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ADAPTING THE D.0.E. METHOD FOR THE DESIGN OF-

CONCRETE MIXES USING LOCAL MATERIALS

by

-Dr. W. SMuinghe, A.D.J. Séneviratne,
M.K.C.P. Manamperi and Miss. T.J. Meegastanne

1.0 htmducﬁon

“The main objective of concrete mix design is to select the
most economical and practical combination of ingredi-
ents of concrete, which will yield fresh concrete of.
desirable workability, and hardened concrete possess-
ing the characteristic compressive strength and dura-
bility. The mix proportion should also satlsfy the addi-
tional requirement of the use of minimum possible
cement content so that maximum economy is achieved,
without affecting durability.

Significant advances have been made in the field of
-~ concrete mix design, when Duff Abrams enunciated the
" famous water-cement ratio law in 1918(1). Ever since,
numerous researchers have illustrated the importance
" of various parameters such as water-cement ratio,
aggregate-cement ratio, aggregate type and size, and
grading of coarse and fine aggregates in selecting con-
crete mix proportion to achieve desired strength and
workability.

With the advances made in the field of concrete technol-
ogy, technically advanced countries have developed
their own standards and specifications to design con-
" crete mixes to suit their local materials. Due to the lack
of research in developing countries, the majority of
them have accepted the methods developed in other
" countries depending on their popularity. For an ex-
ample, the “Current British Method’, popularly known
as D.O.E. method, is widely used in practice in Sri

Lanka. The D.O.E. method has superseded the Road

No. 4 method (15) and rationalised some of the deficien-
cies observed in the Road Note No. 4 procedure.

Previous studies (3, 13, 14) carried out t.o investigate
the suitability of D.O.E. method to local -conditions,
have revealed that neither the target mean strength
nor the workability can be achieved with local materi-
als. Certain modifications to the D.O.E. method have
been proposed, to suit local materials, by the previous
research. However, such modifications cater only to a
limited range of materials; for example, aggregate fall-

ing into a certain category. Therefore, the information '
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required and modifications to be made for certain other

ranges have been studied in the present investigation.

2.0 Basic Design Parameters
Most of the mix design methods can be condensed to
three steps of determination.
- i The water-cement ratio (W/C) for agiven strength
: at a specified age.
ii.  The water content or aggregate-cement. ratio
(A/C) for a given workability

iii. The proportions of coarse and ﬁne aggregate of

given gradings.

Although the compressive strength of concrete is em-
pirically a function of various factors (8), concrete tech-
nologists unanimously agree that the water-cemeént

ratio has the highest influence on strength. The prop-

erty workability is governed by the water content,
aggregate properties such as grading, shape, size and
the mix proportions. According to Neville (12), if the A/
Cratio decreases while keeping the W/C ratio constant,
the water content increases and consequently the work-
ability also increases. Also for a given value of W/C,
there is one value of the coarse/fine ratio that gives the
highest workability. Increase in sand content causes a
reduction in workability and vice versa. It is an appar-
ent feature that lubrication action created by cement
particles has a considerable effect on workability. How-
ever, increase of cement content in ¢oncrete increases
the shnnkage cracking potential of concrete. Further,

- theincrease in fineness of cement slightly improves the
' -workablhty of a concrete mix (12).
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3.0 Performance of DOE Method
Under Local Conditions

In order to study the suitability of DOE method with
reference to local materials available in Sri Lanka a
preliminary investigation was carried out on eight
combinations of slump and strength after determin-
ing the relevant properties ‘of available materials.
Mixes were designed according to DOE method and
tested under well controlled l_aboratory conditions.
The results are shown in Table 1.

Table 1

Test Results of the Trial Mixes done
according to DOE Method

Characteristic 20 25 30 40 40 30 25 20
strength(N/mm?)
Targetmean 33 38 43 53 53 43 38 33
strength(N/mm?)
Specified slump

0-10 10-30 30-60 60-180 0-10 10-30 30-60 60-
180 o

range(mm)

Slump 6 0 17 12 0 8 40 44

obtained(mm)

Strength  29.5 34.5 27.0 41.737.6 34.6 24.7 21.0
obtained

*7-day (N/mm?)

Note:i. Fine aggregate grading - Zone 1
ii. Maximum size of coarse aggregate - 20mm

iii. Relative density - coarse aggregate - 2.85
- fine aggregate - 2.6

iv. Type - coarse aggregate - crushed
- fine aggregate - uncrushed

v. Mixing done manually

vi. Weigh batching is adopted and the water
absorption of aggregate is of very neglegible
order..
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As it has been previously reported (3, 13, 14), neither
the target mean strength nor the workability can be
achieved by designing according to the DOE method.
Failure modes of the cubes revealed that all the failure
surfaces go through the binding layers indicating the
aggregate are relatively higher in strength. Although
the results shown in Table 1 seems to satisfy the
characteristic strength requirement, it is not a satisfac-
tory solution to a mix designer, because none of the
mixes is capable of achieving its target mean strength
which would take care of statistical variation of results.

