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|WWm '|Q=Wi |=yCtw=kt |Q}oxR=Ov= |=Q@?}DQD x@ |QDt|Dv=U 50�10�10
|}xv=wDU= w |@amt |=y?r=k "OvOW V}=tR; |oRwQ 28 uU QO w x}yD |WtN w
VmJ =@ TBU "OvOW xO}@ wm x@ Q[ 25 'x}q Qy w |R} QuD@ |x}q xU QO s=Om Qy
"OwW GQ=N uD@ QO OwHwt |=wy =D OvOW xOR ?r=k |xvO@ x@ |}=yx@ Q[ |m}DUq
|=wy w sm =QDt x}q Qy 'QwD=Q@} w ltm =@ w OvOW |R} QuD@ x}q wO QO s=Om Qy =yQ}D
|=yxvwtv K]U 'sm =QD w |R} Q?r=k s=tD= R= TB "CU= xOW GQ=N u; QO OwHwt
"O}; pta x@ |Q}owrH uD@ ?; Q}N@D R= =D 'OvOW xOv=WwB ?w]Qt |=y|vwo =@ |vD@
pkDvt |Qw;pta |xJ[wL x@ w GQ=N ?r=k R= Ca=U 24 R= TB |vD@ |=yxvwtv

"OvOW

|y=oW}=tR; G}=Dv Q}UiD w x�=Q= "3
Oy=W \qDN= KQ] |x}yD %pw= |xrLQt "1"3

X=wN R=Ht|xOwOLt x@ xHwD =@ w OW xDN=UuD@ \qDN= KQ] OvJ 'pw= |xrLQt QO
C=_Lqt w 9 pwOH EFNARC OQ=Ov=DU= T=U= Q@ sm =QDOwN uD@ l} Swrw�Q
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yt

"swO |xrLQt |=yKQ] \wrNt C@Uv "13 pwOH
?; u=t}U nvU QOwB jwi |xv=OCWQO |xv=OR} Q |xU=t 19�6 uW \wrNt hQat

(kg) (kg) (kg)
xOvvmu=wQ |Di=} R=@ |Di=} R=@ |a}@]

(kg)
(kg) (kg) (kg) (kg)

167 400 100 3 8 0 0 1200 530 C

167 400 100 3 8 0 300 900 530 FRA25
167 400 100 3 8 0 600 600 530 FRA50
167 400 100 3 8 0 900 300 530 FRA75
167 400 100 3 8 0 1200 0 530 FRA100
167 400 100 3 8 132 5 0 1200 397 5 CRA25
167 400 100 3 8 265 0 1200 265 CRA50
167 400 100 3 8 397 5 0 1200 132 5 CRA75
167 400 100 3 8 530 0 1200 0 CRA100

"swO |xrLQt { xR=D uD@ |=yV}=tR; G}=Dv "14 pwOH
(mm) U |x@aH (S) T50 (mm) AtqU= u=} QH (S)V h}k L |x@aH V}=tR; ẁv

2 9 4 11 670 10 32 0 93 C

1 4 8 665 11 8 0 89 FRA25
1 5 7 11 567 13 69 0 88 FRA50
2 1 10 1 621 20 11 0 87 FRA75
2 6 12 700 29 3 0 81 FRA100
3 2 4 96 655 11 93 0 87 CRA25
4 1 7 65 623 15 42 0 83 CRA50
5 2 11 23 603 21 45 0 81 CRA75
6 1 13 5 587 31 7 0 8 CRA100

"swO |xrLQt { xOW CNU uD@ |=y V}=tR; G}=Dv "15 pwOH
OYQO |WWm Ctw=kt OYQO |WWm Ctw=kt OYQO |Q=Wi Ctw=kt ẁv
Vy=m (MPa) Vy=m (MPa) Vy=m (MPa) V}=tR;
� � 3 9 � � 3 61 � � 38 99 C

