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SUMMARY

With the rapid deterioration of the existing road pavement, recently, maintenance and
expansion pavement works for the road pavement have increased greatly, and due to
the decrease of lanes in the site works according to this growing trend, user cost,
too, tends to increase significantly. Accordingly, studies of road pavement and repair
plans are carried out, and the existing repair method focuses only on the issues of
stability and strength supplementation due to the dangerous method of work of
controlling the lanes of the road for several days, installing a mold, and pouring and
curing concrete, but does not consider securing chemical resistance and durability.
Also, the repair materials currently used show a phenomenon of rather early
deterioration with the difference in mechanical behavior because of the difference from
the existing materials. Especially, in a highway passing through a snowy and cold
area, the combined deterioration of concrete is accelerated due to the spraying of
deicing agents to smooth vehicle traffic against freezing in the winter.

This study aims to develop a road pavement material or repair material that can
promote the pavement performance, inducing rapid traffic opening through early
strength development and fast setting time and overcoming limitations in of strength
and durability of the existing concrete repair materials by applying the magnesium
oxide bonding material in road pavement construction/repair.

To consider the applicability of a magnesium oxide repair material in the domestic
road pavement works, first, the performance of early strength development and
condensation setting time were evaluated, according to magnesium oxide to KH:POy4
ratio, water to binder ratio and percent of retarder, by which the optimal mixture
ratio of the developed material was drawn. To check the performance of the
developed material drawn as a repair and reinforcement material, through testing its
strength (compressive strength and bonding strength) and durability (freezing and
thawing resistance, resistance to chloride ion penetration and pore size distribution,
etc.), its applicability was judged. Also, its strength and durability were verified, and
the promotion of strength development, according to the use of magnesium oxide and
the economic cost accordingly were estimated as compared to the existing repair
materials and repair and reinforcement cost.

As a result, when the magnesium oxide bonding material was used, the condensation
time was reduced by 80%, and the compressive strength was promoted by
approximately 300% as compared to the existing cement-based repair materials. In
addition, it was found that the durability showed an excellent performance that meets
the regulations. Also, in an economic analysis, it was found that about $1,000 could
be reduced per hour when the user cost of traffic blocking in repair works was taken

into account.
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0 ‘mfp6 2 20 Al
o k=3
1 O 10
L] L]
1hr Ihir ldmy  3Idas Tdays 28days 1k 3he  1day Sdays Fdays 2Bdays
Curing time Curing time
S0
[l
o
E i)
&
260
o
q._'hn 50 =W/ B=0.09
a0 =W/ B=0.10
o WB=0.11
0 —WfB=0.12
E
=3
L&)

1hr 3hr  1day 3days Fdays ZBdays

Curing time

19 2.4 M/PE¥H], Fly ash X8&, W/BH|d W& A#EdE ¢=H5 EA

F. Qiao?l 9720105 datotrdlgAed Aete ANES 227 dAHR2 T8
a7 9% ATE AdaAon, ALARE Ashel1u4FMg0), AAHZFKH2PO)E
W AAARE FAs] BABorax) S ALEET ol /1A=

AR At el TiE
A ES AHgERET ole gw H(NH4H2PO4)E MM A oA e 5
9747 e AATY] 9% Aow numHth WFEEE JRHom Asulady
Qe EYNES A7 AFBA AT LA FWE HEAROH, BIE 6, 8
10, 12¢] £ ot ARL ST o ATAE HAH BEARR FE37] 9
i 2z g 2¥e dAgor], FFAs T WEE ARHUL AEAEE 1,
15 28 W52 sgon, Ade FEAE, F 4%, ¥ RARE, APRIALE AYL
Fgstlnt B PARE, AGTAZE Add @ P4 g 19 259 Po] vy
o, JIS71F mek RS FAstAh 1 A FEANIE 159 A¢ 27 FEBE F
Aol o A% M/P7} 80] 7V A Hol Hem, § P FE
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160 Concrete substrate
a9,
50
[0 Sand ratio 1.0
’ O Sand ratio 1.5 Bl
540 || Sand ratio 2.0
= —
230 | —
220 F
E
S
10
0 1 S 1
1 3 7 28
Curing time (days)
I8 25 ZEZAEL UE AFAE 54
Tk ] LiflY AFAH2014)=°] REare| olstH AAZHe] AAL AbgutadlEAlE Al
g AZAlE AAAY Hrrn & el 2dEoA Y, A AA(Borax) & e &
AAZE S AY 8 A3 AAAe £9&o] 5%Y FF B 9 Az 58 1Y
shele W by A4 Azteldhs Ansk nglow 1 olgel Wl AAAE Wi
Bg-ele 8y SAAe] AasteE AoRE YEWT I AdE vy 19 26 T 299
e SITE =3 ] Yang®] ol AAH2010)0 2t Abstu v HAIE At AgAl =

