PILE TESTING
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OUTLINE LAY

Types of test

Static tests & side effects of various test procedures
Test interpretation

Instrumented pile tests

Dynamic load testing
Statnamic testing
Integrity testing
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TEST CATEGORIES ):)))Il

« Load Tests on Uninstrumented Piles
= Measure only load-settlement or deflection at pile head

= Load Tests on Instrumented Piles

= Measure load or strain distribution as well as load —
displacement

= Non-Destructive tests

= Measure or deduce:
= structural integrity
= Pile head stiffness
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LOADING TYPES

Static

- Conventional type
Dynamic
- Widely used now

Intermediate (“Statnamic’)

- Recent development
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STATIC LOAD TESTING Pﬂ]}]}
PROCEDURES S

« Maintained loading test
= Standard approach

= Constant Rate of Penetration (CRP) test
= Mainly for load capacity
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LOAD APPLICATION &
REACTION SYSTEMS

= Jacking against supports loaded with
kentledge

= Jacking against reaction beam supported by
anchor piles

= Jacking against reaction beam supported by
ground anchors

= Using the Osterberg Cell — pre-installed
flat jack near base of pile
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LOAD APPLICATION AND
REACTION SYSTEM

(a) Reaction piles

Spreader bar

(d) Inclined anchors

(c). Vertical anchors
Fig. 1 Typical static pile load testing reaction systems
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DETAILS OF REACTION SYSTEMS 2202

Kentledge Blocks

I
s ST T T

[4 Load cell .
) . i Hydranlic jack Dial gauge supports
Stiffeners T_‘— Universal beams Ball joint
7 cinin r

Ball joint — Concrete block

AT = p {2220 1 =
=Tz 7] Load cell % B BBz s
e EEREE
Dial
— R h. R
Hydsaulic ) on
Jacks cad of test pil

—

E 1.3 m minimum

A

Kentledge Anchor Piles

Note : Figure based on Tomlinson (1994).

Note :  Figure based on Tomlinson (1994).
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3000t LOAD TEST WITH
REACTION ANCHORS

swisshering |}

a(BODB) Company
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POSSIBLE INTERACTION Pﬂ]]]%
EFFECTS IN PILE LOAD TESTS 2222

Movement of supports used for settlement, due to
pile load

Interaction between test pile and reaction piles
Interaction between test pile & anchors

Interaction between kentledge reactions and test
pile (reactions vary with pile loading)

Can assess possible importance of some of these
Interaction effects from pile-soil-pile interaction
analyses.
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CORRECTION FOR SETTLEMENT BEAM Pﬂ]ﬂ]
MOVEMENTS DUE TO PILE LOAD 2902

True Settlement =
F. * Meaasured
Settlement

I N

True - F.. (Measured
0 1 i 1 Settlement - "< \Settlement

0 0-25 0-5 075 10
I“/L

Correction factor F,, for floating pile in deep layer of soil.
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CORRECTION TO MEASURED
SETTLEMENTS DUE TO EFFECTS OF
REACTION PILES

Es

/77
Bearing stratum Ep

T 7
\
\
\
\\
\ Values of /a
\\100 E
\ values of Eb/g,
1 (Floating pile)

FIGURE 16.7 Correction factor £ for floating pile in a deep layer FIGURE 16.9 Correction factor F,. Effect of bearing stratum for
jacked against two reaction piles. end-bearing pile jacked against two reaction piles.

Floating piles End Bearing Piles
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MEASURED EFFECTS OF REACTION PILES
ON TEST PILE BEHAVIOUR

Single pile

system E

Combined pile i] é ii
system

St
)
s
°
&
=
a
)
=
=
2
t-3
0
»

0 5 10 15 20 25 30
Load Q (MN)
Fig. 4 Effect of interaction on development of total load, skin
friction and tip resitance of tests piles observed from

the combined pile system and from single pile system.
(after Latotzke et al, 1997)
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“SIDE EFFECTS” OF USING
KENTLEDGE

Ideal test
Test with kentledge

10 20 30

Pile Head Settlement (mm)
Fig. 2 Example of influence of kentledge on pile test in sand
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CORRECTION TO MEASURED
SETTLEMENTS DUE TO EFFECTS OF
REACTION ANCHORS

True Settlement =

F. * Meaasured

L/d =25 vS =05

K = 1000 Settlement

Values of H“/L

FIGURE 16.11 Correction factor F, for floating pile in a deep
layer jacked against ground anchors.
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THE OSTERBERG CELL 2222

Dial gauges  Pressure gauge bt Moves down with
o with shaftf uom oil pressure

Shaft Friction

Upward Movement — Inches

Downward Movement

g .

