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Evaluating the length or integrity of capped piles
with nondestructive testing methods i1s still at its
preliminary stage. The reasons for this phenomenon
may be mainly due to the effects induced by the
existence of pile caps, surface waves on foundation
plate, and multiple boundaries. These adverse factors
11lustrate the high difficulties in evaluating the
integrity of piles of a bridge after the stroke of
earthquakes. This also clearly presents the great
importance and need for placing more research efforts
and resources to solve this kind of problems. In view
of recent development on the vast applications of
high technologies to engineering practice, smart
structures must be the future trend in engineering.
Therefore the research project of this year is aimed
at studying the feasibility of testing the length of
capped piles with embedded sensors and wireless data
acquisition system. This project installed a series
of embedded sensors in a caped pile to study the
internal response of the pile. The study was carried
out with not only numerical simulation of finite
elements but also an in-situ test on a miniature pile
with cap. This kind of technologies can be further
developed to construct = smart pile structural
system’ with * health self-monitoring capability’



The potential of future application of this research
1s high and thus it is a pilot research of high
value.

#~ M4t . Nondestructive Test, Pile, Pile Cap, Smart Pile,
Smart Structure
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Abstract

Evaluating the length or
integrity of capped piles  with

nondestructive testing methods is still at
its preliminary stage. The reasons for this
phenomenon may be mainly due to the
effects induced by the existence of pile
caps, surface waves on foundation plate,
and multiple boundaries. These adverse
factors illustrate the high difficulties in
evaluating the integrity of piles of a
bridge after the stroke of earthquakes.
This also clearly presents the great
importance and need for placing more
research efforts and resources to solve

this kind of problems. In view of recent
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development on the vast applications of
high technologies to engineering practice,
smart structures must be the future trend
in engineering. Therefore the research
project of this year is aimed at studying
the feasibility of testing the length of
capped piles with embedded sensors and
wireless data acquisition system. This
project installed a series of embedded
sensors in a caped pile to study the
internal response of the pile. The study
was carried out with not only numerical
simulation of finite elements but also an
in-situ test on a miniature pile with cap.
This kind of technologies can be further
to construct “smart

developed pile

structural  system”  with  “health
self-monitoring capability”. The potential
of future application of this research is
high and thus it is a pilot research of high

value.

Keyword : Nondestructive Test, Pile, Pile
Cap, Smart Pile, Smart

Structure

~

‘1';\:

B 7 et ke
A2 T $ 2L RIR AR R B R E R & R

—
P

ER e

— o FRa o 2Rk R (NDT) 4 f 8 4r
TENE R ES G Rd 0 RFIF A
,a“r' {; 3 F’s,rf’am—i:}% o ;;m » £ Hp A
T il hE Rl F i St A

E SRR o P W 1’3;&*}3 L j%;'},@“,’f

g F BT > A ARER2Z 4 TE
JLJ'FL%?'F Eﬁ%@,?']}é]’@ggﬂ”ﬁﬁp f’rrﬂﬁg
Az iE o AP EZFATHETL BRiA

oo do W= 9P o s AR P IR S
B & % (embedded
Sensors) o & A TE G L W4 (T g i

BREEBT e N3 3 4
@@%i%ﬁﬁﬁﬁ@o%dﬁﬁ@ﬁﬂ
R L L R R s
i i BB AL BIRA TR 2R
HHRART A G o BRI E kT A
2o Py AN RERRIE
B KR 2 A o

S RS 3 |

F ek

=
EX Pile cap
(H&13) J
) 7
b))
bt/
/=
f ]
_—
Laptop computer
r Pile
(i)

)
!

FHRMABRENEAAREEZ &
RET WP s

-3-



- Rendfep A o bpbrg e T
A2 % sz 4 &3x ¥ (Life Cycle) ; 54 £ 2
LR R o I U e [ AR
2 A W HR-A R E R R B R A 58 1 A2 2
FER-ER PR EEEL Y o A
4 rikdp et 1 AR [1-2]A B T A
‘*f?’ NE R RSB
- A RZ BT REFAH W EEF
T oM EZABNFTARY AR
EHRERFAT N EERP AT (T
M H R 2 B E o RfSTEED
JHEA AR N B TRk s s 0 1Y
- M BRIES BT T o B SR
FIHT NN AR TR
M2 THEAAR -

hsd
N .

