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cement

-

o

Cement + water

Hydration of cement ( slow )

~

’"".-. ‘ "..’.
With time

s> cement past s hard material
Hydration of cement (sems Crianl) g elall Jelas -
Al Al 6 RS Chasy / Allal) AGISH ; Clisiall b Aladie) aia -

( Causes shrinking cracking / causes heat cracking )

J

4 )
(2\_3}‘\) (sitans) Jadla
. 7 With time .
Cement + water + sand (fine aggregate) — cement mortar ——> hard material
- ‘ E . ‘ . P
Laliil) 53 il & aadt
\- il Y,
With time
Cement + water + sand + coarse agg +optional material > Fresh concret — > hardned concret

-

2

Standards and specification

1. ASTM
2. BR
3. EN

——)

IS
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i S %2 oo Ji Y ol s
i sy S %4 e 2 Y




Concrete Materials

Concrete is widely used

* Ease of construction (Molding, mixing, ...) L alall il (ge 5L 138
(L\AAS.\L“ ..QUJSAS\C ).uu.a.u:w 9

* Low cost sy

* Availability of ingredients

* Good durability 3



Physical properties of cement \

1. Setting time <& ()

3. Fineness of cement  Cuiaw) 4a gas

4. Strength of cement




Physical properties of cement

Setting time
(<) i) (JSUdia &igaa (99 quall el g 3aal ) € setting time J) oukd 4l - o
&) sall 3 Aot eyl dadla a8
Crall a5 8 Ciesl] ae ol aladild Jlaall aa 5 2
Al Al 5858 e Jaad cuall £l 5, all gla ) 3

strength . . S

How we can measure the setting time ? +*
el e juaata @i al | Imm Lewld nedel 4ile rod (w 0SS, vicat e e Giob e
GsSe J 5 e s gk S JAD J 0 13 5 ) @Bl o 835 Slgad) (A Ganaddld) cle gl JAla Ll
SPEN

s 4 )k -
plastic FS]-///’ dla yal) slgs cual: Dorment period <
Ao d3ibes CDIe W plastic
: setting period <
Ll Al 0 gy g Aadle & yiy 43Y s yall o & Ll Al o 8 £ giaa
15 FST 2 Cdan slall ua o
[ ol ey o plall Adlu Ad) i - o
time i
Dorment period Setting period Harding period Initial Setting Time (IST).

Jpesd dikaia(i k) Al s e Final Setting Time (FST). st JelS 22 5



Physical properties of cement
Vicat method for IST, FST

Apparatus Vicat

Determine the water content to produce a o Penetration

. w2 N Zero
paste of standard consistence . L Movable rod

weight 300 g

Normal consistency

Plunger 10 mm diamter 25mm

Penetration= 10mm + 1mm »»' Frame

Initial setting time o mromos N\ LN
: " ||' 4'0 l, 'l ' P B_ey e 2 .

Needle 1 mm L (Ghadad) 2889 45 0 cual) ey

Penetration = 25 mm LAY JB a3l a1 L g8 >

25mm = Penetration J) G$S, IST S Ladie >
0 = FST 05Si9 1mm 53 a3diud ST, FST gaad yie 3
10mm 3_s) addied NC, (W/C) uaad xie >

S 0985 3 g8l B 3l SAY) s la JS B

.25 howuar

R .. .

e ‘ IST = 45 rminm
6 OSSO e g EFsT =

<l g JelS Bl



Physical properties of cement
Normal consistency is the w/c ratio required for setting time test NC ¢

Gk sS4l 8 cement past JI oY llas 10 mm HImm Ge 0¥ s &k O g o

w
¢ W/
L A NC = - . . o
NC ? pentration NC of Penetration = 10mm =Log 1 <+
. Log(Pen) NC ..\34;3 el Setting time d-‘“; dj o
mm
durameet How we can measure Normal Consistency(NC)? <«
Ans. By using Vicat apparatus and make three reading
then drawing the
relation between Log( penetration ) and water cement ratio
25mm |- w/c

IST FST



Physical properties of cement

(Expiry date ) 4adba &)l Cuiandl

Csh ol uid e ad g dish ) 4my e ciieny) GuS 2 3Y  Storage of cement - v/

s 058 Ol Al giad) pajall Cieny) Jerian o g v

s dallall cuianY) £ i) Jsaa g Guliall 5 Cildial sall 3530 et drany dga LY A dlla v
A0 Ay Cuian) aliaty 1ad Harding J) s e v/

L palll oldy ae Sy aliaill dlee Tag dla yall oda 4 ) s jo- v/

5yill o2 fasiy caall J ) Jlae Dy alall 4818 aliai 3 538 cilS Le 13) 4zl |ST 4 jre Jagy v/
slall ae CiianY) LA Nie

1880 ale Lillay 5 cunaul & 5ia) (e J3l v/

Harding period () Llas 3 (K54S jall (e 3 Yl (aigidie v/




Manufacture of cement
i) dslia

Ldl Jed IS 83 58 giall AATN 3 gall 0 L jlad g anieaill 4 Bale ity -
9 oA e e DLy A :

p Cula) B 5393 gall alAd) 3] gall
S'”"l’ ¢ Calcite — CaCo3 - sl saall (1
' Clay (Si02)(<'_1) (2

(A »5:lYIAI203 (3
I EEREE S NREIFEE N v X PSR!

. )S.\SS - t_u.A.u:Y\ aclina BVE :\;J\A'j\ J\}d\ = Klinker o3
Al cier (G5 odg) IS JSa e Cianlll @ )50 &
1450 ¢ =5 sall i 2 o

calcining
sintering | drying

o

Gy ey Sa Jaud Ay 48 a o ay S ellig laa AL 4400 5 | 10 = dusl 0 Sleal) b o
el Jelall

(dj):\,m)Jﬁ}l\QAB)*\SQQAS]GU;S‘_“;J\@L’J\ZSJ\JJ\Q\;JJQM@LQM o

o) 31 La Jin acli Citaul) a3 5u o 20 Jleal) e 2 as Ledie Ciieull) Gada oy o
Q: years )
Clinker is Cooled (4-2%) g5 55 Ay CaS04 uall Ala) oy kel °}j\ X
Ground to powder Cladds Gy Y (%4 e w Yy, Jud oS S %2 oo B Y ol o
Add 2 to 4% Gypsum CaS0O,?
Prevent flash set




Final product
of cement

<«<—— CaSo4 [€

Manufacture of cement
i) dslia

Add

Crushing to very
fine material

2-4%

— Ll iy

Basie components chemical Properties :
Crian) a5 b Ja 1) ALl Gl )

Name of compound Oxide composition Abbreviation
Tricalcium silicate 3Ca0.510, CS
Dicalcrum silicate 2Ca0.8i0, C,S
Tricalcium aluminate 3Ca0.ALO, CA
Tetracalcium aluminoferrite 4Ca0.AL0, Fe,0, CAF
Gypsum alkhalis CaSo4/Na20/K20

10

Ratio
25-65 %
10-50 %
3-15%
5-15%

2-4% or 0.5-1.5




Chemical composition of cement

Main : ( C3A / C2S / C3S / CAAF / GYPSUM )

Miner components :
1) Alkalin ( Na20 / K20 )laall Jl&s Jub g PHJI aé 53
2) (Ti02 / Mn203 / Cr02 ) L8 ) W d inert material

laal) JI85 il g PHJ) a2 5: Alkalins -
Alkalin + Sio2 + H20—> Alkalin — silicate hydrate (Etringite) -

*Aggregate : may contain SiO2 special type of aggregate Contains
Al Al o s oot (a3 aa 3 e AlGe I (5375 138 5 laa (oday IS el & LA W ()5S0 : Free SiO2*

C5S and .S, are the most important compounds,
are responsible for the strength of hydrated cement paste.

The presence of C;A 1n cement i1s undesirable: 1t contributes little or
nothing to the strength of cement except at early ages, and when hardened
cement paste 1s attacked by sulfates, the formation of calcium sulfo-
aluminate (ettringite) may cause disruption. However, C.;A is beneficial in
the manufacture of cement in that it facilitates the combination of lime
and silica.

C,AF 1s also present 1n cement in small quantities, and, compared with
the other three compounds., it does not affect the behaviour significantly;
however, it reacts with gypsum to form calcium sulfoferrite and its pre-
sence may accelerate the hydration of the silicates.



Chemical composition of cement

( quick reaction ) s¥) delu 24 JI 8 Sllgivg s Jolii dgal) Jol v/
&M\&M\QAPM" "ngJSJ‘ﬁ%JJ&iQ’M v

(%4-2) Jelatll ,ali J pundl Gz v/

3 gall Crians) ae el Jelii die oY | Al Al 8 cliads Guasy %4 e el daus <l 3 13V
Ul ALy 3855 Gaaay il g Aleliiall o sall (e ST Lgana AUl

Ailu ) ALla 8 JSLie 3a 55 Y % 2 o Gl s 8 13 Gl v/

C3A + GYPS(caso4) + H20 > Ettringite(slow reaction) (L 4 sSall 3 sall ana (3o ST aaa)

Al all ddalall & JSLie aa i Y % 2 oo peaad) dpus 8 I WV
Jelil) 305 aal 355 all a s )3 e JS_ S lall ghliall 4 addicy v/
C3A + WATER ———> Quick set (false set ) ( <3S jaad)
IST (3 2 s QAN jaaill dglee (e JI8 Gaaad) addieg SN v
(Aplal) @l Sl 38 55 e lalaie) CuianY) (e 320 gl pnaliai) v
CaSo4 mostly = 2-2.5% v

C3A 2 4l 45 ) Jiny v/ @
G gaml M gad Joliy By (K15 C3A (re Ui Ul (985 de e Coai ay Jelill oy v/

B S B oy ¥ AT | L) ghlial) b addiey v/ @

" %4-3@@)&\0)&@)}.}1?,ouAshAg_\Yijy\:\oJJJ \/
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Chemical composition of cement

Compressive strength (MP«:_)
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years

Q : Choose the most suitable answer :

1. Gypsum is added to cement in order to :

a. Increase setting time b. Decrease setting times

c. Encourage flash set d. prevent flash set

2. Ettringite is formed in concrete when...........are present

a. Sulfates b. chlorides

c. Alkalias c. carbon dioxides

3. Which of the following best describes PH of fresh concrete ? > Lin GaY 3
a.5 b.7 c.9 d. 13

4. The strength at late ages is highly dependant on :
a. C2s b. C3S c. C3A d. CAAF

5. Which of the following is responsible for evolving the highest amount of heat ?

a. C2S b. C3S c. C3A d. CAAF
6. Concrete must be cast in place before the ........... ends .
a. Dormant period b. setting period

c. Haredning period d. Mixing period
14



Bogue’s Equations

C4S = 4.07 (Ca0) - 7.60 (Si0,) - 6.72 (AlL,O,) - 1.43 (Fe,0,) - 2.85 (SO,)
C,5 =2.87 (5i0,) - 0.754 ( €55)

CJA = 2.65 (AI:DJ} = 1.69 (FEEDJ}

CLAF = 3.04 (Fe,04) bl g AileS 1S g0 ;.Ua.c\ die ddaada*
- e - - . - -~ | -
Olasia) o8 (laniy i il SV laall o2a C3S, C2S........ Sl

Example EYabal) i Free J) s 23l Y

Calculate Bogue’s composition of the cement with
following composition

SiO, =22.4% Ca0=68.2% Fe,O5;=0.3%

AL, O3;= 4.6% SO;=2.4% Free lime = 3.3%

Solution
C3;S=4.07 (68.2) - 7.60 (22.4)-6.72(4.6)-1.43(0.3)-
2.85(2.4) = 69.2 2%

C,S = 2.87 (22.4)-0.754(69.2) = 12.1 %
C,A = 2.65(4.6)-1.69(0.3) = 11.7 %

C,AF=3.04 (0.3) = 0.91%
15



Type of cement

Ordinary Portland cement (OPC) (1
o siall Z Sl axdiiny / Laladial €Y/ Ldd pad )Y / Type 1-
(% 10 -12) s3le & 5l 55 iy | %15 O B Ay C3A Lo (s sin-

Sulfate resistaning portland cement (SRPC) (2

Used for
Concrete sewer pipes (i SH gl ) el (i il S b a5 A 3laliall -
Foundations on high sulfate soil C3A <5 % and preferly to be < 4% -

C3A J) 4ud Y1 (08 JS 8 ope J) 4l
Etringat J) 330 () 23 lae 45l 03 iy 5S0 4aS e 3 pdagdl e 3508 ade sy aielia o -
This cement has a low C,A content so as to avoid sulfate attack Etringat 0« 0% C3A J) i -

Rapid hardening portland cement (RHPC) (3 -

Type lllI-

high amount of C3S, low C2S - C3A=13-15% -
M\ & L“gd.ﬁ.u}a Caia) -

High heat and strength at early age Jelail) de yu saly 31 8 L) (SLaY) A addiian -

Gl ) s g g Jla (8 adiing g il S 48 13) andiy Y -
- Jelaill (5 A1 AlasS o) g0 d8lia) ae OPC Js¥1 & sill aniins dalle Lgiy i 5 83 )b dakaia 2a 5 131-



Type of cement

Note : ; Low heat cement (LHC/LHPC) (4

C2S, C3S Ciian) pEA Type IV-

51 Laguzanyy ildagi e C3A < 5% -
ubui{‘@’ﬁzfé‘j&m)\ JJM\Q@M’" “+d9&ﬂ\a$ﬂdm3Ju\éhM‘g§eMw o -
s AY) High C2S, Low C3S -

Used for Mass concrete (Dams) Je C3A padiwy CL a5 e -

Moderate Sulfate Resisting Portlande cement (MSRPC) (5

C3A=8% -

Used for modrate concentration (Sea water ) -

C3A e Aalle 4paS andis SN DLu A e i Y sed dadl) aa e il ) 5lSl) il A8 dad
Gl Sy Glu S dga g Js (A 2050y MSRPC padiui ¢f /CO4 4 1) -

cl+ C3A +H20 inert stable material 3_8we 4A 30k
C3A 4 o gia -
C3S : Early ages White portland cement (wpc) (6

C2S :Late ages
C3A : heat China clay instead of ordinary clay -
( made from china clay )— OPC JI 4 -
( shrinkage ) 4l Al (EleS3) G g Strength J8ly |z el (anl 454l -
shrinkage s A3 3L (s 4y g 1S Jad 4y lara (il £V addiey -
17

Calsite + china clay —— white cement



Type of cement

Pozzolanic portland cement ( ppc) (7
Type IV Dbshll &l S8 sy i) ele () zling 4350 :Very slow reaction U

&ﬂidﬁg@luﬁh s laa A s058 PH Jlded J30 O

anll s2all e strength J) 4ed 28 0 O

very slow reaction (b 4lelss 0

CaoH?2 cadcw\‘;.cajjﬂ\d.ﬁu)j\ KV ijJ}JGAmM‘;MAM\ U...\S\‘).\M J\.o_)u.oc_ua:a |

type N xnbsrae O

Dl e o g e el 130 il g Taca Jeathy s 02 daaiy I cile ) jall sl O

Type N e el oY sl 4o 55 Type F Al sda 8 e s adbaall (alae ala )y (e Liagl 4niai oSy O
Pozzolan + Ca(oH)2 + H20 Solid inert material M
_— type F —~=Fly ash (artificial ) U

a

type N o el Cao e < 525 Fly ash (artificial )
S8 PPC muay a5 56 aulul 8 3205 PPC (0 558 OPC J1 28 a5 2= O

A5l Adia Lgadamy 0l jadl & a5 43518 80le (2 3 ke (a5 Ca(Oh) 2 (oendi B3l Jeliill il o o
laall oy dadll <l 35130 el aaadl facay W (5 518l Jas dll 138 & Newly made fresh concrete (PH =12-13)
18



Type of cement

" Super RHPC (8
ads il 5 H o e o

ay  M2/kg «—(Fineness of cement ) 4ie sy jliay v/

RHPC & v/

CrianYl andy Jeliill ¢ jul 013 v

5 lall hiiall d dalaiinl giars / 1as 3L 3hliall b it v/

( Fineness of cement ) ¢ CuiawY) da i (uld o oS
Sum of surface area of the particles in unit weight
‘ Opc =xm2/kg

gyl ~—___ RHPC=2X-2.5X

ERHPC =1.25 RHPC

CyaAY) —
LHC=2/3 OPC

19

Coulor cement (9

(Lasd o 3ll ) 5 jlail) iy Cilay v
(pig ments ) 4apa v

a8l 35S %5 strength Jl don v
Giany) ¢l sl hld al aie aiay v/




portiand o 8 -1 e 2kl g1 59 Type of cement

non - portland 12 -9 (x5

( non- portland ) Slag cement ( super sulfated) (10

The advantages of supersulfated cement Lie in 2 high re;istance to sea aall giliae Cililie il 435S0 o
water and to sulfate attack, as well as to peaty acids and oils. The use of
this cement requires particular attention as its rate of strength development ~ hard material (Aaxsd elall pa Jeléill L8 o

Jaa faa ey Ado Ui o
GGBFSC : (o ¢l aa Jelity 53l slag JI-
(super sulfate cement ) <liy sl 2 gl o

(Granulated Ground Blast Furnace Slag Cement )
%2 12> dlia 32 J) A

Slag(70-90%) + portland cement(10-30%)
plhadl Clilia e palad 4 Al Gaa o

s Jle Jaicall L 05 i) Aadizall g jliall (& Jerigy o
& 5 il s V1LY 8 Strength J e Y OIS 1)

as 50l bl + 3 gaaad) (B daladin Juads o

Ciaw) £9if 558 98 2 91 g 20 <
20 gw\@&wﬁﬁw\w‘;&\ CaOQASJﬁSdﬁQ‘:};)\éQ Slag Al sala o



Type of cement

Expansive Cement (NSC)( non - Portland ) (11
(non = shrinking cement )

Cladal) & gaa C"‘“ﬂ'

(258 L&l 1) 4 lara Gl £ addiiey
((2galal S Gl o.\.\.ﬁé) el Sl Bas | cudilt PXCNI
1A S Gl 2 gl adiiy
Qm%MginYﬂigsuV\@eM

ol 435 | CAO (3 Luad () 50

repairs of cavities in water retaining structure

J
4 0’0

/
*

D)

e

*

e

%

e

%

3

*

High alumina cement ( non- Portland ) (12

asial¥) Cliidia (e Al o

Lty o B CEES) + Jlaadl JI&y + Qi) A gl + Jolall Alilgl) de pudy jliay

NS

4

ciaill I strenght J) & 41 Y dsl 24 J) DA strength &2 @ £ 8

/

4

exzada..\ggdl.d\ Cuta) Sﬁghﬁnbﬁ:\shﬂ“m DS

D)

HAC 15 manufactured from lmestone or chalk and bauxite, SULEN) i Aafakid e

o) gl

/ /
0’0 0’0



Type of cement

Notes :-

(to retired set ) sl Adae (a5 setting time (e 22 S s J) 2oy

B8l ce Joeall AV € C3A (s CrianY) aladind Jusiaall (4a

DAl g s Al G i (S 13 V) OPC £ 58 aladial Gl

(OPC / RHPC / MSRBC ) : &b i€ a5 g Jla (A atdicual Ciiand)

( OPC / SRPC / White cement / pozzolanic) : oY) b gl Al ciand) g1 g JiS) -
slall e CrianY) Jeld Ca g -11 ) 5_)a 4a o die -

Cilad 5 oo B ad) Ay o cukalll) 13 03 Y1 & call alay -

SRPC : addind il ) Led 4y i

. OPC : il )5S Lgad 4,
** Notes : MSRBC; adiiw by 5€ g il 51K Lead 4 53

1- Cement is brittle material
2- Cement is much more able to resist compression than tension

v

v
v
v

AN

22



Corrosion Lall laa

Lgtansi 5 45 5l8 ddia Lgndany dilis Jad) 8 oo g 49508 30l e 3 ke (25 Ca(Oh) 2 (e 3ale Jelill il (1
of solid material %25

Newly made fresh concret (PH =12-13)
laall fay 12 ¢ Al 33130 el ypaadl faiay Y (s slal Jass o)) 138

Al sla S5 Wge paall cplid elall 3 LM ALE ye dalal) sla Fe(OH)3 (s 4k LaS pPH =10.5 s
Break at PH =9.5

PH = 9.5 Corrasion starts

PH < 7 (very quick corrosion )

Fineness

Fineness = Surface area = Specific Surface Area
m?/Kg or cm?/g

Affect
Rate of hydration at early age
(Early strength)

23



Capillary pore

J‘f—w‘ LdDA (e el 7 550 Y5 Ll JAn Y ¢V non capillary pore -

(Bl Al e jlha I35 Y) Jelal

Aa 53 5 el Jsdn e 7 il ae dlaia ¢1 48 4 5 sadzcapillary pore

¢ 5 _ubd :capillary pore J) a5 13l
2 Al L I )l LY
bl s aa 3 bl 8 alhy jS Jas

: :,“WGW Ca(Oh) 2 J dlkiy 1l 5 capillary pore J Gaob oo alu Al ) Jass
e» a» Surface layers

I, SR e B8 o gh ) LAl 8 eeliy by (AN oLl ia S capillary pore J <aual;
00000 Interiayer water djbi

Calcium Hydroxide

Capillaries
l - tyi;‘«w‘)mgju.ut‘}midcm‘_s_uﬁz\_\n.c’é‘)\);ﬁ_\\.;‘)d
AR '
. e" 0'0' N e (&) R) Cara &y g adlay LS 5 Huls & sl
NN 5 ‘

P %\ \

Moisture



years

OPC / SRPC / MSRPC / LHC / HAC / RHPC / EXTRA RHPC /EXPASIVE / SLAG CEMENT / PPC

1.Which Portland cement contains the highest amount of C2S 1. LHC
2.Which Portland cement contains the recommended for 2. OPC
concrete in an environment containing chlorides only RHPC
3.Which the cement is the best for severe cold weather ? 3.U RHPC
4 Which portland cement is the best for hot weather ? 4. LHC

5. Which non portland cement is the best for resisting sea 5. SLAG
water?

6.Which cement requires the presence of calcium hydroxide in 6. PPC
concrete ?

