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Standard Penetration Test (SPT) Wwasosdanadeuduluauiuiiiennsugivialaniouldly

nstngdnIdudmiuniseenuuugusInnly. Ysinunmisesnuuugiusiniiuussunm 80-90%

[
LY A

selddoyafuannnisvaasy SPT (Kovacs & Salomone, 1982) Snviadail correlation annsnedild
SPT N-value Lﬁaﬂ‘izmmﬂmauﬂaﬂBﬁUSUﬂ 19U allowable bearing capacity, shear strength,
relative density, settlement, Wag compressibility aalsiauNanIsnagau SPT avilaiu
wUsUsrunazil repeatability o (Coduto, 1994; Kovacs & Salomone, 1982) Lﬁa\‘immﬂmm
wUsUsIureaUinamdanuainssuu SPT  snqfu dawfineziianuweisiuiivzaiannssiu

L] @

dm¥unsvaaou SPT (ASTM D 1586) Aaasiianulinsafuvesnsufiinsvaaey Tnedadsd
ddyfanitinansenusionanisnaaeu SPT Ao Usinnuweandaudidslud drill rod 90 hammer
and anvil system asﬂu’ummé’ﬁﬁmmaqmswmaau SPT ABN1sWMUN reliability was repeatability
POIMINAAOU fe auansolumsidunanisnaaeuiingatuain site fislanwiortudiold drit
g 199 TadmTu SPT Ty repeatability wag reliability ?Yuaglﬁu%ﬁmaam%aﬁa, FBarsnagov,
wazUiURn1sVIAgey

azﬁu’uimqmﬁ%’m‘fﬁqlﬁqnLaua%uLﬁaﬁnmmwé’amﬂumiwmaau SPT ludszinalveuay
nansznusondsulunisnageu wu () vinveuriosiie (9u hammer, anvil, surayea drill rod,
sampling tube, Yuavaldanuay cathead), (i) N3 set-up w3adile Q) Fruauseuiideniusou
cathead, 38M15Wu, @nmued rope Uag cathead), waz (i) I5n1sUfuRn svaaau (wu nsly
drilling mud waz casing Tumswgantimauiany, seiumudnlunsnoniildinga SPT (0-0.30 wms
w30 0.15-0.45 was) WenusumdugudeyavemdsuvesriinvoaneaiouariFnisufonig

nA@Y SPT Wuusne lielwing correlation fu database #ilagliarugneosddu wazladmsu

L‘TJuLmeﬂ,ums{j’mv‘hmmgwwaanﬁwmaau SPT Tudszwmalnesaly
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Tasansifuiifnudmasanlunsveaey SPT Tulszmalvouasnansznudendanulunis
nadou 1w () vievoaunieio (1Wu hammer, anvil, vuewas drill rod, sampling tube, Tu1AUDY
[Wonuay cathead), (i) M5 set-up \M30ailo (WU SUUSEUTITanWuIoU cathead, 33n15WY, @AW
U8 rope Way cathead), waz (i) M UfURNsVegeu (Wu M5l drilling mud uag casing luns
wossdavaaang, seduaudnlunisnenildindn SPT (0-0.30 A5 %30 0.15-0.45 lms) Lt
swsamﬂugmﬂ’f@yjamaawé’amumawﬁmaqm‘%'aaﬁauaﬁ%miﬂﬁﬂ’amswmaau SPT wuuseq Litelv
n13 correlation U database fiflagiianugnaasdstu uazlddmiuduuumislunsdavinasgu

¥9ansnagau SPT Tuusemalvesald

Tnssmsifeiléunisaduanusnlasinsifosuuszanuduneld Guganyuanizuia)
Dauuszan wa. 2556 (@it 67/2556) N ivendoyswn lnedrunisvesiasensd sl
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211 pTesflouarguninidmiunimagey SPT

212 tumsunivagdeu SPT

2.1.3  A199189IUNANTNAGDY SPT

2.1.4  damrsszdnsziglunisvadau SPT

2.1.5  wesgruseqlunismageu SPT

AsUSuLAnGE SPT

221 MIUSuLNRanIEnuaINUSHIUWa 19U

2.2.2  msUSULNRANSENULINAIILETIN U1 (Rod length)

2.2.3  nmstsuunuansgnuainauaunaviu (Overburden pressure)
224  msvduudiismnseduildiu

NISVIAABUIANWAIIUIN SPT

2.3.1  gunsaldmsunsiawdsnu (Apparatus for Measurement)
232 gunseldwmiumsia msdanis way msuanstoya
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1.1 fnuazanuddyvasdymiiiinside

nMsvedaUEEaNEanasg L (SPT) iueiesfionaasuduluaunuiiimnsugivihlantew
'L‘B‘lumslmzﬁwswauﬁm%’umsaammugmsmﬁ"ﬂﬂ USinunisesniuugus v luuszanu 80-
90% axlddoyaRuannisvaaey SPT  Snvisdaimnuduiusuninedlivszinuguandivosdiu
Ly AuENAsasULsIuAMuisenly Amuudasadou  aruvuwduduEms AINTARD  Uae
ANUANIaluMsyUi

NINAADUITNZANZANIIATHILTAULUTUTIULAZAIUUANA NYDINANITNAADY Vi
iwszAnTmeaeulFLUsHNFuRURSsuitdenoluginssuend  avdudeldSuiinsAnundetasded
muquﬂ%mmwé’qmuﬁ %anwsﬁnwﬂwﬁmun%ﬁnmL%'aamwm"%waaﬁmandaumwnnsswu n1g
FapnuduusvesusaInszunnaaattufuansiogldsrusewmenuarlusiumiandensyvonsdd

Y «3

NNANNIANYINUINEIN1TULUIHUTDINFINUTUNITNAFDULIRIENEANEANUINTTIU BEUINTENI

] [l ¢
< e o

36-82% lawindvagi 56% neldnsmeaauund lasladeiiddyianiiinansevusenanisaaay
ErgVzaInnaTuAsUS NN mdIuids Uit wezanszuuiunen agnslsinudilieg
finsTandinuvesnavaaeu SPT dmsumsufjiilulszmelve aviuauideiFdnudmdan
lunisvaaeu SPT veuadasiouariimvaaeuitlsluyszmalnelasiiunuaulaluiisiave sy

