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ABSTRACT 

Contro l of t he water/ceme n t ratio is on e of t he most important factors 
in t h e p ro du ction of high qu a l ity portland ce ment concrete. 
Maintaining precise control of t he water/ceme n t ratio is a diff icult 
practice a nd has led many organ izations to search for a rapid method 
of deter mi n ing water/ ceme nt rat i o at t h e pro j ect site . Oth er 
researchers i ndicate the microwave oven can be used successfully fo r 
determining the wat er/ceme nt of portland ceme n t concrete . 

of microwave oven 
mixtu res . Testing 
r esul ts when used 

Wh e n var l ables 
introduced , t he 

This evaluation focus e d on comparing t he results 
tests with t he known water/cement ratio of concrete 
indicates the micrmvave oven can provide reliable 
under c losely con trolled laboratory condition s. 
norma lly en countered in field produced concrete are 
accuracy of t he test method decreases s harpl y . 

Based on t he results obtained in t his evaluation , t he micr owave oven 
i s considered i nappropriate f o r use i n determining t he ~o~ater /cement 
ratio of portland cemen t concrete mixtures in the field . No further 
evaluation is planned at this time . 
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INTRODUCTION 

One of the most common causes of poor quality concrete is excessive 
use of mixing water . Excess mi xing water causes segregation, 
settlement and porosity, low streng t h a nd du rabi lity , poor wearing and 
bonding qualities, laitance formation, i n creased s h r i nkage a nd 
cracking. Measuring and controlling the quantity of mixing water or 
water/c e ment ratio i s therefore one of the most important factors in 
t he production of hig h quality portland cement concrete. 

Th e Vermont Agency of Transportation curren tly determines the 
Tvater/ceme nt ratio of concrete in t he field by conducting aggregate 
moisture t e sts at ready mix plants, mon itoring the qua nt ity of water 
adde d wh e n concrete is hatched, and monitoring the qua ntity of water 
added by mixer operators at project sites . 

Us e of t h e mi crowave oven for determining water/ceme n t ratio of 
plastic conc rete has been recognized and practiced by a limited number 
of State and Federal organizations for several years . Considerab le 
research has been conducted and depending on t h e d egree of accuracy 
desired, some programs have produced excel lent results. 

Much of the research has been conducted using s mall samples mixed and 
tested in a l aboratory setting . Occasionally, limited testi ng has 
been performed in the field a nd the results included with laboratory 
test results . 

Following a rev i ew of the Agency of Transportation ' s material sampling 
a nd testing procedures by the Federal Highway Administration on J uly 
14,1987 , it was recommended by the inspectors t hat the Agency c onsider 
exami n i ng u se of a microwave oven for determining water/cement ratio 
of portland ceme n t concrete in the field . In response to t hi s 
recommendation , t h e Materials and Research Division embar k ed on a 
study to evaluate potential use of a microwave oven on Agency 
projects . 

Pr i or to initiating p h ysical testing , a literature search was 
conducted to explore t h e c urrent " state of t h e art" as viewe d by 
agencies using the microwave oven to determine Hater/cement ratio. 
Operating procedures , samp l e size and formulas Here studied in a n 
effort t o avoid many of the prob l e ms which confronted oth er 
r esearc he rs . 

This investigation focu sed on comparin g results of mi crowave oven 
t e sts with t h e knoHn water/cement ratio o f concrete at the time of 
mixing . Field condi tion s were simulated b y delaying the time between 
mixing a nd t he start of testing, however, all tests were conducted in 
t he laboratory. 

The inve stigation was conducted i n two phases. Phase I examined very 
small batc hes (1011 grams ) of c oncre te mixed in pyrex dishes, t hen 
t e sted in the microwave oven. Various power levels rang ing from 30% 
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to 60% of maximum micrm.,rave power wer:f employed in Phase I. Phase II 
examined samples obtained from 1 ft batches of concrete mixed and 
tested in t he laboratory. These samples were tested in t he mic rowave 
oven at 30% power level. 

A survey was distributed to transportation agencies in the remai n i ng 
forty nine states , the District of Columbia, Puerto Rico and Guam to 
examine how they determine water/cement ratio of concrete in the field 
a nd if use of the microwave oven is employed. Survey results are 
s hown in Appendix "A" . 
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MATERIALS & EQUIPMENT 

The material s and equipment used i n this investigation are as follows: 

