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ot oz ZzlAE of{X|[7F M=ol w2l RFatc|Zo| wASlo], o= AKX FF, 0f
e gd, 7w, 2al, &=, J2t=ZE ) A5t S ctekst sEtekgol REE.
c 0l & EzlAaEHe] M JMdoll RS gteE T, B8, 222 i3S & F US.
¥ (Zlm HHE) EEfAE 2X} AFES0] ME2 HZ 0] AR HERA *+xE Mol A
x (28l 2-38) E2tAE X AlE0| Hokxof EAMEO] HaskE A
¥ (dz2l=g 2bg) AIReiC|ZS 0|8 HHEHE J2tZE FSototes A
lonization P » Pr+es
Excitation P » P”
T8 1. gARM ZAtol| ofst DEXF A Z Lfe| FekE
Recombination P+ e * P* (neutralization)
Free radical formation p* > R;® + R,® (main chain: chain scission)
p* = Rs@ + He (side chain: crosslinking)
Radical recombination  Rs;e + R;e - R-R
Oxidation Re +0, = ROOe
R,00@ +R,H = R,00H +R,e
ROOH ”  ROe +HOe, ROOe + ROe + H,0
ROe+R;H ™ ROH +Rse
2R0e ”  RCHO + Re, RCOR + Re
R;e + R0 ”  R0R,
T8 2. BHARM ZAtol| ofst TEX M= Lo o|XEkE
BRANSH X BICIZS IR
MZ0 Chust statte Q&
4 . N\
£ ALKt 2= (hydrogen abstraction) D2X HE 24
0|5Z%t &M (double bond formation) hd0l Qe grs
ZHOFM AR A L
7tnl(crosslinking)
NP R . .
N } AHEEH(chain scission)
OIXIE BESHA e
TS AtSHoxidation)
= = .
w © T2t 8(grafting)
A3k (curing)
e J
O8 3. oM =Afol| ofst DEX} M 2ol chetst shstEtg
EctAEo| Zolde Z=AFE Al ofifst HHE0| dojEX|= E 42F 20| Z2tAE 0| 71Xl G-valueodd
olsf| oFo0| Jtse
G-values Mgt 220l E5== LAK ol HX| 100eV & sttt g 2od|s 2Xlel 2 Mol
¥ GX)= ZHu, G(S)= 2dlet =l G-value 2 G(S)/G(X) HIZF 12t &8 A2, 7lu 280 =2 ol
et oz Ziopd ZAF Al E2IAES FQ HFEE G-valueo ZERE7|& St Jiw 223}
2ol S22 SAlol dAMoz wlskE AW 2 T8 42 Zo| oM ZAb =H(2E, =84 =
A S)oll w2t ofE gh3o0| fAMsItol w2l ZHE



® 4. 24 & EEfAHC| G-value
B2iad B8 0 E9  G(9/6)
Moz Zz|ofal (LDPE) 1.42 0.48 0.34
oz Zz|of| 22l (HDPE) 0.96 0.19 0.20
EZg|=2g3 (PP) 0.16 - 0.26 0.29 - 0.31 1.1~1.5
ECHEZIEZ 220 €3 (PTFE) 0.1 -0.3 3-5 10
Zz|o|de|HIZZ2I0|= (PVDF) 0.6 -1.0 0.3 -0.6 0.3
MEZRA Low 11 High
Zelo|a~F2gd (PIB) 0.5 5 10
Zo|HEHEIZZ|0|E (PMMA) 0.5 0.77 1.54
EZ|H Eot3 20| E (PMA) 0.5 0.04 0.07
E2|AE> (PS) 0.019 - 0.051 0.0094 - 0.0019 0.41
Radiation -
Room Temperature’ -
Air Chain Scission
PTFE
Radiation I
High Temperature’ J__I_l__l_l__I:L
Inert Atmosphere ——
Crosslinking
O 4. ot A Al &A=l w2 PTFES] HhS
O dutMoz EZ2IAER F® 52 20| oM =Ato]| w2} ctE S S 7K1 US
ShARMOl A0 QlE E2HAES G-valuelt P WS HOE was TEX MBI ENY.
¥ 5. Zopd Ao el o2 HEE = thEEel Ee2faH
2 i i
AR Jtwy 2Kt PE, PB, PMA
BARM 2dlle nEX} PP, Cellulose, PMMA, PTFE
BFARM LM D EX} PS, PET, PC
O ol =A] ot 7t 2E tlAHY S
O 18 5 % I8 67 20| S2AEo| UokMS TAIEORM Z2AE yRo| LMsHE bRt
ZE0| M2 Zesto] 3xt HERHZ =& #= AE 71 gt3ol2) 7.
© ECfAE Aot g At of E2lH AtE(EEA Zeho| 0| X[0{ AbFeic|Zio] MA=11) of
AtRelc|Zo] B3 Hte £ O AIEE2 S7H7A o Xt Afolo] Jtm g Loz
et Z2tag =3o| X YA,
O ZopM ZAtof| wE Ztw kg0l Wt ZE2fAE 2 Adut F2IAE hH] BFEA S, oM, 2 F
AT S 71N SMT WYY Sel JIENel M0 E gasE SHo| US.
UoiMe ZAbst BolAES 2wsis ZabN EE BAss 2M HAKMRH ZI2E ujsol
A8 of Z23EES ZE Xstof mE FEME AYMES M = US.



« Radiation Crosslinking

Radical
A
Radiation { ) Crosslinking
AT TN — W —_— " -
L W P U W P W
Base Polymer Crosslinked Polymer

% 5. HopM ZAtol mE Jtu gHg JHE =

Radiation
AN — AN\ AN, N Radical Generation

radical

/\/\/\ /\./\/\ _— H-type Crosslink

/\./\/\ ./\/\ _— T or Y-type Crosslink
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O Zobd ZAlol whE Haf L Akst uS BhHUS
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« Radiation Chain Scission(Degradation)

Radical
-
o W e e T o L Chain
Radiation Scission " T~ ™~
—_—— —_—
P N N N i - I s i
" ! Ohadation ~
Base Polymer
Radical Degraded Polymer
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Oxidation: Re + O, = ROOs
R;00e + R;H = R;00H + Ry
ROCH = ROe + HOe, ROO# + ROs + H,O
ROe + R3H = ROH + Rje
2ROe = RCHO + Re, RCOR + Re
R]. + Rzo =3 R]ORJ
2 8. Hokd Ao ofFth Abst HEZ
Radiation "
PTFE ""‘"‘_CF:_CF:_CF:_CF:_"‘"’" """_CF:_CF:_CF_CF_‘_"’W
+ Oxygen (O;)
0
: = '
rove—(OF 3—CF y—CF —CFg—vww reve—CF ;—CF;—CF —CF—
-[0]
0 2
rre—CF;—CFz8 4 F=C-CFa—n ———— HO=C~CFz—r
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@ A|HE HolAELb ZX ZF AH RFEMs 4 HAHAUS
O dutMoz ZI2|ES FAAs HiQIH, A Izl AHHAHo|P A (Interfacial transition zone,
st ITZ2)22 F&2E F+ U=
ITZ= 2™t AHE Ho|AESl tHEEA Ato|o HME 20~50umoll G2 2 HEfZ EXst=
dooz diglet Zxfo| Hls 2 ZFH|IE JHIXIEZ2 ZIEZEd UM IJtE F kst A
(phase) .
AHE IXtztoll= 2tet Ht82 &8t Aol FE Oo|FX|8t AJHERL ZX|oll= olz{st Z &0l
O|FOX|X| f&= Zo| SFo|H, A|HE Xt ZA AKX Atole] [TZAA= 048] JHX| S40|
Ex et
Interfacial transition zone (ITZ)
C-S-H
a3 10. ITZol|l et SEM ALZI
O Z3Z2IE MZofl U0 ITZe FUM2 LFLE Y Al =2olxo, SM4H Z2IEZE HiFge=
Hzet Al 49 UFEE S Al ol SMet S EHE w2t Astey Sx I BolH
L2t Z2El2 ZHol= WMo S (oSt E)0] FotoZ pHEHE
CEMIE 2ol Lzt RER2 MUHECE AL 30| EXMstes It 2010, o|et 2 M2
2 o8l ITZe H= MU=z F st SM2 JHXA #
=M MEIZ Qs EHO EXstE FE2 AHE Ho|AERl SFET =80| O|F0{X|X| o,
Ol2 ¢lslf A EHolMs F3E2 sE7F Wolx| &stzsnt 2ol Z2x Ua 3 Wf+4y
SHaol| deko| M2 3t MM EO| MM o2 HIfsHA oA
O UM oz |Tzel S48 &9 7IMet Z232|Ex M EHES w2l 420l 7HX| &2 X Xt
Mot gs=Ele FEol MME.
Tze| EMo| skatz|m ZX|7t JiX|= 7|2 ZEHct =2 245 EAMS 2ol =Hof 2/ E=H
g 2l F#Eo| UMst= ol otd =X AbA 7t mh|F .
ZA2E AgAM el UFLE Y Al 2L rdo| EME #Sstod MM EHJCHH o= 1TZe
Sd2 S5 JHMet Dozt mote = US
ITze| EME iMdstX| 20 nZdx: ¥ M5 ZI2EE M=ste A2 oz A5y,
ZE 9 DMso| FIRIEE MZEsP| fleiAe (TZe] SME 7RISk Z0] BIEA| ZRsind, 0|F 2l6iA ARl SME
=l5l0] Fel ZiEo| SX KA E &SsIo MHE £ UTE RECEM ZI2(ES ZEE EE £ U,
2 AF0lM= o2t 22 ITZ8] S S TIEsH | 2lsto] ZOKd FALE &all E2IAE /2| EH HET|E 71&sio] A[HE
Ho|AERIe| HalH S FTAIZ|1, BEH X & ZUs JHEsH0 7|3 S HAM 2N 2/ FHe| S2|d5o rels
Aeter = AT E E2IAE IHE JESHE= He =E%=2 &
2 dAFollM= o2t 75*% EC|AE| ZIoMd Al e JHE tiHUES E45ta, cfefet E2IAE HEIS AR
MM A0S Mo Z ZASIo] 7HEISH WS AIHME SEio HE&e=M EalAE XHel 24 Hatet §i
O|E HEst AIHE EE"Ii’—l =4 HelE HESID FMS= S SEZ &
4




ZapaE A M5 HMS SIs ZopM Fs| We =N BHNY JIH £

O EZ2fAH Mo ds /Mg HESP| flslo] 2 7ol &Eet S2tA82 a8 111 2ol & 550[04
7

|5 7 BEOA EZ2lA o 2%

\J

k

£l
Aol AtEE E2IAEQ ITV|= 4~6mmel AFE L= Zo/3 "ejo|H

It

=

o &

ojo
Ijo

2 =(g/cm?) 0.90~0.95 0.94 1.2 1.04 1.371
QIR E (MPa) 24~27 18~20 57 37 26
HAME(%) 300 200 105 54 50~150
Etd E(MPa) 1,200~1,250 815 2,244 2,198 2,800~3,100
AstE(C) 120 150~230 150 150~280 260
Z&X|5=(g/10min) 5~9 1.2~2 18 24 122.1

O SalAE BHo| EW HIS AT AE=?

D(HOM EAA[ZE) HOR ZAA[ZE2 ZARAEH(ERRI: kGy)oll el &olstod, detMoz 2
o

— 1 o
58GyZ AS3hs HoZ HHolE.
(Zokd EAREE]) 2 Aol BES HoMM EARZHE 32 1234 20| FHLich NAKe Zopdg
RS THE Elelo] MH|E Ss TWE 60 WANSIAULON LteE ChoiE Wel ZopMe
Zelag BRjof Hof DEA HES

S = M2 E 62 220, dopd ZAMMEE 7|E
=& A &5t 25kGy, 50kGy, 75kGy, 100kGy 4THAIZ MASI0], ZoMKd AL Al E2fA
E SAME BIEZ LSSI0] Bf20l JHE T & L20l|lM 2o ZAMEH|E Soll ZAEUS

AUTOMATIC PALLET IRRDIATOR

Diagram 1

O3 12, ZHOpd ZAF M|

QO &2 dFoM= Zokd =Al| o5 JHAEE ZfAE EHe BEXF £ M 24 2 ¥H M 52 24
57| 25l FARMAL  #0o|A(Scanning  Electron  Microscope, SEM), ZHeiM ELEAM

(Fourier—-Transform Infrared Spectroscopy, FT-IR) % @& &FEM7[(Thermogravimetric Analyzer,
TGA)E ol2¢gh.
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® SEM EAMZ2 S8t 2o =AF MEF Z2tAEH X EH 7= 2 A BN
Q Zopd =Afo ofaf| 7R E Z2tAE FHo o|MTx 2 EH das 2AM5H| sl AKX sold
2 C|X|= & 0|Z(3Digital Microscope)2 AlE3to] 742 £

(Scanning Electron Microscope, SEM)
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(b)

v WO 2o

(e) PP-100k 0/ 2,000 Hi&)
% 15. SEM FPP EMH o|M=
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(e) PC-100kGy (100 /
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a2 18. SEM #E#Y s Sst ABS &M o|MF#=
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8 19. SEM #d 2 Sot PET ZH o[MF=
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Height from Center Line (um)