AN
7 et A ez LB KRR R L
A3 LA RE e E R AR R R

2 ;rrgx Gassman % % 2_#% < [3]r&EF
T-BeX S o e EAFEFTHLEE
SR EF R ;‘2 mERA I AFAL 2
LRSS UFY SR S L
TR P et o DR RIE
BRAPE 7 'UE % M3 A 2 etz
TR E R EE TRV AL TR B AR
MEP A ) 2T V2 e Fids
B IR TR 2 e [1-2]
P~ AHLGHEL ALY o RT RN
Iy BLEMNFLAPEEIERT JE -
ERESRE TG 0 d TR A R
A AR A Az R RI[2] - RC B
%ﬁifﬂ‘*ﬂlﬁ%*%@ﬁigﬂ
EL3GFF AP E6 0 T AR

AAHL ﬁu@’* BEARE ¥

Teo

I FEf3

AFAZFERFITES pFEED
?ﬂﬁ\mﬁgﬁﬁﬁ@#&sﬁowg
GBS E KB o A A
R - L RR RS R AT A
,I‘s Sz fsleka A a s oD o oo iR

e )L T % QT4 (3)
‘ﬁ 52 o (4)ﬂ f’ﬁlﬁ #L# B~ 5 ke (National
Instrument = # 2. WLS-9163 #ire)% o 4
%‘ipzﬁmfbézkﬁix@w
LabVIEW #ic#8 2 & B2 AR A & 3
FRFNERZART TR SR R T
B tR RIUEL T SR A R L2
VB FHRPIELZ 4 T AR (T o

Bl =

AFHRED (T
EZ ﬁ%f?ﬂ,&.&i

Bk W E

2 BE R

Y

o R S LS
R R EHBF R F B
BT  RETRF
5 Al 3 et A2 R SR ERE o Bl =
ﬁ“mﬁﬂ%]”gﬁ%éﬁahﬁw
2 PR o Bl BRI L - ks
EE R et 2 RiFRZET - Bl
3 wERZS T ﬁ?:;u ¢ 7 B i o 1—2%455

i

2

- s
)T

“E hh XS

ﬁhﬂ



QB2 XS B BRI ANT LA
By A e TR F R R A -

Bl= ¥ 347t ARE R A2
Z_ Ry

Bl- HRIPATHRMAREEREF
Ttk iRl 2 PR 7 -

B~ $#RI A HRRABREFREF
BN A A Rathiplz P& =

=
Iq



ST LI R ATH T AR
SR R R T o )

Bl4trm s R RIBRREZ B RIFR ©
51 =
3
&%'rt@%ﬁ*ﬁﬁf?w%
Y&

L
(4c®® A~B- Cb%kTﬂV-T&@ IS 2
LWL AFE R B RRFEE W
27 XL e 7R

" B " i
At L F fuik BRFFPEY MR- 8 1AL
| PP D 13ms

Ty

A} — B2 RE |
H ERES S

1] 1) [ i (3 3 [ e 1) o

T,=(3.3+2.8)/3288=1.86ms

Bli REFRRAE

A
\\E

Bz B FFERZ Bl-Lt- =B AZRFERF R R

=
o
ﬁ

. i# R R
LR W oA- %1, B
S e m = @ fﬁifsﬂfﬁﬁ' l3rlns
WEEE T LR — :

Wf\/ 7o AP > O R,
" we - Bl

— FlARHF
o — E2ERF
1 ERES S 3
I i I i T T
] @ 1] ] 3 3 [ e 7] n

T,=(3.3+1.8)/3288=155ms

Blt- =% BzZBEHBFRY SR
BlL ERRZBAEHREEE T
) =
W RBEPEY MR- 2% 1,CR
EfIPER D 13ms

Blt-1R+t=risuF® R AB-C
TR PR B R R RE - d B

TRATRER AEHRAF HRLTEER AR A oo
/P'$7%§"‘%23°E{§]6?$‘*{P2F},@ i -2.5m
A7 B ;g#g,p\ HF A e E A = : :gi%g

