oboobooobuobboooboobd
goboooggo

O000oo0oO0ooooooofooooooo ft

Inspection of Moisture Measurement Method for a Concrete

Using Neutron and Microwave

Hideki TANAKA OO Fukunori IZUMIDA O O Hiroshi FUJITA

O It is well known that strength and durability of concrete are greatly influenced on a mois-

ture in fresh concrete. Though various types of method have been suggested for measuring

the moisture in the fresh concrete using each neutron or microwave system, independently,

the systematic researches have not be reported. In this study, both neutron and microwave

systems wer used, simultaneously, and the moisture level of the fresh concrete were mesured.

Keywords: Fresh Concrete, Moisture, Non-Destructive Measurement, Neutron, Microwave

oooooobooboooobooobooobooooooboo0obDoobooooboDOooooooDoo
oboobooboobooboooboobOOoobOOo0obOo0oooboOoooboOoooboOooono
gooboodooooooboooooboooooboooooobooooooboboOoobooooooo
ooooooooobooboooboooboobobOoobOoobooooboooboooboooonoo
gooooooboobooooobobobooboooooboboboooboobobobooDoDbOoDbo
gbobooboboobooboboooboobooooboooobobooooobooonoog

gbodab:-oobougbuooboboabooboobooooboaoboan

1 0000

0000000000000000000000
00000000000000000000000
goooooooooo®@pooooooooo
000000000000000000000000
000000000000 00000000000
000000000000000000000000
000000000000 00000000000
00000000000000000000000
00000000000000000000000
000o0o0o0ooo0o00o0o0oooooooo®-O
000000000000 00000000000
0000000000000 D0D00000000Dn
00000000000000000000000

f0DD0O0000D000,000
000000000 (0),000

— 66 —

00000000000000000000000
000000000000000D000000000
00D000000000000D0000D00000
000000000000 D0000000D0000
00000000 D0O0O00O

000000000000 D0000000000
000000000 ®ooooooooooooog
0000000000 ®oo00o0ooooooonog
000000000000 D00000000000
00000000000000000000000
000000000000 D00000000000
00D000000D0000D0000000D0000
000000000000 D00000000000
000000000000000000000000
000000000000 D00000000000
000000000000 D00000000000
ooooo



2 0000
2.1 0O0O0OO
O00000oOo0oUoooOo(moooo)oo
00000 (0ooooo)oboooooooooo
ooboooopbobooooooboboooooboo
gbooboobooboooooboooooboobaoo
gbooooboobooooobooooooboo
oboooooboooooooboobooooooboo
00000o0ooOooooo (37MBqUO)ODODO
0000 %2cf0000000000000000
O00*HeOOOOOOOOOODO
obooooooboooooboobooooooo
(0oOoMcCA)ODODOOOODOOUOODOOOD
oooooo MCAOOOODOOOODOOOO
gbooooboooobooboooooboobaoo
obooooooboooooboon
22 000000
2000000000000 0O0O0O00 (EMCO
3115) 00 0000000000000 0OOOOO
000000 HP8r20D)0 000000 OOOO
ooboooopbobooooooboooooooboo
gboobooboooooobooooobooboo
gboooobooooooobooooooboo
obooooobobooooooooboboo
oooooopoobooboooooboooooooboo
gboobooboooboobooboooobooboo
gboooobooooooobooooooboo
oboooobooboooooboooooobon
gobooogoobooooboooboobooooooboo
gbooobooooo
gbooooboboooooboboooooona
obooooboooooooboboooooboo
gboooooboobooooobooooobooboo
ooooooooo

3 0000000
3.1 000000000
0000000000000000000000
00
() 000000000000
(2) 00O (0O)

— 67 —

(3) 000 (0O0O025mmO0)
000000000000000
0000000000000000000000
000000000000000 12000000
05%0000032%0000000000000
000000 10000
0 100000000000000000000
000000000000000000
3.2 000000000
3.21 0000
01000000000000000
0000000 1000000000 5%00 12%
000000000000000000000000
000000000000000000000000
0000000000000000000000 35%
00 70%00000000000
00000000000000000000000
000000 140mmO0000 113mm00 0 195mm
00000000000000000000000
00000000000000000000000
I0mm 000000000000
0000000000000000000000

