HE P+

Vol.37 2015.1

Topics

(41 R FHBHRE]

® KKE vision 2014
~EBHITRIOCRE, EHITEHE~

® {tMD DY NEXT12014 AVFFURTFH/
va—
~q4 VI SHBERLEMKAERICEMT 5 ICT
Y)a1—3r~

® RESP&STAN &z = +—2014
~ERNAHEEEDHH L EFAROBER~

Technical Reports

7 [wondipuy Jo uinof

I
N

SUMIIUIGU

=

A
ﬂ\l

IR id 1S 51 8 i T Pl

KOZ0 KEIKAKU ENGINEERING Inc.



_ Journal of Analytical Engineering, Vol.37, Preface

2015 DX L I
(R4S A& B EIBF 2T P
TV T U TEESE
SV DI

20156 D HEV E LT, AFEBE LS BEAWKRLET,

AEITIBEDONSNWALRHPRFENOBA THBOFIZY S L5 T, EXNRT 0y = r FOHKRSF
EHOCDLENDIE->THET &,

- BRI, HEREFRZEAER D 10

- PRt - IREE RN B 20 4F

- O TEBEB I ERE SR D 30

- HEBEZZIERLD 5 50 4

s KTVEEAHAERND TOFE OFICH D £,

BB DERRICE > T, ARBBEASELNDLIDE, EF0 T - IREEREK] TL X Dh, HiFE
EAHRETHEAELZ L WA, BEOY A, BRI L RITEICHNT 5 TEICR>TWE Lz, #
D=2 —ATHBEREELLZZ L FDho TWELER, FELWRADR O T, AHEROKB—LT
R RBIZR S TVWD Lz KOO EFTERVEBE D ERATVET,

LREOREIOZFETHSHIRIZE > TWDH D0, BiEEZ D L ToORERKIL, ThrnE) LESZ
Lo LT, BMFRIEF FEETRTOLDHIL EWVWIHZATT, dhnb 20 F, ZFEMO XS T
1% 2008 FEZ2 R AaANLT VA VEHICRRES NI R Y, WM EBRKEZRVMZ, BB
L7ZBRO AW EME £T,

BOR->THT, BRAFITE DI E o720 OBEIOHEZ %34T L TE 720,

- CHEOFEFEETE TWET?

cBEK Ty AR E R, WEE WD L X DOEEFIXITETWVETN?

FRATR DN S RLTRAS T,

SEITRE, F1T ER) 2R ORMESbNUTWET, 2015 F0 ] ThHZ L8
D, WE—ERRIOBZ ZnAfEd, il THRLZZ L] 2FATLTWI 9, EEDIIUDICERT
WETT,

ST, 2000 FIZAFI ENFE LEAELSFE IS F DD ENHkE L, 5% O ERICHERRE
W T OFINAR R EERE LT TUTE 0N EEBEZXZ T ETOT, 5l ZTIHAW T EL
72 53N TT,

2 FRATMEEE  Vol.37 2015/1  MMSEEHEIRAZSAR



Journal of Analytical Engineering, Vol.37, Contents

REATMEES Vol.37 2015.1

ZHE T2015&F0EELHIZ] TUO=FYLIEEER BE P& 02
Topic 1
® [KKE Vision 2014 ~& £ (CRDCEKRE, EHITELLHR, ~) FERE 04
Topic 2
® MDY NEXTT2014 06

~AVISHBFEELMKERMRICERT S ICT V) a—2arv~ HEHRSE
o T[HKEZXERE in (& (2015/3/15~17 BifE) HEDZER

Topic 3
® RESP&STAN = +—2014 08
~EHRHIRZEEDHHEFEROBER~ HiERE

Technical Report 1
o EEERKXFLI/DROYIUIHEERRE LTz SPH-FEM ER T 14
) mdE. B BT BRI, B
Technical Report 2
® A Damage Detection Technique by Distributed Strain Measurements using 24
Long-gage Fibre Bragg Grating Sensors
Kejian YANG, Ryo YONAO, Kazumi YAMAMOTO

S
S
=
S
A ¥
S
S~
A
=
=,
=
Q.
S
A 1
vy

Editor’s Note
® From Editors 35

SULIIIUISU




_ Jounal of Analytical Engineering, Vol.37 Topic 1

[KKE Vision 2014 ~&EI2RIREK, EBIZE S, ~1 BERSE

754 _— FA 2k TKKE Vision 2014 ~ & HiIcR S KK, L HITHEL S, ~] % 10 A 30
H (K), BOMAE VX7 +—F AZTHBEWEZLE LT,

ARA X MIBEFTEMEFTORERSTHD [KZE, MEKELEEERZT ) v VT 586
=TV ¥ OBMOL E, KFE, HREEEE YR A= =L ORIZNEDL, TEMmAE I
BT 5 B OZHREEAEENE L CEERBEL TCEND L,