3 85 3 75 4 43 3 45 6 23 36 7 FRA25
12 56 3 41 10 8 3 22 15 8 32 83 FRA50
17 95 3 2 25 1 2 7 24 1 29 6 FRA75
28 2 2 8 30 7 2 5 36 4 24 8 FRA100
2 31 3 81 1 66 3 55 5 1 37 CRA25
8 46 3 57 6 37 3 38 14 33 51 CRA50
16 67 3 25 23 54 2 76 19 6 31 36 CRA75
28 72 2 78 31 8 2 46 33 75 25 83 CRA100

x@ =Pr "OvQ=O sy x@ |O=} R Cy=@W 'Q[=L |xar=]t QO |Di=} R=@ |=yxv=OnvU w
swO pt=a =@ xU}=kt QO |QDsyt Vkv 'Q[=L |xar=]t QO pw= pt=a OUQ|t Q_v

"OW=@ xDW=O
xv=OR} Q |v} Ro}=H OYQO V}=Ri= 'OwW|t xOy=Wt 14 pwOH R= xm Qw] u=ty
|x}rm 'xv=OCWQO R=i QO "OvQ=O =Q OwN X=N Q=F; s=Om Qy '|Di=} R=@ |xv=OCWQO =}
'Ov=xOQm Ci= |v} Ro}=H OYQO V}=Ri= =@ sm =QDOwN uD@ |m} Swrw�Q |=yxYNWt

|W=v ,=DOta |Di=} R=@ |=yxv=OnvU =@ sm =QDOwN uD@ |m} Swrw�Q X=wN Ci= "CU=
=@ xU}=kt QO |Di=} R=@ |=yxv=OnvU QDW}@ |L]U |Q@ R �1 %CU= pt=a wO R=
VvD u; ?Hwt x@ xm '=yv; |x}yD Ov}=Qi |xwLv x@ xHwD =@ |a}@] |=yxv=OnvU
QDW}@ |=yxv=OR} Q OwHw Cra x@ QDW}@ ?; ?PH �2 'OwW|t O=} R uD@ s}rUD |WQ@
[28�24]"|a}@] |=yxv=OnvU =@ uD@ =@ xU}=kt QO |Di=} R=@ |=yxv=OnvU =@ uD@ QO
|a}@] |=yxv=OnvU |Ov@xv=O |vLvt '3 w 1 |=ypmW |=yQ=Owtv x@ xHwD =@ xD@r=
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QQ@"swU |xrLQt |=yKQ] \wrNt C@Uv "16 pwOH
?; T}r}UwQm}t u=t}U nvU QOwB jwi |xv=OCWQO |xv=OR} Q xU=t 19�6 uW \wrNt hQat

(kg) (kg) (kg) (kg)
xOvvmu=wQ |Di=} R=@ |Di=} R=@ |a}@]

(kg)
(kg) (kg) (kg) (kg)

167 0 400 100 3 8 0 300 900 530 FRA25
167 20 380 100 3 8 0 300 900 530 FRA25�5
167 30 370 100 3 8 0 300 900 530 FRA25�7 5
167 40 360 100 3 8 0 300 900 530 FRA25�10
167 0 400 100 3 8 132 5 0 1200 397 5 CRA25
167 20 380 100 3 8 132 5 0 1200 397 5 CRA25�5
167 30 370 100 3 8 132 5 0 1200 397 5 CRA25�7 5
167 40 360 100 3 8 132 5 0 1200 397 5 CRA25�10

w OwW|tv =yxv=OnvU ?PH uD@ CN=U R= Oa@ =OD@= u=ty QO |Di=} R=@ uD@ \qDN=
|xv=OR} Q =@ uD@ OQwt QO XwYN x@ [22]"OwW|t uD@ |}=Q=m V}=Ri= Ea=@ xH}Dv QO
|xv=OCWQO =@ xU}=kt QO |Di=} R=@ |xv=OR} Q QDW}@ ?; ?PH Cra x@ |Di=} R=@
|v=wQ Ci= xm CiQo xH}Dv u=wD|t ẁtHt QO "CU= QDptDLt ẁ[wt u}= '|Di=} R=@
Q}O=kt V}=Ri= R= QDtm |Di=} R=@ |xv=OR} Q V}=Ri= R= |W=v |m} Swrw�Q X=wN w
'|Di=} R=@ |=yxv=OR} Q Q}O=kt V}=Ri= 'Qo}O CQ=@a x@ "CU= |Di=} R=@ |xv=OCWQO