Height from Center Line (1m)
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(a) ZOHd B|Z=A}
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(c) 50 kGy
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a7 21, ZHopd ZAMAEO| WE JHE EHET
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QO ZoMd =AM Zolol| e ZetAE ZAMe| 3Rty mHel A BEg Soll 2ol mHo| S A
20X = Hez =olE
QO EHx=ETE Moz EMs| 2ol S4M "Ha HEV|(Ra) e E™sIYen, M= ZiE ECZ
ZopMd =ARMEE Botof w2l SA EHET 40| MYXMo=z Bilstes AR LIEHH.
Q O|= SEM EAZ2 S+ 2MZTe} nIFIX|Z2 2ol =APDL ZefAEH SRl Mgkl Hekg o|xl=
HoZ EHHE
© ZopiE ZABHKR| e 29 Z2kAE ZXjel ERe} 2Rlo] YHH oz Z2IAEl (BTt IRl EH EAQ| ifjEst EHE
THEkst = AUS.
@ clot oS ZAEHZR 25 Z2lAE|A] 2ok AR STl wat o2 Al FH #@alo = Haten] 0| M
Moz BAst gMET ZIT RE X2 Byl Ao =2 LIEH
@ olz{st B8 Boo| E2Ix Hal= 0K AR FE Jlwe U ASE B U2 mlE a2 0|2 AIHE ZeHof
Mgt 4% E2lAE S AR FHO=Z 0I5 A[HE lfllol*EQPI =08 A ZEMS0| SME = QIS Ao Z HEHE.
4
(L) o =AF EF2tAH Ao 58ty EM 24
O FT-IR 242 S8t Z4olMd =AL M5 Ee2lAE 22X sistd EM 24
Q ZoMd =Alof| 2|gt ZE2tAE Xlel stet™ EM2 BRUKER Abel HYPERION 2000 Ztd|of Zgh=l
VERTEX 80v ZH|E AlZ5H0] FT-IR 248 Sl AHsINS
Q ¥ 71} Zo| 7|& ESSZFEH FT-IR 2HEH gt SFMHEE He|sto] 2b2te| ZE2IAE| st
EM EMZ AAE
2M2 PP, PE, PC, ABS, PET 5&0f CH5lo{ AA|gt
D FT-IR 248 Ssto{ ZolMd =Alol| w2 E2fAE /el 7t 3 23)-Atst 8-80] o|F X[
U=XE 2
O EzjaE ZSFYE ZiolM ZAMMEZHO| 2 FT-|1R AHE™ HelE H|wshod I8 23~270 LIERY .
E 7. 7| 206lolA =M= FT-IR AHE-H st E-HE 5
E2lAE BF siet = ETME 13 E T 30A RS9 BF
2950 (a) C—H stretch
2915 (b) C—H stretch
2838 (c) C-H stretch
1455 (d) CHs bend
Polypropylene 1377 (e) CHz bend
(PP) 1166 (f) CH bend, CHs rock, C-C stretch
H CH3 997 (g) CHs rock, CHs; bend, CH bend
972 (h) CHs; rock, C-C stretch
840 (i) CH» rock, C—CHj stretch
808 (j) CH, rock, C—C stretch, C-CH stretch
2915 (a) C-H stretch
|T| |I| 2845 (b) C—-H stretch
Polyethylene C—C 1472 (c) CH, bend
H H 730 (e) CH. rock
n 717 (f) CH» rock



1713 (a) C=0 stretch

e} (o)
TF;?LVS:]KS;; Ng 7 1241 (b) C-0 stretch
(PET) o” NG —(CHy), 1094 (c) C-O stretch
720 (d) Aromatic CH out of plane bend
2966 (a) C—H stretch
1768 (b) C=0 stretch
1503 (c) Aromatic ring stretch
Polycarbonate C*ﬂa (I? 1409 (d) Aromatic ring stretch
o) C o—cC 1364 (e CHs bend
oot Lo (-1 0 s
CH, L1186 () C-0O stretch
1158 (g) C-0 stretch
1013 (h) Aromatic CH in of plane bend
828 (i) Aromatic CH out of plane bend
2922 (a) C—H stretch
Acrvionitrile 1602 (b) Aromatic ring stretch
b>t/ad'ene N HoH OH H HoH 1494 (c) Aromatic ring stretch
ade %::—c_jl {c—s:é—c} jﬁ_ﬁl 1452 () CHz bend
XE‘?S? Hoe=N "yl ) 966 (e) =C-H bend
759 (f) Aromatic CH out of plane bend, =CH bend
698 (g) Aromatic CH out of plane bend
0.20
—— PP-Plain b
—— PP-25kGy
——— PP-50kGy
—— PP-75kGy
0.15 {1 —— PP-100kGy
8 a
©
o 010 4
—_
(o] C
7]
e
<
0.05 A
0.00 -——————A-J

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm'1)

7 23, Yok ZApO| wt2 PP BAo| FT-R 23 EH

T 20, ol Zokdof o5t AlsTittel HutRls AlAtgt
ESH BE RAMIE FFOA 1650cm™ CHHAOA 22 E4 WETL LIERCEH ol Ft2EYT|



(carbonyl) C=0 Zloll sEr5tef C=0 Zgtel MM S M7} AWEASS LiEH,
= PP B2l C-H % C-C ZBf0| ALSHEle] ZTjo|T AMMO= AHReiCIZ ¥ 0|28 30|
HAE 2ol 7|l

O

O Atweit|gzt 7|32 ttaetel Bhg2 S Alsol 7tuZE == AE 51E5HK| e

o
o5l PP =2 AtsHEt Btg0| ZtuZetEct M =&

0.35
a —— PE-Plin
0.30 - —— PE-25kGy
—— PE-50kGy
b PE-75kGy
0.25 —— PE-100kGy
3
c 0.20 +
©
=
8 0.15 ~
Q
<
0.10 ~
0.05 + k
0.00 . ‘

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm'1)

02 24, 2ok mAMIRO| ©E PE BHO| FT-IR AH =

2rel FT-IR 2423, ZA=R| e MBel &
g 4 97| 2ol 1462cm7el C-C A WA} He vk 2uie 4Eel 2% Tl woiEA e,
O 3, 1700cm™ YHoIA C=0 A% TIE ZARMTO| SItatol wet St

O o|gfet C=0 2E3& w32l &7tz Hokd =Alol| o5t 7t ghSoll 7[2lsto] LIEHLtE 34k

oA

ot

06
C-O (carbonyl) suppress i
0.5 ~ A
04 -
3
§ 03] — PC-Plan h
o ) PC-25kGy C=0 (carbonyl)
74 ——— PC-50kGy T c |
g 02 1 PC-75kGy b |
‘ —— PC-100kGy [\ Q
01 1 N>
a v, de
J ]
4000 3000 2000 1000
Wavenumber (cm'1)
O3 25, ZopM =AM w2 PC 3l FT-IR AHEH
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QO PC 22| FT-IR A&}, ZiopMo| Z=AE™ 1700cm™'2| T I = Zopd ZAtoll ofa AM =2
1768cm oM A2 I I} 24‘35 =0 ol= C=0 Z&ll 2t AF rIs2=2 AlEE = US.
: 0|2 2lslf C-02] &gt ol{X|[7F C=02| Z& olHX[ECt %7] w20 C=0 Z&oll Hlsi C-O &=l
A 2.
okt Ztopd ZAMMEO| BIIEFE 1700cm ™ FHL| M2 C=0 A5 51 YWeE Ets)
TAE HHAA L7 BREE A2ZE AIRE
0.25
g |
CHs (carbonyl)
0.20 - Intensity decrease
§ 015 1 —— ABS-Plain NP /\
_8 ABS-25kGy Inte_nsit()(/:?i:a(?rr;};;e ///:\\ i
= ——— ABS-50kGy |z N
S 0.10 1 ABS-75kGy
< ——— ABS-100kGy
0.05 + a
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm'1)
O 26. 2o =AM 2 ABS =ML FT-IR AHEH

¥ B7toll o2t 1768cm™ F20lM C=0 ZF

O ABS =AM<e| FT-IR 2AZznf, Hokd =ARM
~ShE A2 LiEHH,

1186cm™ £Z0llA C-0 Aste| M7Z|7F &

1 0l= PC &M ZEH2| Atg Httbof olet Zutz EEHE.

C=0 peak C=0 peak c=0 peak\d
05 1 be | N
> |/
4 {
04 -
(0]
O
=
8 03
o) i
2 —— PET-Plain .
< 02 —— PET-25kGy I
— PET-50kGy J q
PET-75kGy AR
014 —— PET-100kGy (] g
J L
00 -
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm'1)
ag 27, ZopM =AMMEO| W2 PET 2Me| FT-IR AHEHR

O PET 2A2| FT-IR _E__| 2ot 1713, 1241 2 1094cm™ S20|Al M BHST(Cl C=02] m 37} 2o}
M BItol| wal Zdasks W2 R LIEHR.
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O PET ME0| Zotdg =AlstH AXtRzic|Z, ol2 % 54 fXIL YdEch 2oz PET ¥H
4ol HEE R
Ool= thZ|ofl 2f&t &5t Rl == Sk OH 2 COOH Z&o| g =7 e
Q 37| &9 dtas ZopMdo| s == XR2ic|Znt 2HSsto] C=0 ZEs dME
O H-C=0 HHEoM HEE Mis EHES MSAF|DI 2FEMHS SUAZL = US
O ESH FME EMAI|= AREIEZ -C-0-7t &HEE £ AUS
D PETOll CHeh ok ZAb= EHe| stet7x HEtE2 FHel M ¢ Mg SIKE 5 U3,
O ZoxMoz EHeo| M S7hs AHE Ho|AERle| AStE FTIAIA HHe| ZElo| HE =X
FEEsE HHAE = JUS
E2lAE ZX ERYE FT-IR BMZuE ZEAEc=Z EASH 2o, ZoME =ARS| wzt SM T3 88| M2Iot
Bt EE Hasts A2 LIERCH ol ZOMd ZALA| SSIAE M=ol 551K FXJ| MSISIRUCHE A S AIALR
=X FHo| ZE7|= St AHE HO|AE 7 AH 23 7|AHIA S48 BAF|E 528 292 & sifolnf, 7=
HHM S JHMAIZ|E &ST(ol oSt ROl 24 3 EADL HeE Aoz mEHE

(ch #okd =AF E2t28 SAe HESH =4

Dod

BEAT|(TGA) BAS B8t 2ol ZAl M% Sala" A PS4 24

ZopM sk w2 E2lAE ZXe| HX SMo BEME 2t EFHEMI|(TGA)E 0|&35tod
ZAMM | w2 AES 2Z(Td)el HEIE S5t §4 243 AMAlR
= NE=T

E
=25 800C7HA o] HelZ MY

(Td)el H15tE a8 28~320] LIELH.

—~ 8 0 | -
Q
5, 60 - L st
6 < 487.5 J
40 1 - PP'PEa|n | . //
—_— P P '2 5 kGy \\ |
—— PP-50kGy 449.2°C . y—
20 A PP-75kGy 479.1°C
0 | | [ I l l I ‘ I

100 200 300 400 500
Temperature (C)

a8 28, Aokl AR wE PP 22l TGA =M
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120

100
80 -
60 -
40 - —— PE-Plain
—— PE-25kGy
—— PE-50kGy
20 - - PE-75kGy
—— PE-100kGy
0 T T T T T T T T
100 200 300 400 500
Temperature (C)
a7 29. Zokd ZAMEO| w2 PE 2o TGA M
120
100
80 - e
/"/////
60 - '
07 po-piain \\586:‘13(:
—— PC-25kGy \\Jfgﬁ’;lc
| —— PC-50kGy W
20 = PC-75kGy \\
= PC-100kGy 476.0°C 503.6°C
0 ; ; 481.6°C ; ;
100 200 300 400 500

Temperature (C)

T8 30, Lok EAMTO| w2 PC BH| TGA 3
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100
—~ 80 -
o\o =
éi 60 - .
2
407 Ags-pain
— ABS-25kGy
0o 4 —— ABS-50kGy
ABS-75kGy
— ABS-100kGy
0 T T T T
100 200 300 400 500

Temperature (C)

T2 31, Aok ZAMAZo| whE ABS =2l TGA =M

120
100
= B0
x
é% 60 -
E
40 4 —— PET-Plain
—— PET-25kGy
—— PET-50kGy RN
—— PET-100kGy
O T T T T T T T T
100 200 300 400 500

Temperature (C)

a8 32, o =AM wE PET 22| TGA |4

Zopd ZARM O M2 Z2tAE X SREY HES
L ZOK EARIEO| W2 7| WES HES ol ARE B2 LIEKtOL BRI 3H3| Lof
Lk 350~450T T2 olFolE QiEs) a0l Lok mAMZOl w2t alM3kHl xol 7t Lhs
70| stelsigiont, o2 ols) Zobd ZARMZOl WE ZFY XHol7t LM H.

