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Effects of Incineration Waste Ash and Gypsum Substitution on the

Properties of Blast Furnace Slag Mortar using Recycled Aggregate
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Abstract

Nowadays, all the world face to the global warming problems due to the emission of CO.. From the previous
studies, recycled aggregates were used as an alkali activator in blast furnace slag to achieve zero-cement concrete,
and favorable results of obtaining strength were achieved. In this study, gypsum and incineration waste ash were used
as the additional alkali activation and effects of the gypsum and incineration waste ash to enhance the performance of
the mortar were tested. Results showed that although the replacement ratio of 0.5% of incineration waste ash and 20%
of anhydrous gypsum resulted in the low of mortar at the early age, while it improved the later strength and achieved
the similar strength to that of conventional mortar (at 91 days).
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Table 1. Experimental plan
ltems Variables
B":s 1 1:3
W/B(%) 1 50
WA's replacement ratio "
Mixture for Binder ) 3 0%, 05, 1.0
composition(%)
Kinds of GM® 2 DG, AG
GM's replacement ratio
for BS(%) 5 0, 5, 10, 15, 20
Flow, Air content,
Fresh mortar 3 Chloride content
IteTm tof C(ompressive strengt)h
es 3, 7, 28, 91 days
Hardened mortar 2 Flexural strength
(3, 28days)
1) B: binder (OPC, BS, GM, WA)
2) WA: Incineration Waste Ash
3% GM: DG + AG  DG: dihydrate gypsum AG: anhydrous gypsum
4) Plain

Table 2. Mixture proportions of the mortar

Replace- Unit weight (kg/m®)

Type of ment ratio

B:S Replacement
ratio of

WA(%) ~ 9ypsum O(f"/SM OPCBS GM WA W RFA
. OPC 451 0 0 0 2261353
plain 0 46 0 2231350

0 043 0 2 2031350

5 0420 22 2 222 1346

DG 10 0307 44 2 2221 344

15 0374 66 2 2221342

05 20 0352 88 2 221 1340
0 043 0 2 22371350

5 0421 22 2 2231348

AG 10 0399 44 2 2231346

13 15 0376 66 2 2231 344
20 0354 88 2 2231342

0 0441704 22371 349

5 0418 22 4 2221346

DG 10 0395 44 4 222 1 344

15 0372 66 4 221 1340

0 20 0349 88 4 221 1339
' 0 0441704 20371 349
5 0418 22 4 2231348

AG 10 0396 44 4 2231346

15 0374 66 4 2231 344

20 0352 88 4 2231342




Table 3. Physical and chemical properties of binders’ used

Chemical component(%)

Densit&/ Blaine
)

TP gem) M oo s, fen MO S AD)

OPC 315 3144 634 220 344 213 196 527

BS 290 4254 425 342 041 526 195 132

DG 2.36 4100 393 30 12 - 50 06
GM

AG 2.85 4140 433 109 048 - M3 -

WA 2.64 1930 305 76 24 2.1 - 49

Table 4. Physical properties of aggregates
Tvoe Density Water absorption Passing 0.08mm H
P8 (glem?) ' ratio(%) sieve(%) P

