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V}B Cr=L wO QO uwDU hPL C}akwt QO p=O s�=k u=mtQ}}eD |v=tR |xJN} Q=D
x@ =yxrRrR Q}=U |=Q@ R}v |y@=Wt G}=Dv "OwW|t xOy=Wt |J|J |xrRrR R= TB w
|Q=PoQ=@ Cra x@ xR=U <=RH= QO =y?}U; xm OwW|t |Q}oxH}Dv "CU= xOt; CUO
l}ORv sy x@ xrRrR R= TB w V}B Cr=L wO QO uwDU hPL G}=Dv w CU= R}J=v xrRrR
|xt=vu}}; T=U= Q@ u} Ro}=H Q=@ Q}Ut VwQ QO xm OUQ|t Q_v x@ u}=Q@=v@ "OvDUy
C}=im |Q=OQ@xQy@ |=yQ=@ CLD xR=U |xOvwQV}B |@=QN p}rLD s=Hv= [3]'GSA

"Ovm|t

|W}=Ri= |m}t=v}O p}rLD "6"5
COW CLD 'swU w pw= |=yxk@] QO uwDU hPL Cr=L xU |=Q@ |m}t=v}O R}r=v;

"B2 uwDU hPL QF= QO =yuwDU |QwLt |wQ}v C=Q}}eD|v=tR |xJN} Q=D "10 pmW

Q=@ `} RwDR=@ "3"5
QO =Q Qw=Ht |=yuwDU QO |QwLt |wQ}v C=Q}}eD |v=tR |xJN} Q=D '10 pmW
Q=@ |xOta '=OD@= QO "OyO|t u=Wv pw= |xk@] QO B2 uwDU hPL |w} Q=vU
'C2 |Q=vm |=yuwDU x@ 'uwDU hPL R= |W=v sDU}U x@ xOW p}tLD |i=[=
QO |Q=vm |=yuwDU QO Iv=B CUmW p=@vO x@ "CU= xO}UQ B3 w B1 'A2
QO |QwLt |wQ}v TBU w Vy=m =yu; QO |QwLt |wQ}v 'x}v=F 0/2 OwOL u=tR
|=yu=tr= uOW p=ai =@ "CU= xDi=} V}=Ri= A3 w C3 'A1 'C1 |xWwo |=yuwDU
,=OOHt |Q=vm |=yuwDU QO |QwLt Q=@ '|Q=vm |=yuwDU |=yp=YD= QO Iv=BTB
425=62kN C2 uwDU |QwLt Q=@ B2 uwDU hPL R= V}B "CU= xDi=} V}=Ri=
10 pmW QO 229kN OwOL Q=Okt x@ C2 uwDU |QwLt Q=@ V}=Ri= "CU= xOw@
u}vJty "CU= xOW |@=} R=@ ,=OOHt C2 uwDU |QwLt Q=@ �153 xm OyO|t u=Wv
|i=[= |=yQ=@ |t=tD ,=@} QkD 'p}rLD u=tR |=yDv= QO xm OyO|t u=Wv Q}N= pmW
syU 'xWwo |=yuwDU w xO}UQ |Q=vm |=yuwDU x@ B2 uwDU hPL R= |W=v
|=yuwDU QO |QwLt |wQ}v C=Q}}eD |UQQ@ "Ov=xDW=Ov |i=[= Q=@ ptLD QO |v=OvJ
xm OyO|t u=Wv pw= |xk@] QO C2 w C1 |=yuwDU hPL |w} Q=vU QO Qw=Ht
Cr=L QO w C2 w B1 |=yuwDU x@ =yQ=@ |xOta 'C1 uwDU hPL Cr=L QO
xO}UQ C3 w C1 'B1 |=yuwDU x@ ?}DQD x@ =yQ=@ |xOta 'C2 uwDU hPL

"CU=

�|}xLiYuwQO� |ki= u=mtQ}}eD "4"5
B2 uwDU hPL Crax@ =Q C2 |=yuwDU |q=@ |xQo |ki= u=mtQ}}eD '11 pmW
xOW hPL uwDU R= uOW QwO |vat x@ C@Ft Q=Okt "OyO|t u=Wv pw= |xk@] QO
"CU= C2 uwDU x@=Wt A2 uwDU |@Uv |ki= u=mtQ}}eD 'uQ=kD p}rOx@ "CU=
xOw@ QDt|r}t 1/71 OwOL pw= |xk@] QO C2 uwDU |ki= u=mtQ}}eD |xv}W}@
CUO x@ QDt|r}t 3/42 'wO QwLt |=DU=Q QO p=O VQDUo |xv}W}@ u}=Q@=v@ "CU=

