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A Study of Bearing Capacity of Cast—-in—Place Pile

in Rocks using Percussion Rotary Drilling

Won Soo Hwang

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

Abstract

With the recent trend on the structures to be larger and heavier,
large—size cast-in—place pile or mid-size cast—in=place pile, which
provide bearing support for structures such as long span bridges or
building foundations, are commonly produced.

Small-size precast pile does not provide enough bearing capacity
especially for skyscrapers, therefore, the usage of cast-in—place
pile in rocks, which satisfies the requirement of bearing capacity, is
increasing.

In this study, it is discussed, with putting the design allowable
bearing capacity to the minimum value which is measured and
calculated by the method proposed by many other researchers, that
the construction process of injection of a pile, which is produced
by the method of P.R.D(Percussion Rotary Drill), into the hole with
800 mm diameter and 2 m depth, and compared and analyzed the
design allowable bearing capacity of the pile by measuring,
calculating, and adapting the minimum value of the designing

resources proposed by many other researchers, and also, it 1is

- Vil -



researched and examined that if it is able to establish the bearing
capacity and stability by comparing and analyzing the result of
dynamic pile loading test.

From the result of dynamic pile loading test, it was showed that
skin friction bearing capacity was much bigger than point bearing
capacity. Also, point bearing capacity of the dynamic pile loading
test was much less than those proposed by many other
researchers.

It is because the load, which delivers the weight to the tip, is not
bigger than the skin friction bearing capacity. That means, point
allowable bearing capacity can bear more than the maximum of
load tested and so the foundation will still be safe, and it can bear
as far as the inside strength of pile can bear. It was also observed
that skin friction allowable bearing capacity from dynamic pile
loading test was close to the calculation proposed from Poulos &
Davis, D'Appolonia et al. With these observations, the interrelation
between skin friction bearing capacity and point bearing capacity

was analyzed.
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Qs

o AASEFe] ARNAS W BHIWe) AWK
b

ol (em)

ol

W) Fuivlde Hyo 4 A% (05)

Qs -
Ss = (Qpa + s Q) L/ Ap - Ep
= (600x0.4+0.5x25.13)x10 / (0.5%2,806,240)
= 0.0018 m
= 0.18 cm
note 1) FAAIE A BE BEHGE/A HdLEHE dFe
40%8x=9). (F @4 A2 25AGF7AH A
25 E 352 o 82%9)
2) HEO] Nuy P2 02= Zpg et}
uh = 2] A D=800mm
W B o] ¥ A e 0.18 cn
= 23 0.18 cm
3 & 25} 2.00 cm
HE 2% 0K

E 311 259 A&F AEAH
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34 00X FAHE TETEAN

341 PRDTHOE A 3% AZEHAESE A4 AL

D AA AL A

@
@
®

®

0 @ @

Aol : AL 20m £AZY
o] P A
Ap= 4 %1 x D=+ x 1 x08 - 0503
AGTUF T5o] FHH
Ar = 7DLs = 7 x 08 x 2.0 x = 502m'
FHubEdy 2710 UE FHvlRE 2 At gdH o AT 1
W= 7o) 1 L, = 100m
AFEZFA  FAT - SDA0, HD32@200 o] & A5
mAT - SD30, DI9@150 2300 o] & 2 =
FRa

Ag = 7942 x 24EA = 190.6cn
©® Con'ce A 71+ A% : Fa = 350kg/cn
@ Con'ce &9 T%F : W. = 25t/

W FH (@] d=AFA= 1 o = 800kg/cnf

o AlF2ALR AH T ;otE HsteAld A e PRD PILE &
Brel ZoloAel quF Hir 112% 130MPa, 105% 200MPa,

1075 91MPa, 1095 135Mpa, 1035 191MPa®] ko] =% 7|
Sd7ael AW G Azelnz AnHe AL 9IMPan
ooAe QwHel chbeh A%e AFAFFE oo - 800ke/or S
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A Admdenyy ws, Fihe Ao Ade wez 74
o] St}
A| Al
29 Ea I SPT(3])
m | waz | zae | ag A% A

