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ABSTRACT: Instruction As one of rapid load test methods,f8pHammer test (SH test) method has been devel@igatsumoto et al.,
2004) and used in practice. A simplified interptieta method of dynamic signals called Non-Lineamipéng interpretation (NLD) is
basically used for the SH rapid pile load test ¢oivie a static response of the tested pile. Inphiser, details of the Spring Hammer test
method including NLD interpretation method is mengd first. Second, validation of the SH test mdth® demonstrated through
comparisons of static and the SH rapid load testeltively short piles and on circular rigid @st Three case studies of the SH rapid load
tests are then presented. The SH tests were caublotperfect end-bearing piles (H-steel pile hgvéind plate) in cases 1. In this SH tests,
the NLD interpretation method did not work well ébtain the static behaviours of the piles due ® itifluence of wave propagation
phenomena even though the pile lengths were relgtshort compared to the loading durations. Heaceextended NLD interpretation
method is proposed for perfect end-bearing pilesage 1. In case 2, the SH test was carried owdstimating bearing characteristics of a
pile group supporting a small bridge in service chhivas planned to be renewed, in order to makec#sida whether existing pile
foundations also were to be re-constructed orinatase 3, the results of the SH plate load teste@mpared with the static plate load tests
on a saturated loam layer and on an improved Siiis paper discusses the applicability and lirotabf the SH rapid load test methods
through the case studies.
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1 INTRODUCTION In the second case study, a loading test on abradde pier in

It is widely believed that static load test (SL¥)the most reliable
method to obtain load-settlement behaviour of a. glowever, the
effect of interaction between the test pile ancttiea piles should
be considered to estimate a true load-settlemene cwithout the
influence of the reaction system (Kitiyodom et a004). In
addition, static load test requires high cost aasting period.
Therefore, pile design has been mainly based onriealpequation
without SLT by adopting excessive design requirasieag. factor
of safety of 3 in Japan.

In order to overcome the above situation, rapid l@st methods
have been proposed. As one of rapid load test rdsfiibe Spring
Hammer test (SH test) was proposed (Matsumoto .et2804).
Loading mechanism of the SH test is basically simib Dynatest
(Gonin et al., 1984), Statnamic test (Berminghanalgt1989) and
Pseudo-static test (Schellingerhout et al.,, 1996)the SH test
method, the Non-Linear Damping (NLD) interpretatiomethod
(Matsumoto et al., 1994) is usually used to derstatic load-
settlement curve. Validity of the SH test, incluglinNLD
interpretation, has been confirmed through the aative static
and rapid load tests on piles and rigid plates $Mzdwa et al.,

20083.

Pile testing is a fundamental part of pile foundiatilesign. It is
one of the more effective means of dealing with vitable
uncertainties that arise during the design and toact®on of piles
(Poulos, 1998). Development and improvement of Emand
convenient testing is expected to contribute to tlesign and
construction control of foundations.

In this paper, first, typical SH test devices ardgraduced
together with the testing method and the interpi@tanethod. Then
validity of the SH test method to estimate theisthehaviour of a
pile is examined through comparison of the resutimm SLTs and
the SH tests. The application of the SH test toribiel plate load
testing is introduced as well.

In the latter part this paper, effective use of &t test method
are presented with three case histories. The dase is a topic on
pile construction control. A piling method accompiaig rapid load
testing is introduced here. An extended use of lgimyerpretation
enabled us to obtain static response of the pegfedtbearing pile.
The use of the SH test led to save of 60% of mlestruction cost.

service is presented. The SH test was used to erathé bearing
capacity of a pile group supporting the bridge. Bdeption of the
SH test brought a great reduction of constructiost of foundation
for the renewal works of the existing bridge.

In the third case study, the applicability of thel &st to the
plate loading test on a loam and an improved sofiresented and
discussed.

2. SPRING HAMMER TEST METHOD
21 SH Rapid Load Test System

Several SH test devices are available, althoughr tleading
mechanism and measuring system are the same imlaviees.
Figure 1 shows the loading system and the measutesygstem of
the SH test.
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Figure 1 Loading system and measurement system



Geotechnical Engineering Journal of the SEAGS & AGSSEA Vol 42 No.2 June 2011 ISSN 0046-5828

The loading system is composed of a leader, agpniit and a
falling hammer. Guide pipes mounted on the leadastnprevent
deviations of the central axis of pile, spring wnid falling hammer
mass, ensuring verticality of their axes. Maximwad capacity is
2500 kN when using a hammer mass of 3 ton andiagdleight of
3 m, which ensures confirmation of static pile catyaat least 2000
kN.

A load cell is placed on the pile top directly, which the spring
unit is placed. A hammer mass is dropped onto g unit to
provide impact loading on the pile top. The acalen at the pile
top is measured using two accelerometers.