7. Which the cement is the best for repairs of cavities in water 7 .EXPASIVE

retaining structure ?

8. Which non portland cement has a white color ?

9. Which portland cement is the best concrete dams ?

8.HAC/EXPANSIV

10. Which cement can be manufactured using fly ash ?

9. LHC

11. Which cement that requires the maximum period curing ?

10. PPC

12. Which cement decomposes with age and loses strength ?

11.SLAG

12. HAC




26

years

property component
1 Highest temp per kg of the material C3A
2 | Responsible for concrete strength after C2S
14 days
3 Lowest temp per kg of the material C2S
4 | Responsible for concrete strength up to C3S
14 days
5 Responsible of grey color of opc CAAF
6 Has the lowest amount in HRBC C2S
7 Responsible for concrete cancer K20/NA20
8 Must be high in RHBC. C3A/C3S
9 Causes unsoundness in cement Free Cao/ Mgo
10 Prevents flash setting of cement CASO4
11 | Represents about two — thirds of cement C3S

composition




years

Type of concrete

Best types of cement

Concrete exposed to seawater of medium concentrations of MSRBC
chlorides and sulfates
Concrete for a dam on Jordan river LHC
Concrete in an environment containing high amounts of chlorides RHPC
but no sulfates
Concrete for foundations cast in soil containing sulfates and MSRPC
chlorides of medium concentrations
Concrete for a decorative element requiring high strength at the HAC
age of 24 hours
Concrete for foundations cast in soil containing sulfates and SLAG

chlorides of high concentrations

Concrete for repair of cavities in a water tank

Expansive cement

Decomposes with time resulting in loss of strength of concrete

HAC

27
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Q : Fill in the blank spaces with the correct words :

1....... Apparatus is used to determine the consistency of the cement past .

2. The final setting time can be obtained by using ....................

3. Any cement with initial setting time of ........ Minutes should not be used in concrete .

4. If high amount of gypsum are used in the cement, then the formation of ......... is expected
5. White cement differs from normal Portland cement is that in contains ........ as raw
material .

6. The cement that are produced in Jordan are ...............

ANSWER :
1. vicat’'s 4. Ettringite
2.vicat’s 5. china clay

3. 45 min 6. ppc



Strength of cement

P
N compression = I
2,""";‘# i
Strength ol /| 2
/ st ;
S Tensile :
Briquette Tp
25mm*25mm 50mm*50mm

Cement + water + sand —— cement mortar
cement past Aty diaal) e c2Sall Jee aaall (e oy , Ciewdl Strength J) (el i) PCERER L;_”J\ FRNEN{IPRYY

ul.lj)h“ J.\:.J.\Ll.ll:n..mjia |ujd.u: Pt )S"d| ]..I.Ull]‘]
rstandard Jelse (e BUEY) &5 A gida 4y jaall 5Kl
50*50 xSl pas Cniis 1

2 + 22 4 3l 5 pa A0 (s Ay a 45502 2-Distilled water | we use Tab water ) .

‘Lﬁt_uSAMJ.mS L;ﬂ\).uj\ - ""_
‘fq\hqi,s‘ o3 s 4| 3 Typeof the sand (Ottawa sand)

3 sl Aot ua 53 5 Cement

4- ——Ratio .

1-Temperature .

Sand

5- Quantity of the water .
29




Strength of cement

, AN e dataly elal) aiai A e ddida (5 Gua Al e el piad s | el Bla Al Al o s Laly 3

Jsaaly il 4 jlaas ee JS9 CiliaSa 3 jlaal J8Y) e oy >

djd;j\ \&dhw&mY\&ymd&L)ﬂegﬂ\}’M\)ﬁﬁdm‘)&ciéu >

Table 4.3: ASTM C 150-05 requirements for minimum strength of cement (MPa (Psi))

Table 4.4: Cement Types

Age ASTM C 150 - 05 (mortar cube), cement type (table 4.4)
(Days) I 1A i [IA* 11 [IA IV v
| - - . - 12.0 10.0 . N
. (1740) (1450)
3 12.0 10.0 10.0 8.0 24.0 19.0 4 8.0
(1740) (1450) (1450) (1160) (3480) (2760) . (1160)
7 19.0 16.0 17.0 14.0 3 > 7.0 15.0
(2760) (2320) (2470) (2030) - - (1020) (2180)
28 28.0° 22.0* 28.0° 22° . . 17.0 21.0
(4060) (3190) (4080) (3190) - - (2470) (3050)
I . " - K =
OB 5 g8l pa 2V aald) I sandl o a9y
. a1 - L‘u‘“ Aanl) s CaianY) ) o3l o lmll e
_LU LH ¢ Qﬁ“?l g_j '5-_9.51] ,;;_1..-: EJ’}”

Appreviation (Cement Type
_ I _ »Ordumy Portland Cement
1A Anr Entrained Type A
Il Modefied Portland Cement
A Air Entramed Type II
il Rapid Hardening Portland Cement
[A Aur Entrained Type III
v Low Heat Portland Cement
v Sulphate Resistance Portland Cement

30 oe | 'é.lj;j.d\



Strength of cement

v'Then calculate the Average then Accepted Range .
C Jsiall o giall Qa5 (ya g Jans siall Closs Wile

v'If the value fall (#&)in the range , we accepted the sample,

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

dmd ) o Iy CaMA 5 4l o gl (s B S 13

v'Then calculate the final average of the samples .

Age and Strength :
31&,3.: b A3dNe



Compression Calculation

P 1-Chek the units
o=- -
A P:kN 2-Take the Average of the Samples = ~— b cosive STenget
Lp ag:MPa number of values

3- Calculate the Accepted Range

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

Oavg =

number of values | S0mm*S50mm |

Accepted Range=0,,. + 0.10

avg — avg

Tensile Calculation

P / ‘\

I T

i P, [25mmx*25mm| \ y,
0“"9’-numbe'r of values ~ O

Accepted Range =g, + 0.150,,,,

avg —

32 3



Examplel (Compression) :
g,=30MPa

og,=32MPa

o,=36MPa

o = 35MPa

avg

Accepted Range = O avg T
35+0.1*35=31.5MPa
35-0.1*%35=38.5MPa

Range = (31.5-38.5)

324+36

o =34
2

avgnew

Example2 ( Tensile) :

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

Ecompressive strength

number of values

3- Calculate the Accepted Range

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

Compressive
Force
(EING

Compressive
Strength
(MIPa)

HMoe
(Davy)

-
o

|_\_|

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

Etensile strength

number of values

0,=3.2MPa 3- Calculate the Accepted Range
og,=3.0MPa 4- Check the samples , Accepted if the reading in the range
o,=3.6 MPa Not Accepted if the reading out of the range.
o,=4.2MPa 5- Calculate the New Average
ﬂ-avg = 3.5MPa Ao Tensile Tensile

— |y ; =t'_ Force Strength
Accepted Range = 0,,,, + 0.150,,, (Day) i NP

3.5+0.15*3.5=2.975MPa
3.5-0.15*3.5=4.025MPa

Range = (2.975-4.025) MPa

— 32+3.643.0_5

¢ Ja.vgnew_

33
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Concrete cancer

free silica L Aakaie; Jael oy yuzal 131 J glall

To prevent Concrete Cancer :

1) Don’t use aggregate with free silica (Sio2)
2) Prevent water reacting concrete Map Cracking
3) Use cement with low alkalin ( Na2o + 2/3 K20< 1% ) lia yad gl Ailu a1l Jals i
4) Total alklin in concrete must be < 3 kg / m3 ) Lilgs 4adle US.«AY

Al JS A i 6 o (e

concrete cancer Jl A Wl aw jill G sk e aadle (Sad s ) pall < il Hl) ARG -
Map Cracking 4a3e (S

AN N NI N NN

free silica+Mgo (= Adle dpus 48 Alatdl LB e (o 8 Ciew) 58 : Sand cement

Free Cao + Mgo (= 4dle 4ui (5 939 (531l sa: Unsound cement
Sy Bl A (g i Eramg Ral) 033 131 (ke e Rl sl (3 BT 131) 95 5 5lat A
2l Al

cracks ) 2% Sl sexpansive material ) 2% %5 st 4wy Free Cao + Mgo (» &lle 4w v/

34



Aggregate

Classification Aggregate

Natural uncrushed: ( gravel , sand ) Jsdl daas Fine aggregate : < 5mm
Artificial crushed : ( course Agg, fine Agg) Coarse aggregate : 2 5mm

¢ concrete J aggregate J) by 13U
Jil dalss 1
( shrinkige J) i) Jelasi ¥ 4lda o e L3 2

35 strength J' 324 .3




Properties of Aggregate

$.G=3.10-3.15

1) Specific Gravity : (S.G)
OPC=3.14

- Weight of certain volume of material over Weaight of the same volume of water
(;Ld\dae;;j\uﬁdjj‘;;mw\wwepdjj)

_ y(mat)v _ y(mat) _ p(mat)
" y(water)v  y(water) p(water)

SG

y(water) = 1000kg/m3

- Types of (S.G) :
1) True SG (Actual ) : tot dry material
|
2) Apparent SG : based on oven dry ¢ e
material S

3) Bulk SG : based on satrurated
surface dry (SSD)

4) Bulk density , Bulk unit weight

5) Air dried aggregate : NO SG
36

Surface Wet

Surface -dry



Properties of Aggregate

three weights: Also we have Two S.G :
lwe!ght?fSSD(h" e = C:L”j“ ! gla) 1- Bulk 5.G= ——
2-Weight in water( ¢ slae b s slalls dxuisa) =C B— .
3-Weight of oven-dried( il M ge ey L sl sn g V) =p 27 Apparent 5.G =——

** Absorption : The increase in mass due to water in the pores of the material
=[==] + 100%

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

* S.G inverse relation with density

Water to be added = Free water + absorption - moisture

weight of agg in air — oven dried weight

Moisture content = . .
ovendried weight

37




»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 I

oS JSB AR Jle Uy 5a y aaal g5 pa el g

2- No effect i /'O\

S U8 ghae il g8 g Canmy o L (S5 LIS o AliBlaal J

3- Maintain on the sample but the sides slowly dropped (SSD) e et vtd una raper
8 sl 4 jun e g Jasusy S i G plY) 81 A e ddiilal

r
S

s




Example

Weight (SSD) in air = 2000 g
Weight (SSD) in water=1250 g
Weight (D) inan Oven=1940g

2000

Geen = —2.67
>P 2000 -1250

ASG = 1940 =2.81
1940-1250

~ 2000-1940

Abs *100=3.1%
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Q: Calculate the bulk specific gravity if apparent specific gravity is 2 and the absorption is 10 % ?

Sol :
Absorption = BA_A

10 % = 24
A

*100%

Bulk S.G = 24 — 1.833
0.6A4

40

* 100%

Also we have Two S.G :

1- Bulk S.G=

=
B—C

2- Apparent 5.G

A— O

1 Weightof SSDl Y b i gyl -

-Weight in Water ¢ s sy ol i

3-Weight of ovenrred| ke J e o e e s g Y) 2 A

05A=A-C

0.1A=B-A

0.6 A=B-C
B=11A



Properties of Aggregate

\_

/Example : Find amount of water to be added to mixer per 1m3 ? If

C=400, W =200, CA =1000, FA =800, Absorbtion CA =3%, FA=2%, mositure CA=5%,FA=1%
SOL : Water to be added = Free water + absorption — moisture

= 200+ (3% *1000 + 2% *800) - ( 5%*1000+1%*800) —192KG

\

J

- Aggregate condition: -
1) Totally dry : capillary pores all are filled with air
2) Oven Dry : capillary pores are filled with air

- Workability : Easinass to produced Concrete ( Al A Gua A g )

If W/C ratio increases then strength decreases -

- Pecnometer : to measure specific gravity and absorbtion of aggregate ( fine agg) -



Bulk density

w (lose) Bulk density J ols s &lia
v cm 5 2 gliiyl (e s ¢ 532 aggregate  J) e tLoose bulk density (1

},Lﬂuse* =

ycﬂm,um:ted _ w(comp)
1%

TV glaal

: Compacted bulk density (2
REITRARCA B SPY JOF- P
gaill &b pn 10 5@l hY) B4 pa 15 | 4 pa 25 Ak JS i ol -

V="Td* 1 (1%k ;
, Ul gl ) oS Ak IS i -

931 ( 2 Ak te J) oS e S13 peall sled jo cany -
SG WATER = J aggregate imS.u. S &yl e
V= Y(:;‘:'er) ;S Al a2 48 aal "
. V(void) = V(tot) — V(solid) =V — weight weight
(J3ad)l 3 o glaall s m g23)bulk or compact S.G y(water)
vooid) . e =41 Y _1*100%
4 S5.G 4:]"1.-1:-::: ter

Voids Min Ratio ! ¥V ompacted
Voids Max Ration : ¥, ooce

* Voids ratio : The space between the aggregate particles that is not occupied by
sofid mineral matter.

T
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The table below shows the results of aggregate , having apparent S.G = 2.7, tested for
unit weight ( bulk ) density :

Moled weight

Moled filled with
compacted agg

Moled filled with
loose agg

Moled filled with
water

aggregate

3.3 kg

13.7 kg

11.6 kg

9.3 kg

A. Calculate the compacted unit weight of the aggregate ?

B. Calculate the maximum (loose) packing voids in the aggregate ?

C. Calculate the angularity number of aggregate ?

D. If the absorption of the aggregate is 2% find the Bulk specific gravity ?

A.SOL:
V= W (water) _ 9.3-3.3 —6*1073m?3
1000

W (compacted)  13.7—3.3
YCompacted — % - 6 % 1073

B.SOL:

V(voids) = v -

C.SOL:

AN = 67% -

D. SOL :

Absorption = BA‘A + 100% 2% = BA‘A + 100% B
A

2.7 =——+
A-C

ywater

=1733.33kg / m®

11.6—3.3
2.7 *1000

Y -6*1073- =2.92 *¥1073
S.G xy

1383.33
2.7 *1000

*100% = 15.76% (Rejected)

3A
c=0.63A

Apparent S.G = A

B A_C3A
Bulk S.G = =
B—C 3A-0.634

=1.265




Properties of Aggregate

* Angularity Number(AN) : is used to give an indication of shape of aggregate.

+ =67 -—1—*100% Y Y
SG*Y yater compaciEC e AN inverse with rounded shape
AN = 11% * Density inverse with voids ..
Aggregate Tvpe Specific Gravity
Heavy weight = 3
Normal weight 2.8—-2.2
Light weight < 2
Absorption% < 5% Absorption
Water tanks <3%
- 5
AN T = More angular = Workability ¥ Buildings <5%
Low quality <8%
concrete

44




years

Q: Calculate the angularity number if the weight of sample is 25 kg . The specific gravity is
2.50 and the mold is a cube with a side length of 0.25 m ?

* Angularity Number(AN) : is used to give an indication of shape of aggregate.

o — A
=67 - S G *100% Y = ycompacted

* AN inverse with rounded shape

yu‘d ter

AN < 11% * Density inverse with voids

7compacted - M
v
V(voids) = v - —2— = (0.25)% - —2>— = 5,625 *1073
S.G *y 2.5 %1000
. vvodis 5.625+1073
V ratio = = T025¢ - 0.36
3
AN =67% - 25/(025) 4 100% = 3% (heavy weight )

2.5 %1000

45



Shape classification

Classification

Effect on properties of concrete

Rounded c

Higher workability <l 4 g
less cohesion s 4l 3l e peSuls
less abrasion resistance s Jsull ; @iiay) i sl

Angular -

Low workability
High cohesion

Higher abrasion resistance
Gkl g ol 5 il jUaal) Jia lSiadl (i A clidial) & asdiud

Irregular .

