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SYNOPSIS A series of Standard Penetration Test (SPT) borings were made in granular glacial outvash soils under

different levels of effective overburden stress caused by the drawdown of the groundwater level required for nearby 

below grade construction. The borings were made before, during, and after the dewatering activity. The SPT N values 
were recorded in the two sand layers that comprise the upper 20 meters of the profile. The effects of the change in 

effective overburden stress on the N values and the N values corrected to an effective Btrees of 1 tsf (95 kPa) (N ) 
for each sand layer are presented.

INTRODUCTION

Standard Penetration Test (SPT) results as described 
by Terzaghi and Peck (19A8) have been widely used as a 

basis for estimating the relative density, angle of 

internal friction and unit weight of granular soils.

In turn, SPT N values and these empirically correlated 

soil propertiee have been used in settlement, bearing 

capacity, slope stability and liquefaction analyses. 
Gibbs and Holtz (1957) recognized the influence of 

effective overburden stress, cv' , on N values and 
presented correlations between N values, relative 
density and effective overburden stress. Subsequently, 

Peck and Bazaraa (1969) and Marcuson and Bieganousky

(1977) presented additional data and somewhat different 
correlations between N values, relative density and 
effective overburden stress.

With the realization that relative density is an impor
tant factor in assessing the liquefaction potential of 

cohesionless soils, renewed attention was directed at 

estimating in situ relative density from N values.

Seed et al (1975) related corrected N values directly 
to liquefaction potential. Based upon the Gibbs and 

Holtz test data Seed et al corrected the N values to 
an effective overburden stress of 1 tsf (95 kPa):

n i  = c n“

and,

Cjj = 1-1.25 log «  Ar,' )

where, N. is the corrected N value, is the correc

tion factor, o-w' is the effective overburden stress in 

tsf, and o-,1 is 1 tsf (95 kPa). Marcuson and 
Bieganousky (1977) have also presented plots of 

versus cr v ' for various sands at different relative 
densities.

This paper summarizes the results obtained from a series 

of SPT borings made in granular soils in support of the 
design and construction of an oceanfront pumping facil
ity. The borings were made prior to, during and after 

a construction dewatering operation. Observations have 
been made of the sensitivity of the N values to the 

change in effective overburden stress caused by the 

groundwater level fluctuation.

SITE CONDITIONS

The generalized site soil profile consists of 125 m of 
Pleistocene glacial deposits overlying at least 175 m 

of Cretaceous soils. The upper portion of the Pleis

tocene deposits consists of up to 9 m of fine to medi
um grained sand with less than five percent nonplastic 

fines underlain by at least 15 m of a fine grained sand 
with 5 to 10 percent nonplastic fines. The Djq of the 
upper fine to medium grained sand is 0.4 mm while the 
underlying fine sand has a D „  of about 0.15 mm. The 

uniformity coefficient, C , varies from nearly 10 in 
the fine to medium sand to slightly less than 5 in the 
fine sand. The gravel percentage observed is generally 
less than 10 percent by weight with a slightly higher 
percentage of gravel in the upper fine to medium sand. 
Gravel size is for the most part less than 15 mm maxi

mum. The gravel is subangular to rounded in shape 

while the sand size particles are subangular. The 
upper layer is classified an SP soil according to the 

Unified Soil Classification System (USCS) while the 

underlying material is an SP-SM designation. Particle 
size distribution curves for the two sands are given 

in Figure 1.
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Fig. 1 Particle Size Distribution
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The construction of the pumping facility involved the 

driving of a sheetpile cofferdam from elevation +3 m 

to elevation -IS m followed by excavation of the soil 
within the cofferdam to elevation -9 m. After a tremie 

concrete mat was installed, six dewatering wells were 
operated to prevent the build-up of hydrostatic pressure 
on the bottom of the mat during construction of the re
inforced concrete pumphouse. Figure 2 shows a plan and 

profile of the pumphouse area.

Normal groundwater level in the areas investigated 

varies between elevation +1.5 m and +3 m. During con

struction of the pumphouse, the groundwater level was 
drawn down for a period of more than one year by the 

dewatering wells. The drawdown level was between ele

vation -3.3 m and -4.8 m in the vicinity oi' the various 
boring locations within the areas designated as A and B 

in Figure 2. Subsequently the groundwater level was 

allowed to return to the normal elevation.
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Fig. 3 SPT N Values - Area A

SP SAND

SP-SM SAND

PROFILE A-A

LEGEND:

2. DRAWNDOWN WATER LEVEL I

3  BORINGS WITH NORMAL GROUNDWATER O  
LEVEL (PRE-DEWATERING)

•  BORINGS WITH NORMAL GROUNDWATER 
LEVEL (POST-OEWATERING)

SP-SM SAND

NORMAL WATER LEVEL 

BORINGS WITH DRAWNDOWN 
GROUNDWATER LEVEL

Fig. 2 Plan and Profile in Vicinity of Pumphouse 

TEST BORING PROGRAM

Prior to any construction activity two SPT borings were 

performed in the vicinity of the proposed pumping facil
ity, one near each of the areas designated A and B on 

Figure 2. At the time these two borings were made, the 

ground surface was between elevation +4.5 m and +6 m 
while groundwater level was between elevation +1.5 m 
and +2.5 m. The N values obtained from these borings 

are shown on Figures 3 and 4.

