular hole at the center, four
screw blots 45, four columns 46, an inner cylinder 47, a
podium plate 48 with a circular hole, two springs 49, and a
travel shaft 50. The first wheel 41, the second wheel 41 and
the third wheel 44 are vertically placed above the podium
plate 48 and surround a common center at a spacing of 120°
on horizontal plane. The footing of the travel shaft 50 is also
welded on the podium plate 48. The podium plate 48 has its
bottom surface welded with the hollow cylinder 43 below.
The hollow cylinder 43 has its base welded with the footing
plate 44. The footing plate 44 is welded above and with the
inner cylinder 47 and the four columns 46. The diameters of
the circular holes in the podium plate and the footing plate
are larger than the diameters of the drill rod 22 and sampler.
The inner diameter of the hollow cylinder 43 is larger than
the diameter of the casing. The inner diameter of the inner
cylinder 47 is larger than the diameters of the drill rod and
sampler and less than the diameter of the casing.

[0036] The tip depth transducer 40 uses the footing plate
44 to seat on the casing and the four screw bolts 45 to clamp
the four columns onto the casing. Therefore, the tip depth
transducer 40 can be firmly mounted onto or completely
removed from the top of a casing in a drill hole. The coupled
sampler and drill rods can be inserted into or retrieved from
the tip depth transducer 40 as shown in FIGS. 5 and 6. In the
present configuration, the casing is used to support the tip
depth transducer. Other means to support the tip depth
transducer 40 can also be developed.

[0037] During insertion or retrieval, the sampler or a drill
rod 22 frictionally contacts with the three wheels and causes
them to rotate about their rotational axes. The rotational axis
of the first wheel 42 is bolted to the travel shaft 50. The first
wheel 42 and the travel shaft 50 together can move hori-
zontally above the podium plate. The two springs 49 urge the
travel shaft and the first wheel against the drill rod 22 or the
sample. When it is switched off, the lock stops the rotation
of the first wheel 42 about its axis. When it is switched on,
the first wheel can freely rotate about its axis.

[0038] The first electrical signal measures the degree of
the rotation of the first wheel 42 about its axis. The first
rotation sensor 42 captures the first electrical signal and
transfers it into the micro-process controller through the first
signal cable 36 in real time at a first pre-selected sampling
frequency. The micro-process controller 30 further changes
the first electrical signal into the amount of the length of the
sampler coupled with the rods passing through the first
wheel position in real time and displays it on the screen of
the notebook.
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[0039] FIG. 7 shows the first graph for an actual result of
the present invention from the first digital signal, where the
first pre-selected sampling frequency was 100 Hz. The first
graph represents the first process of sampler inserting and
the third process of sampler retrieving. The test was carried
out between 15:14 and 15:29 in the afternoon of Jun. 29,
2005. The first process was between 15:14 and 15:17. Tts
graph has a down-staircase shape with the actual time,
representing that four rods were being coupled with the
sampler for inserting the sampler into the drill hole one by
one. The total length of the four rods and the sampler
inserting through the tip depth transducer was 10.625 m.
Between 15:17 and 15:25, the graph is a horizontal line,
representing that the first electrical signal had no change
during the second process, when the first wheel of the tip
depth transducer was locked. The third process was between
15:25 and 15:29. Its graph has an up-staircase shape with the
actual time, representing that the four rods and the sampler
were being lifted up and decoupled out of the drill hole one
by one. The total length of the four rods and the sampler
lifting up through the tip depth transducer was 11.033 m.

[0040] Referring to FIGS. 4 and 8, the shock force trans-
ducer 60 is connected to the lower anvil 28 with the upper
coupling 52 and the drill rod 22 with the lower coupling 52
at the bearing arm 81. The shock force transducer 60
captures the second electrical signal and transfers it into the
micro-process controller through the second signal cable 37
in real time at a second pre-selected sampling frequency.
The second electrical signal is a voltage output. The micro-
process controller 30 further changes the second electrical
signal into the amount of the axial force due to the hammer
impact in the drill rod 22 and displays it on the screen of the
personal computer 31 in real time.

