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 AEVWUDFW 

The aiP Rf WhiV VWXd\ iV iQYeVWigaWiQg a QeZ SRVVibiOiW\ iQVWead Rf EN GJS 500-7 
PaWeUiaO. The QeZ SRVVibiOiW\ iV VROXWiRQ VWUeQgWheQed dXcWiOe iURQ EN GJS 500-14 
ZiWh higheU \ieOd VWUeQgWh, higheU eORQgaWiRQ, ORZ ZeighW aQd ORZ-cRVW adYaQWageV. 
FRU Whe VeOecWed cRPSRViWiRQ, ZhROe PechaQicaO aQd PicURVWUXcWXUaO SURSeUWieV haYe 
beeQ achieYed. The WheUPaO aQaO\VeV aQd Whe cRPSXWeU ViPXOaWiRQ haYe beeQ VWXdied. 
ReVXOWV VhRZed gRRd cRUUeOaWiRQ beWZeeQ e[SeUiPeQWaO UeVXOWV aQd ViPXOaWiRQ. 
FiQaOO\, EN GJS 500-14 caVWiQg PaWeUiaO iV UeSOaceabOe fRU 500-7 iQ ceUWaiQ 
cRQdiWiRQV; WeQViOe, haUdQeVV, eORQgaWiRQ aQd \ieOd VWUeQgWh UeTXiUePeQWV. 

1 IN7ROD8C7ION  
 
DXcWiOe caVW iURQ haV beeQ XVed e[WeQViYeO\ iQ PaQ\ VWUXcWXUaO aSSOicaWiRQV iQ aXWRPRWiYe iQdXVWU\ dXe WR iWV high 
WeQViOe VWUeQgWh, gRRd ZeaU UeViVWaQce, high dXcWiOiW\, ORZ PeOWiQg WePSeUaWXUe aQd VhUiQkage, Whe higheVW fOXidiW\ 
aQd cRVW-effecWiYe Za\ WR SURdXce cRPSRQeQWV; cUaQkVhafW, caPVhafW, a[Oe hRXViQgV, diffeUeQWiaO caUUieU, ZheeO 
hXb, VWeeUiQg bRdieV aQd VXVSeQViRQ aUPV. IQ addiWiRQ, dXcWiOe caVW iURQ iV kQRZQ aV a PaWeUiaO WhaW haV PechaQicaO 
SURSeUWieV aV gRRd aV VWeeOV aQd haV eaVe Rf PaQXfacWXUe Rf caVW iURQV. The PechaQicaO SURSeUWieV Rf dXcWiOe caVW 
iURQV aUe diUecWO\ UeOaWed WR WheiU PicURVWUXcWXUe aQd iQ aV-caVW cRQdiWiRQ Rf PaWUi[ PicURVWUXcWXUe Pa\ be eQWiUeO\ 
feUUiWic, eQWiUeO\ SeaUOiWic RU a cRPbiQaWiRQ Rf WheVe ZiWh VSheURidaO gUaShiWe iQ Whe PaWUi[. TheVe SURSeUWieV aUe 
affecWed b\ Whe chePicaO cRPSRViWiRQ aQd Whe VROidificaWiRQ±cRROiQg UaWe dXe WR Whe VecWiRQ Vi]e aQd PROdiQg 
PaWeUiaOV. PeaUOiWic PaWUi[ iV YeU\ haUd aQd VWUeQgWh. TheUe aUe WZR Za\V WR RbWaiQ feUUiWic PaWUi[: fiUVW RQe iV addiQg 
0.2% PagQeViXP caUbide aOOR\ iQ chePicaO cRPSRViWiRQ aQd VecRQd iV aQQeaOiQg Whe PaWeUiaO RU cRROiQg YeU\ 
VORZO\. SROidificaWiRQ Rf feUUiWic/SeaUOiWic dXcWiOe caVW iURQV VWaUWV ZiWh Whe SUeciSiWaWiRQ Rf aXVWeQiWe iQ OiTXid ShaVe. 
MaWUi[ iV aXVWeQiWe beORZ Whe eXWecWic WePSeUaWXUe aQd Whe fiUVW aXVWeQiWic aUeaV aUe WUaQVfRUPed iQWR feUUiWe, XVXaOO\ 
ORcaWed aURXQd Whe gUaShiWe QRdXOeV beORZ Whe eXWecWRid WePSeUaWXUe. CaUbRQ VROXbiOiW\ Rf feUUiWe iV PXch ORZeU 
WhaQ aXVWeQiWe VR, caUbRQ aWRPV diffXVe WR Whe gUaShiWe QRdXOeV fURP Whe feUUiWe aW a UaSidO\ decUeaViQg UaWe dXe WR 
Whe iQcUeaViQg diVWaQce. PeaUOiWe QXcOeaWeV aQd gURZV UaSidO\ becaXVe Rf Whe VhRUWeU diffXViRQ diVWaQce beWZeeQ 
feUUiWe aQd cePeQWiWe (Fe3C). ThXV, Whe UePaiQiQg PaWUi[ ZiOO be SeaUOiWic. The UeVXOW iV ³bXOOV e\e´ PicURVWUXcWXUe, 
ZheUe gUaShiWe QRdXOeV aUe VXUURXQded b\ a UiQg Rf feUUiWe iQ a PaWUi[ Rf SeaUOiWe. [1-6] 
 
