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Inspection Prioritizing Technique for
Early Discovery of Defective
Facilities—Manhole Facility
Inspection Prioritization
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Abstract

There are approximately 680,000 manholes throughout Japan, and as most of these facilities were built
more than 30 years ago, aging-related problems have begun to appear. Consequently, the maintenance
and management of communications-infrastructure facilities carried out from this point on will become
increasingly important and will have to be done in a more efficient manner. In this article, we introduce
a technique for analyzing data previously collected during facility inspections and for giving priority to
inspecting facilities with a high probability of deterioration in order to achieve early discovery of

defective manholes.
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1. Introduction

Communications infrastructure facilities constitute
a vitally important social infrastructure for accom-
modating the underground communication cables
that support our advanced information society. Most
of these facilities, which include conduits, manholes,
and tunnels, were built in the 15-year period from the
latter half of the 1960s to the end of the 1970s, which
means that about 80% of them are now more than 30
years old. Left as such, these facilities will be more
than 50 years old in about 20 years time and will
begin to age in earnest (Fig. 1). Concrete structures
such as manholes can weaken with age as a result of
cracks, peeling, corrosion of reinforcing bars, and
other problems.

The ideal way of dealing with aging facilities would
be to renovate them in a systematic manner. However,
renovating a huge number of underground manholes
would be costly and time-consuming and is therefore
unrealistic for all practical purposes. In addition, dig-

ging up roads is obviously troublesome for the sur-
rounding environment. For these reasons, there is a
need to conduct appropriate maintenance without
having to carry out complete renovation so that such
facilities can continue to be used for a long period of
time.

At present, the inspection of a manhole located
under a road requires that approval be obtained for
using that road and that safety measures be put into
place. It also requires considerable labor such as ven-
tilating the manhole, performing a toxic-gas check,
and pumping out standing water before inspectors
can enter the manhole and begin the inspection. The
current system, moreover, involves inspecting all
manhole facilities in a uniform and exhaustive man-
ner on an area-by-area basis.

From here on, defective manholes™ must be

*] Defective manhole: Based on the concept of preventive mainte-
nance, a manhole in early-stage deterioration that can lead to a
drop in safe performance.

NTT Technical Review



Regular Articles

Construction period

. Poured-in-place
. Concrete B

. Resin B

. Other

0 5 10 15

20 25 (10,000 units)

Fig. 1. Number of manholes built in 5-year periods.

discovered early from the huge number of aging
facilities and repaired accordingly, and inspections
must be tailored to the conditions of individual facili-
ties. With this in mind, we have been developing a
condition-based maintenance and management tech-
nique that enables us to predict the deterioration of a
manhole from its installation environment and facility
structure (Fig. 2).

2. Overview of inspection prioritizing technique

Causes of manhole deterioration can be broadly
divided into external and internal factors. The former
consists of external forces such as soil pressure and
vehicle loads, and the latter refers to material deterio-
ration such as the corrosion of reinforcing bars and
neutralization of concrete.

In our research, we first clarified the relationship
between the generation of cracks—a form of deterio-
ration caused by external factors—and the installa-
tion environment. Then, we analyzed past manhole
inspection data taking those factors of crack genera-
tion into consideration. We used the results to develop
an inspection prioritizing technique for extracting
facilities likely to be in a state of deterioration and
prioritizing them for repair.
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3. Relationship between cracks caused by
external forces and installation environment

Two types of forces act on manholes buried under-
ground: soil pressure and the load from vehicles pass-
ing on the road above. However, the impact on the
manhole does not depend solely on the magnitude of
those two forces; it will depend greatly on the instal-
lation environment such as the type of soil, under-
ground depth, and thickness of the road pavement as
well as on the size and shape of the manhole itself.
We reproduced these diverse conditions using finite
element method (FEM) analysis™2. In creating a FEM
model for manholes, we examined the behavior of
actual manholes when subjected to realistic condi-
tions by conducting a pressure-application test using
a full-size test specimen, and we verified the repro-
ducibility of that behavior (Figs. 3 and 4). We also
narrowed down variables of concern in the installa-
tion environment to nine items that have a major
affect on the external forces acting on the manhole.
We combined those items with data on the facility

*2 FEM analysis: A technique for solving engineering problems by
approximating a continuum having an infinite number of degrees
of freedom using a set of subdomains or elements that each in-
clude a finite number of specific unknown quantities.
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Fig. 2. Future inspection method based on deterioration prediction.

