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Geotechnical cut-off  diaphragms for built-up area protection in urban 
underground development

N.S. Nikiforova & D.A. Vnukov
Gersevanov Research Institute of Foundations and Underground Structures, (NIIOSP), Moscow, Russia

ABSTRACT: Urban underground development necessitates protection of existing buildings, located 
within the zone of construction operations influence. Geotechnical cut-off  diaphragm walls, erected 
between underground excavations (pits or tunnels) and existing buildings, are an effective protection tool. 
The paper describes cut-off  diaphragm walls, made of steel pipes, cast-in-situ and deep-mix soil-cement 
piles and implemented on Moscow construction sites. Numerical and field data is presented, pertaining to 
geotechnical barriers erection between deep excavations or service tunnels and existing buildings. Recom-
mendations are given for effective application of geotechnical cut-off  diaphragm walls.

a cast concrete slab. The excavation banks are 
retained by a cast slurry wall ∼10.0 m deep.

The site is located within a densely built-up 
area. The subsoil is sand fill to 2.2–4.9 m depth 
with inclusions of construction debris, below till 
15 m depth there occur interstratied sands of loose 
to medium density. Ground water occurs at 28 m 
depth.

The excavation pit influence zone reaches the 
E.Vakhtangov Theater (26, Arbat Str.), a historical 
brick three-story building, based on 0.48–5.73 m 
deep strip footings, erected in 1949 and now is at 
∼1,0 m off the excavated pit bank.

As per archive data the strip footing was partly 
strengthened by pressed-in 6 to 7 m long piles, not 
designed to bear extra loads from the new complex 
underground portion.

Maximum admissible extra deformations of 
the Theater building, as per Moscow Construc-
tion Code, are: settlement 10.0 mm, differential 
settlement 6 × 10−4. Numerical analysis, made by 
Moscow State Building Construction University, 
forecast their value to be 12.0 mm. Therefore, 
prior to diaphragm slurry wall erection, a cut-off  
Ø250 mm piling diaphragm wall, reinforced with 
Ø219 × 8 mm steel tubes, was erected (Fig. 1).

The cut-off  diaphragm wall was erected step-
wise in the following sequence: at first a hole was 
augered under clay mud to the depth as per project 
design, then the hole was filled with cement-sand 
slurry through an injector-pipe, then welded steel 
pipe segments were sunk in (Fig. 2).

The geotechnical diaphragm wall erection was 
accompanied by considerable up to 20.0 mm extra 
settlements of the Theater office building (Fig.3).
These settlements of the Theater footing sand bed 

1 INTRODUCTION

Excavation of pits below 5.0 m depth and new 
service 2.5–4.0 m dia tunneling at 12.0 m depth 
in big cities for newly erected buildings with an 
underground basement requires protection of 
existing buildings within the influence zone of 
construction activities. Cut-off  diaphragm walls 
between an underground excavation (a pit or a tun-
nel) and an existing building is an effective tool. 
Cut-off diaphragms can differ by their design (cast 
and intermittent walls, e.g. slurry walls, cast piles, 
steel piling walls) and by their erection technology 
(cast piles, secant cast piles, non-secant piles, cast 
screw piles and deep-mix piles) Geotechnical cut-off  
diaphragms are broadly applied in the city of Mos-
cow for underground development. A cut-off  dia-
phragm wall design depends on geotechnical and 
hydro-geological site conditions, on the distance of 
the existing building from subsurface excavation 
and on the respective “technological” settlement 
value i.e., the one, caused by a cut-off  diaphragm 
wall erection. Comparison of settlement field data 
with PLAXIS 2D FEM simulation data enabled 
the authors to elaborate recommendations for 
effective application of cut-off  diaphragms.

2 CUT-OFF DIAPHRAGM WALLS TO 
PROTECT DEEP EXCAVATIONS

Since 2008 a trade and business complex has been 
being erected in Moscow (1–24, 26/2/3 Arbat Str.). 
This is a framed multi-story building with two 
underground parking lots, having cast concrete 
bearing columns and floors. The building sits on 
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possibly resulted from soil loosening due to cut-off  
wall erection process.

The Theater building deformations, monitored 
during underground construction of the new com-
plex, showed low effectiveness of the geotechnical 
cut-off  diaphragm wall, as the maximum footing 
settlement was 40.0 mm i.e., more than threefold 
greater than the forecast value of 12 mm (Fig. 3).

Geotechnical cut-off  diaphragm walls used at 
construction of tunnel-viaduct segment of the 3rd 
Transport Ring in Lefortovo district of Moscow in 
order to reduce deformations of nearby buildings 
(6, Tankovy Proezd and 8, Gospital’ny Pereulok).

