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'lJ'Vlflvlf.JD 
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U'Vlrl~E.1€1 

L\17::::W'lJtnv'I 0.08-0.12 L:JJ\?11 lLl;l:::'VJl"!Yl1·:Jn1TVl:JJ'Ll'lJ€J,:Jff11'U:W 2 ll'U'Ull~ll 'U'UV!:JJ'UYll'Ul ~:JJ'Ul~fll 1(,lfof\17:JJ , , 
'Utl:JJffJ1Ll'U'UV!:JJ'U(,l1:JJL~:JJ'U1~fl1 uumrui1vt1'U1v'IYHt,:i,:i1m'l1:JJ11mL'U,:Je)e)n1(,l 3 ?ll'U Au mJmrui'vi , ' , 

~7V!fo €JU mru1v'l'\"l~,:J,:J7'U'U1::: n B'U (ill tl fll'Ul \17::: , 
'!J'Uv'I AW 0.83 :JJ., Load cell 2 611v'I, Ll~::: Accelerometer 2 611v'I eiumru'lJtlltiitljtljlruu1:::nu'lJ(>lltJ'1lv'I 

'lltlltiiruru1ru~1wfo Load cell 200 l'\111 lL~::: '!Jvlfll'UA:JJiruru1ru~1V1fo Accelerometer a,Jmruuuvin 
ll.l V 'I 'I IU CU , 

e-i~,J1:::nB'U(>lltJ NI USB-60091vitiitljtlj1ruJ,:iV1:lJV1\l:::U'UYin1'UAB:JJv11l(,lfff[vitJ1mu1lln1l.J Labview d]'U 

vllfll'Ufl:JJ , 



Standard Penetration Test (SPT) l 'U'ULA~eJ-:JlleJVl(,l?leJU~'U 1 'U?l'U7l.l~lf'11m'IJ ,:i~vi'1 fa ntlcJlJ 1 il:u 
"' 

nT'.iL\Jl:;~7'Jl\J~'U~lVl1UnTrn0nLL UU,:i7'U'J7nvf'11 tJ tJ~mruf17".ieJBn LLUU~1'U".i7nvf'11 tJtJ1:;mru 80-90% "' = 
'1:; 1off'LJe.JlJi;,~'U'17nf17".iV1(7l?leJU SPT (Kovacs & Salomone, 1982) 0n-vr-:iEJ-:iiJ correlation mnmc.Jffi'll 

'U 

SPT N-value L~0tJ1:;mrufjill?llJ'U~'U0-:J~'U5'Ll1 L611'U allowable bearing capacity, shear strength, 

relative density, settlement, LLi;l:; compressibility mJ1-:ihn1?17lJt:-Jr;,f17"jVl(,l?leJU SPT \]:;JJf117lJ 

LL'U".i'U".il'ULLr;,:;lJ repeatability ~7 (Coduto, 1994; Kovacs & Salomone, 1982) L~0-:JlJ7'17nA17lJ 

LL 'U".i'U".i1'U'U0-:JU~lJ7ruyjJ-:J-:i7'U'17 m:;uu SPT \911-:J 61 fl'U ~-:JLLlJ17\J:;JJA11lJyjcJ7cJ7lJvi'1 :;?117-:JlJ7\?1".i5ll'U 

J1wrum".JV1(,l?le)U SPT (ASTM O 1586) n£J.:Jfl.:JiJA17lJLil\?1".i.:Jfl'U'lJe)-:Jf17".i'UDU~f17"jV1(,l?\e)U l(,lcJ1J'1icJ~ 

'17Aru~?l(,l~lJt:-.Jr;,m::;viu\9lmrnn11V1(7l?leJU SPT f10 tJ~mru'UeJ.:JyjJ.:i.:i1u~'1-:i1,J~ drill rod '17n hammer 
V ' 

and anvil system Q:;1Tum1lJ'17AqJ'lJ0.:if17Wl(7l?feJU SPT f1e:Jf17".i~\il,J'Ll7 reliability LLi:l:; repeatability 

'UeJ.:Jf17".iV1(71?\eJU fi0 A17lJ?f7lJ7".ifl 1 'Llf17".i Lli11Ut:-.Ji:lf17".iV1(71?\eJU~\?1".i.:Jnmnn site ~JJ?f JllyjL~cJlfl'LILte:i 1 off drill 
' V V ' 

rig \911.:J6l ;,:i~1wfo SPT 'Ll'U repeatability LLrl:; reliability ;'U0~flU'1J'Ll(>)'U0.:JLA~eJ-:JlJ0, 15f17".iV1(71?\eJU, 

LLi;,::;~tJfiu~f17".iV1(7li:1eJU 

iJ:;lTu 1m-:in7".ilic.Jd~-:i Lli1rimmrntm ~e:iiai mnri1yjJ.:i-:i1u 1 um".iVl(,)i:I e:iu SPT 1 utJ1:;L vif11 vimLi:l:; 
" 

t:-.Jr;,m::;viu~fomt-:i.:i1u1um".iV1(71?\eJU L'/J'U (i) 'lJ'Ll(,l'lJeJ-:JLA~eJ-:JlJeJ (L'/J'U hammer, anvil, 'lJ'Ul(,)'UeJ.:J drill rod, 

sampling tube, 'U'\.J7(7l'UeJ-:JL;se:JnLLi;,:; cathead), (ii) f17".i set-up LA~e:i.:iiJe:i (L'/J'U '17'U1'U'JeJU~L;se.ln'W'U".ieJU 

cathead, 15f17".i~'U, ?l.f17yj'Ue:J.:J rope LLi:l::; cathead), LLr;,::; (iii) 15f17".i'UDU~f17".iV1(71?\eJU (L'ct'U n111-ff 

drilling mud LLi:l:; casing 1'Llf17".iyj~-:Jt:-.J'U-:JVl~lJL'17:;, ".i~vlUA17lJ~n1'Uf17".i\?1Bnffioff1(,)f17 SPT (0-0.30 LlJ\?1".i 

Vl~0 0.15-0.45 LlJ\?1".i) L~e.l".ilU".illJL 'U'U5ll'U'LJe.l¾ji:l'lJe).:JyjJ-:J.:i1'U'lJ8.:J'1J'U(,l'UeJ-:J LA~e.l-:J:WeJLLi:l!;16f17".iUDU~f17"j 

Vl(,l?\e)U SPT LLUU\917.:]6"\ L~e:i11½m".i correlation nu database ~lJe.lt!lJfl17lJfln\Ke:i-:i~.:itu LLi:l~H~1wfo 
I " 'V 

L tl'ULL 'U1V17-:J 1 'Llm".ii(,l'Vl7lJ7\?1".i,:i7'U'1J0.:Jf17"jV1(,l?\e)U SPT 1 'UU".i:;LV1f'lLVlcJ\i1e) 1u 
"' 

ii 



0 0 

flTW1 

1r11-rnT'.il~t.1i1~fl't'.17fl7'V'l!:l-:J,:nu 1 UflT'.iVl\>l?l eJ'\J SPT 1 uth:::L Vll"11 V1mli;1:::i:.J61 m:::V11J~eJ'V'li:1-:J-:11u 1 um1 

Vl\>l?lel'\J L'lJU (i) 'li'Ll\>l'LJB-:llfl~el-:JlIB (L'lJtl hammer, anvil, 'Utll\>l'LJel-:1 drill rod, sampling tube, 'LJ'Ll7\?l'UeN 

L;elflLLi;,::: cathead), (ii) fl71 set-up Lfl~eJ-:JlIB (L"lltl '17tlltl1eJ'Uv1l;eJfl'ii'ti1B'U cathead, 15m1-ii'u, ?Lfl7'\l'l 

'LJB-:1 rope LLi;,::: cathead), LL61::: (iii) 15fl7TUDU~fl71Vl\?l?IB'U (L'lJ'U m11i drilling mud LLi;,::: casing 1um1 

'\l'll'J-:Ji:.J'U-:IV!6ll.JL'17:::, 1:::1?1'\Jfl17:U~fl1Ufl71~Bfl~1i·fafi7 SPT (0-0.30 L:U~1 V!~el 0.15-0.45 L:Um) lyjel , , 

11m1m tltijj7tl'V8l;J6l'UB-:JY1!:l-:J-:J7U'UeN'li'Ll\>l'UeNlfl~B-:iiJmL61:::l5flT;itJ5u~m1V1\?l?IB'\J SPT lL '\J'\J\;17-:J I L vlB 1 vf 
fl71 correlation fl'\J database ~ifo~i1m1:Uf;1fl(,1€)'1~-:J:fiu LL61::: 1 ·u\'11vtf1JL UULL tl1V17-:J 1 tlfl71i\?l'Vl7:l.J7~J,Jltl " " ... 

Lr11-:i m11 i t.1i111'1f 'Um 1 ?l'U '\J ?luu '17flLr11 -:i fl 111 t.1-:i utJ 1::: m ru C~u 11t.111'1 ( l1u B \?lvtuu '17 nf ,iu 761) 
, , , ,M 

u-:11JtJ1:::mru 'V'l.1"1. 2556 (L61'U~ 67 /2556) '17fl:uvt11V1t.11!:lt.11J1Y11 L\?ll'J~1uwd-:1'LJB-:11r11-:im11il'Jffi191~~:u~ 
" 

lU'U'\JVlfl17:Ulil'J 1 'UL8fl?l71fl71U1:::'li:U~:U:U'U7V17-:11'li7fl711:::\?1'\Jtl7'U1'li7~ '117tll'U 1 'UVlfl17:U l>l-:Ji1 , 

Yimsiri, S. (2012), "Energy ratio of SPT practice performed in Thailand", Proc. lh 

International Conference on Geotechnical and Geophysical Site Characterization, 4ISC, Brazil, 

Vol. 1, pp. 391-397 
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1. 2 11P"lt:l'U'J~~~rl'lJel~ 1r11~n111it1 
' 
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2.1.4 ie:ifl111::l1~-a::1.:i 1un11V1~ae:iu SPT 

2.1.5 :lJ1m,i1'U~1-'.l 611 'Un1"aVl~61eltJ SPT .. 
2.2 n11uf'ULLfl~i:l SPT 

2.2.1 m1uf'ULLn~i:lm~'Vl'U'11nu~mru~~~-nu 
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nl'Jl VlcJ1J?lffU 1 Vl'1\ill'IJ'1 4.3 

4.4 

4.5 

n1 "aVl\il i;lel'U 1 \ilVll;l ..:j ..:i TU b '11 ~Vl~i;lVI ~r;'l'J ~ll'l vl"a ,i1'U 
' o3 
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UVlvi 1 UVl'\.Jl 

d o 

'U 'VI 'VI 1 UVI 'W 1 

L 'tl'U fn 7J.J?l7lJ1':ifl~\J LL 'J-l LL 'UflVl l'U~ cJ B:IJ l VI fl17lJLL 61J-l LL 'J-:1 LQ B'U flll:IJVl'U 7LL 'U'U'1:IJ~Vlfi fll'JVl'J~\911 ml::: 
' 

f117:IJ?l7ll7'Jfl l'U fl7 'J tl'U \911 
' 

m1vi~?tau L '17:!Vl:! n Vl:! n1-:imv11 '17'UlJf117J.J LL 'lbtl 11 -u Lrn::: r111J.J LL vi fl{,) 7-:J'!J a-:i t:.J n m1vi ~?I au i-:idL tl-u ' .. 
L Y111:::A1~vi ~?tau 1vi LL tJ 'Jt:.J fl~'Ull'UY1~-:i-:i1-u~?i-:ici1c.J L 'lltJ-:i m:::ua mJ1 n:::11-u~-:i 1viL~J.JiJ fl7':if1fl'l'.!7'1-l'U'1ic.J~ 

r11ur1J.Jtl~mruY1~-:i-:i1-ud zj-:im1Pimn 1-u'1i1-:1LL 1n'1:! fl'l'.!7 L~a-:i m1J.J L 11'!JB-:JtilJ.Jviafl na-u m1v1 flm:::viu m1 
' ' 

1~ Al 7J.J'1:IJ~'Ufi'!Je)-:J LL 'J-:1 fl'J::: LL Vl fl{,) el L 1'17 l 'Un l'U L '17 :::~elVl~ '17'U'J el .:Iv) el fl LLn::: l 'U\l17 LL Vl'U-l L Vl'Llel fl 1:::u el fl ~7 
'U .. 

lJfl711~Yli:r-:1-:11'U'!Jel-:I fll'JVl~?lel'U SPT '17Vl't'U fll'JD!) u&'i1-utJ1::: L Vll"l1 Vltl n:::i!m1-u1i c.Ji1~-:if1fl~7r17Yl~-:i-:17'U 

1-um1vi~?tau SPT '!JB-l LA~el-:i:wmLn:::115m1vi~?1au~H1 -u tl1:::L vil"l1 Vlc.J 1~m-u-ur111:1J?t'U h 1 tl~'U'U~'!Jel-:Jtil:IJ , 

- i~v1' 11tl LL 'U'U \il'U-Uellln'!Jel-:1 fl7 ';iVl ~?I arn '17 :::vi::: nVl::: m-:im v1'J \il'U L 'tl'U 'U'U ~'!J e),l LA~B-:1:W B, fl7 'J 
'U .-.s 'U , 

tJ1:::flel'Ulf1~B-:Jifo, LLn:::16fl7'JDfl'U&'ifl7'JVl~?lel1.J 

- BB fl LL 'U'U LL'1:::tl1:::~~iLr1~a-:ii1mi'mL 'U'U~ ii' ~Yl~-:i,nu 1-u m1viv1?1au L '11:::vi:::nV1:::"11-:immti1"Um:1.J .. , .. 
mm ti 1 -u vi ifo v .,., 'U 

'U~~Vl~Vl~?IB'UVIG'lltl1'U~~Vl 

- L?l'U e) Al fl 7 'Jtl fo bbflfl 7'\'l '1-:1-:11 'U bbG'l::: f111:IJ'U 7 b zj e)~e)'!J e) ,l fll'J'U ru bbfl Al v11:IJ~ n~ru::: bf1~ e:J-:Jria bbG'l :::115 fl7 'J 

'\Jfru'1ifl71Vl~?IB'U 

L3 'lJB'Ub 'lJ\?l'lJB-1 bft';i,:Jn1';i1",ijtJ 

'!JB'Ub '!Jvl'!Je:J-:i 1m-:i m11ic.Jdi1~-:id 

1-1 



uYl~ 1 uV1u1 

- 'W(,),J'Ll1Lr1~e:i--:i:we:i\ill.!lL'U'Uhrn111~rv1J-:i-:i1u SPT 1vf?1e:iAr1~e:i-:i1111:wm(,11211u ASTM D4633-05 ll'1::; 

ISO 22476 - 3:2005 

- rn1viA?ieJ'U SPT 1umr1?i'Ll1:1J'iJ::;~-:ie:itJuu~m111..J'Vu-:iiu~um-:ilV1V'l i zj-:i 1 u~-d''il::;vtmc.1ii-:i~uiu~u 
" "' ' ,_, 

d G ..:::,. 1 V 

L Vil.! c.11 LL 'V-:J LL'1 ::;(i11..JV117 l:JL V171...!1..J 

- rn1V1A?ieJ'UlAV'lJ-:i-:i1u SPT 'iJ::;VJA?ie:iui-:ivt:wA 5 i1..J(,17:1Jr111:1J~ n'Vmvt'1:lJV1A?ieJ'U 1AcJf171VlA?ieJ'U1A 

V'lJ-:i-:i11..J'il::;L~:1Jf171V1A?ieJ'U~1::;1?1ur111:1J~n~-:iLL\i1 10 LlJmt'LlhJ 

Jl1fl?i'Ll1:1Jfl'U'U~,;'vifoV1A?ieJU SPT 

1.4 ,.1-a~ 1u"ll-u~r11~11-i1~ hH'tJ 
,h::; fotu~fl7\i111'i)::; 1v1ftJ'il1 n 1m-:irn11ic.1-d':w1?1-:id 

- fl71"W(,),J'lJ7Lfl~eJ-:JlJeJ\il'LlLL'lJ'U 1 'Llf1711AV'lJ-:J-:i7'lJ SPT 

- Vl';i7U'1-:J'U'ili l:J\i11-:J 1~:wt:m m::;VJ'l_Jli) eJV'lJ-:J-:Jl'U'illnLfl~e)-:JlJe) SPT 

- ri1~mh::;~viB'lJfuLLn N - blow count vl71..JV'lJ-:i-:i1u (ER;) 

- LL1..J::;tl1LL1..J1vi1-:i11..Jrn1viA?1B'U SPT 1vt1~r11fln(,)B-:J:1J1nt-:it1..J 
" 

' 

- mm1fltl11\Jv\Jrnm1vi1-:i 11..Jn11n1vt1..JAlJ1\i11,51u'11vtf'Ufn1V1A?ieJ'U SPT 1~1iie:i 1 'lJ ... 

