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RErEge Column Beam
states
SO No observable damage No observable damage
S1 Very fine cracks (less than 0.1 mm) Very fine cracks (less than 0.1 mm)
0 Visble cracks (0.1 t0 0.2 mm) Visible shear cracks or tension cracks (at botiom)
(0.1 t0 0.2 mm)
) ) ) Major portion of outer layer of concrete
Major portion of outer layer of concrete is . o
S3 spalled but core is intact (0.2 0 0.5 mm) is spalled but core is intact except for
b : : hairline cracks (0.2 to 0.5 mm)
Diagonal/torsional cracks in concrete core Reinforcement and concrete bond is broken,
sS4 (0.5 to 3 mm), opening of tie bars, bucking of | cracks in the core concrete (0.5 to 3 mm), shear
longitudinal bars tie bar have failed
Crushing of core concrete at joints, )
i ) Crushing of concrete at supports,
S5 relative movement with respect to slab . ;
excessive deflection (cracks )3 mm)
and other columns (cracks )3 mm)

| ¥ 4. XXl O SSt 122 7€ 29| A |
A

) ! Remained Deteriorated None
Horizontal Capacity > > >

) ) i None
Vertical Capacity Remained > >

| Il % ‘ V

| —>

‘

‘
Damage class ——>

Yielding of
tensile rebars

=

Strength Capacity

l ‘
-«

Compression
failure of
concrete starts

Bucking of rebars and
failing of covering concrete

»

60 |

Deflection "
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=5 g0l MA +22 s 45 & 38 7le=
o
2

HEATHO] Q] O)FELETL =OF YR M|AKe!

e o

— AETAXRE FIStAT= AI2Z2X0)| w2t 24(repair), £3(protection), 2 (reinforcement) @2
16475, 150 TS/NP 4, EN 150401z 2d 2 &8 XIR0| MEHo=z H2|=1 o &% 7= &
MZ3E flolf SMHoZ BHATHOFS

(@}
N
Ry

EN 15041 Definitions Further test methods
w Test methods
N ) EN 1504210 7 : (61 standards)

Principles for the ™

Products

V23 [presles 2. Surface protection EN 13 396

I 3. repair mortars —  (chloride ingress)

4, bonding materials :

EN 1504-10 5. injection materials

Stte application — 6. anchoring products o

and quality control 7. corrosion protection EN 14 497

of the works (filtration staloility)

| |
EN 1504-8 Quality control of the products

| 12! 12, EN 1504 — Diagnosis, Design, Principles and Practice |
— 574 BS EN 1504-90 M= RS0 TSt HahaIQ |01| M2 Eaxiz MY, AACH, ASEE Sof el 71&ot
2

ASH, A= ?Eéfi =22 7|gofk AEof thet Uy, Fx20l ey & 1UlsEol el
LIHAS Zefoto] e 7Is/iLsS 7

I
o,
N
JE

Common causes of deterioration

Concrete Reinforcement corrosion
+ Abrasion
- Faligue - Cement content & type:
- Impact . - W/C ratio
Mechanism % - Overload Carbonation #» - Cuing
- Movement(e.g.setlemen) + Rainfal »
- Explosion - Temperature/humidity
* Vibration
- Akali-aggregate reaction )
Chemical > Aggressive agents Corrosive — At mixing
(egsullates, sals, soft water) contaminants - Chioride salts
+ Biological action — From external environment
| + Sea water
- Freeze/thaw - Road salt
+ Thermal effecls Stay + Other contaminants
Physical »  Salt orystalization