MA'I'ERIALS 

Fine Aggregate 

TABLE 1 
F I NE AGGREGATE TEST DATA 

Lawre nce Sangravco, Gui ldhall , VT 

Sieve Size 

3/8" 
# 4 
# 8 
# 16 
# 30 
# 50 
# 100 

Fine n ess Modulus 

Co lor 

Sieve Size 

3/8" 
# 4 
# 8 
# 16 
# 30 
# 50 
# 100 

Fineness Modulus 

Color 

% Pass ing 

100 
100 

90 
66 
40 
18 

7 

2.79 

<1 

TABLE 2 
FINE AGGREGATE TEST DATA 

A. G. Anderson, Highgate , VT 

% Passing 

100 
99 
86 
66 
41 
13 

3 

2.92 

1 

4 

VAOT Speci f ication 
Requirements 

% Passin g 

100 
95-100 

50-80 
25-60 
10- 30 

2-10 

2.60-3 .10 

2 Max. 

VAOT Specification 
Requirements 

% Passing 

100 
95-100 

50-80 
25- 60 
10-30 

2-10 

2 . 60-3.10 

2 Max. 



TABLE 3 
FINE AGGREGATE TEST DATA 

Lebanon Crushed Stone Inc ., W. Lebanon, NH 

Sieve S ize 

3/8" 
# 4 
# 8 
# 16 
# 30 
# 5 0 
#100 

Fineness Modulus 

Color 

S ieve Size 

3/8" 
# 4 
# 8 
# 16 
# 30 
# 50 
#100 

Finenes s Modulus 

Color 

% Passing 

100 
100 

92 
71 
44 
16 

5 

2 .72 

<1 

TABLE 4 
FINE AGGREGATE TEST DATA 

S . T. Griswold, Williston, VT 

% Passing 

100 
99 
84 
66 
49 
23 

7 

2 . 72 

<1 

5 

VAOT Specification 
Requirements 

% Passing 

100 
95-100 

50-80 
25-6 0 
10-30 

2-10 

2.60-3.10 

2 Max. 

VAOT Specification 
Requirements 

% Passing 

100 
95-100 

50-80 
25-60 
10-30 

2-10 

2.60-3 . 10 

2 Max. 



Coarse Aggregate 

TABLE 5 
COARSE AGGREGATE TEST DATA 

3/4" Crush ed Gravel, 
Lawrence Sangravco, Guildhall, VT 

Sieve Size 

1" 
3/4" 
3/8" 
# 4 
# 8 

L.A . Abrasion , 
% loss 

Thin & Elongated 
Pieces, % 

Fractured Faces, 

% Passing 

100 
98 
39 

5 
3 

23.7 

6 . 9 

% 78.2 

TABLE 6 
COARSE AGGREGATE TEST DATA 

3/4" Crushed I gneous Stone 

VAOT Spec ification 
Requirements 

% Passing 

100 
90-100 
20-55 
0-10 
0-5 

35 Max. 

10 Max . 

50 Min. 

Cooley Asphalt Paving Corp. , Websterville, VT 

Sieve Size 

1" 
3/4" 
3/8" 
# 4 
# 8 

L . A. Abrasion , 
% loss 

Thin & Elongated 
Pieces , % 

Fractured Faces, % 

% Passing 

100 
99 
42 

8 
2 

31.4 

1.1 

100.0 

6 

VAOT Specificati on 
Requirements 

% Passing 

100 
90-100 
20-55 
0-10 
0-5 

50 Max. 

10 Max. 

100 Min. 



TABLE 7 
COARSE AGGREGATE TEST DATA 

3/4" Crushed Stone 
Lebanon Crushed Stone, Inc., W. Lebanon, NH 

Sieve Size 

1" 
3/4" 
3/8" 
# 4 
# 8 

L.A. Abrasion, 
% loss 

Thin & Elongated 
Pieces, % 

Fractured Faces, 

% Passing 

100 
99 
27 

4 
1 

21.8 

4.0 

% 100.0 

TABLE 8 
COARSE AGGREGATE TEST DATA 

3/4" Crushed Stone 

VAOT Specification 
Requirements 

% Passing 

100 
90-100 
20-55 
0-10 
0-5 

35 Max. 

10 Max . 

100 Min. 

F. W. Wh itcomb Construction Corp., Winooski, VT 

Sieve Size 

1" 
3/4" 
3/8" 
# 4 
# 8 

L . A. Abrasion, 
% loss 

Thin & Elongated 
Pieces, % 

Fractured Faces, 

% Passing 

100 
100 

40 
3 
2 

17 . 7 

5.6 

% 100.0 

7 

VAOT Specification 
Requirements 

% Passing 

100 
90-100 
20-55 
0- 10 
0-5 

50 Max. 

10 Max. 

100 Min. 



Portland Cement , Type II 

Glens Falls Portland Cement Co . 
Glens Falls, New York 

Northeast Ceme nt Co . 
St. Constant , Quebec 

Independent Ceme n t Co . 
Joliette , Quebec 

Air Entraining Admixture 

Daravair 
W. R. Grace & Co. 
Cambridge , Massachusetts 

Micro Air 
Master Builders 
Cleveland, Ohio 

Retardin g Admixture 

Daratard 17 
W. R. Grace & Co . 
Cambridge, Massachusetts 

Pozzo l ith lOOXR 
l'1aster Builders 
Cleve land, Ohio 

High Range Water Reducing Admixture 

Daracem 100 
W. R. Grace & Co . 
Cambrid ge , Massachusetts 

Water Reducing Admixture 

WRDA w/Hycol 
W. R . Grace & Co . 
Cambridge , Massachusetts 

Pozzolith 322N 
Master Bui lders 
Cleveland, Ohio 

EQUIPMENT 

Microwave Oven 

Sears/Kenmore , Model 99601, 1450 Watt , 1.42 ft 3 capacity 
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Balance 

American Scientific Products , Model Z- 12K , 12Kg capacity 

Concrete Mixer 

Sears , 1.5 f t 3 capacity 

Accessory Equipment 

8 . 5" x 8 . 5 " x 2.5" Pyrex glass dishes, 1.0 ml pipet·tes, large metal 
spoon, rubber spatula , metal spatula a nd plastic wrap . 

Additional e quipment included slump cones , air e n trainment meters, 
etc. , n ecessary to determine the properties of plastic and hardened 
concrete . 
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PROCEDURES 

This investigation was conducted in the laboratory in two phases. 
Phase I examined small batches of concrete , mixed and tested

3
in Pyrex 

glass di s hes. Phase II exami n ed samples obtained from 1 ft batch es 
of concrete . 

Two formulas were selected for use in calculating the water/cement 
r atios shown in t h is report . The North Dakota (1) me thod employs the 
concr ete unit weigh t obtained fro m tests perfo rme d on th e fresh 
con c r e te. The New Hampshire ( 2) method , ut i l izes a the oretical or 
design unit we ight in its calculation s . While the remainder of the 
two §ormulas are simi lar, th e use of theoretical vs . actual weight per 
foot can yield widely differing resul ts. The work sheets us e d by the 
North Dakota State Highway Department a nd t h e New Hampshire Departme nt 
of Publi c Work s and Highways are s h own in Appendix "B". 

Ph ase I , becau se of the s mal l overall sampl e size, s hows results 
cal culated using only t he New Hampshire formula. Phase II shows 
water/cement ratio determined u si n g both for mula s and pe rmi ts a 
comparison of t he two methods . 

Batch quantities, mixing and test ing procedures are as fo llows: 

PHASE I 

Aggregates e mployed in Phase I were oven drie d to constant weight, 
t h en stor ed in a dessicator until use. The mix design remained 
constant for a ll batches i n this appl ication . The mater ials and 
batch quantities, s h own in Table 9 , also remained unc h a nged . 

A total of sixteen batch es were tested . Four batches were examined 
at each of four separate poHer l evels. The power level s se lected 
were 30% , 40% , 5 0%, and 60% of maximum power. 

Testing was further refined by delaying placement into the microwave 
oven for a period of either thirty minutes or sixty minutes . Two 
batches were tested for each delay period at each power level . 

Mixing and testing procedures are outlined in Table 10 . 
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Sou rce 
Lawre nce Sangravco , 

Guildhall , VT 

Lawrence San gravco , 
Gu i ldhall , V'r 

Glen s Falls Portland 
Ceme nt Co . 

Glens Falls, NY 

W. R . Grace & Co. 
Cambridge , MA 

W. R . Gra ce & Co. 
Cambr idge , fi1A 

TABLE 9 
MIX DESIGN : PHASE I 

Materi a l Used Design Quantity 

3/4" Crushed Grave l 438.6 g 

Fine Aggregate 319 . 6 g 

Type I I Ceme nt 17 1 .1 g 

Daravai r 0.11 ml 

WRDA w/Hycol 0 . 45 ml 

Water 81.5 g 
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TABLE 10 
Mixing/Drying Sequence 

1. Oven-dry aggregate to constant weight , store in dessicator 
until use. 

2. Weigh aggregate, cement and water . 

3. Measure admixtures in pipettes and add to water. 

4. Obtain tare weight of pyrex dish. 

5. Mix aggregates and cement in a pyrex dish. Add water and 
admixtures and continue mixing until a homogenous mixture is 
obtained. 

6. Clean all material from t h e mixing spoon with the rubber 
spatu l a and small steel spatula, insuring that all materials 
are placed in the mixing container . 

7. I mmediately weigh the mixture, then cover and seal the dish 
with plastic film for the desired delay period. 

8 . Prior to placing the mixture into the microwave oven, remove 
the plastic film and weigh the mixture to determine any loss 
due to evaporat i on. 

9. Place the pyrex dish with the mtxture in the center of the 
microwave oven and operate the oven at t h e desired power 
level. Set the oven timer to operate initially for t hirty 
minutes, then ten minutes. The mixture is weighed i mmediately 
following each period of drying. Additional five minut e 
drying periods are utilized until the mixture reaches a 
c onstant Height. 

PHASE II 

Concre~e used in Phase II of this investigation was prepared in a 
1.5 ft mixer in accordan ce with AASHTO T126-86 . Materials were 
prepared to produce batches yielding 1 ft 3 of concrete . Mix designs 
represent Vermont Agency of Transportat i on Class A concrete from 
four area c oncrete suppliers. Three different water/cement ratios 
were selected for each mi x design to reflect co n crete 
charac teristics that may be encountered in t h e fie l d. Material 
sources and mix designs for Phase II are s hown in Tables 11, 12, 13 
and 14 . 

