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|=yVvD CLD xU=t R= |irDNt |=y ẁv Q=DiQ |wQ Q@ |O=} R C=ar=]t xm|Qw]
"CU= OwyWt u; QO |@ wN x@ C=QP pmW w ẁv Vkv xm 'CU= xOW s=Hv= Cw=iDt
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|UQQ@ w |Q}oxR=Ov= 'OvyO xR=H= =yxvwtvC}iQ_ xm |OL =D 'x@v=HxtyVvD Cw=iDt
|=Q@ Cw=iDt |x@v=Hxty VvD QO T=}ktnQR@ |QwLt xU uwtR; "�3 pmW� OQm
xOwOLt u}= xm 'CU= xOW s=Hv= VvD Kw]U R= |a}Uw |xOwOLt uOQw;CUOx@
Q=Wi Vy=m =@ =yuwtR; u}= "CU= xOW xDiQo Q_v QO p=mU=B wr}m 800 =D 50 u}@
QO =Q |oDN}Uo K]U u=wD@ =D CU= xDiQo CQwY C@=F s�=k Q=Wi l} CLD pwrU
QO GQOvt G}=Dv G=QNDU= =@ xD@r= "OQw; CUOx@ Qo}O CyH QO |rY= VvD |=[i
xOW xO=O V}=Ri= p=mU=B wr}m 1400 OwOL =D |Q}oxH}Dv |xOwOLt 'Qo}O `H=Qt
Q=PoQ}F-=D |=yQDt=Q=B u}}aD |=Q@ xar=]t u}= QO "OwW pY=L QDj}kO |H}=Dv =D CU=
|m}vmDw�S X=wN u}}aD |=Q@ |}=yuwtR; '|Q=PoQ=@ |] =yxv=OnvU Ctw=kt QO
|Ov@xv=O� C=QP |xR=Ov= `} RwD pt=W =yuwtR; u}= "CU= xDiQo CQwY =yxv=OnvU
|vOat |=yuwtR; w �ASTM-C131� TrHv;Tr '�ASTM-D422 T=U=Q@
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�SX
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QQ@"|QwLtxU T=}kt nQR@ V}=tR; QO xOWuwtR; |=yxvwtv C=YNWt w X=wN "1 pwOH

`H=Qt L.A 
max D50 Dmax =yxv=OnvU pmW TvH w -=Wvt `@vt |x}yD pLt xvwtv |xv=Wv
��� �kN/m3� (mm) (mm) =yxv=OnvU =yxv=OnvU =yxvwtv

j}kLD 21�14 15 6 10 75 19 xWwoR}D/xDUmW |@ wUQ Oa@ Q=} QyW uOat SA01-SS-19Q[=L �17 5� '�nvUxU=t� umWnvU
j}kLD 21�18 16 8 10 75 19 xWwoOQo/|a}@] u} QP; p@k Q=} QyW uOat SR02-SS-19Q[=L �19� umWnvU
j}kLD 22�21 16 6 10 75 19 xWwoR}D/xDUmW

u} QP;
umWnvU sk uOat SA03-I-19Q[=L �21 5�

j}kLD 26�25 15 7 10 75 19 xWwoOQo/|a}@] p@k sk uOat SR04-I-19Q[=L �25 5� umWnvU
[8] { { { 50 xWwoOQo/|a}@] |@ wUQ |@ wUQ Q=yvx=W xk]vt SR05-SS-50

�nvUxU=t�
[8] { { { 25 xWwoR}D/xDUmW |@ wUQ |Q=Hiv= pm OU SA06-LS-25

�ly; nvU�
[9w7]

23 8
22 3 8 25

xWwoOQo/|a}@] |@ wUQ |@ wUQ
C}Hv=Q OU SR07-SS-25

[9w7] 22 7 6 50 �nvUxU=t� Q=o =U SR07-SS-50
[9w7] 22 9 12 80 SR07-SS-80
[9w7]

