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*» Tests:

EXP1: Normal consistency and Setting time of hydraulic cement setting time .

EXP2: Compressive and Tensile Strength of Cement Mortar .

EXP3: Tensile Strength of Steel .

EXP4: Specific Gravity and Absorption of Coarse and fine Aggregates.
EXP5: Sieve Analysis of Fine and Coarse Aggregates .

EXP6: Los Angeles .

littee
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* Tests:

EXP7: Concrete Workability and Admixture .
EXP8: Non-destructive testing.
EXP9:Concrete Mix Design .

awaoll Awid)l puudl droual§ I aiall




EXP1: Normal consistency and setting time of hydraulic cement setting time .

& Lealading i) 5 (andl) 48y jha o (e g AdliAal) Ll o) pay (alida g gLi) 3 ga i
Neadla 2 Y ol dpdigll 4 Ll

) 8 malill das + Dla Al : elid) 3) ga aal

el ddls e S5 Y o cashlly Lol Jie iy jlera 3l se & 48l g Steel

J Cement Tests:
1- Vicat test .
2- Gillmore test .




JAggregate Two types :

1- Fine aggregate (FA).

2- Coarse aggregate (CA) () .
When we mix ( ~=l3) them : The results are concrete .

Coarse aggregate % Fine aggregate

Concrete have two stages :
1- Fresh concrete (s_b).
2- Hardened concrete (<w).

. eleddl) aa s Lyl




* Setting Time it is divided into Two parts : S G,
1- Initial Setting Time (IST). . B
2- Final Setting Time (FST). ”ORr?ERNcw%“‘

. . - - - . \
Py (3L é.u)\.\)gg Gl
16 30-4:2007 443! Lyl Lhalpdl o 250

EN 107-1:2000 b kps ) Hash s

L) ciad 3,5
Syl

+962.6-5650777 « o

* Why we measure(u«&i) the time ?

+962-79-6606620 : =4

&

i) e

LD e

* How we can measure the time ?

Ans. u\u_\;_\joj\)ﬂ\ j\mjﬁ\uwjaw\wmmd@wmw}bug
uy\w\é\;}ﬂ\wc&aw}w\‘hjﬂ\MMOM\MUJ&

JQ1(Years). The water cement ratio required for the setting time testsis
called Normal consistency




* Normal Consistency ( 4kl 43 5alll): Special case of Consistency and
when the penetration for the rod 10mm.. .y
(8]
10mm ¢ ﬁ
-

FSV - When we use Vicat apparatus

IST 2 45 min
FST <6.25 hour

ayuaoll dwaiall puwdl droual§ il aiall




* How we can measure Normal Consistency(NC) ?

Ans. By using Vicat apparatus and make three reading then drawing the

: : . W
relation between Log(penetration) and water cement ratio e

Wi e
C 4 Movable rod
weight 300 g

= ="

- o Ve o o L
' I | 12_° 1 l«— Release am
NC _ g 42 60— | pin
= "y
497 | >~ Indicator
20 ||
10 |1
I

E . L Frame
o0 R

1 mm sq T
> Log(Pen) Lﬁ‘ needle ‘

4¢—7 0 mm —p

1mm i | i L Split ring Iy
—t—— 1 ~N 40
|

|

Front view Side view
Fig 2.1: Vicat Apparatus



e After we measure the NC:
Cro Vg 8 6l s g dmndall 45 galll s Al g ol 40aS Lead 3an ddald ead
c Ae ohe 1l phal oyl andiid jle e 10 upad alodnl

1 mm sq
Penetration needle

FST:
A 098 Ol A Lasie

bi 8 g duuse dBe

25mm |-

,BaY dad gl agd ol Juad) A | Ll Ac gana

> Time 0
IST FST



**There are relation between FST and IST and its bad for Accuracy but we use it
for approximately and make the decision .

Al A Jal e dasd Lpeadtiig oK g 48l A ClEe

FST =1.2IST+ 90 min
FST = 1.5IST+ 45 min

“*Normal consistency for Ordinary Portland cement varies between 25-35% .
dQ2(Years). The NC of cement is measured using Vicat apparatus by using rod .

1Q3(Years).If the final setting of certain cement is 6 hours the expected initial
setting time will be 225 minutes .

“*Best line( 188 , &il) & 4ixild)
Ja 813 g hadll led 4 salall ddliall & sane (s skt () cangy o) Jand 40 galal) ddlisall & gana
C AUl Sl 8 e g 58 LS aged i ) cang g sl




(1Q4(Years). Choose the best answer . Which of the following is
measured by Vicat apparatus ?

Ans. The NC, IST and FST .

1Q5(Years). If the initial setting time of a certain type of cement is 2.5
hours , the final setting time is expected to be ?

IST = 2.5Hour = 150min

1.5 1504+ 45 = 270min = 4.5hour



1Q6(Years). What is the initial setting time of the tested sample ?
What is the final setting time of the tested sample ?

40

gneiralion (mm)

=]
[

| |
& (L) (14} 100 12
Terrsa {rmervdassh
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4
{ i) uojedeus-

14

1041 P

Tume (rmurwdes)

FST

IST

14
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meName,/////

4536=05¢g

T Initial Neadle

113.4205¢

Lower Arm preferably
adjustable for height

Fig 3.1: Gillmore Apparatus

VICAT
Apparautus
with Plunger
of 10mm
diameter

Conical
molid

Glass plate

Scale

mixer

Towel
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Weight of Cement (g)

Wt. of Water W/C
(2) %

Penetration
(mm)

Log (Pent.)

Weight of Penetration Log(Pent)
cement

State

Weight of cement (g)

Bt c,sﬂ‘ 8l
100 4 pas

Water / cement %

Water (g)

w
?% = NC from the
previous question

Table 2.2: variation of penetration with time

Water Value=cement*NC

Time (min)

Penetration (mm)

sUana

17
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< Errors in this experiment( 4l A sUad¥l)

1- When using the mixer .

2- The cement paste was thrown less than 6 times .

3- The container was wet after wishing it .

dwaoll dwaiall puud) drogal§ U1 aiall
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EXP2: Compressive and Tensile Strength of Cement Mortar .

v We have concrete cubes(4lu )& Cli=Ss) and we want to break and
measure the stress, we need three samples and every sample represents
the age.

come JS e Glie 3y AN Slea) il a3 e e eSS ) g il A S Ll

v'Type of the cement as shown in the table, determines the number of cubes
of concrete and in every age | need to break three cubes .

Zlnd jae S5 Lo Gandll 2 il jlae V) g Cuianl) (e aaxie &) 5l a8l Sl 8 2a g
Bdall cund & 9 e 3536

@m@

Guino)l Awaidll pund) duogal§ il aiaul
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v'Then calculate the Average then Accepted Range .

vIf the value fall (&&)in the range , we accepted the sample,

If the value don’t fall in the range . We reject(u=2)) the sample (not
accepted )

anmd y iy Ay DA 5 Al s o (saall (a8 0) S 1Y

v'Then calculate the final average of the samples .
c ) Jas iall s oy J sl 5 md ) ey



Table 4.3: ASTM C 150-05 requirements forr minimum strength of cement (MPa (Psi))
Age ASTM C 150 — 05 (mortar cube). cement type (table 4.4)
(Days) I IA IT* A 1 1A v Y
1 - - - - 12.0 10.0 - - y .
‘J gaaldl 12 T 52
- - - - (1740) (1450) - - . R
2 12.0 10.0 10.0 8.0 24.0 19.0 - 8.0 - o w o . o A
Cataw') d o)sl\ (e @J‘)f\
(1740) (1450) (1450) (1160) (3480) (2760) - (1160) s
7 19.0 16.0 17.0 14.0 _ _ 7.0 15.0 Rl b g8l (A aad)
(2760) 2320) (2470) (2030) - - (1020) (2180) O 81 i L )
28 28.0° 22.0° 28.0° 20° - - 17.0 21.0
(4060) 3190) (4080) (3190) - - (2470) (3050) Age and Strength .
- - e
Table 4.4: Cement Types QJJL Mj;
Appreviation Cement Type
I Ordinary Portland Cement
IA Air Entrained Type A
II Modefied Portland Cement
£ - . £ * -
ITA Air Entrained Type II Dﬂ-ﬁ‘ 04\9%‘9-6-“ M‘g‘ }Lﬁm‘ :d\gé@l‘ RY-3 G‘J‘.}
I11 Rapid Hardening Portland Cement
IITA Air Entrained Type III
v Low Heat Portland Cement

Vv Sulphate Resistance Portland Cement 21




Compression Calculation

1-Chek the units

P:kN 2-Take the Average of the Samples =
yP o:MPa

Ycompressive strength

number of values

_ 3- Calculate the Accepted Range

9 A [50mm*50mm] 4- Check the samples, Accepted if the reading in the range
Not Accepted if the reading out of the range .

5- Calculate the New Average

Accepted Range = 0,,,, + 0.10,,,

Tensile Calculation

__P Pk s ™
t = g 0:MPa Pt: sl Gilee Al [ Sl ] gt oy \
P, \ ]
Oavgt = 4
gt 2 [25mmx25mm] ~ - 7’

Accepted Range = ,,,,, + 0.150,,,

22



1-Chek the units

o,=30MPa 2-Take the Average of the Samples = number of values

3- Calculate the Accepted Range
0,=32MPa 4- Check the samples, Accepted if the reading in the range
03;=36MPa Not Accepted if the reading out of the range .
5- Calculate the New Average

Examplel (Compression):

Ycompressive strength

O-avg = 35MPa
Age Compressive Compressive
ACCEPtEd Range - O-avg i 0.10'avg (Day) 1(:121;? S(t;ig%;h
35+0.1%35=31.5MPa |
Range = (31.5-38.5) :
32+36
Oavgnew=", - 34 i}




1-Chek the units
2-Take the Average of the Samples =

Ytensile strength

Example2 ( Tensile) :

number of values

0,=3.2MPa 3- Calculate the Accepted Range

0,=3.0MPa 4- Check the samples , Accepted if the reading in the range
0,=3.6 MPa Not Accepted if the reading out of the range .
0,=4.2MPa 5- Calculate the New Average

Oavg = 3.5MPa Ace Tensile Tensile

Accepted Range = 0, + 0.150,,5  Dan)| (5 et

3.5+0.15*3.5=2.975MPa
3.5-0.15*3.5=4.025MPa
Range = (2.975-4.025) MPa

3.2+3.6+3.O=3.26 MP3

-
2

° aavgnew=

28




Strength divided into Tensile and Compression
And tension divided into direct and indirect :

Indirect its difficult to apply so we apply direct by using briquette specimen
and test it by tension .

