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Based on Lightness Changing on Concrete Surface by Water Sprinkling

Shinsuke MAEDA"', Shuzo OTSUKA %, Takumi ARAMAKI >, Hiroki TAKAHASHI 2,
Minoru MITSUI, Kiichiro AKATANI

“! Arnest One Co.,Ltd.(Graduate, Dept. of Building Technologists, Institute of Technologists)
"2 Dept. of Building Technologists, Institute of Technologists
"3 Graduate Student, Graduate School of Technologists, Institute of Technologists

*4 Dept. of Manufacturing Technologists, Institute of Technologists

Abstract This paper is reported the result of approaches to nondestructive surface-evaluation of concrete in structure
by comparing with strength of core and estimated strength based on lightness changing of concrete surface
by water sprinkling. As a result of using cylinder specimen as a fundamental study, the time that lightness
of concrete surface after water sprinkling converges before itself gets shorter as water-cement ratio
becomes high. Based on this result, using specimen that simulated concrete in structure, we compared with
compressive strength of core specimen and lightness changing on surface of that core and found out that
average of lightness changing at range and point of image processing and compressive strength of core
specimen have relativity.
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Table 1 Materials used in concrete

Materials Type Specification
Water .
City water —_
(W) Y
Cement Ordinary Density:3.16g/cm’
©) Portland cement Specific surface area:3280cm’/g
Fine Air-dry density:2.61g/cm’
aggregate Pit sand FM.:2.75
(S) Water absorption rate:2.30%
Coarse Air-dry density:2.70g/cm’
aggregate Crushed stone F.M.:6.64
(G) Water absorption rate:0.63%
High-range
alr—er;trigmmg Polycarboxylic acid
Chemical water-reducing compound
admixture admixture
(Ad) Air-entraining
and Lignin sulfonate
water-reducing Oxycarbonate
admixture

Table 2 Mix proportion of concrete

wiC oa Unit content (kg/m®) Ad Test results
(%) (%) (CX%) Air Slump
wilelsi|es o | (cm)

30 458 567 | 728 0.70 3.6 21.5

40 49.7 245 | 853 0.75 38 185

170 863 1 075 53 175

50 514 340 | 914

(0.80) (5.3) (18.0)

60 52.7 283 | 960 0.90 39 175

() specimen that simulated concrete in structure

Ko THEZMET D, 51T, REEERN CRF
HriPl 25 CHE®, MATHIPIN ORIz
5 EEIEHR A RGB 2> 5 H(EHH), L), SC¥
FENCAEHA LRI 3 5. ARG, FEAMhELFE O FIBR
DN, IREHICB T3> 7 ) — hREO
@A TR L TR CTE 5 Z L ITRERH 5.
2.3 BHES L UVEMHREREDFMEAE
a7 Y — MNREOWEITBOKERZ ISR L
725 2O —RENAR S 72 0, RREERIZHERK AT OO B
BEAINSRT 2 Y. L7z, ki 27 ) —
R O D AT B ORI BT D E~DE
fb&ZE2 AL LT 5 &, AL L,
0 IR T 2 EHEMSND. LoT, ALIE (1)
RICL VPl TES.
AL = ae™ (1)

a, bIXEKD®L<O0), tIXHEFE(s), e 1T H R D
JKET 5.

300mm

Shooting condition

Water sprinkling by atomizer

Fig.3 Shooting condition and water sprinkling by atomizer

Analysis
range

Specimen

Black and
White
sample

Fig.4 One of analysis photograph and analysis range

(WA XV, Boktz=a 27 ) — MREIOPIEED K
KRATOAEIZNER L7z 35 L O LEWMEE E
W, AL LEVEE DMt 2 Tr &35, |
HENT Tric XV JEMERE 2 HEET 5.

