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ABSTRACT KEYWORDS
The purpose of this research is to investigate characteristics of lathe scrap for Fiber Reinforced
manufacturing fiber reinforced cementitious composites(FRCCs) to use lathe scrap as a Cementitious
alternative materials of steel fiber. It should be noted that the use of the lathe scrap for Composites(FRCCs)
making FRCCs raised friendly environmental effect as well as economy because the lathe Steel scrap

scrap was a by-product of steel manufactures. For this purpose, various steel scraps were Lathe scrap
collected from processing plants of metal and then their physical properties were Compressive
evaluated. Also, steel scraps were classified and analyzed according to the KS D 2101 and strength

then of these scraps, lathe scrap as a alternative materials of steel fiber was suggested. In Flexural strength

addition, FRCCs containing lathe scraps were made according to their total volume
fractions of 0.0, 0.5, 1.0, 1.5, and 2.0% for water-binder ratios of 30%, 40%, respectively, and
then characteristics, such as the workability, compressive strength, and flexural strength of
those were evaluated. It was observed from the test result that the compressive strengths
at 7 and 28 days of FRCCs containing lathe scrap were slightly small but the flexural
strengths at 28 days of those increased by 10% compared with plain concrete.

o] AT HAHL HAFR7 AWE E3}A| (Fiber Reinforced Cementitious Composites, AR AWME
FRCCS) AEA Ao AN ZZA AR 23308 &8817] fste] 279 54 A (FRCCs)
ohs Aotk FRCCs AlZ2A] Awt 23308 S&Fo2xn ZA14 Bt opdet 3183 & AgEaERt
TJr—E— =BT F 3T o]F Hst 55 he e o RN Y o 7 A 2ads s ARt 238
¥ o5 B4< HrHsk e, KS D 21019 whet 4 23 B - 2Aet] HRE HSE=
WA 4 gl it 23508 AASHAT B-A AN 30% R 40%°l thefA Auk A= =
EAEEA AA ] 00,05, 1.0, 1.5, 2.0%)ll w2t FRCCsE A|x3+ F o]59 244, &
A= 3 YAEE Wrletgnh 1 A, Ak 2398 EUF FRCGY] Y53 EE B
ZAYERT ta 2& 08 Yegoy, 845 BE ZAYERY 9 10% A% T
74k Aom UEh, FRCCs AZA] A4 238& 28 F54e] i Aoz Jehgoh
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Ao AL, FxF Tl dE Az AP,
1

7b AFAES oF 10% HEZ Yol AFFe #EE FEAA e
Gl

F2A1717] 43, AR TS do717] Aok T3 Al vls) Qo] Fo} oA F45go] dAF "o, o=
A A 2 AR HoFg FHE AL Aok B FAYEY FINEGY] 544 FEddd Algte] &8
i, Q= oFgk A I AxFFol A3, B AF 7taAY FEAR $2E w, FW dx s 9%
Sgo] &gt A5 Fhol WA TY EAR] EAFTHKIm et al, 2013; Yang, 2010).

ol we} FAZEY AFAE T B #E AAE T A7 WTA FRE HHOE 4F AFE EYT 29
E @ AKE EAlg sfde] @ A @3] JAQHL Aok A4F AR T AAEFE 220N 7P drE e
2 AR EHE AREA ARSA FAYEY §F548S AATIAR A=} AA el wig Aot 1Hy A
Afre 7HHol artolBR, AAH R AFR7 FAYEY AME EdASE /ey AsiMe AAERE HAS
A A el AF3] 2FE I ThHa et al, 2010).

ShA, 7 A (steel scrap)2 A AL E 7FF HHOA BAEH FAHEE, KS D 2101(Classification Standard for

Iron and Steel Scraps, 2011)ell we} Ad £33, =5 233, A9k 233 2 7} 23902 BREHeH, o8 2
BAA) RARE Aol sl BAfRT DA ARHT QAR Aol As SRR, AT AUE B
Al(fiber reinforced cementitious composites, FRCCs) AXA] o5& &8 AL 71EY A F B ANE E3A 9
AL fAE AeS FASEAM AN HE PdE Ao dZHrHBdour and Al-Khalayleh, 2010; Murali et al,,
2012; Vijayakumar et al., 2012).