48 8
21 6 5 25

xWwoR}D/xDUmW
'�RDQ=wm � u} QP;

|Q=Hiv= =}rwQB OU
SA08-Q-25

[9w7] 21 6 9 6 50 |vwoQoO SA08-Q-50
[9w7] 21 7 15 8 80 �CU}W=m}t� SA08-Q-80

[15] 30 21 { 50 xWwoR}D/xDUmW |@ wUQ |Q=Hiv= Q=@OwQ |xk]vt SA09-LS-50
�ly; xU=t�

[15] 32 20 8 { 50 xWwoR}D/xDUmW |@ wUQ |Q=Hiv= Q=}vw |xk]vt SA10-LS-50
�nvUxU=t�

[15] 28 21 1 { 50 xWwoR}D/xDUmW u} QP; |Q=Hiv= uq@U |xk]vt SA11-AB-50
�Cr=R=@ C} ROv;�

[15] 26 21 4 { 50 xWwoOQo/|a}@] u} QP; |@ wUQ |}=Jxark |xk]vt SR12-AB-50
�Cr=R=@ C} ROv;�

[15] 19 22 3 { 50 xWwoOQo/|a}@] u} QP; |@ wUQ VwtkwO}; |xk]vt SR13-A-50
�C} ROv;�

R= Oa@ w OQ=Ov OwHw xv}W}@ Ctw=kt '�OvwW|t xDUmW C=QP w =yxvwtv xm |}=H�
[14w13]"Ovvm|t p}t |v=wQ Cr=L x@ Kr=Yt u;

'CU= xOw@ =yxvwtv Q=DiQ Qov=}@ |QwLt xU V}=tR; QO xOt;CUOx@ |=yQ=Owtv
G=QNDU= =yQ=Owtv u}= R= =yxvwtv u}= |Dtw=kt w |Q=DiQ |=yQDt=Q=B xm |Qw] x@
'TvH R= =Q =yQDt=Q=B u}= |Q}PB Q}F-=D u=wD|t G}=Dv u}= x@ xHwD =@ "�2 pwOH� Ov=xOW

"OQm |UQQ@ O=wt |Ov@xv=O w pmW

xvwtv u=wva x@ =Q =yV}=tR; R= |m} QO xOt;CUOx@ G}=Dv u=wD|t R}v 4 pmW QO
V}=tR; \}=QWQO =Q =yxvwtv sHL w VvQm � VvD C=Q}}eD =yQ=Owtv u}= 'OQm xOy=Wt
w KqY= Cr=L R}v 5 pmW QO "CU= xOt; CUOx@ x=oW}=tR; QO xm OyO|t u=Wv
R�=L syt |xr�Ut wO pmW u}= QO xm 'CU= xOy=Wt p@=k G}=Dv u}= |xOWp=tQv
x}@W x@v=Hxty VvD |R=Up=tQv u=tR QO =yxvwtv Cr=L u} QN; "1 %CU= C}ty=
O=} R |=yQ=Wi QO "2 &Ov} wo|t |v=QL@ Cr=L u; x@ ,=Lq]Y= xm 'CU= Qo}Om}
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"""w
|tQ

mT
}w|

Oyt
'|v=

@Qk
|ra "|QwLt xU uwtR; G}=Dv R= xOW G=QNDU= |=yQDt=Q=B "2 pwOH

(�
01
�03

) "V �0Peak �0Critical �03 xvwtv |xv=Wv
(Failure) ��� (Deg.) (Deg.) (kPa)