U1 000o0o0o00obooo

oo | D0ooo 000 (kg/m®)

0@) |00 %) | 0O |0D00OO0 |000 (000
5 35 111 1218
6 40 127 1096
7 45 143 1004
8 50 159 318 579 932
9 55 175 871
10 60 191 820
11 65 207 775
12 70 223 735

0oo [ffm
gog

ooo | McaA @ploooooo

U1 o00boo0o0ooood




1400

1300 -

1200 -

1100

1000 -

Radiation value

900

800 f

700

Moisture (%)

U2 0odbobbogoooboooobbooon
oo ooad

02 000000000000

ooo |0ob00ooo (ooooboo b0
(%) (%)

5 804.4 4.5 0.5

6 901.4 6.1 | -0.1

7 991.2 76 | -0.6

8 1025.0 8.1 | -0.1

9 1062.2 8.8 0.2

10 1132.6 9.9 0.1

11 1198.0 11.0 0.0

12 1256.8 12.0 0.0

O000000OO0O0OO0OO0OUOOObOOoOoOo MCADO
gbooooobooooooboobooooooboo
000o0opoooooooooooogdd mO MCA
000 ppOO0OOO00OOOOOOODOOCODOOOO
goooo

C,i=C;+1 (1)

O000¢i=FE/mO000O

O0000O00O00O00O000OOooooooo (G
oo C,00)0000oooooououoooooo
oboooooobooooobooboooooobon
gbooooobooooooboobooooooboo
gbooooboboooooboooobooboo
goboobooooooobooooooooooooo
o0ooodbDeb00D0OC0O0ODOO0OO ROOO
goooogoo

03 000o0ooooao

— 68 —

oo | 0Oooo 000 (kg/m®)
0O®) |00 %) | 0O |oDooD |000 |000
7 45 229 1607
9 50 254 509 926 1390
11 55 279 829
1300
1250 |
1200
@ 1150 r
S 1100 |
S 1050
£ 1000 |
T 950
900 |
850 ~ Result x
800 ‘ ‘ _ Calibration curve —
5 6 7 8 9 10 11 12
Moisture (%)
O3 00000000o0
b
R=>C; (0<a<m,0<b<m) (2)
1=a

OO000000000 «,b00000 100,300 0
obooboooobooboobooecobOOonOOO
3.2.2 0000

gbooooOobooooboboooobooo
oooooo 20000

ooooooooobooooooobooooobon
goboboogegoonDo 1200000000000
goo

obOooooooooboooboboooboobon
gooooobooooobobooooboobo

(3)

Yy =ag+a1x

oobooooid e, UOOOOOOOCOODOO
0 60.85,529.25 000000000000 0.9920
obooooOobooooobobooooobooog
gobooooboooooooooooooobobooo
boboobobooooboooooobooog
oboooboon 200000000000000
oobobooOooobooOooooboobooooooboooono
00000000 1%00000000000000
ooooooboooooooooon




oboooooooboooooboobooooonoo
ooboo3ggooboooooooboooboobooooo
gboooboobooooobooogobooon
gboooobobooooobobooooono
goooooooooooooboooboooogong 3
oooooooooooboboooooooooooo
07911%0000000000-0.1,-0.5,02000
goooboobooooooooboooooooooo
booooboooooooboooooooboo
ooooo
ogboooooobooooooooboboooooDo
gboooobooooooboooooboooboo
gboooobooboooooboooooboobaoo
oboooooooobboooooooboboo
gooooobooooooobooogooo
33 0U0OO0OOOODOOOOO
3.3.1 0O0O0OO
gbooooboobooooobobooooono
obooooboooooooboooooooobon
gbooooobooooobooobooooooboo
gboooobooooooboooobooboo
gboooooao
04000000000000000O000O00
00000000000000 (374 x 274 x 62mm)
ooooooooooooooooobooboooooo
gbooooboooobooboooooboobaoo
gbooooboobooooobooooooboo
oboooooboooooboobooog
oooooooobooobooooboooboooooo
gbobobobooooooooooooooboao

Unechoic Chamber

A |

Samp e ‘?
I Hetwork
- Aralvzer

04 0O00O0O0OOOOODOO

— 069 —

OO000OOo0oO0oDOOoO00 05GHzO00O0 3GHzOO
gooobooboooooboboooooboooog
ubobOoobooobooboobooboobo
gbooobOoboooooboooooobooog
ooooo