AN $ANNE 2AE AAAE 5% AANAEL A GFFms A BES =
F10% T 125% % FrhekAm, plATERAS B 494 9
3 2 5
[e]

’ H
Fom PARE Aol AdIYL L HAsg
(e}

_34_



- 55
N e - I — —J_’:_,_J_i_i_,_,a
g BT _— = o 45 *”"_;7_77_77_7 I
& " - = -
£30 T N g I
“; %/ S -’23.5
o L / Se=MPOS || % —— M/P 06
S ”/ —=— M/P 08 *as —a M/P 08
d ——M/P 10 — M/P 10
——M/P 12 ——M/P 12
10 : ‘ ‘ 15 . i j : A :
4 21 28
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a9 26 M/P & v & ¢SA= _
= ¥ 2.7 M/PE vl BE 3 = 54
&4
55 15
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s ——4
| e
g
235 1 4 =
E =~ MPO6 —=—MPOS||
= - MP10 —MPI12|| =
E 205 E— ]
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B I = = M/P06 —a M/POS
— = MP10 —MPI2
—+ OPC
15 ! : ! 0 s ) I ‘ i ; .
0 7 14 21 28 0 14 21 28
Curing time (days) Curing time (days)
a9 2.8 M/PE H|d & IR IFP= a9 29 M/PE Hld @& AFFIZE
F. Qiao®] AF2&(2010)8] Ao w2 Astelavge] % 2 Zgold4 Y&
HER glo] 7] dE5AE A4S AASY oY, o+ 715 895% =2 AAS AT 1
I ook 29 2107 2ol Yehgilen, Eefolos &9 2 Absulavige] X7t
7fEEE e 2o Aow AT a8l 715%9 £LRdAE AH 19 3
20MPa ol4te] A% WAL sgon, wak we sxe] Askulauske] 49 Eao]d
& 8ol E AE Al ¢ AR glH
50
£ 40
E
T 30-
£
W
= 20
5 —o— MTF0
2
oy —0— MTF4
£ 10
S —x = M9F0
—a— MOF4
0 . - :
0 ] 10 15 20 23
Time (hours)
29 210 Asvtavle 5 2 Sgolold] EYL mE A ¢SPE A
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2. A7 W&
7h Adne

2 AT E &d FIAR Asetada s JdAPEEY E3AE Z&ste] Absiety]
a Ad Ags AdAE Ndetna o Ao EdAE vE £ 1% Zo] 59A 3
st wkg-o 2 a3 ¥, Magnesium phosphate ceramicsi= 19403 tiol] ]S 07 7ty
gom ol FHIy wToA Abstwlaul 3} phosphoric acid EE phosphorous
pentoxide (P205)7F &S Fdl A= HdEo gt AdF+7F =0 gt

I EFARFe] 5L ofF wEA AstEo] Y ThesAlte] FHow O]C’Vﬂr/}
o =55 F8AY AAE il o 72 ARY AL AV e Ao UrE}M
t}. magnesium oxide®} thF3 phosphate acide] Z ol thdh B Ae % A7} 2y