SHEL, KRICAEDETEA T —~ k> T, EOHOEMEOH 2 THEHWIZIZE E LT,
EFEE CIX, ERREFCHAFOMUEBERICIRE WX E L,

B FAESE
HEf : 2014 410 H 30 H (K)
S BEOME VAT —T b
FE M RS A O A 5T A

HDYIZ TTRI—RELATL-THAT—]
ERBYUATE SR THENS i I

=0

o [
. 4
2
-3
> 8
\

B JosSA
[EREE]
TEXRE] $EHND HELRATL - THA 2] FEA REAE BHEHIE B A K
[EERE]
o [TSIZkBAREDEFHLKKEIE BEFREFFSEAN ITS Japan EHREE X8 E K
0 BERAVISDTEYIIRDAVMIBITEZT—20OMBLEER FHASERERMASHERRERXHT
RiE - BT EEE
’iE - B F—L BH)—45— WAk &7 K
0 A/ R—=2aVEADRKRERE—FT7yTaIa=T1sDER Colorado Technology Association CEQ Erik Mitisek K
e A-E/ -ULIDOMBRBEY I T—2EHKICENT #AstE U oTF—42aL
v b —EXKE
BEEKRE IR —Tv— RBIiI AR K
o REMMEEESHME (CFRP) & ZDEAEH D ZHBAN FABRKR BHEEMESEERR
4E - ARFERDM
Vi)a—a URRSBEHE
 KERAEE 42—k mIl B K
BT v A&t
RERMMHE - EEMHEBEARNE XM
A VERRN)—ESRRTNL—TIL—TE
Al ¥— K
o HAEEEICHEITAaLDIKY KIRKERZER IEHEH
EwAmIFER %8 /6 EE K

KKE Vision 2014 /AFWEBHY A b —  <http://kkevision. kke. co. jp/kv2014/>

4 FRATAMEEE Vol.37 2015/1 (KBS TERAZSAR



-~

CND2bRER\VKEBFHX RO D IC
[ a2 —vay %

v C 7% B U T 5,

WE BCP-FiKEIHICB T2 " GBI Y — A7 L L CTHRBE W r — AR I TnE 3,

MBI SEOFIY S 2L —vav HBAE WHO%E Ty iav—vay

HWEE Iz —vay

A I —vay

fMiIE x5, NETxE, FEHEHTZ S,

FERFEOWERLINSL C L&A REFR
DE—RTT o ¥Iab—vaveBin
ST eic kb Is fE (2R ER) T 350 2
brREEKNAREREZETEET,

o EREORE?

IsfECR D »OAE W EL R

SR AR EE 2 TdeDICF, ¥
L—yav 3 ETT s —E Tk
WROZUEFRD o TFH
W2 kAT X R b E T,

BCPRED®H

xR D Z 40 DB

Yial—vavEBCASTET, HE
DERWICHDPVET, BRI D
Bhds7—2%GbN 50T, BRE
LOABIRCER LT ZTET,

2T =7 FRALE—~DH W

R R~ o F




_ Jounal of Analytical Engineering, Vol.37 Topic 2

LD I YNEXT 12014 HEHRE
PACEZER in & (2015/3/15~17 BifE) HEODIERN

OGS ETZERT ClX, 2 E TICEE, L ARASFICEB W TER L TE fE H32REIL 7202
o b— g U T — & AT, Bl BIEOHE N TREE W e T — X~ A = T
Kex BREROFITIESABN L, RiERET L2 &2 BIC, BRE~DOHREZ BT TWET,

BEEAE
® fR&e-fERFERY Y a—tar
> BEEET SR I T T
[F—s~A =2 78 XKD RERmA - 2R
> FBGON A TR EICL D Ty 7l (RRIT—4)) & MREMITEIT) Z7H L
IESN AT =LY T
& FERE, BRERERIE, 7 AL, BEH LR~ H
> BiimE/BEABOAELY Y 2—a
0 NEXMRYUa—Talr
> RHUERERIC L D, MRS, RAWMES), Bk, MR e —E A~ ORI BT O # A
> 7T r b T - BB OMER RO 72 Ot Bl o
> BCP (EHEfKGRTE) REDTDOKEFY XAV FHli= T 7
> BAKEHERE - MEEDO T OBt I 2 L — 3 &

BEED CHKE
HDICYNEXT 12014 4 U DOSRE - #FEER
= 2014118128 (k) ~148 (&)
= 15 HREvIJHA + (RREEETS)
¥ & — &t EiE A B REEE G S
LI — A7 SMBEBEHEFAKRIZEMT HICTY) 12— 3
= IVOZFYUTEES R by I IR TVAVNEER BAEME

3 7 .m.\m {2
-'E»O)’J( UNEXTT2014 IF—RAx LDODICYNEXT 12014 BT —REAR
WEREDZERN
HKEEER in W&
= H 201583158 (A) ~178 (X)
= 15 BAyAPEEHMERERAEITHI-N
E AERF. EEE. BRI TEFRET
EE%—VCWE BEYMOMEK, BEXIIalL—42, ##CIaL—a3>, KFYRYEHE

KRR E ZHEOHFIL, AEEED TBMWEDEE] FTITEEIZI 0,

6 FRATMEEE  Vol.37 2015/1  (MSEETERAZSAR



RESP-T

Version 5.1.2.2

BRTTEH - BMEAFRKEER OIS A

HoWwdIA - BEBEVISHET S 3RTHN - BNESIERMBH OIS LTY,
LHTRRE. KF, BREM. REI VT Y M ESBOBARELEECERARBEICEA T oA EEEEAL.
FERLEYR— MAHICK SEIMEEE 2/ >8R TS,

B RESP-1/8 for Windows Version 6.0.0.0 e ﬂ G RESP-T Viswer Ver 1.8 for Windows - [tes3t5! dot] ) i
= = B rE WEE ERY 0N T H) -fafx
I7OUE  ERNY) BEQ  AWTH) e R DA’ 0@ @By
AT TS
R fesdibl JFh: RESP-T SAMPLE DATA
BRATE(T 77 %
I TG -
bl v [
2 V] |Glresp-tétesthdat
3 [V |G¥recp-tétec Htb3dat
4 [
5 [
8|
7| @ |
8 0|
3| O]
1w |
[Anzes | | Fvener | [ 5z || 15-%7 | =T
e B )
—
i ]
BRITIAR
|
Solver Memory : 2MB 100 % BRTIET
[ T T RRRT Bicis [F1) ERLT<ES [ e T ERRT SR [F1] ESLT IR ()R
7 =, = Qo
RITETILE BEREE—FY

