
�13
95

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
�| :v

iC
W=O

O=}�
'12

9�1
23

"X
'4/

2|
xQ=t

W'
32

�2
|xQ

wO

R
es

ea
rc

h
N

ot
e|Q@ Q=@ C}iQ_ QO uD@ AtqU= Q}F-=D |UQQ@

|OQwt |xar=]t� =HQO |vD@ `tWR} Q |Q=Wi
�OwQNQU x=oDN=U

�Q=}Wv=O� =W=BVwW |U}a
�Q=}Wv=O� �O=RQwv =[Q

�OWQ= T=vWQ� � QwB|W� uULOtLt
�|QDmO |wHWv=O� |rqH O=wH O}U

p@=@ |v=wQ}Wwv |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

|=y|B R= xO=iDU= 'OvQ=O |i}a[ |m}v=mt |=y|oS} w xm |L]U |=yl =N =@ |k]=vt QO
=Q xOQ=w |=ywQ}v ptL |}=v=wD j}ta |=y|B 'CQwY u}= QO "CU=ypL x=Q R= |m} j}ta

|=yQDt=Q=B |UQQ@ x@ |y=oW}=tR; |=yVywSB s=Hv= =@ u=QoWywSB '=DU=Q u}= QO "OvQ=O
|=y`tWR} Q |Q@ Q=@ C}iQ_ 'Q=DWwv u}= QO "Ov=xDN=OQB `tWR} Q Q=DiQ QO Q=PoQ}F-=D uwo =vwo

|Ov@xv=O O@ |}xU=t l =N QO Cw=iDt |=yAtqU= Q}F-=D |UQQ@ =@ |vD@ |=HQO OQivt
|Q@ Q=@ C}iQ_ |=yV}=tR; "CU= xDiQo Q=Qk |UQQ@ OQwt OwQNQU |xk]vt |xOW
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%OwW|t x@U=Lt 3 |x]@=Q j} Q] R= `tWR} Q lwvCtw=kt "CU= xOW x�=Q= 1 pwOH
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R= hOy "CU= xOW xDN=OQB u; x@ xm 'OQ=O |Y=N C}U=UL CN=U OvwQ QO Ow@y@
QO =HQO |vD@ |=y`tWR} Q QO hrDNt |=yAtqU= Q}F-=D |@=} RQ= VywSB u}= s=Hv=
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124



4/
2|

xQ=t
W'

32
�2

|xQ
wO'

�13
95

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt [2]"Q=OH |m =m]Y= |Q@ Q=@ C}iQ_ |@=} RQ= hrDNt |=yVwQ "2 pwOH

`HQt C=L}[wD x]@=Q l =N ẁv
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 (g=cm2)

W
PL LL e GS

l =N l =N
(kg/cm2) (deg) (N) ��� (USCS)

0 5
1

1 5
16 1 67 1 99 19 20 NP NP 0 63 2 73 SP xOW |Ov@xv=O O@ xU=t D 2

2 5
0 04 33 3

17 1 75 2 06 14 48 NP NP 0 59 2 78 3 5
SP xOW |Ov@xv=O O@ xU=t D 4

4 5
19 1 83 2 07 12 93 NP NP 0 55 2 84 5

5 5
0 04 32 SP xOW |Ov@xv=O O@ xU=t D 6

"l =N |Ov@xv=O C=YNWt "4 pwOH
jta l =N ẁv Cu Cc

P200 P4 D60 D50 D30 D10
(m) ��� ��� (mm) (mm) (mm) (mm)

2 0 Sp 1 912 0 974 1 32 100 0 289 0 261 0 206 0 151
3 5 Sp 1 787 1 024 0 32 100 0 246 0 226 0 186 0 138
5 0 Sp 1 835 1 053 0 16 100 0 241 0 222 0 183 0 131

"C=R}yHD w V}=tR; s=Hv= |xwLv R= |}=tW "2 pmW
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"=yxvwtv |=Q@ u=mtQ}}eD � Q=@ |atHD Q=Owtv "4 pmW

"AtqU= Qy QO \UwDt |Q=Wi |}=yv Q=@ C=Q}}eD "5 pmW
"=yxvwtv |}=yv |Q@ Q=@ C}iQ_ "5 pwOH

