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Revision of Repair Materials Performance Requirement for
Concrete Structures

ABSTRACT

For highway concrete structures, the deterioration of the structure is accelerated due to the increase in the use of deicing materials, and
sectional repair work is being frequently carried out to restore performance. However, after the repair work, re-damage such as cracks,
delamination, and poor bond performance is exhibited in the repaired sectional area. In this study, overseas repair material
requirements were first analyzed, and present domestic requirements were improved repair material performance through field surveys
of common concrete structures, laboratory experiments, and test construction on a disused concrete bridge. In addition, performance-
based quality requirements were presented so that all materials that meet the required performance can be applied, and different test
methods for each material were unified into concrete test methods for consistent test results analysis. The considered performance
requirements were compression strength, bending strength, and bond strength for structural properties, and length change rate, crack
resistance, thermal expansion coefficient, and elasticity coefficient were for dimensional behavior. For resistance to chloride penetration
resistance and freeze-thaw resistance were presented as durability. The proposed requirements for concrete repair materials are
expected to contribute to the improvement of the quality of concrete sectional repair work in Korea.
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Fig. 1. Schematics of Concrete Deterioration Due to Chloride
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Fig. 2. Concrete Deterioration and Re-damaged Cases
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Table 2. Repair Materials Used in Laboratory Tests

THETFANE FEEAL] & ool wet maEke Al gy

ZAR|E AlGR A TR F T e T HRItIE ARIE

PCM PM PCC

of 2 thAll vlgol wieh ARIE Alge E2H Ald= v Material | K | J | F | ERM

3mm |10 mm |13 mm| LMC
K | K | K | D

Table 1. Classification of Repair Materials for Concrete Structure

Type Mix

Property

Cement Mortar - Cement+Sand+Water+Additives

- Use dry mortar
- In-situ mix with water

Polymer Cement Mortar |- Cement+Sand+Water+Additives

- Improve adhesion, frost resistance, penetration resistance
- Without aggregate (possible cracks)

PC - A portion of the cement is replaced by a polymer* . R
(PCM) P P yapoy - In-situ mix with water
- Excellent volumn stability
Polymer Mortar - Cement+Sand+Water+Additives - Compressive and tensile strength, adhesion, frost resistnace,
(PM) - All cement is replaced by a polymer** penetration resistance
- High thermal expansion coefficient compared to normal concrete
Concrete - Cement+Aggregate+Sand +Water+Additives - Similar to substrate concrete

Pol -modified C t ..
olymer-modified Cemen - Cement+Aggregate+Sand +Watert+Additives

C 1t . . - Excellent bending, adhesion, trati ist
(cglgge - A portion of the cement is replaced by a polymer* xoetlent bending, achesion, penetration resistance
.. - Low drying shrinkage
Polymer Concrete - Cement+Aggregate+Sand +Water+Additives . . . . .
gt - Excellent bending, adhesion, penetration resistance, tensile
(PC) - All cement is replaced by a polymer**

strength

- There are many new technologies such as magnesium-ammium-phosphate cement and silica fume mortar.
* Polymer for PCM: styrene butadience, acrylic, vinyl acetate-ethylene, styrene acrylic, epoxy

** Polymer for PM: epoxy, polyster, furan, vinyl ester, or methyl methacrylate

Vol.43 No.1 February 2023 11



ZAE F2E BHETSA BeR F2471EMA

Table 3. Mix design for Repair Materials Used in Laboratory Tests

Type W/B|Sa| W . BindeSr Sand3 Fiber3 Aggreg?te
() | (%) |(kg/mr) | (kg/mr) | (kg/m) | (kg/mr) | (kg/m)
PCM 46.6/100 | 376 | 804 | 903 2.6 -
PCC (3mm) [39.2|100| 337 | 857 | 960 | 2.7 -
PCC (10 mm)|39.2|61.3| 273 694 779 22 492
PCC (13 mm)|39.2|61.3| 273 694 779 22 492

115
360 933 767
©) (Latex)