[0041] FIG. 9 shows the second graph for an actual result
of the present invention from the second digital signal,
where the second pre-selected sampling frequency was 50
kHz and the total sampling period was one second. The
second graph represents the time variation of the shock force
in the drill rod immediately after the hammer impact on the
lower anvil. A third graph in FIG. 10 details the axial shock
force within the first 0.05 second of the second graph in FIG.
9. From the second and third graphs in FIGS. 9 and 10, the
following observations can be made: (a) the axial shock
force increased quickly at the beginning and reached its
maximum at a time less than 0.001 second; (b) the axial
shock force vanished to zero at about 0.05 second; and (c)
the axial shock force had the maximum value about 230 kN.

[0042] Referring to FIGS. 8, 11 and 12, the shock pen-
etration transducer 70 has the following main components:
a right triangle steel frame 71 with four pulleys 72, 73, 74,
and 75, a steel wire loop 76, a gear box with a second
rotation sensor 77, an inclined rack 78, two inclined guide
rods 79, a bearing arm 80 and other accessories. During
monitoring, the shock penetration transducer 60 is coupled
to the drill rod 22 with the bearing portion of the bearing arm
81, as shown in FIGS. 8 and 11. The shock penetration
transducer 60 rests on a supporting beam 82 clamped on the
two sleepers of the drilling rig, as shown in FIG. 4.

[0043] The bearing arm 81 is tied to the steel loop wire 76
with a bolt 80 and transfers the rod’s longitudinal movement
to the steel loop wire 76. The steel loop wire 76 is supported
by the first pulley 72, the second pulley 73, the third pulley
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74 and the fourth pulley 75, and can smoothly slide on the
four pulleys. The four pulleys are supported by the right
triangle steel frame 71. The steel loop wire 76 1s also
connected with the gear box 77 on the inclined rack 78. The
gear of the gear box 72 matches the rack gear. The two steel
guide rods 79 guide the upward or downward movement of
the gear box 77 on the rack 78. The rack 78 and the two steel
guide rods 79 are fixed with the right triangle steel frame 71.

[0044] As it moves between the first pulley 72 and the
fourth pulley 75, the bearing arm 81 uses the steel loop wire
76 to bring the gear box 77 to slide correspondingly on the
rack between the second pulley 73 and the third pulley 74.
The upper portion of the steel loop wire 76 on the first 72 and
second 73 pulleys between the bearing arm 81 and the gear
box 77 is always straight and in tension because it prevents
the gear box 77 from sliding down on the rack 78 due to the
weight of the gear box 77. The gear box 77 typically weighs
one to two kilograms. The lower portion of the steel loop
wire 76 on the third pulley 74 and the fourth pulley 75 and
between the gear box 77 and the bearing arm 81 is used to
quickly damp and eliminate the free vibration of the gear
box 77 on the rack 78 from the impact of the hammer.

[0045] The second rotation sensor associated with the gear
box 77 obtains the third electrical signal and transfers it into
the micro-process controller 30 through the third signal
cable 38 in real time at the second pre-selected sampling
frequency. The third electrical signal is the degree of the
rotation of the gear of the gear box 77 on the rack 78. The
micro-process controller 30 further changes the third elec-
trical signal into the position of the gear box on the rack and
displays it on the screen of the notebook in real time. The
gear box upward movement at its stable condition is equal
to the permanent penetration of the sampler due to one blow
from a hammer drop.

[0046] FIG. 13 shows the fourth graph for a typical result
of the present invention from the third digital signal, where
the second pre-selected sampling frequency was 50 kHz and
the total sampling period was one second. This fourth graph
represents the time variation of the gear box position on the
rack immediately after the hammer blow onto the lower
anvil. A fifth graph in FIG. 14 details the gear box position
within the first 0.05 second of the fourth graph in FIG. 13.
From the fourth graph in FIG. 13 and the fifth graph in FIG.
14, the following observations can be made: (i) the change
of the gear box position due to the hammer blow vanished
within 0.2 second; (ii) initially, the gear box monotonically
moved upward to a maximum at a time between 0.045 and
0.005 second; (1ii) subsequently, the gear box had its first
downward movement; (iv) then, the gear box experienced
small vibrations with magnitude less than 2 mm; and (v)
after about 0.2 second, the gear box position had no change
with time and stayed at a position 22 mm above the initial
position.

