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Studies of Repair Methods of Concrete Structures by
Water Jet Application
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Abstract
Recently, with increase of service term extension, concrete structures are subjected to
various deteriorations. Adequate and durable repair methods are required to keep concrete structures
in good condition, which become a main part of social capital essential to national daily life.
Water jet application has many superior advantages . Water jet application leaves a rough
and clean surface, no micro cracks are introduced into the remaining concrete, and the reinforcing
bar is undamaged. This study aims at establishing rational and durable repair method. The
effectiveness of water jet application applied to surface treatment, removal of concrete, and
its evaluation procedure, inspection, drilling method are discussed with followed field tests. The
typical themes on this study are in the followings ;
(DSurface treatment method for the unification of exist and newly placed concrete,
@Development of the removal method of concrete and that evaluation procedure,
(3Effective method for inspection and removal by water jet application to deteriorated concrete
structures,
(®Concrete drilling procedure by water jet application for the purpose of detecting grouted por-
tion in the sheath.
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Fig.1 Chloride induced deterioration.
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Fig.5 Fatigue damage.
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Fig.6 Circular nozzle and water jet robot.
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Fig.7 Measurement result of outward appearance
and prepared surface formation.

Table 1 Work items for surface preparation.
Treatment | Symbol
for surface | of test Condition
preparation | specimen
A Disk sander Electrically operated
Manual B Pick hammer Electrically operated
treatment -
C Hand breaker Compressed air
Dl Projection 50 kg/m®
D2 Steel shotblasting df;]nsitl 150 kg/m?
_ D3 Y [250kgm?
Blasting El 10 kg/m?
treatment . 5
E2 Sandblasting Jet 20 kg/m
E3 density 30 kg/m?
F Dry blasting 4 kg/m?
Gl 50 3.0 3 3.13
G2 Rotary Maltiple Nozzle 100 4.2 2 3.07
G3 150 5.2 1 3.01
HI 100 6.7 1 2.66
Flat S Nozzl —
H2 at spray Rozzle 150 83 1 2.68
11 50 6.8 | Numberof | 6 1.53
Flow L. ——1 Energy
12 Rotary Nozzle Water pressure 100 9.6 | applications | 1 N 0.76
Water-jet . rate ——1 density
ethod 3 (high-pressure) 100 9.6 | 2 ] 1.52
MP: Ni f
14 . a 100 Jmin 9.6 umber of | 4 KWh/m? 3.05
15 with 1 nozzle 150 11.8 passes 1 1.49
16 200 13.6 1 1.51
n 4 70 77.0 -
Rotary Nozzle |nozzles
n (low-pressure) 2 66 22.0 1 2.20
nozzles
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Fig.10 Damage of re-bars by handbreaker.
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Fig.11 The shape of the treated surface (Waving

nozzle, NG).

N CE R MAET AT TEL L Twa, A FY
A, AZ ) TIZBTOHIE - #ilICB1T 51320 (23K
M+ ==Y zy MHPFIHEN TS, Tz, —fkiZa
7 ) — b OFHEE G & S AE & 5 LIRS
KT &5 & OBFFEBED S, RCRMOFTHE X Flm 38k
AR DAY

POECBIT B+ —F—Y xy N LK BB,
W BURD 7L — 7 — 7% EOFER LFEICHE LT L
BREE L 7 AMEANCH 55, BHIICAS L flia 7 s
& BB DORERIZ LD, TAEEOE WHIlSH T EEIC 2
Ab0LEZLNL,

5.3 HHEICH T BIE DOV EMTORR

Tk —F—Yxy NLEEFIY ) — MEEYDIZOY

:ﬁﬁ?%’%tofﬂ HE & B HMEATRE R HA L X
2B B8 PHERT AUED DL, LL, ALk
aiob/ZTA?iOU*ﬁﬁgﬁgﬁf%étb,T

NTOIRG A= FZOVTHERT A Z L3V,

ZZT, BINCB W TR D Z R S Cn 23EE , X
VR IZIEO) Ry M ERFE LT, ZoEEdCs
FBIEO )RR FER T A L & Lo OB U723
BRI, BRRR: OB ZFIE L LG, $ED19 mm,
B E Y F125 mm, 25030 mm & L7z, ZORERKIC
WL, —EOHHLANF—CFHEEDIETON 24T o 74
F, Fig 11 IR &) IEHBHD T o 72 d>hd, Fi
DIRFEDIZDO Y L TE L o7z, ZOHME LT, vt —
& — v MIKEROBERCHE, { SCEHTIr Y
— 2RO LDTH DD, /) AN wiZ@ S 5IR) A%,
I ZNVHRYAF L T v ADMERME % BYNCEE L ud
PHEF CTKERPERE L oz bz bNb, &
512, TANVF-DORESELEAT HKERKE, 25U
A5 v RFT (AN 3y 2 ) — NEROHR) ik
DN HERICRE BT D,