£ F A-B-C FZ RPBIBF Y R PEFR L

T,=(3.3+0.8)/3288=1.25ms

ﬁ%h%@*mﬁwr’ﬁﬁhfiﬁiﬁﬁi

TR RN - WY R M Blt= =% CZRyRF d R
B2 A, RV e H e AR ER



teid B BFPEW R- 2% 1,AB.CE
B L 13ms

J T—O.Sm
P1
\, ®(-1.5m
f *\r’ M o-2.5m'
~ AT =
—— BB

—— Cghiic o

T,=0.5/3288=0.15ms T,=15/3288=0.46ms  T,=2.5/3288=076ms

Bllte =ZBrARREREEZKRPF B

SRR SRAE

LA HRT Yy BB PR TR
RS A 2R R
FA[EABEME | om L B2 T 4R
T - BRI EGVR R B

ST T

ZAHEY o G- E R BB R R
B M EN S fvh b

iﬁ%ﬂﬂ@%*ﬁ’ﬁﬁﬁéﬁ?%i
TRiw T n];ﬁ»ﬁbfr\m;._},i_,? HE T
FRERP D FLAFFE BY R F
B g 3tihari s R{iiﬁ RBeEFAR
RIBL R ST E 2 TR R B4
ER RN AR R T fFAEAR 0 T
ﬁﬁ&iﬁ°wﬂ644%1fi 1n B
TRELNEREIEAR L F e PR T
CNUN IR W TR S ¢_§4n‘h—1;\-,1&,~
BARIFTEALE FEE S 5 2 3 40T
(1) oz 6
o BEE AR BT R T SN R R
BrBRIABTELZAPMIFEL G
FRofET 2 A FTAL LR
S REHATT o PP AL A MR

W ESEF 4 % L~ B2 R
ATET I 1 [4]° A K @ oo
WA AR Rl % o P

& 5_%;!;; :nJ F o/
2_? Eﬁ;i{ﬁ%ﬁ/?'liﬁ
8 * w & R B H L
Expanded El Journal) -

IR R R P L4
£ % ple 3t 2012 &
[5](SClI

™
i?%#ﬁyﬁgg\@fﬁqh
G\'I4#;'79*’}ﬁ/?']?
- R R 2R AR o
Q@) A BF2L > 5

S
U
o
.ﬂ
o
=
w
“
Vm
«D.-
ﬂm
S
~=i
S

PR EE 2%
xyaoPlﬁﬁ »rg@%g»

a4 A FTL A2
T’ﬁ?%%i@ﬁ AR

AT

FRIHE o AP FLEL AR
L - R BB et et o

e

,\\3;-%”-&)?%

1. Taylor, S.G, Farinholt K.M., Park, G,
Todd, M.D., & Farrar, C.R., 2010,
“Multi-scale wireless sensor node for
health monitoring of civil infrastructure
and mechanical Smart
Structures and Systems, Vol. 6, No. 5-6,
pp. 661-673.

systems,”

2. Mehrani, E., Ayoub, A., & Ayoub, A.,

2009, “Condition assessment of
reinforced concrete bridges using
structural health monitoring

techniques — A case study,” Smart
Structures and Systems, Vol. 5, No. 4,
pp. 381-395.

3. Baxter, S.C., Islam, M.O., and Gassman

-7-



S.L., 2004, “Impulse response
evaluation of drilled shafts with pile
caps: modeling and experiment,”
Canadian Journal of Civil Engineering,
Vol. 31, pp. 169-177.

4R S RARE ~ R FitiE, 2012,

“ua N R R B MR RER F e A

BERZFT,” 51 B2k RIH

MRt Ewme E, AF101 £ 110 1,2,

P A S B ZEEOR R RIS R o

P~ F,pp.1-8-

5. Jian-Hua Tong, Shu-Tao Liao* and
Kang-You Liu, 2012, “Numerical and
Experimental Study on Evaluating the
Depth of Caisson Foundation with
Sonic Echo Method,” Earthquakes and
Structures, an International Journal, \ol.
3, No. 3-4 (June-August), pp. 519-532.