Q=@ =@ Q_=vDt |}=Hx@=H |}=yv C}iQ_ AtqU= xvwtv |xQ=tW
(mm) |}=yv |Q@ Q=@ (kg) |Q@ Q=@ `tW `tWR} Q

4 80 1840 10 A1
4 80 1851 10 A2
4 80 1847 10 A3
3 90 2132 12 B1
3 90 2127 12 B2
3 90 2113 12 B3
3 30 2618 16 C1
3 30 2624 16 C2
3 30 2624 16 C3
2 80 3051 20 D1
2 80 3054 20 D2
2 80 3045 20 D3
2 50 3269 24 E1
2 50 3272 24 E2
2 50 3263 24 E3

"pLt QO xOW=QH= |=y`tWR} Q |xWkv "3 pmW

p=kDv= lH xmv}= |=Q@ 'C@=F Pwiv nvy; =@ |Q=PoQ=@ VwQ ?=NDv= x@ xHwD =@
'CU= lH =@ T=tD QO xm |}q=@ `]kt K]U 'OwW Owta `tWR} Q |wQ x@ wQ}v
w OwQ@ u}@ R= |R} QuD@ s=ovy |Ovr@ w |DUB =D CU= xOW h=Y ,qt=m xO=@tU =@
x@ wQ}v p=kDv= w OW=@ T=tD QO `tWR} Q `]kt K]U =@ ,qt=m lH Q} R |xLiY
R= 'u}= OwHw =@ "OwWv `tWR} Q `]kt QO ?} QND Ea=@ xm OQ}o CQwY |}xwLv
xO=iDU= Q}Dx=W w `tWR} Q =@ p=YD= pLt QO lH |wQ w Q} R QO |Rri |=yxLiY
`tWR} Q |wQ Q@ |Q=PoQ=@ w |Q}owrH QwmPt |=ypLt QO VvD RmQtD R= =D 'CU= xOW

"�hr=2 pmW� OwW `} RwD ,qt=m
|=yl =N QO CUWv MQv xm OwW|t s=Hv= |DQwY x@ |Q=PoQ=@ VwQ u}= QO
xOW |DUWv u}vJ x@ QHvt xm |} wQ}v TBU "OW=@ xk}kO QO QDt|r}t 1 '|}xv=O
=} w `tWR} Q Q]k �15 =@ Q@=Q@ |DUWv x@ uO}UQ =D V}=tR; "OwW|t C@F 'CU=

"OwW|t xO=O xt=O= C@=F Q=@ l} x@ uO}UQ

G}=Dv "4
20 '16 '12 '10 |=yAtqU= =@ |vD@ `tWR} Q 15 QO xDiQos=Hv= |=yV}=tR; |]
|=y|vLvt 'QDt|Dv=U 12 w 150 Q]k w pw] =@ ?}DQDx@ w |}xQ}=O `]kt =@ 24 w
xm 'CU= xOW x�=Q= 5 pwOH QO u; R= pY=L G}=Dv w 4 pmW QO u=mtQ}}eD � Q=@
CU= sRq QmPD u}= u}vJty "CU= xDiQo Q=Qk |UQQ@ OQwt VN@ u}= QO p}YiD x@
R= 'XNWt AtqU= Qy |=Q@ '4 pmW QO xOWx�=Q= CUWv � Q=@ |=y|vLvt xm

"CU= xOt; CUOx@ =y`tWR} Q |wQ Q@ V}=tR; 3 R= xOt;CUOx@ G}=Dv u}ov=}t

=yxvwtv |Q@ Q=@ C}iQ_ "1"4
AtqU= Q=Okt R= Q_vhQY =yxvwtv xm OwW|t xOy=Wt |Q=PoQ=@ |=y|vLvt s=tDQO
x@=Wt Q_=vDt |=y=Hx@=H =@ u=Um} ,=D@Uv |]N Q=DiQ '|Q=PoQ=@ |x}rw= |=yxrB QO
=@ "CU= xO=Di= j=iD= lJwm Q=}U@ |=y|}=Hx@=H 'xOwOLt u}= QO "Ov=xO=O x�=Q=
AtqU= Q=Okt R= Q_vhQY u=wD|t x]kv u}= R= xDiQoCQwY |=yxOy=Wt x@ xHwD
|t=tD QO "OQm O=} `tWR} Q w l =N VvmQOv= QO x}rw= s}rUD |x]kv u=wvax@
?}W =@ xOwOLt OQ=w |]N |xrLQt R= Qw@a R= TB |Q=PoQ=@ 'AtqU= |=yCr=L
xt=O= |}=yv Ctw=kt Q=@ x@ uO}UQ =D Q}Ut u}= xm 'CU= xOW |QDOvD C@Uv x@
\UwDt G}=Dv w xDiQo Q=Qk |Q=PoQ=@ V}=tR; OQwt '`tWR} Q |xvwtv "CU= xDi=}
xDiQo Q_v QO AtqU= u; |xvwtv G}=Dv u=wvax@ AtqU= Qy |=Q@ |Q@ Q=@ C}iQ_