LMC 16.0|54.9| 76

Table 4. Repair Materials Used in Field Tests

Polymer Cement Mortar Polymer Cement Concrete
(PCM) (PCC)

Material Type K 3 mm ‘ 10 mm | 13 mm

LRI, el AJRle 712202 KS F 4042(2022)2] B
A adsl e WIS YA FAIE, dowisks, o
AFARIS Lefeldlal, F7H o el @ 5448wk
7] SJsiA dEAYE, DBIAS SERNAG IS skl
ok 71E9] KS F 4042(2022)9] 739 B4~ B2Ek2e] i) 15t
3L Qe o] o= b, A EaElE FREe] Bals EE
ES X3 befgt Alsrh A 5 slok 539, R2s=9)
Zae|Ee] AR 9 AREe] 7P Adolsle] Alddste

SRl =
E ApHo R Ssle] marles) foels Aln wE Qv
AR AES ARgste] Ak Hlwd 4 s SRtk
ZgAek AEEer Ak the #1le AElEe] drkJeong et
al., 2023; Min et al., 2021).
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Table 5. Specimens Used in Trial Construction

be

(¥ o ]
(b) After Trial Construction

Fig. 3. Trial Construction in Field Test

Bo|Ae} HEAS aefsllal, ti7 k1 AJele] ks aefsh]
el 7 1Az EHAFRE s E(Saturated Surface
Dry, SSD)%= A& |Sr): 52 SAl] A s aeleb] SfeiA
A= PCM3} PCCe] F 7HA1E 8fsllal, PCCo] 7% F2
A Hdl X5 3, 10, 13 mmE I2EITE AIEARE A Esl-
AA et BA Alg o] ezt Fig. 3o vEeR} gick

4. E2RIE M

8 BeR|ge] FA7IE(KS F 4042, 2022)S Table 69
2k 29 §3, =, 9B B4R 87459 A9 Min et
al.2021)el] 2 Ae)=o] Slck =} 7o B, Een] e

Specimen #12 #11 #10 #09 #08 #07 #06 #05 #04 #03 #02 #01
Water-jet O O O O O O O O O Breaker | Breaker
SSD O X O X O X X X O O O Air-dry
Aggregate I3mm | 13mm | 10mm | 10mm | 3mm 3 mm X X X X X X
Material Polymer Cement Concrete Polymer Cement Mortar

% #1 is the conventional repair and is the reference for other tests
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Table 6. Polymer-modified Cement Mortar Material (KS F 4042, 2022)

Test item Unit Requirements
Flexural strength MPa =>6.0
Compressive strength MPa =>20.0
Standard >1.0
Bond strength MPa condition
Freeze-thaw =1.0

. Compressive strength
Alkali resistance - P N et

>20.0 MPa
Carbonation resistance mm <20
Water permeability g <20.0
Water absorption 2105
. k -h™ <0.5
coefficient g/(m )
Mmsturel permeation sd <om
resistance
Chloride ion Coulombs <1,000
penetration resistance
Length change ratio % <+0.15

Table 7. Comparison of Compressive Strength Requirement for
Repair Materials

Korea Europe ACI ol

(KSF 4042)|(EN 1504)| (546.3R) (320.2R)

Requirement
>20 >25 28~85 2880
(MPa)
- Consider
- Should be substrate elastic
Comment - - similar to modulus .
substrate | Compressive
strength 1,
shrinkage 1

*ACI 546.3R(2014), EN 1504(2005), ICRI 320.2R(2018), KS F 4042(2022)
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Fig. 4. Compressive Strength in Laboratory Test
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Fig. 5. Flexural Strength Test
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Table 8. Flexural Strength Test Comparison for Repair Materials

- Average Flexural Strength (MPa)

est

Method |PCM|PCM |PCM ERM PCC | PCC | PCC LMC

K| O | FE (3 mm) (10 mm) (13 mm)

Mortar

(KSF2476, 83 | 9.1 [10.8|359 | 8.8 - - -
2019)

Concrete

(KSF 2408,/ 5.96 | 6.37 | 6.84 | 22.5 | 593 | 590 | 6.11 |5.81
2021)