® HEETIL(M-N, M-M, M-M-N) masiccsissmnicnic. SisomfHrEHiL. MEEEOMNET 5o EATH
0 BMIFMIFBEFIE srsysvvistiironnemnrnpesmTe

O RAMEFTAETIVICHIE meamsemns, serenarreumtsocrane

O HMEBENET IV "Rumm. meoB @SR, RaylighBEHIERET) . T—F5, 0FATALY— HABAS Tl

HAESH

HEE, S, MOEEN. ETOGHBR. MIEEN. BRER. TR o L
IS5 MEEY. BRESEN. R - SEEEY. &5 Fr=
A

DS DRIBIER. BRRT (FEMSE, T E, TREAE, R
WHEL), EHERT. BORIT(T— FARS. HENS). EREHERT P

* (1)FER S & AP O FRERAE

LSRR —AETIL RERS — A VSBETETIL
(BBVBEIFRSE) (RUDE-XY )

HEEB T E

B GHE-SEEETI
B iRENITER

Yl
|

FIRERMD Q) E—LERML @), HREXFHERD ), \RERO?,
Aligift & 4 REFAFTER?), BlEE 2 AXF/ARERP), MSSEFR?),
FHEUVFAERD @), FEIGHAERD @), REFR, BEERO),

RlEf & 4 AXEEEER?), REE 2 IXHEEER?. Maxwell ER?)
* ()MASMERTBEAT (2)HERTZET

BT A tE

BITE, RER, Y v S8, IRBHRCED | IREFSRCED) | FETFIL, = |
MEE, D-Tri(BABE)E, RRE, RED, AP, RREAE, e
BAREAZ, RERTFSV_7O), RREART FSU=7M

BAREBART FSY=F®
* (L BREARAERT

FHIET T

D-Trifl, VUBNBRIEERE. A U=7R) v T8, D-Tri(ELHR)E.
SREBHITR., EAMRERNAS )7, BREEBILBENIY_FH,
Ramberg-Osgood(hardningZE)®, (#)JV A FUHRAVEEBIT LR,
HFETL(KRHDREYEE /N ) =7, HAMGH)MEES >/ —EEEBE,
HHEGRRES o NR—N\( )V =FH, 5HLBHRFLRBE,
FASUES O —(BHEER)E, JLAXRNY=7,

A LRIER(HR)BMRY o/ —F

ExHRECERE)

EEEEINF Y 7T, E6KT 3 REAKSITE, FIRECHLR)E,
HERTF/ N ) T HITH, REEEF Y Y ZTHTR [

& BITaAVHILTATHT-oTEYET,

[T
Sy

GHE-SEF )L REBITER

B RESP-T/B for Windows (KE#%GAR)
B RESP-T/A for Windows (G %IGAR)
B RESP-T/E for Windows (##:R5EAR)

B RESP-T/S for Windows (#8EHRER)

BFRE

B 0SS

Windows XP / Vista / 7 / 8 (64bitOS3%ti5)
BEAEY, T14RY

AEY256MBLLE, ZET+ R/ BERIGBLUE

http:/ /www.kke.co.jp/respt/




_ Jounal of Analytical Engineering, Vol.37 Topic 3

RESP&STANE = +—2014 ~BHAHEEEDHHRLHFROBER~
FREHRS

12A3HZ TRESP&STANE X F—2014 ~fFroahilBiEE OB L RHROREER~] DI EL
to@%%%%ﬁfmfﬁbmwy)~fckwf D1~ 2FERI A FRGH B E DX KIE
WD — |, Kx OEBOFFESHFHCBI 2B ERDTDIBZ DT RNO TIERWN N E DN
MODRHY | HEEA—T - E&;ux’ﬁiﬁ\ﬁ_}:@ LRI I F—2mLE LT,

B A —T - BRIESFEIMHIC K 2 B O filEREREORECHE SO & | &7 n 77 LD
FiER, FRMORBREITO, YHITZ K OFRIC RGN 2 & RKEWRO S HICKTWzLE L,
+* ")‘H/& BALHRE LIS D Ten cafe] I TITo2BEES L., BIF—MNF - A — & - sttt
=) DT T, ZOHDOEY Ten~ifF~ ] #22HITHRY F Lz,

WERERTE
- HIF : 20144F12H3H (k) 13:30~17:50  (ZBHIZ : 18:00~20:00)
- 235 RS EERHEMFIEET FEEBIL 7 Ty —L— A

BEPOKT

| A= NN

OBl ELEE ORI L R RO FE
cERET V= 7)/7:m777%A@%EﬁA\%ﬁﬁyﬂ~
cERKETE : TRCH > /R—
CBHUL TR - KRR L RFEE 2L, URLY o —— (K RfEE = A
< JFET BV BRI L — R HIERAE. HIIE SR it
-%7)%xb/:mﬁﬁﬂAﬁEEﬂA
s EFNERT NA AT 7 Jar—M @ RARTLRHEET L, HET <Y K il
A VATEMR T T ANVREE T L, HIEREE i
CZEEIAT PO AT LA ;0 MCBH /3 —
W T 7Y vy TER - TR IOK
cHBESESET =TV W ERET RO, TR RTL—R
- HZHEAR - I EHIR 2 o X —
CAER T L TR RS N —
- BRFREIET ¢ 234 X RDT, iRDT fily