103-1 53.0 - 53 49 4.8 15.0 3
103-2 54.0 - 6.4 24.2 = 30.6 -
103-3 54.0 - 15.1 6.9 5.0 27.0 3
105-1 35.64 10.6 = = 3.6 14.2 7
105-2 36.64 5% . = 45 9.7 -
106 40.74 = = 3 e 3.2 -
107-1 45.94 5.6 4.7 8.6 81 22.0 6
107-2 46.94 3.7 155 7.3 3.0 5.5 3
108-1 40.74 o - 6.5 4.0 10.5 -
108-2 40.74 & = 3.0 45 g3 -
109-1 28.14 - 35 - 45 8.0 -
109-2 30.74 - 2.8 4.7 15 9.0 -
110-1 21.74 4.8 1.9 6.3 3.0 16.0 4
110-2 28.14 5.1 0.7 6.2 15 135 4
111-1 40.0 16.8 1.0 6.0 30 26.8 12
111-2 40.0 171 3.7 3.0 2.7 26.5 14
112-1 29.14 - 13.7 12.1 3.2 29.0 5
112-2 29.14 - 54 4.6 15 115 3
114-1 29.14 - 4.5 4.3 1.2 10.0 3
114-2 29.14 2.7 4.1 3.2 - 10.0 1
114-3 29.14 - - 5.0 - 5.0 -

Al - 71.6 74.3 120.0 54.6 3205 69

® 312 AT TAHEH

_25_



g2 A A

ad

_z_o
~

oy
Ho

w

ol

o]
Ao

7.5m

e

ol
3l

2.0m

'7

‘7

7“m
@
=)

—— 50/4

—— 50/3

—— 50/3

—— 50/2

——50/2

——50/2

—— 50/0

RAD = 0%
TCR = 22%

il

Nd

=

|5

a9 34 Y E A

ENEEERE

B

ox

™
o
i)

N

_Z_l

T
&

E

_z_o

=

o

Np

il
M

Tl

oy
Ho

o] 10~30%

—
fite)

B
i)

5

vzl

A

FA 0.7~15.1m

_26_



oo T o
LIL )AO 1 s
i A = o W
I 5 bR oo Hrs R
O : . 4 AT o
of ~o o = X T nTu 5
C B o T = iy & m
: © :L B W el
5 T o U T = = <0
oA = T 23 3 o A 2
X om S owm M % E
g < i 21 N n N o x
ol m P =z ~ < Ho %O Y, % 2
No oo Mu Y Nd to NF 5 je=
~ W ox OB i VE 5 E
il o = — { NS W
S S w0 T e -
hoE ooy W T iy
i 2w of 2o B (g o
= o B CalC s om =3 u
%M mﬁ m% ) .AW 5 B oo T ML w.\L 11__/_H E..#
| | : T e © 2
,ﬁl z Z.f " o Oa AL [r?
oy . AN o 5 mﬂ M = mﬁ A 1& .
o s ~ oR ok T o2 KR
_aw;yﬂﬁ DA . SN
) o= < T oo Tk Ty
| S - . il o o) Y, ) {
wrﬂ%%ﬂﬂ o wummuo%
xR E T I Wru n K o Wﬁ dy A
“TIIIc R WVES
3 N 7 ,._1_
SIS IR INE 1 £ &
; TR TSLE
LU - M_m & = N .umm TN
Moo o o S %0 o o ® o
T Tn D Mﬂ o) R oF { e <y ,Dl
: T LA 7 ol ok N I
= ™ W TR )
o) W oo H

o

a9 3.6 AlEF} AMFHAF BOX
— 27 —

a9 3.5 FAEI} HF



ek ghwkel Fshd 5= RQD, RMR,

Q-System< &35t} o) 9f o FEHz HEFo| o Aste] A <huke]
S @7hskdth. RMR ARG 7IEel ok A5 914