"Ovm|t O}}-=D =Q p=O QO |Q=Wi |}=We pta Qw[L ,=} wk G}=Dv "CU= xOt;

xrRrR R= TB uwDU hPL "5"5
CW=ov?=DW xUR= 'xrRrR R=TBCND p=O|xR=U|xOvwQV}B|@=QN|UQQ@ Qw_vtx@
QO GQOvt VwQ j@] xm 'CU= xOW xO=iDU= 1 pwOH j@=]t pUo R= QwO
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"xOW xO=iDU= |=yCW=ov?=DW C=YNWt "1 pwOH
T=}kt ?} Q[ PGAmax :g (Km) pUo R= xrY=i x=oDU}= w CW=ov?=DW s=v

11 24 0 034 33 38 Chi� Chi

(CHY 024)

6 26 0 061 24 23 Coalinga� 02
(ALP (temp))

7 96 0 048 27 58 Whittier

(Gleason)

"uwDU hPL hrDNt |=yCr=L |=Q@ DAF "14 pmW

hPL u=tR COt "CU= xOW s=Hv= xOW hPL uwDU ptar=Tma |=ywQ}v |H} QOD
"CU= xOW xDiQo Q_v QO x}v=F 5 uwDU ptar=Tma |=ywQ}v

u=mtQ}}eD |xv}W}@ C@Uv CQwYx@ (DAF) |m}t=v}O |}=tvnQR@ ?} Q[
'14 pmW "OwW|t h} QaD |m}D=DU= s�=k u=mtQ}}eD |xv}W}@ x@ |m}t=v}O s�=k
"OyO|t u=Wv pw= |xk@] QO uwDU hPL hrDNt |=yCr=L |=Q@ =Q DAF Q}O=kt
Iv=B CUmW R= V}B =D uwDU hPL |=yCr=L |xty QO 'xOW pOt |=yxR=U |=Q@
xDW=O Q=Qk 1/38 =D 1/72 |xOwOLt QO DAF 'Qw=Ht uwDU � p=O |=yp=YD= QO
QO xH}Dv u}= "CU= xDi=} Vy=m DAF 'xR=U QO |]NQ}e MU=B V}=Ri= =@ "CU=
|=yu=mtQ}}eD QO =t= "CU= [15]'�2019� VQ=mty w pU=Q Q=DWwv G}=Dv =@ ji=wD
|=yCr=L QO xS} wx@ 'Qw=Ht uwDU � p=O |=yp=YD= QO Iv=B CUmW =@ Q_=vDt s�=k
"OW=@ 2 R= QDnQR@ Ov=wD|t w O@=}|t V}=Ri= DAF B2 w C1 |=yuwDU hPL
=yp=O QDQwO pO=aD Cr=L x@ p=kDv= MU=B p}rO x@ Ov=wD|t |}=tvnQR@ ?} Q[ V}=Ri=
xOW xOy=Wt R}v u=QoVywSB Q}=U |y=oW}=tR; G}=Dv QO 2 R= QDnQR@ DAF "OW=@

[33w31'17'8]"CU=

|RQt \}=QW QF= "8"5
x@ p=O 'u=tDN=U uwt=Q}B QO xm CU= xOW ZQi |RQt \}=QW QF= |UQQ@ Qw_vtx@
'15 pmW QO "OW=@ xDi=} VQDUo =yuwDU |RmQt QwLt x@ C@Uv QDt 1 |xR=Ov=
xOW KqY= u=tDN=U |W}=Ri= |m}t=v}O R}r=v; R= pY=L u=mtQ}}eD � Q=@ |vLvt
uwO@� x}rw= pOt =@ pw= |xk@] QO uwDU hPL Cr=L xU |=Q@ �p=O VQDUo =@�

QO =yuwDU hPL |=Q@ s�=k |}=Hx@=H p@=kt QO |m}t=v}O Q=@ |vLvt "13 pmW
"swU w pw= |=yxk@]