A total of twenty six microwave oven tests were performed in Phase 
II. Samples were obtained rang ing in size from 1000 g to 1500 g . 
The samples were placed in pyrex dishes and covered to prevent 
evaporation during a sixty minute delay period prior to being placed 
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in th e microwave oven . Drying in the microwav e oven lvas 
accomplished as outlined in Tabl e 10 , no . 9. All testing in Phase 
II was performed with the microwave oven at the 30% power level. 

Other concrete tests performed include; Slump (AASHTO T11 9-82}, Air 
Content (AASHTO T152-84}, Unit Weight (AASHTO T1 2 1 -82) and 
Temperature (ASTM C1064-86). Compressive strength tests were 
performed in accordance with AASHTO T22-86. Compressive strengths 
were determined at twenty eigh t days using 4" x 8" cylinders . 

Materials Sources 

TABLE 11 
Concrete Mix Design 

Ready Mixed Concrete: S. T. Griswold , Wil l iston, VT 
Coarse Aggregate : Whitcomb , Winooski, VT 
Fine Aggregate : Hinesburg S&G, Hinesburg, VT 
Type II Cement: Northeast , St. Constant , Qu e . 
Air Entraining Admixture: Micro Air , Master Builders, Cleveland, OH 
Water Reducing Admixture: Pozzolith 322N 

Master Builders , Cleveland , OH 
Re·tarding Admixture: Pozzolith 100XR , Master Builders, Cleveland, OH 

Batch Quantities Per Cubic Yard 

Coarse Aggregate , lbs. 
Fine Aggregate , lbs . 
Cement , lbs . 
Air Entraining Admixture , 
Water Reducing Admixture , 
Retarding Admixture , oz. 
Gross Water , lbs . 

oz. 
oz . 

13 

0.40 
1565 
1341 

660 
5 

33 

281 . 34 

Water/Cement 
0.42 
1565 
1341 

660 
5 

33 
16.5 

294 . 57 

Ratio 
0 . 44 
1565 
1341 

660 
5 

33 

307 . 80 



Materials Sources 

TABLE 12 
Concrete Mix Design 

Ready Mixed Concrete: A. G. Anderson , Berlin, VT 
Coarse Aggregate: Cooley , Websterville, VT 
Fine Aggregate : Anderson , Highgate, VT 
Type II Cement: Northeast , St. Con s t ant , Que. 
Air Entrain ing Admixture : Daravair, W. R . Grace & Co ., Cambridge , MA 
Water Reducing Admixture : WRDA/Hycol , W. R. Grace & Co., Cambridge , MA 
Retarding Admixture: Daratard 17 , W. R. Grace & Co . Ca mbridge , MA 

Batch Quantities Per Cubic Yard 

Coarse Aggregate, lbs. 
Fine Agg r egate, l bs . 
Cement , lbs. 
Air Entraining Admix t ure, 
Wate r Reducing Admixture , 
Retarding Admixture , oz . 
Gross Water , lbs . 

Ma t eri a ls Sources 

oz. 
oz. 

0.36 
1589 
1229 

660 
4 . 5 

19. 8 

266 . 76 

Water/Ce ment 
0 . 38 
1589 
1229 

660 
4 . 5 

19 . 8 
16. 5 

280.00 

TABLE 13 
Concret e Mix Design 

Ratio 

Ready Mixed Conc r e te : Lawrence San gravco , Woodsv i lle , NH 
Coarse Aggregate: Lawrence , Guildhall, VT 
Fine Aggregat e: Lawrence , Gu i ldhal l , VT 
Type II Cement: Gl ens Falls, Glens Fa ll s , NY 

0.40 
1589 
1229 

660 
4 . 5 

19 .8 

293 . 22 

Air Entraini ng Admixture: Daravair, W. R. Grace & Co. , Cambridge , MA 
Wate r Reducing Admixture: WRDA/Hycol, W. R . Grace & Co., Cambridge , MA 

Batch Quantities Per Cubic Yard 

Coar se Aggregate, lbs . 
Fine Aggregate , l bs . 
Ceme nt , lbs . 
Air Entraining Admixture, 
Water Reducing Admixture, 
Gross Water , lbs . 

oz . 
oz . 

0 . 42 
1692 
1233 

14 

660 
6. 5 

26 . 4 
3 14 .55 

Water/Cement Ratio 
0 . 44 
1692 
1233 

660 
6. 5 

26.4 
327.78 

0 . 46 
1692 
1233 

660 
6.5 

26.4 
340.74 



Materials Sources 

TABLE 14 
Concrete Mix Design 

Ready Mixed Concrete: Miller Ready Mix, W. Lebanon, NH 
Coarse Aggregate: Lebanon Crushed Ston e , W. Lebanon, NH 
Fine Aggregate: Lebanon Crushed Stone , W. Lebanon, NH 
Type II Cement: Independent, Joliette, Que. 
Air Entraining Admixture: Daravair, W. R. Grace & Co . , Cambridge , MA 
Water Re duc ing Admixture: WRDA/Hycol, W. R. Grace & Co., Cambridge, MA 
High Range Wate r Reducing Admixture: Daracem 100 

Batch Quantities Per Cubic Yard 

Coarse Aggregate, lbs. 
Fine Aggregate , lbs. 
Cement , lbs . 
Air Entrain ing Admixture, 
Water Reducing Admixture, 
High Range Water Reducing 

Admi xture , oz . 
Gross Water, lbs . 

oz. 
oz. 

15 

W. R. Grace & Co. Cambr idge , MA 

0.325 
1751 
1468 

660 
3 

19. 8 

66 
239.49 

\~a ter /Cement 
0.35 
1751 
1468 

660 
3 

19. 8 

66 
256.23 

Ratio 
0.375 
1751 
1468 

660 
3 

19.8 

66 
272.70 



RESUL'fS & DISCUSSION 

PHASE I 

Phase I focused primarily on determining the most effective 
microwave power level for drying plastic concrete . Two criteria 
were used in this determination; percent error Hhen comparing the 
Hater evaporated in the microwave oven to the actual a mount of water 
added to the sample, and the amount of time required to remove all 
wate r from the specimens. 

Initial tests performed at 40%, 50% and 60% power levels indicated 
results were c l oser to actual water added, when the power l evel was 
reduced . Testing was t hen expanded to include the 30% power level. 

The overall test error for al l power levels t-1as 0. 98% and ranged 
from -0 .50% error at 30% pOl-ler to + 1. 39% error at 60% pm-1er. Average 
test errors found at each power l evel Here; -0.50% at 30% power, 
0.83% at 40% pol-ler, +1.05% at 50% power and +1.39% at 60% power. 
Note that the average percent error was negative (i. e . less water 
was r e moved in testing than had been added at the time of mixing) at 
the 30% power level and positive at the 50% and 60% power levels. 
The 0.83% overall error at t he 40% power level is the average of the 
absolute values of the numbers and represents the greatest range of 
results found in Phase I. Individual results were a ll negative at 
t he 30% power level, a combination of positive a nd negative at the 
40% power level a nd all positive at the 50% and 60% poHer l evels. 

