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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

زمایش  نفوذ  استاندارد
ٓ
 ا

SPT

زمایش  نفوذ  استاندارد
ٓ
 ا

SPT

)Standard  Penetration  Test( )Standard  Penetration  Test( 

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

آزمايش يشانجام ز م  ج
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

انجام آزمايش

N

مراحل آزمايش
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 driving a standard sampler intodriving a standard sampler into

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

 driving a standard sampler into driving a standard sampler into 
the bottom of a borehole using a the bottom of a borehole using a 
hammer.hammer.

 سه در ضربه تعداد گيری سهاندازه در ضربه تعداد گيری متوال١۵٠١۵٠اندازه متوالميليمتر ميليمتر ميليمتر متوالیميليمتر متوالی١۵٠١۵٠اندازه گيری تعداد ضربه در سهاندازه گيری تعداد ضربه در سه

 NN:  :   ميليمتر نفوذميليمتر نفوذ  ٣٠٠٣٠٠تعداد ضربه در تعداد ضربه در ..

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

نماي كلي از 
SPTدستگاه

نماي كلي از 
SPTدستگاه
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kgkg 5 5..6363 : :چکشچکش
mm 76 76..00 : :ارتفاع سقوطارتفاع سقوط

•• verticallyvertically•• vertically vertically 

•• as freely as possibleas freely as possible

نمونه گيرنمونه گير
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Split barrel sampler + retainer rings

(Stainless steel and brass) 

Catcher for Split barrel samplers
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بعد از آزمايشبعد از آزمايش

After testAfter test
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After testAfter test

روشھای جايگزين حفر گمانهروشھای جايگزين حفر گمانه
برای انجام اين آزمايشبرای انجام اين آزمايش  

Hollow stem augersHollow stem augers. . 

Probe rodsProbe rodsProbe rodsProbe rods. . 



8

Augers are Augers are 
turned to theturned to the

Hollow stem augersHollow stem augers

turned to the turned to the 
desired depth.desired depth.

The pilot bit is The pilot bit is 
pulled and apulled and apulled and a pulled and a 
SPT sampler is SPT sampler is 
lowered.lowered.

Rods are Rods are 
driven todriven to

Probe rodsProbe rods

driven to driven to 
the desired the desired 
depth.depth.

The tip is The tip is 
ll d dll d dpulled and pulled and 

a SPT a SPT 
sampler is sampler is 
lowered.lowered.
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Soil TypeSoil Type

 BSBS 59305930::19991999

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

BS BS 59305930::19991999

 “ The main purpose :“ The main purpose :

… the … the relative densityrelative density of of sandsand and and gravelsgravels

the the consistencyconsistency of of siltsilt, , clayclay & & rocksrocks..

مقادير غير قابل اعتمادمقادير غير قابل اعتماد

N >N > 5050N > N > 5050

Small NSmall NSmall NSmall N

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

عدم دقت و بکارگيری تجھيزات نامناسبعدم دقت و بکارگيری تجھيزات نامناسب

-- eye controleye control
-- reverse hammerreverse hammer
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N ti lNon-vertical 
position

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

NN t l t l NonNon--central central 
roperope

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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NonNon--fixed fixed 
ConnectionsConnections

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

چکش نامناسب
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

1

مراحل ضربه زدن

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

2

مراحل ضربه زدن
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

3

مراحل ضربه زدن

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

مشارکت طناب و کارگر در کاھش انرژی ضربه
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

چکش 
مناسب

Automatic Hammer

SPT in hand excavated pitsSPT in hand excavated pits

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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Due to the effect of Due to the effect of 
borehole diameterborehole diameter

آزمايش انجام شده در کف آزمايش انجام شده در کف 
چاھک استاندارد نيستچاھک استاندارد نيست

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

لزوم روابط تجربی محلیلزوم روابط تجربی محلی

 BSBS 59305930::19991999BS BS 59305930::19991999

 SPT results and soil parameters derived SPT results and soil parameters derived 
from data from other countries may not from data from other countries may not 
correlate with results …in accordance correlate with results …in accordance 
with BS with BS 13771377--99..