MeeWiQg Whe dePaQdV WhaW deVigQeUV aQd PaQXfacWXUiQg eQgiQeeUV Pake Rf a cRPSRQeQW iV a VSeciaO chaOOeQge fRU 
Whe caVWeU. IQcUeaVed VWUeQgWh aQd bUeakiQg eORQgaWiRQ eQabOe Whe deVigQeU WR eQVXUe a OighW cRPSRQeQW ZiWh high 
fXQcWiRQaOiW\. HRZeYeU, aV a UXOe, WheVe PaWeUiaO SURSeUWieV VXffeU fURP SRRUeU RU PRUe cRPSOicaWed PachiQabiOiW\ 
aQd RfWeQ iQcUeaVe PaQXfacWXUiQg cRVWV VXbVWaQWiaOO\. DXe WR cRVW cRQVWUaiQWV, Whe aXWRPRbiOe iQdXVWU\ haV beeQ 
iPSOePeQWiQg VROXWiRQV WhaW PaUk a WXUQ WRZaUd PRdified PaWeUiaOV fRU a ORQg WiPe QRZ. [1] The ViOicRQ VROXWiRQ-
VWUeQgWheQed feUUiWic dXcWiOe caVW iURQ haV UeceQWO\ becRPe ZideO\ XVed aV a VWUXcWXUaO PaWeUiaO [2], aQd iWV WeQViOe 
VWUeQgWh haV beeQ VSecified aV beiQg XS WR 450±600 MPa iQ ISO1083 aQd EN1563:2011. B\ iQcUeaViQg Whe ViOicRQ 
cRQWeQW Rf 3.0±4.3% VROXWiRQ-VWUeQgWheQed feUUiWic dXcWiOe caVW iURQ, Whe aV-caVW PaWUi[ VWUXcWXUe iV a ViQgOe feUUiWe 
ShaVe aQd Whe WeQViOe VWUeQgWh iV iQcUeaVed WR 450±600 MPa b\ ViOicRQ VROid-VROXWiRQ VWUeQgWheQiQg. WheQ Whe 
ViOicRQ cRQceQWUaWiRQ iV high, Whe eXWecWRid WUaQVfRUPaWiRQ WePSeUaWXUe becRPeV higheU, aQd, ZheQ WheUe iV a feUUiWe 
ViQgOe ShaVe, aV Whe diffXViRQ Rf caUbRQ fURP gUaShiWe WR Whe PaWUi[ VWUXcWXUe UaWe OiPiWV Whe aXVWeQi]aWiRQ SURceVV 
[3], iW iV WhRXghW WhaW Whe UaQge Rf WUaQVfRUPaWiRQ dXe WR ZeOd heaW becRPeV VPaOOeU cRPSaUed WR cRQYeQWiRQaO 
feUUiWe±SeaUOiWe W\Se dXcWiOe caVW iURQ. 
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2 E;PERIMEN7AL PROCED8RE  
 