4 2 0 3 42 38 50

SA01-SS-19
3 8 0 7 38 36 100
4 4 2 2 35 39 200
4 2 3 6 34 38 400
3 9 4 82 27 1 36 1 800
7 0 49 49 50

SR02-SS-19
6 2 0 3 46 46 100
5 5 3 1 42 44 200
5 8 6 41 45 400
5 29 9 42 37 6 43 800
5 5 0 42 44 50

SA03-I-19
5 0 7 41 42 100
4 0 8 35 37 200

3 9  38 34 36 400
3 81 6 35 32 2 35 8 800

4 0 1 34 37 50

SR04-I-19
4 2 4 30 37 100

3 7 5 2 27 35 200
3 8 9 8 26 36 400
4 78 11 6 24 7 40 9 800
4 3 0 3 38 38 200

SR05-SS-504 0 5 37 37 400
3 75 1 34 3 35 4 600
3 68 1 4 33 7 35 800
6 5 �0 5 41 1 44 4 300

SA06-LS-255 75 �0 2 39 5 43 5 600
5 38 0 2 39 2 43 900
5 08 0 7 38 7 41 8 1200
5 1 1 4 42 43 350

SR07-SS-254 53 1 66 39 9 41 2 700
4 18 2 1 39 2 39 1 1100
4 17 2 5 38 7 38 1 1400
6 1 1 5 41 46 350

SR07-SS-505 57 1 87 40 5 44 1 700
5 54 2 2 38 8 44 1100
5 53 2 72 38 1 43 9 1400
7 3 1 7 49 49 350

SR07-SS-806 85 2 07 47 48 2 700
6 77 2 37 45 6 48 1100
6 71 2 92 45 2 47 8 1400

5 0 09 36 9 41 8 300
SA08-Q-254 67 0 32 35 9 40 3 600

4 56 0 55 34 2 39 900
4 5 0 89 34 38 9 1200

uOat umWnvU p@k |=yxvwtv sHL � VvQm � VvD |=yQ=DiQ C=Q}}eD "4 pmW
"Cw=iDt |x@v=Hxty VvD QO (SR04-I-19) sk

sk uOat umWnvU p@k |=yxvwtv VvQm � VvD |xOW KqY= |vLvt "5 pmW
"Cw=iDt |x@v=Hxty VvD QO (SR04-I-19)

l =m]Y= |=}=wR =@ x@v=H xty VvD |x]@=Q |UQQ@ "5
x@ 'OvwW|t xU}=kt =yl =N |rm Q=DiQ =@ =yxv=OnvU |m}v=mt Q=DiQ C=}YwYN
pmWQ}}eD |=ypwOt QO ?QNt C=QF= Ov=wD|t q=@ Q=Wi QO x@v=Hxty VvD xm |Qw]
=yv; uOWu=wQ Kq]Y= x@ w uOWsQv Ea=@ w OW=@ xDW=O =yxv=OnvU |=yxvwtv
u=wvax@ 'ODi=|t j=iD= VQ@ w Q=Wi pw] QO xm C=QPCUmW |xO}OB u}vJty "OwW
u=wvax@ |rm Cr=L QO w xOW xDN=vW ?QNt C=QF= u}= |=Q@ pt=a u} QD|rY=
|=yQDt=Q=B O}=@ xOt;CUOx@ G}=Dv T=U=Q@ [16]"CU= C=QP Q=DiQ pQDvm |=Q@ |rt=a
`k=w QO "OvwW |}=U=vW =yv; |xv}W}@ w |v=QL@ |=yCr=L w =yxv=OnvU |m}v=mt
=@ u}vJsy w =yv; -=Wvt w pmW w TvH QF= =@ hrDNt |=yQDt=Q=B \=@DQ= |UQQ@ =@
xOWuwtR; |=yxvwtv R= |DaUw QO =yv; u}@ |]=@DQ= u=wD|t VvD K]U uDiQoQ_vQO
R= C=}YwYN u}= =@ =Q x@=Wt |=yxv=OnvU C=}YwYN u=wD@ xm |Qw]x@ 'Ci=}

"OR TOL \@=wQ u}= |wQ
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"x@v=Hxty VvD C=Q}}eD =@ |v=QL@ l =m]Y= |x} w=R C=Q}}eD "6 pmW

XNWt|}x}L=v QO xWwoOQo w xWwoR}D C=QP|oOvm =QBCra x@ '6 pmW j@=]t
|UQQ@ =@ w CU= xOW s}UkD x}L=v wO u}= x@ Q=Owtv u}= 'Qo}Om} R= Q}PBl}miD w

%OQ@ |B OQ=wt u}= x@ u=wD|t u;
u=O@ u}= w CU= xDiQo Q=Qk xWwoR}D R= QDq=@ |}xk]vt QO xWwoOQo C=QP |x}L=v "1
|QDW}@ |v=QL@ l =m]Y= |x} w=R 'xWwoOQo |=yxv=OnvU ,=twta xmCU= |vat
u=}v}W}B G}=Dv x@=Wt ,=k}kO xH}Dv u}= "OvQ=O xWwoR}D |=yxv=OnvU =@ xU}=kt QO
C=@F= =Q xr�Ut u}= OwN G}=Dv QO xm 'CU= u=Q=mty w Varadarajan xrtH R=
R= p@k QO C=QP CUmW QF= 'Cra u}= x}HwD QO u=wD|t 'xD@r= [7]"CU= xOQm
|awv x@ w xWwoR}D pmW x@ xm |D=QP =Q} R 'OQm u=}@ =Q |v=QL@ Cr=L x@ uO}UQ
=yu; QO Q=Hiv= =} w umWnvU OwHw Cra x@ |awv x@ OvDUy xDUmW ẁv R=

