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LO Introduction 

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 satisfy the addi­
tional requirement of the use of m i n i m u m 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 The D.O.E. method has superseded the Road 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 to 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 

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. Thewater-cementratio(W/C)foragivenstrength 

at a specified age. 
The water content or aggregate-cement, ratio 
(A/C) for a given workability. 
The proportions of coarse and fine aggregate of 
given gradings. 

u 

n i . 

Although the compressive strength of. concrete is em­
pirically a. function of various factors (8), concrete tech­
nologists unanimously agree that the water-cement 
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/ 
C ratio 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 concrete increases 
the shrinkage cracking potential of concrete. Further, 
the increase in fineness of cement slightly improves the 
workability 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 laboratory 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/mmz) 

Target mean 33 ,38 43 53 53 43 38 33 

strength(N/mm2) 

Specified slump 

0-10 10-30 30-60 60-180 0-1010-30 30-60 60-
180 
range(mm) 

Slump 6 0 17 12 0 8 40 44 
obtained(mm) 

Strength 29.5 34.5 27.0 41.7 37.6 34.6 24.7 21.0 
obtained 

*7-day(N/mm2) 

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.. 

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 manufactured 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 aggregate 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 conducive to adherence of the 
binding paste (mixture of cement, sand and water). 

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

d) Generally the grading of coarse aggregate falls in to 
'single-size' category. 

4.0 Influence of Coarse Aggregate 
Grading 
To investigate the influence 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 

(N/mm2) 

Target mean strength 33 38 43 53 

(N/mm2) 

Specified slump 
range(mm) 0-10 10-3030-60 60-180 

Slump obtained 0 25 Collapse 115 

Strength obtained 23.0 29.0 33.5 42.1 

(N/mm2) 

Note: i. Fine aggregate grading - Zone 1 

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

iii. Age at testing - 7 days 

iv. Type of aggregate : coarse - crushed fine -
uncrushed ' 

v. Mixing done manually 

vi. Weigh batching 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) previously 
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 

drawn from those studies with regard to the workabil­
ity can be summarised as follows. 

a) Water contents given in DOE method are insuffi­
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 improves the work­
ability. 

c) The different ranges of workability (slump ranges) 
stated in DOE method cannot be achieved by either 

' increasing water content or decreasing fine aggre­
gate percentage alone. 

d) Alteration of fine aggregate percentage and water 
content must be done simultaneously to achieve 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 above investigations have been limited to 

i. 20mm crushed aggregate falling to 'single-sized' 
category. 

ii. sand of grading zone 2. 

The present investigation on mix design is aimed at 
obtaining required data for 

i. 20mm crushed aggregate falling 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 particular water-cement ratio and slump 
range, a mix is designed using the water content 
given in DOE method. 

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

c) By increasing the water content to a desired value 
arbitararily, mix is re-designed and slump is re­
corded.. 
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d) This is repeated until the required lower and upper 
limits of selected workability range are achieved 
and corresponding water contents are recorded. 

e) Similar procedure is carried out for other workabil­
ity ranges. 

f) 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 Figures 1,2,3 
and 4 (detail results are shown in Table Dl in 
Appendix D). 
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The effect of water-cement ratio on the workability 
is quite evident although it has been ignored in the 
DOE method. A similar pattern of behaviour, of 
concrete mixes at fresh state, can be observed when 
comparing with previously (3,14) reported results for 
'single sized' aggregate with sand of grading zone 2 
category. 

6.0 Modifications Proposed to DOE 
Method to Achieve Strength 

Although the cement produced by the Cement Corpora­
tion of Sri Lanka conforms to BS12, it is inferior to the 
cement produced in United Kingdom. Hence, relation­
ship between compressive strength of hardened con­
crete and water-cement ratio in DOE method needs 
modification. 

It is well known that the strength of concrete is in­
versely proportional to water-cement ratio. Infact, this 
curve is valid only for a workable concrete in fresh state 
made out of particular cement batch with a specified 
composition. As a certain amount of variation is pos­
sible between two batches of cement, it has been postu­
lated (6,7) that the relationship between strength and 
water-cement ratio must be depicted by a band curve 
rather than a single curve. 

