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Evaluation of Drilled Shaft’s End Condition by Impact-Echo Method
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Abstract Experimental model studies were carried out to evaluate the end condition for drilled shafts by
applying elastic impact on the top of the shaft, which is one of the various methods using stress waves.
Typical impact responses corresponding to the various end conditions including free, fixed, rock-socketed, and
soft-bottom with good and poor side contact conditions, were investigated. In order to simulate these
conditions, mock-up shaft models made of cement mortar were used. Small-scale laboratory experiments were
also performed, and field tests were carried out for the shafts that were socketed into weathered rock. It is
found that the rock-socketed condition and depth of penetration into rock can be identified from the reflection
at the interface between the soil and rock in the waveform. The soft bottom condition can be identified, only
when the side contact between shaft and surrounding rock is poor, whereas it cannot be identified when the
side contact is good because the waveform is similar to that of fixed end condition.

Keywords: stress wave propagation, drilled shafts, end-conditions, rock-socketed, impact-echo method
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(b) fixed end
rock—-socketed condition;

End conditions of drilled shaft in the field:
free end condition;

{d) soft bottom condition

condition; (c)
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Fig. 2 Cement-mortar mock-up shafts that have
different end condition (not to scale): (a)
free end condition,
(¢) rock-socketed condition,
bottom condition. (Note:
and soft bottom conditions,

(b) fixed end condition,

and (d) soft
rock-socketed
the socketed

Table 1 Dimensions, material properties, rod wave velocity, and acoustic impedances of mock-up shafts

and rocks
: ) Young's Acoustic Rod wave W
Mock-up Material DlarT;::)e ", d Densny,s r Modulus, E Impedance* Velocity@
(kg/m’) (GPa) @ Vios (/)
Shaft Mortar " 0.065 2289 288 26.93 3545
Rock Concrete 0.25 2230 331 428.30 3794

= Acoustic Impedance: Z= AV pE . (A: Cross-sectional area)

T Young's modulus of cement-mortar was measured at two weeks (14 days) after cement-mortar placement.
®Rod wave velocity was measured at four weeks (28 days) after placement.
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Fig. 3 Acceleration waveforms of cement-mortar
shaft for free end condition and fixed end
condition
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Table 2 Change of acceleration waveforms according to the elapsed time
Curve No. Elapsed Young's modulus of cement- Young's modulus. of cement- Em / Ec
time (hr) mortar, En (GPa) mortar, E; (GPa) (%)
1 1.0 N.A" -
2 1.5 N.A. -
3 20 N.A. -
4 25 N.A. -
5 30 0.03 288 0.1
6 35 05 1.6
7 4.0 0.9 32
8 7.0 35 12.0
9 270 145 502

» N.A: Measuring was not available by FFRC test because the impact surface was very weak.
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Table 3 Shaft length, diameter and end condition for field tests
Shaft No.| Length, L (m) | Diameter, D (m) L/D Socketed depth (m) End condition
1 76 0.4 19.0 0.0 Free
2 10.2 04 255 30 Rock-socketed
3 16.1 0.4 40.3 9.0 Rock-socketed
4 133 0.4 333 6.0 Rock-socketed
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Fig. 8 Velocity waveforms: {a) Shaft 1 (free end condition), (b) Shaft 2 (rock—socketed condition), (c)
Shaft 3 (rock-socketed condition), and (d) Shaft 4 (rock-socketed condition) (Note: cut-off filter
frequency of 1.0 kHz)
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