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z L A S Solution:
: ’\' - . - = " - Fm = Fcu+M (60-120)
‘e . . (p) o531 g ASe Y Al C= Fm+ (50-100) kg/m3
dp ("elp29) il g s2ne Fm= 300 ke/em*
. . C=350 kg/m3
%) 10 o, Yo Yoo Assume w/c=0.5
A P00 e Yo. 1000=350/3.15+175+x/2.5+10
X (aggregate) = 1760 kg/m3
oty ., t0 - | Gravel=1173, sand=587 kg/m3
-0 T Sty vo. Cement : Sand: Gravel: Water
350: 587 : 1173: 175 kg/ms3
oYY YA o5 $45 1: 1.67 : 3.35 : 0.5 (weightratio)
7 sacks: 0.37 :0.73 : 175 (volume ratio)
Ll i a3 J a0 50: 83.5: 167: 25 kg (persack)
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ACI method

Data to be collected:

1+ fineness modulus of selected

2= unit weight of dry rodded coarse aggregate

3-sp. Gravity of coamse and fine aggregates in SSD condition

4= absorption characteristics of both coarse and fine aggregates
& specific gravity of cement

Tohle 1. Appretimete Mizving Woter and Air Content Requirements far DNifforent Shampe snd

Mavimam Aggrrgere Sres (sdspred from ACL, 2000}

Micing Water Quantity' tn hp/m® o

o Noted Naminat

Matimam Aggregete Sice (mm)
Samp, o
[ I | | SN
NamAln
25— %0 2070 [ "o "
(o 7 phaerey
78 ~ 100 12e 214 209 1o 1. 149 143 124
(phaene)
[(EEER) 20 220 e 200 190 e 180 5,
(Mermrng) g
Tyven! emtrapyeed we 3 i oy
L . SRS, HEScS) SRuaion) (L) ) DRI ) I (W6 2 N .
75~ %0 e 122 101
Conft plostie)
18~ 100 01 1o 184 17 1A% (X0 0 e
(phasne)
184 14 »
10 [0
40 i
“n an

M Table
fine

BIVEe (he mevinim weter sinn for y ).
i values are based on the slump teste mede af\er 1omirval of partioias losger than 40 mm by wat
sovveninig

THEACTDESIGNMETHOD

Table L, Slump Ranges for Specific A pplications (after ACL, 2000)

Type of Construction Slump (mm)
Remforoad foundation walls and footings 25-78
Plain footings, cassons and substiucture walls 25-78
Heams and rewnforced walls 25-100
Building columns B-100
Pavements and slabs 25-78
Mass concrete . 25-80

Maximum slump may be increased 28 mum for consolidation by hand, i ¢ roding, ctc
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Table 3. Water-Cemeati Ratle and Comp Strength
Relationship
(afier ACI111.1 sad AC1211.3)
ey G — Water—cement ratio by weight' *
iapra m:‘:: Alr-Eatralaed
s 038 0
40 042 034
s 047 039
30 054 043
25 061 032
20 069 060
1s 079 070

! Maximum nominal size of sggregate is assumed to be about 20 ~ 28 mum
¥ Srength 15 based on moist-cured cylinder.

TIEACH

DESIGN]

METLQD




Table 6. Wet Density of Fully Compacted Fresh Concrete 1
Table 4. Maximum Permissible Water-Cement or Water-Cementing
Materials Ratio in sever exposure conditions . ) . ’ Wet density of concrete (kg/m’) 7
Nominal M.
Continuously wet Aggregate Size g""‘“:’ Air-Entrained
structure exposed (mm) atrain concrete
Type of Strucure to frequent Slruflure exposed to sea Soncrete
freezing and water or sulphates 95 2280 ' 2200 ,
thawing 128 2310 ' 2230 7
"Thin section (railings, curbs, 19 ws [ s ]
sills, ledges, omamental work) 045
and section with less than 25 : - 040 25 2380 w0 |
mm cover over steel 315 2410 2350 1
All other structures 050 045 50 205 s |
s 2490 2408 ,
150 2530 2435 j

‘Table S. Bulk Volume of Coarse Aggregate per Unit Volume of Concrete for Different
Fine aggregate Fineacss Moduli of Fine Aggregate (adapted from ACI2111)
) - Bulk Volume of ovea~dry-rodded Coarse Aggregate (m?)
Nomiaal Maximum Fineness Modulus of fine aggregate
Aggregate Size
(am) -
240 260 280 3.00
10 0.50 0.48 046 044
14 059 0.57 [ 053 . e % sk e .. )
20 066 0,64 062 060 Shaall Gl3a Bamt &y ACT b aladilly Liu A Wiy paa
b - %o - « 5 &
28 071 0.69 067 065 Wl o Uighadt dhuge hin Ay Gial
w0 075 ) o7 069 Aall ol Wl slump = 50 mm « Fm(cy)=35.5 Mpa
56 078 076 074 on2 Laalga o) Lo 28 Gl L e e
30 082 030 078 076 S Joaall 3 Ao T :
< Aaud ga dadiiiiad) 3 gl yal
150 037 0.85 083 031 1ol donal b £ gl oalysg
Notes:
L. These values are for aggregate of specific gravity = 2.68. For an aggregate
having specific gravity y of the value should be muitiplied by the ratio 26/ .
2. Since concrete pavement are, in general, stiff and less workable, the above
values can be increased by up to about 10 percent.
3. Coarse aggregate volumes are based on oven-dry-rodded weights obtained in
accordance with ASTM C 29,
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kg/m3 1600

Continue :

From absolute method

from table Air = 2%

FA = 764 kg/m3

the proportion are required to be adjusted for the field conditions.
FA =764 + (764 x 2/100) = 779.3 kg/m3

CA =992 — (992 X 1/100) = 982 kg/m3

W =190-15.28 + 9.92 = 179 kg/m3 .