"CW=O Ovy=wN sm =QDOwN uD@ |m} Swrw�Q X=wN w uOw@ u=wQ QO |QDtm Q=F;
hrDNt |=yKQ] QO uD@ |m}v=mt X=wN C=Q}}eD '15 pwOH w 4 pmW QO
X=wN '|Di=} R=@ |xv=OnvU Q}O=kt V}=Ri= =@ =yv; j@=]t xm 'OwW|t xOy=Wt
w FRA25 \qDN= KQ] wO xm |Qw] x@ 'Ov=xOQm =O}B |QDW}@ Ci= |m}v=mt
'Ov=xDW=O =Q |Di=} R=@ |=yxv=OnvU =@ |v} Ro}=H OYQO u} QDtm xm 'CRA25
"Ov=xDW=O Oy=W KQ] x@ C@Uv =Q |WtN w |WWm '|Q=Wi Ctw=kt Ci= u} QDtm
|=yxv=OnvUQO|[Qa|=ylQD OwHw '=yxv=O w|t}OkCqtu}@h}a[|oOv@UJ
pNrNDt Cqt OwHw w uOW OQN R= |W=v =yxv=OnvU |x}yD Ov}=Qi QO |Di=} R=@
QO [27w26]"OwW|t uD@ |m}v=mt X=wN h}a[D Ea=@ =yxv=OnvU QwO h}a[
23 ITZ |r=kDv= |x}L=v uD@ u}@ |i}a[ Ovw}B OvwW|t ?@U Q}N= pt=wa `k=w
|v} Ro}=H OYQO V}=Ri= =@ xm 'OwW O=H}= O}OH ITZ |r=kDv= |x}L=v w |t}Ok
|m}v=mt X=wN xH}Dv QO w OwW|t QDh}a[ QwmPt Ovw}B '|Di=} R=@ |=yxv=OnvU

[30w29]"Ovvm|t =O}B |QDW}@ Ci= uD@
|w=L uD@ \qDN= |=yKQ] QO uD@ |m}v=mt X=wN Ci= Vy=m 'u}= Q@ xwqa
V}=Ri= =@ ,qFt "CU= QDW}@ |Di=} R=@ |xv=OCWQO =@ xU}=kt QO |Di=} R=@ |xv=OR} Q
QO 'CU= xOW xOy=Wt |Q=Wi Ctw=kt Vy=m �6 23 '|Di=} R=@ |xv=OR} Q �25
OwHw x@ |Q=Wi Ctw=kt Ci= �5 1 'x@=Wt |xv=OCWQO OYQO =@ xm |DQwY
OwyWt =yOYQO |t=tD QO |m}v=mt X=wN w |Dtw=kt hqDN= u}= "CU= xOt;
=@ sm =QDOwN uD@ xm Ci=} QO u=wD|t |rm |xH}Dv u=wva x@ "CU= xU}=kt p@=k w
|Dtw=kt w |m}v=mt X=wN w QDy@ |v=wQ w |m} Swrw�Q X=wN '|Di=} R=@ |xv=OR} Q
w |UQQ@ =@ "CW=O Oy=wN |Di=} R=@ |xv=OCWQO |w=L uD@ =@ xU}=kt QO |QDtm
Ci=} QO u=wD|t EFNARC R=Ht |=yxOwOLt =@ xOt; CUO x@ G}=Dv |xU}=kt
xv=OR} Q R=i wO Qy QO |Di=} R=@ |xv=OnvU |v} Ro}=H �25 =@ KQ] G}=Dv \ki xm
|v} Ro}=H =@ 'Qo}O CQ=@a x@ "CU= Q_v OQwt |=yxOwOLt |t=tD QO xv=OCWQO w
"CU= pwYL p@=k sm =QDOwN uD@ X=wN '|Di=} R=@ |xv=OCWQO =} xv=OR} Q �25
C@Uv =Q |WtN w |WWm '|Q=Wi Ctw=kt Ci= u} QDtm KQ] wO u}= 'u}= Q@ xwqa