RMR %7} A¥= o5 33 3133 Zoh

o} = 7J’E
4 RQD | 243 A9 49
(kg/cr) Bk .
A= o | B9 FE
34 R.Q. o = b .| TF
(m) N | Js LB (AR L | F g F
Qu |35 D |#AF R A il A | e
(m) | Ax A=
(%)
I
103-1| 1427150 | 1660 | 12 | 50 | 13| 090 | 15| 4| 5| 5 | 2|6 |22 10| 7|65
(¥=)
m
103-2| 29.2730.6 1768 | 12 21 3 042 | 10 2 4 4 3 5 18] 10 -7 | 46 (%)
s
I
103-3| 2357255 2310 | 12 60 131088 | 15 4 5 5 2 6 22| 10 -7 | 65 _
(¥3)
I
105-1| 127714.2 2000 | 12 90 20 | 0.34 10 1 4 5 2 6 18] 10 =7 | 43 _
(¥3)
m
105-2| 6.379.7 1800 | 12 | 60 | 13| 042 | 10 | 2 | 5 5 JGd7 i 5 241 10 | -7 | 59 .
(H-5)
. - i _ m
106 0.073.2 860 7 66 13 | 040 10 4 3 S 4 5} 26 10 -7 | 59 )
(H-5)
107-1| 20.9722.0 1022 | 12 50 13 1 038 |10 3 5 B 1 5 22 ", 10 7 | 60 m
R ! ol 5] Ot O 2 9] . J & O (B
~- - o = 0, = ]:]:[
107-2| 9.77132 1011 12 50 13+ | DISH 10 4 4 4 4 3 24 10 - 7 59 (1%)
108-1 6.077.5 1695 12 72 131 [FO:53 8 10 3 5 3 4 3) 22 | 10 7 | 60 m
0.077.0 090 (2 3 O o o 22 o (BE)
I
108-2 4.076.0 1910 | 12 80 17, N 062 15 4 5 5 &) 9] 22 |mlQ) -7 | 69 _
(¥3)
I
109-1 57765 1816 12 | 100 | 20 | 0.80 k. 4 5 5) 3 6 23 10 7 73 ;
(¥3)
m
109-2 7579.0 1358 12 60 13 | 040 10 3 4 5 4 5 21 10 L 59 .
(H-5)
m
110-1| 145716.0 1153 12 50 13 | 0.38 10 4 4 5 4 5 22 10 -7 | 60 )
(H-5)
m
110-2| 12.0713.5 2110 | 12 48 8 0.37 | 10 3 4 5 4 5, 21 10 -7 | 54 )
(H-5)
~ - _ m
111-1| 253726.8 806 7 40 8 0.28 | 10 3 5 5 3 5 21 10 -7 | 49 )
(H-5)
I
111-2| 2537265 1395 | 12 80 17 | 067 | 15 4 5 5 3 5 22| 10 -7 | 69 _
(¥3)
I
112-1| 26.3729.0 1260 | 12 78 17 | 045 | 10 4 5 5 4 5 23| 10 -7 | 65 _
(¥3)
- _ _ m
112-2| 707115 1160 | 12 60 13 | 040 | 10 3 4 5 4 5 21 10 -7 | 59 )
(H-5)
- _ _ _ m
114-1| 887106 1340 | 12 50 131038 ] 10 4 4 5 4 5 221 10 -7 | 60 ()
114-2| 7.0710.0 1370 12 40 8 0.37 10 3 4 5 4 5 21 10 7 54 m
B . $ B $ 5] 5] O (B%)

¥ 3.13 RMR| ¢ 3%

o
o,
=
o
N
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3) GAAFIA FEAY A
2 Aelo] BXaI = el B EAS setas] slsel 44
H IXMANNBEE Ao E HAEA A (Point Load Strest)S A A&t 1
Ase o ®9 2ok
A ¥ (112% S-1:26.3729.0m)
A= Diameter | Max Load | IS 1S50 qu AEE | A
(mm) (kN) (MPa) | (MPa) | (MPa)
1 53.00 19.23 6.85 7.03 168.69
2 53.00 14.70 5.23 5.37 128.98
3 52.90 3.36 1.20 1.23 29.55
4 53.00 29.92 10.64 10.93 262.22
AHEA 5 53.00 15.48 551 5.66 135.81 Diameter | ISRM
were 6 52.90 15.87 5.67 5.82 139.63
7 53.00 15.63 5.56 5.71 137.09
8 53.00 9.45 3.36 3.45 82.85
9 53.00 5.06 1.80 1.85 44.42
10 53.00 14.90 5.30 5.45 130.68
2 7 (112% S-2:7.0-11.5m)
A= Diameter | Max Load IS IS50 qu A | A
(mm) (kN) (MPa)|| (MPa) | (MPa)
1 53.50 14.61 £5,11(0] 5.26 126.27
2 53.00 17.19 6.12 6.28 150.76
3 53.00 15.05 5.36 5.50 131.96
4 53.00 6.33 2.25 2.31 55.52
Asts A9 Diameter | ISRM
5 53.10 16.02 5.68 5.84 140.10
6 53.00 1797 6.40 6.57 157.59
7 53.00 9.15 3.26 3.35 80.29
8 53.00 10.13 3.61 3.70 86.83
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A 7 (105% S-1:12.7714.2m)