Inability to achieve the design strength and workability
is purely due to the difference in characteristic proper-
ties of materials used in this country and Britain.
Cement and aggregate are the main constituent mate-
rials in concrete. Cement produced by the Cement
Corporation of Sri Lanka is widely used for construction
purposes which complies with BS 12-1978(4). However,
cement manuféctured in U.K. is found to be well above
the BS-12 standards which yields high strength at early
stages. Hence, whether the DOE method developed
using cement available in U.K. is suitable to Sri Lanka

_is a matter of speculation. Further, since the failure

mode of the cubes illustrated that the coarse aggregate
is of good quality, it is apparent that quality of cement
is greatly responsible for the lower strength of cubes.

It is believed, that the quality of aggregate is greatly
responsible for the workability of fresh concrete. An
extensive investigation done on aggregabe quality has
revealed the following :

a) Coarse aggregates used for local concrete produc-
tion are produced by crushing of large boulders
whereas fine aggregates are collected directly from
river beds.

b) Surface texture is coﬁducive to adherence of the
binding paste (mixture of cement, sand and water).

¢) Quality of the coarse aggregate is good strength
wise (relative density - 2.85).

d) Generally the grading of coarse aggregate fallsin to
‘single-size’ category.

4.0 . Influence of Coarse Aggregate
Grading '

To investigate theinfluence of coarse aggregate grading
on the strength and workability, four trial mixes were
made according to the DOE recommendations using

- coarse aggregate of ‘well-graded’ category. Since nor-

mally available aggregate falls into ‘single-size’ cate-
gory, coarse aggregate samples were seived into single
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sizes on a vibrating screen and recombined to get the
_‘well-graded’ category. Test results are reported in

"Table 2. It reveals not only an improvement but also .

- satisfying the specified values in workability (except

. in one mix). However, it is quite evident that there is’

no improvement in strength by the change of coarse
aggregate quality from ‘single-size’ to-‘well-graded’.
Table 2 . \ )
" Trial mix results for the mixes done|
according to DOE method using well-
graded coarse aggregate (maximum

size 20mm)

Characteristic'strength 20,25 .30 40
(Nfmm?) | ,

Target mean strength | .33 38 43 53.
Nmmd) o |

|Specifiedstump . - ¢ -

range(mm) © 0-10 10-3030-60 60-180
élﬁmp obtained . 0 25 Collapse115
Strength obtained 1230 29.0 335 421
|avmmy) o

_ Note° i. Fine aggregate grading - Zone 1

" ii. Relative den31ty coarse aggregate 285
fine aggregate - 2.6

m Age at testing - 7 days.

iv. 'l‘ype of aggregate : coarse - crushed ﬁne -
uncrushed .

v. Mixing done manually

vi. Weigh batchmg is adopted and the water
absorption of aggregate is of very neglegible -
order.

5.0 Modifications Proposed to DOE
Method to Achieve Workability -
Comprehensive research carried out(3,14) previouely
to investigate the suitability of DOE method to local
conditions has revealed that the water content and

- percentage of fine aggregate in a mix have a substan-
tial effect on workability. Some of the conclusions

-26.

‘o

drawn from those studxes thh regard to the workabil-

ity can be summansed as follows.

s

] a) Water contents given in DOE method are msuﬂi

cient to get the desired workability.

b) Arbitrary increase in water content or reduction in

. fine aggregate percentage on the’ quantities com-

puted from the DOE method i improves the work-
ability.

) The different ranges of workability (sli1mp ranges) -

stated in DOE method cannot be achieved by either
" increasing water content or decreasmg fine aggre-
gate percentage alone.

d) Alteration of fine aggregate percentage and water
content must be done simultaneously to achJeve in-
tended slump range.

-

e): Although, the DOE method considers that work-

_ability solely depends on aggregate type and water

content, the water-cement ratio also has a major
role to play. Hence the Table 3 of the DOE method
has been replaced by a graphical representation in
which workability is a function of aggregate size
and type, water content and water-cement ratio.

The abo;re investigations have been limited to

- 20mm crushed aggregate falling to ‘single-sized’
category.

ii. - sand of gradmg zone 2,

The present investigation on mix design is a.1med at )
obtaining required data for

. 20mm crushed aggregate fallmg to ‘well graded'
_ category :

ii. sand of grading zone 1.