3. HEKIZK SR

3.1 EEBREIE
311 HEHAEE
a7 U — hOEHME A Table 112, =227
V—hOHFHEBLOY 7Ly v aary 27— o
K% Table 2 |Z-d. 227 ) —FOMAIE, £
NVE VIO BFFEOFIEIZ X DB PR3 2729,
HAKER OB EM NS BRE —E L L.
F77, BERIRIT ¢ 100x200mm D FIAEEERALCLT,
fER e 2)E LT, fTIARLZ 2 HTHRALL, #
B 91 BT, IRE 20:2°CH L OHHRHEE 60£5%
OMEREEEICBIT AR EELE L.
3.1.2 BUKBLUBREDHME
WELTEBLOERZICLDHKDOHEE
Fig.3 12 d . HUKIFHEERERIER ~FREITL D




100 W/C 30% W/C 40% W/C 50% W/C 60%
80 y=130.8177e0007x | | y=59.0213¢0003x | [T y=26.9077 g0oi0x | f ¥ = 50.4589 00014
" R2=0.9216 R2=0.8865 R2=0.7435 R2=10.8599
40 \
0 \ \ \__ \
[Age 28 days]
100
80
1530 00013 y = T4.7429 e-0014x y=31.7441 e00014x y =25.0013 e-0016x
e | =0.8927 R2=09784 | | R2=0.7982 | L. R2=0.7211
40 | \\
» \ \\ \
g "
[Age 56 days]
100
80 |
y =T74.5078 00014 y =41.6003 e 00011 x y =35.2234 00018 x y =30.3436 e 00010
60 R2=0.7109 R2=06390 | | R*=08390 | ... R?=0.8644
40
20 - \ NG
o \ \\ \
[Age 91 days]
100
20 | I 1 L A
¥y =69.6136 ¢-0-0010x y = 61.8098 e-00013 x y =31.8975 0:0010x y = 47.0423 e-0.0016x
60 \ R2=09451 | || R2=08556 | | R2=053% | | R2=0.8146
20 AN \\ \\ rrrrrrr
o S \ S~

BKIZEDIVY ) — FREOHEZRICE S EBERI VY ) — MREOEFHE~DER

[Age 7 days]

0

FIZEDER

1000 2000 3000 4000 0

Rl L=, E£7-,

1000 2000 3000 4000 0

1000 2000 3000 4000 O 1000 2000 3000 4000

Time (s)

Fig.5 Relationship between JL and time by difference of W/C on each age
0.8ml OMEFE & L, & & 100mm 2> 5 Bokik, e
FEEE 300mm 5 KX OMRERIRR 5 B CT U XL A

RSP IR

L 72Ky DiRids £ 7o 13y, HEaiR oo 5 B MR
OFETIRIBEIC K 0 321 2 B LR35 720,
fERERE & L., KRR, HREZ —EL 15
72, CIE(HERHRIAZ B 2)ITHUE S DR
D65 Z i H L7z.

3.1.3 EREMICLI2BHESLUVEHEEED
Eaiaps

B {5 O — il ds K OMIEATHIPH 2 Fig.4 |2~
fRpTELEI, HEMAOME 2N & T 5 IESTE
LD, EBENTIC LD B SN S EOE R
AL 22X L virlL, 2> 27 Y — FEmOHE
DHOKRTOHEIZINR LT 25 AL O L EVWE
% 7.5(HEE 255 BERR O 3% &3 5. AL 2 7.5
EBEEMtE Tr L L, BHENE TrickdE
MasR e OHEEE &, JIS A 1108 : 2006 (2 YEHL L 15



The Bulletin of Institute of Technologists, No. 4

53D FEHETREE O FZIANE & T 5.

3.2 HRBLUBE
3.2.1 AL ofEZEit

BMENCB T HKE AL FHOMEICL D AL
DORRBEEALDO—Bl% Fig.s TR WTNOM
BLOKkE A PRIZBWNTY, AL ORREFE(L
R uERITE LT, AL #ifE L7 5).
F70, HFORELSZXEZHLLOD, KAV b
eAm < 2Bz ok, BKPIIZET 5 AL dhi#i
DB AT/ S e D HZ R T 720, KE A
Rt HUKICE D a7 ) — FEROHEELL
\ITHBIER H D Z LRI END.
3.2.2 EAESREDHETE

JEHE TR O ERE & Tr ORIR % Fig.6 (2, JEHE
SR OHEEAN & EREORIFR%Z Fig.7 1~ T. &

100 ; ;
& y =37.017logy(x) - 221.22
g 80 | R?=0.5038
& | -
g o
60 S0 & *
5 «%
é 40
g m’ & Age 7 days
= 20 ? * ¢ Age 28 days -
g ¢ Age 56 days
© Age 91 days

0 |

0 1000 2000 3000 4000

Tr (s)

Fig.6 Relationship between compressive strength and Tr

100

+10(y0/
+20%

%
///ﬂ%
60 -~
40 j%V

20 @ Age 7 days
@ Age 28 days
@ Age 56 days

i & Age 9i1 days

Estimated compressive strength (N/mm?)
%
* o
2

0 20 40 60 80 100
Compressive strength (N/mm?)

