b a ZEEHE T 2 72N EEM o HL T llE L O

AL IIHIRh SR E B L 721 P ARG 12 BE 3 5 BT 92

PRk 31 4 3 H

B SERRR



EPA

gﬁ 1 ﬁ ggﬁ ................................................................ p. 1
10 abstract ............................................................... pl
11 ﬁﬁ%@%% ............................................................ pl
1.2 BFZED I - - - v v e e e e e e p.2
1.3 RESTDRER - - v v e p.2

"QH’EJS 2 E EEEG)E}}% .......................................................... p7
20 abstract ............................................................... p7
21 Ci l/ 515 e T I IR I p 7
2.2 PR TFHIE - p.7

221 «/—t = L T T p-7
222 A;’(_Bﬂft ............................................................ p8
223 %(ﬁ‘,ﬂ ............................................................ p8
224 El u_lft ............................................................ p9
225 ﬁzﬁﬂﬂ ............................................................ p9
226 BT - p.10
227 7'55 #{l:EElﬁ ....................................................... p 10
2 3 i & 0 SR T T I p 11

FIE EEEWIHEISh-NELEEMOLIELRE - p. 13
30 abstract .............................................................. p13
31 ci L 0} TR I p13
3.2 [—BRHHICET b N S IC I & W72 SN LEM O ST — 2 DILE -+ p.13

321 %Eﬁjﬂlg\z ......................................................... p13
322 g)ﬁﬁ{ﬁﬁ ......................................................... p15
323 éjﬁlﬁﬁiﬁ ......................................................... p17
324 Eﬁﬁ%%% J: U%% ............................................... p24
3 3 i & 0 IR T I T p 36

FAE TNATEHETILVEAWESEPRFEORE - p. 37
40 abstrac ............................................................... p37
A R o) R T T T p.37
4.2 S EBM oSO FRIRTREMEIC DO W T ORET - p.39

43 =)L 7@}4’@‘@:;& T U D UN Tt v e p41



4 5 i & 256 ............................................................... P 45
H5% VUBNERBBRMOBIRISONTORES oo p. 47
5.0 abstract .............................................................. p47
R DR ) T T S p.47
5.2 BRI L A LG ORREE - oo e p.49
52.1 %Eﬁ@ EE/‘J ....................................................... p49
522 "%Eﬁ@i@f% ....................................................... p49
5.2.3 FIBBEGESERDMEE p.49
524 %‘iﬁ%ﬁﬁﬁ%*}i@ﬁgﬁ; ................................................. p50
5.2.5  FEEREEERL - p.51

5.3 SEEEEMDTIET - - - e p.53
53.1 §§ﬁ@ EE/‘J ....................................................... p53
532 %‘Jﬁﬁj‘j‘%@*ﬁ%% ................................................... p53
5.3.3 FHBAEEL e p.53

5.4 HMIEML LM O RSO OHIN L ABEORIBERIEICHT 555 oo p.54
5 5 i & 256 ............................................................... P 56
E6E SEMLEHOERROUEN L DELMHNROBRIZONTORE - .58
6.0 abstract .............................................................. p58
6.1 UF D IT - oo v mm e e e e p.58
6.2 BIREUOEIINZ L — FIT DU o v p.60
6.3 LIS £ RO UHN L — FOBURHEIC DT oo p.62
6.4 B BB TN BEYICOVLTORI p.64
6.4.1 §§ﬁjﬁj’g\2£ Cl: U%ﬁﬁ{£ ........................................... p64
6.4.2 %‘EE%% ......................................................... p65
643 BHOVENZ L — F & dPELEE OBURPEICOUVT oo p.68
6.5 i (7: 0 I I R I p 70
EIE NEHEEMOTMEESICET IR v p.72
70 abstract .............................................................. p72
7.1 ci l/ o ) TR LI I I R I I p72
72 v ) — b oL AR Z 5 720 OAVEM M ORI - p.74

7.3 EEVOFTAE BERT 2 FE CHRA~ O P OEST & M3 % 72 0 DAL
R DTMFHARLL -+ oo oo .78



74 BEFMINTOBMMAERICRT B EE p.80

741 BEZOEGMICHEH LR E OB - p.80
7.42 FRFEMEICEBR LM FAERE DEEE oo p.81
7.4 i & 0 SR T T I p 82
FSE BRBEUSHEBOIBEE - p. 84
8.0 abstract .............................................................. p84
8.1 [ R N SR A p84
8.2 %gﬁ ................................................................. p84

8.3 A FBDIHE .« o p.86



E1E FH
1.0 Abstract

In recent years, the demand for longer service life of buildings including existing stocks as well as
new buildings is increasing. There is a way of thinking that the service life of reinforced concrete
buildings is when neutralization of concrete reaches rebar, so it is common to paint exterior finish
coating on concrete. Many studies are being conducted on the influence of exterior finish coating
material on the suppression of neutralization of concrete.