Measure Indirect \.{\

=

[25Smmx25mm] Briquette specimen

dwiaoll Awaidll puud) duoual§ Ul diall 55



** ASTM : American Society for Testing and Materials
L@)\As@\;u C)AJL@:@\;&M L@szﬂjaw JJJ\Z\M\;)L@B'\M&QM\)AL@JZ\JJJJS
mfy\uumw\dmu@g_amg\dj\M\j&f\juum}whu

T A g Bl aa g Lile Cangy (S (ol 3 A i) (5S35 ) L) 1))
1- Temperature
2- Distilled water ( we use Tab water)

3- Type of the sand (Ottawa sand) .

an’

ASTM INTERNATIONAL

Cement < el
. 20-30 SANp
4 Sand Ratlo . g 07%"“‘3
m
5- Quantity of the water . 5, SILICA CQ‘V\PA
(rAWA ILLINOIS

300 635 726

_‘N 26



**To convert from mortar compressive strength to concrete
compressive strength use this equation :

Conditions must apply :

1- Same cement type (OPC) .

W
2- Same = ratio .

3- Same age (28 Days) .

Y=0.004X%+1.3X
Y: Compressive strength of concrete (MPa)
X: Compressive strength of mortar (MPa)

27



JQ7(Years). When preparing the cubes in the strength test of mortar,
the number of blows for one layer of each cube () times ?

Ans. 15

1Q8(Years). A briquette specimen resisted a load of 625B before
failure then ?

Ans. 625

25*25:1

N

mm?2

The direct tensile strength is 1



1Q9(Years). Three samples are tested for strength using Briquette
samples , the first sample strength was 14MPa , the second was 8 MPa
and the third was 8MPa , what is the accepted average strength ?

14 + 8+ 8
O-Avg: 3 :10

Accepted Range = 10 + 0.15« 10 = 11.5

Accepted Range = 10 — 0.15 x 10 = 8.5

Range = [8.5 — 11.5]

* Results are not accepted ,the test must be repeated



1Q10(Years). If the strength of mortar cubes samples is 10MPa , the

strength of Briquette samples made of the same mortar is expected
to be in MPa?

Ans. 1



o i) J ysa a8l e Agliag L JS G pi oY)

FRSE NTFEEEN '5
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LT

\

side.

Balance Glass Specime Mixer Testing Tamper trowel
Gradua ns with machine. SSS
te molds: paddle
three and
cubes of mixing
(SOmm) bowl
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Comressive and Tensile Strength of Cement Mortar
| —e—Ten. Mort. —=— Comp. Mort. == Comp. Conc. |

- = . .

%0 e Direct and Non-linear in
;3 . Sl Tensile and compression test
> 15
g 10 //
w !

5 = 5 1 p

%% = 5 10 15 20 25 30

Age (Day)

The Shape of the failure :

A [ |
yd < 7
\\__,u/) E -/l C//‘j 7@

Compression test at angle 90 Tensile test at angle 45

32



Age(Days) Rate of Strength

In the first 3 days Cement mortar is too week
(3-7) High change

(7-28) Slow change

After 28 days Change is constant

The Relation between the Age and Tensile

I force and Tensile strengthis : 43k

o
v The Ratio between —<ilell should be between (7-11)

tensile
*** Notes:
1- Cement is brittle material
2- Cement is much more able to resist compression than tension

33



EXP3: Tensile Strength of Steel .

* We will calculate the tension in the steel by using
Universal Testing Machine (UTM) .

 We Will draw the diagram between Load(P) and deformation(AL) as
shown in the next Slide .

dwaodl Awaid)l paud) droual§ Il aiall

1 Mlittes *
UTM

dwiaoll dwaidll puud) droual§ U1 aiall 34




 onelkt) symbol [ Mean
A Elastic Region
' F B Yieldingregion ( & sl dla )
C Yield hardening
D Necking
F Fracture or Rapture
\VLNecking
o — —?  Elasticregion:
Gl 98 (93 (cxdall AlSE ) a5 8l W) Jls 8
(A region)
Plastic region:
. Sl gddl) | S 5 8l WG] Ol 8
+ . Deformation (mm) Sl gl e 8 L3 s 8
(B+C+D) Regions
= ]1- Starts with zero
= the relation betweenload(P) and
deformation(AL) is linear . = 4- Change inthe Areais very clear and
_ , 3-The load increases until it to the deformationis sure and the area
2- Load increases very slow and reach ultimate stress decreases this called necking then And

the deformationis very high . ; -
yhig ALl o g S8 A3Y 3 gRl) Baly ) the load decreases until it fracture .



* Now we want to convert the diagram

Lo ,l) aind padigaS

from (Load, Deformation) to (Stress , Strain) . L ARAAY ol g dputigl)
* We have two types of stress and strain :
1- Engineering (Normal ) stress and strain .

2- True(Actual) stress and strain .

o Proportional limit D
E: Elastic limit F
or yield poin ) x
Fracture
S, - : point
y 1 ( , ,
A B: Plastic behaviour
)
Load I )
|
;f; V\,:\ Elastic behaviour
[ =5 I
7 ‘
I
J
I
I
i_—Permanent set
; _g{ .
01 > 30%
<1% Strain —»
d Fia. 2

> Deformation 36



A,: Original Area

. . P IR » ” s o .
“*1- Engineering (Normal ) Stress = S 4aluall o (o g phail) (bt JLEAY) 43 Ul
(0]
nD?
A=
. . AL T
“*2-Engineering (Normal ) Strain = — L,: Original (initial)Length

(0]

ald )i o agiand 3 a3y Jal e of | IS8 ) JSE e Jagadl) sie

dwiaoll dwaidll paud) droual§ U1 aiall
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Proportional limit D

S
g Elastic limit
oryield pon . - symbol [Mean
Fracture . o
S, - point A Proportional limit
) - \ 1 3 - L '. o4 .,
; Plastic behaviour B Yield Point (¢ sadll i)
)
T .\.'\ C Hardening Point (.l 3.4 ) 4ula ddadi)
7 '~ Elastic behaviour : : e Y i
3 i D Ultimate point (il 4dads & gdkss lei)
A ! ,
: E Fracture or Rapture( o=l 5l slea)
'
r:/Pennancm set
0 1'3 20 * Difference betweenB and Cis very small.
- )
<1% Straimn ——s
Fia. 2

* Proportional limit :End the linear line and its represents elastic region .

Ao
* The slope in the elastic region we have Modulus of Elasticity (E) = — .

Ae
d E:190GPa to 210GPa its Range .

38



True strain smaller
than engineer
Because Li< L¢

True stress larger
than engineer
Because A< 4;

T ((Adadll) ABEat) a8l 4y i s
P

* True Stress = — A
Ai Wyl il Ak die Aabusall
AL _

* True Strain = ~ Li:

Wy ) Al dadil aie J ghall
Note :

True and Engineering are the same but the difference as shown in the diagram

;

A

-

r'

Ko I AT 5 g3 0y
“ JES dalal) oY

Engineering stress —strain True stress - strain



* Now we have to know the Ductility and we can determine it by two methods :
***Ductility : The ability of material to deform under load .

A — .
e 1- Elongation in length = LZ““E {LfL LO} + 100% Ly: Final Length
ALtotal: A A 83l
AA A.—A Jok
. . —AO
* 2- Reduction in Area = {A—} * 100% = ‘—fA— * 100%

» Note :
addiu () $il8 (gl el Gladay) 8 slamal) e glaall JNA (e Allainy) call 2ie

»Note:
Ductility (Elongation)=> 16%



. Area under elastic region in P—AL curve
**Modulus of Resilience = J | __x i

ol X
Volume (LoxA0)
Modulus of
Or Use = Area under elastic region of stress — strain curve . | e

Area under in P—-AL curve —/_\xRumure
Volume (Lo*Ao0)

Or Use =Area under elastic region of stress — strain curve .

**Modulus of Toughness =

Modulus of
toughness

Unit : (MJ/m?3)

v Note:

Y ol A8l lpabaie) (520 48 jna sa Lgia oAl

o milie puSiy W g pdal (a jat 1) daadl Laiy A8ULIL Blaia) e o jadll 4l Gad 8 il juShy a3l Jia
omS BT ey Sl 8 Gl pdige oy



 Steel have many grades, in this lab we will talk about two grades
G40 and G60 .

m Yield strength Ultimate strength

40 275Mpa 380MPa
60 415MPa 520MPa

s*Example : Which grade in this steel ?

Yield = 320MPa o e ouldl) ;
. i) AU adEuy) 2o adgall b ypaal) (e sl
Ultimate=420Mpa a5 g AY) 3 g g g datia Lialil gea (e

Ans. Yield > 275 and Ultimate< 520 So G40 Lle aSall g jus

dQ11(Years). If the Load recorded is 1875N . The strength is 3MPa . "



1Q12(Years). Grade 40 steel has ?
Ans. A yield strength of 275MPa .

J1Q13(Years). A steel bar has a initial length of 200mm and a final
length of 300mm , the ductility is ?