Base
O End

Upward Or Downward Load In Toas

i

End bearing

(a) Test setup (b) Test pile

Shaft Load & Base Load vs
Settlement Curves

The Principle
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THE OSTERBERG CELL

: T il G Osterbery cell, bearing plates and steel casings. o REEin e

Close up of Osterherg cell prior to installafion. aligutied Lo ravilareing 8!pel cage. Instalfation of Osterberg cell info test shaft,
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THE OSTERBERG CELL-
“SIDE EFFECTS” DUE TO INTERACTION

é
g
<
Q
-1
G
L
17

Shaft Movement (mm)
(a) Shaft Behaviour

Base Load (MN)

Base Settlement (mm)
(b) Base Behaviour

Fig. 9 Theoretical comparison between ideal tests
and Osterberg cell test for pile in sand
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INTERPRETATION OF UNINSTRUMENTED F‘]Hﬂ]
PILE TEST RESULTS 292

ULTIMATE LOAD

= Open to much debate.
Many methods suggested

= Simplest & defensible
approach is to adopt load
at which head settlement |
IS 10% of pile base 0.1d,
diameter (Terzaghi)

Settlement

Suggested Interpretation for Ultimate Load
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INTERPRETATION OF UNINSTRUMENTED
PILE TEST RESULTS

SETTLEMENT

Use measured settlement
at working load with
settlement theory to
backfigure average soil
modulus

Need to make appropriate
assumptions about
distributions of soil
modulus with depth along
shaft and below base.
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Theory: If assume homogeneous soil:
Settlement

S= P IRRR
dES IlKhv

& K=E R
E A

Test Pile

Tabulate:

Backfigured Es
Soil Modulus

INTERPRETATION OF PILE LOAD TEST TO
OBTAIN SOIL MODULUS




INSTRUMENTED PILE TESTS L))‘:l

INSTRUMENTATION ADVANTAGES
METHODS

| - Enables distribution of
= “tell-tale” strain rods skin friction & base

- Strain gauges — load to be evaluated

= on reinforcement :
N tube within o Can measure residual
n tube within pile loads

Load cell :
Dan RIS May provide check of
structural integrity of
pile
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TYPICAL INSTRUMENTATION
DETAILS

Read cables —

Bonding bars
Plastic tube v

— Rod extensometers Airline

Pressure

| Protective
concrete

Skint

Inflatable
tube

membrane , 30 . r

.8 ——

Recess »

Base load il , ' Price & Wardle’s (1983) type

(a) Typical Instrumentation Scheme

(b) Details of Typical Base Load Cell
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EFFECTS OF RESIDUAL LOADS

* Residual

Load Distribution

Coffey Geosciences

Skin Friction

Stress Distribution

Ignoring residual stresses
can lead to mis-
Interpretation of shaft and
base loads

Can under-estimate base
load & over-estimate shaft
load

Pile stiffness
(load/settlement) can also
be affected by residual
settlement — can be appear
to be greater than it is.

SO, need to measure or
estimate residual stresses.
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DYNAMIC LOAD TESTING

= HIGH - STRAIN TESTS
= Static load capacity
= | oad-settlement characteristics
= Load distribution along pile

= Structural integrity of pile

« LOW-S

RAIN TES

S

= Structural integrity of pile
= “Small strain” stiffness of pile head (?)
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PRINCIPLES OF DYNAMIC LOAD Pﬂ]]]%
TESTING - HIGH STRAIN e

Force (F) & velocity (v) 4. Difference between
caused by stress wave force & velocity vs time
related as: plots gives indication of
F=v.EA/C soil resistance &

This holds until reflected diloviver,
wave arrives at pile head 5 Can deduce static load

Resistance effects cause capacity & load-

force to increase relative se_ttlement CUIVE, using
to velocity trial & error fitting

(CAPWAP)
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THE CAPWAP METHOD S

«¢ PILE DRIVI
«+ TAPE RECOR

4 ~CHANNEL

«e0e STRAIN TRA
«+ ACCELEROME

FIGURE 1: SCHEMATIC OF INSTRUMENTATION

The equipment (original)
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DUCER
R
ANALYZER

R {ANALOG,

. MEASURE F, A
2. COMPUTE s E(A,R;)
3. COMPARE FimF,

! |4.CORRECT R,
. ITERATE (GO TO 2.)

