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Earthquake Disaster Mitigation of RC Buildings in Developing Countries Based on
an Experiment Study with Optical Sensing
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Recent earthquake disasters in developing countries have revealed that
reinforced concrete (RC) buildings were severely damaged because of substandard rebar arrangements.
This study focused on a lack of structural integrity between rebar and concrete which was one of the

most serious problems found in the earthquake-affected areas. A beam-column joint model was
designed considering substandard beam rebar anchorage with insufficient length of the straight
anchorage representing that in RC buildings in the developing countries. Sensing with Fiber Bragg
Gratings (FBG) sensors clarified rebar strain behavior along the beam rebar anchorage with high
reliability; thus, high-quality experimental data on averaged bond stress between the rebar and

concrete were successfully obtained.

RC



¥ X C—19,. F—19—1., Z—19 @)

1. WFZEBIAE S D =

TEOT VT B RE EEO KRB ERETIX, Y%gE AL Anbhsekmar s
U— MEE (RC) &M WT, EHEETE LARWELAI N 2 SRR, AmicBEbbs R
TR EICER ST FHIMRE 1 OL IS BIESIN TV, ZOMOEBRERE S 7 EWI
BIEE FEICERICEAET D2 LB 0NN, KREBAMEBENEAETHRE L THOTHL N
(272572, RRNOKILO—AIZEE 720 & W D IEZ AL STEFR B 0, RIS A M CREH
TV,

g e I

B 1 WFEDs 8  EHRMELZ R L2WEEIC XA AmIzREb 5 okE)
(fo : REXARF L« DI —VHE, AV RRTT « A< N7 BipHE)

2. WO HB

AWFFED HIJIER CEY O e bIFEAN R EFERE S OFH & LT, $oEsE A~ (K14
PEMHPEICHELS EE INTRER, BHITHITH UARROEE 23 TE 72 0WHEA) ITEE L,
ELSICRCEMEXNRE T HUROERMIETH LN TWDLERT —%, LIt ar”
U— NO— KO FIEIE ((5EM%RE) BT 2BEFOERT — X OfFEFEELRET L TH 5.

3. WHEDTTIE

WFERIG E LT, BRE LETR O REFHPESTBIZHEINES S THRY (R 597
EAR S THEMES SILTWD) R CEMOIEREAE 2B DM R 7060 HE IR HFRBR I
Zakat, BYEL7 (M 2). &<ICREFBOEEHOOT OGRS EZLBNT L T5 2 (Ao
BRIz FHm L7z,

on-bonded
/;one
e — 4545145145 5557185 |
IS | e |
] : §
1 1
B . Y ‘ 235
i \ I
1 1
! a1 1580
1 1
: 1 all@]lo
] | | -35(
Ho———oo ] : :
ey CTTTTTTTTT 451451451145 L5517
ety i 451451455551 L ed
| e~o6@60 g2
64| 270 zone
s7] [ Mo-p13
46 Al
70—
Column cross-section

HAT  mm

2 MWEERBHAMEE (F  ERERSHABRA ORI, @ REFHEEMOOT Zat im0

R CHEEDETH & 2> 7 U — N OfFEMRE (W O— 2RI 2 ME6E) 13, 7ERII 3 ©
X ICERMICTM SN TE R DB EZFI LW 28t I BIT 280042 %
EXIEHNROT o — L0 EHAIL, Q8B OOT IR HES X SR O 12K, @5
MDISHDOES BT L VIRESNAIGHE L L CEHNICGEHME SN TE 72, R0 ERE
P OT B P—1EK 4 £O X ICBHKLE L THFICHRE SN2, B —0REL
DL ONEVERRICKET D, T2 CIOMEEMHET L7720, M4 FDET7 7 A4 "—KOFTH



oY —E2MND 2 @Y OFHITIEICL Y, 8L a7 U — hOfAENERE & EBRAIZEHI
Latm e L7,

HEIE FEBR D 7= 60 DRTALTE 2 X 5 (2”7, #iff FIEIFKFE S M OIEAZZEMR Y K Ll & L,
FEDEM A IS TRIKA T O L 9 IEH LNz 5 2 7.

o iR 2 ¢
VY HtUY T (= (Tl_E):;Jr,ﬂ_IJEF:ﬁﬁ)ffF)
= 85 = @ = | DR
TFREGAE 1$ﬂﬁ#mﬁﬁl TAGRHEGAE
DFARE . ORARE _ OERIRH

3 §kfhL 227 U — b OFAEMERR O FHA O

e |

J, [c w gp;p“ggmnguguLgiqtmwQ *}

AR qy’r

07QN1PQI1D

X4 U#ﬁ?/# DB (fe . BRI

TTTT

A7 2 mm

4%
3%

1.5%
s 0, )
. 0

0.5%
1%

2%

<
S
S
2
8
ot
£
z
=
o
O

5 MEEFEBROEMEE (L 2, AT SBRIKIEKEE, £F K7 7 77 5)



4. WFIEEE

REHOEETOOT HOFHFIEEZEBIKT-& T2 2 (KORBR IR OS5 2 S0 L 74
B, TRICEELEDDLIFERMAIE L.