The pile top displacement is measured by meandaxex or an
optical displacement transducer. The dynamic sigyas sampled at
a sampling frequency greater than 1 kHz. The outhutamic
signals are recorded through a computerised dgtasation system.
The recorded dynamic signals are promptly procedeederive
‘static’ response of the pile using the Non-LinBamping method.

2.2 SH Test Devices

Figures 2, 3 and 4 show three types of the SHd@&tes; machine
mounted, crawler carriage and portable tripod typée spring unit
for these devices consists of a number of conexsgisngs.

The total spring stiffness of the spring unit isigacontrolled
by changing arrangement of the coned disc sprifige. maximum
load and loading duration can be widely varied targing
combination of the spring stiffness, k, the hammass, m, and
the falling height of hammer, h. That is, basicallge loading
duration can be prolonged by decreasing (3 the maximum
load can be increased by increasing 4K/h° or H°. And, these
values are affected also by the pile head stiffeéshe tested pile.
The nominal specifications of the currently avdigaBH test devices
are shown in Table 1 for cases where pile heathes$ is large
enough. In principle, it is possible to manufaet@®H devices that
have much more larger loading capacities.

DSH-200

Leader

Spring Unit

Pile

- —r———

Figure 2 Machine-mounted SH test device
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Figure 3 Crawler carriage type
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Figure 4 Tripod type SH test device

Table1l The SH test devices available

DSH-200 | DSH-005C | DSH-005
: Machine Crawle .
Device type mounte( carriage Tripod
Harrmer mass (tol 3 0.2 0.2
Max. fall heightof
hammei(m) 3 1.4 0.7
Spring stiffness 3500( 125(C 125(C
(KN/m) (variable (variable (variable
Max. load (kN 250( 20C 100
Weight of spring
unit (kN) 25 0.5 0.5
Number (%f testspe | 5o7 810 10 810 10
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Mobility and quick testing procedure is a primagvantage of
the rapid load test. Photo 1 shows the SH tesiecaout in the yard
of a railway station to investigate the bearingazdty of the ground
for a new platform construction.

Due to the restriction of access of machineriesctien system
for SLT was not available. Furthermore, as showlmto 1, the
railway was in service and trains were passingheytést location in
intervals of 4 or 5 minutes. Vibrations due to tradfic of the trains
disturbed the long term measurement of SLT.
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Photo 1 SH testing in the railway station yard

The portable SH device was adopted to carry outitiie plate
load test in this location. The parts of the deviege transported by
man power, and the device was assembled at theloesstion.
The SH plate load tests were carried out betwessipg of trains.
The traffic did not disturb the measurement of 8¢ tests and the
SH test did not interfere the traffic of trains.

The SH test carried out beside a railway bridgesénvice is
shown in Photo 2 as well. In this site, H-steeépihaving a length
of 40 m were being constructed by a vibratory metivbile the SH
tests were carried out. The SH test did not intertthe adjacent
works in the construction site and could avoid det# pile
construction work.

Photo 2 SH test beside the railway bridge in servi

2.3 Non-Linear Damping Interpretation M ethod

One of advantages of the rapid load test is thatpl#ied
interpretation methods, in which the pile is tréates a rigid mass
neglecting wave propagation phenomena in the pdald be used
to derive a static load-displacement relation frtme measured
dynamic signals. In the SH test, Non-linear Damgimgrpretation
(Matsumoto et al., 1994) is usually used to desitatic response of
the pile.

Figure 5 shows the modelling of pile and soil dgriapid pile
load testing. The pile is assumed as a rigid masib mass of M
and the soil is modelled by a spring and a dashpparallel. This
modelling has been advocated by Middendorp et 189%) and
Kusakabe & Matsumoto (1995).

Frapid .
Pile or plate mass,

Mp, with additional
soil mass, Ms

spring, K

_| |dashpot, C
(Fw) |—

(F.)

Figure 5 Modelling of Rapid Load Test

The additional soil mass beneath the pile or platg,can be
estimated as follows following Randolph and Deel@9@):

3 0.1_ V4

(L-v)

wherev and ps are Poisson's ratio and density of the soil, anid D
the plate diameter.

Figures 6 and 7 show the notations used in the INio@ar
Damping method. The applied load,Js, is equal to the sum of the
soil resistance, &, and the inertias of the pile mass and the
additional soil mass:

M, =2D

Ps
1)

Fsoil (l): Frapid(i)_(Mp + MS)[H(I)
= Frapid(i)_ M |]ir(l) (2)

where M is the sum of the pile or plate mass ardatiiditional soil

mass, and!(i) is the measured pile acceleration at time step

The soil resistance,¢f, is the sum of the spring resistance (static

resistance), ; and the dashpot resistance (velocity dependent

resistance),

Foal)=F )+, 0)=F, () +cl)it) @

where C(i) is the damping factor and v(i) is theepiklocity at time
step i.