Hence, the following procedure was adopted to get the
relationship between water content and water-cement-
ratio for different workability ranges, using well graded
coarse aggregate which is made by combining two
‘single sized’ aggregate samples (Appendix B).

a) For-a partlcular water-cement ratio and slump
range, a mix is designed using the water content .
given in DOE method.

b) The de31gned mix is tested and the slump is re-
corded.

¢) By moreasmg the water content to a desired value

arbitararily, mix is re-des1gned and slump is re-
corded..

" ‘Engineer’, Septe'mber, 1990



d)

" o)

T

This is repeated until the required lower and upper
limits of selected workability range are achieved
and corresponding water contents are recorded.

Similar procedure is carried out for other workabil-

ity ranges.

The steps (a) to (e) are repeated for various water-

cement ratios.

It was found that it is not possible to achieve very
high workability (like 60-180mm slump) with very
high water-cement ratios as a collapse slump is ob-
tained. Hence, those ranges have been omitted here.
‘The results are presented graphically in Fignres 1, 2,3
and 4 (detail results are shown in Table D1 in

Appendix D).
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The effect of water-cement ratio on the workability Table 3
is quite evident although it has been ignored in the '

DOE niethod. A similar pattern of behaviour, of Variation of Strength with water-
concrete mixes at fresh state, can be observed when cement ratio
comparing with previously (3, 14) reported results for (g'raplucally presented in Figures
'single sized’ aggregate with sand of gradmg zone 2 5,6 and 7)
category
. a) For Cement Batch No. 2

6.0 Modifications Proposed to DOE W/C ratio Obtained strength (N/mm?)
Method to Achieve Strength . 3day 7T-day 28-day
Although the cement produced by the Cement Corpora- 0.35 . 32.0 X 59.5
tion of Sri Lanka conforms to BS12, it is inferior to the
cement produced in United Kingdom. Hence, relation- 0.45 21.8 32.3 474
ship between compressive strength of hardened con- 055 18.2 29.0 33.5
crete and water-cement ratlo in DOE method needs
modification. ) 0.65 8.2 171 25.0

0.75 6.0 11.9 194

It is well known that the strength of concrete is in-
versely proportional to water-cement ratio. Infact, this  b) For Cement Batch No. 3

curveis valid only for a workable concrete in fresh state

made out of particular cement batch with a specified = W/C ratio Obtained strength (N/mm?)
composition. As a certain amount of variation is pos- ) i} ] i}
sible between two batches of cement, it has been postu- : : 3-day 7-day 28-day
lated (6,7) that the relationship between strength and 0.3 35.0 49.0 61.6
water-cement ratio must be depicted by a band curve )
rather than a single curve. 0.4 22.5 35.0 50.1
' 0.5 _ 13.6 22.5 345
Therefore, the relationship between compressive
strength and water-cement ratio has been developed for 0.6 8.5 16.2 25.6
cement manufactured by the Cement Corporation, as 0.7 5.6 11.6 185
stated below. . , 0.8 45 81 126
i. For different values of water-cement ratio ranging 0.9 : 35 54 7.4

from 0.3 to 0.9, mixes were designed and nine
cubes were cast for each composition of concrete  ¢) For Cement Batch No. 4
mix.

W/C ratio Obtained strength (N/mm?)

ii. Compressive strengths at 3-day, 7-day and 28-day

were obtained. 3-day
iii. Same procedure was repeated for different cement - 0.3 38.2

batches. 0.4 23.9
The results are reported in tabular form (Table 3) as 0.5 15.0
well as in graphical form along with the DOE curve 0.6 : 9.3
(Figures 5, 6 & 7). It is quite evident from the results _
that the local cement is of inferior quality compared to 0.7 . 6.4
the British Cement. Further, it shows that cement 0.8 5.4
taken from different batches could vary in composition
marginally. 0.9 : 4.3
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Since Sri Lanka adopts British Standard as the pre-
scribed specification for cement, the upper most curve of
-the band may be selected as corresponding DOE curve,
while taking the most conservative experimental curve
(ie. for the worst cement batch) for the lower edge.
Hence three band-curves proposed (3-day, 7-day and
28-day) replace the corresponding curvein DOE method.
Hence, if the laboratory test data or experience records
for the compressive strengths and water-cement ratio
relationship cannot be obtained because of time limita-
tions, the necessary water-cement ratio corresponding
toa given strength can be estimated from the lower edge
of the band curve as a conservative measure.

