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Wzdivuin 0.08-0.12 WA wazfiAn1en13ruveInIIull 2 LuuwakuurgunIUdNuRnIlAsuAY
faundwuunyuainduuiing gunsaldmsuiandsnuaiuisaudsesnld 3 i fe gunsalin
w1, aunsalvenedynin, wazgunsaltuiinua dmsugunsalinndsnulsenaumieinuany
¥l AW 0.83 4., Load cell 2 90, Wag Accelerometer 2 4n gunsalvenedyaalsenaunieyn
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Standard Penetration Test (SPT) luiadssilonaaeuiluaumiiimnsugivalandesidlu
nMsedrsefudmiunisesnkuugusniialy UTinmnisesnuuugiusiniialuuszanm 80-90%
ﬁ]xslﬁi’f%'a;gaaumﬂﬂ’]iwmaau SPT (Kovacs & Salomone, 1982) gﬂﬁgﬂgﬂﬁ correlation mﬂmamﬁif
SPT N-value Lﬁaﬂizmmﬂmamﬁ@mmﬁu’gu‘] w1 allowable bearing capacity, shear strength,
relative density, settlement, ae compressibility pg19lsAmunanIsnagay SPT avdAlny
wusUsIuLazil repeatability @ (Coduto, 1994; Kovacs & Salomone, 1982) \esunanay
LUTUTINVBIUTHIUNEWILAINTFUU SPT Anaqiu Beusiinagdanuneguiagadianinsgiu
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dmiun1sneaau SPT (ASTM D 1586) Adsmsiinnulinssiuvesnisujifnisveasy tnedadedn
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dANgANInanTENUAoNanIINA@oU SPT Ao USunavesnasundslun drill rod 210 hammer
and anvil system azuuAUEIAYIDINITNAGOU SPT ADn1THMUN reliability Lag repeatability
YDINITNAADU AD AUAILITALUNSIASUNANITNAADUNANTINUIIN site Nian AT uialy drill

rig @199 Fedmu SPT WU repeatability wag reliability Yusgiusiinveuniale, 35n15naaey,
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aztulasainideiisldgniauetudieAnvidmdsnulunimaaey SPT lutsemelnouas
ansznusendalun1Ineae 1wy () viavenaiesdle (WU hammer, anvil, Wu1aves drill rod,
sampling tube, 1A TaNLAY cathead), (i) 115 set-up LA38aile (WU S1wIuseuiFeniuseu
cathead, 350131y, @n1MUD4 rope Wag cathead), waz (i) IN15UJURAN1INAaU (Wu 1914
drilling mud wag casing Tunsnganimauiang, szdunrwdnlunisnendiléine1 SPT (0-0.30 wns
¥30 0.15-0.45 lm9) erwsmidugudeyaremdanuvesiinvounissilouazidnisufiinig
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Y a o

NAFOU SPT wuus99 Welinns correlation U database NagiinuanA8TU Lagldd1usu
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Tnssmsisedanumamdnulunismagou SPT ludszmelnewasnansenudendenulunis
Nagau LU (i) %ﬁmmmm%aﬁa (14 hammer, anvil, YUMY84 drill rod, sampling tube, VU1AVBY
\Fenuag cathead), (i) N3 set-up w3adile (Wu Siuseufiidenituseu cathead, 35015, anm
Y93 rope Wag cathead), waz (i) BWNsUHURNMAaRU (W N15LY drilling mud wag casing Tun1s
wesnavguiany, seAuauanlunisneniléinan SPT (0-0.30 wns wie 0.15-0.45 lwng) Lile
runuduguteyavemdsnuvesiaveuniowlowayiinsuftAnismaaeu SPT uuusinee Lilels
n13 correlation fu database fiflogfinrugniasdsiu warlddmiuuuumdumsiainasgiu

Y99n15naaau SPT Tulsywelnesall
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Yimsiri, S. (2014), " Correlation between SPT N-value and friction angle of local sands in

Eastern of Thailand”, Proc. 7" ASEAN Civil Engineering Conference, 7ACEC, Indonesia
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2.1.1 m%ﬁauazqﬂﬂiﬂiﬁm%’umimaau SPT

212 tumeunismadeu SPT

2.1.3  NIIISNUNANITNAEDU SPT

2.1.4  gamssviinsyislunisnegeu SPT

2.1.5  wwsgusneglunisvegeu SPT

nsUsumnWa SPT

22,1  MsUSULARANTENUANUSUIUNR 1Y

2.2.2  mM3USULARANIZNUIINAILENATUATE (Rod length)
2.2.3  MsUSULARANIZNUIINAILAUNATIU (Overburden pressure)
224  msUsuuiidosanseauiiléu

MINAADUIANAIIIUIN SPT

2.3.1  aunsaldmSumsiandanu (Apparatus for Measurement)
23.2  gunsaldmiunisia M3IAnTT war NMswanadeya

233  msisvdeu (Calibration)

2.3.4  nsU{URNIS (Procedure)
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MsnAgULIEZaNEMaRIgIU (SPT) Wuiedssdienaasuiuluanuiimnsugivhlanien
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wzAdineaouldusuniufundiuiidsisludinszuendt asdulsdBudinsfnuniaded
uauUTINUNEUE  Bsn1sAnulutisusnasAnuidesenuiesunendeunsannszmu ms
faauduiusvesusanszunnsonailuiuasiegligiusemenuazlusuvanienszuanda

Q’]ﬂ[i\laﬂ'ﬁﬁﬂ‘iﬂ’]WU’j’]ﬁﬂ’ﬁLL‘Uiﬁusﬂ@QWéjﬂﬂ’]UIUf]’ﬁ‘Vlﬂﬁ@ULQW%VI%&VI%@’N&J’]W?@I’]U DH1UINTENIN

9

'
=
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fnmstandsnuvesnismaaeu SPT dwdunsufiiludsewelne avduniddeifdnumamdany
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- WauneIosdlefunuulunisiandsnu SPT Taenndeanuannsgiu ASTM DA633-05 kay
ISO 22476 — 3:2005

- msnadey SPT lunaaunuasieguuiiugruesiuiunsanms ddlufidasmnedsiuduiu
wileudswagAunenity

- mnageuTandsnu SPT gnadeutianua 5 susumudnvemaunagoulaensnageua
nS1uIziuNsadeuiseiuauEndeus 10 wastuly Felunsmeaevizneaey

APEUILAUUSENSUNe@RU SPT

1.4  Uselgminaninaslasu
Usglgaunanninaglasuannliasansive diine
) A A v ) Y]
- mswaueIestiefukuulunsIAngaa 1y SPT
P YR aa ' Y] =~ &
- ysudeladusneRilnanTEnudenasUINIAIosEe SPT
- Anduuseansusuun N - blow count AMUNEU (ER)
- wushuwmslunisnegeu SPT Mldrgnaesungsiu

- asadhludusnmslunisimunuesgiudmsunisnagsu SPT lasely
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UNA 2 ANSNUNIUITIAUNT T

2.1 MISNATIUNZANZANUINTFIY
N1SNAFRUNEANTANINTZIU (Standard Penetration Test) 3838080991 SPT foniinTu

fiuszmmansgondniandoyanisnenianiuiiilononianduadlulufiuudaiinnsnensinfamise
ﬁuﬁwgwuiﬁdwLmL%uﬁuazmmaa%’umﬁmﬁﬂmmﬂqﬁue’ﬁqa}zﬂauqmLLazms’maaUé’wmﬁﬂm
guiiiadudediuiuaiigndusen dendafimasiaulildnszuonds, swiadwdndunen, way
"“ﬁmimaauﬁL‘T;JuL‘ﬁlummigméﬁu%ﬂuﬁﬁmmgmmiwmaauﬁiﬁ%’ummﬁauﬁagé’aaﬁ’u 4 11955
A® 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, W@ ¥
ISO 22476-3:2005 Geotechnical investigation and testing — field testing Part 3 lasluusday

wnsgrunasnanduaissednlilunmageu FBiwseuvqunaaeunaenauluiianisnaaey

211 p3esiiauavaunsaldmsunisveaey SPT
SPT Usznaumegunsaliasaluil (Rwandluguin 2-1)
- gueen: dmin 63.5 Alanu (140. 62 Yaug) dwsuusswmalngnileulsly quaeniani uanas

Tuguin 22 war guaenlatv Auanduguin 2-3

'. CROWN SHEAVEIS) OF PULLEYIS)
0,

W TYPICALLY 25mm (1in | DIMETER
- MANILA ROPE

ROTATING .'<
CATHEAD

GROUND SURFACE—

RS

JUN 2-1  MsvedeUNEaNEaNAsgIU (Robertson et al., 1992)

2-1
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63.5 kg

— ]

" Driver weight
—

Vent

Internal Anvil

Guide rod
mark

Guide cap

Center guide
rod

gﬂﬁ 2-2 éjmamézng (Safety Hammer) (ASTM D6066, 1996)

| le——— cCable or chains

4+ Coupling

., Hammer

k—— Guide tube

— e Anvil

Ul 23 dumanlatin (Donut Hammer) @anws, 2544)

. & ca & Y U £ ! 1 [ v v
- g1usemen (anvil): Wugunsaifiludisesiunisnssunnveduaaniasdiiiundasuludaiiu
wr defewldiululssmelng dog 2 wuu Ae
a & 2 2 'y S o A Y o v

- yagusewmenilafienufian (Knock Block) lugunsalieduntiiannsasedniunuaig
IUNT5895UNIINTEUNNAINFLABN

- yagusesnanvialasluw (Drive Pipe Assembly) iwmungAunslgaruniin (Heavy Duty )
Usznaumeviaun Ndunansuazdruvuiiinderdmsusoniuaigyieviewmannu vl
umiingadunisglunisvudng

- hindu (Cat head): WugunsaintelunisenuazUaesimvasguaonlinszunniugiusewmen

2-2
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- Muane: ddnyuzaagiuraennievalldenuIauainlnUAUNIUABLTIREY TNzl
ANUETINATIIL T 3.0 Wns FNmannaasueuindgs lneaunsouanaviniueaeg
1Afe9131990 2-1

- nszuendt laenszuendidazuudldoanilu 3 dwudsuindiuinsquanslilugui 2-4 lng

v
oA

ﬂi%U@ﬂN?Hﬁ]%ﬁﬂﬁ]’]ﬂL‘Vigﬂﬁl,l,%\‘il,lﬁﬂ NONUABLSINTEUNATINATU
| S v oa . [ v &A% o % 19 Y o v 1 L4
- Veawandufuy (Casing) vintnedunisvamauaizlidlviwmany ULAUKIAUINAIIVUIN 75—

100 J8aLUA581IVIaUaE1.0 — 1.5 LIRS

A9 2-1  BUALAZTUIAAII)UBIAIULETE (Archwey Engineering, 2008)

Rod Type Rod O.D. (mm) Rod I.D. (mm) Coupling I.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 SHi ROLLPIN
\\
_-77 r/a/a I [T T T 7 NI // LT T 77T RS
T i i \7\7 \ \
¢ D A R A S—
%‘-‘CJ/ === ///////1/////\\v‘(//////n//// - \ \\T
& |a / T 1N
U L VENT
- B N 2 at ¥8 in.
diameter.}

A=25t050 mm B =0.457t0 0.762 m C = 34.93 £ 0.13 mm D =38.01 + 1.3 mm
E=254+025mmF=508+13mmG=16"to23°

SUAl 244 P wdALNYNwRINTEUNAUSIBENS (ASTM D1586, 1999)

NInTITRgUNTAl NoUNILYINNISVAGEY NszUBNAUMBE AW AZARIliTUNTATIY
ANNABUNNATILAENARINNTYIIN IR U UlUUTENIM 20 ASSLazAsoalialun1sinnd sy
WADINTINADUNNASINIROETREYNY 6 Weutielidiauiulalunisinsglunmmaaeuasla

Taifideymn
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212 tumeunsvnaey SPT

msvageu SPT lagvhluudsinagnageuiilonnzdnadlund 45 wufiues (1.5 Wa) vieiled
fyanauenilsivasudurinvesiiuiianuudafuiiasiviunszuenuidls sunnelureamau
Wedesdivunegsening 75-125 Tadung (3-5 42) filussninmanistadyeedsingdiivh

nsinziulvnggasiuusdesinisanduiinvanewgonlinigdinaenssesmiils

viewdniuauazilugunsaitislesiunissuniunelurguaizuazasyiglinisaizaiunse

¥

andumsllad seauveanadlumsanglagldveunaiduazdesnivnuaualviszauneluauiaiy

va

ogwileseduildAunaonnan hatuwae Fuswuumaansagldifanlufume i

wetufiudsenvaededdminziuviediasuuuaninuny Wewzauiseduiifeinisazmadeu

SPT TAesAefuasduniiewdsuieiildidunssuenifiufedrsadluifioszshnsvaden

SPT Tnefitumeunisvaaeusisl

- vamInezwIeuquauiaszduiidesnisfiaznagey SPT Iiuszneunszuenifiufiegratniy
ﬁmmsLLé’a%’uIﬁLLﬁuwé’qaﬂﬂifuﬁiaaﬂﬂﬁaaaqéﬁwquaéw%ﬂ

- Uszneugusewenidnfuiuansuay Insveriifiuanendouidydnuall 3 dundsiumisas
15 931, (0.5 9l9) wéanszunndumaniugiusesmaniinnugs 76 wu. (30 i) lnglinnasluagig
Sasziian uarlunisendurentuayliiimetudenduiniuiiimetuidenasfogassdnuasy
fio agdsanatainiu (2/seu)fuegdhauuiint (1/500) mugui 2-5

- \flonszunniununszey 45 9a. (15 W9) uazsswinsduitusmuadsiinssunn dufinan N ils
Mnmsneaey Tnglunsdufindr N du aedufindrfinssunnlugag 30 gu. (1 We) vl
wzdluga 15 gu. (0.5 9l waniuda N Aduldasdinansgnuanveanariliinnzsiliau

U309 15 9. (0.5 Wm) wsnanpuudeussas 3l N Tuteiiansause

“ OPERATOR MERE

TOP VIEW SIDE VIEW

COUNTER CLOCKWISE ROTATION (I— Turns)

WS ®

\ OPERATOR HMERE
\) OPERATOR HERE

TOP VIEW SIDE VIEW

CLOCKWISE ROTATION (2% Turns)

Ul 25 Enwazmsiuveaideniilevinnisnaaou SPT (ASTM D6066, 1996)
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213