At the first step (i = 1), the initial stiffness(¥), is calculated as the
initial static load, (1), divided by the initial displacement, w(1).

K(l) = Fw (1)/ W(l) = Fstatil/ Wtatic (4)

At the next step (at step i+1), the soil springi+&k} is assumed to
be equal to K(i) as indicated by Eq. (5). Hence, static resistance,
F.(i+1), at step i+1 is calculated by Eq. (6). Théuesof C(i+1) can
be determined by means of Eq. (7).

K(i+1)=K(i)

®)
F(i+1)=F,0)+K{+1){w( +2)-w(i)} ©)
ci+1)={F., (i +1-F, [ +1}/v(i +2) @)
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Figure 6 Correction of inertia to obtain soil résige
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Figure 7 Non-linear damping interpretation

At the following step i+2, C(i+2) is assumed to hgua to
C(i+1) as indicated by Eq. (8). Therefore, the valaeF,(i+2) and
K(i+2) can be determined by means of Eqgs. (9) ai@),(
respectively.

c(i+2)=cf(i+1) ®)

F. (I + 2) =F (l + 2)_C(i + 2)[V(i + 2) ©)
o) Fuli*2)=F (i +1)
K+ 2)= 2wl +1) (10)

By repeating the procedure from Eq. (5) to Eq. (10& values
of K and C for following steps are alternately uisdh
consecutively. Finally, the whole static load-d&@ment relation,
Fw VS w, is constructed as shown in Fig. 7.

The authors are aware that various methods have reposed
for interpretation of rapid load test signals. Esamples, Mullins et
al. (2002) proposed the Segmental Unloading Poiathod for
interpreting the rapid load test signals of longdes, Lin et al.
(2004a) extended the structural damping concept €Lial., 2004b)
to accommodate longer piles, in which displacentetated soil
damping is used in the segmental method. Stokeal.ef2008)
discussed non-linear (non-constant) soil dampingb¢oused in
interpretation of rapid load test signals of pilegwever, in this
paper, rapid load test signals are basically im&teol using the
above-mentioned Non-Linear Damping (NLD) methodposed by
Matsumoto et al. (1994) to derive static resporfspiles or rigid
plates, because the NLD method utilises the medssignals
(applied force, acceleration, velocity and dispfaeat at the pile

head) alone. It is very easy to derive the stagponse of pile or
rigid plate promptly at test site using the NLD Hre.

3. VALIDATION OF SH TEST METHOD
3.1 Comparative Test on Steel H-Piles

In order to confirm the validity of the SH test imedl, both the static
and the SH rapid load tests were carried out oel dtepiles
(Matsuzawa et al, 2008a).

Figure 8 shows the profiles of soil layers and $¥RValues at
the site, together with installed seven H-shapedl giiles (300 mm
x 300 mm). These piles had an end plate at thetgéleso that large
end bearing capacity was expected. Each pile wswlied by
means of bored construction method using cementysiwound the
pile. The pile was finally driven after insertinget pile into the pre-
bored hole. Piles No. 1 and No. 3 were subjectetthaostatic load
test after a curing period of 7 days from the eridthe pile
installation. The SH tests were carried out immiedijaafter the
completion of the static load test of each pile.

Figure 9 shows examples of dynamic signals frondrbgad test
on pile No. 3 having a length of 3 m. The pile heatbcity was
obtained by integration of the measured acceleratioh respect to
time. The pile head displacement was measured wmingptical
displacement transducer. The loading duration w@8 ths that
corresponded to the relative loading duratign=T /(2L/c) = 85,
where t is the loading duration and c is wave propagasioeed in
the pile (c = 5100 m/s). In the Method for Rapid ddast of Single
Piles by Japanese Geotechnical Society (JGS, 2@G®),test with
T, greater than 5 is regarded as rapid loading, wheawe
propagation phenomena in the pile can be neglected.

Figure 10 shows the static load-displacement cufyeys w,
derived using the NLD interpretation method, togethith F,,iq vs
w and K vs w.

Figure 11 shows the changes in values of K andtf pife head
displacement. The value of K decreases rapidly witheasing the
pile head displacement and becomes almost zeroilathpad
displacement of 32 mm. The value of C also decreagsdly until
the pile head displacement attains about 10 mmJeweds off after
that. It is thought that the decrease in C valuectf decrease in the
radiation damping due to the progressive slip failat the pile shaft.
It is also thought that the residual value of C a0 kNs/m
reflects the viscous damping.
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Figure 8 Profiles of soil layer and SPT N-values
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Non-Linear Damping interpretation
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Figure 12 Static Load-Displacement Relations of Rite3 after the
Unloading Point (ULP) method
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Figure 12 shows the static response derived ubiaginloading 3.2 Comparison of Rapid and Static Plate L oading Tests
point method (ULP) proposed by Kusakabe & Matsun{@895) on
the same hammer blow as Fig. 10. In the ULP methiaghpot
coefficient, C, is treated as constant through the loading. @n t
other hand, both of soil spring, andC are treated as non-linear in
the Non-Linear Damping interpretation.

