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Behavior and control of cable duct in proximity to ground excavation work

H. Hanakura & N. Sakata
Keisoku Research Consultant Company Hiroshima, Japan

H.Yoshikuni
Department of Civil Engineering, Hiroshima Institute of Technology Japan

ABSTRACT: Large-scale open-cut ground excavation work was performed in the central part of the City
of Hiroshima. This report summarizes the behavior and control results of an NTT cable duct located in
close proximity to the work site. It was found that the work had large effects on the cable duct such as a
cavity displacement of 3 to 7 mm, an inclination of 0.20 to 0.23 degree toward the excavation side, and
occurrence of cracks of lining concrete. However, by comparing the measured values with the analysis
values obtained by a preliminary study on the cable duct stress, the stress was estimated to be no higher
than the allowable stress, and it was verified that no structural problems were caused. Also, the danger of
damage to the cables caused by the peeling-off of concrete was eliminated by taking protective measures
for the cables.

l INTRODUCTION

Large-scale open-cut ground excavation work was
performed in the central part of the City of Hiro
shima in association with the construction of a
new transportation system.

When starting this work, it was worried that the
work might have an adverse effect on the NNT
cable duct (hereinafter referred to as the cable
duct) located nearby in parallel with the work po
sition. In the cable duct, communication cables and
electric power cables are laid. They were perform
ing important functions for maintaining the social
activities, and damages on these cables would have
a large effect on society. Therefore, measurement
control was carried out to analyze the effect
caused by the work and to take countermeasures if
necessary.

The cable duct is composed of a primary lining
(t =200 mm) of reinforced concrete segments and
a secondary lining (t =100mm) of plain concrete.
It would not be possible to know the stress state
inside of the primary lining after the work was
completed. Also it would be difficult to directly
measure the incremental stress caused by the exca
vation. Therefore, the behavior of the cable duct
was analyzed in advance of the work by the finite
element method (hereinafter referred to as the
FEM). The initial stress, incremental stress, dis
placement, and inclination of the lining were esti
mated. Since the displacement and inclination
were able to be measured, the control standard

values were set based on the results of the
preliminary analysis, and the work was controlled
by comparing the measured values with the control
standard values. _

This report describes the results of the prelimi
nary analysis of the cableduct behavior, the mea
surement control plan, the actual behavior of the
cable duct, and the control results.

2 OUTLINE OF OPEN-CUT EXCAVATION
WORK AND PROXIMITY OF CABLE DUCT

Figure 2 shows horizontal and vertical views of
the open-cut excavation work, and the relative po
sition of the cable duct. The excavation was car
ried out in the horizontal dimension of 199 m x
16m and to the depth of 15.5 m. The ground con
dition is poor as a soft alluvial clay layer accumu
lates below the depth of about 9 m from the
ground surface with a thickness of about 14m.
There is confined groundwater in the gravel layer
below the alluvial clay layer. The deep imperme
able wall method (a ground improvement method
by chemical injection) was adopted to prevent
the ground gfrom being heaved by the confined
water during the excavation.

The cable duct has a diameter of 4_55m, and is
about 4.1m away from the landslide protection
wall made of steel pipe sheet piles of 600 dia x 9
@ 690. The cable duct is in close proximity to the
work, and lies in the area which might be affected
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Figure 1. Positional relationship between open-cut work and
cable duct.

by the ground displacement caused by the open-cut
excavation.

3 FEM ANALYSIS OF EFFECTS ON CABLE
DUCT

3.1 Anablsis conditions

1) Analysis method: Two-dimensional elastic
FEM analysis
2) Analysis cross section: Cross section A-A
(Fig. 1)
3) Ground condition, etc.: Table 1 gives the
physical properties of the ground and the particu
lars of beam elements. The primary and secondary
linings are of an overlapped wall stmcture, and
their rigidity was determined by considering the
joining conditions.
4) Analysis procedure: Firstly the initial stress
state of the cable duct was analyzed, and six work
stages from the primary to final excavation were
sequentially analyzed.

