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Evaluation of the efficiency of an automatic SPT hammer 
Evaluation du rendement d’un marteau SPT automatique

S.T.Srithar & M.C.Ervin -  Golder Associates Pty. Ltd., Melbourne, Australia

ABSTRACT: The energy delivered by the SPT hammer is a critical component in the assessment of liquefaction potential of granular 
deposits. In Australia, site investigation practice almost exclusively uses automatic trip hammers. Available information in the litera
ture indicates that automatic trip hammers impart a highly efficient blow to the drill string. However there are no energy measure
ments available for these type of SPT hammers in Australia. A testing program was carried out to assess the efficiency of the standard 
“Gemco” automatic trip hammers used in Australia. An instrumented drill rod was attached to the top of the drill string and the energ 
delivered to the drill string was measured using Pile Driving Analyser equipment. The testing showed that the automatic SPT ha m- 
mers used were not as efficient as commonly assumed. The paper describes the testing performed and compares the measured effi
ciencies to those published in the literature.

RÉSUMÉ: L’énergie dépensée par un marteau SPT est un élément critique de l’évaluation du potentiel de liquéfaction des dépôts 
granulaires. En Australie, les méthodes d ’investigation sur le terrain utilisent presque exclusivement des marteaux à bascule 
automatique. Les écrits qui traitent du sujet nous montrent que les marteaux à bascule automatique impriment une impulsion 
hautement efficace au train de forage. Il n ’y a néanmoins aucune mesure d ’énergie disponible pour ces types de marteaux SPT en 
Australie. Un programme d ’essai fut mis en oeuvre pour évaluer l ’efficacité des marteaux à bascule automatique standards “Gemco” 
utilisés en Australie. Une tige de foreuse instrumentée fut attachée à la tête du train de forage et l’énergie transmise au train de forage 
fut mesurée au moyen d’un matériel d’Analyse de ‘battage de pieux’. L ’essai a démontré que les marteaux SPT automatiques utilisés 
n’étaient pas aussi efficaces qu’on ne le pensait. Cet exposé décrit les essais et compare les efficacités mesurées à celles dont parlent 
les écrits.

1 INTRODUCTION

Australian site investigation practice has prided itself on the use 
of advanced sampling and investigation techniques. Whilst d e 
bate has continued over the merits of two and three turns of the 
rope around a cathead when performing a Standard Penetration 
Test (SPT), in Australia site investigation practice has almost 
exclusively used automatic trip hammers for several decades. 
Associated with this has been some self-indulgent belief that 
such equipment imparts a highly efficient blow to the drill string.

Hume Dam, constructed in the late 1920’s on the Murray 
River in Albury, New South Wales has an earthfill embankment 
and a concrete core. Movements of the embankment have been 
observed and a number o f investigations carried out to assess the 
foundation conditions and the nature o f the embankment. As part 
of the investigations, the nature o f the embankment and its fou n- 
dation to resist seismic loading was also evaluated. Granular 
materials encountered near the downstream toe were judged to 
be potentially liquefiable on the basis o f Standard Penetration 
Test (SPT) N values. As a consequence expensive remedial 
works were proposed.

In the assessment of liquefaction potential in the materials 
using SPT N values, the efficiency of the SPT hammer is an im
portant factor. The resistance of the materials to liquefaction is 
correlated to normalised SPT N values (normalised to 60% 
hammer energy and 100 kPa overburden stress) to eliminate the 
differences in the SPT procedures used in different parts of the 
world. The energy delivered on to the drill string varies with 
hammer types and hammer release systems.

To the authors’ knowledge, the efficiency o f hammers in use 
in Australia has not been tested previously. In the absence of an 
hammer efficiency values in Australia, the assessment o f the liq
uefaction potential o f the Hume Dam foundation was based on 
60% efficiency. However, information in the literature (Ske p- 
ton, 1986 and Seed et al, 1984) indicates higher efficiencies for

automatic trip hammers. If a higher efficiency was used, the liq 
uefaction potential of the materials would have been assessed to 
be low and the proposed expensive remedial works might not 
have been necessary.