Results reported by North Dakota(l) indicate the prob lem of weight 
loss exceeding the quantity of water add ed , is apparently caused by 
cement melting . This may explain why the results showed a positive 
weight loss at t he 50% and 60% power levels. Expanding Phase I to 
include testing at the 30% power level not only improved the 
accuracy of test results , but also provided a satisfactory solution 
to t he problem of cement melting. 

A slight trend was also observed Hhen drying times at the various 
power l evels were compared . Average test completion times were 51 
minutes at 30% poHer, 48 minutes at 40% power , 47 minutes at 50% 
power and 49 minutes at 60% power . 

Considering the properties of plastic concrete and the nature of the 
test performed, it was decided t hat a sixty minute time limit be 
imposed on the test. With greater accuracy and a drying time of 51 
minutes at the 30% power level, it ~ ... as determined the 30% power 
level would be appropriate for use during Phase II . 

Results of micrmo~ave oven tests obtained in Phase I are shown in 
Tables 15 - 22 . 
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TABLE 15 
PHASE I-MICROWAVE OVEN 

30% Power Level - 3 0 

Weight Loss 
Water Weight Loss Weight Loss in 

Test Added During Hidng Dur ing Delay Microwave 
!lumber grams g r ns gra11s grarss 

H30-1 8 0. 5 1.5 0.1 7 8. 6 

1130 -2 80 .5 1.5 0. 2 7 8 • 4 

TABLE 16 
PHASE I - MICROWAVE OVEN 

30% Power Level - 6 0 

We i ght Loss 
Water Weight Loss Weight Loss in 

Test Add ed During Mixi ng During Delay Mi crowave 
!lumber grams grams grams grau 

H60 - l 80 .6 1.4 0.2 7 8. 6 

1160 -2 80 .8 1.4 0.3 7 8 • 6 

Average -30% power level 1 

( 1) Average %Error , x = rl x l 
n 

17 

DRYI NG TESTS 

Minute De l ay 

Total 
Weight Loss Test Error Dryi ng TiDe 

graas gr ams percent 11inutes 

80 .2 -0. 3 -0. 4 50 

80. I -0.4 -0.5 50 

DRYING TESTS 

Minute Delay 

Total 
Wei ght Loss Test Krror Drying Tille 

graas grans percent minutes 

80.2 -0. 4 -0 .5 50 

80 .3 -0.5 -0.6 55 

0.5 51 



TABLE 17 
PHASE I-MICROWAVE OVEN DRYING TESTS 

40% Power Level - 30 Minute De lay 

Weight Loss 
Water Weight Loss Weight Loss in Total 

Test Added During Mix ing During Delay Microwave Weight Loss Test Brro r Drying Tine 
tlu11ber graras grams graras grams grus grus percent o.inutes 

830 -1 8]. 5 81.6 +0. I + 0. L 45 

B30-2 81.5 8Z.2 +0 .7 +0.9 50 

R30-l 81.5 80 .2 -1.3 -1. 6 45 

B30-2 8]. 5 80.8 -0 0 7 -0 .9 45 

G30 -l 80.4 I . 4 0. I 7 9 0 7 81 0 2 tO 0 8 t I. 0 50 

G30-2 80.5 1.2 0.2 19 0 9 81.3 +0.8 +1.0 45 

'I' ABLE 18 
PHASE I -MICROWAVE OVEN DRYING TESTS 

40% Power Level - 60 Minute Delay 

Weight Loss 
Water Weight Loss Weight Loss in Total 

Test Added During liixing During Delay Microwave Weight Loss Test Brror Drying Tine 
lluraber grams gra11s gra11s grams grans grams percent 11 i nutes 

B60- l 81. 5 82.2 tO.? +0 .9 50 

B60-2 81.5 81.9 +0. 4 +0.5 H 

R60-l 81.5 81.1 -0 0 4 -0 .5 50 

860 -2 81. 5 80.7 -0.8 -1. 0 45 

G60 -l 80 .2 1. 8 0 0 3 78 .6 80.7 +0.5 t 0 0 6 45 

G60-2 80 .3 1.5 0 0 1 7 9 0 4 81.0 t 0 0 7 +0.9 55 

Averag e-40% power level 0. 8 3 48 
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TABLE 19 
PHASE I-MICROWAVE OVEN DRYI NG TESTS 

50% Power Level - 30 Minute Delay 

Weight Loss 
Water Weight Loss Weight Loss in Total 

Test Added During Mixing During Delay llicrowave Weight Loss Test Rrror Drying Ti11e 
llu11ber graras grams grams grns grams grus percent 11inutes 

A30-l 8!.5 82.4 +0.9 +!. l 50 

A30-2 81.5 82.3 +0.8 +1.0 50 

D30 -l 80 . I 1.7 0.3 78. 9 80.9 +0.8 +I. 0 45 

030-2 80.5 1.3 0. 3 19 . 9 81.5 +1. 0 +1.2 45 

TABLE 20 
PHASE I-MICROWAVE OVEN DRYING TESTS 

50% Power Level - 60 Minute Delay 

Weig ht Loss 
Water Weight Loss Weight Loss in Total 

Test Added During Mixing During Delay Mi crowave Weight Loss Test Error Drying Tine 
ll u11be r grams grams grans grams grans grams percent min utes 

A60-l 81 . 5 82 .2 +0.7 f 0. 9 45 

A60 -2 81.5 82.3 +0.8 +1.0 50 

060 -1 7 9. 8 1.7 0. 3 7 8. 9 80.9 +l , I +I. 4 45 

D60-2 7 9 ' 1 2. 1 0.2 78 .0 80.3 +0.6 +0.3 45 

Average - 50~ power level I. 05 47 
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TABLE 21 
PHASE I-MICROWAVE OVEN DRYING TESTS 

60% Power Level - 30 Minute Delay 

Weight Loss 
Water Weight Loss \Ieight Loss in To ta l 

Test Added During Mix i ng During Delay Microwave ~eight Loss 'l'est Rrro r Drying Time 
!lumber grafts grams grams grus grans grans perce nt lli nut es 

C30 -1 81.5 82.7 +1.2 + 1. 5 50 

C30-Z 81.5 8Z. 7 +1.2 + 1. 5 50 

F30-l 7 9 '9 1.7 0' 3 79 .0 81. 0 +I. I fl '4 45 

F30- Z 80 ' 1 1. 6 0.4 79 .1 81. 1 +1.0 +I. 2 4 5 

'fABLE 22 
PHASE I-MICROWAVE OVEN DRYING TESTS 

60% Power Level - 60 Mi nute Delay 

Weight Loss 
Water Weight Loss \feigbt Loss in Total 

Test Added During Hixing During Delay Microwave Weight Loss Test Error Drying Ti11e 
tl umber gra11s grams grus gra11s graras gra11s percent ~i nut es 

CS0 -1 81 '5 8 2' 6 +1.1 +I. 3 50 

C60-2 81.5 82.5 +1.0 +I , 2 50 

F60-l 80.2 1. 5 0' 3 7 9 ' 6 81 '4 t 1. 2 +1.5 50 

F60 -2 80 .2 1.7 0. 3 7 9 '4 81.4 +1.2 +I. 5 50 

Average -SOX power level I. 3 9 49 
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PHASE II. 