-······-··········· ········-· .•• 
• 1-2 



d 
'U'Vl'VI 2 f11'l'Vl'U'Vl11.Jl'J'HUm'Jl.J 

d u 'VI 'VI 2 n T'.i'VI u 'VI 1 'W 11 'HU n -a -a ii 

2.1 nT'a'Vlvl~elU'Vl~i;l'Vl~l;l1.:!:IJ11'1'Hi1'U . ... ,., 
n7TVlvl?leJ'lJ'Vl:;~VJ:;ffJ-:JlJ7\fl".i~7'Ll (Standard Penetration Test) vt1m1t.1nEie1•ri1 SPT cie:in7L'Uvl;'Ll 

vlu1:; l Vlv'l?IVl1\ieJ lll~n7'11 n'LJ eJll '1 n 1".i \fl eJ n l?ll l ~ll.yj l~ eJ \fl eJ n l?ll l ~ll '1-:J 1 'Ul 'U ~'U LL-a llJ n7".i \fl eJ n t.17 n fl?l7ll7".i fl 
"' '\J 

t.1'lJ~1'IX1L?11L ~ll~eJ'17'Ll1'Llr1f-:inn111l1\fleJn ~0m:.5-:ii1n11~(,),J'Lll l vt1 off m:;'lJ0n~1, 'lJ'Ll1v1J1vtun111ll\fle:in, Lli:l~ , '\J , , 

15fl7".iVlvl?leJ'lJvil um U'Ulll\fl".i\il'Llt'Uzj-:J l 'Llvl-dm\fl"J\il'U n7".i'Vlvl?leJ'lJvi1~for117ll'Ut.llllJel 8~1 t.l n'U 4 lJl\fl".i\il'U 

~e:i ASTM 01586 Standard Test Method for Penetration Test and Split-Barrel Sampling of 

Soils, BS 1377 Method of test for Soils for civil engineering purposes test: 19 Determination of 

the penetration resistance using the split - barrel sampler, ENV 1997 -3: 1999 Eurocode 7 

Geotechnical design Part 3: Design assisted by field testing Standard Penetration Test, lli;'l:; 

ISO 22476-3:2005 Geotechnical investigation and testing - field testing Part 3 Lv!t.il'Ull~i:l:; 

mm\i1'Lln'1:; mh1~-:ilr1~0-:iiie:ivfl oifl 'Lln7".iVlvJ?leJ'lJ 15L\fl~t.1llV!i:lll'Vlvl?leJ'Ulfli:l uvl'1'Ll 1 iJ~-:in11V1v1?10'lJ ... , 

- \i1lllfleJn: tl1vtii'n 63.5 nfanfll (140. 62 'Utl'Ll~) ~7Vl'5'lJ'U".i~lVlv'11Vlt.1viDt.1llloifl'Ll \i1lllfleJrn'lJvJi ll?lvl-:J~-:J , , , 
1muvi 2-2 lli:l~ li1lllfleln1viii'Vl ~-:Jll?lvl-:Jl'Ll".i'Uvi 2-3 

'\J ' '\J 

2-1 

n,tCau f U._ jtll 1141.IUHI 
U•1uu~ 



!l!IEIEF. 

Ei 

u'Vlvi 2 fl1':i'V1'U'V11'U111rum1:1.J 

d V 

iu'Vl 2-2 ~:IJ(>lelnL61JvJ~ (Safety Hammer) (ASTM 06066, 1996) 

'' '' 

Cable or chains 

Coupling 

Hammer 

Guide tube 

Anvil 

~tlvi 2-3 li1:IJ(,leJnLlil'UVl (Donut Hammer) (i.'!fl7"f'j'J, 2544) 
.... ' 

- ,i7'U'lel~\,lvn (anvil): L 'U'U vtl mru~ L 'U'U \9l1'leJ~f'U nT;im~ LL Vl n'lJ v~\i1:IJ(,l el nLL"1~'1~t-h'U'V'1~~~1'U 1 i.J fl1'U . ' ' 
L'11~ zj~~'UcJ:W1-Un'Ulutl1~LV11"11VlcJ ilmJ 2 LLUU flel 

" 
- 'IJ~,i7'U)el~(,le)n'IJ'U~'Ue)fl'l.J~e)n (Knock Block) L tlmnJ mru~7cJ 61t'UL~ tl1~~1:IJ1';jfl~ eJL 'V1ll'U fl1'UL '11~ 

, 4,S , I 

'Vl7'Vl'U1'Yhe:i~fo m1m~ LL Vl n:u 1 n{i):iJ(,l el n 
' 

- 'l!~Ji1'U'Jel~\,lvn'IJ'LI~1m1"W"W (Drive Pipe Assembly) L'Vl:IJ1~!l'Un7'J1off~1'U'Vl'Lln (Heavy Duty ) 

tl1~nel'Uv11tl'Vlv111 ~'11'U nm~ LL"1~'11'UU'UlJLn~ t11i1Vlfmielf17'UL'11~'\ll1~1cJVleJL Vl~ nwu1 '\1111 iii 
tl7'Vl'Un~~L'U'U.fl1'J~ 1 'LI n7'J'IJ'Ufl7tl 

" 

2-2 



'\JYl'Vl 2 nl'lVl'\JYll'\Jl'l"HUm'llJ 

A17lJ871lJ7mjp'U 3.0 llJ\,IJ 'Vl7'17nl'\,'l~nnA1m-1'lJv'Un1J.:i~..:i L(Y)tJ?f1lJ7Jml?\(Y)-.'.l'IJ'Ll(Y)fl7'Ul'11::;~1.:i1 

M(>l.:ili1111..:i~ 2-1 

- m::;mi mh 1(,) tJ m ::;tJ e:i n ~1-d' '1::; ll U ..:i 1Ji' e:i e:i m tJ u 3 ?11uzj -:J'IJ'U 1 (Y)i:11 'U ~1.:i 1 ll?\(Y)-.'.l 1--rt 'U ~tl~ 2-4 L(Y) tJ 
I .J' O d d I d Q. 

m::;mimnu'1::;V17'11 n l V!fl flVl ll 'IJ-.'.l ll "'J-:J l vmVl'U!,le:Jll "'J ..:im::; ll VlflVl ln\?l'l.J'U 

- Yim VI~ n nu~u (Casino) 'Vl 7V!'LI 1~rf 1fJ'Ui;.J'U-.'.l'LJe:l-:JV!flm:v1::; 1:w1 vf-w..:imntJ lJlifo~11'1u~ nm-.'.l'IJ'U7(Y) 7 5-
::, ' 'U 

100 :Wflfo:l.J(,11tJ11Ylffl.Ji;l::; 1.0 - 1.5 llJ\,IJ 

1>11~1.:i~ 2-1 'IJ'Ll\?lllfl::;'IJ'U7\?l~7.:i 1'l.Je:l-.'.lfl7'Ul'17::; (Archwey Engineering, 2008) 

Rod Type 

EW 

AW 

BW 

NW 

HW 

42 mm 

52 mm 

Rod 0.0. (mm) Rod 1.0. (mm) Couplin~ 1.0. (mm) 

34.9 22.2 11.1 

44.4 31.7 15.9 

54 38 17.5 

66.7 50.8 35 

88.9 72 60.3 

42 32.2 22 

50 37 22 

OPEN 

E 

_l ~~F5'E'll::l9"P==zz\ l;ll7r:!r.rrzrzaz:::o:.=~~"1t~~~~S:'.l r-
r~~'lllll:JLIDZ]ll).::zrl. P7flIID.'llllElE~~~ 
G 

8 

A= 25 to 50 mm B = 0.457 to 0.762 m C = 34.93 ± 0.13 mm D = 38.01 ± 1.3 mm 

E = 2.54 ± 0.25 mm F = 50.8 ± 1.3 mm G = 16" to 23" 

Threads (mm) 

76 

76 

76 

76 

76 

102 

76 

~ti~ 2-4 .fl1V'l\>1(Y)ll'Ul'IJ11-.'.l'IJe:J-:Jm::;lJe:JnlfllJl>11B~7.:J (ASTM 01586, 1999) 
" 

'1~v1B.:im1'1?1BtJY)n1r1f .:iV1~BB~1.:i'LIBt!VJn 1 6 l~e:im ~B 1vfiJm1rnj\i h 1 'Llm11vir11~1-:i 11 'Llm·r.,1v1?1BlJ'1~ 1~ 

1:iJiJij 11JV!1 
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'UVl'Vl 2 n7'JVl'UV1TU1'J'Jillfl';j'J:lJ 

V 

2.1.2 'V'U~fftJnT'JVl~ffeJ'U SPT 

rnw1~6'\B'U SPT 1~c.r0'1ltJLLA1lYmi:;vi~6'\B'UL~m'il1:;~nfl-.:ihJLLA1 45 L6/J'U~Lii~1 (1.5 'VJl?l) V11mtuii , 

i1runrn1.Juun-i111i'i'LtJ~m..iL 'lh.J'U'Ll~'UB-:J~'U~iir111mL ~-:iLn'U~-;;;J::;Lnunum::;m1nu1-.:i 11i'i' 'U'U7~.fl7tJ 1 'LI'UB-:JVli;U.J 
V V ' 

L-;;;i1::;~mil'U'Ul~B81::;V111-.:i 7 5-125 iJflfaii~1 (3-5 D1) rh 1 'LI1::;wi1-.:irn1L-;;;i1::;u-:iLBruL-;;;iu~-:in~'U11-:i 1 vfvh 
'\J V 

'\Ile) L VI~ nn'U~'U-;;;J::; L U'UB'U ffHU'/11 tJ1Je)-:Jfl'Un711'Unl'U.flltJ 1 t1Vli;1lJL'vl::;LLl;,::;,;;;J::;'111tJ 1 V!n71L'v7::;'11m1ri 
' ' 

L 'v eii'U~LL ~-:je)l';;J';;J::;~ e)-:j 1-if i1 L -;;i1::;~'UVl1Bi1 L 'ill::; LL 'U'U~LL ~ml Vl'U L~m -;;i7::;-;;i'U ~-:J')::;(,)'\_J~~ e),:Jn71';;J::;V]~6'\e)'U 

SPT 1 vf ri ei tJ 1 ~-:i n1m -;;i1 :;t'Um L vJ m tJ~ tJ'Ui1 L -;;i 1:;~1 -if L U'LI m:;u eimnu1,11e3 81-:11;1-.:i 1 tJ L vJ ei-;;i::;vi1m1vi~~Bu 

SPT l~tJi1i'LI~B'Llf111Vl~6'\el'U\91-.:Jt1 

- V1J-.:i-;;i1 m '17::; L~ ~tJlJVli;1lJ'v'U ii-:11::; \i1'U~ ~B-.:J n71~'1::;Vl~'1 B'U SPT 1 vf tJ1:; nuum::;'UB mnUWJl 887-.:J L 'Ulfl'U , 

fl7'U L'vl::; LLf.11'V'U 1 vf LL iJuV1J-:J'illm!t1ABtJ 1'Ul;lel cJi;1-.:J~fl'UVl~lJB87-:J'U71 

- tJ1::;nBu~1'U1B-.:i1?1Bm -u1nun1m '17::; LL1;1:;1~1::; cJ ::;~ n1m '17::;Y-lf Biivi1i1ruJ mn1.J'11 3 (,17 LL Vli.1-:i~ 1 LL Vl'U-:11;1::; 
V 

B'11:;~'1~ LL1;1:; 1 urn1tJn~ii~um!t1'1:; 1-if1Tirn 1~m ,iun nui1 n11'Uzj-.:i1Tirn1~m ;;JBn'vdfaci'1ei-.:iJ n~ru:; 
' ' 'U 

Ael B8'U1-:i~1-.:ii1n11u (2
1
/ 41uu)nUB8'Ul-:J'U'Ui1n11u (1

3 
/ 41B'U) ~1mtJ~ 2-5 

'IJ 'U 'IJ 

'iJ1nrn1V1~6'\eJ'U l~tJ1'Llm1u'Uvinri1 N l!u 'iJ:;uuvinri1~m:;LLvin1'LI'1i1-:i 30 6/JlJ. (1 'VJl?l) V1J-.:iLvi1l!u 
' 

LY-l17:;'J71'U'1l1-.:J 15 6/JlJ. (0.5 vl~) LL1nl!'Ur11 N ~ilu11i'i''v::;lJt:mm::;V1'\_J'iJ7n'UB-.:JLVl1;11~'UL'17::;vi11vf~'U 
' 

OPCRATOR ti(:RE 

TOP VIEW s.,oe VICW 

COUNTER CLOCt<WISE ROTATION lli Turns) 

SIDE "IEW 

CLOCKWISE ROTATION (2{- Turns) 

2-4 
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2.1.3 f77'f:i7EJ-HUt:-Ji;,f77':iVlvl?lffU SPT 

lum1V1v1?1e:i'\J SPT ii milm111EJ-:i1'Ut:-J~ m1V1v1?1e:i'\Jii'-:il1 

- zjeJLL~~?ltll'U~b\ll~ilY)\I 
d .., 

- 'IJeJ'lJeJ,.'.lt:-JVlvl?leJ'\J 
" V d.::.: 0 

- 1'Ub li;llVl L 'JlJbbi;, L?l'J\l'lJ eJ-:J fll'J L \17~?1711 \I 

- 1~ilrnJ11i!~'U 

- Jn~ru~m1L 'll~EJ'ULLUi;,-'.l'lJv-:i.ff'U~'U 

- fl17JJ 871'lJ eJ,.'.l\ill €l8 7-:J'Vl L \I l~i111 \I 

- m1JJ~n'llm(,11€J87-:J 

- fl17JJ 871'lJ tl-:J \ill €l 81-:i'V1 Lfl'\J 1(,) 

- '17'Ul'U'Ll'\J 1 'Llf77':i\?1€ln (Blow count) 

2.1.4 'U€lfl1':i'J~:irv11~1-:i 1 'Ll fll'JVlvl?lv'\J SPT 

1'Llf77'JVlvl?le)'\J SPT lJ'Ue)fn';j'J~1-:iii'-:id 

'U'Vlvi 2 nl':i'Vl'U'\1111...11':i'HUffJ':i:U 

1~ilrnl11 m,rnJJL\11~ ii'v-:JlJ':i~il'\J 1n'1Lf1EJ-'.lfl'\J'J~ilrn111i!~'U 1 'Ut'i'J'JJJ'IJ1&1 b'Vfo 1 ~\l1V1ii'nnv1~'\J v1n'Ll 
' 

.., 
- 'lJ'U7vlf11'Ub'17~ 

- '1~1Kv-:ii1 fll'Jb 'Ul.Mlvlfl'\Jcrvl~-:i L ~€lflVlvl?l€l'\J1 llJfll';i'U~e) EJIKJJ(,l e)fl(,)1E.Jfl17'Ub~e)fl 1 'UJ n~ru~ fll'J'U~ e)E.)\,l fl " ' 
Lv1EJ0?11~ L~v1JJ1vt ri1 N ?1-:in11r111JJL'U'U'1~-:J 

" 
- '11\,l';i1'1?1€l'\J 1~17Vli;,JJL'17~Lnvlf77':itl~JJf1€l'Ufl7':iVlvl?l€l'\J Standard Penetration Test '1~1Kv-:iv\'1n11 

' 

v1r111JJ~ m!'U €l7'1'1~?1-:it:-J1;, 1 vf ri1m':iV1v1?1v'\J flmv1Lr1~ v'U 

- V1l!'U\?l':i1'1?1v'\J?lfl7Yl'llv-:i m~'\Jvrn,h 11vc.J1 'Ll?lml'l 1 i-:i1'U 1~ Lv1EJ?1fl7Yl n71tJ1~ n'\JmmL 'Lll EJ71'llv-:J 
" 

2.1.5 JJ1\?l':i!1'LI~1-'.l11'Llfl7':iVlvt?lffU SPT 

zj,:i~m~11mvY-:iV1JJvi 1 'LI~11L 'U'LI n11r:11uii-:i L '1fl11JJ'11AqJ'llv-:J15fl7':iVlvt?lv'\J SPT '11nmm!1'U~1-:i 1 
LL~~L ~vv1'.i:l~r111m i1 hfi-:im1mL\?I n~1-:J'llv-:JLL(;li;l:::JJ1\?l'J~1'U~-:i Hi'r:11tJ11EJ1;,~ LBEJ~ 111:u\?1111-:i~ 2-2 
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(u1V1tl'n) 

~n1:1ru:; 

fll'i~m ~e:in 

'il1'Ul'U 

'ivU 

" V o m:;ue:imnumvc.J1~ 

~1t1mrn 

(c.J11) 

~l'U'Vl11.J 

(c.J11) 

- 0,mn 

N correct 

2.2 n11'1Jfmui'e.i1;1 SPT 

ASTM 

01586 - 99 

63.4 ± 1 

kg 

0.76 m ± 25 

mm 

" Yll'UL 'lll.J 

2 ¼' 

1 ¾ 

25 - 50 

mm 

457 - 762 

mm 

1,J 

38.1 ± 1.3 

mm 

50.8 ± 1.3 

mm 

1,J 

BS 

1377 : 1975 

65 

kg 

0.76 

m 

hj 

76 

mm 

457 

mm 

152 

mm 

35 

mm 

50 

mm 

hi 

'UY!Yl 2 fll'iYl'UYll'UTVirum'il.J 

ENV ISO 

1997 - 3: 1999 22476 - 3 :2005 

63.5 

kg 

0.76 m ± 10 

mm 

hi 

,;: 75 

mm 

;?_ 450 

mm 

;?_ 75 

mm 

35 ± 1 

mm 

51 ± 1 

mm 

63.5 

kg 

0.76 m ± 10 

mm 

hi 

1li 

25 - 75 

mm 

;?_ 450 

mm 

1,J 

35 ± 1 

mm 

51 ± 1 

mm 

m1V1v1?1e:itJ SPT Li1m11ri1 N m 1 ic.i'e:i-:i:wn11'tJftJ LLnr11L V1'11l!urie:i'UL~e:i--:i'.J1nri1vl1v1m'.J1nm1 

V1 vi?le:itJl!uir--:iiifn 1:w~vi'V'lmvi ei c1;--,ij '1icJv1vi'11 vf ri T~n n nT'.lVl vi ?I e:itJiir111:w~ vl'V'l i:l 7vi:w 4 ir1-u eJVI~ n (hh1 :w 
'U 

f171'Uf llLLflfl17:Wvl'\.J flvl'VllJ) f1 eJ f111'UftJLLflf.J i:1 m::: 'VllJ\17 fl'U1ll7 ru'V'l~-:J-:J1'\.J f111'U f rnLn f.J fl m:::Vlllb eJ--1'.J 7 fl 

f\11:W t:J11 fl7'\.J b '.J 1::: f11TU fo Lbf1f.J fl m:::VllJ'oil 1 fl m :::tJ eJ n \911 eJ 87-:J bbfl::: fl11'Uf ll bbflf.Jfl m:::VllJ'.J 7 fl-U'\.Jlvl'\11'1:W b '.J 7::: , 

LLvie:ici1-:i bn~1:WVl~--1'17fl'UfrnLfle-Jflm:::V1tJvi1--:i 1vtlv1n'171ll71 uvid f1(11eJ--:J'UfoLLf1A1 N 1-uvi 60 % ;-:i?l1:IJ1"jfl 

bb?lvl-:Jf111'U{tJLLf1 N ' 6O r17'\.J1ru 11i1vl--:J?ll.Jf171v1 (2-1) 

