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ABSTRACT: Instances of leakage from the joints between the panels of a Diaphragm wall, during 

construction, are not uncommon and several cases have been reported in literature, along with measures 
taken for repair & rectification. This paper deals with one such case wherein, following repairs to stop the 
leakage, a parametric study was carried out using PLAXIS, considering various scenerios of subsoil 
disturbance,  both the decrease  in the subsoil strength as well as likely extent of  zone of disturbance. The 
back-analysis was based on the data from the inclinometers,  installed in the Diaphragm wall panels and cone 
penetration tests carried out to establish the subsoil condition, pre and post leakage.This enabled to establish 
the most probable combination for assessment of  the BM developed in the wall for ascertaining its structural 
adequacy. Based on the study it was concluded that the disturbed zone is limited to about 5m beyond the face 
of the D’Wall, defined by Case A. The computed deformation for the lower Es values (Cases B &C) and 10m 
disturbed zone (Case D), is much in excess of the observed deformation, hence not applicable. 
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1 INTRODUCTION 

1.1 Diaphragm walls with RCC slabs 

Diaphragm walls with RCC slabs at the Roof level, 
Concourse level and the Base level constitute a 
typical Station box for a Metro Rail Station. The 
Diaphragm walls are installed using a segmental 
installation technique, comprising of Primary and 
Secondary wall panels. Rubber bars are installed 
in the joints between the panels with the help of 
stop-ends. Several publications have reported 
instances of leakage from the joints between the 
wall panels. Measures taken for assessment, 
repair & rectification are described in these 
publications. In the case described in this paper, 
an adequacy check of the wall was carried out, 
after taking steps to seal the leakage. Using the 
data from the instrumentation installed, a 
parametric study was carried out, considering the 
possible scenarios of disturbed soil. 

1.2 Instrumentation & Monitoring 

Extensive Instrumentation & monitoring system 
was provided both in the Diaphragm walls panels 
as well as in the ground and buildings in the 
vicinity of the excavation. These included D’wall 
Inclinometers, Soil Inclinometers, Strain gauges 
and Load cells for structural struts, where 
provided. In the buildings in the immediate vicinity, 
Ground & Building settlement markers, 

Crackmeters & Tiltmeters were installed. 
Piezometers for Ground water table recording 
were installed all around the excavation. All 
instrumentations were monitored on a daily basis 
to provide early warning of any unexpected 
behaviour. They also provided indication whether 
the response of the structure was on predicted 
lines. 

2 SUBSOIL CONDITIONS 

2.1 Configuration of Station & Subsoil  

The subsoil at the site comprises of predominantly 
Silty Sands  (SM) layers underlain by Charnokite 
rock. Ground water table is within 4 to 5 metres of 
the GL. Fig 1 depicts the subsoil at site along with 
the main structural configuration. High water table 
called for a well-designed dewatering system for 
ground water lowering, during the excavation 
process. 

3 THE EVENT: 

3.1 Excavation for Station Box 

 While the excavation  was proceeding towards 
the concourse slab level, water started leaking 
from a Diaphragm wall joint, about 6m below GL. 
Immediately a steel plate was fixed on the joint 
and sand bags were stacked against the leaking 
joint from inside the station to arrest sand coming 
out of the joint. Cement grout was pumped in up 
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to the ground level in the joint from the outside. 
This was followed by PU grouting from inside, till 
the water flow was completely arrested. 
Thereafter, TAM grouting was carried out from the 
outer side to increase the water tightness of the 
joint. 

 

 
Fig 1 : Section of Station Box  & Subsoil Details 

3.2 D’Wall Inclinometer movement 

During the above leakage, the D’Wall inclinometer 
showed a movement towards the excavation of 
the order of 11 mm. Fig. 2 presents the D’Wall 
inclinometer behaviour, both before and after the 
leakage. 

 

 

Fig. 2 - Deformation of Wall vs Elevation 
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4 ASSESSMENT OF THE SUBSOIL 

CONDITIONS AFTER THE EVENT 

4.1 DCPT Tests 

It was apprehended that subsoil in the vicinity of 
the leaking joint could have been affected. In 
order to assess the disturbance to the subsoil, 
DCPT (Dynamic Cone Penetration Tests), were 
conducted using  “Geotools”. To facilitate 
comparison with a “base reading”, tests were also 
carried out in the unaffected area, nearest to the 
site, where the subsoil was relatively undisturbed 
by the event. 

4.2 Geotools Tests 

The Geotools equipment uses a automatic trip 
device to release a “hammer” falling on a jar 
block, in order to drive a cone, attached at the end 
of the string of rods, into the subsoil. A small 
engine provides the power for the lifting of the 
hammer each time before its free fall on the Jar 
Block. Blow counts are recorded for each metre of 
the penetration of the Cone. Though these are not 
directly correlated to SPT or CPT values, they, 
nevertheless, give a comparative assessment of 
the subsoil strength. 

4.3 Blow Counts before and after Disturbance 

Fig, 3 presents the blow counts recorded in the 
tests, both before and after the soil disturbance 
had taken place. Tests A, B &C were carried out 
in the affected area and the blow counts were 
lower than those carried out at the corresponding 
depths beyond the affected area (Tests D & E). 
Consequently,it was apprehended that the area in 
the vicinity of leakage might have developed 
zones of loose soil.  