O7 v 77 LGl WEEFTENIZERT BZEE 75 STAN/3D, RESP-D, #rpsinfth

OB

8 FRATMEEE  Vol.37 2015/1  MAEYESHERZEAR



Bt IF—ATHRNL-FES NQuick-RESP] #ZE
ONARIEEENT CHR 722 2130 EHAMN?
- TERBAENS . AU RE WERBEYOZFHICE L T, SAIREEITIC L 2 2 4R %

KD LT,
c REBRKRFAOZET L8 OKFHIBE LT, BRI 2 O SLRIRENVRNT IZ L D 2% S Mk %
Kb BT,

cEENDHBROBRYEEN AT = A —2 3 U TRETIZELWWEEENT-,

AREEYOFREH 2T, BIEFEHNOMEBINET = A —v a VOEREZKE I N,

ERRETVORE TG T 7208, B E IS TRV 2 Fhi L 72 1T huid7e 572 <
ol

A IR AT E TS DR N HE RN DICTAARAT -
,‘ ERBY— L EEZEVVDESS ?
BNEY— I ER— IR ROFRI THEAMRUL, FRIEMIT
AN
R \/

(CLEBARET 21T X BIEE DI ESNNIEETD .
ISEEDMESRA T ZXA—2a> E@aER LIz LWVEIFR DL, — ST
FIEBHBESRONEWNFBVRAT: - -
FLWTOISLADENAZEX TOWBESRIRA TR |

D DRI Z RIS 2 T2 OITHE b T 8 5 SLARIREN AT — L
[
= QUICK-RESP .

WSS ETERATTRr
STAN/3D

WHESE T IERAFTRR

RESP-F3T X5 A
BAEEET B TP
2 > ISR HAROEERE
Quick-RESP BRAKROT—IDFHEN
AZADSRT L)

Super Build / SS3 CSV

(==¥2)! ) L .
L ONERET— T kB HARIER S 0 ET,
-BEBE-R ?
Z0fh ERAIGEE
JRBTIA-33>

ST-Bridge % ) J

% Quick-RESP (3 (|4 & 51wl #F 257 O B F& # i T 77
it~ DB NG DRIZTHEELS 2S00,

RE

nag it ki e

[RIELIELL]

4
foe

QL]
q

REEEREER

(L1

RESP ;h—AR—3 : http://www4.kke.co.jp/resp/ STANK—ANR— : http://www4.kke.co.jp/stan/

FRATMESE  Vol.37 2015/1 (MBS HERAZEAT 9



_ Jounal of Analytical Engineering, Vol.37 Topic 3

BEIF—ATERLE-FER
RES | BREERREE - AEPEIC B W CREEIZ DX ABIM
(Building Information Modeling), &fEY 7

DT —Z ZHRERE DB A A, BIMIZEL Y fH A
T7mYe s NERBLEFT TREINTVET,
LU, EBEOEINEICGEEZFEY &, 7— 57@
BICL 29 EIc7e Y =7 KK
5@%'@ﬁt®%%ﬁ§<\@ﬁk®%%®k
IRV > TWAHIRITH D Z & N2 ITHS
MTI o TEFE L,

T, EREE - BEORES) HBIMHEE %
YR— b TDIN—T T 2RENLET,

BINZB Sy MEETL—TH 271 HARBE

eI OEHEE

WREH TR + .

TR RS O @

I e

‘@ T S
Lo BN RUSTEIEET

(@ BRFORIEERALL ele ]

& SETLELC RS
e EHEEN RTINS
e EEEENOZA AL ste ] 0

BIMICKFBZEHELIDTIHGE L. EHEMRILDERT BIM Z{2E

T7ANVEBEY 22—V

m -+ 2014/9/30 $2H £

ﬁ%m BRI A

CT—AOFNEARIE. 77 AILAICKBEENSDEH
CHETFALOY I BETRBREICES bS5 JILER

BEO AN ZFHER L READL R

XXX Proiect

| 2014.0930 7' 7 VAR

a2y ko) |

| BT At H ISR =AY F Q) s'z|

| IFC 7= 5 S5 — DN THEA i /;sz”|

. - ERE IARICENLA—LEY L —EEIFEE
St TVOR—VERICEY SCRBBEIIRELCT IR

BRAIER £ 22—

A2) BB AEANT LR

? x =
2014.10.31 50
PR P
60%
~AEEED
e Ak
Manager

Members
+ToDo J R b LALORNBROA SN TFEZHIE
: / RIPA—TYOEBERL L, BEAELEEEXE

BIM &t =2 —

10/24 10/31

2014/10/31 0:01 T-# : 13 2
2014/10/30 0:02 T#7 L
2014/10/29 0:02 T#7 L

Hi T Sim 7 — &
P
/ iz

IFC7—4

EMTFHF = v 7R

CHEE. FEFIvonE. BEBINEEY L LOEEE
YT B A LIZFTS S & HRBRARE

LEEMRRE A EICHERE L, BIM OWREMEEZ B RIRRE L £ 7!

