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Large scale plate load test to assess settlements 

Essai de plaque à grande échelle pour évaluer les tassements

F.X.TOHA, Bandung Institute of Technology, Bandung, Indonesia

SYNOPSIS: The use of large scale plate loading test for settlement assessments of a large presedi
mentation tank is illustrated. A test program was necessitated by the large uncertainty in soil 
conditions as well as the need for most economical slab design. Test results show that a substan
tial saving in the construction cost can be achieved by carefully conducting such test.

1 INTRODUCTION

As part of the fulfillment of the rapidly in
creasing water demand, the city of Surabaya is 
currently constructing a 1 m3/second water 
treatment plant. A 250,000 m2 site, located 
about 8,000 m from Surabaya (approximate lati
tude of 7° 30' S and longitude of 112° 30' E), 
was selected for convinient water intake, water 
treatment and distribution. Formerly, the site 
was used as fertile rice fields, hence, the top 
soil had been cultivated a few times per year 
and irrigated mostly throughout the year. Prior 
to construction, the site had been flooded with 
surface water while the top soil seemed highly 
compressible, therefore raising serious concern 
on possible settlements of shallow foundations.

The designed water treatment plant consists 
of a 70 x 80 m 2 reinforced concrete presedimen
tation tank. In the establishment of the 
hydraulic profile, the base of the tank must be 
placed approximately at the existing ground 
surface. The design pressure at the base of tank 
was estimated to be about 30 kPa. Such seemingly 
low pressure however, would impose large set
tlements due to the dimension of the tank and 
the preliminary observations of the site con
dition. Therefore, extensive geotechnical in
vestigations were carried out.

Design estimates of settlements were obtained 
for the tank based on the data obtained during 
the geotechnical investigations. The estimated 
settlements imposed high stresses in the tank 
structure, resulting in substantial costs for 
the base slab and beams. The use of pile foun
dations was out of question, since the costs 
would make the entire project unfeasible. In
stead, it was decided to improve the settlement 
estimates by performing a large scale plate 
loading test and refine the settlement calcu
lations based on the test results. The following 
sections describe the pertinent soil conditions 
and the loading test program.

2 SOIL CONDITIONS

Prior to construction works, the site was a 
relatively flat area, about 6.5 m above sea 
level and used as a rice field. The river, from 
which the water is to be taken for treatment, 
is approximately 300 m away from the plant. The

ground surface was soft and coverred with ap
proximately 0.3 m to 0.5 m of water.

Bemmelen (1948) stated that the site topsoil 
consists of an alluvium deposit from the Holo- 
cene age. Underneath the alluvium deposit lies 
the Kabuh layer, a Mid Pleistocene layer. The 
older Pleistocene layer on the site was identi
fied as the Pucangan layer, which is basically 
a claystone. The geological properties of the 
alluvium layer is typical to the northern coast 
of Java. The deposit generally consists of silt 
to clay size particles with some interbedding 
of fine sand. Presence of volcanic ash may be 
encountered in the holocene deposit.

Soil properties for the design and analysis 
were obtained from extensive investigations. 
Piston and Dennison samplers were utilized to 
retrieve representative samples of the soil. 
Further laboratory tests were done to assess 
the site geotechnical properties. Based on the 
site investigation results, the soil at the 
site can be devided into four,layers. The top 
layer, about 3 m in thickness, consists of a 
brown silty clay, in a soft consistency and is 
highly compressible. Underneath the top soil, 
a greyish brown silty clay was found, similar 
intexture to the top soil but stiffer and less 
compressible. The thickness of this second lay
er varies from 3 m to 5 m. Within the next 
12 m, the clay deposit showed increasing silt 
content and stiffness as well as decreasing com
pressibility. At depths exceeding 18 m below 
ground surface, the soil became very stiff.

The results of laboratory tests on index 
properties are summarized in Figure 1. It is 
obvious that the upper 5 to 6 meter layers 
possess lower moisture contents and plasticity, 
eventhough the clay content is generally higher. 
This is most likely attributed to the mineral 
composition.

Consolidation properties were obtained from 
oedometer tests. A summary is illustrated in 
Figure 2 and 3. Consistent to the index prop
erties shown in Figure 1, it appears that the 
upper clay layers are overconsolidated, most 
likely due to a combination of dessication and 
capillary action resulting from seasonal evapo
ration and ground water fluctuation. The 
degree of over consolidation diminishes as 
depth increases. At a depth of approximately 
15 m, the clay becomes normally consolidated. 
Values of compression and recompression indices
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Figure 1. Index Properties of soil

are quite variable, but the general trend showed 
that the compression index, Cc , is approximately 
0.35 to 0.40 for the upper 3 meters, and 0.50 
for the next 3 meters. The values of Cc for the 
lower 12 meters are highly variable, between

0.4 0 and 0.80. This observed behavior maybe at

tributed to sampling disturbance. Recompression
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index, Cr , is generally about 12.5% to 20% of 
Cc , with a significant amount of tested results 
falling near a value of 0.05. The oedometer 
results also indicate that the coefficient of 
consolidation, cv varies between 2 to 3 x 10-7 
m 2/s for pressures near the existing effective 
overburden nressures.

