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Response of Half-Space Medium due to Harmonic Point Load

Student : Yen-Jhun Fang Advisors : Dr.Gin-Show Liou

Institute of Civil Engineering
College of Engineering
National Chiao Tung University

ABSTRACT

The main goal of this research lies'on analyzing wave propagation problem at the
storage ring tunnel of Taiwan Photon Source.

The finite element program ABAQUS is selected for analysis. First, we set up an
ideal model and analyzed: it to-obtain numerical solutions by changing element sizes
and domain sizes. Then-we compared the numerical solutions with the theoretical
solutions in order to examine the accuracy and convergence of the program. After that,
we discussed how to select proper parameters to model the real situations. And then,
wave propagation in half-space medium caused by harmonic point load is analyzed.

In these analysis, the results for the case without-tunnel will be compared with
that with tunnel, and the results without excavation will be compared with that with
excavation. By the comparisons, one can observe that the vibrations, for the case with

tunnel and the vibrations for the case with excavation are smaller.

Keywords : ABAQUS, wave propagation, finite element method
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Wa ke IHZZ 3R g~ 2 0h > B S 9 7 gl i 1% -
(F)EEkTe BHPELF K
1~ RIgEA

FHHP L AT £0=002 12w jEd Y 124m iz} 354
FLplg U B U > 4% b2 BB T B dcaci7 5 o 4o Table 5.3 #77 o

U 2. F b0 IHz p5 > §53/~ % 5 574/10 2 574/8 2324 % 1.4% ; 3Hz
8 S5Hz pF > A/~ & 5 27415 £ 27414 z 3% % & w5 0.4%27 0.9% ; 7THz ~ 9Hz
22 10Hz = > #-3)/~ % 5 189/2.5 £ 189/2 2 %% » %] 5 0.3% ~ 0.7%% 0.8% - #

Bk %0 IHZ Lt 20 R T A 1% T
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WA ko g L R B 2% T o
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531 AR %2IE:
(C)Eesde PR LA B
1~ RlBEA

PHHP LI AL 0=0°2 13 % R Y < 124ming 54
BLRpEhz U 2 U SEdR&IEF 3 b B 812 25 » 4o Table 5.5 #7177 o

o0 U, 2o F o i IHz B =8 85 1 50.1%; % 3Hz B =8 % 5 1 56.0%
e bHz pF o> A0 T 615% ; R THZ BF o A0 7 76.5% 5 A 9Hz pF > =4
B0 TAT%; f 10HZ PF o AR5 T 73.0% R E ko H R Al 4
W OEIRAEZ (5 0 W RS B0%r b e

v U, 2o F o B IHZ P> Bt 0 18% 5 7 3Hz pF > = 3 4e 1 6.1% 5
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FLpELs U 2 U 4R S 455 A 2 8 14 359 e Table 5.6 #757 o

30U, 2 F R e IHZ P o0 42.7%; & 3Hz > =45 > 1 70.6%:;
% BHz pF > =M 0 1 85.6% 5 B THz pF > =50 7 88.8% 5 B 9Hz pF > A3
B0 72.0% ; B 10HZ pF o o f Rt 0 T3.2% B ok H B B
ORI S 0 F RS 42%10 b o
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Table 3.1 ABAQUS ¥ = % £[11]

Sl SI(mm) US Unit (ft) US Unit (inch)

Length m mm ft in

Force N N Ibf Ibf
Mass kg tonne(10°kg) slug Ibf s?/in
Time S S S S

Stress Pa(N/ m?) MPa(N/mm?) Ibf/t? psi(Ibf/in?)
Energy J mJ(10-*J) ft Ibf in lbf
Density kg/m® tonne/mm’ slug/ft® Ib sec?/in*

Table 3.2 & E#HA| < [/~ 2% =

1Hz 3Hz 5Hz THz 9Hz 10Hz

bl
*
&
Ly

A/~ % | 450/12.5 |7200/6.25 | 150/6.25 |~150/3.125 | 150/3.125 | 125/3.125

~
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Table 3.3 & #73] ~ % &2 &~ BL¥ic P
R
25 12,5 6.25 3.125 mix
Elements | Nodes | Elements®| Nodes | Elements|. Nodes | Elements | Nodes | Elements | Nodes
125 2640 12343 30240 128379 9570 43982
150 4984 22541 38400 163349 16552 73720
200 320 1665 1152 5745 10880 47907 75264 331997
wwn 300 672 3401 4992 22541 33600 143855 84480 354753
M 450 2160 10139 16416 71249 63936 274649
600 4992 22541
900 16416 71249
1200 33600 143855
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Table3.4 & #31"7F 28X
g R *
(sec) 25 125 6.25 3.125 mix
125 17 29 82
150 35 1972 184
200 7 9 114 3596
Bl 300 7 35 1319 26817
| 480 16 243 3964
600 35
900 245
1200 1325
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Table 5.1

2 EE R jeacli et (S -RIEA)

-4 (plEEA)