 So local correlations are requiredSo local correlations are required

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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Energy measurements are Energy measurements are 
required in Iranrequired in Iran
 For different hammer &For different hammer &For different hammer  &For different hammer  &

 different combinations of  different combinations of  

drill rigdrill rig, , 

hammerhammerhammerhammer,,

rodsrods &&

drillersdrillers
درس شناسايی ھای ژئوتکنيکی زمين

علی فاخر 

ExampleExample::
Results of various methods of Results of various methods of 
energy measurements for various energy measurements for various 
hammer in Koreahammer in Korea

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

Kim et al (2004)
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In Iran:In Iran:

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

Any important decision Any important decision 
should not be taken should not be taken 
based upon SPT resultsbased upon SPT resultspp

An example of An example of 
wrong decision:wrong decision:
 11-- SPT resultsSPT results

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

11 SPT resultsSPT results

 22-- Correlation with LiquefactionCorrelation with Liquefaction

 33-- Expensive Soil improvementExpensive Soil improvement
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Suggestion for Suggestion for 
important decisions important decisions 
about liquefaction:about liquefaction:

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

qq
 A proper Site Characterization by:

CPT, and other in-situ tests

improvement of sampling methodsimprovement of sampling methods, 

Friction Angle of Sands from SPTFriction Angle of Sands from SPT

Triaxial Database from Frozen Sand Samples
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DR = relative density
T = unit weight
LI = liquefaction index
' = friction angle
c' = cohesion intercept

cu = undrained strength
T = unit weight
IR = rigidity index
' = friction angle
OCR = overconsolidation
K  l t l t  t t

N

p
eo = void ratio
qa = bearing capacity
p' = preconsolidation
Vs = shear wave
E' = Young's modulus
 = dilatancy angle

SAND

K0 = lateral stress state
eo = void ratio
Vs = shear wave
E' = Young's modulus
Cc = compression index
qb = pile end bearing
f  il  ki  f i ti N  dilatancy angle

qb = pile end bearing
fs = pile skin friction

fs = pile skin friction
k = permeability
qa = bearing stress CLAY

One Number is not Enough.

Correction for overburdenCorrection for overburden

N’ C NN’ C NN’ = C . NN’ = C . N

 proposed for sandsproposed for sandsproposed for sandsproposed for sands

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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The effect of borehole The effect of borehole 
diameterdiameter

 If the test is performed in a large If the test is performed in a large 
diameter borehole, it is not diameter borehole, it is not 
standard.standard.

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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Test in gravels is Test in gravels is 
ambiguousambiguous
 Measurement of engineering propertiesMeasurement of engineering properties

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

Measurement of engineering properties Measurement of engineering properties 
of gravels is a challenge.of gravels is a challenge.

 The cutting shoe of the sampler may be The cutting shoe of the sampler may be 
replaced by a cone (replaced by a cone (60 60 degdeg) but it affects ) but it affects 
results.results.

 The use of tools of larger diameter than The use of tools of larger diameter than 
SPT sampler  (Large Penetration Test)SPT sampler  (Large Penetration Test)

Research on the effect of Research on the effect of 
grain sizegrain size

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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Correction for grain sizeCorrection for grain size

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

Effect of EnergyEffect of Energy

 N is inversely proportional to theN is inversely proportional to theN is inversely proportional to the N is inversely proportional to the 
energyenergy

 N should be corrected to reference value N should be corrected to reference value 
of of 6060% of the potential energy of the % of the potential energy of the p gyp gy
hammer. hammer. 

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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Energy measurementEnergy measurement

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

Two questions?

Energy delivered to theEnergy delivered to the 
rod?

Energy delivered to the 
sampler?sampler?

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 



25

Effect of Effect of 
rod length ?rod length ?

Energy measurement inEnergy measurement in

(1) immediately below the anvil,

(2) mid-height

(3) Immediately above the sampler

Contradictory 
conclusions

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

SPT SPT -- TT

 Brazilian Brazilian 
DevelopmentDevelopment

 Recently investigated Recently investigated y gy g
in USA (Kelley & in USA (Kelley & 
Lutenegger, Lutenegger, 20042004))

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 
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SPTSPT TT

درس شناسايی ھای ژئوتکنيکی زمين
علی فاخر 

SPTSPT--TT

 For designing For designing pilespiles in in sandssands where where 
undisturbedundisturbed sampling is difficult.sampling is difficult.

موفق باشيدموفق باشيد

علی فاخرعلی فاخر