Building 6, Tankovy Proezd, is a brick 4-story 
structure with longitudinal walls. The timber floors 
are supported by steel H-beams. The 2.1 to 2.4 m 

Figure 2. Geotechnical diaphragm wall for protecting 
the office building of the Vakhtangov Theater.
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Figure 3. Vakhtangov Theater building maximum 
settlements.
1 – geotechnical cut-off  diaphragm wall erection,
2 – slurry wall erection,
3 – excavation of pit,
4 – basement structures erection. 

Figure 4. Overview plan of geotechnical cut-off  dia-
phragm wall around a building (6, Tankovy Proezd).

Figure 1. Geotechnical cut-off  diaphragm layout.
1 – geotechnical cut-off  diaphragm, 
2 – Vakhtangov Theater building,
3 – slurry wall.

deep strip footings are made of crushed stone, 
fixed with lime mortar. Prior to tunnel construc-
tion the primary survey data showed unsatisfac-
tory condition of the building. The bearing walls 
had cracks up to 3.0 mm wide.

Prior to the tunneling operations the building 
footings were strengthened by 160 mm dia 17 m 
long root piles. The maximum measured settle-
ment during piling operations was 15 mm.

The admissible extra settlement of the build-
ing footings is 10.0 mm. The analytical extra set-
tlement of the footings is 16 mm, and 7.0 mm if  
underpinned by piles, after cut-off  wall erection 
the settlement is 8.0 mm.

During 4.5 m deep pilot pit excavation a 5.0 mm 
wide crack appeared in the building, extending 
from the 1st to the 4th story. The crack was caused 
by long-term soil saturation by a leak from a water 
line, coming from heating water line entry inside 
the building. After the leaks near the building were 
stopped a cut-off  secant Ø650 mm 18 m long pil-
ing diaphragm wall was installed along the tunnel 
route and along two side façades of the building 
(Fig. 4). The piles were topped with 0.5 m thick 
cast concrete cap.
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Maximum registered settlement of the building 
footings, caused by protection measures influence, 
was, as follows: by root piling 15.0 mm, by cut-oft 
diaphragm wall 10.0 mm. Maximum registered 
settlement, caused by tunnelling, was 45 mm i.e., 
5.5 times greater than the forecast 8.0 mm value. 
The forecast values did not take “technological set-
tlement” into account.

3 APPLICATION OF CUT-OFF 
DIAPHRAGM WALLS TO PROTECT 
SEWAGE LINES

In the period from 2002 to 2003 service line tunnels 
for the Lefortovo tunnel were excavated, extending 
from substation 622 to Bakyninskaya Str. and along 
Lefortovo Embankment in parallel to N.E. Bauman 
Moscow State Technical University buildings.

The tunnel for underground cable service lines 
from substation 622 to Lefortovo tunnel was exca-
vated with the help of 3.6 m dia shield.

The tunnel along building 61/67 on Bolshaya 
Poctovaya Str. was excavated in Jurassic stiff  clays. 
The bottom of the tunnel was located at ∼15.5 m 
depth from the surface. The distance from the tunnel 
axis to the building, along which the tunnel was 
excavated, was 8.0 to 9.0 m.

Geotechnical conditions along the tunnel route 
are, as follows: surface fill, underlain by water-
 saturated medium sands, underlain by clay loams 
on top of Jurassic clays, underlain by carbona-
ceous clays and fissured limestone.

The residential 5-story prefab panel house 
(61/67–5, Bolshaya Pochtovays) has 2.2 m deep 
basement. The building sits on 2.2 to 2.9 m deep 
strip prefab concrete footing.

The forecast deformations of 61/67, Bolshaya 
Pochtovaya Str. building were: maximum settle-
ment 15.0 mm, differential settlements 0.0005.

Since Jurassic clay above the tunnel face is just 
from 1.0 to 2.0 m thick, the occurrence of unstable 
silt soft clay loams, and the fact that the forecast 
differential settlement reached the admissible limit 
of 0.0005 necessitated respective protection meas-
ures. NIIOSP recommended erection of a cut-off  
diaphragm wall between the footings of the build-
ing and the tunnel route.

The predicted deformations of the footings of 
building 61/67 on Bolshaya Pochtovaya, caused by 
the service tunnel with the protection cut-off  dia-
phragm, were: maximum settlement 5.0 mm, dif-
ferential settlement 0.0 i.e., less than the admissible 
extra values.