(2-1) 
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Country 

us 
/North 

America 

Japan 

UK 

China 

'UVlvi 2 n7'J'Vl'\JVl1'\.Jl'l'H1.!f1':l'JlJ 

CN ri1ufounl~tl~'<il1nr111:iJii'1..!fWl'Vl'U (Overburden pressure) 

n n n n JlJU"J~~Vliufrnlflf:.Jflff:J~VllJ~1~6lbb?i\71~ Lfi1ii'~m11~~ 2-3 •I!, • 12, '(3, • I q I 

Hammer for Tl 1 

Average energy ratio 

Donut 

R-P Trip 

45 

67 78 

50 60 

Rod length 'f12 

Length 

m 

> 10 Tl2 

6 - 10 

4-6 

0-4 

Sampler 'f13 

Without liner 

With liner Denes 

sand clay 

Loose 

sand 

Borehole diameter T}4 

0 Hole (mm) 60-120 

150 

200 

R-P 

70-

80 

50 

1.00 

0.95 

0.85 

0.75 

1.00 

0.80 

0.90 

1.00 

1.05 

1.15 

2-7 

Safety 

Trip/Auto 

80- 100 

60 

Remarks 

R-P = Rope-

pulley 

or cathead 

Tl1 = E/E,b 

For U.S. Trip/Auto 

w/E, = 80 

ri 1 = 80160 

= 1.14 

N is too high 

for L <10 m 

Base 

value 

N is too 

high with liner 

oversize hole 



'IJVlvi 2 f11'JV1'\JV111.J'"J'J'Jf.1Jf1J'JlJ 

2.2.1 fll'J'lJfo1,1,n~r;1m~Vl'lJ'il7n'U11l1ru'V'lii'..:i-nu 

lu m 'J'lJ f 'lJ 1,1, n 'lJ1m ru'\AI ii'..:i..:i 1tn.T 'U 'il ~\91 e:i..:i:w fl1 'Jl (,)'\Al ii'..:i ..:i 1u 'il 1 n fll'JVl (,) ?lB 'lJ SPT ri eJ'U zj._:i 11.1 fll'Jl (,) 
c::,l=:r,ci , c.1 d 2 d , =- ::, d 

'\Alr;l..:i..:l7'U'U€l..:lfl1'JV1(,)?l€J'U SPT 'U'U :l-r.J5fl1'JV1(,)?l€JlJ€l!'J?l€l.:JLL'lJ'lJ flB flel EF LLt;1~ EFV 6/J..:lLL\mru.J'U'U'il~l-Jnl'J 
'U 

Vl(,)?Je)'lJLLfi L'W!'J.:J EF
2 

L vi11.!m~B..:l'illm'lifofiBm.Tu 15 EFV ?l71l1'"H1V171Ji' !'Jln~..:i 1:J.JfiB!'J:Wfl1'JVl(,)?leJ'lJ1l1nUn 

l,1,(?l'U'iJ'il'\J'U16 EFV 1i{f'Un7'Jvl'vll'U71Vt:wn7'J 1 -if ..:i1'U~~7tJ;ff 'U L(,)tJ'J~'lJL n 'Ul-.J7(;1'J,i7'U n7'JV1(,)i;'l el'Ul(,)'\Ali;l..:l..:ll'U ' ' .., 

(a) Force Squared Method (EF) 

Schmertmann and Palicios ( 1979) fl'U'\Al'U15 EF
2

1 utl 1977 Lvltl 1 'U'Vlii'nfll'J 11.1nTJ'Jll-.JLL 'JWLJ7 

l'lltl fl'U zj._:ii, 6U71 'U1l1(;1'J1v'lfl17l-.JLfl~tJ(,)~(,) 1 u~7LL V1'U..:ii{1'U'lJ'ULl,t;1~1'll'Ul;ll..:l6UeN f17'UL 'i)1:; I, ~ff)(,) 1,1, J ..:i~~..:ici1 EJ'ill n 

\91:J..J(;1€J n 1 'lJ~ n1m 'ill~ zj.:iV1ii'..:i'il1 n~ n'tfl~i;\ ?l'J'lJ mJn1l1'l7 ?11m1riV11'\Alii'..:i..:i1u~?i..:ici1 EJ'il 1 niI:J..J(;l e:i n 1 'lJ n1u 
, '\J , , '\J 

(2-2) 

" ' A ~'UVl6U€l..:lf17'UL 'ill~ 

C 'U'J~:J..J1ru 5120 mis. 

E L:J..Jvlii'?l~vl'VIEJ
0

'U6U€l..:lfl7'UL'il1~ (modulus of elasticity) 
'U ' 

F(t) = 

fl1'J1(,)'\Ali;l..:l;J7'U~~..:ici1tJ'iJ7n(,1l-.J(;1e)n 1 'lJ~n1'UL'il7~ Lvl!'J15 EF
2

1i{:wfl1'JV](,)i;'le)'lJl,~e)EJl-.J7 Lvlm~:J..Jt..:i1,1,vitl 
' 'U 

1980 zj._:i Kovacs (1982) Mv\'1fl1'JVl(,)i;'l.e)'lJfl1"J1(,)'\Ali;l;J..:)7'U'lJe)..:) SPT LvltJ1mi~:J..J(;1e)nL61JlAli l,Li;\~ LvlUV11'U 
' I/ V 1,1 1 I 

O =:r, V V ci V V V I( a d V V V l,I 0::::, V 

fl1'JV17 fll'Jl 'il tlfl'J ..:l'U 'Jll-.JVl..:l fl1'JVl7fl17l-.J ?ll-.J'\Al'U56UEJ-:l'il 7'U1 'U 'J e)'lJ Vl'\Al'U n'UVl1n17 'UVl 'il l Vll-.J 7 ?ll-.J n'U n l'JVl vl ?l e)'lJ 

fll'J(;l n m~Vl'U 1~ 1,1, tii.1 €l'U n-i1 vi1..:i n'U iI:J..J (;1 B n LvlUVl'Vi n 11 fll'U fl:J..J n 7'J (;1 n n 'J ~Vl'U;ff u €1 ci n'U n 7'J fl17:J..J'ti7'U 1 ru6U €1..:i 
, , '\J .., '\J 

(b) Force Velocity Method (EFV) 

Abou - matar and Goble (1997) 1i1,1,1..:i1,1,1;1:;r111m~1r\'1u1rufi1'V'lii'..:i..:i1u~?i..:ici1ff'17n~lJ(;1eJnhJ?i 
' 'U 

fl7'UL'il1:; ;..:il'LJ71immi'vlfl11lllfl~tlvl (Strain gage) 1,1,1;1:; lfl~e:i..:ille11vlfl11lll':\..:l (Accelerometer) €lci1..:i 

1;1:; 2 'lJ(,)~(,)~fll'UL 'i]7:;1, U'UeJ'lJmru1(,)'\Ali;l--:J..:)l'Ul,lr;l::;'U1fi1~1vi''il7n fl1'J1(,)lJlf17'U1 ru'iJ7n?llJ fl1'J~ (2-3) 
' ' 
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u Yl v1 2 m 'J Yl U Yl1 'Ll1 'J 'HI.Im "J l.J 

max 

EFV = J F(t)v(t}it (2-3) 
0 

1~EJ~ EFV = V'la-:i.-:iTu~ l u~ EJml u'1-:i'IJe:i-:in1m-;;i1~ 

F(t) = ll 1-:J 1 u fll'Lll '11~ 

Max 
d.:::., I L 

nm'Vl'V'l'ill'Hlnm-;;i1n'IJ1-:i nm 2 I c 

V(t) fl111Jl 1m 'Ufl1'Ul'il1~ 

(c) nnt'Llfornnvv-r::11'h-J3iJ EF nv3iJ EFV 

Abou-matar and Goble (1997) 1v1P1fl'l17l~eJ-:Jfl111~LL'1~fl111Lfl17~v1V'l'11~'1JeJ-:Jfl1JVl~i.'leJU'Vl~'1 
' 

fleJJ.JYh L~e:i{ LL'1~fl11Plfl'l111 uA.f-:im .ffr.'IJ.Jfl111 Uf1111~Y1a-:i-:i1'ULL U'U EF
2 

LL'1~ EFV 1~EJV!a-:J'11flfl11Plfl'l11 

i.'l7J.J71fli.'l1U1vi'v1-:i~01 ud (11 Hn111~V'la-:JLLU'U EF
2 

ri1~1vi'-;;idj~y.i'11~,J1~mru 10% LL~t171-ff J~'U'Ufl111~ 
' 

LL'U'U EFV ri1~M'il~eJeJflJ.JlfleJ'LI'Ul-:J~ 

~e)J.Jl Farrar (1998) 1vi'11u11J.J'UeJJ.J'1L~EJl fl'Ufl11J.Jfl111~V'la-:J-:J7'LI SPT 1 Ufl11Plfl't17fl.f-:it1'1~Ltl'Ufl11 
'U 

11'U11J.J15fl111~Y1a-:J-:J1'LI SPT i-:i?ieJ-:J15Flf1eJ 15 EF
2 

LL'1~ EFV ;-:iie:im1~1vi'LL?i~-:J1um11-:i~ 2-4 1~EJ 
'U 

'UeJJ.J'1?11'LI1vtru~11'U11J.JJ,J1ll'LI?11'LI1mu1vi'm'il7fl GRL(1993 - 1995), Jackson (1995) LL'1~ Lamb (1997) 
'U u u 

1~ EJ L~eJ'tl7'UeJJ.J'1v1-:J fll;l 11J.J1 L U~cJ'U L '1cJU fl'Ul ~eJV!l'UeJ LL~ fl~ 1-:J'IJeJ-:J15fl 111 ~V'la-:J-:Jl'UJ-:J 2 'il L 1'4U 1v111'UeJJ.J'1 
'U 'U 

'IJeJ-'.J GRL nu Jackson 1!u:iJr111J.J'U~LLcJ-:JflUeJ~ fle) 'UeJJ.J'1'1JeJ-:J GRL 'il~?i1tl1v111'171~v11cJ15 EF
2 

'ii~ 1v1r11i.'l-:i 
'U \I , '\I 

f11i.'l-:Jfl11L ~eJ-:JJ.Jl'il1flfl11J.J cJ11'1J 0-:Jfll'LI L 'ill~ LL'1~ 1-if fll'Ul '11~ LL 'U'U AW 
'U 

V!a-'.J'17fl1Tu hJmu Butler et a/_ (1998) 11>1L U~cJ'UL VlcJ'Ufl111~V'la-:J-:J1'LI'IJeJ-'.J SPT 1~cJ 1 'LIL U~cJ'UL'1cJ'U 

r1.f-:id LU'Lifl11LU~cJUL'1cJU15fl111~V'IJ-:i-:i1u 2 15 ?10 EF
2 

LL'1~ EFV 1~cJim.m1vi'vhm1"J1u11:i.nn'il1n 
'U 
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UYl'Vl 2 fn 1Y1uY111..J11 'J ru m':i:w 

'LJe:JJJi;ln7':i1~V'l~~--:nu SPT i11cJ15 EFV 
2 

vl1';i1--:l'Vl 2-4 lli;l:; EF (Farrar, 1998) 
'\J 

Date Series Hammer Rod N Av'?, Av'?, 

/Author/A'?,ency Type Type Blow count EFV EF
2 

1990/ CME 
AW 86 86 

COOT - USBR Automatic 

1991 / Sy Safety Hammer 
AW 60 54 

/ UBC study NW guide 

1992 / Frost Diedrich 
NWJ 14 89 100 + * 

/ Diedrich Drill Automatic 

1992 I Frost Diedrich 
AW 14 64 85 

/ Diedrich Drill Automatic 

1993 / GRL Safety 
N 48 50 51 

/ Texas A & M Hammer 

1994 I GRL BK - 81 
AWJ 59 66 67 

/ ASCE Seattle Auto 

1994 I GRL Safety 
A-2 BW 53 51 56 

/ ASCE Seattle Hammer 

1994 / GRL CME 
A-3 AWJ 51 81 81 

/ ASCE Seattle Auto 

1994/GRL Safety Hammer 
B-3 NWJ 45 23 21 

/ ASCE Seattle Spoolin'?, Winch 

1994 I GRL CME 
B - 6 AWJ 58 73 74 

/ ASCE Seattle Auto 

1995 / GRL E - R9 
Safety AW 21 82 61 

I Oregon DOT -1 

1995 / GRL B - R3 -
Safety _ BW 37 61 61 

/ Ore'?,On DOT 1 

1995 I GRL A - RS 
Safety BW 27 78 82 

I Oregon DOT -1 

1995 / GRL B - R3 -
Safety 39 65 65 

I Oregon DOT 2 BW 

1995 / GRL A - R7 - Safety 
27 48 54 

I Oregon DOT 1 Spooling Winch BW 

199 5 / Jackson 
Safety 67 58 

/ B.C. Hydro AW 

1995/ Jackson Unknown 
95 89 

/ B.C. Hydro Automatic ··-Aw--· 
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'UYl'Vl 2 fl1"JYl'UYl1'Ul"J'm!m"J:w 

1995/GRL C - RS - Mobile 
49 62 60 

/ Oregon DOT l Auto BW 

1995/GRL D - R6 - CME 
58 82 95 

/ Oregon DOT 1 Auto BW 

1995 / GRL B - R4 - CME 
54 78 93 

/ Oregon DOT 1 Auto BW 

1995/GRL A - R2 - CME 
56 78 118 

/ Oregon DOT 1 Auto BW 

1995 / GRL A - Rl - CME 
56 82 102 

/ Oregon DOT 1 Auto BW 

1997 / Lamb CME 
> 58 66 

/Minn.DOT Auto N 

1997 / Lamb CME 
55 78 

/Minn.DOT Auto N 

'Vll-l1Vb'Vlvl * area probably wrong . 
zj-:J'17 n f111 ff\17'Vli;'ll t.l 61 r1f-:i~~ 7'UlJl'lJ 'ITT~ L zj t.l161J7 qJ \,17-:J 61 ~1Ji' eJ 7-:J 0-:J fi-:i '\fl 11 VIL fl ~l.17 ~';i_~7'U '17'Vlf U f11 ';i 

'Vl~,re.JUf11';J1~Yl'1-'.l~7'U SPT ~8:IJ7~';i5j7'U Standard Test Method for Dynamic Penetration (ASTM D 

4633) Lrn:; Geotechnical investigation and testing - field testing Part 3 (ISO 22476 - 3) l~t.JJ~ 2 

l.17mJi7'U86U7t.lil~f11';i1~Yl'1~~7'U 1 'Lln7Wl~?l8U SPT LL UU15 EFV zj~L'U'U15m 'Uf11111:l.JLL ';i~LL~:;f117J..JL ~1 

~·m 1~7 l~t.llJl~';iJj7'UJ~ 2 ~n~·11'lJ7-:J\97'U '1:;uBu1rn.Y-:JLL\,l'e{'U mrum-m. 'LI f11';j'J~Yl'1~~7'U'1'U 1 tlri~1i:itlfiu&l 

'Vl~?lelUf11';i1~Yl'1-'.l-:J7'U 

LL\,18~7-:J 11nm:l.Jn:U~Lzjt.l16lJ7ruvtmcJV17'Ll1~vfr11LL'U~'Ll71vt'1'1JA7'U1ULLfl'U~l.17illi'lJ-:i-:i7'U \91~\,181 tJ{1 

50 to 55 ( use 55 ) 

60 

70 to 80 ( use 70 ) 

\J V 

Reference 

Schmertmann (1979) 

Seed et al (1985) Skempton (1986) 

Riggs (1986) 

2.2.2 m1tl{ULLnt:rnm~'VlU'17nfl11:l.Jt.l71fl7'Ub'17~ (Rod length) 

Morgano and Liang ( 1992) 1Ji'~ni'.f7L~eJ~t:rnm~'VlU'17nfl17:l.JcJ71'l.leJ~n7m'17~\,18f11';JG1~ci1t.1 

Yl'1~~7'U'l.Je)~ f11';j'Vl~?lff\.J SPT l~t.l 1 'Llf11';i'Vl~?lff\.J'1~L tl~ t.l'ULL tl~~A17:l.Jt.l71'lJ'e)~fl7'Ub '17~ \91-:Jt1 3 ,6' 15 ,Lb~~ 

30 L:l.J~';i zj~L~8'Vl7f17_';i'Vl~~8~Yl'.l.117fl7'UL'17~~:WA11:l.Jt.l71:l.J7nfl11 15 b:l.J~';i fll';JL'U~t.l'ULL 'U~~Yl'1~~7'U'1~L 'U'U 
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u'Vlvi 2 m1V1u'Vl1m11rum·rn 

B?l';i:; llll ~:wmrnrn ll\9ll~e)fl1'Ul'11:;vimTUeJtlffl1 15 l:lJ(,l';j fll';jl tl~ tJ'\.Jll 'U'1-rwa-.:i-.:i1t1n'1:;(l~i;'l-:J '1'U llll U'U 

Li'U(,l';j-.'.j zj-.:ivh 1 Vf?ll:wl';if,1?\';i'ULJ\'11 fl1';j~-.:Jf11tJ'Wa-.:J-.:J1'U'Ue)-.:Jfl1Wl~?le)'U SPT l~e)'U'U1~'Ue)-.:Jfl1'Ul'11:;it1n11 
' 

15 l:lJ(,l';j '1:;JJll'Ul 1 U:lJ(l~i;'l-:J 

~e)lJl Daniel et al.( 2005) 1J\'\,l';i1'1?1e)'IJt:-J(lm:;'\!l'\jviln~t'U'11nn1t1l'11:;L~tJ1Ji'';il'\J';i1:lJ-.:J1'UlitJvi1Ji' 

lfl tJ \,l';il'1 ?I B'IJ t:--1 (l m :;'\!l'IJ'U eJ-.:J fl 1 'Ul '11:; zj-.:J [;sJ (l'U eJ-.:J-.:J l'Ul ,5' tJ 1-.:J '] 11 'Ull?I -.:J LJi' ~-.:J \,I l';il-.:Jvi 2-6 ll(l:; l 'U 1 l~ 

vhm';i~m11B'\!lfi'W'1'Ue:i-.:in1m'11:;~1m 'liwfo lL\,l'-.:i1t11itJ'UB-.:JL 'U11J\1 i15fl1'J1~'Wi-.:i-.:i1ml 'IJ'IJ EFV zj-.:i 

ll\,I n~1-.:i'11n-.:i1t11'1tJ l~e1r1f-.:iv~\,lvil;11t11 V1aj:Jn 1.ff15n1';i1~'Wi-.:i-.:i1ml 'IJ'IJ EF
2 1~ tJ r11111 m1'U e1-.:in1m'11:;ffi off 