The fitting process




THE CAPWAP METHOD ‘:)))Il

Hammer

Pile Head

o\

TSy

S~

2t03
Pile Dia. 8

Connection Cable
/

The instrumentation setup The equipment (“black box”)
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THE CAPWAP METHOD

The equipment (gauges installed on pile)
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|
THE CAPWAP METHOD E)]-jf-i]

(A) ACTUAL SYSTEM (8) MODEL
DIESEL

= Wave equation
analysis model used to
carry out calculations

= Vary quake, damping,

static soll resistances
until obtain fit
between theoretical
and measured
e e behaviour at pile head

J non-c. n/toe ( / ) 'IG/ 49
q always (mm) = 2.5

Figure 5: Hammer-Pile-Soil Model of Wave Equation
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THE CAPWAP METHOD
PILE FORCE MATCHES FOR 4 DIFFERENT PARAMETER
SETS

Table 2: CAPWAP Trial Run Parameters

Run Ultimate Capacity Case Damping

Identif. Skin Toe Total Skin Toe
: MN MN MN

Low Damping 1.36 .42 1.78 .35 .10

High Static 1.72 .53 2.25 .55 .20

High Skin 1.65 .13 1.78 .55 .20

Final 1.36 .42 1.78 .55 .20

Details of analysis parameters

20

-TIME IN MS

¢ MEASURED FORCE CURVE

: LOW DAMPING

: HIGH STATIC RESISTANCE

: HIGH SKIN FRICTION, LOW END BEARING
¢ FINAL SOLUTION

FIGURE 4: PILE TOP FORCE MATCHES FOR FOUR DIFFERENT
SETS OF SOIL RESISTANCE PARAMETERS.
FOR FURTHER DETAILS SEE TABLE 2.
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THE CAPWAP METHOD
TYPICAL RESULTS

CAPWAPC (12-84) ~ CRL 2 ASSOCIATES, INC. N 5
CAPWAP/C EXAMPLE C‘\PWI‘\PC (12"84) - GRL Z ASSOC;:‘\TES. :NC.
BLOW NO. 2 DYNAMIC D~TCE. E~P R-TGE " A CAMPLE
— PILE TOP —eov. PILE BOTTOM CAPWAP/C EXAMPLE
B.OW HO. 2 7 -MAK -85
LOAD IN KN
o S00 1000 1500 2600

i RESTSTANCE DISTRIBTN

Successive matches. e J”“
Deduced static load-settlement |
Curves for top & base of pile.

Force & velocity traces.
Deduced pile force distribution.
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THE CAPWAP METHOD
CONSISTENCY OF INTERPRETATION (Goble, 1994)

12 13

Figure 6: CAPWAP Result Obtained by 18 Operators from a Particular
Measurement
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INITIAL DRIVE vs RESTRIKE
BEHAVIOUR

INITIAL DRIVE
Steel Pipe Only

— P -
e

Blow Count: 159 bl/0.3 m

Max. Compressive Force: 710 KN (160 kips)

Max. Transf. Energy: 13.5 KJ (10.0 ft kip)

Shaft Resistance: 290 KN (66 kips)

TOC Resistance: 520 KN (118 kips)

Total Capacity: 820 KN (184 kips)

Smith Damping; shaft and toe: 0.08 and 0.03 s/m (0.280
and 0.09 s/ft) e

Soil Quake; shaft and toe: 2 and 3 mm (0.09 and 0.12 in)

Coffey Geosciences

RESTRIKE
Concrete Filled Pipe

Blow Count: 192 bl/0.3 m

Max. Compressive Force:1.720 KN(388 kips)

Max. Transf. Energy: 14.1 KJ (10.4 ft kip)

Shaft Resistance: 990 KN (223 kips)

TOC Resistance: 410 KN (137 kips)

Total Capacity: 1,600 KN (360 kips)

Smith Damping; shaft and toe: 0.08 and 0.03 s/m (0.27 and
0.09 s/ft)

Soil Quake: shaft and toe:2 and 3 mm (0.09 and 0.13 in)

Larger shaft & total
resistances after re-strike.