As the conclusions indicated marginal conditions, it was d e- 
cided to assess the efficiency of the standard “Gemco” automatic 
trip hammers used to perform the SPT in the investigations car
ried out. The drill string was instrumented and the energy deliv
ered to the drill string was measured using the Pile Driving 
Analyser equipment.

2 STANDARD PENETRATION TEST (SPT)

Although subject to considerable criticism in the literature, the 
SPT continues to be widely used as a site investigation tool 
throughout the world. The test has the advantages of being rela
tively simple to perform, uses robust equipment and provides a 
sample for identification purposes.

When first developed in the United States in the 1920’s, the 
test was intended to measure the number of blows (N value) of a 
standard hammer (140 pound hammer falling through 30 inches 
drop), to drive a standard sampling tube (2 inch outer diameter 
and 1.375 inch inner diameter) 12 inches into the ground. The 
basic requirements of the test have changed little since then and 
the test has been standardised in many countries. AS 1289.6.3.1- 
1993 is the Australian Standard for the test, which metricates the 
test equipment specifications with some minor rounding (63.5 kg 
hammer, 760 mm drop having a theoretical free fall energy of 
about 475 J and sampler tube of 51 mm outer diameter and 35 
mm inner diameter), but retains the basic requirements originall 
specified.

Despite the intended standard nature of the test, there is co n- 
siderable variability in the equipment used throughout the world. 
Different types o f hammer, different hammer release systems,
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Table 1. Summaiy o f SPT Hammer Efficiencies in the world.

Country Hammer

Type

Release

Mechanism

Average 
Efficiency (%

Argentina Donut Cathead 45

Brazil Pin weight Hand dropped 72

China Automatic (Pilcon type) Trip 60

Donut Cathead 50

Donut Hand dropped 55

Columbia Donut Cathead 50

Japan Donut Tombi trigger 78

Donut Cathead 65

UK Automatic (Dando type) Trip 73

Old standard Cathead 50

USA/Canada Safety Cathead 55

Donut Cathead 45

different rod sizes, different drilling fluids and different sa m- 
pling spoons are used in different parts o f the world. The energ 
delivered to the drill string and consequently the N value will 
depend greatly on the type of hammer and the hammer release 
mechanism due to various frictional and other energy losses. As 
a consequence much has been written about the variability in the 
actual energy delivered to the sampler (Schmertmann and Pala
cios, 1979, Kovacs and Salomone, 1982, Seed at al, 1984, 
Skempton, 1986 Clayton, 1990, Robertson et al, 1992 and Cam- 
panella and Sy, 1994).

The efficiency of the SPT hammer has been expressed as a 
ratio of the energy transmitted down the drill string to the th eo 
retical free fall energy, and often is referred as rod energy ratio. 
A summary of the efficiencies for various hammers around the 
world was presented by Skempton (1986) and Clayton (1990) 
and is presented in Table 1.

3 INVESTIGATION

The field investigation program comprised drilling a total of 6 
boreholes, using the two drill rigs which were involved in the 
earlier investigations. Boreholes were drilled at three selected lo
cations along the downstream toe of the embankment to depths 
ranging from 7.5 m to 10 m. At each location, two boreholes 
were drilled (one borehole using each of the drill rigs) about 3

Figure 1. Schematic Dlustration o f the SPT Hammer Used.
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Figure 2. Typical Force and Velocity Traces

apart so that a “direct” comparison of the blow counts and ha m- 
mer efficiency for both rigs could be made.

The first drill rig (DR-1) utilized ‘A ’ size rods and an SPT 
sampling spoon with split inner and outer tubes. The boreholes 
were advanced using solid augering techniques to the full depth 
of the boreholes. An ‘AW ’ size instrumented rod adapter was 
used for hammer energy measurements. The ‘AW’ rod (44.5 m 
outer diameter) is slightly larger than the ‘A ’ rod (41.3 mm outer 
diameter).