FRU WhiV VWXd\, a beaUiQg SaUW aQd a VWeeUiQg bRd\ SaUW haV beeQ VeOecWed fRU ZeighW UedXcWiRQ UeaVRQV. (figXUe 1) A 
Y VhaSed WeVW bORck aOVR added RQ Whe caVWiQg V\VWeP Rf VWeeUiQg bRd\ iQ RUdeU WR deWeUPiQe PaWeUiaO SURSeUWieV iQ 
hRPRgeQRXV ZaOO WhickQeVV cRQdiWiRQV. The caVWiQg V\VWePV bRWh fRU WZR SaUWV SUeSaUed iQ 3D VRfWZaUe fRU 
ViPXOaWiRQ VWXd\. The PaWeUiaOV Zhich aUe defiQiQg WR ViPXOaWiRQ aUe PRVWO\ VaPe PROdiQg PaWeUiaOV ZiWh e[ceSWiRQ 
Rf aOOR\ cRPSRViWiRQ. The chePicaO aQaO\VeV Rf aOOR\ haYe beeQ VeOecWed fURP OiWeUaWXUe WhaW ZiOO PeQWiRQed 
afWeUZaUdV Rf WhiV We[W. [1-4] 
 

 
FLJXUH 1. The VeOecWed WZR SaUWV; VWeeUiQg bRd\ aQd beaUiQg 

 
The fUaPeZRUk Rf WhiV VWXd\, aOOR\V ZeUe SURdXced iQ aQ 8000 kg iQdXcWiRQ fXUQace (PediXP fUeTXeQc\). The 
baVic aQaO\ViV Rf Whe aOOR\ ZaV C: (3.1-3.2)%; Si: (2.3-2.4)%; MQ: (0.15-0.20)%; P: <0.020%; S: <0.009%; Mg: 
(0.040-0.050)%. DXUiQg WXQdiVh cRYeU WUeaWPeQW ZiWh FeSiMg, Whe SUe-aOOR\ ZaV cRYeUed b\ VPaOO cXW VheeWV fURP 
VWeeO. The WaSSiQg WePSeUaWXUe ZaV fURP Whe iQdXcWiRQ fXUQace ZaV VeW aW (1520-1540)�C, Whe caVWiQg WePSeUaWXUe 
ZaV beWZeeQ 1440�C aQd 1450�C. IQRcXOaWiRQ WRRk SOace iQ Whe SRXUiQg baViQ b\ iQ VWUeaP iQRcXOaWiRQ dXUiQg 
SRXUiQg. The PeOW ZaV SUeSaUed Whe VaPe baVic chaUge 40% VWeeO aQd 60% Sig iURQ. 
 

 
FLJXUH 2. The caVWiQg V\VWeP Rf SWeeUiQg BRd\ ZiWh VWaQdaUd Y VhaSed bORckV. 