� Q=@ |vLvt '13 pmW "CU= xOW s=Hv= p=O |wQ hrDNt CN=wvm} |=yQ=@
QO =Q uwDU hPL Cr=L xU |=Q@ |W}=Ri= |m}t=v}O R}r=v; R= pY=L u=mtQ}}eD
|xOvyOu=Wv 'QwmPt |=y|vLvt |wQ x]kv Qy "OyO|t u=Wv swU w pw= |=yxk@]
Q=@ COW l} <=R= x@ xOW hPL uwDU |q=@ |xQo s�=k u=mtQ}}eD |xv}W}@
|=yw} Q=vU QO Q=@ ptLD C}iQ_ |xv}W}@ "CU= p=O |wQ xOW p=ta= CN=wvm}
w 15/34 '19/5 ?}DQD x@ pw= |xk@] QO B2 w C2 'C1 |=yuwDU hPL
R}v swU |xk@] QO Q=@ ptLD C}iQ_ |xv}W}@ "CU= xOw@ p=mU=B wr}m 15/34
CUO x@ �B2 uwDU hPL Cr=L |=Q@ RH x@� QDsQv Q=DiQ =@ =t= pw= |xk@] x@=Wt
|xk@] QO uwDU hPL x@ xR=U s�=k |}=Hx@=H MU=B xm OwW|t xOy=Wt "CU= xOt;
Ovv=wD|t swU |xk@] QO QDnQR@ |=y|}=Hx@=H "CU= pw= |xk@] R= QDW}@ swU
Ov=wD|t swU |xk@] QO uwDU hPL =Pr [36]"OvwW Qw=Ht |=yuwDU |Q=O}=B=v?Hwt
B2 uwDU hPL Cr=L QO xR=U C}iQ_ |vLvt "OQw; OwHw x@ =Q |QD|v=QL@ \}=QW
u=Q=mty w nvw G}=Dv =@ ji=wD QO xH}Dv u}= xm 'CU= u=Um} 3 w 1 |=yxk@] QO
uwDU hPL Cr=L QO xOvwQV}B |@=QN p}Uv=DB xmu}= xH}Dv "CU= [9]'�2020�
xWwo uwDU hPL xm OwW|t xDiQo xH}Dv u}=Q@=v@ "CU=yCr=L Q}=U R= QDW}@ B2

[37w36]"CU}v w} Q=vU u} QD|v=QL@ ,=twRr

|m}t=v}O w |m}D=DU= u=mtQ}}eD |xU}=kt "7"5
Vy=m =@ |m}D=DU= R}r=v; 'pmWQ}}eD MU=B QO |m}t=v}O |}=tvnQR@ QF= |@=} RQ= |=Q@
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yt CUO x@ G}=Dv u}= w xOW |@=} RQ= uwDU � p=O |=yp=YD= QO Iv=BTB C}iQ_ uDiQo
%CU= xOt;

pw= |xk@] QO |v=}t w |Q=vm 'xWwo %|=yuwDU hPL |w} Q=vU xU u=}t R= ��
|v=}t uwDU hPL 'p=mU=B wr}m 11/8 Q@=Q@ |L=Q] Q=@ COW CLD 'u=tDN=U

"CU= xOW QDnQR@ |=ypmWQ}}eD x@ QHvt
|xk@] QO |v=}t uwDU hPL Cr=L QO Qw=Ht |=yuwDU |=yp=YD= |UQQ@ ��
QO w pt=m Iv=B CUmW '|Q=vm |=yuwDU QO xm OyO|t u=Wv u=tDN=U pw=
=t= "CU= xO=O MQ C=k@] |xty QO Xk=v Iv=B CUmW 'xWwo |=yuwDU
R= `v=t 'p=YD= QO |oDUw}B w |WtN |=yOQop}t R= GDvt Iv=BTB Ctw=kt

"CU= xOW u=tDN=U pt=m ?} QND
|yHwD p@=k |QwLt Q=@ 'Iv=B CUmW R= TB u=tDN=U |Q=vm |=yuwDU QO ��
|=yp=YD= Iv=BTB Ctw=kt Cra x@ |QwLt Q=@ Q=Okt u}= OwHw "OQ=O OwHw
R= |Q}owrH QO =yp=YD= Iv=BTB C}iQ_ xm OyO|t u=Wv w CU= uwDU � p=O

"CU= O}it w QF-wt 'xOvwQV}B Iv=B VQ@ |=yCUmW
u=Wv xrRrR ?=DW p=ta= R= TB CND p=O u=tDN=U |xOvwQV}B |@=QN |UQQ@ ��
|@=QN p}Uv=DB QO 'xrRrR R= TB w V}B Cr=L wO QO uwDU hPL xm OyO|t

"OQ=Ov |v=OvJ QF= u=tDN=U |xOvwQV}B
|}=yv |Q@ Q=@ C}iQ_ xm OyO|t u=Wv |W}=Ri= |m}t=v}O R}r=v; R= pY=L G}=Dv ��
u}=Q@=v@ "CU=yCr=L Q}=U R= QDW}@ �C1 uwDU� xWwo uwDU hPLCr=L QO xR=U