The second drill rig (DR-2) used ‘NW ’ size rods and an SPT 
sampling spoon of the split outer tube type. The boreholes were 
advanced using solid augering techniques to 5 m depth, with 
wash boring techniques below this depth. An ‘NW’ size instru
mented rod adapter was used for hammer energy measurements.

SPT tests were performed at 1 m intervals and energy meas
urements were made for every hammer blow. A schematic illus
tration of the type of SPT hammer used by both rigs is shown in 
Figure 1.

SPT hammer energy measurements were made using the Pile 
Driving Analyser equipment and software. The force and veloc
ity in the SPT rods during each hammer blow were measured 
using piezoresistive accelerometers and strain gauges mounted 
on the instrumented rod adapter at the top the drill string. A typi
cal force and velocity time impedance wave traces measured in 
the instrumented rod are shown in Figure 2. This type o f propor
tional stress wave plot is used in dynamic testing of piles.

The wave traces shown in Figure 2 are similar to that reported 
by Campanella and Sy (1994). The force and velocity time im 
pedance traces are not propotional within the first compression 
pulse as one would expect for wave propagation in a uniform rod 
with tip resistance only. Campanella and Sy indicated that the 
traces are not proportional because o f the reflections from the 
difference impedances in the SPT system (anvil-rod-sampler). 
The drill rods are typically 1.5 m lengths and connected by con
nectors (or threads), which have larger cross sectional area com 
pared to the rods.

Campanella and Sy (1994) have assessed the transferred en 
ergies using force integration method and force-velocity integra
tion (F^V) method and concluded that the FV method is more ra 
tional and avoids the force-velocity proportionality assumption 
inherent in the force integration method. The FV method does 
not require predetermination of the integration time (tension cut 
off time) and also avoids the difficulty of selecting one cross 
sectional area for the SPT system, as required in the force inte
gration method.

In this study, the energy transferred was calculated using the 
force-velocity integration method.

4 RESULTS

4.1 Subsurface Conditions

The subsurface conditions encountered in the boreholes with i n- 
creasing depth can be summarised as follows:

• Fill, comprising medium dense clayey sand andver 
stiff to hard sandy clay mixtures to depths ranging from
2 m to 2.4 m.

• Stiff to very stiff clayey silt to depths ranging from 3.6 
m to 4 m.

• Loose silty sand to depths ranging from 5 m to 5.2
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Table 2. Summary of SPT N Values Table 3. Average Hammer Efficiencies for Individual Boreholes

Depth (m) Location 1 Location 2 Location 3

DR- 1 DR-2 DR-1 DR-2 DR-1 DR-2

1 23 15 19 33 16 10

2 12 7 17 15 15 14
3 8 7 11 11 8 7
4 8 8 8 10 7 13
5 >31 >39 37 >30 13 12

6 >32 >49 8 >23 17 12

7 30 >30 10 40 18 17
8 >30 9 22

9 >23 41 44
10 19 >30 >27

• Loose to dense sands, gravelly sands and sandy gravels
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4. Frequency Distribution o f the Hammer Efficiency for DR-2

Drill Rig Location Hammer Efficiency (%)

Average Standard Deviation

DR-1 1 63.6 5.8

2 61.5 5.6

3 59.5 6.5

DR-2 1 57.4 4.8

2 56.3 3.7

3 60.8 6.2

to the maximum investigated depth of 10 m.

Groundwater was encountered at about 5.5 m depth. A sum
mary of SPT N values observed in the boreholes is presented in 
Table 2.

The variations in the SPT N values indicate the variability in 
the ground conditions. For example at Location 2, SPT N values 
of 10 and 40 were observed at 7 m depth in the boreholes, which 
were only about 3 m apart.

4.2 SPT Hammer Efficiency

SPT hammer efficiency of the individual hammer blows varied 
from 36% to 79% for the hammer used by DR-1 and 40% to 
81% for the hammer used by DR-2.