Phase II focu sed on determining the accuracy of microwave oven test 
results obtained while s imulating fi e l d conditions . The aggregates , 
cements and admixt u res represent a cross section of wh at is 
e ncountered throug h out Vermont . The sixty minu te delay between 
mixing and start of testing represents a reason a ble a moun t of time 
for transporting concrete to most project s a nd obtaining samp l es for 
the microwave oven tests. Since t h e 30% microwave power level 
produced t he most accurate results in Phase I, this power l evel was 
used exclusively during Phase II. 

With t he range of water / cement ratios selected, the air content, 
slump and unit weight of the various mi xes showed considerable 
variat ion. Ai r cont ent ranged from a low of 2. 6% to a high of 
15.0%. Slump ranged from 1 /2 i nch to 9 3/4 inches, wit h both 
extremes occurring in mixes which contained a High Range Wa t er 
Reducing Admixture . Whil e it is highly i mprobable that the extreme 
results will ever b e incorporated into a proj ect, t hey did provide 
data for analysis . Results of t.ests for air content , s lump, 
temperatu re , unit weig h t and compressive strength are s h own in 
Appendix "C". 

The accuracy of tests in Phase I I was again examined by comparing 
the known water/cement ratio of concrete to res ul ts of tests 
conducted with the mi crowave oven . Results were reported as percent 
error , however, two methods were used in the computations; t he North 
Dakota method whic h uses the measured uni t weight of concrete in 
determining water/cement ratio, and the New Hampshire meth od wh ich 
uses the theore t ical unit weight. Three of the four co ncrete 
sources examined s howed greater percent error using t he North Dakota 
me thod than with the New Hampshire method. Also , all four sources 
were found to h ave greater variability i.e . hi gher standard 
deviations with the North Dakota meth od . A comparison of results 
using t he two methods is provided in Tables 23 - 26. 

While al l mixing and testing was perf orme d in t he l aboratory, the 
test error increased sharply when fi e ld conditions were simulated. 
The range of materials , water/cement ratios , air contents, s lumps 
and unit Heights had a noticeable effect on t he results obtained . 
Average percent error varied from 2. 0% (New Hampshire method ) with 
materials from A. G. Anderson' s Berlin, Vermont plant to 6.9% (New 
Hampsh ire method) with materi als from S . T. GrisHold ' s Williston, 
Vermont plant. Indiv idual deviations 1-1ere as high as 11.0% from 
actual water/cement ratios. Th e most pronounced deviations occu rred 
principally in mixes having high air content, h igh slump or both. 

A majority of t h e tests performed in Phase II produced negat i ve 
results i.e. test resul ts indicated t here was l ess water removed 
from the concrete t han had bee n added at the time of mixing . Of 
tl-Ien ty six batches examin ed , onl y six s howed more water removed , 
whi l e twenty batc hes s howed less water removed . 
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TABLE 23 
PHASE II-MICROWAVE OVEN DRYING 'rESTS 

READY MIXED CONCRETE SOURCE: Miller Ready 

30% Power Leve l -

Design 
Sample Water/ W/C % R r ro r 

fest Size Ce11ent II. Dakota N. Dakota 
lluober g fallS Ratio He th od Method 

MLI 1027.8 0. 3 81 0. 3 3 9 - 11.0 

KL2 15 8 7. 9 0.330 0. 3Z9 -0.3 

ML3 156 4.2 0.330 0. 3 2 4 -1. 8 

H L4 13 3 4 . 2 0. 3 55 0.361 t 1. 7 

HL5 1231.1 0.355 0.377 + 6. 2 

HL6 143 2.1 0. 3 81 0. 3 6 2 -5.0 

HL? 14Z9. 2 0. 3 81 0. 352 :Ll 

Average 1 4.8 

Standard Deviation2 3. 8 

(1) Average %Error, ~ = ~lx l 
n 

( 2 ) Standard Deviation, Sx = I 

22 

60 Minu te 

'ri/C 
llew Hupshire 

liethod 

0.364 

0.313 

0. 301 

0. 3 4 3 

0.362 

0.376 

0.366 

Mix, w. Lebanon, NH 

Delay 

% Brror 
New Hampshire Drying tine 

Me thod 11inutes 

-4. 5 45 

-5. 2 55 

-8 .9 60 

-3. 4 60 

+2 .0 55 

-1.3 60 

-3. 9 ~ 

4. 2 56 

2.5 



'fABLE 24 
PHASE II-MICROWAVE OVEN DRYING TESTS 

READY MIXED CONCRETE SOURCE: s. T . Griswold, Williston, VT 

30% Power Level - 60 Minu te De lay 

Design 
Sallple Water/ 'i/C ~ Erro r W/C ~ Error 

Test Size Ceme nt ~ ' Dakota ll, Dakota !lew llampsbire New Hampshire Drying ti11e 
llu 11 ber gra11s Ratio Method Method Method flethod ainutes 

GW2 11 17' 1 0' 423 0' 4 05 -4' 3 0.380 -10 .2 55 

GW3 1110.9 0.403 0, 4 0 I -0 ' 5 0.384 -4. 1 50 

GW4 1360.7 0' 423 0' 408 -3' 5 0.4 02 -5 '0 60 

GW5 12 9 5 '0 0' 4 0 3 0. 4 0 I -0 .5 0.387 -4. 0 65 

GW6 1260.8 0' 4 23 0' ~ 06 -4' 0 0.396 -6 '4 60 

GW7 13Z 7 '5 0' 4 44 0.397 -10.6 0.395 -1 1. 0 50 

GW8 13 18 .0 0' 4 44 0' 4 08 -8 , I 0. 4 H -6 ' 8 1.9.. 

Average 4. 5 6 '9 59 

Standard Deviation 3. 7 2.1 
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TABLE 25 
PHASE II-MICROWAVE OVEN DRYING TESTS 

READY MIXED CONCRETE SOURCE : A. G. Anderson, Berlin, VT 

30% Power Level - 60 Minute De l ay 

Design 
Sample Water/ W/C % Brror W/C % Rrror 

Te st Size Ce11ent lL Dakota ll. Dakota tlew Hupshire lle11 Hampshire Drying ti1e 
!lumber gr aus Rali o Method Hethod Method Method minutes 

ABl 1407.0 0. 3 83 0.380 -0 .8 0. 3 7 5 -2. I 70 

AB2 12 25 . 2 0. 3 8 3 0. 3 8 5 + 0. 5 0.380 -0.8 50 

AB3 1257.8 0.363 0.367 +1.1 O.HI -3. 3 50 

A84 1161.9 0' 3 6 3 0. 3 7 7 U.9 0. 3 6 2 -0. 3 65 

AB5 12 54. I 0. ~ 03 0.386 - 4' 2 0. 3 88 - I . 5 55 

AB6 1347.7 0. 403 0' 3 81 -5 ' 5 0.388 -3. 7 65 

Average z. 7 2.0 59 

Standard Deviation 2 • 1 I • 4 

24 



TABLE 26 
PHASE I I-MICROWAVE OVEN DRYING TESTS 

READY MIXED CONCRETE SOURCE: Lawrence Sangravco , Woodsville , NH 

30% Power Level - 60 Minute Delay 

Design 
Sa11ple Wate r / W/C % Rrror W/C ~ Rrro r 

rest Size Ce11ent N. Dakota IJ, Dakota llew llupshire llew Ha11pshire Drying time 
Uu nber grans Ratio Method Method Method Hethod min utes 