Ao — 300—200_05_500/
ns = 200 = V.0 = 0

JQ14(Years). A mild steel bar was tested in the tensile test, the
surface of failure ?

Ans. Cup and cone failure



JQ15(Years). A steel bar has a diameter of 10mm , the diameter at
failure is 80 mm , the ratio of the engineering stress to actual stress ?

p
True Stress = — True Stress =
A, 7 (0.80)?
L P P
Engineering Stress = — Engineering Stress =
A U 2
0 Z (0.10)
Engineering Strss 0.5024
= = 0.64

True Stress ~ 7.85 %1073



Shapes :
1- Shape At Necking .

2- Shape At Fracture .

At angle 45°

P ]

dwaoll Awaid)l puud) droual§ I aiall

h

\thecking

—
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1Q16(Years). A steel bar was tested in the tensile test, the result is
plotted in the figure , the area of the bar is 200mm? , the ultimate

strength is in MPa ?

100« 1000

200 10-°

500MPa

Stress

A C

Loads in kN at various points

A B C D E

50 60 55 100 80

Strain

46



Q17(Years). A steel bar was tested in the tensile test , the result is
plotted in the figure , the strain hardening starts at point ?

Ans. C

Stress

Strain

47



LirDilDf:u'hM

L; (mm)= Lr(mm) =
Di (mm) = Ai (mm?) = - .
P S L= L;+ Max Elongation
F (mm) = Ar (mm-) =
Load Elongation Eng. Stress .
(KN) (mm) (MPa) Eng. Strain TT DiZ
1 A= ;
3
4

Balance Meter caliber unn..'ersal
measurement testing
machine with
computer

48




G

dwiaoll dwaidll pund) droual§ Ul aiall

“Errors(hdd ,, ail) 8 14y -

1- Error in Calculation.

2- Error in Measuring length and weight of the rod .
3- Error in Modulus of Resilience and Modulus of Toughness.

Glites

dwaoll dwaidll puud) droual§ U1 aiall "




« EXP4: Specific Gravity and Absorption of Coarse and fine Aggregates.

* We want a sample Saturated Surface Dry(SSD) for in order to get them :

* We prepare a Coarse Aggregate sample then we put it in the water for 24
hours then take it and Dry the sample .

* Then we weight it , take the sample and put in in the sieve 2.4 , take
the sample to the oven temperature 100+5 C Then we take it after
this sample dried .

WL Ol (B Al e Jadal) o gy Aall ¢ s
“*Specific Gravity (S.G): sl (eanall udd ) Ao ol (o (e anan )9

50



Saturated, Damp

» Calculations : We have in this test three weights : sufacedry orwem  ovendry
1-Weight of SSD(3aL ¥y tamy ¥ | s mdandl 5 Ly pniia) = B Q Q Q
2-Weight in water( s sk a5 elall dxniia) =C

1 2 3

3-Weight of oven-dried( 4la 3 30 2a g9 dadd cle 2a 3 V) = A

Equal to

Also we have TWO SG : Aggregate Type Specific Gravity agzi()(er’;])!t'|?)|:1 a:ﬁ;;;‘i)n None
B Heavy weight > 3
1_ BUIk S.G= E Normal weight 2.8-22
A Light weight < 2
2_ Ap parent SG - Absorption% < 5%

A—C
** Absorption : The increase in mass due to water in the pores of the material
B-A
=[ y ] * 100%

Q(Years). If the absorption of aggregate is zero , then the apparent specific
gravity is equal to bulk specific gravity .

* S.Ginverse relation with density



 S.G for Fine aggregate :

| Fine aggregate

e Device for this test : Pychometer

* Its not easy to make fine aggregate SSD , when from fine
aggregate and put it in the water its not easy to determine if it SSD or not
So, We take the sample and its wet then we dried it slowly by

Dryer( ) séus 3l Cains) or in the atmosphere by evaporation and its takes
many hours and the sample in the Pan (Livall) .

U din p Aigal 320 o g5 Gl oLl 3 g Latie g il) 138 e (el Jgadl (30 (pad
CAball A leaiag Al (g A8yl (e o -

Glass Jar

b S _,/’

Fig 7.2: Pycnometer

awaoll dwasidl pwd) droualk il aiall
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» How we can know if its SSD or not ?

We fill the cone with Sand then we take the rod and dropped slowly on the
surface then we remove the cone and we expected three results :

1- Very dried
oS IS5 4886 Ll e Jay 138 5 0aa) 5 8 e Al Lo s

2- No effect 3 @

DS ISy Jolia il g g Gy ol W (IS5 LglSd o dladlaall ]

3- Maintain on the sample but the sides slowly dropped (SSD)  rie7.: vetat Motd ana Tamper
£ hapaly 4y pum ey Iagusy IS 35 Y (SIS e dkiladl

53




When the sample is SSD we weight it . H ,

* Weight of SSD sample = W4 Gursall aussiall pund) dsonaSl il

-
littee

And we want to know the weight the sample in the water but we cant
because the sand pass the sieve (sand is from 5mm to 0.075 mm ) and
the sieve 2.4 as we tested in the coarse aggregate .

Gl i Ml g anall jraal |k Jasal) 8 lgxa g oS ¥ WY leal) aadii
5| VEN AT QPREGRERE R P RS

* So we will use : Pycnometer. i&«i
0 { ,
i |

dwiaall Gwaiall puud) dxoualS DI diall >4



1gm=1cm3 water

1- We fill the Pycnometer to the specific limit
with water. Calibration Mark(specific limit)

2-Weight it = Weight of Pycnometer +water to calibration mark =W,

3-Put all the water outside then fill it with the sand(SSD) then put the water for calibration mark

4- For sure the there are air in the sand so we have conical top (4!l (s ¢l sedl 7 5 & Jesdl)
and we roll the sample..

5- Weight of the sample +water in calibration mark + weight of Pycnometer = W2




W

e Bulk S.G = —

SSD +W1 _ Wz

awaoll Awxid)l puudl droual§ I aiall

* After dried for 24 hours in oven we have W, ., 4rieq

|14

° — oven dried
APP->G w +W,-Ww

oven dried 1 2

. Absorptionz{WSSD_Woven ‘“‘"ed} x* 100%

oven dried

56
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e Bulk density (Unit weight ) : Its called also compacted unit weight

and rodded unit weight and its divided to two types : Aggregate Type Bulk Density (Kg/n)
Heavy weight > 2080

1- Loose |
Normal weight 1520 - 1680

2- Compacted : larger than Loose Light weight <1120

* Voids ratio : The space between the aggregate particles thatis not occupied by
solid mineral matter.

Te= {1 B S.G*y }*100% /':m

ywater

Voids Min Ratio : ¥ compacted <y
Voids Max Ration : ¥ ose .

=]

e Angularity Number(AN): is used to give an indication of shape of aggregate.
+ =67-——— *100%

*ywater

V'™ Yeompacted | AN inverse with rounded shape

AN < 11% * Density inverse with voids



1Q18(Years).The following are the results of the test on specific
gravity of FA

* The weight of empty Pychnometer = 350gm
* The weight of pycn+ water to calibration mark = 1100gm
* The weight of SSD Sample =500gm

* The weight of sample +Pycn+ water to calibration mark =1300gm

* The absorptionis 12%
Find ?

1- Bulk specific gravity

2- Apparent specific gravity



. Absorption={W“D_W0ven d”ed} x* 100%

oven dried

. 12%={500—W0ven dn.ed} « 100%

oven _dried

* Woven _ dried ~ 446.42

|14 500

® = SSD = =
Bulk 5.G W, +W. —w, 500 +(1100-350)—(1300-350) 1.66
° AppSG — Woven dried 446.42 — 1.81

+W.,-W, 446.42++(1100-350)—(1300—350)

oven _dried



1Q19(Years). An aggregate sample weighed 2000gm when it was SSD,
it weighed 1900gm when it was dried in the oven, it weighed
1000gm when it was immersed in water, the bulk specific gravity is ?

2000 _,
2000 — 1000

JQ20(Years). In the rodded unit weight test, the following data is recorded.

Weight of loose sample = 20kg
Weight of compacted sample = 22kg

The mold is a cupe of 0.20 m side length

s 20
The rodded unit weight is - = 2500

0.2%0.2%0.2




JQ21(Years). Find the Angularity number if you know the :
Unit weight is 1500 % and the specific gravity is 3 ?

67 — |—>2 | 100% = 17
X —
3 %1000 ’

1Q22(Years). Which of the following is the lowest for the same
aggregate ?

Ans. Compacted unit weight of aggregate



dwaoll dwaidll puud) droual§ Ul aiall

.

S pec e ‘balance
Wilh baSKcl/

D, 3

cone/ m o\ d

Q. Cone mold for :test
if sample is SSD or not

| on
; N
1A\
3
o

eley’ Slecl cgriinder
\ e C/ \ :fiu\ Y"oé- . Oven
/ / ~

 Errors(dadd i) 4 3ad4)
1- The air was not removed of Pycnometer .
2- error in tamping the sample .
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 EXP5:Sieve Analysis of Fine and Coarse Aggregates

« Aggregate its two types CA and FA and the line( J<ll) is 5 mm
* Smaller than 5mm its FA and larger than 5mm its CA .