1t1-.:i1t11itJr1f-.:i'l11Tt1i1mj?1e:i-.:im111m1fie:i 3.49 lllm ll(l:; 6.49 lll\,l';i zj-.:J?l<;it.J1Ji',;h vim111tJ11 3.49 rnmi1 ' 
r11'U,r'\Jllfl'11 n'lJ'U1~fl1111 tJll'UB-.:J fll'Ul '11:; b '\111 nu 0. 71 ll(l:;vir11111 tJ11 6. 49 lJAliJfo llfl'11n'lJ'U1~fl1111 

tJ11'UB-.:Jfl1'Ul'11:;l'\!11nU 0. 97 

d 
?l'Jtlri1t.Jfullfl'17n'lJ'U7~m111m1'1JB-.:Jfll'Lil'11:;'11nnu1'1tJ(,1'1-.:i1 (Daniel et al., 2005) m--a1-:ivt 2-6 

' 
Rod length correction factor 

Rod Seed et Skempton Morgano and Youd et al ASTM ENV 

length al (1985) (1986) Liang (1992) (2008) (l 986i3 1997-3 

>10 1 1 1 1 0.98-1.00 1 

6-10 1 0.95 0.96-0.99 0.95 0.89-0.98 0.95 

4-6 1 0.85 0.9-0.96 0.85 0.76-0.89 0.85 

3-4 1 0.75 0.86-0.90 0.8 0.69-0.76 0.75 

<3 0.75 0.75 0.86 0.75 0.69 0.75 

2.2.3 fll';i'U{'Ubbflt:-J(ln'J:;'\!lU'11flfl111l~'Ufl~'VlU (Overburden pressure) 

Skempton ( 1986) l~Plfft-Jll~tll nu l~B-:Jt:-J(ln'J:;'\!lU'11nfl1111i'Lln~'VlU~-:J 1 'Ll?l'U1:l..llrn:;Yl~?lffU 1 'Ll 

V!B-:Ji.JD'll~ fll';j zj-:i l '1J1Yf\J11r11 N vi1~'11flfl1';j'\!l~?IBU 1 'U?l'U1111JA11ll\Pl';i-.:Jnum1m 'U'U'11-.:J i-:i1Tt11,1 e)-:Jll fll';j 

i.J{Ullflfll N L~tl?l1111';if;-l'Uf'Ullfi1~'11fl?lllfl1';i(,le) 1i.Jt1 

ri1 N 'Vii.Jf'Ulbflb~B-:J'17flfl171l~'Un~v(u (Overburden pressure) 

ri1~mh:;~V1it.Jf u LLn b B-.:J'17 nm111~u n~iu 

(2-4) 

~1tlfrnLnri1 CN '<i):;Ltl1.JA7tlfrnbflb~B-:J'<il7flfl1111~1.Jfl~'VlUzj-.:J1'Ll~tl~ 2-6 '<i]:;bU'Ulb1.Jlfl1711A~b~e)-.:J ~1 

tlfrnLnri1 CN ~1vi'i1nTrn~?IB'\Jbrie1r1.f-:i1ue1~(,1~~1t1111 
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'U'Vl'Vl 2 n7,'Vl'U'Vl1'W1,'HUf1'i,lJ 

SPT Ove,burden Correction Foc:to,, CN 

00 0.5 1.0 1.5 2.0 2.5 

0.5 
0 

0. ..... 
0 1.0 lb ••••••••• Peck, .,1 ot.. 1974 

V: --- L,oo end Whotman. 

"' 1.5 1986 
II.> 

-- S..t"'4)IO<I, t,66 ... 
Ci> COCJr\e $11Ad> 

0 
-- Skern,)IOn, 1986 

2.0 F1"<: Wld$ -~ -•- Slo.cmplon.19$6 -.. 0 C. aoncl• 
-··-So4. 1919 

V.i o,, 50•1. 
•••••• Seed, 1979 

Or• 70'Y. 
l,().._ _ __._ ......... __ .__ __ .__ __ .__ _ ___. 

FIG. 4 CN Ractora by Various lnvesllgatlons (20) 

Peck et al. (1974) tl1LffUeJA1 CN hrn?11:i.n1t1r11u1ru11ii''11n?ll.lflT'i~ (2-5) 

C, = 0 77 lo{:~') (2-5) 

l~c.1~ a ' i1V1u1mtlu kN /m 
2 

V 

Skempton (1986) 1~ri1 CN :l-.11'17nfl11'Vl~?iff\J SPT 'UeJ,:J'Vl'J11'J'1:::LBl'J~LL'1:::'Vl111'JV!c.11Uzj,:i?11m1t1 

LL?l~,:i\~v1,:J?ll.Jfl1'J~ (2-6) LL'1::: (2-7) 

C 
N 

2 

I+ CTv' 

3 
~1V1-rum1c.1V1c.1Tu C 

{J I 
V 

N 

2 + CTv' 
"" ' f1 2 
lJVl'Ulc.lbu'U kN /m 

Liao and Whitman (1986) 1~n1Vl'U~A1UfuLLfl CN vl1l.l?ll.lfl1'J~ (2-8) vi',:ivieJ 1tJi1 
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'LJ'Vl'Vl 2 n7J'Vl'LJ'Vll'lJ1JJilln'JJ:W 

t:-Ji;jff:i~Vl'lJ'11flfl11lJl'l1.m~rv11J (Overburden pressure) '1~Ln\9l;ff'I.AU~'UVJ".i7c.Jl\9lcJ'1~lJfl1'H)1.:l'1.:ll'l6ll'U 

fl17lJV!'U1LL 'U'U l\9\c.J-J~i:i fl1d~~7,:i(,)1 LL ,Jd CN~umd]u(i)1'\.J1rnd1ri1.;i1 fl~i;'l m ~V11Jl1 zj,:i ri 1 CN '11u'1 LL~\91.:i lv\l'l.:i 
d 

l,\lJl.:lVl 2-7 

Type of Sand 

Normally 

Consolidation 

Over 

Consolidation 

Density index Id (%) 

40 to 60 

60 to 80 

2.2.4 nT~'IJ11J LLnL ~eN'11m~v11Jtl11(;1~'U 

2 

I+ CTv' 

3 

2 + CTv' 

1.7 

0.7+CTv' 

~1V!fo~'U~lJ'1J'U1\9li;'l L 8 cJ \9\l.11 flV!~ eJ~'UVldl cJ \?7 fle)'U~e)c.J 1{;11~\11'\Jtl 11{;1~'U fl 1Vl~ i;'l Vl i;'l 1 .:ll.11\?7 d tl'U~lv\ 
'IJ ' .... 

Ncorrected = 15 + 0.5(Nmeasured - 15 ) (2-9) 

2.3 flldVl\9\~eJ'\Jl\9\Y-1~.:l.:ll'U-Jlfl SPT 

2.3.1 ~,Jmrua7V!'fofl7dl\9\Y'l~.:l.:l1'U (Apparatus for Measurement) 

aumru:a'ul1'1~L U'U?l1'U'1JeJ.:ifl7dl\9\Y'l~.:l.:l1'Uzj.:l~1lJ7dtll\9l lv\i.:i LL d--'.l LLi;'l~fl11lJb 1-:J LL~\9l.:Jv1.:JJU~ 2-7 l\9\c.J 
• 'IJ 

- ~,Jmrua7V!1'\Jl\9\LLd--'.l (Apparatus to Measure Force) 
' ' 

L'WeJl\9\LLJ.:JL:WeJAB'Ubfl\9\flldfld~Vl'\J 1mi.;i~1i foil strain sases B~l.:J'UeJcJ 2 (,)1 (ileJl.:J\IJLL'\J'\J full 

bridse 

- ~,JmruJ1wr'\J1\9\A11:uL 1-:J (Apparatus to Measure Acceleration) L 'U'ULA~B.:J:Wffvfl'li1\9lfl11:uL1.:J 

Ln\9lt'U-J1flfl1T\ll7 fl11Vlv!61e)'\J SPT lvic.J-J~'\ll1fl11~v!'\J~ L 1 runl'U L '11~ L ~Blv!A11lJb 1-:J(il m li;'ll~Lnvit'Ufl'\J 

fll'U L '11~ L 1 i;'l 7 (;llJ{?l B fl fl d~Vl'\J \il'Udtl--'.l\?7 B fl . ..., 
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Key 
1 Anvil 
2 Part of ins~ented rod 
3 Drive Rod 
4 Strain gauge (measuring transducer) 
5 Accelerometer 
6 Ground 
F Force 
J, Diameter of the rod 

111:::111:111 

'UVl'Vl 2 fll'lV1'UV111.J1':i'HUfl':i'l:W 

1~111 
6 

Q-_3 

·ruvi 2-7 e:i'\.Jmruvfl-ff1~w'li-N1tFil1f1n71Vlvl?lffU SPT (ISO 22476 - 3, 2005) "' , 

1v1vvi'11 u LLi!;1 n11i v1 n11 L~ti1 nu n11'Uuvi n LL 1 -:i LL'1:;r111:w L ~-:ivi?i-:ici1ti L~e:JA e:it1Lnv1 n11n1:;viu nu 

:01me:i-w1e:in 'iJ:;?11m1r1m:;v\'11~\,nm1e:it1 l 'IJ(,1-:Jl,le:J 1u-d' ... 

- 1:;uue:it11~e:in (Analog Systems) r111:wt'llmlt1Jt1j7ru'iJ:;\i1e:J-:J'li7 e:itj1:;'V!11-:i 2 kHz 'Vl1e:J 111Lnt1 5 kHz 

- 1:;uu~~1,1e:Ji;'J (Digital Systems) r111:wt'/Je:i-::ilt1Jt1J7ru'il:;\i1e:i-:i.ff1 e:itj1:;'V!11-:i 5 kHz '\1110 L11Lnt1 25 kHz 

- e:i'\.Jmrui:17'\111'U'U'Uvinr11 'i):; l'Ll'Ue:J'U mru~'U'U'Vl nlruru1 ruv1?i-:ici1tim \,] m 1m lv1tivi Lrl~e:J-:JlJe:J1vl (sensor) 
, 'I V I.J 

1'U'lh-:i 50 ii'1~1'U1vi 

e)'U mruJ 1'\11-ru nl'l~ vl f171 fie) (,1 e)i;'lrl e):W~l L(,1 e:i{ v1'1:; 1 'ill Lrl'l7:;1,4t-Ji;'j'IJ e)-:J'Ue):Wi;'l lvl t)'i):; L 'U'U n7111:W , " 
r11 LL 1-:i LL'1:;m1:wL ~-:iffili1m'il1nn11viv1?1e:iu 

- e)'ij mrul'Un71 LL?lvl-:J'Ue):Wi;'l L U'Ue:J'Umru~'iJ:;LL?lvl-:Jlruru1ru'iJ7f1 LL 1-:J LL'1:;r111:w d-:ie:ie:inm 1 t!J'U'IJB-:Jm1vJvlr1 
'I 'lJ , V V '\) 

2.3.3 m1Lvic.J'U?le:J'U (Calibration) 

- e:J'Umilli:17'\111'U'1vlLL 'l-:J (Force transducer) 1 t1m1Lvic.J'U?le:J'Ue:J'Umru1v1LL 'l-:J'iJ:;t,1e)-:JlJrl17:W~~YH;17vl l11 . , 

'\.J1:;~V15t-1'1 (A,_) rh~l\i1'iJ:;\i1e:i-:imnn11 5 % 'lle:J-:J n1m'il1:;L~:W Lv1tJY1 /\ = FIE£ L~e:i F fimL1-:ivl'iJ1n 

m11v1 E L:wv1i?1'1Je:J-:JL'Vl~n:ur11Lvi1nu 20600 MPa £ fie:ir11 rl17:WLA'Uv11vi lli1'il1f1n71LvicJ'U?le:J'U 
" 

- e:J'U n'lilli:11'Vl1'U1vlffl7:W L 1-:J (Acceleration transducer) m1'\.Jfo LLf1\i1e:J-:JiJr11m1:w~v1'V'lmv1v1cJB:W 1 mli1 , 
\,le)-:] l11Lfl'U ± 3 % n11'\.JfrnLnv\'111i1lv1cJ 1'llvffURt1u1{ Hopkins in ' s Bar 

- ffn:wtl t1 n11'\.Jfo LLn \?le:J-:im:;v\'1 e:i ~1-:i?1tl1 L?l:We:J'V!1e:im :;v\'1 L tl'U'lh-:i L 1mv1L 'llt1ie:in1'V!t1v1'1Je:i-:iu~,;'vi~e-.J~\?l 
" 
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'U'Vlvi 2 nl':i'\ll'U'\1111.JT'i':irum':il.J 

2.3.4 flld'U{JU~flld (Procedure) 
' ., 

- ~,:i lmHl 1J'Vl\i1?1 €l'lJ n7 d l ,J lt'\llcJ,rYJ n'U'L!\>1ffU 'IJ'L!vi noifolj~W11-:J 1Y.J:I.J'1-:J 'lJ'U\i1'lJ€)-:Jfl7'L!l-J1t 'lJ'U\i1'!J€l-:Jr7€l'L! 

-:51mm€l'lJ'!J€),:jfllJ'Yl'Lll ~€ln A11l.J?l-:J'IJ€),:j fllJ\>1 nmt'Vl'lJ'lJ€J-:J(,1:l.J\,\ €ln ll~t 'lJ'U\i1'!JmlA~€J,:j l-Jlt l tl'Ll\91'L! 
" ' 

- uuvin'U€ll.J~'!J€J,rnt.lmru~1-:i., l'li'L!fl1'L!l-J1d1 l ti'Ll'll'LI\i11 Vl'L! '!J'L!11i1Vlt'.hc,i'li1l 'Vl1 b ll~tJ1l.JJ-:JA11l.JEJ11-J7n 
" ' I 

€JU mru1\i1 ll J-:J 1 t.lcJ-:J,J\i1l;17-:J?l\i1'1Jmfl7dl 'oJ1t'Vlt-:i 
' ' ' 

- ~\i1LA~€l-:J:W€l1\i1 (sensor) \fl7-:J 1 L-vfo1un1Tut1'Vinr11 ~li1n7Jfl7 Jll.JJ-:im1-J?1€l'Url7~'Vl\i1?1El'lJ LL~tti1EJ-:JLLu1.;i 

17EJt.lmru'VlnC111m.l1t1Ml1Y'l H-:i1'L! 1~ , ' " 

LL?lli1-:J1mt.J~ 2-8 
" 

- r11mrut.l1mruY'li;l-:J-:Jl'L!-J1n?1l.Jflld~ (2-10) 

ETR = 
input 

Lli18~ EFV = 

E;n = 

w = 

g = 

h 

EFV 
energy, Ei11 

t.l1:i.nruY1~-:i-:i 7'L!-J 1 nmdVl li1?1EJ'lJ1\i1Y'l~-:inu (J) 

input energy =Wgh (475 J) 

tl1wun'll€l-:J~l.J\i\Eln (kg) 

LL".i-:Jlul.Jri1-:i'!lml~n (m/s
2
) 

A17l.J?l-:J'!Jmn7J8n\•1:l..11>1€lf1 (m) 
" ' 

(2-10) 

n7J11i1Y1~-:i-:11'L!-J1nn1dVl1i1?1EJ'lJ SPT ~nl;111:i.nJ-:1Vll.J\i1 2 :i.nm3_j1u,!um.;ic'f-:i.;it1:wLi1hfi-:im1:l..l 

LL(,1nv11-:iEJti'IJ1-:i~-:ivhmd'1".itl Lvia 1 'IXL -n1 h 1v1&1-fi'U vi'-:im".i1-:iv1 2-8 " , 

2-16 



:IJ1vl"i5Jl'Ll 

Apparatus for 

measurement 

fl17:IJl'J11 

'U'tJl vi 

'17mt1r111:1J~ nvi1vi 

Apparatus to 

measurement Force 

Strain gauge 

'11'Lll'Ll 

1-:1\l';i 

nl"i Calibration 

Apparatus to 

measurement Acceleration 

Accelerometer 

JO ... 
" 

30 
laps 

fl 

14..:ll 
fl• 
V1 

~\ 
I '\ 
I ........._.l 

k 
I ""-I 

ASTM D 4633 (2005) 

'U'tJl vi b~ l'J 1f1Uf71'Llb \I 7::; 

1li-uul'Jff-:l7 300 mm 

1li1.Jul'Jn17 3 flll:IJ~n 

4 vll 

Full bridge 

accuracy with in ± 2% 

- ·······. ············.•· ...... • ·.• .. 