=~

1.3 BRfzie
R = Byl 718 mAje}h Ratste] AAA )
3l 71 8%k s FEhelk el TREETSARE SI5h
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BR8] tiEiA] Fig. 6(a)s) 3o AT, 28RS, S84
T 202 AARS B8l FARPEE vlal SAgsiick A
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Table 9. Comparison of Bond Strength Requirement for Repair

Materials
Korea Europe ACI ICRI
(KSF4042) (EN 1504) (546.3R)|  (210.3R)
-15 .
Minimum : - 1.7 or higher
Requirement| -1.0 | gli.egular strength) | 1.7 | than substrate
(MPa) (High streneth) tensile strength

*ACI 546.3R(2014), EN 1504(2005), ICRI 210.3R(2022), KS F 4042(2022)
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tin] Z¥z} oF 74 %%t 85 %] AP EE VeI FEAIRE
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3.5
3.0
2.5
2.0
1.5
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0.5
0.0

m Standard
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PCC(3mm) PCC(10mm) PCC(13mm)
(a) Test Condition

Type K

4.0
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35 S
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Fig. 6. Bond Strength Comparison
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=71 24, 27, 30 MPa¥d o, AIE8T 7152 242 1.5, 1.75,
1.88 MPag AFgdt). ofd] & A= F2des 249
H3H A7 el FES Bol e AL st S
w2 FAIES AARY] Bk ARl Zesest @Fokis
agfske] 1.7 MPag ¥ e Q74502 AAIBIAT
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>

4.2 HEFHH
B ge] AHPYYo 2= Hapaje] Fuisle] me 4,
A, S5 58 3] Slsi Aoluske, #EAI, 2
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4.2.1 Zo|Hsl2

Hae] doHsle-e F=2 x50 s whAYE AU
S ERE A T, TR HekeE A, )
T 74 502 olod = Qo] AxrEe] AL Alurt frefeick

A7) o] BEAIE 7| ME Table 103} o] KS F
2424(2020)0] we} AL SFaEkal KS F 4042(2022) 7159
we} ZolHsle-S +0.15 % oJ3t= A3kl Ytk R=el=
(40x40x160 mm)<} ZF2]E(100x100x400 mm) AJHe]] whsiA]
717] T F7)9] AEE ARSSIL tk fe] 74, dopaskaol
gk 879% ahS AARIL JARE A9 EN 12617-4(2002)
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Table 10. Comparison of Length Change Requirement for Repair

Materials
Korea Europe ACI ICRI

(KSF2424)| (EN1504) |(546.3R) (320.2R)

Requireme | o 1594 - <0.05 % -

nt (%)
- Bond test after ) Reducmg shrinkage
Comment - . - is important to
shrinkage test .
prevent cracking

*ACI 546.3R(2014), EN 1504(2005), ICRI 320.2R(2018), KS F 2424(2020)
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Table 11. Length Change Test Comparison for Repair Materials

. Length Change (%)
est

Method PCM PCM PCM ERM PCC PCC PCC LMC

(Type K) (TypeJ) (Type F) (3 mm) (10 mm) (13 mm)
Mortar

(KS F 2424, 2020) -0.034 -0.027 -0.039 -0.007 -0.139

Concrete
(KS F 2424, 2020) -0.011 -0.013 -0.017 -0.003 -0.11 -0.033 -0.030 -0.010

mm oJ&e] 7} FF e} FUe e FEAE jhS 8}
3 Qlek SR AlEHbgEe] AR 10 mm ofske] RS AMES
FZIYE = HZER2Y tisiA] A[@e] ZFssith W= ACK
546.3R(2014)9 4= 0.05 % o]} 3= 273k 2, ICRI
320.2R(2018) A= HoHslgo] gk AABRL QA ekort
TEEAE Al whe- Fag JIAZ AAS AL Utk