AMTINYNUNBNITNAADY SPT

[

Tun1snaaau SPT A9iin195189UNANISNAFBUAIL

Fouavanuiiaizdrna
Fovosmadey
FunafiBunasiadaveiniseizd1sg
sysutilgmu
Snwarnsisuulasestuiu
ANLETIVBIFIDENTIA1Z A5
ANUANYDIAIBES
AMLETIvesFegeTIAUle

Fuutulunisnen (Blow count)

214 damssedinsealunsneaau SPT

Tunnsynaaeau SPT JU8AI55L 19991

LY 901 v IS LY Y a v LY 901 Ya a a 4 901 % Y gy
seavilunauiane desdlserulndipgsiuseavinlafulusssuvamelvdminnaiu A
naulnatAedluaniniy
YuIAR1uLg  (Orill Rod) NlddechidniAuly (duniugudnansladdindn 4.125
WwURAWes) Tazduiuanzeraianisinueluraunigsenienisnengnauuivin

Yy v U vae A I ] v v % 2 ) ]
wfpalimadunaiuginudennageuinlinsaesduneniieninudentudnuaenisudesnn
lnedasy wWioldli A1 N gandiannuduass

91953980 UlAIMaNRIBAANSIALNBUNINAGEU Standard Penetration Test A¥fa4vi1N13

avguiglndlilaanudnidenis mszalisaguiaiglud asvilvivaienssueniisiey

Y

a

vuRunseNnanasnunfudmnenoauasiunsefifivuadinlugnimaedulusssuna
NauaniueivvzdwaliainisvagouaaaAdou
niunsIvdevanImvanszuendt Megluaninldauls Inganimnisusenuauwuienives

ASTUDNNIADITINANY ONTzUNNUSEAUATNANLLWIEIADIEa UL Dt AUl

2.1.5  wmsgiusielunisvegeu SPT

= o

1 & A4 = =2 o o ad 1
Fannanummualuniilunisasuddannudidguedisnisnaaau SPT INUIRTFIUAT9Y

A A v = ] ! = vy a d'
LLazLW@W%%Q?WNLTWIQO\WW?WNLWmm']\‘]GUENLLﬁ]agﬂquiﬁqu"ﬂﬁl@ﬁEUiqﬂazL@Bﬂl’sﬂumqiﬁlqw 2-2
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A15199 2-2 3’1863Lgﬁl(ﬂ(ﬂ"m"']%EN&J’]G]’ﬁﬁ’]Uﬂ’]’iV]ﬂﬁE]U SPT

ASTM BS ENV SO
UATFIU
D1586 - 99 1377 : 1975 1997 - 3: 1999 22476 - 3 :2005
Aumen 63.4 + 1 65 63.5 63.5
(i) kg kg kg kg
JryTYnN 0.76 m £ 25 0.76 0.76 m = 10 0.76 m = 10
YoIAUADN mm m mm mm
Snway ATy 1] 1] 4]
AN BN MUy I3 I3 ¥y
U 2%, 1] 1] 4]
U 1% %Y 78Y Y
NSTUBNLAURIBENN
a1 25 - 50 76 <75 25-75
(817) mm mm mm mm
dunang 457 - 762 457 > 450 > 450
(817) mm mm mm mm
RN 4] 152 > 75 1]
(817) Y mm mm 38y
38.1+1.3 35 35+1 35+1
- ®Lu
mm mm mm mm
508 +£1.3 50 51«1 51 +1
- (Duan
mm mm mm mm
1] 1]
N correct N60 N60
53y U

2.2 msusuuina SPT

nsmageu SPT WetrAr N wld@esdinsusuuiannardunowiiewinditlduiainnis
yeaevutudsdieuianainegiedadefiviiliidannsmaaeuiinnufionaiad 4 wadevdn (s
MsUSuLARufunaTv) fie nsUSURARansTNUIINUIINAMENY nsUSusiRansenuiienn
AN NSUSULARANTENUIINNTZUBNAIDE1AZNTUTULANANTENUIINVUIANAULAY
wignalsfinumdiannuiuninansenusneiildnanaunluiid Adesusundan N 1UT 60 % Feansnse

LAMINISUSULA N’ g AuInilanaaunsin (2-1)

N60’ =Cy (NF)(T]1) (nz) (n3) (n4) (2-1)

2-6
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e N’ = AuINtUlUNSRENTITNUSULANE S 60%
Cy = AUSULALEDIINANAUNAYTIU (Overburden pressure)
NuNoMNsNe =  &UszEnSUSuRANanIsNUA wanslaRInIsIean 2-3

AR 2-3  AnduUseansUSuLA (M) (Bowles, 1988)

Hammer for M, Remarks

Average energy ratio

E,
Donut Safety
Country R-P Trip R-P Trip/Auto R-P = Rope-
us pulley
/North 70- or cathead
45 - 80- 100
America 80 Ni = E/Ep
Japan 67 78 - - For U.S. Trip/Auto
UK - - 50 60 w/E, = 80
= 80/60
China 50 60 - - n
=1.14
Rod length M,
Length > 10 N is too high
g n. 100 g
m _ forL <10 m
6-10 0.95
4-6 0.85
0-4 0.75
Sampler Ms
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 1|,
@ Hole (mm)  60-120 1.00
150 1.05
oversize hole
200 1.15

2-7
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221 MIUTUUARANTENUIINUTIIUNS 9
Tunsufuuduimandsnuiuazdosdinisiandsnuannismaaou SPT deu Fslunisia
NEILVINTIAFDU SPT Hu Snamedevegdeuu Ae Ao EF2 uay EFV dausifubuasgiing
yeaeuLAfins EF? whiuiosnaforoudu 38 EFV anunsnshldennislidesdinsneaeuuntn
uAdaqtuds ey Idsunsianlifinsldouidstulasseylflunnsgiunimaaeutandsy

(ASTM D 4633-05) T uisnldvaaeuinnasurednIseIenganzasuInggIu

(a) Force Squared Method (EF?)

Schmertmann and Palicios (1979) Aunuds EF? Tul 1977 laglenannislunissiuisadn
frefu FaldunesinanuesenfnlumuissuuuLass e swe Ui Taussidsdeann
fumenlugiuiany Fmdmindnwinaagesnunin amnsovndsnudideiisanduaenlugiiu

w1y Ineldaunisniseunasansialuannisi (2-2)
Cc At
EF? =—— [[F(t)]dt (2-2)
NG j [F(V)]

Tngn A NUNVDINULANY

= Uszanad 5120 m/s

E = lupdadavegurasinuiane (modulus of elasticity)
EF2 = USunaumdsnuiawialaainnisnedaau
FO) = wssbunuang

Y] ) a1 Y B aa 2 ¥a 4' a o 1
ﬂ']i']ﬂwaﬂ\ﬁuwaﬂﬂqU"ﬂ"lﬂﬂﬂﬂ@ﬂiﬂﬁjﬂ"lﬂﬁ]’]ﬁi@ﬂ?ﬁ EF 1@3Jﬂ']31’]@a@‘UL5@EJ§J7 I@UL?NW\TLL@‘U

1980 @ Kovacs (1982) lgvinisnaaeunisiandssuves SPT lnalalddunoniani way Tt lu

LY VY]

A15YNN15IIASINTIUNINITUIANUAUNUSVBIT N UIUTDUNNUAUIIN I UN AL AU L EUAUNITNAFBU

v

SPT unfgndanadinauiduasaiauisoagilaanuddyladn

<

UABNLENA aziUsEaNsSaIn

=D 2B

AueenvialiinsmuANIEYY
nsannsgnulawiueundinsivdueenlainiinisaluaun1sANATENUIURL AUNITAUTIUIYVR

U
q
(% Y v
Y

wnnitunsasensanasnuIndunentudiuaisiiewnainae

U = ! ¥

v lvdsedniamuesdunanieiitduiniiduneniatdy was

q

naaeu SPT @etludiulng o
91U 2 59U AeA LUz NANganlunsiwdeniuiinI s ziinsdsaendsulaaias
(b) Force Velocity Method (EFV)

Abou — matar and Goble (1997) ldusanazauiiAuinAmanuidiaieaindunenivg
AU FawnlgunsInauAsen (Strain cage) Way L1A3INOTNAIIULIY (Accelerometer) 981

a Ay [ LY [ o | av v [ o d'
Ay 2 ﬁﬂ@ﬂ‘ﬂﬂ'mlf\]’]%L‘U‘L!Q‘Uﬂim’)ﬂWﬁNWULLGZUWQ’WﬂWMﬂﬂ’]i'ﬂﬂlﬂﬂﬂu%u?mﬂﬁllﬂqiﬂ (2-3)
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EFV = j F(t)v(tdt (2-3)
0
Tefl  EFV = nduiiisuudamwesiuens
FO = usslunmuang
Max =  nafifinnsanunaindiaan 24
VO = eaiideldlufuans

(c) mswWSsuigusenInNis EF° AUds EFV

Abou-matar and Goble (1997) lé#@nwii3esn1sinnaznisiiasgsinainveanisnaaouneg
nranannsgu tnensinwiluadsidldvaaedduaundiouiisuiunsinseideaunisaduan
poufiumes waznisinuiluassilldaunislunsiandsnuuuy EF2 uag EFV Tnendsainnnsfine
anunsoasUldfetelud dldnmsiandauuy EF2 Aiildasianaauszana 10% usdnld seuumsia
WUV EFV Andildazoanindeudied

[V

#ou1 Farrar (1998) lesiusiudauatnedfuanunIsianaaanu SPT Tun1sdnwasaiazidunig

Y
ad ca

swswiinsiandsenu SPT faaesiside 33 EF2waz PV Fedoyadilduandlumised 2-a Tas
Gﬁauuafhuﬁlmﬁmmamﬁﬁ?udauimglﬁmmﬂ GRL(1993 - 1995), Jackson (1995) way Lamb (1997)
Tneilowndoyadinduiuisudisutufiomdeunndnsvesisnmsiandsnuis 2 sgduldidoya
99 GRL f{U Jackson Hufianudnudsiueg fio doyaves GRL azazuléindn¥adeds EF? axldrge
n1738 EFV Lileaunanngasievesinuiangiidelinnisvadn dauwes Jackson Aitingeis EFV agdl
Agsninilesnananuenvesiuaziasldfuaizioy AW

nasnuuliuIU Butler et al. (1998) lawSauiisunisiandsauves SPT  IngluSauiiey

[
v

A5l WWunisSeudiisuisnisiandsanu 2 35 fe EF? uay EFV laedayaldvinn1ssiusiuunain
GRL wuiulagraleuiiiguassilaguladn AniandsanuigdBs EF2 avllAgandimfndiandanusie
T EFV aguszann 10 Wesidud wagdnan N Ainnndi 50 3emsiandsnuiieds EF lanunsadn

Ale

29
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A519fl 2-4 doganisIandaau SPT sheds EFV uas EF? (Farrar, 1998)

Date Series Hammer Rod N Avg Avg
/Author/Agency Type Type  Blow count EFV EF?
1990/ CME
AW 86 86
CDOT - USBR Automatic
1991/ Sy Safety Hammer
AW 60 54
/ UBC study NW guide
1992 / Frost Diedrich
NWJ 14 89 100 + *
/ Diedrich Drill Automatic
1992 / Frost Diedrich
AW 14 64 85
/ Diedrich Drill Automatic
1993 / GRL Safety
N 48 50 51
/ Texas A& M Hammer
1994 / GRL BK - 81
AWJ 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-RT - 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
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1995 / GRL C-R5- Mobile

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-R1- 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

NUNELUR * area probably wrong

%qmﬂmiﬁﬂmwmaﬂﬂ%’aﬁﬁiﬂumwmaa@ﬁa’sﬁnwmaﬂﬁlﬁé’m@qﬁq IiAnLI9sgIudInTUNIS
NAFBUNITIANGIU SPT ABU195g U Standard Test Method for Dynamic Penetration (ASTM D
4633) Lay Geotechnical investigation and testing - field testing Part 3 (ISO 22476 — 3) lag¥is 2

<

unsguesuieianisiandsnulunisaaou SPT wuuds EFV daduisildnmsmuusuazai

sonan Tasunsgiuiie 2 findnadnafu azesuisdusgunsaiildlunisiandsnuauluiaisufos

NAFDUNNTIANE Y
uiagndlsfmuAiiidemyaneviuldlfsuugdilildauiuuiuiinundany feelud

TAULARIAINIT N 2-5

A1519% 2-5  Ansuuzid@ s unsUSuLA lURUSINUNS191u6194 (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)

2.2.2  MIUSULARAATENUINAINEINIUANE (Rod length)
Morgano and Liang (1992) lAAN®30INanENuUINAINE1IVDINIULANEABN1TE908
NAIUVDINISNAEDU SPT laglun1snadauaziUasukladninue1iveaaniueng fddl 3 6,15,k

= A [ Y A ' = [ <
30 AT FWUDNINITNAADINUINNIURNENUAINYIININNIT 15 1WAT NS UATULUAINAINUIZLTY
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daseliiinunnidn wedladuieientesnin 15 wes nsiasundasndanuiszanas auludy
Wunse Foilianunseasuladn nsdinendsuven1svegeu SPT 1Houu1nvei1uanzaund
15 RS 98Tkl uuanad

' ¥
a a

soun Daniel et al( 2005) ldnsrageunansznuiiintuainiuaglesldsiusinauideiils
LABATITFBUNANTENUTDIAIULNE TanavesudTeseqtunandldsomisned 2-6 wasinld
FrnsAnedBninavesiiunziouiy wanuiteveaeilaldisnisTangsunuy EFV 3
wansneaneisediondtenaiianinginldisnsTanduuuu EF? Tneauenivesfnuansiily
lusmiAdondsiduiiogaesaugnniie 3.49 was uay 6.49 wes Seaguldi fannuen 3.49 wasd
AUSULARINVUINAINEIIVBIAIWANEWINAU 0.71 wasfinnue1l 6.49 farUsunsainauinainy

£12U99N1ULANEVINAU 0.97

A1599 2-6  ATUANUTULARINVLIAAINNEIVBINIULANEAINIUIIEANY (Daniel et al., 2005)

Rod length 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
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

223 msUSuuinansznuanANGunaYiu (Overburden pressure)

Skernpton (1986) lé@nwAenfuidswansynuainaufunaviuisluauuasnadouly
WeafuRnns Favmute N Aldainnsnaaeuluauuialinsstuanuduaie fufudeaiing
USuuien N Tneanansausuudlaanaunisseluil

N, =C,N (0-a)

d U v

gy Ny = a1 N AIvsudniiesanaudunayiu (Overburden pressure)

[y a

Cy = AAUUSTANDUS UL DIINAUAUNATTY

fusuwien Gy asiluAduniiliesnnanudunarivadugun 2-6 asiluwuiniudniges 6

USuunan Gy Nlasin1snaaeauLilonsIluafniiniuin

2-12
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SPT Overburden Correction Factor, Cy

0 0.5 1.0 1.5 20 2.5
0 T =T
05 -
o
a
~
S 1Ok -
o e Peek, et ol 1974
o ——= Lwo ond Whitman,
o 1386
_g L3F —— Skempton, 1986
w ] Coorye sonds
- ] — Shemplon, 1986
9 >0k i Fine sonds .
2 ; g s = Skemplon, 1986
ot 7 0. sonds
< i -~ Seed, 1979
2S5k A Oz 50% -1
g e Seed, 1979
i Op 30%
3.0 ilied: 1 1 1

FIG. 4 C, Factors by Varlous Investigations (20)
JUN 2-6  sdSuunan Cy Nlaanauidesies (ASTM D6066)

Peck et al. (1974) Wiaue G, Inganunsamuinlaainaunisi (2-5)

20
C,=077log| — (2-5)
o vl

loofl o, fudedu kN /m?