Figure 13 shows the comparison of static load-dsganent
relations of pile No. 3 obtained from the statiadatest and the SH
rapid load test with the NLD interpretation. Thetigal axis of the
figure denotes the accumulated pile head displasentecan be
seen from the figure that the envelope of the cufuem the static
load test and the rapid load tests is consistegardless of drop
heights of the hammer used in the SH tests. Thelepe was
drawn manually. It is clearly seen that the statiove derived using
the ULP method (Fig. 12) is not comparative to$hd result.

Similar comparison was made also for pile No. litgva length
of 4 m, as shown in Fig. 14. The envelope of thevesi from both

In order to investigate the applicability of the $&pid load test to
igid plate load testing, a series of comparatiatic and rapid load
ests on rigid plates were carried out.

The test site was located at the east coast ofd’bky. The tests
were carried out at 6 locations on the site, asvehia Fig. 15. The
surface fill layer consisted of fine sand contajfist-sized gravels.
The soil consists of 4.3% of gravel, 52.1% of s&8®/19% of silt and
10.7% of clay. To avoid probable obstacles, theigdosurface was
excavated to a depth of 0.5 m to create a test pit.

A rigid plate with a diameter of 0.3 m was usedtighout in
the tests. For plate No. 1, the rapid load testgu#ie SH device was
conducted first, followed by the static plate Idest. In contrast, in
plate No. 2, the static load test was performest, fiollowed by the
rapid load tests. A truck containing steel pla&%kN in total, was
used for the reaction weight in the static loadsteas shown in

test methods is consistent again. Photo 3.
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Figure 13 Load-displacement relations from statid consecutive Figure 15 Locations of test plates and test ififes
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Figure 14 Comparison of load- displacement relatiipom static Photo 3 Static plate load test on Plate No.1

and consecutive rapid load tests on pile No. 1
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Figure 16 Examples of measured signals from rpfzite load
test, (a) Force applied onto the plate, (b) Acadien, (c) Velocity,
(d) Displacement

Examples of test signals obtained from a rapidepliaad test are
shown in Fig. 16. The velocity and displacementhef plate were
obtained from single and double integrations of theasured
acceleration with respect to time, respectively.

Loading duration was about 25 ms which was shadenpared
to that in the rapid pile load test, and the maximacceleration
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Figure 18 Results of rapid plate load tests and &b plate
No.1 (initial settlement zeroed)

Similar comparative tests were carried out forelsb. 2. Fig.

exceeded 300 nf/svhich was greater than that in the rapid pile load9 shows the comparison of the test results. Skagid tests were

test (see Fig. 9).

Figure 17 shows the load-displacement behavioylaié No. 1
obtained from the SH tests. All the curves aredfia¢ic behaviours
derived using the non-linear damping interpretatibime static load
tests were carried out between the 2nd and 3rd taad tests.

Figure 18 compares all the load-displacement meiatobtained
from the static test and the rapid tests. Theesattht in each test is
zeroed for comparison. It can be seen from thedighiat the initial
stiffness from the static test and the rapid tastsalmost equal.

performed twice before the consecutive SH rapitstddaintained
loading (30 min loading duration in each load stepy adopted in
the first static load test, while continuous loapimas adopted in the
second static test where the pressprevas increased to 900 kPa in
20 min without holding the load. Further loadingswaot possible
because of the limit of the reaction weight.

The initial stiffness in the second static test whBost equal to
that of the unloading curve in the first statictteEhe curves
obtained from the SH rapid tests show good agretsmsith the
previous static test results. The envelope of ththa curves from
the static and rapid tests is indicated by the éae in the figure.
It is seen that the envelope of the curves fronh lbest methods is
consistent.
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Figure 17 Results of rapid plate load tests onePNlt. 1
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4, CASE 1: CONSTRUCTION CONTROL OF BEARING
PILES
4.1 PilesConstruction

A temporary platform structure was planned in Saéta Japan
(Matsuzawa et al., 2008b). Fig. 20 shows the mefif soil layers
and SPTN-values in the building construction site. The pileere
H-steel piles (350 x 350 mm) with a circular endtelofD= 0.54
m.
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Figure 20 Profiles of soil layer and SPT N-valirebuilding
construction site in Saitama

The design load on the piles was 783 kN. A facfosalety of
1.5 was adopted. Hence the required ultimate pipacity was 1175
kN. It is common practice in Japan that the pikeitopenetrated in a
soil layer having N-value greater than 50 in cagEtemporary
piles. In this preliminary design, the pile lengths 39 m so that the
pile toe reached the hard gravel layer.