10

ERAMEE  Vol.37 2015/1 Gt EEHERAZSAR



BEsF—smE775—+
I F YA, MW EAILT U= M IR EE L, BRO—H% Z ZICZH
W LET,

Ok I F—2EizonT

MEEDAUS T o T T P —EHEBY T ? SERFICHT S SR - ARAOBE>

L POAE T < B & 7 GBI 2 B = & | XFARC X 7275, RESP A
LFOBESRCET RN o LR LT,

LTI TR S HEBEEB ORIEIC OV T LB L TiE Lo
-

C BHD A — T DFE SN EECEIT B O LA =0T,
Hr o biEWIART ERE olznb, A=W EEK > THIFCH
LTH EdoT,

« RESP ~D AS i « 5#EHHI% £ C x-S — Rl %52,

< IREEHTIC OV T, EARMNARE 2T 52—,

il

O TRESP-DJ 22>\ T

e %< DFF 7 \ZEBIC RESP-D 2R LTV & | BB TOME |
x Pl SR & 12 < IRIRRE ORI 2 & L TR Y

368

FBHIAAT RESP AR — A=V X W Z T TR Y 7,
—http://wwwd. kke. co. jp/resp/
L e

BEHRLAAZ R

LEIOBHIALT 2 @, 1 74 B ABMHENNIET ET,
BHIALS 2 ¥R UNEE CHEHZBATE T2, RED
RUCRIEIZ LD | BHIARZBEY T2HENTSNET,
HEMUDITTHEL ZEN,

SRR

3 IR BEE SR 3

O TQuick-RESP] 22\ T

R QUICK-RESPE JZBIL -l T T 4 7

BESERIGL  ARILACTAY

IS —WNTITo7% [Quick-RESP) OF E@Mi%, Tt I )
—HEN—VICTABLTEY £,

http://wwwi. kke. co. jp/resp/seminar/report141203. html

L e

EYN PLERLIA

O BIMYuyY=7 MEEIN—T T =T ] ITDONT

REAChEELL? <AV AT MCH L TRV AV b >

EERERTRN

HENTH BIMIZFREICIE 2> TWET 28, BlkiFEE-> T
DRI, AN TORENONTE 5 HEFZB VTRV,
- BIMJE A i CORBEIZ OV T, FBRORB#AFE> TV ET,
« FEPN T BIMGEANIC T 72 IR NI AR A 2> TETVD A,
BHIFRYA, HYEFIBLTHREZVER S,

C 2~ 3ERTIVNR, EES,

11

VAT LD BIRIRES DFENFLTH -T2, WEMED
DIZ otk 5 TE, % blER, BENRIEREEZ1T-
TEWY ET,

OF DfthEAa
< FEFITHIRIC Ao 72, EHIMICE =72 & 720,
AR, RERIROY I F—a B L TIT LUV,
Pk LEERENPBTIZEERENET, EEEERALY ELESSMLIEEBWE T,

FRATMESE  Vol.37 2015/1 (MBS HERAZEAT 11



of Building

0 8=

RESP-DIFFF B NERET D SERRIRBIET. IS IRBIET
FTZEY—LVRTITOHERDOBESETOISLTY, RESP
VU—XHWMDEACEBREBREE. RRBE. RSSO
LT BLDFLWPAT AP ZEDRADBIET. KDEETED
BUVBIEHEYTILEY T —vavEYIR—hUETD,

HERE  CRHUEEER

0 7095L0%ER CHHERE REEOLUNES

GFBINNIEST B EE DT REFETE CENIERRETY, X cOVI R CUARD L FEIRE
2. MR RENRAT - E R R IRE AR DEIRATRE T I,

3 BEE. SR SRS UAE—F ([ CEB P = X—a %
(ERETRET T — _—
@ ﬁigﬁmﬁ @ﬁgﬁﬁ SRt
—le—— SRTEBMR IV —IMEERIFY IR T
; Ver.11 LW&ELhKUy=1

P RESP-DT2THIb. BYWETIVIEFEIC1 D, 85 - RiTE—TTEETEE D,
- Windows8.13d &

AEZERELCHEEE REE D!
-CGVYIMARIRT7AILOHA !

p—

GoTWa29esrra
SRSLET] :
BEWTWeb@mEISLT NS

B RELEREAP. WY TRTOLY ST

fEitRHE !

- B8 (SRR BT A ERE LT L, _ ) i
SHAREIET T O S LSS MEET ETENTEEZBEDEL, CNZERBRUIKTHES NI EfET DI D
BRI ROFETRERREERLL, » #h3EY—ILe ZNH Quick-RESP TF'!
HARBASEENRRTERRET T, C
243 RESP.STAN i—AN—YET,
FRCB BT — I ER—AICER LT TENEEEDIC P BohB—IF

[(AH]
wigsstEmErrs STAN/3D L UL R E ol RiE DTS SRERDT — 58
: HA) - BEE—R
wisstERRA RESP-F3T PR L o e et

A=FVIATLE
Super Build / SS3 CSV

Z 0fth

eI

#Quick-RESPI3 MBS EH B PT DFFEB@R T J.
HERANDBBEDEFTEELEE L,




REAADREBER YR T 4

[(BRETRANMEIER S AT L L]
MERETICAVDANMES ZEZR MRS CTHERTEIENTEDZY I I T7TY, EE - EASETE
HONTWVBREARY MLIZHEET 2EBMEBEREFERT ST TEG L BFRAFEI TOMERESH
BEMZERLEANMEBEZERT I ENTEET,
2014 £ 8 AIZ, SeleS # 7.0 [Z, k-SHAKE+ - k-WAVE % 6.2 [2/X—Y 3 07 v 7L, FiEEDBINEZTL
Flf B2, 2TONRY 47— (2T Windows 8x MG EFTULVE L1z, £z, SeleS O#HEME DB & FH

L. 201446 BETICRE L BEEMNGE L E L1
(&/\y 7 — OHRERIE & IRFTEE)

FAINVEFENESS >R R

WEHEREL T LA TR OROMERELRTS =02, Bt
. REIOMEREZRRL. HEMES LUV EHE
SeleS for Windows [CkoThI-dEh BRI A COMENHEZHE
LR TEVRTLTY , EEERBERICLIERMN R
TORXKRBGECERAFETE. THEDL
BR 55 (M % (1997)®H205 AL BIEERRI ML DEHE, B
J)UHSREER 2,100,000 (Fitk) B oMY EER LRI - IMNEFRICEDRARI

21| -/h#AFR 1,800,000 (Fitk)

JVERfEASFIRET Y .