Skempton (1986) laA1 Cy 119MNA1SNAEDU SPT 984N19189a2188ARAENIIYNEIUTIAILITA

wanal@ssaunisi (2-6) uay (2-7)

o g a 2

dWU vawaleen  C = ——— (2-6)
1+ oV

o o 3

dAnIUNTIEnYIU C,=—— (2-7)
2+0v

Toofl o, fwdedu kN /m?

Liao and Whitman (1986) léfuunusund C, auaunisi (2-8) sl

[95.76}0'5
C, = (2-8)

!

O

v

e o' dmhedu kN /m?

v
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NANTENUINAMNAUNATIU (Overburden pressure) aztintulufunsielngaziinisonsdenaui
AMunLiulnearin1sad1eiuls QA duimuSuuimanuansenull F9An Cy Wuaruanalang

A1519N 2-7

A5l 2.7 AUSuLA G TRaNansEnUaInUsnATiu (ENV — 3:199, 1997)

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

224  ANSUSUBMLBIINSERUL AR
o U a ao A A a ~ v v 88 va | AV v
dmsuRuniivunaziBeaunyviseiunsengnauiiogldseduuiliny AvzaneaauInsgIunla

NNTNAFBUABIUSULA tngausausuwnlAaannaunisn (2-9)

Ncorrected =15+ O~5(Nmeasured -15 ) (2'9)

23 MSVAROUIANGIIUIN SPT

231 gunsaldmiunsianaanu (Apparatus for Measurement)

a

aunsaltuilaniludiuveinsTamdsnudeuso Ialaviausuazausuansdisgui 2.7 ag

(%
Y

zyunwanvdaRetuAUAWwIzEIRziinug liiTesnIn 600 . dusiuuInRngIaUnsal

9

'
o

fothuaedosiadaaunanduuugeuesgUnsaitudinanillitesnit 300 ua.

- guUnsaidmiuTauss (Apparatus to Measure Force) fugunsnifilitaussiiintusossosian
deausadlofeuAnnisnsznu Tnaazld foil strain cages o813ty 2 §1 felvaswuy full
bridee

- gUnsaldmTuinA1uLse (Apparatus to Measure Acceleration) JuadesdofildTaninuss

AaTuaInnsTnsnegeu SPT Tngasyinmsinusnafiuans dWetaanuiswenanfiintuiu

MUREANURBNNTENUFIUTBIREN

2-14
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F
- 1
. 2
Key s 5
1 Anvil
2 Part of instnamented rod : —i—q/l_.N L
3 Drive Rod ' ¢4,
4  Strain gauge (measuring transducer)
5  Accelerometer MEE  EEE
6 Ground ] )
F Force | ; ] 3

Diameter of the rod

=

Ul 27 gUnsalflidandanuainnsmageu SPT (ISO 22476 - 3, 2005)

9

2.3.2  gunsaldmiunsdn N13dRnTs uag nskansleya

Tngnalduwan N159AN15AEINUNNITTUTN WIILALAULTINAIA1LABULAANITATENUNU

FIuTIwON Azamsansziilinuteulusmelull

v E2 1

SYUUBUIABN (Analog Systems) ANLDVBIFYNMITADIT BET¥NING 2 kHz Selaliiu 5 kHz

@ Y

v v 1

- S¥UURAINea (Digital Systems) AMNDVDIA QY IUITADITT DYTENIN 5 kHz WTaluliu 25 kHz

Y

- gunsaldwsuduiindn azdugunsalnvuiindyaaidieu senal lnefiesedlatn (sensor)

gAaaiinuansaedelesan 12 Un uardyauideieunandiindyyruuiaziifedes
Tutas 50 fadaun

- gUnsaldmiun1sdnnis fe Adneansuiawmes Nagldinginaresteya neazilunissi

ANLSILALAINULTINLANNINNNTNAFDU

- gunsallunisuanstaya \Wugunsallasuansdyannann wssuazanusisenunluglveinsinila

2.3.3  maiiguaeu (Calibration)

- gUnsaldmiudause (Force transducer) Tun1siisuasugunsalinussasieslinuiianainl
A + 2 % gUnsaifiosiunssediation 70 % vesusaioun mafeuasuiiioduimamiige
Uszansua (A) Adildazdewnnnd 5 % v Auaisiu Tnefl A = F/EE o F Aausefiann
30 E lugdavesimanilaivintu 20600 MPa € Aedn Anmiduiiinldanmsifiouasy

- gunsaldmSuTanI1uLTe (Acceleration transducer) n1sUFulnRasAIAURANARTIEaLlAlA
aoaldiiu + 3 % nsuSuuivilalagldgeuniuuis Hopkins in * s Bar

- AnudlunsUSULA éfaqmzﬁ’]asmaﬁ’lLamﬁamzﬁ%ﬁuﬂhmmﬁLﬁuﬁaﬁﬂwummaﬂu‘%ﬁwﬁwém
w3avnT 3 U Wuetdrsiley

2-15
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234 msUfURnng (Procedure)

- Funanisnageunisansvdintunou Tuiindoyainansaus slinvesfuiang slavesdeu
FrunuseuresMsuTen AmnugwweIIANNIEMUYeIiinen Lay vlnveaAIouany WWusy

- aneaziBeavesanuiifazinnsmagey MiltgmvidegUassavieliioisls

- Sufindeyavesgunaairne wuduagindusdelm suauihdainls wegsuiinuenan
gunsalinussludqaansgauesnaianzuds

- Anyainusanazarunssiduuuesi Y

- Aawpdesleta (sensor) Asmiiteluntstuiindn San1sen sauenssdeuriinadeu wardeula
Pgunsaimnegluaninldaula

- lussyiammegeuivadeusawmIaae iR e sTUTNNaDEIALD

- dunagauduiusszninwse uaz anusidnluandaunmiazdesdanuadieduuin A

wanalusun 2-8
o " v A Y vad ¥ < 9
- dafegates 3 syauvsennlviafiganealu 5 seAu

- AU UIAUNANIUIINANNTSA (2-10)

ETR = 1V (2-10)
mput energy,E,
Tefl  EFV = USunamdsnueinnisnageuiamdsnu ()
En = input energy =Wgh (475 J)
W= dutheesunen (k)
¢ = usidltuasvedan (m/s?)
h = enwugeweanisengusen (m)

N19IANFNIUIINNTNAGOU SPT NINAUININNA 2 W IR5FIUBUIER L TadA Y

[ '
v =

wanseginsdvinsasuiielidnlalaniu A5 2-8

2-16
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5.25 mm| 1

_!MWMA 25.6ms

143

i ..

Ul 28 Anuduiudseninauss wag Aanda sle an AnASTIAABY SPT (ASTM DA633, 2005)

M13197 2-8  518AZLBYARI9VBININTFIUNTIANGU SPT

WINIFIU

ASTM D 4633 (2005)

ISO 22476 - 3 (2005)

Apparatus for

measurement
AITNYT

YU

v
o

FusRnAsgUnIal

FIUIUAINANTA TR
Apparatus to

measurement Force
Strain gauge
U
NPT

n13 Calibration
Apparatus to

measurement Acceleration

Accelerometer

laitpenin 600 mm
YUIALRYINUNIUANY
laitoeni1 300 mm

laidaunin 3 Anudn

4 ¢
Full bridge

accuracy with in = 2%

laiszy
laiszy
10d,

laidaunin 5 Anudn

2-17
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SRively 981URY 2 laiszy
NSMBUAUDS laitfonin 10000 g 5000 ¢ Fuld
n13 Calibration accuracy with in + 3% laiizq

2.4 M3lUATIUIUATIVBINITNBN VT VEANLIATTIULDIATIEVR AL TR VB IRY
ArduIutulun1Inen(N- Blow count) gnirunldlunismarauandfsiegvesiiuiaue @9

AaELURAIaIa A aNEaIRITIUM LAt 95UsENaUME N15IMUNUITLANAY N159IAT

q q

o v w A

Mdesunsalouluy Undrained 983Auiniled N15n1A1ANLUUENIMSYBIAUNTIE N15UIAIYY

HeANUYRIUNIIY uarlugdadavguveIRuNIIY
241  M5MUNUTEANYDIAY
n1s3sunUsennvesRumilevisenunse TagldmdnuiuaiavenisneneaneaiauInsgu

wUstuAUENUUTUANSY wanITeasdenlanewmnsen 2-9 way 2-10

A15199 2-9 Nsuunauudevesiiumiles (Terzaghi and Peck, 1948)

. AN USSR ULUY A1 SPT
AFIHUN
Undrained (t/m?) N,A59/m
AuwtigIgauun
0-1.25 0-2
(Very Soft Clay)
AUty
1.25-2.50 2-4
(Soft Clay)
Aundledaliunana
2.50 - 5.00 q4-8
(Medium Clay)
At
5.00 - 10.00 8- 15
(Stiff Clay)
Funileaudann
10.00 - 20.00 15 -30
(Very Stiff Clay)
AuauNdIn , ,
19171 20.00 117771 30
(Hard Clay)

2-18
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AT 2-10  MITUNAVIURLLVDIAUNTIE (Terzaghi and Peck, 1948)

AN5ILUN A1 SPT N,ﬂ%y’n/vglm
7518%aUNN (Very Loose) 0-4
71518%a34 (Loose) 4- 10
NIELUUUIUNAIN (Medium Dense) 10 - 30
NI8LUY (Dense) 30 - 50
NIELUULIN (Very Dense) 11NN 50

242  msmaiddunsadousuulissunetwemiumie
Terzaghi and Peck (1948) wuzihnsmidwesiumieanuuldszutenn (Undrained Shear
Strength Su) Iagldfen N inageulfainnismadeuiagnyanealmInTgIu SsanunsaAunildann
aunsd (2-11)
Sy = N/14.71 (kN / m?) (2-11)
F5eiTunt (2526) wuzyIAUdUTUSIENINeAn Su AU A1 N vesRumiioaudiduusnaes
NFANN Tneanuduiuduansldmaaunisi (2-12) uag (2-13)
FAsuRuUteIstn CH S, = 6.72N (kN / m?) (2-12)

dsuRuutetvtn CL - S, = 5.10N (kN / m?) (2-13)

243 NTAIANLUUELRNSURIAUNTE
Meyerhof (1957) kugiinnsuIA1ANLwLLdURnSYaIRunTe lnaulseandu2uuu fe n51e

WUU NC bag N5186UU OC IAIANULUUEUINS 1taanaunis (2-14) way (2-15)

!

dnsunsieuuu NC Dr(%) = ——— X100 (2-14)
32+ 0.2880 v
NI
dmsunsieuuy OC Dr(%) = u — X100 (2-15)
3240.288C_G'v
el D, (%)=  AIAUAULUUEUANG
o, = Effective vertical stress kN/m?

Kulhawy and Mayne (1990) La@usmsmaanumuLiuduimsanan N Ingldaunisi (2-16)

Dr= |—— (2-16)
CPC/\COCR
i D, =  eeruvusduduims
Cp = 60 + 25LOgD50
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Ca 1.2 + 0.05log(t/100)

OCRO.lS

COCR

244  MIMANMLNAIUNNIUYDFEUNTIY

Terzaghi and Peck (1948) uwugin1smayadeaniunigluainal (N)g Fadunsi (2-17)
' = 27.1+0.3(N1)5o-0.00054(N, )go” (2-17)
Meyerhof (1959) nausamduiusszninanmidsanuaigluiudl N faunisil (2-18)

ke (2-19)

¢ =28+0.15Dr(%) (2-18)
N
#=25+28 (ij (2-19)
oV
ol ¢ = yuihumuvesiunae
o, =  wiw kN/m?

o ada s

Peck et al. (1974) uuziAsdmumenuiuniuvesiunielaglian N feanuduiug
wansldifaannsd (2-20)

$=27.1+03N_ -0.00054N 2 (2-20)
Schmertmann (1975) wugiAsdmiumensuiummvesiunselnsuandldsaaunisi (2-21)

¢=Tan" N (2-21)

122+ 20.3{ Oy ]

(O

el G, = Uszanad 100 kN/m?

2.4.5  MImeludagavguveIiunse

Kulhawy and Mayne (1990) uuzi13gniAlugaatianguvesfunsiglagnisuuinunsg
ganilu 3 ¥ila Ao nswanBen 518 NC wag n518 OC Faanunsauansldssaunisd (2-22) &3 (2-
24)

NI1LALLDYN E =50 GyN’ (2-22)
n518 NC E=10 Gy N'g (2-23)
7918 OC E=150,Ny (2-24)
ool E = lupdademeu

G, = 100 kN/m?
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25 ATeMNgITes
251  vlavesduneniazANNGIUBIHUABNTINANTENY

Kovacs (1982) l¢@nwi3esnnugsiinnnsznuvesiunen lneisnsvinedesmnedunnud
ynuazddlisoudunenuaziniaiediofaly 2 umisisuinwesnmeaeudaniediotaiinnli
fuaginetuegiisvey 76 WwuRwns(30 49) WeBunsaasuiduweiianliasiauianiy
wdpwnefiguaen fdusiliannsadhauguesiunonissossils uagmavaaouluniiay
1938 siandeauuuy EF?