Because the neutralization inhibiting effect of the exterior finish coating material decreases by the
action of environmental degradation external force, it is an important task to predict the service life of
the exterior finish coating material. However, because deterioration of the exterior finish coating has
a complex effect on “the kind of material”, “deteriorating external force”,” the part to be used”,
“construction level”, “maintenance level”, “maintenance and maintenance”, and so on, it is difficult o
predict degradation by accumulating those factors.

Therefore, in this study, we investigate the deterioration state of actual buildings and propose a
deterioration prediction method of exterior finish paint by using Markov chain model which is one of
probability theories. In addition, we propose a service life focusing on the neutralization inhibiting

effect of the exterior finish coating material on the concrete.
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2.0 Abstract

There are many ways of thinking as to what the state of the reinforced concrete building is considered
as the end of life. For reinforced concrete buildings, there is an idea that the service life is the time
when the neutralization of concrete reaches the rebar and the corrosion of the rebar starts, so many
studies are conducted on the neutralization of concrete. In this chapter, we will extract research on the
neutralization of reinforced concrete, which is being mainly studied in Japan, and summarize the

outline as a past study.
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3.0 abstract

It is difficult to predict deterioration of the exterior finish coating material due to influence each other
factors such as the type of material, the external force of deterioration, the part to be used, the level of
construction and the level of maintenance. Therefore, in this chapter, investigate the exterior finishing
paint applied to the outer wall of the building and confirm how various deterioration progresses.

We surveyed 4 buildings of reinforced concrete apartment building from 2012 to 2016. Because the
4 buildings are located in the neighborhood, the environmental conditions are considered to be almost
the same. The exterior finish paint is repaired once in each case, but the repair years are different. We
investigated the gloss retention rate, discoloration, chalking and visual cracking and the neutralization
depth by core harvesting on the outer wall of these buildings. The findings obtained in this chapter are
shown below.

(1) Regularity was not confirmed for gloss retention, discoloration and chalking.

(2) Progress of regular deterioration was confirmed for cracks.

(3) Neutralization of the south surface was progressing with respect to the north face. The number of
years passed since renovation of the exterior finish paint is smaller, the progress of neutralization

progresses is smaller.
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4 LA TEHETILZAVESETRAFEORE
4.0 abstract

In this research, we aim to investigate the reduction of neutralization suppression effect due to
deterioration of exterior finishing paint, and as the first step in chapter 3, deterioration of exterior
finish paint applied to actual building We investigated the situation. However, when considering the
deterioration of the exterior finishing coating material, it is necessary to predict deterioration situation
of the exterior finish coating material at any arbitrary number of years. Therefore, in this chapter, we
propose selection of deterioration type and possibility of prediction of deterioration which may be
predicted from the result of degradation survey of exterior finish paint applied to actual building in
chapter 3. The findings obtained in this chapter are shown below.
(1) Regularity was not confirmed for gloss retention, discoloration and chalking.
(2) Progress of regular deterioration was confirmed for cracks. It was also confirmed that it had
irreversible characteristics.
(3) The Markov chain model, which is one of probability theories, has the feature of irreversibility,

and it was considered to be suitable as a method for predicting cracks.
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E£5F VUENERBEREOBEFRMEIC OV TORE
5.0 abstract

In the previous chapter, the prediction method of the surface crack of the exterior finish coating
material is shown, but it is expected that the progress of neutralization becomes easier as carbon
dioxide flows more easily due to cracks. Therefore, in this chapter, we will examine the relationship
between cracks and surface permeability. First, we confirmed the relationship between the crack of
the overcoating material of the exterior finish and the surface permeability of the top coat at the
laboratory level. Next, we confirmed the relationship between surface cracks and surface permeability
of exterior finish materials applied to actual buildings. The findings obtained in this chapter are shown
below.
(1) As a verification in the laboratory, we painted the paint on the specimen and created a pseudo-
crack. As a result of measuring air permeability, it was confirmed that the air permeability increases
as pseudo-crack increases.
(2) As aresult of investigating the outer wall of the real building on which the multilayer finish coating
material was applied, it was confirmed that there is a relationship between the surface layer crack and
the surface layer air permeability.
(3) Based on the experiments and survey results, it was shown that there was a possibility of being

related to the surface permeability of the outer wall on which the exterior finish was applied.
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6.0 abstract