* We know we have voids in aggregate and when we make a compaction the
voids will decrease but it still .

o i LSl J85 e il gia aldti S G Il a gk Gl acanll 8 A 58 CUE] i da g

Sieve 5mm
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/wf;"/\?/i‘
C,, e
* If we take the aggregate all of them for the same size \\M"ﬂfﬁe

what will happen ?? G i ) sl
oanll J a Al mhally dalayl 5 el cile ) @l 4aS J 288180 Crial

eyl Slay Cagun Huxaall G yraall 3 Sl Lgie Calide aaa (o cananl) CuilS 3
(5% Lae 400 sed) e ) il ana M g daddiiall Criany) 4aS Sl 5 40 5l

Y ol g deadiinall paanll Js8 o aodaid (3 (el Lgdans ae ananl) dayl 53

LT OS5 ) gy g e (e OS

YRtk s ol Nl

a0 aalKall &y g J8) Al sed) e jally deb 348y ST el oS ()
Llu Al [atlad jawad o 481K J4lE5 g aaadlall sae 48 jma g 4l gl Y|
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6&“ i}t;g:e

* How we can know if the aggregate graded or not ? 2

* |If we want to know if the aggregate coarse or fine we have to bring a
sieve 5 mm and if the material pass its fine and if not its coarse .

o ngmuqucmyﬁusu@\wgﬁdsM\wmwuwi 13}
j\ﬁja_mj\d.\h_d\uu_cm&ﬂ\) LRIVEN j\wuu\sgtng\uuﬁeﬁ
ol J anadl ay ) gill

o s CRY) S B Sy maeall e laalaie) o3 Al JAlia dllia () Gal Ua e
L YL agias e Ll G agia s s gl

v'If the aggregate its not graded it will be classified single sized .



e Standard sieves( 4xbdll Jalidl)

BS ( Sl ) ASTM( 52 Y1)

BS

2.4mm #8
1.2 #16
0.6 #30
0.3 #50
0.15 #100
0.075 (Not Standard) #200

#4 = Akl JaY) A 4 s g
16 opening in each squared inch
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* Example on Fine Aggregate :

o Jaall Juadilly 4a piin g Jadl dana (g 2SUEE ) HLE) EDE 40l 5 () gancan g 1aa Jews J) 5u

* First , you must to know you are solve this question on fine aggregate .

o age lan Al juall 5 dsll) JAllall oLty clile

o £ yane O5S 0)) ang s IS U aganlly ara ) 5Ss s JALal alaal 4 Y1 3 peall
il (s i s I 3 genl

’:. Notes : v Loss%:Sample weight—total weight retained «100%

Weight Retained Sample weight
5 * 100% Accepted if < 0.3

v" Percent Retained (%)= Sample weight

v Cumulative presently retained : Gl 3 gaall J 2a0aill ¢ gandll
100 caall 3l g sanall (6 O e g J g2l A im0 () 5S0u g

v' Cumulative passing = 100- Cumulative presently retained
0 sl dganll Al g sane G585 O g



“ Weight Retained Percent Retained Cumulative presently retained | Cumulative passing

(%) (%) (%)
24mm 100 10 0+5+10=15 100-15=85
12mm 230 23 0+5+10+23=38 100-38=62
06mm 270 27 0+5+10+23+27=65 100-65=35
03mm 300 30 0+5+10+23+27+30=95 100-95=5
01s5mm 30 3 0+5+10+23+27+30+3=98 100-98=2
0075mm 10 1 0+5+10+23+27+30+3+1=99 100-99=1
Pan 10 1 0+5+10+23+27+30+3+1+1=100 O (Third Check)

YColumn 1000g (First check) 100% No need No need
(Sample weight ) (Second check)

J Sieve 0.075 :
) Claal sall (o (10 35 50 5 ol S 58 5 (adall)lan Aac Ll o) pall 40aS 48 pral 3 ga g0 58 5 Cliial all aia (e 93 50 g2

O Clay (k)< 5% CEAT N 5a 3 ga 5 A LA 10 Jaie linca
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Cypaa (e Cilall 638 J g (e 2SUH Clical gally Jgandl 138 o & o cangy Jadl s
aat () a g J g Lol Adal sa S8 Y Al Aty yall 5 A e 5 Apia )Y Cldal sall
. agie B g S Al 4e S

e ASTM( sSa Y1) :

Jaidl aan )l WY 4 A (o a0 Y 138 5 Jaaal) aaa Joaad) 8 aa s
Aty ) clas gl lass eyl Jeall ie 5 4S5 jaY) clas L

* Percentage by mass passing sieve :

O gy lluadl adde Uy el a8 Q) Jganll 833 5a 50 A g Jaiall (e 3 lall Al

Adial gall (283 5a gall (g2l (para A

Wl 88 il A YY) as o) Jalid) aea e oy caanld) Jitn ST 2 Ay Adiadla




Table 9.4: BS and ASTM grading requirements for fine aggregate

Sieve size Percentage by mass passing sieve

BS ASTM Overall Additional limits*
No. limuts C

10 mm g 1. 100 -
5 mm 2 89 — 100 - -

16
2.36 mm 8 60 - 100 60 - 100 65 - 100 80-100
1.18 mm 16 30-100 30-90 45 -100 70 - 100
600 um 30 [5-100 15-54 25-80 55-100
300 um 50 5-70 5-40 5—48 5-70

150 pm 100 0-151 - - -

* C = coarse; M = medium; F = fine,
T For crushed rock sands the permissible limit 1s increased to 20 percent, except when used for heavy duty floors.




2- BS:

SO0verall limits : (8 2sa sall saall aa Jsandl 8 ALalS Al V) gaa o camg s S ) Jie
Glaial gall

13 pand ey Jo Jey 43l A8 jre 8K D 4K 5aY) Cliial gl Jie | 5855 Y 5 ilagud EM 4l
COEA ) bugla gl as U Ja ) ols
1S g Jan giall Cadi Y gaia Sy Al ) g Vel g8 Y sie (piall (IS 13 Bl G

(=) 1 b Je Leailan 52l a8 11 Jia Ll (6l
iUy ) daal gall 3 S8 Jia dn Y ddal gall

dwiaoll Awaiddl paud) drogals Il diall 71



Table 9.4: BS and ASTM grading requirements for fine aggregate

Sieve Size PPW‘*PIH‘HEF h"i.:i' mAage Imf\',‘-tllﬂff g1eve
BS 882: 1992 B ASTM

BS ASTM Overall ~Additional Jimts* C 33-92a

No. limits C M F
10 mm % 0. 100 - - - 100
5 mm %m. 89— 100 i i i 95100
2.36 mm 8 60 - 100 60 - 100 65 =100 80— 100 80 -100
1.18 mm 16 30-100 30-90 45-100 70 - 100 50 -85
600 um 30 [5-100 15-54 25 -80 55-100 25-60
300 um 50 5-70 5-40 5—48 5-70 10-30
150 pm 100 0-151 - - - 2-10

* C = coarse; M = medium; F = fine.
T For crushed rock sands the permissible limit 1s increased to 20 percent, except when used for heavy duty floors.
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Table 9.8: Grading requirements for fine aggregate according to J.S. (Jordanian Standards)

: Sieve size :

mm No.
9.5mm % n.
4.75 mm 4

2.36 mm 8

1.18 mm 16
600 nm 30
300 pm 50
150 nm 100
75 num 200

Percentagce bv mass passi

Nominal size of graded aggregate

1.18 mm

(No. 8)

9.5 mm 4.75 mm

(E in.) (No. 4)

95 - 100 100 -

30 — 100 90 - 100 -

50 — 80 75 —-100 100
20-70 55 —-90 90 — 100
10 — 35 35 —-59 60 — 90
5—-15 38— 30 20 - 60
0-5 0—-10 0—-20
0-5 0—-35 0—-10
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> cumulative retained on the all standard sieves
100

» Fineness modulus (FM) =

_ 5+15+38+65+95+98
B 100
»If the FM in between , 2.1 or 2.9 we can say its medium and coarse sand .

=3.16 < 5 always ( Jaull dagad 4y & 2iy)

»So its Coarse Sand not Coarse aggregate .
»Maximum Size of Aggregate : %100 __« Jik il

»Nominal Maximum Size of Aggregate (NMSA) : &l Ja 25 %85 e il Jaidll
5SY) Jasall a5 2l laually o8 1) aa

< 5
Coarse Medium Fine
Sand Sand Sand

> 3 28-22 <2




* Example on Coarse aggregate :

o Al 5aV) (5SS Gl U g guiasal

o WA ) an 0 Vi G Lo J el Alilas Jgaadl (s 45y )l

 First , you must to know you are solve this question on coarse aggregate

age 123 gl ) 5 Al ) JALA oY1 Glle

o £ gana O8O gy IS AU 3 ganlly ama ) 5Ss g JAliall plaal 48 J 51 3 ganll
Al s patd s (Ul 2 sanll

Weight Retained

sample weight

= PercentRetained (%)= * 100%

= Cumulative presently retained : L& 3 saall J 22eaill & ganll
100 all Nl & senall (58 O s J sl (8 aia 50 ()5S g

= Cumulative passing = 100- Cumulative presently retained
0 sl agenll Al g sane G5 O g



Weight Retained
(8)

YColumn 1000g (First Check)
(Sample Weight )

Percent Retained
(%)

= Ol
92}

_, W W b
O

-

100
(Second Check)

Cumulative presently retained
(%)

5

5+15=20

5+15+40=60
5+15+40+35=95
5+15+40+35+3=98
5+15+40+35+3+1=99

5+15+40+35+3+1+1=100

No need

axi) 3) ga Uda g Jla & Ualiia) 2.4 Jade Uaia g

Cumulative passing
(%)

100-5=95
100-20=80

100-60=40
100-95=5
100-98=2
100-99=1

100-100=0 (Third Check)

No need
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. mumusmf\z\juuﬂ\juqﬂ\ Cldial gally 4 Hlaa cany Jgaadl Ja 2
R VA PR DAY iamy A g1 (S

* We have two types :

1- Singled Sized

2- Graded Sized

* How we can know ?

il i Jaiall Zadll s Wi (BUAN )l g Aumranll o jlall el ) i
ﬁj‘i\jh‘je&wu‘}&j@%67~)}mu\ug;“‘\-‘adé-“d\UJSJU\L‘}“‘JJ
A;\jl\eaaj\du)s\u\SLASgJJ\A\JLASJCJmu)&)@%67Jj\;_u

Ll ey () S cililuall b oS0 Litie) LS 4l JaSi



> ASTM( 4S5 YY) lial sall) -
e 48y plall e Wl g 2 joie o) s g anal) OIS 13) 48 e cangy 3 bl J

»Second step: We must to know the NMSA in ASTM and JS we can
take non-standard sieves .