7.0 Wet Density of Concrete

In this investigation, special attention has been drawn
to the actual wet densities of trial mixes. It is observed
that the actual values are comparatively higher than
the design values. However, this would require an in-
depth investigation to modify the curves given in DOE
method. It is estimated that the calculated amounts of
materials per unit volume should be mcreased by about
15% to get the required volume.

8.0 Proposed Mix Design Method to
Suit Local Conditions

As evident in the investigation results, some of the
design data provided in DOE method, are not valid for
local conditions. Hence these design data must be
modified appropriately. Based on the extensive experi-
mental investigation results, suggested method can be
illustrated by the following flow chart (Fig. 16). The
relevant mix design form, tables, figures and equations
are given in APPENDIX ‘C’.

Figure 16

Flow Chart for the Proposed Mix
Design Process
Target mean strength -

F =F +KS .. D.O.E.
W/C ratio .. Figs.5,6,&7

Free water content (W) ... Figs.1,2,3
&4
(for crushed agg.)

Cement content (C) = W
. Proportion of fine .. D.O.E.
Wet density of concrete (D)) .... D.O.E.
Total aggregate content = D_-C-W

‘Engineer’, September, 1990

Proportions _
Adjustment for completed volume of
local materials
Adjusted proportion

9.0 Conclusions

(i) The design of concrete mixes by the British method
(D.O.E.)is not suitable for local conditions. Neither
the ‘Target Mean Strength’ nor the ‘Workability’
can be achieved and therefore the D.O.E. method
needs to be modified to suit local materials.

(ii) The relationship of water-cement ratio and the
compressive strength of concrete given in D.O.E.
method is not valid for local materials. Provision of
a band curve is found to be better to illustrate this
relationship as the quality of cement produced by
Cement Corporation of Sri Lanka varies from batch
tobatch. The determination of the most appropriate
water-cement ratio, relevant to a specified target
mean strength and for a particular set of materials,
must be done by drawing a parallel curve on the
band curve through a known point obtained from a
trial mix. However, using the bottom edge of the
curve is the most conservative assumption.

(iii) Water contents proposed in D.O.E. method are in-
sufficient to get the desired workabilities. Increase
in water content tends to decrease tremendously
the stability of concrete made of single sized aggre-
gate where as concrete made of well-graded aggre-
gate possesses a better stability under high water
contents.

(1v) As previous researchers have reported (3,14), the
workability is a function of not only the aggregate
size and type, and water content, but also water-ce-
ment ratio. A. graphical illustration is shown in
Figures 1,2, 3 and 4 which comply with well graded
coarse aggregate (maximum size 20mm) and un-
crushed fine aggregate of Zone 1.

(v) Most of the aggregate delivered by the material
suppliers comply with ‘single sized’ category. Gen-
erally well graded aggregate (20mm) can be ob-
tained .by combining 60% of 20mm and 40% of

10mm single size aggregates.

(vi) To account for the reduction in yield of concrete
under local conditions, 15% increment on calcu-
lated material weights is recommended. However,
further investigation on this issue is required.

(vii) Further investigations are required to study the be-

haviour of concrete with other sizes of aggregate
and other sand grading Zones.

35



10.0 Acknowledgement

We convey our sincere appreciation to the Head of the
Department of Civil Engineering, -University of
Moratuwa for providing the facilities to work on this
project. ,
- We also thank the staff of the Building Materials
Laboratory, Umvers1ty of Moratuwa, for their kind
help.

10.0 References

1. Abrams, D.A. ‘Design of Concrete Mixtures’,
Bulletin No. 1, Structural Material
Research Laboratory, Lewis Institute, Chicago,
USA, 1918,

2. ACI, Standard Committee 211. 1"70 ‘Recom-
mended Practice for selecting proportlons for
Normal Weight Concrete’ 1970.

3. Bentotage, S.N.; Rohana Mithra, D., Abeyguna-
wardane, N.R., ‘Investigation of Suitability of
International Concrete Mix Design Methods to

. Local Conditions’, Final Year Project Report,

University of Moratuwa, 1984/85.

4. BS 121978, Ordinary and Rapid Hardening
Portland Cement.

5. Daffy, J., ‘Simplified Mix Design for Concrete’,
Contracting & Construction Engineer, July 1973
(P.22-23), Cement and Concrete Associatiorr of
Australia.

" 6. 'Design, Control and Characteristics of Concrete’,
Concrete Association of Australia.

1. "Design and Control of Concrete Mixtures’, Port- l
land Cement Association, Illinois, Eleventh ed.

1968.

