Development of A New Geomaterial Damping Block with
Suitable Characteristicsfor Usein Planting Basemats

Y. lkeda
Taisel Corporation, Tokyo, Japan

Y. Shimomura & N. Sako 15 WCEE

Nihon University Junior College, Chiba, Japan LISBOA 2012

T. Fujikawa
Graduate Student, College of Science & Technology, Nihon University, Chiba, Japan

M. Kawamura
College of Industrial Technology, Nihon University, Chiba, Japan

SUMMARY

A new soil material that is made of industrial vesstand construction by-products has been develbged
authors. In this paper, the dynamic characterisifcthe new geomaterial damping block for plant{@&PBP)
that is composed of the above soil material thataias wood chips for water retention and has hitiénuation
performance have been investigated. Preliminaigngeicalculations of a building assumed to be constd at
weak and soft soil condition sites have been atsded out taking into account GDBP as seismicaisoh and
plant cultivation materials.
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1. INTRODUCTION

Many of mid-rise or high-rise buildings have redgfteen constructed on weak soil sites where are
coast zones or landfills of large urban areas witheffective measures against large earthquakes.
Although buildings equipped with isolation devica® one of the seismic countermeasures, a large
cost burden has been imposed to the owners andakigprevented wide spread of these building

constructions.

In this paper, a new soil material using industvialstes and by-products of constructions has been
proposed (Fujikaweet al., 2011). This new soil material has high attenumaferformance and
planting capability. The dynamic characteristics tbis geomaterial damping block for planting
(GDBP) that contains wood chips for water retentltas been investigated by dynamic triaxial
compression tests in the laboratory. In order &sgrand validate the dynamic behaviour of GDBP for
seismic response of a structure, preliminary seistalculations have been conducted. It is assumed
that GDBP is backfilled in circumference of the drast in order to utilize as plant cultivation areas
and parking lots. In some calculations, high rigidiamping material (HRDM) that has already been
reported (Hiroteet al., 1993, Saket al., 2010) is used as a supporting material for GDHRDM is a
composite of crushed stones, waste tire chips gplladt. In these analyses, modelling of basemat, so
GDBP and HRDM is performed using the 3D axial synmnEE models.

Currently, after one year from the 2011 off the iftacoast of Tohoku Earthquake, rubble of the
earthquake has not been segregated and has noalseeaccumulated on temporary storage areas. It
is believed that dealing effectively and rapidiytiwihe huge rubble with reduction of the effects on
the environment is the most priority role for emeargy restoration of the earthquake. Concrete rubble
that is not needed radiation decontamination véllused as the recycled fine powder of GDBP. In
addition, the asphalt roadbed rubble and waste wdthde utilized for recycled asphalt and wood
chips of GDBP, respectively. We clarify that GDB&hde used as the material that increases the soll



height of disaster areas that were sunken or flwdae tsunamis and earthquak&ased on the
one-dimensional wave propagation analysis, thesaseieffectiveness of GDBP that is adopted as the
height increasing material for the damaged sodhsud the afflicted district is investigated.

2. OUTLINE OF DYNAMIC TRIAXIAL COMPRESSION TESTS
2.1 Used materialsfor tests

Specimens of GDBP that were adopted for the teste weveloped using materials shown in Table
2.1. In order to possess the planting capabilitgs®BP, wood-chips shall be used as an admixture
surely. In this paper, wood-chips, recycled finewger, granulated blast furnace slag, asphalt
emulsion and water are abbreviated respectivelW@sRF, BS, EA and WT. Photos of each material
are illustrated in Figure 2.1.

2.2 Development procedur e of specimens

Quantity of each admixture designated in Tablena mixed in a container and stirred in one minute.
Qualities of EA and WT designated in Table 2.2 wibien mixed in another container and stirred in

one minute. Two mixtures were combined and stiiredhree minutes, and then a pasty blended
material was generated. The pasty blended mateaslpoured in the steel mold (diameter = 50mm
and height = 100mm) in which the remover was sptayside, and then GDBP was generated.