Drumright et al. (1996) lfinn1s@nwiesrinvesfunennadey sowdsanuussaninaved
spT Taglunisinwiadsiifuniseuiisususeniisfunenani wazuuveelaw@n G970
msfnwnudt funenuuveslaufniusyavsnmlumsdeendsnunidunonuuuiei

Tsai et al (2004) lévins@nwiFoswansgnuanviavesiunen SPT wuudiaqlagly
nsAnweldieu 4 sUsuuRoarUsznaudelaiiv 3 UuuukarBnudaend SeiiBn1sAnuilag
n15a Force Transducer UuUYiUSesmoN uazdn Load cell fuAuanziieianisdadiondany
szarisdunenduiuinne winausngimansenuanduaenia 4 uuulinansenutesunn Adild

nNMseaauianulnaLAgeny

Youd et al (2008) lavinn1s@nuiseendsny SPT deaiugevesdunaniinnnseny lnglu

n13AN¥1ATIUTIIBTANE S ULUUERY wazuwUsiuAugIvesIseenTenuaell 58 63 71 uag 76

[
=]

WURLUANS(23 25 28 hay 30 N)PINNHNANITNAADULULTNaDaNUIAILAD NTTaLANNTENUN 23 T

IANFAAIUVDINAINWINNAY 43%, NSeaANNTENU 25 U7 a8 lRA1dndIuuaInas Uiy 60%
NI2zANNIZNU 71 WURUAT(28 ©7) AIAAINAINUVINAU 84% LAZTNSLELANNTENU 76 LYURIAT
(30 97) IAANAINUYINAU 89%

[ [

252  misldreuiiumesilugunsaliuiindyaalunisiandsnunsvegeu SPT

A

Tl 1990 msldreniiumesilugunsaliuiindygalagnimudulaeuinededaues

¢ flassnsideumaadutszmedu TnglunistanduuadifldisnisTandenuuuu EF uaf
ansafiar 135 EFV Idufudndnnsiaundely

#ou1 Robertson et al. (1992) lgthpeuiawmesunlugunsalduiindyanasduiulunuidy
Tnoszuunsiandanuiiuansowansldnusud 2-9 Ssgunsaitandszusznoudieiniasiiofal
A Mu1gyidn AW 813 0.5 lWns 11nsinnuAsen 311U 8 M naesrIuAudyaad (Trigger
Control) waz Aoufiamed  Fanrsmageuaseilliindululssmaiulaedudiuniisvesanive
Rerfumnusiuacudusmessioumaduiomnuiviulm wasmdmnnisageunaioenytine

wasnuiinulifinalduivihwelafiagldneuiiunesiugunsalinndanuvesnisvegeu SPT
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D ™ TRIGGER CONTOL "| MICROCOMPUTER
STRAIN GAUGED PRINTER PLOTTER
AW ROD

(OPTION IN FIELD)

JUN 29 ssuumstandsnulegldreuiinnesiluaunsaliudindayayiou (Robertson et al., 1992)
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= A A& A ad
unmn 3 Lﬂﬁ@ﬁﬂ@ﬂi‘iﬂﬂﬂqiwﬂaaﬂ, LAUNIINAABY, LLas89N1INNad

2.1 wAspsllenlglunisveasd

yainsesilefltlunismaaey SPT musnAsgIL Msvagey ASTM D1586 (1999)
- yaiadesilonazgunsaifildlunisiandasu auuinsgiu nsnaaeu ASTM DA633 (2005)

Usgnausiggunsalineisil (wandladaguin 3-1)

- MUzl AW 817 0.83 1IR3

- Tanwa 13U 2 90 (Load cell 1 YA Strain gage 350 {2 WUy Biaxial $1WU 2 &1 ¢io
29A5uUU full bridge) way Accelerometers wila 20000 ¢ 31U 2 YA

- gunsaituiindayeyias DAQ NI USB - 6009 uaznaesvensdayayia

- AauNImRslarlUsLATL Lab View

- LUAMBS 12 volt 17U 1 Nau

Ul 3-1  ypuedosilodandany muumsgIunTAaBy ASTM D4633 (2005)

32 UHUNIINAGAEY
wwImslunsafiunuidefnyinmegeuneaneaiunsgiu lusundsuainsouansla

Flaguit 3-2
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U
\
= v k4 aov
ANMIAUAINNUIVY
ITZRITENR!

Y a o
FIUTWF MDD RIS EATEEZN ]
MINAADY SPT A5 090D IANGINUY
~ A A o

AoUINIVINT0939IA .
. Tsiviu
PAIIUAIN ASTM 4633
* | N1 *
FTWUToYa nAFpUIANAINY
MINAADY SPT SPT

| |
L]

a d
AUNINTHHA

NINATDY

Y

Huauemalsundndsanu

JUN 32 uuImeanisaiiueiilde

ABN15NNaDY
NUIMLIAT8NNLNN I URR AN UNTIANEIY SPT Weatdunuinislunisyinaeuise

IMNSTIUTIUTINTeYANgIiUN1INA@eU SPT Uszianeda wu vliaveuasesle T8n1svadaey

uagisnslunisusznaumsesialunisnagay SPT 21AUSENANNSUNAGDULRANZE1599 SPT

'
a0

panuuukarUsEAviaunsalnldiandeau SPT lnelduwinieainauidendugiiazuinsgiu
nAaaUInNaIuNIUsEYnAliliauaenndesiun1syitenuludagdusiunslimuigaudu
anmwingenvasUsewmelng Fes1eazidenvasgunsalianasulazinuizjUTeIUnsalin

PNAIULAAILAAINITIN 3-1 wazsUN 3-3

Y

asuliieulnaniganIuuInsgIu ASTM 4633 (2005) Ineunsgiuasiinuaintunisasuiisulvan

watudesegnglateuly 2 4o Ao Inanwadesaiuisainusiliogiates 70% YousmImUn

]
= L4 (%

wariunvtidnvesgunsaliandenuinlaainnisaruinagaesdanuuandigldiiu 5% Au
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(%

L Ay oo Y Y Y o = o v A =
Huihdnvesgunsalinndsunlaainnisin dddunisaeuiiewinlagldinias UTM nauazis
b4 ¥ gj o (3 QI -dl d‘ Q‘ 49{ o
Auwatgnieurivialiad Mdsuwdadluniulvan Niindu-anas 31870 3 8UNITNAABY
(Amualiksanainiu 150 kN, usadainiu 100 kN)
a4 A o Y % a ua ° a D a =

nagouiseslladandenuluiesujiinislaedrasisnisiimileuntsnaaeuassluauu Fanm
nsUsenavgUnsaiuanslanagui 3-4 iatliieliiinanuiulawasusuusstounnsassieqiely

dll ISP v IS I o ISP 4 2/ d' £ 1
wsasleiandenuianuuiuduaziimgnaemseunayldnulunaauusely
NAADUNIAAUIUNDIANFIIUNITNAGOU SPT Ndenneannnisnszwnnuanunanasliginuaig
AuusEniilainissiusigudeyanisvegaey SPTHTRUlAENSAdUIANE 1 UL AdDY
ag ey 5 JuANANYemauIIskazaesaglutuAumsuduazAunsewty duaniun
nadeuIisdaglunsunnuazUsuunaiieiegluveulunvesiumiengunn
Awnnaunnmegeulunaauiy lneldisnisBudiinsnusuazanusidaduiliidues
VANAEFY), USunaundeuuseansnaETR) wagfinwdnuaeanuulsusiugaanasun1snagaay
SPT

(%
=]

ayunanIsnaaaUnTouaEueNInTFIUNTUSULARS 1
- AUTIUNAIUUTEANTNAER) LHBIR1INANYMEA1NTNAGDU SPT 817 dnuaEYRIny
pan(lativ wild waz n3U ) war anvaemwtelasion ((MUUUTINIIU ATUED
nI11)
- AenuLUsUTININMsnadeuiandsny SPT weanudulalunisthailaluldan
) a 2 (% a a ] (% [
- WisuWleuUsnamdnulseansuaainnsnagauy SPT dmsulseinalneiuuinsgiu

PAADUINNAIUVBIRUTELNA

Accelermeter

UM 3-3  shumiaiangunsalinngdeny
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»

AUADA

Anvil

pilnsafanaia
U7 83 em.

w

e

Casing

U7 3-4  nsusenavgUnsalinndany

P a ' 5 [
1371991 3-1 378@3L@ﬂ@ﬁﬂﬂﬂ%@QQUﬂ3§U3®W6QQWU

J8aLLaYA LONANTINELINS UATFIUNAHRY gunsoiin
YDIUSIN TANSI9Y WU
Test Pile ASTM ISO dmsu
consult  dynamic D 4633 22476 - 3 v
Instrument Rod
1000 600 laiasnin i 830
AUYT
mm mm 600 mm EEAY mm
54 313, AW YUIRLRE ] AW,44.3
YUIA
(OD) S NW AUNIULRE 32y mm (OD)
Stain gauge
1 2.7
2 2 Y 2 1l
U ' (350 Q)
(350 Q)
U L =Y yaay 4 ¢
Full Full Full ] Full
A9
bridge bridge bridge 8y bridge
AIIRnG 3] T3] Taidfoe 10d, 300
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Accelerometer

U

FLAUIFAA
Sampling rate

Sampling

Duration

52y 1771 300 mm
29 Lyitley
(10000 g) N1 10000 g
sl 974 Strain gage
gAY 100 mm
laiszy 10000Hz
50
lyisey
ms

(10000 g)
400
mm

10000 Hz

50

ms
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EhE]

1

UM 4  N15U5EAESaUNSINANAIU

a9 9

4.1 msiaummé’ﬂwmzmimaaumezqmmﬂmmgm

mamssamm%agamwmaau SPT IUﬂWﬂﬁU'WﬂJVH\‘iélj’]usﬁﬁWU@QLﬂ%@ﬂﬁ@, n19 Set-up

W384ile, warIsn1sUURnIImAaeUIINUTENA1eNSUNA@eU SPT vilraunsadiundnyaenis

naaou SPT l@sennsadt a-1

M13199% 4-1  Jeyanivageu SPT Tunimauy

UTEN SPTGeo Ten GTC Geo Physis JLP Sercon STS
e
A3 a1 Wy Wi Wy a1 Wi
1% 2 1912 WU 1% 1912 2 191
U 1 2 2 2 2 1 2
300 § 0! i § §n § §
Aumen
wiln Iniin o 1nin T i v3U Tet e @
0)
(1) 0.15 0.16 0.19 0.19 0.12 0.2 0.2 0.22 0.12
a9
(1) 0.44 0.43 0.31 0.41 1.15 0.9 0.11 0.22 0.98
Unin
(nn.) 63.5 63.5 63.5 63.5 63.5 63.5 63.5
SPYZEN
(1) 76 76 76 76 76 76 76
U Knock Knock  Knock  Knock Knock Knock
#an Block Block  Block  Block _ ) Block Block _
@ 1) 0.13 0.10 0.13 0.10 - - 0.11 0.10 -
N
0.14 0.13 0.12 0.15 0.14 0.12 0.15
O ()
NFNY N N N U A U
ANINYUY Wy Wy Wy Wy mudy @y W
MUY AW AW AW AW AW AW AW
Qusn
o) 0.045 0.044 0.043 0.044 0.034 0.044 0.045
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EhE]

olu
) 0.035 0.033 0.032 0.034 0.044 0.033 0.035
1.
RPN yy yu YU Uy
Jane 97 97 97 97 Uu ang YU
WWan AU MU Ny AU PN WY AU
U
ds! T 9 (A oA Y I Yo
SOU ‘Uu@gﬂ‘ﬂﬁﬂ ‘]J@N']u‘ﬁu’lﬁouLﬂu@jﬂ']ﬁu@@]']ﬂﬂ')']ulﬁﬂ']%ﬁﬂ
@ Jan
) 0.025 0.025 0.025 0.025 0.025 0.025 0.025
1,
ASTUBANN
0.535 0.669 0.545 0.724 0.653 0.597 0.623
g13(.)
Quan
0.05 0.05 0.05 0.051 0.05 0.058 0.05
(1.)
oy (1) 0.035 0.034 0.035 0.034 0.036 0.034 0.034
GHIERE
2 ) 0.114 0.102 0.11 0.089 0.102 0.118 0.08
1.

eazBavestieyansvadeulvzanEalmInsg URnITUIATeslauar BN sU RN
131971 4-1 annsaesuieladed Tuntsveasuiouldwiuansannndiaunduaionatsiisen
$1uau 2 fa FefuTaenadosiudoyaves Kovacs (1980) lddrsaadeyanisnaaeululszina
anigeusndslfszyinduusenilifidnom 2 fuguiu

Funeniililunismaasuil 3 vla winvuladvidunvuildunsnatouindian Tneslvuin
Wuringuénansszana 0.15 - 0.22 1. wazfinnugeesdunenyszain 0.11 - 0.44 1 Fanuin
wiloufuyszmadiudl Yoshiaki and Tokimatsu (1984) léid1519ifinnslddumenlatvnnaey
wuiulpgdidurigudnansszanm 0.15 - 0.22 u. uazilanugaszuna 0.24 - 0.41 al.

grusesnenienlduuy Knock Block waziliduringudnansuszunns 0.10 - 0.13 udafnilouiy
UsenAdjuiduiudl Yoshiaki and Tokimatsu (1984) lédd15aal3udvuinvesgiusesnaniinay
uansnsiu TaefgUuldiidunigudnarssyana 0.07 - 0.10 .

vnfuilflunismaaeuiivuiadurigudnatsuszanm 0.12 - 0.15 u dsifinnlndifssiu
mimmaaﬂuﬂizmﬂaw%’gaLu%mﬁ Kovacs (1980) LLasmimaaﬂuﬂiszzﬂﬂuﬁ Yoshiaki and
Tokimatsu (1984) léd523l7 Tnsvesdseimaansgowinidivuia 0.11 - 0.20 u. uavveslsymadiu
f9u9 0.10 - 0.21 4.

anwagn1INYUIIINIILiinTyy 2 dnvme Ao wuuniulu@EunisUaiseanazed
suasainiiu) wazuuunmudy Ghwnisane@onazegiuuuinuusdludeyafidrsivdiumin