Fig.7 Relationship between estimated compressive
strength and compressive strength

Ktg =7 U — 3K O EE DS EOKET O B EE A~
WUz Tr &JEMETREEICIIM I OFIEIZ L 6
T EOMBMEN R CELS. XY, Fig6
TH LN ER R Z EMREOHEXE ED, JE
Mok O FEPE & e~ 5 &, Fig.7 12T X 51,
BRI, mIRERIZ BT, Ha£20% D EEFH N2
5. Lol, EEERICBONTL, X62&0
KEV. T, BBEEDOa> 7 U — MNIEBEIZ
B D E ORI AT, KyDiRE
FRITREICIES XN E LD EEZOND.

4. BRI K HIRES

4.1 EERBE
4.1.1 BEEMOBME

a7 U— FOERAME, a7 LY
YaaryZY—bOMWRITATEELFRETH D,
Table 1 3 LT Table 2 (Z/RT8Y THDH. HHEHS
M, W405xL405xD205mm D~FiEE L, FTIAA
%2 ATHAIL, Milw14 BETRTEES L.

Camera
Lights
g /
[
[e))
] Specimen
0 ‘ o

Fig.8 Shooting condition

Table 3 Specification of types of analysis range

. Analysis
One of analysis photograph Type range
A
B
C
Black and White .
Specimen
sample




BKIZKDaY O ) — FREOCHEZRLICESEERKI VY ) — MRAEOE

i~ 0 &

e Type A —----mmmmmmmie e - pTmmm e TypeB --------cmmmmmn
100 I
! | | | I \
| 80 \ y=95.9723 ¢0.0003x \ y =96.0867 ¢0:0003 x y=96.0167 cooon2x | ! y=97.6247 00003 x y =98.8337 0.0003 x
! \ R?=0.9396 \\ R =0.9502 R>=0.9762 g R?=0.9502 \ R*=0.9732
1 60 ! 1
1 ES ! V
40 \ 1 \, 2 oo 3\ 1 \ 2
1 |
' 20 Q\- \\"“’L h \ |
' ™ ~ i ~_
1
1
1100 : : : h :
| | | I | |
1 \ = -0.0003 x _ " = -0.0003 x 1 \ | |
1 80 y=93.4454 ¢ y =104.4591 ¢0:0003x y =104.6983 ¢ 1 = 04.2586 ¢-0-0003 x IN .
! R? =0.9299 R?=0.9579 R*=0.9566 | R 0955 y= ?1%388276;]10002
= 60 10N — '
1
N 4 \ 5 AW 6 | 3 AN 4
\ I
! n \ \
! 1
120 v !
™ ] N
o " - e | = e
1 n
! R Q. 3000_ 6000_ 9000 _12000
100 ] L
! \ \ : N \ 1 *Analysis point
: 30 y = 88.5575 00003 y =92.6461 00003 x y =98.2015 ¢0:0002x |: y =95.7485 00003 x : (Table 4)
| R2=0.9448 \ R?=0.9462 R*=0.9634 I \\ R>=0.9724 1
1 60 1 '
: 7 \ 8 9 h \ 1 Type C
40
120 > ~ " :
?ﬁ 1
1 1
o D — ! !
1

3000 _ 6000 9000 12000 0 _ 3000 _6000 _9000_ 12000 0

4.1.2 BKEEUBREOHE
Wit % Fig8 (R d. Bokid, BB O
Em~RIEIZE S 50ml OB E L. REsi:

1%, BRECEREEA 900mm B K OMREREIEE S E L
T, TUNIATICEDES R & Lz, I
BREEIE, HEREEZ —EIROZ LD TE HHEEIC
BUWEL L, HFRICITATE & R ERE AR
D65 % v 7=,
4.1.3 ERENICLEIBAESLUVERRED
[ipaps
e W% 0O — il 36 K OV % Table 3 (2R
T ORENTRIPRIX, =77 1 RICHY T S HiPH % Type
A, 37 4RITHYT H§iH L Type B, =27 9K
AT %P & Type C D 3 KL+ 5 HiiEE &
Rk, AL #)RXEviEflL, =27V — &M
DOIAFENHOKBTOBREICINK L2 T 5 AL DL
TUMHEZ 12(1 255 BEFR D 5% M) T 5. AL
W12 &AMt A2 Tr & L, Tricks a7
DOHEEAR &, JIS A 1107 : 2006 33 L OV JIS A 1108
2006 [ZHEHL L 72 =2 77 58 oD FEAME At 3 %