dEd HEAH R hydrogen (H), ammonium (NHy), potassium (K) F/¢ ZAgo] ojdt
AT7F ol FEAT. thExAQ 2 A= IRk vy E 213 o] YEY
Row, o] FME o] o= GEFIe] Aol g A7F u Zgweion FH A
il TXﬂ‘}i Ak Abstel g QbR E o] shebAQl whg Bl B2 kel efEyo}
7F e At HEE FFS Fe Aew BuHrh ol we} Abstelad st
‘ﬂ&‘?}—‘%ﬁ—‘ﬂ AgdS dAZ F de B4 dE A7 o] FAAE F JAEF] o] &
of AgtE o, Abstmiivlgat dAbAFE AF2 AU EFEe A= 22 wE
SAANY w2 AEE U # ooiygd Al E fFaleA @2 Aor A
upeba] & AT A= phosphate acid & UAFZAH(KHPO)S A3t AldS 183
o QAR ES] Ag vE 3E 229 o] SbAlel AA §kgo] o] FojA A H,
¥ 2.1 MgO-Phosphate Ceramics® WE 7% 3}sut-$
Principal Reaction Reaction Product Product Name
MgO + Mg(H:POy)> - 2H,O — 2MgHPO, - 3H0O Newberyite
MgO + (NHy-HPO, + 5H.O — MgNH,PO, - 6H,O + NH3 1 Struvite
MgO + (NHypH-PO, + 5H.O — MgNH,PO, - 6H,O Struvite
Magnesium potassium
MgO + KH.PO, + 5H-O — MgKPO, - 6HO phosphate hexahydrate
(MKP)

F 2.2 AsvavsAd At 294 GAE 55 ws

Stage Reactions
I KH.PO,—H,PO, +K*
o HyPO, +MgO+7H;0—MgHPO,- TH,O+OH"
m 2MgHPO,- 7TH,O+K +OH —Mg2KH(PO4)2- 15H20
\Y 2HPO,* +2MgO+K'+16H,0—Mg2KH(PO,),- 15H,0+30H"
Vv Mg2KH (PO, 15H0+K" +OH-—2KMgPO,-6H,0+4H,0
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198 2.12 MgKPO4:6H209 AA T% (Graeser, et al. [2008])
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oj¢} 2 Atstuladls AE AFAY H5 ek wESol Al Abshal 1)
e] =0 (Molar ratio)7} T& 1Atz 2go] Hu
Q79 M/P molar ratiod] ik AFE#HS FZo

L

mmagnesia X Mg 09] €E (%)
MPhosphate = MQO%%%E < M/P (mOl/L) (1)

047] }\1, Mmagnesia : ﬂ'ﬂu}lﬂ]‘ﬁﬂ ;é'l
MgO molality : AFspulav| 59 &3
M/P @ Abstut g3 QIAbZEES &

ZF(g)
FE (Mg : 24g/mol, O : 16g/mol)
H]

o] o

(0]
2o

=

S &3 Mphosphae(mol/L)E 73+ & KH,POs0] =% F%(g/mo)E ©] 83}

o Fwe pekd U AW + Ak TH A4Y 4942 AR 99
Al (Borax)9] AF-g-o] A oln 81824 NaBsO; 10H, 002 YER Y, Al shr,

Borax®] 3}8t4 24 x= v 19 2.13% 2o

m

-

7|

a9 2.13 A AA(Borax)9] 2A FZ (Fei Qiao [2010])
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Intensity(CPS)

o AddE

(D) AH&-A =

(7} AF3bel 24 (Magnesium Oxide, MgO)

ofg] 7HA Agt® FRE ZhedHlME A4S IulE ceramics7t b o2 Wol ALE-H

=4 ol& AtguldlE 2l solubility wWliEolgta 8 4=t} AFEtulidl 9] solubility &
calcium oxide®} #o] U =4 2o silica oxide T+ iron oxide®t Zo] UH *x %=
il T3k EolA Atsulavlas fElAE df Ui B2 4S8 TAATIA &ol Ay

G £ 24S 2t Ak o9k e bl avgAld A Z2dA4E RFEAE

7] 4= 2 SAARe] grEojok g1, o]= ALEHEE AR

(*Pi‘ru}mﬂ ol = 9 Abstel s IAES & v, 23 ukeld(Gkstel s,
A

AAZE B)e] B, AAA (Borax) o] EQEol whe g TGP v, o] F wgo
]

2 WMEE TASRYEY £ 28 ANE P4/ B AHgHE AEe XRD 2 XRF
EAS Bate] AgHE Agrlavge 5 2L AARES B8 YRS BAHY

Ll

Avps v I 214, 2159 2 1 A, AEEE Agniadsd 49 wRb
88.5%°] ™, Si0,9} CaO= 27t 3.3, 41% o2 T4 H oAt}