Density of fresh concrete 2362 kg/m?3

cement : sand : coarse : water
422 :779 : 982 1179 kg/m”3

Absorption,% - 1 -
Fineness :
modulus 28 - -
Solution: w g 5

From table 3, the estimated w/c ratio is 047
Check from table 4, the maximum wj/c ratio is 0.5
Therefore, adopt w/c ratio-of 0.47 .
- From table 2, for slump 50 mmand MNS 20 mm and non-alr—entramed
concrete
The mixing water is 190 kg/m? , air = 2%
The required cement content= 190/0.47= 404 kg/m3
From table 5, for MNS 20 mm and for fineness modulus 2.8,
The dry rodded bulk volume of CA is 0.62 per unit volume of concrete
Weight of CA = 0.62 x 1600 = 992 kg/m?
From table 6, the first estimate of density of fresh concrete for 20 mm size of
aggregate for non-air-entrained = 2355 kg/m?
Weight of FA = 2355 — (190+404+992) = 769kg/m3
FA can also found out by absolute volume method which is more accurate.
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\73hle 1. Approximate compressive strength of concrete with water-cement rmo as 05

Type .- Compressive strength(MPa).
Type of cement of coarse Age (days)
‘“""“‘\ 3 \ 7 \ 28 \ 9 J
gs;r:;r:z;s&:::z;:m il 2 [ % | 0 | o |
(SRPC) \ Crushed \ 7 \ \ \ seJ
RepidarderingPorland Urersted| 29 |37 | @ | s |
cement EIEREEE [ o |




Compressive strength, MPa

s/fM
||

o

i —

0.3 O.a

o.5

Table 3. Maximum Permissible Water-Cement or Water-Cementing
Materials Ratio and Minimum Cement content in sever exposure conditions

Masimum water- Minimum cement
Type of Exposure cement ratio (Kg/m®)
Carbonation 0.60 280
Chloride 045 320
Freez-thaw 0.50 320
Chemical attack 0.45 320
Abrasion 045 320

Table 2. Approximate water content required for target consistence

Water content (kg/m’) .

Wet density of concrete mix fkgh?)

Size of aggregate | Type of coarse Slump (mm)

(mm) REEATERLe 10-40 50-90 100-150 160-210
Uncrushed 150 180 205 225

=0 Crushed 180 205 230 250
Uncrushed 135 160 180 195

10-20 Crushed 170 190 210 225
Uncrushed 115 140 160 175

20490 Crushed 155 175 190 205

180 180

200

Free-weter content (kg/m3)

wetd y of fully com pacted councrete

Juvatiiicu lJ_y waliliouval i icli



Proportion of fine eggregate (%)

10

Stump: 0-10mm 10-30mm 30-60mm aw..mo.s:..
Vebe time: >12s 6-12s 3-6s 0-3s
80 -
70
60
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Free-water/cement ratio
Figure 3. Recomm endod proportiens of fime aggregate according te percentage
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Figure 4. Relation between standard deviation and characteristic strength

Rgial Ert& Lyl plasioly i AblS pas 1l
giraa Slua )l Wil dldy Feu=37 MPa 5 jtaa biua 4aglia
1 MENS AItAN al i g Laddiucall o gall g Aailaassll 3 gall

" (MNS =10 mm y= 2.65) s 5 pslf oSl o
600pm Jaial ey dajll (0 % 70

(¢Y.0 ZVfuLDEwEWQEG&LL%Eﬂ_-.

50 mm < sllaall b gagdi e

mum 3? Lasiunall 3 gall Cpa Eiiuaall (g jmall il al¥) «
.x_polhpu;v,t.

Solution:

Fm=Feu+Ks

Fm = 37+ 1.65" 5= 42.25 MPa | )

From table (w/c=o0.5, reference compressive strength=43 Mpa)
From figure draw dotted curve ¥ ,

w/e¢ = 0.48 for Fm = 42.25 Mpa :
From table maximum 1n..:=mm—_§n iwnnn.amanbn o. hm
Take w/c =0.45
from table and with slump =50 mm and aggregate 4/10 mm

Water content = 180 kg/m*3, and (minimum cement content =
320kg/m*"3)
Cement content = 180/0.45= 400 rm.\ﬂ_ru

From figure , for w=180 kg/m*3 and specific gravity of CA = 2.65
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The wet density of concrete = w&co ww\_.:ru

Weight of total aggregates = 2400-180-400= 1820 kg/m~3 *

For figure, proportion of fine aggregate = 30 %

Fine aggregate = 0.3"1820= 546 #m\ar..w , coarse aggregate - 1274

kg/m~3 . . . A

Oﬂaﬂﬁ—ﬂ 3 mgg : coarse : water
400 :546: 1274 : 180 kg/m”~3
1 : 1.365: 3.185 : 0.45
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