3.2 Anab/'sis results

( 1) Displacement of cable duct
Figure 2 is the displacement diagram at the final
excavation stage.

The displacement of the landslide protection wall
was 45 mm at the bottom of final excavation, and
the settlement of the ground surface above the

beam element.

Tbepm N- r c <15 1/ E
(GL-m) valve (kN/ma) (kN/mz) (deg) §kN/m22_2.1 16.0 23 0.333 19600
9.2 7 18.0 23 0.333 19600
13.4 4 16.5 40.0 0.375 8400
15.4 6 17.0 26 0.333 16800
23.1 3 16.5 55.0 0.375 11550
23.9 20 19.0 27 0.333 56000

50 22.0 42 0.333 140000

1/ E A 1
(kN/ml) (ml/m) (mA/m)

SMW 0.333 2.1E+0s 2.42213-02 1.057E-03
0-2 stage strut 0.333 2.lE+08 1.048E-02 6.920E-05
3-5 stage Simi 0.333 2.1E+0s 1.549E-02 1.40013-04
Primary lining 0.167 3.6E+07 2.000E-01 6.967E-04
Secondary lining 0.167 2.5E+07 1.00013-01 s.333E05

Pm” lm? #Hd 0.167 3.6E+07 3.00013-01 7.545E-04
Secondary lmuig

cable duct was 15mm_ The horizontal displace
ment of the cable duct, and its inclination to the
excavation side were 21mm and 0.12 degree,
respectively. The vertical cavity displacement was
9 mm.

(2) Axial force and bending moment of cable
duct

Figure 3 is the distribution diagram of axial force
and bending moment at the initial state before
starting the open-cut work (before excavation)
and their increment at the final state after complet
ing the open-cut work (after excavation) .

Afier the excavation, there were relatively large
tensile axial force and negative bending moment
acting at two locations: the crown and the lower
right comer on the excavation side of the cross
section of the cable duct.
(3) Lining stress of cable duct
Table 2 gives the maximum values of reinforcing
bar tensile stress and concrete inside-edge stress in
the primary lining and the secondary lining. The
values for the primary lining were determined at
the crown by superposing the incremental stress
after excavation to the initial stress before excava
tion. The values for the secondary lining was de
termined at the lower right corner on the excava
tion side from the incremental stress afier excava

tion. _
The primary lining stress was 132 MPa against

the allowable stress of 176 MPa, and the second
ary liningfstress was 1.3 MPa against the allowable
tensile stress of concrete of 2.1 MPa. Thus, the
calculation showed that the stresses in both the
primary and secondary linings were within the al
lowable levels.
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Figure 2. Results of displacement analysis at the time of ex
cavation (fmal excavation stage) _
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Figure 3. Calculation results of axial force and bending mo
ment

Table 2. Superposed results of lining stresses of cable duct.

Primarylining(crown)

®Initialslre$ ®Incremmtal ®Supe.1posed
SIISS ISUITS

(FEB/larralvsis) (®+®)

mm, M -32.5 lcN°m -10.2 kN~m -42.7 kN-m

QQ* N 390 1<N/m -76 kN/m 314 kN/in
Strw 79 MPa 53 MPa 132 MPa

Sewndaiy lining (lower right comet on excavation side)

Incremaital
stI&

Bending _ _
moment M L9 KN m
Axial
force N 20 kN/m
Strw 1.3 MPa

4 MEASUREMENT CONTROL PLAN

4_1 Measured items and arrangement of measuring in
struments

Figure 4 shows the measurement items and the ar
rangement of measuring instruments. The
deformation of the landslide protection wall, set
tlement of the surrounding ground, and inclination
of the cable duct were measured at two points: the
measurement point, in the cross section A-A
and the measurement point in the cross section
B-B. The vertical and horizontal displacement
and cavity displacement were measured in each
cross section at measurement points to '_

4.2 Control standard values and policy for counter
measures

Table 3 gives the control standard values and the
specific policy for carrying out countermeasures
when the control standard values were exceeded.