"swO |xrLQt |=yKQ] uD@ |m}v=mt X=wN C=Q}}eD "4 pmW

"swU |xrLQt |=yKQ] uD@ |m}v=mt X=wN C=Q}}eD "5 pmW

=} AtqU= u=} QH pFt uD@ |m} Swrw�Q |=yxYNWt R= |[a@ xv=OR} Q R=i QO |rw
OwHw sOa "OvQ=Ov |YNWt w C@=F OvwQ |v} Ro}=H OYQO V}=Ri= =@ U |x@aH
u=QoWywSB C=ar=]t QO |Di=} R=@ sm =QDOwN uD@ |m} Swrw�Q X=wN QOXNWt OvwQ
?PH Cra x@ |Di=} R=@ |=yxv=OnvU =@ uD@ QO [22w21]"OwW|t xOy=Wt R}v Qo}O
?; pt=W xm uD@ \qDN= KQ] ?; pm u=R}t '|Di=} R=@ |=yxv=OnvU QDW}@ ?;
\qDN= KQ] =@ uD@ =@ xU}=kt QO 'CU=yxv=OnvU uOQm `=@W= |=Q@ sRq |i=[=
|=yKQ] R= |[a@ QO |i=[= ?; u=R}t u}= "CU= QDW}@ |rwtat |=yxv=OnvU =@
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QW
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a|
UOv

yt "swU |xrLQt { xR=D uD@ |=yV}=tR; G}=Dv "17 pwOH
U |x@aH T 50 AtqU= u=} QH V h}k

L |x@aH V}=tR; ẁv
(mm) (S) (mm) (S)

1 4 8 665 11 8 0 89 FRA25
2 5 4 95 654 12 14 0 86 FRA25�5
4 6 7 35 631 15 39 0 82 FRA25�7 5
6 5 11 89 623 20 8 0 76 FRA25�10
3 2 4 96 655 11 93 0 87 CRA25
3 9 5 03 650 12 32 0 85 CRA25�5
5 3 8 15 630 16 76 0 83 CRA25�7 5
6 8 12 85 620 22 67 0 78 CRA25�10

"swU |xrLQt { xOW CNU uD@ |=yV}=tR; G}=Dv "18 pwOH
OYQO |WtN Ctw=kt OYQO |WWm Ctw=kt OYQO |Q=Wi Ctw=kt ẁv
V}=Ri= (MPa) V}=Ri= (MPa) V}=Ri= (MPa) V}=tR;

� � 3 75 � � 3 45 � � 36 7 FRA25
2 67 3 85 4 1 3 59 3 54 38 FRA25�5
6 13 3 98 7 54 3 71 7 9 39 6 FRA25�7 5
10 93 4 16 12 75 3 89 14 71 42 1 FRA25�10

� � 3 81 � � 3 55 � � 37 CRA25
2 81 3 92 1 41 3 60 4 6 38 7 CRA25�5
7 87 4 11 4 79 3 72 8 91 40 3 CRA25�7 5
11 81 4 26 10 14 3 91 13 51 42 CRA25�10

OQ=Ov=DU= =@ sm =QDOwN uD@ |=yQ=}at Qo}O 'QDq=@ |=yOYQO x@ T}r}UwQm}t V}=Ri=
R}v |Di=} R=@ |=yxv=OCWQO |=Q@ xOW QmP OQ=wt "CU= xOWv u}t-=D EFNARC

. CU= xOy=Wt p@=k
=Q swU |xrLQt |=yKQ] QO uD@ |m}v=mt X=wN C=Q}}eD '18 pwOH w 5 pmW
T}r}UwQm}t V}=Ri= OyO|t u=Wv 18 pwOH w 5 pmW |UQQ@ "OyO|t u=Wv
sy w xv=OCWQO R=i QO sy xm |wLv x@ 'OQ=O uD@ |m}v=mt X=wN QO s}kDUt Q}F-=D
V}=Ri= =@ uD@ |WtN w |WWm '|Q=Wi |=yCtw=kt '|Di=} R=@ |xv=OR} Q R=i QO
Ow@y@ p}rO x@ uD@ |m}v=mt X=wN C} wkD "CU= xOW O=} R T}r}UwQm}t OYQO
V}=Ri= |=yOYQO [32]"CU= u; sm =QD V}=Ri= w u=t}U Q}tN Q=DN=UR} Q Q}otWJ
|vOwRi= uwO@ 'swO |xrLQt |=y\qDN= KQ] =@ xU}=kt QO pwOH QO xOW x�=Q=