CJsie meal) 550 o) a8 ) Lide e Lie) LS oSS o5 (4

IS Ll Zillay jall b sl (B (ST AS 5aY) Al sall i 55 2 )Y Adaal sl A
L4289 il JAdal) 68 o) A gl) (§ AN g A

* We have graded and singled sizes and the Graded have three types :
1- Well graded ( 4éwal sall (jaa a8y |

2- Poor graded ( 4dwal sall z HlA o ady) |

3- Gap graded (Uil ana dlia gl jia Sy Cpad Sl G 5




Table 9.5: Some of the grading requirements for coarse aggregate according to ASTM C 33-92a

Sieve size Percentage by mass passing sieve

Nominal size of graded aggregate Nomunal size of single-sized

aggregate
mm 1. 37.5-4.75mm 19 —4.75mm 12.5-4.75mm 63 mm 37.5 mm
1. 3. 3. 3. 1. 3. 1. L1

(1 5 to Te 111.) (Z to— 111.) (E to — 111.) (2 5111.) (1 5111.)
75.0 3 - - - 100 -
63.0 22 . . . 90 — 100 :
50.0 2 100 - - 35-70 100
38.1 1% 95 — 100 - - 0-15 90— 100
25.0 1 - 100 - - 20— 55
19.0 % 35-70 90 — 100 100 0-35 0-15
12.5 > . . 90 — 100 . :
9.5 % 10 -30 20-55 40-70 - 0-35
4.75 = 0-5 0-10 0—15 . :

16

2.36 No. 8 - 0-35 0-5 - -
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Table 9.7: Grading requirements for coarse aggregate according to J.S. (Jordanian Standards)

Sieve size Percentage by mass passing sieve

Nomunal size of graded aggregate

mim 1. 40 mm 25 mm 20 mm 12 mm
11 (1 1n.) 3. 1.
(1 5 m.) ( 2 n.) ( 5 mn.)
51 2 100 - - i
38 1% 80 — 100 100 ; )
254 1 20— 50 95 — 100 100 )
3 100
19 Z 10 — 30 40 — 80 95 — 100
1 _ _ 90 — 100
12.7 2 - 5—50 50 — 80
80 — 100
9.5 % 0—10 0—15 25 — 60
3 _ 5—-50
4.75 — 0-5 0—5 0—10
16
0—25
2.36 H8 0—-2 0—5 0—10
0—2

0.075 #200 0-2 0-2 0-2




Table 9.6: Grading requirements for coarse aggregate according to BS 882: 1992

Sieve size Percentage by mass passing BS sieve
Nomunal size of graded aggregate Nomuinal size of single-sized aggregate
mi n. 40-5mm 20-5mm 14-5mm 40 mm 20 mm 14 mm 10 mm 5 mm
(1 % - 13_45 m) % - % n) (% - % 1n) (1 % 110.) ( % in.) ( % in.) ( % 1) (% n)
50 2 100 - - 35-70 100 )
37.5 l% 95 - 100 - - 0-15  90-100 )
20 : 35-70 90-100 100 0-s  o-15 1% '
1 % ) 90 — 100 ) ) 85-100 100
10 : 10-30 2055  40-70 : o-5 070 8-1000 100
5 % 0_5 010 0-15 ) ) 0-10 0-25  50-100
2.36 #7 0-5 0-35 ) _ 0-35 0-30
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. > Cumulative retained on the all standard sieves
Fineness modulus (FM)= s

 5+60+95+98+99+4+(100)
B 100

=7.57 and its always larger than 5.

4*100 :
lexn 5 alh ol (g Al Jalie ia Y € 10 (A Uls ) S Leami () 3 il
100 & leale aniall (g danld JAlie 4y )l o8 g

* Errors( b8 , &l & ady) .
1- Reading weight

2-Using shaker

3-Order of sieves

4-Sieves not clean
5-Some of aggregate go out from shaker




120

100

80

60

40

O5S gal) ol gﬁéY\ ssaal) 8 Baadu
100 »3 10 ~ 1

G s 138 g

Log-Scale

20

1.0 2

9.4. Apparatus

. Balance

= ) D =

. Brush

. Sieves for fine and coarse aggregates
. Mechanical Sieve Shaker

Mlittee

dwaodl Awaidl puud) duoual§ I aiall
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QlWwW
Q2.W
Q3.W

nat is t
nat is t

nat is t

Cumulative retained % (A) Cumulative passing%(B)

d Q(23 Years)
Sl Jlism

A8l Al

ne maximum size of aggregate B ? 2.4mm
ne NMSA of aggregate A ? 2.4mm

ne FM of aggregate A ? 2.29

Q4.Classify aggregate B according to BS standard limits ? Not within BS
Q5.Regarding gradation aggregate B can be described as ? Single size
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(1Q24(Years ).A sieve analysis test was performed on a sample of CA.

The whole aggregate passed sieve 20mm and retained on sieve 10mm
. Calculate the FM ?

Ans. FM= 2% _ 7
100

See Cumulatverewneds
20 mm 0

10 mm 100

5 100

2.4 100

1.2 100

0.6 100

0.3 100

0.15 100



1Q25(Years). In the sieve analysis test , it was found that all the
aggregate passed sieve 10mm and retained on 5 mm, The FM is ?

0+100%6 _
100

Ans. FM= 6

10 mm 0

5 100
2.4 100
1.2 100
0.6 100
0.3 100

0.15 100



1Q26(Years). The sieve that separates clay from fine aggregate is ?
Ans. #200 (0.075mm)



EXP6:Los Angeles
* Hardness: Resistance to degradation and wearing (abrasion)

**We put the aggregate in the cylinder with steel balls and then the machine
starts and the steel balls hits the sample by apply (dynamic load ) and we are
crush the aggregate .

So if we want to know how amount of the sample is crushed we sieve the sample
by standard sieve #12 .

v'Note : If the sample is not hardened(s_k) its will be over crushed (JiS) i) so
LA value is High .

88

Steel balls















e Abrasion = {Wl‘;,WZ } % 100% Note : W2< W1

1

v'Indication about its quality as shown in the table .
* W;: Weight of aggregate before testing (g)

* W,:Weight of aggregate retained on sieve #12 after testing (g)
* W;- W,= weight of passing sieve #12

Acces Cover

Tl Revolutionf
o0 Counter
Steel Cylinder :

710 mm diameter

510 mm length
Weight of aggregate before | Weight of aggregate retained Abrasion

testing (g) on sieve #12 after testing (g) %

Tray to catch
sample after test

4
‘S J;JJkCharge

(47 mm Steel Balls)

93



LA Quality Strength (MPa) | Uses

> 45 Don’t use it

35-45 Low quality < 20 Non-structural

25-35 Medium quality | 25-40 Houses +
structural using

15-25 High quality 45-60 Houses +
structural using

Very high very high > 65 Bridges

quality

LA and Strength is
inverse relation .

Note:

dwaodl Awaidl puud) droual§ I aiall
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* Los Angeles abrasion testing machine :

The machine rotated at a speed of 30 to 33 rev/min. the machine shall
be rotated for 500 revolutions for 15 min .

**Speed and LA values is inverse relation .

+» Steel Balls decrease LA values decrease .

Grading Number Number of balls
(Table 10.1) of spheres (Large / Small)
A 12 6/6 A (A S (X SPRE RPSA
o s
C 8 4 /4

D 0 3/3
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J1Q27(Years).The following are the results of LA test :
The initial weight of sample before sieving = 5400gm
The weight after sieving and before test = 5000gm
The weight after testing and sieving = 4000gm
Calculate LA value ?

Ans.

Abrasion %= {le;wz } * 100%

5000—4000 . 100% = 20%
5000




(1Q28(Years).The following are the results of LA test :

weight of sample after sieving on the #12 test sieve and before putting
in LA machine =4.5kg

weight of sample after finishing test and sieving on sieve #12 = 4kg

Calculate LA value ?

Wl_WZ_
Wl
*100% = 11.11%

Abrasion %= { } * 100%

4.5—4




* Concrete Workability and Admixture :

* Fresh Concrete (4 jtall &ilu all) : (43l e J 58 Leie 4lu Al 2a)
* Workability : The easiness for produce concrete ( 4w _all zli) 4l seus)

< Produce concrete ( 4lu_all L)) a5 Jal e 4 gana (e () 58
1- Batching ( &Sl juiasi)

2- Mixing ( alall)

3- Dis-Batching ( 4Ll (e Ja 31)

4- Transportation ( Alu_All Jai)

5- Pouring or Casting («<al!)

6-Compaction( =l sl laall)

7- Finishing ( el zlasdl 4, o)

So the Workability defined : Easy to do all of these steps .
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v'So we divided the workability to four science branches :
dale aled) o) ) dleial) a3 Gl

”»

1- Mobility : Ability for concrete to Flow and fill the framework( b skll)
and coat steel bars( —ahaszall Jic yaall Gl o)

Q. Increasing water content (increases) the mobility of concrete mix .

2- Stability : Ability of concrete to remain cohesive and homogeneous
during the production (No-Segregation and No-Bleeding ) .

Q. Using Superplasticizer (decreases) the stability of concrete mix



Bleeding
R OYSE PN &U)S.qu'a:u.jéla.m]\

Segregation
40 s Cle) 83 g g9 planl leary (e Clpal) Juadi)

3- Compatibility : Ability of concrete to be compacted minimum volume
.without Segregation or Bleeding

4- Finishability : Easiness for Produce the final required shape of concrete .