ABNWUUANNY Al dueenlativ, suasniawd, wazdunanviy

1.2 IngUssaeAvedlaATiniside

noUszasddftyvedlasinisiduiife

Favingunuugiudeyareanisadeuianenzavrarnnasgu Wy slinveae3eaiie, N3

Usznauiadesile, uazismsufiinmsveasy

- enuuUKarUsERNIAselafuuuilEIandsulunisnadsulansnzanealunasgIuny
uATgILiTTe

- #9297 ANEIIUTDINITNAADULINTNEGVZANUIATFIUIINFUABN LAY, W, uay vi3U fu
USEMEVAFBUMANEqUTEN

- avemnsUiuuiAmdsnuazauindeievesnsuivuiamnudnuuziaissioasisnis

Yijuensvaaeu

1.3 VaULWAYRIIATINITIY
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um 1 unn

- Wauesaasukuulunisiandaanu SPT lvaonadasn uuinsgiu ASTM  D4633-05 uax

1.4

SO 22476 - 3:2005

R (%

nmsveaey SPT luniaauiuazsieguuiuguvesiuiunsuvny daluitdssmneinuduiu

wileuduarAuns ity
NSMAFBUIANANIU SPT Aenadauvanun 5 Yuaiuaudnveivauvadeulnenisnaaauio

WAHIUIZLSUNITNAADUNTEAUAINLANAILA 10  wnstuly FUNISNAADULITNAEDU

AMAFUIUNVUSENSUVIR@aU SPT

Uszlpvinianinazlasu

@ @

Uszlgauiaiainaslasuannlasainisidetiiinay

mMynauAsostesuLuUluNTTandu SPT
nuiadusgitinansenusendsnuatneiedle SPT
AduUsEASUSULS N — blow count Sunaau (ER)
wugrwwimslunisveasu SPT ‘lﬁlﬁmgﬂﬁmmﬂéﬁu

annsodhlddunumlunisimusuasgiudmsunisnaaay SPT lasialy
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UNA 2 ANSNUNIUITIUNTTH

2.1 MIVNATGIUNIANZANNINTI I

MSMARBUNZANEAINMNATEI (Standard Penetration Test) w3ai3ungoqin SPT feruiaiy
Viﬂmmaw%’ﬁal,u%mmﬂ“ﬁaaﬂaﬂWsmammﬁmﬁﬁamaman%uaalﬂ'l,uﬁuuéaﬁmwanmnﬁmmm
é’uﬁwyuiﬁdnan%mﬁ”’uasawmsa%’uﬁwﬁmﬂfﬂussnﬂqaﬁu?jwsmuama:mmaauﬁaams‘fmﬂ'w
qucﬁﬁaLan%wiaﬁ?wmuﬂ%agnﬁmaﬂ RN NITHRILVLENSEUBNEN, mmmﬁwﬁnéjwmaﬂ, way
fi%'msmaauﬁl,ﬂmﬂummagwusﬁu%ﬁuﬁﬁmmgmmsmaauﬁlﬁ%mmﬁwﬁaq'oﬁ"aerTu 4 1ATFIU
Ao ASTM D1586 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, way
ISO 22476-3:2005 Geotechnical investigation and testing - field testing Part 3 lagluusay

mmsgrufisznaniuesedionitlunmsvedeu TEwssuvaunaaeuaasasulufisnseaey

211 w3ediouazgunsaldmiunisviaaey SPT
SPT Usznausegunsaldssaluil (dauandlugun 2-1)
- fueen: Uwn 63.5 Alandu (140. 62 Yaud) dmiuussmalveniouldly quasnamws waasds

Tuguit 2.2 uae sueenimiv Aswanslugui 2-3

D CAowWN SHEAYEIS) ox PuLcETISI

TYPICALLY T5mm (Hia | WAMITER
AN TPt

eotatmc %
CATRtsd

L LT

SRONNR SHRFACT
% XL Se sty
A

gﬂﬁ 2-1  nsvegauvneavizalmnsgIu (Robertson et al., 1992)
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Diiver weight

— [Vent

2

Internal Anvil

TER

yod

;{f \H,ﬂ Cable or chains
H i
oW

Coupling

Hammer

Guide tube

— e Anvil
L

E‘Uﬁ 2-3 ﬁumaﬂiﬂﬂjﬂ (Donut Hammer) (@nws, 2544)

. & ) 9 v ¢ @ v v
- gusewsn (anvil): 1Wugunsaimdusisasfumsnssunnuasnunenuazdundauludiniu
Wi dentledliiuludsswelne fleg 2 wuu e
a & £ Y al d' ' L
- ﬁﬂgﬂusaamaﬂ%uﬂuaﬂuﬁaﬂ (Knock Block) {ugunsaieqduidennanansasediiuiuane
MUTNT0IUMINTEUNNINALRDN
- gagusawmenyilalasinm (Orive Pipe Assembly) wnngfiunisldaumin (Heavy Duty )
Uszneumeviotn Widrunansuazduuuiiinduadmiuseduanzyiievismdnuun vinlid
N < v
uwiingatlunsglunsougne

- Windu (Cat head): WugunsalislunisenuasUdesinvesiunenivinssunniugiusemen
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- fuane: dnyuradeiuasavioviolldonunaisiniinuduniusensafiege Safulenzegi
AMNENINTEI T 3.0 RS Yanmanndiaivouridsge lasannsanansiafiuaizeiieg
gamnadt 2-1

- pszvend laonssueniniiazuysldeeniiu 3 duu%wumdaumqquaml*’ﬁugﬂﬁ 2-4 1oy
nsvuenriasvhemudniiudause enusausinssunninintu

- viewannufu (Casing) v‘iwﬁwﬁéws’]’uwﬁwawqumelﬂﬁﬁwaw fiidusnugnalvun 75-

100 Haauwasunviauaz1.0 - 1.5 Was

A19719% 2-1  YUauazIuNINA1) N UL (Archwey Engineering, 2008)

Rod Type Rod O.D. (mm) Rod I.D. (mm) Coupling 1.D. (mm) Threads (mm)
EW 34.9 22.2 11.1 76
AW 44.4 31.7 15.9 76
BW 54 38 17.5 76
NW 66.7 50.8 35 76
HW 88.9 72 60.3 76
42 mm 42 32.2 22 102
52 mm 50 37 22 76

OPEN !