Figure 2. Compression and recompression indices

P R ES S U R E ( K  P a )

Figure 3. Preconsolidation pressures
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Based on the geotechnical investigation results, 
settlements were first estimated using standard 
methods. Elastic settlements were estimated 
following Janbu, Bjerrum and Kjaernsli (1971) 
method. Consolidation settlements were obtained 
using Terzaghi’s method (1967). This simple 
approach gave settlement estimates without 
taking into account the stiffness of the pre
sedimentation tanks. Since the preliminary es
timates of settlements were quite large, it 
was decided to refine the analysis using slab- 
soil interaction. The soil was modelled as Win
kler springs underneath the slab. The stiffness 
of the springs was first approximated from the 
above mentioned settlement analysis. The slab- 
soil system was then analyzed using SAP 80 
(Wilson et al, 1984) finite element analysis. 
After each cycle, the spring stiffnesses were 
corrected to provide confirming load settlement 
correlations.

The results of the analysis show, that the 
maximum settlement would be approximately 
20 cm. The computed stresses are very high and 
mostly exceeding the strength of the predeter
mined concrete sections. If the concrete dimen
sions are increased, the cost would increase 
significantly, since the size of the presedi
mentation tank is 70 x 80 m 2. Therefore, it was 
considered necessary to minimize the conserva
tism in the soil parameters used the design 
process.

As seen in Figure 2 and 3, there is a wide 
range of Cc over the project site. For the pre
dicted settlements, this may lead to large dif
ferential settlements. It is also somewhat dif
ficult to ascertain a good estimate of the pre
consolidation pressures. It is the author's 
opinion that the preconsolidation pressures were 
under estimated due to sampling disturbance.
This disturbance, however, would also under
estimate the compression index. The combined 
effect on the consolidation estimates is by no 
means simple to quantify.

Based on experience in similar soil conditions, 
most of the times, the observed settlements are 
less than 50% of the predicted values. Never
theless, most of the times the predicted settle
ments are less than 5 to 10 cm, hence there are 
no subtantial savings in typical foundations 
costs, had the settlements been estimated at 
lower values. In this case, however, due to the 
size of the presedimentation tank slab, such 
cost reduction would be worthwile pursuing. An
other important factor considered was the settle
ment rates. The laboratory cvs give an estimated 
40 years to reach 90% consolidation. Due to the 
presence of horizontal sand layers, the settle
ment rates may be under estimated as well.

Preliminary estimates using optimistic settle
ment parameters indicated that the slab cost 
can be reduced substantially if the design set
tlements can be reduced. However, such optimistic 
approach shall be accompanied by more reliable 
proofs other than a few observations only. After 
considering several alternatives, it was consid
ered feasible to conduct a large scale plate 
loading test to assess the slab settlements.

3 SETTLEMENT PREDICTIONS

4 PLATE LOAD TEST PROGRAM

Plate load test had been considered as one of 
the most useful avenue to obtain soil bearing 
capacity and deformation parameters. Terzaghi and

Peck (1948) provided a statistical relationship 
for settlements of footings on sand. Later on, 
as plate load tests gained more and more accep
tance in foundation engineering, Burmister (1963) 
presented a prototype for load bearing test meth
od. Most of the available literature on plate 
load test relate to relatively small plate sizes. 
Since the extent of stress influence is much less 
than in the case of large raft foundations, the 
results of a small scale plate loading tests may 
give misleading results. Other in situ test meth
ods, such as screw plate test (Janbu et al., 1973, 
Dahlberg, 1974, Kay and Mitchell, 1980, Kay and 
Avalle, 1982, Kay and Parry, 1982) had been used 
as well to assess deformation parameters. However, 
the use of such test was not possible at the time 
of the design for this project due to lack of 
equipment and experience.

After extensive computations using a range of 
soil parameters, it was found that substantial 
cost savings can be achieved if the soil set
tlement Droperties are closer to the optimistic 
values of the above mentioned range. It was not 
possible, however, to utilize these optimistic 
values without further verifications, since 
there were no comparable experience nearby the 
site. It was then decided to carry out a large 
scale plate loading test.