"OQ=O OwHw CUmW
'�xWwoOQo w |a}@]� =yxv=OnvU |t=tD QO x@v=Hxty VvD Q=Okt V}=Ri= =@ "2
CmQL |rwRv |DQwY x@ =yxv=OnvU |t=tD |v=QL@ Cr=L l =m]Y= |x} w=R
'|rmW w TvH Qy =@ C=QP xm CU= u; Qov=}@ u}= xm 'O@=}|t Vy=m w Ovm|t

"OvyO|tv u=Wv QDq=@ |=yQ=Wi QO OwN R= |Dtw=kt
|}x]@=Q u}}aD hOy =@ xWwoOQo R= xWwoR}D |=yxv=OnvU QDj}kO |UQQ@ |=Q@
Ov=xOW l}miD x@v=Hxty VvD =@ |v=QL@ Cr=L QO l =m]Y= |x} w=R u}@ |@} QkD

"�7 pmW�
|x} w=R Q@ C=QP pmW w TvH 'VvD K]U QF= uDiQoQ_vQO =@ xm |]@=wQ R= xJv;
V}=Ri= =@ xm CU= u; Qou=}@ 'CU= xOt; CUOx@ 7 pmW QO |v=QL@ l =m]Y=
Cr=L x@ q=@ |=yQ=Wi QO OQ=O p}=tD |v=QL@ l =m]Y= |x} w=R 'x@v=Hxty VvD
|Qo}O x=wo OwN u}= xm 'O@=} V}=Qo �QiY ?}W ,=@ =@} QkD \N x@ p}=tD� Q}}eD uwO@
xr�Ut u}= xm 'CUq=@ |=yQ=Wi QO =yxvwtv Ctw=kt uwO@ w |v=wQ Cr=L OwHw Q@

"CU= l =N |m}v=mt C=}YwYN R= R}=tDt

xv}W}@ l =m]Y=|x}w=R =@ x@v=HxtyVvD |x]@=Q |UQQ@ "2"5
VvD w xv}W}@ l =m]Y= |x} w=R x@ xHwD =@ =yxv=OnvU Q=DiQ |UQQ@ x@ '8 pmW QO
=yxv=OnvU Q=DiQ j}kO |UQQ@ |=Q@ pmW u}= QO "CU= xOW xDN=OQB x@v=Hxty
G}=Dv l}miD Q=Owtv u}= QO "CU= xO}OQo xOWuwtR; |=yxvwtv |Ov@x}L=v x@ s=Ok=

"�xt=O=� |QwLt xU uwtR; G}=Dv R= xOW G=QNDU= |=yQDt=Q=B "2 pwOH
(�
01
�03

) "V �0Peak �0Critical �03 xvwtv |xv=Wv
(Failure) ��� (Deg.) (Deg.) (kPa)

5 17 �0 2 38 5 41 5 300

SA08-Q-504 3 0 13 35 38 7 600
4 1 0 42 33 7 37 5 900
4 04 0 69 33 4 37 1 1200
5 17 �0 5 39 5 41 1 300

SA08-Q-804 17 �0 1 33 7 37 8 600
3 94 0 17 33 4 36 8 900
3 91 0 49 32 3 36 4 1200
6 7 1 50 49 100

SA09-LS-50

5 �0 9 45 6 42 300
4 2 �1 43 42 500
4 14 �1 3 42 4 40 700
3 88 �2 41 3 40 900
3 58 �2 39 9 38 1200