2-17 

14.3 
f/• 

V 

F2 

14.3 ,,. 
V2 

UYl'Yl 2 nl"iYIUYll'Lll"i"if:\Jff'.l'l:IJ 

ISO 22476 - 3 (2005) 

10 da 

1li11uEJn11 5 m1:1J~n 

1,J"i~'\.j 

1lh:::'\.j 

1,J'l:::'\.j 



1J Vl 'Vl 2 fll 1 Vl1J Vl 1 'Ul 1 'HU ffJ'':ilJ 

'111..11'1.J 

fl11 Calibration 

1:00ut1n11 10000 g 

accuracy with in ± 3% 

1:01::;~ 

sooo g ;ff1.Au 

1:01::;~ 

2. 4 m11 ir1Tilltnt1rrf ~'/Ju--:in11\>1 e1nV1::;~V1::;m~mm)il'Ub ~Bl br1"J1::;~fl ru?1:1..1wi~1~ 1 '/J m~u 

ri1'1'7'U1'UU'U 1 'Uf17"J(,1e) n(N- Blow count) {Jn'lhUl 1 m 'Uf171V!7Alflill?l:l..l'U~~7~ 1'/JB~~'Ub?\:l..le) zj~ 
r1ru?1:1..1'U1ivil~vim:1..11"Jt11 ir11V1::;~rn::;m~mm,i1uvt11~i1u '1::;'\J1::;ne1'U~18 m1'1'1 bb un'\J1::; b.fl'Vl~'U m"Jvt1ri1 , ' "' 
ri1i~·fo LL 1~LUB'Ubb'U'U Undrained '/JB~~'Ub vt'U 81 m1vt1r11r111mL t.lui1:1..1~V15'/JB~~'Ll'V1178 n11vt1ri1:1..1:1..1 

' 

2.4.1 f17Til7bb'Uf1'U1::;b.flVl'/JeN~'U 

f171'1'7bb 'LI n'\J1::; b.flVl'/Je}~~'Ub V!'U81V!1e)~'UV1178 1~81 iri1'1'1u1ur1{~'/Je)~ f171(,1 e) nV1::;~V]::;fn~lJ7(,1"J,il'U 

bb'u°~iu~ue1e:imtluiw,i1~ 1 bb?l~~"J7tJ~::;d5rn,1 M(?l~m11~vi 2-9 bb~::; 2-1 o 

.d O """' q vtT'a1.:!'VI 2-9 f17"J'17bb'Llf1rl17:IJbb'lJ~'lJB~~'Ubvt'Um (Terzaghi and Peck, 1948) 

~'I.JLVltlt.llB'iJ'I.JlJlfl 

(Very Soft Clay) 

~'UL Vltlt.llB'iJ'I.J 

(Soft Clay) 

fl11~1LL'I.Jn 

~'UL Vltl81LL~-:i,J1'1.Jmrn 

(Medium Clay) 
A Q " vl'I.JL Vl'I.J81LL '!J-:J 

(Stiff Clay) 
A Q " 
vl'I.JL Vl'I.Jt.l1U '!J-:JlJlfl 

(Very Stiff Clay) 
A " v1'1.Jv11'1.JLL '!J-:JlJlfl 

(Hard Clay) 

f11 f11'1-:JfoU 1-:JL\l'iJ'I.JLL 1J1J 

Undrained (t/m 
2

) 

0 - 1.25 

1.25 - 2.50 

2.50 - 5.00 

5.00 - 10.00 

10.00 - 20.00 

mnn11 20.00 

2-18 

' "' 

fll SPT 

0 - 2 

2-4 

4-8 

8- 15 

15 -30 



'\JVl'Vl 2 nl'iYl'\JVll'\.Jl'l"HUfl'l'll.J 

~nn:rvi 2-10 f17':i'17Ll'LlflA17lJll U'U"UB-:J&i'UVJ'J7t.J (T erzaghi and Peck, 1948) 

Vl'llfJVlfnmnn (Very Loose) 

YnlfJVlflll.J (Loose) 

Vl'llfJLL'Ll'I.J'Ul'I.Jnfll~ (Medium Dense) 

Vl'llmL 'Ll'\.J (Dense) 

Vl'llfJLL'U'\.Jl.Jln (Very Dense) 

2.4.2 m1vt1ri1n1~-:ifrnL ':i-:JLUB'ULL uu 1ihtu1ml1"UB-:J~'UL vti1t.J1 

0 - 4 

4- 10 

10 - 30 

30 - 50 

mnn11 50 

Terzaghi and Peck (1948) LL'UtU7fl7':iV!1fl7~-:J"UB-:J&i'ULV!lJt.J1LL'U'Uhhtu1ml1 (Undrained Shear 

Strength Su) hrn 1 'lirl7 N v1Vlvi,mu 1~'17flfl7':iVlvl?IB'UL'<il7tVlt~Vltm-rn1(,l'J3ll'U zj,:i?11m1iiri1'U1ru 1~'17fl 
d 

?llJf17';jV] (2-11) 

Su= N/14.71 (kN / m
2

) (2-11) 

LL'UtU7A17lJ~lJi'Llthtvt17-:Jfl7 Su nu ri1 N "UB-:J&imvti1mLL~-:l6li'ULL':ifl"UB-:J 

fl';i-:JLVl'V'li lvlt.JA11lJ~l-li'Ll15LL?lvl-:J1~1'1-:l?llJfl7';jv1 (2-12) Llflt (2-13) , 

~1vtfu&imvt'Llt.J1'lJ'Uvl CH Su = 6.72N (kN / m 
2
) 

~7Vlf'IJ&i'ULVl'Ut.J1'lJ'Uvl CL 

2.4. 3 f17':iVl7fl7A17lJLL 1..J'U~l-liVlfi"UB-:l~'UVl':ilt.J 

(2-12) 

(2-13) 

Meyerhof (1957) LL'UtU7fl7':iVl7fl7fl17lJLLU'U~lJiVl5"UB-:J&iuVJ':i7t.J l(,)t.JbL'U-:JBBflL'U'U2LL'IJ'IJ fi0 Vl':ilt.J 

LLuu NC LLi;jt Vl':i7mLuu oc zj,:ifi1m1mLil'Ll~l-liV15 vt1M'<i11n?1l-lfl11 (2-14) LLi;jt (2-15) 

~1vtfoV1':ilt.JLL'IJ'IJ NC 

(J'v = 

Dr(%)= 

Dr(%)= 

I 
N 

---'-
0
-- X 100 

32 + 0.288CT 
I

v 

N' 
----'

0
--- X 100 

32 + 0.288C CT 
I
v 

oc, 

2 
Effective vertical stress kN/m 

(2-14) 

(2-15) 

Kulhawy and Mayne (1990) b?l'Uelfl7':iVl7fl7A17llV!'U7bLi.i'U~lliVl5'<il7flfl7 N Lvit.J1-U?lllfl7':i~ (2-16) 

Dr= (2-16) 
CCC 

P A (X"R 

Cp = 60 + 25lo~D50 

2-19 



'U'Vl'Vl 2 fl1':i'l'l'U'Vl1'U1';i':i(1Jf)'J';jlJ 

CA 1.2 + 0.05log(t/100) 

Corn OCR
018 

2. 4. 4 f11'JVl7f17lJlJ(,17'LlYl7'Ll'LJeM&i'UVl'J7 cJ , 

(2-17) 

Meyerhof (19 59) 'LI7l?l'LleJfl17J..J;;rm~''Ll5".'i~Vl11-:iri1J..Jm~rn,1Y11'Llmc.J 1 'Llnuri1 N v1-:i?1J..Jm'J~ (2-18) , 

mi~ (2-19) 

¢/ = 28 + O. l 5Dr(%) 

¢' 2s+ 2sJ(~.~ J 
., = 

lJlJ~7'LlYl7'Ll'LJeJ-:J~'LlYl'J7c.J , 
' 2 

Vl'Lllc.J kN/m 

(2-18) 

(2-19) 

Peck et al. (1974) 

ll?l~-:Jlli1vl-:J?llJn7'J~ (2-20) 

ll 'Ll~'U715;;f 7Vl1'l.JV!7f17lJlJt,17'LlYl7'Ll'LJeJ-:i&i'LlYl'J7c.J 1~ cJ 1 'lif17 N ;-:Jfl17lJ;;rlJ'W'Ll5 , 

<P = 27.1 + 0.3N cor - 0.00054N cor 
2 (2-20) 

Schmertmann ( 197 5) ll 'Ll~'U715;;f1wfuVl1r11lJJ..Jt,17'LlYl7'Ll'LJeJ-:J&i'LlYl'J7c.J 1~ml?l~-:i 1~vl-:J?llln7'J~ (2-21) 
' 

¢ = Tan-1 

12.2 + 20.3(;~ ) 
Vo 

N 

2 
O"vo = 1.h~mru 100 kN/m 

Kulhawy and Mayne (1990) 

24) 

"" E = 50 O"voN' 60 Vl';ilc.Ji;l~beJc.J~ 

Yl".llc.J NC E = 10 CTvo N'6o 

Yl'Jlc.J OC E = 15 O"vo N'6o 

1~c.J~ E = 1J..J~~?l~~Vl~'Ll 
" , 

100 kN/m 
2 

CTvo = 

(2-21) 

(2-22) 

(2-23) 

(2-24) 

2-20 



~1unvm6litvl lJVl11'VlV1Gll:J'lJ"'J~1'UVl~ 2 fl1'JVl'\JVl1\Jl'J'HUfl'J'il.J 

2.5 
c:,. V ci c,I i,.I 

'17U1 '1 tJ'\ll bf1 cJl'lJ el.'.l 

Kovacs (1982) 1Ji'f'l f1'l-}7 b~e.Fl m 7:l.J?\'1~ \?1 n m::;Y1'\J'llrJ'1~lJ\?1rJ n 1vitJ15 n11v\'1 bA~rJ'1V1lJ7tJb 'U'Ubbfl'\J~ 
'IJ ' 

'lJ71bb~::;~~711'JrJ'\J 'l~lJ\?1rJf1bb~::;~\,lbf1~rJ'1lJrJ1(,I 11 2 (;17bbV1'U'1~Ji'1U'LJ7'1'lJrJ,:Jn7'JV\(,l?leJ'\Jzj,:Jbf1~rJ'1lJrJ1(,l~~\,l 11 

Ju '1 ::;V,7'1 nu rJ 1::; tJ::; 7 6 b"IJU~ blJ \?11(30 D 1) b~e)b~lJnl'J'\ll(,I?\ rJUb~'Ub"IJrJ{~~ \,I H '1 ::;v\' 7,:J7U~llJ nu 
'IJ 

LA~rJ,:JvtlJ7tJ'vi\9llJ\?1rJ n 191,:i,!u~,:iv\'11 V1?11m1t1111m1:1.J?1'1'llm\9llJ\?1rJnl'h::; tJ::; b vh 11 LL~::; n7'JVl(,l?\rJU 1 ur1t,:i,d'1::; 
'I \J 'U , 

11,A,,::::,,,.c:,I CV OJ 2 
'IJ1'Ein7'Jl\,l'V'l~,:J,:J7Ubb'\J'\J EF 

Drumright et al. (1996) 1Ji'v\'1n11~f1'l-}7b~rJ,:J'IJ'lJ(,l'lJrJ,:J~lJ\?1rJf1Vl(,l?lrJ'\J vlrJ'V'lJ,:i,:i1uth::;~V16t-J~'lJrJ,:J 
' 

SPT L\,ltJ1 u f17'J f'1 f1'l-}7 A .f '1'i1b 'UU n l'J b 1.fforn vi tJ'\J nu 1::;V111,:i ~lJ (,1 e) nb"ll'l"l bb~::; bb '\JU e) e) fa blJ~ n zj,:i,)7 n 
' 

Tsai et al (2004) 11>l'Vl7f17'J~f1'l-}7b~rJ,:Jt-J~m::;Vlu'17f1'1J'lJ(,l'lJrJ,:J~lJ\?1Bf1 SPT bb'\J'Uv17,:J'lL(,ltJ1u 

f17'Jf'lf1'l-}7 L 'll71 -uri'Bu 4 1u Lb U'\JArJ"l::;th::; nrJu~1 tJ L\,l'UV\ 3 1u Lb uu bb~::;0nV1i'.1,:i L"llvl~ zj,:iiJ15n11 ~f1'l-}7 L\,I tJ 
'IJ 'IJ 

nl'J~(,I Force Transducer '\JUbbVlU'JB'1\?1Bf1 bbi;'l::;~vi Load cell nun7Ub'17::;b'0°1rJ1(,lf17'J?l'1ri7tJ'V'lJ,:i'11U 

":i::;wi1'1~lJ\?1rJ n nu n1m '11::; Lbvl t-Ji;'IU'J7 n n11t-Ji;'I m::;V1u'11n~mrnmf ,:i 4 Lb uui'i~rn m::;V1uu rJ tJmn ri1~1(,) 
' :',..J ' 

'17f1f17":iVl\,l?leJ'\J:Wf117lJ 1n~ LAtJ-.:inu 

Youd et al (2008) 1Ji'v\'1n1":i~f1'l-}7b~v,:i'V'lJ,:inu SPT vlrJf117lJ?l,:J'lJrJ'1~lJ\?1eJf1~\?1nm::;V1u L\,ltJ1-u 
'IJ ' 

b"llU~LlJm(23 25 28 Lbi;'I::; 30 D1)6i1,:i1i11f1t-Ji;jf17'J'\ll\,l?lrJ'\JJu1,Xt:-i~BBnml'1'1-i1fiB 'V11::;tJ::;\?1nm:rnu'V1 23 D1 

'1::;1v(fi7~(,1~1U'lJrJ,'.J'V'lJ-.:i,:i1mvi1nu 43%, ~'J::;tJ::;(,)f)f)'J::;V]'\j 25 D1 '1::;1VIA7~(,1~1U'lJeJ,:J'V'lJ,:i,:i1mvi1nu 60% 

~'J::;t)::;(,)f)f)'J::;V]'\j 71 b"IJU~blJ\?11(28 D1) '1::;1v(fi1'V'lJ'1,:J7UbV17n'\J 84% bbi;'l::;~'j::;t)::;(,)f)f)'J::;V]'\j 76 b"IJU~blJ(,)'j 

(30 -01) '1::;1,Xri1'V'lJ,:J'17'UbV17n'\J 89% 

2.5.2 f17'J Hi'ABlJYh b(?)rJ{ d]urJumrutTuvin~ru unru 1 Uf11'J'J(,ll'jJ,:i,:i1u f17'J'\ll(,l?\e)'\J SPT ' .., ., 
1 mh,:iu 1990 n7":i1 'UAeJlJ'Yi1 b\?1rJ1b tlue:iumruuuviniruru1.ru 1(;)tif1'W~U1~U Lv!cJlJV111'VlEJ7JcJ5m '\JeJ1 

" ""' '\J 

~1 ~1m-.:in7":ibzjeJ'ULvmi,:i 1 uu":i::;b Vli"l~u 1vw1 Uf11":il\,ITIJ'1'11ur1f:iffi-u15n111\,l'V'lJ-.:i-:i1ubb\JU EF
2 

Llvin 

?17lJ7":it1~'1::; 1-ff16 EFV 1Ji'L-dun'Uf.l1lJf11'J'W~U1vlv 1u 

vleJlJl Robertson et al. (1992) 1(;)i17fleJlJ'Yi1l\?1eJ{lJ7b'UUeJUmruDU'Vlf1iruru1rub'tlUnu 1m1u1~tJ ' ., 

?ia fl1'Ub'17::;'IJ'lj(,I AW tJ71 0.5 blJ(,1'j lJ7(,1'J1v1fl17llbfl~tJVI '17'U1'U 8 \?11 f1~e)-.:Jf11'\JrjlJJqJqJ7ru (Trigger 

Control) bbi;'I::; A e)lJ'Yh b\?1 e) { zj,:i f17 ":i'\llv"l ?I au fl f-.:i-d1(;)v\' l~'U 1 uu1::; b 'Vli"l ~1.1 lv"ltJ b 'U'U?l1'U'Vl~-.:J6!Je),:J,.:J71J1 tJ 

b~ tJ1 nu f117:l.Jl!Ufl-.'.l bl ~,.:i lb 'J-.'.l'llv-.'.l b zjv'Ub Vl~i-.:ib 8.:!'11 f1 bb~'U~1J 1 'Vl1 bbi;'1::;'VIJ-.:J'17 f1 f11":i'Vlv"l?l8'\Jt:-J~ f1eJ8f1lJ717A1 

'V'l~-.'.l-.'.l7'Uv11vllJ71(;):Wt:-Jm u1.1v1VIU7'V'l8 hv1'1::; 1°Ufl e)lJ~1 b\,1v{b 'UU elU mru'Jv"1'Y'lJ-.:i-.:i1'U6!Jel-.'.lf11'JVlv"l?l8'\J SPT 
b;0 4 ' 
r,rin 
n (, ..,.. r 

2-21 



UYl'Vl 2 f11'.iYIUY11'\.J1'.i'.i!.1Jm'.ilJ 

';i'U~ 2-9 'j:t.;'\_J'\_Jfl1'j')(?1~~'1'11'UL(?l!:J 1-uflvlJ'WlL\?'lv{dJuvtlmruuuvimfomnru (Robertson et al., 1992) \I , V V 

2-22 



3.1 Lri~e1..:iihrffi 'Ul '\Jfl71Vl\11'1eJ..:J 

- '1i\11Lrl~el..:Jlfovh 'Ul '\Jfl71Vl\1l?fff\J SPT (,lllJlJl(,11'51'\J fl11Vl\1l?fel'U ASTM 0 1586 ( 1999) ' 

- '1i\11Lrl~eJ..:Ji'.ieJLL"1~eJUmru~1'tilun111\11~~..:i..:i1'\J mlJlJ1(?l1:01'\J fl71Vl\1l?felU ASTM 04633 (2005) ' ' . 

- n7'\JL'11~'1i'U\11 AW tJ11 0.83 LlJm 

- l'1\11L"il'1 ~1'\J1'\J 2 'q\11 (Load cell 1 'q\11Vl1'11fl Strain gage 350 Q LLUU Biaxial ~1'\J1'\J 2 ~1 (,le) 

1..:J'11LLUU full bridge) LL"1~ Accelerometers 'li'Uvl 20000 g ~7'\J1'\J 2 'q\11 

~'\.Jmru-uuvinlqiqi1ru 0AQ ,NI USS - 6009 LLG'l~fl1;leJ..:J'lJcJ1tJlqiqi1ru 

- rlellJVhL1wErfo"1~l'\.J1LLmlJ Lab View 
d O V 

- LLUl,\Lt,\e)j 12 volt '11'\J1'\J 1 flel'\J 

-auvf 3-1 '1i\11Lrl~eJ..:ii'.ie11\11~~..:i..:i1u m:1Jmm:07'\Jfl11Vl\1l?felU ASTM 04633 (2005) ' . 

