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Evaluation of Properties of Mortar and Concrete using Wood Chip
Cogeneration Plant Flooring as Fine Aggregate
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In this study, in order to evaluate the characteristics of mortar and concrete using wood chip cogeneration plant flooring
as fine aggregate, mortar characteristics according to wood chip aggregate replacement rate and water-cement ratio as a
substitute for crushed sand, and concrete characteristics according to wood chip aggregate replacement rate were
compared and evaluated. The cement mortar flow according to the wood chip aggregate replacement rate showed a
tendency to increase as the wood chip aggregate replacement rate increased, and the compressive strength and flexural
strength increased as the wood chip aggregate replacement rate increased. The slump and air content of concrete
increased as the aggregate replacement rate increased, and the compressive strength and tensile splitting strength of
concrete tended to increase as the wood chip aggregate replacement rate increased. Accordingly, the possibility of using
the flooring by the cogeneration plant as a fine aggregate for concrete was confirmed.
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Table 4. Properties of aggregate

25), 50 %(WC 50), 75 %(WC 75), 100 %(WC 100)2 SIRALCH SA|
~ o Density Unit weight Absorption
HEH|= 50 %, 60 %= &I Hlw X HIKSIACE TS0t Gz (g’ (kg/L) (%)
FaMol SeMEle H ME2 R0 AMSSIRIC Wood chip aggregate 251 .
ST PHTLTA HIETIS RN YB3 22612 £ e
_ - _ Crushed sand
2 I 9l =X 942 E3elE0] 22 2T, TR, T © 258 B
SHYY Y2 oI, F3t ZI2EQ E% AL Crushed coarse 261 0.67
o, 28%0)9 HACIHYE(8Y)S ZH5IACH cwgregtc
Table 1. Experimental plan (mortar)
Aggregate W/C (%) C:S Replacement ratio of WC (%) Test items
Wood chi WC 0 (WeD)
ood chip aggregate (WC) 50 25 (WC25) Flow (KS L 5105)
1:3 50 (WC50) Compressive strength - 7, 28d
Crushed sand (C) 60 75 (WCT5) Flexural strength - 7, 28d
100 (WC100)

Table 2. Experimental plan (concrete)

Aggregate W/C (%) | Specified design strength (MPa) | Replacement ratio of WC (%) Test items
. 0 (WC0) Slump (KS F 2402)
Wood chip aggregate (WC) 25 (WC25) Air Content(KS F 2421)
50 30.0 50 (WC50) Unit volume weight
Crushed sand (C) 75 (WCT75) Compressive strength - 7, 28d

100 (WC100)

Tensile splitting strength - 28d

Table 3. Properties of cement

Density Blaine

Setting time (min)

Compressive strength (MPa)

Chemical composition (%)

(gem’) | (em’g)

Initial

Final

3d

7d

28d

CaO

SiO,

ALO;

FeZO3

MgO

Ig

3.15 3,602

270

290

23.0

293

43.8

624

21.1

44

3.1

3.1

33
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ofom’, ST 160 ko/l, B4 092 BABS 1% UK DY Y AREL 56 % T 012 TR
ZBIHE ASIAC, 2 261% 971 0I2WBARHS 01 %2 Table 50 LIEHARICH
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Fig. 1. Particle size distribution curve (WC, C)
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Fig. 3. Particle size distribution curve (crushed coarse aggregate)

(b) Crushed sand (C)

Fig. 2. Aggregate particle shape and surface
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Table 5. Properties of wood chip aggregate