Wunuumuduuiing Fslulszmaansgoiuinii Kovacs (1980) ladrsianaznandin Tudszma
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EhE]

an¥gensin msnyueshinufildsuaradeniih 2 uuulndiFestuudlbiislaldsuauond
G

yuaveadenildlunisageuiivuin 0.025 4. Feinssiuuseimaanigeluinii Kovacs
(1980) ladsiadninmisldvuimdenuun 0.025 al. Wuriy s Yoshiaki and Tokimatsu (1984) lasyy
dwmiuussmaduuliidonuunn 0.009 - 0.030 ulummegeuiaEnygnzansgL

yunvemauzdniuuiteadsiivuaUszanm 0.08 - 0.12 u. AdlndiFssiuruiavau
zvessEmAduil Yoshiaki and Tokimatsu (1984) l6nanly Taevauianzfiuszmadiiuiivun
0.06 - 0.15 1. @4inseriuanAsEIL ASTM D1586 (1999)7tseylilduriu

L5 v

42  msUseavgeunsaliandany

<9

N

n1suseivgaunsalinndanuelddmiviandnulunimaaey SPT a1uisanninlagsiy

bog

= U

VaualafanIng 14 degunsaliandsautuazwuteanidu 3 diufe gunsalindygyin, aunsal

veedyen, ke gunsaldunindeyay o

FTTTTT T |
|

: Signal Amplify Box :

. |
r I e S
| Loadcell2ya ! ! . ! ! e !
| L vy | |
I (Strain gage 350 Q : > , | 9 | L FEC_O(Ee_ ) |
| I ! 200 1M ! R F - T
| Fullbridge) ! L. ) ! o P
| | ! NI I 1 Note Book ! |
————— S — - e ||
_____________ | : i USB-6009 | | (Labview) :
| | | 1o |
| | [ | I ========== === ======= !
| o = ! !
| Accelerometer 2 %A | | anunudanuaei | [ !
i ! > - I |64 B !
| (10000 g) ! ! 6.4 Volt !
| : S ]
\ I

A
Battery 12 V

JUN 4-1  dnwauzlaemiuvesgunsalinndany
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EhE]

o

4.2.1 gunsalindyaa

A

Wuduazwdn AW 817 83 wuRlns lneasingd load cell way Accelerometers ag19as

2 94 low load cell Hu¥i1u191n Strain gage 350 €Q LUy Biaxial F981959971n Odebrecht et al.

(2005) #929395uUU full bridges @1u Accelerometers din1snaugUad 10000 g

o

4.22  gunsalvenedyyin

A

< o

anunsauuslailu 2 du Ao yavenedyqiuvues load cell wag YAAIUANEYYIUVDI

Y v

Accelerometers @sanunsalanssgazidonlanail
- YavenedyI1n Strain gage Induazdodldynvenedygranieliamisasiunazduiinanla
gj a v 5 o 1d Ay ¥ [ = v |
wszaztulunuideasindunseddyaveedyyialaedonldainisveny 200 W1 wazyn

veedyIld Vi, wiiu 5V

[
[ = [ [y

- gamuAudyIns Accelerometers Mldlunuidensslifinnudndudesruaulill v, winiu 6.4

v Y a o

V. wmsizdndudeiinuavesusengnaniissyuninazdesd vV, wirdu 6.4 V 3saglimdulseans

Y

USuBAmuenansaeuLig uveauTevgnEn
4.2.3  gunsaldunindwyayo
115U load cell wag Accelerometers Wy Tuauideasalidanlyd NI USB — 6009 @il 14 Bit
Larddpsd1nsune load cell way Accelerometers v19%3n 4 409 Lagldasn V,, Y9909 load cell

WU £2.5 V uag V;, ¥89889 Accelerometers Wiy +1 V Fadygiunianunazgnduiinas Note

book agly Tsunsy lab view AUAY

43 nsWgvdasulvanwa

nsiieuaaulnanwa (load cell) mMuuInTgIU ASTM D4633 Muuaitlunisaeulieutiufes
agneldtouly 2 1o e Inanwadesaunsainuwsalaegelan 70 % YIUTINIVUA warNUNNTGR

Y ) Ay v ° o a | | a v & A v oo Y

vaagunsalinndanunlannnisawiaszsedinuuanasliiiu 5% Auiuivifnvesgunsalin
nasunleann1sIn Wnglunisiieuasulnanwa Tuauwideidvinlaeldasad UTM nawasaanIuiaig
N3oUNIIA Volt Mldsunuastuny load NANTU-AAAY I1UIU 3 SBUNISNAADU (MAUA LALTIA
Windu 150 kN, B598awindu 100 kN) videandeuifisuiasadudosinnisasiadaiionsiaaauinnig

1 = =)

Fovasuiiudeulvhasdeiinaniwdeliginisnsisaeuiuriildlnoniseun3ouiisuy
Nufnidafisnlaass InoRufinindaiinasaviaiu 0.00072 m dudleSsudioufimui 2 Fouly
wazldlansuavesnsiUSouliioudaguil 4-2 uas 4-3 uaiilonsvaeuinldiuteulviidmuslifas
mduTuSsEing nan fu Tad weludulssansusuutaivesinanwadmnuduiussinauans

leiwsgudt a-a

4-4



4

il 4 nsUsERvgaunsalianaaany

EhE]

Force( %)

% AIUUANAIIUD

1Sauneunsan load cell Taladaunu 70 %

100.00% $—89 9 % 5 » 35§ 3§

80.00%

—®— Joad cell 1

60.00%
—®— Joad cell 2

1 2 3 4 5 6 7 8 9 10 11 12 13

UM

JUN 4-2  anuansavesvanwaresansadauslalidesndt 70 %

@
@

6%
% gy et
4% ~

3%
2%
1%
0%

k%

—®— Joad cell 1

4

—®— Joad cell 2

NUNHINAAM U

v
A

1 2 3 4 5 6 7 8 9 10 11 12
UM

JUN 4-3  anuuaninsvesiunnthdaiAuiunsindeawanealiiy 5%

Calibrate Strain gage

150
100
50

y=119.366487x - 27.313849

Load (kN)
o
o
\

R’ = 0.997961

-100

CF =119.366487 kKN / V

-150

-200

-15 -1 -0.5 0 0.5 1 15

Volt

5UN 4-4  duuszAnsuSunnannisifiguaey
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4.4 NSNAFDUIANGNUIIENTANEANNIATIIU
n1snAaaUIANaInUIEnEanEaNInssulanageuluusnauNn TN LazUIuMTa
lnen1snaaeuazityngUnalinnasulufnfasenineiuagduuuaniuyafunansEnIenIs
& ] % dl as &
VAHULIIENEANTANUINTIIU WaLAUTYATDILTY (F) warAIIUse (@) MuAud 10000 5N
Dusvezian 5 3undl dumsihanfinlduninssiasauladeyalusseznainouniuavazyiowsin
AumaurugUnIalIaNGIU (981 0 89 2V/c lagil | ADAINHETIVBINULINE)
o 6] o

N153A3199A21059 (V) 31ndeyanduiss (a) 1iala 1938AuInNn1L nguesduddu

(Simpson’s rule) Aasaadluaunsi (4-1) NazlAuininuinndnAuAIAIULTINTINATS

a(t-1)+4ait)+att+1) [

Av(y = t—(t— 1)] (4-1)

6
NTIATIANGNIUINEGVEANHINTZIU () nnsvegeu Tgisamwumuaunis Fv ngdl
darivun Ao AdunsEunnAetegaely 1 ms nd1R1NYALSUAUNITIATIET LagagiinsuTuun
A4S (F) wazAdasa) Maan 2Uc Widawviduaud deriniivean1sduiinsm Jadeiivun

AananLanalanegun 4-5
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120 \ [ 6
A |
100 / \ Force Force 5
80 \ . T4
Velocity N RE ¢

6 \ V\\/ elod USuldiugud @it ugud) — Velocity| 3

20 \v"/\\ [ 2
_ 20 \’\J‘\v\’/\\\/\\b V/ 1 g
E 0 MMI&\J/:"\ /—é R/ AABJ) 0o =
g 20 A N -1 E
: [ .7

-40 2

2l/c =12.5 ms

-60 -3

-80 4

-100 .

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (millisec)
500
F2 ‘ ‘ /
s B
< FV|
400 y; -
/ /—/" - — R
300 |/
H
2 /
on
E 200 ‘ 2l/c=12.5 ms
=
100 —
1 ms
0o &

Time (millisec)

JUN 4-5  JarmunreinITinsgimnasnunlinannmegey

ANRAEUBINGUUTEANSHE (ER) 203n15Mad0U SPT LUUdMd1u09A a1

'
a1

NEAWNINTFIU (E) AU AINFRIUNINTFIUYBINITNAFDULRIENEGNTANUINTFIU (E) Laeiian

NHIWULINTFIUVDINTNAFB UL NEGNEAWUATTINEAWITU 475 )

45 MTIATIEINGINUNENEANEANUINTTIY
N1TIATIEVURLANANAAD UIANG U IENEaNEa1N1nsT Ul EITnadAlaelauyRgiudn

foyandanuuszansuaresuisnine iinaaouuazdoyandsnulssanuavosiunentia 3 viind

thaiesgitnisnszanedinuuund (Normal distribution) daiismsduanilagldvannsafiaily

&
U

-€
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il 4 nsUsERvgaunsalianaaany

EhE]

! dl U a a o ¥ dl
- ARasveINaIIUUsEENENa Amwnlaanaunis (4-2)

(4-2)
(4-3)
- fuUsrandanuwlsUsINeNa s UUSEENSHE AuIlaanaNNISh (4-4)
SD
X
gl X =  Anedsvesnasulsyansua
SD = @wuletuuninsguuesasulsyansng
COV = AUUsEANTANULUSUTINVDINAIIUUSEANTHA
Xi = Yoyavoyandwulszdnsua
n = FIUIULVDUANAIUUSEANTHE

Y
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UNA 5 HANAFIUIANANIULRIENEANTANUINTFIY

51 wavadeuiandsnuaenzanzannasguinuuitvilimaaeuluan
511 US¥mA

U3 A Tandsunaaoudionun 5 nauaty o 5 [Wdunenlainnaaoy SPT) lned
svazdundl Mgy BH-1 VAAOUTANSINUTISEAUANLEN 19.50-19.95, 24.00-24.45, uaz 25.50—
25.95 A3 QY BH-2 nageuiandssuiisefuaudn 19.50-19.95, 21.00-21.45, 22.50-22.95,
24.00-24.45, uag 25.50 - 25.95 AT 1Ax BH-3 naaeuiandssuiiszduanudn 16.50-16.95,
18.00-18.45, 19.50-19.95, 21.00-21.45, LA 22.50-22.95 AT QL BH-4 NAdUIANGINIY
ﬁawm 5 %uﬁszéﬁ’ummﬁﬂ 19.50-19.95, 21.00-21.45, 22.50-22.95, 24.00-24.45, way 25.50-
25.95 lns gy BH-5 naaauiandsnudisefiuniudn 16.50-16.95, 18.00-18.45, 19.50-19.95,
21.00-21.45, hag 22.50-22.95 A5 Wieu maseulszandnalEr) 11 Plot Wunsiwuvsaniy

(Histogram) anansauanalanagui 5-1

4
Ll Mean =43
¢ SD=11

ey 13- ?_ / 37_
g
= F
& 10

5

/
D T T T
20 30 10 50 60 70

ERi (%), A - Donut

UM 51 nsmluwviaanizaAndsnulsednsiaresuiun A (Gunenlativ)

31n3U7 5-1 ndaulseansuandnldainnisiandsnuuesuigm A wulddingeanu
Usgansuandiulasidieglutie 30-50 % lneilidadeveandenuussansuamiiiy 43% ddu
Uauuiingg Uiy 11% wasliduuss@nsanunlsusiuminnu 27% 31n31uiuresdayanasinu

NasUUTEANSHA 206 Youa
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512 U3¥mB

U3 B Miandanunnaeuiavan 3 nauang (a3 vauangldunenlatmeaou SPT)
Uinafiuiivineesuiadund 14 fsvasiBeaded vau BH-6 naaeuiandsuiiseduainudn
19.50-19.95, 21.00-21.45, 22.50-22.95, 24.00-24.45, wag 25.50-25.95 WnT gy BH-7 neaday
Sandsnudisziuainudn 15.00-15.45, 16.50-16.95, 18.00-18.45, 19.50-19.95, way 21.00-21.45
WA 1ay BH-8 NAEoUTANSIUNSEAUAINEN 15.00-15.45, 16.50-16.95, 19.50-19.95, uay
21.00-21.45 w5 GletmdsnulszaninalEr) flenagauiuu3em B 11 Plot Wunsivuriaanis

(Histogram) Lievnanwaen1INTEeiveyadeyalanagun 5-2

30 _
25 |
20 | Mean =46
7 SD=12
2. s
2, 1 N=144
=
&

COV=26%
10

D T T T T T T
24 32 40 43 36 64

|
ka7

ERi (%), B - Donut

5UN 52 nsmuwraangAnasulsEanSavesuIen B (Aunentaiin)

NN 5-2 AdeyanasnuuszvsnavesuTem B 144 Jaya laeirnadeveandenulseans

HAWINY 46% HaideauunnnsgIuyinny 63% uwaslduyseansanundsusiingu 26%

513 us¥n C

U3 C msTandanunageuiiavan 3 nauiane (dunen 3 slelunisvaaey SPT Ae Taiy,
il wag 15U ) negeuUSnaiuRwaTien nsisnsazidensad way BH-9 (llatimaaey
SPT ) naaouiandsuiiszfuaiudn 22.50-22.95, 24.00-24.45, kay 25.50-25.95 LUAT ML
BH-10 (1 enAnaaau SPT) nageuiandeauiisefuainudn 28.50-28.95, 30.00-30.45, wae

31.50-31.95 WA viqu BH-11 (dninaasy SPT) naaeuiandsnufissduanudn 49.50-49.95,
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51.00-51.45, WAy 52.50-52.95 w5 Weoumasnulssdvninaivaasuiuuign C s 3 nauany

Plot unsuviaianiziiieganuaznisnszatesivesdayaldnigud 5-3 (fumenlain) sUil 54 (Fu

AaNLNR) uag UN 5-5 (Fumenvsv) mua1Au

Frequency

10 -

g

Mean =38
sD=11
N=24

COV=28%

30

ERi (%), C - Donut

40

JUN 53 nemuvamngamdnulseaninavesuiem C Gunenlain)