PP, PC % PETS| Z2 2opd ZAME Zolol w2l AI4Hoz ARHS(TA)7t Sotstol &
o A0 BME o

Ci2h, PE X ABSS| &% Zohd =AM FEsH 22t a2 LEH.
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& 4 ©¥ 5 :QT20-00300 A 4 2 Xt:20204 10 13

Al 8 9. EctAE 2 MNEaWHL -

AL MZF X -

o 2 Qo :ANSSEANMNZAER=SZ319Z 71(AMES) MoAb Xbr-

(HB2AL MBS AA RS 2B g = DN 84S 2818
-& 3}-
AlgZ 3t
A AEES Al g
Okgy 25kgy 50kgy

1 | PC- SIS HEY (kgin) ©| 2| RpH| Al 700 700 710
2 [PC-B52 (%) KS F 2503:2019 0.7 0.7 0.7
3 | PP- SIS HE (kg/n) | 2| KpH| Al 540 550 550
4 |PP-B38 (%) KS F 2503:2019 0.4 0.4 0.4
5 | PET- CHRI8X A (kg/m) | 2| K} Al 350 360 370
6 |PET-E8 (%) KS F 2503:2019 1.1 1.1 1.1
7 | ABS - CHIEX A Z (kg/d) o| 2| X}H| A| 640 640 650
8 | ABS-S+8 (%) KS F 2503:2019 0.8 0.8 0.8
9 |[PE-CHISHEE (kg/im) o| 2| KFH| Al 530 540 540
10 | PE-B42 (%) KS F 2503:2019 0.7 0.7 0.7

o M ot TAL TS 28 HE E2tAE 2X M= 2 0|2 $#E25H40MPaE UL ZE AIHE S5 et

(THHE15) : 20CTAP-C157794-01

20204 10 232

ZFA K} %;Lﬁ% 7|§ﬂgx}:ifg%%
FBFUMIEANEAT

&7k sMA HEH 285422538 2 43-16 M3 S 1 031)353-1252

H|10 1. 0| dHME 2RIt HAIBHAIR L AIRHOZ AIESH 2Otz M MM B0l Uist B2 S 255HX|& Z&Uch
2.0/ dHME B, 4T, B0 A 2E802 AIBE + 8120 8% 029 ALES g ch

0| x| 1/2

Korea Construction Technology & Test Researcher

(F)IAH7isgMgdaz g
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AE A=A

Korea Construction Technology & Test

H| 0| X| 2/2

Researcher
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(F)

Al B o BetaE =X H % ¢ 5 : QT20-00300
-& 1} -
AlgZ
od e ANEES Algerd
Okgy 25kgy 50kgy
11 | LDPE - St 8HEE (kgim) o| 2| KpA| Al 500 520 520
12 | LDPE- &8 (%) KS F 2503:2019 0.6 0.6 0.6
13 | HDPE - CHI 8 X E & (kg/m) of 2| AL Al 550 560 560
14 | HDPE - 858 (%) KS F 2503:2019 0.4 0.4 0.4
15 | PP-injection - Tt 8 H EE (kg/im) o| 2| X}A| A| 550 560 560
16 | PP-injection - S+ (%) KS F 2503:2019 0.3 0.3 0.3
17 | HDPE-injection - Tt 8 22 (kg/im) o| 2| X}A| Al 560 570 570
18 | HDPE-injection - S8 (%) KS F 2503:2019 0.8 0.8 0.8
Bl 1.0l §XME AR HAISHAIR R AIRHOR AEE Aotz M MA M Zol ci$t E2 e BB 2ot
2.0 XM= B, ME B0 U 28802 AISE = 8l20 % 099 Al22 F g ch

)

UM EMNEHd A



(HH) Calibration2 &8t oIzt 24

D Zajas 2 MSHM &3} gelg 95 Wty HA
O ZupM Yol w2 ZotAg Briel 22l - stbs Sl thet wololst 71724 Holy HEE
o|tod R4 Zholl Chet BAS F0I7] Bt +ET WS ch3T Zo| MAIE.

Zolag BH EETE L Y4 WSS Selsly| 98 SEM 889 MY
- Bolag EX Eoel AT 2A 8BS 10088 EHh Al Sel JhsE
- BalAE BA EHel AlSTE W ZHE BA BIS 02,0008 Hoh Al Sel JhsE
FT-IR 241 Al S2iAE 289 7k $HSo= ¥NsE E4WE T3 % 25 S0z wMs:
B57| Intensitye] F2 22 918 EHWE 13 25 HA
- E 70 7|E 28 242 S8 FT-R AHERC| E4WE 2= KNG

Z2IAE SN Ms7/iME s 28 2N =4 &
(7hH AHE S8 & SciAE 22X &8 7| e
QO EElrE IME &8t AHE St &3 7sMds ZES| s tighk2 & 103 220, 2 dAFoM
25t E2lAE M= 2o E =AEK] ¢22 ZetaH 2N & 53¢
Higtoll A= Z2tAE SM= H@E Helz MAtE EME PP(Polypropylene), PE(Polyethylene),
PC(Polycarbonate), ABS(Acrylonitrile butadiene styrene copolymer)0|od, H|AE Aoz &t Zgfo|3
el o] PET(Polyethylene terephthalate)E NE=EIE
4 EElAE X SRE HE2 ® 11, 24 E2lAE Ao M2 OF 360 LIER.
E 10. Z2t2E 7ol wE e
Cement Water Fine aggregate (kg/m') . ratlo
Plain 1524
PP-50 268.6 - - - -
PE-50 - 273.0 - - -
508 254 50
PC-50 762 - - 350.3 - -
ABS-50 - - - 303.6 -
PET-50 - - - - 400.3

. 2EtAE SR WWE HIE

1.04

Specific gravity 0.94 1.371




D AIRAE ISO EEALE ASSIO] MESINeH, ABE ZEAE MEME 2F A8 Mz H|S 52
1245101 ISO EZAL EX ChH| 50% gt = S ZhEAle| SRoll [E E32|E gl tiet WIS AAlRh
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HE =235Hx M2 HEA 2M

o o

O ot

Al ot

O 37. S2fAE SME mcte

O EZ2t2E =X SFE ME=El MgHde =4t Z20E o= £€3.
ABS, PC & PETS| Z% BluH =2 HSS 7K1 AUAZ0l w2}, A HZES flet AIHE
SA et Al S2tAE ST /12 HEE MEE2 4ol USR] pEgAsSE eld #
UAALSLE, Ol H 2ot LHHX| S2tAE SA 2l 4% v|S0| 120t Y30l w2t MzE2(7} 2teld
SEtAE SEX ZHol et EH Mdefs AMERIe FES Hefigtol w2t o2 QlEt M=
=2 2 JtsdE odd=nd, ofet Z2 ZIUZESFE HoRdE ZAtet S2tAE SAE 238t
AHE Sohd vieh Al SEHA 52 ELEezM MEEEE Molg 227t Actn EehE

S2t2E ZX SRE AHE Setd RS4(Flow test) &4

O Ao E ZALSH| 2 Z2t2EH SHME 88 ZA| 22 AHE S e 342 KS L

511101 &=35t0 Al S ZAst, O ZuE T8 38, 18 39 & E 120 LtEHH

BasaTacilihcaaseregih 2
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Plain PP PC PE
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Flow (mm)
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ke 28
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MY 28 V[ELR 24 & Z2tAE SME 3T AUE SEHlel &=4EE 16.32 MPa ~
22.89 MPaZ2 ZFHE?lon], 2t R0 WE YFLEe Z Aol= &el=HX| LUA2LL
£ Sc2tAE SMof Hlsl B[S0l =2

ABS2} PCet #0o| Ct2
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Cement

Fine aggregate

(kg/m*

(ol ) (k) ﬂ---

PP-15
PE-15
ABS1 & 1295.4
PET-15
PP-30
PE-30
508 254  1066.8
ABS-30
PET-30
PP-50
PE-50
ABS-50 7oz
PET-50
E 15. B2tAE 5

PP-15

PE-15

ABS-15

PET-15

PP-30

PE-30

ABS-30

PET-30

PP-50

PE-50

ABS-50

PET-50

Foll w2 A|HE

80.58

- 81.9
161.16 -

- 163.79
268.6 -

- 273.0

=
=

Compressive strength
(MPa)

51.40
48.90
52.48
43.47
38.06
34.76
45.54
34.81
19.09
21.31
22.89
16.32
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15
91.09 -
- 120.08
- - 30
182.18 -
- 240.16
- - 50
303.6 -
- 400.3
gxzz 2 US2E =W &

Unit Volume Weight
(t/m*)
2.01
1.95
2.01
2.07
1.85
.83
.89
.97
.66
.67
.71
74
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(2) Zobkd =AL 7571 FEtAE S| Zxof ojxl= S8 24
O Hopd Z=ARAFO| we AFLE SY gt
O ZoKd ZARZE 25kGy, 50kGy, 75kGy %! 100kGyE ZALE Z2tAE ZME thatez A|HE =g S
Mastn, =7 % 7| A5ZE 58 23S E 16 X 8 440] LEH.
O ZALS AAlSE S2tAE Ao ZHTx 3 =2|-3tsby T xof #et 245 S3f SEIAE
Aol 7hm Zg ddol selgo wat, SEAE ZMMe 45 Jidol AME S8 el Zxof
degS oI =X =elst| flet KL SHS gote

PPO
PP25
PP50
PP75
PP100
PEO
PE25
PE50
PE75
PE100
PCO
PC25
PC50
PC75
PC100
ABSO
ABS25
ABS50
ABS75
ABS100
PETO
PET25
PET50
PET75
PET100

Irradiation Compressive Strength | Increase Rate Compared to
Dose (kGy) (MPa) Nonirradiated Specimen (%)

0 19.09 -

25 25.09 31.4
50 25.69 34.8
75 33.02 73.0
100 32.55 70.5
0 21.31 -

25 24.02 12.7
50 25.76 20.9
75 39.43 85.0
100 32.67 53.3
0 22.02 -

25 28.81 30.8
50 30.3 37.6
75 32.54 47.8
100 30.02 36.3
0 22.89 -

25 28.6 25.0
50 29.81 30.2
75 34.94 52.6
100 32.52 42 .1
0 16.32 -

25 19.98 22.4
50 20.42 25.1
75 23.62 447
100 22.69 39.0
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OlAto] Znkol &M ZEIAS Folo] WL WA w2l TEAR} AJBE Ho|AE Alolo] HES Wl stof
AnH o YTI} Matsls HoE WeiE,

G MEZIE TEXoR EAS 20t PP I PE X0l U0ME FAIE A AIHE SAH S YTE HS aAxoz
JhMsH £ Qe oz LEton], ol2{3t ZuE Sof AFEHo= PP U PE EXME X E2lAE ZRE MAS
4
@ Aokl =AM we FZE 54 gt
=HE MZEfs,

Q ZopM =AMAEF 25kGy F 50kGy ol =ALE E2AEH ZIME HASZE AHE 5
o =

o Z20E ¥ 17 ¥ I8 450 LERAAS.

H 7. 4ok =AMEE A|HE S8t 88 58 o
- Increase Rate Compared to
Specimen
Dose (kGy) (MPa) Nonirradiated Specimen (%)

3.62 -

PP25 25 3.44 6.91
PP50 50 4.01 9.12
PP75 75 4.2 13.81
PP100 100 3.94 7.18

PEO 0 3.87 -
PE25 25 3.78 9.88
PE50 50 4.04 16.28
PE75 75 4.21 17.44
PE100 100 4.55 16.86

PCO 0 3.95 -
PC25 25 4.01 0.75
PC50 50 4.13 2.99
PC75 75 5.24 5.99
PC100 100 5.07 1.75

ABSO 0 412 -
ABS25 25 4.04 0.24
ABS50 50 4.25 24.76
ABS75 75 5.47 30.24
ABS100 100 5.23 22.62

PETO 0 3.88 -
PET25 25 4.02 15.48
PET50 50 4.08 28.68
PET75 75 5.15 32.74
PET100 100 4.97 26.14
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I 20. Z2O[0fA| x|letE0 wE A|HE SebA dig

Un|t weight (kg/m AE
Series (/ Blnder LWA (vol.%)
: - =

Control 536
PP50-FO 536 -
PP50-F10 40 1 :3 482 54 214 803 ~ 083 0.5
PP50-F15 456 80
PP50-F20 429 107
70 215
HE 3 Days
= | = 1 7Days 210
&0 b e 28 Days e
= —e— Volume Unit Weight | 5 o5 g
= 50 - =
B L200 5
o 40 - ‘©
) — 1195 =
2 30 - M B - =
>
D 190 =2
8 20 - ‘ g
% i 185 S
, o
o
o} ] L | =
o 10 b L 1.80
0 - - = aE an a - 1.75
LWAS0 PP50-FO PP50-F10 PP50-F15 PP50-F20
Series
T8 47. Z2lo|ofA| x|ghgol 2 AHE St 4EUT

O A=HZx & HRISHSE A2, Z2l0lofAl x[ets2] S7iof w2t el 8K SHol= 2 xtol7}
AR ZEEo| 7HE a8F0l Hoz LEHeD 2, 2 Sui s E2i0]

O il ch
F

# 21. vi2lH ofje| =X B[S0 wE A|HME SehA| ufe

Un|t weight kg/m3)
Series B:A Blnder
- - oL

PP-BA-2.5 1:25 537 240 263
PP-BA-3 1:3 482 54 214 482 259 283
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PP-WB28 28 445 50 139 445 262 1.0
PP-WB30 30 1:3 500 50 165 = 495 266 291 05
PP-WB40 40 482 54 214 482 259 283 '
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Series
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I
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AHE =ghA = X8 3
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I

Unlt weight (kg/m?) oE
Series B:A B|nder LWA (vol.%)
~c FAlsF " =

PPO
PP25
PP50 30  1:3 434 48 48 159 477 256 280  0.75
PP75
PP100

(Lh #okd &l e AHE SeH e 714N 4587t

O HEutol WE Lok TAMMEE CHRl8HEY olu| YSUT SMS EMsion, Mg
# 28 2 38 570] LiERd,
# 28 EHMujElol W AlME 2o Cel8NFY o

Compressive strength (MPa) Unit Volume
Series .