A LHRERR  : 1,800,000/ (Fitk)
B ERERTOTS A BEMBAOBEEERARIMLERELT, T
. DISERRGNVISER T ShEREERT 570
ARTEQ for Windows 55 LT . MEREREEDE T 14612 ORE A
T—Tv7 ANt EEERFEEMEE (). ERIETAS
BR 5= 4% [CEERL=BHEBERARIRIL, ERARIML, LD
7 )UHEERR : 1,000, 000 (Fitk) BERTRARYLL, SeleS THEELIMERE
EERETEM : 700,000 (FHrik) ARGPIVEERET D EMNAHETT
T ARBREM : 500,000 (Fiik)

FifE iR D RIS BT T 0T 5 L

k-SHAKE + for Windows

742249 TSR 52 3o ENTHETS .
W EARHEEE
EHERGTERICSSEMETBITISEEELES,
T DRI EFEIRFHFEICKYBET LT
ﬁE_GTO
W SEERT AR ATHERE (T ILBERERR D 7)
BB EICRIBZE MR Ea LT
T, BEES EEBEEMEEEZEZRNT, L—)—
BEICKYHMEREEIRET SN TEET BT
BR SR THFMHEEL T, #8712~ JE#RF (Ramberg-Osgood ET
J)LHEERR - 800, 000M (F3ikR) JU Hardin-Drnevich®T JL Bt&Bh iR - B 5%
EAMEEER - 500, 000 (Fitk) Bl RICERTE T BHEK) EBIRT D ENREETT
RRMET 0SS L SBRRIER T —9PARTEQ k-SHAKE+ T85> | "
. NhzERT —4%5HAH. B - M- 150 |
k-WAVE for Windows o R AN ARG FLRRETSER | |-
k) WMETOTSLTY . BHOBEHISHLTT >0
B R HEICERBERTTHIENTRETT,
Ft= BT 2T HNEBBEFRET HIEN
TEVHIER TEORENMN EEZEZBRT SN
BRI 200, 000M (Biik) TEET ,

KEHEICHFERICHEA DR EBEHRELT=H
ELERMIOTSLTY . AREHEILO
ARTEQ CIERLI- R E R E A W EREL T




Journal of Analytical Engineering, Vol.37 Technical Report 1

F11E BEMOBBREICET 2 R Y T A5CHE2014 4 10 H)

EEBRKX2 0 o0R0y LU TEEEZR E L 1= SPH-FEM ;&R 4T
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Summary

In this paper, a damage detection technique for flexural structure using strain measurements from
long-gage fibre Bragg grating (FBG) sensors for structural health monitoring (SHM) was
developed. An experimental investigation of flexural beams based on distributed long-gage fibre
optic sensors was carried out. A method of damage detection for flexural structure from distributed
dynamic strain measurements was proposed and verified. Furthermore, a parameter study of the
damage detection index proposed by author by means of analysis of experimental data was
performed and the possible range for practical utility of the damage detection method was
confirmed here. The above damage detection technique could be applied to the health monitoring of
bridge and other flexural structures.

Keywords: structural health monitoring; long-gage fibre Bragg grating sensor; damage detection
technique; distributed dynamic strain measurements; flexural structures.

1. Introduction

Regarding the on-going development of available fiber optic sensing techniques, FBG sensor in
nature holds the excellent ability to provide a measurement having higher precision and measuring
stability. A series of lab experiments and theoretical studies for the utilities of distributed long-gage
FBG sensor system by authors has been performing since 2006. Such works include theoretical and
experimental studies by Li & Wu [1][2][3] and Yang et al. [4][5], the actual survey for an old
under-use RC bridge named KAWANE located in Ibaraki Japan from 2008 [6][7].

On the bases of above studies, a damage detection technique for flexural structure using strain
measurements from long-gage FBG sensors was developed. An experimental investigation of
flexural beams based on a distributed sensing system was carried out. A method of damage
detection for flexural structure from distributed dynamic strain measurements was proposed and
verified. Furthermore, a parameter study of the damage detection index proposed by author by
means of analysis of experimental data was performed and the possible range for practical utility of
the damage detection method was confirmed here. This damage detection technique could be
applied to the health monitoring of bridge and other flexural structures.

24 FRATMEEE  VoI.37 2015/1 (4SS TERAZSAR



2. Damage Detection Method using FBG sensors

2.1 A distributed long-gage FBG sensing system

The long-gage FBG sensor of which the effective sensing gauge length can be extended to several
centimeters or meters through special packaging and broadening was developed by authors shown
in Fig.1 [2][3][4]. It was applied to civil structures as a kind of distributed strain sensing technique
by connecting a group of long-gage sensors in series shown in Fig.2.
Composite package

SMC': single-mode optical tiber cable

SMF: single-mode optical fiber

FBG: fiber Bragg grating

Connector

SMC

| == o

CHGEETEE Gauge length
L/ (sensing part)

T L 500

Braid buffer layer 1000

Sheath 1-1 Cross section
unit: L
Fig. 1: A packaged long-gage FBG sensor
Sensorl Sensor2

A 7 ~ ~

Connector \ \ / Connector

Gauge lengths (sensing parts)

Fig. 2: Distributed long-gage FBG sensing system

2.2 Static method for damage detection

The strain distribution of a structure can be measured by above distributed long-gage FBG sensing
system. As shown in fig.3, the damage of a flexural structure can be detected from the changes of
measured strain distributions.