 
WhiOe Whe SRXUiQg Rf PROdV QeaU Whe VaPSOiQg aUea Rf SRXUiQg URbRW, a WheUPaO aQaO\VeV VeWXS haV beeQ cUeaWed b\ 
XViQg a cRPSXWeU, a daWa ORggeU aQd a QXick CXS � ZiWhRXW TeOOXUiXP. The VaPe % Rf iQVWUeaP iQRcXOaQW haV beeQ 
added aW Whe bRWWRP Rf cXS aQd 400 gU Rf PagQeViXP WUeaWed PeOW haV beeQ SRXUed WR Whe cXS fURP Whe VaPe SRXUiQg 
OadOe Rf WeVW caVWiQg PRXOdV. AOVR, Whe VSecWURPeWeU UeVXOWV cRQfiUPed WhaW Whe chePicaO aQaO\VeV ZeUe VaPe ZiWh 
Whe PeOW iQ PRXOd aQd WeVW cXS. The WiPe aQd WePSeUaWXUe daWa haYe beeQ cROOecWed b\ daWa ORggeU ZiWh 100PV WiPe 
SeUiRd aQd VaYed ZiWh cRPSXWeU fRU fXUWheU WheUPaO aQaO\VeV. The ShaVe WUaQViWiRQ WePSeUaWXUeV deWeUPiQed aQd 
defiQed iQ ViPXOaWiRQ fURP Whe cRROiQg cXUYe VhRZQ aW figXUe 3. 
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FLJXUH 3.  The cRROiQg cXUYe 

 
3 7HE CA67ING & 6IM8LA7ION RE68L76 
 
AfWeU Whe SRXUiQg, Whe VhakeRXW WiPe iV 100 PiQXWeV iQ cRROiQg WXQQeO. ThaW PeaQV ZhiOe Whe PROd ZaV SaVViQg 
WhURXgh Whe cRROiQg WXQQeO, Whe caVWiQg V\VWeP ZaV cRROiQg dRZQ iQ PROd (VORZ) cRQdiWiRQ. TheQ Whe fiQaO VhRW 
bOaVWiQg aQd feWWOiQg RSeUaWiRQV haV beeQ aSSOied RQ caVWiQg afWeU Whe UePRYaO Rf caVWiQg V\VWeP cRPSRQeQWV; 
UXQQeUV, gaWeV, feedeUV aQd SRXUiQg baViQ. AOO e[aPiQaWiRQV haYe beeQ Pade, RQ PaWeUiaOV fURP caVWiQg aQd WeVW 
bORckV VeSaUaWeO\ caVW bXW SRXUed WRgeWheU iQ VaPe caVWiQg V\VWeP, aV caVW cRQdiWiRQV. NR heaW WUeaWPeQW SURcedXUeV 
ZeUe caUUied RXW. The figXUe 4 VhRZV Whe WeQViOe WeVW VSeciPeQ ORcaWiRQ RQ VWeeUiQg bRd\ aQd VWaQdaUd Y VhaSed 
bORck. 
 

 
FLJXUH 4. The WeQViOe WeVW VSeciPeQ ORcaWiRQV fURP VWeeUiQg bRd\ SaUW & Y VhaSed bORck 

 
The WeQViOe WeVW UeVXOWV haYe beeQ OiVWed RQ WabOe 1. beORZ. The VaPSOe #1, #2 haYe beeQ WakeQ fURP bRd\ SaUW aQd 
Whe VaPSOe #3, #4 haYe beeQ WakeQ fURP Y VhaSed bORck aQd PachiQed aQd WeVWed accRUdiQg WR EN 1563:2012 
VWaQdaUdV. The UeVXOWV VhRZed WhaW Whe SRXUed PaWeUiaOV PeW Whe PechaQicaO UeTXiUePeQWV Rf VWaQdaUd. IQ EN 
1563:2012; Whe 0.2% SURRf VWUeQgWh(\ieOd) haV WR be PiQ. 400 MPa, Whe WeQViOe haV WR be PiQ. 500 MPa aQd Whe % 
eORQgaWiRQ haV WR be PiQ. 14% accRUdiQg WR UeOeYaQW ZaOO WhickQeVV Zhich iV VPaOOeU WhaQ 30 PP. (Fig. 5a) 
 

7DEOH 1. MechaQicaO TeVW ReVXOWV 
6DPSOHV <LHOG 6WUHQJWK MPD 7HQVLOH 6WUHQJWK MPD % EORQJDWLRQ 
#1(SDUW) 456.61 548.80 15.40 
#2(SDUW) 462.15 558.42 16.10 