4.2 BRELUBE
4.2.1 AL OFEBHEL

fiE Tt I K OMLE OHIEIC L D AL ORI
{b% Fig.9 \Z7"F. Type A, B, C &\ T OfiENT

Time (s)
Fig.9 Relationship between IL and time by difference of analysis range and point

HPHIZIBNTH, AL fEORsERIL, v
MR R SND. F12, a7 1 RIS T 5fiF
HréiPH D Type A IZ81F 5 AL HHFRIX, fEFTALE I
Lo TRAEAEMER L. LER-T, BH Y
THEOLNZMA LY, RO EE BT
LARGBEARPIEIINLEIC L W BB L, SRAE
MOHEREND a7 KO ME L EETH &
DP RSz,
4.2.2 a7sEEL Tr OER

a7 5REE & Tr O FERIE L OREHEZ Table 4
(2, Type A IZF1T 5 2 T & Tr OREFR 4 Fig.10
T, B DB LT 9 RO 2 7 iR T
ON/mm*> OHFADITSHHS>XTh Y, EEREIE
4.52% Th D7D, 1FFH—THDHZ LR T
5. —HT, Type AICEIT5 Tr DEEMREIE
19.73% L XL OEMREV. 2L, 27V —
N REOWHEZEL DT, a7 8mE XY b ERE
X, FHMEEORBENKE <25 2 LITERT
HEZEZBILD., LIPLRMNG, Table 4 (2B T,
Type A 3 LN C OFFNTHEIFHIZIS1T 5 Tr OFHE
IXZEFEETH D72, fETEFEOMEDR, =27
ST & AL OBMRICKIET BT NS WEE XS
na. L=2->7T, Figl0 kit 2l 4 i
EACRIT B a T mEOHE N L ED, a7 REE



The Bulletin of Institute of Technologists, No. 4

Table 4 Measured and statistical value of
compressive strength and Tr

Type A Type B Type C
*
No. | cg™! Tr cs Tr cs Tr
N/mm?) | (5) | (Nmm?) | (s) | (N/mm?) | (s)
1 254 6660 24.1 7015 24.4 8177
2 23.0 6960 244 8424
3 26.0 10670 244 7404
4 23.6 6685 24.0 8755
5 24.4 7591
6 24.1 8396
7 25.5 7271
8 22.6 7164
9 25.1 11075
*
Ave. 2 24.4 8052 242 7900 24.4 8177
*
cv 3 4.52 19.73 0.69 9.03 — —
(%) 5 v . .
* . *2 *3 . . .
Compressive strength, Average, Coefficient of variation

LT 5.
4.2.3 OTHEEOHTE

=7 R OHEEE & FEHME O BAFR A Fig.11 127
7. Fig.10 iIcB TP Ric kv B Ehs a7
L DOHEEAE & = 77 58 O SEHME 2 LB L7z
FER, WENOMHTEHFIZHE N T, a7 mED
%m1&%@11@%&m%@ I:“ﬁbt Nl
AUS LD, BT O FEAGELPH 2 HK S e i
SR N= I )~H§r“0>ﬁpﬂﬂﬁ@T PSR S
N5, L»L7ens, a7 U— NREmOWHEE
BRI X W EHEND Tr (x5 = 7 58 3 AR
FIZEBH L TWDHHOD, Llkomb, 9 Koz
7 BRI ZE2N/mm® DOFFHNICBIT HIEH o & T
HU, TriZB LT HITERIE R EHEOIT S
DX EWZAICERE RN ERNBESND D
W bRABnETHLEEZILND.

5. FEH

AP CE LN AE L TFIORT.

(1) HEREEIZK H1&E

) =7 U—bhREADOHEDEEEET AL
1, BRI R BIE i & 72 B

2) M 56 BLU91 HE THatEIT - 7255 R,

Compressive strength(N/mm?)