3.2 m.J'\Jfl11Vl\11'1el..:J 

LL u1Vl1..:i 1 'U m1 1 L 'U'W..:J7'W1~ cJ Pi mn fl11Vl~?f eJUVl ~G'!Vl~m..:im(,\ 1:01'U 1 'W (1)7'U ~~..:i..:i1'U?11:1J11rnL?f \11..:J L(i) ' . 
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iilnll~liffll !3:11 

iillnill~hffll !3:11 

3.3 

fflllffl 

~mliinUauniMii 
Niiiidii 

m 

wmiitm 
iiHlll~htm 

r&MiillialhJiiillnfudii~ 

Hi&LMidiiiiil 

m~hbilieMihHiiiJ 

- Vl'UVl11.N71.Jl~EJvi~1ui.n 11.J0~1,1viL~f.Jl'Ue.J'1ll'Ufl111vl"ni;r-:i.nu SPT L ~e.JL 'U1.JLL1J1V11-:i 11Jn7TV17'111.J1~ EJ 

- vi1fl1';j';j1'lJ11'U11:W'Ue.JJ;ji;H~EJ1 ll'lJfll';jVlvl?le.l'U SPT 'LJ';j~L[l Vl~1-:J I L 'til.J 6U'Uvl'1Je.l-:JLfl~e.l'1lJe.l 16fl11Vlvl?le.l'U 

LL"~16fl1';j 11.JnTiU';j~ne.J'ULfl~e.l-:llJe.l 11.Jfl11Vlvl?lffU SPT \11n'U~~Vl~1-:!1~·foV1v1?le.J'UL\11~ci°111\I SPT 

- e)e) nLL 'U'U LL"~-J';j~~'\•Hfo-J mruffi 'Ulvl'ni;l-'.l-:JTU SPT hrn 1 'ULL 1.J1Vl1-:l\11n-:111.J1 -.5' EJ-vi~11.JlJ1 LL" ~mm\i11.J ~, 

- ?1e.J'UL~EJ'Ulvmv1L•1mm:wmm\i11.J ASTM 4633 (2005) lv1EJmm~11.J\J:;n1V1uv11111.Jn11?1e.Jrn~t.Juhmv1 
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f17'LlL'll7~Vrre:i:wJ~1\i1l11;W1 ~b'U~tJ'LlLb'l.k1~hJm:wh'li;'l\i1 ~b~:IJttl-i;'l\?li;'I~ ~ltlltl 3 ".iffUfl7".iV1\i1?1eJU 

(nlvttl\711 "Mbb J~~~l,VllflU 150 kN, bb ".i-:Je)Vlb vi1nu 100 kN) 

- vivi?1e:irnr1~e:i~iJe:i1vi~J~~1u 1 ul½e:i~tliJu~ fll".i 1\i1 u~1t;'le:i~15fl7".i 1 'l½b vtiJe:iu fll".iVlvi?I e:iu'\11 1 u?lu 1:w zj~Jl1~ 

fl7".i'U".i~fleJUeJ'Un".itWbb?l\i1~ 1\il~~".i'U~ 3-4 J~,db ~eJ 1 "Mbfl\7lf117:IJJ!tl 1'1lbba~,Jfo,J1~ie:iun~·fo~~7~ 'lb v1e:i 1 '!½ , , 

nuu1~vi~11ilV17 fl7".i".i1 u 11:IJ '17tlieJ:IJi;'j fl 7".iVl\71?1 e) u SPT11i 7~ ~tl fa tJ fl7 ".iV1\i1?1 eJUl \i1~J~~7tl 'll~Vl\71?1 BU 
"' 

- flltllru~J~~ltl'\17 flfl7".iV1\i1?1eJU 1 tl.ll7f1?1t!7:IJ l\i1 tJ 1 i1B fll".iBtl~ bn".i\?l bb J~ bbi;'I~ f117:IJ b 11zj~b tluvl~ nimrn~ 
b 1 a 7(EFV), ,J1m ru~J ltl'U J~ ~Vlfit:.J a(ETR) bba Pi mnJ fl'l'.fill~ A 17:IJ bb 'U".i'U Jd tl 'Ve)~~ J l'U fl 7".iVl \i1?1 €JU 

SPT 

- ?l~'Ut:.Ja fl1".iYl\i1?leJU~{eJ:1JJ~,J7 b?ltleJ:IJ7\?l".i)lltlfl7".i'U1Ubbf1~7~ 'l i1 
fl7'U1:IJ7ru~J~~7'U'U".i~~Yl6t:.J i;'i(ER;) b ~e)~'IJ7flJ fl'l'.fru~~l~ 'l fl7".iYl\i1 ?!€JU SPT 

\?leJfl(l\i11.JYl b6llvJi bbt;'I~ vi1'l.J ) bb'1~ Jn'l'.fru~t;17bbVl'U~'Ve:i~'l.Jmm~e:in ( lil7'LlUtlVl1fl17tl lil1u~1~v(1 

fl17tl) 

- r11r111mbu1u11u~1nn11vi\i1?1e:iu1\i1~lA'~~1u sPT b ~e:iffn:wJ.Yu h 1 ufl11tl1r11~1vn u1 -rr~1u 

- b 'U~tJU b viuu'l.J1mru~J~~7'U'U".i~~Yl6t:.Jc1'117flfl7".iYl\7l?leJU SPT G'llvtfU'U".i~ b Ylf'11 YltJ flU:IJ7\?l".i'17tl 
"' 

vi vi ?I e:iui' \i1~ 7tl'V m 1~'l.J 1~ b vi f'1 

Accelerrneter 
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d 
-atl'Vl 3-4 .. 

flJAOO 

Anvil 

OU01Qi1Anilm\J on 83cm. 

01\Jltl~ 

Casing 

n1J'UJ~ ffe)'\J El'U n'Jilll~~~·l.:Jl'U 
' 

\911'a1~vi 3-1 'Jltl~~L0tl~~1-.:J161Je:l-.:J~Umru1~~~,.:J.:J1'U 

'l1EJ(l~LBEJvl L e:i n 1;1 Tm.J mL v-d mm _pu YI vi 1;1 eJ'U 

'1Jel~'U~~YI 11>1~J-mt1 

Test Pile ASTM ISO 

consult dynamic D 4633 22476 - 3 

Instrument Rod 

1000 600 1lJ-we:iEJf111 hJ 
fl11lJEJ11 

mm mm 600 mm 'l~lj 

54 lJlJ. AW '1Jt!1vlL~EJ1 hJ 
'll'U1vl 

(OD) ,NW fl'Ufl1'UL'il1~ ';j~'lJ , 

Stain gauge 

1lJ 2 2 'qvl 2 
'11t!lt! 

(350 Q) 
~vl 'llvl 'l~lj , 

Full Full Full 1lJ 
1~'il';i 

bridge bridge bridge 'l~lj 
V 

v11LLVl'W~~vl\,l~ 1lJ 1lJ 1iJ-ue:iEJ 10 da 

3-4 

tl,JmuHvi 

~J~~1t! 

i:11Vl'S'U 

V 
=v <> 

~1t!1'ilEJt! 

830 

mm 

AW,44.3-

mm (OD) 

2 'llvl 

(350 Q) 

~vl'1~ 4 (,11 

Full 

bridge 

300 



'UVl'Vl 3 bfl~eJ~ih:rvtl -ifl 1Jfll,Vlvl'1 eN, Ut.J1Jfll ,Vlvl'1el~, U'1:;1Tifl1,Vlvl'1 eJ~ 

,:;~ ,:;~ n11 300 mm mm 

Accelerometer 

2 2'qvl 
'111'\.J'"l'\,J 

1iJ11mJ 5000 g 2 'l!vl 

'l!vl (10000 g) n11 10000 g :ff1JhJ (10000 g) 

V 

\,llU V!tl~~vili{~ 
1l.J 1l.J vn~ Strain gage 1l.J 400 

,:;~ ,:;tJ 100 mm ,:;~ mm 

Sampling rate hb:;~ 1l.J,:;~ lO000Hz 1l.J,:;~ 10000 Hz 

Sampling 1l.J 50 1l.J 50 
1l.J,:;~ 

Duration ,:;~ ms ,:;~ ms 

........ ············-···· ..••. - .... 
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'UYl'Vl 4 n1'Ji.J'J:::~~.i]~i.Jmru1{ilY1~-:l-:ll'U 

ai 4 n1-atl-a~~~~h:itln-aru1~-w~-:i-:i1'U U'Vl'Vl 
d3 

4.1 f1711TUY:llJ~fl't.fru:::mTVWl?le:JUL"ll7:::V1:::r;1V1:::m-:im1,11,iTu , ,., 

\17 flf17111U11:W-if e:JlJ/;l f171V111l?le:JU SPT 11..!Jl 7 fl?l'UllJVI 7-:J \i171..l'll'U \ll'U e:J '1 LA~ e:J-:JlJ e:J, f171 Set-up 
'IJ 

LA~e:i-:iifo, LL/;l ::;15n11tlfiu1i f171Vl\ll?le:JUlil7 nu~~V1~1-:i 1~foVll1l?l e1u SPT V111 vf ?11m1ri:51 LL '1..lfl~ n'\1ru::: m1 

Vl\ll?le:JU SPT 11i1ii'-:i~111-:i~ 4-1 

m~1.:ivi 4-1 -if e:J:W/;l f171Vl\ll?le:JU SPT 11..lmA?lmlJ 
'IJ 

'U~~YI SPTGeo Ten GTC Geo Physis JLP Sercon STS 

'IJ'U{il 

LA~v-:1 ?illJ LL Vl'U LL Yl'U LL Yl'U ?illJ LL Yl'U 

L'11::: '1Jl L'11::: LL Yl'UL'ill::: L'ill::: L'11::: '1Jl L'11::: 

'ill'Ul'U 1 2 2 2 2 1 2 

'Jvn vll \;11 \;ll i1 \;ll vll \;ll 

,, 
(;)lJ\i1vn 

'IJ'U{il l{il'UYI 1{il,r'V1 l{il'UYI 1{il,r'V1 L'IJ'V'li 'Vl~i.J l{il'UYI l{il,r'Vl L'IJ'V'l\i1 

0 

(:w.) 0.15 0.16 0.19 0.19 0.12 0.2 0.2 0.22 0.12 

?1-:1 

(lJ.) 0.44 0.43 0.31 0.41 1.15 0.9 0.11 0.22 0.98 

'\.JlVl'Un 

(nn.) 63.5 63.5 63.5 63.5 63.5 63.5 63.5 

'J:::tl:::tln 

(lJ.) 76 76 76 76 76 76 76 

~l'U Knock Knock Knock Knock Knock Knock 

\i1vn Block Block Block Block Block Block 

0 (:W.) 0.13 0.10 0.13 0.10 0.11 0.10 

i1n11'U 
0.14 0.13 0.12 0.15 0.14 0.12 0.15 

0 (lJ.) 

vil'1'V11-:I 'Vll'U 'Vll'U 'Vll'U 'Vll'U ()11:IJ 'Vll'U 

" " " " " " " f11'JVllJ'U L '1JlJ L 'IJlJ L 'IJlJ L 'IJlJ YITUL 'IJlJ L 'IJlJ L '1JlJ , 
,, 
f11'UL'17::: AW AW AW AW AW AW AW 

0'Uvn 
0.04S 0.044 0.043 0.044 0.034 0.044 0.045 

(lJ.) 
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UYl'Vl 4 nl'iU'J:;&i~j~umru1v1'Wl;l-:J,:n'LI 

0l1...1 
0.035 0.033 0.032 0.034 0.044 0.033 0035 

(lJ.) 

vllLL Vl1.J-:i ULI ULI UL.I U'LI 

umtJ 'I-Z1 'I-Z1 'I-Z1 'I-Z1 U'LI m-:i U'Ll'I-Z1 

L;un 
,., 

n11'LI 
,., ,., 

'I-Z1n11'L1 'I-Z1n11'LI 
,., 

n11'LI n11'LI n11'LI n11'LI 

'ill'L11'LI 

'lelU ~'W e)~tlU~ufru1J,num! 1 ff'U l'.IJ l U'U ~f)ll1 'U ~\ol llJr111lJ l 11 lJ 1~ fflJ 

0 L;un 
0.025 0.025 0.025 0.025 0.025 0.025 0.025 

(lJ.) 

m:;uumn 
0.535 0.669 0.545 0.724 0.653 0.597 0.623 

tJ11(lJ.) 

0'Llun 
0,05 0.05 0.05 0.051 0.05 0.058 0.05 

(lJ.) 

01'LI (lJ.) 0.035 0.034 0.035 0.034 0.036 0.034 0.034 

Vl'1lJL'iJ1:; 
0.114 0.102 0.11 0.089 0.102 0.118 0.08 

0 (lJ.) 

11 m,~ LB EJ vl'lleN'Uellji;I fl11Ylvli;1ff\J L '1 l~Yl~~Yl~" 1-:JlJl(,I J jil'U L~ EJ1 fl'IJ Lfl~e)-:]1je) Lli;I ~15 fl11'U D u&l-:i1'U '11 n 

(;1111-:i~ 4-1 ;;11m1ri e:JB'Ul f'J 1~(,l,:i,'.1 1 'Ll n11Y1v1;;1 e:J'IJ'Uf'JlJ 1 'liLL vim '11~m nm' 1;;11:1.J'!l1'11-:i Lr1~e:i-:i L lil 1~iJ1e:i n 

'11'U1'Ll 2 v11 (il-:J1!'Lli5-:i;;1e:iv1r1~e:i-:in'IJ'Ue:JlJi;1'!Je:J-:J Kovacs (1980) ~1~1:1111'1'Ue:JlJi;1fl11Ylvli;1e:J'IJ1m.h~LY11"1 
" " 

L '\ll1je:J'Ufl'IJ'U1~LY1131&u'U~ Yoshiaki and Tokimatsu (1984) 1~ci'7Y.l'111lJn711 'li\91lJ(;1 e:in bvl'U'Vl'Vlvli;1e:J'IJ ., ' ' 
L-d'Llfl'Llbvlf'JlJLG1mi11"1'Utlnm-:i'll1~mru 0.15 - 0.22 :w. LL1;'l~iJm1:1.Jr;1-:ith~mru 0.24 - 0.41 lJ, 

" " 

'U1~LY11"1&um-d'Lln'Ll~ Yoshiaki and Tokimatsu (1984) 1~1:1111'11-1LL~'ll'Ulvl'llel-:J\i1'U1e:J-:J(;1e:JnlJf111lJ ., ' "' 
LL(;1n~1-:Jfl'U bvlt'J~&u'U1'lilJL'1'U~1131'Utlnm-:i'll1~mru 0.07 - 0.10 lJ, ., ' " 

fl11Yl\ili;1e:J'IJ1'Ll'U1~L'Vl\31i;1Vl1\ielllJ1fll~ Kovacs (1980) Lli;l~fll1Ylvli;1e:J'IJ1'Ll'lh~LY1\31&u'U~ Yoshiaki and "' .,, 

Tokimatsu (1984) 1~1:1111'1 H bvlEJ'lle:J-:J'lh~L'Vlf'li;1Vl1:0elllJ1n7lJ'll'U1vl 0.11 - 0.20 lJ. lll;'l~'llel-:J'U1~l 'V11"1&'U'U .,. ., ' 
lJ'lJ'Ul\il 0.10 - 0.21 lJ. 

i;1 n~ru~n71VllJ'U'!Jel-:Ji1 n11'UlJfll1VllJ'U 2 t( n~ru~ fle) ll 'IJ'IJ(,lllJL ~lJ(\,llll Vl\J-:J'Ufllm ;e)ff;;J~e) u 
' ' " 

~1'U~1-:ii1n11'U) lli;l~ll UUY11'U l ~lJ ( \,11 ll Vl1J-:J'U"1m e:Jn'1~e)U~1'UU'Ui'"Jn11'Ll)ll(;11 'U'Ue)lJi;l~i:1111'1~1'UlJ1n " " 
··_ ••• • ·LtlULn.JUYlTUl~lru7Wn1 zj,:i1uu1~L'Vlr'lrlvtf:omlJ1rnvi Kovacs (1980) 1~~711'1Lrn~mi11111u'lh~rnri . . ... 
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'/Jl..Jlvl'/Je)-:Jb;Bflvflil:un71Vlvl?le)U:!J'/J'U7vl 0.025 11. "11-:inm-:inmh:;LV11"l?!V!13JBL111fl7vl Kovacs 

(1980) M~11T;;i11i.lm11.ff'IJtnvlb~Bfl'/J'U7vl 0.025 11. L'IJ'UfltJ Lbli1 Yoshiaki and Tokimatsu (1984) 1Ji'1:;'l.J 
' 

L,n:;'/JeJ-:J'th:;L'Vll"lri1'UtJvl Yoshiaki and Tokimatsu (1984) 1Ji'mh:iH lvlcJV!~lJL'17:;yjth:;LV1i"lri1'UtJl.J'/JtJ1vl 
V , , V , 

0.06 - 0.15 11."11-:inm-:in'l.JlJ1\?lJ'1l'U ASTM 01586 ( 1999)v11:;'l.J Lll 'IJ'Ufl'U , 

'/JcJ1mfomnru, LL~:; EJ'lJmruuuvirnfnmnru 
IILI 111.J , II.I V 

r-------------
' I 
I I 

AW Rod tJ1183 cm : 
I I 
I I 
l ____________ _ 

r---- ---- ---- ' 
I 
I 
I 

Load cell 2 ']1~ 

: (Strain gage 350 [fJ 
I 
I 
I 
I 

Full bridge) 

r ____ 1 ____ I __ _ 

I 
I 
I 
I 

I 
I 
I 
I 

' I 
I 

r--------------, 
I I c- Sigoal Amplify Bo,_ i 

r-------------
I I 
1 'IJ(JltJfft)jt)j lUI : 
I 200 l'l'il 

I 

I I 
l ____________ I 

r-------------

Accelerometer 2 'l!~ 
(10000 g) 

I 
I 

I 

I CII d I 
1 fl11JfjlJfft)jt)jlUli'l~l'l : EJ I I 

6.4 Volt I 
I I 
I L ____________ I 
I 

n t ' Battery 12 V 
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r-----------------------1 
I [ I 
1 : Recode 1 
l ________ J 
I 
I 
I 
I I NI 

I I 

: : Note Book 

USB - 6009 : : (Lab view) 
1 I ( _________ .., l _________ .J 

I 
I 
I_ - - - - - - - - - - - - - - - - - - - - - -



4.2.1 Btlmru1~irunnru 
' V V 

LUtlfl7'Ul-;;J7t'lJU~ AW c.J71 83 L'l.ltl&lLll\il'J L~ff~t&l~~..:i load cell LLi;'lt Accelerometers mh..:ii;'lt 

2 'q~ L\11!:J load cell 1!uvhm-;;i1n Strain 1sa1se 350 Q Lb'tJU Biaxial zj._:iii'1..:iB..:i-;;i1n Odebrecht et al. 

