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Abstract

The performance degradation of concrete pavement by winter deicer is very serious in Korea, and its maintenance
and rehabilitation brings a high expense. Therefore, a suitable method for rehabilitation of such concrete pavement and
repair material of proper performance are required. In this study, the properties of compressive strength, ability to
resist chloride ion penetration, and properties of dry shrinkage of magnesium phosphate ceramics were assessed to
evaluate its applicability as a repair material for concrete pavement in Korea. As a result, the mortar flow showed a
normal level of 190 mm, but the viscosity was high and the self-flow ability was poor. The setting time was 12
minutes, leading very rapid-hardening, and thus a prompt work was required. The compressive strength of mortar
was 384MPa in 2 hours, 73.8MPa in 24 hours, and 111.0MPa in 28 days, showing a significant level. As a result of
the test to chloride ion penetration resistance, mortar showed 143 Coulombs, and concrete showed 172.6 Coulombs,
which fell under very low level. The drying shrinkage of MPC concrete in 40 days was below 60 x 10-6, and
comparing with normal cement concrete, it showed the level below 1/10 of other concrete to secure an excellent
volume stability. As above, magnesium phosphate ceramics has excellent strength performance, chloride ion
penetration resistance, and volume stability, and this in the future shall be used in construction under the consideration
of working time or workability, requiring further improvement for such performance.

Keywords : concrete pavement, repair material, magnesium phosphate ceramics, ability to resist chloride ion penetration,
dry shrinkage
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Table 1. Batch for evaluation

Batch Mixing Ratio
Mortar MPC Mortar” : Water = 100 : 7
Concrete MPC Mortar : Gravel : Water = 50 : 30 : 3.6

*MPC Mortar : Magnesium Phosphate Ceramics based Dry Mortar
(Binder : Sand = 1: 1)

Table 2. Test subject for evaluation

Batch Test Subject
Mortar Flow
Initial setting time
Compressive strength(2H/4H/24H/7D/28D)
Ability to resist chloride ion penetration
Concrete Slump

Compressive strength(2H//24H/7D/28D)
Ability to Resist Chloride lon Penetration
Drying shrinkage(40days)
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(b) Device for test

(a) Applied voltage cell

Figure 1. Preparation for test to resist chloride ion penetration
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Figure 2. Specimen for test to resist chloride ion penetration
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Table 3. Mix proportions of base concrete

Unit weight (kg/m)

WB  Sa . Ad
Binder
(%) (%) (Bx%)
Water —55cgs Fa ° G
479 499 168 28 70 53 88 89 075

OPC : Ordinary Portland Cement
BS : Blast furnace Slag powder
FA 1 Fly ash

Table 4. Properties of raw materials for base concrete

OPC BS FA Sand Gravel
Density
(g/om) 3.15 291 222 259 261
Brain B ~
(eng) 3419 4,105 3,519
Fineness Modulus - - - 2.72 6.93

AHIEL 9% 3 15g/ar, LT 3,419/g2] A
L7 njEge W 9 91, B 4 105r/g2)

[e]
=, 1L

o
A,

344

Eolofrle B 2,22, e 3,519%ar/g0] & ARSI
o}, TS AEAR= HIE 2,59, 2HE 2,720 AAE, 72
A= HIS 2.61 £H& 6,939 TS ARSSISIH.
Hlo] FAP|E Eye- 28U M sigle, 1Y
7¥e= 90, TMPa, 289 7¥=+= 27 8MPa 2 ZAE|ich
ZAES] ozt AlF-2 100 % 100 X 400me] 2+
AEAE ARFSIAL 60mn F2FE AEH|JIACIAIE AR}
& 20420, AUEE 60+5%2] S-2-d54lolA 40

oi-odwu &
Az

3.1 f34

s}

JHist F&/dE HeEhiglou o 4de) =
A ket ZARTe] 2444l
FE T 22 12802 uf9- w2 757} o]Fo]
Hom olof wzt Al 2jo] Q7E|Q)ct
H|s5h Hgro 2 FT2|E Byl £HZ7} 55mE
UERtom, 2HQjo] 7hs3t A7k 108 Wel2 =] 9]
o}, ZAES] oM /o] =at =Alol| oJgt thelo]
Esto] dsthge] Qs Folgloy FaE
AlA[21]0l M= 2 EAE|ES] Hlig} 7o R &33
40mmo |3t AASRL QloHR Z|AX TS T
Ago| FHe7t gle AR yehEr

= =9
I A= A9 354
ofke = 27 A7k

flo

(o]

1

¢

>

By

K

| oK

l

o it fN

3}
=

gt

o
T

22)E AEA| A T el ofs) oF 308 ol
AR 57} 40~50TR AE3Ion, welal piisl v

Foluh # o TR gokon, 2417 A S4E
S AlgA| AR dAnpaielo] 7Hs3IT,

U= 5] A BEElEE 24710 38 AMPaE Lt
ERfiglom, 24A7F 73 w= 73 8MPaogith A EQ] A

G- 2A7t] 35.2MPas UERHQIOH, 24A%F ==
56.TMPac i, ¢Iih1dls Aletaln) sds 71E =
O] AFH12, 13]JollA 244%F o o] 7] 77} 10~25MPa
Q1 A} v ) k- 943k 4ES ERRgLOR]
Flo] £AE AR Beg 98] AET Qe Bl
el thgt Bl 2A1F 747} 30MPa ©[sH22] 9k a1
e 945t 4520] Z27FES Uehd 20w Beer,

A=7re s HW7F Ail= Table 5, Figure 3, Figure
49} A},

=



Table 5. Compressive strength of MPC(MPa)

Age Mortar Concrete
2 hours 384 3.2
4 hours 5.2 -
24 hours 73.8 56.7
7 days 108.0 62.7
28 days 111.0 68.3
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Figure 3. Compressive strength of MPC mortar
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Figure 4. Compressive strength of MPC concrete
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Table 6. Chloride ion penetrability based on charge passed(23)

Charge Passed (Coulomb) Chloride lon Penetrabillity

> 4,000 High
2,000~4,000 Moderate

1,000~2,000 Low
100~1,000 Very Low
100 > Negligible

Table 7. Ability to resist chloride ion penetration of

MPC mortar
Specimen Coulomb
Base Concrete(24MPa) 50mm 6,334
Base Concrete(24MPa) 45mm 586
+ MPC Mortar 5mm
MPC Mortar 50mm 143

Table 8. Ability to resist chloride ion penetration of
MPC concrete

Age 7D 28D

Coulomb 179 173
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Figure 5. Result of dry shrinkage
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