Therefore, the relationship between compressive 
strength and water-cement ratio has been developed for 
cement manufactured by the Cement Corporation, as 
stated below. 

i. For different values of water-cement ratio ranging 
from 0.3 to 0.9, mixes were designed and nine 
cubes were cast for each composition of concrete 
mix. 

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

in. Same procedure was repeated for different cement 
batches. 

The results are reported in tabular form (Table 3) as 
well as in graphical form along with the DOE curve 
(Figures 5,6 & 7). It is quite evident from the results 
that the local cement is of inferior quality compared to 
the British Cement. Further, it shows that cement 
taken from different batches could vary in composition 
marginally. 

Table 3 
Variation of Strength with water-

cement ratio 
(graphically presented in Figures 

5,6 and 7) 

a) For Cement Batch No. 2 

W/C ratio Obtained strength (N/mm2) 

3-day 7-day 28-day 

0.35 32.0 47.7 59.5 
0.45 21.8 32.3 47.4 
0.55 13.2 22.0 33.5 
0.65 8.2 17.1 25.0 
0.75 6.0 11.9 19.4 

b) For Cement Batch No. 3 

W/C ratio Obtained strength (N/mm2) 

3-day 7-day 28-day 

0.3 35.0 49.0 61.6 
0.4 22.5 35.0 50.1 
0.5 13.6 22.5 34.5 
0.6 8.5 16.2 25.6 
0.7 5.6 11.6 18.5 
0.8 4.5 8,1 12.6 
0.9 3.5 5.4 7.4 

c) For Cement Batch No. 4 

W/C ratio Obtained strength (N/mm2) 

3-day 

0.3 38.2 
0.4 23.9 
0.5 15.0 
0.6 9.3 
0.7 . 6.4 
0.8 5.4 
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 curve in 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 
to a 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 increased 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. 
I D G 

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 (DJ .... D.O.E. 
Total aggregate content = Dw-C-W 

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 
to batch. 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. 

(iv) 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. 
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APPENDIX A 

MATERIAL PROPERTIES 

Relative density of fine aggregate = 2 . 6 
Relative density of coarse aggregate = 2 . 8 5 
Bulk density of fine aggregate = 1614 kg/m3 

Bulk density of coarse aggregate = 1539 kg/m3 

APPENDIX B' 

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

Sieve 
size 

Requisite 
grading 
(20mm coarse) 

• Percentage passing Sieve 
size 

Requisite 
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.f>' 5.6 2.5 12.5 
2.36 — — 2.5 

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

10mm single-size aggregate = 41% 
20mm single-size aggregate = 59% 
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APPENDIX C 
MIX DESIGN FORM 

ITEM REFERENCE or 
CALCULATION 

VALUES 

....N/mm2 at days 
Proportion of defectives. 

% 
. . . .N/mm2 or 
no data....N/irm 2 

. . . . x . . . = ..N/mm2 

. . . .+. . .=. .N/mm 2 

OPC 
coarse-crushed 
f ine-uncrushed 

1. Characteristic Strength 

f 
2. Standard deviation 

3. Margin , 
4. Target mean strength 
5. Cement type 
6. Aggregate type 

specified 

D.O.E 

Eqn. CI 
Eqn.C2 
specified 
specified 

7. Free water/Cement Ratio F igs .5 , 6, 

6 7*. 
use lower value 

8. Maximum Free water/Cement Ratio specified 

9. Slump specified mm 

10. Maximum aggregate s ize specified 20mm 
11. Free water content Figs. 1,2,3, 

a A . kg/m3 

12. Cement content Eqn.C3 / . . . . k g / m 3 

13. Maximum cement content specified kg/m3 

14. Minimum cement content specified kg/m3. use 
i f greater than item 
12 8 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. % 
18. Relative density of aggregate Fine: 

Coarse: . . . . . . 
• 
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ITEM . REFERENCE or VALUES 
CALCULATION 