PPO 23.54 26.86 31.33 1.677
PP25 28.55 33.55 38.06 1.683
PP50 28.88 34.26 40.63 1.686
PP75 33.5 36.12 41.46 1.686
PP100 26.24 32.31 37.65 1.687
50 1.70
mEmm 3 Days B 28 Days
o 1 7 Days —o— Unit Volume Weight
o | i o
% 40 1.69 ~§
< ] =
S 30 - -168 ©O
- (@]
o =
> =
= 20 A - 167
0 =
o S
Q- =
g 10 A - 1.66 :c)
O
0 - 2 = . o x = 165
0 20 50 o 100

Irradiation Dose (kGy)
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Y4+HE ¢ QT21-00579 d4U2 0 20214 09¢ 13¢

A2 g Zi0kd At Polypropylene (PP) 24 £ A|HE B8t 5& NEA2Y -

FE I AzafZ2F -

9 g ¢ MESYA Mz HREEZ 3192 7(M2E) IS

A HSYEEZA AT ZES g B A EdsEE
= 2 m =

bl NEES Algyy A@EL
1 | 2% Z=-PP (0KkGy) (28%) (MPa) KS L 1S0679:2006 31.99
2 | 8 Z=-PP (0 kGy) (28%) (MPa) KS L1S0679:2006 4.6
3 | @9l 83 Z2-PP (0 kGy) (t/nf) KS F 2462:2016 1.677
4 | Y& ZE-PP (25 kGy) (28Y) (MPa) KS L1SO679:2006 38.15
5 | #® 2=-PP (25kGy) (28Y) (MPa) KS L 1S0679:2006 477
6 | =l 82 Z-PP (25 kGy) (t/m) KS F 2462:2016 1.683
7 | 2& Y=-PP (50 kGy) (28Y) (MPa) KS L 1S0679:2006 40.66
8 | & Z=-PP (50 kGy) (28%) (MPa) KS L 1S0679:2006 523
9 | &9l 83 Z-PP (50 kGy) (t/m) KS F 2462:2016 1.686
10 | &= Z=-PP (75 kGy) (28Y) (MPa) KS L 150679:2006 4183

=

()

HEHHE 1 031)353-1252

2021 4 10 € 15 ¢

F4 B BN YT HELIZI253812 43-16, BH[0|2| : http://kcttr.co.kr

e oy |4

Bl 1. 0] M= Q=IRP7t AAISE AlE Y
2. 0| dAHME &L, d3, &5

oo >

prul 3

ol

=

&1 of

=

2

A =

()& =

FAMIENEA T

2l

IZYo= AlRE ZH2M HAA|IF0f Cist

22 AEE 4 glon 8% 0[2]9f AHgS U

Ir (=1
23e

50]Z] 1/3

= =

(Korea Construction Technology & Test Researcher)
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H S : QT21-00579
o3 Iu. —

A NEZES Algdd A &3t
11 | 8 Z=-PP (75 kGy) (28Y) (MPa) KS L1S0679:2006 5.47
12 | &9l 84 S-PP (75 kGy) (t/mi) KS F 2462:2016 1.686
13 | &= Z=-PP (100 kGy) (28Y) (MPa) KS L 150679:2006 38.87
14 | & Z=-PP (100 kGy) (28%) (MPa) KS L 150679:2006 5.00
15 | &9 824 Z%-PP (100 kGy) (t/ni) KS F 2462:2016 1.687

L A2EoZ A HEM HAHH S0l cist 2AS &Lt

HIT 1. Of AHAE OJZIRE7} HAIRH AR L
Et

2,00 4HME B, M, B0 Y

S

U A
L8082 A8

o 8= 0[9|9] A2 YU

0| 2] 2/3

[ml

M7l MA@l (Korea Construction Technology & Test Researcher)
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NEEER

Al 2 9% : Z0pd ZAt Polypropylene (PP) 221 £¢ A|ME 814 5& H4HS : QT21-00579

AT A
)

Unit weight (kg/m’)

Seres | Yuo> | B: A Binder : e

(%) Gt T pa ] T | Vol | Sad |CLWA| ‘PP | AR
PP
PP25
PPSO | 30 | 1:3| 434 | 48 | 48 | 159 | 477 | 25 | 280 | 398
PP75
PP100

"FA: Fly ash, * SF: Silica fume, > LWA: Light weight aggregate, * PP: Polypropylene, * AE: Air entraining agent

|2Yo2 AIEs ZA2 M WA A|So| cigt B BESsHAl= SUHTh

BI2 1. 0] AR o217} HAIS AIZ U A
U 44802 AIRE 4 Slo0) 8 0j2/o] AR ELICH

=3
2.0 43ME B, 43, ZD Y 2

H|0|2| 3/3

(Korea Construction Technology & Test Researcher)
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et = ASS st HEo| M2l glo] SEM 245 rdsty, o/ O3 601t ol ™
M2l E Tdst = SEM 248 st WHe R Liso 2A4S olbT7x 248 ™.
ot v =ALE MES xZesto] E2tAE SF/RYE H0R ZARIES| FTtol w2t LiELE E
2tAE =Xl ek Mo Chsto MHME|E MeEfet SEM #AMZnts O3 610, X2 =
SEM 2A{Z1nt= 18 620f LIEHY.
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SEI 150k  X1,000 10;1m WD 11.4mm

SEI 15.0kV ‘{1 ,000 10um WD 11.3mm

_66_



SEI 15.0kV  X1,000

+ Moredoose:
Laig porous:
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OkY X1,000 10um WD 10.6mm

(e) 100 kGy
O 61. MA2| ™ AldHol| ofst SEM o|o|X]|

(a) 0 kKGy (Hi€ : x500)
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SEI

1280x960 0 kGy

(b) 0 kGy (Hi& : x2,000)

?géoxgso 25 kGy

(c) 25 kGy (HiE : X500)
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?gtI}(}xQG(] 25 kGy

-

ITZ with rough surface |

(d) 25 kGy (Hi€ : %x2,000)

SEI "
1280x960 50

20.0[KV] SP=16.0 WD=7.1 x500 100[um]

(e) 50 kGy (Hi& : x500)
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mm—
20.0[KV] SP=16.0 WD=7.1 x2.0k  10[um] HIGH VACUU

(f) 50 kGy (Hi& : x2,000)

20.0[KV] SP=16.0 WD=6.7 x500 100[um]  HIGH VACUUM

(g) 75 kGy (8& : %x500)

_7’I_



20.0[KV] SP=16.0 WD=6.7 x2.0k 10[um]

(h) 75 kGy (Hi8 : Xx2,000)

(|) 100 kGy (Hi& : ><500)
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: Calcite (ICDD: 00-001-0837)

: Portlandite (ICDD: 00-001-1079)

: Calcium Silicate Hydrate (ICDD: 00-033-0306)
: Ettringite (ICDD: 01-075-7554)

ba I NI I N

7: Calcium Silicate Hydrate (ICDD: 00-015-0642)
8: Gismondine (ICDD: 00-020-0452)

9: Chabazite (ICDD: 00-002-0062)

10: Quartz (ICDD: 00-001-0649)

-

Intensity (A.U)

10 20 30 40 50 60
Angle (20)

O3 63. 4ok Ao wE A|ME S8tH A[H XRD 241Z 2t

~

ThaEtE = C—S—H(Calcium Silicate Hydrate) 20| 2& ME0A HEFH.
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. £3| 7|A2Clo|E(Gismondine) A+2 A2 FHo|Xlo| L&D HA 0|22 Ziete sfExoz AR
Tx2 22 MEstel £20| 50, ol= LIEo| C-S-H 21} s $3512 ZXA|F Z3xo=z
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(8) TZol4| Toole 8% AlME =gtael Fal=ol tis 28 HE

ZMuf ol e AHE SgH e V(T ME S AESH| flstol 32| Hgkof| st FxaA
et
HE T2l ABAQUSE &£85t0f xsliAM s s=ais
c ol Mol ARSE 22 Ziokd Askl| o2 As0| JHE St PP EME Aok =AMME 75 kGy
ZALE A=t tHx=Fe 2 Zopd H|ZALE Al2|= F JHX] 370 Cisto] siAS e gt
UM AEAHE Soll EAME ZE E2 24 HolHE YHsI¥ 20|, 0|F # 340 LIERH.
, Density Young’s Modulus , .
Specimen o Poisson Ratio
(Ton/mm®) (YIEY
Original model 2.40E-09 20,000 0.2
PPO 1.67E-09 27,000 0.2
PP75 1.13E-06 29,500 0.2

Fe[ZsM Al 24 =2 o2 Zenf, O8 642 €2 FAE Sofl 2Me2 sdsien, 4
Zzde a8 650 LtEH.

Element type : C3D8R Solid mesh

Average element size : 10mm

Material : Concrete

Number of elements : 7,200
Number of nodes : 8,215

Static " .
{ -k

Name Procedure Nigeom Time - Static General : Pressure
v Initial (Initial) N/A N/A .
v Step-l Static, General on 1 - Visco : Propagated 1.037e+7 sec (120 Day)
v Visco ON 10370000
v Step-3 Visco oN 100 - Visco : Deactivated

8 64. A2/ =AM 8 Hxt

l Pressure

- B=¥ ZAIMl 6F S Rigid Tie, 3 D.O.F FIX

- HFH ZAM EF DEE I 61 ¢ 28 THE 6HEQ 40%
1) PPO (12.792MPa)
2) PP75 (16.732MPa)

a8 65. A2|ZsiAM A=A
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O F2[ZajA2 KS F 2453 7|&of w2l 2= ASS 1202¢
8 660l LHERA

sHAdof 2 Von Mises Stress 2% 2}
PP752| BigA[ZI-HEZ AAE I8 670 LtEH.

R EEE

=
=

soff X&EstE (2 MY

oAl Alzboll w2 23 o

S, Mises
(Aavg: T5%)
13.916

— o 1

e

HEEE

ot

(a) Von Mises Stress (Static general — PPO)

S, Mises
(Awg: 75%)

Max: 14,275
Elem: PART-1-1.23
Nade: 160

(c) Von

£, Mises

{Avg: T5%)
18:197
i7.684
17.172
16.660
16.147

Max: 18.197
Elem: PART-1-1.23!
Node; 160

Mises Stress (Creep analysis — PPO)

(e) Von Mises Stress (Static general — PP75)

=
H =

40%

Max: 0.141

kode: PART-1-1.325

=

o

KS F 2453)0i

SH5e A=
[e3]
AA

A2|= oMo wE PPO A

7

t

galolend, J2(%

HE(120Y)

(b) Displacement U3 (Static general — PP0)

Max: 3.413

tode: PART-1-1.18

(d) Displacement U3 (Creep analysis — PPO)

g, Mises
{hvg: TE%)

Max: 18.197
Elem: PART-1-1.23!
Node; 160

(f) Displacement U3 (Static general — PP75)
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&, Mises u, u3
{Avg: 75%) 4,485
18.678 +.111
17.378 3.728
16.079 3.364
14.779 2.980
3.460 2616
12,180 2.243
10.880 - 1.868
g.581 1.455
8,281 1.121
6,982 0.748
5,682 0.374
2383 0.000
3083 May: 4.485
Max: 18.678 Node: PART-1-1.18
Elem: PART-1-1.23
Node; 160

(g) Von Mises Stress (Creep analysis — PP75) (h) Displacement U3 (Creep analysis — PP75)

a2 66, A2l =sHAMol = Von Mises Stress 2% 2 H

ot

-
-4

0.016 - b

o 0.008 -
O 0.006 ~
0.004 -
0.002 +
0.000 w | | | |

0 20 40 60 80 100 120 140
Age (Day)

a7 67. PPO % PP759 32T iy sAH}
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(a) PFO-RT (b} PE7E-RT ('c) FFO-507 (d) P75-50%

(e) PPO-100%C (fy PTE-100%C {g) PPO-150°C (h) P75-150°C

() PPO-200°C () P75-200°C

O 70. D27tgol| wE AHE SEA o st

50 110

= 0kGy mmmm 75kGy

- 100

- 90

- 80

- 70

Compressive Strength (MPa)

Ratio of Residual Compressive Strength (%)

RT 50C 100TC 1507C 2007TC
Temperature (C)

OB 71 JMHREY AIME SEH ASUE U T

= =

iy
0

I 35. JtE2xo nE &4FZE

Heating temperature (C)
Classification

EM
=S

Hn

0 kGy 33.69 32.01 29.81 25.60 23.17

Compressive strength (MPa)
75 kGy 42.10 40.47 36.39 31.28 08.35
Ratio of residual Compressive O KGY 100 95.02  88.49 = 7598  68.77
strength (%) 75 kGy 100 96.14 86.44 74.30 67.34
Increasing ratio (%) 24.96 26.43 22.07 22.20 22.36
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O 2 JlUe S0l wat AME S JIRSYUS M 2R ulZA} BRAAES ZTEste AIEA ol
Ztoldl zAL Zalaslg matst Aol Jiol w2 FHo| ofxEs HeR et
Eol £ AEH B JIESE 100CHM HE BUO| LMY, UL T 200CE Jtet A
G4 RAI7F BE0 Cigel FYO| WASHE W= Lietd,
£3] 200C Ol4fel REZ JtE3H B ofelel ARIDE Zo| BalAE 2Xot M3 BEEOf Y=
Majo] 2rtet 470z Mg

[=]
O 200C Wio| 72 oM Liztds &oF Zof, Hopd v =
CHH[ ZOpd =AM 75 kGyE2 ZAtE Z2tAEH SME 2t 29 o

20% ol& SZIE.