v /i /4 I/

TCTET 77

i
é O

1Y

A=25t050 mmB=0.457100.762 mC =34.93+0.13mm D =38.01+ 1.3 mm

E=254+025mmF=508%13mmG=16"t023"

gﬂﬁ 2-4  AINAALUIVINVDINTEUBNLAUMIBE1I (ASTM D1586, 1999)

msnsaadingunsal neuilasimvagay nszusniiumIBEtuasMuNZIEFodlaTuNINgIa
anmnaunnAsILasndInnsineasukuluUsvinn 20 adwaziaasdislunisianwdenu
IrFaInsIvaaUNNAs It ntoenng 6 WauieliiiauiilalunisinAseglunisveaeuazla

sy
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212  dumsumsveaay SPT
nsmeasy SPT laevhluudinazveaouidletanzdnasluud 45 wudiins (1.5 Wa) nioilei
Tyauvenitlidsuduriinvesiuiiinrmuduiuinsfuiunssuenuidld vuianieluveamas
\12ABAEUUINBYTININ 75-125 fiaduns (3-5 ) dlussuismsansdudyeediauinivh
mstngshulimzaasluusdeainisasiufinanemseliseineiissszivinls
viewmaniudussilugunsaliigloatunissuniunielunamazuasazglvinisiaizanse
FuiunslUldd sesursamanlunisianslagldveanaturesasauaugualissdunielunauians
siloszduilifunasainan  hadume Mwiswuumslaseldingaluiunse ud
wetuiindionaazdodiuaziunioiiazuuuaninun  Wagsudseduiidensasmadon
SPT TWreegisiuansiuiniiedeuiiaisildifunssvenfiufetasluiessyiniiedsu
SPT Taviitumaunisnaaousil
- wdmnnseiouvanuisseduiiteanisfiasvaasy SPT Wiusznaunsvuenifiusmaetiadiiu

MusuatuliiundwiniuAsyUdesasdnuvauag131d

Y

[N

14

- UsznaugiusswmanidniuiuIsiar inssesnnuatsn o dydnwalld 3 duvusiumisas

15 @3, (0.5 Wa) WAINTEUNNFUABNAUFIUTDINDNTANEL 76 93, (30 117) laglvmnadluaeng

o i

fasziian uarlumsendureniuarléizmeiudonsuinindfsnmaiudenasiiogansdnumy
fio agiearsiaintu (2'/seufusgdauuianiiu (17/,500) awgui 2-5

- Wenszunnaununszey 45 g, (1.5 1) wavszwinsufidusuuedidinseunn Guiinen N AL
mnmavadeu Taglunstuiind N du avtuiinenfinseunnlugag 30w (1 W) vdavimiy
w1z Tleae 15 9. (0.5 We) wsntuan N fiuldesiinansenuainvesvariildiansiliay

USI0YI9 15 9. (0.5 wm) wsnasa uudanssas 3sbinen N Tugastiunsiuee

- OPERATOR
H HERE

OPERATOR MERE
TOP VIEW SIi0E VviCWw

GOUNTER GLOCKWISE ROTATION (1% Turns)

T —

‘OPERATOR HERE

OPERATOR HERE
TOP VIEW SIDE VIEW

CLOCKWISE ROTATION (2% Turns)

gﬂﬁ 2-5  dnwairnswureadeniievinivaaey SPT (ASTM D6066, 1996)
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2.13

NMTTIYNUNANITVNIOEDU SPT

Tunsveaau SPT @aadinN155189UNaNSNAADUSIT

214

Fouavaoufianzdrsne
Fovounany
unariBunazasaeIn1ardse
syt ldAy
Snvnznsiasunlaswest iy
AINEIVIFIDENTANZETI9
AMUANUDIRIBLN
ANEID I BE TR LS

unutulunisaen (Blow count)

Jan55eiinszislunisveasy SPT

Tunsveaeu SPT 1i9pA155L 190U

2.15

seiuiluvauang  dosiissiulndidsfuseiuiliiulussausdidielitminnaiu ity
waulnaifssluanimisy

uiafuny Ol Rod)  #ldsiealidniAvly  (dusiugudnanaliiiinis 4.125
wufing) fartuiueizeraianisldweluguaissewininsmengniuimin
wfodinmsduneiuiifadennaasuiniinsuasssumendoniudenludnumusnnsudesan
Tnedasy wioldl¥ A1 N gendianuduse
tnvasulaimaziinnisaaunaunIsanasy Standard Penetration Test 3z#BININg
Samquanzlmilildnudniideins innedliduvauazlmi asvilivamenszueniiaay
vufuneioauaundanfudmmefoduendunmefitvuadialugnimesedulus s
fierudniueardwalvirnisvadeuaamaiou

vifunsRaovanmueanszuandt Megluanwldould lasanwnisusznunauungives

NSLUBNEADITAAEN DNsruanNNUSENUATVANLLUNEMA DI LLTNYS piUasuTwl

e lunisnaasy SPT

=

Fafinanummualuntidunisaguidleanudfyuediinsmageu SPT InuasgIusieg

2.

waztoazaMuglaiiemuuanAuawRazIasLlaldasuneasBenliluasei 2-2
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YN 2 AISNIUVILITIUNGSY

A1 2-2  SIWASBEARIIVBINTFIUNTNAADY SPT

ASTM BS ENV SO
UIRTFIU
D1586 - 99 1377 - 1975 1997 - 3: 1999 22476 - 3 :2005
Auaan 63.0 + 1 65 63.5 63.5
(twmin) kg ke kg ke
JEyzen 0.76 m £ 25 0.76 0.76 m + 10 0.76 m + 10
YOIGURDN mm m mm mm
ANy ALY | 1y i Y
MIwulen mudu 53y 2y sy
U 2%, 14 Tai i
90U 1% TEY Y Y
nsruBnLiuI9E1
duvh 25 - 50 76 < 75 25-75
(817) mm mm mm mm
dunane a57 — 762 457 > 450 > 450
(8172) mm mm mm mm
gy T 152 > 75 T
{817) 3y mm mm Ty
38.1+13 35 35+ 1 35+ 1
- @'lu
mm mm mm mm
508+13 50 51+1 51 +1
- ®uaﬂ
mm mm mm mm
Ty Ty
N cosrect N60 N60
| ¥y I8y

2.2 m9usuunma SPT

nMsvedou SPT ievhdn N wnlddesiinsusuudarmaniunouiioweindiilduiginnis
V\maauﬂv’ué’nﬁmmﬁﬂwmﬂaq%qﬂaﬁ’ﬂﬁﬁﬂﬁﬂ'wmnmwmaauﬁmmﬁﬂwmﬂﬁ 4 gevan (lusu
MIUsuLAALSuNaTL) Ao nsUTuLARansEunUSinamdsny msufuuduansevudiiosann
AMHENINULANE MIUTULARANTENUIINNTEUBNAIBE LA TUTULARAN TENUIINTUNANGIRNE
wrpghalsfimnundinusuuinansenusneitldnansnludii fdesusuuden N U7 60 % Fsanansa

wamansusuud N’ uiadlainsaainisy (2-1)