RFA 2.20 2.76 6.20 2.40 11.0

Table 5. Standards for tests conducted

Test method Standard
Flow KS F 2402

Air content KS F 2409
Chloride content KS F 2714
Compressive strength KS L 5105
Flexural strength KS F 2408
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Figure 1. Schematic illustration of incineration waste ash
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Figure 2. SEM images of WA
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Figure 3. Flow with GM replacement
7 —O— DG WA 05% | —O0— DG WA 1.0 %
—o— AG —o— AG
L]
<)
=5} -
=
-
=
o
Sal o— o }
=< g =
/El e 8/
3 S S ¢
(@) —g
>* Oia—-—""—
% " ] : y , 5 " , i . . %
OPC Plain [+] 5 10 15 20 [+] E-1 10 15 20
GM's replacement (%)
Figure 4. Air content with GM replacement
0.5
DG WA 0S% | O— DG WA 1.0 %
AG AG
& o4l -
E The specified value of KS
-.g pioce D""_--S
= R P
.,5:_-2 [ 5 ) AR E— I ———— T ———— ----------------g&-*‘-f-‘------"""-"--
=
§ oz} =
=
=]
i
o1} g -
s - § . i F i R i i i 8
oPC Plan o 5 10 15 20 o 5 10 15 20
GM's replacement (%)
Figure 5. Chloride content with GM replacement
50
Oo— 3 days WA 0.5% | [O— 3 days WA 1.0%
e —O— 7 days - |—O— 7 days
& aol |—— 28 days | [—=2— 28 days
= . l=s7— 91 days —=7— 91 days ~7
= L [
= B ) IR e o "‘"‘-'"“‘"““'"h‘““-"V‘é .....
D a0 I
g [ ° v/v/ g
@ B SRS S o /A
2 x| ° = - V;A
@ 3 o—=0O ——e_._o___—o—__,o
8 s g - F———
%L 10} (=) o = O (m] o o—o——o——0——0O
(] = =
o OP.C Plalln l.l |5 1"0 1.5 ZEl l; ls I.O 15I 20.
DG's replacement (%)
Figure 6. Compressive strength with DGreplacement
50
—— 3 days WA 0.5% | [1O— 3 days WA 1.0%
45 - —O— 7 days [|—0— 7 days ~7
L " 28 days | | 28 days v/
——=— 91 days v_--v —7— 91 days

Compressive strength(MPa)

Lo /_& B vy .
"
- o A — Iy / /&
B B N .
L U =) ) 0 | O |+ o 0 i} jm} m}
" L " L L L L s L L L L
oPC Plain [} 3 0 15 20 o s 10 iS5 20

AG's replacement (%)

Figure 7. Compressive strength with AG replacement

164



50 50
2 2
4 45
IS n 2 =
R 40 8 40
2 n 3 u
< 35 < 35
= =
w0 30 - £ w 30 R
2 b k5 h
3 25 n ’ 3 25 L1
3 k]
= 20 - = 20 -
2 A ) )
S 15 5 15 :
2] 2]
2 10 2 10
@ 2
S [ Y=-1.11+1.12°X(R=0.96) | 3 [ Y=-1.11+1.12°X(R=0.96) |
=% 7 x 5 E =) = T 5 :
] ]
S o i i i i S o i i i i
0 5 10 15 20 25 30 50 0 5 10 15 20 25 30 50
Compressive strength of using WA 0. 5% (MPa) Compressive strength of using WA 0. 5% (MPa)
Figure 8. Comparison of compressive strength Figure 9. Comparison of compressive strength
of WA 0.5% and WA 1.0% of DG and AG
4.5
—1— 3 days WA10.5% | |—O— 3 days WA 1.0 %
—C— 28 days —O— 28 days

...9.... .......................................................................................................

Flexural strength(MPa)
\O
\0\

o]
as} O/o/o L o——o—
] o o o——0o
— —
o——0oO——n Oo——o——0O
] o—
3.0 i L 1 1 L 1 1 Il 1 Il 1 L
OPC Plain s} 5 10 15 20 (1] 5 10 15 20
DG's replacement (%)
Figure 10. Flexural strength with DG replacement
4.5
E 3 days WA 05% | [0~ 3 days WA 1.0% O
28 davs —O— 28 davys
—_— ---e—-- ------------------------------------------------------- e of
&
= a0} i
=
E o/o
S as| O/O L
X a o] O o o
@ Oo——0oO——0O ] a m] m]
[T & D/
30 —5pc " Piam o s 70 15 20 0 5 6 15 20
AG's replacement (%)
Figure 11. Flexural strength with AG replacement
32 % B2E=0| Y 1.0%AA] Y277} 2 30~40MPa oA 5~
743} RE2ELE 9] EAJEA 0 & Figure 6~9= WAX|ZH 10% ASZ S716ke FAE Btk ol WAL =&
&, AuER 9 A Huxshe W] wE =7t CaO ¥ SiOp FEFo] BSete] 4:3kgo] 71¢l8te] LRt
T 9 ASIAE vlaste] yepd Aot} WA, i AnE F=FHoH3