A= Diameter | Max Load | IS 1550 qu | AEZE A
(mm) (KN) (MPa) | (MPa) | (MPa)
1 53.00 27.46 9.78 10.04 240.87
2 53.00 30.48 10.85 11.14 267.35
3 53.00 17.92 6.38 6.55 157.16
4 53.00 19.77 7.04 7.22 173.39
PR 5 53.00 27.32 9.72 9.98 239.59 Diameter | ISRM
6 53.00 27.9 9.95 10.21 245.14
7 53.00 25.27 9.00 9.21 221.65
8 53.00 17.82 6.34 6.51 156.31
9 53.00 25.42 9.05 9.29 222.93
10 53.00 19.72 7.02 7.21 172.96
2 3 (105% $-2:6.379.7m)
A= Diameter | Max Load | IS 1550 qu | AEZE A
(mm) (KN) (MPa) | (MPa) | (MPa)
1 53.00 24.83 3.86 9.09 218.23
2 53.00 2452 7.66 7.87 188.77
3 53.00 24.67 gyl 7.92 190.05
4 53.00 22.64 8.06 8.27 198.59
AHEA 5 53.00 22.20 7.90 8.11 194.74 Diameter | ISRM
6 53.00 9.88 S5 3.61 86.70
7 53.00 17.04 6.07 6.23 149.47
8 53.00 17.63 6.27 6.44 154.60
9 53.00 20.50 7.30 7.49 179.80
10 53.00 21.47 7.64 7.85 188.34
2 3 (1075 S-1:20.9722.0m)
AP EE Diameter | Max Load IS IS50 qu A2GE | A
(mm) (kN) (MPa)_| (MPa) | (MPa)
1 53.00 3.94 1.40 1.44 34.59
2 53.00 9.69 3.45 3.54 34.99
3 53.00 10.61 3.78 3.88 93.10
4 53.00 13.83 4,92 5.05 121.29
AHEA 5 53.00 10.23 3.64 1.74 89.68 Diameter | ISRM
6 53.00 12.47 4.44 4.56 109.33
7 53.00 10.57 3.76 3.86 92.67
8 53.00 5.36 1.91 1.96 46.98
9 53.00 19.67 7.00 7.19 172.54
10 53.00 20.40 7.26 7.46 178.94
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4 7 (109% S-1)