During the dewatering phase of the pumphouse construc

tion, six SPT borings were performed within the areas 

designated as A and B in Figure 2. The N values ob
tained from these borings, taken with the ground sur

face at approximate elevation +4 m and with groundwater 
level approximately 6 m below normal level, are also 
shown in Figures 3 and 4.

Several months after the dewatering phase of the project 

had been completed and the groundwater level had re

turned to between elevation +1.5 m and +2.5 m, five 

additional SPT borings were performed within areas A
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and B. These borings were located so as to be within 

approximately 6 m of the borings performed during the 
dewatered condition. The N values obtained from this 
final set of borings are also shown in Figures 3 and A. 

The ground surface within areas A and B at the time of 
this final set of borings remained at approximately 

elevation +£ m.

In order to minimize the many inherent variables associ
ated with SPT borings, the same driller and drilling 
equipment were used for the second and final sets of 

borings. The initial two borings were performed by a 
different drilling organization. However, all borings 

were witnessed and logged by an engineering inspector.

The plot of the SPT results for area B, Figure Ut reveal 

a trend of increasing N values with increasing depth 
through both the upper SP sands and lower SF-SM sands. 
The median N value is 23 in the upper SP sands and 40 

in the lower SP-SM sands for the normal groundwater 

level. However, there is no abrupt change in N value 
at the interface of the two sands. Qualitatively, 

these sands range from'medium dense to dense. The 
median N values from the borings performed during de

watered condition when the effective overburden stress 
was up to 57 kPa greater than normal, are actually 
slightly lower than the median N values from borings 

performed with the groundwater at normal levels,(median 
N values of 20 and 37, respectively).

TEST RESULTS

The N values obtained from the borings performed in 

area A reveal a significant density difference between 
the upper SP sands, and the lower SP-SM sands (see 
Figure 3). With normal groundwater levels the median 

N value for the upper SP sands is 11 while the median 
N value for the lower SP-SM sands is 29. Dewatering 

raised the median N value for the upper SP sands to 19 

while the median N value for the lower SP-SM remained 
virtually unchanged at 28. Qualitatively, the upper 

SP sands would be classified as loose while the lower 

SP-SM sand would be classified as medium dense to 

dense.

The N values were then corrected to 1 tsf (95 kPa) 

effective overburden stress by applying the Gibbs and 
Holtz correction factor. The median values (correct

ed SPT blow count) for the borings taken with normal 
groundwater level, as shown in Figure 5, reflect the 
density difference between the upper SP and lower SP-SM 

sands with a median of 13 and 22, respectively. 
However, the median N̂  values for the dewatered con

dition was 16 for the upper SP and 17 for the lower 

SP-SM sand.
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Fig. 5 Corrected N Values, N, - Area A

Using the Gibbs and Holtz data to correct the N values 
to an effective overburden confining stress of 1 tsf 
(95 kPa) resulted in values that are relatively 

constant with depth (see Figure 6). For the normal 
groundwater level the median N. value for the upper SP 
sands is 26 and the median N. value for the lower SP-SM 

sand is 28. The median values for the dewatered 

oondition are 21 and 22.
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Fig. 6 Corrected N Values, N̂  - Area B 

CONCLUSIONS

Based upon the N values obtained from the borings, the 

following qualitative conclusions can be given:

• Increasing the effective overburden stress 
by decreasing the groundwater level resulted 

in increased N values in the lass dense 
upper SP sands in area A. The N values in 

the more dense lower SP-SM sands were essen
tially the same at normal and dewatered 
groundwater levels. Very little change
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in N values was noted in the upper SP 

sands in area B where they are apparently 
more dense than the upper SF sands in area 

A.

• The higher fines content of the lower SP-
SM sands may have imparted a more significant 
"stress memory" to this layer which masked 

the effect of the change in effective over
burden pressure.

• The change in N values for the loose upper 

SP sand in area A may have been caused by 
the change in effective overburden stress 

but the change from fully saturated to 
partly saturated conditions, resulting
in a change from undrained to drained 

strength conditions is also a possible 

cause. Since positive pore pressures 
develop during the shearing of a loose 

sand the undrained strength will be 

lower than the drained strength. N 
values are undoubtedly related to strength 

and would be expected to increase going 

from saturated to partly saturated con
ditions in loose sands.

• Care must be exercised in correcting N 
valueb for use in analyses and design.
For example, the use of the dewatered 

N̂  values in a liquefaction analysis 

would have resulted in unrealistically 
low factors of safety for the lower SP- 

SM sands. Median values for the de

watered condition were 5 to 7 lower than 
the N. values for the normal groundwater 

condition. This represents about a 20 

percent reduction in .
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