"CU= xOW x@U=Lt T}r}UwQm}t
|=yCtw=kt Q}O=kt =@ 18 pwOH QO xOW x�=Q= |=yCtw=kt Q}O=kt |xU}=kt
w FRA25�5 |=yKQ] xm OyO|t u=Wv �12 pwOH 2 KQ]� x}rw= Oy=W KQ]
Ctw=kt XNWt Qw] x@ "OvQ=O =Q Oy=W KQ] x@=Wt \}=QW ,=@} QkD CRA25�5
�1 3 w �0 6 '�2 5 \ki ?}DQD x@ FRA25�5 KQ] |WtN w |WWm '|Q=Wi
x@ CRA25�5 KQ] |WWm w |Q=Wi Ctw=kt u}vJty "CU= Oy=W KQ] R= QDtm
|DL u; |WtN Ctw=kt w CU= Oy=W KQ] R= QDtm �0 3 w �0 7 \ki ?}DQD
OYQO =@ =y\qDN= KQ] |x}k@ "CU= QDW}@ Oy=W KQ] |WtN Ctw=kt R= �0 5

"OvQ=O Oy=W KQ] x@ C@Uv |QDq=@ |Dtw=kt X=wN ,=DOta 'QDq=@ T}r}UwQm}t
|m}v=mtX=wN^=Lr R= sy 'CRA25�5 w FRA25�5|=yKQ] ẁtHt QO
^=Lr R= sy w OvQ=O =Q Oy=W KQ] x@=Wt \}=QW w OvDUy pw@k p@=k |Dtw=kt w

|xrLQt |=Q@ CRA25 w FRA25 \qDN= KQ] wO =Pr "Ov=xDW=O Oy=W KQ] x@
"Ov=xOW ?=NDv= VywSB Oa@

'5 |=yOYQO =@ T}r}UwQm}t uqwRwB uOwRi= %swU |xrLQt "3"3
swO |xrLQt |@=NDv= |=yKQ] x@ 10 w 7 5

|@=NDv= |Di=} R=@ |=yxv=OnvU |w=L |=yuD@ |m}v=mt X=wN Ci= x@ xHwD =@
'|vwvm |xrLQt R= hOy '�CRA25 w FRA25 |=y\qDN= KQ]� p@k |xrLQt
T}r}UwQm}tuqwRwB R= u;jkLD|=Q@ xm 'CU= QwmPt|=yKQ]|m}v=mtX=wNOw@y@
"CU= xOW xO=iDU= 'OwW|t u=t}U u} Ro}=H xm 10 w 7 5 '5 |=yOYQO QO
Qo}O Q}O=kt w xOQm Q}}eD T}r}UwQm}t w u=t}U Q}O=kt \ki 'Q}N= |=yKQ] QO
|UQQ@ OQwt |=yKQ] \wrNt C@Uv "CU= xOw@ C@=F \wrNt C@Uv |=yQDt=Q=B

"CU= xOW x�=Q= 16 pwOH QO swU |xrLQt QO
Q=JO |m} Swrw�Q X=wN T}r}UwQm}t Q}O=kt V}=Ri= =@ '17 pwOH j@=]t
T}r}UwQm}t |q=@ ?; ?PH w uOw@ Q=DN=UR} Q R= |W=v Ci= u}= xm 'Ov=xOW Ci=
x@ "CU= xOy=Wt p@=k xv=OCWQO QO sy w xv=OR} Q QO sy Ci= u}= [31]"CU=
V}=tR; QO FRA25�10 w FRA25�7 5 'FRA25�5 |=yKQ] 'xvwtv u=wva
Vy=m |rwRv OvwQ u}= "OvDUy 623 w 631 '654 Q}O=kt |=Q=O AtqU= u=} QH
w |}=Q=m w |v=wQ Ci= Q@ x=wo T}r}UwQm}t OYQO V}=Ri= =@ AtqU= u=} QH
X=wN QO |tm QF= '�5 u=R}t =D T}r}UwQm}t uOwRi= "CU= uD@ |m} Swrw�Q X=wN
=@ |rw 'CU= xOv=t |k=@ |tm =QDOwN |xOwOLt QO u=vJty uD@ w xDW=O |m} Swrw�Q
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QQ@w |m} Swrw�Q X=wN |ivt C=Q}}eD u} QDtm Q=JO uD@ xm |wLv x@ &CU= �25
"OwW|t |m}v=mt