"CU= xOW

\UwDt |Q@ Q=@ |}=yv Ctw=kt "2"4
Qy QO V}=tR; OQwt |xvwtv 3 R= uDiQo u}ov=}t =@ |Q@ Q=@ |}=yv Ctw=kt u}}aD QO
7 w6|=ypwOHQO\UwDt|Q@ Q=@|}=yvCtw=ktu=wvax@ xOt;CUOx@ OOa 'AtqU=

"CU= xOW x�=Q=
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"""|
Q@Q=

@C
}iQ_

QOu
D@A

tqU
=Q}F

- =D|
UQQ

@"|Qw�D Cr=L QO |}=yv |Q@ Q=@ C}iQ_ "8 pwOH
Qu (kg) Qs Qp

2190 uUw@ VwQ |w=yrwm VwQ
2165 sm |}=H@=H =@ hwyQ}=t VwQ |w=yrwm VwQ
1348 uUw@ VwQ w@v=H VwQ
1323 sm |}=Hx@=H =@ hwyQ}=t VwQ w@v=H VwQ
2247 uUw@ VwQ l}Uw VwQ
2222 sm |}=Hx@=H =@ hwyQ}=t VwQ l}Uw VwQ
3023 uUw@ VwQ hwyQ}=t VwQ
2998 sm |}=Hx@=H =@ hwyQ}=t VwQ hwyQ}=t VwQ

|Q}oxH}Dv "6
%xm OwW|t XNWt =yV}=tR; G}=Dv R=

u=Wv G}=Dv u}= "O@=}|t V}=Ri= `tWR} Q |Q=Wi Ctw=kt 'AtqU= V}=Ri= =@ ��
u} QDu}}=B =@|iQYtuD@u}@ `tWR} Q |Q@ Q=@C}iQ_ QOhqDN= u=R}t xm OvyO|t
AtqU= QDt=Q=B C}ty= Qt= u}= "OUQ|t �100 x@ AtqU= u} QDq=@ =@ w AtqU=

"OyO|t Q=Qk O}}-=D OQwt =Q R} Q=H QO |=y`tWR} Q QO uD@
q=@ |=yAtqU= =@ xU}=kt QO u}}=B |=yAtqU= u}@ |Q=Wi Ctw=kt hqDN= ��

"OwW|t QDtm hqDN= u}= AtqU= V}=Ri= =@ w CU= QDW}@
h=Q]= l =N =@ `tWR} Q |xQ=OH uOWxDN}t; p}rOx@ AtqU= OOa V}=Ri= =@ ��
Vy=m =Q |Q}PBpmW xm 'O};|t OwHwx@ |D=Q}}eD l =N |=yQDt=Q=B R= |NQ@ QO

"OyO|t
l =N |DNU V}=Ri= Ea=@ R} Q=HQO |vD@ |=y`tWR} Q QO AtqU= V}=Ri= ��
`tWR} Q |rN=O |=ywQ}v V}=Ri= Ea=@ xr�Ut u}= xm 'OwW|t `tWR} Q h=Q]=