Two important factors were considered during 
the preparation of the plate loading test pro
gram. In order to obtain relevant test results, 
the stress due to the test load shall be compa
rable to that of the actual design condition. 
Furthermore, the magnitude of settlements during 
the test period shall represent a reasonably 
high degree of consolidation. Otherwise, only 
the elastic settlements are accurately assessed. 
After considering these two factors, a test set 
up as shown in Figure 4 was proposed. The slab 
dimension was 6.25 x 6.25 m 2, thickness of the 
concrete slab was equal to the design thickness,
i.e. 0.35 m. The test slab was given extra rein
forcements to accomodate test loads and later on 
used as part of the actual presedimentation tank 
slab. Six and four dial gages were provided for 
vertical and horizontal movement measurements, 
respectively. There were 4 points measured by 
means of level meters.

The total load applied on the slab was 2350 kN, 
exerted by placing 1 x 1 x 1 m3 concrete blocks 
within one day. The average pressure resulting 
from this load was 60 kPa, about twice the design 
pressure. The approximate pressure distributions 
under the center of the test slab and the center 
of the presedimentation tank slab are shown in 
Figure 3. The preconsolidation pressures, Pp, are 
also shown in this figure for discussion purposes.

Settlement observations were done for a period 
of 120 days. On the first day dial readings were 
recorded at elapsed times of 1/4, 1/2, 1, 2, 4,
8, 12, 24 hours. The next 21 days, daily readings 
were recorded every 3 hours, and afterwards, 
the settlements were recorded once a day at a 
fixed hour.

5 TEST RESULTS

Settlement observations during the plate load 
test as acquired by means of recording dial gage 
readings show a clear temperature effect, since 
the supporting rods were of significant length. 
Table 1 shows the average thermal deformation 
as observed in the dial gages.
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Table 1. Temperature Effects

Dial No. Deformation (mm)

1 3.87
2 4.79
3 3.64
4 3.91
5 5.07
6 3.70

Horizontal deformations at the test slab cor
ners were also measured using dial gages. Obser
vations of these gages were performed over the 
same period as for the vertical gages. The re
sults of four month observations indicate that 
horizontal deformations were very small. The 
maximum recorded deformations was approximately 
1.5 mm, towards the center of the test slab. 
This is obviously attributed to the flexural 
deformation in the vertical direction.

Settlements during load applications were meas
ured using dial gages. Some of the records 
seemed heavily influenced by the placement of the 
heavy concrete blocks. However, in general the 
records are distinctly conclusive. After place
ment of concrete blocks was completed, the ver
tical deformations were measured both by dial 
gages as well as level meters. The measured 
settlements are presented in Table 2.

Table 2. Settlements

PLAN VI EW

Dial No. Settlements (mm) 
Immediate Secondary Total

1 0.50 10.79 11.29

2 11.03 9.94 20. 97
3 4.42 11.14 15. 56
4 5.79 12.70 18.49
5 6.46 11.35 17.81
6 3 . 50 8.68 12.48
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Figure 4. Test set up

The settlement records also show that influence 
of temperature is relatively large compared to 
the measured settlements. The values listed in 
Table 1 are the maximum diurnal deformations 
due to temperature difference. Since the tem
perature was not measured during the test pro
gram it was not possible to eliminate the tem
perature effects by using a reference temperature. 
Instead, it was decided to select a fixed time 
at which the daily records were taken. This 
approach has reasonable accuracy, since the aver
age daily temperature at the project site is 
fairly constant.

The measured settlements seem to be slightly 
effected by initial seating settlements due to 
variation in the sand bed compaction, soil var
iation as well as measurement errors. However, 
in general the results are consistent and jus
tified. The records shown in Table 2 were derived 
from both the dial readings and the level meters. 
For simplicity of discussion, we will furtheron 
select the data of Dial No. 2 for the remainder 
of this paper.

Figure 5 shows the settlements at Dial No. 2 
at various times. The nearly linear portion of 
the curve indicates the loading period which took 
nearly one day. It is expected that immediate 
or elastic settlements mainly occurred here. The 
observed immediate settlements are in good agree
ment with the predicted settlements. For the 
loading test condition, where the undrained elas
tic modulus was estimated according to Janbu, 
Bjerrum and Kjaernsli (1971), the predicted 
elastic settlements would be about 12 mm.

The observed non elastic settlements, however, 
were significantly different from the predictions. 
For the test conditions, the predicted consoli
dation settlements were approximately 70 mm. Of 
course, during the loading test period, 
the observed settlements are only a portion of 
the total settlements. In order to estimate the 
degree of consolidation, laboratory values of 
cv values would yield a 10 to 20% degree of 
consolidation for the test period. If these es
timates were accomodated, then the predicted 
settlements would be reasonably close to the 
observed ones. However, it is the author's 
opinion that the degree of consolidation is 
much higher than estimated at end of the test 
program. Such case is by no means uncommon for

356



2/47

25

10 100 1000 10000 hours 

-------  day*

10 100

ELAPSED TI ME

Figure 5. Observed settlement

the alluvium clay deposit. The observed settle

ments remained almost constant after the tenth 

day. The rate of settlements after the tenth 
day was less than dial gage accuracy. Therefore, 
even if the rate of settlements were about

0.1 njm in four months, the estimated additional 

settlements for a 30 year period would be only

9 mm, giving a total still significantly lower 
than predicted. Judging from such observed be

havior, it can be assumed that the degree of 
consolidation may have reached more than 50% 
over the four month test period. In this case, 
the corresponding cv values would be about 30 
times the laboratory values. A very similar 
observation was reported by Younger et al.