N

S

e —

Fig. 3. Manhole FEM model. Fig. 4. Apparatus for conducting pressure application
test.
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Fig. 5. Elements affecting external forces on a manhole (9 items).

structure and analyzed about 300 patterns of manhole
installation states (Fig. 5). Here, on the basis of
knowledge obtained through past experiments with
concrete specimens that a crack will be generated at a
tensile strain of 100 pe, we set the threshold for crack
generation to be the value obtained by multiplying
the above value of tensile strain by a safety factor.
This factor takes into account an impact coefficient
related to the difference in grade level between the
road and the manhole cover, and repeated loading, as
obtained from wheel-load experiments.

The results of analysis revealed that the threshold
for crack generation set as described above would be
exceeded for certain combinations of the under-
ground depth of the manhole, referred to as the man-
hole buried depth, and the vehicle passing position.
To easily determine those combinations, we created a
crack generation map with one axis assigned to the
buried depth and the other to the vehicle passing posi-
tion (Fig. 6). This map revealed that, in general, a
shallowly buried manhole receives the load of a
vehicle passing directly above and that its upper floor
slab (ceiling portion of the manhole interior) experi-
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ences a large amount of strain. It also revealed that a
deeply buried manhole suffers from the effects of soil
pressure and that its lower floor slab (floor portion of
the manhole interior) experiences a large amount of
strain regardless of the vehicle passing position. We
tested these analysis results using actual manhole
inspection data from a certain area and found that the
defect rate of manholes corresponding to the crack
generation areas of this map was indeed 1.5 times
greater than that of other manholes.

4. Analysis of inspection data

At first, we analyzed inspection data using only
inspection items and the facility information, but
identifying the inspection items that had a high pos-
sibility of influencing a defective inspection result
proved difficult. We therefore decided to focus our
attention on items such as vehicle passing position
and defects in manhole cover and peripheral pave-
ment, which were found to have a relationship with
external forces from the FEM analysis. We then per-
formed data mining. Here, we adopted the Bayesian
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Fig. 6. Crack generation map.

network technique™, which makes it possible to visu-
alize dependency relationships among data items and
flexibly incorporate tacit knowledge of experienced
inspectors in the model-creation process.

In this way, we first prepared a network model
showing defective inspection results and the depen-
dency relationship among data items. We then
improved the acceptance of this model by holding
discussions with local maintenance departments and
making modifications as needed, and we checked the
validity of the defect rates in this network model
through a process of trial and error (Fig. 7). In the
end, we identified four items having a dependency
relationship with an inspection result of defective
(that is, features common to a defective manhole).
These items are thickness of pavement, age of man-
hole, result of inspecting manhole cover (has the
manhole cover been defective in the past?), and
vehicle passing position, the last of which also played
a role in the FEM analysis. These items included
those that had not been obtained as inspection data in
the past, and we adjusted for their future acquisition
with the NTT business companies of concern.

5. Inspection prioritizing technique

Inspection prioritizing begins by dividing up the
manholes targeted for inspection according to wheth-
er a manhole falls within a crack generation area in
the crack generation map prepared by FEM analysis.
This step gives priority to manholes that are heavily
affected by external forces. Next, we take the four
items found to be common to defective facilities in
the analysis of actual inspection data, classify each
manhole according to a certain combination of those
items, and sort the manholes according to the defect
rates previously calculated for those combinations. In
this way, priority can be given to inspecting those
manholes that are heavily affected by external forces
and that have a high defect rate (Fig. 8).