#3(EORFN) 470.20 565.60 17.80 
#4(EORFN) 472.10 568.20 18.10 
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FLJXUH 5. The Pa[iPXP eORQgaWiRQ, FUacWiRQ Rf FeUUiWe UeVXOWV fRU Y VhaSed WeVW bORck aQd HaUdQeVV 

 

   
FLJXUH 6. UQ-eWched aQd eWched PicURgUaShV fURP WeQViOe WeVW VSeciPeQ VecWiRQ Rf Y VhaSed WeVW bORck 

 
The figXUe 5b aQd 6 VhRZV WhaW WheUe iV aOVR gRRd cRUUeOaWiRQ beWZeeQ ViPXOaWiRQ UeVXOWV aQd UeaO caVWiQg 
PicURgUaShV. The UeOaWiYeO\ ORZ QRdXOe cRXQWV dXe WR ORZ caUbRQ cRQWeQW aQd fXOO\ feUUiWic PicURVWUXcWXUe. The 
PicURVWUXcWXUe iV fRUP VI 6-7 gUaShiWe ZiWh 90% QRdXOaUiW\ 175 QRdXOeV/iQch2. The aYeUage haUdQeVV iV 200-205 
HB haUdQeVV. (FigXUe c) 
 
4 RE68L76 & DI6C866ION 
 
WheQ cRPSaUed WR BS EN 1563:2011 VWaQdaUd [5], EN GJS 500-4 PaWeUiaO haV 290-320 MPa 0.2% PURRf VWUeQgWh 
accRUdiQg WR ZaOO WhickQeVV, 420-500 MPa WeQViOe VWUeQgWh, 5-7% eORQgaWiRQ aQd 150-230 HB haUdQeVV deSeQd RQ 
ZaOO WhickQeVV.  The EN GJS 500-14 PaWeUiaO haV achieYed 390-400 MPa %0.2 PURRf VWUeQgWh, 480-500 MPa WeQViOe 
VWUeQgWh, aQd 12-14% eORQgaWiRQ aQd 170-215 HB haUdQeVV deSeQd RQ ZaOO WhickQeVV. ThaW PeaQV ZheQ Ze achieYe 
EN GJS 500-14 PaWeUiaO PechaQicaO SURSeUWieV ZiWh PicURVWUXcWXUaO UeTXiUePeQWV Oike Whe QRdXOaUiW\, Whe QRdXOe 
cRXQW aQd QRdXOe VhaSe, iQ ceUWaiQ cRQdiWiRQV iW'V UeSOaceabOe WR PRUe ZideO\ XVed VWaQdaUd PaWeUiaO EN GJS 500-
7. 
 
The adYaQWageV Rf EN GJS 500-14 fRU EN GJS 500-7 aUe; ORZ deQViW\ abRXW 1.5% aQd Whe ORad caUU\iQg VecWiRQ 
cRXOd be decUeaVed b\ cRPSaUiQg Whe 0.2% PURRf VWUeQgWh (aYeUage 305/490=0.745 WiPeV) Zhich SURYideV ORZ 
ZeighW RSSRUWXQiWieV. The abVeQce Rf SeUOiWe SURYideU eOePeQWV aV CX, SQ aQd ORZeU aPRXQWV Rf MQ SURYideV cRVW 
UedXcWiRQ (abRXW 5%) iQ PeOW VhRS. B\ Whe eORQgaWiRQ ZiWh 14% (WZR WiPeV Rf 7% fRU EN GJS 500-7) iW caQ abVRUb 
PRUe eQeUg\ WiOO UXSWXUe. (The fUacWXUe WRXghQeVV iV 72 ZhiOe Whe EN GJS 500-7 haV 63) The PRUe hRPRgeQRXV 
haUdQeVV diVWUibXWiRQ (iQdeSeQdeQce fURP VecWiRQ WhickQeVV) SURYideV gRRd PachiQabiOiW\ aQd iQcUeaVeV WRRO Oife. 
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