N60’ = CN (NF)(nl) (nz) (n 3) (nq) (2_1)

2-6
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e N’ = Aruutulunsren iy SuLAnaay 60%
Cy = ArlSunALasRInANNRAunNaYIU (Overburden pressure)
Ny, Mz Ns MNa = dUsz@nsusuuinansznusiquandlanmsem 2-3

A5 2-3  AndasEansUSuus (1) (Bowles, 1988)

Hammer for T, Remarks

Average energy ratio

=
Donut Safety
Country R-P Trip R-P Trip/Auto R-P = Rope-
uUs pulley
/North 70- or cathead
45 - 80- 100
America 80 N, = E/Ey
Japan 67 78 - - For U.S. Trip/Auto
UK - - 50 60 w/E, = 80
= 80/60
China 50 60 - - i
= 1.14
Rod length 1M,
Length > 10 N is too high
g N2 Loo - g
m forL <10 m
6 - 10 0.95
4-6 0.85
0-4 0.75
Sampler N,
Base
1.00
Without liner value
With liner Denes N is too
0.80
sand clay high with liner
Loose
0.90
sand
Borehole diameter ™M,
@ Hole {mm)  60-120 1.00
150 1.05
oversize hole
200 1.15

2-7
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221 nMsUSULIRANIENUINNUSUIUNANY
TunsuundUsmunduivasdoiinistandeauainnisnaasy SPT  nowu @<lunisin
WiNuLBINTVAdEY SPT 1 fiFSnIvaaouogasaLuu Ao Ao EF uar EFV deusiiuiuasdings
nedaULALE EF wintuliieeanasionauty 35 EFV awnsavinldendslidesiinisvaaauannin
witagiuds  erv IEumswanliinsldnuinetulossylilumesgiunsweasu Sandany

(ASTM D 4633-05) Tiilu3gvldnaaeuiawd 1 uneinsiansnegneanuinsgu

(a) Force Squared Method (EF)

Schmertmann and Palicios (1979) fuwuds EF- 1) 1977 Taeldmdnnislunissiuusadn
sefy Furlinesiannuesoadalusuntsiuuuiassua ez ausiidianeain
sumenlugmuian  Famdsnndnyinaagiooninit awnsovindsnudideaisaindunenluginu

Wy e ltaunisnisAulusaanlaluaunisi (2-2)

At
EF? = [[F()]dt (2-2)
AE?
Tedi A = Wuilestuens

C = Usran 5120 m/s

E = lugdadeungurasmuiaiz (modulus of elasticity)

B - Yhinamdnuidwaldainnsmagou

F() = usslumuiany

nsfandanuiidsdeanduaenlugiuanzlaeds e dinsvaaouBooun TnoiEudusd
1980 §1 Kovacs (1982) ldvihnisvaaeunsiandanuves SPT Tasldldsunoniewi uay Tativ Ty
mMavhmsideassisarimemanuduiusvesiuuseuiivuiumnufazmngantunaaaou
SPT  annilandanasineuideadsiansaagulanuddgléan funeniewd aeildszdninm
wnnndlunsdeveandanuandumeniuginunsiennanawgiiduneneiaiinsmuveauszes
msannsznuldutuoundmsugumenlatmiinismuaumsmnnssnutusgiunsmiutuyes

nwoaou  SPT dududiulvgy deiudeinlilszdvdamaesunanegwiuudnitsueenlatv uaz

11
aa

1w 2 sou Aeruuzihfianganlunsiudonduiiniumsziinisdaendanuldaiagn
(b) Force Velocity Method (EFV)

Abou - matar and Goble (1997) THuswazmnuniidmunamdanuidsisnauasniud
MU S ltuesinanuasen (Strain gage) wag LATaIRAINMLTY  (Accelerometer) 8814

a odw [~ € @ o Vo w a o o
az 2 gedannuizilugunsatinndsnutazihAvilaanmsinuAnnuannaunsi (2-3)
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max

EFV = j F(v(tdt (2-3)
]
loevi  EFV = AHINUNUASULUAUDIN UL
Ft) = wsalunuLang
aa ' L
Max = AMRINTUILUNRINGIWIAT 2 /¢
Vi) = enusiiielelufiuang

(©) nIswSeuieusswineis EF U35 EFV

Abou-matar and Goble (1997) lﬁﬁnmﬁanmﬁmasmﬁLﬂswﬁwai’m‘ummswmaaumq
wraranasgy lnemsdnuluadsillivaassluaumusuiisuiumaiessidsanmsaduain
AaNiImDd waznisinunluasildaunislunisandanuuuy EF waz EFV Tnandsainmsdne
aunsnagulawaralud dldnsianduuy BF7 Adildsfionatauszann 10% urdnld svuunisin
WU EFV Adildazesninaoudied

sia Farrar (1998) lﬁsaus’mﬁazﬂalﬁmﬁ’ummmsi’mwé’amu sPT lunsdnwasaiiazifunis
5705W3EMsTandany SPT weaasisiae 33 EF uas EFV %nﬁagaﬁlﬁuamﬂumswﬁ 2-4 \aw
ﬁagadaulwzﬁﬁsausmmﬁ?ud’;ulmglﬁmmn GRL(1993 - 1995), Jackson (1995) way Lamb (1997)
IﬂEJLﬁﬂﬂ’]ﬁ@ﬂvaﬁxﬁﬂé’]’JiJ’]LU%EJULﬁEJUﬁJULﬁEMW{JIE]LLG]ﬂﬁhd‘uaﬁgﬂ’]ifﬂwﬁw’mf‘ljﬂ 2 aunulaindoya
299 GRL U Jackson tiufinsdaudatueg Ao Touares GRL azaguliindniadeds e axldrgs
n1135 EFV Lfiaamﬁ]mqmﬁia‘umﬁwmmzﬁﬁiaLﬁmmswaau A9 Jackson ATIAMEAS EFV auil
than’hLﬁmmmnmmmwaaﬁmmzuaﬂ%ﬁmLmzLLU‘U AW

waantuliuiu Butler et al. (1998) IéiuFeuitunsiandanuves SPT  TasluSouiiiey
afall WWunsiSoudisuidnsTandan 2 33 Ae EF uaz EFV laggayalaviin13TIusIngnan
GRL Lﬂiuﬁuimamam%auLﬁsmﬂ'%u’aﬁa'gﬂlﬁ’h AT anasuie3s EF %ﬁﬁhqandwmﬁi’mwé’qmuﬁw
3 EFV agszanm 10 Wesigus uazdnen N NN 50 A8nnsTandanudieds EF liawnsade

ale
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A5197 2-4 Yoyan1TIAWaIU SPT mMeds EFV uaz EF” (Farrar, 1998)