In chapter 3, we predicted the surface cracks of the exterior finish using a Markov chain model. Next,
in chapter 4, we confirmed the relationship between the surface crack of the exterior finish coating
material and the surface permeability of the outer wall provided with the exterior finish coating
material. Other hand, previous studies on the relationship between the surface permeability of the
outer wall and the neutralization rate coefficient have been reported. In this chapter, based on these
findings, we will examine the relationship between the surface cracks of the exterior finish coating
material and the neutralization inhibiting effect of the exterior finish coating material.

First, we propose the cumulative crack grade accumulation of the surface cracked grade of the
exterior finish over the years, using the prediction equation of deterioration obtained in Chapter 3. By
checking the relationship between the cumulative crack grade and the neutralization depth of buildings
built in the same environment surveyed in Chapter 3, we found the relationship that the surface cracks
of the exterior finish and the effect of suppressing neutralization. Other hand, we confirm the
relationship between cumulative crack grade and surface neutralization depth of surface cracks of
exterior finish for buildings built in different environments. The findings obtained in this chapter are
shown below.

(1) We set a “cumulative cracking grade” that represents the stacking of cracks in exterior finish. We
confirmed the relationship between cumulative crack grade and neutralization depth of buildings in
the same environment.

(2) We confirmed the relationship between the neutralization depth and the cumulative cracking grade
of buildings in different environments. But the correlation was small compared to the building built in
the same environment.

(3) Based on the above findings, we considered that there was a possibility of qualitative relationship

between the cracking of the exterior finish coating material and the neutralization inhibiting effect.
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1.0 abstract

The service life of the exterior finish coating material varies depending on what state it is considered
as a lifetime. In this chapter, we propose the setting of the service life based on several values. First,
we propose the service life for reworking of exterior finish materials to make buildings as long as
possible without progressing neutralization of framed concrete. Next, we propose the minimum
service life of exterior finish materials required for buildings to be used up to the number of years
desired by the owner of the buildings. Next, we compare these service lives with the commonly used
service life. The findings obtained in this chapter are shown below.
(1) It is expected that the buildings surveyed in this paper can be repaired every 11 years so that
neutralization of concrete can be maximized. In that sense, it can be considered that the service life of
the exterior finish coating material can be regarded as 11 years.
(2) When assuming that the cover thickness is 30 mm and the service life is 100 years, by repainting
the exterior finish paint every 22 years, neutralization of the framed concrete was expected not to reach
the rebar even after 100 years. In that sense, it can be considered that the service life of the exterior
finish coating material can be regarded as 22 years.
(3) The service life focusing on ease of renovation and economic efficiency fulfilled the service lives

proposed in this chapter.
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8.0 abstract

In this study, first, we investigate the deterioration state of actual buildings and propose a
deterioration prediction method of exterior finish paint by using Markov chain model which is one
of probability theories. In addition, we propose a service life focusing on the neutralization
inhibiting effect of the exterior finish coating material on the concrete. In this chapter, we summarize
the results obtained in this research.

In chapter 3, we surveyed 4 buildings of reinforced concrete apartment building from 2012 to 2016.
As a result, regularity was confirmed with respect to cracks.

In chapter 4, we proposed that the Markov chain model, which is one of the probability theory, has
irreversible characteristics and is suitable as a method for predicting cracks.

In chapter 5, first, we confirmed the relationship between the crack of the overcoating material of
the exterior finish and the surface permeability of the top coat at the laboratory level. Next, we
confirmed the relationship between surface cracks and surface permeability of exterior finish
materials applied to actual buildings.

In chapter 6, we set a “cumulative cracking grade” that represents the stacking of cracks in exterior
finish. We confirmed the relationship between cumulative crack grade and neutralization depth of
buildings. We considered that there was a possibility of qualitative relationship between the cracking
of the exterior finish coating material and the neutralization inhibiting effect.

In chapter 7, first, we propose the service life for reworking of exterior finish materials to make
buildings as long as possible without progressing neutralization of framed concrete. Next, we
propose the minimum service life of exterior finish materials required for buildings to be used up to
the number of years desired by the owner of the buildings. Last, we confirmed that the service life
focusing on ease of renovation and economic efficiency fulfilled the service lives proposed in this

chapter.
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