ANEZgE Diameter | Max Load | IS | IS50 qu | ANEZE | A
(mm) (kN) (MPa) | (MPa) | (MPa)
1 52.50 2863 | 1029 | 1062 | 254.83
A 2 52.50 21.23 770 | 7.87 | 18396
o | 3550m) | 3 52.50 18.41 668 | 683 | 16382
; 4 52.50 18.06 655 | 670 | 160.79
5 52.50 11.69 424 | 433 | 10401 |
= B Diameter | ISRM
A | Gosmm 6 52.50 24.25 880 | 899 | 21583
. 7 52.50 3.16 115 | 117 | 2817
v c 8 52.50 27175 | 1007 | 1029 | 247.03
- 9 52.50 2152 781 | 798 | 19156
G7765m) 5 52.50 12.08 438 | 448 | 107.48
4 ¥ (109% S-2)
ANEZgE Diameter | Max Load | IS | IS50 qu | ANEZE | A
(mm) (kN) (MPa) | (MPa) | (MPa)
A 1 52.50 7.16 260 | 265 | 6371
0.0740m) | 2 52.50 13.24 481 | 491 | 11788
ﬂ B 3 52.50 1164 422\ 432110358
; (40775m) | 4 52.50 17.97 652 | 666 | 159.92
= 5 52.50 852 309 | 816 | 7584 || oo
A 6 52.50 18.99 689 | 7.04 | 169.02
- C 7 52.50 18.06 655 | 670 | 160.79
Y (75790m) | 8 52.50 22.15 804 | 822 | 197.19
9 52.50 13.88 50300 515 | 12352
10 52.50 10.23 371 | 379 | 91.01
2 3 (103% |S-1)
ANEZgE Diameter | Max Load | IS | IS50 qu | AEAE A
(mm) (KN) - (MPa) | (MPa) | (MPa)
A 1 52.50 2795 | 10.14 | 1037 | 24877
(46795m) | 2 52.50 2547 924 | 944 | 22666
- (9.5~F1.0m) 3 52.50 1456 528 | 540 | 12958
= C 4 52.50 7.84 284 | 291 | 69.78
= | (110711.8m) | 5 52.50 20.60 747 | 764 | 18332 | Diameter | ISRM
A D 6 52.50 15.24 553 | 565 | 13565
5 | (1257142m) | 7 52.50 11.54 419 | 428 | 10271
5 8 52.50 2157 783 | 800 | 191.99
142 150m) 2 52.50 18.06 655 | 670 | 160.79
10 | 5250 16.80 609 | 623 | 14952
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4 1 (1035 S-2)
ANEZgE Diameter | Max Load | IS | IS50 qu | ANEZE | A
(mm) (kN) (MPa) | (MPa) | (MPa)
N 1 52.50 22.40 813 | 831 | 199.36
N 2 52.50 24.74 897 | 9.17 | 220.16
(679.1m) 52.50 555 201 | 206 | 49.41
B 4 52.50 0.34 012 | 013 | 3.03
A3 (917106m) | 5 | 5250 1.90 069 | 070 | 1690
A C 6 52.50 7.64 277 | 284 | 6804 | Diameter | ISRM
2 | (1067121m) | 7 52.50 29.41 1067 | 1091 | 26177
D 8 52.50 19.53 708 | 724 | 17379
(13.0°145m) | 9 52.50 24.05 873 | 892 | 214.10
(ZQZJ%QGHﬁ 10 | 5250 19.87 721 | 737 | 17682
4 3 (113% S-3)
ANEZgE Diameter | Max Load | IS | IS50 qu | ANEZE | A
(mm) (kN) (MPa) | (MPa) | (MPa)
A 1 52.50 19.33 703 | 719 | 172.49
(22.07235m) | 2 52.50 4027 | 1461 | 14:93-] 35841
. 3 52.50 2975 | 1079 | 11.03 | 264.80
. 4 52.50 3038 | 11.02 | 11.27 | 270.44
; B 5 52.50 2965 | 10.76 | 11.00 263‘.94 W N .
N (235°255m) | 6 52,50 1758 638 | 682 | 15645
- 7 52.50 1559 685 | 701 | 16816
o 8 52.50 2995 | 1086 11.11 | 26654
C 9 52.50 550 200 | 204 | 4897
(255727.0m) | 10 | 5250 2766 | 1003 | 10.26 | 246.17

¥ 3.14 AAANE A

3.4.2 3&XXYg AL

D sl&Add AAH

=

D Teng(1962) W

Sl
qg.—(5 8)X0C
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=L~ 1
= (5 T g) x 80

=100 ~ 160 kg/cnf
= 1000 ~ 1600 t/m’
= 1300 t/m’

@ Landanyoi & Roy(1971) "3

20|45 =1 + 04 %

0.8

=2<3
da = 0c Kop d (Kgp @ 3E 32)
800 x 0.1 x 2
= 160 kg/cnf
= 1600 t/m’

@ Rowe and Armitage(1987) W
o B EAAEAAH
ga = 0.3 o¢
= 0.3 x 800
= 240 kg/cit
= 2400 t/m’
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@ Canadian Geotechnical Society(1992) 9
o S EAAH
Depth/Diameter = 2.0/0.8 = 2.5 (D=800mm)
Ky = 36 48 (& 33)

P/ - Po = 60 kg/ar A& (223 T A28 48)

0o = Tsoil X H
1.8 t/m x 100 m
= 180 t/m’

Chl = Kb (P[ - PO) + Oo
= 3.6 x 600 + 18.0
= 2178 t/m’

= — x 2178 t/m’

726 t/m'

2) &7 vpE A4
@ D’Appolonia et al.(1975)
o 3] gFHupEA] A

fsa

0.03 ~ 0.05 f;
(0.03 ~ 0.05) x 350
= 105 ~ 175 kg/cnt
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=105 ~ 175 t/m’
= 140 t/m’ (Hgh)

@ Wyllie(1991) ¥
o FEFHRpRA A
faw =aBo (o B: 2% 31, 32)
= 0.2 x 0.65 x 800
= 104 kg/cnf
= 1040 t/m’

qQ
op
N
i)
=)

Ny
X
X
i)

hh
w
s8]

I
B
wn

X
—
w
o

I

|

X
—_
=
1NN
=

346 t/m'

® Rowe and Armitage(1987) HH

o FEFH opEAA Y

fo = 025 /o, (MPa)