Date Series Hammer Rod N Avg Avg
/Author/Agency Type Type Blow count EFV EF’
1950/ CME
AW 86 86
COOT - USBR Automatic
1991 / Sy Safety Hammer
AW 60 54
/ UBC study NW euide
1992 / Frost Diedrich
NwJ 14 89 100+ *
/ Diedrich Drill Automatic
1992 / Frost Diedrich
AW 14 64 85
/ Diedrich Drill Automatic
1993 / GRL Safety
N a8 50 51
/ Texas A & M Hammer
1994 / GRL BK - 81
AW) 59 66 67
/ ASCE Seattle Auto
1994 / 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 Spooling Winch
1994 / GRL CME
B-6 AWJ 58 73 74
/ ASCE Seattle Auto
1995 / GRL E-R9
Safety AW 21 82 61
/ Oregon DOT -1
1995 / GRL B-R3-
Safety . BW 37 61 61
/ Oregon DOT 1
1995 / GRL A-R8
Safety BW 27 78 82
/ Oregon DOT -1
1995 / GRL B-R3-
Safety 39 65 65
/ Oregon DOT 2 BW
1995 / GRL A-R7- Safety
27 48 54
/ Oregon DOT 1 Spooling Winch BW
1995 / Jackson
Safety 67 58
/ B.C. Hydro AW
1995/ Jackson Unknown
95 89
/ B.C. Hydro Automatic AW e .

1 2-10
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1995 / GRL C-R5- Mobite

49 62 60
/ Oregon DOT 1 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-RlL- 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

HUNBME * area probably wrong

F19NNIANY M ATIIH UYL TRy #ila 1B eie ilAnuasgrudmsums
MARBUNITIANGNU SPT AauInIgu Standard Test Method for Dynamic Penetration (ASTM D
4633) uar Geotechnical investigation and testing - field testing Part 3 (ISO 22476 — 3) lngws 2
wasgueduefanyiandnulunsvageu SPT uwuuds EFV Fadudsaldnissiuuswuazainumdy
o181 lagunasgiune 2 ina1ndneeiy szasuteisgunsaifiltlunisiandinuanlufasuius
NAFBUNNTIANAIY

' [l I3 Gl v o [l v o o v L v a L @ .:‘4’
wiipgalsnauniigilistviguaievinulalimuugin ldauiunnuSinmumdanu dselud

TAULERNIRINITIIN 2-5

A1TINA 2-5  Analusnd@ S UNSUSULA LUNUS I AME1Us199 (Bowles, 1988)

ER, Reference
50 to 55 (use 55) Schmertmann (1979)

60 Seed et al (1985) Skempton (1986)
70 to 80 (use 70) Riggs (1986)

2.22  M3USULNRAaNIEMUIINAILEINULAE (Rod length)
Morgano and Liang (1992) laAnwi3amanIznuanNAIILeIueINIuULRIERonNTdIne
nasuveansaaeu SPT laglunisvedeuarilasuulamiue1nuesiiuiaiy fail 3 6,15, Uaz

< A o v N : P @ 4
30 WANT FALDVINTNAABINUIINIUINZNLANUETININAIT 15 WnT Asidasundasnasnuazidy
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Sasvlifiusnniin uailefumsfionndosnin 15 wes mswasuwamdsnuizanas aulidiu
dumss Fevilannsaasulitn nmsdadendanuresnisaasy SPT dlevunavesiuasdunty
15 wms azdiwwiltuanas -

#oun Daniel et al( 2005) l#asr9asunansynuitintuainduenzlagldsiusinauisonls
LAEASITABUNANSENUVOIAIUDNE  Fenavossisentegiuuanildmnised 2.6 wazwld
WnsAnwdndnavestueIzasuiy wauitereanlileisnistanduwuy EFV 3a
wansnannadsediondionaiduluginldisnsiandtuuuu EF Taeannuemvesiunsdild
Tuituadsiiiuiiogassaiuenife 3.9 wes uay 6.49 wes deagulddn fianuen 3.49 wesil
AUSULAIINTUIRANMIEMITEI T IUEITITU 0.71 wasfiaamend 6.49 ddrusuudainvuinainy

&1IUDINULAIZIVNNY 0.97

A5 2-6  agUAUSULARINTUIAAINENIVRIMURILINNIWITEEN (Daniel et al., 2005)

Rod lensgth correction factor

Rod Seed et Skempton Morgano and  Youd et al ASTM ENV
length al (1985) (1986) Liang (1992) (2008) (1986) 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
a-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

2.23  msUuunransznuInAusunaiu (Overburden pressure)

Skempton (1986) IFAnwRsITuEsInansynuInALFunasunsluauLuasnadauly
WouliiiAn1s Sawmudndn N Aildanntsmageuluauuddtlinsstuanmduess dnfusiesdins
Ysuufien N Tngannsauuudldanauniseeluil

N, =C,N (2-0)
Wedd N, = a1 N fvSuudidosananudunaiu (Overburden pressure)

Cy AduUsEaNSUSULALLBIRINANUALAATTY

MuSuuden ¢y azduAsunfiilesnnausunaiudsluguil 26 suliuwuinuAniies o

Usuunan Cy fldinsnaaauiionsslusfninium
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SPT Overburden Correction Foctar, Cy

o 0.5 1.0 15 20 25
O ' s e
- -
0.5} ’
o
a
~
e 10} 1

T, sveeess Peek, et of,, (974
o ——=— Lo ond whitmon,
3 sk 1986 -
g e e Shempton, 1986
5 Coarse 30ads
N —— Skemglon, 1986
5 2ok Fiac 10nds -4
“% K e Shemplon, 1986
£ 0.C. sonds
& ———— Setd, 1979

2.5) ] Sued 19" |

. as-ace Saed, 1979
if o T0%
3.0 i . ' l

FIG. 4 C, Factors by Various Investigations (20)
JUN 2-6  ffuuien Cy Mlaanauidesngs (ASTM D6066)

Peck et al. (1974) wauam Cy lapannsaruiaildanaunsi (2-5)