(1) EREAOT R —2FE LR BRIE 1L, 7 7 A X—RO0THhe o —2&E L
RERA2 T b, MEMREMETLE (K6 OKPEHE-LEHMBRLY). ZUpiE
DA (K4 ), REHOEEMOMBEEREEZLT I Z LICERL, XY EEHRE
B BLIC W TR %Ik T 5.

(2) EFEORER, ZEFHOEBELOOT HFHA T IETER IR D & < \ZIEHar R O R A% | s 2
L7z (K 6 OFFMMERN L V). REREK 1 CIRREROEESOMELLITLEWE =/ O
BlEREMIEEEA T, ZORE, BEEOKEMHOERTFNE L7z, —J7, BRIk 2 1%
R ORI S AR R, FEREEA OB AR AN U, AKCETR S ORI ZAE RS
BN Th o7,

(3) REBA 1 OBXIEPIOT 2 v —25%E Lo R EMIRROT RICEZEST D 2 L7
SlEREMIEELZA U, —F, BRBRIK2 DT 7 A4 XR—ROFT b o b —2RKE LR
WEBEAROTARIZE L (M6 OREFHOTHELY ; KHOMARBEIROT ).

(4) BERR 1 ORER ORKMNBFIGEL, RBRK 2 2 FEl-> 7. BEXENN0T A2V —0
RENREFOEEBOMERABET SE5 2 L 2 ERIICHR LT (K6 O KA EG
HELD).

IR TEMMNEATICHETICESE SN TR (RHORESERES TEREESNTND)
R CEM A RT51T, R THRE SN REROEEBOMNERRICET 5 EBRT — 2 1TEE
DFFETELN T ZHD X0 L ERKERLOTHY, ENIMIEBT D22l &, A
MEE TR LT 7 A4 N—KOTHE oV —%2 N8R0T AOFHAFIEIC L > THEEO
T — X OEEEED DL Z L1, REHOEEFEICHETLIEBERBEESLRCEHDO LY
TR EMERE NI CE T Z Lk b e kv, gt ar 7V — hOMEMEEICERTSARC
W) D WEAT DA PEREREAMIE DR 7 B I BN B REME N B 5. L7203 > T, ARAFEDBHRE
B IC S &I T — X OLEE D D Z LS HROMETH 5.



ABRIE 1 (BEREHAOT R H—) k2 Ot7 7 A N—=XKOFTHt o H—)

=== Est.capacity [~~~ 481 === Est.capacity | ________________
50 J 50 T
* Max strength # Max strength 46.7

T 30 | —— 80% of max cone | 8 _ 80%of max
= strength T = 30 strength
= ) < .
~ deformation el deformation
; 10 capacity ; 10 capacity
= =
2 10 g -10
- -
= -30 - -30
g g
‘'S -38.3 )
= ([PEsEsssssssassEen L T |

-50 -50

45 -35 -25 -15 05 05 15 25 35 45 -45 -35 -25 -15 05 05 15 25 35 45
Drift Angle, R (%)

4000 4000
Top ——0.25% ——0.25%
(+)dir. ~ —*050% —+—0.50%
3000 - 0.75% 3000 0.75%
——1.0% ——1.0%
= ——1.5% = ——1.5%
:2000 E *—2.0% :2000 ——2.0%
= [TTTryTTTTTTTTTTTTTTTT ——3.0% 3 ——3.0%
% —e—4.0% 5 ——4.0%
1000
0
0 45 90 135 180 225 270 0 45 90 135 180 225 270
Depth from joint face (mm) Depth from joint face (mm)
4000 4000
Bottom ——-0.25% Bottom ——-0.25%
(-) dir. —+—-0.50% ——-0.50%
3000 - -0.75% 3000 -0.75%
—t—-1.0% ——-1.0%
= ——-1.5% 3 ——-1.5%
= 2000 | ——-2.0% < 2000 ——20%
- il o A I —e—-3.0% ‘E ——-3.0%
3 ——4.0% 5 1 ——-4.0%
1000 1— 1000
0 1 ' 0
0 45 90 135 180 225 270 0 45 9 135 180 225 270
Depth from joint face (mm) Depth from joint face (mm)
10 10
Top Top
8 I (+) dir. 8 F (+) dir.
H N 6.7
E 6 5.6 E 6 +
: :
44t g4t
4 2
7] _ — )
B2 B2
A A
0 i i i i 0 i i i i
0 45 90 135 180 225 270 0 45 90 135 180 225 270
Distance from joint face (mm) Distance from joint face (mm)
10 10
Bottom Bottom
38 | (-) dir. 8 L (-) dir.
H 5 6.8
Sl S e
v ¥
& 4 g
g4 H g4
7] 7]
B2 B2
] |
0 | i | i i 0 i i i i
0 45 90 135 180 225 270 0 45 90 135 180 225 270
Distance from joint face (mm) Distance from joint face (1)
W, ==g R
6 FBRR
T A =R SN VI » = .
(B G, KPME—EBARLR, BoEERR, REHOTHE, RRMAEISTE)

Drift Angle, R (%)

Km




(Matsumoto Yukihiro)

(00435447)

(13904)