The control standard values were divided into
three classes: the primary standard values, second
ary standard values, and tertiary standard values.
They are 30%, 60%, and 100% of the tertiary
standard values respectively. The level of coun
termeasures is raised according to the class.

The control standard values were set for four
measurement items for the cable duct: the vertical
displacement, horizontal displacement, inclination,
and cavity displacement. For three items among
these( the vertical displacement, horizontal
displacement, and inclination) ,the allowable ten
sile strength of concrete was taken as a limit value
giving attention to the tensile strength of the sec
ondary lining concrete, and the measurement val
ues corresponding to it were set to be the tertiary
standard values. For the cavity displacement, giv
ing attention to the reinforcing bar stress in the
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Figure 4. Arrangement of measuring instruments.
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Table 3. Control standard values and policy for counter
IIICBSUICS.

Measurem- Measuring Control standard value

ent item instrument Primary Secondary Tertiary

Settlement
Settlement 2 mm 4 mm 6 mm

gage

Horizontal

displace- Transit 10 mm 20 mm 34 mm
ment

Inclination Clinometer 0.05degree 0.10degree 0.18degree

Cavity Displacm
displace- ent gage 3 mm 5 mm 8 mm
ment

Closer comm- Consultation Execution of
Policy for unicasion on cable prot- cable protec

ection, Stren- tion
coutermeasures gthening of Execution of

control,system, cable duct
Paying attent- protection
ion trend

primary lining segment, the allowable tensile
strength of reinforcing bar was taken as a limit
value, and the cavity displacement corresponding
to l/2 of it was set to be the tertiary standard
value to ensure the safety. The relationship be
tween the allowable stress of lining and the mea
surement value was established by using the re
sults ofthe FEM analysis. Its detail is described in
Section 6.

5 ACTUAL BEHAVIOR OF CABLE DUCT

Figure 5 shows the cable duct behavior over time.
This diagram indicates the following.

(1) Vertical displacement (settlement or lift)
After a lift of 3 to 6 mm generated by chemical
injection performed as the countermeasures against
confined water after the secondary excavation, the
cable duct settled gradually as the excavation pro
ceeded, and finally returned to nearly zero.
(2) Horizontal displacement

Viewing the data throughout the measuring pe
riod, a displacement of about 10 mm to the back
side was found at the time of chemical injection,
and a displacement of about 10 mm to the excava
tion side was found during the excavation work.
(3) Inclination
The open-cut excavation work had notable effects
on the inclination. Although it was pushed back by
about 0.02 degree to the back side at the time of
chemical injection, an inclination of 0.20 to 0.23
degree to the excavation side was found in the
end.
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Figure 5. Change of measured values over time.



Ground surface ( c) I Analysis value
settlement 30mm

(1 Smm)

Horizontal `\_
displacement 15mm Dignlac enrt

(21mm) somm

<45n;m>

Inclination 0. 24°
(0. 12°)

Figure 6. Defomiation of landslide protection wall and be

havicgr of cableduct (at completion of excavation: sectionA-A .

(4) Cavity displacement
Like on the inclination, the excavation work had
large effects on the cavity displacement, but it sta
bilized after the excavation was completed. Al
though an elongation of about 1.5 mm was gener
ated at the time of chemical injection, a shrinkage
of 3 to 7 mm was generated in the end. As the
shrinkage of the cavity progressed, many cracks
began to develop in the lining concrete and exist
ing cracks widened.
Figure 6 shows the relationship between the
deformation of the landslide protection wall and
the behavior of the cable duct. The displacement
of the landslide protection wall increased gradually
as the excavation progressed, and the displacement
reached 80 mm at the bottom of excavation when
the excavation was completed. At the same time,
the backside ground settled gradually, and a settle
ment of 30 mm was found on the ground surface
above the cable duct when the excavation was
completed. It is presumed that the cable duct itself
was moved by the flow of earth in the backside
ground caused by the deformation of the landslide
protection wall, and thus the displacement and de
fomration of the cable duct were generated. The
figure shows the values from the preliminary FEM
analysis together with the measured values. The
analysis values well explain this displacement
mechanism. Strictly speaking, although generally
the behavior of the cable duct was well repro
duced, there were slight differences between the
analysis values and the measured values for the
displacement of the landslide protection wall and
the settlement of the surface of the surrounding
ground, and the measured values were slightly
larger than the analysis values. However, the con
trol standard values were established based on the
analysis values, resulting in the values on the con
servative side.