20
C,=077log| — (2-5)
0' "l

o o ) 2
oo o, fiwdsodu kN /m

Skempton (1986) 1AA1 Cy 11INNIVNAEBY SPT I8INTASLBEALATNIIBVEIUTIANTEO

wandldfiaunsh (2-6) uaz (2-7)

o a < 2

aMIU MSBazLoen cC,=— (2-6)
1+ ov

. . 3

dusuNIIEVEY c,=— (2-7)
2+0ov

- o 2
oo o' fwdodu kN /m

Liao and Whitman (1986) lefmuaaiusuls Cy amannisi (2-8) saseludl

95.76) "
c( - J 28)

O_ 1

v

= o 2
ool o, fwbeodu kN /m
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NANSENUINNANUAUNAYIU (Overburden pressure) aztinduludunsislagaziinnssnsianydl
ANHLLLlaeEinTas 19wl G IR NTUAIUSURAAINNANSENUT G9A Cy HuIzLaRIlas

AN 2-7

a5eft 27 AuTuud Cu MAAHANTENUIINUTINATTY (ENV - 3:199, 1997)

Type of Sand Density index Id (%) Cy
40 to 60 2
Normally 1+ OV
Consolidation 3
60 to 80
24+ 0V
Over
Consolidation 1.7
(OV',inkPa X 10 ) 0.7+ 0OV’

224 mydsuuiiiiosmnsgauinlaay
dmsuAuniinunnazidenunuisfunienneuiieglaseauinlanu Aveavzalwinsguile

INNTNAFBUADIUTULA Laganunsausunalaanaunsy (2-9)

Ncorrected =15+ O-S(Nmeasured -15) (2-9)

23 MvaaauianaauIn SPT
23.1  gunsaldmiumsiandsanu (Apparatus for Measurement)

gunsaiduilaziudinvaansiandinudaansaialanusuasanusuansiagui 2-7 oy

2
@

wiinnnmdnsdadeiuiumunzdagiiamenlidesnii 600 uy. drusumisiiiadgunsal

Satunzdesdansrannnnduuuaavesgunsaidudenanilidesndy 300

- guUnaaldmiuTause (Apparatus to Measure Force)  ugunsaifildfaussiliintuseszosina
Watausuiledouinnisnseny Taeasld foil strain gages sEation 2§ Ao9ATUUL full
bridee

- guUnsaldmuTnAIILSY (Apparatus to Measure Acceleration) HurdediofldTaninutss
Antuanmsvhmsnaasu SPT lagasyinisiaudnaiiumg Wwelaarssenaiiiatuiu

AMURIZIAPUABNNTENUFIUTINDN

2-14
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F
- 1
. 2
Key g; g
1 Anvil r\_ﬁb///’/
2 Part of insttumented rod T | e A
3 Drive Rod ) @4,
4 Strain gauge (measuring transducer)
5 Accelerometer T I =T UL
6 Ground b 6
F Force ‘:}——ﬁ- 3
o Diameter of the rod -

Uil 2.7 gunsailiTandanunmsvnasy SPT (1ISO 22476 - 3, 2005)

232 gunsaidmsunsin N3danis waz nsuanitaya

Tagluwdl N1s9anIstAefuNISUTUTN WSILazANuLSIndInnsiinfauinn1snsznuiu

FIusawan Izansansyvilanuisuludsialud

JEUUBWIGN (Analog Systems) AIMRvBIEIMALADITT aEsENIN 2 kHz wialifu 5 kHz

JEUUATmea (Digital Systems) Audvedy uleneatn ogsening 5 kHz wialiifiu 25 kHz

gunsaldmiuduiind sulugUnsalfivuiindygaiidivun senal lneitasediodn (sensor)

D)

'
s = ' @ t

IzRvIlinINaINIsnogNtaedn 12 Un wazdygiuiidwmisunaindindygiuusazdinesy

&

Tuane 50 Tadiuv

gunsaidmiumsinnis Ae Almeansuiuaes Meglediesisinavesdoua laeanidunissiu

ALSILALANILTINLANNIINANSNAEDU

gunsailunsuanstaya Wugunsaiiasuansdyyiunin uswazainsisaninluglvenswie

233  msigudsu (Calibration)

gunsnidmiuTause (Force transducer) lunisiisuasugunsalinussagsnatinnuianainli

fiu + 2 % gUnsalfessuusIng1eloy 70 %  VRILSIVIIVLA  AMSIBUAB U DAUINAMTINAR
Usgndua (A) AMLALADININNATT 5 % U89 NULRLLAN LasN A, = F/EE 1ila F Aplsaniann
msin £ WedaveunaniiAuviiiu 20600 MPa € fieA1 anuAuiiialaninmsifisuasy

gunsaidmiuinaauss (Acceleration transducer) nsUiuuARpsliFAuEanaInisaulle

fasbitfiu + 3 % nsusuuivinlalayldaaufiuuis Hopkins in " s Bar

AudtunsUsuLd Aeanssitedaiasevsanseindurdiiamiduteivuarasusunenin

wsanng 3 U (ustadey
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2.3.4  msufuanns (Procedure)

dunantsnaasunisianzudniuneu tuiinteyasiegsiufs viavesiiuny viavesdeu
FnnusaureInsRUlen AugeINIsInNIENUYBNIRen way slaveuaiouais sy
answazdenvasaouiviagiinmeaey ildlynvieguasseudeliedndls

Uuiindeyavetgunsalsingg wuiuzindurislwy auiamiisawinls wazsiuinaueiain

gunIalinusaludIgnasgave NIz
RAYATALTIMATAULTIVIUUUVBINULA

fnA3alindn (sensor) Aeeialunisiuiingl dan13a1 TINVIRTIRdeuAmTIiadey wazfowle

Taunsalnnsiegluanmldanule
lusgninammaaeugnadaud o IvduinuA T wuaINsTUInNaDgaNe

dunanauduRusIEninanse way AuSIoduANAUAINAIEA BT A NAGIETULIN Ad

waeslugun 2-8

'
Yad

IaAeENaiay 3 sEAunsain iananfaullu 5 syeu

1

ANUIUSUNUNAIIUINANNISH (2-10)

ETR = — 1Y (2-10)
input energy,E
Tgdi  EFV = Usmamdwiueinnsveaeuianday O)
En = input energy =Wgh (475 J)
W= dhwilnvesdunen (ke)
¢ = uwnliuhsveslan (m/s”)
h = edwaweinsensusen (m)

NTIANGRIUINNIVAGEY SPT find1uvianue 2 u1asgiutuanagaylidilefieany

unnAnvagUIvihmsaguiialiidnlalaftiu - damnsen 2-8
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-L-—_ \\**?if\#lgé

325 me

30 30
kips ] hﬂ‘.}
1 "
I A 1
. AN .