Productions of all specimens were performed pearethayers and compaction of ten times per each
layer was carried out. Curing of the specimens deae in air, and the material age for all specimens
was assumed to be 28 days.

Table 2.1. Materials used

Material Description Role

Wood-chip wcC Crushed timber with an aspect ratid o6 25 and max} Main admixture
length of 40mm

Recycled fine powder RF Crushed concrete with endter less than 5mm Admixture

Blast furnace slag BS Glassy slag made as a bysptather than iron in the Admixture
process of purifying the iron in the blast furnace

Asphalt emulsion EA A nonionic emulsion solidifiasnormal temperatures Binder

Water WT Tap water Binder

Table 2.2. Admixture for each specimen

Specimen Admixture (WC/RF/BS) Binder (EA/WT) Curipgriod Layer compaction

A 0.67/0.33/0 0.85/0.15 28days 3 layers (10 time

B 0.33/0.67/0 compactions for

C 0.67/0.17/0.17 each layer)

D 0.33/0.33/0.33

|,

(@) Wood-chp (b) Recycled fine powder(c) Asphalt emulsion - L(d) Specimen example

Figure 2.1. Main materials and specimen example



2.3 Test methods

Cyclic triaxial tests were conducted in accordanith the reference book (the Japanese Geotechnical
Society, 2009). Tests were carried out with testimarhines of the cyclic triaxial test. Displacement
gauges for large displacement (range of measurehd@®0 — 200mm) and microdisplacement (range
of measurement: 1/1000 - 1mm) were used and lokhdvbese capacity is 2kN was used for load
measurements. The maximum depth for bottom sudbG&DBP and confined pressure were assumed
to be approximately 5m and 50kPa, respectively GEBP is assumed not to be used deeper than
ground water level, the specimens were tested nditton of undersaturation. The confined pressures
used in the triaxial compression tests were theesasnthese in the cyclic triaxial tests. Basedhen t
above reference book, the experiments whose thrgeing velocity and target maximum axial strain
of the tests were respectively 0.1mm per minuteldngercents were carried out.

3. TEST RESULT AND CONSIDERATIONS OF GDBP
3.1 Cyclictriaxial tests

Relations between axial strain and equivalent Y&ungpdulus and hysteretic damping ratios of test
pieces of (A) and (C) are shown in Figure 3.1(d)ede of test pieces of (B) and (D) are shown in
Figure 3.1(b). In both figures, strain dependenéyequivalent Young’'s modulus or hysteretic
damping ratios of Toyoura sand also displayed. Qisly, large values of the hysteretic damping
ratios, approximately 15 percents to 22 percentseaxh test piece can be seen without strain
dependency. In case of Toyoura sand, these valuite diysteretic damping ratios can be obtained
when the strain level becomes 0.001 or more thihieidarge strain level. This tendency has beem als
observed in the previous papers (Fujikesval., 2011). The large values of the hysteretic damping
ratios can be relatively obtained in case that asgmulsion (EA) is used as a binder and recycled
fine powder (RF) is used as an admixture. Strapeddency of equivalent Young’'s modulus of the
test pieces that used asphalt emulsion is lessttiuse of Toyoura sand. In comparison with ratio of
equivalent Young's modulus (decreasing rate ofdifg) at strain levels of 0.0001 and 0.001, the
decreasing rates of rigidity for test pieces of {8)(D) are approximately 9 to 20 percents, and the
decreasing rate of rigidity for Toyoura sand isragpnately 42 percents. Therefore, it is found that
difference in both is quite large.

Focusing on the equivalent Young’'s modulus of pgstes of (B) and (D), these values are larger than
that of Toyoura sand. Compounding ratios of WCest pieces of (B) and (D) are smaller than those
of (A) and (C), and test pieces of (B) and (D) it RF or BS more than these of (A) and (C). Hence,
it is judged that RF or BS is the admixture that oltain high equivalent Young’'s modulus.

