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This study was intended to use an incinerated paper mill sludge ash as cement alternatives in order to derive a method of uti-
lizing the incinerated paper mill sludge ash of low utilization rate in large quantities. Also, the utilization possibility of incin-
erated paper mill sludge ash as the cement alternative was examined by mixing a polypropylene fiber and cellulose fiber and
by considering its control effect for shrinkage cracks caused by an increase of absorption rate and hydration heat, as a weakness
shown at the alternation of incinerated paper mill sludge ash.
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Table 1. Physical properties of PSA

. . Blain Average particle size Melting point
It H
ems Specific gravity (om¥g) (m) p o)
Result 251 3,410 20.52 12.2~12.7 1330
Table 2. Chemical properties of PSA
Items Si0, AlLOs Fe 05 Ca0 TiO, MgO 50, Ig.Loss
Result 29.4% 10.9% 6.3% 51.8% 2.1% 6.1% 1.4% 0.17%
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Fig. 1. XRD analysis of PSA.
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Fig. 2. SEM photo of PSA (x100).
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Table 3. Characteristics of fly ash

Items Igniti(;:) loss (fnl*;az?;) Specific gravity S(io/?)z M(zf;ot)ure
Result 375 3,084 2.11 59.7 0.11
Table 4. Characteristics of used fibers
Kinds Length Specific Tensile strength Elastic modulus
(mm) gravity (Mpa) (Gpa)

* Polypropylene fiber 19 0.9 2.68 20
Cellulose fiber 25 1.5 6.68 25
Table 5. Kinds of specimens
Kinds Notation Ce(g:):nt 1:;:? (F(% {I;)) ((E%I;
A Plain 100 0 0 0 0
B PSA10% 90 10 0 0 0
C FA10% 90 0 10 0 0
D PSA10%+PP0.05% 90 10 0 0.05 0
E PSA10%+PP0.10% 90 10 0 .10 0
F PSA10%+PP0.15% 90 10 0 0.15 0
G PSA10%+CL0.05% 90 10 0 0 0.05
H PSA10%+CL0.08% 90 10 0 0 0.08
I PSA10%+CL0.10% 90 10 ) 0 0 0.10

*PSA : AA A A4 *FA : Eato] o4

*pp; A Zugd A%

J. of Korean Inst. Resources Recycling Vol. 17, No. 4, 2008

*CL: AERLE AH



RO seiX] FEES BRY MiEpaTanEe] S5 M Bk 13

Table 6. Mixing design

Kinds PSA FA PP CL wWiC S S,Iump Proportions by unit volume(kg/ni)

@) | B | B | (B mm) | w | ¢ | s | G | Ash | Fiber
A 0 0 0 0 42 40 80+20 156 371 713 987 - -
B 10 0 0 0 42 40 8020 156 334 709 981 37 -
C 0 10 0 0 42 40 8020 156 334 695 962 37 -
D 10 0 0.05 0 42 40 80420 156 334 709 981 37 045
E 10 0 0.10 0 42 40 80+20 156 334 709 980 37 09
F 10 0 0.15 0 42 40 80120 156 334 709 980 37 1.35
G 10 0 0 0.05 42 40 80+20 156 334 709 980 37 0.75
H 10 0 0 0.08 42 40 80+20 156 334 709 980 37 12
1 10 0 0 0.10 42 40 80120 156 334 708 980 37 1.5
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Table 7. Results of compressive test at 28 days

