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Analyzing the Engineering Properties of Cement Mortar using
Raw Coal Ash as a Microfines for the Mixed Aggregate

#

o

?.

Han, Cheon-Goo

H
=

0F

Ho

Park, Byung-Moon"

Department of Architectural Engineering, Cheongju University, Naduk-Dong, Cheongju-5Si, 28503, Korea

Abstract
The aim of the research is improving the quality of concrete by using the alternative aggregate resources and
recycling wastes. To make a combined aggregate fitted in standard particle size distribution curve, crushed sand
from blasted rock debris was used as a base aggregate. Additionally, to increase the portion of fine particles, sea
sand was mixed. Although these aggregate combination fit the standard particle size distribution curve, in this
research, raw coal ash was replaced as a microfine. According to the experiment, by replacing 5% raw coal ash, the
most favorable results were achieved in aggregate gradation and cement mortar quality.
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Figure 1. Method of making the mixed aggregate
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Table 1. Physical properties of fine aggregate

Water Passing ratio

Type Densigy absorption of 0.08mm Fineness

(glem”) ratio sieve modulus

(%) (%)

csa’ 2.66 1.92 498 2.96
csy” 2.67 1.52 3.82 327
BS” 2.58 2.63 7.06 3.18
ss” 2.60 1.13 2.89 2.06

CSa = Crushed sand of good quality
CSb = Crushed sand of low quality
BS = Blasted sand

1)
2)
3)
4) SS = Sea sand of EEZ
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Figure 2. Grading curve depending on different types of
fine aggregate
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Figure 3. Grading curve depending on different types of
fine aggregate(CSbh+SS)
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Figure 4. Grading curve depending on different types of
fine aggregate(BS+SS)
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Figure 5. Grading curve depending on different types of mixed
aggregate (CSh+SS+Ra)
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Figure 6. Grading curve depending on different types of mixed
aggregate (BS+SS+Ra)
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Table 2. Experimental plan
Factors Levels
C:S (W/C) - 1:3 (50%)
Flow (mm) - 180 = 15
Air content (%) 1 - 45+ 15
Binder (%) - OPC 100
FA type - Raw fly ash (Ra)
- Crushed sand A (CSa)"
Mixture _ - Crushed sand B (CSb)
Single 4
Aggregate - Blast sand (BS)
type - Sea sasnd (SS)
. - CSb + SS (6:4)
Mred 2 gs s ss (64)

Ra replacement rate of
mixed aggregate (%)

5 -0,25 575 10

- Fl
Fresh mortar 2 .OW
. i - Air content

Xperi— :
- Compressive strength

ment Hardened mortar 1 P g

(3, 7, 28 days)
1) Plain
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Table 3. Mixture properties of mortar

Mass for unit volume

Series W/C W of fine aggregate (kg/m®) AE
(kg/ (kg/
Ra (0/0) 3 3 (C/O/O)
Aggregate ) ) m> CS BS SS Ra
CSa 254 509 1527 0 0 0
Sin-  CSb 0 255 510 1530 O 0 0
ge BS 250 500 O 1500 O 0
SS 251 502 0 0 1506 O
0 254 507 913 0 608 0
CSb 25 253 506 891 0 504 32
+ 5 252 505 870 0 580 64
SSs 75 50 252 503 848 0 565 95 0.02
Mix-= 10 251 502 827 0 551 128
ed 0 251 501 0 902 601 0
BS 25 250 500 O 880 587 32
+ 5 249 499 0 859 573 64
SS 75 249 498 O 838 559 96
10 248 497 0 817 545 129
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Table 4. Physical properties of cement

Setting time Compressive
DinsnBy B|a|r/1e Sou(nd?ess (min.) strength(MPa)
(glem”)  (em7g) % iy : 3 7 28
Initial Final days days days
3.15 3 390 0.05 230 345 24.8 393 569
Table 5. Physical properties of raw coal ash(Ra)
Blaine (cm?g) Density (g/cm?®) LO." (%)
3 300 2.17 37