3.2 Triaxial compression tests

The relation between differential stress and asti@in of each test piece is displayed in Figuge Bs

a comparison, the relation of Fujinomori clay iscakhown. As this result is obtained from a hollow
cylindrical torsional shear test, the relationloé tlay is calculated in case of Poisson’s ratib5= At

a certain strain, the differential stress curveahaf clay shows the obvious peak value that is & th
failure condition. On the other hand, the diffef@instress curve of each test piece does not Have t
specific peak value despite exceedance of 15 pisresdal strain. It is observed that behaviorshef t
relations between differential stress and axialistof test pieces of (A) and (C) versus (B) any 4@
different. This difference seems to be caused facebf contained WC. When test pieces of (A) and
(C) that contain a high proportion of WC are sutgdcto large axial deformations, they show an
elastic behavior due to the close contact of eahthét has the compressive performance. In order to
confirm further characteristics of each test pi#tat did not demonstrate any clear damage after
triaxial compression tests, degrees of recoveryesf pieces during one week were investigated.
During the triaxial compression tests, test pieges: shrank up to 85 percents of the initial lergjth
test pieces, but test pieces of (A) to (D) wereoveced up to 93.4%, 89.3%, 91.6% and 89.5%,



respectively. Therefore, it is found that test pethat contain high compounding ratio of WC can be
recovered drastically.

Comparison of results between triaxial compresgshand uniaxial compression test for specimen of
(A) is illustrated in Figure 3.3. This comparisaasipresented the difference that GDBP is instalted
the ground level or GDBP is embedded in soil atdepth. When axial strain is 15 percents, the
differential stress of triaxial compression testhisee times larger than that of uniaxial comp@ssi
test. It is confirmed that the more GDBP is sulgddio the confined pressure, the more rigidity of
GDBP is increased.

E, h E s
q
(A) o u (B) o m
250 (©) . ™ 35 250 (D) o . 35
Toyourasan e [ | °
200 , 28 200 * . Toyourasande  m 28
€ ' o € 1 A
= = [ |
§150 N i . 21§ §150 ' .. =—.i. » 21;\3
< -~ = ] ~
glOO 14= 5100 m [ l4c
Ll P ° [ Sj L
50 . 7 50 - 7
u
om N 0 om N u 0
0.00001 - 0.0001 0.001 0.00001 - 0.0001 0.001
Axial starin (a) Axial starin (a)

(a) Specimens of (A) and (C)

b) $pecimens of (B) and (D)

Figure 3.1. Strain dependency of equivalent Young’s modulysad hysteretic damping ratios h

_—A

500 R — 500 —— Triaxial compressiol
< —¢C € o .
g 400 L —— Fujinomori clay > 400 Uniaxial compressio
~ ‘ x
u [%)]
g 300 2 300
® = /
.f_g 200 oo o o4 o o @ 200
: g -
S ‘_'_,_.—-—'_.'_-_
8 100 | 12 5 100 o B
o a

0 d 0
0 0.05 0.1 0.1t 0 0.05 0.15

0.1
Axial strain €,) Axial strain €,)

Figure 3.2. Relation between differential stress Figure 3.3. Comparison of results between triaxial and
and axial strain uniaxial compression tests for test piece of (A)

4. PRELIMINARY SEISMIC CALCUALTIONS OF BUILDING TAKING GDBP INTO
ACCOUNT

4.1 Building and soil models

A mid-rise building is adopted for a model in thelpninary seismic analyses. Number of floors s si
including roof floor and the basemat is embeddesbih Dimension of the plan view of the building
is square (25m x 25m) and each floor height is 3Amembedded depth of the basemat is D = 5m. In
these analyses, the basemat is assumed to bgithbaty. Superstructure of the building is modlle
with concentrated masses and beam elements thatakee into bending and shear deformations
account. The basemat, soil, GDBP and the high itjgidamping material (HRDM) are modelled
using the 3-dimensional axial symmetry FE modelsene HRDM is a composite of crushed stones,



waste tire chips and asphay installing HRDM adjacently or underneath embetiftmindations, it
has been confirmed that HRDM make an important ofleontribution for increase of static sall
stiffnesses and damping coefficient of rocking dw Ifrequency range. Analysis model is shown in
Figure 4.1 and properties of the superstructureleseribed in Table 4.1 (Shimomuataal., 2005).