100



de gana (i I day ) JalBI el Mald Adedil) (bl e a8 Y1 s Sles 2 Y
Al fill Gy Aaiie Al 3 el (e

oThere are many of devises for measure the workability :

1- Slump test:
ol Jaxd a3 ey Lo i aaall B i dida JS 85 il A e ancai s Wl jeass
S leladi g indall G i 4 Ly 85 L) )ate Adlie J s A0l Adihall &3 (e g 40 e 25
(g () (et AU Adall g 4 pea 25 o paiai g ddamia S5 Y g Ginadall G cluladll g

o ool dsian i g Guma lala Adba AN J g3 e 2 Y 5 QD &8 53 o

ey
L

. D
) \

.1
s




s*Slump: Difference between height of the concrete before removing
slump cone (mold) and height of the concrete after removing of
slump cone.

00 a8 1 138 (e (Aage Al L

) Aalall e ey 43V Csllaall sa 138 5 Alu Al AS Ha o)) LalS W8 ) o) LS -1
(slesall)

Al ) diiaali s jy Jidasy -2

Very Low <2cm
Low (3-5) cm
Medium (8-10) cm
Height (15-18) cm

Very high > 18 cm



»*Types of Slump : P
1- Zero Slump : sbe Lo aa o ¥ g las ddls .:f ““

2- True Slump : 43U 5 duilatia 4l

3- Sher Slump : O e AVa oa5a
hijmmujg\wsu\ ;&\q,ﬁ\dw}bq}&w@\
ﬁhﬂuaﬂl\odb\uujkg_q

4- Collapse Slump : ol 4aaS g ) laa dlle Al dil) dad (oS g Ala Al Jlgd)
) DJAUM\AL;Y\ a_uzuu\ @.uj \JA‘\AJMLS\ aJa.\S

i JA\JLQAdAJLUQe.u\JAJUMA;yYM\ u\_u\j




INotes :

* If the workability high this mean we can do these steps (production )
easy but also that mean its very high probability to be a segregation or
bleeding .

St 3gas Ao Jay o8 4 Al ) 21 Al g e il 13gh Alle Aubisl) S 1y
. Loyl

e Slump test cant determine the stability, only we know indication about
it and if is there segregation or not so we will use another device and

we will talk about it in the next slide .
Al g snand o jol8 e ged (adiatll dga g maad ST el AN asy JoY) L)



» Superplasticizer”FlocreteSP95” : Increase the workability of concrete
without any effect on the strength and the water-cement ratio must be
preserved with no change .

Cian) ) slall Lo 93580 Jo il o g0 Adadal) b3 daseal) 3aLall

.
* Slump test is not useful for concrete of very low and very high r—
workability.

Clas AL 5 das Allad) Al J a0 e J oY1 sy

* In Jordan we preferred the slump number from (8-12) cm.

= Q. concrete of very high workability containing (Superplasticizer) give
usually gives collapse slump .

Q(Years).This apparatus is called ?
This apparatus is most suitable for concrete of the medium workability .




2- Flow Table test : this test is for measure stability (No-segregation and
Cohesive )

s Jand) fase

e Al Al Cuaid J Y JMY\@(QM\ Ce Aalida aflulas g Aol A 408 8

a3 (g A glall ad % i) J\MW\J\ASJQ\)AMCWAUM@)M}U:
Crokd AL AUl sda e o i) o8 lu Al ) a5 4 jia 15 da g slad Ledads
Calatia

Yol Gl 3m 5 3 pee J GIA) Judl s

30mm

Metal Plate
700 700mm

Travel Kmited
to 40mm

"(N)
Table Top 106



»Flow= Davg=D1;D2 in (mm units ) Flow and Workability ( 4k 48

> In DIN( 4slal¥! dial sall) -

Df-Di
Di

> Flow = ( )*100% D.= diameter of cone

D1+D2
D=
2

_I—> D, Values
* 300 mm: Low workability .

* 400 mm: Medium workability .
* 500 mm :High workability.

‘_w\ 43@3&9#4 \J@u\}y\écodﬁywmﬂ\ uil_m;j \J;\



3-Vebe Test(VB) :

r Jand) faga

Lavalls Wil oliled LS J oY) andll Jaad ) yia DU A6 41 4l

a3 LS ) () SS9 dy jm 25 @ pall 4t JS Ay Gilanda 535 8 Al Al cua

;mj)w\wﬁwjuuﬂ\éskwm&mkoﬁ@aaﬁ M\AL\
L B gl ol gy A gla) JSG ) & gt 08 dala Al u\mumja_us}du

Rotating Arm
Moving Vertical T W
Rod —

;:,_\-:’/Slump Cone
)
tic

Trasparent Plasti — ' Cylindrical

Disc é i Container

Vibrating

| Al
" Table
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“+*VB time and Workability (4sSe 433c)

“*VB time and Compaction (d2_h 48c)

ot e 4l pandll 138

Js¥) Jleall Jamy o s -1

Sl OB (e 2 ALl ALadil) Legaa) Gibiie G Bk -2

v’ Cant be used for High and Very high Workability and Collapse slump .
v'Its very good for Low and very low workability

P A

Jarll A Cal 5 e o a5 el oS Zling



4- Kelly Ball test (Ball penetration test ):
: Jand) faa

&JLCL“&QUSJ‘ =y ‘-‘US-* e‘ﬁjl's 75ﬁ;d-mwa oy Ladic M‘-ﬂ)ﬂ‘
T A 5 iy el il Ll Al i 5 el (] jons

: 4 e
laa &
Cuall ey 4,1 S| 48 jas (

iy (g Y Adlal) A il J mleay Y
Aall 8 Joh b 43y ALl Al J mlay ¥
ade aldie ) (S Y o AL8 43y

<— Graduated
Scale

Hemisphere
Ball

111



JQ30(Years). The apparatus shown in the figure is called (Kelly Ball ,Ball penetration ) and
is used to measure the workability of concrete.

JQ31(Years). Compared to the other four apparatus what is the main advantage of this
apparatus ?

Ans. Can test workability after casting..

JQ32(Years). What are the main problems that may be encountered using this apparatus ?
oy g 43 Al e Sl J xliay Y
Aal) & 50 o 4 ALl Ade ) J mliay Y
ade alaie ) Say Y g 4Lul8 43y

(1Q33(Years). The value of the test are reported in cm units.




5-Compacting factor test :
r Jand) faga
ol & (e g Al sk o3 ey el QB & e g S QllE el el D (e S5
J8 QL) 8 3 Jla g antd (Say Gl 4l el s die gl gall sl 8 a5l Al
585 Al 8 3 s el J g i 3 (0 e 31 B ) A
G Ailias (o8 5 Ll hsis Al 8 Leh ) s a sl g 4y gt Jand g 4d) sansyl ) Aol Al
OO OsSas Waa o Alu Al () 5 48 yre padalinnid 45 shau) () 5 alad LS 1) 5 4l Al
LA e (058 L
5 LS 5 o Al 5 58S 5 i) 53 315091 st e 40 sl g 2
L pasa e JalS ()5 e S patill a5 sl



unit weight(density)uncompacted

. w
* Compacting Factor(CF) = Mj"”"”‘”““ed =

compacted

unit weight(density)compacted

e Same Volume andits sure < 1

«— Upper
/ Hopper

e CF number and workability ( 4k 48c)

«<— Trap Door

,4_ Lower
Hopper

<«— Cylinder
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EIQ34(Years) A concrete mix has the foIIowing proportions .

Cement 4002 water 200 cA 1000 9 and FA 750

m3 ’ m3 "’
The mix was tested for compacting factor using a cyllnder of 150mm
diameter and 300mm height , the net weight of the uncompacted
concrete that cylinder filled with 10.60kg . The cylinder is 0.15m
diameter and 0.30m height . Calculate the compacting factor ?

Ans. Density = 400+200+1000+750= 2350~

Weight = Density * Volume = 2350*3:4 + 0.15% * 0.3 = 12.455 kg

10.6
12.455

CF= = 0.85



1Q35(Years). A concrete made of 500kg cement , 200 water , 900 CA
and 900 FA per cubic meter of concrete has an uncompacted

den5|ty2000 — what is the CF ?

unit weight(density)uncompacted

uncompacted —
unit weight(density)compacted

Compacting Factor(CF) =

compacted

2000

2500

"Q36(Years). concrete of very high workability containing
Superplasticizer give collapse slump it should be tested for

possible (workability ) using (flow table test) .




1Q37(Years). Indicate the most suitable workability in each of the following
case :

1- Concrete of very low workability : Vb test

2- Concrete of expected segregation : Flow table test

3- Fresh concrete already placed in large forms : Kelly ball test

4- Mostly used for site concrete of medium workability : Slump test

1Q38(Years). If a concrete of CF=1 is tested in the slump test the value will be
(very high) .




JQ39(Years). According to German test (DIN) , the units in the flow
table test are ?

Ans. mm

J1Q40(Years). The compacting factor is ?

Ans. Ratio between weight of uncompacted concrete to weight of
compacted concrete



JQ41(Years). According to ASTM , the number of blows are required
for one layer in the slump test is ?