8.  Lydon, F.F,, ‘Concrete Mix Design’, Applied Sci-
S ence Publishers Ltd., London 1972.

9. Murdock, L.J. and Brook, KM., ‘Concrete Mate-

.36

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

1

rials and Practice’, Edward Arnold, London 1979,
(5th ed.).

- NZ-P.C.A. ‘Concrete Mix Design Sections 1 & 2,

September 1977 (P.15-18), Section 3, October

1977 (R.13-18), NZ concrete construction.

NZ-P.C.A., ‘Supplement in mix design’, NZ, con-
crete construction, November 1980, (P.25-30).

Neville, AM., ‘Properties of .Concrete’, ELBS
Pitman, London 1981.

" Nihal, D.A., Perera, GKY.Y. and Wanniara-

chehi, P.P., ‘Investigation of Suitability of Inter-
national Concrete Mix Design Methods to Local -
Conditions’, Final Year Project Report, Univer-
sity of Moratuwa 1983/84.

\Samarasinghe, W., Bentotage, S.N., Abeyguna-

wardane, N.R. and Rohana Mithra, D., ‘Investi-
gation of Suitability of International Concrete
Mix Design Methods to Local Conditions’, Vol.:xv,
No. 4, Journal of Institution of Engmeers, Sri
Lanka December, 1987.

"Design of Concrete Mixes’, Road Note No. 4,
Road Research Laboratory, Department of Sci-
entificand Industrial Research (Second Edition),
H.M.S8.0.,1950, pp.16.

Shacklock, BW. ,‘Concrete Constituentsand Mix -
Proportions’, Cement & Concrete Assoclatlon

UK, 1974.

Krishna Raju, N. and Krishna Reddy, N., ‘A"
Critieal Review of the Indian, British and Ameri-
can Methods of Concrete Mix Design’, The Indian
Concrete Journal, April 1989.

Teychenne, D.C., ‘Design of Normal Coricrete
Mixes’, Dept. of the Envu'onment London, HMSO
1975. .

Yew-Chaye Loo & Syed Faiz Ahmad, ‘A Com-
parative study of four popular concrete mix de-
sign methods’, Research Report No. 151, Aslan
Institute of Technology, Thailand.

‘Engineer’, September, 1990



APPENDIX A

MATERIAL PROPERTIES

Relative density of fine aggregate = 2,6
Relative density of coarse aggregate = 2,85

Bulk density of fine aggregate = 1614 kg/m3
Bulk density of coarse'aggregate =

1539 kg/m3
APPENDIX B

C_GVJBINING OF AGGREGATE GRADINGS TO GET WELL-GRADED AGGREGATE
TABLE B1 Grading of aggregate (BS 882 : Part 2 : 1973)

Sieve M Requisite - Percentage passing
size 'grading
(20mm coarse) 20mm coarse 10mm coarse

37.5 _ 100 100 -
20.0 97.0 : 92,5 | -
14.0 - -- - 100
10.0 45.0 ' 12.5 92.5
5.0 5.0 2.5 12.5
2.36 R - 2.5

Required combination of aggregate according to the graphical solution
(Fig.B1):

10mn single-size aggregate

41%
59%

20mm single-size aggregate
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APPENDIX C
MIX DESIGN FORM

™ REFERENCE or VALUES
' . CALCULATION
1. Characteristic Strength ' specified ....N/m? at.....days
2 - Proportion of defectives.
/ ' cesee ¥

2, Standard deviation D.O.E . s+ N/mm2 or
' no data....N/mm2

. Margin ' Egn. C1 ceooXeoo=, N/mm?

3

4, Target mean strength Egn.C2 , «eeetoo o= N/mm2
5. Cement type ' specified OPC

6. Aggregate type specified coarse-crushed

fine-uncrushed

7. Free water/Cement Ratio . ' Figs.s, 6,
, ‘ & 7.
' use lower value
8. Maximum Free water/Cement Ratio specified cese
9. Slump o specified «eosomm
10. Maximun aggregate size _ specified 20mm
11, Free water content Figs. 1,2,3,
& 4, «soee.kg/md
12. Cement content Egn.C3 L /oo kg/m3
13, Maximum cement content ' specified eees.kg/md
14, Minimum cement content specified «ese.kg/m3, use
if greater than item
12 § calculate item 15
15. Modified free water/cement ratio
16. Grading of fine aggregate BS 882 = Zone 1
17. Proportion of fine aggregate D.O..E. ' P
18. Relative density of aggregate Fine: vescees
' Coarse:

‘Engineer’, September, 1990 89
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APPENDIX C ~ Cont./

ITRM L, . REFERENCE or VALUES
3 . CALCULATION -
. 19. Relative density of” Egn. C4

cambined aggregate'

~

20. Concrete density Fig.¢c3 ... . .kg/m3
21. Total aggregate content- , Eqn. C5 . - : cesens .kg/n;3
22. Fine jaggregate content Eqn. C6 i .kg/m3
23, Coarse aggregate _con.tent Egn. c7 . : eesesakg/mdr . .