5 EFFECTS OF SUBSOIL STRENGTH 

REDUCTION 

5.1 Assessment of Subsoil Disturbance 

It was important to assess both the extent and 
magnitude of reduction in soil parameters due to 
leakage and the consequent implications on the 
Diaphragm wall safety. The DCPT tests carried 
out are indicative of subsoil strength reduction in 
zone affected by leakage. However, quantification 
of the same cannot be done solely by these tests. 
Therefore, it was decided to carry out the 
assessment by a back-analysis of the 
Instrumentation data, primarily the D’Wall 
Inclinometer and link it with the subsoil conditions. 



 

Fig. 3 – Geotools Test – Blow Counts vs Depth 

For this purpose a parametric study was carried 
out, using a range of subsoil parameters, 
representative of the disturbed soil conditions, 
both in terms of reduced strength as well as zone 
of disturbed soil.  

5.2 Plaxis modeling 

Use of numerical modeling to predict wall 
displacements during excavations is widely 
adopted (Mohammed et.al (2013) & other 
referenced papers). Models were developed in 
Plaxis representing various likely subsoil 
scenarios after disturbance, represented by 
reduced soil parameters such as Modulus of 
Elasticity  Es, Phi and Density. Several cases 
representing disturbed soil zone were considered 
and analysed, extending 5 m and 10 m from the 
face of the Diaphragm wall. The analysis were 
carried out for  the stage of Concourse slab 
excavation. 

5.3 Outputs of Analysis 

Representative outputs of D’Wall deflections 
based on analysis carried out are presented in 
Fig. 4. This exercise enabled a comparison to be 
made between the computed deflections with the 
actual wall deflections, recorded by the 
Inclinometer.  A match between the computed and 
actually observed deflection was considered to 
represent the likely subsoil condition after 
disturbance. The BM & SF values for the D’Wall 
corresponding to this scenario, was considered to 
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Fig. 4 - Plaxis Analysis Outputs & Actual Deflection 

6 RESULTS OF ANALYSIS & 

DISCUSSIONS 

The results of the analysis performed are 
presented in the Table 1. 

From a study of Fig. 2 & 4 and Table 1, it is seen 
that during the leakage, the maximum deflection 
of the Diaphragm wall increased from 16 mm to a 
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value of 27 mm at el. -8.0 m. Above this level also 
the same trend is noted upto El. -2, although the 
increase in deflection is smaller. At the time of 
leakage, the Roof slab was already in position. 

In Fig. 4, the actual deflection of the Inclinometer, 
installed in the wall panel, is also shown.   It is 
seen that the recorded Inclinometer readings 
immediately after leakage, match the plot Case A 
representing the projected values for reduced Es 
value of 3000 kPa and disturbance zone of 5m.  

For Cases B & C representing lower Es values i.e. 
higher soil disturbance conditions, it is seen that 
computed deflection values of the Inclinometer, 
exceed the actually recorded values.  So is the 
case for Case D, which considers a 10 disturbed 
zone. Based on this, it is concluded that the soil 
disturbance has not spread beyond 5m from 
D’Wall face. 

 

          Table 1: Summary of Plaxis Analysis Results 

Cases Es*(kP

a) 

 

Max

D’Wa

ll Def 

(mm) 

BM 

(kN.m/

m) 

Remark

s 

Original 

Soil 

11000  20.5 858 Case A 

is 

closest 

to the 

actual 

Inclino

meter 

readings 

A –Es=3000  

Disturbance

upto 5m                                          

3000 

 

28.9 922 

B-Es =2000    

Disturbance 

upto5m   

2000 36.7 1020 

C- Es=1000   

Disturbance 

upto 5 m                           

1000 

 

46 900 

D- Es=2000 

Disturbance 

upto 10 m 

2000 40 1040 

 Actually 

measured 

values 

 27  

   *Es – Mod. Of Elasticity of soil 

Since Case A matches closest to the actual 
inclinometer readings, it is considered most 
representative to reflect BM & SF values 
developed in D’Wall after leakage. As per Table 1, 
the BM in D’Wall has increased from 858 to 952 
kN.m/m. However, it is still well within its design 
capacity. Hence no additional structural 
modifications were necessary, other than 
improvement of surrounding subsoil by grouting. 

It appears that the “Water Bars” provided in the 
panel joints may have got disturbed during 
construction, leading to water leakage. Therefore, 
as an additional measure, it was decided to carry 
out “Jet grouting” behind the joints for all 
remaining panel joints, prior to proceeding with 
excavation. No such leakage issues were 
reported thereafter. The Station box is now fully 
completed and ready to be put into service. 

7 CONCLUSIONS 

� The observed values for the D’Wall 
inclinometer matches well with thecomputed 
deformation for Case A. 
 

� As per Case A the BM in D’Wall has 
increased from 858 to 952 kN.m/m on account 
of leakage but remains well within its capacity. 

 
� The disturbed zone is limited to about 5m 

beyond the face of the D’Wall.  

 
� The computed deformation for the lower Es 

values (Cases B & C) and 10m disturbed 
zone (Case D), is in excess of the observed 
deformation, hence not considered applicable. 

 
� The reduction in Subsoil strength has a more 

pronounced effect on deformation values of 
the D’Wall compared to the effect of the 
extent of zone of disturbance.  
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