If an empirical pile design equation (11) specifiadStructural
Design and Construction Manual for Temporary Buildingnd
Structures (AlJ, 1994) is adopted, the end beatapgcity of the
pile having L = 39 m is 2121 kN and the shaft cétyds 6522 kN
giving the total capacity of 8643 kN in this site.

Q=Q, +Q,=150NA +UY aN, (kN) an

where Q = the end capacity, & the shaft capacity, N SPT N-
value in soil layer i, A= cross-sectional area of the end platd (m
I; = length of soil layer i (m), U = circumferenti@ngth of the pile
(m), 00 = 2 for sand and 20 for clay.

The bearing capacity of the pile with L = 39 m sednto be
excessively overdesign. Hence the pile length wdsiced to 17 m
from 39 m in the second design stage. The end itgpand the
shaft capacity of the pile with L = 17 m were estied to be 653 kN
and 958 kN respectively, resulting in the totalaty of 1611 kN.

The piles were constructed by means of bored arerdr
method. The piling procedure is as shown in Fig.@dment slurry
was poured into the borehole to gain the shafstasce. The SH
rapid load test is carried out just after the pilgtallation before the

cement slurry hardens to measure the end resistdimig piling
method is called MSSP.

Prior to the final decision of the pile length, t8él rapid load
tests were conducted on 5 test piles having L m1té confirm the

validity of the second design.
Hammer Im
5 Spring unit
| H-shaped pile %

i
Pile Hammer blow
g installation (SHRLT)

Figure 21 Pile construction procedure of MSSP oth
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4.2 Dynamic Signals of Perfect End-Bearing Pile

Figure 22 shows examples of dynamic signals froenSH rapid
load test on pile No. 10 at the time of pile inisiidn: (a) pile head
force, (b) acceleration, (c) velocity and (d) d&m@ment. The pile
head velocity was obtained by integration of the asueed
acceleration with respect to time. The pile heagpldcement was
obtained by double time integration of the measa@mkleration.
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Figure 22 Examples of measured dynamic signals

The loading duration, f was 50 ms that corresponded to the
relative loading duration ,T= t/(2L/c) = 7.5. It is seen from Fig.
22(a), however, that the pile head force and acatibe fluctuate
with an interval of 6.7 ms that corresponds to riteirn travelling
time of a wave in the pile (2L/c, c = 5100 m/s).

As mentioned earlier, the MSS pile is H-shapectlsfile
having a uniform cross-section with a circular glat the lower end
of the H-steel, and the shaft resistance is ndgégat the time of
installation. Hence, the influence of wave propagain the pile
cannot be neglected, even fi§ greater than 5.
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4.3 Extended Non-Linear Dampoing I nter pretation M ethod

In order to cope with the above-mentioned situattbe Non-linear
Damping interpretation is used along with the omsemhsional

wave propagation theory. In this interpretation hoet, wave

propagation in the H-steel pile is taken into actpwhile the end
plate and the additional soil beneath the platestiiereated as one
massM.

The idea is that force on the end plate is obtaingidg Eqs.
(12), (13) and (14), on the basis of the charastiesi solutions of
the wave equation (see Fig. 23). This idea is #imesas that used in
CASE method proposed by Raushe et al (1985).

F(o.0] (m_f

3

C

ot+l] o
(0,t) c) Time t
>

A

Fq

4

N

—F(

—F (L0

1 Time, t

y
End plate

(L.t)
Figure 23 Wave propagation in a perfect end-bgayite
F,(0t)={F(0,t)+z1v(0t}/2 (12)

F,(0t)={F(0t)-zv(0 t)}/2 (13)

whereF4and F, are downward and upward travelling forces at the

pile head respectivelfs andv are force and velocity measured at
the pile headandZ is mechanical impedance of the pile.

L
F(Lt)= Fd(O,t-Cj+Fu(o, t+c) (14)
-1 L L 15
O G R LR .
O’(L, t) aV(L, t) (16)
ot
w(L, t)= JV(L,t)dt (17)

The velocity, v, acceleration), and displacement, w, at the lower
end of H-steel are estimated by means of Egs. (1B), and (17),
respectively.
The Non-linear Damping interpretation analysisasried out using
thus obtained dynamic signals on the end plates Trierpretation
procedure is called the ‘Extended Non-linear Damgpirethod’.
Figure 24 shows the estimated force, acceleratielocity and
displacement on the end plate, compared with thosssured at the
pile head. It can be seen from Fig. 24(a) thatftimee on the end
plate (= force at the pile tip) no longer fluctuate

S & AGSSEA Vol 42 No.2 June 2011 ISSN 0046-5828
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Figure 24 Dynamic signals on the end plate coedefiiom the
signals at the pile head

