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Repair of concrete structures

o FMEMWNIE surface treatment

— HEENDHI (BE) (239 5 xfk unplanned intervention for
unpredicted deterioration (damage)

- ZIEEF KD, BlEM1A2, —BRIERR, Fﬁ’rﬂt—-ﬁl@ﬁ F)nay
H)—rREHSDERAZHNE prevention of i ingress of
deterioration factors (moisture, chloride ion, carbon dioxide,
corrosive chemical substance, etc) from concrete surface

— avy)—rKYELMEEBE DRV EZE A application of material
with lower permeability/diffusivity than concrete

- B BBEOBE, LTOROIBFERD, MNNEEEOERCH
5 for the case of chloride ion ingress, same effect as making
diffusion coefficient D,, for chloride ion smaller

e LLTDOHA, ad:i’ﬂt%'fd"z,ﬁf' Cin the formula is chloride
ion content

(Photo: Fuji PS
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Repair of concrete structures

o ME{E1E L patching

- BEN DL (815) (XTS5 xf%E unplanned intervention for
unpredicted deterioration (damage)

— HIEARFEEIEYMAAF)ZEOa V) —FMIH AL EIE (ZEIR) L=
2OV —rERERYIRE, MEEBREDEVNHHINILYTAEDH S
OV 91—+ TE1E I % After removing concrete containing

substance causing deterioration (chloride ion, etc) or
deteriorated (changed) concrete, patching is conducted with
m?terlal (concrete or other than concrete) whose permeability
is low

= %ﬂ:.(IJk)O)%I(i K5, PEL, RiEREER 7ILHVEM RIS,
JE%:2 B causes of deterioration (change) are fatigue,

carbonat|on, freeze thaw cycles, alkali aggregate reaction,
chemical attack

- BIEMAAVBBOBHE, FROD, HNE, Gt NE<1ES. For
chloride ion ingress, both D, and C..i:iiy DECOMeE smaller

Removal of concrete Patching material
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Repair of concrete structures
e VDUZEIhZEATI crack injection

OUEIREAT - BELTWVENSE GRF) IS 9 5% %K unplanned
crack injection intervention for unexpected deterioration (damage)

- :%Uiil&h BLTRATEILEEF (KD, BIEMAF, —BRibx
%, %) DB A%l prevention of ingress of deterioration
factor (moisture, chloride ion ingress, carbon dioxide,

etc) through cracks

- VUEIhTERbON-5]RAE - Rl D[E1E restoration of
tensile strength/stiffness lost after cracking

o ERMEI % corrosion prevention/control
- WM DOBREREZESIEFENLGAETHLE-ERTSD

(Photo: prevention/mitigation of corrosion electrical current by
SHO-BOND electrochemical way
Corporation) - S EYVLBEBRLOLTVEDZRUEMHELTEL, BHEIT S

prevention of corrosion bx applying sacrificed material
which is more corrosive than steel

e H7IAJI re-alkalization
- BELTULVELEE (EF) ITx9 531K unplanned
intervention for unexpected deterioration (damage)

— BEELEICR e EALEREBRIEENICET LTS
electrochemical re-alkalization of concrete whose
carbonation depth is greater than expected
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Strengthening of concrete structures

e }%35 I ;% External bonding

w

— AV —rREICEIREERMEIEEIT H. External

bonding of tension reinforcement on concrete surface

— BlERfEEM EL TIX, A OFRPH HS. Steel and

FRP as tension reinforcement
- BEEILZEDSERIL, TE<E] “debonding” as drawback
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Strengthening of concrete structures

' fiber o %Y

e 75 1% External bonding
3 fiber .
PETH) FRPL — h &85
a” % Bonding

sheet

externally FRP

(1) External bonding for prevention of
concrete delamination(a> ') —r#I%
Prit A DB LK)

(2) External bonding of concrete deck
(AV9V)—rERhRFESR A D8 TiE)
(3) Jacketing for seismic retrofit of
concrete column (3 4) — kit E4d
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Strengthening of concrete structures

o %355 T ;% external bonding
— 'EBH' O)mﬁjj 0)5"’%: calculation of ultimate load-carrying

capacity
Kb p ~
o XA V) —kERHRD A i% same as that for
reinforced concrete SEEIS A
re . Stress of reinforcement
BHHVT H , "‘ )
Strain of reinforcement ® € ou © ‘-. 0-85f c g’Cu: aAHY)—KkE
T i et RN -. G ;
EREEIRER ; - 0.8x HERBUTH
;:;g i D 1 ultimate compressive
T S ' . .
-‘ SRS ;E':ji:% ' strain of concrete
o e snier s O o ) fr AV —hEHE
e T A « - 5% compressive
HRFEDOVDT H HRF DI strength of concrete

Strain of steel plate, etc.

