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This paper examines consolidation behavior at six sites in the Hacken
sack Meadows where varved clays were loaded with structural fill and 
light buildings. Although the available laboratory data indicate that the 
varved clay deposit is similar throughout the meadows, measurements 
of consolidation settlement at three site in East Rutherford show mea
sured settlements that exceed the predicted con.solidation settlements 
by a factor of 2.5. Three cases from other locations in the meadows 
show measured settlements that are less than the predicted settlements, 
1Nhich is the usual caso. Possible explanations for the large settlements 
in East Rutherford are discussed. 

The Hackensack Meadows cover a relatively large land 
area in northeastern New Jersey neai· New York City 
(Figure 1). In the late 1950s, industrial developments 
were initiated ru:ound the periphery of the meadows a11d 
adjacent to the highways that cross them. 

Until recently, most of the structures constructed in 
this area were relatively light, one to two-story indus
trial buildings (mostly warehouses). The usual founda
tion scheme has been to excavate the tidal marsh and 
replace it with structural fill to above the maximum tide 
level. This produces a stress increase of 2.7 to 4.3 m 
(9 to 14 It) of fill. Building loads are usually 10 to 15 
kPa (0 .10 to 0.15 t/ ft2

). Settlement observations have 
been made at several of these facilities, but have usually 
been discontinued shortly after completion of the con
struction. 

This paper describes six cases where settlement ob
servations are available for a sufficient time to indicate 
the consolidation behavior of the varved clay. These 
settlements were monitored during the fill construction 
stage from settlement plates installed on top of the 
varved clay after excavation of the marsh and from in
terior columJ1s after construction of the building. 

These measurements are compared to the values pre
dicted from one-dimensional consolidation theory. For 
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some cases, the geotechnical properties of the varved 
clay at that site are supplemented by empirical data. 

DESCRIPTION OF CASES 

East Rutherford: Cases 1, 2, and 3 

Figure 2 shows the cross section through three adjacent 
buildings that were consb:ucted at about the same time. 
Mosl of the stress increase to the varved clay arises 
from the fill rather than from the buildings. The building 
dimensions perpendicular to those shown in Figure 2 are 
the larger; since the fill width is large compared to the 
depth of the clay, the compression should be mostly one
dimensional. 

Figure 3 shows the available geotechnical property 
infonnation for this site. The settlement measurements 
and the predicted one-dimensional consolidation settle
ments are given in Figure 4. The settlement measure
ments were refere.nced to a U.S. Geological Survey 
benchmark about 1 mile away and indicate that the pri
mary consolidation is almost complete. The measured 
settlements are about 2.5 times larger than the predicted 
consolidation settlements that were obtained by using a 
lower bound estimate of the maximum past p1·essure 
shown in Figure 3. Possible reasons for this discrepancy 
are discussed below . 

Kearny: Case 4 

The 305 by 490-m (1000 by 1600-ft) site is underlain by 
approximately 27 m (90 ft) of varved deposits of which the 
top 18 m (60 ft) is overconsolidated. After 1.5 m 
(5 ft) of peat were excavated, the site was filled with 
3.7 m (12 ft) of granular soil . Figure 5 summarizes 
the laboratory data for this site. The varved deposits 
appear to have index and engineering properties similar 
to those of the Ruthedord deposits. The predicted con
solidation settlement was 0.29 m (0.96 .ft). If all of the 
clay is overconsolidated [ a possibility suggested by the 
test result at elevation -27. 5 m (-90 ft)) , the predicted 
settlement would be 0.10 m (0.34 ft). 

Total settlement measurements, shown in Figure 6, 
were obtained only at tbe end of the construction and 4 
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Figure 1. Hackensack Meadows. · ___,.\._ 
..........._ 

c·1 HACKENSACK MEADOWLANDS DISTRICT 
L •• ·.:.:J 

years late1·. The rate of settlement indicates that the 
primary consolidation is essentially complete. If the 
deep clay is normally consolidated, then the predic.ted 
settlement is about twice the measured value, but if the 
entire depth of clay is overconsolidated, then the pre
dicted and measured settlements are in closer agree
ment. 