Medium workability
Medium cohesion
Medium abrasion resistance

Flaky

L1

Usually not used

Dl Al (8 st e e Lasas
L1 L2
— & = >3
t t

Elongated
t2
L- t1

Usually not used

46

Flaky & Elongated

Usually not used
% 15-10 ¢ B g (1985 O g Al AN A Laagag g o

L1 11
— & = >3
t 12




Table 3.2: Particle shape classification of aggregates with examples

Classification

Rounded

Irregular
Flaky

Angular

Elongated

Flaky and
Elongated

47

Description

Fully water-worn or completely
shaped by attrition

Naturally irregular, or partly shaped by
attrition and having rounded edges

Material of which the thickness i1s small
relative to the other two dimensions

Possessing well-defined edges formed
at the intersection of roughly
planar faces

Material, usually angular, in which
the length 1s considerably larger
than the other two dimensions

Material having the length considerably
larger than the width, and the width
considerably larger than the thickness

Examples

River or seashore
gravel; desert,
seashore and
wind-blown sand

Other gravels; land
or dug flint

Laminated rock

Crushed rocks of
all types; talus;
crushed slag
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1. The shape that should be used in airport runways ...........
2. The shape that should be used for high workability .......
3. The shape that should not be used in concrete ........
ANSWER :

1. Angular
2. Rounded

3. Flaky & elongated



Surface texture classification

Table 3.3: Surface texture classification of aggregates with examples
Group Surface Texture  Characteristics Examples
P 4 Glassy Conchoidal fracture Black flint, vitreous
acls slag
2 Smooth Water-worn, or smooth due Gravels, chert, slate,
to fracture of laminated marble, some
or fine-grained rock rhyolites
3V Granular s Fracture showing more or Sandstone, oolite
Aagad 3 less uniform rounded
grains
4 Rough -~ 6 Rough fracture of fine- or Basalt, felsite,
medium-grained rock porphyry,
containing no easily visible limestone
crystalling constituents
5 Crystalline i,  Containing easily visible Granite, gabbro,
crystalline constituents gneiss
6 V _ Honeycombed With visible pores and Brick, pumice,
Sl F -y Al pa i) i b cavities foamed slag,
oLill mliay clinker, expanded

clay



years

Q : Relate the tow columns using ( higher than (>) , lower than (<), equal (=), or no relation (no)

Workability of concrete with angular aggregate < Workability of the same concrete but with irregular agg
Workability of concrete with flaky aggregate < Workability of the same concrete but with rounded agg
Cohesion of concrete with angular aggregate > Cohesion of concrete with rough aggregate

Voids ratio in loose unit weight test > Angularity number of the same aggregate
Bulk specific gravity < apparent specific gravity the same aggregate
Bulk specific gravity < True specific gravity the same aggregate
Tensile strength of concrete < % of compressive strength of the same concrete
specific gravity of CA < specific gravity of FA
FM of sand in zone A in BS = FM of sand in zone Cin BS
specific gravity of agg X in the unit Weight of water = Bulk density of the same aggregate
Strength of concrete made with OPC at 28 days > Strength of the same concrete but made with PPC at
28 days
Increases in volume of cement 3% mgo and free = Increases in volume of unsound cement
50 cao




MODULUS OF RESILIENCE

Area under elastic region in P-AL curve
g M

“*Modulus of Resilience = Volume (Lo*Ao)

Modulus of

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

0 £

Area under in P-AL curve ¢ Rupture

“*Modulus of Toughness =

Volume (Lo*Ao) Modulus of

toughness

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

Unit : (MJ/m?)

v Note :
Y ol dlall Lpaliala) 20 48 e g Wi pildl)
o ple puSi Y g phl a pd 1Y sl Lty 8L Ll Y) e o jall gl 8 il Sl s 51 Ji
DSl ey Sl 8 O plise han
51
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Q : The figure shows the stress strain curve of marble . Calculate the moudulus of toughness
Consider the plot consists of two straight lines , the first between strains 0 and 1.5 and the

other between 1.5 and the end of the plot the sample is cyllndrlcal with diameter of 0.1m
and length of 0.2 m

0N
Areain the P—A curve
Mt =

- = Area in stress-strain curve

V=A*L

" ::_.\‘ A
Sol : »

Axlal stess (MFo)

dae <t L5
Al = Area of triangle =% * 1.5 * 100 = 75 kpa % ' %
A2 = Area of square = 0.5 *100 =50 kpa Avial strain [x1E-3)
MT = Area in a curve = 50+75 = 125 kpa

52
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2D

Strength of Aggregate

p rock > p conc

p rock
—>1
p conc

FS(2-3)

ACV =

Aggregate Crushing value

W passed sive 2.4mm Must be < 35%
= (0]

W original

53

Thermal properties

s 22 e | p bound > pT

QL aggregate = QL paste + 5x107°



Testing of Concrete

USASTM -  Cylinders
10 x 20 cm 15 x 30cm

British - Cubes (Standard 15 cm)
10 cm 20 cm 30 cm

Jordan =» 15 cm cubes




Hardness of Aggregate
* 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 .

. amanll i o ) Jaadl G o (e g dgiseall Gl S g 4l sha) 8 caasll pua

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 (81 <) so
LA value is High .

Steel balls



Hardness of Aggregate

* Abrasion %= {%} +* 100% Note: W,< W,

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

LA Quality 'Strength (MPa) | Uses - Speed and LA values is inverse relation .
Steel Balls decrease LA values decrease .

> 45 Don’t use it
LA and Strength is
35-45 Low quality <20 Non-structural inverse relation.
| | ‘ Note:
25-35 Medium quality 25-40 Houses + W 2 Gk =G
| Jad e i o L Gl ol Y
structural using Gl e o PN g
15-25 ' High quality 45-60 Houses +

structural using

T FEid
Very high | high |> 65 ' Brid | ngili ?
ery hig very hig > ridges |
veri “Wlittee

<15 Ultra quality >70 auaoll Awaiak puudl GaosalE bl Gl

56
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Q(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.

W.-W
: —
Abrasion %= {—1—2-] + 100%

5000-4000 4 .
oo 100%=20%

57



Sieve Analysis
* 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 L Jm e il g e palits S ja s o gt I paasll A0 ) s g

. Sieve 5mm




Sieve Analysis
* |f we take the aggregate all of them for the same size

Gﬂllttgb

what will happen ?? S
43S rlin gy pnal) i (o canmn U a8 g 5 A A1 e oy
sl J o JAU daudly A g Lt i) il A () 481K e
am\)mwqyﬂtqwbmt@qngy@wumsu
\jdh_muw\@mﬂlqul@mua\uadiwcn@d\h\y

zode 08 Ol Qagg aal g aaa (e (5SS

P ool il g

ok ) it et S b Ml ey il o)

59 ]



. . s
Sieve Analysis Gﬂlfttee
* How we can know if the aggregate graded or not ? .

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

' c)ﬁﬁ:\smhd)aiuc..byﬁhsbha%‘wdﬁd&M\wme}bﬂ N
M‘JJ“Q‘@J)Q‘

o b YIS 8 (Sl el (e ladlade] o5 Agulad Jalia cllia (f i jai B e
YL agas i uall G agia s Claa gl

vIf the aggregate its not graded it will be classified single sized .

60



» Standard sieves( 4wl Jalil) ;

ASTM( o)

#4 = V],U\uﬁ"vié\.\ﬁ4.\_ax
16 opening in each squared inch

2.4mm 8 |

12 #16 |
06 #30 |
03 #50 |

& O # ABY) o ina
0.15 #100 ‘ O e aal gl )
0.075 (Not Standard) #200 sl g Slaidl) ey yall

61 a8l 13 cilatdl) sxe




Sieve Analysis
* Example on Fine Aggregate :
o Jaall Jradilly ds pis g Jall daia (pe SSEL ol LE) G 4l () garan g laa s )
* First, you must to know you are solve this question on fine aggregate .
¢ o s Al s Al JAall oY) e
v g sana (5 (ol g g IS AN 2 gandl g dana () S5 JALL plaaf 48 J Y1 2 gaal
Al g i g (PN geall

,:‘ Notes v Luss%:sn mple weight=total weight retained + 100%

‘ . Sample weight
v Percent Retained t%]:.nght Retained | 100%  Acceptedif < 0.3

Sample weight

v' Cumulative presently retained : 20l 2 peall J asaal ¢ sandl
100 il 13 ¢ panall ()0 ) iy Jgoadl 2 maca ga () S

v' Cumulative passing = 100- Cumulative presently retained
0 s aganll Al g pana )5S 0 angs

2 i



Sieve Weight Retained | Percent Retained Cumulative presently retained Cumulative passing
(g) (%) (%) (%)

10mm 0 0 0 100-0 =100
Jaluis 3

5mm 50 5 0+5=5 100-5=95

2.4mm 100 10 0+5+10=15 100-15=85

1.2mm 230 23 0+5+10+23=38 100-38=62

0.6mm 270 27 0+5+10+23+27=65 100-65=35

0.3mm 300 30 0+5+10+23+27+30=95 100-95=5

0.15mm 30 3 0+5+10+23+27+30+3=98 100-98=2

0.075mm 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 0 (Third Check)

XColumn | 1000g (First check) 100% No need No need

(Sample weight ) (Second check)
Sieve 0.075 : U

Aaia )Y laal sall Oaa (e dgnsa s ol 8 sa 5 (ehall)lan Aaclill o) sl 0aS 48 jral 35a 50 58 5 Clial gall aca (1o 3sn 50 8
)< 5% <klIClay ( O
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e e Ciliaadl o3 J g e SN il gally J gaadl 138 )8 o cang Jad) 2y
i (0 g g gl Al g JS8 Y ol Ayl 3 45 51 5 40 )Y lieal

o ASTM( S paY!) :
Jaiall pas )l LY 43 A (gl 23 99 Y 130 g Jaill pas Jgaall B oa
, agillay 4l u\h)n)hagaljm)ﬂb\lnﬂ\ die ¢4y jY) Slaa gl
* Percentage by mass passing sieve :
o) Gy bl ae Uy jal o 621 Jganll 3530 g0 o g Jaial) (pa 5 jlall dasl
el sall 2 g gall sdll (paria
Wi 38 01 o068 Y1 i ) Jalial pad e cang sl Jii S - Al dia Sl
 ltaal gall 83 g gall (gaall (aia (10
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Table 9.4: BS and ASTM grading requirements for fine aggregate

Sieve size Percentage by mass passing steve
¥0.. 199, ASTM

Overall Additional lmuts* (3392
limits C M
100
§9 - 100

2.36 mm 60- 100 60- 100 63 - 100

.18 mm 16 30-100 30-90 45-100
600 jim 30 15-100 13-4 25-§0
300 jim A 3-10 5-40 S-48

150 pm 100 0-15¢

* €= coarse; M= medivm; F = fine,
7 For crushed rock sands the permussible imit 1S mereased to 20 percent, except when used for heavy duty floors,




Sieve Analysis
2-BS:

Overall limits ; 8 25 sall s2all g Jsanll 3ALIS LU Y1 8 0 oy (S5 5V i
Ciliual gal

1) dpaad oy o oy 4l 8 jn 5 N8 A5 po ) il gl | S5 Y g gl &30 430
 (d g b gia o) 2l Ja I (S
1380 g s giall 38 Y e 05 ol (o g el g Y e (81 IS 1A ) o

() 2 Jows e Lo 30 8 1 Jia il
Ay ) il gl 5 S8 e 4o Y1 diual gl

Mllttbb

awiao Asiall pudl Gl disl




Table 9.4: BS and ASTM grading requirements for fine aggregate

] Cleve size Pprrpntagp hy mass pa:sing Sleve

BS §82: 1992 ASTM

BS ASTM  Ovenall Additional Timts* (3392
No. lmits C M F

10 %in. 100 100
S %m. 89100 05 - 100
236 1 § 60-100  60-100  65-100  80-100  80-100
118 num 16 0-100  30-90  45-100  70-100 50-§3
600 um 30 15-100 15-54  25-80  55-100 2560
300 50 5270 540 548 5270 10-30
150 100 0-15% 2-10

* (= coarse; M = mediny: F = fine,

! For crushed rock sands the permissible limit 1S mcreased 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)

68

Steve size Percentage by mass passing sieve

Nominal size of graded aggregate
mm No. 9.5 mm 4.75 mm 1.18 mm

( % in) (No. 4) (No. 8)

9.5mm ~in. 95 — 100 100 -
4.75 mm 4 80— 100 90— 100 -
2.36 mm 8 50 -80 75-100 100
1.18 mm 16 20-70 55-90 90 - 100
600 num 30 10 -35 35-59 60 —-90
300 pym 50 5-15 8-30 20-60
150 um 100 0-5 0-10 0-20
75 um 200 0-5 0-5 0-10




s cumulative retained on the all standard sieves
100

=316 < 5 always ( Jal dagaidi ya 2

»Fineness modulus (FM) =

_ 5+15+38+65+95+98
B 100

»Ifthe FM in between, 2.1 or 2.9 we can say its medium and coarse sand .

» S0 its Coarse Sand not Coarse aggregate .
»Maximum Size of Aggregate : %100 s Jiis jiual

»Nominal Maximum Size of Aggregate (NMSA) : & Js 35 %85 ) e sl Jaidll
23 Jaiall o ) 34l Jasally o8 )

<5 J) ab Lt 32U FM s 2ic

STANDERD
Coarse Medium Fine
Sand Sand Sand

>3 28-22

A
o

69



* Example on Coarse aggregate :

o Algu gl oS g il () (1 Ginaal s ¢ gua sl

o G ol as o Vs B Lo J Ll Alas Jaall Js 43y )k

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

o pgn 12 Bl )y Aguldll JAUall oLy dlile

o ¢ 3ana O5S Of umag IS G 2 gandl g ara () oS5 JAUA slaal 4 J Y1 3 ganll
Aal) 5 i ) 3 gl

Weight Retained

sample weight

+ 100%

* Percent Retained (%)=

= Cumulative presently retained : Sl 2 saall J asanill £ sl
100 Chall 6] £ gamall 58 O iag s Jsoadl (6 e a () S

* Cumulative passing = 100- Cumulative presently retained
0 5 s 2 gl 3§ gana 96 ol g
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Sieve Weight Retained Percent Retained | Cumulative presently retained Cumulative passing
(g) (%) (%) (%)
40 50 9 5 100-5=95
25 150 15 5+15=20 100-20=80
(45 %)
20 400 40 5+15+40=60 100-60=40
10 350 45 5+15+40+35=95 100-95=5
5 30 3 5+15+40+35+3=98 100-98=2
2.4 10 1 5+15+40+35+3+1=99 100-99=1
(ks 2A)
pan 10 1 5+15+40435+3+141=100 100-100=0 (Third Check)
LColumn | 1000g (First Check]) | 100 No need No need
[Sample Weight ) (Second Check)
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o Linaa Uled LS A5 a5 Ay pll 5 40 )Y il gally 4 i g J ol s an
s Ll i () g g CABAY) (a2 3 (K

* We have two types :

1- Singled Sized

2- Graded Sized

* How we can know ?

Leliad 31 Jaiall Al (g U ) ) iy Apmanl oyl Al )
f‘“-ﬂthJPALFL_J)S-‘_}ﬂJﬂII{]B?_Jj]ﬂ-‘m‘—”u,-“uuja-““u_j&d-lnﬁj
:'3'1_)]1EAAHJu,)sldl's‘uﬂﬁ!'_,mJUL"'T'SJCJML_J)S-‘)FWDB? len_"\.\.'l

'u1ﬂ1ﬁuj¥ubw1fﬂjbm5hﬂduJM1 JASJJ
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»ASTM( A4 jo Y| Clial sall)
i 2yl e Wl 5 e f aal g paall IS 13 48 jra any B ghad

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

 Jsie aall (S ol a0 )8 ) Ll Nl Uiie) LS a3 o g
38 L Ay 1 Al gall 8 RIS, oY Al gall i S5 A Y Al sall
LBl ) 68 o aa gl iy
* We have graded and singled sizes and the Graded have three types :
1- Well graded (4iwal sall (o asi)
2- Poor graded ( 4iwal sall 7 )15 (jaa a)
3- Gap graded (o=l aaa dlin (51 jia ()5S el I G )
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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 Nominal size of single-sized
aggregate
mm 1n. 37.5-4.75mm 19<4.75mm 12.5-4.75mm 63 mm 37.5 mm
1 3. s 8 SR 7 1. 1
(l;to 7 m.) (; i\ Em.) (-2-10 E‘"') (2;111.) (1 E'"‘)
75.0 3 . [00 .
63.0 2% : . : 90 - 100 .
50.0 2 100 . 35-70 100
38,1 1-2‘- 95 - 100 . i 0-15 90 - 100
25.0 ] - 100 - 20-55
19.0 % 35-70 90 - 100 100 0-5 0-15
12,5 % 90 - 100 : .
95 % 10 -30 20 - 55 40-70 - 0-5
475 Lk 0-35 0-10 0-15 : .
16
2.36 No. 8 . 0-5 0-3 - -
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Table 9.7: Grading requirements for coarse aggregate according to J.S. (Jordanian Standards)

Percentage by mass passing sieve

Nominal size of graded aggregate

40 mm

1.
(15m.)

75

Sieve size
mm imn.
51 2
1
38 1 >
254 1
3
19 <
1
12.7 s
3
9.5 -
3
475 -
2.36 #8
0.075 #200

100

80100

20 - 50

10 -30

25 mm 20 mm 12 mm
(L) (in) (5in)
100 . )

95 - 100 100 -
40 - 80 95 - 100 100
5-50 50 - 80 W10
0-15 25-60 60408
0-5 0-10 sl
0-5 0-10 0=2
0-2 0-2 =




Table 9.6: Grading requirements for coarse aggregate according to BS §82: 1992

Sieve size Percentage by mass passing BS sieve
Nominal size of graded aggregate Nominal size of single-sized aggregate
mm In. 40-Smm - 20-5mm 14-Smm Omm  20mm  Mdmm  10mm  Smm
3l G-gb) G- (7)) G G G (5i)
50 2 100 - 35-70 100
M5 15 95100 0-15  90-100
N I 0-5  0-15 1
14 % 00~ 100 §3-100 100
03 10-30 2-55 40-70 gy Rl S
S s 0 e 0-10  0-25  S0-100
236 #7 0-5  0-5 0-5  0-30
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z Cumulative retained on the allstandard sieves
100

Fineness modulus (FM)=

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

i =7.57 and its always larger than 5 .

4*100 :
g g ol o (g Al Jalia cllin (Y € 130 il Ul (S g o g
100 5 Wle Adall 069 auld Jalie day )l A
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Types of Grading

Types of Grading :

1) Well - graded :
ATl de Hse osSEs alaa) jea peny N agg J

Well graded = wide range of aggregate size exist from max to min to fill most voids

2) poor graded
Al & 5 9e e szl (o

3) Single sized
) g e S Aadaza

4) Gap graded
(e ana daalh ggg (e B )le
Gap graded = one size Is missing
5) Open graded

CE-ap~ JGra ded

78




years

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

#4 (Smm) 5 100

#8(2.4mm) 8 100
#16(1.2mm) 27 a5
#30(0.6mm) 45 10
#50(0.3mm) 65 3
#100(0.15mm) 79 6
#200{0.075mm) 97 4
Pan 100 0

Q1.Whatis the maximum size of aggregate B ? 2.4mm
Q2.Whatis the NMSA of aggregate A ? 2.4mm

Q3.Whatis the FM of aggregate A ? 2.29

A9 Yl
OS5 o i Al
ol daa g a0

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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Example Sieve Analysis

SAND

Weight retained Percentage retained Cumulative percentage Cumulative percentage Passing
e || Sl e nnl Sl (el :-'s:tj;sr:’\jjw\ Lol Jidal) Ga pllay 8

10 0 0 0 100%
5 50¢g (50/1000) * 100% = 5% LZ 5% 95%
2.4 150 g 15% ? 20% 80%
1.2 250 g 25% N 45% 55%
0.6 300 g 30% 75% 25%
0.3 150 g 15% 90% 10%
0.15 50¢g 5% 95% 5%
0.075 30g 3% 98% 2%
pan 20 g 2% 100% 0
sl o 3Y J e ()l
%100 055 oY g senal a5, ALY gpeny
e dlla (55

Comulative percentage Passing = 100% - Comulative percentage retained

Maximum size of agg : 10 Nominal maxiumum size of agg : 5 mm
%100 ) peo J2 3:)“1 DSV 25 5/ 2.4 0 Wl Jsaall (e %85 e b Jaidl

€ of comulative retuired on all standerd
100 80

Fineness modulus (FM) =




Example : coarse agg

40
25
20
10

24
0.075

PAN

<ladaly

100
300
400
150

30

10
10

Max size of agg = 40 mm

10

30

90

15

Nominal maximum size in astm and bs=2.4

mm

FM = 4l Jalie Jlsad) 3 oY Uas Jall 128

0+40+80+95+98/100 = 3.13

100 * il Jaliall 22e Capiai prsiall Jall
FM =40 + 80 +98 +95 +400 / 100 = 7.13
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Sieve Analysis

Weight retained Percentage retained

ot i Qi | el e il o) dus

Comulative percentage Comulative percentage
Retained . Passing
aatl) Rl gial) Fpudl .
0 100

10 90 :)3
40 60 L
80 20 [~
95 5
98 2
99 1
100 0

wamuja\fﬂ@mmdmﬂ

Gy IS G AN AU Jgaall (8 dgee HA) (e -

Jsaaly 43 )éd Graded Wliza %67 (3o »S) G_al (S 13
, Graded J &=

: ol sac CAJ\@QAJ)\_}_

mm40 4 .1

Nominal size < 25 @)3 2
dpanan 3

dwxe 4

FA e 5




years

Q : The table shows the results of a solve analysis test :

