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Figure 1: Right: the laboratory model, Left: the numerical model
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Table 2: Parameters of contact model
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Figure 3: Displacement of particles in the laboratory model, a. Under minimum load b. under maximum load [31]
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Figure 4: Displacement of particles in the numerical model, a. Under minimum load b. under maximum load
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Figure 8: Comparison of energy components in the numerical modeling with three types of clumps A, Bfand €. a.Elastic
strain energy, b. Kinetic energy, c. sliding energy and d. damping energy
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Figure 9: Numerical simulation with three types of clumps A, B and C: a. Circular clump, b. Square clump and c.
Triangular clump
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Figure 10: Energy conservation during cyclic loading a. Circular clump, b. Square clump and c. Triangular clump

&35 sleadlge —0-F
vt wslorls Sleosd b Jae 800 1y JF 55 e 5 (258 s S slacs i o i3 4 €01 S5
(o pls oML Jow ;0 (6,135 ,L0LL 48 225,585,504 05 g0 oudlive (V) US» 4y az g b aws oo lis il g
(,05,L LL o a5 0ed co cumlive «(z) V) S Gillas .ol ST (65,51 Y g U JDe sgam o i 4 glie g gy
bl g 2Bl e S S5 TV e 900 0 390> 10 a4y @lie 5 (xpe slopls SlegrdST L e po (L8530 (Sl (55 5]
3 659 IS @3 N0 4 (22555 655 (ASE Y Gleg) 65155k (plal S 55 (e SlegrdS L Je 50 ()5S0 IS5 0
lails Lms 5 63,1 gl e Lialidl el Elie Bl 525 S g o olol nl 2 dayze JS (65, TAD &
Sl gl Lyl sloml e b 39 s el a5 e QS il s 55 otkie sl (y0lidl 15 cgsb9m coal el 095 0
b Jowe 5o 05800 05 (6553 Sl woys 5 28,5 18 JlulfCunds poleeadlS o6 35,1 SledSw (Ral81 L 0l iy 655
SIS 3 Sl s sl ol s sl 55 2 Glo B\ o5 s a1 U3 onyn 5 slopls (sleosdlS
o 425 i 39 0l 33 S ol 425,05 e oo 5205 (5,1 S oS s s IS 5oy S 0
ST s b e slerdS b e ol 08 ke slerdlS b i 0y Sl b el 5 253 5 50,5 55
S5 s (sl a5 o o Sl £ygn ol o3 b 4538 o5 05 o 388 b0 e 5 55,51 D01 s
S 51N 99> 50 5 52l Jow a2 )3 (chiz (655 iged (Sab jpamme Lyl B 4 (1)) SS9 il sl o
o Hlade dae (ST tol38) Lo 4 (6,05 ,L (sledSew slaws 201381 b ol LS IS0 5] Jiiis g adie (ol 0g5 a1,
b plr ey 4 (e g (20 slonls SleaodS b Joe 53 ()S,L (b 5o (le 3TN S Billae oy o0 yho @
ol 515 2l e sl 63k 95 RS 4 LoDl Sl hles SIS 4y (om e Sl i )3 ol S (6531 7N 9 1F LY

el i 5550 Jde 53 (ol reaiss Sl lans 1

*Corresponding Author: M. Emami Tabrizi, Email: m.emami@sut.ac.ir



T oepls T e T e

Taple T me T e
:i ]
2
u, :
1’ e
] 3
& 3
4 )
3 3
A !
.u l h |
0 z 4 6 8 0 12 14 6 g8 10 12 14
(axil) oloj
(Al ol ) ploj
() o
—pl & T edie —apls T e
1 0.1
0.9
]- ] 0.08
3, "3 0.07
; 3 006
1, ¥ 0.0
k) 5 0.04
3 50,03
2 ? 0.02
Z ~ 00
0
(4 ol
(4l ylej e
(€ ©

63710 S (L4555 (6551 Al o 9 2250 0 210 aodST g b i S plail lee Sl Juo 53 (651 saadlge dun Uil 1Y JSB

slre 5510 9 (G Th A
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Figure 12: Distribution of circular, square and triangular clamps in models with mixed particles
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Figure 13: Numerical models with mixed particles
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Figure 14: Comparison of energy components in the models with mixed particles a. Elastic strain energy, b. Kinetic
energy, c. sliding energy and d. damping energy
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ABSTRACT
Granular dampers at the foundation reduce the vibration of upper stores when an earthquake occurs.

Considering that the shape_.of particles.is one of the most important properties of granular materials that affect
the mechanical behavior of granudlar media, therefore, in this study, the effect of particle shape on energy
components and providing the macroscopicsesponse of media have been investigated. The numerical model was
analyzed by discrete element method by PFC 2D, according to the existing laboratory model and under cyclic
loading. After verification, the clump element was used to simulate the particles in the three shapes of a circle
representing rounded particles, a square;-and a triangle representing angular particles. Finally, the combined
models consisting of particles with the mentioned three shapes were used for simulation. The results indicate that
in confined conditions, more than 80% of the total energy is stored as elastic strain energy or dissipated due to
sliding between the particles. The contribution of Kinetic and damping energies is about 10 to 15% of the total
energy. Angular square-shaped particles increase thesdissipated.energy by damping, and triangular-shaped
particles increase dissipated energy due to the sliding. Insgranular'media with the purpose of energy dissipation,

it is better to use rounded and angular particles in equal proportions.
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Energy components, Particle shape, Granular media, Cyclic loading, Discrete element method.
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