R}v w |Di=} R=@ uD@ |m}v=mt X=wN V}=Ri= Ea=@ uD@ x@ T}r}UwQm}t uOwRi= ��
Q=DN=UR} Q R= |W=vCi= u}= "OwW|t uD@ |m} Swrw�Q X=wN QO R}J=vCi=?@U
'�5 u=R}t =D T}r}UwQm}t uOwRi= "CU= T}r}UwQm}t |q=@ ?; ?PH w uOw@
|tm =QDOwN |xOwOLt QO u=vJty uD@ w OQ=O |m} Swrw�Q X=wN QO |tm QF=
|=yQ=}at Qo}O 'QDq=@ |=yOYQO x@ T}r}UwQm}t V}=Ri= =@ |rw 'Ov=t|t |k=@

"OwW|tv u}t-=D EFNARC OQ=Ov=DU= =@ sm =QDOwN uD@
=D|Di=} R=@ |xv=OCWQO w xv=OR} Q R= xO=iDU= 'Q[=LVywSB|rm|xH}Dv u=wva x@ ��
|m} Swrw�Q w|m}v=mt X=wN �5 OwOL =DT}r}UwQm}t R= xO=iDU= w �25 OwOL
sm =QDOwN uD@ |=Q@ |@U=vt u} Ro}=H Ov=wD|t w OyO|tv Q}}eD =Q sm =QDOwN uD@

"OW=@ |a}@] |=yxv=OnvU =@
'CU= xOw@ sm =QDOwN uD@ 'Q[=L VywSB RmQtD xmu}= x@ xHwD =@ CU= QmP u=}=W
x_Lqt Q[=L VywSB QO sm =QDOwN uD@ |m} Swrw�Q |=y|oS} w w |m}v=mt X=wN
"CiQov Q=Qk xHwD OQwt Z=@kv= w VRN pFt uD@ COtR=QO X=wN |UQQ@ w OW
QO |Di=} R=@ |=yxv=OnvU R= xO=iDU= u=R}t =@ ?U=vDt xm OvyO|t u=Wv C=ar=]t
|=yxv=OnvU =@ |=yuD@ x@ C@Uv |Di=} R=@ |=yuD@ VRN OYQO 60 =D 30 'uD@
Z=@kv= K]U OYQO 50 =D 20 |Di=} R=@ |=yuD@ xwqa x@ [33]"CU= QDW}@ |a}@]
|=yxv=OR} Q R= xm |DQwY QO "OvQ=O |a}@] |xv=OnvU =@ |=yuD@ x@ C@Uv |QDq=@
[34]'OUQ|t OYQO 100 =D 70 x@ hqDN= u}= 'OwW xO=iDU= uD@CN=U QO|Di=} R=@
V}=Ri= "CU= Z=@kv= p@=kt QO|Di=} R=@ |xOWlWN Cqt sm |Q=O}=B R=|W=v xm
uD@ CN=U QO |Di=} R=@ |=yxv=OnvU R= xO=iDU= Cra x@ u=t}U Cqt ?; Q=Okt
CUQO |xO=iDU= =@ [35]"CU= |Di=} R=@ uD@ Z=@kv= uOw@ QDq=@ pt=wa Qo}O R= R}v
[33]"OQm pQDvm =Q xOW QmP V}=Ri= u=wD|t ?; Q=Okt K}LY u=R}t w =y|vOwRi= R=
u=R}t QO |Di=} R=@ |=yxv=OnvU QF= xm CU= xOW xO=O u=Wv xar=]t l} QO xD@r=
QDtm pw=ODt |Di=} R=@ uD@ =@ xU}=kt QO sm =QDOwN |Di=} R=@ uD@ QO Z=@kv= w VRN
x@ |Di=} R=@ |=yxv=OnvU R= xO=iDU= |=}=Rt |xty seQ|ra ẁtHt QO[ [22]"CU=
sm =QDOwN uD@ QO u; R= xO=iDU= '|]}LtCU} R p�=Ut w xv} Ry QO |} wHxiQY p}rO

"OQ}o CQwY O}=@ uD@ COtR=QO |=y|oS} w pQDvm w x_Lqt =@
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