When a beam is under a static load, the Normalized strain, which is the ratio of the strain at any
position vs. the strain at a selected position in the beam, will keep as a constant no matter how to
change the values of the static load. Theoretically, the values of Normalized strains will be changed
only when damage occurred somewhere. These phenomena could be used to develop a method for
damage detection for a flexural structure.

However, in practical uses of bridges or other structures, the loads were difficult to keep always in
static way and in same position usually, so it is unfortunate that the above static method for damage
detection has less opportunity to apply in under-use structures for health monitoring.
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Fig. 3: Static method for damage detection

Base on the idea of above static method for damage detection, we developed the following dynamic
technique for bridges and other flexural structures.

2.3

Dynamic method for damage detection

As we known, the structure mode shape is determined by the nature dynamic feature of a structure
which will be no change by whatever the loads were in static way or dynamic way and wherever the
loads were located. If our distributional strain measurement can be described as an evaluation of
structure modes, the above idea of static damage detection method could be developed into a
damage detection technique independence from load conditions.

2.3.1

MMSV
A theoretical research for the utilities of distributed long-gage FBG sensor system [2] verified that

the displacement and macro-

H ,Z (w) ®, strain  modal constants have
= = - (1) such relation as in Eq.(1), which

£ b
. H mp (@) N,(@, =@ Jr ) ensures that a similar parameter
— can be obtained from macro-
E b f strain measurements as mode

: shape from displacements.

ith jth o |
O O O O O O &€, 1is macro-strain of several
I Lm I ,l)tll consecutive elements from the
1 L mth long-gage sensor with Lm
Fig. 4: Macro-strain measurements of Beam structure gauge length shown in Fig.4.
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H ,ip (w) 1s the macro-strain frequency response function between the measurement from the mth

long-gage sensor and the excitation at the pth degree of freedom.

,HZ,(CU) is the displacement frequency response function between the measurement from the

position of the /th long-gage sensor and the excitation at the pth degree of freedom.

@, is the rth mode shape at the pth degree of freedom.

The subscript r is assigned to the rth mode. _ h 2)

hm is the mth distance from inertia axis. m

The relative ratio of all components of the combination of macro-strain magnitude of frequency
response functions from all FBG sensors can construct a vector as:

{51r952r7.."§mr,‘“}T (3)

named by modal macro-strain vector(MMSV). It is verified that the time-series and frequency
response of the measured macro-strain versus displacement response and the MMSV versus mode
shape share the same relationships. Therefore, we can use MMSYV as an index value of dynamic
method for damage detection similar to the normalized strain in static method for damage detection.

2.3.2 The damage detection technique

15 Sensor Number 30
SNV NN R R B i R A .
=
S 10 |
7 %
o) =
Qe =
T 5 |
= 10
P 0
0 .
0 5 10 15 20 Sensor position

Frequency

Fig. 5: Macro-strain magnitude of frequency response functions

A damage detection procedure for structures can be described as follows:

1) Install a distributional long-gage FBG sensing 3
system on a bridge or other flexure structure. 4 in‘
25 s
2) Get time histories of macro strain of each sensor. densots | 2 T8 a © o/ @
: : 21 8% o%Rs %8 o $ 3%
3) Calculate macro-strain magnitude of frequency = IS T d WG
. . w015 - 5] 8 o008
response functions as Fig.5. <" e el
=
sensor1
4) Record the MMSV of each sensor for every N ANRE-EE 3 WO St -0
measurement as Fig.6. sensor5
5) Analysis the variation of MMSVs shown in Fig.6 0-5
and give a health diagnosis of the structure. o lms The numbers of test

B r 2 3 4 & & 7 B 9 10 11 12 13 14 158 16 17

Fig. 6: Damage detection by MMSV
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3. Experimental Verification

In order to verify the validity of our proposed
dynamic damage detection technique, a series of
experiments were performed last year. Two
aluminium alloy specimens with 1m length,
25mm width and 8mm height, which are an
intact specimen and a defective one, are used for
the experimental verification. The detail plan
and the results are shown as follows.

31

The section and the sizes of specimens are
shown in Fig.7 and Fig.8 and the distributional
sensors placements are shown in Fig.9. Two
specimens of an intact one and a defective one

Outline of experiment

EHEETFR(ABSE) 2014 T KU v K #HBRBHX

Imm

2mm

8mm

10mm 13mm

D g
N . N

25mm

Fig. 7: Section of specimen

Fig. 8: Siz

e of specimen

were prepared, while the slight damage of 4mm crack was made at the centre of span in the

defective one. Five long-gage FBG sensors with

15cm gauge length were arranged along the line

under the web in

L5 L4 3 | B

__I_ff_‘—__

base  surface of
lower flange and

L1

5 long—-gage FBG distributed sensors
H-Section Beam (intact Specimen)

Slight Damage = 4mmcrack

covered the span of
specimen beams.
Two of
specimen were
simply fixed by
tapes, and a simple
impact excitation

ends

LS 4

_ 2

L1 was added by hand

on the centre of span

5 long—-gage FBG distributed sensors

H-Section Beam (defective S

Fig. 9: Distributional FBG sensors

to cause a vibration
of the specimen
beam. The time
histories of macro
strain of each sensor

pecimen)
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were recorded and the
calculation of MMSV for
each sensor was done in
every time of measurement.
According to the analysis of
the variation of measured
MMSVs, it is clear that the
proposed dynamic damage
detection technique could
identify the even slight
defect effectively.