The geotechnical cut-off  diaphragm wall was 
made of Ø159 × 10 mm 16.0 m long steel pipes, 
spaced 0.25 m in row, and topped by a cap made 

of B20 concrete. The cut-off  diaphragm wall was 
continuous in order to exclude the barrage effect 
along the protected building. The diaphragm wall 
could be a dam for underground water (Fig. 5).

Measured mean building footing settlements on 
Fig. 6 caused by.

• Cut-off  diaphragm wall erection: maximum set-
tlement 6.0 mm, differential settlement 0.00046 
i.e, less than admissible settlements;

• Cut-off  diaphragm wall erection plus service line 
shield tunneling: maximum settlement 15.5 mm, 
differential settlement 0.00089.

The measured settlement was less than the 
admissible extra value of 20.0 mm, while differen-
tial settlement was times 1.8 less than admissible 
extra settlement value of 0.0005.

The authors analyzed the measure values of 
deformations and fixed the real quantity of volume 
loss 2.5%. After that the FEM analysis was made 
with volume loss 2.5%. Model Mohr-Coulomb 
was used. Grounds conditions were described at 
the beginning of this part of the paper. The tunnel 
was modeled by Plaxis 2D v. 8.

Figure 5. Erection of a cut-off  diaphragm wall, made 
of bore steel pipes between the service tunnel and the 
existing building 61/67, Pochtovaya Str. in Moscow.
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Figure 6.  Mean footing settlements of building 61/67, 
Bolshaya Pochtovaya Str.
1 – cut-off  diaphragm wall erection.
2 – service tunnel shield driving.
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Also, for calculation scheme (Fig. 7) there has been 
identified for buildings of different structural design 
and condition, with due account of admissible extra 
deformations of the ground under footings and tech-
nological settlements, caused by screw bore pile cut-
off diaphragm wall erection, a zone i.e., a distance 
from the building to the service tunnel axis, in which 
the cut-off diaphragm wall reduces the deformations 
of the ground to the admissible value (Table 1). If  
this distance is less than the one, given in Table 1, 
than the cut-off diaphragm wall application is inef-
fective. We established additional admissible values 
of deformations (settlements and relative difference 
of settlements) earlier and included it to Moscow 
normative document (Ilyichev V. A. et al., 2005).

Thus, footing “technological settlement” shall 
be taken into account for buildings at the project 
design stage, caused by geotechnical cut-off  dia-
phragm wall erection. It is necessary to know 
the settlements of  the ground surface, caused 
by shield tunneling, from the monitoring data 
of  projects in similar geotechnical conditions in 
order to establish the actual value of  soil excess 
excavation ratio.

The service tunnel dedicated to Lefortovo tun-
nel along Lefortovo Embankment was mined 
in parallel to the North and South Buildings of 
N.E. Bauman Moscow State Technical University 
with the help of 2.56 m dia shields at 6.0 to 8.0 m 
from the building at 3.5 m depth from the ground 
surface. The shield tunneling was conducted under 
3.5 m fill layer in soft sand loams.

Building 5 on Lefortovskaya Embankment 
(Bauman Moscow State Technical University, North 
Building) is 6-story, built in early 1950s, has internal 
frame with concrete columns and steel girders, no 
basement, on 1.4 m deep concrete strip footing. A 
7.0 m deep cut-off  diaphragm wall, made of two 
rows of deep-mix 1200 mm dia piles is 1.4–2.8 m 
off the building. The piles in the row, nearest to the 
service tunnel route, were reinforced (Fig. 8).

Admissible extra settlement of the building 
is 10 mm. Numeric Plaxis geotechnical simula-
tion was conducted as a part of the geotechnical 
monitoring package. The results showed that the 
value of extra footing settlement, caused by service 
tunnel driving, with no cut-off  diaphragm wall, is 
25 mm, while that with the cut-off  diaphragm wall 
is just 7.0 mm. Mean measured settlement, caused 
by erection of the cut-off  diaphragm wall was 
8,0 mm and 4.0 mm from service tunnel construc-
tion 4.0 mm (Fig. 9).

Hence, deep-mix pile cut-off  diaphragm wall 
along the North Building of the Bauman Moscow 
State Technical University enabled two-fold reduc-
tion of footing settlements, induced by service tun-
nel shield driving in soft clay soils.

The authors investigated behavior of  cut-off  
deep-mix piling diaphragm walls in loose water-
saturated sands, erected to protect the existing 
built-up area on Gruzinsky Val Str. for the project 
“Traffic Interchange, Multi-Level Underground 
Parking Lot and Trade Complex on Tverskaya 
Zastava Sqr.” in Moscow. Notably, the service tun-
nel construction at 4 m depth below the ground 

Table 1. The zone of effective application of cut-off  diaphragm wall for service tunnel driving from substation 622 to 
Bakuninskaya Str. along the building 61/67 on Bakuninskaya Str.