L WAX]%O] % SR AR A e o A X115 ARR3E 9= Figure 99F Zo] AGY] g&=7w
8%+ Figure 8} Zo] 0,5%kch 7} DGHEY 2 Fegks et 58] S5 2

165



Effects of Incineration Waste Ash and Gypsum Substitution on the Properties of Blast Furnace Slag Mortar using Recycled Aggregate

30~40MPa FYoA= 16~20% = d=747t 5
7Fohe d3olIith. o= RFA & ¢l A& 8=l 9
g A= 9 GME| CaSOs= QI9t F7HQl A=olzke &
2R 82l 2ol AGZ} ZEE HiglollA wiekE &
oA SAMEHE ta garle 8100 o8 =
< PSAETE Fofrl Aer AlmETH4,5].

53] Figure 7oA H= ufe} Zo] AG 20% A|2hrlof
91 Z=oflA OPCHF ARESh= 4-¢-HT B 2 U54=E
e IE. |, o] 77 2715 OPCe] His WA o
ERAL Qlof T ThE SHoA 2717 FdiRe] 8+
o}, S0l ARe R AiL 5% o AEAolls A=
ol F5dhe d3de HEHI=H, ole 7IEE3el 9

st 24 W3S 93t T2l 71 A
B2 AEEojxok & Ao ArHTH6,7,8],

Figure 102 AG X|gto]| M2 27 Haks vepd A
olt}, 28U 7ol QlojA AGE X33t A9 OPCE} H]
W] 20%E et H-E Aokl BF v e
£ YRSt skARE AGE] Agheo] F71eel uet o
7 71, g 10% oVdollA §43] S7st
= %S YeERILE Figure 11914 Ei= 8o} o]
DGE &3t 9= AGeF SARE Adke vERY S,

b o] Ao}l AR DG7F AGETH =2 37t
A 7S YERYgic), ol d=7te] A9t FYst
| AGS] 8 S22 ZAHEH] A7l 71918 A
o2 oikEr} Figure 125 WA 2|ghgo] w2 f73w0]
EAE UERd ot HMEoR w2 ST
FolAl WA 218hgo] 1.0%3 90l =2
Effl=d, oF Ed WAZF SR oe g
= Ao& A=A 2,3.4].

Figure 132 AGS} DG7F B7 w0l ujA]= Jake ]
A3} TJejzolct, Figure 10, 119] 87 w=gholA] &
gk vl o] fiAF o &2 AG7} YA v 7
IA7]= ke g1 o= stk
A oRL AG 20%, WA 1.0%2 X33+ Ao
OPC 100% 7495t =2 Jes 4 = Udh

F

X

i
N £

fo

o K

¢
olN

N

¢

==

40 .
39 /]
38 /l
a7 L

36 . ........ 3
35 °

34

Y ) SN SR N A .
32

3.1

Flexural strength of using WA 1.0% (MPa)

Y=-0.74+1.22°X (R=0.92)

30
30 31 32 33 34 35 36 37 38 39 40
Flexural strength of using WA 0.5 % (MPa)

Figure 12. Comparison of flexural strength
of WAT 0.5 % and WAT 1.0 %

4.0 -
39 I
38 .
37 . ....... :
36 E

35

34 s ;
33 A
3.2

81 [¥=-097+1.30° (R=0.88) |"

20 — .
30 31 32 33 34 35 356 37 38 39 40
Flexural strength of using DG(MPa)

Flexural strength of using AG (MPa)

Figure 13. Comparison of flexural strength
of DG and AG

4.2 &

H A lojafi= ARJEAREC] BSof| TA) W ozbe] A=
A|ZA RFAE ARGSh= F AMIE REELE20)] 27} 2=
A= WA 9 H119] Xehe-g JstAA dit= 97t
A ARgAo] FjE 4= JeAE St 1 AvE
Qofstd bt

1) G54 204 Plaing OPCAMESF A$-0] Z24]

Hoh 2 e, Az ek WAREE
o] F7FpE AoletAINE A1l x|3hgo] whetA|
£ 37kl Ao Uehyitt, B3| Hae] A9 &
2= DG, AGH3] Zghgo] 20%71A] Al F7Yst
o] OPCHTE & 715 YeRfSict