[Mg0-3.raw] 3

A S

MgO 83501

ALOs 0542

Si0, 3341

P,0- 0.986

SO; 0.038

K0 0.023

Ca0 4135

TiO, 0.056

. JK s M Cr,0; 0.027
o | | MnO 0151
= F 6203 2178

‘ ‘ 'UD‘ s me ‘\ il gy el E LOI 0.014

Tuwo-Theta (deg)

a9 2.14 A3tvlayl 49 XRD 2 XRF #4723
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() Al 1 <1225 (Potassium Dihydrogen Phosphate, KH2PO,)

JbstulaulEAE Aty AgAolA  AbstelaulEgS P.Os  (phosphoric  acid  or
phosphoric pentoxide) ¢} WFS-3t}h PyOs:= 7449 E4A2 F43% A3zt 13 94 &
w2k Ths Albo] ol Fol AAA oz g o] WojA A Huh

AsirtavlaAd ARk Aol FE old¥He =2 AAFEFES] P05 e
62% % = Wld Hla) KHPOsS P05 a2 =3 52% = Abstvlad a3 23&
2 T M ‘%*71] ‘/}E} CEY AgeadaAlE ARk 2FAE Il o) At
o 9] EHEO o] FasHA g st ¥ Sedes 27 FIts Hle
HEAdS SoAFER BefaRe] &84 A Ad7bs AE FRrE7] golsfxl
o XRD % XRF £4& §3to] dbzEe] stebd A2 2 dde vhs 29 2159 2
=

£ 2.3 A9 9 P05 I

P

hosphate | NaH:PO, | KHyPO, | AlH3(PO4)2-H:O | (NHy)H2PO, | (NH4)HPO4

P205 (wt%) 59.2 02.2 599.7 61.7 4.8

E 24 JAAFY FFH wE LHE
|3 =
(mol/lOOg HzO) NaH2PO4 KHzPO4 (NH4)H2PO4

grams 485 20 28.57

moles 0.4042 0.147 0.2484
e Tne

Na 0.795

Mg 0.012
Al 0.048
2 Si 0.007
p 32.346
S 0.234
Cl 0.786
K 65.539
Ca 0.209
JL 0 E— e Fe 0.009
Ni 0.015

‘ 1 | As -

o
Two-Theta (deg)

29 215 94259 XRD 2 XRF 242 %
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(th) A AA(EAH (Borax, Na:B,O;-10H,0)

Boraxs F& A4 HolA BOA ¢ Na' & Ui A =0 o= —}:a]—%ﬂk]'g‘ o Borax
] A A /\FCL Al Abstul g Q1 %94 WS- &0l KH,PO, ¢ H'¢} borax® B0 7F
Agtsle] H-2Hboric acid, HgBOa)2 A3ttt Boraxte vladls SAME S dAASHA 3

=5 st
Abstetadle 29 JARS dE9ES A8 pH @ts 771 eSS REE =51
HSES Fdte] s T a9E Utk &, AdAE AsvtavEAE A
v Aol Aret AsHAe: FFS Frh AstviadlEAd A AA)
(MgKPOy)2e] AA A7+ mefe] AA o ZUE wAT2E Bgow 1d wet
AT E WFo wAddR 2 E4o] AA veuH, Astet s 2A9EE 27 4
L e s A"k ARl ARE o] 2 wME FINEES B FIdS WA
7131 12 QlE FAYE (REE2)Y dEdS DA F e gl v 1E WA
at7] 913 AAA (borax)E& FH7Fsto] F3hubg3 §ZAAIZS] o] g F-HT o] whet
B AFogE AR ES 1053 E (Deca-hydrate) 21 o

H|Z 175, 4% 207252 489 AeHors aAedS
Al A AAZA AFA] 2 H]—OOﬂ we} A A3 A7)

(2})) ZEH= AW E (Portland Cement)