!n ‘\"‘1‘ J'h\‘l Lllf Q. Il‘n,‘tl LA s eora
\f

o 4 M

i
I N

Mﬁw 25.6ms

31]171 2-8  AMUFURUSTININAUTY dae AN # 11a1 IINN1SVAasU SPT (ASTM DA633, 2005)

A15790 2-8  TWaLBYARUBWIRTFIUNNTIANGI SPT

WINTFI

ASTM D 4633 (2005)

ISO 22476 - 3 (2005)

Apparatus for

measurement
AIUEND
YU
Munsiadegungal

TINUMNLANTTIA
Apparatus to

measurement Force
Strain gauge
I
N7

N5 Calibration
Apparatus to

measurement Acceleration

Accelerometer

l1daun31 600 mm
YUIRLAY ITUNULE
lutfesn1 300 mm

lLivsenan 3 Anudn

4 ¢
Full bridee

accuracy with in £ 2%

Talsgy
Tszy
10 d,

lLidpenin 5 anudn

Taisy

et

Tadsey
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U pE1UDY 2 610 laisey
N13ABUAUDA litdpendn 10000 5000 g Fuly
n15 Calibration accuracy with in + 3% laiizq

2.4 nslEATIUINATITRININENYEANLAI RN TFIULRD AT TR AN TR U096
Adutuluniseen(N- Blow count) gnihanlglunismeinuanfisieguesdiuene 9

AnauTRFiiansnldAmMzaneaIna sTILMlaty 93UsEnauiiy NMsTLunUsEInaniy n1svia

Al 9

o @ a =

AANULIURBULUY  Undrained 983auvilyl mMIaviAAnuwiudninsvaddunsie nswiaiyy

Woamnurasiuniie warlugdadanguvaadiuning
241 MSIUUNUTHANYDIAY
nsmunUszavvesiumiievisdun e laeldi191IuATIveIN1TnaNNE AN AN

wistuAueandutuf19 wansswavdonldaannsn 2-9 uay 2-10

A1519% 2-9 AsTunALLdsesRuwilen (Terzaghi and Peck, 1948)

. ANNAISULSARBURUY AN SPT
A133MUN
Undrained (t/m?) N,asy/vn
AuutiyIgauuin
0-1.25 0-2
(Very Soft Clay)
duntlenoou
1.25-2.50 2-4
(Soft Clay)
Aumiisandaiunana
2.50-5.00 4-8
{Medium Clay)
fuwiioauda
5.00 - 10.00 8- 15
(Stiff Clay)
Fumtioaudann
10.00 - 20.00 15 -30
(Very Stiff Clay)
Auauudiann ' ,
17 A7 20.00 1INAIT 30

(Hard Clay)
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AN 2-10  NISTMUNAMNULUBIRUNTIY (Terzaghi and Peck, 1948)

ATSIUN 7 a1 SPT N,ﬂ%v'a/wm
neuaILun (Very Loose) 0-4d
N3wuaIY (Loose) 4- 10
nIwLULYIUNa (Medium Dense) 10 - 30
VIWUUY (Dense) 30 - 50
vseuduin (Very Dense) 1NN 50

242  msmeiidsuusadeunuuliszuisiesiiumile
Terzaghi and Peck (1948) wugthnsmdasiumioauuliszuieth (Undrained Shear
Strength Su) lagldn N finaaaulsininmsvaasuinngmzavzaisnasgiu daanansaduinildain
aunsit (2-11)
S, = N/14.71 (kN / m°) (2-11)
Fedfudt (2526)  wuziauduRuSIEuInEn Su fu A1 N vesdumileiud sduusnues
ngavwe Taseudiusuansldfaunisi (2-12) wag (2-13)
dwSuRumieieda CH - S, = 6.72N (kN / m?) (2-12)

dmsufumiloivda CL S, = 510N (kN / m?) (2-13)

243  MINIANANULULEUANSTDIRUNT Y
Meyerhof (1957) Wuz1INITHIAIANLLULANINGTDIAUNTIY Insuuseandu2uuu As N5y

LUU NC 1ag 518Uy OC FIAAuLUudusing milaainaunis (2-14) uas (2-15)

14

. N
AN3UNIWULUU NC Dr(%) = ,|[————— X 100 (2-14)

32 +0.288G v

14

dmsunsiaiuu OC Dr(%) = = — X 100 (2-15)
32 + 0.288Cm0' v
et D (%)= drenumunuiuduning
o, = Effective vertical stress  kN/m’

Kulhawy and Mayne (1990) tausnismisasmuudiinsanat N lasldaunisii (2-16)

N!
- (2-16)
CPCACU('

R

e D, = AN IUARLILUUEUWNG

(@
hel
i

60 + 25l0¢Dsg
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Ca

1.2 + 0.05log(t/100)

0.18

COCR = OCR

244 MIMAUATUNUYDIAUNTIEY
Terzaghi and Peck (1948) wuzuinsmAtgdsaniuniatuainan (g SeaunIsy (2-17)
¢ = 27.1:40.3(N,)5-0.00054(N )50 (2-17)
Meyerhof (1959) thiausanuduius sevwindmudoayuniglufua N dsaunsi (2-18)
waz (2-19)

¢ =28+0.15Dr(%) (2-18)
N
oV
ool ¢ = aywdumiuwesiune
G, = W kN/m’

Peck et al. (1974) uwuzdIFdwsuMmAumUMILTRRuIwlaglda N Fapiudunus
wan3laaaun1sn (2-20)

¢ =27.1+03N_ -0.00054N _° (2-20)

cor
Schmertmann (1975) wugt13sdwmiumauaunuvesiunselaouanslansaunisi (2-21)
i 1
N

¢ =Tan™ —
122+ 20.3( GVJ
g

(2-21)

Yo

L
el Oy = Uszane 100 kN/m”

24.5  mawmlugdadanguyesiunse
Kuthawy and Mayne (1990) uwugahidwanlugdadavguvasfiunsglaonisuuaiunseg
panillu 3 vilm Ae n1warden Ms1e NC way 518 OC Feanunsauanslaraaunisi (2-22) fia (2-

24)

VSUazLldun E =50 Gy N’ (2-22)
%318 NC E=100,4Ng (2-23)
318 OC T E=150,4Ng (2-24)
ol £ = Tugdadawgu

G, = 100 kN/m’
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e da y aunauae 2.l 3.9ay3 20131
2.5 UIYILA8IUDN s