3 Impurity contents
Density (g/cm”) Solid volume | Clay lumps | 0.08 mm sieve Absorption Distribution of grain (%)
Contents Fo—— percentage content passing ratio (O/I‘I; shape
aturate A % % . % i i
Absolute dry mffres i (o) (%) (o) (%) Inorganic | Organic
WC aggregate 2.51 2.53 69 0.1 2.7 56 2.61 0.1 33
Specification 231 531 1.0l 70 531 100 1.0}
QUXIL 27| O|SHERHL 261 %2 BLIIFO 10%061 2 3, ASZD} U B
Chof 28 =2 LIEFT QICh WC ZXi9] (e ie HEYER
LIMO| PIESHD QUOLE C Bas 25 mmAo] EER0] 34 mEEtE A}
HEYE DM HolLt 72 A= Fig, 101 LIEFAUCE 311 =20
WC ZXHo| SIhAIRIC Cet Hlmalof Xt 27t Meisie &t T BT
= - . E22 A ZIt= Fig, 429t Table 70| LEFQIC, E22=
10 7H0f O[ZZ0| HO| ZE=(0] U= A2E Fig, 201 LIEHHRACY _ i _
WC STHCHAE0] ZO0MEE S761 oM 1 Hef2 SAH
EH7t 248 3| UEHD T %O AL E22E
2 3 .*Eli-'luol'ﬂ ‘ I' E_Ij—\ '” I' I' I'J— |' W/C 50 % | oT Ei_l_
WCOO|A 117 mm, WCI000{| A 132 mmE LIEFLHLT QICH W/C 60

DEERZ HfSiH[= W/C 50, 60 %, C:S=1:322 5o, B2
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Table 6. Concrete mix design
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300.0

250.0

200.0

150.0

Flow (mm)
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50.0
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178.0

BW/C 50%
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210.0
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237.0

0

0.0

I70I 1
0 2

5

I 120.0
5

I 123.0 1521
0 75

Replacement ratio of WC(%)

Fig. 4. Flow test of mortar

100

Unit weight (kg/m’)
Contents VZ/C E/a Fine aggregate
(%) (%) Water Cement Wood chip | Coarse aggregate
Crushed sand
aggregate
WCO0 50.0 48.0 170 340 858 0 981
WC25 50.0 48.0 170 340 643 208 981
WC50 50.0 48.0 170 340 429 417 981
WC75 50.0 48.0 170 340 214 625 981
WC100 50.0 48.0 170 340 0 834 981
330 vol. 10, No. 3 (2022)
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WC SMCixE0] e YFL=et HEHAF HUE Fig. 5%t
Table 70il LIEFLHRACE SAIHEH| 50 % 3 60 %2 YEL e
WC SXCHAIE0] E7te+E M 79 ¥ 2801 =7 LIEK
Ch SAMIEH| 50 % A< 28Y A=ZEE= WCO 394 MPa,
WC25 412, MPa, WC50 457 MPa, WC75 47.2 MPa, WC1000{|.Af
50.8 MPaS LIEILH QICH SAHIEH| 60 % 4% 28Y AFLE
= WCO 37.6 MPa, WC25 38,6 MPa, WC50 39.8 MPa, WC75
44.9 MPa, WC1000{|Af 49,4 MPaZ LIEH]Z QICt WC100 22
El2 0| 28 YEZUT= WCO R2EF2Q} H| W50 OF 20 %0| A
ZII5H= 7102 LIEMIT SAHIEH| 50 %2 AL WC1002] 28
U A== 50,8 MPa2 A WCO 39,4 MPag| 9F 23 % Z7|5}
Ao ZAHEH| 60 %2 AR WCI009| 28Y A== 494
MPa2 A WCO 37.6 MPa2| oF 24 % Z7|6t%LCt.

70.0
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(a) Compressive strength (W/C 50 %)
70.0
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60.0
s | 1.1
_ 0.7 o7
£ 400 - 0.7 07
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(b) Compressive strength (W/C 60 %)

Fig. 5. Compressive strength of mortar
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WC Sxfcixgo| e Xzt & Fig. 61t

Table 701 LIEFHSICH SAHEH| 50 % 2! 60 %2| S2z= WC
SACAZ0| B7H+S M 7Y Y 280 A =] LIEHT
SAHEH| 50 % 2R 28Y 2= = WC0 9.6 MPa, WC25 9.9
MPa, WC50 10,1 MPa, WC75 10.3 MPa, WC1000{A 10.4 MPaS
LIEFLHT QUC, SAIMEH] 60 % 4% 28Y &dZ=e= WC0 9.5
MPa, WC25 9.7 MPa, WC50 9.9 MPa, WC75 10,1 MPa, WC1000]|
M 10,4 MPaZ LIEL{D QICh WCI00 R2EI29| 28Y &=
WCO B2EIZ29} H|WEH0] 2F 9 % 0|A B7I6t= 22 LIEIG