Ans. 25



**Non-destructive testing :

e JS nall & ji s Liliil Ale Al AT Yy el Y duay Dlu Al (ailad 48 e
O d

e We will discuss Two methods :

1- Rebound number (Schmidt Hammer or impact hammer )
2- Ultra Sonic Pulses Velocity in Concrete (USPV)

.— Body

| _— Latch
Indicator —

a— Hammer

Spring




**Rebound number (Schmidt Hammer or impact hammer ) :
NN oS 555 hadl J dada (gaka

uJ‘A\JAAuAAmSLJMMM\cLousuj‘alb&js\a\m)wuj&cbd\oﬁ)\awu
Lrulacku

0585 8y ol k) AA)ud\d.m.\ s inie Jlga o Lo Ll

Al all 3 48 )5‘ i O ABe J.Aj.-u A Y Ge g al ) W jeda:
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ey il
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Max : =¥ hall
Avg: dawsY) Jadll
Min: S3Y) Jadl)
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CRUSHING CURE STRENGTH (MPa)

o e e S e LN ISR (L INat Mane iy
20 24 2 2 ¥ AN M

SEROLIN JMSE
REBOUND NUJMBER 123



“*Factors affect the test(Re) results(LLisY) 2 3 5l Jal s2ll):
1-Temperature : 4k e

2-Moisture Content : Dry higher values than wet

3-Age of Concrete : 4 kb 48de

4- Surface Carbonation high values of Re

oAl S Ul W83 3 el sal) AL

“»The main reason behind its popularity is its ( Jeadl 13 alasia) clul)
1-Simplicity ( 4aluwd))

2-Easiness (4 sgall)

3-low cost ( 4dlsill 418)




(1Q42(Years). The following are the rebound hammer reading on a retaining
wall .

44,40,20,42,46,41,45,62

Avg =42.5

Avg+6=48.5

Avg-6=36.5

44,40,42,46,41,45

Avg =43 = Re

The indicator shows value in an unitless number
The apparatus is based on impact resistance

1Q43(Years). Which of the following does not effect the results of Schmidt
hammer readings presence of deep cracks .




JQ44(Years). In testing strength by the rebound (Schmidt ) hammer,
the minimum number of readings at a certain location is ?

Ans. 10



**Ultra Sonic Pulses Velocity in Concrete (USPV):

43 i (gall a3l (ol Cidge Ll ()5S0 5 Al Al jie el 4 pa (358 Gl g0 L)
YA (e s A1 558 2 13 2y g eyl sy 5 s AT e 5 50l il sl
e G B Sy o) Al AN JUA e el LY Al dgy Hlall G5 (e d8a ST Aaie
LA gl cle ) all
L(Between Transducer)
T(MsecC)

* Higher velocities indicate good quality and continuity of the material, while
slower velocities may indicate concrete with many cracks or voids .

Velocity=

Transmitting
Transducer

Time

- Receiver
’: Meas n 4*; o
Generator eCircuL:i't - Amplifier

Pulse
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i

L

3 L] Max : =¥ il
;_ % Avg; .huj;\.!\ Jadll
e Min: (291 Jail)
% K

3 33 45 42 41 46 43
YELOCITY THROUGH CONCRETE (KMSEC |

 Ultrasonic Pulse Velocity can be used to:

1-Evaluate the quality and homogeneity of concrete materials
2-Predict the strength of concrete

3-Estimate the depth of cracks in concrete.

4-Detect internal flaws, cracks, honeycombing, and poor patches.
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D)W (833 5 g Adn A8y jha g3 je (e HIS) ) ST aga Gl g J)gm

8.3.1.1._Bulse Velocity |
| Reading # 1 2 3 2 5 e : L;% &
‘ T(PSCC) ~1A~3__| 1?"’\ ‘)}\6 233 ’L’}‘S 27

Tesm 2L 22739 8773

-2
V(avg)= L _ \e? #\2
:{?;:i ] A A6 &N
cag (Mpa)= Y\ MR

Grange (MDY= Q -~ 8) MR

—
-

a

2636 30 o [§Ce :3.6367’\/1*2/

”»w

L 4

dQ45(Years)

CONCRETE BUBE BTRENGTH (MPa),
.l o .2 ... . 2 Y l .




* Destructive Testing:
* Compressive Strength of Cubic Concrete Specimens .
* Compressive Strength of Cylindrical Concrete Specimens .

* Splitting Tensile Strength of Cylindrical Concrete Specimens .

* Flexural strength of Hardened Concrete Specimens .

Cls ladal &3 Al k) ae pilinl) A e g CilanSall juS a alad il



* Strength divided into :
1-Tension 2- Compression

* Tension divided into to two types
1-Direct( hard todo it) 2- Indirect

* Indirect divided into two types :
1- Splitting 2- Flexural

* Flexural divided into two types :
1- One-point Load (Central Point Load )
2- Two point Load



s*Compressive Strength of Cubic Concrete Specimens .

P P

A L2
o : compressive strength (MPa)

L: dimension of cube (mm)
P: Maximum Applied Load (N)

Table 21.1: Satisfactory failure and some of un-satisfactory failures

Satistfactory Failure

P
.

W

Te

Non-Explosive Non-Explosive

Explosiv <,



s Compressive Strength of Cylindrical Concrete Specimens .

_P_P
0= A mr?
D: diameter of cylinder % should be > 2

A8l (3B (e Leal DAL Liad 1 il G el o3 ) o5

Refer to fig. 22.1 for the typical types of failure.

¥
A

Type 1: Shear Type 2: Shear and Split

Type 3: Splitting 133



s»*Splitting Tensile Strength of Cylindrical Concrete Specimens(Brazilian) .

2 P i JP /ﬂ]Platen

TTDL
D: diameter of cylinder (mm)

Concrete Cylind
under test

L: Length of cylinder (mm)

[— Lower Platen

o :Splitting tensile strength, (Mpa) S ——

P: Maximum applied load indicating by testing machine (N)

Failure Type
y =

¢ /

2 Splits with the direction of the compression load plane, as shown in fig 23.2.

134



(1Q46(Years). a concrete cylinder of 200mm diameter and 400 length
was tested , the load that caused failure was 500kN find

* 1- indirect tensile strength
e 2- give an estimation for the direct tensile strength

2P 2x500%1000

* AnSs. 0 = — = =3.98MPa
DL T*x0.4%0.2

* Direct tensile strength =0.9*3.98 = 3.6 MPa




**Flexural strength of Hardened Concrete Specimens (One-Point):

l€ = > |« — >|
M —antengn=L >
Mc

O = —

. I
I =—bh3

12

N.A.

o

(N
ral—
-

Shear

P12

Moment
>

C: Distance from N.A to
extreme fiber (Tension)

i 255l AR b
C Combined bending and shear .
y |[“top
Cbot
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**Flexural strength of Hardened Concrete Specimens (Two-Point):

LY Ay Hhall a3 58 gle e CailS 1A Y Lgaadias g JuadY) a 1@2 1@2
g | ’

Id=U3

'(U3 mLBmUISJ"

ke Span length =L N

Mc

0 (Modulus of rupture) = ——

[ == ph3
12

C: Distance from N.A to
extreme fiber (Tension)

Shear

PL/6

Moment

Pure bending and shear don’t affect in the value

N.A. y |rop

Cbot
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J1Q47(Years). The modulus of rapture for some type of concrete is
3MPa . If a beam of 500mm length and a cross section of 50mm by
50mm is tested in flexure by the 2-point loading , calculate the load

that cause failure . Consider that each load is located at 100 mm from
the supports ?

Mc
* Ans. O'(I\/Iodulus of rupture) — T

_P*0.01*0.025*12
B 504

3 P=624N

Q48(Years).
Presence of carbonation increase the Rebound number

Increasing water to cement ratio decrease the strength of concrete
Increasing water content increases the segregation of concrete mix




1Q49(Years). What is the strength in theses cases ?

* A- Standard cylinder was tested for compressive strength , load was
663kN .

e B- Standard cube was tested for compressive strength , load was
1080kN .

e C- Standard cylinder was tested for Brazilian test, load recorded was
848kN .

* Ans.

A- c=L=—2% ___375MPa
A mx75%2%x103

B- g=t=—"250 _ _48MPa
A 150%x150%10~3

- o=2E__ 2%%  _17MPa

nDL m*150%300%10~3



1Q50(Years). The strength measured by testing plain concrete beams
is () strength ?

Ans. Flexural Strength

1Q51(Years). A standard cylinder resisted a load of 750kN when it was
tested in compression , calculate the strength of concrete in MPa ?

2P 2%750
= = 10.61 MPa
DL 7x150%300%1073

Ans. o =



* Mix Design :
o ookl sale LS Jralail) 8 Jan Y waiha sl e gengall 13a ; ddaadl
T OsSil B saddieal) 48y yhall
e Absolute Volume Method (ACI) ACl: American concrete institute

* Mix Design or Mix Proportioning : i JLis) a5 4ule Al dhlal) cus Jae
aB 9 u.u.ua\AfA\ BIREGEETEON| c;jjz\% el palaall [ 5ins iy Al yall AL
. b8l ¢ Aalmial) ~

. uf.zgéngw\j&j)mg;;,\J\d.ﬁ.te_"éj&jsﬁj@uﬂ\a&u\ﬁ.uaz

Mix Design




ﬁmlfg; +

LJA- Strength : its divided to two types : g Tl

1- Structural strength : s asadll (udigall 2l il dvasaait) dila A 5 68
Chhaddl ol el e el

We Assume it : 25MPa (For cylinder )
»If Cube in the question : 25*0.8 = 20MPa for cube

2-Mix design strength (F,,p) = F.,,+ Margin (Safety Factor )
Faip > Feery (0381 0585 0 Ly 5 N Jlead) Uas (1 18 44)

S
%ﬁ@b v Note: MPa=——

142
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e Margin = 1.34S MPa S: Standard deviation(cs Jbxl) <l ja3Y1)
or Margin =2.33S-3.5 MPa

* We take the larger value of Margin .

a2 Gle) 8l dga g ade Jla g led Al dsa g e 2 Y (5 lmall ol i) aas S
 dgsadl

Ja s 4eaiinls Jgadl 3 Jara ol Cagjma (5 lmall Cal iy (IS13) 3 AaBAd)
dsand) aladtal e 2 Dl saal 6 aae

\AJ\FM\ADJL&Q ;:ueAuAjﬂ\_uS.qu\.Ac c‘\-u:dh -1
& s piall Ay JDA Clin€all ol il -2