251  wiaveIRuAeNLAZAYINIUDUNDNTINNNTENY

Kovacs (1982) lddnwi3esninugeiinnniznuresiunen lagiinsvinadesmnadunaud
smuazdmlizseuqdunenuasfinadoiolnly 2 sumisidudiswsinsaasuduaiesiotaiianly
fussinsfuoyiisvey 76 wuRuns30 i) lesunmeasuidueeiiaaliaviausaniu
wioamneidunen duiudaitlfannsedhanuguesiuneniszsavinls uasnsvagouluadiiias
T msfandsauuuu EF°

Drumright et al. (1996) livinnsAinwideswiinuosiunannadey sondanuusyaniuaas
SPT Imsﬂums?mwm'%u’aﬁﬂumsm?auLﬁauﬁuszmwﬁumanmwg wazwuveslaw@n F931n
Msfny Ui Fuponuuvsslaw@niiusyavinmlunsdsdendanufnidumenuuuiswi

Tsai et al (2004) l§vinns@nwTeawansznuainiinvessumnen SPT  wuusnsglasly
msfnwunldfou 4 suuuueszusznoudslalv 3 sUnuuwasBnviiuewh FaiiisnsAnulag
Ms@n Force Transducer VUWYILSBINGN UazAn Load cell Aufmuiamziiioinnisdmendsay
sewhadueenfumuity  uikausIngIwanssnuaIndunenia 4 wuuiinanssnutasann Adile

MnNsadauinulnd@me iy

Youd et al (2008) lvihms@nwuieawdsnu SPT sersgevesdumeniinnnszny tnelu
NSRRI R TANE 1 UL UUEFY LLaSLLU'scTummqwaﬁwzniswwﬁ’aﬁ 58 63 71 uay 76
lURLNS(23 25 28 uaz 30 UFsannansnadautiulinaseningiiiie fisvuzannsynuii 23
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Energy ratio of SPT practice performed in Thailand

S. Yimsiri

Department of Civil Engineering, Burapha University, Chonburi, 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: (1) development of SPT energy meas-
urement system and (i1) measurement of energy ratio of SPT practice performed in Thailand with different
types of hammer. The energy ratios are determined by both FV and F? methods and the comparison is
made. The energy ratios obtained [rom 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.

I INTRODUCTION
The Standard Penetration Test (SPT) was devel-
oped 1n 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, (i1) the procedure is easy
to carry out and permits frequent tests, (ii1) 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 [rom 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. 1. 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
ol 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 drilt
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. Unlortunately, there is no
study about the energy ratio of the SPT practice
performed in Thailand.

2 STANDARD PENETRATION TEST

IFig. 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 1b)
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 1n.) 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 DI1586, 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).

392

.. Cthe > Wikt
e {amwer Wiigha

Teip Hammee

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

Kovacs et al. (1984), 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% by the con-
version in Eq. (1)

ER.(%)
60

Based on the data summarized by Skempton
(1986) 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.

(D

3 MEASUREMENT OF SPT ENERGY

The measurement of SPT energy has started since
1970s and based on the force-measurement con-
cept (F? 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



Table 1.  SPT correction (Bowles 1996).
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end of the rod causes a large reflection, Eq. (2)
1s integrated to the time of the arrival of the rod
tip reflection (2L/¢). If the drill rod is of sufficient
length, then the energy in the rod will have been
transferred in the inttial wave cycle. However, for
shorter rod lengths, energy transmission is not
complete at the 2L/c time.
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D= I{:

where
A = cross-sectional area of drill rod (above and
below force transducer)
¢ = velocity of compression wave in drill rod
(=5120 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
1s currently a sole method for SPT energy measure-
ment specified in ASTM D4633.

E = [ Fw(de 3

0

where
max = time ol maximum energy transmitted to
drill rod during impact event
v(t) = particle velocily measured in instrumented
driil 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
ol SPT test (475 J).

\ bi 0
ER,(A)):—E-:XIOO [ (4)

4 DEVELOPMENT OF SPT ENERGY
MEASUREMENT SYSTEM

TheSPTenergy 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: (1) signal measurement,
(11) signal amplilication 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 (Llwo sets each) to
measure axial force and acceleration. The load cell
1s made of 350 € biaxial strain gages connected in
full bridge. Accelerometers of 10000 g capacity are
used. The photo of the signal measurement system
1s shown in Fig. 5. Signal amplilication and con-
ditioning part has 2 functions: (i) supplies input
voltages to both the load cells and accelerometers
and (1) 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 lor
load cells and accelerometers are £2.5 Vand +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
+100 kN. The calibration relationship between load
and output voltage 1s shown in Fig. 6. The calibra-
tion factor can be calculated as 122.198294 kN/V.

The system 1s installed just below the anvil and
above the first drill rod (o measure the energy
transferred from hammer to the drill rod during
the SPT test as shown in Fig. 7.

393






120 ™ T 5
f\ 100 {4 ik S force | f

- : Ll velaciy

Velocity fmA)

— Hammer

[:___}““' Anvil -80 ‘ . 3

Force (kNJ

0 2 a 6 8 10 12 14 16
fomcrmmcais SPT energy Time {msec)
measurcment system (a) Force- and velocity-time data

400 J-miee

Drill rod
Casing

350

300

250 4

Energy {J}

Figure 7. Location of SPT energy measurement system.

o 2 1 6 8 10 12 14 16
120 3 Time {msec})
100 | Foce (b) Encrgy-time data
80 % s : ]— — velocivj| ,
€0 , ’ Figure 9. Results from safety hammer (depth 32.0 m).
- v AN e
Z 0 [\_l' ~ E
g o Lz
g a0 %
>
40 1
60 i - ¢
-BO 2 - A T orce T
100 — L-— — VEV|D("V 14
120 3
0 2 a4 6 8 10 12 1a i6 . A 2 z
. z hohts DAY £
Time (msec) = e V0 O ;
L v pe S SRR i o £
(a) Force- and velocity-time data b4 ot T NA %
* -40 2 ;
400 60
-BO
350 100 4
00 -120
3 140 o

Time {(msec}

—

a} Force- and velocity-time data

Energy (1)
[

|
]
|
1
[}
¥

90 S S R

Time {(msec}

(b) Energy-time data

Energy {J)

Figure 8. Results from donut hammer (depth 26.0 m).

analysis from donut, safety, and trip hammers are
shown in Figs. 8b, 9b, and 10b, respectively. All
results are summarized in Table 3. wole wowoR o
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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. [t 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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