(2005) vim..:io;;i1LLUU full brid1ses ?lltl Accelerometers :Wn7'J\i7€JUi:ltleN 10000 Is 

4.2.2 €l'Uff'.itU'UtJ1tJiruru1ru 
' V V 

i:17ll71mLu..:i11il\Uu 2 ?i1u AB 'lJ~'UtJ7t1iruru1ru'Um load cell LLi;'lt 'IJ~mur1lliruru1ru'UB..:J 
, V V '\ , 4.1 'LI 

Accelerometers zj._:imm1mLi:l~..:i11tJ1;'lt LBtl~ 11ilvi'..:ii1 

- "q~'UmtJiqiqi1ru-;;i1n Strain 1sa1se '<i11l 'Utl-;;J t lii'B..:i 1.-ff 'q~'Uc.J1tliqiqi1ruL ~B 1 vti:17ll1'JffeJ1'Ulli;'lt\J'Uvinrh 1J\' 

l'W'J1tUtiT'\.J 1u..:i1'\.J1'1tlflf..:J'11L 'Utl~li1€l..:J1 '1l'lJ~'Utl1tJiruru1ru 1~mifon 1.-ff fi7n7'J'UtJ1tJ 200 L 'Vil LLi;'lt'lJ~ 
, lllJ.., , 

'1JtJ1tJiqiqi1ruiJ V;n l'\/l1f1U 5 V 

- °1l111flT\Jf)lliqJqJ1ill Accelerometers mmu..:J1'\.J1~tJflf..:ii1:wfl11ll'<i17l'U'\.Jli1€l..:JflTUf)ll1vt:w V;n l'V11f1U 6.4 

V l 'W'J7d7L 'Utl'U€lf11V!tl~'U€l..:JU~,;''V]~'.frJ~\il-yj';itUll711-;;)t\i1€l..:J:W Vin l 'V11flU 6.4 V ~..:J-;;Jt 1 Vlfl1ill'U'Jt~'Vli 
" ' 

4.2.3 BtlmruD'Uviniruru1ru 
' V V 

~hvrfo load cell Lli;'lt Accelerometers tTu 1u..:i1u1-:ii'tJr1f..:ii1L~Bn1.-ff NI USB - 6009 zj._:iiJ 14 Bit 

lli;'lt:W'll0..:J~7V!'fo~B l9ad cell lli;'lt Accelerometers J..:iV!ll~ 4 'lim 1~m~Bn V;n '1J€l..:J'll€l..:J load cell 
' V 

Lvi1nu ±2.5 V lli;'lt V;n '1J€l..:J'll€J..:J Accelerometers L'V17fl'\J ±1 V ;..:i«ruru1ruvi'..:JV!lJ~-;;Jtfln\Jtivin1;'l..:i Note 
V V \) 

book 1111tJH L'U'Jllff'.ill lab view fll'\Jflll 
' 

4.3 n7'Jlvitl'\J?l€JULV!i;'l~l'l.li;'l 

m1LvitJU?l€l'lJ1'V!i;'l~l'l.li;'l (load cell) \i71llll7\'1'Hi1tl ASTM D4633 f11V!'\.J~1171tim'J?l€l'UlvitJut1uli1€l..:J 
"" 

'W~..:J..:J1'\.Jm~-;;i1nm11~ L~c.l 1um1LvitJ'\J?l€JU LV!i;'l\11l'lli;'l 1"U..:i1'\.J1'1tJi1vh 1~tJ1'1llfl~€)..:J UTM nl11Lli;'lt~..:Jfl1tll'11t 

'W1€llJJ..:i1111 Volt ~ltl~tJtllltli;1..:J1tJ1,11ll load yjl~ll;ff'\.J-1;'\~i;'l..:J '11'\.Jltl 3 "i€l'\Jn7"i'Vl~?l€l'\J (ll1V!'Ul111vtLL'J..:J~..:i 
., ' 

l'Vl1fl'\J 150 kN, LL"i-'.l8vlL'Vl1fl'\J 100 kN) V!~..:i-;;i1n?lB'\JLvitJ'\JL?l~-;;J~tlil€l-'.l'Vl1n7"i\?l"i1-;;JL6/JflL~€lm1'1?l€l'\J11n7"i 

L vitJU?l€JUi1C-11'\.JL1€J'\.J 1 '1li..:i?l€J-'.J'Ue)~ nci11~-'.JV!~ e) hJzj-'.l n7"i\?l"i1";J?l €JUt!'l.J'V111m111 tJ nT'Jf11'l.J1 ruL tl1 c.l'\JL vi c.l'\J nu 
~'\.J~V!'ll7\91\11~1v11J\'-;;i~..:i 1111cri{'l.J~V!'U1\9lvl~1\11-;;)~..:Jl'V11fl'\J 0.00072 m zj..:JL~€ll'U1tJ'\JLvitJuncJ1mr-'.l 2 L1B'l.J1'1l 

LLi;'lt 1~Ll?lvl..:J~i;'l'U€l-'.ln1''.iL'U1tJ'lJLvit.JUv1..:J"i'U~ 4-2 lli;'l~ 4-3 LLi;'l~Ll1€l\?l'J1-;;J?l€JU171J\'~1m1B'l.J 1 '1l~f11V!'\.J~ Hn-;;i~ 
" 

V!7illi'Ut5"itV!17-'.l L V!i;'lvl fl'\J L 11;'\ii L~€ll'U'Uill'U"it~'VlitJfoLLnfl7'1Jel-'.l L V!i;'lvll•1Ji;'lzj..:Jfl17llilli'l.J5v1-'.ln'111ll?l\11..:J 

1v1vi'..:i1tl'Vl 4-4 
" 



-~ .ct ,:::1 Q..J 1'I vv .:::), 
!U"JUUIYIUU!l'J-:JYI load cell 1vl !vl\JHl-:J!fl'U 70 % 

I00.00% 

8000% 
-- - I 

-+-1oadccll l' 
60.00% i I 

L ~-Io:d_ccll 2 
2 3 4 5 6 7 8 9 10 11 12 13 

0 f 
'1l'U1'Ufll 

·n.Jvi 4-2 A11:1.J1:11m1ri6l.leN LVl'1v"IL'll'1vlB.:JITT:1.JTU11mL 1-.:i 11'71:iJ-uern n11 70 % 
'U 

"" '' 6% (.) ,--
r !!: 5% "" ;:t ,-- ,--·o: ;,c:: 4% G:: 

3% ,--;;. ;.;:i: 2% ,-- :s: ("'> 
<o: -~:;:: 1% 

;:t 0% 0 •'!!;j: 
1 I - ·-,------

• • 

l
---· - ----
-+-1oadccll l 

-=-- '~:d ccll 2 

2 3 4 5 6 7 8 9 10 11 12 

O f 

m'U1'Ufll 

Calibrate Strain gage 

150 - - --------- ----- ·----

100 I 

50 
_j 

z 
::=, 0 
-0 y= 119.366487:i - 27.3l3849 -50 0 
...J R

1 
= 0.997961 

-100 -
CF= 119.36641!7 kN / V 

-150 -

-200 l- --,-·------, 

-1.5 -I -0.5 0.5 1.5 

Volt 

1tl~ 4-4 
'U 

' i11'\J 'J~ ~Vlfi'Uf 'lJ llfl'11 f\ n7'J l 'Vl c.l'lJ i:I B'lJ 
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4.4 n71Vl\>161eJ'U1\>l'jl'ja..:J-HUL':il7:::Vl:::ffVl:::fn,'ll.J7~1,i7'U ' ..., 

i.l I i/ d """,( ' 
Vl\>161eJ'UL':ill:::Y1:::i;IY1:::m..:i:i.n~1,5Tu LLi;l:::Ln'U'1Jellli;l'lJeJ-.'.lLL'i-.'.l (F) Lli;l:::rl171JL'i-.'.l (a) \>llc.Jrlllllfl 10000 le'l1Vl61l ' ..., '\J 

fl'UVli;lllt:-ll'UeJUmru11>1'jl'ja..:Jnu (nm 0 {1-.'.j 2l/c b(,)c.J~ l AeJrl17llc.J71'lJeJ-.'.lfl7'Ul'17:::) 
' ' 

n7'i1lrl'i7:::v4r111m11 (v) '17n-ifm,Ji;lrl17lll1-.'.l (a) ~1t,111il 1-/f15r11'U1rumii n!j'lleJ..:J~llUi1'LI 

(Simpson's rule) ~-.'.lll61t,1-.'.l 1 'U61lln71~ (4-1) ~':il::: 1iXJ1V1'Uflll1nn11nur11m1m1..:i\>11..:inm..:i 

A (a(t -1)+4a(t)+a(t + I))[ ] L..l.v(t) = ------- t - (t - 1) 
6 

(4-1) 

'LJtlfllVl'U\>l AeJ rl~'Um:::llVln\9leJ-.'.leJV.f17c.J1'U 1 ms Vta..:J':il7fl'1(,1L~ll\9l'Un711lrl17:::v4 LLi;l:::'1:::vhm1tJ-ruLLfl 
'\J ' 

f17LL1-.'.l (F) lli;l:::r111m11(v) vh1m 2l/c 1iX:ur11L'Vllfl'Uf"l'U8 lillc.Jfllrl-.'.l~'lJe)..:Jn71B'Uvilm~ zj-.'.l'LJe)fllVl'Ut,1 
'\J 

4-6 



120 

100 

80 

60 

40 

£ 
20 

c 0 
0, 

" -20 ... 
0 i:.. 

-40 

-60 

-80 

-100 

0 

500 

400 

300 -, 
5 
;,., 
t,J) ... 
C, 200 C 
l.l 

100 

0 

0 

-Force 

--velocity 

aim~ 

Mrttt - fJ~ uu.~ 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Time (millisec) 

/ 

I 

- - - - - - - - - - - - - -_-----:vl/ 

__,'-----------------, - - F2 
1---~-

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Time (millisec) 

';i'U~ 4-5 'U'iJ f11V!'U\?l'/Jtl-:J fl111 Lfra1::;'\-1f11~i•N1'U'ffi~'11fl fl1TYl\?li.1eJU 
'll 

6 

5 

4 

3 

2 

-2 

-3 

-4 

-5 

f11 Lil~ !'.J"l]e).:J~i-:i-:i1mh~~Vlfit:-Jft (ERi) '/J e).:Jfl11Vl\?li.1eJU SPT L 'U'U61\?l?l1'U'tle).:Jf11~i-:i-:i1m '11~Vl~ft , 
Vl~ft1.:Jll1\ol'J,j7'U (EJ nu ri1~i-:i-:i1'UlJ1\ol'J,i'l'U"lJe).:Jfl11Vl\?li.1eJUL'11~Vl~ftVl~ft1.:Jll1\ol1,i'1'U (E*) L\?l!'.J~fll 

.I 6.11 , .i 

imrn~i-:i,:nu'\J J~~Vlfit:-J i;j't)e).:JU~-0'Vl~1.:J o\ ~Vl\?li.1eJU LLi;l~'UeJ:1.rn~i-:i-:i 1'U'U1~~Vl5 t:-J i;'l'tleN~:IJ\ole) ni-:i 3 '/l'U \?l~ I , 

tl1m1Lr111::;ii°Jfl1'.;J"fl1~'17tl~1LLUU'Ufl~ (Normal distribution) zj,:iiJ15m1r1Tt.rrn.J 1~ti 1offvtinm1"1~~vi'11 '\J 



(4-2) 

SD = 
n-1 

(4-3) 

- i1J.JtJ1:;~'VlBfl11mL tJ1tJYJ'U'IJB-:J'WJ-N1'UtJ1:;~Y1ITTJfl r11'U1ru 1Ji'-~nn?IJ.Jn71~ (4-4) 

cov = SD x 100% (4-4) 
X 

1vitJv1 X = fllbtl~tl'IJB-:J'WJ-:i-:i1'UU';i:;~V16~fl 

SD = ~l'U b tl-:J b 'U'UJ.Jl\911\il'U'IJ B-:J'WJ-:J-:Jl'U ,J1:; ~'Vl 5 fl ,,, 
' cov = '1J.J'U';i:; ~'Vl5 fl17J.J Lb tJ1,J 11 'U'IJ B-:J'WJ-:J-:Jl'U'U ';i:; ~Vl5~fl 

X; 'UBJ.Jfl'UBJ.Jfl'WJ-:i-:i1'U'U';i:;~V16~fl 
" " 

n = :5 7 'U 1 'U 'U BJ.J fl Yi J-:i-:i 7 'U ,J ';i:; 'Vl 5 fl 
" 

4-8 



n'iJ1Yrt.JfltJ ;g1~'U51"1~ (2550), nTrneJnLbU'\JbbeJYfWfofl'V'U 1m~'\J'\Jtl'J7Yln1•11t.J Labview, ;b~\,Jt.Jbfli'U ' 
~t:rn mfrutliafi bbfl~ '4qJ?llJ b~f'1i'.1-rqi1-:ir1 (2538), U)i'Wlf'11m1:1.J1m7'Uf1eJ?lf1-:i, Library-Nine Publishing 

lJrub6ntJ'J n-:if'1iaib Vlt.JlJ (2545), nftf'17?\(,11'VeJ-:J~'Ulil7'U1 f'11tl'J'JlJ, ?llJlfllJiai"trtJ bfl711"11 tl'J'JlJ'llflU'J~'V17'U 

mu~ EJ.n~w.i'U~lJ'U\?11 (2546 ), 1mm1:1.JU:O'Wbbft~:01m1n, ?llJlfllJ?l-:JL?l~m 'Vlfl fo faE1 (1 'Vlt.J-ci1'\}u) ~, 

lJ7(,l'J)i7'U 1uiu~unl~L 'V1YilJv'l7'UfiJ, 1'V187UYi'U5tJ~qiqi11 VJ, ~v:nft-:imrum,n1V1tJ1~tJ 

?lfl7Yi'J fl1~\?l'J'il7'J (2544 ), n7'J b 'il7~i:=17'J1'il~'UV17-:J11"11 tl'J'JlJ n7'Jb 'ill~i:1711'1 bfl'\J\>11tl ~7-:Jbbfl~ n7'JVl\,J?ltl'\J 1 t.1 ' 
?l'UllJ, J1un-w1J~m-n1V1m~mn'tf(,l'Jf'17?1\?11 

Abou-matar, H. and Goble, G. G., (1997), "SPT Dynamic Analysis and Measurements", Journal 

of Geotechnical and Geoenvironmental Engineering, pp. 921 - 927 

Archway Engineering (2008), Rotary Drill Rods, http: //www.archway-

engineering.com/products/drill_rods.html 

ASTM 01586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils 

ASTM 04633 Standard Test Method for Energy Measurement for Dynamic Penetrometers 

ASTM 06066 Standard Practice for Determining the Normalized Penetration Resistance of 

Sands for Evaluation of Liquefaction Potential _ 

Biringen, E. and Davie, J. (2008), Assessment of Energy Transfer Ratio in SPT using Automatic 

Hammers, Maryland, USA 

Bowles, J. E. (1998), Foundation Analysis and Design, 4 Ed., McGraw-Hill 

BS 1377 Determination of the Penetration Resistance using the split - barrel sampler 

Butler, J. J., Caliendo, J. A., and Goble, G. G. (1998), Comparison of SPT energy measurement 

methods. Portland, USA. 

Daniel, R. C., Howie, J. A., Jackson, R. S., and Walker, B. (2005), "Review of Standard 

Penetration Test Short Rod Corrections", Journal of Geotechnical and Geoenvironmental 

Engineering, pp. 489 - 497 

Drumright, E. E., Pfingsten, P. W., and Lukas, R. G. (1996), "Influence of Hammer Type on SPT 

Results", Journal of Geotechnical Engineering, pp. 598 - 599 

Eurocode 7: Geotechnical design - Part 3: Design assisted by field testing 

Farrar, A. J. (1998), Summary of Standard Penetration Test (SPT) Energy Measurement 

Experience, Denver, Colo, USA 

R-1 



ISO 22476-3 Geotechnical investigation and testing Field testing - Part 3: Standard 

penetration test 

Jackson, S. (1995), SPT Energy Calibration - Keenleyside Dam, Report for B.C. Hydro. Canada 

Kovacs, D. W. (1980), "What Constitutes a turn", Geotechnical Testing Journal, pp. 127-130 

Kovacs, D. W. and Salomone, A. L. (1982), "SPT Hammer Energy Measurement", Journal of 

Geotechnical and Geoenvironmental Engineering, pp. 599-619 

Kulhawy, F. H. and Mayne, P. W. (1990), Manual Estimating Soil Properties for Foundation 

Design, Cornell, University, New York 

Lambe, T. W. and Whitman, R. V. (1979), Soil Mechanic: SI Version, John Wiley 

Lamb R. ( 1997), "SPT Energy Measurement with the PDA'', Annual Geotechnical Engineering 

Conference, University of Minnesota, USA 

Liao and Whitman (1986), "Overburden Correction Factors for SPT in Sand", Journal of 

Geotechnical Engineering, Vol. 112, No. 3, pp. 373-377 

Meyerhof, G. G. (1957), Discussion on Research on Determining the Density of Sands by 

Penetration Testing, ICSMFE, London, UK. 