g Bl ik R=ElE Ay Za2E AR A3
ZAoliskg A A1 Z¥= Table 119 Fe=]o] itk PCC
3 mmE A28 BAolA -0.010 ~ -0.039717]2] Zo|sleS
YUeRfglem, ACI 546.3R(2014)9] 71521 0.05 % o318 B5
WSS Al =719] 2ol 2 Q13 Al ATe] Ho)w EAlEhR=
Z& FRIEIGTE Hodos REEE AIFAe] dojiskee
OF 2.5u2] & 3hS VFERITE o= HEERE AJEA2] A
eEHAo] 7] el WAE Flo g ) B ATl
A o] 71ERT) 38 A3kE 0.05 % olshe] ZojHalks
[TES AARINAL AE Ao ddS $Jsl dojHslee)
AFAE SIEE AIFAIY] 7= AAE

4.2.2 DPEXSA

HEAYE o] § BRnTARe mAe) Wo] Fd el
A A2 BEAE BA] $10] Epdale] Rt mAje] g
IR o] Wyo] Alateo] o] WgsAl Hct o] u,
HaAle] Azl eHdAls, T So] HEo]
Bl T efe AR Bk daAd AR ol
& R} Bl TLElo] Tdo] WAEE W4 A%
AP BARL Sk

] KS 7Reolrhe FGAR AR TS ) el
o, MR ARAFPAEXCS 44 50 15, 202Dl e
3£ Tl 5632 2k o] glofok gkt ek QIrkTable
12). 2] 79, Holstest GA1sHA EN 12617-4(2002)0]
ufe}l e ol Az AR Fol] 0.05 mm ofake] o]
P el Rapde Ao R Frisk itk ACT 5463R(2014)
ot 593 9t ANBEL AR WA, AP S SleiA

TEjolok 51 ASTM C1581(2018)0]] whet AJdahes et

g

oL

o
o

gils

il
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2tk ICRI 320.2R(2018)2] 7d$-olli= 7Fs3t =7, Zol= 28Y
ojFof] o] WAsoF rial Tgslal Stk
238 Bl Ois AASHTO T 334-08(2020) HPH-S X183}
o] 904 Bt TEAFA TS AL, A= Table 13¢]]
gejeo] Stk Ui PCME] wfjgte] A9 i do] 56YS
Z7)3}190a1, ERM7} LMC= 90 5<t 7o) 2AskA] eitck
KARe] wigte] A9 #5& &A7} gle PCMAFE 13 mm A7}
SRt RpAiA] o] wde] At =olAe= 2le ERIT
ek ole wE IAY 27 E45 d9E JAlse
o] FH= AL UehIth ol RN TANAE
Hy o] & a7t A= A& AT 4 Uk
o]

Ag o p TR
b, 2]

Moox v
%0

e off

g & 2
A" AAE FE FAE AL B
£ A3k 2o Foueh BekEn

423 SRS
Bl GBAGE LEse] W Bl St B
Wshee AR mAle] SRS} waAle] ST

Table 12. Comparison of Cracking Resistance Requirement for
Repair Materials

Korea Europe ACI ICRI

(EXCS45015)| (EN1504) | (5463R) | (320.2R)

Requirement | No crack for B B Crack after
(%) 56 days 28 days
- Consider

Concrete -Bond test after| . . - As late as
Comment avement shrinkage test dimensional ossible

P stability | ¥

*ACI 546.3R(2014), EN 1504(2005), EXCS 44 50 15(2021), ICRI 320.2R(2018)

Table 13. Crack Resistance Test Comparison for Repair Materials

T Crack Developemtn (day)
est
PCM |PCM |[PCM PCC | PCC | PCC
Method ERM LMC
K| O | E (3 mm) | (10 mm) | (13 mm)
AASHTO

T33408| 6 | 64 | 39 |None| 10 | 20 | 41 |None
(2020)
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Table 14. Thermal Expansion Coefficient Test Comparison for Repair
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Table 15. Comparison of Elastic Modulus Requirement for Repair