We conducted a case study using about 9000 sets of
manhole data. Assuming that about 20% of all man-
holes can be inspected in one year, we prioritized
their inspection using the technique described above.
Compared to the conventional inspection method, the

*3 Bayesian network technique: A type of probabilistic model that
can be used for predicting phenomena, making rational decisions,
and identifying faults under uncertainty.
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(b) Defect rates (example)
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Fig. 8. Application scenario.
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proposed technique improved the discovery rate of
defective manholes by up to two times in the first
year, and by the third year, we were able to discover
80% of the defective manholes.

In fiscal year 2013, we used this technique to pri-
oritize facilities targeted for inspection in a certain
area and conducted manhole inspections. At first, we
were concerned that inspection efficiency would
decrease since the manholes targeted for inspection
were extracted without regard to contiguous installa-
tion locations and were consequently scattered in
various areas. However, since many causes of man-
hole deterioration originate in the characteristics of
roads, the facilities extracted using the proposed tech-
nique tended to be located along the same routes.
Although only half the number of targeted manholes
has so far been inspected in that area, the discovery
rate of defective manholes is running at about twice
that of the conventional method. These results dem-
onstrate that the proposed technique is practical and

effective for early discovery of defective manholes.

6. Future plans

At present, we are focusing our studies on the speed
of corrosion in concrete reinforcing bars as a type of
deterioration caused by internal factors. Our objec-
tive here is to set an optimal inspection period based
on the progression of deterioration. We will continue
to research and develop techniques for appropriately
maintaining and managing infrastructure facilities at
low cost with the aim of contributing to enhanced
operations in the NTT Group.

Reference

[1] F. Sugino, “R&D Trends in Communications Infrastructure to
Achieve Safe and Secure Access Networks,” NTT Technical Review,
Vol. 11, No. 6, 2013.
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr2013
06fa2.html

Kazuyoshi Kawabata

Group Leader, Facilities Management Group,
Civil Engineering Project, NTT Access Network
Service Systems Laboratories.

He received the B.E. and MLE. degrees in civil
engineering from Tokyo Institute of Technology
in 1988 and 1990, respectively. He joined NTT in
1990. He has been engaged in R&D of commu-
nications-infrastructure facilities.

Ryo Yamakado

Research Engineer, Concrete Structure Group,
Civil Engineering Project, NTT Access Network
Service Systems Laboratories.

He received the B.E. degree in mechanical
engineering from Keio University, Kanagawa, in
1992. He joined NTT the same year. He has been
engaged in R&D of communications-infrastruc-
ture facilities.

Jiro Mori

Senior Research Engineer, Facilities Manage-
ment Group, Civil Engineering Project, NTT
Access Network Service Systems Laboratories.

He received the B.E. degree in civil engineer-
ing from Osaka City University in 1990. He
joined NTT the same year. He has been engaged
in R&D of communications-infrastructure facili-
ties.

Sho Ashikaga

Engineer, Facilities Management Group, Civil
Engineering Project, NTT Access Network Ser-
vice Systems Laboratories.

He received the B.E. and M.E. degrees in civil
engineering from Hokkaido University in 2009
and 2011, respectively. He joined NTT in 2011.
He has been engaged in R&D of communica-
tions-infrastructure facilities.

Hiroshi Masakura

Senior Research Engineer, Civil Engineering
Project, NTT Access Network Service Systems
Laboratories.

He received the B.E. degree in civil engineer-
ing from Ehime University in 1989. He joined
NTT the same year. He has been engaged in
R&D of communications-infrastructure facili-
ties.

Yasuhiro Katsuki

Engineer, Facilities Management Group, Civil
Engineering Project, NTT Access Network Ser-
vice Systems Laboratories.

He received the B.E. degree in electronics from
Doshisha University, Kyoto, in 2007. He joined
NTT the same year. He has been engaged in
R&D of communications-infrastructure facili-
ties.

NTT Technical Review


https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr201306fa2.html