Sieve(mm) Weight retained (gm) Percentage Cumulative Cumulative percentage Passing

retained percentage

Retained
50 0 0 0 100%
40 0 0 L 0 100%

180 o, o

25 180 | -5*100% =4.5% 4.5% 95.5
20 1160 29% 33.5 66.5
10 1880 47% 80.5 19.5
5 460 11.5% 92 8
2.40 180 4.5% 96.5 3.5
1.20 40 1% 97.5 2.5
0.60 40 1% 98.5 1.5
0.075 40 1% 99.5 0.5
Pan 20 0.5% 100% 0
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years

Q : The table shows the results of a solve analysis test :

1. The fineness mouduls is ?

¢0f comulative retuired on all standerd
100

2 Waae sl Jalidl

=(33.5+80.5+92+96.5+97.5+98.5+200)/100 = 6.98

Fineness modulus (FM) =

2. The max size of aggragate ? 40 mm
3. Nominal maxiumum size of agg ? 2.4 mm

4. Describe the grading of aggregate ? poor grading
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Harmful material in aggregate

1) Free silika :
petrographic examination : w Jea &k (e b s
concrete cancer

2) Clay :
Should be < 5%

For good quality con < 3%
cement and aggregate J (bl il (e Jl
200# sieve pxiiui clay J a5y JLEaY
(0.075mm)

Strength > 70 mpa

3) Organic matter
4) salts(cl/so4)

5)Oils
concrete J) as agg <lulah L 4 jle dada JSiy

6) Other material
Sl [ ol sy




85

water

1) Tab water ground water
Ph=8-8.5

2) Cleansed sea water
3l );.\M P

PH=7.5

3) Distilled water
PH=7
ALl o\,.mj\

Can we use sea water ? no
iy Sl gl Crian) & 5 aladiind b i dadocal) & Dol jad) a8 andi

aq‘)ﬁejmm\6\5&4&\%\.&#‘6&&;\)&5\5\%?&&—




END FIRST EXAM




Fresh Concrete

- The fresh concrete should be Workability
- Workability : easiness to produced concrete <!l 4l s¢s — years

Workability : <blaad) e 4 gaga ¢ 5 s

. Batching : <luasl) jucal

. Mixing : <lxasl) Jals

. Dispatching : 4a3ad) (e Ja 3
. Transporting : 4w Al J&

. Casting: 4w Al ua

. Compacting : 4w Al 44

. Finishing : glawd) 43 guds

NO U S WN =



Bleeding

v' Some water of the mix rise to the surface.

v Slabs & floors :
Vo A Al G H G e g el Daldl) (e Gy dra Lnduas Llu Al (e slall 74

v' cases : low strength , low durability

Bleeding Increase with

Water content (Higher wic)

Temperature  (Increase rate only)
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Segregation

Separation of concrete mixture into aggregate and mortar

slaall 4aS 334 s mortar J) (S coarse aggregate J) Juadil A g o
JSUia iy DS el lia o il g e i Ly am gy Rl A3 ) s Lae o0

Laas
D Oldail) il
Adalall sl deS 30h ) v
hla IS a1 (e l) deall Alee v/
e 1.5 e oSl plai ) e dgalall coa v
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Fresh Concrete

From engineering point of view (Workability Divided to : )
1. Mobility : axlesy) : Ability of concrete to flow, fill the form work and coat steel bars

v" Ability of concrete to flow, fill the form work and coat steel bars
v" Within : ( segregation and bleeding )

2. Stability : <Ll

v' Ability of concrete to remain cohesive and homogenouse during production with out
segregation and bleeding
v' ( no segregation , no bleeding )

3. Compactatability : z_l Gisb e ¢l sedl 2k dulee a5 a5l claal

v" Ability of concrete to be Compacted to minimum volume
v" ( no segregation , no bleeding )

4. Finishability : acl mhaudl Jae 5 mhasd) oleil Al ge
v’ Easiness to produced to final shape of concrete
90
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Workability Tests

l Slump \ l Flow Table \ l Vebe \ Corgzz;\g:mg

Ball

penetration

Apparatus for
Workability

Test of Concrete

=
J

-

Slump Test Apparatus

. compaction Factor
i Apparatus

| Vee Bee Consistometer

Kelly Ball Test Apparatus |



Slump Test

b gigl) ylaga Ladl

Aadall &5 e g Ay puin 25 Gl derd o e L 8 paall Gl e diida S 8 ks A e dpai g QB s
Qpdaiy Adpa (S5 Y 5 Gritdall G cluladll 4y 5 (S Leladi g cpifadall (i Ly S5 W) o Al J a5 4
- Juadilly daia i g Gpra plaia Adbe AN J g3 e 2 Yy QAN wd 3 45 (e g (A (s AIEN ABLl) 5 4y 25
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Slump Test

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

€8 a0 13 (pe age s Le
Faalall fe L 43 Grsllaal s 1385 Ala Al AS ol LS 28 )1 o) 5 LS -
(husal) Asvl

Very Low <2cm
Low (3-5) cm
Medium (8-10) cm
Height (12-15) cm g“:t:
Very high > 18 cm |
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Slump Test
*»+Types of Slump :

1- Zero Slump : 12 ALl 4l dall 4 S5 Ladie Saans ela b 22 0 Vg laa Alls

2- True Slump : a8 siall JSAN ga 138 5 455 5 dilate dlald

3- Shear Slump : ¢elbad e AV 035

s lsdind 25 o) Amuda L il 31 0585 o / LAY) Gkl Jlablg il e oyl

) aday g 2SUL Gaadl) Bale) g

3l CilS 1) Lal ¢ elall aliatal 3aL 3 Chiawty! 4ueS 300 ASEL Aallaa (S 3 s ddaldll CilS 1
ALl #lal Sy N ) shals

4- Collapse Slump : ].J.aﬂ.mg'l 5 S olia daaS Lgd gl laa dlle Mﬂmu)&j Al Al jlagd)
:nhijﬂhda'ﬂiu@ulc_;uj

super plasicizer (sasd dazas 3ala dila) 53k e g5l 1 Lo Jsasll laald ) S5 ol
als by 4l sy uMJgaLJ'Ian’ﬁ'! Lg‘._l_)huc-(:uhhj MLPYMH a_ib.:ljw”\m}w&ﬁ

Adla Al gs il 3 62 §
—l— s |
Upto 125 mm ] \
r / \ 150-250 mm
,' \\ (6-10in.)
l’ —\i—- -~

b
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Slump Test

Notes :

* |f 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 .

Sl 2y e Jy 84S0 A 2 2 g e s Tigh Al il calS 13
Ll

* 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 .

i oo 8 e g el 2 i K0 B il aany ) R
NEp
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Slump Test

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

Cuilany) Al plall A 95980 o il 0 90 Adadill) & 3 dagaal) Balall

* Slump test is not _useful for concrete of very low and very high
workability.

s AL s Allall ALscll J 0 e J) 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 apparatusis called ?
This apparatus is most suitable for concrete of the medium workability . g
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Flow Table test

This test is for measure stability (No-segregation and Cohesive ) s sy
Chadiai 2 g e g Slulai dsa g ol QLA (Wl J (acada Jeall 1 Stability .1

Mobility .2
- Test for collapse

: Jaad)
difia a5 gl o Ale Al Cuaib J5¥1 sy b aadiua) (e Aalide adlulia s dlu ja 48
JMLP15JMJELASL&ELJ‘JQAJMJLHIQBJJEL}L11Jiﬁﬂ@\}!&ﬁ)ﬂlﬁhﬂtwﬂu
Cpdalaia (el 341 ¢ Al glall sda e ooyl a8 A3l 1 01 )
Y ol Gadal)l gsa 5 A8 e JLEA) Juadl s

O 130mm
. A
XGR 200mm
ivel limited 1
Himm \
Upper Stop
97 Table Top 200



Flow Table test

> Flow= Davg=£%ﬂz in (mm units ) Flow and Workability ( 4k 48e)

> In DIN( 4slalY) dial gall)

Df—Di
Di

» Flow = ( )*100% D,= diameter of cone
D1+D?2
D=

2

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

L Ohadiail) 352 g Ao Jada 1agd al LYY e 33 s g caand) ) Laa g 13)

*Q(Years). concrete of very high workability containing
Superplasticizer give collapse slump it should be tested for
¢ possible (workability ) using (flow table test) .




Vebe Test
: Jaad) o
Jasally il oliled LS Y1 (pandll Jaad | 31 320 AL 40 4\a

o LS i) () oS3 9 Ay i 25 o pall dala IS 8 ks A5G 4 Aol Al cua
sy Sleall Judi & ey Dl pall o Jarind S0 5 )0l gl o | e W]
sl i il s UK ) a8 Al o am Lasie s o il
*+ VB time and Workability ( 4xSe 433\c)
++ VB time and Compaction (&2 kb 4de)
F O e 4d sl 138
Js¥) Slead) Jans a5 -1
Sa il DA e laa LB Alaldl) Legal e (o U8 -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
strength oy ¥ 5 Jesdl & Caal 5 J& o jan 5 ely j6S zling
workability J) 4 sed Jeadl jleall 1348 zero slump 4l o 5S5 Laxie
very high workability J! zlas ¥ Ll 5 collapse slump JV zhay ¥ jlgadl s
Jil workability J) <ulS el sl e JS -

very low workability Clalall jleall laa aaaieg -
99
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Compacting Factor
+ Jaad) e

‘UhdJm‘l.ﬁmjd])s.“a.i&MLA)A“&.AJHJ&}M‘#‘PJHWJFLJUEJL}QJ)JJSUIH ;1_};\4.»&.1& Osh
JuJJLl_g.]::uY1J1M‘u‘)J JJ.ujuLﬁlc.\s.vu_u...uc.a.«.ahJuyujuayuujhﬂ'lhﬂm1é1dwjﬂlJJ.\M.M'I r_ﬂf.J\Aéj
U () (S oan ol s J2N (15528 e gl s )5 o S 1) g s ) o A 5 L5 A0 81t o g 4y

L GAgan s ()3

e a JalS ()5 o s atl) (o a5 gl JELIS 5 (g ) ey L LS i)l g 1Y) gl Lo ) ) e

unit weight(density)uncompacted

* Compacting Factor(CF) = %Wm =

compacted

1

* Same Volume and its sure < 1

unit weight(density)compacted

* CF number and workability ( 4k 4ik)
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Compacting Factor

Q(Years). A concrete made of 500kg cement , 200 water , 900 CA and
900 FA per cubic meter of concrete has an uncompacted density2000

k .
—93 what is the CF ?
m

_unit weight(density)uncompacted

Compacting Factor(CF) = %Mw

compacted

unit weight(density)compacted
2000

~ 2500
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Ball (Kelly) Penetration Test
+ Jandl faa

C‘Jn"“ulc' 5 S| F}ﬁijihwﬁﬁaih,ulw%uﬂtJ}jm
b g e 38N (s Ly Bial e IS TS by dili () gy Letie ¢ Al A
u.bl workability u'l g.mﬁ.ﬁ'l...ul'l ) LalS g A8licall i g C_Lu.\l J yid

D Ad) e
I
cuall 203 workability puiy 3 2 gl Sleal
P A
iy g 0¥ Aladl workability J sy ¥
) 4 oy ol Y AL workability J gl ¥
ade slaic ) Kay Y 5 AL 48
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Ball (Kelly) Penetration Test

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

* Q. Compared to the other four apparatus what is the main advantage of this
apparatus ?

* Can test workability after casting .

* Q. What are the main problems that may be encountered using this apparatus ?
ubary L8 g 43Y Al workability J sy ¥
Al 3 J 3 o 4Y AL workability J gl ¥
ade eyl Sar Y g 4lils 43y
Q. The value of the test are reported in cm units .
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Q(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

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

Q(Years). concrete of very high workability containing Superplasticizer give () it
should be tested for possible () using () .
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Aggregate cement ratio

- Example: (C=400, CA=1000, W =200, FA=800)

in.
Aggregate 1000+800 20 0 : 2 3 4 5
= =45 Aggregate/ J ' ' J
cement 400 18- cement ratio:
16 -
Slump =80 mm b
CF=?? - | i
: > i) e paaad
Vebe time = ?? ok
£ st
>
6 -
4 b—
2 -
0
40 60 80 100 120 140
1 Slump—mm
2 —
2 E
£ 3 i
£
4= &
5 -
o = l 1 |
0.6 0.7 0.8 0.9 10"
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Density of fresh concrete

Wemp =4pald & 5auall o)

W full= 4t Al aa g )y
Wconcrete = W full - Wemp

150mm

——

150

Density(unit weight) yconcrete =

> Ll Al st LAY 28 asdl A sl S g jEA) GileSa 3 (S asy | aitay pal) sty

., _ .
oSe cilih 3 e s S Y] Aardi ywater 1000 Lhas

Wconcrete W concrete

= K 3
vof mold S.G*y, (kg /)

y normal concrete = (2200 -2500 ) (Kg / m3)
Light weight < 2000 (Kg / m3)
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Air Content
q“ﬁ}@l'l 6 siaall
durability 9 str J) J 4lu Al o jhi cuy 7 gecall Lelima e pS) dudy Waga gy ddla Al JA)2 4360 4 Sle) b -

Types of Air Content :

1. Entrapped Air :
JalS JS8 4 paladll (S ¥ jsaase s ) sana ol sa -
Al Al Jals el sedl (pe Adan 40aS () 555 -
LJ'lﬂLA{JSdE'Imumuﬁbjpjjhwmw|mLQMNeJ!J]LLu_)ﬂJaJPJHY_
azail

2. Entrained Air :

- :Q\a’_&iudi;a"ﬁdsdihﬂidbuﬂiuédhbimﬁwuhﬂﬂyhjgu;\ﬂﬁ
@ﬁ@ﬁmmdﬁdﬁjﬁm|dﬁyw1gﬁwCrackS Lhﬁ!&ué@u$dh‘;j _
iiﬁﬁwiﬁ@&wnwipﬁu@} cracks J! C:mj‘jbm :.:..@aﬂhu
Freeze and thaw effect « daleal) 028 (aniiy HAST Alu Al it daadll 5 Al lae @l ) LalSs
QJJS"@EJP}AFM!uﬂ
0.2 mm & BB Lgaaa aUSTHL Adlu Ad) JA1 2050 Cliay ¢ 8 aud g ASE)) Ja
slall J 530 aday Las dalae (sS85 Dl jall 544 Hlahe Lo Slilualdl g

Air entrained concrete :
OS8O e Al a8 ey strength s e (ST Al 5 alaill 5 deadl) AlSGe (e palady
107 Air entrained admixture (e s Aizae il g2l Ledalas ah g dlle da gliall



How to measure Air Content

1. Pressure method ( compression method )

fL Ssure
gauge
(
Al pump

_~ cq 5 - : .. a1
Gl e Al Al coa Aol (S8 &5 | cylinder (e O5S0 e - U ‘t%

Water lovel fali s..;';

A ghauy) L o) ) st Al

Concrete
fevel falls

baall dad Sl A Jead s el e Lokt 2L 335k e (D

Ui J"’ L_Ar’m ML““);L JP)’J\ “‘)‘@J\ JM:’J C«\ﬁ C«LAS\ dd.i G\m:j - D Fig. 6.11. Pressure type air meter
daa oo g el Qi

5 ala air content J dad e Sleall - O - Jleall and
. D)

air compessometer
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How to measure Air Content

2. Volumetic Method

e 25 i S (s e A A i
zero V) 3¢l 5all Jad s Ll u\.».‘ueﬂ v

o\_ml\z\a\.u);j\.kx;\ uwcﬁgjowbu)ﬂ\khggi J\.@AJ\ t_ﬂs.ué\shue.\ v
air J! Al Aadll ¢ S5 seale J) o by Dleall & 5 v
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How to measure Air Content

3. Gravimetric Method ( Absolute volume method )

Absolute volume method : Sum of volumes of all per cubic meter of concrete = 1m3

SV Concrete =1 = V water + V cement + VFA +V CA + V AIR%

Density with air

Air free density =
y 1 —Air content
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STRENGTH OF CONCRETE

Effect of age and Curing :

Concrete strength increases with time.
Once curing stops, concrete strength will not increase.

21335 Fa slad) Alant Axllaall Lallda g e sliall 8 530 5 i 5 Aalacall i 55 Laic

Effect of W/C ratio :

Strength decreases by the increase in w/c ratio.
Note that strength sharply increases when w/c<0.50.

140 g 60

e 3 ACI Strength to water cement ratio
= 120 E- relationship of normal concrete Moist-cured entire time 8
= g 50
ol - &
g’ 100 [ = n air after 28 days moist curingj 5
& g £ 40 - In air after 7 days moist curing”|
@ 80F S ) . .
7 g = In laboratory air entire time
v S w 30
@ E @ 4
a 60 =
3 w
E ] 8
o = = 20
> 40 E g-
B : 3 42
& 20F 10 }-
P YTV TVRTIY FRVVTTIIY FRTETTTTIT PRTTRRTTTY FRVTRTTT IPPRTITN L3 1
111 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 07 28 9 3650

0
w/c ratio Age at test, days

Compressive strength, 1000 psi



GENERAL FACTORS AFFECTING MEASURED COMPRESSIVE STRENGTH

1. Rate of loading: High rates increases strength.
(28dayes) standard rate J dic Sl a3y 5 Ciliial salidaae 58 L 38y oSl oy e die S 2ic
2. Specimen Shape 4all 84 | 6,,,.=(1.15-1.25) G oylinder 1.15 IECH
Bl sl e el dad Jany Sl | anfa ) A1 shanl 0 5S5 o) Lal dial) JS2
3. Water cement ratioW/C T — strength |
str, durability , burability Jie Jal sl (e Kl Jasa aokainl (Y Juadl il L JS 0.5 e J81 Al () S5 Laie
4. Temperature at Testing. Higher Temperature — lower strength
2422 43 al) 5 ) ja 4oy pudi o Laila Gad
5. Air content
Str (o8 Ala (ali Hlia muay = gawall 2all e e sedl daus Sl 13 gty I (& el ) 53 ) panall o) sl 292
6. Cement: Type, chemical; composition, temperature of curing
5 Y1 ALY A LS (<15 IV LY 8 str O gy ) 258 51 adt Aa e Baly
las fas Aiday L4iS) 5o s ) ya da o 2ie oa long term str e Jsasls ) jada ja Luail
BC e b Ly cual) mas 5)a A3 JB G 435031 uiliiall g Ciliial gal) qaa
: — olle @ . o L
8. Curing » S Y AU curing J As 2 Adhaia ) Addaia (e ) pal) As o dlis) Laga

9. Production of concrete: Seggregation and bleeding lowers the strength

7. Age of concrete ——

laa digmiia eaaly 5 0 a0 ) A glaadl JIE g Uy Segregation or Bleeding ) @25 (sud 2l & f dlalall i Uas (1S 130

10. Condition at test: SSD or dry?
1o ekl G Adda e G Al sal ) ) ag LY ASlla 65 Co g il (3 DRY de JLAA1 23130 L SSD e Ladl 4 of cany ) Al



STRENGTH OF CONCRETE
TYPES OF STRENGTH

| |

Compressive strength Tensile strength
Adle Aaluaddl Ay Al aaeal g3 it «  Direct tensilestrength

Indirect tensile strength

STANDARD SAMPLES (Splitting)

C 30/ 37 « Flexural tensile strength
Ocube™ 1.15 Ocylinder
1.15 Jall b Ly aaias

cwl'-::‘!;w3 A C::: v " indirect J &) 5 (e Lyl iy

Sl Cana =20 slany) i)
ﬂ ...

po
150 mm 113




TYPES OF COMPRESSION FAILURE
WHEN CYLINDERS ARE BROKEN IN COMPRESSION:

bl ot o P44t ERER.
| o = 35°
35°
REEE Pttt RERE
(a) (b) (c)
|  Shear failar Splitting failar Splitting + Shear
ki 45 ) o Jile g o € 1] (e i i
theoretically : 45° Al gaul) A1

Practically : 35° - 40°



COMPRESSIVE STRENGTH
Cylinder : ASTM C470

P
Cubes : British standard 150x150x150 mm?3 O:? =

Other sizes:
Cylinder: 100 x 200 or 150 x 300 mm

Cubes: 100 x 100 x 100 mm3or 150 mm
FAILURE MODES OF COMPRESSION TESTING — 3D

Al Al 3 8 oy jad 2ic Aall & 55 S i g

—>
Ccube— 1.15 chlindcr

. J_P P P
_ —_= — e = —
A 12 T 2
e N
\(/\(k

o : compressive strength (MPa)

L: dimension of cube (mm)
115 p: Maximum Applied Load (N) (1) (2) (3)



STRENGTH AGE RELATIONSHIB

« The standard strength test generally uses a
cylindrical or cubical sample.