19. Relative density of Eqn. C4 
combined aggregate 

20. Concrete density Fig. C3 .kg/m3 

21. Total aggregate content- , Eqn. C5 .kg/m3 

22. Fine aggregate content Eqn. C6 .kg/m3 

23. Coarse aggregate content Eqn. 
• 

C7 .kg/m 3 v 

24. Final Mix Proportions with 
15% excess materials. 

Quantities CEMENT WATER FINE COARSE • 
(kg) (kg) AGGREGATE AGGREGATE 

• • • • • • • • 

(kg) 
• 

(kg) 
• • • • v 

REIAVENT EQUATIONS 

1. M=K.S Eqn. CI 
where M = Margin 

K = Constant (D.O.E method)' 
S - Standard deviation (D.O.E method j 

2. F =F_+M Eqn. C2 
m c 1 

where Fm= Target mean strength 
F = Characteristic strength 
M - Margin 

3 . Cement content = Free water content Eqn. C3 
Free water/Cement Ratio 

4. Relative Density (R.D) of =.R.D.of coarse X R.D.of fine 
Combined Aggregate. aggregate aggregate 

Eqn. C4 
'Engineer', September, 1990 
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5. Total Aggregate content = D _ D

C - D f w Eqn. C5 

where D = Wet density of Concrete (kg/m3) 
D = Cement content (kg/m3) 
c 

D^w=Free water content (kg/m3) 

6. Fine aggregate content = Total aggregate X Proportion 
content of fines 

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



APPENDIX D 

TEST RESULTS ON MIX DESIGN 

D1 INVESTIGATION ON WORKABILITY 

TABLE D 1 MATERIAL AUANTLTIES & RESULTS NBTAINED FOR TRIAL MIXES ORODUCED WITH NELL-ORADED COARSE AOORES»TP 

(apected a l a a p range lea) 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 6-10 0-10 0-10 0-10 0-10 0-10 0-10 

Targat oaan strangtft 

• 3 d a n ( • a a ' l 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 I S l O 73.0 73.0 73.0 73.0 73.0 13.3 13.3 1J .3 13.3 13 3 13 S 

Frae M/C ratio 0.3 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 . J 0 .3 0 .3 0.3 0.3 0.3 

Fraa M t t f content I k g ' a ' ) 147 160 170 180 183 190 700 703 208 147 170 180 183 190 I 9» 147 160 170 173 180 187 

^ - C a m c o n t e n t l a g / e ' ) 490 333 367 800 617 ' 633 647 883 6 1 3 368 473 430 463 473 483 7 M 370 340 330 360 364 

F ina agg r u g a t e l l ) 34 34 34 34 34 34 34 34 34 • 36.3 36.3 36.3 36.3 36.3 36.3 39 . 0 39 . 0 3 S . 0 39.0 39.0 39.0 

U n a a g g - . c s n t a n t t k g , ' a ' ) 630 626 872 383 374 367 M 3 334 377 739 717 679 869 637 633 813 794 776 766 737 734 

Coaraa a g o . n u a n l X V I 1763 MA 1204 NIL 1100 1038 1038 107? 1786 I24B 1181 1163 1 M 3 1116 1271 1241 1714 M M 1183 1180 • 

Obtained s t r e n g t h 

• 3 d a m l a . ' a a ' l 

Obtained a l u a e l a a ) - 2 — £ — S — 2 — S ! it IO 0 0 0 0 3 I O O N O O 6 IO 

Expected a l u a p range l a a ) 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 

Targat aean a t r a a g t n 

• 3 days i n ' a a ' l 6 .3 8.3 8 .3 8.3 8.3 6.3 8.3 6.0 6.0 6.0 6 .0 6 .0 6.0 6.0 6 .0 6.0 6 .0 4 . 3 4.3 4 .3 4 . 3 

Fraa D / C r a t i o 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0 .8 0.8 0.8 0 .8 

Fraa eater c o n t a n t t k g a ' ) 147 160 170 180 183 190 197 147 160 170 180 190 193 200 203 210 217 147 160 180 190 V 

Caaant content ( k g / a - ) 743 767 283 300 308 317 370 710 229 243 737 291 279 786 793 300 303 184 200 723 238 

F l a a a g s . I l l 41.3 41.3 41.3 41.3 41.3 41.3 41.3 44.3 44.3 44.3 44.3 44.3 44.3 44.3 44.3 44.3 44 .3 46 .0 46.0 46.0 46.0 