R w8 Z3 w2
~ Element size | Elementsize |.. . |,- . | Elementsize | Elementsize |., .
FE T 100525 giar2 |7 = T om/25 2
1Hz 2.43E-12 2.57E-12 |5.9%] 1Hz 1.41E-11 1.40E-11 [0.8%
3Hz 8.57E-12 8.58E-12 0.1%]| 3Hz 1.34E-11 1.34E-11 [0.0%
5Hz 1.39E-11 1.38E-11 |0.5%]| 5Hz 1.11E-11 1.11E-11 [0.3%
7THz | 1.45E-11 1.45E-11 |0.1%| 7Hz | 5.74E-12 5.73E-12 |0.2%
OHz | 1.24E-11 1.24E-11 |0.0%|9Hz | 2.24E-12 2.26E-12 |0.8%
10Hz| 1.10E-11 1.11E-11 |0.1%|10Hz| 6.98E-13 7.45E-13  |6.7%

Table 5.2 2 X B 172 Jract o 15 (45£4 -2 B)

G4 (pl2kB)

R i=# 2> e
_ Element size | Elementsize |.. .. |.- »| Element size | Element size |.. ..
TE T 10125 I e S ) N s
1Hz 4.63E-12 458E-12 |1.2%| 1Hz 1.44E-11 1.38E-11 |3.5%
3Hz 9.07E-12 9.07E-12 |0.1%| 3Hz 1.48E-11 1.48E-11 |0.0%
5Hz 1.24E-11 1.22E-11 |1.2%| 5Hz 1.64E-11 1.63E-11 |0.5%
THz 1.40E-11 1.40E-11 |0.1%| 7Hz 1.27E-11 1.26E-11 |0.3%
9Hz 1.21E-11 1.20E-11-. |0.7%| 9HzZ 1.45E-11 1.44E-11 |0.5%
10Hz| 1.20E-11 1.20E-11 @ |0.5%|10Hz| 1.51E-11 1.50E-11 |0.5%
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Table 5.3

FHEERR 2 Jractba AT (RT 4 -RIZEA)

kLA GRrigEA)

R w2 # Z> w2
- Element size | Elementsize |.. . |, . | Elementsize | Elementsize |., .
FE T 05125 g4 |7 =T 1om/25 g4 |7
1Hz 1.48E-11 1.46E-11 (1.4%| 1Hz 9.16E-12 8.99E-12 |1.9%
3Hz 1.09E-11 1.09E-11 [0.4%| 3Hz 1.35E-11 1.35E-11 |0.1%
S5Hz 4.42E-12 4.38E-12 |0.9%| 5Hz 1.43E-11 1.43E-11 |0.1%
7Hz| 5.00E-12 4,99E-12 |0.3%| 7Hz| 8.92E-12 8.88E-12 |0.5%
9Hz| 5.87E-12 5.83E-12 |0.7%|9Hz | 7.97E-12 7.96E-12 10.2%
10Hz| 5.85E-12 5.80E-12 |0.8%|10Hz| 6.49E-12 6.48E-12 |0.1%

Table 5.4 2 3L B3 2 qracld s 7 (T4 -pe.B)

kz4 (GRlgEB)

R w2 Z > e 2
- Element siz Elementsize |.. .. |, .. | Elementsiz Element size |.. .
LRIl B T S i e e
1Hz 2.00E-11 1.97E-11 [1.6%| 1Hz 5.67E-12 558E-12 |1.7%
3Hz 1.57E-11 1.56E-11 (0.6%| 3Hz 9.13E-12 9.17E-12 10.5%
5Hz 9.73E-12 9.53E-12 ' 12.1%| 5Hz 1.28E-11 1.29E-11 [1.0%
THz 6.44E-12 6.46E-12. 10.3%]| 7Hz 1.23E-11 1.22E-11 [0.6%
9Hz 9.36E-12 9.37E-12 |0:1%] 9Hz 1.43E-11 1.43E-11 [0.4%
10Hz| 9.67E-12 9.63E-12 10.4%]|10Hz| 1.36E-11 1.35E-11 [0.7%
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Table 5.5

AR AT (G4 -RIEEA)