Chemical properties (%) Compositions (%)
Si0; 21.0 S Tricalci Ticat 55
ALOs 50 3 ri—calcium silicate
FeyO3 3.2 CaS Di-calcium silicate 23
Ca0 62.5 C3A Tri—calcium Aluminate 10
SOs 2.1
MgO 3.4 C4AF Tetra-calcium Aluminiferrite 9

® 26 XEVE AHESY 3 54

Blaine Setting Time (hr) Compressive Strength (MPa)
(cm?/g) Initial Final 3days 7days 28days
3,300 3.3 55 30 42 58

(vh) & A (Quartz Sand)

b mEEE we] AbgE FAE 1SO A6l wek vE 157,
1§52 A9 F FEQ ERAE S
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(2) 299y
COEEEE IR
FARE FES] Aol FE % A

= H = E_
Abe 917 SdAIRte] Ao r StRyE sojof it olo] whEh WA HHujen] A

;r
9 SAA AYS Ao, gAY b 2 9% A%
=
=

2 orax) Y& wet Ay WFEE FAGIH, AP

e FAALS the % 279 YERRSILE ol HAuEH AAS 3 W)y, of 7] A

AbEEE M/P Hl= ZFaEdda Ae3 M//PY W2 A4S 3 5 4 (DE o] &3t

THH R 2 gste] AFSS T whEkA, & Y] 4, 6, 8 10, 1290 slEsk= FHH] 0.6, 0.8,
°

1.0, 1.2, 142 3k2sbe] AA s ek E-nlelg o] vl= 14, 16, 18, 20, 22% %2 T4 5

Ao, AAA(Borax)e] EY&2 0, 5, 75, 10%E A&t

E 27 Astvb v EAD Ay AgA AYHs

mp | V/BIBoraxt B B vy p lw/m PO vy [wys PO [ wyp [wym | BOTEX
(%) | (%) (%) (%) (%) (%)
0 0 0 0 0
5.0 5.0 5.0 5.0 5.0
14 14 14 14 14
75 75 75 75 75
100 10.0 100 10.0 10.0
0 0 0 0 0
5.0 5.0 5.0 5.0 5.0
16 16 16 16 16
75 75 75 75 75
100 10.0 100 10.0 100
0 0 0 0 0
5.0 5.0 5.0 5.0 5.0
06 | 18 08 | 18 10 | 18 12 | 18 14| 18
75 75 75 75 75
100 10.0 100 10.0 10.0
0 0 0 0 0
5.0 50 5.0 5.0 50
20 20 20 20 20
75 75 75 75 75
100 10.0 100 100 10.0
0 0 0 0 0
5.0 5.0 5.0 5.0 5.0
9 9 99 9 9
75 75 75 75 75
100 100 100 10.0 10.0
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D 2N GEFAE 54

stk adleA D Aeke A 271453 E 542 8] 9ske] KS L ISO 679
o “AWES ZE AY e Fdhel APS AAstglon, WA M/PH, W/BH,
Borax &¢&ol 0} 27454 9§ washy] glstel 19UNH) FEE FH39

o)
H

o KS L ISO 6792] t=ql Al =

Qg T AFS AAEET A8 AP S vs 1

1=

a9 2.16 Agutave AQ AFA F=E A

@ SANT 54

SAANE AgrtadgAd Mg Z2RAE EFAREY &8 A 27]uEi 9
A LA T AHAY FERE AT Fo3 AF dFol. 5] Absutava Ald
AgA] A AstAlzke] 30 MR Bax i glo] AL GEE 95t W/BH] H
A AA (Borax) & &3t AA4g SAANS Frstax} stqth oo uwel SAAZE Al
e KS [ 51039 “ZAro] o] 93k AuES <A A7k Ald w7 oo Ag
S AAstg e, A AR v 1y 2173 2

3¥ 217 Agvtadls AL 2dAY SZAZE "lﬁ
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E 210 AHMEA FEDE HAANARY vF F2 EA E 7|F HUE