LWl 14 16 '6 0.122 0 ' 415 -1. 7 0' 41 2 -2 ' 4 55 

LW2 9 9 6 ' 1 0' 4 2 2 0' 427 H.Z 0' 4 2 4 +0.5 45 

LW3 !OOL 5 0' 14 2 0' 4 18 -5.7 0' 4Z3 -4. 5 45 

LW 4 1008.8 0' 44 2 0.423 -4. 5 0. 432 -2. 4 50 

LW5 14 8 3 '0 0. 162 0 ' 4 23 -8 ' 4 0. 435 -5' 8 55 

LW6 955 .5 0' 4 6 2 0' 430 -6 ' 9 0. 44 5 ::lJ.. ~ 

Average 4 ' 7 3.2 50 

Standard Deviati on £.9 1.9 

SURVEY RESPONSE 

Response to t he s urvey , distributed to the transportation agencies , 
was e ncouraging with forty four of fifty two questionna ires returned 
to t he Materials and Resear c h Div ision. The survey indicat es that 
whil e some interest in the use of the mic rowave oven exists , the r e 
i s st.i ll very l i mited use of this method for d ete rmining 
water/cement ratio of concre te in the fi e ld . Only one respondent 
claime d to actually b e using mi c rowave ovens routinely and one other 
respon d e n t is c u rre n t l y c onduct ing researc h. Of t h e eight 
transportatio n agencies \vhich f a iled t o re spond t o the 
quest ionnaire , North Dal!:ota a nd Oregon ( 3) have publ ished reports 
indicating t hey have conduc ted research Hith t h e microwave oven. 

Most agenc i es indicate that water/cement ratio i n the f ie ld is 
determined through u se of water meters or weigh batchers at the 
r eady mi x plants a nd t h e water gauges on truck mixer tanks. A 
limited number of a genc i es (three) r e l y entire l y on t he s lump test 
as an indicator of water/cement ratio. 

A c opy of the questionnaire and results of the s urvey are shown in 
Appendix "A". 
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CONCLUSIONS & RECOMMENDATIONS 

Apparen tly , drying plastic concrete in a microwave oven to de t ermine 
water/ce ment ratio can provide reliab le results under closely 
con trolled laboratory conditions . Whe n variables normally encountered 
i n f i eld produced concrete are introduced , t he accuracy of the test 
method decreases s harply . Whi l e the greatest individual percen t error 
i n Phase I was 1.6% , the individual percent error jumped to a high of 
11 . 0% in Ph ase I I . 

Greater accu racy was experienced using t he microwave oven at t he 30% 
power l evel than at t h e higher power levels. Average error was 
reduced from 1. 39% at the 60% power l evel to 0 . 50% at t he 30% power 
l evel . At the hig her power leve l s , 50% a nd 60% , t he aver age percen t 
error was positive i . e . t he we i ght l oss experienced was g r eater t ha n 
t he weight of water a dded to t he mixture. At t he 40% power leve l t h e 
results were a combination of positive and negative numbers . At the 
30% power all t h e resu lts were negative. 

Th e 30% power level not only i mproved t he accuracy of t he test method , 
but appeared to eliminate the problem of cemen t melting wh ile still 
permitting t he test to be completed i n a reasonab le amount of time. 

Thi s project uti l ized a Sears/Kenmore microwave oven Mode l 996 0 1 with 
a p ower rating of 1 45 0 watts a n d 1.42 ft 3 o f oven space . T o 
standar dize t hi s test , t h e Oregon r eport ( 3 ) stated that microtva3e 
power cou ld b e converted to power per unit vo lume or watts per ft . 
Phase I determined t hat t he 30% power l eve l was the most efficien~ . 
Conversion of t h is figure yields a power rati n g of 306 watts/ft . 
Wh i l e t h is particular microwave oven operates at reduced mi crowave 
power f o r operat ing levels lower t han 100%, other microwave oven s may 
redu ce the total energy produ ced b y u si n g alte r na t e o n /off cyc l es 
wh ile operating a t full power. These ovens may require a different 
power rating to ach ieve the most effective results . 

I n t hree of t he four concrete sources examined , t h e North Dakota meth od 
of cal culating resul ts produced a greater percen t error a nd showed 
greater variability of results , as wi t nessed by t he higher standard 
devi ation , t han t he New Hampshi re method. 

AAS HTO M 157 and ASTN C 94 , Standard Spec i fications for Ready Mixed 
Concrete both state : "Mix i ng water s hal l consist of water added to t h e 
batch , ice added to the batch , water occu rring as surface moisture o n 
t he aggregates , and wat er introduced i n t he form of admixtures . Th e 
added water shall be measured by weigh t or volume to a n accu racy of 1% 
of t he requi red total mixing water . Added ice s hall b e measured by 
weight . In the case of truck mixers , any wash water retained i n t h e 
drum for use in t h e next batch of con crete shall b e accu rate l y 
measured ; if t h is proves i mpractical or i mpossibl e , the wash wa·ter 
s hal l be d ischarged prior to loading t h e n ext batch of concrete . 
Total water ( incl uding any wash water) shal l be measured or weigh ed to 
an accuracy of ±.3% of t h e specified total a mount . " Th e average 
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perce nt e rror obtained with the micro~vave oven ranged from 2. 0% to 
6. 9% f or the fo ur concrete sources exami n ed in Phase II. From the 
r e sults obtai n ed ln t h is e valuation, it app arent l y would b e 
inappropriate to use t his test method as a qua lity assurance tool for 
dete rmining wate r/ceme n t ratio of concre t e in the field . 

It is recommended that further testing with the mi crowave oven be 
s u spended at t h is time and that t he mic rowave oven not be a dopted for 
use in d etermining water/cement ratio of portland ceme n t con crete 
mixtures on Vermont Agency of Transpor t ation pro j ects . 
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State 
Surveyed 

Alabama 

Alaska 

Arizona 

Arkansas 

Californ ia 

Colorado 

Connecticut 

Delaware 

District Of Columbia 

Florida 

Georgia 

Guam 

Hawaii 

Idah o 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

APPENDIX "A" 

SURVEY SUMMARY 

Nicrowave Oven 
Currently Used Or 
Under Evaluation 

No 

No 

No Response 

No 

Yes 

No 

No 

No 

No 

No 

No 

No Response 

No 

No 

No 

No 

No 

No 

No 

No 

29 

Method Used To Determine 
W/C Ratio In The Field 

Certified concrete plant 

Batch weights/truck meter 

Batch weights/truck meter 

Under evaluation 

Water by delivery ticket 
weights/truck meter 

Concrete batch weights/water 
added 

Water content b y meter/mo isture 
conte n t 

Documentation b y inspectors 

Wate r cont e n t by meter 

Batch weights/metered water 

Batch weights/metered water 

Batch weights/truck meters 

Slump 

Batch weights/truck me t ers 

Mix design/water measure me nts / 
slump 

Water content read from tru c k 
gauge 

Batc h weights/water added 

Slump/mix des ign 



State 
Surveyed 

Maine 

Maryland 

Mas s achusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 

Ne'" J e rsey 

New Mexico 

New York 

North Carolina 

North Dakota 

Ohio 

OJ\: lahoma 

Oregon 

Pennsylvania 

Puerto Rico 

Rhode Island 

Microwave Oven 
Currently Used Or 
Under Evaluation 

No 

No 

No 

No 

No Response 

No 

No 

No 

No 

No Response 

Yes 

No 

No 

No 

No 

No Response 

No 

No 

No Response 

No 

No Response 

No 
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Method Used To Determine 
W/C Ratio In The Field 

Batch weights/truck water gauge 

Batch weights/truck meter 

Batch weights/truck meter/slump 
of plastic concrete 

Water content by meter/moisture 
content - Bridge decks only 

Slump 

Water meter/moisture content 

Water meter/slump 

Water meter and moisture test 

Metered water 

Actual water and cement in mix 

Does not control water content 
in the field by water/cement . 
Use mix design, slump, air 
content and tempe rature . 