NFUN 5-3 N13nsEAremvesteyanasnulssansnadiulngoglugie 30-50 % lagd

4 Y

ANLRRLVDINSIUWINAY 38%, Ha1uTeuuulInsgIumnny 11% wasddulsesansanuwdsusiu

Wiy 26% usiiilesanidnnudeyanuaiiies 24 deya Inihlvdanueiudeudieiesy

Frequency

2.5

1.0

0.0

Mean="76
ED=13
N=7

COV=17"%

&0

70

30

ERi (%2), C - Safety

UM 54 psmlwiaamgAnasulsEanSiavesuIvn C Hunaniaiii)
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Y o 14

31n5UN 54 esndeyanlalidnuiuvesdeyatesiiuluiiieus 7 Yoya Juinlvdaiy

'
tY 1 v v

WeduAouleley ngAmawuUsEAnsnalaaieinny 76% ddmdesuuannsguiniu 29%

wardduUsyansmnuwlsusIuINaU 17%

10 -
9
8 —
O Mean =59
%
SD=6
g o : 8
g _ 7// N=32
= 2 ,-'"-
& COV=7%
L o
3 |
2 |
"
1
o : ; j . . . : :
72 76 80 84 88 92 96 100

ERi (%), C - Trip

5UN 5-5  nsmlwiaemgaAnasulseansiaresuivn C (Gunanvsv)

915U7 5-5 95U18NMINTTAEMIVDMNATUUTEAVENAaVRIUTEN C (Hunann3y) 1o nasau
UsgansuadlngiAnalaegluyis 84-96% lasilaadevesnasnuussansuainiu 89% ddu

UeuuinnIgIuinnu 6% wasliduuseansanuulsusiintu 17%

514 UMD

U3t D neaeulagldfunaniatinnageu SPTH LA 2 nauiate lasflseasiBonvoman
nageuIandeatudeil WQy BH-12 fifuvnisna1udn 18.00-18.45, 19.50-19.95, 21.00-21.45,
22.50-22.95, uay 24.00-24.45 AT Mqu BH-13 Aisumianudn 18.00-18.45, 19.50-19.95,

wag 21.00-21.45 a3 Lile Plot nTWUvsamzIINAMELUIageuLandlanagui 5-6
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16 -
14 |
Meaan =49
33
SD=13
10 | /
2 N=59
5
5, B COV=27%
L=
P 6
4]
# 54
0 : . . : . fi
24 16 48 &0 72

ERi (%3). I - Donut

JUN 5-6  nymuvaanzAmduUsEENSHaTeIUTEN D (Funaniaiin)

91NFUN 5-6 A1UNT0TUIENNINTEAEMvRyaUTIANAN Y TEENSHATIANDE SEVING 36-
60% lognasnulszansnalinnadewiniu 49% Harnlotuuinnsgiuminty 13% wasidulssans

AUBLUTUTIUTNAY 27%

515 USYNE

USH E MIIandanunaaaunmun 2 vauiane (Me 2 vauangldquneniaimmegeu SPT) Tu

v o

Ui lsasgudadudynsysu 2 lavlisrvazidenvemqunadeuiandsaussi nqu BH-14
NAADUIANANIY 5 SEAU ﬁﬁ?’]LLMﬁQﬂ’JW@Jﬁﬂ 24.00-24.45, 25.50-25.95, 27.00-27.45, 28.50-28.95,
way 30.00-30.45 AT UQH BH-15 nadauinneasay 5 SERUTRIULLIAINLEN 24.00-24.45,

25.50-25.95, 27.00-27.45, 28.50-28.95, Wwag 30.00-30.45 dlethndanulseavsua Plot Wunsw

'
A Y U v

LwiaLawm‘waaaﬂwmzmimzfmamsuawaﬁ,ﬂaﬁlﬁmaaui’mwé’amummaaLLamﬂiW\ILLmLawwmm

=

NAIUUSEANSHAlAGISUN 5-7

Y
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18 ]
16 Mean =47
14 4 sDh=12

COV=26%

Freguency
=

20 30 40 50 60 70 a0

ERi (%), E - Donut

5UN 57 nsmlwiaemgaAnasulseanSuaresuivn E (funanlaiiv)

31n3U7 5-7 awnsaesuigliiinisnszaiedivesyatayandaulseansuainisnszanudd
wuuUnd InelA1ndeusInIsnaasuinnasnumiIny 47% Ja1deuuuniasgnuminny 12% wazd

duUszansaNuLUSUTIUMNAY 27%

516 UM F

U3 F nsfandanunadeuiionun 1 viauane guanglddunenewinagey SPT) lu
USha Anlzdmiunme Umingdeinunsmansuiavy lnglsngazitenvamaunaaauiangsny
il nau BH-14 naaouiandau 3 sefu Aidumntsaanudn 31.50-31.95, 33.00-33.45, Lay
30.50-30.95 wn3 e mdsuuszandna Plot unsmuviaamziileginuaznisnszanefives

v

JayaanunsakannTvlLisamendanuUsEavsHalanagun 5-8
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16 :
14 ]
12 | Mean = &2
. SD=9
= ;
g N=37
2 sl
z COV=11%
= 6
4
2]
D T T T T T T T T
63 70 75 80 83 90 93 100

ERi (%), F Safety

JUN 58 nemiuvaangAnaNuUTEENSHAT0IUTEN F (Funaniuni)

JUN 5-8 anunsneSurenisnszaneiiveseyanisiandwulagldiuneniwninageu SPT vas

Y Y

(el

a o ' I Y 1 [ a v [ a a & dyd ! a
Usun F '3’1L‘LJ‘L!ﬂ'W’iﬂ’iz’iﬂﬂﬁ]'ﬁ%@ﬂ%@iﬂﬁiuaﬂwmgﬂﬂ(ﬂ IﬂEJGQWUBQJJ@W@Q\TWUUigﬂVlﬁNaﬂ’NU ALRA

WU 82% HANUELUUINIATIIINAY 54% wasilduussansanuwdsusiuminiu 27%

517  AATIEVNANITNAGDS

NTayanIINAaey SPT wazdoyanisinndsany SPT Aladnausludieduty agdiuladng
WesiurisresUagilonuuinuuazruavguzuituniianuwanslugenisnagey SPT
= v 1 Y] 1 & o ¥ a Y Y - Yy o & o= l A _ '
Fetauansesanantiensvilvifanansenuiundanuinegeuls fauieaslenade £ (X E) A
Wesuuunnsgiu E (SD E) Atady ER (X ER) wazAnleuuunnsgiu ER; (SD ER) wandlaninisnad

5-1 etiioLUSouAisunNIsIANG9U SPT waziiiad1esanisyinAnunladnaae
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M1319% 5-1  HaagUuARfenarA et UNIInIgIUYaIUTENNaY

. . FULU WA Q@ ER, ey~ COVigy
e TR Uaneiden 7auae (m) " (%) (%) %
A Tatvw  wwfind 0114@5iy) 206 43 11 27
B Tat  wwhind 0102 144 46 12 26
C 1w vy 0.089 (3.5 ) 24 38 11 28
D 1w yuInnIu 0.11 (4.5%7) 59 49 13 27
E T dwhnthu 0118(a514y) 70 a7 12 26
F wid  uwhntu 008(351%) 37 82 9 1
C s vy 0.089 (3.5 ) 7 76 13 17
C 35U vy 0.089 (3.5 i) 32 89 6 7

91597 5-1 Wilddnuzvesiuvislareiden, Sruiuseuvesnmsiulden, waguunn
veavguzfiuanasiulallddmadendanuiivaaevlduntn Fufusaenadestunuifeves
Kovacs (1980) uag Kovacs & Salomone (1982) fina1nl3indnwarvasiumsansidon, $1uty
sevvesnsiudoniliiiu 2 sou, uarvuiavemauEAiTdugudnaslaiiy 60 -120 ua Tl
dwasiondsnlsydning iWeduruiufaldhdnuvusumedeniiisiusazsuiuseuteins
fudondmivdoyalumuidoadsilidsmarondanuussandun maudifiesinsufoaouminiy
drururnvemauizliduigudnandlaitiu 60 -120 uu Alsidssansznudendsnuuszanua
Wuity uagfivuavguianylidwadendanuussansuadndenis iesanvuiavguianzvesuity
senfiudoyalunuiteadaifaluifunmnsgureanmadeuinignzanzaisnsgu Assylilu

ASTM D1586 (1999) Juilvindsnulszdvinalilasuransenuanvuiavauiaie

5.2 WavedeuInnatIuIeNEanEaIunasIuklmnuYiavadunen
NsnAaeUIANGIIUIENEaNEaN1n g UluNLITeAsIl Yin1sneaeunvNg 16 vauaiy

LY

fuutmansnianan 6 UiEnAsldnanlidreiu nelunsmeaou SPT azlddunantiavan 3 ¥l
fo Tt il wor v3U FadlenmaeuTandsnuazldtoyandaifalédsdl naaoufandsnulagld
funanlatin lisuudeyavinun 503 doya funeniwnd a4 Joya dunonvy 32 Foya Gedoya
yosmduiitalduanstilumdonisTandsnuuanmuuien ngluidededasnanisdnumenis
N35918AIVITEYANGIUIZNZANZA NI IULaSNA YT AVEHalngaz AR e T uN T WIS

wngauvlinvesrunanAwme LUl
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521  fuesnuuulaiin
v v a % % :JJ a o b2 g.}l v d‘ o
Gpmaﬂimuwmimmaammwaqmummm 13 #gaLaNg HUIUVDYAYNUUA 503 UDYA LUDUN

Foyaravua plot NINLINANEIEAAN BUENINTEEMvBITaLANGINUUTEANSHALARIFUN 5-9

50 .
40 |
] Mean = 45
[ =19
B . N =503
: /- g
2 COV=27%
= 20| - \
] A
1[}_ 7_/ 7’
// ’
D Ir7_ T T T T T
20 30 40 50 60 70 80

ERi (%), Donut

JUN 59 nsmuvaamzaAmdulsEansuavesunenlatin

NUN 5-9 dunan1snszanedmveandsundsnulssavsnavesiuneniatimdunisnszais
Mwuuund IeedlAnafeveanasnuyssdnsnaminiu 45% Sdnudssuuannsgnuminiu 12% was

JduUsransanuwlsusIuwInnau 27%

522 fumenuuuiia

Funanieid n1svadeuiAndanuasngangalunsgiuvesiunensiainsiuiudeyad
nagouAsuttesflofisuiuiuiudeyavesdunenlain Liesanmszinmmeasuilddumnen
eWAnaaay SPT AeudnaiitiosTainlinuifenssillddeyansmaanuiidosnuluse Tagludid

NINAADUTANRINUNINUA 2 QuLAe AT uIutoyananun 44 Jaya Lile plot n1uviaanIziie

AANYAZNIINTZANEAIVRITRLANAINUUTEANSHAT AN SaRARIARIIUN 5-10
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16 -
14 |
12 - Mean = 81

5 10 . sDi=10

5 s N=44

2 ]

o COV=12%

= 5
4]
| S~
0 : . : .

60 70 80 50 100
ERi (%), Safety
JU7 5-10  nsmluvisamzAmasulssavsnavesunenions
INFUN 5-10 a5ugladnAmdnuussansuavasdunanaiinisnszatediuuuund lagd

ANAREVDINITNAFBUYMNNAY 81% wazld1uleuuuuInggnuiiny 10% waslduyussdnsniny

LUSUSIUTNAY 12%

523  funenuuunIy
AunannIu An1snageuiandannu 1 vaune wagiidnuiudeyananun 32 aya e plot

NIMURNIEANTINSEANEfvelayaaaTaLanslafaguil 5-11

10
9
8
g Mean =89
i
- SD=6
8 . N=32
o
R COV=7%
3
2|
.
\
o .

76 30 g4 83 92 el 100

=1 ]
[ =]

ERi (), Trip
5UN 5-11  neluvis@meAmanuUseavsnavesunanniy
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JUM 5-11 Andeauussansuavesdunannsuiianademintu 89% ddiuleuuuinsgiu

WINAU 38% LazdauuseansnnuLUsUTIINNY 7%

524  AATILAHNANITNARD

mﬂ%’a%awé’wmﬂ%?ﬁm%mamaﬂﬁmaﬂﬁm6]17130 3 @ Tnt, wili, waznsU wanisvadeuA
USinaundsnunedatin, i, uagvisyU Sendal 45%, 81%, wag 89% anuandu uslunsuSuudity
FosuSunAndanuluil 60% dae feuiieliiedonisiiluldlunisusunden SPT #ildannns
yaaovluau TurmiAdoadsdsuuindsnilusl 60% ER/60) T 3 Fumendsinaniundneiu B

anansauansldfagui 5-12 fa 5-14

70

a0 -

50 Mean=10.75
SD=0.20

= 7 N =503
30 % 7

Frequency

%

0l : : ; .
0.30 045 0.60 0.75 0.90

1.05 1.20 35

Donut, ERi'60

UM 5-12  anvluvisamzanasulssansnavesiunaniainiiusunilui 60 %
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Frequency

Frequency

10
Mean=1.35
- SD=0.16
N=44
6 CoOvV=12%
4]
2
#
D T T T T
1.12 1.28 1.44 1.60
Safety. ERi/60

JUN 5-13  nvluvisamzAndsulssansnavasiuaenenanuuwalun 60 %

10 -
94

8
Mean = 1.48

74

SD=0.10
6 4
N=32

5

COV=7%
4

34

24

A4

1.2 1.3 14 1.5 1.6 1.7

Trip, ERi/60

JUN 5-14  ATuvisanzAnasnuUsEansHavasiunannIuIuTuLAlun 60 %
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a

M13199 5-2  waaguAmaanuUsyansravesunanyiingieg

Hammer ERi SD i COV g ERi/60 SD trivso COV trieo
type § (%) (%) (%) (%)
Donut 503 a5 12 27 0.75 0.20 27
Safety aq 81 10 12 1.35 0.16 12
Trip 32 89 6 7 1.48 0.10 7

A 1 (% a a L 3.11 a I v CY dy
M151991 5-2 anenaasuAmdsnulseansnavesunenis 3 ¥ia AsAunanlati, wild, waz

v
v

75U FedAnatl 45, 81, way 89% lnudlAduUsEaNSAINNLUTUTINYBINSNAGRUWINAY 27, 12, kay