- It 1s tested after 28 days to test for strength, f..

* The concrete will continue to harden with time and for a
normal Portland cement will increase with time as follows

(approximate for OPC only cured under water):

Age 7days 14days 28days 3 months 6months 1 year 2 years 5 years

Strength ratio  0.67 0.86 1.0 1.17 1.23 1.27 1.31 1.35




STRENGTH OF CONCRETE
DIRECT TENSILE STRENGTH

f . Force (T)
ct  Cross—sectional area (A)

’ﬂl.\-"n f\""/*:"', y\‘ /

not standard 4& )b & 5Ll 2053 Y
aaas jal tensile d 4 s B8 asladinl caay s Briquette J) e il LA dee il (0
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TENSILE STRENGTH

The Two point loading (third-point) is more accurate because failure occurs due to
pure bending.

Shear in the middle = 0.

One point loading, (centre point) is used only if the other is not available

ﬁ Splitting tensile strength test

w113 v" Calculation of splitting
Yy T

tensile strength
2P
;: 4 * xdlL
L
my 28 where, P : maximum load

d : diameter of specimen
L : length of specimen

% Flexural tensile strength test

o« L&
- ) |

oy

N

o)

w2 w2

<third-point loading> <center-point loading>
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FLEXURAL TENSILE STRENGTH
ONE-POINT LOADING

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

C : :
p : §
P2
Id=u3 _
¢ L2 >le L2 > : P2
i€ Span length = L » PL/4 '
PP . Y
Mc = '
g ==
I o .
| _i bh3 - 10204 2 A8 e
12 /I Combined bending and shear .
NA. 77 Y |™r
C: Distance from N.A to
extreme fiber (Tension) chot
7
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FLEXURAL TENSILE STRENGTH
TOW-POINT LOADING

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

et sY) Ay phall anaiin 3 i gyt CailS 1) YY) Lgeading o JuadY) A {} U
‘. L3 | L3 | L3 ‘.
|

Id-us 0
PL/6

"LI3 mU3 mUB"

[ e
- xe Pure bending and shear don’t affect in the value
& -
o) (Modulus of rupture) — T
1 C
[ =— bh3 N.A. Yy |top
12
C: Distance from N.A to Cbot
extreme fiber (Tension) M,,.x =P/2%a
each of the 2 force o 830 e el A Mc _6M - Tensile strength ~ 8% to 15% of

i gall ' r =

120 Bl i i el o | bh* < Modulus of Rupture, f.
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INDIRECT TENSILE STRENGTH
(SPLITTING)

- Splitting Tensile Strength, f,
2 Split Cylinder Test (Brazilian Test)

|| L

Concrete Cylinder

Poisson’s
Effect

L) S tensile strength Y 255 ( poisons stress (s 4y yhd Alkainl ) ) shull Lo i p jlaie 558 5ig Laie -

Direct : a3 uSigad figs
Indirect : 2% juSS (Slg laria figs
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* Q. a concrete cylinder of 200mm diameter and 400 length was tested
, the load that caused failure was 500kN find

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

2P 2+500+1000
= =3.98MPa
nDL 10402

* Direct tensile strength =0.9%3.98 = 3.6 MPa

* Ans. g =

123
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SPLITTING TENSILE TEST
TEST ARRANGEMENT

1,

Steel loading
= Special loading pieces
Hardwood
packing strips
Hardwood packing '
strips Ir
@)
IP
P ooy Special loading pieces
Hardwood
packing strips
Hardwood packing 2
strips

®) Troweled surface



CYLINDRICAL SPLITTING TENSILE STRENGTH
FAILURE

2P where, P : maximum load
f: - — d : diameter of specimen

ct
wild L : length of specimen

In the case of cube, use
d=]l= Cube length

The tensile strength of concrete is
approximately equal to 10% of its
compressive strength.

Indirect ~ 7.7 Direct

Flexural = (1.15-1.25) Direct

1 1
ot = ( - = H) ocC
o flexural > o splitting > o direct tensile
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* What is the strength in theses cases ?

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

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

* C- Standard cylinder was tested for brazilian test, load recorded was
848kN .

* Ans.

A g=o=—2 __375MPa
A m#T754+1073

B g=-=—— =48MP2
A 150+150+10

- g=—=—"" _ -12MPs

DL m*150300+1073
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SAMPLES FOR
EVALUATING CONCRETE

STRENGTH

. J “ A T ’\. ]
Py I‘ | LA \ Vo = Ve - = & =
= T o \NEB T - S _— S )
R o, | “:" i ey = -
|>7- > (&) (&2 e, 58 m‘,.‘)‘-' '
7 . compressive strength
S ’] of concrete:
N i ( f. = 20 — 120 N/mm~

e, r— - ] | s 1

I
IV y | gL $ o
: —
5= ) |
i<
SSSSSE

O Y al uall duulie Dl Ad) CilS o) Gl s

sl Uail) aciai | 300%150 4 shad) 5l 150150 cease dauld () 65 O 5 i) Cudii any v/

A 32l A Al s Jead LIS cal€ 1) ol ol ) sae e 430 pdie clipe 3l v/

Sl aaS e GO AT g B )bl ol lal e s Blu jA ¢ A gde cile ALV

e A8y play i) alaiy | 3358l Jasia e (g hee 0 5S05 @ pall il ) Jilan i Al ilial) 38T 2y v
Gl et ade Glaal

Cligal) aucai g ol sl <l oy fot ey ) 2 elall A aiad () shlly &) shasl ol CanSa o g i) s v/

3l allds )y e dbdlaall il ge yilh 39 30 S curing tank emn <lin

sl Jeliill 4 ) painl § i) e dlailaall Luuldl) 43, Hlall a5 elall Jala cliell puzai - v/

Sialy dile o gaiall penll 3ae Lgaiaiai o8 | alSaly olall @l 3lay &3 2 + 22 Gzl 5 Wile SO LS5 ) all - v
Olaial gall s g

J Gk e pandll sy ssd Al S s Leiilad o) yig (andll cilial) 340 | 28 Sia g 2anall jeall ie - v/
Z =g Ualeall Galai g LiSL e all) Hlase \_)s.aj g Al g 43Sl dle 42 rate of loading
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EVALUATION OF STRENGTH

3-Samples = minimum

(o3 -z ©
2 vy -
Galg = Grcquircd
C min = 8 5 %
Grcq
Example:

Results of testing 3 samples:agl=30MPa.
o2=27MPa, oc3=18MPa and ocreq=25MPa
is this concrete acceptable?

XD
Gy = 02118 = 2501Pa

ive = Dreg
18

CSmis _ 25 _ 72064 -85%

-~
C,eqg -

Rejected

L

b LRI ) Ll ciliall J e

12 .
’ 5yl w3l AL



CORE TEST

LAY e (8 e 4l ¢ sall & pundd) Al all 558 bl JLaS) s -
(horizontal Jasdl (e dall 341 &5y (53 sale )( vertical ) g (e Al 381 25 88 ) e aly -

fcube = B x/;'ore D=2-3 OR 2.5

1.5 + ~ 3-Samples = minimum

Ccube— 1.15 chlinder

o . 2 O
n

ave —

o,.. = 0.850

aveg reguired

T min § 750
ag

reqgq

fecore1s the tested core strength
fcube 0s the equivalent cube strength
Ais L/d
D = 2.5 if the core 1s taken horizontally such as walls
2o D = 2.3 1f the core 1s taken verticallysuch as ground slabs



STEPS OF CORE EVALUATION

1. Prepare the ends of the cores to ensure horizontal smooth
surface. Use capping or sawing.
axiin 53l cabing apparatus J ke Jasiui s als pales sad cab dexi 4 siue Cud 4l s 43igi core I o pelad e
LL&)&J‘@@25ODJ\‘P2AJJ‘_AQQ£‘)&\
Jeud 48y yla yaing 5 il LY (e Al aly jLiie Sawing

Calculate the dimensions of the cores (L and d).

2. Rupture the cores and record the max loads P.
3. Calculate the strength of each core

A 1s the area of the circular area.

£
4. Calculate cube for each cube. A
5. Calculate the average.
6. Compare with the required.
Average > 85% of the required strength
Min > 75% of the required. — Sy S e
Compare f_ . With minimum concrete strength
f.upe (SiNgle core) > 75% f

130 fope (Average) > 85% f

min

min



CORE TEST

EXAMPLE ON ACCEPTANCE

After calculating the core strength using P /A
equation, the results were calculated using  /fu=

l K.f.'r’h"i'
15+-

A
Final results are: fcubel =30MPa

, fcube2=27MPa, fcube 3=18MPa and
oreq=25MPa 1s this concrete acceptable?

_ 30+27+18

feub = 25MPa
avg 3
0.85 O'req>fCUbeavg
fcube,,, 18

=== =72%<85%
Greq 25



CORE TEST

Example :

Assume that a core in extracted from a wall ,
The length of the core = 150 mm

The diameter of the core = 100 mm

The load is 250 KN

Calculate the cube strength ?

D = 2.5 because extracted from wall

A =L/d = 150/100

P
= 250x10° _
core | - T 100° =31.83 Mpa

D
- 2.50
Jeure = " X fere = — = 36.73 Mpa
1.5 + — L5+ 75
1 1.5
Note :

Jpuls sUaxall diameter J) e s A Gl 2ic

W D =i f cube d bl o 5l 3 Glia die Wl
Sasale o) &) S Gl cuaa 2.5 5 2.3
132



years Quiz in strength of concrete

1. Which of the following increases the 28-day standard strength of concrete?

A. Using cylinders instead of cubes

B. Increasing air in concrete

C. Curing at 5 deg, C.

D. Decreasing water to cement ratio (w/c).
E. Decreasing rate of loading

2. The beam shown in figure is ready to measure :

A. splitting tensile strength -
B. indirect compressive strength
C. direct tensile strength L2

D. Flexural tensile strength by one point loading
E. Flexural tensile strength by tow point loading

3. In the figure , the correct formula to calculate the strength is :
A. P/A
B. P/2mDL
C. Mc/I
D. P/ mDL
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years Quiz in strength of concrete

4. If the direct tensile strength of concrete is 10 MPa, then the splitting tensile strength
approximately is ........ Mpa ?

A. 11

B. 9 Sol :Splitting = 1.1 indirect

C. 125 10*1.1=11

D. 8

E. 100

5. Four cores were tested to evaluate the ' strength of concrete, if the required strength
(structural) is 40MPa, then the lowest value of any tested cube must be above .....mpa

A. 40

B. 30 min_ 59

C. 255 required

E. 34
6 . Three cubes were tested to evaluate the strength of concrete, if the required strength
(structural) is 40MPa, then the lowest value of any tested cube must be above ...... Mpa.

A. 40 .

B. 30 — T 85%

required
C. 255 40%0.85 = 34
D. 50

m

34



years Quiz in strength of concrete

7. If the concrete cylinder is tested in the Barazilian test, then the stresses
that cause failure are ............ stresses .

A. Direct compressive

B. Splitting tensile

C. Flexural tensile

D. Indirect compressive

E. shear
8 . If a standard cylinder resisted a load of 550 kN before failure in compressing, what is the

strength (to the nearest whole number) ?

A. 124

B. 70 SOL:
C. 24 P/A
D. 0.10

E. 31

9. If the strength of a standard concrete cube is 40MPa, which of the following can be the
strength of a standard cylinder?

A. 34

B. 4 CUBE =1.15 SYLINDER
C. 50 40/1.15=34

D. 44

E. 400



years

Q : Answer questions in the table :
Fill in the blanks with ( increases , decreases, no effect )

1.

ANSWERS
Increases water cement ....... The segregation of concrete mix 1 Increases
2 Increases
Increases rate of loading ....... Strength of concrete
3 Increases
4 decreases
Increases temperature ......... the strength at early ages
5 Increases
] 6 Increases
Increases w/c ratio ........... The strength of concrete
7 Increases
Presence of carbonation ........... The exposed length in Windsor probe test
Presence of carbonation .......... The rebound number
Curing by Distilled water instead of tabwater .......... The strength of concrete .

136




ANSWER :

1
2
3.
4.
5
6
7

years
Q : Fill in the blank spaces with the correct words :
In concrete mixes , tap water is preferred to distilled water because .........
Ability of concrete to flow easily and coat steel bars during production is called

Roll-A-meter is used to measure. ............

I A e

Concrete mixing of possibility of segregation must be tested using ..........
SHOW THE FEGURE FOR 5+6+7

5. This apparatus shown in figure is called .......

Ph =7, It contains less salts which prevent Corrasion steal bars
mobility

Air contact

Flow table test

Kelly ball, for ball penetration test

This test can be performed in the field. call 2 sativy 3 aa ) sl a5
CM




years

Q: Fill in the blank spaces with the correct words :

1. Concrete of very workability containing superplastieizers usually gives
Slump ( type ) it should be tested for possible ........... , using .......... test

2. The apparatus shown in figure is called ...... and using to mesure ......of concrete

3. Compared to the other four apparatus . What is the mean advantage of this apparatus
(in figure)

4. What are the main problems that may be encountered using this apparatus in figure ?

ANSWER :

1. Collapse , workability , flow table

2. Ball penetration , workability

3. can test workability after casting : duall 22 Lleiill Luiss o adaios
4. Aaall ldiaaane /oAl I dall Jax of W)
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Type of concrete Best test(s)
1 Concrete of very low workability Vebe test
2 Concrete of expected segregation Flow table test
3 Concrete lacking stability Flow table / V.b
4 Concrete already placed in forms Kelly ball test
5 Compactability of concrete Compacting factor/V.B
6 Mobility of concrete Slump/flow table/V.B
7 Self-compacting concrete Flow table
8 Stability of concrete Slump/flow table
9 Concrete of very medium workability slump
10 Concrete of 230mm slump Flow table test




years
Q : Fill in the blank spaces with the correct words :

1. Roller compacted concrete gives a slump of ..... mm . The type of slump will be
2. Concrete of very low workability should be tested using .......
3. The compacting factor of self compacting concrete is ...........

4. The apparatus shown in figure measured the ..of concrete . It uses the .... Principle in

(7;'.4|.:‘| 'V .
X

=

measurement the value given is expressed in ..... ( units )

-l
ais
.-

5. The best method of compaction for small-size precast beamsiis ......... o

6.The best method of compaction for preparing samplesin lab is ........

7. The workability test that can be used after placing concrete forms is .....
8. If the compressive strength of concrete (fc) is 25 Mpa ,then the modules of elasticity is
....and the tensile strength is .......

9. Self curing concrete obtains its water from .......



years

ANSWERD :
. Up to 120 mm , true slump
. v.b (vebe test)
. Very high almost 1

. Air content, pressure,

1

2

3

4

5. Vibration table
6. Vibration table

7. Kelly ball

8. 23.6 mpa, 3.3 mpa

9. Certain aggregate that absorbed water and replace in the

concrete from inside



years

A concrete mix has the following proportions : cement 400kg/m?3,
water 200kg /m?, CA 1000 kg /m?, FA 750kg /m? . The net weight of
the uncompacted concrete that cylinder filled with is 10.6 kg the
cylinder is 0.15m diameter and 0.30m height

calculate the compacting factor.

weight

Density =
volume
Density = 400+200+1000+750 = 2350
Volume =rhr? =5.3 *1073
Weight =2350 *5.3 *1073 = 12.455kg

W uncompacted = 10.6

W compacted = 12.455
CF = W uncompacted  10.6
~ W compacted  12.455

=0.85=85%



years
Q : A concrete mix has the following proportions
Cement 360 kg/m?, water 180 kg/m?3, CA 1060 KG/M?, FA 800 kg/m?.
The specific gravity of CA=FA . The air content is 3% , Calculate :
A. The density of fresh concrete ?

Density = 360+180+1060+800 = 2400 kg/m?3

B. The air free density ?

density __ 2400
1—air content  1-0.03

Air free density = = 2400 kg/m?3

C. The specific gravity of aggregate

SumofV=1
360 180 1060 800

0.03=1
3.15 %1000 * 1000 * S.G 1000 * S.G 1000 *

S.G=2.75
143



years

Q: The following are the mix proportions of concrete mix per cubic meter of
concrete the density of is 2400 kg/m .obtain the weight of cement values in Kg .

Cement wW/C CA FA Air content Air
entranining
C 0.55 1000 800 10% 30

Density = sum of weight = Wc + Ww + Wcf + Wfa
2400 =Wc + Ww + 1000 +800
Wc + Ww =600 kg/m? ....... (1)

2in1l
Wc =367.741 kg/m?
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years
Q : Solve the following simple . The final answer only is consider . Write the answer in the shown
position . Show equations and method of calculations .

1. A standard cylinder was tested for compressive strength . The load was 795.6 KN . What is the strength ?

P 795.6x103
¢ == ' = 45.02 Mpa
nr2 ()0 P

2. A standard cube was tested as shown in figure .The load was 212.2 KN . What is the strength

2P 2%212.2%103
= - 3 = 6.004 Mpa
T *a*a m+x150%1073%150%10

3. If the air free density of a certain type of concrete is 2560 kg/m? and the fresh density is
2304 kg/m?3 . What is the air contant .

Air free density = 2ESY WIER Al _ 5o 230 _ 1 -10%

1 —Air content% 1 —Air content

4. Concrete made of 500 kg cement, 200 water, 900 CA , And 900 FA per cubic meter of
concrete has an uncompacted density of 2000kg/m3 . What is the compacting factor ?

_ W(uncompacted) 2000 _

CF - -
W (compacted) 2500
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Q : A concrete beam of a rectangular cross-section of height =40mm , width = 120 mm is
tested for flexure using the tow point loading method . The beam has a spam of 600mm and
each of the loads is located at a distance of 200mm from supports .

at failure each of the loads was 480 N calculate :

1. The flexural tensile strength

2. Give an estimate for compressive ,direct and indirect tensile strength .

Sol : 1) 430 480

P=480n \ J}

A=40mm * 120 mm fm
MC 6m 6%96

9= I bnz 0.12%(0.04)? =3 Mpa 48_ i

2) g |

o Tensile strength = 0 compressive strength * 10% | -

3 Mpa = 10% * o compressive 96

o comp = 30 Mpa / |

o flexural = 1.15 o direct | |
3 mpa =1.15 o direct
o direct = 2.6 Mpa

M max = 96
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Q : A concrete cylinder of 200 mm diameter and 400 mm length was tested in the
barazilian test. The load that caused failure was 500 KN .
1. Calculate the indirect tensile strength

2. Give an estimation for the direct tensile strength .
400

200

1. Sol :

2p 2500 %103
O; = = = 3.97 Mpa
" nDL ™ m+04+02 P

2. Sol :
Indirect(barazilian) = 1.1 direct
3.97 Mpa /1.1 = direct = 3.6 Mpa
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ADMIXTURES
Admixture : materials added to concrete to improve one ore more of properties
oaibadll o ST gl dda pead Jal (e Adla A ) Gl 3 ga

Retarding admixtures

Using to delays setting time of concrete.