6 CONTROL RESULTS AND
COUNTERl\/IEASURES

While the vertical and horizontal displacement of
the cable duct were within the primary standard
values, the inclination exceeded the tertiary stan
dard value. Also, the cavity displacement exceeded
the primary standard value at many points, ex
ceeding the secondary standard value at some
points.

Figure 7 shows the relationship between the
measured values and the lining stress of the cable
duct. Assuming that the relationship between the
incremental displacement (inclination) of the
cable duct and the incremental lining stress is sim
ply proportional, the limit value was determined
from the intersection of the straight line passing
through the value from the preliminary FEM anal
ysis and the allowable stresses of the primary and
secondary linings. This limit value was used as a
basis for setting the control standard values for the
primary and secondary linings. This figure also
shows, for reference, the limit values for the dis
placement of the landslide protection wall at the
bottom of the final excavation. For this, the results
obtained by two methods are shown. One was
based on the preliminary analysis in the same
manner as in the above, and the other was derived
from the analysis of correlation between the incli
nation and wall displacement and between the
cavity displacement and wall displacement -based
on the actual measurement.

By comparing these limit values with the
maximum measured values (marked by ‘k in
Fig. 7), the following were found. First for the
primary lining, the measured values of the cavity
displacement and wall displacement were within
the limit values, each corresponding to 46% and
99% of the primary lining limit value. Also, the
wall displacement determined by utilizing its
correlation with the inclination and cavity dis
placement does not exceed the limit value unless it
was larger than 130 mm. That the actual wall dis
placement would settle at about 80 mm was pre
dicted based on the reverse elasto-plasticity analy
sis for the landslide protection wall performed dur
ing the intermediate stage of the excavation.
Therefore, the primary lining was estmated to have
a stress lower than the allowable stress, and pose
no structural problems. The seondary lining, on the
other hand, although its measured vertical dis
placement and horizontal displacement were small,
the inclination and wall displacement exceeded the
secondary liriing limit values. This estimation was
verified by the increase, elongation, and widening
of cracks found on the surface of the secondary
lining concrete.
Therefore, at the stage at which the secondary lin
ing limit value (tertiary standard value) was ex
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Figure 7. Relationship between measured values and cable duct lining stress.

ceeded, repair was canied out, which included in
-jection of the joint filler to the cracks. At the
same time, the communication cables were directly
protected from being damaged by the peeling-off
of concrete by installing plates and protective nets
over the cables.

7 CONCLUSIONS

The behavior of cable duct and the control results
are summarized below.

1. The excavation had large effects on the cable
duct, such as an inclination of 0.20 to 0.23 degree
to the excavation side, a cavity displacement of 3
to 7mm, and the occurrence of cracks of lining
concrete.

2. Although there were slight differences in the
displacement values of the landslide protection
wall, etc., between the results from the preliminary
FEM analysis and the actual measurement,
generally the behavior of the cable duct was well
reproduced, and the preliminary analysis was
judged to be mostly adequate.
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3. From the comparison between the analysis value
and the measured value, the primary lining was
estimated to have a stress lower than the allowable
stress, and it was judged to pose no structural
problems.
4. Countenneasures against the danger of damage
to the cables caused by the peeling-oif of concrete
were taken by providing cable protection.
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