7% MIUAIAU WA UNITUSULALTDI9INNAIIUVDINITNAADU SPT 3 mdudasusuwnluf 60% sae

[% (%
Y 1 v a

satiuafe U dundsnuyseansnaiuSuwilui 60% wal@edlandadl 0.75, 1.35, way 1.48 laeilen
FUUSEANTAMULUTUTIUVBINISNARBULYINAU 27, 12, A 7% ANUANU FIAINEI9UUSEENoNaN
USuudlun 60% wanvzdieliglalasuaiuazainuingadulunisusuudien SPT annnisveaeuly

dund

1 [

WU UsEANSHaINAURENTIY 3 BiinvesITeasatillewSuumeuiuATe996Inn519

av za

1 5-3 wiulsimasanulsyaniresnuisennsgilananisunsnuideniinudennaesivnuidenss

a0

dy av & 1 v [y a v & dyo.; g Qlldy = = (Y a a
HuarunnuideniianllaennassiuanuiseassiaaiuluniagiuSouiisunasnudsyandnaves

a v ! [ a v :.; dy = I a ! v Yo dy
\'1'1‘14'3%FJG]'NﬂﬂUQ']U'Jﬁ]EJﬂiQUI@IEJ"WL‘UiEJ‘ULV]EJUG]’]?JGU‘L!WU'E]\‘]LL@ﬁSG}NW@ﬂI@@Q@@lﬂu

=

L U o U a v 5 tdynd! = o a a ! U ! o a a a
AunanlaindmsunuIdeaTatgalindsauUsEansiawitiu 45% lngAndsnuuseansuand

¥ I ;4 U a v d‘
mmaaﬂmmﬂmimaauL'ﬁ]'13‘1/1zq‘v]zm\‘m1migﬁuummaamaaaﬂummﬁ]mm Seed et al. (1985)

naaouluyssmAansgolusn1nuUssmAaIsauful Lag Bowles (1988) N LaUaAINA 191U

=< a 1 [

Usgansuanvaasuluysemaansgawsn13 A mdulssansuaminnu 45% wudu Aaduan

nageuladadinnuaennaeiuin dunuidedunasulssansiavesiuaanlaninidensening

1%
[

55-67 % BeilA1a9nI1911e ATl
v Jo o av Ao @ a a v = = v o Y aw
AueannidniuuITeiirmdnuussansiawintu 81% Fewsiianulndifesiuauidy

Y84 Robertson et al. (1992) MausAnasulszansnavoqunaniuniinfiu 82%uaz Bowles

'
[ a =

(1988) FedlAmasuUseansravasuaaneninnaaeululssinaanigelsn@lineglugg 70-
80 % @audBduY Nlananfdmsudunenaalifnmainuuseaninasgluyie 50-71 % Fadl
AFININNUITeAT

¥ a o o a v 5 dn/d L a a ! U = L o

Aunannivdmiunuideadaliindsnulsednsuainiu 89% lagaziiniuaenndediy
1UITVea Leslie et al. (2008) Nlauaamainuuszdnsuavasiunann3uiingu 89% duiiuledn
= Y S i vy
fnnugenAdaeiuuIn wag Bowles (1988) 1NA1331NINARR UL NEaNEa1NN1nsg Ul ddy

nannsunneageuluszinaanigawsnilAmasaulseansnasglugie 80-100 % FeA131NN13
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[ |

nageulnegunannivreuideasalifeglugaei Bowles lananfiuguiu diunuidedug 4

NAsUUsEAVSHavRsAunenviiatioglutie 70-82 %FadARINIINLUITeATA

[
[ [y a o

A19199 5-3  LUSHULTEUNSNUUTEENENATE1IUINBATILAUNUITA

Energy efficiency (%)

Reference
Donut Safety Trip

This research 45 81 89
Schmertmann & Palacios (1979) 60 63 -
Kovacs & Salomone (1982) 55 71 -
Seed et al. (1985)

Japan 67 -

United States a5 60 -

Argentina a5 - -

China 50 - -
Robertson et al. (1992) 59 82 70
Tsai Jiin Song et al. (2004) 59 59 -
Biringen1 & Davie (2008) - - 82
Leslie et al. (2008) - - 89
Foundation ,Bowles (1988)

US/North America 45 70-80 80-100

Japan 67 - -

UK - 50 60

China 50 - -

53 MUSEUTIEUNANTIATISINANIUAENEaNEaunsgulagds FV uag F2
a L4 [ aAad [ 1 aa A aa Zaddy ) a a
NTIATIANSINUIENEANEA1NINTFIUIITNTTRRY 2 35 fio 35 F2351Uun1sdudngm
o o % ax & aad a a Y < ax & v
Masaesvastluiuaziayds FV 893ilidunsdufinsanareusaniuams Ing3snsills
gnimuabiduuinsgiulu ASTM D4633 drusunisnaaeuiandinuniznsaneaauinsgiuly

Jaqiu

Y
a

UagUunisinsizianaeis F2 lddundeuldudlunisiandsu wdluiidazuanaiie

WiguWeuiuTBuu FV whiiy SesanisidSeuiieunandlanannsnan 5-6 uaggui 5-15
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Correlation between SPT N-value and friction angle
of local sands in Eastern of Thailand

Siam Yimsiri
Department of Civil Engineering
Burapha University
Chonburi, Thailand

Abstract—This research investigates the correlation between
SPT N-value and friction angle of 2 local sands from the Eastern
of Thailand. The research involves experimental study by a
consolidated drained direct shear test. The obtained results are
compared with published correlations recommended in the
literatures to verify their applicability with these local sands.
The suitable correlations are recommended for use in the
analysis and design of geotechnical structures in the studied
areas.

Keywords—SPT N-value, friction angle, sand, direct shear test,
empirical correlation

I. INTRODUCTION

The subsoil in the Eastern of Thailand is usually sandy soil
which is different from that of Bangkok where soft clay is
normally encountered. Sandy soil layer is typically located
down to 15-30 m BGL before the weathered rock is found.
Some areas near the coast have more variable subsoil condition
where alternating layers of sand and clay are encountered
before the weathered rock is found at large depth. The design
of geotechnical structures, e.g. foundation, slope, and
excavation, on sand requires effective-stress strength
parameters (drained analysis), which are cohesion (c’) and
friction angle (¢’). A routine site characterization program,
which usually involves SPT, does not directly provide these
parameters. The friction angle has to be estimated from SPT
results using empirical correlations which are abundant from
published literatures. However, these correlations are
empirical in nature and derived for specific sands which may
not be applicable to local sands. Therefore, this research
investigates the correlation between SPT N-value and friction
angle of local sands in the Eastern of Thailand.

It is noted that the soil properties obtained from correlations
with SPT N-value should be used only in the analysis and
design of small geotechnical structures due to their low
reliability. For large geotechnical structures, which require
accurate soil properties, the soil properties should be obtained
from in-situ and/or laboratory tests which simulate stress
conditions consistent with those occur in the fields.

Il. STANDARD PENETRATION TEST AND ITS CORRELATIONS

A. Standard penetration test

Standard Penetration Test (SPT) has been developed in
USA since 1927 and has become the most widely used in-situ
test. The advantages of SPT are that: (i) testing apparatus is
simple and robust, (ii) test procedure is simple, (iii) disturbed
soil specimens can be obtained during test, (iv) it can be used
with almost all soil types, and (iv) there are many available
correlations. SPT is performed by dropping a hammer of 63.5
kg (140 Ib) from a height of 760 mm (30 in) freely on the anvil,
which is attached to the top of the drill rod. The number of
drop used to penetrate the SPT sampler, which is attached to
the lower end of the drill rod, into soil by 300 mm (after initial
seating drive of 150 mm) is called “penetration resistance” or
“SPT N-value”. The detailed of SPT procedure and standard
SPT sampler are described in [1]. The obtained SPT results
have to be corrected for energy ratio, overburden stress, water
table, rod length, sampler type, borehole size, and liner in SPT
sampler, before they can be used in the empirical correlations.

B. Correlations between SPT N-value and friction angle

Correlations between SPT N-value and friction angle of
sand have been widely studied. Some well-known empirical
correlations between SPT N-value and ¢’ are described as
follow.

Correlation by Meyerhof (1959) [2] (see Eq. 1):
1

N 2
¢'=25+ 28( SS'J

O-VO

(o inkPa) @

Correlation by Peck et al. (1974) [3] (see Eq. 2 and Fig. 1):

¢ (degree) = 27.1 + 0.3Ncor — 0.00054Ncor? 2
Correlation by De Mello (1971) [4] (see Fig. 2):
Correlation by Schmertmann (1975) [5] (see Eq. 3 and Fig. 3):



0.34

N, 3)

12.2+2o.3(0v j
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where Ng = field standard penetration number, o, = effective
overburden pressure, and pa = atmospheric pressure in the
same unit as o’ (e.g. 100 kPa)

Correlation by Shioi & Fukui (1982) [6] (see Eq. 4):

¢'=/18N., +15 (4)

Correlation by Hatanaka & Uchida (1996) [7] (see Eq. 5):
@¢'=4/20N, +20 (5)

C. Comparison of various correlations between SPT N-value

and friction angle

Fig. 4 compares all aforementioned correlations between
SPT N-value and friction angle (by using reference confining
stress of 100 kPa). For typical friction angle of sand (25°-45°),
it is found that the correlations by [4], [5], and [6] give largest
values of friction angle, whereas the correlation by [3] gives
smallest value. The difference between the largest and
smallest estimated friction angle is approximately 10°.
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I1l. LABORATORY EXPERIMENT

A. Studied sands

Rayong sand is taken from the site at Pluog-dang district,
Rayong province. The soil profile at the site consists of dense
sand between 0-11 m BGL and very dense sand until the end of
soil boring at 15 m BGL. The water table is found at 2.0 m
BGL. The sand samples are taken by split-spoon sampler at 3-
6 m BGL. The sand samples are homogeneous and the sieve
analysis gives D1g = 0.06 mm, D3 = 0.15 mm, Dgo = 0.37 mm,
Cu=6.2, C; = 1.0, and %fine (<#200 sieve) = 12%. The sand
can be classified as silty sand (SM) according to Unified Soil
Classification System (USCS).

Chonburi sand is taken from the site at Jom Thien Beach,
Chonburi province. The soil profile at the site consists of loose
to medium dense sand between 0-15 m BGL, stiff clay between
15-20 m BGL, very dense sand between 20-32 m BGL, and
weathered rock. The water table is found at 2.0 m BGL. The
sand samples are taken from test pit at a depth of 3 m BGL.
The sand samples are homogeneous and the sieve analysis
gives D1 = 0.40 mm, D3 = 0.56 mm, Dgo = 0.75 mm, C, = 2.1,
C. = 0.93, and %fine (<#200 sieve) = 1%. The sand can be
classified as poorly graded sand (SP) according to Unified Soil
Classification System (USCS).



B. Specimen preparation

The reconstituted specimens for direct shear test are
prepared by compacting the sand samples to the required unit
weights by static compaction. The specimen size for direct
shear test is 6 x 6 cm? square and 2.5 cm height with volume
of 90 cm®. During compaction the degrees of saturation of
sand specimens are 71-87% for Rayong sand and 90% for
Chonburi sand. Three identical specimens, at various unit
weights, are prepared for each direct shear test. First, the
corrected SPT-N values are chosen to cover its typical range
in the field.. Next, the relative density for corrected SPT N-
values are estimated by correlation proposed by [8] (using o’
=100 kPa). Finally, the unit weight of the sand specimen for
direct shear test is obtained by using values of yry,max and
yarymin recommended by [9]. The details of calculation are
summarized in Tables 1 and 2.

TABLE 1. Unit weight calculation of Rayong sand.

friction angle and they have a tendency to increase with
increasing SPT N-value. The correlations between corrected
SPT N-value and ¢’, ¢’ of Rayong sand are shown in Fig. 5.
If the correlation is assumed as a straight line, the relationships

can be obtained as shown in Egs. (6) and (7).
¢’ = (0.57)(Corrected SPT) — 0.10

(kPa) (6)

Corrected Relative Dry unit Moisture

Specimens SPT density weight content
(%) [8] (KN/m?)* (%)
Rayong 1 16 58 175 13.9
Rayong 2 23 66 18.2 13.2
Rayong 3 52 95 214 7.8

1 because soil is classified as well-graded granular soil, clean fine to course
sand which has jarymin = 13.6 KN/m® and jaymex = 22.1 kN/m® [9] and

D, = [ Vdry ~ 7 dry,min ]7drymax %100%

Varymax — YVdry,min ) Vary
2 at 71-87% degree of saturation

TABLE 2. Unit weight calculation for Chonburi sand.

Corrected Relative Dry unit Moisture
Samples SPT density weight content
(%) [8] (kN/m?)* (%)
Chonburi 1 10 50 15.6 24
Chonburi 2 20 70 16.8 20
Chonburi 3 40 95 18.5 15

! because soil is classified as clean uniform sand which has yarymin = 13.3
KN/m® and jary,max = 18.9 KN/m?® [9] and

Dr _[ ydry _ydry,min j7dry,max «100%

7dry,max - ydry,min 7dry

2 at 90% degree of saturation
C. Direct shear test

The consolidated drained direct shear tests are performed to
evaluate the effective-stress strength parameters for Mohr-
Coulomb failure criterion (¢’, ¢’). The direct shear test is
performed at normal effective stresses between 30 and 110 kPa
and with a speed of 0.5 mm/min to ensure fully drainage.

IV. EXPERIMENTAL RESULTS

A. Direct shear test results

The direct shear test results of Rayong sand are
summarized in Table 3. Rayong sand has both cohesion and

¢ = (0.13)(Corrected SPT) + 31.67 (degree) )
TABLE 3. Direct shear test results of Rayong sand.
Specimens Corrected SPT ¢’ (kPa) & (degree)
Rayong 1 16 10 33.7
Rayong 2 23 12 34.7
Rayong 3 52 30 384
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Fig. 5. Relationships between SPT N-value and strength parameters of

Rayong sand.

The direct shear test results of Chonburi sand are
summarized in Table 4. Chonburi sand does not have
cohesion and its friction angle has a tendency to increase with
increasing SPT N-value. The correlation between corrected
SPT N-value and ¢ of Chonburi sand is shown in Fig. 6. If
the correlation is assumed as a straight line, the relationship
can be obtained as shown in Eq. (8).

¢ = (0.34)(Corrected SPT) + 31.8 (degree) (8)




TABLE 4. Direct shear test results of Chonburi sand.