04000000000000000000D00
oooooobooooobobooooobooog
gboooooooooobooboboboobaoo
oboooOoboooooboooooobooog
obobooooooooobooboooobooDo
12%000000000000000000000
uboboobobooooboooooobooog
obooobooooboobooood

oboocooOoboooooboboooobobo
0 @49L)00ooooooooood
3.3.2 0O0O0OO

0O505%00 12%0000000000000
oboooboobooooobooobooo

gooooooooooboboooobpooo
0000000000 (dB)0DOO0O0OOoOooog 6
00005%00 11%0 0000000000000
O00000O0000o0oooooooooi12%o0
0000000000000 0000 12%0000
oo0oboo0o0-4dBOOO0ODOOOOOODOOO
ubooobOoboooooboooooobooog
obooooooooogoo

5%00 11%0000000 3)0b00ooooo
oooobo eoOooooobbooooboog
booobobooooboooooobooog
obooooOooooooob 40000000000

na 7%
07 |

s 9%
05 — ™
n4 r

a3 r

0z f
o1t /\

ik}

HERE (FEED
|
2

B3R (nsecl

s ooboooboogn



FUL A GEE B

8 g 10
g ()
06 OOoOooOooooboo

U4 00000000000O00O0

000 |0D0000 | 00000 |00
(%) (dB) (%)
5 -2.589 48| 0.2
6 -5.833 59| 0.1
7 -8.651 68| 0.2
8 -14.015 8.6 | -0.6
9 -15.510 9.1 | -0.1
10 -18.431 10.1 | -0.1
11 -19.962 10.6 | 0.4
12 -33.326 15.0 | -3.0

00 11%0oooooooooooooogd 1%0
goboboobooobooboobooboon

4 00O
0000000000000000000000
00000000000000000000000
00000000000000

00000000000000000
[DoooooOo)

e 1000000000000000000

e 0000000000000
[DoooooO0)

e 000000000 (30000 600)
0ooooooo0 (250)
oooooooooo
0000000000000
0ooooooo0o0o0

0000000000000000000
[Doooooooo)]

— 70 —

e 000000D0D000DO0O0O0O0O0DODO00
0000000000000
e 0000O0OODODOOO
e 0000O0O0D0DOO0OOO
[Doooooooo0]
0000D0000000000
0O0ooooo
0000D0000000000
0000000000000000000
0000000000000000
0000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000

5 000

goooooboooooboboooobooo
gbooobobooooboooooobooog
obOoo0o0oobooobOoobOooboobooono
obooobOobooooobooboooooboonog
gooobooboooooboboooooboooog
uboboobobooooboooooobooog
gbooobOoboooooboooooobooog
oobooOooobooooobooooooboooobooo
gbooobooboooooboooooobooog
oooooobooooobobooooobooog



ooog

b0 obooboobooooboobooobooo
000000 (0000000o0)000o0ooooUo
gbooooboobooooobooon

oood

() DODoD,0000,000,00000000O0
oo,0000, 1987.

(2) D00OO0,00000000O,0000, 2000.

(3 0o,0000,0000, “CO0000O0O0
oooooooooooooooo,y oooo
ooooo, volls, no.l, pp.37-40, 1996.

(4) 000,“00000000OOOOOOOOO
oooooooy, ONSAODOoOooooo,
vol.20, pp.5-8, 2000.

() D000, 0000, “CO000DODOO0OODO
oooooooooy,yoo0o00ooooooon
googd, vol.s, no.1, pp.9-13, 1996.

(6) DO0OO,000,0000,0000,“RiIODO
Ooooooooooooooooooooon
ooooooooy0oooogoooogoon
goQ, vol.20, no.1, pp.125-130, 1998.

(yoooo, 0000, 0000,000a0, “O
ooooo0oooopoooooooooooon
ooooooooooooooyoooooo
oooooooono, vol.20, no.1, pp.119-124,
1998.

(8) DOO0OU,“C0D0U00O0ODOUDOODOOUD
(020),, 0000000000000, vol.14,
pp.64-70, 2000.

(9 000,0000,000,“00000000
oo00ooooooy0o0oo0ooooooon
goa, vol.8, pp.89-92, 2001.

— 71 —