Figure 25 shows the force on the end plate vs plg@acement
and the pile head force vs pile head displacemEmé. non-liner
damping analysis was conducted using the forcéherend plate as
Frapie The results of the Non-Linear Damping analyses strown in
Fig. 26.
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Figure 26 Example of results of extended NLD
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44  SH Test Result

Figure 27 shows the results of the SH tests orhallpiles. The
static load-displacement curves of the 5 test giles the SH tests
are shown by the red dashed lines in Fig. 27. Sine&H tests were
carried out 1 day curing period after the pileafistion process, the
test piles had the shaft resistance as well atotheesistance. In the
SH tests on these piles, they had no permanerndedssettlements.
The confirmed pile resistance was larger than éuggired value of
1175 kN with a very small pile head displacemeess Ithan 2 mm.
Based on these test results, the pile length wasrdieted as 17 m.

A total of 27 piles were constructed in this sker the purpose
of construction control, the SH tests were carreed on all the
constructed piles at the end of pile installationcess when the
shaft resistance could not be expected. In thesstution control
tests, the shaft resistance was estimated fron{1g, reducing the
calculated value by a factor of 0.8 for a safe sd@émation. Thus
estimated shaft resistance was 766 kN. Hence, rogatiion of the
toe resistance exceeding 409 kN was the construationtrol
criteria.

It can be seen from the figure that all the pilesl hhe toe
resistance greater than 409 kN. Note here thaiHtogvable pile
head displacement was 30 mm.

As a consequence of adopting construction consimiguthe SH
test, pile construction cost was reduced to 60%thatt in the
conventional design.

Pile resistance, R (kN)
0 200 400 600 800 1000 1200 1400

0 assama --u-u:==l!:::::::::'!:::?2?‘-7-5-|EH._.
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Figure 27 Load-displacement relations of all piles

5. CASE 2: SH TEST ON PILE GROUP FOUNDATION
FOR A BRIDGE IN SERVICE

5.1 Test Description

A renewal project of an old bridge was planned. Bhdge is used
for pedestrians and light-weight vehicles. It hagidth of 2.4 m and
a total span length of 80 m, with 2 abutments apiers. Each pier
consists of 3 RC piles having a diameter of 0.4 rangth of 12.2 m
(1.8 m above bundle, bundle of 0.4 m, 10 m belowdbe) and a
centre-to-centre pile spacing of 1.0 m. The obyjectf the SH test
was to confirm that the pile foundations have teguired bearing
capacity of 300 kN in order to make a judgement tiviie the
foundation should be reconstructed or not for theewal of the
bridge.

The SH load tests were carried out on the flookdest above
one of the piers. Photo 4 shows the SH test dewsmal. It was
placed on the floor deck just above the centreheftest pier. In
order to load equally on 3 piles, a load equalizimepm was
prepared as shown in Photo 5.

Hammer mass:

Spring unit

Data
Acquisition
system

Load
equalizing ™
beam

Photo 5 SH devices set in the framework structure

Figure 28 shows the alignment of measuring instnimased in
this test. Applied rapid load was measured by d loell placed on
the load equalizing beam. Two strain gauges wenenteol on each
pile to measure the axial force of each pile. Qispment of the pile
group was calculated by double integration of aregions
measured by four accelerometers (A) attached orbuinele of the
piles. Accelerometers (B) were attached on pile 2oMtain the
longitudinal wave propagation velocity of the pitaterial.

The SH tests were carried out with four steps afling, with
increasing of falling height of the hammer, h =5).0.15, 0.30 and
0.50 m, with checking out the bridge condition aéiach blow.

:

Load
equalizing

0am[_T] i IL
Strain gauge
I -
T—

E 1.5m Accelerometer (B)
o P1 P2 P3
; | e Accelerometer (A)
L 5 i
£(04m m bundle m
TN
E . . . RC pile
T 100m ‘ D=04m,L=122m

Figure 28 Alignment of measuring instruments
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5.2 SH Test Results

Figure 29 shows the dynamic signals of the apptiad on the floor
deck measured by the load cell (LC) and the axiakf® of each pile
calculated from measured strain of the piles wétpect to the time

in the SH test witth = 0.5 m. The longitudinal wave propagation
speed,c, of the pile was estimated to be 3000 m/s from the
measurements of the accelerations at A and B. YsungdulusE,

of the pile material was estimated as 2<60° kPa using the
relation ofE = -c® where - is the density of the pile of 2.4 tfm
Axial force, F, of each pile was calculated using thus estimated
Young's modulusk;, the measured strain,, and the cross-sectional
area of the pileA, i.e.F = E -A. Peak values of the applied load on

the floor deck and sum of axial forces of the pilegse 319 kN and
280 kN, respectively. The total axial force of fhiees was reduced
to only 88% of the applied load. This was duehat tthe bridge
girders were simple beams. The NLD interpretatiogthod was
adopted using the total pile force as input rapicté to derive the
static response of the pile group. In this casedhding duratiort, ,

was 45 ms and the relative loading duration of th& wasT, =

t/(2L/c) = 7.6, whereL = 11.9 m (pie length below the strain

measurement) arc= 3000 m/s.