8 0 1 53 51 100

SA10-SS-504 1 2 41 8 40 300
3 6 1 2 40 38 500
3 43 1 39 2 38 700
3 33 1 5 38 7 38 300

SA11-AB-503 25 �1 4 38 2 38 600
3 11 �1 5 37 5 38 900

5 0 2 46 44 100
SR12-AB-503 3 0 6 38 38 400

3 1 36 9 36 700
3 93 �0 1 41 5 40 300

SR13-A-505 5 0 3 47 45 500
4 28 0 43 42 700

|v=QL@ l =m]Y= |x}w=R =@ x@v=HxtyVvD |x]@=Q |UQQ@ "1"5
'2 pwOH R= xOt;CUOx@ G}=Dv G=QNDU= =@ 'OwW|t xOy=Wt 6 pmW QO xm Qw]u=ty
x@v=Hxty VvD =@ |v=QL@ l =m]Y= |x} w=R |x]@=Q |UQQ@ x@ s=Ok= |Q=Owtv QO
OwN u}= w 'CU= O=} R Q=}U@ =yxO=O |oOvm =QB w CaUw Q=Owtv u}= QO "CU= xOW
x@ "OwW|t \@DQt |m} R}i |=yQDt=Q=B x@ xm OW=@ C=QP |oDiW; Q@ |y=wo Ov=wD|t
x@=Wt Qo}Om} =@ u=Um} |x@v=Hxty |=yVvD QO Ov=wD|t C=QP Q=DiQ 'Qo}O CQ=@a

"OwW u}}aD xR=@ l} QO w OW=@v
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x@v=Hxty VvD C=Q}}eD =@ xv}W}@ l =m]Y= |x}w=R C=Q}}eD |x]@=Q "9 pmW
"-=Wvt w TvH l}miD T=U=Q@

QF= 'xv}W}@ l =m]Y= |x} w=R QO TvH Q}F-=D 'q=@ Q=Wi =@ x@v=Hxty VvD QO "3
'=yxv=OnvU QO Ctw=kt Ow@v w |v=wQ Cra x@ xm |Qw]x@ 'CU= xDW=Ov |v=OvJ

"OvwW|t l}ORv Qo}Om} x@ =yxvwtv |t=tD QO xv}W}@ |m =m]Y= |x} w=R
xm|Qw] x@ 'CU= O=} R Q=}U@ x}L=v Qy QO C=QP |oOvm =QB '8 pmW QO u}vJty "4
QF-wt xv}W}@ l =m]Y= |x} w=R QDt=Q=B u}}aD QO R}v =Q TrHv;Tr QF= u=wD|t

"CU= xOW |UQQ@ R}v xr�Ut u}= VywSB u}= QO xJQo = "CUv=O
'q=@ |=yQ=Wi QO w x@v=Hxty VvD V}=Ri= =@ xv}W}@ l =m]Y= |x} w=R C=Q}}eD "5
wQ |QDW}@ ?}W =@ w OQ=O |v=QL@ l =m]Y= |x} w=R C@Uv x@ |QDW}@ COW
|x} w=R Vy=m '|@v=H Q=Wi V}=Ri= =@ xm CU= |vat u=O@ u}= 'CU= Vy=m x@
Ov=wD|t xr�Ut u}= w OQ=O |QDW}@ Q=Okt w CU= QD`} QU xv}W}@ l =m]Y=

[11]"OW=@ �Clark � lQqm |xDiQoCQwY VywSB Q@ |O}}-=D

l =m]Y= |=}=wR =@ V}=U Q=}at |x]@=Q |UQQ@ "6
pmW w TvH =@ xm 'CU= �TrHv;Tr� V}=U Q=}at |UQQ@ hOy VN@ u}= QO

"CU= \=@DQ= QO =yxv=OnvU

|v=QL@ l =m]Y= |x}=wR =@ V}=U Q=}at |x]@=Q |UQQ@ "1"6
w V}=U Q=}at uDiQoQ_vQO =@ =yxv=OnvU Q=DiQ ẁv Qou=}@ xm 10 pmW |UQQ@ =@
O}=@ wCU= O=} R Q=}U@ =yxvwtv|oOvm =QB 'CU=|v=QL@ l =m]Y= |x} w=R =@ u; \=@DQ=
=yxv=OnvU pmW w -=Wvt T=U=Q@ =Q Q=Owtv u}= 'QDj}kO |}x]@=Q uOQw;CUOx@ |=Q@
|}xH}Dv Ov=wD|t pmW w -=Wvt QDt=Q=B wO Qy T=U=Q@ Q=Owtv l}miD "OQm l}miD
s}v=wD|t '10 pmW j@=]t "Ovm pY=L V}=U Q=}at uDiQoQ_vQO =@ =Q QDj}kO Q=}U@
|Q=DiQ |xOwOLt l} QO =Q ly; nvU w nvUxU=t TvH =@ |}=yxv=OnvU
uDiQoQ_vQO =@ =yv; QO Cw=iDt Q=DiQ wO xm s} Q}o@ Q_v QO V}=U Q=}at T=U=Q@
-=Wvt T=U=Q@ 10 pmW Q=Owtv 'xt=O= QO "OwW|t xOy=Wt uOw@xWwoOQo w xWwoR}D