Zr A H 7|E
3 =
Washington New York Florida California
G2FE (A7) 20.7 MPa 17.2 MPa 13.8 MPa 20.7 MPa
(3 hours) (1 hour) (3 hours) (3 hours)
12.4 MPa 3.4 MPa
AZZ=E (A3 - 10.3 MP
] @ (7 days) (1 day)
IFNE dF5AE 17.2 MPa 21 MPa 15.1 MPa -
BT (A7) 6.9 MPa 1.4 MPa 2.8 MPa 2.8 MPa
(1 day) (1 day) (1 day) (1 day)
49 kg/m’
2ALE A - - -
[e] :' o (25§)
A& A 90% ©] 4+ 90% ©] 4+ - -
oA 5 B B 22 kQ, zero 28g o] s}
(28 days) (1 day)
_ 18736x10-6/C | 9716.2x10-6/TC
g ZA ST - _
(7 days) (7 days)
ao)ws 0.15% o©]3&} 0.4% (% %T) 0.12% o°]&} 0.13% ©]3&}
(28 days) 0.05% (=) (28 days) (4 days)
U} v =2 XA JXE 93 fAHES AyE Ay BEYWH X A5 ARSI
ANAA s &l AU 5o FT/HE UFEE =5 2 AFdAE 27
e ddo mE 27N YA TS Fo SIS 2 A3 v A=
7y EA E RSt e AT g2 O A4S 7 BA9 wE Sl d-o] 3
S Ao FotH ¥ 21004 % HEo] YA & v E FAAZ FI=
HOoZ & LA S Hlsto] B B ojye} AFEHE ol =& wE/W HEE
TAskal Aot AR A S Ul BERA & 4AZE o]d], w=re] 7 §-o = 3AIZE o]y
S 27|10 E/N HaTE Aol AL gl WFEA FEoE AolHS HY=d,
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o37|A, 1 = A5F (Amperes, A)

v = A (Volts, V)
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(2) Borax=5%
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(1) No Borax

No Borax
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= h =) =1
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12 14 16 18 20 22 24
‘Water to binder ratio

a9 241 W/BH] 2 M/PHld w& §ZAAF 54 (No-Borax)

A A A (Borax) s <UsHA &2 745 M/PHIZE 0.69] A A7}
o= yetskew, M/PRIZE S7bg5 SAARNe] Fade A '
M/PH|7F 14]) 455 ALld BE AJFAAZE W/BR|IZE 57kl whel S-2Ate S7tst
T AR UERET

(2) Borax=5%
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Setting Time(min)

‘Water to binder ratio
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a9 2.42 W/BH] 2 M/PH]d W& $ZAA 54 (Borax=5%)
A AA (Borax) & 5% =43 4 M/PH7F 0604 71 =2 AAdadE YeRglen,
Eﬁjﬂri date] oF 1A ZE o] o] SAAIS FelstAtt. g BE A F A7 W/BH]
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An Experimental Study on Development of MgO base Ceramic Cement for
Rapid Setting and Hardening of Concrete
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ABSTRACT
This study has been performed to analyze the setting time of the magnesium oxide (Mg ceramic
cement use of retarder{Borax), The setting time is set to 40~50 minutes for securing enough working

time and early traffic opening,
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Analysis on Optimized Mix Design of the Magnesium Oxide (MgQO)
Ceramic Cement Considering Setting and Compressive Strength
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ABSTRACT
Thi= =tudy has been performed to analvze the optimized mix design of the Magnesiuvm Oxide
(Mg ceramic cement by venifyving its early strength development and expediing setting time,

which can be applied to construction of road pavements for early affic opening.
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DEVELOPMENT OF MgO BASE CERAMIC CEMENT FOR RAPID
SETTING AND HARDENING OF CONCRETE

Jongzung SIM. Hieon Gi LEE and Ki Yong ANN
Department of Civil and Environmental Engineering, Hanyang University, Ansan 423-791, South Korea

Abstract

The present study concerns a development of ceramic cement to dramatically reduce the sefting fime of
concrete, nsing MgO-based allcali oxide rather than Portland cement. To meet the development of strength
a phosphate was combined together with the oxide. The penetration resistance was momtored
inunediately after casting to determine the setting time and simuiltaneonsly the compressive strength was
measwed at 24 hours. As a result. it was found that an increase in the MgO in binder resulted in an
increase in the strength but a decrease in the setting time. At a very high level of MgO, the strength was
adversely reduced, presumably due to finther heat generation and thus thermal crack.