Ct 2AHEH| 50 %2 | A2 WCI002] 28Y 2j2tz= 104 MPa2
M WCO 9.6 MPaQ| o 97 % Z7}5t%m, SAIHEH| 60 %2
A2 WC1009] 28Y 2= = 10,4 MPa2A WCO 9.5 MPaQ] of
9.1 % B7ISHULt,
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>
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(b) Flexural strength (W/C 60 %)

Fig. 6. Flexural strength of mortar
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£330 ZHZ= Fig. 71} Table 80f LIEFARICH £Hme=
WCEMUANE0| =0tE+E S7tole 4 20| QUCH,
WC100 232|E9| £3TE= WC02t H|W5tH 87 % S7tsts A
OF LIERCH 28T =X A WCI00= 31 mm, WC75= 2
WC50= 10 mm, WC25= 6 mm, WCOE 4 mmEA] WCLHX |‘§O|
57}%*#% D= F3HoH Stcle AQE LIERRCE

=
C1009] 28 £HI= 3t

mmzZAf WCO 4 mm CHE|GHH 87 %

TS ZEZ ks Fig. 81} Table 80f LIEFHRUCE. Wi

o
BrRIS0| B7HE4E 22|20 HISHTYS tha

O

= 1 =20 7IZJFi
ot= 492 H0l1 e, WC100 232|EQ| HeSMAE2
1,945 kg/m*Q2 A WCO 1,981 kg/m*Qt H|mWEHH 2 % ZtASHY

w

I, S8XZEZF2 WC0 1,981 kg/m®, WC25 1,966 tkg/m’,
WC50 1,953 kg/m®, WC75 1,947 kg/m® WC100 1,945 kg/m*Z A
WC BMCIRIE0| BIIE42 UASHE 222 LIEHTH WC100
232|EQ| HIZXEZS 1945 kg/m* 22 A WCO 1,981 kg/m®

QF HIWSHH 2 % gAdshs A= LEFRTE

%ﬂﬁf%"‘xtk
400 2,100
31.0 205
300 | 28.0
3 2000 1981
2 £ : 1,966
g £ i
€ 0 2 1,950 1253 1,947 1,045
@ 2 1900
100 + L0 —E
6.0 I 1,850
m N . :
i 1,800 : ' :
0 25 50 75 100 ¢ 2 100
Replacement ratio of WC(%) Replacement ratio of WC(%)
Fig. 7. Slump Fig. 8. Unit volume weight
Table 7. Test results of mortar
W/C 50 % W/C 60 %
Test Type 0 % 25 % 50 % 75 % 100 % 0 % 25 % 50 % 75 % 100 %
WCO0 WC25 WC50 WC75 WCI100 WCO0 WC25 WC50 WC75 WC100
Flow (mm) 117 118 120 123 132 170 178 183 210 237
Compressive 7d 35.73 38.16 40.25 41.48 44.06 33.51 34.52 36.23 39.37 42.26
strength (MPa) 28d 39.43 41.15 45.65 47.15 50.81 37.62 38.61 39.78 44.88 49.37
Flexural strength | 7d 3.76 8.87 9.02 9.24 10.04 7.04 7.61 7.89 8.12 9.15
(MPa) 28d 9.61 9.87 10.12 10.32 10.44 9.48 9.66 9.91 10.10 10.41
Table 8. Test results of concrete
Replacement ratio of WC (%)
Test Type 0 % 25 % 50 % 75 % 100 %
WCO WC25 WCs50 WC75 WC100
Slump (mm) 4 6 10 28 31
Air content (%) 1.1 1.4 1.8 24 23
Unit volume weight (kg/m®) 1,981 1,966 1,953 1,947 1,945
Compressive 7d 32.25 32.63 34.67 34.77 38.34
strength (MPa) 28d 35.85 37.49 41.29 41.48 44.22
Tensile splitting
strength (MPa) 28d 2.81 3.25 3.34 3.52 3.83
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27| SHZIH= Fig. 92F Table 80f LIEHHQACH WC SIHLH
HE20| B7Ig+E 232EQ FV[H2 Sk g 2ol
Qlom, WCI00 Z32|E9| Z7|22 WCO2} H|T 5t 52 % St
ot= Aoz LIEIGT 37| SHZ0 WCo 232|EQ 37
211 %, WC25= 1.4 %, WC50= 1.8 %, WC75= 2.4 %2 WC
SMUAE0] BIIEeE V2 Sllele dg¥2 LERD,
WC100 232|EQ| B7IZ2 2.3 %2M WCO 1.1 %2} 5| 5H0]
52 % B7IoILt,