O sl Al L | ks 3 alad) Adla Al &l jlaw & ol dadlad) 3 ) ad) il o 8 elil) (e el aadiis
3alall 028 Caniaid a8 gall ) gliadll

Accelerators

Reduces setting time and accelerates hardening or the development of early strength of concrete
Ll e Bae (e JlET | Ba L) (ghaliad) 4 andis

Water-reducing admixtures
reduces amount of water for the same workability

strength 21233 il s w /e Ji elall 4paS J&5 Ladie 43Y &3 5| workability d) le ddailaal) aa slall JIE5 ) 50
High-range Water-reducing admixtures

highly reduces amount of water for the same workability
strength J) Jlaie 3830 ) A w /e J8 elall 43S J&5 kg (358 () (e ST Ay Al jall Adalal) 3 olgall dpeS (IS
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Plasticizers ADMIXTURES

Increases workability for the same water content.

oS! Water-reducing el quS 3l udi | strength J) o ¥ Al g sla A8La) ¢4 93 workability J) 2.5
aladiy) 48y yha CAlids

Super plasticizers

highly increases workability for the same water content. Collapse slump
may be observed..

aladiny) 44 Hla alias (K1 High-range Water-reducing J (2beSl) S gl s
(3ol Al A1l &l jlaw & addf)
Air-entraining agents
increase resistance to frost. Reduces strength
ol JIES (S0 5 bl Ao ja ) e sl a3, Al AN JR13 Gugana o) 8 a3 5
Water-proofing agents

Reduces movement of water through concrete. Some helps to block capillary pores

capillary J) @& @b oo, Dl Al Ll 40 e Jlais cile ) jall glad s sy elall (i b a3
%100 4wy 33 Y (S pores

150 slaall il A B Jaaiadiy , clilid) mhan & Jaxid



. . ADMIXTURES
Coloring admixtures

Al Bl (o Lgd Ll g 4 lara (2l £Y andinsy | JaBd A JA) mhan) Ao andiiad Al A1 ¢ ol A sla 3) ga
Bonding agents

Bonds old concrete to new one. Example plastering. Bonds steel bars to concrete.
Alu Al clilaill 3 juadll A aadtid | dapsd aile A& e 3a0a Alu A cua ; Jie bie il (3ea Dl e 3 ga (2
o 40-30 8223 hold Jee Basb ge @lldy iyl dgagpie Jia (B i & caulda oy )l oty o shall as

Bonding agents g&ais hold Ji zaludill s & 5 3 o8 sealidll dyas ol s

Admixtures with combined effect
bea Cuaill) st Ga¥) Gams (B ) G pa o) ) (e Jo AQISY b gl g1 (pady 0 0 Jand ) 5 300
Examples :
Plasticizing — retarding
Plasticizing — accelerating
Plasticizing — air-entraining
Plasticizing — waterproofing

Plasticizing — waterproofing-retarding
Accelerating — air-entraining 321 (shalidl 8 va 151



ADMIXTURES

Viscosity modifying agents

These are used in self compacting concrete with high quality

superplasticizers..
. .A..j.laj\ d);umjk_\jm\ @aﬂMWJBﬁmme,Compqcfed dct\&ﬁy ’vﬂAﬂ\ M‘JL\.&»P
CA J' 5 concrete mortar J) dulai o Jari LY segregation J) ASéa (a Aualdl alal) o2y

Bacteria for self-healing concrete
z dad) 4513 dla A
el s gl & i U i) ¢ 5l e £ 53 Paccillace bacteria
, 10.5 A ph J) deay Ladie ladits Al Al Adaldl) aa lgaia g ol
CaCo3 il (a5 slall 4 g5 i IS
3 Sl cracks J) 32 ) aakaini ¥ 5 0.2mm =8l a3 cracks J) S Ao Jaxt CaCo3
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ADMIXTURES
Suitability of Admixtures for Use in Concrete

ASTM

1 Ensure that the admixture used satisfies the minimum
requirements specified in ASTM C494.

BS

1 Ensure that the admixture used satisfies the minimum
requirements specified in BS 5075: Part 1.

p aldiul mlat Y ol mlat admixtures J) 48 aal
 Omad ) gas) Lealadn J\ﬂ\uﬂ\d%&gj&dédigﬁjﬂ&a\yﬂ@}
BS 5075: Part 1.

ASTM C494.

e\ .o ?\j :&%um L@-\\ - .:... . S\ QA .D-JLQ—A:} j\
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ADMIXTURES

What to check before use ¢

1. Method of Use
Al al) Alal) aa ledals Ll iy oLl 8 Lgmni g iy 5l il ad) Alalal) e Jalal) sy i Ll

2. Expiry date
JSLie iy (Sae 43 Al oLt s g daSlall Za U

3. Dosage

e s (e Az A S5 A4S

L

4. Chloride free (don’t use CaCl2 in reinforced concrete)
(corrasion steal bars) zeluill aas o ) 6355 LY @il ) IS 2 sa s Jla 8 Aadsal) Dl Al Caa it Cany

5. Alkalis » if there is free silica Should be Alkali-free

concrete cancer 4lu Al b pw oy Wil K3 LS RN P REG PRCRUNIR (d.-.aSJ)
Free silica 48 2> s ¥ FA s 23 aadiey o (Say g
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Type of concrete

Best admixture

Concrete in agaba prepared in summer far away
from the sea

Pozzolans , Plasticizers
Retarding

Mortar that will be used for plastering

Bacteria for self-healing concrete

Concrete in Moscow placed in winter

Air-entraining agents Accelerators

Self compacting concrete

High-range Water-reducing
Viscosity modifying agents
Super plasticizers

Ready mixed concrete that will be transported for 75 Plasticizers
minutes Retarding

Ready mixed concrete that will be transported for 1s0 Plasticizers
minutes Retarding

Concrete of green color

Coloring admixtures

Concrete exposed to sulfates and chlorides and
placed in normal conditions

pozzolans

Concrete for water tank cast in zarqa in summer

Water-proofing agents
Plasticizers




Nondestructive tests

Nondestructive tests are those tests that are used to
measure a property of concrete without destroying it.
Al Al Qailad Lgd (il Aile AN 401 8 <) jLaa)

They should not affect the structural behavior and must
keep the structure in acceptable to the client

aalial Ui sl iy ol el LYY Capeail) e SLasY) s Y ol e
The most important property is the strength of
concrete.

il a2 () 92 strength J) Gy 431 Jlial) 13g] duals aal



Rebound Hammer (Shemidt Hammier)

( hardness test ) 4883 & g 4w 85 48y jha | 3l )Y 48 e (]

= strength J Ailiy Ao hardness J) cils 201 Y1 5 68 <l Lals [

S) ABliial) LS Lalsh Adle ddlial) CuilS Lalsh mhand) 3 glud o adind 2035,y 43w [

o I PR | gﬁ strength J) Ll A& 48, yhal) sda (O

Al A1 J3 0 se o L e adS) @Lﬂuﬁ‘){ dmﬂusmji_a\.uﬁ\ Jala segregation JI 48 2 WY v
a pdy JSAl 8 LS

BER ji LAs:\ strength L;k:uﬁ @Luﬂ\ s e ji aggregate o> AR R (2l L pall DBl Vv
b A JSill 8 LS (8 strength (aeé 40l 8 el g e

el e ST IS5 Akl 431 8 Jaed (g S0 mdaid) (e alial il A1l Al mhll S AW 3 v
d a8 Sl 8 LS daaall

Ll e Bad a5 o) aal) CundlS iy sl e alelii i 5 C02 J G el g &l 1) v/

Cidady bl Al Jau gial) 3aUig 3¢ B 25-25 aag g el B 10 Y o Baae i) B AAU ode Jsliall Jad O
(3 iuall g 5 pSll)dilaia il cip) Al

<> <<=> Cct>

Body pushad Hammear is Hamimey
towarc tant relaasact raebhouncis
Ot jescct

L;Q"&;\)ﬂ\ BEX

L;n_)..da]\ caA)”J
JSEN LS Al g g
ca)
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Rebound Hammer

rebound number & auns a8 Aoy gl A sl scaler J) <
str s rebound number O 48al) i g3 sUa) (Al A A B
strength ! 43 pa Ada @h’.’w\ gﬁ\ Joaadl ea g

liad 4y pal) 5 9B g £ o8 o CALIAS Bef B o

30 Loy g 0018 L gale Cu i 130 La) | 4 pual) B sebw Y Jlgadl 059 B8] 4y pall oy puda 1)
AVG L3 ai L,d\ g Al buj-\-d S x-axisusaa o Al Y za dald) A

5 @ ‘ = D oadall 8 39 gall AN jgall o
e ... Horizontal hammer 8 ghu : A
JESSSEisass B92222202.c7adledssacces B dua ¥ Vertical down wards g sds phu: B
ebEEEEE ;rﬁ Z: e ; e-ihl\ Vertical down wards : C
e | e s gl Al afb/c ol (53 (g 4D ra
s () Alapall Al 3 i 3 dagall Jal gall (ha o
By | gkl g A0 Y e A5 gl Cua Dry or Wet 4w A
5 27 <l Wet 4al) cuils ol Db
£ | [ - Lu &5 22 i sall Dry ddad) cuils o
- 2 dadinal) Al ylall Ju (b ) of J o8 Baaina p& A8y jal) ol o
| crsicaty | 2000 core J) 48k A
check for quality : JLIaY) 13 20l 8 e o

Rebound number



Windsor Probe Penetration Resistance

I 255 5=
T4
ad -
a - RIGHT ANGLE

| SRS

/a - 1 E N, \ \
(I I\ u\\

S T e EDGE DISTANCE 150 mm
s )
< e MINIMUM MEMBER THICKNESS 150 mm
[ :

e CLEAR GAFP FROM REINFORCEMENT 50 nmm

* PROBE INITIAL VELOCITY 183 M/S +1%

s & e PROBE TO BE FIRED AT RIGHT ANGLE FROM SURFACE

AlARTLY) ol ged A i 4isly Rebound Hammer ¢ 483 Jisi O

Sl Addlia JA (g 681 Al A cuilS L 89 Al Al JA Jlacsa (il (udasal) dady Slga O

Balaly Al sk 1985 ( Exposed length ) ¢ AWl Johll e s g Al s 5ol Jshb (uili Loz 9 O
100mm

A= strength J) il 5 allll Jehl) 315 L Js O

: Miad aladiny) die jdaald) g dbaall M an (O

reledll pas e @S of oSaall G jlacad) () 2ie vV

AU dgall Cre g i el (1 Al ddla Ad) CilS 1Y) v
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Cube compressive strength (MPa)

Windsor Probe Penetration Resistance

strength J) (ke ki jlead) o dadal) §ih o8 v

35095 Gan) Alla b aeud Gy Ginall il T (S S A2 039
Blue : soft aggregate

30 I~ Gravel
Mohs' No. 3
25 I—
<o
20 —
15 |—
o

- baselt

Mohs' No. 7

5 | | |
35 45 55 65
Exposed probe length (mm)
8000
Diamond
- 7000 Cubic Boron Nitride
E Silicon Carbide
£ es000
g Silicon Boride
; 5000 Cemented Tungsten Carbide "\ ‘
< Conmdum >
= 4000 NN
95\ Topaz
x Quartz \
a. 3000
8 Orthoclase
;4‘ 2000 Apatite
Gypsum Fluorite |
1000 Talc Calcite
o—eo—o—o*
1 2 3 4 5 6

MOH HARDNESS SCALE

— Red : hard aggregate
doaadl A 43 sk ABlal)

Jaiall caond AN J glaall
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Pull-out Test

JAI 4 guaa (5SS pull out bar &= 4agale steal JI (m 4u4ila 4akdd : Embedded insert
Buguall A ga 9 LaS g ALy Al Al Jala o ol (& 5 dllia 98 9 Al A

A Al Al (addi) ekl sz A Ce el A pull out force (pawd 858y i A
LS 45 4415

strength J)aia Cjadl Jgaady Lgd Ay Ailuad) @y A force J) Uidia pdigall (a5 i A
T, P oot Rebound Hammer & windsor ¢» 43 Jisi
i évl o
D A
== [ v i FLJ ( partially destructive ) s 4lu &l ¢ Ay
. / L qua dyguan Sty sagale JSy Embedded insert <ul o
' 5 25 mm

{ing of -1 8000 A
feocture embedded

Ll OPPW'\\ 0 2000 4000 GOO0 K000 10000
45" MO 70 T T T T T =3 10000
' : Z

nsert

2000

Pull-out force — kN

ANEANE 4

psi
25 mm

|

|

|

|

|

|

|
55 mm
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Steel Pull-off Test

FT-§ 1S IO RNV W PEAPLIRE

S 13y LAY (5 pm Al Al 8 bl aina sl a3l ) ALl oS e cing i dee al e 1
A gide dagiill g AdS5e 2 9 D8 12 JSE)) e dsmal)

o ash A J8Y) Ukl development length <ael of )l s sl (A& ozl e das aladial xe 2
BTG RET SPRERA R PN VRN |

e\.l;l..u:}[\d\s:a)k oo
Al j32l) (e 20l iy s el apon (il il 301 iy (ST 5 ALl Ay Ll s

¢ bound J) o) S35 ( steel failure ) %100 Axasia clulaill 3 4 @155\ Jshb Mu)al\ da\a CYREN |
Gl Sl
ngﬂ boundd\u\‘:—}u}%100@@“@\.&\5\oﬁﬁh)ﬂ\é@.ﬁﬁ&\;)&j\jﬂu)ﬂ\wgﬁ)@ 2

N N
1 4 :
bt 71 :
\\ . _//’,.’ -
S < -J‘_,/ | .
S | l/,,./ 14
1 2 3
162
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Cover meter / pachometer / R-meter

MAGNATIC

Locates the position of steel bars.
Measures spacing.
Measures the cover to steel bars.

Get approximate value for the diameter.

Baal) JAk Gl gall oda el 7)) galed Mda 392 9 3 ey Al Cla e (llay Ala ALl o Al gy g
Gl sall Juu Joupa g Sl gl Jiliny Julnn Ao Jlgadl (5 i
Lgdatil) LA Apedalinall B g8l Iaa amy jdige o (g giay gl

okt 1358 g Ao dpaudalinal) 3 il lafa cuilS B el daa 1) Jaltical) g G pal) ddliwa cuilS La JS
&duﬂ\éghdl&a&é}n

5 e all 39b Jgad) O (ing 138 (e L ST isall (5 Lais

&d@'ﬁ\éﬁhd&&éﬂ@ﬁ'&.ﬁ@eﬂ

163 o {» . 9 . L % wa e . - il o - e
0.2 mm Qlali gl 0L Apead Lgd A 80 Ayl LS e waa S ( lilsall 42 jpa podaiiud

ANERN



Ultrasonic Pulse Velocity Test

Al pall yie jai A8 sa (958 Gl e Jus i (Sl S Dl >
& micro second 3as s Alu Al je )5 yell Cila gall 48 jaiud (5al) e ) Gulaal Cige Ll () S5 >
nie JIA e Al A1 3 68 2 i) day g Ao pual) lusy & 85
Al sl el Al e e 3 ey (of Alu AN JDA (e el LY A2 536N ST B
L(Between Transducer) N

T (USEC)

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

Velocity=

* The higher the velocity, the denser the material and the higher the strength

p— Timer and 5
Display !

Transmitter |-
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Ultrasonic Pulse Velocity Test

Direction of measurement

Velocity = distance /time (V=L/T)

- B T n T - ‘ . i ——
0 o . AT RN 8 T N AT Y A I E e g
TR R WAL R T St et by SR T TR L e R T
Ly 3 75 - N Coag s S B L iR \ S
N izl 1 e e oty : ok R
. S ~ u ’ ' g Rk e Y o " LT Ay
T g, W 2 \ »:" . ‘l.! o Un A} « 2l 5
o =' ..J. ¥y 34 ‘:‘14.}?"--‘ R J s :;“' . ';'\“ 5
few X Relg 3 o o A ey I~ T Yo TNG < T SO RN ST S
't i % Nf"’t\.‘ s l:{ TR e TV TS
o ‘\'_"

R L &
Tul Toan Cavatal

PN S N
st T e RN L NS
el N XA oh

semi-direct indirect (surface)

1 2 3

s odle Al Jal) A o

(ABy ASY) ) hadel) Lo Ley LIS A5lu Al JBA (e 3 38l 43y 5l Gl sl a3 2 Direct .1

(Aawu sia AB3) LI AN Vs 3 e JSEN) 130 pganaid Jiliie IS5 £,r J) s qobins ¥ ULal: semi-direct .2
(483 J8Y) ) Laid pedaall 5oy JiailCal) 13 ) tr J) paas qodaind ¥ xdandS WA (aey é 2 Indirect .3

- il gLl o

SSD or Dry 4uall & 53 1

aggregate J g5 .2

Al Al (e ST apadl se) 8 Y Bedala el 3l () o8 ) (e Gl gall 5 g0 die Diad mludll yas a3
165 aie e g pmludll paa 184 38 24l cover meter J) Jleas (paiuid



Ultrasonic Pulse Velocity Test

10* fus
1.42 1.46 1.50 1.54 1.58
35 T = T |
Cement/aggregate ratio:
S0+ £
— 7000
45
— 6000
w0}
I
S 3| {5000
|
B
$ —{ 4000
S
-
20L 3000
15}
12000
L)
10}
— 1000
S —
| | J I 0

4.4

4.5 4.6 4.7 48
Pulse velocity — km/sec

Example
v=4.56

Calculate cement/aggregate
ratio as follows:

Example: Mix proportions per
cubic meter of concrete are:
Water 180 kg

Cement 300 kg

Coarse aggregate 1000 kg
Fine aggregate 800 kg

cement /aggregate ratio is

300 /(1000+800) =
1/6
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Ultrasonic Pulse Velocity Test

Depth of Crack
Depth of crack = d, diagonal =L

sl g dnaly 1) CilaMall PRENIY ?3 cracks ds> t,r a8 | cracks J) e lasa L8 = el PREGIE

To simplify calculations, the crack is in the
middle of the distances x.

If the depth extends to the end of the
concrete, no measurement will be recorded.
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Ultrasonic Pulse Velocity Test

Calculations

2, X2
_2_2\/d ")
A 1

p

T in microseconds.

d is the depth of crack.

L is the diagonal distance travelled by the waves.
V is the same in the two measurements.

You have two equations:

x = x1 then x = x2 or x3

Get d.
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Ultrasonic Pulse Velocity Test
Check internal voids or cracks.

71 Velocity is highest when it passes through solid concrete.

o Internal honeycombing (Uis<al)can be located and repaired.