[0047] The time in the second graph in FIG. 9 was exactly
the same at that in the fourth graph in FIG. 13. The time in
the third graph in FIG. 10 was exactly the same at that in the
fifth graph in FIG. 14. The micro-process controller 30
collected the second and third electrical signals simulta-
neously at the second pre-selected time-sampling frequency
in real-time sequence. The micro-process controller 30 also
recorded the actual commencement time (i.e., the time 0) of
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the graphs in FIGS. 9,10, 13 and 14 in the form of year, date,
hours, minutes and seconds, which are omitted in these

figures.

[0048] Furthermore, the micro-process controller 30 of the
present invention has a triggering mechanism for data acqui-
sition and storage of the second and third electrical signals
in real time. The criterion for the triggering mechanism is
that the shock force from the shock force transducer 60 is
equal or greater than a pre-selected magnitude in compres-
sion (50 kN at the present configuration). Once the shock
force reaches a pre-selected or predetermined the criterion,
the micro-process controller 30 acquires, stores and displays
the second and third signals at the second pre-selected
sampling frequency (50 kN at the present configuration) for
a pre-selected period of time (one second at the present
configuration). At the same time, the micro-process control-
ler 30 records one hammer blow and the actual commence-
ment time of the data acquisition, and checks the accumu-
lated permanent penetration and the accumulated hammer
blow number with the predetermined specification for alert-
ing the completion of the testing. This automonitoring and
data acquisition process is repeated for each hammer blow
until the micro-process controller 30 finds that the test has
reached the pre-determined specification. At this point, the
micro-process controller 30 alerts the operators of the
completion of the testing.

[0049] FIG. 15 shows a summary report of the present
invention for the measurement automation of the second
process of hammer blows and sampler penetration at the test
depth showing in FIG. 7. The micro-process controller 30
produced and displayed this summary report once the test
was completed. In FIG. 15, the actual date, the beginning
and the ending time for the second process of the testing are
reported. The numbers of the hammer blow for the 150 mm
seating drive and each of the subsequent 75 mm main drives
are shown in the table. The N value, the total blows and the
total penetration depth are listed.

[0050] FIG. 15 also shows the sixth graph, the seventh
graph and the eighth graph. The results shown in the sixth
graph and the seventh graph were acquired simultaneously
from the second electrical signal and the third electrical
signal, respectively. The micro-process controller 30 was
triggered 27 times for the data acquisition and evaluation at
this test depth. Each triggering represents a hammer blow on
the lower anvil in FIG. 4. The total time for the data
acquisition is 27 seconds, which is the abscissa of the sixth
and seventh graphs. Accordingly, there were 27 hammer
blows in total in FIG. 15.

[0051] The actual commencement time of each of the one
second sampling period was recorded but not shown in the
sixth and seventh graphs. The portion of the sixth graph in
FIG. 15 between any two nearby integers of the time
seconds (say, [0,1], [1,2], . . ., [26,27]) represents the time
variation of the axial shock force during the pre-selected
sampling period of one second for each of the 27 hammer
blows. Similarly, the portion of the seventh graph in FIG. 15
between any two nearby integers of the time seconds (say,
[0,1],[1.2], .. .,[26,27]) represents the corresponding time
variation of the gear box position during the pre-selected
sampling period of one second for each of the 27 hammer
blows. The time variation of the axial shock force during
each of the 27 one-second data acquisition periods can be

Jun. 14, 2007

presented as those shown in the second and third graphs in
FIGS. 9 and 10. The time variation of the corresponding gear
box position during each of the 27 one second data acqui-
sition periods can also be presented as those shown in the
fourth and fifth graphs in FIGS. 13 and 14, respectively. All
those graphs can be produced in the micro-process control-
ler.