RAL gt pmd g SR T4

p#:2013/11/03

B g

PE LA TEAA AL RAR Rk et KA

PRI BFuE

3 F e 101-2221-E-216-023- FrAR: SR

EEE SR HA T




10l FREHFETHEFLT SR EL

AL

it i§

3 S 0 101-2221-E-216-023-

7
PELAEFEUABRZARER AP R EGLFAY

FE O R

e I
* %3 p REe 2 gyt s |FFRF (g |7 FFF T
i (s |B(7 7% AL - | B S
fegg) | EHE) ST =
%)
R 0 0 100%
e PiELBREL |0 0 100%
¥ E T
it g | | 100%
P 0 0 100%
o d i—v‘ g 0 0 100% .
S 9 0 0 100%
Hr ¢ ¥ 0 0 100% s
R I
B4 & 0 0 100% + =
L4 9 2 100%
g A4 (e 0 0 100% o
=X
(2R BLuersE |0 0 100%
LiEen 0 0 100%
L 0 0 100%
o e PAARRBTED |0 0 100% F
gﬁ‘nQ E T
it g 0 0 100%
L1 0 0 100% Y
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
O 0 0 100%
1 ?P
" i 0 0 100% “
A I
#1142 0 0 100% + A
L4 0 0 100%
P e 0 0 100%
A =
(hEE) LR 0 0 100% '
LiEmm 0 0 100%




LA L WSS LW R R R A A B ] 0 R e

A D S Sy A St
(it ddz 2B 2ZFHFY - SiE- E%‘&%ﬁﬁﬁm%3$ YR EAT S o syt
B Gyl B L g,s\g%fg B SR FI R s 0 ST S P % FEF T ;R»%t“\+mﬁ_&,?.]

@gE - ERRE LB AEBERFRRD Pibﬁﬁ@ﬁﬁ’giméd e e s PR § IR
TP A ERERPRELR TRERE *%fﬁﬁi7ﬂﬁﬁfi %4“§ﬁ’%§*‘ﬁ
4 2 H @ pnes g ¥ BN T RAEAR ﬂ(;}@“”’ AER o ipe LA ;‘j‘ﬁ} A0 BE Foas LA 22

W R Bk F R FRA A FIEE PR L TR

WE Y FAGEE

}ljo)

’i = %38 P

b
1%
%‘\
2
=
e
I3
g
==
I

R E(FFHEEEN)

K |3cfe/iee

f;& ':ﬁp\f‘!;’ ﬁ"ﬁ’l,: o :—'-—,E

Vlgen

B yps 0 RE

TR~

OO O OO O o (o

3
1
4p
g e/ e
i
p

PEYRRRL RS (RE) K




R R ERFI VRS FFL p T4

wﬁpz\z%@?%w SRR CEXFHPRER L AR LGSR
B (HRAEFENRL2L TR FE-BFAE-HRFRLTRE) LT
ERFMHIFLLY R ARFRABLFHRBES > F- FEFR o
Lpem g M 3 2Ry 5Ap HALR ~ E W P R - SRR
lé#ﬁﬁ
(Jx 2 p % Gep > 2100 3 5°2)
(1% % 2 iz
[J7Feest & @ 47
(J# # & %
,/‘Flg .

2. FF Ak B T A R B
we e wd agdz~5% BEnY L&

.g;’f' c[ ] EE Y 2 %3—:‘ [

jig D J}iﬁ D/r’?ka .‘tli

Hw (12100 F 5 2)

PHifA e LM ENIRE S F A OS2 BRI R AT € o A R £ T
e oz G\;\**m]é%mf; BpEE o BT g\,f%%?@:]xffﬁp:uj oo

3;#m§m$%\ﬁﬁ%ﬁ%m¢§%§$%a’;ﬂxﬁfﬁ%iﬁﬁ@@?%
(@Qﬁ&&%%@%ii%~ﬂ@~%?é@ WHw BT ) (M

500 ')

(D §ﬁfs\§£” o

P AR AR R Y RN R R B AR R A BRI AR TR o T 2

AFEVARIPIE R ZAFPFT P mAFA L ARPEERRSFF ALY S B2

B PIHIFIE P [4] e ARk i e R 2 HAIABRRE BRI E > BT LR

REH T ooom A3 A ApREST ymaéﬁiébﬁﬁ;@%ﬁiﬁdpz‘g = %R e 3t 2012 & 8 P o AT

k=gl R e [5](SCI Expanded, EI Journal) -

(2) FisplzT-

AR AR f;i?? BRI EFE AT AR R e XA HRPRBITOR LR -

CHH s 2 B 32 -

(3) g RE2L 5

PAY R RIEREF BT o RIS kR 3

Wi e T2 A#Ha iﬁn Fpt o AL EE AT ERZ B l% @ o ’£+_ A2 i
'a

g e

FRL AP ELFT SR T LM - B MR G L e