1) Loss on ignition

Table 6. Physical properties of fine aggregate

Water Passing ratio

Densi X Fineness
Type Ey absorption  of 0.08mm
(g/em’) ratio (%) sieve (%) modulus
CSb + SS
64 264 1.90 3.44 271
BS + SS
6:4) 261 2.15 5.44 273
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Table 7. Result of experiment

Type Air Compressive strength (MPa)
Ra Flow  oontents
Aggregate (o) (mm) (%)  3days 7 days 28 days
CSa 0 190 55 237 30.0 323
CSb 0 210 8.0 134 19.8 216
BS 0 192 6.8 14.0 17.0 18.4
SS 0 168 10.0 12.3 13.3 155
0 208 9.7 15.0 21.0 23.0
25 207 8.3 18.0 240 258
CSb+SS 5 206 5.1 24.0 345 35.8
75 204 42 30.2 36.5 461
10 203 39 325 34.3 471
0 208 9.6 14.5 20.0 225
25 210 7.8 16.7 210 249
BS+SS 5 212 6.3 22.6 30.1 35.2
75 210 55 29.8 33.3 39.3
10 212 43 320 35.8 M7
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Figure 7. Flow with fine aggregate type and Ra replacement
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Figure 8. Air contents with fine aggregate type and Ra
replacement

M, EHlofRe]l 7I]lete f-gdol S7IBIL, 5717 Aol
Ofet 1573 A4 Bl Al Aeele) SRt 39 S0l =9

A0 Agslo] S50 2 st gl

4.2.2 F7)%

Figure 82 ZEA12] &5+ 4 Rax|ghe #igle] ke 37|
28 bl T1efj3zolt} Plaing] CSal] Z-9oll= 23 |
$Jell ¥EES1AAL BS, CSb, SS0& S7IsHs A3k U
ERY It CSh+SS, BS+3S9F -2 S35 A9 7--ofl=
717 A& ARGRE 90 kol vlel Sk A oE
Uepth, 7ol Razgh&o] F7Fstel webil= CSb+SS
OF BSHSS W5 Zhashs ko= vehi=d], ol Raoll

223

-
o

| [Age (3day) [Single] | [Mixed] Sand Type | Symbol
oﬂ_’ 60 | ‘ CSh+SS | —e—
s ; BS+SS | —A—
£ s0f
o 1
S 1
£ wf |
® s
0 1
2 30 3
0 '
a :
o i
o 20 I 3
£ i
Q 1
O 10H 3

0 ;

CSa CSb BS SS 0 2.5 5 7.5 10
Sand Type Ra Replacement Rate (%)

Figure 9. Compressive strength fine aggregate type and
Ra replacement (3 days)
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Figure 10. Compressive strength fine aggregate type and
Ra replacement (7 days)
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Figure 11. Compressive strength fine aggregate type and
Ra replacement (28 days)
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Table 8. Analysis of quality change rate

Ra replacement (%)
CSb+SS BS+SS
0 25 5 75 10 0 25 5 75 10
Grading cuve OK  OK OK OK NG NG OK OK OK NG NG
Flow 100 109 109 108 107 107 109 111 112 111 112
Air
contents

1)
W R

100 176 151 93 76 71 175 142 115 100 78

Compressive
strength 100 63 76 101 127 137 6
(3 days)

70 95 126 135

Compressive
strength 100 70 80 115 122 114 67 70 100 111 119
(7 days)

Compressive
strength
(28 days)

100 71 80 111 143 146 70 77 109 122 129

1) Compressive strength with CSa
* [] less than 100, 100 ~ 120, B higher than 120

ZoPR o7 TR0l CSh+SS, BS+SSol Ras 5% X
Skt H9= o3t ZAE ARESE H9-9] AHIE REEE
A Folo] HE= e deld 4= it