3)

2)
)

2)

3)

27.0
26.0 <
P L 2 _—
25.0 / *
24.0 ,/’/’
L 4
23.0 * y=3.11Ln(x)-3.51
* R2=0.2642
22,0 :
6000 7500 9000 10500 12000
Tr(s)
Fig.10 Relationship between compressive strength
and Tr (Type A)
30 -
‘g s,
§ +10%
= 28 b4 5%
- v
2 26 10% -
o
B
/ s
g" 24
3
el
3
g2 ®Type A
2 EType B
= Type C
20 -
20 22 24 26 28 30

Compressive strength (N/mm?)

Fig.11 Relationship between estimated compressive
strength and compressive strength

BE ¥ LRk, Bokga s ) — hRE OV
FE S HOK AT OB EE TN RS 2 IR & A iR AR
WZIE—EDOHBEMRH 5.

Bkt = 7 U — M3 OB E DN BOKETO
IR AFRIIC L 0, R, mrmEkic
FUNT, WEF£20% 0D i FH T TR EE D HEE A3
AHETH D.

BRI AT 12 & ARG

BH FE 25 L 7)1, 405%405mm DR H D
REIZHBNTH, ZOMEIZL > TRRS.
FEMTHEFR X, = 7R & AL ORI E %
KIES iz, T e R&E< LT,
AR OHEEME A 1S DD ATREEDR 8 5 .
Bkt =27 U — M3 OB BOKRTO B
FEANIR T DI L Y, a7 8 2R
£10%DOHIPA THEERETH Y, Gk =a
U — SR EE D m el O ATREME N T R S 7.




6.

BKICKDa0 o) — FRECHEZRLICESEBERKI VY ) — FMAEOEFHEDHA

SRORE

L, S BICT— 4 OERMEAT ORI 215 1]

PEmnsd L & bis, UTOHEBIZOW TR

LHTETHD.

) EmEa 7 — MBI aryr7)— &
i DO EZE AL & FEARTREE OFERAMEDIX 6 D &
AR S5 HIEERGT 5.

2) MBI OR MR Z LT, BT O AL
FHODFIFRA 720N & W 9 FER & D L TSR
a7 U — NRE O E MR 5.

3) R OMER L OEA T EEE 2, Wik
ka7 ) — s FEOMBEEE OB EIRED
FRIEE 2 NSk U 7o el 2 i3 5.

E

ARIFTEIE, PRk 24 HEEAISEE N LIXIL £

ASH R E B R (PR - mil A8 Bd%,

S

[FIBFSEE « KT —Ed%, — AN IC LY

FEhi L7z, EBRICELT, Do Y KFHHAE
TR R RIFEF TR O 250 A L 0 B ) 245
2. 22T, BREMLICHEEZRTS.

X

1)

A ARG - AL TR e AR - RIS,
JASS 5 #kfii= 7 U— hTH, pp.703-704,
2009

2)

3)

4)

5)

6)

7)

8)

KEF Z1F0 : HHE A b &2 AW ST
a7 Y — N ORBEAEA I T D AL
O ORI N 2 7R & BB RIET
2 A ARG A R, No.659,
pp.23-30, 2011.1
RASEEED © 2 7RI E B X OB 1A
DENHEBEE a7 ) — hOa TIREIZ &
ETRE o 7 Y — b ITRERGR SUHR SR,
Vol.30, No.l, pp.423-428, 2008

MG ZIRIED « FREFAEICIE S  BERAEED
DAy Y — MNBESMICEAT 2B, 2
7V — b LR SCIESE, Vol.28, No.2,
pp1627-1632, 2006

BRI BT L= 2 Y — MZE
T OMITE, AARRE LS ANGEAEE A-1
sy fit, pp.1201-1206

B 2 1F, BRI BEAXLDOEEYHEE T
LREVE DO BIRIC BT 2 EBRAOAFSE, H ARHELE
LR R SCHE, No.555, pp.17-24, 2002
FERMEE  REAICEL D37 U — bk
Je& &R D W R BhHSHUIE O FERRIEFTA 12 B9~ 5
FEMERRRE, 27 U — N LR SCHR S
#£, Vol.33, No.l, ppl751-1756, 2011
ATHERIED . 227 U — NEEOKIBE)
(25 < BHEZEAIZ X 2 JEREEREE O HEE 12 B
T 5 REEIFTE, B ARREM R
SWFTER AR SCLE, pp.183-186, 2012
KREFH =130 - EBEIT FIEIC X 5FTH L =
Y7 V= hOETLLFHEZED 1, 2, AARE
PPN EAEEAE A-1 i, pp.189-192,
2006