&auaoll dwsial pand) drosal&ll il



* This table Give us Margin direct (Required increase ) :
° FMD:25+& = 33.5 MPa ( L@.A:\MJ J\JAM alLlal '5)3) &0l &waidl puud) duoualE DI diall

' Specified compressive strength

Required increase
in strength

MP psi MPa psi
2 psi . |
000 1000
: - -
less than 21 less than i
' 000 to 5000 .m
21 to 35 3 — 1

35 or more SO00 or more
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] B- : Water to Cement Ratio :

Bl 2l 348 Lo el il Jalal

* Non-Air : “lu all & Gugaa slgd a0 Y
* Air-entrained : 4lu Al 3 Gugna gl o e

dwiaoll dwaidll puud) droual§ Ul aiall

* Use 33.5 Strength in this table

________—__/_——-
e Ayrcatamed
Compressive strengtl No-ir<arined e o ; | .. " |
al 28 tays, MPa* coacree ne +m———— Ol 99 ) Jazd J g 2 ganldl (83 g2 g0 a8 ) Cudd 5 gall IS 1)
T 0.4 Y
3 04T gi: 35-30 _33.5-30
32 . ‘ 052 0.47-0.54 x—0.54
% THENEE _
___L——-—M X=0.50 145



C- Water content : sbwll 48
SIUMP 48 30 (30 3 Y elaal) L aam S g bl Sy 531 prui 1 Jalal

Assume Slump = 100mm = 10cm

U)&U‘M“—“)ﬂ‘(ﬁ@u&\ @jA-“ ;\AAOJ\.\AJJAMJSJYUAAM\O\_\AM@
}Meﬂju@.\&&.ﬁ)hu&uﬁw\u&u\uﬂu\.cw‘u)&u‘ju\swﬂ

NMSA for CA : from sieve analysis ( Js¥! caall)

»Assume it : 20mm so

water = 205 (%

Jﬁjwmyuﬂg\}é J;yyou\ua\.u\ésd;_q\_u\c_\m ¢‘j.@J“\.\ASJAJe.\UAJ
] MJMMUJSJJ\AOJMMMU)SJ}MM‘uSAJYLSJMs%‘}@J\



] C- Water content(Cont):

(] D- Cement :
Cement= VVK =205 410K—‘z
(?) 0.50 m

ol dwsiall pud) dosalEU1 diall




JE- Coarse Aggregate : We must to Know F.M for Sand and NMSA
So we get the Volume of dry coarse aggregate from the table .

» Assume the FM = 2.5

Volume coarse aggregate =0.65m?>

WEight of CA= Volume * Yroded-unit weight
Kg
» Assume Yroded-unit weight = 1400 m3

W,,=0.65*1400=910Kg

duiaoll dwaia)l pwd] A1 aiall




JF- Fine Aggregate :

1 b A5 agaall £ gana (53 (o sand

e ¥V = 1m3 (Absolute Volume Method)
Vea+ Vegt Viy+ Vet Air-content = 1m?3

w
S.Gxy,,

 VVolume =

» Assume S.G for C.A and FA =2.5 and 2.8

410 205 910 W,

— + +0.02=1
3.15@283)%1000  1+1000 2.5%1000 2.8+1000

¢ WFA= 786 Kg

> =1
Wﬂt@e

dwaoll dwaidll puud) m_.mfhile aiall



W 205

CA 910

FA 786

« Batch weights (Kg) per m?3 of concrete

Y =410+205+910+786=2311 Approx. Density

(JG-Adjust for absorption :

Al e L adlall sle e aabic Al dual) culs )
paall il Ml elall dpaS il dgday Al cilS 4l
aanll Al re il (K1) Jsas sy I

e SSD is not any problem .

dwaoll dwaidll puud) m.mf%ll aiall



> Assume :

Aggregate Absorption Moisture content &30 elal) 3
CA 1% 3% 2%
FA 2% 1.5% -0.5%(Aalil) sla ¢a 331

* W ..(adjusted)= Free water + absorption- moisture ( 8uall slll)

* W o= 205 +—-% 910 + ——+ 786 — |-+ 910 + - « 786| =191

Guiaall dwaiall pund) droualSll aiall



o LSl ol oy b g Wgtinna (pe KU (e 23 Vg Ay il ciliba Ao 18 )Y o2a
Cedsall e al il o Jd Al st dae e 2 Y ad gl

o 3l Gl dll dsaa (e (B3l L) Jee (e 2 Db daaa il S S
8 o

o o oish e Sl el gl s giaa el Yl Lile
] W(Free Water) 205
1- Roll-A meter volumetric
CA 910
2- Pressure methods -~ —
Air-Content(u=_2) 2%
Slump (U=_8) 100mm

dwaoll dwaiall paud) Eﬁfjﬂ aiall



JPressure Method :
Craon (e o) sed) AneS iy Ay jim 25 atda S 4y Al EO6 e vl | dakiiall 3 jaida 4050
Ols aalg Glali o) 3ab) S 51 Y sae 5o g Jeall (8 oae jeda () A8 11 s IS o) aal

C A YA Jaadilly asia g g A Jasds Jae e 1 Dl aal) 1A ) gla

Slump test s 5 ale &l 45 a5 8 oLdA) Al J oY) Gasdll 335k e o sagl) Gl &5 (g g

SHE) Clali g 8L O Y siie (36K Jsaall 8 2 sall Bl i (IS o) Jaal) s (g
CAlhsd Jae e Y el YA




d Slump=6cm

d Air=5%

o L Joaad 853 e il g Ly N adll ) eda il i o e oY)
**Adjust for practical values (ACl) :

» Add 2kg of water to increase slump by 1 cm .

+ Add 3kg of water to reduce air content by 1% . Andvice versa(gaa oSl
* Slump(ubﬂ\) .
(10-6)*2 = 8kg for slump Take the larger value :

* Air content(u2,4) : bl sy
(5-2)*3 =9kg for Air content

_— !
e Case “Vice Versa” : % lt 4 &

We will take the smaller value not larger . sl el gl




* New water =205(Free water not adjusted )+9 =214
214

* New cement = — = 428
0.50(Dont Change it )

»CA and %don’t change it (Same ).

* FA will be changed and we will calculated by using (£V = 1)
428 L 214 910 Wp o 0.02(tesle: asonsill 3 sall) = 1

3.15@283)%1000 1%1000 2.5%¥1000 2.8+1000

WFA= 80115

Lghijt_\‘).\z_i.ﬁe.\sj\ UJSJuiL;_\;AJM\AaJAJUAMJ\ d&jua}mm\g\u;aﬂJeuuAj
cpxiaal dell dae 0 8 G2 Y (A Ly p Al das ) ek JAl J Yl

auanll awaiall pud) demls Ui aaul




1Q52(Years) A. Design a normal concrete mix using ACl absolute
volume method satisfying the following :

1- slump is 50mm

2- structural strength = 30MPa

3- NMSA=40mm

4- FM=2.5

5-SG for CA, FA, cement=2.5,2.7, 3.15
ASSUME ¥ oded -unit weight = 1200 %

B. Adjust for absorption satisfying the following :

Absorption of CA = 3% and FA = 4% and both are oven dried before
used in the mix.

C. If practical measurements showed that the slump is 100mm adjust
the weigh of water for the next trial .



* F\,,=30+8.5 = 38.5 Mpa

, 40-385_042-x Y _0.435
38.5—35 x—0.47 c

Slump =50mm NMSA =40

K :
water = 165 (m—‘Z) and Air-content=1%

e Cement= w16 _ 379.31E

(%) 0.435 m3

FM=25
Volume coarse aggregate =0.74m?>

WEight of CA=Volume * Yroded-unit weight

W,,=0.74*1500=1110Kg

379.31 165 1110 w
+ + + M—+0.01=1
3.15¥1000 11000 2.5%1000 2.7%1000
* Wg,=703.57

* Density=703.57+379.31+165+1110=




Absorption of CA = 3% and FA = 4% and both are oven dried before
used in the mix (Moisture content = 0%)

W ., =165 +[i £ 1110 4+ —— = 703.57] = 226.44
100 100

the slump is 100mm

s Adjust for practical values (ACl ) :

* Add 2kg of water to increase slump by 1 cm .
 Slump(u=Lill) :

(10-5)*2 = 10kg for slump

New water =165(Free water not adjusted )-10= 155



1Q53(Years).

A. Design a concrete mix to satisfy the following requirements :

1- slump is 4cm

2- structural strength = 27MPa and the standard deviation is 6MPa
3- NMSA=40mm

4- FM=2.55

5-SGfor CA, FA=2.5,2.7  AssUME ¥ ,4ed-unit weight = 1400 —

B. If practical measurements showed that the slump is 1cm and air
content is 4% , adjust the weigh of water and cement for the next trial ?



 Margin=1.34SMpa=1.34*6=8.04

or Margin =2.335-3.5Mpa = 2.33%6-3.5=10.48

* F\p=27+10.48=137.48
, 40-37.48 042-x Y 0,445

37.48—35 x—0.47 c
Slump =40mm NMSA =40

K :
water = 165 (m—ﬂ) and Air-content=1%

* Cement= (VVK) =% — 370,782
=) 0.

Volume coarse aggregate =0.735m3
WEight of CA=Volume * Yroded-unit weight

W ,=0.735*1400=1029Kg
370.78 165 1029 w
+ + +

3.15x1000 1x1000 2.5x1000 2.7%x1000
* W,, =798.36

* Density=798.36+370.78+165+1029 =

A +0.01=1

F.M = 2.55



the slump is 40mm

s Adjust for practical values (ACl):

e Add 2kg of water to increase slump by 1 cm .
¢ Slump(u=2A) :

(4-1)*2 = 6 kg for slump

Add 3kg of water to reduce air content by 1% .
(4-1)*3= 9 kg for air content

New water =165(Free water not adjusted )+9= 174

Cement= w17t _ 391.01—

(%) 0.445 m3
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