Grd-4 (pgEA)
R & =4 Z= %R
| am | 2w | TP lms| o sm | smee | TPAS
P P
1Hz | 2.43E-12 | 1.21E-12 -50.1% |(1Hz| 1.41E-11 | 1.39E-11 -1.8%
3Hz | 8.57E-12 | 3.77E-12 -56.0% |(3Hz | 1.34E-11 | 1.42E-11 6.1%
S5Hz | 1.39E-11 | 5.35E-12 -61.5% |(5Hz| 1.11E-11 | 1.45E-11 30.4%
7Hz | 145E-11 | 340E-12 | -765% |7Hz| 5.74E-12 | 1.13E-11 | 96.3%
OHz | 124E-11 | 318E-12 | -74.7% |9Hz| 2.24E-12 | 8.76E-12 | 290.4%
10Hz| 1.10E-11 | 2.98E-12 | -73.0% [10Hz| 6.98E-13 | 7.98E-12 | 1042.6%
Table5.6 3 # L B2 o 45 (457 -p2LB)
5ok + (AIFRB)
R 2.2 i Z° o+ oh
WEE| 33 () Tff%ﬁ: L R 2 () %ﬁﬁj“
p A AR
1Hz | 4.63E-12 | 2.65E-12 -42.7% 1Hz | 1.44E-11 | 1.40E-11 -2.7%
3Hz | 9.07E-12 | 2.67E-12 -70.6%  [3Hz |-1.48E-11 1.48E-11 0.1%
S5Hz | 1.24E-11 | 1.78E-12 -85.6% |5Hz| 1.64E-11 | 1.65E-11 0.8%
7THz | 1.40E-11 | 1.57E-12 -88.8% |7Hz | 1.27E-11 | 1.28E-11 0.8%
OHz [ 1.21E-11 | 3.39E-12 -72.0% | 9Hz| 1.45E-11 | 1.28E-11 -12.0%
10Hz| 1.20E-11 | 3.23E-12 -73.2% '[10Hz| 1.51E-11 | 1.23E-11 -18.3%
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Table 5.7

dL B2 47 (kT4 -RIZEA)

kLA GRrigEA)

R = mix# VAR Iy
WS|4 2 HE(F) 'ff%\iwt LB 23 (F) 'ij%\%:
p = p e
1Hz | 1.48E-11 | 1.23E-11 -16.7% |[1Hz | 9.16E-12 | 7.30E-12 -20.3%
3Hz | 1.09E-11 | 7.69E-12 -29.5% |[3Hz| 1.35E-11 | 1.25E-11 -71.4%
5Hz | 4.42E-12 | 3.90E-12 -11.8% |5Hz | 1.43E-11 | 1.38E-11 -3.6%
7Hz| 5.00E-12 | 3.11E-12 | -37.8% |7Hz| 8.92E-12 | 1.06E-11 | 18.3%
OHz | 5.87E-12 | 8.43E-13 | -85.6% |9Hz| 7.97E-12 | 1.02E-11 | 27.3%
10Hz| 5.85E-12 | 227E-13 | -96.1% |10Hz| 6.49E-12 | 9.74E-12 | 50.2%
Table 5.8 . L @ 32 2 445 (Kt Foples B)
kA (CGplgk B)
R & w 4% Z 7 i A
wx| 2w | 2w | 0 | am | 2ame) | SRR
p A AR
1Hz | 2.00E-11 | 1.41E-11 -29.3% {1Hz | 5.67E-12 | 3.66E-12 -35.5%
3Hz | 1.57E-11 | 9.08E-12 -42.3% |3Hz{ 9.13E-12 | 7.89E-12 -13.6%
5Hz | 9.73E-12 | 6.84E-12 -297% |5Hz| 1.28E-11 | 1.23E-11 -4.1%
THz | 6.44E-12 | 5.88E-12 -8.7% 7Hz | 1.23E-11 | 1.30E-11 6.1%
9Hz | 9.36E-12 | 2.32E-12 -15.2%. |9Hz | 1.43E-11 | 1.55E-11 8.4%
10Hz| 9.67E-12 | 8.65E-13 -91.1%" |10Hz| '1.36E-11 | 1.59E-11 17.1%
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p-waves

2 "
S-waves
1
Rayleigh waves
0 0.1 0.2 0.3 0.4 0.5
Poisson's ratio, v
Fig.2.6-P~ S~ R & &% 't ik Bl[6]
Circubgr Footing
;2 Geometrcal =2  =0.5 i
. Domping LOW . — IS —
1] Royleigh W i ;
~ ayleigh Wove
v=0.25 ‘ + /\",e” Horiz.._
Cornp Comp.
’A B
Q Sheor Wo @@. -.’?;:-. e
%\ g Amplitude
GoomefnCﬂl
_umping Low .
Shear
Window y \
Per Cent cf
Wave Type Total Energy
Rayleigh 67
Shear 26
Compression 7
Fig.27 Xa"lia = AL 3HF L7 » v [7]
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15 - node element
Fig. 3.1 = %% 8 ~ % 15-node[14]

20 - node element
Fig. 3.2 = 39 ¥~ 2% 20-node[14]
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CIN3D12R
Fig. 3.3 = & "= 12-node[14]

C 3D 20 H

T
_ll__ Optional:

heat transfer convection/diffusion with
dispersion control (D),
coupled temperature-displacement (T),
piezoelectric (E), or pore pressure (P)
L— hybrid (optional)
L Optional:
reduced integration (R),

incompatible mode quad/bricks or
improved surface stress formulation tets (), or modified (M)

number of nodes

L link (1D), plane strain (PE), plane stress (PS),
generalized plane strain (PEG), two-dimensional (2D),
three-dimensional (3D), axisymmetric (AX), or
axisymmetric with twist (GAX)

L continuum stress/displacement (C), heat transfer or mass diffusion (DC),
heat transfer convection/diffusion (DCC), acoustic (AC), electromagnetic (EMC),
or coupled thermal-electrical-structural (Q)

Fig.3.4 FH#M~Zaéd 22 8N4 i £[14]
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