Figure 30 shows the measured rapid load vs diepiant
curves from the SH tests. Note that no residualesetnt was
observed in the SH tests.

Figure 31 shows the derived static response ofptleegroup.
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Figure 31 Derived static response of the bridge pi

While a little fluctuations are seen in the curvibs, response of the It was judged from the SH test results that thet@g piers have the

pier is linear behaviour during a series of the ®kts. The test

required bearing capacity resulting in minor repeirk of the deck

results show that the settlement of the pier is than 1 mm when a plates. That is, the SH tests on the old bridgeudib a large

load of 430 kN is applied.
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Figure 30 Load (rapid) - displacement curves

reduction of cost for reconstruction of the bridgendation.
The closure of the traffic on this bridge for thel &sts was only
one working day.

6. CASE 3: APPLICABILITY OF SH PLATE LOAD
TEST

Plate loading test has been widely used in Japamuestigate
bearing capacity of the ground including improveailss road
embankments and slope embankments. The staticlpéatdests are
also used for design of raft foundations for bunitgti.

Although the static test is the most reliable mdthib has been
often avoided because of its inconvenience duen¢oldng term
measurement which interferes the other works irsitee Or even in
case that the SLT is adopted, it is carried oubmoa or two locations
usually at most in a wide construction area. ltimgortant to
investigate bearing characteristics densely inrssttaction area to
decrease uncertainties or risks due to variatioes the site.

As mentioned previously (see Comparison of Rapid &tadic
Plate Loading Tests), the SH plate loading tesipiglicable to the
rigid plate load test on sandy ground. However, ti&t is not
always simply applicable to any type of soil. Instithapter, the
applicability of SH plate load tests to other tymdssoil, i.e. loam
ground and improved soil, is presented and disdusse

6.1 PlateLoad Test on Loam Ground

Heavy construction machines, pile driver, crane asd., are
necessary for construction woks. It is a primargpest to keep
safety works of these machines without any accident

A working area for a pile driver was levelly crehtdy
excavation in the construction site for Tokyo Gaikdighway. A
surface soil was a loam layer, and the decreaseafing capacity
due to the earth work for preparation of the wogkiarea was
apprehended. Hence, the SH test was adopted torndh bearing
capacity of the ground for installation of the piléving machine.

The maximum contact pressure of the machine waskP@0 It
was required to confirm the bearing capacity gretitan 200 kPa,
twice of design load for short term capacity witfaetor of safety of
2. The SH tests were performed at three locatiorthis site. The
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static plate load test also was carried out atafrtbe SH plate load
test locations.

The SLT was carried out with a maximum load of KE&, 2
steps of loading, prior to the SH test on plateIN@he loading and
unloading rate was 2 kPa per second and the loadheta for 30
min for virgin loading steps and 5 min for re-loagliand unloading
steps, following the Standards of Rigid Plate Té&S, 2003).

On the same plate, the SH test was carried out diatedy after
the SLT. In the SH test, three blows of the hamwere performed
with falling heights of 0.1, 0.2 and 0.4 m.

Figure 32 shows the pressure (load divided by esestional
area of the plate) - displacement curves obtainea the SLT and
the first blow of the SH test with the NLD intergagon. The
residual settlement of the plate at the end of3h& was 0.36 mm.
In the SLT, displacement increased while the load Wweld for 30
min in each loading step due to consolidation anciieep. It is seen
from the figure that the increments of displacemianthe SH test
are smaller than those at the end of load holdirepch loading step
in the SLT. As we all know, it is difficult to obtathe static load-
displacement relation of the rigid plate which @ns$ displacement
due to consolidation and/or creep. However, if wieregjard
increments of displacement due to consolidatiorianteep during
load holding durations in the SLT, thus constructkzhd-
displacement curve is almost the same as thatetefrom the SH
test.
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50 100 150 200 250 300

0

0.0

0.5

1.0
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15 SH test
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2.5

30ENo L DFO3D.

Figure 32 Load-displacement curves from SLT and&it

In order to avoid underestimation of displacemeigtsved from
the SH tests, it was decided to use an empiricefofafor the
displacements in the SH tests from the comparigaheostatic test
results and the curve derived from the first SH. tékhe pressure -
displacement curve derived from the SH in which displacement
was multiplied by a factor of 1.4 is shown in F&R, together with
the static test results measured at the end of leachholding. The
factored curve is comparable with the static tesuits. Hence, it
was decided to use the factor of 1.4 for the dispigents measured
in the SH tests in this particular site. As thisgadure was only a
practical countermeasure, it was also decided pdyahe pressure
to the rigid plate up to greater than 400 kPa tiag twice of the
required value of 200 kPa, to be on the safe side.