U= =T xy VLEEZMH LT Y 7)) — MEEMORIEEATI RS 2058

FIT, INHDINTFTA=F IOV TEF ST LMAED
TRV UREDUFE R Mo 70 ZORE, KDL I B E
VAR YoV
OfFFIEo Y ORy ML, BBE450 ~150 MPa, ki

100 ~200 I/min THA SN TWEA, TOFMIEL:

I RNVDRENWETH o
@ik, KE, ¥ F+7, 2 ZAVOIEY f, BLUOEE)

W, 5V AMPEE, 1 ATy T E OB &% EY)

ICRROETAZ LIy, $Eoa Y 7 ) — P E TP

305 ZENTREE b 12721, ZOWA1RIOIEDY

FMECHMET TIIO VIS Z LI Lo, Rk

fE% 2, 3047 LEDH %,

_ High strength concrete
Low strength concrete

3% The difference between the
two qualities : at least 20MPa

removal direction

8 U01309s SuLIsBaw
1, Uones Suumseow

measuring
section

measuring
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19L& L, ZO8EE, FRL72X9 %39 X —F Ofl
AEDREELEZDLIELIZEDY, Fig13D X ) IZEIFRIED
DEWREE T 5 ENTEZ, ZOBEDIXD D IIBIT 5]
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el % Table 212773,

HABHARITIE, SASOBEEGEHL, [V4+—%—
Dy FTHEOED ) IERERER S 2 EO TV b, IO
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LB ZER L7 71 €5 1, BXOBET TR
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Table 2 Setting condition of water jet robot (Sam-
ples of Sweden).

section Ml =e o Control settings ( C.O NJET
measuring Waving pattern)
section 1 %
i Jet pressure (bar) 610
) Diameter of nozzle (mm) 3.5
Lii"‘ed zemoval depth 100 Quantity of water (//min) 178
%0 unit (mm) Traveling speed (m/min) 45
30 No. of waving (times/min) 180
, Comert Portand coment Width of Step (mm) 25~30
450 150 150 e e e | 25mm Robot traveling speed (cm/min) 12.6
1350 Acuring time At least 28 days Efﬁciency (mln/mz) 24
' Strength of 40MPa
concrete 18MPa No. of removal of concrete 3
Re-bi D19,SD345
ebar @125mm Stand off (mm) 15~20

Covering 30mm

Fig.12 Test specimen.

Fig.13 The shape of the treated surface.

Table 3 Evaluation standard for removal of con-

crete.
Ttems Standard
(An interim standard)
R« al left
emovat e 150 mm+25 mm
at the ends

Selectivity | Suitability ratio Low strength above 60%

(Removing ratio) | High strength under 30%

Pit Less than 3
N
Removal left f) con't act .
with reinforcing bars
Length of ridges | Under 900 mm
Regularity At a pitch of 62.5 mm,

Roughness of

oughness o with a difference
surface
above 7 mm

Depth of removal | 10 mm=2 mm
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CRLD7206, BHIIH L2132 2479 7201213, 132
DI EER—X, R TDE ) REMY AT LT TR
<, MRS & § 2R, 2RO, %6 N Lo%R
LM IO WTRE VARG L ETH b,

Iy 7) — MEEWORISIRH SN THwE Y 4 — & —
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WETHLLIZRCHEI—AT T, Y4—F—T v N T
1325 TWBIRILTD 5, 13D - ERT OWFEISIEIZ 1ZM
Firaryrzy—r3fHneitiz, 2B, Bt EEL:
0, HImOPEEZEFT OO VI FF O A%
TH5bo

Appraisal Selectivity
standard Good(Pass) NG
[Category 1] [Category 1]
Selective and regular removal | No selective but regular removal
Good only
(pass) : J : T =
Regularity [Category '] [Category IV]
No regular but  selective | Neither ~selective nor  regular
removal only removal
NG —Not applicable

Fig.15 Removal of slab by water jet robot.
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thickness of cover 10mm

Fig.16 Surface treatment by water-jet (Rotary nozzle
with 1 nozzle, 50 MPa, 19.2 //min).
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Water jet(P)treatment energy

| density area
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20 p----- a1 ----r- -
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0 : . .
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Energy density (kWh/m®)

Fig.17 Energy density and removal ratio (Rotary
nozzle with 1 nozzle).
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Surface treatment by water jet application
—Finish of surface treatment
Removal of deteriorated concrete
Overtness of deteriorated concrete

v

Removal of left part of deteriorated concrete
by water jet application
or
Concrete removal with water jet application
(R level)

\ 4
Concrete Repair

Spalling Protection etc

Fig.18 Inspection flow by water jet application.
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Fig.19 Drilling of PC bridge.
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