"CU}v w} Q=vU u} QD|v=QL@ ,=twRr 'xWwo uwDU hPL xm OwW|t xDiQo xH}Dv
hPL hrDNt |=yCr=L QO xR=U |m}t=v}O C}iQ_ |=y|vLvt |xU}=kt R= ��
hPL Cr=L QO u=tDN=U |xOvwQV}B |@=QN p}Uv=DB xm OwW|t xH}Dv uwDU

"CU=yCr=L Q}=U R= QDW}@ 'B2 uwDU
=D 'pmWQ}}eD R= pY=L |m}t=v}O |}=tvnQR@ ?} Q[ 'xOW pOt |=yxR=U |=Q@ ��
Q}eDt 1/38 =D 1/72 R= 'Qw=Ht |=yuwDU |=yp=YD= QO Iv=B CUmW R= V}B
CUO x@ 2 R= QDnQR@ |}=tvnQR@ ?} Q[ 'Iv=B CUmW |xOwOLt QO "CU=

"CU= xOt;
�u=tDN=U uwt=Q}B QO p=O VQDUo =@� xOW KqY= pOt =@ x}rw= pOt |xU}=kt R= ��
'xOvwQV}B|@=QN Q@=Q@ QO xOW KqY= pOt QO u=tDN=UCtw=kt xm OwW|t xH}Dv
VQDUo =@� xOW KqY= pOt QO "O@=}|t Ow@y@ uwDU hPL |=yCr=L |xty QO

"CU= xOw@ w} Q=vU u} QD|v=QL@ C2 uwDU hPL '�u=tDN=U uwt=Q}B QO p=O

u}J\N� |m}t=v}O Q=@ |vLvt QO u=tDN=U uwt=Q}B QO p=O VQDUo QF= "15 pmW
"�CU= p=O VQDUo =@ u=tDN=U |xOvyOu=Wv

hPL |=yw} Q=vU QO Q=@ ptLD C}iQ_ |xv}W}@ "CU= xOW xU}=kt �p=O VQDUo
w 18/0 '22/42 ?}DQD x@ 'xOW KqY= pOt QO B2 w C2 'C1 |=yuwDU
pOt |}=yv |Q@ Q=@ C}iQ_ xm OvyO|t u=Wv G}=Dv "CU= xOw@ p=mU=B wr}m 21/24
C2 'C1 |=yuwDU hPL |=yw} Q=vU QO x}rw= pOt =@ xU}=kt QO xOW KqY=
C}iQ_ V}=Ri= "CU= xDi=} V}=Ri= �38/5 w �17/4 '�15 ?}DQD x@ B2 w
p}rO x@ sy w |vwt=Q}B |=yuwDU Iv=B Ctw=kt V}=Ri= p}rO x@ Ov=wD|t sy |Q@ Q=@
xOW KqY= pOt QO h=Q]= |=yp=O \UwD xOW O=H}= |}xLiY uwQO C}OwOLt
|}=yv |Q@ Q=@ C}iQ_ '�p=O VQDUo =@� xOW KqY= pOt QO "OW=@ �p=O VQDUo =@�
'xOW KqY= pOt QO u}=Q@=v@ "CU=yCr=L Q}=U R= QDtm C2 uwDU hPL x@ xR=U
|x}rw= |DNU V}=Ri= sOa "OwW|t ?wULt w} Q=vU u} QD|v=QL@ 'C2 uwDU hPL
|=Q@ |@v=H O}k xm OyO|t u=Wv C1 uwDU hPL Cr=L QO xR=U C}iQ_ |vLvt
C}OwOLt �xQ] p=O� QDQwO |=yp=O w xOW u}t-=D h=Q]= |=yp=O \UwD 'C1 uwDU
C}iQ_ xm CiQo xH}Dv u=wD|t u}=Q@=v@ "Ov=xOQmv O=H}= =Q |QDxi=[= |}xLiYuwQO
|=yCtw=kt V}=Ri= p}rO x@ \ki 'xOW KqY= pOt QO C1 uwDU |}=yv |Q@ Q=@

"CU= xOw@ Qw=Ht uwDU � p=O |=yp=YD= QO Iv=BTB w Iv=B

|Q}oxH}Dv "6
Q_v QO =@ xk@]xU CND p=O u=tDN=U l} |xOvwQV}B |@=QN 'Q[=L VywSB QO

=yCWwv=B
1. Ruiz
2. Peng
3. Weng
4. dynamic ampli�cation factor
5. Russell
6. snap-through response

7. Muttoni
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