"OwW|t
pmW x@ ,=@} QkD =HQO |Q=Wi |vD@ |=y`tWR} Q QO CUWv � Q=@ |=y|vLvt ��

"CU= |tyU
xDUw}B w pt=m |L]U QDq=@ |=yAtqU= QO V}=tR; R= TB |=yxOy=Wt j@] ��
'u}}=B |=yAtqU= QO |rw "OwW|t xOy=Wt `tWR} Q w l =N u}@ pt=m p=YD= =@
xOy=Wt l =N =@ |a]kt |=y|oDUw}B w O=} R GQi w prN =@ Q=wty=v |Lw]U
|}x}q p=YD= w l =N =@ QDW}@ |Q}oQO K]U |xOvyOu=Wv pt=a u}= "CU= xOW
|m =m]Y= QDy@ OQmrta x@ QHvt 'Qt= u}= "CU= `tWR} Q |xvO@ x@ l =N R=

"OwW|t `tWR} Q

"hrDNt |=yAtqU= QO =y`tW |xOWxOy=Wt |Q@ Q=@ Ctw=kt \UwDt "6 pwOH
E D C B A `tWR} Q xwQo

3268 3050 2622 2124 1846 (kg� |}=yv C}iQ_

"AtqU= Qy QO `tWR} Q |xvwtv uRw "7 pwOH
E D C B A

41 65 41 1 40 5 39 950 39 75

|QDW}@ |Q@ Q=@Ctw=kt u=R}t 'AtqU=V}=Ri= =@ OwW|t xOy=Wt xm xvwou=ty
QDt=Q=B OvJ R= |W=v Ov=wD|t ẁ[wt u}= "�5 pmW� OwW|t xOy=Wt =y`tWR} Q R=
O=H}= &QDq=@ |=yAtqU= x@ xHwD =@ `tWR} Q |=QH= s=ovy QO uD@ |oOW=yQ %Ovv=t
&`tWR} Q w l =N Kw]U QDpt=m p=YD= CyH l}D=DU=wQO}y |@v=H Q=Wi l}
R= lR=v Ov=@ l} O=H}= w &xvO@ h=Q]= l =N QO QDq=@ AtqU= =@ uD@ ?=ewO Pwiv
l =N QO |WQ@ QDy@ |=yQ=DiQ O=H}= Ea=@ xm 'OW=@ u=t}U =@ xOWK}rUD l =N
ẁ[wt u}= xD@r= "OyO|t O=ODt= R}v =Q l =N QO `tWR} Q |xvO@ ,qta xm 'OwW|t
Ctw=kt Vy=m w uD@ ?=ewO Q=Qi Ea=@ AtqU= V}=Ri= xm CU= C}ty= R�=L R}v
xOWv |UQQ@ Q=DWwv u}= QO |}xR=U Ctw=kt QO |Wy=m QF= xm 'OwW|t `tW |}xR=U

"CU=

|Qw�D \@=wQ R= xOt;CUOx@ Q}O=kt "5
u=R}t =@ =yxvwtv |y=oW}=tR; Ctw=kt u=R}t |xU}=kt 'VywSB u}= s=Hv= h=Oy= R=
u=R}t '8 pwOH QO "CU= hrDNt |=yxt=vu}}; w u=QoWywSB |O=yvW}B Ctw=kt
QO xm |aw[wt u} QD|rY= "CU= xOW x�=Q= OwHwt |Qw�D \@=wQ |NQ@ Ctw=kt
u}= xm 'CU= hrDNt |=yVwQ u}@ VL=i hqDN= 'CU= xOy=Wt p@=k G}=Dv u}=
V}=tR; s=Hv= swRr w =y`tWR} Q C}iQ_ R= ?U=vt u}tND sOa w |oOQDUo xr�Ut

"OyO|t u=Wv =Q `tWR} Q |Q=PoQ=@
�Qs uUw@ +Qp w@v=H� |=yVwQ 'OwW|t x_Lqt 8 pwOH QO xm Qw]u=ty
Ovvm|t pta xv=Q=mx_i=Lt ,qt=m �Qs sm |}=Hx@=H =@ hwyQ}=t + Qp w@v=H� w
=@ |Q@ Q=@ C}iQ_ |x�=Q= ^=Lr x@ �Qs uUw@ + Qp hwyQ}=t� VwQ p@=kt QO w
QDl}ORv |}=yv |Q@ Q=@ C}iQ_ u}}aD CyH |Q=PoQ=@ |=yV}=tR; R= pY=L G}=Dv

"CU=

=yCWwv=B
1. quick test
2. maintained test
3. loading in excess of maintained test

4. constant time interval test
5. constant rate of penetration test
6. constant movement increment test
7. cyclic loading test
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