F laa a g g . ' c s n t a n t l k g ' . ' ) 889 869 830 832 873 613 810 963 9 U 977 907 890 884 874 869 839 837 1007 984 937 932 
Coaraa a o o . con ten t ( h o ' a ' 1734 1774 1197 1173 1162 1143 1MB 1199 1130 1138 1169 1109 1898 1030 1083 1988 1688 118? 1136 11*8 1093 

Obtained s t r e n g t h 

• 3 o e r s l H ' a e 1 ) • 

Obtained a luap l a a ) 0 0 0 0 0 6 10 0 0 0 0 0 0 3 , 6 10 0 0 0 0 

Expected a luap ranoa <aa) 0-10 0-10 0-10 0-10 0-10 0-10 

Targat aaan s t r e n g t n 

• 3 d e n l a - e n 1 ) 4 .3 4 . 3 4 .3 4 .3 4JS 4 .3 

• r a a K / C r a t i o 0.8 0 .8 0 .8 0 .8 0 .8 0 .8 

Free ea ter c o n t a n t l k g . ' e ' ) 200 203 710 213 218 .770 

Caaant e a n t a n t l k g / o ' l 730 236 263. 269 773 773 

F l a a aggrega te I f ) 46.0 46.0 46.0 46.0 46.0 46.0 

F laa a g g - c o n t e n t i n g > • * I 913 910 898 888 883 -881 

' Coaraa a o a . c o n t e n t l a a f a ' ) 1073 1069 1034 1043 1039 1034 

Obtained a t r a n g n 

• 3 day* l a v a s ' ) -
. Obtained a l a a p laa. ' 0 ' 0 0 3 6 10 

faaactad a l u a p renge (eel 
10-30 10-30 1 0 - X 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 10-30 

Targat aaan a t r a n g n 

• 3 davs I B ' a a ' l » . 0 33.0 33.0 33.0 33.0- 33.0 33.0 33.0 33.0 73.0 73.0 73.0 73.0 73:0 23.0 li.j 13.3 13 .3 13.9 a a 
f ree ej/C r a t i o 

0.3 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 0.3 0.3 0 .6 03 0.6 

6.3 

0.6 

180 
Fraa ea te r c o n t e n t ! fcfi.**'> 170 180 190 200 210 713 770 223 228 170 180 183 190 193 198 170 180 183 190 170 

6.3 

0.6 

180 Caaant c a a t a n t ( k c j - a ' ) »67 600 633 667 700. 717 733 730 760 423 430 463 473 488 496 340 360 370 388 783. 300 
U n a agg r a f f I S ) S7 .0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 37.0 39.0 39.0 39.0 39.0 39.0 39.0 41.3 41.3 41 .3 41.3 44.0 44.0 

878 
F l a a a g g . content I eg j /a ' ) .637 633 611 389 370 336 343 337 332 743 773 713 702 693 683 676 807 797 786 894 

44.0 

878 
Coaraa a o a . c o n t e n t ! a o ' a ' ) 1111 1077 1041 1004 970 947 977 913 903 1167 1137 1114 1098 1081 1072 1164 n i l t i n 
Obtained e t r e n g t n 1136 1117 

• 3 d e n O V a e ' l 

Obtained a l u a a I n n ) •2 2 2 0 3 J ' 0 20 30 0 Q 10 78 26 » Q , 0 „ 30 0 0 
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( • •acted aluap range laa) I O - X io-x to-x I O - X I O - X IO-SO 10-JO 10-30 tO-30 10-30 19-30 10-30 10-30 10-30 10-30 10-30 10-30 1 0 - 3 0 10-30 1 0 - 3 0 ' 

• Target aaan atrangtn 

8.3 8.3 6.3 6 .3 6 . 0 4 .0 6 ,0 6 . 0 6 . 0 1.0 4.3 4.3 4 . 1 4 . 9 4 . 1 4.3 4 . 9 4 . 1 4 .1 4.) 

