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An Experimental Study on the Application of Measuring Method of
Water Content for Quality Control of Concrete

Yong-Ro Kim"*, II-Ho Choi’, Yang-Hee Jung’, and Do-Bum Lee"

" Architectural Research and Engineering of Technology Research Institute,
Daelim Industrial Co., Ltd., Seoul 110-732, Korea

ABSTRACT Recently, the concern on the receipt of poor ready-mixed concrete in the construction field and the durability of
concrete has been increased. Based on the such background, a large number of measuring methods of water content for fresh con-
crete have been developed and enforced in a developed country. In this study, to investigate practicality for quality control of ready-
mixed concrete among various water content measurement techniques, microwave range method, air meter method and capacitance
measurement method as measuring methods of water content were selected. Then, it was evaluated estimating performance of water
content according to the change of binder types, fine aggregate types, absorption ratio, water content and water-binder ratio in series
I and II. Also, it was examined influence on error occurrence of water content according to change of properties of used materials
in series I1I. Finally, based on this study, it was proposed fundamental data to utilize measurement technique of water content to
quality control of ready-mixed concrete in construction field.

Keywords water content, quality control, microwave range method, air meter method, capacitance measurement method
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Table 1 Experimental program

. | Measuring method | Material for Experimental factors & levels o
Series . . Measuring items
of unit water content| experiment Factors Levels
+ Microwave range - Binder types -OPC, OPC +FA, OPC+BFS, |-Flow (mm)
method - Fine aggregate types OPC+FA+BFS + Air content (%)
I |- Air meter method Mortar - Contained water ratio +Sea Sand, Crushed Sand - Unit water content (kg/m’)
- Capacitance of fine aggregate - 0.0%, 1.25%, 5.0% - Compressive strength (MPa)
measurement method - Unit water contents - 160 kg/m’, 175 kg/m’, 190 kg/m] -7, 28days
» Slump (cm)
« Air content (%)
- Unit weight (kg/m’)
 Water-cement ratio -35%, 45%, 55% - Unit water Content (kg/m’)
Il |- Air meter method . - 150 kg/m’, 170 kg/m’, - Compressive strength (MPa)
. +Unit water contents 3
- Capacitance Concrete 190 kg/m -3, 7, 28days
measurement method +Length change
- Carbonation depth (mm)
-7, 14, 28days
3
I + Density of used materials :i;;ilga;:?fé (;%S/C;/ncm3 » Unit wat?r content (kg/m’)
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Table 2

Mix proportion of mortar (series 1)