2 matsle AIME 28tHo hsiMSS Hols| sl KS F 2271: 2019
“HAEEo| LHEAE g pxo| chodM Alget ol oSt JIAFGMA|IE S fElish

AlEZAS E 3600 b 7l A7k & oz Hodgloz 357t il & =]
TALE ZElAES mEsle AME =3 ol xZujEtn ze

NEH z2S E 370| LIERfiond, O 729 Zo| AlEH el EHOAN NS BSIE XS
25mmel FHE 374 MBIt JjAstE Ho= B
A MEe g o ol Y2 sF uTY 48 TH X Lol B3, JkE AR F 158

HA2(LPG)eE 387 7Y =
CHAl S d(ME)22 327t 7t

2& (22 ~ 25) T, & (59 ~ 55) % R.H.

HE == 5% M= (18 ~ 22) g

110

220

55

55

(2 : mm)

a8 72. JIARHM AldHE AIEAH =]
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I 37. Jtawold AR =A

37| (mm) 220 X 220
ZH (mm) 51.4 51.3

Al A 3,955.4 ARH 2 4,165.5

1,684.2 1,666.3

AlEA AR
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NE A2 (2)

AgS & 3
B OIASHE ABHE
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ANEH ALY
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HE ICRH &= =3

AEH 1
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ANEdEHA

SHANBS @ CT21-103479K

B EEET AE

- AMEM - 825 qozsH
< HOI 2% >
FI AIZE (s) BE 2 (1) 23 2c () 2% B (t)
0.0 30.0 29.7 i
60.0 70.0 70.8 0.8
120.0 85.0 86.3 YA
180.0 100.0 100.4 0.4
240.0 140.0 145.1 il
300.0 170.0 iz 1.2
360.0 195.0 191.5 e
< HDI 234 >
1O R e ——— :
E Srandard temp ;
250! Testing box temp. f
o) | Stack temp |
1 1 o 10 il J |
® 150 P
kY
o
E 100
50+
0_' Ll T ' T T ' 1 Al | T T ] T /] 1 ¥ ) 1 T T ] T ] T L T ’ v v [ T T I T ) l

0 30 60 90 120 150 180 210 240 270 300 330 360

Time (s)

& S5HI0IXI = 3HIOIXI
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B OtARMNE AIEZ2D (ANEH 1)

B A2t (s) £3 2% (©) LIFSESPY
0 30.1 M1
60 81.2 M2
120 102.7 M3
180 118.1 M4
240 187.4 M5
300 255.8 M6
360 307.3 M7

Mg
gt
oEmx

Temperature {C)

250+

Mouse (No)

XAl

15 min
15 min
15 min
15 min
14 min
15 min
14 min
15 min
14 min
00 min

14 min

00 s
00 s
00 s
00 s
11s
00 s
59's
00 s
54 s
16 s
38 s

350

300

200
150
100

50

fard temg

1
Testing box temp

stack temg

L6l o

g i i R il 0N S B B /7 N o w1/
30 60 90 120 150 180 210 240 270
Time (s)

YT

300 330 360

-

e W N
i

&

: SHEy + LR R

|

1 p 3 Bl 6 / 8 9 1 11
Time (min

s 5HI0| XI & 4HI0| X

Oy

y ‘ =y

_90_

1

M EUEN BEURE L IR EE iR
v [ B N R I S B A 1 i LA B

13

14 15

2 AITQP-12-01-03( 1)



HRNHS

: CT21-103479K

B OIARMNE A2 (AEH 2)

C)

Mouse (No)

X

M

21 A2t (s) =3 25 (T) RSP\ HXIAI2H
0 30.0 M1 14 min 59 s
60 70.2 M2 14 min 59 s
120 85.8 M3 14 min 56 s
180 95.4 M4 15 min 00 s
240 142.3 M5 15 min 00 s
300 171.1 M6 15 min 00 s
360 195.6 M7 15 min 00 s
M8 14 min 59 s
Bl 14 min 59 s
bt i 00 min 01 s
oS EXAIZ 14 min 58 s
300
250 Testing box [»,';l‘!:p
tack temg
L ™ 1 T O | Yo L 1 - i
S0 120 150 180 210 240 270 300 330 360
Time (s)
1- ! [ y ]
2 ; i AARDENE LN IR Y
3 | ]
4 J ' |
5 '
N !
| " [ I I { ' Y "
1 1 6 3 1 . )
77777 b = .
(3
IOl X 5HIOI XI
2 AITQP-12-01-03( 1)
Y v

_9’]_



=0| siZ=ofof st7|of,

[=]
Mo

P

7l flsiMd= Lh=

ale2s
=5

Jlege F=FME

SH
oh

Fxll 2]

Toll

EHIS/ X2 THE

CIXpQ! oy

i}
=

F
il
~
il
=
o
oll

RISTH, HERH

OIE0E

A7

ag 73.

T HAl

Bl

__o_l
100

E

(-h)

Bl

(o}

|

Z
Jlo
20

ol

0l

Zl=0] B|TFEMFEH FEMol o|=T|7HX| Ef

= =)
=2ZE

D= T0lIAM

b

A
(=]

ofu

M
o o

eS8

of w2l 12(200C OlAhollA

3l

04

K-

~

1
110

==
1o

i

il

1
1o

<l

A
=

st gt M2l 7|

g =of

SIgSES

o

iy

O
=

- EZ}AE X =0

g

o)

To
gl

or

o] 1{of

5104

I

— PETS}

gt

Me
o o

H

ofu
ar
M

m
i

70!

=

=4

Aol 7|AA

2l2El AME AL
017

=
=

~
=

M

o 714

ju

[\

K
H

1o

o
i

gl

[¢)

il

20
il
1o

1o
i

7ol

ol

il
pal
i
oF
o

110
i

__A_l
K

o

|Z dE232(E o]

7

ol
K
<

10

o

[LE

ZOX|7]

0]

x|OI X
—Ho

batol| e

7| EXH|E nctz 2k

=

7ol

[EL!

PN ]
(=]

|
ZE]

© olof| k2t 7t

_92_



s w4 G-PET & A7te| PET

1 2l

a3

UV ZARb 22 x7| FAH|E0]

(E-Beam) %

H]
=

_93_



- RI _
i J| ok =l o
N < L Pl H - — -
= 7l . o0 mﬂ w. & Fil o oo om
KoO® R BN ! o E ol W <l E
o e BT B K -3 o < o
— Hl T TV = e - 3 1
mo B O ME ol AR ko B o g o B %
.Ml_ m—.._ B O B3 IOJ wr H — __A_.__._ X0 — . _ _._._._ — Mo 0 In_
) o IR C| M T H ok H of| ol =
H If 1o lAr_ I o
By o oon | =¥ Mo X BRI g O Hiu L r
< _“__.-ﬂ M_ T N KO .|_7_.mm 00 Hin R m__._e ™~ H\ Hr T = 0 '’ ___w_. re) M.o_ __.”__.T__
o AU S 0 + 3 g o T i oll @ #t o
— = oK R — 0 _ 1o = = .Lln_ = ==
N ow FEighu i BMS N BSmE
i NI _.E_ wj| <+ 't R E VIl E| RO R’ o = = H = _.W_E_.__A} .
= 0 | - © ol = > 32 T W g c w M < lo| ojn
i Ll |y oD T - 10 oz <= w K ul o 8%
7 B! M%&@W@ N o o | g WU o a0 SRR
mu o0 af D < I I L MOE_OME < o< <0
_ < Ml_ E_ | o m_m . G ur B E._ .x_._.o ol =2 |_|__.|_ _ ol ﬂﬁ 20 —|
M%%@MMﬂmMmm @E_Wﬂ = H o W E T N mEE;EEoE
n_aﬂMMo_.uArﬁmm@Hmmm. w0 o % Mo TNT __o:mﬂ_ﬂm_muo ww&ﬂ__ﬂ#ﬂ
Iz P 3orAR 7oL oy o T 10 | o —|
3 Ki o Ko = Ny <0 = S a0 = R Sl S T ke
_%_: ._._.__.m R Kq 1o = U Hln| 0 ._AA._ =0 ~ H0 o @.E m._.r_.w Ko Al A o m._a n40 @r_e = K0
ol = T P LA RO ol Mo o Mg W ol Y3l KR
ﬁoﬁm_um_xﬂmw_WAw = oG <) o OO K& mF <R R
| NI ok NI IH N ol 0K K{| oK 2 K| K 7 K| = & F| oF = w ._._..__.I ol = ol ol
O TH W] B =] AL g o Ho & m ol 3l _A_._ T 0
L4 ° ° ° Ko E._ On_ _n.__._._ _u__.: _._._._o _A_u._ _AI
Kl . . . 1 <H 1 <F <F
Y 1 % p mE s w. W & .o
X0 zT X B = q = __% oF . W =
W Le_dz 0 . ° 7 mo R 3 -
=~ _LE < oK ® w < X0 w_.m % oxu_m o 3 K Amo —_—
= - = % N - N K
Iy TEE LA wE W, o@ TE Wa £ WS ® g
&l X &R - W n= e~ MK =S e W
_ K} =0 /B0 K& ar { ] - _ - R_ s 3 8 o
=r <t ®l T TR0 e fogpal © o z X wm oy T o®
.Mo :l 0K R0 op ToH O mu__ mﬂ TWT T ES = _A_. o ! o E = mm_V I A0
3 1N ' o BIRE W00 = I N A )
gl .« o . N~® M [+ <o w®our mmﬂ_ Rk N0 W
¥ = [ . S IV D =W W oo W R
S Q< B 1 4 ® ) SRR
3. 2 T Kl
= ° = or <7 = — &
10! ™ <l — ~ U W = m < mo A__._._
¢ i+ L4 o = U UE™ %E Ry~
20 L ) <l B &l ol gy |y e b U
- =0 N i oS < 1M 3o pro H HEl®=
3l K Al 0 K T =0 < I
S Moo
(q\]
52 <
o

! 3 7Y A FD

A
S

I 2% & o|zo=

1A 2 ZA|

A
=

_|

7
1

il

=

<

3|_|.
HadA|

s
TR

O

=
OtM H|Z=AF E2FA

4z 20% 2l

N
2+
- 94 -



(2) 8™ A7

1 2ok xAjol sl JHRR2IE Zatas 2x
,  HORd Aol olsf iExelE BRinE 3RS o8 Y
. AlE =3 % ol Xz
Esl(&2) . )
3 Halzld 78 Zodxz] S8 I =22 A|HE S|
- ZEHSAAE 5! O|E 0|8 o ZEoFEH
7 =7 oJ_"
4 Atd oS 0|3 E2tAE IR JHE A|AE
’ Zokd =Al| 2sl JHEXz|E E2tAE SME o|Zst AT
o AME =3 2 olo| Mz
£5(858)
2 Zopd =AWl 26l JHEXE|E E2IAE S
State—of-the—Art Modification of Plastic Aggregates Using
1 Gamma Irradiation and Its Optimization for Application to
2fQ| skEX| A Cementitious Composites
(SCI(E) &H&XI) . . . .
5 Mechanical Properties of Cement Composites Using
Modified Plastics by Gamma Irradiation
1 s HdEZMZ A= E2AE 2/ SRol U©E AHE
Syl Bhax| AR S3hlel oty Mol Bsh o7
oJH}SIEX
(et=E) zalis BN BRSO oM weol WE ARIE =ge
? 22" Sxo| mis AN o
’ EefAE ZAel AHE Sgh ME2 9 X Ms7idd
TSt 7|1E B8 IE AT
srEH g ,  HEBelaclel Auniz m8e flet Lok mAf Tl met
Al 24 oA
3 E2AE 2N FEE AHE S| Mz A
- ,  HORd ZAE S8t hE B2lag B M8 ARIE SEiEe
sEEE 2w oi5kM M= ofpt
1T oo —_
el mE ZaAAE X RYY AME =FHe M2
5 EA
1o
5 ZopMol =AKE E2IABEE 2Et AHE SEe]l E4o
ZHSH At
- Performance of cross-linked plastics as aggregates for
cement composites through gamma-ray irradiation
Al A3 EA Y A AR 1 H313| Dhep|E s

