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2. Frequency response function (FRF)
3. Hammer impact pulse test (HIPT)

sbgsldts ol ST fpd ol Gadds 4 jams
g5 33 A 2 Klhe SSSS85 0L e s Sk Sl
Lo oSLooka) pdocslanl L (g8 anr) Gl S
L Ll (2 5
Az b 5 Llpe hls B g5 5o 0l SIS a
e S Slaildde Sl Sl G Ul (1]
o 4l SEST 55 ki (Bl Glaedo s s (5l
LLoeY Cds Jpas Gl gl sbslds s
Olej ol a5 33 3 Ladde sl (3lud sla el
wlis Bl b Ll g XSS 3 e 3 S
S S Jle G W8 Ol gl anls s (golal
b [1] ase B b b 8l dsed 5 bk
e sl o wdin Cod U tlfjs.ask_;;u Jbe lis
SESS 535 Gl ol S5 ,2 Sl (ol bS5 s
sl o S ol ol 3 Sl dile 4 5 L ogles )
laly Gl sy K S 5 Jle ks
[1-2] Gl )3 s o sSns
T=2.61H/Via o o alal; cpbe (H 5 53 il J 55
S s onn sl Sl (e S S el )
sH gl o S glacad 3T bl dol se b
A L3-5] el e 48 SIS Vi plleas b mse s
Jos 003 gy Slanil I gl daly nl (S50 4
Lot o gl & Jb cod) H cod 5
Gllanil 03ls 36 gl ' lbel cand dsles) 00 ol s
AU 2B 5 (050 2l Ao s 53 5 et s sy
o3 LH comi 5 g pdy Sllanibuilbal Cod Olajon
Sl ol POl TI=B2.01H/ Vi) alal, IS0 w0 (o
5]
ol i S S (S slagsledds o el Ll
53 1 e dar e JUT &S s 3B o« e
I5] 2550 Clem w0 Jho glacws b 85 s

PPl Tl Glos) Fel Ol slacid 31 bz

1. Impedance ratio



VFey Jle /) e)w/r_yw} St 6393

e b‘,oﬁ J"“*@‘ﬁ}}i_g"‘l“d’“

5 S am Ol Ol ogems glajie BT Bl L L
oo ddacgd bl 5 s o8 amr (6358 slae s

el 0 Jli))\ g;'f"“

G Sl (s (995 -Y
S5 drr S s edkdobel (SKpd Jde Sl asllles cpl s
rl}ul “5:.599 &)’L\ J.ul...n\ il el ol enlanld (Q.L.p)
e dde b S Sl B ks S e
sl 45855 wils gy, i lawle cud plide S S
U,MJSJ_B JAL;' ;L&u,...:lsj_é )\ ) 63 gl>wa 43 LAL;A)]: L)'i\
c)ls U’l‘ )\ Gl el ol tl}ul J"jh VO« G oe/ee LQLA
53 kel Wped s dhe G o8 alls Bl ool 5
St Goledde (658 amr [1-2] Codlony 1g Clid Ol
atle (St-37) ae 5 sV 55 sla fdg,y 5 LGB, e Sl &
Gl Sl AvaxPoaxOeemm Aty de slal Juld el
S dde 2 e s gl o S sl s cole
[27] Sl ol eJu'L.'Z_ﬁ QJ.«»L“M.J

FB sl L oSSl ol sls S ) e
sdd eslanad bdde gyl skl 4 1000 mv/g 4>
Ol i 51l S s odipd il o e Ol
el Vb se g TS il L PZT Sl e
/oY Hz ol (ls 0 esls Keal) SRl S
Vs s SO oay e olsS Oleg dsles esls iy 5 Olej

el 4l

6. Sensing Structure
7. Shear mode
8. Resolution
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Fig. 3. Free-fall velocity curve of Kermanshah fine-grained
sandy particles according to the height of their particle fall.
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Compared cases and The first  Conditions and
omputational natural % of laboratory
relation frequency and
fa1(Hz) computational
differences
Gazetas and Dakoulas Rectangular rigid
(1992) [3], canyon and
Ambraseys and Sarma impedence ratio
(1967) [4], 26.62 of a=0
Yaseri and Konrad
(2020)
[5]:fi=Vs/(2.61H)
The 30° slope 21.07%
(present study) 3223
The 60° slope 28.40%
(present study) 34.18
Level-ground model 1731 7.22%
(fi=V4/(4.0H)) [1,2] )
Level-ground model 18.56 7.22%