Water content by meter 

Water meter/batch weights 

Batch weights/truck meter 

Moisture test/metered water 

Moisture tests/metered wate r 



Sta·te 
Su rveyed 

South Carolina 

South Dakota 

Ten nessee 

Texas 

Utah 

Virginia 

Washington 

West Virginia 

IVisconsin 

Wyoming 

Nicrowave Oven 
Currently Used Or 
Under Evaluation 

No 

No 

No 

No 

No 

No 

No Response 

No 

No 

No 
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Meth od Used To Determine 
W/C Ratio In The Fie l d 

Moisture tests/metered water 

Moisture tests/metered water 

Slump only 

Water added is measu red 

Water content monitored by 
meter 

Certifi e d plant/mi x design 

Moisture tests/water meters 

Batch weights/truck meter 

Water content monitored by 
truck meter 



lJ . A. O.T. 
Materials & Research Division 
01/24/89 

PERSON COMPLETING FORM: 

TITLE: 

PHONE: 

STATE: 

W.P. NO: 87-C-11 
Microwave Drying 
of Concrete 

1. Has your Agency done research on Rapid Determination of Water Content of 
Plastic Concrete by microwave drying? 

YES 

NO 

2. Does your Agency currently use microwave drying to determine water content 
of plastic concrete in the field? 

YES 

NO 

3. If 'no ' to both of the above questions: 

A. What means are used to determine the water content in the field? 

B. Return questionnaire, omitting remaining questions. 
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·v .A .0. T. 
Materials & Research Division 
01/24/89 

4. What model oven was used? 

MAKE: 

~10DEL: 

POWER RATING: 

LAB TESTING PROCEDURE 

5. Wha t power l eve l s we re used during the test? 

W. P. NO: 87.-C- 11 
Microwave Drying 
of Concrete 

6. If l ess than full power leve l was used, wha t type is empl oyed by the 
microw._.qe? 

Full power/zero power i ntervals 

Constant percentage of full power 

7. How long did the sampl e need to be microwaved to bring it to constant weight? 

8. What sample size was taken? 

9. What batch size was used? 

10. What was the time interva l between introduction of wa ter and the start of 
t he test? 

11. Was the sampl e covered until the test was run? If YES, with what? 

12. What type of dis h was used to hold the sample? 

13. What time interva l s wer e used to dry the concrete sample to constant weight? 

14 . Was the sample stirred at intervals during mic r owaving? 

YES 
NO 
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V.A .O.T. 
Materia ls & Research Division 
01/24/89 

W.P. NO: 87-C-11 
Microwave Drying 
of Concrete 

15. If so, did this decrease the time it took to run the test? 

16. Duri ng l a bor a t ory t es ting, was eva poration duri ng mixing considered when 
comparing the t est with design water content? 

17. 

18. 

Was 

YES 
NO 

evaporable 
water content? 

YES 
NO 

Were aggregates 

DRIED 
ESTIMATED 

wa ter in 

used in 

admixt ures taken into account when determining 

mixes dried, or was the moisture estimated? 

CALCULATIONS 

19. Wha t equations a re used by your Agency to determine water cont ent and/or 
wat er cement ratio wfth this method? 

20. Are t he wa t er /cement r a tio calculati ons based on t heoretical uni t weight 
or f r om yield tests of the actual mi x? 

THEORETICAL 
ACTUAL 

21. Wha t level of acc uracy ha ve your tests pr ovided? 

22. Has any attempt been made to cor r el a t e t his t est with 28 ·day compr essive 
str ength? 

YES 
NO 
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V.A.O.T. 
Materials & Re~earch Division 
01/24/89 

RESULTS 

23. What controls were imposed on lab testing? 

Varying wa ter content 

Varying cement content 

Varying types of aggregate 

Varying types of admixtures 

OTHER: 

W.P. NO: 87-C~ll 

Microwa ve Drying 
of Concrete 

24. Did you find that the accuracy of the test varied when the Mix Design was 
changed? 

YES 
NO 

a. If yes, what changes were made? 

b. How did they affect the accuracy? 

25. During Lab testing, was a trend between results obtained with the microwave 
oven and the actual water content observed? 

YES 
NO 

a. If so , what was it? 

b. What was the trend attributed to? 
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V.A. O. T. 
.Materials & Research Division 
01/24/89 

W.P. NO : 87-C-11 , 
M.icrpway~ . Dry:i,n~ 
of Concret e . 

26. Did you find that the age of the sample [from the time water was introduced] 
had an effect on the accuracy of the test? 

YES 
NO 

27. Did you find that cement particles were "MELTED" by microwaves at high power 
l evels [ this phenomenon has been compared to the loss on Ignition Test]? 

YES 
NO 

28. If yes , was this loss enough to significantly alter the accuracy of the 
t est? 

YES 
NO 

HOW MUCH [%]? ----

SAFETY 

29. Was there ever a probl em with the microwave oven overheating? 

YES 
NO 

If yes, what procedure was used to overcome this problem? 

30. Was there ever a problem with popping of aggr ega te particles during heating 
of the sample? 

YES 
NO 

31. I f yes, under what conditions? 

32 . What safety precauti ons were taken during testing? 
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V.A .O.T. 
Material s & Research Division 
01/24/89 

FIELD TESTING PROGRAM 

W.P. NO : 87-C-11 
Mi crowave Drying 
of Concrete 

33. If your Agency is currently using a microwave t esting progr am, what is the 
progr am's objective? 

34. When was the program started? 

35. Have test procedures been developed? 

YFS 
NO 

36. What procedures are used to ensure the accuracy of the t est ? 

37. What sample size is taken? 

38 . What method of obtaining a representative sample is empl oyed? 

39. Is evaporation during m1X~ng, transport a nd agitation taken i nto account 
when comparing the microwave field test result wi th the water content based 
on aggregate moisture , water hatched and water added on the project? 

YES 
NO 
NOT DONE 

40. What power source is employed to supply power for t he micr owave in the field? 

41. How would you rate the level of available service in the field? 

LOW 
MEDIUM 
HIGH 
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Y.A.O.T. 
Materials & Research Division 
01/24/89 

W.P. NO: 87-C~ll 
Microwave Drying 
of Concrete 

42. Please include any additional observations or comments you wish to make 
relating to the determination of water content by microwave drying. 

Reports , test procedures , guidelines, results and sample worksheets would 
be welcomed and appreciated . 

Thank you once again for your time and effort in this endeavor . 