_95_



O ==2(=del 82 st=xl) A™

of X X X N
|n_.U1 o o o o
= (@] (@] (@] (@]
X 2 = = 2
M~ N~ Te) To]
ol — > > 3 i
.“_.”_.._W ™ ™ Yo} 0
| | | |
W o © © ™ ™
= N~ N~ (o) (@)
Ul o o o o
[aV] [qV] [aV) [aV]
© [92) o o
ol - e «@ @
° [aV] (@] [aV]
| o = ° o
= — — — o
[9V] [qV] Al [9V]
[
H_T% _ _
TP — — O O
w 3 2 « (2]
OE nj unj
» O
@
=i _ _ @Wﬂ __p%wﬂ
=~ a o ol ol
3 a =) ﬁi_& ﬁi_ﬁ
R = = il 2z
ol ol + | Tl +
i mr
0 Al Al Tl Tl
i o oF ol Wl
< < L L
- ~ QN - -
" -« - N AN 10 — ©
| - o - = g =g
3 3 52 5= 52
> » > o > >
2 ofr T o o
= el | s sl
K &l o) nal nal
T [0} (%] L. p— . —_
2 88 B8 prlazia
X1 55 | 55 Eam ol 4o
Nl g2 o2 MK K
ol < h < ol = "ol +
5 —
o €S 5 £ — 3
5 2 E SLlcgniw | W
= Ol K — o T
235 €02z glal HEX
S0 [ggcSguN: gEX
- o i |
@S 852 55 GEMwH |y
T mosﬁtw.%ACaoW._E::Hzooﬁm.
o 0O o= = L - K —
o T EZYT2TE R I T HME T 5
g8 go <= Of X0 oMl E &
2 O o =< =T |r._|=.___| g — 1ol
TEo s ®= cuH NERT
52 PIESL=A il
eES oa Seqogn |m U
=808 |8« o= OpfuZ g o =
s &O o 0 =
(@) <
__O._ — [aV] ™ <

s}

| ol nr ol ol i ol | Tl T | Tl T | ol T
| T ol = ol = ol Tol | Tl | Tl | T
Tl 7l E] T - N N
> = - - ul Wil Wil
r L = —_ = — = — =
| KE ﬂ W | K- ﬂ i} _uor__.m o K m._ Mx_. ) K- = Tk 3 E
ROJROE RO = W 2 SR W ol w ol
mm wm (NG S| o o o
o] o] < LN
< <t < < =} o o o)}
3l ° = N = « S S
o — — © 0 < ~ ~
14 A A e < e e o
4 — — — — — o o
ol N N oV} N N sV N
K Ol T o Ol o i T
=] el Bl 6l ol Bl Bl ok
il ral o K K K K N
— o _
T _ = S
3 ol » & L] ]
K — O — =
7ol ® 2= <0 =l K ~
or ol % S =.___| < A L
O © . <
| o SE | M o [Br|y
= | 2 5 ROR ok 3| _
< = @ o T I U
B S| sE |3 |M® %0 Ry
= ol o _ RE_
o0 20| el g9 | m_r_ O E | o
=| K 0. < — b
S R ) B | X o K| o DM
I o 3 ol N | o =
Mmoo 23 < ||l T
W TR IT ) EE | w2 (a8 W2
P _ ~N — B
¥ mur | 28 | B4 Z(F My
i sz | * | ha|az|EA
E__ m 28 ® w23
o < o £ Mmoo | AU ™~
= Ki o O _ < Ao | gp
= _ © 8 wr K i ar
3 2 se | 3 |4 |34
0 X g2 moo| X il 2
z ] 5 E T ] il il
) o O © oy _u___.=
= ~Nd Tt O ~d Al
00 D =)
o w5 g [N )
~ ~ o —= = — ol ol ol
A N
Qal a oG O IV + + +
N w® | g8 Comam | dm|dy|dy
Clah | vm Resgu® du | Sw |
ol W W S o | T3 o ol < ol & ol &
o | — ol 2l |2 0o ©< 1! i I Tl N ]
nl nl o £33 m il ol Tol’ 1ol
m e T - T L I L
H mH N = @ rr Tl 1ol 7ol
N O £ .
¥ o lw S5 |® |y |§ |§
1od 10J _m i} % % m
__o._ — [a\] [4p) < To] © N~

s}

071 e 8=

e
=
=

g o

=l
=

1Ll 27|
5}

bl
2|

ol

1o
Bl

Hr
ujo

H
20
of

<

0fo

a

ol
of

by

<f

H

(o]

1of

s

oH
ol

lof
Eil

THr
tlo

_96_



[=]
=

ol
—

)/

n:IJgIE

/715 712

r
o

rl
ol
s

=5 41

O YA (=X, o

o

I

O XA M2 (54,

(71

el
ofu X X R N N N
Mu.l o o o o o o
= o (@] o (@] o o
N 2 2 2 2 2 2
3 3
@ © S ®» 8
il B o
Hr N a9
ulo Lo b o
o Y]
ol - N
THr =n_v_ﬂ 2] al
ljo < S
ljo — —
(V] (aV)
w o
o mr ._Mn_ o
Tr rall 7or &1
ulo ol Wl
ey = 2
o o o o
oLy L O & w o~
| &9 & S5 85
@ g 88 88 88
o = = o o
_la| ® 2 g 9
M___ o [oV] w o o
1 = = = =
(V) (V) (V) [qV)
~ ol wl o
ol| R i m 5
o O._ ol @H_ Wﬁ O._ Tol
_x___._._ J_u T ol ol :D o0
2 2
i i
o Tl Gl
rir 7l ol
o o
_ ol = = = w. Ol =
K= | O ur N = ) > = = ol
MR | B= <l ol o or 3l 7 © o o 4
N ©c __ m oo _ —_ m . oK _ _
w. | k& il Y T | oA S H_ T 0
- N | o AU _ o < R (=< _, 0 & < _ T < _
2 il <l 1 — ol il il
<l N m_l or < m._._l ] X,_ Al __A._ m o ___uﬁ._v_| x._ m A x._ m
RE = 3 = - - - -
Em %_MEr_ pal wx % M_%%E_ M__w.___ M_%
T oE i [ D o [ [
=2 o . il mu A & il u_m nI m_/n
K <
il o of o W o M o of
- - K ur ujo ur ujo ujr K
[
o - -

I

100

o

oo
__o__._._
il
<

<

7| e

ol

L

b

=3

A

k=l

_I

=

=

)

=
o

O Mat#(2ZEQof, M

7loig

of
2
&0

ol

llo

ol

]

ofl

)

T
Kl

=

3

of

s}

U
™
0

O a7l xH

o

Tl

_97_




Klo
ol

Ho

ok

!

=7ty

ur
o
Klo
ol

oo

Klo
‘ol

of

Klo
ol

By

Klo

ol

@

Klo
ol

<]
IH
Klo
od

o

I

ol
KK
H

KH

o IUE

Al et

by

|7

[N
Ko

K
S

Ty

KH
4

I

Klo
ol

/]

Klo
o

o]

Il

iz =
aAr T

o =

F

[l
Kk
2

[ZHX 41t

=}
A

= A

O AlA|

ol <
Ko 20
ol =

iy

N
Klo
ol 1©

A
K0
K
Bl

M2 A

2

AL/

=
=

T

AlH 22

ofl
0fo

By

<
I
00
_r

1of
g

<0
N

60

o

Zl

o

Il

L INRES

s

O At

)

.{

nal

7|EF FRK(

| FXHEH)

A
=

O At =t

al

Kl

=

29|

=21y

AH ™

e

B0
of

Ated

_98_



il
o0
K0
<l

7ol

=2l (28])

=U(

ilof

7l

A

3} 7%

O At

__o_u __o_u ._o_|
ol Il ol
Te) o) o)
ok ok o
i ) i
@D (42 [sp]
K K
R R 3
3 3 el
el ed
— — \ﬂox _ ofu 5
T ol S|F | _imﬂw .
SIS R L L - T
NEIN GIT| T |
of | 3| TrE = o 2l R
dig| W S =
= [ o Gl o D ol
PlA] = Lo ™ &
[ 0 KO o o 000
< S < 750 0l0
&
0
- i
@ K K
N +F
o =]
ilof 7 ilod
3 o
< d
=

X0

of0
E

a0

7ol

of

yyyy

yyyy'd

b dxe

At 3

1o

Il

SHA|

__o“_

o0
E

__R
o0
_||_
oo mr | Aar | ar
ol | ol | ol | ol
el R
Bl 20|30
|
_.T
%l fof-
el il
~ ~

£}
__ﬁ
0ofo
E|

o

Bl
0
K0
<l

H

o

ll

o]

I

ol

_99_



O ZdHA ot

- 100 -

i @ )
S o> = =]
1 — % | i o < o
N o * ol N
- L o o0 i
oF ofl u = RO
0 ol Wk O Z i
) R " 2o %0 Ko ¥
._n.__. ol — U_/H - L_“_
- S ” Ro Ro oFl __Q._
o % = = o
K0 3 - 3 . 0{0
= o il 3 = =
0 3 & ® el . i | o
o R0 ERET
il K | O
5
o A o =
K0 - 3 Il
) K =)
: I e i
%0 m)) _ oli &0
3 = o [ Ko
- Al o
20 of 3
2 AI_MV — Gy
< < 3l u - ) U
<0 R 0 ° 3 w0 <+
= ar < oo = I
== T o "
Ll St F g
_A_o KO ~ °
Ko = R0 ~ U
K . Z W i 0
= = 70 o = To B0 N -
® X M I a0
ol N Ki ~ IF 30 Na = nd
oﬁ_. nr 10 Tl 10 = x|_.._ ..wr__ e
_ ® 1 70 LR > )
[m) ~ —_— T ﬁ ~N
Klo = ) S |aR
X~ ol = --
i ~ = R < <
<k ol == 2
i) = B ol
_ - il 4
KO ol = oF
o — == - o | =
g _ RO | oo ol =2
® i = |3 o T
= ®l M ~ =3
0 - 0 3 = =
AT z L x|z :
m D LoD S =
I o ol & = ®l _ o0
% G | S < R oo [ & - H
o = |3 of0 o0 |z = M w3
ol N = =| 7 | 15 ol
- = = 0 J | T LT3 = | 2 °
o] 3l A B0 |, B i & 7 = K | &
i - ol T oo |3 K K | ™ In
K o <0 ol |3 b o ~ = Bl T
W Wl | E N 3l O
- o T ~ Eal
U | 8l W |ew @] = " T| = rl | % g | o
m | F — = 5. o kL =
p B 2 N W R0 w| * <! e
= (2 | ! < ! !
= 2| O« O | » =0 0| @ 0| # 1 | o O]
fil 1l Tl fil Tl D Tl




<0
o0
w
od

!

ol
<

ol
ol

ofr
E

o

<F
[N

K

ofr
E

=

El

ofr
]

2H
=

by
[=}

i

H

O cte S7tA 770 LAt ol 2|

T2 kA

[=()
3l

H_w_.ro
p._

=
10!

Ko

LH

b

(o]

o]
B

Ho
pal

K

oF
ol

=7t

_3._0

ol
__o__o

He

of A o

60

0F

oo

o]

Il

o |u
<o
N L.ﬂ ol
<0 (4T B
PRI
i)
Tod
(@]
ol | —
003
H| =
A
20
T | X
= | O
<0 | mo
4
20
oH
Hi
<k
oo | o
= |
- [nY
]
ol
o
T
20
oH
H
g | <k
<0 | oF
B <
D
ol
E]
20
E_m ok
Hi
Iof

I

O ATAI - Rl

H| 10

AN/
?_

ol
o

L.
100
e

o0

-
1o

ol
= .

=
S

=
[

|
—

540k
=R

o|H
Bl

Mz HAet 7=

=5
=

Zl=0l™ AlZl=

3

0|0

AE

HE Aol SEeH

[

O &

2R A|FHOIM At dut=z

4ok

S
=]

__|o_W

|

- 101 -



)
o
EHl
nn
0x
>
M

53
-l
=2
3
i
ke
un
0x

,_

2 |>| oo
o
0x
kn
=

M i

Z0p EAL

Zajag

o
B A
= o LUDHI ZAAAH N HAMM A7 MEIJIZRE shdPer 3 oMol ofat
S o

=zl 2 &sto] Zopd

o o =}
Atz ¢let S2tAEe de7id HAHHES YRGS, 100

P4 o i

n

-
10
Mo
ro
oY
Hm
mu
o Ofm
L o
0 __
0 oM
=]
=
X
Ral
rn
1[¢
1
[ >
Jm
=
HU
>
]
2
|

e = ME dizmEEs 2 A
golo] He F2 RAE kst e Mss 3tiske = U= FHIHE
M EE2 =32 &
o FINCE EejrE FF 4 JiSdelo mE A X =AH TESHIA B
e 2 A= "3y EztAE 4Z(polypropylene(PP), polyethylene(PE),
Polycarbonate(PC), Acrylonitrile butadiene styrene(ABS))zt Zzflo|3 HHEfo
Polyethylene Terephthalate(PET)dl Cist 7|==AM HI| ZutE EOZ S5t
=242 HE = Ee2fAE S =HE EE5IUS.
o EESH O ZAMMEBEE W2 ZopMd E=AL T E2IAE ZAe| W
2 A 3tetd EME dH|u-EASto A THINE J|HE E&EE
o 2=t E2fAE FRO WE J|=EM HoF Z23E E4-H2|st] H|SCl=
2, SCl=& 14 4 sty 4749 stax MilE ZMsigion] Mssh o
T2 41 SEHME EUZ2 I E5E 24 & 5555 149 7|
(=)
=

Zolnag 2|
291 43 7|g

=
s

100

-4
FA

=
=5 Chel ] X 7tm® ol5l2 MRS, 100
T EMof| Cher EMATIE 7|u

—

0
tu
o
o
il
2

=
=
= x|zhg0l w2 Hjge
E
St
2

Rl
o
o
=2
i
>5
=
[m
Jr
ot
Ml
HU
-0
>
ng
mjo
ofm
o
=
H
i

>
< >
HU
=
-
jll
M g
L]
[>
Jm
N IH
=2
iy
o
el
ol
>
=

0x
or
_El_

0
i
o
ol
1)

Hn
T
_o'ﬂ
}_
i
03
c2
el =
rlr om
N
]
o
EHl
HuU
E)'k

[¢]

I
2
I
g
oy

mHn

lo
0z
or

Hu
o
EH
0x
Ir
4>
M
o
S0
=
Y]
Q
o
0z
o
0
o
¥
|0
2
H
ofo
Al

=

Hu
o
> K
-
MM 0
o
e
0x
_O'ﬂ
9
0jo

[m
Jo
gk
ol
\J

J
L
I'_
[

100

0
O
HU
o J|-|]
3]
0x
or
0 MM
N
HM
N
Ho
w2
om
_pé
Ral
>
d
or
_ol
N
nx
~
=
Hu
x
0
for
to
x
2

4>

- FAN o
Thsto] 2415133,

. MB3 B 70| w2 J|E2N HIb ZUES 24HEI50f HISCH=E
170, SCH=2 121 & S&WE 3710 stax NIIE D50, ASst o
FUge PN SHMS Efjz I S5EH 2 U SHES 1212l I
&5 M SN

0
N}
=

5
im 28
ifl]

o
- B AR ATREE Aot ggof et SelAE 2xel HEEN HF an
2 0|8 X AME Zotdlol Lsts BIIE Sof SRl Al sk st
.
Al Zokd ggol w2 sk stEy|sg £E5HE HoR
A

stM &b = S
Hisd ==ols s 2ok blmAb B2lrE Bx 29 AME 2| 100

=% S :
s 2T ZHE 20%E DHHAS.