. . Compressive strength Relative
Kinds Notation (MPa) Compressive strength ratio
A OPC 35.11 1.00
B OPC+PSA10% 34.39 0.98
C OPC+FA10% 35.68 1.02
D OPC+PSA10%+PP0.05% 34.18 0.97
E OPC+PSA10%+PP0.10% 34.40 0.98
F OPC+PSA10%+PP0.15% 3254 0.93
G OPC+PSA10%+CL0.05% 34.04 0.97
H OPC+PSA10%+CL0.08% 34.82 0.99
I OPC+PSA10%+CL0.10% 33.08 0.94
A:OPC CONC F : OPC+PSA10%+PP0.15% CON'C
B : OPC+PSA10% CON'C G : OPC+PSA10%+CL0.05% CON'C
1.2 o C : OPC+FA10% CON'C H : OPC+PSA10%+CL0.08% CON'C
D : OPC+PSA10%+PP0.05% CON'C |: OPC+PSA10%+CL0.10% CON'C
) E : OPC+PSA10%+PP0.10% CON'C
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Fig. 3. Relative compressive strength ratio (28 days).
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Table 8. Results of compressive test at 90 days

kinds Notation Compre*:;i[‘}’)‘;)mength Compl'essilila;::ngm ratio
A OpPC 39.38 1.00
B OPC+PSA10% 39.65 1.01
C OPC+FA10% 40.69 1.03
D OPC+PSA10%+PP0.05% 36.83 0.94
E OPC+PSA10%+PP0.10% 37.99 0.96
F OPC+PSA10%+PP0.15% 36.95 0.94
G OPC+PSA10%+CL0.05% 37.42 0.95
H OPC+PSA10%+CL0.08% 38.20 0.97
1 OPC+PSA10%+CL0.10% 36.04 0.92

:OPC CON'C
1OPC+PSA10% CON'C
:OPC+FA10% CON'C

maoow»

:OPC+PSA10%+PP0.05% CON'C
:QPC+PSA10%+PP0.10% CON'C

F:OPC+PSA10%+PPO.16% CON'C
G OPC+P8A10%+CLO.05% CON'C
H:OPC+PSA10%+CL0.08% CON'C
I OPC+PSA10%+CL0.10% CON'C
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Fig. 4. Relative compressive strength ratio (90 days).
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Table 9. Results of drying shrinkage test
1 Week 4 Weeks 8 Weeks 1~8 Weeks
Kinds Meassured Meassured (1~4Weeks) Meassured (1~4Weeks) Total
value of Gage | value of Gage | Length Variation | value of Gage Length Variation Length Variation
(xomm) (mm) (%) (mm) (%) (%)
A 1.074 0.966 -0.0300 0.942 -0.0067 -0.0367
B 2315 2.175 -0.0389 2.161 -0.0039 -0.0428
C 1.619 1.524 -0.0264 1.505 -0.0264 -0.0317
D 1.522 1.406 00322 1.386 -0.0322 -0.0378
E 1.600 1.489 -0.0308 1.475 -0.0308 -0.0347
F 1.441 1.341 -0.0278 1.329 -0.0278 -0.0311
G 1.543 1.436 -0.0298 1.416 -0.0298 -0.0353
H 1.608 1.516 -0.0256 1.503 -0.0256 -0.0292
1 1.699 1.600 -0.0275 1.587 -0.0275 -0.0311
—m— A OPC CONC —4—F ; OPC+PSA10%+PP0.15% CON'C
~#— B : OPC+PSA10% CON'C G : OPC+PSA10%+CL0.05% CON'C
i G ; OPC+FA10% CON'C ~@-H: OPC+PSA10%+CL0.08% CON'C
500 - —¥— D : OPC+PSA10%+PP0.05% CON'C —*— | : OPC+PSA10%+CL0.10% CON'C
- E: OPC+PSA10%+PP0.10% CON'C
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Fig. 5. Length variation of drying shrinkage according to ages.
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Table 10. Results of plastic shrinkage test
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. . Max. crack Relative crack iength Relative Crack area Relative
Kinds Notation . . . S :
width (mmy) ratio (mm) ratio {mm”) ratio
A OPC 0.30 1.00 1175 1.00 147.75 1.00
B OPC+PSA10% 0.60 2.00 1649 1.40 407.50 2.76
C OPC+FA10% 0.25 0.83 831 0.71 101.55 0.69
E OPC+PSA10%+PP0.10% 0.20 0.67 809 0.69 95.85 0.65
H OPC+PSA10%+CLO.08% 0.20 0.67 601 0.51 72.00 0.49
A:OPC CON'C
B :OPC +PSA10% CON'C
2.0 C:0PC + FA10% CON'C
' E:QOPC +PSA10%+PP0.10% CON'C
H:OPC +PSA10%+CL0.08% CON'C
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Fig. 6. Results of calculated maximum crack width,
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Fig. 7. Results of calculated crack length.
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Specimen A (OPC CON'C)