el

=

d. A

2 AT AR T del SAE 5k E3EAel
9] l_° o HISIAA T4 e lUilE HEE=0]
S5 B =N 3EA SHEAY 7sE
S —t—tﬂ, 71 AAE QokebH thaat
D) 2 A9 WollAd a2 Ut dot #29=5
W CSb 9 BSe} 7k= AP ot EEUEE Hlofd
SSZ 6:49] ngi 3elH oA FEUERS
ks 2E o 4= %ML, Ra A|$he 5%71K =
Jrr ol EapAINE 1 ool Hlojuk=
o]t
Zel2 Aol E22)= ¢
4 SSE TR ARSIGLE 7%
BS+5se} Zo| Egsio] ARga 7
Uepgth E3F CSh+SS, BS+HSS
gk 7ol i ERA0l| & W
LRt
37152 CSb @ BSell SS ZAE E3kslo] ARgSH
35 HUE AR 7ol el Sk o= e
”EP o, %%XHOH Rag X2kt 9= 71 A|ehe
| S718=r5 J439] Aadshkes Ao= Uk,
OFZ7} L OSh, BS 4 SSE & ARgE H9o
]3] CSh+SS¢t BS+8S¢t Zo] Z3kste] AHW %!
7t =2 GEAEE Bt Beo] 2% EFEAel
Raz|$hgo] S7istol| mEtil= SAE mefog St
Shz AR Uel=t|, 53] Raz|ghe 5% o+ E]
= F2gt AR Clakit; =& USA=E WSk
AoR LePtt
oS FRolH Yrrt Bt TAE Ejlolo] ARgst
A e d 7}5&1011 37820, 2714 = Ra
5%7g5 ;qg].oL 71_?,01] (—)1’ ;<4 57_7]31: QI—E_ ul
Jegzlo] avd o= 7]ojshA Ha gl :
|30l A2 CSb+SS9| 747} vlEEo] tha &
BS+8S9] AS-H} F1HAQ AL Fol

= &

|

Ry
_lZi

rﬁt

o]

=] mlm

=
aus

i
;2

O

ol

lﬂJ

L7t Bakst CSh, BS
of ®]a CSb+SS,
- 57tok= AR
S5=A0l Ras
50] gle o=

i

o

o

8

Aglske, w71E e
wajo EE), 2 B

225

o] Z3Le o QRIS o] Z3}50] E%?JE%*%% 3]
L= AAIB(CSh) % e Hupreh i
Bk (BS) T wlAEE UAIE wo] Etele] REYEHE

Hojuks SAHSIE Eske o= Frh 3L
OSb+SS, BS+SSE 3l mAl@ A|lxd 4S. utdoz

= EZ"‘EH*%’M PR 0, 15mmo)de] w|gAprt
HEsioga R2el2 W Z38E Z-o Ao R L}

g 5= Qo wEbA of7)o] ALE 27| 7]ofskA] &
S EA] B 2= S 4e] uAA] ARtS|(Ra)E 0~
10% H9lelx] x|gksk= A< @Eo} St dt2x CSb
52 B39} SSE 6:49) Hl&E 23slo] SHIARE A|lxst
11, of71o] Rag 5% X2t 745- % fo] e W ARIE
HEElE o] 22 SHof|A 7HY oFEst At dolde gt

o) A<
¢l & 4= Qg
|9 E : o|HH MEtS| o|ZEE 2EX, E2X, AlHE
DEEl=

References

1. Kim SW, Jang YJ, Park YH, Park CW, Strength development
of fiber reinforced lean concrete using fly ash and reject ash
under different compaction methods including small scale roller
vibrator, Journal of the Korea Concrete Institute, 2012
Oct;24(5):543-51.

Moon BY, Lee JH, Kim MS, Song HH, Han MC, Han CG. Effect
of a change in the quality of fly ash on the engineering
characteristics of mortar, Proceedings of Architectural Institute
of Korea; 2016 Apr; Architectural Institute of Korea, Seoul,
Korea, Seoul(Korea): Architectural Institute of Korea; 2016, p,
359-60.,

Oh SH, Seo CH. An experimental study on the properties of
concrete with replacement of fine aggregate by reject—ash,
Proceedings of Architectural Institute of Korea; 2016 Apr;
Architectural Institute of Korea, Ulsan, Korea, Seoul(Korea):
Architectural Institute of Korea; 1997, p, 1311-5,

Han OG, Park BM, Analyzing the engineering properties of cement
mortar using mixed aggregate with reject ash, Journal of the
Korean Recycled Construction Resources Institute, 2017
Sept;5(3):247-52,