. 24. Final Mix Proportions with -
' 15% excess materials,

Quantities ; CEMENT WATER FINE COARSE
.(kg) . (kg) AGGREGATE AGGREGATE
o (kg) ~ (kg)

¢s e ses e LR ees o e v

RELAVENT EQUATIONS -

1. M=Kus esccscee &ln. Cl )

where M = Margin _
K = Constant (D.O.E method)”

S = Standard deviation (D.O.E method)

2.. Fm=Fc+M . LU N I N mn. Cz

where F = Target mean strength |
. F_= Characteristic strength : .

M= Margin
3. Cement content = Free water content cesess. Egn. C3

: Free water/Cement Ratio
4. Relative Density (R.D) of = R.D.of coarse X  R.D.of fine
. Cambined Aggregate. . aggregate _ . aggregate-

....;..'Eqn. C4
‘Engineer’, September, 1990




APPENDIX C Cont./

5. TOtal Aggregate Content = D-DC-D e s 0ccre mn- Cs

fw

where D = Wet density of Concrete (kg/m3)
DC Cement content (kg/m?)

wa=Free water content (kg/m?)

6. Fine aggregate content = Total aggregate X Proportion

content of fines

7. Coarse aggregate content=Total aggregate - Fine agg.
content content

“Engineer’, September, 1990

cesessss Eqn. CH

41



TEST RESULTS ON MIX DESIGN

D1 INVESTIGATION ON WORKABILITY
'- ) a quantlitle .

hue.uu siump range (am) 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 O-10 0-10 0-10 ©-10 0-10 0-10 0-10
Target ssen strengtn
3 da

{nan’) 33.0 3%

20 33.0 33.0 33.0 33.0 35.0 33.0 35.0 23.0 23.0 23.0 23.0 23.0 23.0 13,9 13,5 13.5 13,3 13,9 13,3

Fres ¥/C ratio " 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.9 0.5 0.5 0.5 0.5
Frees weter contentlig‘a’} 147 160 170 180 183 190 200 209 208 il! 170 180 185 190 195 147 160 170 175 180 182
Cament comtenttag/e’) 490 533 367 600 617 "633 667 6B 643 ” 423 4% 463. 4 46! 24 320 MG 330 360 364
Fine aggregetels) ’ B M M OB M M M M M 369 36,5 36.9 36.5 30.5 36.9 39.0 39.0 3.0 3.0 3.0 .0
Fine ogo. ull-ll.‘lo!.') 650 626 622 585 374 367 M3 53 327 YN N7 679 669 6357 653 BIY IM Ve 6 137 14

Coorse sgg, contenting’s’) 1263 1214 1208 1132 1134 1100 1038 1038 1022 1286 1248 1181 1163 1143 1136 1271 3241 3214 1199 1183 1180

Ootained strength .o )
3 deys (h/ma’) e R e X [ L R I T L T X )
¢ lumptan} g 0 ©0 0 o 1 2.1 10 0o o o0 o ° 10 0 0 © 0 6 10

Expected slump renge (as) 0-10 0~10 0-10 0-10 0-10 0-10 0~10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10
Terget mesn strengtn !

®3 doys (% '‘'se’) 8,9 85 8.3 85 8.9 8.5 U.!. 6.0 6.0 6.0 6.0 6.0 6.0'6.0 6.0 6.0 6.0 4.5 4.9 4.5 4.5

Free ¥/ ratio . 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.2 0.7 0.2 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8

Fres wter contentingia’) 147 160 170 180 189 190 192 147 160 170 180 190 193 200 205 20 212 147 160 180 190 ) ’
Camant u!.t.nﬂlq/'l'l 3 267 283 300 308 317 320 210 229 A3 P37 2 279 286 293 300 03 18 .200 25 28 .

Fine agn. (§) ' 413 41,3 41,3 41,5 41,9 413 41,5 4.9 44,9 44,3 44, 44,5 44.9 44,5 44,5 44,5 4.5 46.0 u.ouao.o 46,0 .