Specimen £
(OPC+PSA10%+PP0.10% CON'C)

Specimen B
(OPC+PSA10% CON'C)

Specimen C
(OPC+FA10% CON'C)

Specimen H
(OPC+PSA10%+CL0.08% CON'C)

Fig. 9. Appeared plastic shrinkage crack in each specimen.

ZeE djEgsste) 27) RasEe] Hojrla, 99
Ay ANSE 449 S/ BouE ARl fEUA
ox AN AriHos pPefc 32 Aol B3t =

| vt Ao ekdch 39 Fig 9v 2k AlEA
1 Y #ES veEpT Qv

5d £

£ A7 AXeHALRE AHMEY] AR AL
86132 ailen, ol wE G JAsAt A%
€ Y% SHYEE AF g AEE A ogn
2 Avg o*%m

) YEge Edo) oS AT SazEe) 73
& s O Fs0n, AXgeA L
2 Al BagE R ANEEAR L e B9
2aglEe] 39E dnEsden o gasks 4
TS ehigion), 2 Bage B,

@ Az%E olisie AAHNLZA) A &
azEe) B¢, Y BIErn FrbERoT 46
YA AREHALAADE hAF AR} Bh
Aog veht fEY] AXEeALIA A Ba
PEs Azssgel gad BRS¢ & ddidh

(3) AAsAALIAE A TIBEY] A9, I
d ZAzE vls| @€ F, do] € WE Fo| dA
3 Z7HEYeY ARE EQTeEN BE FEA
ArEAHERC 43"&.6}0% ’év«? Eol AXEHA
azb) A Fae|Ee dgAold E4dE ¢ ¢
orgit},

@) AAEHALLAE AHE fAANZ &85
AYE ARE EYFOEZA AR EHA LA A
FIYEY WA $E5AEE BaAA AHAE
Ao Hdfe FHES AEEZ2HRTT B2
2w

lo -{> 2 rHJ

Hnes

L=

.

71580, 2006 : 2006 H71E HEEYH, pp. 15-
28.
2. SEAKETRAHS], 2005 - ARG AZE YA H A
&3 B34, pp. 2746,
. Elsevier science, 2001 : Utilization of paper waste sludge in
the building construction industry
4. P. Soroshian and M. Faiz, 1995 : Plastic Shrinkage Cracking
of Polypropylene Fiber Reinforced Concrete, ACI Materials
Journal, September-October pp. 553-560.

|98

Aol Ey Al 17 E A 4%, 2008



20 & B A

5. 4%, 2005 : ANESHALAAE B4H 2AYE 7
Ao A B NFH A7, AL QY F
AL ST

6. 549 91, 2003 : AlME TN AL 27
o} ABE =4, eI, A18d A2E, pp. 34
41.

& B M

- A4 AFggy BRI AT
+F 3R A 174 1= F=

BEH W 2R
& A Eas
W RE, BR, #3, st
RY, W B Kke] s, $5E #iflre] #76%H, Review
Bl w BEQ g, Fhe] Wt
Hefe, ATEEHR BT B, TEEHRE 7+438] sl comments: BT
ROE R BlFreree] #iE, BRSNS HR SR REK 5
& F
o E GEAMAAS i, €8 R 2, B T
Group #E D, MR, A8 Fe
- Q_rigifal B?r%‘ﬁéﬁste;i & B gitol Bmshs Aol
EESITAL HgRE
FAE 42E Hested B Fag v

J. of Korean Inst. Resources Recycling Vol. 17, No. 4, 2008