09 H0%H

Strain distribution

Stress of steel plate, etc.
ks il

Stress distribution
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Strengthening of concrete structures

o IEE T ;% Overlaying (Strengthening with overlay)

- AV —bREIZEIRFEEM Z ST ATZ LAV FRMEZB KIS

#5H-Wft+5. Spreading/spraying on concrete surface of
cementitious material containing tension reinforcement

— 5lsRfEsEM ELTIX, HIRDHF OFRP, Sk (M, 1t
i) h dhSD. Steel/FRP rod and steel/synthetic short fiber
- BETZEDSERAIE, NI<E (=& I;%ALREL) “debonding”

as drawback (same as external bonding)
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Strengthening of concrete structures

o IBEIX Overlaylng (Strengthenlng with overlay)
i ERe T ERRED LY DHARR

Loadlng test of beam with overlaying

Reinforeing bars

r A
\] RC beam IJ A
. ‘ : I overlay t
(www.kensetsu-plaza.com) | — ] Section A A
g | |
a>o)—rEk FRP gl‘ld_ Fig.1 Typical view of overlay method
Substrate (or steel grid)
FRP 1wl Foh—
concrete Anchor
olymer FRPYYyF T
cementl PEElab (www.itech-hp.com)

mortar)
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Strengthening of concrete structures

o IE[Z T ;% strengthening with overlay
— 'EB’H @Wﬁj] 0)%"’%: calculation of ultimate load-carrying

capacity
o $kEAOT D) —EEHRD A iE same as that for
reinforced concrete kAR 1
. Stress of reinforcement
BHHUOT H , '. )
Strain of reinforcement €cu 0.85f",
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Strengthening of concrete structures

o [X<B D F;AIF % prediction method for debonding

EEEOEAMEN LT RYsOBEZRMFEONDSRKIC, ERTROONDHWIERIRILF
—GERALT, REFOMEMDSIERENcZFE . Calculate tensile stress of
strengthening materials at debonding o, from the equations derived from the
relationship between shear stress rand slip s by substituting fracture energy G;

obtained from experiments
LTI KZ[E T For details, explained in the graduate school lecture

«b
e 4? Y75 5L M bonding
o interface
#9E&= equilibrium: A, do,
N T p—
A,(0,+40,)-A,0,=b-Ax"7 b dx
4,0, 4= = 4,(0,+40,) - AENAER Su 1 B?
Surrounded area (G, = J 7ds =
AX ’ 0 ‘)\) Eo to
BUNE RS AXD DA EE —s  IAIZDLTHRLLE solve for stress
Force condition in small region Ax ) 2GE;

O'f =
tr
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Report Assighment

b = 400mm
<>
P P
i i h = 800mm d = 700mm

>
>
?

Y~ %5
3200mm 800mm 3200mm MR steel plate reinforcement

EFHRIZRY, BfiEFIN, ANVHRREBIICSHM2ATEZRITARCIEIYZEZS. ERMEEDIE
MIZKY, P = 25tonh o40ton|TRIEMEMT S ENFTESNI=1=0, HREFEFREITOLE
BRELTUVS. SAOMRRIAES, = 400N/mm?, A5 OUTEREA, = 2000mm?, $%55 DI FHE
E; = 200kN /mm?, A9 —rDEHMEERES, = 30N/mm?TH 5.

Consider a simply supported RC beam which two-point loading is applied at the mid as shown in
the above figure. Due to increase of vehicle weight, the load is expected to increase from P =
25ton to 40ton, consequently strengthening by using a steel plate is planned. Where, yielding
strength of reinforcement f,, = 400N /mm?, Area of reinforcement A; = 2000mm?, elastic

modulus of reinforcement E; = 200kN /mm?, compressive strength of concrete f, = 30N /mm?.

1. RSB ENEID, HITHIEFmELSFIELLGEELY. Check the necessity of the
strengthening in terms of the flexural failure load.
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Report Assignment (cont.)

2. HRDOIEE, IETYDIEERILC400mmT, #REE2.5mm, FEKEELEEFRBIIHKFAER—T
0Hb. MRIZKYP = 40tonlZMZ oD KIITEEMNEID, HITHRIRFENSHITE LGRS,
6, HRIEZBEICIVV)—FREIEESINTEY, FIEELGZLEREL TELY. Width of
the steel plate is 400mm (same as that of the beam), thickness of the steel plate is 2.5mm,
and yielding strength and elastic modulus of the steel plate are the same as those of the
reinforcement. Check whether the beam after strengthened can resist against P = 40ton
or not in terms of the flexural failure load. You can assume that the steel plate is strongly
attached to the concrete surface and debonding does not occur.
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