0.25 1/800<0.0098 (MPa)
0.7 MPa

= 70.0 t/m’

@ Poulos & Davis(1980) =
o B gFH upzx A H

o. > f'¢
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0.05 f'c

foa =

0.05 x 350
= 175 kg/cn
=175 t/m

0 550 t/m’

gk

)

& A
b} 1

ek 70 t/m
o=l >R s N 08" %, 0.2

260 08.+%0 *x b.p2
&

550 x Ap +@0 X Af
626.4 ton/

=
o

3

343 259 &

D g A

Ae=dF  We = 25 t/m’

IH
M

=

Aol & Avgk A48)

3 oy

B

i)

10m (&
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Wiite = We x Ay x L = 25 x 0.5 x 10 = 12.5ton

2) B 38 o
BT 348 E = HEANY - BEY A4F
= 6264 - 125
= 6139 ton

344 3&XXEH E3T ALZATH 2%

Al

A% AFAE @ HeAAY ANARE E 315% L 5§33
A= #3163 2
A A A FHu FAAH
ers 5847 ¢ - 54 ¢
(t/m?) (t/m?)
Teng 1300 D’"Appolonia et al 140
Landanyi & Roy 1600 Wryllie 346
Rowe and Armitage 2400 Rowe and Armitage 70
Canadian Getechnical Society 726 Poulos & Davis 175
A8 550 iR 70
¥ 315 29193 L AXEANEH
g3 E D = 800 mm L T
38 2xH 626.4 ton
e 2HF 12.5 ton
g5 & §3tF 613.9 ton 600 ton &= AA

¥ 316 259 3 &8s AZLAHR
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345 B EA9 WAL

D AxzA
o WAT WEY PE A

ypn = 0.4x0.8x[0.85 f'ac (A = Ag) + fy Ad

f'oc 0 FTEA 23A ZAYES AAVIEGE

f, © Ao FERE =4000ke/crf

o HD32@200 ®j =] A] =24
HD32mm ©]3H 17199 A = 7.942¢cn

AR AHE N =24

A 5 T4 N =TT Q42 00V e 00 .6

2) &5 Wy Aat

ypn = 0.4x0.8x[0.85x350 (5,026-190.6) +4000x190.6]

= 704,298 kg
= 704 ton
— 700 ton 4 &

3) WwERA WAL A 8o

=270kg/crt

el A7 (mm) D = 800
A2 = (ton) 700 A&

E 317 25EZA9 WEAL a3
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A 47 FANAE

41 &

F A A E S ASTM(American Standard Test Method)D4945-89F
Aol 5 A A E (High-Strain Dynamic Test)W ol F3lo] 2 A&}
W ZFQoAES fFHor dASH S ).

DES FE BAGWA BANE HBAT BATL o83 B

Case Institute of Technologyol A Y SELA] =4 H I3 /&=
E o] &3t TEY XAY Erkolu g elH e H5, ¢5 FTE
€9 73 EFY \ESHIETA VTS a5 Al AlEQ
PDA(Pile Driving Analyzer)E 7]@st7]e] o2 g}, o]egt Al

g8 o] &3 XAy AAYHSE FASHA @ (Dynamic Load Test)©]

3 @,

4.2 71& o] &

19643 Goble L5+ Case Western Reserve Univ.oll A1 3 g} &l A

= T8 TE AAHYS 953571 AT CaseH (Goblew, 1975)
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2 Awsdth. CaseBe ol g7 AL FEA BHER o
3} SEE ZAHselol ul, o]F ZAANE ool Fu, B

B} Al 2"l o] A% (Likins, 1982), @59 3 e = (Goble &, 1980),

A = (Rausches, 1978), W59 ] X & (Rausches, 1985)

B7F7F 7bsstoh dEEA V= 2E TR A
B

e Fedu 2 FEAsde) md

=
1=
f
O

N

e

48 A%E o §

o
H
o

& A= AA s

4.3 AW H

4.3.1 A1 g &A

TASANEY M= A 4

=

—
=)
UM
|o
=)
2
{nii
o
P
rlo
Eul
dlo
1)
m

A0F(L)

JIEIN ST

a9 41 TASAE MoexE

of 0o EaAEE AAS At 44 A&
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© 0 & ©

S

4.3.2

A (Accelerometer)2}t % &3 & A (Strain Transducer)E EE=Z
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