Surface layer soil where the basemat is embeddadiuisform soil and its shear velocity and height
are 100m/s and 10m, respectively. The surface lsgieis sustained by the supporting layer soit tha
is a half-space layer. Its shear velocity is 200ifs equivalent radius of the basemat is R=14.015m
and axial symmetry FE model of the basemat is divily two elements vertically. Heights of the
upper portion and the lower portion are respedti&f3)*D and (2/3)*D, as shown in Figure 4.2.
Shear velocity, unit weight, Poisson’s ratio andndag constant of each surface layer saill,
supporting layer soil, GDBP and HRDM are displayedable 4.2. Material properties of GDBP and
HRDM are estimated by results of the material tests
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Figure4.1. Target building and analysis model Figure 4.2. Analysis model (basemat and
(superstructure including basemat) surrounding soil)
Table4.1. Properties of superstructure
Node Element | Height (m] Mass (ton) | Shearing section area{m | Moment of inertia ()
6 22.5 890
® 0.3394 1280
5 19.0 890
@ 0.3394 1280
4 155 890
©) 0.3394 1280
3 12.0 890
@ 0.384 1280
2 8.5 890
@) 0.384 1280
Basemat 2920

Table 4.2. Properties of soil and other materials

Vs (m/s) | p (ton/n?) | v (Poisson's ratip | h (damping ratio)
I Supported soil 200 1.8 0.45 0.02
Il Surface layered soil| 100 1.6 0.45 0.02
Il GDBP 150 1.2 0.35 0.20
\Y% HRDM 200 1.7 0.35 0.20
Table 4.3. Analysis cases (soil and foundation)
Case alb |c | d e f
A L g Il Il
B i Il
C Rl \Y;
D i v v




4.2 Calculation cases

Taking account of the planting capability of GDBRlaffective utilization of GDBP for parking lots,
GDBP is assumed to be applied to ground level. @ase the characteristic of HRDM already
obtained, HRDM is also assumed to be mounted iacadi lower portion of the embedded basemat or
underneath the basemat.

Calculation cases considered in these analysesharen in Table 4.3. ‘Case A’ is a basic model that
has no soil improvement and comprises the surtag lsoil and the supporting layer soil. In ‘Case B
GDBP is applied to zone ‘c’ that is the adjacerperpportion of the embedded basemat in Figure 6.
Height of zone ‘c’ is (1/3)*D and its width fromelcenterline of the basemat is W2*R, where R is
the equivalent radius of the basemat. HRDM is Ifestain zone ‘d’ which is underneath zone ‘c'.
Height and width of zone ‘d’ are (2/3)*D and,W (5/4)*R, respectively. The width is a distanoent

the centerline of the basemat to edge of the zdhéCase C’ is modelled with a small modification
of ‘Case B’. The property of zone ‘f’ that is undeath the basemat is replaced the surface layler soi
by HRDM. Height and width of zone ‘f’ are respeeliy D and R. ‘Case D’ is almost the same as
‘Case C’ except that the property of zone ‘e’ tlatinderneath zone 'd’ is HRDM instead of the
surface layer soil. Height of zone ‘e’ is D andw&lth from the centerline of the basemat is ¥
(5/4)*R.