3.2

Fig.10 shows the specimens
with distributed long-gage
FBG sensors, interrogator

Experiment results

Eﬁ ‘aﬁh\ L2/t
< §3'5 9 L3/LL
E & = "-,”\‘-\ N/ Lans
g E b L I g T BT ER BT e e - R pa e
Elﬁzs e g '2 iﬁ ©
%m 0-.g-© O__g__g_ﬂ ¢ o -@---&.ge
j% % 2| @-0.6-0.¢ ¢ 0@ L2
%E
5 3;1.5 o L5
QEI..‘OOOOOOO" OOOAOOOO
BifE L1
. TheNumbersoftest
U'SU 2 3 4 S [} 7 8 10 11 12 13 14 15 1 17
‘ Results of intact beam ‘ Results of defective beam ‘

Fig. 11: MMSYV for damage detection

The experimental verification of
proposed damage detection method
based on distributed long-gage FBG

sensing

Fig. 10: Experimental verification

and a personal computer. The software
for data processing directly was
developed and installed in this computer.
Fig.11 shows the results of damage
detection by these experiments. There
are the results of 16 times of two
specimen beams, in which 8 times are
for an intact beam and 8 times are for a
defective beam. The horizontal axis of
Fig.11 is the number of experiment,
which the first 8 times from 1 to 8 are
results of intact beam and the second 8
times from 9 to 16 are results for
defective beam, while the vertical axis of
Fig.11 is the damage identification index

named Modal Macro Strain Vector
(MMSV) introduced in above section for
all five sensors in a specimen.

It is obvious that in case of intact beam the
MMSVs of each sensor keep almost no
change and in case of defective beam the
MMSVs of the sensors near the position of
crack become abrupt change clearly. It
provides us a useful and effective method
to identify the damage of structure which
is independence from any load conditions.
It is feasible to apply on damage detection

Ratio of MMSVmax. vs. MMSVave.

150%

140%

130%

120%

110%

100%

—=o—without damage

—e— with damage

AN

[ 4

—_—"

of bridge or other flexural structures for L2 L3 L4
structure health monitoring. Sensor
Fig. 12: Sensitivity of MMSYV for damage detection
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3.3  The possible range for practical utility

In order to elucidate the possible range for practical utility of proposed damage detection technique,

Table 1: Possible Range of MMSV for Damage Detection

Frequency (Hz)

Period (s)

Value of MMSV

7.990

0.125(+10%)

MMSV

A

sensor3 s
o ° A tx
00 L

sensor4 %

08
00
9300058804 $3%0%00g
0000000000

sensor2 o, sensors
0090009,

sensor1

000000000

"o

The numbers of test

8.789

0.114

MMSV

A

sensor3 A
[o) wAL

° I8! oy
sensor4 % %

L2 ]
e 00,09
2900..9..
9000000000
sensor2 . 8ensor5
° )
000000000 0079009,

sensor1

°
28%00%00g

"a

415 16 17 18

4 Thé numberé of test

19 20 21

9.766

0.102(-10%)

MMSV

[F2 8%
sensor3 o
o ° WAL
0®0 %%
(o]
sensord
o0
89 0009°
0808,8000
©000000000
sensor2 sensor5
o0
000000000 00000000
sensor1

88%0%009¢

we
0 1 2

The numbers of test

® 9 101112 13 14 15 16 17 18 19 20 2

some analytical studies
of experimental results
were performed. As
shown in  Fig.12,
sensitivity of MMSV
for damage detection
was discussed and
concluded as follows.
In case of the test of
intact beams, the ratio
of the maximum value
of MMSVs versus the
average value of those
MMSVs are near
105% that all values
are less than 110%,
while in case of the
test of defective beams,
the ratio of the
maximum value of
MMSVs versus the
average value of those
MMSVs are all larger
than 115%. It means
that, in practice use of
this method, if the
values of MMSVs of
monitoring results are
changing within 10%,
it 1is probably the
influence of noise or
other circumstance
condition, if the values

of MMSVs of monitoring results are changing larger than 15%, it should be possibly occurrence of

some damages of the monitoring structure.

In practical use of structure health monitoring, sometimes it is difficult to get the vibration
frequency of structure exactly because of the severe field condition. Table 1 gives the possible
range of MMSYV for damage detection, which is means that it is not necessary for us to measure the
MMSYV at the natural frequency value exactly. The measured values of MMSV around natural
frequency of structure even with 10% difference could also identify the damage as same accuracy
as the exact ones. In table 1, the exact natural frequency of specimen is 8.789Hz (Natural period is
0.114 sec.), when frequency equals 9.766Hz (Period is 0.102 sec.) or 7.990Hz (Period is 0.125
sec.), the values of MMSYV change slightly even invisible. These superior features extend the utility
of proposed method of dynamic damage detection.
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4. Conclusions

The conclusions of this paper could be drawn as follows.

The results of a series of experiments verify the validity of proposed method of dynamic damage
detection for flexural structure using strain measurements from long-gage fibre Bragg grating (FBG)
sensors for structural health monitoring (SHM)

Modal Macro Strain Vector (MMSV) of structure can be used as a damage identification index.

Since the values of MMSV change abruptly even when a slight structure damage occur, proposed
method of dynamic damage detection could identify the damage of structure sensitively and
effectively.

Because the measured values of MMSV of a frequency even with 10% difference from the structure
natural frequency could also identify the damage as same accuracy as the exact ones, proposed
method of dynamic damage detection is a robust one with many superior features, it could be
widely used in damage identification of bridges and other flexural structures for structure health
monitoring.
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