Restrike results generally
closer to static load test
results




INITIAL DRIVE vs RESTRIKE
BEHAVIOUR

RENSNINGSANLEG VEST ALBORG DENMARK

PILE 9 /1 0 DAY 522&'5100 ::4 '!.JiY‘Sloo :4 D:\isloo ~ Larger Shaft & total
resistances after re-strike.

B20.9 — 100 kN

0 DAY 1 DAY 8 DAYS ~ 48 DAYS

~— 100 kN ~— 100 kN ~— 100 kN ~—100 kN

:

Figure 1: Distribution of shaft and toe resistance from CAPWAP
analysis at driving and restriking.
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COMPARISONS BETWEEN
STATIC & DYNAMIC TESTS

ME: / 2
1. Hannigan & Webster (1987)

2. Radhakrishnan (1984) /

2. Thompson & Devata (1901)/

«. Balken (1985) g

In many cases,
dynamic test
results are within
15-20% of static

CAPWAP CAPACITY
CASE/CAPWAP CAPACITY

STATIC LOADING TEST STATIC LOADING TEST Val Ues.

Figure §8: Bearing capa- Figure 9: Bearing capa-
cities calculated by CAPWAP cities from Case formula or
analyses against static loa- CAPWAP analysis against sta-
ding tests (e.g. 3 denotes tic loading tests (from
one point from source 3). skov, 1988).

Table 3: Standard deviation for stress-wave method.
- - s -

Method Standard Standard Number of Source
deviation deviation piles
8, (1n n) s (1n g)
e ——
0.12 (0.14) 97 Goble et al. (1981)

0.11 19 Skov (1988)
0.14 14 Present Investigation

- ———————————r r—r—

Capwap (0.16) 17 Goble et al. (1981)
0.22 26 Different sources
(see Fig. 8)
0.10 10 Skov (1988)
0.13 14 Present Investigation

——————————— e e e e e e e A e e e
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INDICATIONS OF PILE DAMAGE /
FRACTURE

e Change in pile section may indicate u Analyzer Wave traces

damage to pile

* Velocity will tend to increase relative for 3 SucceSSive bIOWS

to force

e (an locate depth at which pile is

Gamged ' rakn fom e 3 Pile i1s broken during
which velocity and force fraces separatfe
| Blow 103

Y Velocity Increases
Vo | relative to force at

[ELE_L o B location of break, and
o the traces separate

t
1}
J
r
Al
PR
] BLOW 103
[ \‘
X
\\I
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STATNAMIC TESTING :)))‘:

dynamic . . 0.004 sec
- nafural fi’equeﬁcy of: Pilesf
statnamic - 0.1 to 6.2 ser

static [N

0 0 0 1 10 100 1000 1E4 1ES5
Duration of Loading Tests (sec)

Figure 1. Duration of Loading Tests
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STATNAMIC TESTING

. Reaction Mass
“ i /;,-..../,../j

Pressure

Chamber
Laser
Sensor

Statnamic loading event Statnamic loading principle
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STATNAMIC TESTING
TEST SETUP

Gravel

e s

; Reaction

_Cylin
; O

. Pile to be tested

papmre S R PR
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AREAS OF STATNAMIC LOAD-
DISPLACEMENT CURVE Db

OA - reaction mass placed
AB — Elastic behaviour

BC — Non-linear behaviour,
ultimate strength of soil reached

CD - Velocity increases rapidly
when load reaches & exceeds
Fstny. Max. load reached at
Fstnmax

200 300 ' DE — Load decreases, but pile
Load (tons) . . .
continues to move down (inertia).

When pile velocity=0, applied
Statnamic load = static load.

Pile rebounds beyond that point.