4.0

24 23

20 | 18

14
1.1
A I
0.0 L L L
0 25 50

Replacement ratio of WC(%)

Air content (%)

Fig. 9. Air content

UEUE Aot 8 HEHRIS Fig, 101} Table 80 LIEFHRACE
Mg 7Y 3 28Y Y=L e= WC SXUIAIE0] E7te+E =7
LIERSITE TR 72 QiE=Z4= WCO0 32.3 MPa, WC25 32.6 MPa,
WC50 34.7 MPa, WC75 34.8 MPa, WC1000{ A 383 MPaZ LIE}

o7d m28d
50.0 |

0.7

40.0
09 1
03

30.0
20.0 |

10.0 |

Compressive strength(MPa)

0.0

50 75 100
Replacement ratio of WC(%)

Fig. 10. Compressive strength of concrete
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LD, XM 282 QIEZES WCO 359 MPa, WC25 37.5 MPa,
WC50 41.3 MPa, WCT75 415 MPa, WCI000I A 442 MPaZ LIE}
CE WC100 232|E9| UEZEE WCO 2329 8| m510]
018 % 0| Z7I51= 7102 LIEHGTH WC100 232|E9| 7Y
Q2T = 383 MPaZA WCO 32,3 MPag OF 18 % S7}515i T,
WC100 232|E0| 28 UEZT = 442 MPa2A WCO 35,9
MPaC| °F 19 % Z7I5ISCt

MO EXHADN= Fig, 111} Table 80f LIEHHXICE b
2 1Y 28Y ALY == WC SMUHE0| E7HeE =
LIEFSTE T2 28 QIEZ=E= WCO 2,81 MPa, WC25 3,25
MPa, WC50 3.34 MPa, WC75 3,52 MPa, WC1000{A] 383 MPaZ
LIEFGT, WC100 252|E9] 28Y Q1AL T = WCO 232|E %}
H|5t0] 36 % O|A S7t6t= ZI92 LIEFLICH WC1002] 28Y
QIRIZIE = 383 MPa2 A WCO 2,81 MPax} H|mat0| 36 % 7t

0149 HHZ2S SEolH =1y S U= e 22
El29] §=dEs MY M tiHE0] S7He+E S7i6iR,
DEE29] BYE A SAE S tiAlEo] 7= Sto
At =ME S tiXE0 TE 232EY Y=dEE Y
HAHE0] 7= S716IA, 232EQ ZHRIFTE HA|
SME ZX tiMZ0] E7te4+5 S ol ST S
ME & it Zxit= g2l Ca0 HIZ0| =7 LELL=d), 0] 88
of +~atabd Sofl F&s olRts Aoz U, | 2
TS F/HECZ HAGIH EH0| By Jez MHtE

u28d

4.00 + 3.83

3.52
325 3.34

3.00 2.81
2.00
1.00
0.00 - - -

0 25 50 75
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Replacement ratio of WC(%

tensile splitting strength (MPa)

100

Fig. 11. Tensile splitting strength
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