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Question No. 1 (50 %)

In construction site, the contractor produces concrete of characheristic strength
equal to 35 N/mm? at the age of 28 days. After 40 compression tests, the
standard deviation of the results is found to be 3.5 N/mm?.

It isrequired to re-design the mix knowing that;

Charachteristic strength= 35 N/mm?, Slump=30-60 mm, Crushed Coarse
aggregate, maximum aggregate size is 20 mm, Fine aggregate between Zone
2& 3, Aggregate relative density = 2.65, OPC cement (CEM | 42.5 R).

Note: No durability limitations for this mix.

Question No. 2 (25 %)

The increase in concrete workability affects the fine aggregate content in
concrete mix. Demonstrate and comment on this fact using BRE Design charts
for maximum aggregate size of 10 mm.

Question No. 3 (25 %)

From the BRE Mix Design tables and charts, Discuss the effect of the
following factors on concrete mix proportions, and Give example.

- Maximum aggregate size.

- Coarse aggregate surface texture.

- Increase in the standard deviation of concrete strength.
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Qestion No.1: (15 degree)

Fm = 35 + 1.64 (4.0) = 41.56 = 42 N/mm?, (by using the minimum stated by
Egyptian standards).

It can be also accepted to use S = 35 N/mm?, because the Egyptian code accept
that in special conditions.

Fm =35+ 1.64 (3.5) = 40.74 = 41 N/mm?>.

No durability limits:
For Slump = 30-60 mm, Crushed Coarse aggregate, maximum aggregate size
of 20 mm. Then, the required 210 kg/m°.
For OPC — Crushed aggregate — 28 days, and from Table 2
The starting point in the strength curveis
W/C =0.5and strength = 47 N/mm?.
For Fm = 41 - 42 N/mn, and 0.55 to 0.56
If durability consideration is not required, then use W/C 0.55 or 0.56
Itisalso OK touse W/C =0.5
If we Take W/C =0.55
Cement content = 210/0.55 = 381 kg/m®,
For aggregate relative density = 2.65 and free water 210 kg/m?®,
Fresh concrete density = 2370 kg/m®
Aggregateweight = 1740 kg/m®
For the middle curve in the diagram
Fine aggregateratio = 0.35 approximately
Fine aggregate wt. = 0.35 x 1740 = 609 — 610 kg
Coarse aggregate wt. = 1740 — 610 = 1130 kg
MIX PROPORTIONS

Cement Water C. Aggregate F. Aggregate

381 Kg/m’ 210 Kg/m® 1130 Kg/m® 610 Kg/m’
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Qestion No.2: (8 degree)

By using the same mix, with different workability requirements. assume any
WI/C ration and sand grading.
take: W/C=0.4 and choose middle cure of fine aggregate grading (60%)

Workability Proportion of fine aggregate, %
For workability 0-10 mm, 35
For workability 10-30 mm, 37
For workability 30-60 mm, 39
For workability 60-180 mm, 44

Thisindicatesthat by increasing concrete workability, the more fine aggregate
Is needed. The need for more fine aggregate is required to prevent the
segregation and bleeding. Increasing the fine aggregate content increase
surface area of aggregate and improve the cohesion of the mix and its
ability to hold mixing water from bleeding.

Qestion No.3: (9 degree)
a Effect of Maximum aggregate size on concrete mix proportions: It can be
seen from the table that; increase the aggregate size decrease the required
water to achieve specific workability for both crushed and uncrusned

aggregate.
(3 degree)

Table 3. Approximate free water content (kg/m®) required to give various levels of workability
Max. Slump (mm), V-B (sec)
t Type of
aggregate | aggregate 0-10 mm 10-30 mm 30-60 mm 60-180 mm
Size 0>12 sec 6>12 sec 3>6 sec 0>3 sec
Uncrushed 150 180 205 225
10
crushed 180 205 230 250
Uncrushed 135 160 180 195
20
crushed 170 190 210 225




First Mid term Exam solution - 2015

Uncrushed 115 140 160 175

40
crushed 155 175 190 205

b- Effect of aggregate surface texture isshown in table. The use of rough
(crushed) aggregate increase compared to smooth (natural) aggregate of
the same maximum aggregate size..

(3 degree)

c- Effect of increase in Standard deviation on concrete mix.
The standard deviation is a mesure of the variation in concrete mix properties
(around the mean). The increase in the value of the standard deviation implies
that the variation in concrete strebgth is large. The target mean strength is
related to the standard deviation as follow;

Fm=Fc+ 1.64 (S

When S increases the target mean strength increases resulting in more
expensive mix (more cement content).
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i
1450 2450 345 P 4450 5450 6450

g = 2.3 MPa (330 ps1)

a =39 MPa (570 psi)

‘/"

Frequency

a = 5.5 MPa (800 psi)

100 150 X0 5.0 300 350 400 450

Compressive Strength, MPa

(3 degree)

Total 32 degree/ 30
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