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Deterioration of concrete and coating at wastewater
treatment plants

More than 2000 wastewater treatment plants
(WWTPs) in Japan are facing the same aging problem
as other structures. A characteristic deterioration at the
WWTPs is corrosion caused by sulfuric acid (Figure 1).
For deterioration due to sulfuric acid, countermeasures
are being taken by developing sulfuric acid-resistant
coating and implementing countermeasure construction
as standard in places where corrosion is expected.

However, deterioration not caused by sulfuric acid
has been observed in recent years. For example, organic
acids (e.g., acetic acid) are commonly present in
WWTPs and have relatively high concentrations, espe-
cially in sludge treatment facilities. An example of the
deterioration of a protective lining by organic acid has
been

reported in a sump pit, and a similar case might occur
in WWTPs. When the lining deteriorates, both organic
and sulfuric acids that can coexist may affect concrete
structures.

We are currently conducting research and experiment
to understand this phenomenon. Some types of sulfuric
acid-resistant coating materials are affected by organic
acids, and consequently, swelling occurs on the surface
(Figure 2).

We plan to proceed with our research on the deterio-
ration of anticorrosion coating at WWTPs, sort out the
deterioration factors of facilities, and study the methods
for evaluating the protective lining performance.
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Detailed image records for the damage process of RC
slabs — Toward application for image inspection

Fatigue is a typical deterioration mechanism observed in
reinforced concrete (RC) slabs on road bridges that is
caused by cyclic loading from the wheels of large vehicles
crossing over them.

A wheel running machine can be used to study this dete-
rioration mechanism and to develop strengthening methods
(Figure 3). This machine simulates the cyclic loading from
the wheels of large vehicles and can reproduce the actual
damage to RC slabs. Figure 1 shows a schematic for the
proposed deterioration process of RC slabs due to fatigue
according to the test results obtained using this machine.
The setup of the deterioration process can be applied for the
damage evaluation of RC slabs by comparing the results of
periodic visual inspections. However, the evaluation cannot
focus simply on patterns because RC slabs are subjected to
various loads and have diverse structures.

A recent approach that has gained attention is image in-
spection using robots (drones). However, an evaluation
method for image inspection that can be used by diagnosis
engineers has not yet been clarified. iMaRRC conducted a
wheel running test of an RC slab and recorded the deterio-
ration process in detail by obtaining fine-resolution images
for the bottom of the specimen (Figure 4). We are currently
developing an evaluation method based on the test results
of the wheel running machine that can be truly useful for
diagnosis engineers.

A video of the damage process for the RC slab specimen
is available on the iMaRRC website.
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Transverse cracking to main girder due to drying shrinkage
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Flexural cracking due to live loads results in lattice cracking
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Cracking density increases due to cyclic live loads
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Penetrated cracking due to various factors
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Deformation of slab due to difference of deflection between main girders
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Penetrated cracking from top of slab due to torsional shear stress around main girders
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Penetrated cracking toward top of slab due to transverse shear stress around live loads
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Decrease of punching shear capacity
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Punching shear fracture and collapse of slab

Figure 4: Schematic for the deterioration process of RC slabs due to fatigue*
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Figure 5: Crack pattern on the bottom of the RC slab specimen after the test on the wheel running machine (red lines: cracking)

3



The National Research and Development Agency
Public Work Research Institute (PWRI)

-

a7 ) — MESEMORERHZ LIZ LIZAW S D 5%k
I XRIABTEA & TN HEZ I U & LI TRRERIC
RAWBITWEY, —Fh, SEBEOEFARTIL 2o
7= B EEETHE AU X 0 2200 & B ORI AT 5 2
EBEDHNTNET,

AR b & BRLSARROMINL A X D 72D, 4R, Fkx7e
BARREEEM DR SNEL L>obV ET, 24
N, REWTEM O L a0 7 ) — MEifiZE EOFERHRT
50 (LU, R ERET) & RBIN e ik CE R
92 HIEFHASL SN TWERAT L, £ 2T, #F8Hn
PBIRBME T -2 2 BRI OFHAEZAT, BRSO T OUIEEM:

(2B 2 K EHFEM ORI AEZ R L E L7z (AW
EEVE 4387 5),

WFBIZ K D FHOAERMEILED A 1 = X AZHON TR
L7z & A, KB BIROBIAMIZ T T | T
BHERAAT DT T4 ~FOMER a7 U — MRS LT
el LD FHOR N K E L BboTWnA Z Ehb
230 F Uiz, FRZOUERU I 47— 2 bR R
(R 25728, i 20E Figure 6 D(b)<2(c)D L 5 (ZHE AR
AT 5 & B B LR 128V TOUEIN R S
IR OVERIEAAR T S &2 M3 H Y £3, £ 2T, #FEH

DOFIE (BIEDORE N TRHIM) & 80 L7 BRoRs i
BWAETRIE L L, B LAWE kL, BHICE 20
ORI ED RO & Oxbi a2 LE L,
ZIVD DOFERDNG  AHFRIE A REfR C & 2 Rintiahl OFHiE
EHEMEE LC Figure 7 2482 L E LT,

iMaRRC Newsletter Vol.19 March 2021

RO T Laars y— rRbDERMEICET 2 S EHEH OISR

Evaluation method of concrete surface visibility of transpar-
ent protective coatings for concrete structures

Surface coating materials are often used to protect concrete
structures from damages such as steel reinforcement corrosion by
salt permeation. Recently, transparent surface coating materials
are applied, ensuring close-up visual inspection availability along
with barrier coat protection. However, evaluation methods of con-
crete surface visibility of transparent protective coatings have not
yet been established.

Investigations into the mechanisms of concrete surface visibility
through coated layers have shown that the principal obstructive
factors are the cleamess of coating layers and the darkening level
of concrete surfaces. Coated film clearness is critical, but darken-
ing because of primer paint should also be considered; for in-
stance, a darkening change on wet-like concrete surfaces makes
crack inspection difficult (Figure 6 [b, c]).

iMaRRC established a test method of concrete surface visibility
of transparent protective materials by conducting validation stud-
ies on the relation between inspectors’ subjective judgment and
quantitative instrument results of cleamess and darkening levels.
Figure 7 shows the proposed performance requirement to ensure
concrete surface visibility derived from the validation studies. The
evaluation method currently applies only to surface coating, but
the application to concrete peel spalling prevention cover is under

consideration as one of the next tasks.
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Figure 6: Influence factors for concrete surface visibility ~ Figure 7: Coating material requirement to ensure concrete visibility
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Dr. TANIFUIJI Keishi joined iMaRRC as a research spe-
cialist in July 2020. He studied ethanol production from
wood in graduate school. After receiving his PhD, he
joined a private paper company and worked as a plant en-
gineer and then as a researcher at the same company. His
major is originally related to the fields of wood chemistry
and pulping chemistry.

Now, he has begun work related to sewage shudge treat-
ment. This is his first time in this research field. He is al-
ways thinking about ways to adapt his research experience
to sewage sludge treatment. His experience of working as
a plant engineer also helps him understand the flow of a
sewage sludge treatment plant in his research. His dream
is to contribute to society through research, such as im-
proving the sewage treatment process.

At the personal front, his hobbies include cooking. Every
day, he cooks dinner using his favorite new electric pres-
sure cooker, and he always brings a homemade bento
(boxed lunch) to the office.
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Fourth iMaRRC seminar

The fourth iMaRRC seminar (webinar) was held on
January 15, 2021(Figure 8). The seminar was held online
to prevent the spread of COVID-19. More than 150 peo-
ple from all over Japan participated in the seminar, with
the theme “A discussion relating to the cracks of concrete
structures (2) — New inspection techniques for concrete
structures and their applications.” The research results of a
new technology that can be used to improve the visual in-
spection efficiency of concrete structures were presented.

The four lectures made are titled “Characteristic Analy-
sis of Deformation in Bridge Deck Inspection Results”,
“Example of feature analysis of bridge slab cracks by geo-
metric analysis,” “Crack Measurement Technology for

Concrete Using Moiré Fringes”,
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and “Example of bridge inspection using a drone.”’analy-

sis of bridge slab cracks by geometric analysis”, “Crack
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Measurement Technology for Concrete Using Moiré
Fringes”, and “Example of bridge inspection using a

drone.”
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Figure 8:Status of the presentation
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