ySical . Srvinkege currents

| + Erosion
- Wear

Fire
ol d o [=}

| 2 13, FEOIRIl RE U 2 pOI= |
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Principle Method ENp;ftOA
Principles and methods related to defects in concrete
1.1 Hydrophobic impregnation 2
1.2 Impregnation 2
1.3 Surface coating 2
1) Protection against 1.4 Surface binding of cracks
ingress (Pl)
1.5 Filing cracks 5
1.6 Transforming cracks into joints
1.7 Erecling external panels
1.8 Application of membranes
2.1 Hydrophobic impregnation 2
2.2 Impregnation 2
2) Moisture control (MC) 2.3 Surface coating 2
2.4 Erecling external panels
2.5 Eletcrochemical treatment
3.1 Applying mortar by hand 3
3.2 Recasting with concrete or mortar 3
3) Concrete restoration (CR)
3.3 Spraying concrete or mortar 3
3.4 Replacing elements
4.1 Adding or replacing embedded or external reinforcing steel bars
4.2 Instaling bonded rebars in preformed or driled holes in the concrete 6
4.3 Plate bonding 4
4 (SStrSu)cturaI strengthening 4.4 Adding mortar or concrete 34
4.5 Injecting in cracks, voids or interstices 5
4.6 Filing cracks, voids or interstices 5
4.7 Pre—compression (post—tensioning)
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Principle Method ENp;iOA'
Principles related to reinforcement corrosion

7.1 Increasing cover to reinforcement with additional concrete or mortar 3

7.2 Replacing contaminated or carbonatated concrete 3
7) E;esss,?\:i\tl\i/n?Rg; restoring 7.3 Electrochemical realkalisation of carbonatated concrete

7.4 Electrochemical realkalisation of carbonatated concrete by diffusion

7.5 Electrochemical chloride extraction

8.1 Hydrophobic impregnation 2
8) Increasing resistivity (IR) 8.2 Impregnation 2

8.3 Overlays or coatings 2
9) Cathodic control (CC) 9.1 Limiting oxygen content by saturation or surface coating
10) Cathodic protection (CP) | 10.1 Applying electrical potential

11.1 Aclive coating of steel reinforcement 7
1) Control of the anodic 11.2 Painting reinforcement with barrier coatings 7

areas (CA)
11.3 Applying corrosion inhibitors on concrete

| & 5. EN 1504-9 principles for the repair and protection of reinforced concrete |

7 2B B B Il ST
* UtsOoZ FY HATS EIe|0) LT R HI0) FY £E BXHH0 FHS MLAIPIL A4 29S
S50 B, A, AA S8 FTHID NSO LRY U SAREIS I3 TS SBIAE R AELX0| thet
HEAT) 7o 20| 523 0147t 511 %S
S5 20| §9l, B4 H9| U F2, BAXA, BATRL ZHY S D2fi0l TA SSAKIO WIISAE
Sot 27k Fp st Mejo] DT JISHLENES REFH=H 2 FIPE YU HULOIZ Uile, 00|32 2223}
TIRIR S TSt ANPIS0| Solsl= WHOR F45HY WAttt US
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Property Test method Requirements
) . ->2 N/mrf (H)
Adnesion (?-)Il ts)n sile bond EN 12618-2 | -> 0,6 N/mn (for injection products for filling voids and interstices only)
’ - Cohesive failure in the substrate (P)
Chloride content (H) EN 196-21 <0,2%
Injectability class:
. - - high: < 4 minutes for 0.1 mm cracks
Inﬁzﬁznr::{ll_lntgﬁry EE’:;E;?QZ - minimum: < 8 minutes for 0.2 and 0.3 mm cracks
' Degree of crack filling > 90%
Indirect tension : > 7 N/mr (P) -> 3 N/mr* (H)
Compatibility with EN 126182 |~ Reduction of tensile strength less than 30% of initial values (H)
concrete (H, P) - Cohesive failure in the substrate (P)

(H) Hydraulic binders, (P) Reactive polymeric binders

| # 6. 232|E 7

Ol & U 71=0f
M22 el B4l & S

Hamel £ A

o5t

EA
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* 2 AR TR
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- ol 212 BR0| FY HAS FA MZ0| 48IEID 0L, BUALS BASF, Mape, Herkel, Ska S 222
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=< FAUX Dril=hole packers
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ANztel 7122 o ZEAA HENE urea formaldenyde = melamine formaldehydeZ Of0|32MasS
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SI=Sini Srt= M2 Hotel| sl S2l5E (glass tube)ol| EC(ethy!
cyanoacrylate)g 60 M&8st= 7| OI 7Ht”5' 742% 80| 27| miZol #E0| Hout SAloll 24g 4
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s [off &80 7Istt M2 Bted 78 Eaaiof thet HTfdol 2