Fine agg.- contenting‘s®) E839 869 230 832 825 813 810 963 94 922 907 890 884 874 867 839 857 1007 984 957 932

Coerse agg. contenciag’e’) 1254 1224 1197 1173 1162 1143 1200 1200 1130 1130 1169 1109 1602 1095 1083 1985 1089 1182 1156 1138 1095

Qotained strengeh . . .
*3 deys (N'mn’) ° STt v me e em B9 e me e en de e e ee ae B9 e e ee  5e

Ootaingd slump (es) "0 0 0 0 o 8 10 0 0 0 o o 0 3 5 8 W 0 0o 0 o

Expected siump range (ww) 0-10 0-10 0-10 0-10 0-10 0-10
Target msen streng:n . ’
&3 deys (n-am) 4,9 4.9 4,3 4.5 43 49

Free W/ ratio ,0.8 0.8 0.8 0.8 0.8 0.8

Free weter content(ag’s’) 200 203 210 215 218220
Conant content(ig e®) 0 26 23 200 D
Fine aggregate ($) 46.0 46.0 46.0 46,0 46.0 46.0 - ' . . ,
fine egg. contentisg-e’) 913 910 898 €33 833 881 '

Coarse m‘. contentisg e’} IO'B‘ 1069 1034 1043 1039 1034 - . i \s/\

Obtained strength

*3 deys (N . mn’) v e ea = = 4,) ’ . . -
. 0bteined slump Cem! 0.6 0 3 6 10

Expected slump range (wa) 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 |°-!0_-ID-” 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30
Terget mean strength . ' ' : . ’

*3 dovs (R 'me") ;! . 35.0_ 33.0 23:0 23.0 13,5 133 13,9 13,9 8.5 8.5
Fres ¥/C retio - 03 03 03 03 0.3 03 0.3 0.3 0.3 0.4 0.4 04 04 04 04 05 0.5 085 05 . 0.6 0.6 -
Free water contentiag e’} 170 100 190 200 210 219 220 22 B 10 10 1B 190 195 188 10 10 185 190 1MW
.“It costentisg-w’} 567 600 633 667 00 717 733 730 760 423 430 463 415 488 496 340 360 370 380 283, 300
Fine aggregete ($) © 3.0 37,0 37.0 37.0 37.0 37.0 3.0 37.0 37.0 3.0 .0 3.0 3%.0 3.0 3.0 41.5 41,3 4.3 4.5 “.0 «u.o
Fioe agy. contenting/m®) 632 63 611 389 570 356 M3 9 332 M3 723 NI 02 9 o83 82 807 197 T e oM

1123 109

Cosrse contenting w’) 1111 3162 1132 114

3 deys (Wwe') T es me Tde ee ee e ae 04 = e ee - .- M.

Goteined slunp (mm) ] (] ['] 0 3 3 109 2 30 [] 0 0 . ] 26 30 0 10 2 0 __0 (]
.
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Expected slump renge (se) 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 $0-30 10-30 10-30 10-30 10-30 10-30 30-30 10-30 10-30 10-30 10-30°
Torget assn strength

3 s tu/ew’) 85 85 853 83 60 40 60 60 60 60 43 &3 45 4.5 a3 83 43 4,5 43 4
Fres UK ratio 0.6 0.0 06 06 07 07 07 02 07 07 08 08 086 08 08 08 08 05 0.8 08
Freo water contentitg/e’) 190 195 200 203 170 180 190 198 X0 05 10 10 190 195 200 X: > 210 213 e
Cusent contesting/e®) M 33 WY M N3 B N WY W6 W N W B8 N4 A0 DL P N MW M
¥ine agoregete ($) 4.0 48,0 64.0 84,0 46.0 45,0 40.0 46,0 46.0 46,0 €0.0 49.0 49.0 49.0 49.0 45.0 49.0 49.0 49.0 49.0
Fine agg. content (ag/e’) €39 @1 BW 833 935 937 922 906 W03 W3 109 1012 951 W81 O3 G5 G67 9% o o)

Obwtatasg strength

*3 guys (W/ae') T T T T T S L L Pt
Obtaineg slueptem) s 10 20 0 0 © & 10 ¥ » O © o 3 1 o 12 ® »n X

Expectad slump rengelimm) MNHN“MM“MDM”@!@W”-&”M”-ﬂ”-&”-ﬂ“”-&”-ﬂ”-w

Torget wean strength

23 goys (u/mm®) 33,0 ”,0. 33,0 33,0 33.0 33,0 25.0 23.0 13.3 3.9 13.9 13,9 13,3 15.% 3313 6.5 8.9 6.5 6.5 8535 85
fres ¥,C retio 03 03 03 03 03 03 04 04 03 03 05 03 05 03 05 06 06 06 06 006 0.6

fres wpter conteatiag/e’) 160 105 200 205 210 220 190 195 190 0% 200 205 210 %% 220 100 200 205 08 210 21 ‘
Cemant contentitg/e’) 633 650 687 683 “T00 YII 4T 4S5 380 X0 400 410 420 430 40 NY? 333 M2 MT PO e
¢ ine sggregete (5) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 42.5 43.0 4.0 43,0 43,0 4.3.0 45,0 42,0 47,9 413 429 409 410 41
Fine agg. contenting,e’) 637 640 633 611 610 W TV T @) W N9 L7 08 8N W2 ‘915 906 0%« OO8 8% 6