4.3 Horizontal and rocking impedance functions and equivalent damping constants

Horizontal and rocking components of impedancetions for each Case are calculated and based on
these impedance functions, corresponding equivallanhping constants are also estimated.
Comparisons of real and imaginary parts of the olapee functions for horizontal and rocking
components in each Case are shown in Figures 4l34ah Figure 4.5 illustrates the equivalent
damping constants of horizontal and rocking compthestimated from the impedance functions.
X-axis of each figure means dimensionless frequefey = ob/Vs, wherew is the circular frequency,

b is the half width of the square basemat and \hdsshear velocity of the supporting layer soil.
Y-axis of each impedance function means dimensssnkdiffness of the ratio of each impedance
function to the multiplications of b and G thatl®e shear modulus of rigidity calculated by Vs'iu# t
shear velocity of the supporting layer soil. Theresponding equivalent damping constants estimated
from the impedance functions are calculated bydhewing formula:

i 4 K
h=sin=tan™— 4.1
(2 K 4.1)

where K, K'are the real and imaginary parts of impedance iomst

Since the static stiffness depends on the sheacityebf the soil underneath or laterally the e b
basemat, the static stiffnesses of ‘Case C’ anded are larger than those of ‘Case A’ and ‘Case B
This tendency can be seen in both horizontal ankimg impedances. Due to large effect which the
bottom edge portions of the embedded basemat anshar velocities of the surrounding soils have
on the rocking stiffness, installation of HRDM inese portions of the embedded basemat provides
larger differences of the rocking impedance thanzbatal one. Focusing on the corresponding
equivalent damping constants for rocking componigrig found that the corresponding equivalent
damping constants for the rocking components am@age B’, ‘Case C' and ‘Case D’ prior to the
cut-off frequency are larger than ‘Case A’, duenstallation of HRDM underneath and/or along the
side of the embedded basemat. In comparison otifunscof the corresponding equivalent damping
constants of the horizontal and rocking componehts contribution of installation of HRDM in the
zone ‘e’ of ‘Case D’ is smaller than other Cased #me functions of the horizontal and rocking
equivalent damping constants of ‘Case D’ are ctosihose functions of ‘Case A’ oves a 1.5 and

2.0, respectively. It is expected that installinBBM around and underneath the embedded basemat
will be able to decrease the response of buildygsocking mode prior toga= 2.0.



4.4 Seismic analysis response of building

Transfer functions of typical floor levels agaitisé surface of the free field are illustrated iguFe

4.6. Compared to ‘Case A’, the predominant freqyenic'Case D’ obviously moves to the higher
frequency range and the peak value of the trafafestion of ‘Case D’ decreases. It is found that
HRDM underneath or around the embedded basemaedane the rocking motions of the building as
expected in the previous section. The reductiorogadf the peak values of the transfer functions
between ‘Case D’ and ‘Case A’ at each floor level @pproximately 45% to 50%, respectively. Since
location of 4FL becomes a node of the vibratior peak of the second mode is not seen on the
transfer functions.
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5.DYNAMIC CHARACTERISTICSOF RAISING MATERIAL BY ONE-DIMENSIONAL
WAVE PROPOERGATION ANALYSES

5.1 Analyses models

Focusing on improvement of disaster areas that wen&en or flooded by the 2011 off the Pacific
coast of Tohoku Earthquake, it is assumed that GIBFDM and concrete rubble are adopted as the
height increasing materials for the damaged saharof the afflicted district. Using the above
materials as parameters of calculations, numeaicalyses by the one-dimensional wave propagation
theory are carried out. GDBP, HRDM and concretebleitare adopted as the height increasing
materials whose depth is 3m. Height of the surfager soil and the supporting layer soil is 20nis It
assumed that ‘TYPE 0’ is the damaged soil layethigytsunami and the earthquakes. ‘TYPE 1’ takes
into account the height increasing layer that hassame property of the surface layer soil. In “EYP
2’', GDBP is adopted as the material of the heighbtdasing layer. ‘TYPE 3’ takes account of HRDM
as the height increasing material. In ‘TYPE 4’, GDBf 1m and HRDM of 2m are adopted for
materials of the height increasing layer. In ‘TYBE concrete rubble that is not required radiation
decontamination is utilized as the material of tleght increasing layer. All soil model of the
one-dimensional wave propagation analyses are showfigure 5.1. Materials adopted in these
analyses are shown in Table 5.1.