Erinlg

Ductile Fiber for

/ Bridging Action
\_‘. /

Crack Sealing/
Chemical *

| 22! 16. EC(ethyl cyanoacrylate)2 E&lsh= 2| e 2 &2 Aty |

— XA £5=0| S48 Shape Memory Polymers(SMP)E 232|E 2 2 E4x LR Z26H| 24tAA AlSsi=
Ao 2 HH52520| 246 Restrained polymer Tendons(RPTIE 86t QI0 232|E #H0| 2l =™
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/ Exposed to water and air
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1 g sheet: |
' Lok |
1 epoxy resin |
d 1
|

\ :
! 1
{ 1
-~ % ! Prepreg sheet is winded |
______ o 1 toaset thickness, and is
§ g hardened by heating

Ru0/ particles Conductive path by dispersed RuO; particles o ’i| |

Glassmatrix  Aluina long fiber — kb e

If-di i ite(Nishiwaki et al. 2007)> <Prepreg knot and the self-diagnosis composite(Nishiwaki et al. 2007)>
2: Selective heating around Synthetic film pile containing

crack melts the pipe repair agent

Copper plates
Supply repair S
agent /I
ul

Current i

Prepre

knots
] |

Self-repairin
g device
8|

~ Self-diagnosis composite as
heating device

3: Released repair agent fills

and hardens in the crack 1: Resistance of the sensor partially in-

creases around a generated crack

<Activated reparing system(Nishiwaki et al. 2010)>

* ISy SXIE S8 78 A 7=

— ZI2|E0| gMSH #EE XIHEH= 2o SAP(super absorbent polymer), MgO—Ca0, lignosulphonate,
Ofo |32 MR (microfiber) 52 SfXoz OI%EM AeE 8 7R 252 ZAANH 28 LS Axlots St
TRl Qg #3ES0N LMot= APV [e%E F= UE 74382 dEA7 7g YME Yot S885l=
Qlot Z3RIE md2 AN 4 UK &2 Olsteln s

- Z32E 7Y UM = 25X U2 AHE UXPE FE AO|2 E042 21t BS6 C-5-HYl &4 2 CaCO,9
20| BRMEHA ElH O]2{8t NS S0 S XTI E. SAPS 5ol £5E 20| EUM(nternal curing) 2 1t2
LIEFHT A[HIE Xt 74801 2510t 3 78 S5 REotX(P 232|E LR 3= M4y 454 ¢
QINLE T A0 et 225 el 7|=0| 2R
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Service life Failure

Corrosion initiation i Propagation ]
E ; .
K] 1 Delamination
Q 1
g :
E ] Surface
8 ! crackingJ

- ! Internal

Initial Rebar ': ki
cracking corrosion 1°FA¢X
1

Rust °_"d Surface damage
cracking stress build up
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* Yetsoz 232l R0 ofZA|, 22I92E, 012 4X 5 EUS FAGHs AT AR, 2|2 A =S
Z3BE 30| FEAF ApHNE SH6k= FRACRE 225H BH BEsMst MAHIIS ZXM0| SEE=
OfFZI0|Lt AetA| 7[8te] Z232|E HH BSIPt HEMzE AYe £ 0121 s

materials surface protection properties
oligomer silane hydrophobic impregnation
silicone resin hydrophobic impregnation "
varop Preg — permeability to CO,
acrylic resin paint paint — water absorption
acrylic modified cement paint paint — pull—off sfrength
. ) i — chloride diffusion
synthetic rubber paint paint ]
— properties after
silicate paint paint freeze—thaw action
epoxy coat paint/membrane — crack bridging ability
— ex re to UV radiation
polyurethane coat coat/membrane exposure 1o UV raditio
acrylic coat coat/membrane