(present study)

Table 1. Comparison between the values of the natural
frequencies calculated by the reference relationships [1-5] and
the measurements of the present paper.
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Shear stress, t (kPa)
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Fig. 6. Results of tests: (a) direct shear and (b) consolidated-
drained triaxial CD on the sand used in the research.
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Charactristics of used sand Value
Symbol (unit)

Poisson ratio, v (-) 0.30

Cohesion, C (kPa) 0.00

Internal friction angle (peak), ¢, (deg) 35.00
Dilation angle, y (deg) 5.00

Dry unit weigth, yq (kN/m?) 15.30
Elastic modulus, E (MPa) 22.00
Static shear modulus, Gy (MPa) 8.50

Dynamic shear modulus, Ggmax (MPa) 10.50
Sand realative density, Dr (%) 50-52

Table 3. Strength and stiffness characteristics of the sand used
in the research.
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Fig. 5. Required model frequencies for strong box modeling in
the 1g acceleration field to simulate the real frequency effects.
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Physical characteristics (Symbol) Value (unit)

USCS category SP

Maximum dry density (Yamax) 2.16 (gr/cm?)

Minimum dry density (Yamin) 1.20 (gr/cm?)

Maximum void ration (€max) 1.25
Minimum void ratio (€min) 0.25
Specific gravity (Gs) 2.65
Effective diameters (Do) 0.38mm
Mean diameter (Dsp) 0.80mm
Coefficient of uniformity (C,) 2.37
Coefficient of curvature (C.) 1.05

Table 2. Physical characteristics of the dry sand used.
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Abstract

In this research, the free vibration or natural frequency analyzes have been performed with the help of small-
scale physical models. Laboratory modeling in the geotechnical engineering can be performed in the
acceleration field of 1g. In each of the physical modeling modes, the relationship between the model and
prototype frequencies is very essential. In this paper, with the help of hammer impact pulse tests (HIPTs) -
dynamic experiments- the optimal frequency ranges and the best geometric scales for physical modeling are
investigated by a strongbox. The frequency range studied has been selected according to the study of shaking
table models between 0.001Hz and 150Hz. To perform impact pulse tests, the physical models of dry sandy
slope with different inclination angles from 25 to 60 degrees (and a constatnt slope height) have been
instrumented by the piezoelectric acceleration sensors. The relative density of the sandy slope models is
medium dense and about 50% to 52%. In addition to 8 physical models of sandy slopes, two models of level-
ground and empty box have also been investigated. The time-history of the acceleration function of the input
excitation shock at the slope floor (base point) and the response acceleration at the slope crest are recorded
by the acceleration sensors. These acceleration time responses last for a short stroke (short impact) of less
than 1.0 second duration. After extracting temporal responses, the frequency analyzes including transfer
function (TF), Fourier response spectrum ratio (RFRS), and spectral energy density function (PSD-function)
are derived from the temporal results. Using the transfer function or RFRS, quantitative values of natural
frequencies of the physical model of the sandy slope and the storngbox are extracted in different vibration
modes. According to the findings of the present study, for a constant slope model the frequencies at which
the maximum seismic or dynamic energy is emitted are quite different from the frequencies with the
maximum magnified response amplitude. The results of the present study prove the existence of a logic
relationship between the sandy slope inclination angle (physical model natural frequencies) and the model
response amplification frequency. So that by increasing the angle of inclination of the model slopes at a
constant height, the magnification values of the impact acceleration response decrease. Because in general,
the amount of sandy materials magnifies or weakens the amplitude of frequency responses. The presence of
low sandy materials (on steep slope models) reduces the magnification range of the acceleration response
and high sandy materials (on gentle slopes) increase the response range. Optimal frequencies in strong box
modeling in the 1g acceleration field are frequencies that do not interfere with acceleration magnifications
before or during seismic excitation (pre-seismic mode). Acceleration magnification causes resonance and
premature failure in the physical model, which is generally undesirable and unmeasurable in laboratory
studies. In this research, the optimal frequency range according to the measurements is proposed for the
physical modeling of the 1g acceleration field. These ranges and frequency values are presented according to
the various constraints such as the type of strong box, slope angle, relative density of sand, the actual
frequency effect of the horizontal components of earthquakes, and so on.

Keywords: Hammer impact pulse test, resonant frequency, natural frequency, sandy slope, slope angle.
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