Materials Materials
Test Thermal Expansion Coefficient (<10~ ¢/°C) Korea Europe ACI ICRI
€S
Voneq [PCM[PCMPCM pec | pec | pec (EN 1504) | (5463R) | (320.2R)
etho K| o @® | BMea 10 13 mm | EMC similar to
® | |6 (3 mm)| (10 mm)) (13 mm) Requirement N/A >15GPa |6.8~38 GPa
KSF substrate
184|123 | 11.8| 285 | 235 | 187 | 177 | 123
2608(2022) *ACI 546.3R(2014), EN 1504(2005), ICRI 320.2R(2018)

TS S 53 Aol Aeges WIAIA F71E90 B2
e FUsIT) ol Bydio] S5 F83F Bae] Age]
e} B p FaAle] dRE Assh] SeiAe 2A9l fAksE
HPIATE 7R Zlo] ok Yo RERE Wol AN
£ ZEvfe @G 24 232E4.0~20 <10/ C)R
t} A olo gk Algke] Fast ok

o] B5A] 7120 KS F 4042(2022)00 4% oA
tiet AjekS Far QlR] ok wlEke] ACH 546.3R(2014)00A1= 25
107/ C ofete et glat, =AlE4=H3|(ICRI 320.2R, 2018)
opF= 13107 °/ 7 C ofskz THgslaL Qlck IoggAle] AlE
Ho 2= AASHTO T 336-15(2019)0)4] #|Alska itk EN
1504(2005)04= F=3gA1rol tigh 35 ot thael Al
7R AJEE 8 ASl= Askslar 9] ¢tk EN 13687-1(2002)
o] F283 § FEIE AR, EN 13687-2(2002)2] G54 A%
F nate A3, EN 13687-4(2002) 7% 971/ gzt A9
T FAIE AIRE FEIA REAQ] 2RIs) HolF Sl R
=2 o]& diAska Utk

3-8 BAldl tisiA] =iie] KS F 2608(2022)& o]-8-2H
W IATE ZAFBFIAL, Table 140] VR chA]A 2
THellA] 3] =5 ARl B4R ERME Alefsials 25
2510°°/°C olule] 3h& VeI, of= FE|Es] Fu%
Algre] M1} FARBITAL A=) AlE BEAlE B &
HE FHBRL o], AR =& AT 3he UERNOL,
T FHzEe] FuAal 40~20 < 10°°/° C oF fARE 3k&
VRS, B Aol i ARl 7o R 4.0 ~ 25107 °/ 7 C
A3tk

h

4.2.4 ERAI

SRR P} 5 R TR AR mash fA1e
ASEAE Aok Bk BaAle] BAGT 2 S WFel
Ao, AP Be 35S Paeh Hlo B2 Ao Arkee
o] WA Ho] B3jo] g 5 glvh mAAle) G}
e 7% mAje] s g W] Fsslel B das
slslg & glo), BAle] TASE HAls) SRS ke
Frefet Ao gk T B AIAE Bl A

AN A8t =& G Tl 2SI Q) o=
3] Aek]o] Qltk o]d FRES] IS
2 FrBsHAl tixE = Qles BAje} HAksk
HIATE 7RIS WA g AlFRE Favt ok
ujle] B4 gdAIgel Bk 7S Table 1591 ]
ok Fulel= o] gPdAle] tigh Q12je] HE3le] AlS 7S
FaL A= Kk vbdd] FHolM= 15 GPa oS 878kl
3, ACI 546.3R(2014)94%= 6.8~38 GPag] FE& A|AEk
9tk A B4 3)(ICRI 320.2R, 2018)9-E BAj9} SA}sk
EPAITE 7IRAEE ARtk oRPRAIE Fujell] ARSE
© BEFAss A= 30 GPa oJUj9] k& YERHAL lo], &
AFoIM= 6.8~38 GPao] ©HIAlG 7IES AABHITH

4.3 LjNs

B ge] U deess By Fo) 7MY | AFE
AR Slste] REATFARAT Aol Sdgsiel <% 4
s At Agel] 9% FEEARAdS LefElth