1 If the crack is wide, there will be no measurements.

d&iﬂﬂ\?Cracksﬂ&g&aﬁhuﬂ\géolsg\ﬁﬂ&&ﬂdﬁs
: Sheadl el e i el an s ¥ sl Adle (S5 e ) ( A

A 4§
o=

CLD - il de juy STy Ml Cracks 2 (C

8 361 5 5 iy Ml y ¢ dasi (o gas e yuall A gl cile il JIA Cla gl yai Ladic (B

L‘E - BﬁSCracksepoiéiﬁm&jﬁc\ﬁd;ﬁY(D

D

T = Transmitier
R » Receiver
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Ultrasonic Pulse Velocity Test
Example dr hisham

!< X1 \L <y N
" = >4z
'De“-er-MuAe Cmc.,"{ o(e‘aﬂ‘. (4) R “_ Xz 1(_2:2_)| L
T = tcansmille— b o 2 2 + oy 7
R = [FCce /ver ; - : \ﬂ%\/‘ - =
- - — -

x. > Xz Qe MeqSurﬁcj — Ll va = L\
VTR S R s
Assw Hta/{ T/ = 77»;3 mewc‘m;/ e PeaﬂLnjs 1 ( X = K‘)

., - -Tz. - /. ’. 2, 2, 2 (X = Xz)
V = layn

tirm e
2 Xy A2
7 S VL 2 V d% ext)
7, 71
o f N2l 2 Yol %)
72 7=
/4 Co—\«_CrNyQ '—4 e S rte ‘-v' f'/-( ZL—TQ Bled Swie 13718, /‘5
© >/
i AL g V)
et cia
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Ultrasonic Pulse Velocity Test

_._Dz;k.r_még.g_-_c.\.ﬁa,ma tew of S{-.ccl ber
___'.‘;A; ®*_-- N\ T k_ &c = {4ime in Concrel
e & Prrce of steel
‘V\ ® t - i—Ccnc —t- £s4¢'¢l
S - =——J—d—— e,
Ve Vgteel
=l DGt CJ[Q 5 Voteal = WLci{j tn steel
3 w galth -"— Je_ Cw)
TOefermine © SERC
E
a @ \lC = —6:
lV\ @ & = ’t cone 1" t crack

Y W
L= -

V& the WPlocity v

w - ’ -ﬂ'
the C/‘a.c/L (&) f/// Py : .
Cc.:ACwe‘/e) &Mo/ ) f’A( Ve O(('('j
tan Y, sfer / f Hee Conc el &n
[ D -

F

Q& r

ceer C a{»j

13
= T

R..C-——4— —U—IT

R—G-d4I= -7




Ultrasonic Pulse Velocity Test
Questions for Discussion (USPV)

1 How are the results of the USPV measurements are affected
in each of the following cases:

0 1. Presence of steel bars in the path of waves ?
Decreases time , increases velocity

0 2. Difference in results when the same concrete is
measured dry and saturated surface dry ?

If the measured SSD the velocity increases than Dry

0 3. The use of basalt aggregate instead of limestone in the
same concrete ?

The hardness for basalt more than from limestone so the velocity
will be increases

0 4. Presence of honeycombed areas in the path of waves?

honeycombed areas increases then in water and decreases than in concrete
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Production of Concrete
Production Steps

BATCHING MIXING DISPATCHING TRANSPORTING
Gl yazans LS Lals (HANDLING) Jal)
S sl
POURING COMPACTING FINISHING CURING
Ll AN Cun Al ,all = chand) (g elgiy) () Aallaall

NOTE : Concrete must be workable during all the steps of production. 173



Batching

D Oyl lasl) el (Say

at site adsall & O
(@ 43y k) kg sl Gk &&= : Weight method
(Asiily) aaaldl Gk e : Volume method

ready mixed concrete 3jala 4w A aiadll & O
Weight method

dwilaie ye sl dhalils 4 e Gl aggregate J) oY 4Ll 45 jha o 4<ill 45 )k Volume method v/

, A 20 oSl g Al ana s Dl dpunia (3 yhay (K15 4K A8 Hla aladti) aakatid gl jw 86 aae Jls AV
lose wu\écz\ﬁﬂ\gﬁz_}dud\j

:@JJ‘Y\ QG.\A\}J\ ERTVIEN

25 MPA (3 Si strength <wilS 13) 4<sl) 48y jla (e A5l jal) want alay v

<+ Generally, volume batching should not be allowed in structural
concrete, i.e. strength above 25MPa according to Jordanian code for
reinforced concrete.

< In Jordan, you can use it only for nonstructural concrete (Volume
method ) of strength below 20MPa. 174



Batching

Example on volume batching :

Assume that the mix proportions are :

Cement 400 kg , water 200kg , CA 1000 kg, FA 800kg , per each cubic meter of concrete
Assume that the workers use 20 litre measures

The sack of cement weight 50 kg ( siS 50 Jada) ciaw) J) g

For each sack of cement :

50

1 ,
— = = ( ratio of 1 sack to total )
400 8

Then the weights per 1 sack are : sdazall a8 )3 3Ll ol )l o i

Water : = * 200 = 25 kg o

1 ° ;3 9
FA:=* =100 k B

% 800 =100 kg \WW{\ =
CA:=* 100 = 125 kg B” e
The mixer will include that weight prom—— 3,} :

A= ‘T’./" /s
Assume lose density for CA =1250 kg/m?, FA =1400 “ |
Water = 2 1.25
20 s 100

Volume CA=—-=0.1 m? =100 liter measures = 5 =0 SR 3alis 0.5 e BY)

100 ) 71 . i R
Volume FA=——- = 0.071 =71 liter measures=_-=3.5 4  _, S Gy rsal
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7
0.0

7/
°e

v

While mixer is running on,

Mixing

v start with coarse aggregate, followed by fine aggregate, then add some water for absorption.

v then gradually add cement and finally add water gradually to the mix while the mixer is rotating .

Mix for the correct time

Standard ideal mixing (ideal for labs and experiments):

v' Mix for 3 minutes, stop the mixer and rest for 3 minuets. Start the mixer
and continue for 2 minutes.

In sites, mix until the mix is homogeneous and uniform.

Minimum mixing time

Capacity of mixer Mixing time,
— min
m* yd!
0.8 up to 1 1
1.5 2 15
2.3 3 1+
3.1 4 13
38 5 2
4.6 & 2
3

7.6

b |-

-
-~

ACT 304R 00 and ASTM C 94 -05.

4idy o LIS gas (0] 1V

S8 Bl ¢y e workability J) s L S v/

AR e Lo JS il Bla JS v

+ g 34ll il

L) gl E0 7 gaens 48V
(e ) Jus N s

homogenous & uniform gl ibu Al Jaa oa Lgia cisgll o

. ‘;'US QJS,).L&‘ C\gj o

3 minutes ( mixing ) then 3 minutes (stop) then 2 minutes ( mixing )
dBuliie Al Al geual Ua 4041 oda ) S5 a0

. Jalild) 2\7\3\ o3

CA LAY 3 4824 3 gall il |1

FA das i) ) gal) Ciycal

absorption J) 4 Ailaa a3 53 elall pudal

S e ¥ (s Ll Cla) diuial

Lo at elall dusal

laasl) Adla) (e LN 3 s Laldl) dules jaus

workability (slump) uasd sa Al Ad) (uilad daay 3l o

(blds) cpibdA agl cllaMA EDE ) adgal) B dhaliia) AL agl (68 Gl JS o

anprwWN



Mixing
Uniformity of Mixing
A gasa AdalA) o oS A5l da g il 38a oy g 1 Auile HAT) AdalAl) A5 A8 pral
(a) density of concrete: 16 kg/m” (1 1b/ft?)
(b) air content: 1 per cent
(¢) slump: 25 mm (1 in.) when average 1s less than 100 mm (4 in.), and
40 mm (1.5 in.) when average 1s 100 to 150 mm (4 to 6 in.)

(d) percentage of aggregate retained on 4.75 mm (53 in.) sieve: 6 per cent
(e) density of air-free mortar: 1.6 per cent
(f) compressive strength (average 7-day value of 3 cylinders): 7.5 per cent.

A ) Density of concrete :
16 e 8 d1-d2 ¢S O s d2 LAY @ )l A8ES 5 g1 JsY) )l 486 38U 16 (e BT (585 o Gy 435
B ) air content :
entrained s 4w il &) sl 5 %1 S5t ¥ air content ¢S Ol e
C)slump:
13, 2em (+-)CM\ Gl meduim aalal) ¢l 1 . lcm CM\ G Al Jow Adalall cuil< 1) eyl &0 L
3cm z saall 3 high 4dalall culs
D ) percentage of aggregate retained :
% 6 s sady ¥ ol cang il G GAN | 4,75 mm Jaial e agraaiy a5 JsY) sl e osine 30
E ) density of air free mortar :
%1.6 e 2r o ena Y agin Gy LAY Y @l (e (e AL
F ) comp strength :
35 a5 i) o sl die 5 40l skl Qll 8 agaaiaiy gy JS cilile S a1 5 J V) @l (e e 330
177 (hard concretecle Guay s aa gl LAY %7.5 Ge Oadas siall Com AN 230 Y o can s Jass giall



Mixing
Batch plant

ready mixed concrete

+ 3 akad) Adlu Al @ jluw & Jaaa o

Ol Ay yha addiind LY el paas B 4By S| v

cdgll Bl v

ddlatia ddaldl) o ¢S v

8 Jand) dals v/
JAA3JA"JJY‘JJ-\A835MMJAS‘MUJFY‘ Jall cJLw.ndSuA

28 sall J g gl Aglad Dl ADAY) A5 o

Chialgdolu oo ALDAY LB Alu A pliy g 45 of oy

I g slall 8Ll oy a8 gall Jouashl dis 5 A LaS B laal) B Cliall) puda g oy Lay a8 gal) (LS 1Y) o
Jalal)

W aia IST (30 (o Al g e

p 5 alad) Alu A & b A JSLEL Aq) 65 38

& Jad admixture(retarder) ciwai Al&al) o34 Jal g setting time L&) (pa) oY) ASdal) v/
i) (e Al

workability 83w dlig Super plasticizers iuaid Gkl e Saal) Jgh aa 400 ALl v/
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Transporting

4

HAia g p i quall G989 O g o
segregation & bleeding <3 axs (lad Gy

ry

workability J) (el dgs slall JAs A a5 Of Saa SR Llas

L R

&

4

L)

p Adlu Al S8 (3 g o

Juaadl o 5kl g Al 4 (A g pam S Juasi () g Al 33k e : By hand (1

segregation &ag ¥ s 4y gl (&) Ao WES o 0988 O i (402d)) 1By Buggies (2

adiion g (bl S 9 g dadall g b sl ay Ldall B addiy ((JBU Al Ja) : Belt conveyor (3
(Baka) 5uis o/ e Jha Bl el

Al A dati a3 e 1.5 (e JBl paddda GlSa ) e (lSa e Alu AN Jua s 1 By chute (4

buggies conveyor



Dispatching

N/

* Ensure thereis no segregation or bleeding.

A/

% Concrete must not be allowed to drop freely more than
1.20m according to ACI or 1.50 m according to Jordanian.

Gl 5 1.5 s ade il ,all 133 & dia ;) Cilbial gall Cos Cpme o185 ) Sllia o
Jany ¥ (S

segregation or bleeding

4ft A< a5 1.20 gL Y ity ) cliial gall Gus o

Laad 2y 4y ) 3l 5 g2 sale sl 88 (Dl dandiives AhalA () die (Dlae O3S O oy o

v
dile AWM Vv
v
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Pouring(casting)

no segregation, no bleeding : cuall by

z ) ae Alilaia clidal) ASbac ¢y 9 O

Jual sa g oy uall 58 O

(cold joint ) e Jual@ &igan adnd € dglgdll Ja cuall (2 Al paia) g sl 3 vy

&uay bonding admixture adiicd g Al 48dal) EA5 cold joint cuiad! cual cu bl 131
Oailahal) gladl) e selud

(construction joint) ey Oshldl aail ¥ Cusa Caa 13 cual) plgdl) My
@%J,d\Ql.im\}d\gm1_233@4)3\&&4\3&‘&,;“;1_5L'J.AJ:JS§8\.\’SJ\‘_’J9u.xal, b ais ¥

Make sure
» No segregation
» No bleeding

o Layers thickness should
sufficient for compaction

» No cold joints during
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Pouring(casting)

D mall @)k
1. By hand
Ha 3 geldi ) 058 (columns) daasl) ilef 3
segregation cuew 43Y Jola & £ Y 13 (e cuall >
AUl sy uiadt >
A 1.5 gl o 0.5%0.5 (B daid) bl Jee (Goh (o (il o quall ol v
Y G 3 galad) ual Cuai g daddl) gl A i) AR ua alyg v
Lay) Algila g Al b (dLddl) uidly Aaidl) Jas oSl »
workability J) AL CiAS culia b8 el ¢ ¢S flexible drop chute Jaxded i v
$asale J8dy quall 5% O e v
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Pouring(casting)

: ual) 3ok
By chutes ( 2
workability J) s 40 31 LA Al

Correct

By Pumps ( 3
Gang ¥ & e 1.5 o uk Y ol pELY ale) g ciliudal) aladiu) e
honey comped M\ ;\# 4-)&,3 JJAUJ\ T ( g:'n.gn:'na"a Giaa ‘3\3 , :." 2w

Chte Chwne

) )
X { Py
¥ l‘ T | ' ! )\\ /by
o] M| " M | 55
A [TFIANA
| .4 ¢ | ‘ o | ;/ t./
ti}‘: {e: MW _.'f‘.{ -
¥l f 1 I [ ‘,'c‘
0 ' b ;1:\; i
} ¢ T I :I- 1 :bl : I‘i
- | A i1 Al
| . .{,f-' -.| ) ]: o 1
. & o | IR
)| }«}_« . | 1 |
[ 4551 I o
:ha‘:' 5
Cocrect Incorrect
ig. 7.8: Placing concrete in a deep wall LCorrect lmcorrect

{Based on ACI Manual of Concrete Practice.,)
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Compacting

Used to get rid of entrapped air and force the particles into
closer configuration. This concrete will have

High strength , High durability , Low permeability
cilalent) abf (e A9 Ao AU Jo Jgaall Lilu a0 (e o) sgdl 3k ddes &
laa adlay Laa 43810 JE3 g B g8l ala i il g dibu Al A3US 213 35 (air entrained) s)sgd) 2k dis o
Laall
t () dlaall o8y yha Jalin o
: Manual compaction v
Ak S qpag lih J8& o dilu Al a3 65 i g 25 mm ok (rod) alidialy ) A g o
g pa 25
: Mechanical compaction v
Opand ) anidily
Internal vibrators -
Dividedto: * external vibrators
1) External FORM vibrators
ZOBN e slaall gl asaall ez ) Slea s i b e &g O a5 3aee D arkig
2) External TABLE vibrators

zlal le Agla 31,k e aads (pre cast concrete) crall A 4ilu A Alls 8 a0i5y
184 al) Z\igb.u S}l.d\ Z\JMQSJ\ r=laa QA @.Aﬁugé




Compacting
Internal vibrators
Ao g Allu Al JAN pua g ash A Azl S 985 (poker vibrator) (e g A8kl sda B ariiy o
AN J8d o o il 05 g AdlSa plall JAdg g AL £ sl o8l jag Alads

J/
’0

L)

segregation sy ¥ S | S (e ) B g 3 o g WA workability J) (s Aany ga ) <

gl o) U (1 shual Lwa ) 21 pall Al Al Al 685 ¢ g ((5-10 em) (e Bataly pa ) gl ) ¢S
90 49l 2 gasale JSy £ gl ga gla ) 9% OF

Al A8kl B A Slgad) Jead 0N ALkl (e g fadl g Al J gl ey ie N clih e gall GS
qua Juald 688 pday a2 cm ey

ple Jads Ciland gz s 1w AN 5yl Sleadl 4150 aay #108 Aolih A 7 g3 (e Lgal) die oLAN) cay ¢
M&Q&\ﬁﬁﬂYQASﬁQMJQﬁJﬁm% ®

saly il gl agd craba s J ¢

53

*

e

%

K/
000

<&

4

CR)

4

CR)

4

L)

» Ensure that compacting time is correct. Watch air bubbles going out.
» Stop once air bubbles stops and water starts to raise up.

» Start the new position.

» Compaction more than required leads to bleeding and segregation.




Compacting
Special Types of Concrete Based on Compaction

1) Self-compacting concrete
« Concrete of very high fluidity (mobility) and compactability.

« Contains very high quality superplasicizers in addition to viscosity modifying
admixtures.

zero slump ) duai 38 5 las laa 4dle workability J) ¢S5 alu 2l g1 6l (e g 53 v

Super plasticizers 4zl (5 b o helia 25 v

viscosity modifying ¢! sl &3 &y gy segregation e s Super plasticizers 4dbal xie v
Gliadll 3o ge Al Al el al Qs e Jeady

20 mm s skw maximum size aggregate J' o5& v

zogissY v

2) Roller compacted concrete
« Concrete of very low workability. It is constructed and compacted
< using pavement construction equipment. (example)
zero slump ) Juai 385 1as 445 workability J) osSidlu,all el gl e s v
dal e e lpa)y Sy v
e san sl aue Jie 50l L) 8 aadid v



Finishing
<+ The surface should be as required
Cillabadall & ga LaS pdacad) slgd) aly o) Gua
<+ Rough surface if concrete is to be used for further construction.
(rough) S Ghud‘ Crosa ej\l Gku.d\ éjé Lf.‘!“ G Cis Ry
<« Smooth surface where required. Do not use dry cement.
(Using dry cement leads to cracking: Crazing) «iladl Culaw) aladiu) aiag

§ Fia g a8 U Al A o Jaa e g2l O
(rough) Oéa mhaad) (15 a3¥ ) (368 Al g0 i€ )3 O
(smooth) asU 4liy agdsh ual ol A )y wis e da 4 O

:LM\MGJES& dua

FWll alaxiuls 1 Hand finishing (1

Aasfives 5 4l o 13A dadad 1 wood beam (2

bl 4y gt o Jani 7 gl ye i) e Laal 5 padia L (helicopter ) essi 43Sk : trowel machine (3
la AT Cua (pe EON ) i la aay Lgwladia) Sy g

Addall iy elall g Ja li(ledi ) e il Gl (4 ) olefil i 45 5le daas 1 Exposed aggregate surface (4
2 Ll dacanll e lu dua A1)

O Dl ) s Jaad 5LG 58 aaddiu o |ST Ul a2aius : Brush Finish (5
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Curing of Concrete

* Curing is the process used to continue hydration of concrete and block
capillary pores to produce high quality concrete with

* High strength, High durability , Low permeability  laall o3a (ya Cirgl)

plall g cilan) (o Jo L A 1 jaind) Bk (8 o3 28 Sa &y sllaall 5 ghll Aileu AN Jgeay (lasa A v/
sla A Zliad UM g ChAE Lgaa a2y Alu 3 oY v

capillary pores J! (33 Jag v/

0.70 ¢ B8 w/c Jy cudll dalla dalleall (& daaiiewal) slpal) 0985 O g o

s Al Ad) Gilda ) g Las Alu Al slaa A5 (e & 55 Al Jal gal) (2ang @llin o

(temperature , wind , humidity )

: (shrinkage) 4lu i) & ClliS gaie juay ) dilis gaie jla 1)

R AP

: Autogenous shrinkage cracks U

doapda GASRES v

Ll A A olal) 4aS (addTs Ml g plall pe Culan) S Guay anal) (alil Aol diaal v/

: plastic shrinkage cracks

Zlol sladl e 450 gia g 4y gale (S

FST slgiil day delu 24 (s JiS) Baad Ailu Ad) A ase Ja b &l

Cila lgaulal (<195 a1 (A5 1-3 cm (e 79I WeSam

: Drying shrinkage

A 3 DA ki

s » ) el ga 500 g
relaill A ddlSa g 4sa [ big cracks 4blgs A ) Al (e AL

AN NN N O NN



Curing methods

1) Sprinkle with water :
olaal) )
Lo gl S 43y jhal)
Adla Al AN 5 il eacas Al AN (5 8 ) la sl SIS 136 sall Lo aias
P e
slaall (e 3 S GlaeS ) ZUaS
all dlee e Aili AN Chda Le JS Cum A1 je ) 2liadg

/ J
0’0 0’0

e

%

AN o

2) Cover with burlap :
Aoa DAl Tlee Jaag Lo slaly Lgnadii i (a5 Gl Tl Al Ak o 5
3) Cover with wet sand :
Jstaall Jasly Ahail) o
«» Useful in hot weather. s 5-10 LeSans Jall (g diia o
** Sand can be reused in construction 2 e A f\-d-.* e Ja il (sSy o

G S e 3 sl ghliall A aadioy o

/

00

4) Cover with sawdust

% Make sure that it does not contain tanic acid or oxalic ; lAl) B Ll o
» Not used in Jordan Al Al 5 jla aleal e (g giade) 5| (any o
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Curing methods