2) 57159 5= WAL] ALg=Fo] Z71krE Asla}

= A YERIAIT A1 x]gkgo] F7IEE



S7Fehe ZAgeldeh. 53] Aard 49 DG= AGE
A3 ArTh T 7181

3) dskEEke. WA, A1 A3kgo] Z71kE Z7)8)
ot E3] WA 1.0%AME3E A9 A3 10%0143]
A L KSTAEAIQ 0,3kg/m K} =2 Ao = e}
e, o= 7HadaziEl SAEe] 23 A ¢

Aare] ke HekEel 7190ste] yeRd A= Ab

4) 57wt e BE WA B A4 X|ghgo] Z7}
E3] A119] %= DGHIF AGE 23et
7Pl ZAe et E3t 5=
1Y AFoA WA 1.0%, AGE 20% Ag3t
9= RFAY Q] &zejel AGOISHiTY B3t 2189
71Q18to] OPC 100%= AHERE AR & 7%= 3h&
LR AT,
oS Tt E 1, BSO| RFAS ARgSt= F AlH
E m2Zel20]| WA 0,5%9F AG 20%= ARE3F A9 27
7 W APk 919 e OPCREE W3 & o &
o3 AvE 2 4 3ieh webd 2% 2 S
71 & 271 e AEe FAYERAY] U
848 S st 4l A AET et e A
o2 AlmETh

o
.\

2, A AAE 2 A2t 5 PR A4
Fe Yot ohleiAd] viEHE B0l =8 4
=z =]

stal Qlot, o]} Fste] AdY dAqtola= Al FAkE
%1 RAS] &2 BSO| 1 42734 Wkg= Al=FA1A, F
AHIE ZA0A &e] EA(Alkali activation)Sh A)7]
N2z wAUECE 7h= U gl v i}, &
T Ao W Aare) FF B azPolA WY
3 WA 52 A=Al 852 F718] 7 #40 v]X]
= sl AES Zgsieitt, 7L 2y}, BSo| RAS
T AHE 2220 WA 0.5%2F AG 20%E
S 27 W Ak 9193 == OPCH
TolFog W Eo| gt AvE dS 4= U

e o

e rr

JIUE : DS IR, SBTBA, 22T 4 4D
= =

167

References

. Park KT, Han MC, Han CG. Effect of Mix Proportions on the

Properties of Blast Furnace Slag Mortar Using the Recycled Fine
Aggregates, Journal of the Korean Recycled Construction
Resources Institute, 2010 May;2(1):47-50,

. Han OG, Kim JB, Development of Admixture for PHC Pile Concrete

Using Anhydrite and Blast Furnace Slag Powger, Architectural
Institute of korea, 2011 Aug; 27(8):123-9.

. Lee HJ, Kim JH, Han GG, Properties of High Volume Blast Furnaace

Slag Concrete using Recycled Aggregate with Incineration Waste
Ash, Journal of the Korean Recycled Construction Resources
Institute, 2013 Sep;1(2):107—13,

. Baek BH, Han CG. Effect of Calcium Sulfate Dihydrate (Gypsum)

on the Fundamental Properties of Slag—based Mortar, The Korea
Institute of Building Construction, 2014 Jun;14(3):252—8,

. Shim JW, A Study on the Strength Property of Recycled Fine

Aggregate (Wet Type) Mortar with Blast Furnace Slag, Korea
institute for 2006

Oct;1(5):153-9.

Structural Maintenance Inspection,

. Han DY, Bae SC, Hyung WG, A Study on the Properties of

Non—Sintered Mortar with Industrial Waste used, Architectural
Institute of Korea, 2011 Oct:31(2):345-6,

. Park HE, Hydration of Non—Cement CaO—Activated Slag with

Various Gypsum Contents, Proceedings of the Korea Concrete
Institute, 2013 Oct;25(2):301-302,

. Han OG, Son SH, Park KT, Effect of Recycled Aggregates Powder

on the Properties of Zero Cement Mortar Using the Blast Furnace
Slag Powder and Recycled fine Aggregates, Architectural Institute
of korea, 2011 Jun;27(6):99—106,