Ridgefield: Case 5 

The 110 by 214-m (360 by 700-ft) site is underlain by 
varved deposits varying in thickness from 2.1 to 8.2 m 
(7 to 27 ft). The peat was removed and replaced with 
4.0 m (13 ft) of granular fill, and, in addition, the site 
was sui·charged to heights proportional to the thickness 
of vai·ved material to a maximum of 2.4 m (8 ft). The 
data shown in Figure 7 indicate that the varved deposit 
is overconsolidated for its full depth but that parts of the 
deposit will become normally consolidated on loading . 

As shown i.J1 Figure 61 the measured settlement in the 
area of the deepest deposit was 0.13 m (0.44 ft) after 265 
d. At that time, the surcharge was removed. The cal
culated total consolidation settlement (including the sur
charge) is 0.25 m (0.83 ft); however, comparison with 
the measured settlement is difficult because the consoli
dation was not complete when the surcharge was re
moved. The measured settlement at 265 d was about the 
same as that for the same consolidation time at case 2, 
where the varved deposit thickness is similar. However, 
the fill load including the surcharge was 50 percent more 
at case 5 than at case 2. Extrapolation of the measure
ments for case 5 indicates that the agreement between 
the measured and predicted settlements is reasonable. 

Secaucus Test Fill: Case 6 

The vru:ved deposits at the Secaucus test fill are 7 .3 m 
(24 ft) thick and are overlain by 2. 7 m (9 ft) of organic 
silt; the available data are summarized in Figure 8. 
Saturated cinder fill [ 4 .1 m (13 . 5 £t)] was placed in an 
area 20 by 20 m (66 by 66 ft) without removing the silt. 
The varved clay is overconsolidated but will become 
normally consolidated on loading. 

As shown in Figure 6, the measured settlement was 
0.11 m (0.37 ft) 130 days after the fill construction; most 

of the settlement had occurred in the first few days. The 
predicted total consolidation settlement of the organic 
silt is 0.09 m (0.3 ft) and of the varved clay is 0.15 m 
(0.5 ft). 

Although the settlement observations were discon
tinued, the rate of settlement of case 6 at 100 days as 
compared with those of cases 1 and 2 suggests that the 
primary consolidation was about completed. The mea
sured settlement was only one-half the predicted value. 

DISCUSSION OF PREDICTED AND 
MEASURED SETTLEMENTS 

The measured settlements for the three cases in East 
Rutherford exceeded the predicted consolidation settle
ments by a factor of about 2.5. Although the measure
ments were not as complete for cases 4, 5, and 6, the 
settlements for cases 4 and 6 were overpredicted by a 
factor of about 2, and the predicted settlement for case 
5 was slightly more than the measured settlement. 
Limited observations of settlements at other sites indi
cate behavior more like that of cases 4, 5, and 6 than of 
1, 2, and 3. 

A review of the geology of the Hackensack Meadows, 
the index and compressibility properties of the varved 
clay, and the thicknesses and composition of the varves 
did not show any obvious differences in the clay at East 
Rutherford from that at other locations. This can be 
seen in Figure 9, which is a plot of the compression ratio 
versus the void ratio and water content for samples from 
many sites throughout the meadows. Limited studies of 
the effects of sample disturbance, load increment ratio, 
rate of loading, sample size, vertical versus radial 
drainage, and odometer versus triax:ial K0 consolidated 
tests on Hackensack varved clay, reported by Marr and 
Baker (1), do not show any major differences in com
pressibility behavior that could account for the observed 
settlement behavior at East Rutherford. 

The effects of unknown factors in the field have also 
been exa.mined. Initial pore pressures have not been 
measured with depth at these specific sites. Piezometers 
at other locations in East Rutherford and the Hackensack 
Meadows indicate hydrostatic conditions except where 
local pumping is being done, and there is no known pump
ing occurring near cases 1, 2, and 3. Also, a very large 
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Figure 2. Generalized soil profile beneath 
cases 1, 2, and 3. 
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Figure 3. Cases 1, 2, and 3: laboratory 
data. 