ueia 2 AFeAE FRCCs AEA] 71€Y AAFE At 4 23S &8sty dst] 4 239 dgxAl
Z 238 FFE B4 Wb 4 238 F FRCCs Az A-d 2338 H43 & o]g £YT FRCCs 54S 3

Aehag e,

7 2afe A7AEY A AL Be tEIgoly HRAEFS AMEET AdH FolA 2 Roe=z, A7 o
23,0003 (201011, A3 71F) HAEI(Fig 1), Y 4 234 HFo] FF Ax 52 AHEEHI ok
oA BAE 7} 233 v 2233 (obsolescent scrap)©] °F 75%, A7FEAY 22T 3 (home scrap)o] oF 25% YT
AR AL e, B 2AHL AFEo]l B, FEE] 7% HIER AMEEH, AL 90% A== oF 12719 7
QA (NSHAZ, TTAT, FFAE, Aot 2~d, YK28, X213, I2I3E5FF, =317, ddAE, $F@FF, 74
TEY, AL A AFEE I Yt (Ministry of Knowledge Economy, 2010).

23 Ao FAE 12709 A712 GA e 8,00024708] TR H(A - F - A, Fig. 2 B 33 o] oF 6,000 74

o aGAe] B0 Blska, 20000708 FHEINE A2AGY F 23 AYISE Y3, Bl Bl
Bk 2500109 tR(RE S & FROERE WSt AEANS e o 1249 A A dES u ek

% zage Ao R AN A2 D 128 B BYAFOR BEolAtd, A2l 4 2aAL A
N2E B3 Sol A2 BYAT ALSGE FHolm, TEWE BT 4US AHgde] BN =9 £5F 4B
& Qo FHolh AVIZHe WAZ Aol WA RF nIL A& MR vllF EH Fho] a7HE
A AzNE AW B PHOE FelA ovl, thrre] AEWoE AxHE IPAE AL, HIY, A
5 E9 S4uche B0l Z2HE 332 AF Solth AT A& wUs WAL 5 A% A2 A
Ae A7128 AHeE 9ATA% Sdn Fo BAFE YU Yt AFolth wHe] TzYoz dojul AEE A7)
2Ue B 2o S8 ws #vb w1 B4 U@ BAY MmA Af2e), FEH 543 B9 540 AwHow
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Fig. 1. Transition of Supply and Demand for Steel Scrap
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Fig. 2. Distribution Structure of Steel Scrap
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Fig. 3. Status of Occurrence and Utilization for Steel Scrap
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(c) Lathe scrap | (d) Prompt 1ndustr1a1 scrap

Fig. 4. Classification of Steel Scrap

2.2.1 M3 AJW(XI7HLY 233)

AZEd T A AN BAske 23 oA, - Ad, &8, U8, o]z, 34 59 I 4,
7] &9 (spills), iu(rurmmgs) Al o] Hk(plate shearing), 2] FHHh(trimmings), ©E=7}(gates), U (risers),
ERAE, =AY (scale) FolH, HE 7FEAHY AN flo] o G
(return scrap)©] 2kl JE}. Table 12 AE 2399 /7% 2 145 Yehd Aotk

olu] §-gAjo] AH 2eARREH Ad 27 H7)E2A, il AeeE
¥ 23 Ao dgd R AAE] slew, ol A 7HA 71ES 7ML
B oH7) A53, 73R, HER2E, 74, Ak, AZAA, g2FAL 7 Auxe 2 2 2
AHT glon, WA By ge]l FYLA Aol sleng FHRAFAA v FFHAY HZA AR 2oL
AL 7N9EA Hol H7EE HE A97F Bk Table 2& =9 2339 BF71F 2 72 vehd Aot

2.2,3 MUt 233

Ak lely BRFYA B se 2agiowA, v TR 55 3 ZH olgt: HhArel HrAol whet 235
o] F719 o7k th2aL, WiRE HAe] il YEREGLRE WAAHER, I 239 TN Aol 7P Tk &
Aol & & itk wpAM HFEG AHE 94 AxA B dAAEEA A 233s 28T 5 s Ao
2 gk Table 32 AWk 233ie] 771 3 142 Yed