[0052] The micro-process controller also calculated the
energy efficiency (%) from the acquired shock force in the
sixth graph for each hammer blow, presented it in the eighth
graph with respect to its corresponding blow number and
displayed on the computer screen.
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We claim:

1. An apparatus for use with a penetration assembly for
hammering a sampler into ground in a drill hole or bore hole,
the penetration assembly having:

a sampler with a coupler at one end for connecting with
a rod;

a number of rods, each end of a rod having a coupler for
coupling themselves together in series;

an impact hammer apparatus that can be connected or
disconnected to the top end of a number of coupled rods
in series and can drop the hammer to impact the top end
from a constant height;

a lifting device either for lifting a rod for coupling,
decoupling, inserting and retrieving or for lifting the
hammer to drop for hitting the top end of the coupled
rods whose bottom end having the sampler repetitively;

the apparatus comprising:

a tip depth transducer that outputs a first electrical signal
that is a function of the total length of the sampler and
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rods coupled together in series passing through itself at
a fixed reference point on the top of a drill hole;

a shock force transducer that outputs a second electrical
signal that is a function of the shock force in the rod and
along the rod axial direction;

a shock penetration transducer that outputs a third elec-
trical signal that is a function of the penetration depth
of the sampler due to a blow from an impact hammer
dropped from a constant height; and

a controller that receives and monitors the first, second
and third signals, and that produces respective graph
traces of functions of the sampler tip position, the rod
shock force, and the sampler shock penetration depth.

2. An apparatus as set forth in claim 1, wherein the
controller monitors, processes, acquires and stores the first
signal at a first pre-selected sampling frequency, and pro-
duces a first graph trace of position of the sampler tip depth.

3. An apparatus as set forth in claim 1, wherein the
micro-process controller monitors and processes the second
and third signals at a second pre-selected sampling fre-
quency and uses the second signal as a triggering criterion
for acquiring and storing the second and third signals at the
second preselected sampling frequency.

4. An apparatus as set forth in claim 1, wherein the
controller evaluates the second and the third signals and
generates a signal to indicate the completion of the impact
hammer phase.

5. An apparatus as set forth in claim 1, wherein the
controller produces respective graph traces of functions of
the rod shock force, the sampler penetration depth.

6. An apparatus as set forth in claim 1, wherein the
controller produces a summary report of the monitored
results including the number of hammer blows, impact
hammer time, hammer efficiency, and the corresponding
sampler penetration depth.

7. An apparatus of claim 1, wherein device monitors,
acquire and process the first, second and third signals and
produce said graph traces in real time during the sampler
inserting process, the hammer impact and sampler penetra-
tion process and/or the sampler retrieval process.

8. An apparatus as set forth in claim 1, wherein the first
and third electrical signals are digital signals.

9. An apparatus as set forth in claim 1, wherein the second
electrical signal is an analog signal.

10. An apparatus as set forth in claim 1, wherein the tip
depth transducer comprises:

first, second and third wheels mounted on a casing for a
movable vertical shaft;
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the first, second and third wheels capable of rotation about
their respective axes;

at least one spring for urging the first wheel against the
vertical shaft;

a first rotational sensor operably connected to the vertical
shaft for measuring rotation of first wheel caused by
upward or downward movement of the first shaft; and

a first rotational sensor for the first electrical signal.

11. An apparatus as set forth in claim 10, wherein said
first, second and third wheels are vertically and are firmly
placed above the casing and surround the vertical shaft at a
spacing of 120° on horizontal plane.

12. An apparatus as set forth in claim 10, wherein said first
wheel carrying the first rotational sensor for outputting the
first electrical signal as a function of the passing length.

13. An apparatus as set forth in claim 1, wherein the shock
penetration transducer comprises:

a rigid right triangle metal frame having four pulleys
attached thereto, one of its two right angle legs firmly
mounted onto a horizontal beam fixed on the ground to
erect the second right angle leg vertically;

a metal wire loop;
a gear box;
a second rotation sensor;

a rack fixed on the hypotenuse of the right triangle steel
frame for the gear to rotate regularly and the gear box
to move accordingly;

two guide rods fixed on the hypotenuse of the right
triangle steel frame to guide the gear box to move on
the rack stably; and

a bearing arm;

wherein the metal wire loop that rests and moves

smoothly on the four pulleys of the right angle steel

frame, and ties the gear box in series above and parallel

to the rack, that pulls the gear box to rotate and move

on the rack along the direction of the two guide rods.

14. An apparatus as set forth in claim 13, wherein the

second rotation sensor connects the axis of a gear in the gear

box and communicates the rotation of the gear on the rack

to output the third electrical signal that is a function of the
position of the gear box on the rack.