Frequency distributions o f the energy measurements recorded 
for each blow of the hammers used by each of the drill rigs are 
shown in Figures 3 and 4.

A summary of average hammer efficiencies and the standard 
deviations for the individual boreholes is presented in Table 3.

The variation of hammer efficiency with depth for the ha m- 
mers used by Drill Rigs DR-1 and DR-2 are shown in Figures 5 
and 6, respectively.

The results shown in the figures indicate no apparent reduc
tion in the energy transferred into the rods at shallow depths (ie 
for shorter rods) as indicated b Schmertmann and Palacios 
(1979) and Robertson et al (1992).

Schmertmann and Palacios (1979) and Robertson et al (1992) 
used only the force-time history (force integration method) in the 
drill string whereas in this investigation both the force and the 
velocity-time histories (force-velocity integration method) were 
used to assess the energy transferred to the drill string. Campan
u la  and Sy (1994, 1991) have discussed the factors that affect 
the energy measurements using force integration method and 
suggested the use o f force-velocity integration method similar to 
that adopted in this study.

Robertson et al (1992) presented a comparison of the meas
ured energy ratios for a Becker hammer using both methods. The 
energies measured using the force integration showed signifi
cantly lesser energies at shallow depth compared to the force- 
velocity integration method.

Average  H a m m e r E ffic ie n cy  (% ) 

5 0  55  60  65  70

Figure 5. Hammer Efficiency Variation with Depth -  Drill Rig 1

A v e ra g e  H a m m e r E ff ic ie n c y  (% ) 

50  55  6 0  6 5  70

Figure 6. Hammer Efficiency Variation with Depth -  Drill Rig 2
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Blow Number

Figure 7. Typical Variation of Hammer Efficiency for Individual Ham

mer Blows

Clayton (1993) also suggested that the effect of short rod 
lengths on energy transfer is less certain. He indicated that based 
on the direct energy measurements and observations, no redu c- 
tion in energy transferred was observed even for rod length as 
little as 1.5 m.

Results shown in Figures 5 and 6 also indicate no apparent in
fluence of the relative density of the soil on the energy trans
ferred through the drill string.

A typical variation of hammer efficiency for individual ham 
mer blows at 3 m depth at Location 2, where both o f the drill rigs 
indicate the same SPT N value is shown in Figure 7.

Seed, H.B., Tokimatsu, K„ Harder, L.F. and Chung, R.M. 1984. The 
Influence of SPT Procedures in Soil Liquefaction Resistance 
Evaluations Report No. UCB/EERC-84/15, Berkeley, California.

Skempton, A.W. 1986. Standard Penetration Test Procedures and the 
Effects in Sands of Overburden Pressure, Relative Density, Particle 
Size, Ageing and Overconsolidation. Geotechnique, Vol. 36, No. 3.

Sy, A. and Campenelia, R.G. 1991. An alternative Method of Measuring 
SPT Energy. Proc. 2nd Int. Conf. on Recent Advances in Geotech. EQ 
Energ. And Soil Dynamics, St. Louis, MO, 499-505.

5 CONCLUSION

The results of the SPT hammer energy measurements presented 
above indicate the efficiency of the automatic hammers used in 
Australia is not high as expected based on the information avail
able in the literature. Furthermore, the energy delivered per bio 
also varies considerably within a particular test.

There appears to be no correlation between the energy deliv
ered per blow and the apparent density of the ground or the size 
and length of the rod used to deliver the energy to the sampling 
spoon.

Considering all the energy measurements made the average 
efficiencies for the automatic hammers used were assessed to be 
about 62% and 58%.

Available information in the literature indicates that the e n- 
ergy transfer is less certain in short rod lengths, especially in rod 
lengths less than 10 m. All the energy measurements reported in 
this paper are for rod lengths less than 10 m. The hammer effi
ciencies for long rod length may vary and more data would be 
needed to confirm the efficiencies o f this type of hammers in 
Australia.
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