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Performance of test embankments with prefabricated vertical drains in soft Bangkok 

clay

Comportement de remblais d’essai avec des drains verticaux prefabriques dans une argile molle a 

B a n g k o k

A. S. Balasubramaniam, D.T. Bergado, P. Noppadol, P.V. Long & M.Ahamad -Asian Institute of Technology, Bangkok, Thailand

ABSTRACT: Three full scale test embankments with Prefabricated Vertical Drains were conducted at the site o f the Second 

Bangkok International Airport. The data obtained for a period of 660 days were analyzed and presented in the form of settlement and 

pore pressure profiles with depths, degree of consolidation from pore pressure measurements, rate of settlement - inverse time plots, 

settlement - log time plots, water content reduction and strength increase. ch values were back-calculated from pore pressure dissipation 

and settlement measurements. The data indicated that the degree of consolidation and the back calculated horizontal coefficient of 

consolidation ch estimated both from pore pressure dissipation and the settlement measurements are of the same order o f magnitude. 

The water content reduction measured in the field is in agreement with values computed from the consolidation settlements. The 

estimated value of secondary consolidation parameter Ca from the settlement measurements in the field is 0.018.

1. INTRODUCTION 2. TEST EMBANKMENTS WITH PVD

The use of vertical drains with pre-loading in improving the 

engineering properties of the soft Bangkok clay has been a major 

challenge due to varying factors whose influence was difficult to 

assess (refer to Fig. 1 for soil profile). Thus, the present study 

which involve three test embankments at the Nong Ngu Hao site 

in Bangkok was carried out with the prefabricated vertical drains 

(PVD). The PVD used were Mebra (MD 7007) with 1.0 m 

spacing, Castle Board (CS7) with 1.25m spacing and Flodrain 

(FD4-EX) with 1.5 m spacing. The embankments were 40m x 

40m in plan dimensions and were designated as TS1, TS2 and 

TS3 with the drains at 1.5 m, 1.25 m and 1.0 m spacings 

respectively. Long term monitoring of settlements, lateral 

movements and pore pressure dissipation were carried out for 

nearly 660 days. The drains were installed to a depth of 12 m. 

The full embankment height was 4.2 m (i.e. 75 kPa surcharge), 

which included 1.0 m of sand blanket, stage 1 loading upto 18 

kPa. followed by loading to 45 kPa (stage 2) and 54 kPa(stage 3). 

The stage 4 loading was carried upto 75 kPa.

The test embankments were 40m x 40 m in plan with side 

slopes o f 3:1. The plan and elevation of test embankments TS2 & 

TS3 are shown in Figure 2. Each embankment was instrumented 

with surface and subsurface settlement plates, inclinometer 

casings and piezometers. A sand blanket of 1.0 m thickness was 

laid on the top of the excavated slope (-0.3 m MSL) and was 

increased to 1.5 m after PVD installations. Initially, no berms 

were used. However, berms were installed at the later stages of 

construction. For embankment TS1, a 5 m wide and 1.5 m high 

berm was provided when the surcharge increased from 45 kPa to 

54 kPa and embankment width was further increased to 7 m, 

with the increase of surcharge from 54 kPa to 75 kPa. For TS2 

and TS3, a berm of 5 m wide and 1.5 m high was provided when 

the surcharge increased from 54 to 75 kPa. The waiting period 

was 45 days for TS1 and TS2 under 54 kPa surcharge and this 

was reduced to 30 days for TS3. The design waiting period was 

105 days for all three test embankments when the surcharge was 

increased from 54 kPa to 75 kPa. Stability analysis were 

performed and the factor of safety without considering short term 

machinery load was generally in the range higher than 1.35 and 

the lowest value of 1.26.
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Figure 1 Typical Soil Profile
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Figure 2 Plan and Section o f Test Embankment

3. INTERPRETATION OF DATA

The measured settlements, lateral movements and the pore 

pressure response for test embankment (TS3) and the 

interpretation of the data are presented below. Figure 3 shows the 

subsurface settlements and pore pressure profiles with loading 

schedule for TS3. The variation of lateral deformation with depth 

is presented in Figure 4. Figure 5 illustrates the settlement profile 

with depth for the same embankment. The calculated final 

primary settlement profile is somewhat less than the measured 

values after 660 days, the difference is due to secondary 

consolidation settlement and the component of the cumulative 

settlement due to lateral movement o f the clay under undrained 

creep. Figure 6 illustrates the measured pore pressure profiles 

with depths. In this figure, the curve ABC corresponds to the

TIME (days)

Figure 3 Settlement & Pore Pressure Profiles with 

Loading Schedule for TS3

Figure 5 Settlement Profile with Depth for TS3

initial pore pressures prior to the application of the surcharge. 