|27 232|E 2 B5T He| 2 4 |

- Y29 B2 YZeld 3 LiTtdo] 45t HalE SX7 ORATZE JHY (0] X A&t Tlol e, 2 &s
THS HHsH0l ARSI U
-zl 145 S8 ME L0l 27D o, 72 2 ROl OFEut el AxM0| S E Baxiz e 8
SEO| Rt s TE T = A
High risk of steel corrosion High risk of cracking
sy R R AL MR T
1. Penetrating hydrophobic 1. Corrosion inhibitor 1. corrosion inhibitor
impregnation 2. Penetrating hydrophobic 2. Penetrating hydrophobic
impregnation impregnation
3. protective coating
| 2 22. 232|E BHLSK(LAH-RYM) SEE M2 A |
- Z32|E HHo| YYet n|UES dNok= TEA ME2 R st QIXIE Afttet=0| 012 SuX0(X|2h oot
&R00| H2Y ZS SAYE XolZ I8t 2ot U Ly wElo| Aolelm, Biet MSAS Ay HAxo|L
T EEH0] thet HsETH0=0] U0 Z2EXR! VIEH JiMo| TRoth Ay
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Property

Test method

Requirements

Loss of mass after

The loss of mass in an impregnated specimen must occur at

N 13581 least 20 cycles after the loss of mass is observed in the not
freeze—thaw—salt stress ) )
impregnated specimen
Depth of penetration of the Class I: ¢ 10 mm
hydrophobic impregnation orEN 14630 Class I =10 mm
Water absorption and Absorption ratio { 7,5% compared with the untreated specimen
; ' EN 13580
resistance to alkali Absorption ration after immersion into alkali solution { 10%
) - Class I: ) 30%
Drying rate coefficient N 13579 Olass - ) 10%
Subject to No requirements specified in EN 1504-2 but when the
Diffusion of chloride ions national capillary absorption of water is lower than 0.01 kg/(m?h0.5) the
standards diffusion of chloride ions is not expected
| # 8 Z32|E HHESE YLK FQ AW |
Requirements
Property Test method
Impregnation Coatings
Permeabilty 0 ENISO 77831 | QesskSacom
water vapor ENISO 77832 | _ oSl om = Sd = 50m
—Class Il Sd ) 50 m
Capillary absorption g ,
of waler EN 1062-3 | w< 0.1 [kg/(mh0.5)]
— vertical: = 0,8 N/mit Rigid or Flexible systems
— horizontal with no mechanical — No treffic 2 0,8 N/m
Adhesion (pulloff) N 1542 load: >1,0N/mr 1,0 N/mit
— horizontal with mechanical load | — Traff |c > 1 5 N/mit
2 2>1.5N/mif 1 N/mit
Adhesion to wet concrete EN 13578 - No blistering, cracking
Permeability to CO, EN 10626 - Sd )50 m
Crack—bridging EN 1062—7 Class A5 : ) 25 mm
Diffusion of ational
N standards and | Subject to national standards and regulations
chloride ions )
regulations
| 9. 232|E BEHESE AEA L I F AL
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Open for water

vapour diffusion

Hydtophobic 3T LAY LN R

effect \
! | ! @
00O Strong bonding
[N 10 the substrate
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Lotus leaf — x7000

-

Stolotusan paint

silicone resin paint
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* A2 XX fs X2k SFetAT] 71&2 MAPEIAOI A= Bayer Material Science AG, Karlsruhe Institute of Technology(KIT),
KASTRt &2 X2l HdAl 722 HAQ 7Y, g=E YA & U= “MapWrap EQ system” HH| AARIS
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finishing layer
PVC wal covering
adhesi
Ultrabond Eco 530
skim coat
Planipatch
reinforcement
MapeWrap EQ Net
(embedded in MapeWrap EQ
Adhesive)
adhesiv
MapeWrap EQ Adhesive
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6. Basics of Concrete Repair and Structural Strengthening, Paul Russell, 2015

, 2013,
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9. The repair & protection of reinforced concrete. Sika, 2015,
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