f raa UK rat io 0.4 0 .6 0.6 0 .6 0.7 0.7 0 .1 0 .1 0 .1 0.7 0.8 0.8 0 . 6 0.6 0 .6 0 . 8 0.6 0.6 0 .6 0.6 

f raa aatar o o M a n t l k g / a , l ISO 193 200 103 170 180 1(0 1(8 2 (0 209 170 180 1(0 1(1 200 2 C ! 70) 210 211 116 

. Caaeet eoataatleg/a-) 311 373 333 341 243 291 21 ) 289 284 2*3 213 22) 734 244 730 7 V 234 24 ! 749 ? 1 ) 

f laa aggregate I f I •4.0 44.0 44.0 44.0 46 .0 44.0 46.0 44.0 44.0 44.4 4 ( . ( 49.0 4 ( . ( 40.0 49.0 4 9 . 0 4 9 . 0 49.0 49.0 49.0 

f l a a agg . eaatant l e g / e ' i « M 831 839 833 933 991 922 ( 0 4 ( 0 ) 8 )3 1029 1012 991 981 9 1 ) ( 6 * (4? 994 944 94) 

10*4 10(4 1048 1040 1122 1101 1(82 1043 1041 1(4( 1 ( 1 ) 10)3 l ( ! l 1070 101? 100* 1007 (94 ( 0 ! ( 6 1 

Oatalnaa alrangtii 

• 1 d a n layae' l 4 . 1 

» 10 20 90 0 0 4 10 1 1 39 0 0 0 9 1 10 12 X 7 ) X 

••pecan] aluap renortan! 30-00 3 0 4 0 X 4 0 30-00 30-0 » 30-40 30-60 30-60 30-40 X - 4 0 90-40 30-40 30-60 30-40 30-60 30-60 30-40 30-60 90-40 30-60 30-60 

Targat aaan atrangtn 

»3 aavl l a / a a ' l 33,0 3).o' 33.0 33.0 33.0 39,0 23.0 23.0 19.9 11.9 19.9 ) ) . ) 11 .1 1 9 . 9 .»;s. ( . 1 6 . ) 6 . ) 6 . 1 ( . 1 . A ? 

f raa rat io 0.3 0.3 ' 0 .3 0 .3 0 .3 0.3 0.4 9.4 0.9 9.9 0.9 0 . 9 0 .1 0 .1 0 .9 0 . 6 0.6 0.4 0 .4 6.6 9 .4 

f raa aatar ccnteat l tg /e ' l 100 193 300 203 110 220 1(0 193 1(0 1(9 200 20) 210 2 1 9 770 190 TOO 701 708 7 1 0 219 t 

Caaant oonteatlagAj') 633 494 487 681 "70S 739 413 488 380 1(0 400 410 470 430 440 111 1 )1 34? 347 D O 338 

f l a a aggraaata I f l 40.0 40.0 40 .0 40.0 40 .0 40 .0 40.0 42.3 49 .0 43.0 43.0 43.0 41 .0 41 .0 4 9 . 0 4 7 . 1 41 .1 41 .1 41.1 4 1 . ) 4 1 . 9 

f l a a agg. oontaat lag.a ' l 637 444 433 421 410 389 149 733 831 899 819 6 1 ) 806 801 19? 929 904 8*4 686 864 611 

Coaraa aoa.contentlaa'n' l on 949 930 931 913 877 1033 1072 1099 1024 1001 998 9 6 ) 919 946 10?) 1001 (69 ( 8 ? 919 941 

Obtalnati atrangtn 

• J a a n I N / a a ' l 

OMalnaa alaeolaal 0 10 24 30 40 40 90 40 1 10 21 2 ) X 4) 40 1 11 ?4 X 9 ? 4 ) 

Upectae aluap rangalaa) 30-60 3 0 4 0 30-60 3 0 4 0 30-60 30-40 30-60 30-61 90-40 10-40 30-40 30-60 X - 4 0 30-40 X - 4 0 90-40 X - 4 0 " - ' 

Targat aaan atrangtn • 
e i «M in /— "1 6.3 4 .0 4 .0 4 .0 4 .0 4 . 0 4 .0 4 .0 4 .0 4 .0 4.9 4.9 4 . ) 4 . ) 4 . ) 4.) 4 . ) 
f raa a>C rat io 0.6 0.7 0.7 0.7 0 .1 9.7 0 .1 0.7 0 .1 0.1 0.8 0.8 6 .6 0.6 0.6 0 .6 0 .6 

f raa aatar cantan t lag/a ' ) 770 190 193 200 210 219 218 220 223 227 190 700 210 220 ? X ?4: 24) 

