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Experimental Study on Fundamental Quality Characteristics of

Non-cement Repair Mortar Using High-volume Fly Ash Based on
Potassium Magnesia Phosphate

1 2*
ol e - U

Doo-Won Lee' - II-Young Jang®

(Received April 24, 2024 | Revised May 19, 2024 | Accepted May 20, 2024)

This paper investigates the manufacturing and fundamental quality characteristics of potassium magnesia phosphate-based
non-cement high-volume fly ash repair mortar. To derive the optimal mix for non-cement mortar, the manufacturing characteristics
were evaluated based on the magnesia ratio, and the mortar manufacturing characteristics were assessed with the fly ash mixture.
Additionally, the non-cement magnesia repair mortar was produced considering the effects of fly ash mixture and basalt fiber. The
evaluation results determined the optimal mix of non-cement magnesia repair mortar, and the feasibility was examined through
workability and fundamental quality assessments. The optimal magnesia ratio was found to be P:M 1:0.5, with W/B at 30 %. It was also
confirmed that mixing FA and basalt fiber improves fiber dispersion and workability. Even with over 50 % FA mixture, the target
strength was achieved within six hours, with a flow increase of up to 18 % and a flexural strength decrease of about 1-2 MPa.
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Table 1. Physical properties and chemical composition of M and P

Type M P
Purity (%) 98.68 99.98
ALO; (%) 0.1 -
Si0, (%) 1.1 -

Cl (%) - 0.005

pH - 43

Density (g/cm’) 3.6 2.34

Table 2. Physical properties and chemical composition of FA

Type FA

CaO (%) 5.95

S0, (%) 52.83

ALO; (%) 18.08

MgO (%) 143

Fex0s (%) 7.74

SO; (%) 0.01

L.OI (%) 6.14

Specific surface area (m”mg) 371
Density (g/cn’) 2.20

Table 3. Physical properties of SP and VA

Type State Density (g/cm’) Total solids (%)
Sp Liquid 1.04 = 0.01 25
VA Liquid - 35

Table 4. Chemical composition and physical properties of borax

Type Purity | Melting point Boiling point Density
(%) 0 0 (glem’)
R 99 75 320 1.73
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Fig. 1. Measurement foreground of flow

(b) Flexural strength

(a) Compressive strength

Fig. 2. Measurement foreground of strength
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Table 5. Experiment plan

Type Variables and condition
P:M (Vol.) 1:0.5, 1:1.0, 1:2.0, 1:3.0
W/B (%) 30, 35, 40, 45

R (%) 3.0 (on mass of M)

FA (%) 10, 20, 30 (on mass of B)

SP (%) 1.5 (on mass of B)

VA (%) 0.6 (on mass of B)

Fiber (%) 0.5, 1.0 (on mass of total mortar)
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Table 6. Mixing table magnesia-potassium phosphate mortar M =gt 24205 2 1.0 %)0f| CHSIH MIZGIFCH Table 72
Type W/B Binder (Vol.) R DEEIE HiFHES LIEHH 0|k
(W/B-M) (%) P M M x %)
3005 05 3. Alsizdal @ &t
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350.5 0.5 311 222
— | = 3 Fig. 32 PM % W/B0| 1IE 222 SH2S Ll ZHolc
ﬁ 3'0 S2P= PMO| HA8M0] M2t B7fck= detg ER20, W/BJt
40_0.5 0'5 Steas 2227 7SI 22U, P:Moil dhat B 2o of
By ” 212 212 HOI8 4 YT 1050 Z2ol= 2E HiEo| Jts
2020 40 ! 20 3 oz LEIX|TE 11,09 ZS W/B 30 % & Of, 1:2,09] A2
40-3.0 3.0 W/B 30, 35 2 40 %Y If 20| E7+Hs0IRH, 1:3,09] 42
4505 03 BE sHgte] B310] 27155, 0lafEt oIS PMe| 22 &
S | L0 3 DHIS LIEHT l0f 2 f0J7} gl 2O Ho|x/e Ruls|of
— - it 212t0] B3 Y HET F20l= PE 7EOE Mo &1
' ' It B7kete 4E2 E7151 ELk POl YRS |FEE Mol Y
E= T,5 i Olol7| WhZol AH| 7|[Ee= stifel 249 1 Y2
=a ol HixtE MO - _
2.3.2 SROlfAl % HHES &% S Bl0bRlP Eick watAf 20 W vol S tet 3 bjE
= ol HIRE MO S35h Z2EI29| 0|x|= Hak2 _ _ _ _
Z210[OHA| & Bt T =220 ZEHE29| O|X|= EYS XE 27151 Tn, Z20|= S840 MiZ0| 2X510 &
m7l=l7] © o Ol yiRlE MOZ 5515t m2El=20 , ) B j ) _
B71517| #lol0l SEI00IA] = HIES SR8 SRR R2E2S 5| wyp s yoa moEiy 5t Mol 322 KRS st
KEMS dom Zp}0 Satof| 2 oSk al yi&b _ _ . _ _
I'H = o= 7|' |" D:i f |OH)\| %::lo'” I'n_ oo I'E o:i R% 75'7)’6|'|:‘|E|'E Eﬂ}% %}-73_6|.I| %al'é ngi HHE“:H
E MO S5 = 2240 ks EMGIQCH S2 AN= N -
S =g T2 9| = 2MoIUCt, E20|0fAl= 3 MEHOITL0]| -2 TH(Choi et 4, 2017). MO| EIZF0l| CHEI0Y 3 % OJA
A o| (o) tHs _7‘(_;0210 HIRE Ao P _ - .
2210, 30 H 50 mass%)0i| Lot MIZSICH, HIZE Mee S ssi8t ZAoolls 5117 9= ZIo2 25t QICHChoi et
Table 7. Mortar mixing table
- B
. Wi X R SP VA BF
Types Mix No. %) Ratio of vol. l:“)A %) %) %) %)
P M (%)
FAO - -
Characteristics FA10 10 -
FA
of fly ash FA30 20 -
FAS50 30 -
o BF0.5 - 05
Characteristics of fiber BF —
BF1.0 - 1.0
BFO0.5 - 0.5
FAO 0.3 1 0.5 3 1.5 0.6 —
BF1.0 - 1.0
BFO0.5 0.5
FA10 10 —
Characteristics of NCM BF1.0 1.0
(fly ash and fiber) BF0.5 0.5
FA30 30 —
BF1.0 1.0
BFO0.5 0.5
FAS0 50 —
BF1.0 1.0
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Table 8. Two-way variance analysis results of P:M and W/B

Source & Sum of | Mean of F- P-
squares squares value value
P:M 1 272.56 272.56 3543 .00
W/B 1 0.21 0.21 0.03 .87
P:M x P:M 1 121.34 121.34 15.77 .00
W/B x W/B 1 1.00 1.00 0.13 73
P:M x W/B 1 44.05 44.05 5.73 .038
Error 10 76.94 7.69 - -
Corrected total 15 1591.75 -

df' : degrees of freedom
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Fig. 13. Compressive strength of NCM(BF+FA)
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