Figure 4. Settlement of fills in East 
Rutherford. 
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Figure 5. Case 4: soil profile and laboratory 
data. 
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Hackensack Meadows. 

Figure 7. Case 5: soil profile and laboratory 
data. 
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difference in pore pressure from hydrostatic conditions 
would be required to alter the effective stresses suffi
ciently to account for the larger settlements. Monitor
ing of the excavation work indicated that all of the peat 
had been removed down to the hard crust before back
filling . 

Initial (undrained shear) settlements and lateral move
ments were not included in the predictions of total settle
ment. However, for all six cases, the width of the loaded 
area is much larger than the thickness of the clay, and 
consequently the settlements should be essentially one
dimensional. The measured settlements also indicate 

Figure 8 . Case 6: soil profile and 
laboratory data . 

Figure 9. Compression ratio versus 
e0 and Wn. 

Table 1. Predicted and measured 
consolidation settlements. 
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Case Location (m) (kPa) sion (cm) (cm) Predicted Measured 

1 East Rutherford 6.4 57.5 7.3 0 7.3 18.3 
2 East Rutherford 9 .2 57.5 11.6 0 11.6 25.6 
3 East Rutherford 13.1 57.5 12 .2 0.3 12.5 34.8 
4 Kearny 27.5 64.2 7,3 21. 7 29.3 15.6 
5 Ridgefield 8.2 106.3 8.2 17.1 25.3 13.4" 
6 Secaucus 7.3 80 . 5 12.8' 13.4 26.2 11.3" 

Note: 1 m = 3, 3 ft; 1 cm= 0,4 in; 1 kPa = 0.145 lb/in 2
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• incomplete co nsolidation. bl ncludes 9.8 Cm recompression of sil t. 
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little rapid settlement, except for case 6, which was 
underlain by 2.7 m (9 ft) of organic silt that probably 
compressed very quickly. The calculated amounts of 
uniform lateral deformation required to account for the 
differences between the measured and predicted settle
ments for cases 1, 2, and 3 are case 1- 0.27 m (0.9 ft); 
case 2- 0.24 m (0.80 ft); and case 3- 0.21 m (0.7 ft). 
Although these deformations were not measured, such 
large ones are very unlikely. 

One difference between cases 1, 2, and 3 versus 4, 
5, and 6 is that all of the predicted settlement for cases 
1, 2, and 3 is recompression. Table 1 shows that a 
substantial portion of the predicted settlement for cases 
4, 5, and 6 is virgin compression . Skempton and 
Bjerrum (2) have shown that consolidation theory gener
ally overpreclicts settlements in overconsolidated clays 
due to non-one-dimensional loading, but the loaded areas 
for all six cases are very close to one -dimensional. 

CONCLUSIONS 

The available geotechnical laboratory data (1) for Hack
ensack Meadows varved clays indicate an overall similar 
deposit; however, considerable variations exist in maxi
mum past presSlu·e and compressibility at specific sites 
and for the entire meadows. Although the varved clays 
at East Rutherford appear to be similar in engineering 
and index properties to those of the rest of the meadows, 
for three cases in East Rutherford measured settle
ments exceeded predicted consolidation settlements, all 
of which were recompression, by a factor of about 2.5. 
This behavior cannot be explained. For two or three 
cases at other locations, predicted settlements, includ
ing some virgin compression, were about twice the 
measured values. The effects of sruuple disturbance in 
lowering the maximum past pressure can explain this 
difference. 

The stress history and compressibility of the varved 
clay may be more complex at East Rutl1erford than is 
indicated by the available data. Measu1·ements of settle
ments and pore pressures with depth at a site adjacent 
to cases 1, 2, and 3 are needed to develop an explanation 
for the unusual discrepancy between the measured and 
predicted total settlements. 
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