2.2.4 712 234

NAT R FAA 7, 24 - Asa 34 5
HAo A WA ete 2aYE Do, AAES s AlD
2agol] Hla] Fe Aol 5otk Tty Aage EAX
FEE WA glon, 1 FRe A 237 (cuttings), *ﬂ‘%ﬂ(stampmgs) A
o] & AL i AR A LG Table 4= 7F 23] ER/7F 2

E AgEte FYR e g AES Axse
T %%%Xo o2 HEolew ¥ujdE 2 FUt =4
71719k A&7l weka] ohegh
2F 23 (turnings) ol JLOH,
T4& vERd Aot

o M
l"_&
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Table 1. Classified Criterion and Specification of New Scrap

He 2%(F14) o) A=
. SRR
ABA gosimm oz g e 9 T 9 0, 48, 4, 90 A w8 % w0l o
(KA1) 1> 500mm S vtolz, Adge) FEG 7o) B 233, AT FepH2IR, Aol=
. = 233 (Side Trimming ¥ WA= =37 5
Al
2 AR 0.5mm < F7<3.0mm yeras
2| A 210] <1,000mm s 39 W A, 739, ASYE FE DY B 233, Aol
El YH] <500mm 2-33)(Side Trimming ¥ Side turning ¥ HA3h= 2=33) 5
Y Ao
(KgAi) AE ZAZE 5 A0, 7=, A=, Eol7} 47 600mmolstoldA Avie] Fo] 2.0m ot A
T
g, | A S0 GEA 9 AR YA, 2ol L000mmE 2aKlel AR, 1] BaH 4E
Table 2. Classified Criterion and Specification of Obsolescent Scrap
ne X|5(7F2) HEAE
TEE#
712&; 20]=1,000mm, LH]s} 0] <500mm, FA<600kg, A5 FAHIo|A HAEE REEE 33
ARE A HRAFEZ (B9F), AR, S SAE, dE sk A
=y > 7]0 < 4 7 N 7 ;I
goa | TIZ00mm GISL00MM g Slag(LpGE Als), AR 2867 728 B 2 V=R
(KB1) 00k mm 233 5, A $53 228 D A, F2E, ARFH, LT 5, =
771=600kg A 5o} F 22
a5 3.0mm < F7 <6.0mm A ZH (@GS, RAHEEA G2 9dE), N9 LPGE,
.« ?q;z Z10] 1,000mm 3 Al EFA o]9)e] R) AN LeHE FHPlate) Fef o] 2313,
r KB2) | Juje} 0] <500mm, ) <600kg 2¥A 4
2 THL oA 5440 T A B F%F Bl sidsks 4 (2ol 1,000mm E= % 600kg)S 235t
3 (KB3) Ad, 7Rl Bad T
AHEE B(RUE L AoTo] T, £FANY Tl 2 494
A gk = 1 (<) = =0 j=E S (<2}
e | 2EC1 A8 ), Ak sl sk B(Plate) 9 sl
(KB4) 520/ <500mm, FA<600kg 22513, P50mm wgk o]z =
72l
(121;5]? 20l <1,000mm¢<! A% 7 233 (AL A H 239{F, AE Y], W 71FR 5o A 239
AL |&A 540 A% A 9 A% Bol sFeks 74 (2¢] 1,000mm B FF 600kg) S 2ste] Hd, 710
(KB6) a3 AF
Table 3. Classified Criterion and Specification of Lathe Scrap
ne X|5(F2) thIEAF
AR B - . =
3 (KC1) 1A 7beA HAdEE 9E 4 Cip @89 235, F7>1Imm
s pEpniE
a| 5 FEE W ke B 22
(KC2)
=
28
bl s 7 7FEA BASE W2 2 Clip 228, FAimm
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Table 4. Classified Criterion and Specification of Prompt Industrial Scrap