Keywords: ceramic cement, alkali oxide, setting. MgO, phosphate

L INTRODUCTION

Fapid setting and hardening of fresh concrete is often required for wrgent constructions. for example, a
repair immediately after accident. in-use rehabilitation of motorway and sometines extreme reduction of
concrete curing. Accelerator. as a chenucal admicture could be used to speed vwp hardeming of fresh
concrete, as reducing 2-3 hours of sefting time, compared to oormal fresh conerete. while ordinary
Portland cement (OPC) concrete indicates §-9 howrs of the setting time of fresh concrete. However, there
are linutations in wvse, ansing from detrimental effect to concrete properties, such as potential risk of
corrosion of steel. as the accelerator consists mainly of alkali salts: CaCl,, NaCl and ECl. Thus, these
accelerators are not permitted to use/admix in concrete mix in many standards.

Ceramic cement can be applicable to dramatically speed up the setting and hardening of fresh concrete,
together with securing concrete properties. For ceranyic cement, the rate of fresh hardening is dependent
on the ratio of alkal oxide. from several mimztes to howrs, with no adverse effect to concrete properties.
In the present stidy, the MgO-based cerannc cement 15 developed to significantly reduce the setting and
hardeming of fiesh concrete. Simmltanecusly, the rate of sefting was meodified by other additions
encompassing  the phosphate (e, EH.PO,. monopotassinm phosphate) and chenucal retarder
MNa:B405- 10H;0; Borax). Smmltaneously, a development of the compressive strength was confirmed at a

very early age (i.e. at 24 howrs after casting).
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Abstract

Concrete structnres may often suffer from an unexpected detericration arsing from a cold
climate_ emcompassing frost damage and thus peeling-off of cover concrete. Moteover. internal
cracking has still a potential risk of degradation of concrete properties. subsequently leading to
strpctural fattere. In particular, for concrete pavement and bridge decks. the rate of degradation
of strucharal capacity may be accelerated by repetitive traffic loading. needing a rapid repair and
restoration. The present smudy concems a development of ceramic cement as a repair measure fo
dramatically reduce the setting fime of concrete. vsing MgO-based alkali oxide rather than
Portland cement. As a result, it is found that the MgO-based cement set in a very short time,
accounting for about 50 minutes. of which the compressive strength is in the range of 35 MPa in
the equivalent age. It implies that an emergent repairirestoration could be covered by a rapid-
hardening cement to meet the traffic limitation (i.e. the traffic restriction is only several howurs

for repair treatment).

Eevwords: Ceramic cement; Alkali oxide; Setting; Strength; Me O, Phosphate,

1. INTRODUCTION

Most of concrete pavements in Korea are
subjected to a risk of frost damage and chloride-
induced corrosion of steel embedment. due to
cold chmate and thus spreading-out of deicer.
which may reduce the service life of the
structure. Thus, regular repair and rehabilitation
would be required to secure a performance of
the structore and structomal safety. However,
unlike other civil infrastructures. the traffic
restriction dwing the repair of pavement costs
high; only a couple of hours are given for the
repair treatment at mght to avord congestion of
transportation. Additionally. the conventional
repair materials (Le. repair mortar) may face
early degradation due to a debondment from the
existing swbstrate, which may result in a wider
use of polymeric mortar as a repair material for
cover concrete.

A recent study reported that MzO-based ceramuc
cement can rapidly harden to gain the strength in

4 short duration, ranging about several hours to
the level of normal streagth of concrete.
Mereover, it was reported that the MgO-based
cement was very durable to an external
aggressive ioms. due to a denser pore structure
rather than Portland cement concrete ™ °
Notwithstanding. the use of the ceranuic cement
13 only limited to grouting material.

In this study. to verify the feasibility of the
MgO-based ceramic cement as a repair mortar
to concrete pavement, the setting time was
measured by a monitoring of the penetraticn
resistance to fresh mortar, and simultanecusly a
development of the strength was evaluated. Also,
to avoid flash set of the BMgD cement. potassium
phosphate (KH,P0.) was admixed at a given
ratio to the cement.
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6. AIEZ1
1) Z2E2(Test)
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gi0l2 AEMES Coulombs (5) 4 255
FAa02 BEMEH Coul ombs (5) 4 832
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