431 HRAEKEY

TSR QN0 AP e A9 AR
Qlsle] o] Rk o] WMAlsk, ol QI FlEs] B%o]
U} o] MR Tkl Y] AFsSiES 9js) sl v
web, SRARTEAL ofFe] FrFAl GRe] HRR ol AYS
Ak Sfstel BaAe GRUTASES 74 Bask ok

o] BEAE QTAPS(KS F 4042, 2022)9)4%= 8)e)7)E
of ulsl ofv] FAEAG YN thet FelF2) e Fa 9l

¥ ATE )R 71Fe S Agsgnt

432 SZSHKEA

DHETFAL Al & BPRE &7]d] mEEo] glo] B
A5 o] T2EH Fe-S AXIL Utk BFAPE 72ES]
IH2 FHSE 98 o] SRiME T8 Zgel o5l A
s} s QR Wb, Reprle S2-83le) thet 22t
A des 7 davt Qlth

o] Bl QTAFS(KS F 4042, 2022)0% S2-53)
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AF¥E EN 13687-1(2002)0] oJafix] S4-g2l A&
S3l9] 3t B2 AsE

o] EN 1504(2005)

ZE SHETIA s F47|EAd

WAERALAL ojEskal Jlvk whEbA, £ ATtoME uiele] s
7125 2183} KS F 2456(2018)2] A¥PAS 21831 548

gl 2
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N
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¢}
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FREATE S 4 22108 A Sa) B 479 5
Fse aisln W oara & ABeiEikn 48 /s gl % 7%
BT a4l WA A T AT 5]

i?%ﬂﬁfa'*iﬂ 548 melelel Table 165} 2o *1?3%

.I}ﬂ rlr

971X AT niXEte 8 meEle) faE, Al
AJolalk AJFHPHE ATAZS 95l I E Ao 2 Ealsiy]
Sl 73 A8} -

A AE 80 % obe] ATARE AR RO Z AN @ ATE IFwRTA ARS Wb £8 AT
B =72 2022 CONVENTION =128 =4 2ekslo] 2Ax]
5382 Sk
B a7l A B s aEts f8 FA7IES
Table 16. Revision of Concrete Repair Materials Requirements
Test Type Present Revision Note
. Requirement -20.0 MPa+ - 25.0 MPa+ Strict
(D Compressive KSF 2476
Strength . - i
gt Test KS F 2405 KS F 2405 Unify
Requirement - 6.0 MPat+ - 4.8 MPa+ Adjust
1 @ Flexural Strength - KS F 2408 (Concrete) .
) T - KSF 2408
Structural est - KS F 2476 (Mortar) S Unify
Properties Requirement | - 1.0 MPa+ - 2.0 MPa+ Strict
@ Bond Strnegth -
Test - KS F 4042 (Mortar) -KSF 2762 Unify
Requirement - 1.0 MPa+ - 2.0 MPa+ Strict
After Freeze-thaw - Bond test (KS F 2762) after freeze-thaw .
Test - KS F 4042 (Mortar) (KS F 4716) Unify
Requirement -<=£0.15% -<%0.05 % Strict
(D Length Change - KS F 2424 (Mortar) .
Test -KS F 2424 (Concrete) - KS F 2424 (Concrete) Unify
Requirement - - No cracks until 56 days Add
2.  Crack Resistance q Y
Dimensional Test - - AASHTO T 334-08 Add
Behavior  |@3) Coefficient of Requirement - - 4.0~25.0x10-6/°C Add
Thermal Expansion Test - - KS F 2608 Add
. Requirement - - 6.8~38.0 GPa Add
@ Elastic Modulus
Test - - KS F 2438 Add
(D Resistance of Requirement -<1000C -<1000C -
Chioride fon T KSF 2711 KSF 2711 -
b 35.1. Penetration est . )
urabtlity ® Resistance of Requirement - ->80 DF Add
Freeze-thaw Test - - KS F 2456 Add

* AASHTO T 334-08(2020), KS F 2405(2022), KS F 2408(2021), KS F 2424(2020), KS F 2438(2022), KS F 2456(2018), KS F 2476(2019),

KS F 2608(2022), KS F 2711(2022), KS F 2762(2021), KS F 4042(2022), KS F 4716(2022)
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