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Question 1: general questions on concrete | 3 /14]

a) This questions deals with the soundness of an aggregate. Which of the three
aggregates are “sound”, hence resist frost action: i) basalt, ii) sandstone, iii)
limestone? Please discuss in regards to both pore structure and strength.
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b) The clinker grains contain different compositions which chemically react when water
& S D 3ty is added to the mix. A caf,
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c) Whtch of ;be.{aw mateérials hsted are necessary for the f;roducuon{)f Portland cement'? 7
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d) Why is gypsum added to the chnker grains in the process of making Portland cement?
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e) The workability of concrete is too 10w and hence can not be placed between

reinforcing bars. How can the workability of the concrete mix be increased?

1"’? addity L atey W-J a:--»--wﬁ wi b 5**;&/‘%2 ratid F“;’“’”‘-"’;‘“%

f) List at Jeast two factors (besides capillary porosity and high w/c ratio) that influence

the strength of concrete-
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Question 2: questions on durability [ [ /17] "&Gﬁd ;
a) You need to perform a forensic analysis on a bridge pier that exhibits sulfate attack.

The contractor claims that he followed the necessary concrete mix requirements to

prevent sulfate attack for concretes that will be exposed to very high amounts of

sulfate ions in the water.

i) List three precautions that are necessary to prevent sulfate attack in concrete

exposed to very high amount of sulfate ions. it s
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ii) How could you proof in court that the contractor did not follow these
requirements Wh1ch would have lead to a sulfate resistant concrete?
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b) Why does a concrete with w/c ratio = 0.3 not exhibit any frost damage at =~ “osaw 70 - i &
temperatures close to the freezmg temperature of water? e
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c) We are comparing hydrated cement pastes with two different w/c ratios: w/c=0.5 and

w/c=0.4. Both pastes are moist cured and reach 100% hydration. The amount of
cement to be used is 315g and the density of cement is 3.15 g/em’.
i) Calculate the capillary porosities for w/c=0.5 and 0.4, respectively at 100%

hydration. e e o
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ii) Will the hydrated cement paste with the w/c ratio = 0.5 have the ‘S | S e
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Question 3: ACI mix design [1¥/19] ‘Swo\ !.
The following data are given:

Specified 28 days compressive strength: 6000 psi
Required slump: for mass construction

CEMENT FINE COARSE
AGGREG. AGGREG.

Specific Gravity 3.14 2.0 2.6
Fineness Modulus 235
Dry Rodded Unit 103
Weight, (pcf)
Aggregate Size 0:3"
Moisture Deviation -2% +0.7%
from SSD

=

a) Determine the ACI mix proportions based on SSD conditions for a concrete used in a
mild chmﬁl;:e Show your computatmns on the back page and give your answers below in
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Cement: 6\7
Water: %7

cA: Vo5 S

FA: 1163

b) Determine the trial mix proportlons based on the deviation from the SSD conditions.
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¢) Assume concrete with the same compressive strength and same aggregate
characteristics as in (a) need to be designed and placed in an area where freezing will
occur. Circle the appropriate ACI mix proportlons listed below that wﬂl change due

to the-new mix design. difloed e | {ﬁ W endraed /
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ii1) The contractor asks you to design a more economical, hence less expensive mix
as the mix in (a) but it needs to exhibit the same compressive strength but
not the same aggregate characteristics as in (a). What do you need to change
in order to make the concrete mix more economical? Will your change affect

the amount of (please circle): { -
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TABLE $-1 - ACI RECOMMENDED SLUMPS FOR VARIOUS TYPES OF CONSTRUCTION

Slump, in.

Types of Construction

Maximum® | Minimum

Reinforced foundation walls
and footings '

Plain footings, caissons, and
substructure walls

Beams and reinforced walls

Building columns

Pavements and slabs

Masg concrete
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'l-hyhe increased  I-in. for methods of eonsolidason other than vibraton.

TABLE $-2 APPROXIMATE MIXING WATER AND AIR CQNTENT REQUIREMENTS FOR DIFFER-
ENTSLUNES‘ANDIHAXDWMHSUES(M’AGGREGATES

Water, lb./cu. yd. of concrete for
indicated maximum sizes of aggregate

Slump, in.
3/8" 1/2%  3/4% 1* IRt Jwe

| Non-air-entrained concrete

1to 2 350 ﬁ%é%}ﬁ 315 300 275 260 240
3 to 4 385 5 340 325 300 285 265
6§ to 7 410 360 340 315 300 285

385

Arvol ®)f.53 (“205/ 2 :1:8 11 :.0:5 0.3

Air-entrained concrete

1 to 2 305 295 280 270 250 240 225
3 to 4 340 325 305 2858 275 265 280
6 to 7 365 345 325 310 250 280 270
Air(Vol.t) 8 7 & 5 4.5 4 3.5

“Thos quendcies of mizing waser are for wse in computing esmem facrors for wial barches. They
&% mxxims for mescmsbly wel-shaped saguisr ecerse aggregasss Puded wihin bimis of accepud
ifeasiem. ;

+The ddump valses for ssacrem ccmmining sggregate lrper than 14 are based om shmp wws
ade afier semoval of particlis > % by wei-acresaing.



TABLE -3 RELATIONSHIP BETWEEN WATER/CEMENT RATIO AND COMPRESSIVE STRENGTH
OF CONCRETE

Compressive Water/cement ratio, by weight
gstrength at
28 days, psi| Non-air-entrained Air-entrained
concrete concrete
6000 .41/ ---
5000 Lo<48 0.40
4000 0.57 . 0.48
32000 0.68 0.55
2000 0.82 0.74

TABLE $-5 YOLUME OF COARSE AGGREGATE PER UNIT OF VOLUME OF CONCRETE

|Vol. dry-rodded coarse aggregate
Maximum size |per unit veol. concrete for differ-

of aggregate -ent fineness moduli of eand.
(in.)
2.40 2.60 2.80 3.00
3/8 0.46 0.44
1/2 0.55 0.53
3/4 0.62 0.60
0.£7 < .65

i

1-1/2 0.75 0.73 6.7 0.69
2 0.78 0.76 0.74 0.72
3 0.82 0.80 0.78 0.76
6 0.87 0.85 0.83 0.81
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