Type of building

Admissible value 
(settlements/
relative difference 
of settlements )

Technical condition 
of the building

Distance from the building 
to the service tunnel axis, for 
which cut-off  diaphragm wall 
application is feasible (m)

Multi-story no-frame buildings with large 
prefab panel bearing walls.

30 mm/0.0008

20 mm/0.0005

Satisfactory

Unsatisfactory

9 to 11

Not feasible

Multi-story no-frame buildings with bear-
ing walls, made of large-size blocks or 
non-reinforced brickwork

30 mm/0.0010

10 mm/0.0007

Satisfactory

unsatisfactory

6 to 9

13

Multi-story buildings with bearing walls 
with reinforced concrete belts

20 mm/0.0010 unsatisfactory 6 to 9

Figure 7. Geotechnical situation simulation.
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surface in up to 5 m thick fill, with inclusions 
of  construction waste, and in underlying loose 
water-saturated sands with the help of  shield tun-
neler Lovat RME 163 SE was done for the first 
time in Moscow, and the tunnel route was viewed 
by NIIOSP as a test site. “Lovat” guaranteed the 
value of  soil excess excavation ratio to be 1.78, 
however, NIIOSP performed the analysis for two 
values of  excess excavation ration: 1.78 and 3.0. 
Cut-off  diaphragm walls were recommended for 
two buildings, located on the service tunnel route 
10.12 m deep, made of combination of concrete 
tubes and deep-mix piles. Geotechnical cut-off  
deep-mix piling diaphragm walls were applied as 

emergency to control water saturated sands break-
throughs into shield driving face space.

Cut-off  diaphragm walls were erected, as fol-
lows: concrete tube piles were first installed through 
Ø180 mm pilot holes, spaced at 400 mm, in which 
Ø159 × 6 mm steel pipes were sunk, further filled 
with cement-sand grout, then deep-mix piles were 
cast in the space between the deep-mix piles. The 
Ø110 mm pilot holes were advance-drilled to the 
design depth, then back jet-grouted.

The building measured settlement, caused by 
cut-off  diaphragm wall erection, was 1 to 3 mm, 
while the settlement, caused by service tunnel shield 
mining, was 2 to 5 mm, with admissible additional 
value for such buildings being 10.0 mm (Fig. 10). 
No new defects or existing defects evolution were 
observed.

The authors obtained empirical dependencies, 
based on of field data during service tunnels mining 
on Gruzinsky Val Str. and on Lefortovskaya 
Embankment for evaluation of technological set-
tlements of building footings, starting from erec-
tion of the cut-off  diaphragm deep-mix Ø700 mm 
piling wall in loose water-saturated sands and 
Ø1200 mm piling wall in soft clay soils (Niki-
forova, N.S. & Vnukov D.A. 2010).

4 CONCLUSIONS

1. Numerical and field investigations showed that 
vertical cut-off diaphragm walls do not always 
reduce settlements of footings of buildings 
within the zone of deep excavations influence to 
admissible value. The measured final settlements 
of building footings are found to be 4.0–5.5 
times greater than the forecast analytical values.

2. Diaphragm wall installation settlements were 
equal to 20 to 50% measured final settlements.

3. It is recommended to consider the option of tilted 
cut-off diaphragm walls for deep excavations.

Figure 8. Geotechnical cut-off  diaphragm wall near 
North Building of Bauman Moscow State Technical 
University.
1 – footing,
2 –  geotechnical cut-off  diaphragm wall,
3 – service tunnel.
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Figure 9. Footing settlements vs time. North Building 
of Bauman Moscow State Technical University.
1 – cut-off  diaphragm wall erection,
2 – service tunnel shield driving.
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Figure 10. Footing settlement diagram of the building 
on 11–5, Gruzinskaya Str.
1 – geotechnical cut-off  diaphragm wall erection,
2 – shield mining of service tunnel.
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4. Vertical continuous cut-off  diaphragm walls 
option may be viewed as an emergency coun-
ter-measure to control water-saturated sands 
breakthrough into the face space in front of the 
shield or into the slurry wall trench.

5. Vertical cut-off  diaphragm walls shall be used 
to reduce settlements of existing buildings and 
to evaluate the distance from the building to the 
service tunnel route. If  this distance is less than 
a certain value then a cut-off  diaphragm wall is 
ineffective.
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