Caaant egatant lng/a ' l 341 211 279 284 300 307 311 ' 314 12) 124 736 230 24) 219 7 H X 6 X 4 

f l a a aggnagata 11) 41.3 30.3 30.3 30.3 30.3 30.3 30.3 90.9 J0.J 30 . ) 93.0 93.0 99 .0 93.0 13.0 ) 3 . 0 11.0 

f l a a agg . o » t a n t l a g / a * l 644 994 9B3 912 9S6 949 910 918 921 ( 1 0 1012 1049 101? 1019 990 9 1 ) ' 919 

Coaraa aoa. eontentlfco/e' 1 9 ) 4 9*4 96} (72 9 M 949 ( 4 0 936 921 910 0 0 (31 ( I i 900 871 »f> ( X 

Obtained atrangtn 

• J aar> l a / a a ' l a.i 
Obtained aluaMael 40 3 3 10 18 26 30 40 1 4 40 0 1 10 1 6 X 12 60 

t 

(xpectnd aluap rangalaa) 60-140 60-169 60-180 40-100 60-180 60-169 60-140 40-169 40-160 60-160 40-160 40-160 40-160 60-160 60-160 4 0 - 1 ( 0 60-180 40-160 40-160 

Targat aaan atrangtn 

•3 n a n l a / a a ' l » . 0 33.0 33.0 33.0 33.0 39 T 0 23.0 71.0 21.0 23.0 11.1 • 9 . 1 11.1 11 .1 11.1 6 . ) 8 .9 8 .1 6,1 

f i a a a V C ra t io 0.3 0 .3 0.3 0.9 9 .3 0 .3 0.4 0 . 4 0.4 0.4 0 .1 0 .1 0 . ) 0 . 1 0 .1 0.6 0.4 0.6 0.6 
f raa aaoar content! a g / e ' I 2 1 0 219 220 229 228 230 203 210 2 1 ] 219 210 711 7 1 6 700 771 210 219 270 773 

Caaaat eaatanttag/a ' l 100 111 793 730 140 141 313 929 111 I X 470 4 X 136 440 4 ) 0 390 196 M l 119 

f l a a aggraaata I I ) 44.3 44.3 44.3 44.9 44.3 44.3 48 .9 48 .1 48.1 48.1 11.9 11.1 11 .1 9 1 . 1 11 .1 94.0 9 4 . 0 34.0 34.0 
f l a a a g g . oontantlag.'a 1 ) 704 492 411 443 491 449 678 820 614 804 ( I * 90* (04 6*9 618 1007 96* 914 944 

Coaraa ana. oantantlfco'a' 1 6 1 1 194 180 142 793 143 619 810 841 8)4 844 836 81? 844 871 8)3 641 679 6 7 1 
Obtained stranjta 

• > aapa in/ee'l 

-Obtained aluap laa) 41 82 100 199 IT3 1(0 y> X 60 110 180 » 61 let 

(xpnctao aluap rangalaa) 40-160 60-180 40-169 40-160 40-160 60-180 40-160 
Targat aaan atrangta 
•> aara « / - » • ) 8.3 4 .0 4 .0 4 .0 6 . 0 6 ,9 6.0 
f raa a /C ra t io 0.4 0.4 0.7 0.7 9 .1 0.7 0 .1 
f raa aaoar conaantlagyo*) 274 210 220 229 228 233 240 

,f~ Caaaat eaatant l a g / a ' ) 380 X 0 314 321 326 334 343 
f l a a agefouete I f ) 34.0 34 .0 94.0 34 .0 96 .0 36 .0 16 .0 
f l a a agg . cu»tant leg/a ' ) 937 1044 1012 1030 1023 1010 1(01 
Coaraa agg . caaaant lao/e ' l S I ) 8 1 4 619 809 804 n* 1(6 

8 .4 6 .2 
Oatalnaa aluaplaal igo 109 33 32 60 192 ISO 

-
N 