ne 2)5(F14) o 3EAE
Frelela . 24 .
(KS1) AAE wAZ sl Y 73 F 2328, 7ME, AE, =07t 22 100mm ©]8t
1}1\‘31]‘:‘13 X0 3OS o) g = 5 #Hz}e] 1y = = 3
(KS2) HEE sk 2= g 2 AAIS H2ke] 2 5, 712, A, =ol7F 242 100mm ©]sh
et 2k o AR = 4% 3]
(KS) A 23RS 7Y A 233, 712, A=, =017} 242 100mm ©]8}
AZHA A Bago) AHA ol dFsid, Y G/S 71ES & 23,
o] 42w
(KG1) Z110]<1,100mm, Z°]<700mm
7} | ZA=2EB A BA30) BBl slgeid, A G/S 7S 3 233,
£l (KG2) Zylo] <1,100mm, Z°]<700mm
ES
=1 I=A AHAE EAZ 45 A, 712, AR, =17 212 600mm, ©]5te]HA] N
B (KP1) A 2] §o] 2.0mo]s} =
45B AYBE BAZ g3 A, 712, AZ, =07} 27 600mm, ©|5to|HA]
(KP2) A el o] 2.0mo]s}
+&=C AWBE BEAZ S A, 712, AE, =07t 42t 600mm, o]3te]HA =0 ol
(KP3) Ae] go] 2.0molst T
4=D ANCE BAZ 453 A, 712, AZ, o7t 2 600mm, o]3lo]HA] oL
(KP4) Aol §to] 2.0melst HE
Y=E Ae BAR 45T A, 1=, A, Eo7F 22 600mm o|sto]HA
(KP5) A e] §o] 2.0mo]s}

3. MRHEZ AMHE SgMZE M=E flst 2 £3H2 SY

3.1 3 234 +8 & =4 87t

FRCCs AlxA] A HAAREEAN 7 2330 SE517] fst] Me5EA GTE2T -2 7394 AAMs
ol ARG 71A beed DRHAGAA vt 2399 Tb 2330s FASAY. Fig 5= 4 &39 FRE 2 xS
el Zlo g, dFulg gk 23308 A3 e 23 Ald F2 Y B9xe fAR e E UEhd, A &
ae] B AuHon F5d AoF eyt
3.2 Mul ASRhs SoI3 MQUZL AJME ZEHHo| S4 B
3.2.1 AIZX=E

Auk 23988 593 FRCCsY AEAEE Hrlselr] 95t Rz g adSs Fastgoen, gadded Arg=

l
Zol7} ge 2a(H g 2ol 20mm, DE: 753g/cm))o] 1, ANEE AFA 798 H
o Table 59 2t} FIA= AE dFAA AitE G574t

W zaRe v 239
kil o
e 2UE % 4FR 2AA=g2 4497 A

S z
At BE ZEUE AWES A3
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Fig. 5. Densities with Types of Steel Scrap

3.2.2 MEWHY
1) & Az

AARE 2398 EUT FRCCs] FAIAE A=st7] fl8te] Table 83 o] e @] o3k wjgulE AHaleh. -2
FARW/B)= 30% F 40%2 AAetilal, Al 239 EQRES AT EUES VISR st RERE AlH9
0~20%7HA 05%% WIAIZHOH(Kim et al, 2013; Yang, 2010), =¥ Z2z-2 210:20mmZ AF3HUth KS F
2403(Standard test method of making and curing concrete specimens, 2010) % KS L ISO 679(Methods of testing
cements-Determination of strength, 2011)°] W&} Y58 FAIA (D100%x200mm) 2 2t FA A (40x40x160mm)E A 23}
For, AZE FAAE AY F 2427 AAste] EEE AAT F FEAY A7HA 2043TCY] 2E2 FEEYSA

2) AEAEs
Adk 23808 EUT FRCCsO 4wk 245 &0 W ¢5A4E 545 H7Het7] #18ted KS F 2405(Standard
test method for compressive strength of concrete, 2010)l we} A% 79 2 28¢ FFA= AP FP3HTh

3l FRCCs9] Auk ~33) Y& wWE P EAS H718h7] Yste KS L 15O 6799 we}
N

Table 5. Physical Properties of Cement

Specific gravity Setting time(min) Blaine Compressive strength(MPa)
3 2
(g/cn) Initial Final (cm'/g) 3 Days 7 Days 28 Days
315 225 340 3,410 251 40.8 57.4

Table 6. Physical Properties of Fine Aggregate

Specimen Density Absorption Unit mass Amount of passing Fineness modulus
P (g/cm’) (%) (kg/m’) 0.08mm sieve(%)
River sand 254 215 1,660 425 272
(Nakdong-river)
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Table 7. Properties of Chemical Admixture