Specimens Corrected SPT ¢’ (kPa) ¢ (degree)
Chonburi 1 10 0 34.1
Chonburi 2 20 0 40.5
Chonburi 3 40 0 45.1
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Fig. 6. Relationship between SPT N-value and friction angle of Chonburi
sand.

B. Comparison of relationships between SPT N-value and
friction angle of studied sands

Fig. 7 compare the relationships between SPT N-value and
friction angle of Rayong sand (Fig. 5(a)) and Chonburi sand
(Fig. 6) with publishes empirical correlations (Fig. 4). It is
shown that, at similar SPT N-value, the friction angle of
Chonburi sand is larger than that of Rayong sand. This may
be due to the fact that Rayong sand has more silt resulting in
the existence of both ¢’ and ¢ for its strength parameters.
The relationship between SPT N-value and ¢’ of Rayong sand
can be estimated by empirical correlation of [3], whereas that
of Chonburi sand can be estimated by correlations of [4] and
[5]. This indicates that there is no universal empirical
correlation in literatures that can be used for both Rayong and
Chonburi sands.

60

fg): 50 =

= [ ]

g 40 =

Z . - - -

g L~ -

= 0 = —

9 30 ’,ﬁ‘ _ =" | ——Meyerhof (1959)

= a — -De Mello (1971)

s — -Peck et al (1974)

o 20 ===-Schmertmann (1975)

S — - Shioi & Fukai (1982)

L 10 —— Hatanaka & Uchida (1996)
O Rayong sand
® Chonburi sand

0 1 1
0 10 20 30 40 50 60

SPT N-value (blows/ft)

Fig. 7. Comparison of relationships between SPT N-value and friction angle.

V. CONCLUSIONS

Consider the relationship between SPT N-value and ¢’, it is
found that Rayong sand has this relationship as a straight line
(Eq. 6), whereas Chonburi sand does not have c’ value.
Considering the relationship between SPT N-value and ¢', it is
found that the relationship of Rayong sand can be estimated
by correlation of [3], whereas that of Chonburi sand can be
estimated by correlations of [4] and [5]. The difference of the
empirical correlations for Rayong and Chonburi sands may be
due to the difference in sand properties. Rayong sand is
classified as SM and direct shear test shows the existence of
cohesion, whereas Chonburi is classified as SP and direct
shear test does not show any cohesion. This indicates that
there is no universal empirical correlation in literatures that
can be used for both Rayong and Chonburi sands. Therefore,
preliminary study should be undertaken to evaluate the
suitability for the empirical correlation chosen for specific
sand.

It is noted, however, that the determination of relationships
between SPT-N value and ¢ in this study may have some
uncertainty due to: (i) the use of ¢’ from direct shear test
compared with ¢’ in the correlation (it is well known that ¢ys’
is larger than ¢’ by a few degrees), (ii) the uncertainty of the
use of the relationship between SPT-N value and D, of [8],
and (iii) the uncertainty of the use of relationship between soil

types and Jirymin, arymax Of [9].
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Correlation between SPT N-value and friction angle
of local sands in Eastern of Thailand
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Abstract—This research investigates the correlation between
SPT N-value and friction angle of 2 local sands from the Eastern
of Thailand. The research involves experimental study by a
consolidated drained direct shear test. The obtained results are
compared with published correlations recommended in the
literatures to verify their applicability with these local sands.
The suitable correlations are recommended for use in the
analysis and design of geotechnical structures in the studied
areas.

Keywords—SPT N-value, friction angle, sand, direct shear test,
empirical correlation

I. INTRODUCTION

The subsoil in the Eastern of Thailand is usually sandy soil
which is different from that of Bangkok where soft clay is
normally encountered. Sandy soil layer is typically located
down to 15-30 m BGL before the weathered rock is found.
Some areas near the coast have more variable subsoil condition
where alternating layers of sand and clay are encountered
before the weathered rock is found at large depth. The design
of geotechnical structures, e.g. foundation, slope, and
excavation, on sand requires effective-stress strength
parameters (drained analysis), which are cohesion (c’) and
friction angle (¢’). A routine site characterization program,
which usually involves SPT, does not directly provide these
parameters. The friction angle has to be estimated from SPT
results using empirical correlations which are abundant from
published literatures. However, these correlations are
empirical in nature and derived for specific sands which may
not be applicable to local sands. Therefore, this research
investigates the correlation between SPT N-value and friction
angle of local sands in the Eastern of Thailand.

It is noted that the soil properties obtained from correlations
with SPT N-value should be used only in the analysis and
design of small geotechnical structures due to their low
reliability. For large geotechnical structures, which require
accurate soil properties, the soil properties should be obtained
from in-situ and/or laboratory tests which simulate stress
conditions consistent with those occur in the fields.

Il. STANDARD PENETRATION TEST AND ITS CORRELATIONS

A. Standard penetration test

Standard Penetration Test (SPT) has been developed in
USA since 1927 and has become the most widely used in-situ
test. The advantages of SPT are that: (i) testing apparatus is
simple and robust, (ii) test procedure is simple, (iii) disturbed
soil specimens can be obtained during test, (iv) it can be used
with almost all soil types, and (iv) there are many available
correlations. SPT is performed by dropping a hammer of 63.5
kg (140 Ib) from a height of 760 mm (30 in) freely on the anvil,
which is attached to the top of the drill rod. The number of
drop used to penetrate the SPT sampler, which is attached to
the lower end of the drill rod, into soil by 300 mm (after initial
seating drive of 150 mm) is called “penetration resistance” or
“SPT N-value”. The detailed of SPT procedure and standard
SPT sampler are described in [1]. The obtained SPT results
have to be corrected for energy ratio, overburden stress, water
table, rod length, sampler type, borehole size, and liner in SPT
sampler, before they can be used in the empirical correlations.

B. Correlations between SPT N-value and friction angle

Correlations between SPT N-value and friction angle of
sand have been widely studied. Some well-known empirical
correlations between SPT N-value and ¢’ are described as
follow.

Correlation by Meyerhof (1959) [2] (see Eq. 1):
1

N 2
¢'=25+ 28( SS'J
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(o inkPa) @

Correlation by Peck et al. (1974) [3] (see Eq. 2 and Fig. 1):

¢ (degree) = 27.1 + 0.3Ncor — 0.00054Ncor? 2
Correlation by De Mello (1971) [4] (see Fig. 2):
Correlation by Schmertmann (1975) [5] (see Eq. 3 and Fig. 3):
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where Ng = field standard penetration number, o, = effective
overburden pressure, and pa = atmospheric pressure in the
same unit as o’ (e.g. 100 kPa)

Correlation by Shioi & Fukui (1982) [6] (see Eq. 4):

¢'=/18N., +15 (4)

Correlation by Hatanaka & Uchida (1996) [7] (see Eq. 5):
@¢'=4/20N, +20 (5)

C. Comparison of various correlations between SPT N-value

and friction angle

Fig. 4 compares all aforementioned correlations between
SPT N-value and friction angle (by using reference confining
stress of 100 kPa). For typical friction angle of sand (25°-45°),
it is found that the correlations by [4], [5], and [6] give largest
values of friction angle, whereas the correlation by [3] gives
smallest value. The difference between the largest and
smallest estimated friction angle is approximately 10°.
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I1l. LABORATORY EXPERIMENT

A. Studied sands

Rayong sand is taken from the site at Pluog-dang district,
Rayong province. The soil profile at the site consists of dense
sand between 0-11 m BGL and very dense sand until the end of
soil boring at 15 m BGL. The water table is found at 2.0 m
BGL. The sand samples are taken by split-spoon sampler at 3-
6 m BGL. The sand samples are homogeneous and the sieve
analysis gives D1g = 0.06 mm, D3 = 0.15 mm, Dgo = 0.37 mm,
Cu=6.2, C; = 1.0, and %fine (<#200 sieve) = 12%. The sand
can be classified as silty sand (SM) according to Unified Soil
Classification System (USCS).

Chonburi sand is taken from the site at Jom Thien Beach,
Chonburi province. The soil profile at the site consists of loose
to medium dense sand between 0-15 m BGL, stiff clay between
15-20 m BGL, very dense sand between 20-32 m BGL, and
weathered rock. The water table is found at 2.0 m BGL. The
sand samples are taken from test pit at a depth of 3 m BGL.
The sand samples are homogeneous and the sieve analysis
gives D1 = 0.40 mm, D3 = 0.56 mm, Dgo = 0.75 mm, C, = 2.1,
C. = 0.93, and %fine (<#200 sieve) = 1%. The sand can be
classified as poorly graded sand (SP) according to Unified Soil
Classification System (USCS).



B. Specimen preparation

The reconstituted specimens for direct shear test are
prepared by compacting the sand samples to the required unit
weights by static compaction. The specimen size for direct
shear test is 6 x 6 cm? square and 2.5 cm height with volume
of 90 cm®. During compaction the degrees of saturation of
sand specimens are 71-87% for Rayong sand and 90% for
Chonburi sand. Three identical specimens, at various unit
weights, are prepared for each direct shear test. First, the
corrected SPT-N values are chosen to cover its typical range
in the field.. Next, the relative density for corrected SPT N-
values are estimated by correlation proposed by [8] (using o’
=100 kPa). Finally, the unit weight of the sand specimen for
direct shear test is obtained by using values of yry,max and
yarymin recommended by [9]. The details of calculation are
summarized in Tables 1 and 2.

TABLE 1. Unit weight calculation of Rayong sand.

friction angle and they have a tendency to increase with
increasing SPT N-value. The correlations between corrected
SPT N-value and ¢’, ¢’ of Rayong sand are shown in Fig. 5.
If the correlation is assumed as a straight line, the relationships

can be obtained as shown in Egs. (6) and (7).
¢’ = (0.57)(Corrected SPT) — 0.10

(kPa) (6)

Corrected Relative Dry unit Moisture

Specimens SPT density weight content
(%) [8] (KN/m?)* (%)
Rayong 1 16 58 175 13.9
Rayong 2 23 66 18.2 13.2
Rayong 3 52 95 214 7.8

1 because soil is classified as well-graded granular soil, clean fine to course
sand which has jarymin = 13.6 KN/m® and jaymex = 22.1 kN/m® [9] and

D, = [ Vdry ~ 7 dry,min ]7drymax %100%

Varymax — YVdry,min ) Vary
2 at 71-87% degree of saturation

TABLE 2. Unit weight calculation for Chonburi sand.

Corrected Relative Dry unit Moisture
Samples SPT density weight content
(%) [8] (kN/m?)* (%)
Chonburi 1 10 50 15.6 24
Chonburi 2 20 70 16.8 20
Chonburi 3 40 95 18.5 15

! because soil is classified as clean uniform sand which has yarymin = 13.3
KN/m® and jary,max = 18.9 KN/m?® [9] and

Dr _[ ydry _ydry,min j7dry,max «100%

7dry,max - ydry,min 7dry

2 at 90% degree of saturation
C. Direct shear test

The consolidated drained direct shear tests are performed to
evaluate the effective-stress strength parameters for Mohr-
Coulomb failure criterion (¢’, ¢’). The direct shear test is
performed at normal effective stresses between 30 and 110 kPa
and with a speed of 0.5 mm/min to ensure fully drainage.

IV. EXPERIMENTAL RESULTS

A. Direct shear test results

The direct shear test results of Rayong sand are
summarized in Table 3. Rayong sand has both cohesion and

¢ = (0.13)(Corrected SPT) + 31.67 (degree) )
TABLE 3. Direct shear test results of Rayong sand.
Specimens Corrected SPT ¢’ (kPa) & (degree)
Rayong 1 16 10 33.7
Rayong 2 23 12 34.7
Rayong 3 52 30 384
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Fig. 5. Relationships between SPT N-value and strength parameters of

Rayong sand.

The direct shear test results of Chonburi sand are
summarized in Table 4. Chonburi sand does not have
cohesion and its friction angle has a tendency to increase with
increasing SPT N-value. The correlation between corrected
SPT N-value and ¢ of Chonburi sand is shown in Fig. 6. If
the correlation is assumed as a straight line, the relationship
can be obtained as shown in Eq. (8).

¢ = (0.34)(Corrected SPT) + 31.8 (degree) (8)




TABLE 4. Direct shear test results of Chonburi sand.

Specimens Corrected SPT ¢’ (kPa) ¢ (degree)
Chonburi 1 10 0 34.1
Chonburi 2 20 0 40.5
Chonburi 3 40 0 45.1
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Fig. 6. Relationship between SPT N-value and friction angle of Chonburi
sand.

B. Comparison of relationships between SPT N-value and
friction angle of studied sands

Fig. 7 compare the relationships between SPT N-value and
friction angle of Rayong sand (Fig. 5(a)) and Chonburi sand
(Fig. 6) with publishes empirical correlations (Fig. 4). It is
shown that, at similar SPT N-value, the friction angle of
Chonburi sand is larger than that of Rayong sand. This may
be due to the fact that Rayong sand has more silt resulting in
the existence of both ¢’ and ¢ for its strength parameters.
The relationship between SPT N-value and ¢’ of Rayong sand
can be estimated by empirical correlation of [3], whereas that
of Chonburi sand can be estimated by correlations of [4] and
[5]. This indicates that there is no universal empirical
correlation in literatures that can be used for both Rayong and
Chonburi sands.
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V. CONCLUSIONS

Consider the relationship between SPT N-value and ¢’, it is
found that Rayong sand has this relationship as a straight line
(Eq. 6), whereas Chonburi sand does not have c’ value.
Considering the relationship between SPT N-value and ¢', it is
found that the relationship of Rayong sand can be estimated
by correlation of [3], whereas that of Chonburi sand can be
estimated by correlations of [4] and [5]. The difference of the
empirical correlations for Rayong and Chonburi sands may be
due to the difference in sand properties. Rayong sand is
classified as SM and direct shear test shows the existence of
cohesion, whereas Chonburi is classified as SP and direct
shear test does not show any cohesion. This indicates that
there is no universal empirical correlation in literatures that
can be used for both Rayong and Chonburi sands. Therefore,
preliminary study should be undertaken to evaluate the
suitability for the empirical correlation chosen for specific
sand.

It is noted, however, that the determination of relationships
between SPT-N value and ¢ in this study may have some
uncertainty due to: (i) the use of ¢’ from direct shear test
compared with ¢’ in the correlation (it is well known that ¢ys’
is larger than ¢’ by a few degrees), (ii) the uncertainty of the
use of the relationship between SPT-N value and D, of [8],
and (iii) the uncertainty of the use of relationship between soil

types and Jirymin, arymax Of [9].
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