Mix | WB | s/a | Re ratio | Re. ratio Water Absolute volume (//m’) Unit weight (kg/m’)
ID | (%) | (%) | of FA (%) |of BFS (%)|content (kg/m’)| ¢ | FA | BFS| S G G
PLAIN| 55.0 | 43.0 0 0 101 0 0 | 298| 39 | 1,048
FAS | 550 | 43.0 5 0 9% 8 297 | 394 | 1,044
FA10 | 55.0 | 43.0 10 0 91 | 15 0| 296 393 | 1,041
BS10 | 55.0 | 43.0 0 10 9] 0] 11| 298| 395 1,047
BS20 | 55.0 | 43.0 0 20 81 0| 21 | 2981 395 1,047
FSB10| 550 | 43.0 5 10 86 8 | 11| 297 394 1,044
F5B20 | 55.0 | 43.0 5 20 76 8 | 21 | 297 | 394 1,043
CS | 550 | 430 0 0 101 0 0 | 298| 39 1,048
A0 | 550 | 43.0 0 0 101 0 0 | 298| 3% 1,048
A5 | 550 | 43.0 0 0 101 0 0 | 298| 3% 1,048
w160 | 50.3 | 43.0 0 0 101 0 0 | 305| 404 1,071
W190 | 59.7 | 43.0 0 0 % 101 0 0| 292 | 387 1,026
Table 3 Mix proportion of concrete (series Il and Ill)
Series Ww/C Target s/a Water Absolute volume (/m’) Unit weight (kg/m’) HWRA
(%) slump (cm) (%)  |content (kg/mz) Cement | Sand Gravel | Cement | Sand Gravel (%)
43.0 150 136 290 384 429 753 | 1,018 0.8
35.0 43.0 170 154 273 362 486 711 960 0.6
43.0 190 172 257 341 543 668 903 0.4
43.0 150 106 303 401 333 787 | 1,064 0.7
11 45.0 18425 43.0 170 120 288 382 378 749 | 1,012 0.5
- 43.0 190 134 273 362 422 711 961 03
43.0 150 87 311 412 273 809 | 1,093 0.7
55.0 43.0 170 98 298 394 309 774 | 1,045 0.5
43.0 190 110 284 376 345 738 997 03
i 55.0 43.0 170 08 298 394 309 774 | 1,045 05
B upe} Zho] Agzle] As- AWEE 9% 315 gem’ 3 22 7o Es AR AAY, AoueEE 4 A
9] 1€ BE E%@E ARMEES AME-slom, S35k Ageye] AlE WS 7hers] Aystd o 2ok
9% 212 glem’, BTE 2,976 cm’/gd] ZololH et U
T 2.99 glom’, %_’—‘QE 4379 cm¥/ge] TEREY L wEH 2.4.1 XY QIXI 2810
< AbgsliTh wek AFAE BAYE 261 glem’, & FagERYE 923893 ZEe2E Fig 1(a)%
TE 1.25%9) u}uha% 2 EAYE 261 glem’, TFE 2o AAHNAE 71D ARANA FEHE FEEFLE
1.40%9] FsRHE /\F‘L"O‘P‘%ﬂﬂ} BE 95 Hs FHsE YHoRAM, 1z d - § 2
S, AYARIL W] A AEE 1F BE 259 ol Afolot AFA 2 EalA| 23 YIRS BA
= ARE, FAEA %P—% {— FEAYE 260 gem’, F5 = 2 (1) 43t dFFS FYsau
& 130%2] whRy, #L2Ae FAUE 265 gem’,” fCo4s
AXE 62.52%] F& S AL W, = (M~ My)-X, +X,—* M}“ - (1)
24 AME Uy A7\, W, DHFF) 2R (kg/m)
M 2% A N8 ZF (9
Table 5& & 04'7'01]/\1-4 A8 e JeEid Je® M,: A% ¥ NEY IHF (g
A, w_au ¢ ZEEEY EES, FH 2 S5 X, AZA e F5E RAE (9
A=, AR M1 A4S 23EY] S92, 7%, @ X, &34 23R BAF (9
84 A=, A *ﬂﬂE«l &7, Aol Hekg 3 W, vl Ede] @FE (kg/m)
&2 $43 Agol ost A3 dolE A AT C, : Mg GYANEF (kg/m’)
ESt, B Ao A X—i%ﬁ& A ¢& T E e S, uiEAe] Gl AZ A (kg/m)
ZagE ERBRIS 5 CIE 5 7Yl Mol 2ot MEN o7 18I



Table 4 Physical properties of used materials

Used
. Phvsi .
Series material ysical properties
. Ordi 1
Cement Ordinary portland cement

(density : 3.15 g/em’)

* Fly-ash
Mineral | (density : 2.12 g/er’, blaine : 2,976 cm’/g)
admixture| - Ground granulated blast furnace slag

! (density : 2.99 g/en’, blaine : 4,379 cm’/g)
- Sea sand
Fine | (density :2.61g/cm’, absorption ratio : 1.25%)
aggregate | » Crushed sand
(density : 2.61g/cm’, absorption ratio : 1.40%)
- Ordinary portland cement
C .
ement (density : 3.15g/cm’)
I Fine |- Sea sand

Il |aggregate (density : 2.60g/cm’, absorption ratio : 1.30%)

Coarse |- Crushed stone
aggregate | (density : 2.65g/em’, solid content : 62.52%)

Table 5 Testing method of mortar and concrete

Series Measuring items Testing method

Mortar flow KS L 5105

I Air content KS F 2421

Compressive strength KS L 5105

Slump KS F 2402

Air content KS F 2421

I Unit weight KS F 2409

Il | Compressive strength KS F 2405

Length change ratio KS F 2424
Carbonation depth | Temp. 20, R.H. 50%, CO, 5%

(a) Microwave range (b)) Washington
air-meter

(c) Capacitance
measurement device

Fig. 1 Measuring device of water content
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Fig. 2 Relationship between water content and electric
properties
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Fig. 8 Variation of air content of concrete
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