When the embankment surcharge was 75 kPa, the total pore 

pressure obtained is represented by the curve DEF as a result of 

the surcharge loading and stress distribution added to the initial 

pore pressure distributions ABC. The assumed final pore 

pressure after primary consolidation is MNPQ. The measured 

pore pressure after the end of construction and after 660 days are 

also indicated in Figure 6. The measured pore pressure profile 

after 660 days indicated that for TS3, the excess pore pressures
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Figure 6 Pore Pressure Profile with Depth for TS3
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Table 1 Calculated Degree of Consolidation from 
Settlement Measurements 

(A verage deg ree  o f  co nso lida tion  fo r the  w hole  stratum )

E m b an k m en ts TS1 TS2 TS3

Total Settlements

(m)

1.57 1.71 1.83

Consolidation 

Settlements (m)

1.39 1.53 1.65

u„vg% 88 97 100

0 20 40 60 80 100 120 
DEGREE OF CONSOLIDATION (%)

Figure 7 Degree of Consolidation with Depth for TS3

Us ( % )

Figure 8 Relation of Degree of Consolidation from 

Settlement (Us) and Pore Pressure (Up)
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Figure 9 Rate of Settlement vs Inverse Time Plot

INVERSE TIME ( 1 /m onth)

Figure 10 Rate o f Lateral Displacement vs Inverse Time

Figure 11 Consolidation Settlement vs Log Time Plot

have fully dissipated. Figure 7 illustrates the degree of 

consolidation as estimated from the pore pressure distribution. 

The measurement also indicated that by 660 days, the 

consolidation is virtually completed. The degree o f consolidation 

from settlement measurements is tabulated in Table 1. The 

degree o f consolidation (U„) obtained from pore pressure is 

consistently lower than that from the settlements(Us) as indicated 

in Figure 8 for all test embankments. The delay in the calculated 

degree of consolidation from pore pressure observations obtained 

herein is in accordance with the results of Mikasa’s 

consolidation theory (Mikasa, 1965).

Further insight into the settlement characteristics can be 

obtained by plotting the rate of settlement (cm/months) versus 

inverse time (1/month) (Figure 9). Over a period of 20 months 

or so, the rate o f settlement decayed very fast with time in an 

exponential manner. However beyond a period of 20 to 24 

months, the rate seems to reach an asymptotic decay with a slope 

of about 25:1. This perhaps may be due to secondary 

consolidation effect. This value corresponds to Ca of 0.018. It is 

in the range suggested by Mesri (1973) for marine clays as 0.01 

to 0.02. The rate of lateral displacement (mm/month) is plotted 

with inverse time (1/month) in Figure 10. These data indicate the 

decay of the rate of lateral movement with time and show similar 

trend to the settlements. Figure 11 is a consolidation settlement - 

log time plot. Even though the final linear portion has not yet 

fully developed, the linear portion based on a Ca value o f 0.018 

seems to fit in well with the measured data.

Figure 12 illustrates water content profile with depth after 

preloading with the mean values prior to preloading. Substantial 

reduction in water content can be noted. This confirms the 

strength increase presented in Figure 13 from field vane 

measurements.
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Figure 12 Back-Calculated Water Content for TS3
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Figure 13 Field Vane Shear Strength Measured in 

Embankment TS3
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Figure 14 Back-Calculated ch from Pore Pressure vs.

Increased Effective Stress

ch values were back-calculated from pneumatic and hydraulic 

piezometers at various depths. However, back-calculated ch 

values from the hydraulic piezometers are thought to be more 

reliable and such these values are plotted with the increase in 

effective stress in Figure 14. Figure 15 illustrates the variation of 

ch values with depth and degree of consolidation. The ch values

Figure 15 Back-Calculated ch from Pore Pressure vs. 

Degree of Consolidation

decreased significantly with increasing degree of consolidation 

particularly for the weakest soil at 6 m, i.e. ch= 2.5 m2/year and 

less than 0.5 m2/year, corresponding to the increase in degree of 

consolidation from 50% to 100%, respectively.

4. CONCLUSIONS:

The major conclusions reached are:

1. The degrees o f consolidation estimated from pore 

pressure dissipations are o f the same order of 

magnitude as those estimated from the settlemem 

measurements. This indicates that:

a). The settlements occurred are predominantly 

due to consolidation settlements and this would 

improve the strength o f the soft clay and reduce 

the compressibility.

b). The measured settlements are mainly due to 

consolidation as a result o f the external surcharge 

and the possibility o f the hydraulic connection is 

not there for the PVD layout used in the tesl 

embankment.

2. The back calculated ch values from the settlement 

measurements showed that ch values reduce 

substantially as the degree of consolidation increases. 

Thus, in the actual use of PVD, these reduced ch values 

can be used in the final design.

3. The estimated value of Ca from the settlemem 

measurement in the field indicated the possibility of 

secondary consolidation settlement with a Ca of 0.018. 

Thus the final design of the airfield be made to erase 

these secondary settlements with an appropriate 

magnitude o f the preload higher than the final 

surcharge adopted.
4. The water content reductions and the strength 

increases in the field are in agreement with the values 

computed from the settlement measurements. This 

further confirms that the consolidation settlements are 

realistic as expected from the preloading technique.
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