. ot Zalas selof WAl RalzlA W ool S0l EAST| sl Ta
NEZT BE M3t J|Eoz WY, s A




T

F 210 N

—

<)

Hotol| cf

:

P T o Tl ! iy
t < | = - 1 3 o X = LH
|r , = mwo LM 53 ok m__l.n J = I o ol <F oF
o ~N u_._u m ﬁll_ <+ ._:_._ RO 03 00 o <0 m_ “ % i 2 = o o
T 31 oA Bl oz _H_”_._ Qﬁ ol A mn_uou i ol < 11 |_M Kl &l = i 10 Hom_ m_m._
iy moop w0 K g S . PTawm sz Un~ s ELQ 3l
= o | S = SB  THE D <8s aw?
_ — o S = o 1© q 2 = 0 < o B oW M il
1l oS Rl N el 1 oF S
Kt THERE W o gl & W Moo o B o= ol
D By CER e gWT W Tezx "XOERE 0
7 sy SFag Hyg “xb MK w_s mRBSZ o
T S H R T o M R RS Ko o Ty 3
i+ L w5 our o 4= o RO = s @AWW m g "
53 Mmoo B g & ol Ko < op ol K H Ko Fy¥z
B modwm TR i wOE " sl W Ua h2
T — Mo R I i __ﬂoo_ﬂ %o o ko N i~ W_.__ = I oor = or .__ﬂo __u._ | mo m_m
o - - S oF oo T oor ) N
mwl oM Hw = o B % Twwm g AR Lol -
oo o_mmm_wmmgé N Eg 3R L ST g KR d)
T e i SWW IR o< 5235 =i ot
7 K HE LS ~ o o XAV 5N ol = S 0o e R
& H r & R N ol oF K~ = I Al e N
—n T 2 MR - K e L r 3 o} I Kl = i M
= Mm m__u i - K ol O Jo = 5 3K Hr H o < 20 ) wj =0 = o < of oY 3
m_m_ ~ ™ Bl B Bl o= @ X0 K — S 0 53 o0 ST _ il ﬁ o zr I T N
o Er Fpibral B opsuglr 33F ffrgedcc. R
e I R - o roowg KM ® s m D = 5 W ot o Moo 0l %0
= —_ - == o< H = = = _ = =
K] Rzl Loz 0l o T M u h < - T .&u _ = & O e © BT g oW T o o T ur
= < ofl o = il B0 m_“_o B < = oF i o m“u_l < ol i W_m Mo M oF 0 ojn o o " ol o
- o o UL TR L TR W fi¥ oTo | mm ﬁm B YL I B = I - of
3 o = aty TF - N2 w o= § = =y My o RE
Al s PR 0 o om e R T i S K
_ = KR E WS 0 Koo Mo on 5o R A oF
Qg ged Tarornta ®elTgid S S T
< —_ l - —_ = —
Ao R oo Wy 2T e g AA0R WS = aﬂwE_EMejmm%Eﬂ 5
o= DR Ao 4w X R mg@d  mnh EFRA gL s =
S sl ol D N A I T - . BT o Mw
Kl Wy = W ez 'E O m o w N A ow B W R WnE N F NG o 1\
Nooro S N B oo Uz ™ oF Fa U g = T, o =
e ol 7y = o no K ] MLl ' o N KH — o
| K | BN o o 0 202 2 3k =0 9 ~ ol ™ il M=
040 Ml F oo o=~ -~ 0 py = N m = <0 11 m M ~ =& 7Jo oF = JF 7 3 g R S T n ~ <
won oma M o) TrgmwyszEdg mp, Z fgacty T N
4 E_EMH_WATNM%NATJﬁ oo oMoz h AW s D wh o L
= = 3 — 4 K1 of Ao ] I Y B N Nygmw N =
wﬂymmmewlgmw%%d_ga R R AN R R R
< of To ul xt o o o 3 ooy = m YN =R = Nk E % B OB N W H
Moz =z <) Wom o w M 2 o o HU =0 ofromd ™ ool m om AL ooR HE 0 D ° K =
— nm DRI WT DN RN o - = E] o T 0
o MW DK A< 5 R 0 0 o
= I A o 0 = 0O S ®
o ®) N @
nNI @ «© N
- A
™

| of|
& CHy|

=

5|

[S)

Al
OpAM H|Z=ALE]L A

c{=o| of
7DI-

)

slen

ol Zlo{gh

—
—

b

- 103 -

2

XAAZ|=H 7|oie = UA2H

=

.,

=2 A

_{

ral

R Al

2

x| 01474



__JP_.

ol

~g BX MEI|E WY

g HE =22

ol

O —w F=2

L ey
opd =AY

I

l =
2

<

0]

W ol

2lAEl AT ol

[T

Fodgob O|FOIX| 2 AL} T

Bs

N

pN|
=

3l
K0
<h
7ol
Kir
il
<4
Ll

=2

8

H
—

Oo=o
—_ =

=
e

al
=<

25t Aen, ojet =0 A

| =2) E=o| X

o
—

A T2

4

=l

o

ol
Kl

20

o

K
A

wr
<l
Hlu

7ol
00
ol

oju

o 2z tHd 2

S

st
=,

MM 275 M52

ol
=

of

==
S

5to] M =& Al

ef2 Xg

S

b

C %ké

Klo
i

N

Ml
<|
i
i
__o_l
700

o)

K0

o

=13
=

|l =7z 74

dlo

ol

@ 7Ishe

X of JHEof|

2lAg

=
=

OfM Z=ALR

Z
(=1
At =

o

o|of Cf

S
4

1o

mr

ol

PC(Polycarbonate), ABS(Acrylonitrile

PE(Polyethylene),

butadiene styrene copolymer) % PET(Polyethylene terephthalate) 5&

PP(Polypropylene),

0f0

X~
A

astod xRl

Ne™M, 5 St

|
—

3l
=S

of| A

Ty

o0

)

i

ol
o<

<+

Toll

ol
H

07
Kq

70!

=
=

b

o] ZldZSolod

JOF

S
=

e

o|H

IAEl £ Hx et 7|s

- 104 -



(1]

[4]

[5]

ikl
k-l
Mo
ok

R. Sharma and P.P. Bansal, “Use of different forms of waste plastic in concrete — a review,” J. Clean. Prod.,
Vol. 112, pp. 473-482, 2016.

N. Saikia and J. de Brito, “Use of plastic waste as aggregate in cement mortar and concrete preparation: a
review,” Constr. Build. Mater., Vol.34, pp.385-401, 2012.

R. Siddique, J. Khatib and I. Kaur, “Use of recycled plastic in concrete: a review,” Waste Manage., Vol.28,
No.10, pp.1835-1852, 2008.

N. Saikia and J. De Brito, “Mechanical properties and abrasion behaviour of concrete containing shredded PET
bottle waste as a partial substitution of natural aggregate,” Constr. Build. Mater., Vol.52, pp.236-244, 2014.
M.J. van der Meulen, S.F. van Gessel and J.G. Veldkamp, “Aggregate resources in the Netherlands,” Neth. J.
Geosci., Vol.84, No.4, pp.379-387, 2005.

[6] A.J. Babafemi, B. Savija, S.C. Paul and V. Anggraini, “Engineering properties of concrete with waste recycled

[7]

(8]

[9]

plastic: a review,” Sustainability, Vol.10, No.11, 3875, 2018.

H. Su, J. Yang, T.C. Ling, G.S. Ghataora and S. Dirar, “Properties of concrete prepared with waste tyre
rubber particles of uniform and varying sizes,” J. Clean. Prod., Vol.91, pp.288-296, 2015.

T.R. Naik, S.S. Singh, C.0O. Huber and B.S. Brodersen, “Use of post-consumer waste plastics in
cement-based composites.” Cem. Concr. Res. Vol.26, No.10, pp.1489-1492, 1996.

G. Martinez—Barrera, E. Vigueras—Santiago, S. Hernandez-Lopez, W. Brostow, and C. Menchaca—Campos,

“Mechanical Improvement of Concrete by Irradiated Polypropylene Fibers,” Polym. Eng. Sci. Vol.45, No.10,
pp.1426-1431, 2005.

G. Martinez—Barrera, C. Menchaca—Campos, S. Hernandez-Lopez, E. Vigueras—Santiago, and W. Brostow,
“Concrete reinforced with irradiated nylon fibers,” J. Mater. Res. Vol.21, No.2, pp.484-491, 2006.

G. Martinez—Barrera, F. Urefa—Nufiez, O. Gencel and W. Brostow, “Mechanical properties of
polypropylene—fiber reinforced concrete after gamma irradiation,” Compos. Part A Appl. Sci. Manuf. Vol.42,
No.5, pp.567-572, 2011.
9SS, o™y, Zd=, "HIFHOAIE REME ARESE 232|EQ| LM sl 2t A7, smzidretkists| =
=2 M43, ®M45, pp.349-355, 2016.
olds, 2=, "HiEofAl A FAHE J|gh ol HEEN ZI2|EQ| Moty E47, tietEsts =28 H37d
S Bix[d, 2, "EISE &2t dFEM SFE AHE deie] AHEM 247, siaddeskkl
Hets] =28 M8, M45, pp.498-505, 2020.
A8, G8, &0, 7t “‘HR2lE 28Tt AHE Seii=o| &t 77, s=EEZ 32| Ests| =22, HI33

P.

29-33, 2021.

55| =238, M43, 7HIQ?a, pp.28-34, 2019.

H.S. Wong and N.R. Buenfeld, “Euclidean Distance Mapping for computing microstructural gradients at
interfaces in composite materials,” Cem. Concr. Res., Vol.36, No.6, pp.1091-1097, 2006.

olds, =9, TSN Z32E sigt & AlZel 2IR7, st=ddesiipets =23, AMi12d, 3=,
pp.8-13, 2017.

O. Youssf, J.E. Mills and R. Hassanli, “Assessment of the mechanical performance of crumb rubber

concrete,” Constr. Build. Mater., Vol.125, pp.175-183, 2016.

- 105 -



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[37]

B. Coppola, L. Courard, F. Michel, L. Incarnato and L. Di Maio, “Investigation on the use of foamed plastic
waste as natural aggregates replacement in lightweight mortar,” Compos. Part B: Eng., Vol.99, pp. 75-83,
2016.

M.A. Aldahdooh, A. Jamrah, A. Alnuaimi, M.l. Martini, M.S. Ahmed and A.S. Ahmed, “Influence of various
plastics-waste aggregates on properties of normal concrete,” J. Build. Eng., Vol.17, pp.13-22, 2018.

J. Thorneycroft, J. Orr, P. Savoikar and R.J. Ball, “Performance of structural concrete with recycled plastic
waste as a partial replacement for sand,” Constr. Build. Mater., Vol.161, pp.63-69, 2018.

L. Gu, T and Ozbakkaloglu, “Use of recycled plastics in concrete: a critical review,” Waste. Manage., Vol.51,
pp.19-42, 2016.

R. Saxena, S. Siddique, T. Gupta, R.K. Sharma and S. Chaudhary, “Impact resistance and energy absorption
capacity of concrete containing plastic waste,” Constr Build Mater, Vol.176, pp.415-421, 2018.

E.A. Ohemeng and S.O. Ekolu, “Strength prediction model for cement mortar made with waste LDPE plastic
as fine aggregate,” J. Sustain. Cem. Mater., Vol.8, No.4, pp.228-243, 2019.

I. Almeshal, B.A.Tayeh, R. Alyousef, H. Alabduljabbar and A.M. Mohamed, “Eco—friendly concrete containing
recycled plastic as partial replacement for sand,” J. Mater. Res. and Technol., Vol.9, No.3, pp.4631-4643,
2020.

Z. Tang, W. L, V.W. Tam and C. Xue, “Advanced progress in recycling municipal and construction solid
wastes for manufacturing sustainable construction materials,” Resour. Conserv. Recycl., Vol.6, 100036, 2020.
R. Wei and Y. Sakai, “Experimental investigation on bending strength of compacted plastic—concrete,”
Resour. Conserv. Recycl. Vol.169, 105521, 2021.