Meyerhof, G. G. (1959), "Compaction of Sands and the Bearing Capacity of Piles", Journal 

Geotechnical Engineering, pp. 1-29 

Morgano, C. M. and Liang, R. (1992), Energy transfer in SPT - Rod length effect, Akron 

University, Ohio, USA 

Odebrecht, E., Schnaid, F., Rocha, M. M., and de Paula Bernardes, G. (2005), "Energy Efficiency 

for Standard Penetration Tests", Journal of Geotechnical and Geoenvironmental 

Engineering, pp. 1252 - 1263 

Peck, R. B., Hanson, W. E., and Thornburn, T. H. (1974), Foundation Engineering, 2 Ed., John 

Wiley 

Riggs 0. C. ( 1986)," North American Standard Penetration Test Practice", Use of In situ Tests in 

Geotechnical Engineering, ASCE Geotechnical Special Publication No. 6 

Robertson, P. K., Wheller, J. 0., and Oddo, K. 0. (1992), "Standard Penetration Test Energy 

Measurement Using a System based on the Personal Computer", Canadian Grotechnical 

Journal, pp. 551 - 557 

Schmertmann, J. H. and Palacios, A. (1979), "Energy Dynamic of SPT", Journal of the 

Geotechnical Engineering Division, pp. 909-924 

R-2 



Seed, H. B., Tokimatsu, K., Hader, L. F., and Chung, R. M. (1985), "Influence of SPT procedures 

in soil liquefaction resistance evaluations", Journal of Geotech Eng, Vol. 111, pp. 1425-

1445 

Skempton, A. W. (1986), "Standard Penetration Test Procedures and the Effects in Sand of 

Overburden Pressure Relative Density Particle Size Ageing and Overconsolidation", 

Geotechnique, Vol. 36, No. 3, pp. 425 - 44 7 

Terzaghi, K. and Peck, R. B. (1948), Soil Mechanics in Engineering Practice, John Wiley 

Tsai, J.-S., Liou, Y.-J., Liu, F.-C., and Chen, C.-H. (2004), Effect of Hammer Shape on Energy 

Transfer Measurement in the SPT, Cheng Kung University, Tainan, Taiwan 

Yoshimi, Y. and Tokimatsu, K. (1984), "SPT Practice Survey and Comparative Test", Soils and 

Foundations, pp. 105-111 

Youd, T. L., Bartholomew, H. W., and Steidl, J. H. (2008), "SPT Hammer Energy Ratio versus 

Drop Height", Journal of Geotechnical and Geoenvironmental Engineering, pp. 397-400 

R-3 





Geotechnical and Geophysical Site Characterization 4 - Coutinho & Mayne (eds) 
© 2013 Taylor & Francis Group, London, ISBN 978-0-415-62136-6 

Energy ratio of SPT practice performed in Thailand 

S. Yimsiri 
Department of Civil Engineering, Burapha University, Chonhuri, Thailand 

ABSTRACT: This study aims to measure the energy ratio of the Standard Penetration Test (SPT) by the 
practice performed in Thailand. The study consists of 2 main parts: (i) development of SPT energy meas-
urement system and (ii) measurement of energy ratio of SPT practice performed in Thailand with different 
types of hammer. The energy ratios are determined by both FV and F2 methods and the comparison is 
made. The energy ratios obtained from this study are also compared with other published data. The results 
from this study are useful for energy correction of the SPT results obtained by practice performed in Thai-
land to the standard energy ratio for subsequent correlations to other engineering properties of soils. 

INTRODUCTION 

The Standard Penetration Test (SPT) was devel-
oped in the United States in 1927 and has become 
the most common in-situ test employed for foun-
dation and stability analyses worldwide. Up to 
80-90% of the conventional foundation design 
is accomplished by using SPT results (Kovacs & 
Salomone 1982). The SPT has several significant 
advantages as follow: (i) the equipment is rela-
tively simple and robust, (ii) the procedure is easy 
to carry out and permits frequent tests, (iii) soil 
samples can be obtained, (iv) tests can be carried 
out in most soil types, and (v) many useful cor-
relations are available. However, SPT possess an 
appreciable amount of variability and frequent 
lack of repeatability. Considerable differences in 
SPT results from different hammer-drill rig sys-
tems at expected uniform sites have been reported 
(e.g. Youd & Bennett 1981). The Engineering Insti-
tute of Thailand (EIT) gathered the SPT data in 
Bangkok area, which is of relatively uniform condi-
tion, from various testing agencies and also found 
large variability as shown in Fig. l. This large vari-
ability is because the actual energy delivered to the 
drill rods in performing this test for different ham-
mer-drill rig systems may vary considerably. 

Various studies have been performed to meas-
ure the factors that control the energy delivered 
by the SPT systems. The earlier studies consisted 
of measuring the velocity of the SPT hammer just 
before impact ( e.g. Kovacs et al. 1978) and measur-
ing the dynamic force-time relationships in the drill 
rod obtained just below the anvil and immediately 
above the sampler (e.g. Schmertmann 1978). At 
the same time, theoretical studies were also being 
undertaken (e.g. McLean et al. 1975). A primary 
reason for the variability of SPT results is due to . . 

the use of different methods for raising and drop-
ping the hammer. Therefore, before the SPT result 
can be used in any correlations, its energy should 
be normalized to a standard energy so that its use 
is consistent everywhere. Unfortunately, there is no 
study about the energy ratio of the SPT practice 
performed in Thailand. 

2 STANDARD PENETRATION TEST 

Fig. 2 shows a sketch of the basic Standard Pene-
tration Test set-up using a cathead and rope system 
along with a donut hammer. The SPT is performed 
by driving a split-spoon sampler into the soil by 
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Figure I. SPT results in Bangkok area (EIT 2005). 
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Figure 2. Typical SPT set-up (Kovacs & Salomone 
1982). 

hammer blows to the top of the drill rod. The 
standard weight of the hammer is 62.3 kg (140 lb) 
and for each blow the hammer drops a distance of 
76.2 cm (30 in.). The numbers of blow required for 
sampler penetration of three 15.2 cm (6 in.) inter-
vals are recorded. The numbers of blow required 
for the last two intervals are added to give the 
standard penetration number at that depth. This 
number is generally referred to as the SPT N-value. 
The SPT testing procedure has been specified in 
several standards (e.g. ASTM D1586, BS 1377-9, 
ENV1997, and ISO 22476-3). 

Although, this test is supposed to have a stand-
ardized test procedure, there is a wide variability 
in equipment and test procedures encountered in 
practice throughout the world. It has been shown 
that, in different parts of the world, the standard 
penetration resistance is conventionally meas-
ured using different kinds of hammers, different 
energy delivery systems with different degrees of 
efficiency, different borehole fluids, and different 
kinds of sampling tubes. The researches on energy 
measurements have shown that the energy delivered 
to the rods during SPT test can vary from about 
30-90% of the theoretical free-fall energy intended 
to be delivered by the falling hammer (Kovacs & 
Salomone 1982; Robertson et al. 1983). The energy 
delivered to the drill rod varies with the releasing 
system, hammer, anvil, and operator character-
istics. The types of hammer and anvil appear to 
most influence the energy-transfer mechanism. In 
Thailand, the typically used hammers are donut, 
safety, and trip with donut hammer being the most 
popular (see Fig. 3). 

... _,. --
Figure 3. Typical hammers used in Thailand (after 
Bowles 1996; Serota & Lowther 1973). 

Kovacs et al. (I 984 ), Seed et al. (1985) and 
Robertson et al. (1983) suggested that an energy 
level of 60% appears to represent a reasonable 
historical average for most SPT-based empirical 
correlations. Seed et al. ( 1985) also suggested that, 
for liquefaction analysis, the SPT N-value must be 
corrected to an energy level of 60%. SPT N-value 
measured with a known energy ratio (ER) can be 
normalized to an energy level of 60'1/c, by the con-
version in Eq. (I) 

N 
ER;(%) 

N60= 
60 

(I) 

Based on the data summarized by Skempton 
(l 986) and Seed et al. (1985), the recommended 
generalized energy ratios for various SPT practices 
are shown in Table 1. Further adjustments are also 
needed for the effects of rod length, sampler type, 
and borehole diameter. 

3 MEASUREMENT OF SPT ENERGY 

The measurement of SPT energy has started since 
1970s and based on the force-measurement con-
cept (F2 method) developed by Palacios (1977). 
The energy is obtained by integration of square 
of force in the drill rod. The method consists of 
attaching a load cell near the top of the drill rod 
and below an anvil and measuring the force-time 
history of the stress wave during hammer impact. 
The stress-wave force integration method to deter-
mine the energy uses the formula in Eq. (2). This 
expression holds where the wave is propagating in 
the positive direction only (downward). Since the 
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Table I. SPT correction (Bowles 1996). 
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end of the rod causes a large reflection, Eq. (2) 
is integrated to the time of the arrival of the rod 
tip reflection (2L/c). If the drill rod is of sufficient 
length, then the energy in the rod will have been 
transferred in the initial wave cycle. However, for 
shorter rod lengths, energy transmission is not 
complete at the 2Llc time. 

2L 
C 

E; = _c_ f [F(t)]2 dt 
AE 0 

where 

(2) 

A = cross-sectional area of drill rod (above and 
below force transducer) 

c = velocity of compression wave in drill rod 
c~s120 m/sec for steel) 

E = Young's modulus of drill rod 
E, = maximum energy transmitted to drill rod 

during impact event 
F(t) = dynamic force in drill rod as function of 

time 
t = time 
L = drill rod length 

In 1990s, due to the advent of accurate accel-
erometer, the force-velocity integration method 
(FV method) is suggested to analyze for the SPT 
energy. The energy is defined as shown in Eq. (3). 
This method avoids the need to determine the 
integration time (2L/c) and select the appropriate 
cross-sectional area of the drill rod. This method 
is currently a sole method for SPT energy measure-
ment specified in ASTM D4633. 

max 

E; = f F(t)v(t)dt (3) 
0 

where 
max = time of maximum energy transmitted to 

drill rod during impact event 
v(t) = particle velocity measured in instrumented 

drill rod as a function of time 

Once the SPT energy is obtained, the energy 
ratio ER, is defined as the ratio of E, over E* as 
shown in Eq. ( 4 ), where E* is the theoretical energy 
of SPT test (475 J). 

4 DEVELOPMENT OF SPT ENERGY 
MEASUREMENT SYSTEM 

(4) 

The SPT energy measurement system was developed 
in this study using similar approach as Robertson 
et al. (1992). The system was designed according 
to the available standards and specifications of 
commercially available systems (see Table 2). The 
system consists of 3 parts: (i) signal measurement, 
(ii) signal amplification and conditioning, and (iii) 
data acquisition, as shown in Fig. 4. 

The signal measurement part is an AW drill 
rod (830 mm length) equipped with strain-gauged 
load cells and accelerometers (two sets each) to 
measure axial force and acceleration. The load cell 
is made of 350 Q biaxial strain gages connected in 
full bridge. Accelerometers of 10000 g capacity are 
used. The photo of the signal measurement system 
is shown in Fig. 5. Signal amplification and con-
ditioning part has 2 functions: (i) supplies input 
voltages to both the load cells and accelerometers 
and (ii) amplifies the output signal from load cell. 
The data acquisition part uses NI USB~6009 
(14 bits) with 4 input channels (2 for load cells 
and 2 for accelerometers). The input voltages for 
load cells and accelerometers are ±2.5 V and ±1 V, 
respectively. All data are recorded to the lap-
top at a frequency of 10,000 Hz (controlled by 
LabVIEW). 

The load cells (strain-gauged drill rod) were 
statically calibrated by using Universal Testing 
Machine (UTM). The compressive and tensile 
loads were applied in 3 cycles and the output volt-
age was measured. The maximum tensile force was 
-150 kN and maximum compressive force was 
+ l 00 kN. The calibration relationship between load 
and output voltage is shown in Fig. 6. The calibra-
tion factor can be calculated as 122.198294 kNN. 
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The system is installed just below the anvil and 
above the first drill rod to measure the energy 
transferred from hammer to the drill rod during 
the SPT test as shown in Fig. 7. 



Table 2. Comparison of design of SPT measurement system. 

Characteristics 

Instrumented Rod 
Length 

Size 
Stain gauge 
Number 

Circuit 
Installation location 

Accelerometer 
Number 

Installation location 

Sampling rate 

Sampling duration 

Signal mcasur-cmcnl 

Commercial 

Test consult 
(20 I 0) 

1000mm 

54 mm. (OD) 

2 sets 

Full bridge 
N.A. 

2 sets 

N.A. 

N.A. 
N.A. 

Pile dynamic 
(2008) 

600 mm 

AW, NW 

2 sets (350 Q) 

Full bridge 
N.A. 

2 sets ( I 0000 g) 

N.A. 

N.A. 
N.A. 

Signal amplifier and 
conditioning box Data acquisition 

:··~; ~~ii -~~~---: 
j @ s rain augc : 

L.~~~- -~~1_1 

: Accelc n;c r 2 sc ls : 
: 100( lg : 
'.. ....... . ---- ---------· 

AW rod 
83 cm lcnglh 

·················--- - . 
: V = 5 V and : ; Data at:quisition card ; 

v,,.,;'~mplificd by -; o--.---.:; ···-.·_NI USiU-6009 ________ j 
j ____ 200 times __ ___ \ 
. . 
: Vm = 6.5 Vand : ; Laptop i 
: no amplifa:alion ; l__ (Lab VIEW) _ j 

j . ..... ofV,,..1 ___ _ __ _1 

Battery 12 V 

Figure 4. SPT energy measurement system. 

Figure 5. Developed instrumented drill rod . 

5 SPT ENERGY MEASUREMENT 
RESULTS 

The SPT energy measurement was carried out at 
the site in Huay Kwang area of Bangkok. The typi-
cal SPT machine with 3 typical hammers were used 
which are donut, safety, and trip (see Fig. 3). The 

Standard 

ASTM D4633 

Not less than 
600mm 

Same as drill rod 

2 sets 

Full bridge 
Not less than 

300mm 

Not less than 
10000 g 

Away from strain 
gage JOO mm 

10,000 Hz 

50 msec 

100 

z 
0 

"C cu 
0 -50 

...J 

-100 

-1 

ISO 22476 
- 3 

N.A. 

N.A. 

N.A. 

N.A. 
10 d. 

more than 
5000 g 

N.A. 

N.A. 
N.A. 

This study 

830 mm 

AW, 44.3 mm (OD) 

2 sets (350 Q) @ 4 
strain gauges 

Full bridge 
300 mm from tip 

2 sets ( I 0000 g) 

400 mm from tip 

10,000 Hz 

5 sec 

-0.5 0 0.5 

Vout (V) 

Figure 6. Calibration of load cell. 

1.5 

tests were undertaken at 3 depths which are in stiff 
clay and dense sand layers. The data of force and 
acceleration are recorded at frequency of I 0,000 Hz 
for 5 sec duration. The integration for velocity (v) 
uses Simpson's rule as shown in Eq. (5) which gives 
more weight to the acceleration at middle time 
data. The constants obtained from the integration 
were corrected to yield the force and velocity of 
equal to O at time of 2L/c. The examples of force-
time and velocity-time data from donut, safety, 
and trip hammers are shown in Figs. 8a, 9a, and 
I Oa, respectively. These data were used to analyze 
the energy according to Eq. (2) (F method) and 
Eq. (3) (FV method) . The examples of energy-time 
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Figure 7. Location of SPT energy measurement system. 
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Figure 8. Results from donut hammer (depth 26.0 m). 

analysis from donut, safety, and trip hammers are 
shown in Figs. 8b, 9b, and 1 Ob, respectively. All 
results are summarized in Table 3. 

~v(t) = ( a(t - I)+ 4a;t) + a(t + I) j[t _ (t - l)] (5) 
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Figure 9. Results from safety hammer (depth 32.0 m). 
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Table 3. SPT energy measurement results. 

Depth 2L/c Energy E; 
Hammer (m) (m sec) type (J} 

23.0 9.2 FV 258 
p 912 

24.5 9.6 FV 206 
Donut p 643 

FV 229 
26.0 10.3 p 331 

FV 342 
29.0 11.6 p 401 

FV 304 
Safety 30.5 12.2 p 397 

FV 320 
32.0 12.8 p 336 

FV 481 
50.0 19.8 p 341 

Trip FV 400 
51.5 20.4 p 400 

53.0 21.0 FV 467 
p 407 

6 ANALYSIS OF EXPERIMENTAL 
RESULTS 

ER; 
{'1/,,) 

54 
192 
43 

136 
48 
70 

72 
84 
64 
84 
67 
71 

101 
72 
84 
84 
98 
86 

The average values of resulting SPT energy ratios 
(by FV method) from various hammers are sum-
marized in Table 4:- The results are compared with 
other reported data (from Table I). It is shown 
that the energy ratios of SPT practice in Thailand 
are relatively similar to the results of US/North 
America . 

Fig. I I compares % standard deviation of 
energy ratios from various hammers analyzed with 
FV and F methods. The % standard deviation is 
defined according to ASTM E69 l as shown in 
Eq . (6) . ASTM E456 defines precision as the close-
ness of agreement between independent test results 
obtained under stipulated condition. Therefore, 
large % standard deviation means less precision. 
The results show that energy ratio of donut ham-
mer analyzed by P method gives lowest precision, 
whereas energy ratios from donut hammer ana-
lyzed by FV method and of other hammers give 
better precision. 

% standard deviation= 

n 

I,(x-x)2 
- 1~---1:x 

n-1 

where x = average= x/n 
x = individual test result 
n = number of test results 

(6) 

Table 4. Average energy ratios. 

Energy ratio ('1/.,) Donut Safety Trip 

This research 49 68 95 
US/North America 45 70- 80 80- 100 
Japan 67 
UK 50 60 
China 50 
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-:;; 35 .!2 
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Donut Safety Trip 

Figure 11 . % standard deviation of various hammers 
and analyses. 
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Figure 12. Comparison of analysis by FVand P . 

Fig. 12 shows the comparison of SPT energy 
obtained by FV and F2 methods. The results of 
donut hammer give large difference because of low 
precision of the obtained energy of donut hammer 
analyzed by F2 method (as discussed earlier). Safety 
and trip hammers give the ratio of energy (FVIF) 
of 0.8-1.4. This reasonably agrees with the range 
reported by Sy & Campanella ( 1991) who showed 
that the energy determined from FV method was 
generally 5- 15% larger than that determined from 
F2 method. 
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7 CONCLUSIONS 

This study measures the SPT energy ratio by the 
practice preformed in Thailand which has never 
been carried out before. The SPT energy measure-
ment system has been developed. The energy ratios 
have been measured for three typical hammer types. 
The study reveals that the energy ratios are 49%, 
68%, and 95% for donut, safety, and trip hammers, 
respectively. The energy ratios found for Thailand's 
practice are similar to those of US/North America. 
The results from this study are useful for the cor-
rection of SPT test results performed by practice 
in Thailand to the standard energy ratio for fur-
ther correlations to other engineering properties of 
soils. It is noted, however, that this study only gives 
preliminary results because of limited number of 
tests (only 9 tests for each hammer type). There-
fore, the results should be used with caution and 
more tests should be done to yield more confident 
conclusions. 
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