(1988), also in a case of large scale loading 
test.

The cause of such large discrepancy in pre

dicted and observed settlements remains unclear. 
The author believes that is very likely attrib

uted to the difficulty in getting accurate es

timates of the preconsolidation pressures. Since 
the samples were disturbed, most likely the pre

consolidation pressures were under estimated.
For deeper samples, the disturbance might be 
even higher. As presented in Figure 3, the over 
consolidation ratio diminishes with increasing 
depth, but if the disturbance increases, it is 
very likely that the over consolidation ratio is 
larger than shown in Figure 3. This may change 
the cause of over consolidation and may have 
some influence on the total settlements. If the 
over consolidation ratio is fairly constant 
throughout the depth of the clay layers, then 
the over.consolidation is more likely caused by 
creep settlements. Creep induced over consoli

dation was observed in several holocene clays 
in Indonesia (Toha, 1987). In these cases, the 
creep settlements amounted to be significant. 
Therefore, for the presedimentation tank cases, 
additional settlements were allocated to account 
for possible presence of creep.

After the load test program, the spring con

stant in the soil slab interaction were revised 
and the entire presedimentation tank slab was 
reanalyzed. The computation results indicate 
that the initial slab thickness can be reduced 
by 50%. This in turn resulted in very substan

tial cost saving.

6 CONCLUDING REMARKS

A c c u r a t e  s e t t le m e n t  p r e d ic t io n s  f o r  la r g e  r a f t  
f o u n d a t io n s  o n  s o f t  c la y s  a r e  o f t e n  d i f f i c u l t  
t o  a s s e s s .  T he  m a in  r e a s o n s  a r e  t h a t  t h e  s iz e  o f  
t h e  f o u n d a t i o n . r e q u ir e s  u n d is t u r b e d  s a m p le s  
fr o m  g r e a t e r  d e p t h s .  F r e q u e n t ly ,  o b t a in in g  u n 
d i s t u r b e d  s a m p le s  i s  d i f f i c u l t ,  h e n c e  t h e  la b o 
r a t o r y  t e s t s  t e n d  t o  p r o v id e  in a c c u r a t e  s o i l  
p a r a m e t e r s .  W h ile  c o n s e r v a t is m  in  t h e  d e s ig n  i s  
g e n e r a l ly  a c c e p t a b le  f o r  f o o t in g s ,  t h e  t o t a l  
c o s t  f o r  la r g e  r a f t  f o u n d a t io n s  may r e q u i r e  
f u r t h e r  c o n s id e r a t io n s  f o r  e x p e n s iv e  la r g e  s c a le  

t e s t s .
T he  r e s u l t s  o f  t h e  la r g e  s c a le  p l a t e  lo a d  t e s t  

i n d i c a t e  t h a t  t h e  s e t t le m e n t  p r e d ic t io n s  b a s e d  
o n  t h e  c o n v e n t io n a l  l a b o r a t o r y  t e s t s  w e r e  s i g 
n i f i c a n t l y  h ig h e r  t h a n  m e a s u r e d  v a lu e s .  T he  m a in  
r e a s o n  f o r  s u c h  o b s e r v e d  b e h a v io r  i s  t h e  u n d e r  
e s t im a t e d  p r e c o n s o l id a t io n  p r e s s u r e ,  p a r t i c u l a r 
ly  f o r  d e e p e r  c la y  f o r m a t io n s .  I t  i s  t h e r e f o r e
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recommended that sampling techniques for deep 
and medium to stiff clay soils be improved. The 
use of other in situ measurements for consoli
dation properties shall be considered as well.
As stated herein further research in asses- 
ing compression indices would be advantageous 
since this particular observation had occurred 
several times to the author's knowledge.

Actual rates of consolidations were also 
substantially higher than predictions based on 
laboratory parameters. This is very common in 
geotechnical engineering practise, but always 
difficult to quantify in advance. Large scale 
plate loading tests would eliminate a great 
deal of uncertainty in this case. For clays 
with very low values of cv , the test program can 
be accelerated by providing vertical drain.

Wilson, E.L. and Habibullah, A. (1984). SAP 80: 
Structural Analysis Programs, Computer and 
Structural Inc., Berkeley, California.

Younger, J.S., and Riyanto, J. (1988). "Options 
of Highway Improvements in Indonesia," Seminar 
on Soft Ground, Universitas Kristen Indonesia, 
August, Jakarta.
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