. . Solid content Quantity(%) .
Type Specific gravity pH (%) (by mass of cement) Main component
Superplasticizer 1.05 3~4 18 05~25 az‘;y:;iiﬁe

Table 8. Mix Proportions of FRCCs

Steel scrap content of 3 3 3 SP(%)
0,
W/C(%) total volume(%) Water(kg/m’) Cement(kg/m’) Sand(kg/m’) (by mass of cement)
30 0.0, 0.5, 1.0, 1.5, 2.0 300 1,000 1,000 0.5
40 0.0, 0.5, 1.0, 1.5, 2.0 351 877 965 0

9
Fig. 6 % 72 ﬁt& 23S L%}f& FRCCs-OJ z ZEHE Yehd Aoz, E-AFAN 30%2

HE Ao 05%2 YA S wl, ¥ 23] EQEo] S wel FRCCse] ZEghol
A7l 2 A9 Auk 2338 EYF FRCCsY) A4S Awt ~33le) E480] 7
z ‘/}E]r"”o‘/} 2 2age] FHALE gl AoE YEikth 4, E-ATAM 40%9 A4
= A= UrE}‘)'OEl AR 23888 EEO] STkEke e
2338 U7 FRCCs] AL BE ZAES FA

mﬁ

4e A A
ul

2) Auk 2388 9% FRCCsY] ¢E7 %

Fig. 8 % 99} Table 9% Ak 23< )3 FRCCsS] A% 79 ¥ 289 FEF=S vehd A0, A3
Brgle] vk 23] EYE] —7}@4% VHFEE i Fashe gloz %
itk =, B AFANIE 30%S) A9 A eﬁ& cc54 ?}%7 S i 22
RE ZagEo o 92%77}11 23315 2 7

3 A% A < % 93 FRCCse] ¢
755 Adk 230 20%7HA] £l HE ZIFE -»] 93%77}7\] W3l Ao g eyttt A oA FRCCse
AT SHAEOGE 4= 2 I A BHoZ AMgsEE, Ak 2338 Y FRCCse $E5AT=7F R A
st= AMEd A7 Sle Aoz dAdEn

Fig. 10 2 11 ﬁt& AW ‘8& FRCCs®] A® 289 #4425 yehd Aoz, -2l dAgle] vt 2
3 EUE A WA 2.0%74%] BA=7F A, Avk 239 EJ4E 1.5% 1 AW AF=E Helin, o] o
V= A = G

APE EYA ¥ B TAYERY o 10% A= /AEHe A2 Yelgth webA FRCCs Al
ZA] Adnk 2388 &8 THsAdol e AR YEkth
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Table 9. Compressive and Flexural Strengths of FRCCs Containing Lathe Scrap

W/B(%) Lathe scrap content of Compressive strength(MPa) Flexural strength
’ total volume(%) 7 Days 28 Days at 28 days(MPa)
0.0 60.5 68.7 9.1
0.5 59.1 67.6 9.8
30 1.0 575 66.5 10.0
15 56.8 64.7 10.1
2.0 56.0 63.0 9.9
0.0 48.1 543 84
05 45.2 53.2 8.7
40 1.0 46.0 522 8.9
15 45.7 51.0 9.2
2.0 46.0 50.5 8.8
300 300
250 —— 250 —_
200 —_ 200 __
E..- E .-
E’ 150 —_ E’ 150 —_
L [
100 —] 100 —]|
30 —_ 50 __
(o] —_ 0 __

0% 0.5% 1.0% 1.5%
Percent of lathe scrap

2.0%

Fig. 6. Flow Values of FRCCs Containing
Lathe Scrap(W/C=30%)
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Fig. 8. Compressive Strengths of FRCCs
Containing Lathe Scrap(W/C=30%)
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I 7 Days
28 Days
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Percent of lathe scrap
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Fig. 7. Flow Values of FRCCs Containing
Lathe Scrap(W/C=40%)
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Fig. 9. Compressive Strengths of FRCCs
Containing Lathe Scrap(W/C=40%)
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Fig. 10. Flexural Strengths of FRCCs
Containing Lathe Scrap(W/C=30%)
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Fig. 11. Flexural Strengths of FRCCs
Containing Lathe Scrap(W/C=40%)
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