5.1 Results of response analyses

Seismic response amplification ratios of top swefat soil deposits against twice the incident wave
are displayed in Figure 5.2. Natural frequenciethefsoil deposits which have the height increasing
soil layers shift to low frequency range, and afeaif the height increasing material layers casden

in higher frequency range. Especially, ‘TYPE 3’ di?YPE 5’ that take into account HRDM and
concrete rubble as the height increasing matestatsv the effect of attenuation from low frequency
range. On the other hand, despite of same valuthefdamping constant considered, response
amplification ratios of ‘TYPE 2' and ‘'TYPE 4’ thatse GDBP as the height increasing material are
larger than those of ‘TYPE 3’ and ‘TYPE 5'. Becaubke impedance ratios of GDBP against the
surface layer soil is smaller than these of HRDMiagf the surface layer soil, amplification ratads



‘TYPE 2" and ‘TYPE 4’ are larger than these of ‘TR’ and ‘TYPE 5'. Actually, since GDBP
contains wood-chips, the unit weight of GDBP becsmmall. In order to mitigate amplification ratio
of the height increasing soil layer, the impedaratéo of the height increasing material should be
greater than that of the surface soil layer.

Depth of increasing height: 3m

1= HRDM - Concrete rubble
Surface layer
20m
2E
TYPEO TYPE 1 TYPE 2 TYPE 3 THR TYPES

Figure5.1. Analysis models for one-dimensional wave propagasinalysis

Table 5.1. Properties of soil and other materials

p (ton/nt) | Vs(m/s) h
Surface layer 1.7 100 0.05
Bedrock 1.9 400 0.01
GDBP 1.2 150 0.20
HRDM 1.4 250 0.20
Concrete rubble 1.9 250 0.05
4 TYPEO ——TYPE 1-
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Figure5.2. Transfer functions (y2E) of each TYPE

6. CONCLUSIONS

Laboratory tests for a new soil material, thatGEBP that uses industrial wastes and construction

by-products were carried out to grasp its dynantfiaracteristics. The following features were

obtained.

1) If asphalt and microgranule will be combined witle {proper ratio as a binder, GDBP can obtain
high attenuation performance regardless of kindsdafixtures.

2) Depending on kinds of admixtures, values of the ngdsl modulus of GDBP are varied
dramatically and their range become over 20 times.

Based on preliminary seismic response analysesgy UdiRDM and GDBP as soil improvement
materials, the following results were summarized.
1) Installation of HRDM in the bottom edge portionstieé embedded basemat provides reduction of

rocking motion of the basemat.
2) Reduction ratio of the peak values of the tranifactions of the building (at the roof level) that



takes account of HRDM and GDBP underneath and drthenembedded basemat is about 50%.

Using the height increasing soil model taking irdocount the post-disaster restoration, the

one-dimensional wave propagation analyses wereuobed. Summary of results are shown below.

1) It is found that seismic response amplificatioriostof the transfer functions of the building
depend on Young's modulus and unit weight of thigiteincreasing soil materials. Especially,
the impedance ratio of the soil deposit affectssttiemic response amplification ratios larger than
the soil damping.

In accordance with soil deposits to be improvedieta of admixtures for GDBP should be considered.
In future laboratory tests, kinds of rubble of 2@&l1 off the Pacific coast of Tohoku Earthquake and
tsunamis that will mix with GDBP have to be invgatied. Additional seismic analyses taking account
of applicability of the height increasing soil maa¢s for the damaged soil area will be also
performed.
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