Cosree agg.contentihg’m’) 08y O69 950 91 o153 877 1035 1072 10X 1026 1001 908 €87 970 068 1023 1001 089 82 079 067
Obtained strengtn ’

3 days (m') - - - e - 37,2 .- 5.0 -- - e .. - ) %,0 -- - - - .. -
Obtained slusplas) 0 10 2 30 40 60 0 __6 5 10 o I ) 3¢ a3 &0 7 13 24 30 32 4

Expectes slump rangetmm)  30-60 30-60 30-60 J0-60 30-60 30-60 30-60 30-60 30-60 J0-60 30-60 30-60 30-60 30-60 30-60 30-60 30-60 I”-°

Torget maan strength

23 daga tpe’) 93 60 60 60 60 60 60 6.0 60 60 4.3 85 4.5 4.5 45 4.3 6.9
Fres 1 ratic 06 07 07 07 07 07 07 07 07 07 08 08 08 08 08 08 0.8
Fres weter contentieg/e’) 220 100 193 200 210 1) 218 W W W 20 20 0 HT M
Camsat content(eg/e*) %7 Zn 7™ 26 0 307 M N6 SN 3 258 PO 25 23 M/ NG 06 )
¥ise agoregste (5) 419 303 303 %0.3 0.5 0.5 0.5 3.3 30,5 30.3 3.0 5.0 3.0 3.0 33.0 93.0 9.0

Fine agg. contenting/e’) 004 900 983 972 938 M9 940 938 927 OI0 1072 149 1032 101> 90 913" oM

Cosree apg. conteattig/e’) 934 0% 083 972 8 040 OI0 938 927 970 930 931 91T 900 877 8¢ 8%
Gutaineg strength

*3 gays (W/ms") 8.8 -~ . - .. e e .. - 9.9 - Eey - - .o .- 4,0
Obtained slumoias! 80 3 3 10 182 X 40 %% 60 0 3 10 8 30 32 0

Gcpacted slump rangelms)  60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 60-180 ©60-180 60-180 60-180 66180
Torget seen strengtn

ot ] (N/an’) 35.0 33,0 33.0 330 350 35,0 230 23,0 250 250 135 135 135 135 133 85 0.5 8.9

Fres /€ ratic 03 03 03 03 03 03 04 04 04 04 035 035 05 03 03 06 06 06 :::
Fres weter cntenting/e’) 210 23 O D W 20 03 0 NS 3 N0 N3 NS NO W N0 Ny w0 W
Coment Cmtenting/e®) WM M T MO T I B NI W M 40 43 40 40 B0 B T M

Fine egoregste (5) 6.3 403 46 463 463 463 489 483 483 5.3 513 33 L3 515 513 340 3.0 3.0 4.0
fime agp. content(dg’s’} 04 662 €77 €3 637 63 6B 80 G1c 06 919 909 SOt 93 8 1002 900 O% oo

Cosrse agy, conveattng'e') 811 _ 796 T80 62 VS) 43 6% _ 810 s 86 86 8% 852  Bic  82) 833 20 &

Gbtaines strength

3 auys (W/am®) B . 7 X Y Vo S,

Ovtained ol [ )

Opectes slump rengetem)  60-180 60-180 €0-180 60-180 6O-180 60-180 60-180
Terget masn stremgth

[{ T ] 8,3 60 60 60 8.0 6.0 6.0 .

free WX retio 0.0 0.6 09 0.7 0.7 0.7 0.7 . St
Fros wmter contentitg/e®) 228 210 20 ™ % M0
Conant content (0g/e”) 350 X0 M X 3@ 38 M)
#1ne aggregete i$) 2.0 %.0 3.0 3.0 3.0 3.0 3.0
fime agy. contemting/m®) ©37 1064 1082 1030 1025 1010 100} .
Cosres - contant(eg/a®) 813 ae 89 00 [ ™ ”0
aul— st

ays (Wan® 8.6 - - . - - 6.2
Ootatnee olwmptemd 0 1 » 92 [} 192 180