Figures 34, 35 and 36 show the results of the Sk teith the
NLD interpretation carried out on plates No. 1, Roand No. 3,
respectively. Displacements were factored by 1.4mesmtioned
previously. It is seen from these figures that kdispment on plate
No. 2 begins to increase at a loading pressur@@k®a while plate
No. 1 and No. 3 show linear behaviours up to agunesof 400 kPa.
It is also seen that the stiffness (pressure/digphe@nt) of plate No.
1 is about twice as much as that of plate No. 3.

On the basis of these SH test results, it was tabé®nfirm that
all the plates including plate No. 2 have enougbacdy larger than
the requirement of bearing capacity of 200 kPa.
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Figure 33 Load-settlement curves of SH test medifi
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Figure 34 Results of SH tests on plate No. 1



Geotechnical Engineering Journal of the SEAGS & AGSSEA Vol 42 No.2 June 2011 ISSN 0046-5828

pstatic (kPa)
0O 100 200 300 400 500
I T I T I T I T

— O_

% op h=0.1m i

e I 7

s o |

8 gL h=0.2m

o I =——h=0.1m |

& 10 ——h=02m 1

512'_ h=0.4m ]
14| i
16_ N.O 2 D. = |03m 1 N 1

Figure 35 Results of SH tests on plate No. 2
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Figure 36 Results of SH tests on plate No. 3

This case study suggests that the static plate fesidshould be
carried out in addition to the SH plate load tést®am or clay soils
where displacements due to consolidation and/apcreay occur,
in order to calibrate the SH test results.

Although plate load tests were carried out at ehige locations
in the site, the test results clearly showed viamatof bearing
characteristics of the ground. Increase in the rarmbtests in a site
may give us more detail information on the varigpibf the ground
properties. In this aspect, use of the SH test otkik promising
because of its high mobility. The SH tests and 8iel were
completed in a few hours in this site.

6.2 PlateLoad Test on Improved Soail

Shallow soil improvements are often used for thenftation ground
of buildings. It is important to confirm the beaginharacteristics of
improved soil over the construction area. If thgideplate load test
can be applicable to improved soils, it is one fidative use of the
SH test.

A public building of working support facility for dndicapped
persons was planned to be constructed at the deasiTokyo Bay.
The foundations of this building consist of PHC pind partly raft
foundation. The top layer is fine sand to a degthG®@m, underlain

by sandy clay to a depth of 30 m. For the raft fitation, cement-
mixing soil improvement was used for the top layerer the
construction area. In order to confirm the bearbagacity of the
improved ground at the location the raft foundatianstatic plate
load test was carried out. As the design contaesqure of the raft
foundation was 50 kPa, the maximum pressure of KB8 was
applied in this test. In order to investigate aggility of the SH
test on the improved soil, the SH tests were amftfilly carried out
on the same plate one day after the SLT.

Figure 37 shows load-displacement curves from Ilo¢hSLT
and the SH tests. In the SLT, multiple maintainedding was
adopted with a load holding time of 30 min for eémdding step. As
shown in the figure, displacement was generallyy v@mnall and
increase in displacement during load holding wagligiele. In the
earlier part until an applied pressure of 90 kRa,imclination of the
curve is greater than that in the latter part afling. This might be
attributed to imbibition near the ground surface.

In this site, the results from both SLT and the &kts show
very good agreement because displacement of theueg ground
occurs promptly without consolidation and/or credgor the
confirmation of the performance of the improvedl,sthie SH test
can be used as a useful alternative to the stasic Again, it is
notable that the SH testing finished in an hourlevithe SLT
required one working day.
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Figure 37 Load-displacement curves obtained frauwhi &d the SH
test on an improved soil

7. CONCLUDING REMARKS

As one of rapid load test methods, the Spring Hanmaeid load
test method was introduced in this paper.

The validity of the SH test was examined througmpgarisons of
static and rapid load tests. It was shown fromdbmparative tests
that the SH rapid load test with the Non-Linear [pParg
interpretation method is a good alternatives to tbaventional
static load test method.

The SH test can be applicable for the rigid platding test.
However, for the test on the ground where displasgndue to the
consolidation or creep may occur, calibration usihg result of
SLT is recommended. On the other hand, the SHstesivs good
agreement with the result of SLT on a cement-miximgroved
ground.

The advantages of the SH tests, such as mobiliigk¢esting
and simple and easy interpretation, enable multgdéing in a site
for the estimation of the bearing characteristiesrdghe construction
site.
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