%CU= xOt; CUOx@ |tyt G}=Dv w xOW s}UkD Q=Owtv 3 x@ =yxv=OnvU pmW w

QO x@v=Hxty VvD C=Q}}eD =@ |v=QL@ l =m]Y= |x}w=R C=Q}}eD |x]@=Q "7 pmW
"xWwoR}D w xWwoOQo Cr=L wO

"x@v=Hxty VvD C=Q}}eD =@ xv}W}@ |m =m]Y= |x} w=R C=Q}}eD "8 pmW

|=yx}L=v uDiQoQ_vQO =@ "OW=@ QDj}kO |}xH}Dv Ov=wD|t =yxv=OnvU -=Wvt T=U=Q@
=@ xv}W}@ l =m]Y= |x} w=R u}@ x]@=Q l} x@ u=wD|t 'pmW u}= QO xOWl}miD
u=}@ 9 pmW QO w xk]vt wO u}= |=Q@ l}miD x@ xm 'O}UQ x@v=H xty VvD C=Q}}eD
|x} w=R u}}aD QO ,=t-=wD =Q -=Wvt w TvH 'VvD K]U QF= 'OwN xm |]@=wQ 'CU= xOW
jwi Q=Owtv l}miD '9 w 8 |=ypmW j@=]t "OvyO|t u=Wv xv}W}@ l =m]Y=

%CU= syt G}=Dv u}= Qov=}@ '-=Wvt T=U=Q@
TvH R= ,=DOta xm '|@ wUQ -=Wvt =@ |}=yxvwtv QO xv}W}@ l =m]Y= |x} w=R "1
&CU=y-=Wvt Q}=U x@ C@Uv |QDW}@ Q=Okt 'OvDUy nvUxU=t w ly; nvU
CtUk QO =yu; |Q=DiQ |xOwOLt 'Cw=iDt |x@v=Hxty VvD QO xm |Qw]x@

"CU= xDiQo Q=Qk =y-=Wvt Q}=U R= |QDq=@
xm 'CU= Vy=m p=L QO xv}W}@ l =m]Y= |x} w=R 'x@v=Hxty VvD V}=Ri= =@ "2
|v=QL@ l =m]Y= |x} w=R Ovv=ty x} w=R u}= '|@v=H Q=Wi V}=Ri= =@ OyO|t u=Wv

"O@=}|t Vy=m
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TrHv;Tr V}=U VRQ= =@ |v=QL@ l =m]Y= |x}w=R C=Q}}eD |x]@=Q "12 pmW
"xWwoOQo � nvUxU=t � ly; nvU T=U=Q@ =yxv=OnvU |Ov@s}UkD QO

TrHv;Tr V}=U VRQ= =@ |v=QL@ l =m]Y= |x}w=R C=Q}}eD |x]@=Q "13 pmW
"xWwoOQo � xWwoR}D � nvUxU=t w ly; nvU R= Q}e -=Wvt =@ =yxv=OnvU QO

QO T=U= u}ty Q@ "OQm |UQQ@ =yv; -=Wvt uDiQoQ_vQO =@ \ki u=wD|t =Q
Q}e |}=y-=Wvt =@ =yxv=OnvU T=U=Q@ xDiQoCQwY |Ov@s}UkD xm 13 pmW
'CU= |oWwoR}D w |oWwoOQo uDiQoQ_vQO =@ w ly; nvU w nvUxU=t R=
C}=yv QO w xDi=} Vy=m |v=QL@ l =m]Y= |x} w=R 'V}=U Q=}at V}=Ri= =@
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