—_
=
=]
s
Q
£
[
(%]
8 .
Q.
]
o
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STATNAMIC LOAD TEST
RESULTS

(a) STATNAMIC LOADING - Time History
Hunt Club Rd., Ottawa - Batter Pile

Hunt Club Rd., Ottawa - Batter Pile

Load (tons)
Displacement (in)

0.04 0.08
Time (sec)

E
—
c
@
&
8
=2
o,
2
(=]

[—— Load e Displacement]

(b) STATNAMIC - Load vs Displacement
Hunt Club Rd., Ottawa - Batter Pile

Load (tons)
e Fstatic — Static EP 39 —— Static WP 36 |

o

&
o

]
-

Displacement (in)
&

Good agreement between Statnamic &
Static loading test load-settlement
e curves.

R

Q
N
3]
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STATNAMIC TEST IN
MELBOURNE
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limestone

Bored piles in
Florida

for

\\\\\\\\\\\\\\\\\\\\\\\\\\\\
" \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

SHAFT 1 SHAFT
Shear Strength Comparisons

STATNAMIC TEST

PIER

2

o

PIER

OSTERBERG TEST
Gandy and Victory Bridge Sites.

PIER 26

)
T
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> 2
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O
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T
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Figure 18. Summary of Osterberg and Statnamic

481 ~ HLONIHLIS HVIHS

Coffey Geosciences




NON-DESTRUCTIVE TESTING OF Pﬂ]]]%
BORED PILES S

= Drilling cores

= Shaft compression test
= Radiometric logging
= Sonic logging

= Vibration testing

= Sonic Iintegrity testing.

These are mainly STRUCTURAL INTEGRITY
tests, and need to be pre-planned (except for sonic
Integrity & vibration testing).
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CROSS-HOLE SONIC LOGGING A

CROSS-HOLE SONIC LOGGING

(@) (®)

Figure 6.3 Typical tube layouts for sonic logging (a) with 3 tubes (3 paths); (b) with 4
tubes (6 paths)

e

Figure 6.2 Elements of a cross-hole sonic logging system (after Stain
It 1
iR Figure 6.6 Use of fan-shaped test lines for investigating extent/shape of feature
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PRINCIPLE OF VIBRATION
TESTING

e | - Can detect possible
defects via inferred L
value (if inferred L<
actual L)

Can estimate small-
Frequency £ strain pile head
| stiffness

. _C
L =3¢

ZHfH
Vo/Folm

Pile Head Stiffness =

(v = compression wave velocity along pile)
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|
SONIC INTEGRITY TESTING E)]i]l]

= Based on analysis of
reflections from
changes of impedance

along pile

= Pile Impedance is:
7 = A(Ep)0-5
where A = X-sect. Area
E = Young’s modulus of
pile
p = pile material density

Low strain integrity testing
(a) Test set-up;
(b} Wave propagation
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SONIC INTEGRITY TESTING S

Addition
of results

Test hammer
2 Instrumented
with load cegll——

Figure 5.16 Elements of a typical transient frequency-response test fafter Stain, 1982)
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SONIC INTEGRITY TESTING Pﬂ]}]}
CAUSES OF REFLECTIONS Db

= Pile toe

= Inclusions

= Cracks

= Pile joints

= Dimensional changes

= Variations in concrete quality

= Variations in soll stiffness

= Changes in skin friction

= Reinforcement overlapping (heavy reinforcement)
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SONIC INTEGRITY TESTING
SOUND & DEFECTIVE PILES Db

2
.8 Oct 18, ) : . 8 exp: <. Qct 1R,

Enter coemmand (h for belpd : i Ernter command Ch foer helgd
e ———— ettt o et e e e

Sound pile — Defective pile — reflection
no premature reflections above pile toe
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LOW STRAIN SONIC INTEGRITY PI]]]]_]
TESTING 2022

ADVANTAGES LIMITATIONS

= Quick inspection method = No quantitative information

for major defects. Can test on load capacity
50-200 piles /day = No information on minor

No preparation needed defects (local loss of cover,

except trimming back small inclusions or gaps)
Early discovery of No indication of debris at

defects; need only 5 days base

: : No length indication when
curing for bored piles pile is very long or damping

Considerable experience too high

accumulated. . Over-emphasis of cracks
when small cracks cover
whole cross-section
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