Charles Abry, Technician III 
Vermont Agency of Transportation 
Materials a nd Research Division 
133 State St. - State Administration Bldg . 
Montpelier, Vermont 05602 
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APPENDIX "B" 

NORTH DAKOTA & NEW HAMPSHIRE WORK SHEETS 

NORTH DAKOTA STATE HIGHWAY DEPARTMENT 

WATER CONTENT DETERMINATION WORKSHEET FOR PLASTIC CONCRETE 

a) Pan Tare 

b) Wet srunple plus pan 

c) Wet sample , b - a 

d) Dri ed sample plus pan 

e) Water loss, b - d 

94 x __ sacks/yd3 

f) Cement in percent, 
Unit wt X 27 ---

f X C 
g) Weight of cement, 

100 

h) Water absorbed in 
(c - e - g) x 

aggregate 
----~percent absorption 

100 

i) Effective water , e - h 

j) Water - cement ratio , i/g 

X 100 

k) Water in gallons per sack ceme nt, 94 x j 
8 . 33 

39 

____ ,g 

____ g 

____ ,g 

____ g 

___ __,g 

___ __,g 

____ g 

____ g 

___ ___.g 

_ ___ ,gals/sack 



Job: 
Date : ________ BR# 

W/C RATIO 

BY 

MICROl'lAVE OVEN 

N.H . D. P . W. &H. 

M. &R . DIV . 

MD= MOISTURE CONTENT, DRY BASIS 

N= AGGREGATE TO CEMENT RAT I O 

FA= FINE AGGREGATE CONTENT (%) 

AB 
CA = ABSORPTION OF COARSE AGGREGATE 

AB 
FA= ABSORPTION OF FINE AGGREGATE 

W/C = (N=l) MD -N [ABcA (1 - FA) 

l'l/C= 
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APPEND IX "C" 

PHASE II - CONCRETE TEST RESULTS 

READY MIXED CONCRETE SOURCE : Miller Ready Mi x , \Y, Lebanon, NH 

Batch Ident. l'1Ll ML2 ML3 l'1L 4 ML5 NL6 l'1L7 

\va ter Icemen t ratio 0 . 381 0 . 330 0.330 0 . 355 0 . 355 0 . 381 0 . 381 

Air Conte nt, % 15.0 5.5 4 . 6 4 . 2 4 . 9 9 . 5 7 . 6 

Slump , i nches 9 . 75 . 50 . 50 1. 7 5 2 . 00 9 . 50 8 . 50 

Te mperature , OF 75 79 76 73 74 73 70 

Uni t Hg t , lb/ft3 137 . 68 154 . 58 157 . 93 154 . 86 154 . 22 142 . 82 142 .1 4 

Compress i ve 
str e ngth, psi 

28 days 4910 452 0 5150 2606 5690 5630 639 0 
28 days 49 70 5470 5570 2984 5290 5020 6 1 10 
Average 4940 4995 5360 2790 5490 5325 6250 

PHASE II - CONCRETE TEST RESULTS 

READY MIXED CONCRETE SOURCE: S . T. Griswold, Wi l l i ston, VT 

Batch !dent . GW2 GW3 GW4 GW5 GW6 GW7 GW 8 

Water/cement ratio 0 . 423 0 . 403 0 . 423 0 . 403 0 .4 23 0 . 444 0 . 444 

Air Content , % 2 . 6 4.6 6 . 6 5.1 5 . 9 7 . 3 8 . 1 

Slump , inches 3.00 2.00 3 . 75 2 . 00 3 . 50 5 . 50 5 . 50 

Temperature , ° F 74 74 75 77 79 80 75 

UniL wgt , lb/ft3 149.08 146.27 142 . 86 145.43 144.14 14 1 . 05 138.80 

Compr essive 
s Lrength , psi 

28 days 
28 days 
Average 

726 0 
754 0 
7400 

6290 
5450 
5870 

4810 
5210 
5010 
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6230 
6640 
6435 

56 10 
5690 
5650 

5630 
5670 
5650 

4950 
4730 
484 0 



PHASE II - CONCRETE TEST RESULTS 

READY MIXED CONCRETE SOURCE : A. G. Anderson , Berlin , VT 

Batch Ident . AB1 AB2 AB3 AB4 AB5 AB6 

Water/cement ratio 0 . 383 0 . 383 0.363 0.363 0 . 403 0 . 403 

Air Content, % 7 . 2 7.4 5 . 0 5 . 3 10 . 0 9 . 5 

Slump , inches 2 . 75 3.00 1 . 25 1 . 50 6.00 6 . 50 

Temperature , °F 74 73 75 78 72 72 

Unit wgt , lb/ft3 140.93 140.81 144 . 83 144 . 66 135.83 136.80 

Compressive 
strength , psi 

28 days 
28 days 
Average 

READY MIXED 

Batc h Ident. 

5850 
5490 
5670 

5550 
5390 
5470 

6860 
6430 
6645 

6920 

6920 

5210 
4930 
5070 

5250 
5090 
5170 

PHASE II - CONCRETE TEST RESULTS 

CONCRE'fE SOURCE : Lal<~rence Sangravco \voodsville, 

LWl LW2 LW3 L\v4 L\'/5 L\o16 

NH 

\•la ter I ceme n t ratio 0 . 422 0 . 422 0 . 442 0 . 442 0 . 462 0.462 

Air Content, % 6 . 8 6 . 5 7 . 9 8 . 6 8 . 7 9.3 

Slwnp, inc hes 4.00 3 . 25 6 . 00 7 . 00 7 . 25 7.75 

Temperature , OF 78 74 74 75 76 72 

Unit wgt , lb/ft3 141. 03 145 . 43 143 . 02 141.73 141 . 15 140.29 

Compressive 
strength , psi 

28 days 4580 4640 4020 3980 3960 3520 
28 days 458 0 4870 4140 3680 3760 3640 
Average 4580 4755 4080 3830 3860 3580 
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AGENCY OF TRANSPORTATI ON 
MATERIALS & RESEARCH DIVISION 

RESEARCH INVESTIGATION 

Work Plan No. 87-C-11 

Subject Evaluation of Water Content of Plastic Concrete Using a Microwave Oven 

aJP 
Investigation Requested By Structural Concrete Engineer Date.~l~2~/~18~/~8~7~-------------

Da te In format 1 on Requ 1 red. __ A_:p:_r_i_1 __ 1:..' _1..:,9_88 ________________________ _ _ 

Purpose of Investigation 1. To evaluate laboratory t est results for water content 

of plasti c concrete , using a microwave oven. 

2. To est ablish procedures for using a microwave oven for 

determining the water content of plastic concrete, in the field 

Proposed Tests or Evaluation Procedure ____ ·Pr __ e_pa __ r_e_2_4 __ ba __ t_c_b_e __ so_f __ Cl __ a_s_s_A __ c_o_n_c_re_t_e_, ______ _ 

using several water cement ratios and various combinations of aggregates, ceDents 

and admixtures (air entraining, retarding, Yater reducing and hi gh range water re-

ducing). Determine the water content of each batch of plastic concrete, using a 

micr owave oven . Conduct tests of each batch to determine : slump, air content, 

unit weight, temperature and 28 day compressive strength, using 4"18" cylinders. 

NOTE: One additional 4'~1:8" cylinder Yill be prepared from each batch to be used 

for preparing standard s pecimens for microscopic examination. 

Proposal Discussed With ~ @' Projected ~~npower Requirements 2s pop dgya 

Investigation To Be Conducted By Structural Concrete Subdivision 

Proposed Starting Date ASAP Estimated Completion Date April 1. 1288 

~lsapp<Oval by K>t••lals & "''''''" £ogloe~~---
~ by Materials & Research Engineer ______ -l..rr::_'------------------------------
•~terials & Research Divfsfon 
Agency of Transportation 
Date Typed: December 21, 1987 
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