J.J. Sokotowska, T. Piotrowski, A. Garbacz and P. Kowalik, “Effect of introducing recycled polymer aggregate
on the properties of C-PC composites,” Adv. Mat. Res., Vol.687, pp.520-526, 2013.

E.R. Castillo, N. Almesfer, O. Saggi and J.M. Ingham, “Light-weight concrete with artificial aggregate
manufactured from plastic waste,” Constr. Build. Mater., Vol.265. 120199, 2020.

M. Belmokaddem, A. Mahi, Y. Senhadji, and B.Y. Pekmezci, “Mechanical and physical properties and
morphology of concrete containing plastic waste as aggregate,” Constr. Build. Mater., Vol.257. 119559,
2020.

N. Li, G. Long, C. Ma, F. Qiang, X. Zeng, K. Ma, Y. Xie and B. Luo, “Properties of self~compacting
concrete (SCC) with recycled tire rubber aggregate: a comprehensive study,” J. Cleaner. Prod., Vol.236,
117707, 2019.

A.M. Silva, J. Brito and R. Veiga, “Incorporation of fine plastic aggregates in rendering mortars,” Constr.
Build. Mater., Vol.71, pp.226-236, 2014.

M.A. Mustafa, |. Hanafi, R. Mahmoud and B.A. Tayeh, “Effect of partial replacement of sand by plastic
waste on impact resistance of concrete: experiment and simulation,” Struct., Vol.20, pp.519-526, 2019.

S.I. Basha, M.R. Ali, S.U. Al-Dulaijan, and M. Maslehuddin, “Mechanical and thermal properties of lightweight
recycled plastic aggregate concrete,” J. Build. Eng., Vol.32, 101710, 2020.

R.H. Faraj, A.F.H. Sherwani and A.D. Mechanical, “Mechanical, fracture and durability properties of
self-compacting high strength concrete containing recycled polypropylene plastic particles,” J. Build. Eng.,
Vol.25, 100808, 2019.

M. Gesoglu, E. Guneyisi, O. Hansu, S. Etli, and M. Alhassan, “Mechanical and fracture characteristics of
self-compacting concretes containing different percentage of plastic waste powder,” Constr. Build. Mater.,
Vol.140, pp.562-569, 2017.

- 106 -



[38]

[39]

[40]

[43]

[44]

[53]

F.K. Algahtani, G. Ghataora, M.l. Khan, and S. Dirara, “Novel lightweight concrete containing manufactured
plastic aggregate,” Constr. Build. Mater., Vol.148, pp.386-397, 2017.

E. Rahmani, M. Dehestani, M.H.A. Beygi, H. Allahyari and |.M. Nikbin, “On the mechanical properties of
concrete containing waste PET particles,” Constr. Build. Mater., Vol.47, pp.1302-1308, 2013.

0. Olofinnade, S. Chandra and P. Chakraborty, “Recycling of high impact polystyrene and low—density
polyethylene plastic wastes in lightweight based concrete for sustainable construction,” Edited by G. Manoj,
D. Paulo, M. Uma and P. Reddy P, ICE3MT, Vol.35, Proc. Int. Conf. on Mechanical, Material and
Manufacturing Technology, Elsevier, Hyderabad, pp.2151-2156, 2021.

N.K. Bui, T. Satomi and H. Takahashi, “Recycling woven plastic sack waste and PET bottle waste as fiber in
recycled aggregate concrete: An experimental study,” Waste. Manage., Vol.78, pp.79-93, 2018.

F.K. Algahtani, M.l. Khan, G. Ghataora and S. Dirar, “Production of recycled plastic aggregates and its
utilization in concrete,” J. Mater. Civ. Eng., Vol.29, No.4, 4016248, 2016.

X. Li, T.=C. Ling and K.H. Mo, “Functions and impacts of plastic/rubber wastes as eco—friendly aggregate in
concrete-A review,” Constr. Build. Mater., Vol.240, 117869, 2020.

A.A. Mohammed, I.I. Mohammed and S.A. Mohammed, “Some properties of concrete with plastic aggregate
derived from shredded PVC sheets,” Constr. Build. Mater., Vol.201, pp. 232-245, 2019.

Z.Z. Ismail and E.A. Al-Hashmi, “Use of waste plastic in concrete mixture as aggregate replacement,”
Waste. Manage., Vol.28, No.11, pp.2041-2047, 2008.

S.D.A. Shubbar and A.S. Al-Shadeedi, “Utilization of waste plastic bottles as fine aggregate in concrete,”
Kufa. J. Eng., Vol.8, No.2, pp.132—-146, 2017.

G. Martinez—Barrera, M. Martinez—Lopez, J.J. Coz-Diaz. F.Lopez—Gayarre and V, Varela—Guerrero, “Waste
polymers and gamma radiation on the mechanical improvement of polymer mortars: experimental and
calculated results,” Case. Stud. Constr. Mater., Vol.11, 00273, 2019.

G. Spadaro and A. Valenza, “Influence of the irradiation parameters on the molecular modifications of an
isotactic polypropylene gamma-irradiated under vacuum,” Polym. Degrad. Stab. Vol.67, No.3, pp.449-454,
2000.

G. Martinez—Barrera, L. Avila-Cordoba, F. Urenfa-Nunez, M.A. Martinez, F.P. Alvarez-Rabanal and O.
Gencele, “Waste Poly—ethylene terephthalate flakes modified by gamma rays and its use as aggregate in
concrete,” Constr. Build. Mater., Vol.268, 121057, 2021.

G. Burillo, R.L. Clough, T. Czvikovszky, O. Guven, A.L. Moel, W. Liu, A, Singh, J. Yang and T. Zaharescu,
“Polymer recycling: Potential application of radiation technology,”. Radiat. Phys. Chem., Vol.64, No.1,
pp.41-51, 2002.

R. Folland and A. Charlesby, “Pulsed NMR studies of crosslinking and entanglements in high molecular weight
linear polydi-methylsiloxanes,” Radiat. Phys. Chem., Vol.10, No.1, pp.61-68, 1977.

G. Martinez—Barrera, U.T. Villarruel, E. Vigueras—Santiago, S. Hernandez-Lopez and W. Brostow,
“Compressive strength of gamma irradiated polymer concrete,” Polym. Compos., Vol.29, No. 11
pp.1210-1217, 2008.

G. Martinez—Barrera, H. Lopez, V.M. Castafio and R. Rodriguez. “Studies on the rubber phase stability in

gamma irradiated polystyrene-SBR blends by using FT-IR and Raman spectroscopy,” Radiat. Phys. Chem.,
Vol.69, No.2, pp.155-162, 2004.

M. Kattan, “Thermal behavior of gamma-irradiated amorphous poly (ethylene terephthalate) films,” Polym.
Eng. Sci., Vol.46, No. 10, pp.1374-1377, 2006.

- 107 -



[55]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

A. Usman, M. Sutanto and M. Napiah, “Effect of recycled plastic in mortar and concrete and the application
of gamma irradiation — a review,” Edited by Y.F. Huang, K.W. Tan, L. Ling and K.H. Leong, ICCEE2018,
Vol.65, Proc. Int. Conf. on Civil and Environmental Engineering, EDP Sciences, Kuala Lumpur, 05027, 2018.
D.R Ochbelagh, S. AzimKhani and H.G. Mosavinejad, “Effect of gamma and lead as an additive material on
the resistance and strength of concrete,” Nucl. Eng. Des., Vol.241, No.6, pp.2359-2363, 2011.

C.E. Schaefer, K. Kupwade—Patil, M. Ortega, C. Soriano, O. BuyUkoztirk, A.E. White and M.P. Short,
“Irradiated recycled plastic as a concrete additive for improved chemo—mechanical properties and lower
carbon footprint,” Waste. Manage. Vo.71, pp.426-439, 2018.

G. Martinez—Barrera, J.J. Coz—Diaz, E. Martinez-Cruz, M. Martinez—L6pez, M.C.S. Ribeiro, C. Velasco—Santos,
H.E.H. Lobland and W. Brostow, “Modified recycled tire fibers by gamma radiation and their use on the
improvement of polymer concrete,” Constr. Build. Mater., Vol.204, pp.327-334, 2019.

S. El-Hamouly, M.R. Ismail, H.A. Abdel-Rahman, M.M. Younes and E.H. Amin, “Thermal, Mineralogical, and
Microstructural Characterizations of Irradiated Polymer Blended Cement Mortar Composites,” Polym. Compos.,
Vol.36, No.10, pp.1849-1858, 2014.

M.R. Jung, F.D. Horgen, S.V. Orski, V. Rodriguez, K.L. Beers, G.H. Balazs, T.T. Jones, T.M. Work, K.C.
Brignac and S.J. Royer, “Validation of ATR FT-IR to identify polymers of plastic marine debris, including
those ingested by marine organisms,” Mar. Pollut. Bull., Vol.127, pp.704-716, 2018.

N.L. Mathakari, V.N. Bhoraskar and S.D. Dhole, “A comparative study on the effects of Co-60 gamma
radiation on polypropylene and polyimide,” Plasma. Sci. Technol., Vol.169, No.9, pp.779-790, 2014.

F. Gaston, N. Dupuy, S.R.A. Marque, M. Barbaroux and S. Doreyd, “One year monitoring by FTIR of y
—irradiated multilayer film PE/EVOH/PE,” Radiat. Phys. Chem., Vol.125, pp.115-121, 2016.

S. Yeo, W. Cho, D. Kim, C. Lee, Y. Hwang, J. Suk, C. Kim and J. Ha, “A mechanism of surface hardness
enhancement for H+ irradiated polycarbonate,” RSC Adv., Vol.10, No.48, pp.28603-28607, 2020.

S.F. Ahmed, J.W. Yi, M. Moon, Y. Jang, B. Park, S. Lee, K. Lee, “The Morphology and Mechanical
Properties of Polycarbonate/Acrylonitrile Butadiene Styrene Modified by Ar lon Beam lIrradiation,” Plasma.
Process. Polym., Vol.6, No.12, pp.860-865, 2009.

A.A. El-Saftawy, A. Elfalaky, M.S. Ragheb, S.G. Zakharya, “Electron beam induced surface modifications of
PET film,” Radiat. Phys. Chem., Vol.102, pp.96-102, 2014.

V. Kumar, Y. Ali, R.G. Sonkawade, A.S. Dhaliwal, “Effect of gamma irradiation on the properties of plastic
bottle sheet,” Nucl. Instrum. Methods. Phys. Res. B., Vol.287, pp.10-14, 2012.

M.I. Khan, M.H. Sutanto, M.B. Napiah, K. Khan and W. Rafig, “Design optimization and statistical modeling
of cementitious grout containing irradiated plastic waste and silica fume using response surface
methodology,” Constr. Build. Mater., Vol.271, 121504, 2021.

Y.W. Choi, D.J. Moon, J.S. Chung and S.K. Cho, “Effects of waste PET bottles aggregate on the properties
of concrete,” Cem. Concr. Res., V0.35, No.4, pp.776-781, 2005.

M.I. Juki, and S.K. Faisal, “Relationship between compressive, splitting tensile and flexural strength of
concrete containing granulated waste polyethylene terephthalate (PET) bottles as fine aggregate,” Adv. Mater.
Res., Vol.795, pp.356-359, 2013.

M.A.-T. Mustafa, |. Hanafi, R. Mahmoud and B.A. Tayeh, “Effect of partial replacement of sand by plastic
waste on impact resistance of concrete: experiment and simulation,” Structure., Vol.20, pp.519-526, 2019.
I.S. Agwa, O.M. Omar, B.A. Tayeh and B.A. Abdelsalam, “Effects of using rice straw and cotton stalk ashes

on the properties of lightweight self-compacting concrete,” Constr. Build. Mater., Vol.235, 117541, 2020.

- 108 -



[72] A.AA. Hassan, M.K. Ismail, J. Mayo, “Mechanical properties of self —consolidating concrete containing
lightweight recycled aggregate in different mixture compositions,” J. Build. Eng., Vol.4, pp.113-126, 2015.

[73] O. Youssf, M. Elchalakani, R. Hassanli, R. Roychand, Y. Zhuge, R.J. Gravina and J.E. Mills, “Mechanical
performance and durability of geopolymer lightweight rubber concrete,” J. Build. Eng., Vol.45, 103608, 2022.

[74] M. Hasan, T. Saidi and M. Afifuddin, “Mechanical properties and absorption of lightweight concrete using
lightweight aggregate from diatomaceous earth,” Constr. Build. Mater., Vol.277, 122324, 2022.

[75] M. Pekgdz, 1. Tekin, “Microstructural investigation and strength properties of structural lightweight concrete

produced with Zeolitic tuff aggregate,” J. Build. Eng., Vol.43, 102863, 2021.

48 A=

1. & AFNL7|2E deEAT|E

o
0l

U2

53

2. M5 HE ArfetMdal SREIXIE (5 AFwr|zt MR
A=z ML)

HH
EH
n>

1M U= 7] Ze=Eo A= Y

- 109 -



Sigin]
F o
1. 0l BIME FEDSRoIM AR TEDSU|E AP ‘BEDST|SETATAY
Aol uin =ZBDAolCt
2. 0l ATIYURE tHelsoz LTS mols HEAl RENER(ZEREDET| ST S0
Age ZEDSRET|E eIl Hatle Hsjof Bt
3. 2oIBE|& J|Y fxlol ed Uge tjedos wE £t BsloiMs o Hct

- 110 -