5) Cover with impermeable membrane:

4

Mia ¢ sllily bl
Ll A gt 138 sl s o el b A1) i o
Ajle LY 3l (shliall B (cracks) & quwd WSl Lga g (e
6) Cover with impermeable — curing paints

% Form impermeable membranes on the surface of concrete. 4l jle A Jal Glilaall (e (pra & 98 aladiuly &5
+» Correct application is a must. L) CAJ\ PR IS ) ‘;'\\_ud\ @ ?:5 s

7) Pooling :

R

4

/ /
0’0 0’0

4

4

D)

o

4

AS ey (A 3 ey elall cia g el e s Jee Gk e AS 0 e o
45 zdaudl xliai o
8) Immerse in water :

slaly 31,2 Y1 o
(Precast concrete elements.) cuall d3uue 43l A 8 Lellaatusl 25y o

9) Use curing admixture :
Allad (he Lo y85 %80 Leillad (5Si5 el A a3 Capillary pores J) 33e) e Jand o 9o d8lia) iy o0

Immerse in water

10) Keep form work in place
Dbshll cla) o

(00 aghiygal Loy g ga Jhghll A5

\/
000
\/
000



Curing methods

11) Electric Concrete Curing Blankets

s* Useful in cold weather or precast concrete
allas L5l _all Jass :\J.)\E:\:\Bb«ﬂ)\u\}@_jw‘}” aghuﬂ\@gkuw\ o sobke | oS3 b pe
crall daus LluyAll gl 83U o) sa¥) 8 las Allad | &y 33 LS5 ) jall da ja Javal g AAs 258

12) Steam curing :

FERIRICCIRIR FLRIY
JM‘(’“M" hm@ﬂ\ﬁj\ﬁcﬁ)éﬁk&éw“ \dchﬂ\@)uﬂ‘;r_(k&; o
U‘“JM @MM&}Y‘ e‘,j‘}!\ Lﬁ:\_ﬂ.u‘);j\ 'Bﬁ AYRVIRC

.0

Precast cuall A 4ilu all A aadiud «

(R )

w 0 e W - o - o - . .- - " . - . £
cracks Calaa & (WERE Y é @J.\_\L aJ\);M 4a ) cs{)_a GEEEN @J\s\} J“.‘“ ?‘h’ ,\_., 4_)\9 1) O <4 U‘ sy e
m -
. Delay 'I-lea"ni' Maximum temperature JC:oolinj
i i perioa’ ~17s
\
\
\ — 150
\
\
‘\ 125
\
v =
\
\
\
' — 75
| SE——
10 B =
1 1 ' 4
10 15 20 25

191 o s
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Curing methods

13) Self — curing concrete :

0

el 413 Al A
special admixture sl las dlle aliaicl da yo aggregate Jlexiv) Lo adizd d0a 44) )l
( % 20- 25 ) 7515 pabaial) da 53 (ST o
aie slall 33l G il g daiandl (e Juadl Gaiey CitanY) OY sl 0 338 claly daianl) Laiiag @llyy
Z ooy cual 28 Yy (A Yy e Vs At Z a3 Y L e
+~  Self curing concrete allows ‘internal curing’

e

*

0

3

*

3

*

*» by allowing for curing ‘from the inside to outside’ through the
Internal reservoirs: saturated lightweight aggregates,

** super absorbent polymers, or
¢ saturated wood fibers (for special concretes)

= High absorbent light weight Aggregate

= Special admixtures

1 92 WiCt trads ' incree n
Mamiacs Joen a1 appreech 0 doais
el
{c) Fresh concrete with NWA (Normal
weight aggregate)



Curing methods
14) Microwave curing

< A new method for precast concrete elements.

* Microwaves have the potential to deeply penetrate a material, which enables
heating from within the material.

* The current technology is suitable for heating medium- thick products.

«» concrete can be cured in less than six hours without the use of chemical
accelerants. This is almost three times faster than conventional steam and
other heating methods, which can take between 12-24 hours

has Lpas 45 Hha

Precast s alall Aol Al ailian 8 a2
steam (. & sul ing

Microwave lels 6 Jalxi steam 4clu 24 ¢

K/
000

>

4

L)

3

*

<&

4

L)

4 Photar osf 1O mim cconcerste cithe cact in PEEK monld in micma
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Maturity of Concrete
Al All 7 guad
JSLia (g ()99 Ay sllaall 8 g8ll Lel gy Jny s Al JAll 7 guiai o0
EJ\JAMGXQGM,.\JJJSJ.\M oo
Tlo AN i b Asling (53) € gl) 36 jae laall 038 (e Cangll
Caall i 5 e JiF sall ) e da s culS 13
Jelfiaa s W 11-3))a Aa 0 2ic <

/

admixture (accelerator) —wzai 5 1 11- Gn sl all da jy culS 1Al o

1 The maturity method is a technique for approximately predicting
concrete strength based on the temperature history of the
placed concrete

O Strength increases as cement hydrates.

O Higher curing temperatures accelerates hydration and
results in higher strength at early ages.

 Maturity is a measure of how far hydration has progressed.

 Maturity is a time-age relationship

d Important to determine when to strike formwork
194



Maturity of Concrete

e The simplest common expression for
maturity is

M (t)=> (T, —T,)At

= Where:
. T,= average concrete temperature during each time interval
el Lo &35 53 5 ) jall dx
¢ T,=temperature below which cement hydrationis
ceases (stops); mostly taken (-11 C°) DATUM.
11 - o Al oda 5 i g Sl Jeliil) lavie i) 5 ) jall 4y
¢ Al=time intervals, days or hours

¢ 2~ =summation of all the intervals of time multiplied
by temperature.
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Maturity of Concrete
The simple relation between compressive strength and maturity

Strength=A +BlogM
Where:
A: y-intercept, B: slope,

M: maturity (unit) ( c . days) - ==

A and B are constants that value vary according to concrete

“F days
1 10 20 100 200 1000 2000 10000
40 T T T T T ] T
-1 S000
i 33 oS Jlpndl s 13 y
o el A8l Jaatio § 4000
1
m=temp * age 0555 £
| . ‘y § 3000
)A’J t._\Jm u.a.u.u 4 20 - -
g 4 2000
S
10
4 1000
o
x > 4
= /
196 0 i 1 l, 1 1 L ] 0
1 s 10 S0 100 500 1000 SO00

Maturity (Jog scale) — °C days



Maturity of Concrete
Example :

 A. Assume that the relationship between strength and concrete is
f.=-33+21 log M

 B. If the concrete is cured at 27°C, calculate the age when strength reaches
17MPa.

Assume the cement hydration will cease at- 11°C.
e Calculate the standard strength.

A. f.=-33+21logM

17=-33+21 log,oM

M = 240.4 °C.days

M = > (Ta-Datum)At
240.4 = (27-(-11))xAt
At =6.32 days

B. M=(22+11) x(28) =924 °C.days
It is acceptable to use 20 instead of 22,
. f’.=-33+21 log 924= 29.28MPa



Maturity of Concrete
Example:

1 Calculate the strength when the concrete is cured at 30°C for 7 day.
2 What temperature is required to reach a strength of 30MPa at 28 days?
f.=-33+21 logM

1-Strength

e f.=-33+21log,, M

e M=7(30+11) =287 C° days

e f.=-33+21 log,,287=18.6 MPa

2- Temperature

e f.,=-33+21 log, ¢ M

e 30=-33+21 log,x M

e M=1000 C° days

e M=28(Ta+11) =1000 C° days
e Ta=24.7 C°~25C°
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Maturity of Concrete
When to strike formwork ? _bshll dii i

* In addition to maturity, depends on type of structural element
(column, footing, slabs and beams, walls,....etc)

 Unless special recommendations are required, ordinary formwork
can be stripped when the following are satisfied :

— The strength is at least n% of the standard strength.
— The shrinkage is at least m% of the final shrinkage.

 Glale o daliatiep

i slaall maturity Glas oS5 o v/

ool sl asle sa Ja oS of structural element J) g 5 v
¢ Skl dily Jad

L 4 slhdl 558l (e %75 strength <l 13V

«—

199 % 75 shrinkage <la 13 v/



Y Maturity J Jsal) 13 3 a3,

Maturity of Concrete

s oy e o s Ala) (@ o s

Ua Jgaali 339 sall all s J& Y o) g Maturity b3

Curing condition

Type of cement

Good: damp and
protected (relative
humidity = 80 per
cent, protected from
sun and wind)

All types

Minimmum period of curing and
protection (days) for average
surface temperature of concrete:

between S any temperature,
and 10 °C r* between 10
(41 and 50 °F) and 25 °C

(50 and 77 °F)

No special regquirements

Maturity J) LeSay Al 238 4

Average: between
good and poor

Portland, class 42.5
or 52.5 and Sulfate-
resisting Portland,

class 42.5

All types except

those above

Poor: dry or
unprotected (relative
humidity <= 50 per
cent, not protected
from sun and wind)

Portland, class 42.5
or 52.5 and Sulfate-
resisting Portland,

class 42.5

All types except

those above

< GO/ (r + 10)
&) SOQ/(r 4+ 10)
6 BO/(r + 1)
10 140/(¢r +~ 10)

* ¢ = temperature (°C) in the formula 1o calculate

in davs

200
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Durability and Deterioration of Concrete
Z.SMJQ\ all & 2.:\.4\9.%.:
What is durability?

O Durability is the ability of concrete to withstand the conditions for which it is
designed for without deterioration for a long period of years.

U Durability of concrete may be defined as the ability of concrete to resist
various deteriorating factors in its environment.

L 53 53 sl Aind) g lall Al HAN e e

Chemical factors :

e Sulfates gt ot e e e . v
D aled) 2l A Al Al A Adasaal) i g pJal) acdt

e Acids Chemical factors v

 Alkali-silicate reaction

i v
. Carbonation Physical factors

e Chlorides

« Corrosion of steel Mechanical factors

Biological factors v
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Durability : Chemical factors

o Sulfates : ofie A Hedai day ju
D Codan (Al (Saa =
A) External sources : AR
s Al Ad) Lgad 3 gal) Al (o AU o
a5 Y (s (Sead el i A e Al A Dl
iy S L (Y] st G saaall ¢ Jall iy Ugh iy S e 4 55 A alulad e
lo JIalag | (o L pusy o

B) Internal sources
ol A1) la pe 4 s lan 5 julad sla s iy S 48 aggregate Lieasiul 130 il
* SO;/+CsA+H,0+Ca(OH), ___, Ettringite;
Ettringite is a high-sulfate calcium sulfoaluminate hydrate mineral

Aggressive Sulfates : < How to avoid or reduce sulfate attack on
1. Magnesium “ concrete? (Discussifm)
¢ S Sl A s il iianY) aadiuil 4y ) yasdy 4
2. Sodium G il <) 238 | have the quality of concrete at a low permeability .2
3. Potassium Map cracking | Sulphate resisting cements can also be used .3
. to prevent attacks.
4. Calcium Also ensure an adequate concrete thickness, .4
oo A1 e bl high cement content, low water to concrete ratio




Durability : Chemical factors
Effect of sea-water

The most dangerous is the tidal zone

Cuall paall slae Ua (e iy
(contain chlorides & sulfate in medium value) 4aw gia CiliaSy Cilay 918 g iy S (5 92 1 A jghad o
ddhaia jhif A (2l Aikais) tidal zone J) Alkaia (B ()9S i) L Bl 1 Agh iy plsll g iy Sl agag ¢
Anild (oA 9l Lgh ) ghad g 4303 iy ) 985 tidal zone <l (Al dBkial) o
A ) a5 e Jla S s ) il el Jpatih G Latie Jy
sulfate attack s& sl olaa caaeny Alu A0 pouSy (A iy Sy o
cohesion steal bars zeladl) Laa a1 5275 LSt Adla jAd) pusi Y Ua cily i<t o

0

<&

4

L)

0

Al
LA

High tide
v

.- Low tide T Tidal zone
' \

IIIQ

\ Most severe
attacked location

Mud-line
J/,\\ AW/
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Durability : Chemical factors
Acids

« Effect on Ca(OH)2 : & Jeliny &l Al Jay paes (g (s2elE Loy ilu A
e Concrete becomes soft material : ¢ saxall 4 a5 L Jl 4l Al
* Very dangerous when reaches steel iuas ¢ vl Gla 13

Most Dangerous Acids Carbonation of Concrete
 Non organic + Carbon dioxide (CO,) dissolves in pore water (H,0)

— Nitric Acid (HNO3) to produce carbonic acid

— Sulfuric acid (H2S504) - (H,C0O,4): CO,* H,0 < H,CO,

~ Hydrochloric Acid (HCL) |, Carbonic acid (H,CO,) reacts with calcium
 Organic hydroxide (Ca(OH),) to produce calcium carbonate

— Acetic Acid (CaCO,) and water (H,0):

— Tonic acid - H,C0,+ Ca(OH),— CaCO,+ 2H,0

+ Carbonation reduces pH value encouraging steel
» corrosion




Durability : Chemical factors

Alkali-Silicate Reaction (ASR)
Alkali-Aggregate Reaction (AAR)
Concrete Cancer

> Alkali from cement or any other source + Water + free silica from aggregate—,
Alkali silicate hydrate gel

» Expansive and disruptive causing cracks s Al AN s g e g Jan judad Jelal) sa
We can't be stopped v

We can't be repaired v/
How to reduce ASR ? Very slow reaction until 10 years v/

* Avoid high alkali content :

— use low alkali Portland cement ( = Na,0+2/3K,0 <1%)

— replace cement with pozzolanic materials.
Avoid reactive aggregate with free silica (amorphous silica)
s Control access to water

* Use lithium additives prior to placement of concrete or as a
treatment in already existing concrete. SVl g5 (e g

» Limit total amount of alkalis in concrete to a max of 3kg/ms.

4

L)

*%

L0

0

4
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Alkali-Silica Reaction
Effect of Total Alkali content

A Alkali content
Strain (mass of Na-O equivalent per
(%) unit volume of concrete)
6 kg/m3
0.2 —
5 kg/m3
0.1
3.5 kg/m?3
3 kg/m3
0 — T I . >
0 3 6 9

Time (month)



8 a5 Le gaen Durability : Chemical factors
) ) N
o “jsf; jﬁ Corrosion of Reinforcement
The corrosion of steel bars and effect of pH value.
alill e il LJAJMLA;L;EMM\ 833 PH 2525 13 = PH 4baall 4lu &l (al
e PH s oo 43 Gl i jaa e il Al gee (e V) il siad) b poladl) aaa K8
el @ J2 PH (S
by Bl 3 ga ) Adlal Adle PH Jaad ) Jel 21l 2a) Ca(oH),
lle PH A Jal sall sla Cuiana¥) J203 32 s gall L 6B 61 Ca0 / free MgO / K,0 Ji
10.5PH 2l juas be aal case poal) Juay
zlill as J s protective layer JSiid 4613 e dada sl 5 CaoH3 i Jelill b 5 gaay 3aall oy 10.5=PH e
ha a s oall Dl (S 5V ae aall Jelil juad HuSH (sla dleall 4312 9.5 Ly 85 e (S
Al Al 5SS ) (5255 e Abea¥) o) sall ana e S0 S0 Lgana Taall ) ge JST 431 g
Al Al Huss ) dapw)&ﬁdmcﬂd\ Laa ‘.J.L\Bc.ilm.d\ aas A eladl Hlaa g GanniS W J s g

¢ gdaa siaa Auall 138 Jaad (S

\J;.A\UJS}%\AA JA;Y\UJH\J};))A;\UJSMA&LL\J\ Crakes «a ity
¢ Jalgall (10 Ao gana 84T a Y aal) gday s

10.5 e B8 PH 055

iw\weﬂ\ S Y 8 gy

Taall dlend a 53U clall Sy ) Y1 el gy

Slaall dn pral) GlS (e laall dia je HiSI el dia el Ll
Cnd ) saiall e ST (368 ) Al mlas e Taall i
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Durability : Chemical factors
Presence and Effect of Chlorides
Tow types :
* Internal sources: Mainly sand (Sand or aggregate)

 External sources : see water
e Chlorides causes : Provokes( &x3i)corrosion (Pitting corrosion)

» Results of Corrosion of Rebars Pitting corrosion due to alkalis :
Reduction in Cross-Sectional Area and Pitting Corrosion

zabud s L aa g S AUl ATl HuS 58 4 g olodll pas laa e acluy iy y oISH 2 gag

C3A Jeliny &2l gV dalidl ye clilu )&l L

S dall (g Gl ) SISI A (585 02 )Y)

Jsmia Ja )y addi () Cang 36 SH Cuiaw)) addius s

J pmsin 4 5351 () oy I3 Casal) ) (30 Ay 8 0l HU (30 330 Jaas Fanas 5 ans sy Lt 3 02,1 8
Dstaall Sl I iy 5 I 83 g gall Al (g0 g SIS ¥ =505 e 30ke ¢ Pitting corrosion

[ SN

0, Air

How can we reduce corrosion of steel in concrete?

cr ./ “eor d}uuux agg ed&i.u.’u
o OH Shield Lal &_11;4)455\ s Qﬁj opc Crial tjq ed&l.n}

Feliii, : . . .
t R (2all J3es o Jie ) e o
Passive \\ ‘\1.\51-‘; C3A 4:‘3 Crian) ?M

film
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Durability : Physical factors

Main Physical factors :
 Plastic settlement
(Il dilee Jousi g3V 5 nhas) zeabeail) paad 431 o CUBRAS A 9 palosil) dpas £ ) g5kt 2o (e &) S dhany v/
cuall lee 233 S Gilelu (A GasygdblAll 8300 (e 98 (ot ) i)

 Shrinkage : (types)
— Autogenous shrinkage
Jidi Sasl) Jelal) Ldla Sasy v
— Plastic shrinkage
curing J DAL aie Lol oladil e 43 gale CilBBET L 9 4y ke Dl jall s Caand v
Al AN Gua aay S oY) cleldl & Giasy v
FST eleiil any Sanyy v/

— Drying shrinkage
Al oy Al Al jee (e el sl bl e am pedan ol S sa s Liee IS e g la Al (VAL AN J ) (e i v
é&%ﬁ\ Jeladl) MJ\JAL»\ )Aj'é‘)\)ﬂ\
 Temperature effects

* Plastic settlement — Plastic shrinkage

—
A+ et

* Freeze and thaw
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Durability : Physical factors
Autogenous shrinkage

 Autogenous shrinkage, also known as “basic shrinkage,” is the shrinkage
due to chemical reactions (hydration) between cement with water.

* |ts magnitude is usually ignored in low strength concretes.

e |tis importantin high strength concrete with w/c more than 0.40.
Adle aiad ) 6<5 Alle dulu jal) 5 68l 13 Lal Aaladl 20la jall sale 3 phan 45w () 6

Less than w/c 0.4

4 Shrinkage 4 Shrinkage

Drying Total
_shrinkage shrinkage

olal after drying

Dryin shrinkage @ | = f 4 _amm=mgsoonT
At age after drying "_*--

Autogenous shrinkage
after drying

Autogenous shrinkage

I

.............. [
L i Autogenous shrinkage l ¥ 5
Start of drying 4 Concrete age Start o% drying Concrete age

210



Durability : Physical factors

Temperature Cracking

When does cracking occur?
*  When temperature and shrinkage act together, then
— Total strain = temperature strain + shrinkage strain.
— Stress = strain x modulus of elasticity

— |If the stress exceeds tensile strength of concrete, then concrete cracks
Note that temperature strain can be +or -

Temperature and Drying Shrinkage Cracking :
The stress will be:
v (Temperature strain + shrinkage strain) Multiplied by the modulus of elasticity

v' If the stress exceeds concrete tensile strength, concrete will crack

A, e arew of remnforcing steel
A, arvea of conorete

Main Temperature Effects | i = -~

 Elongation & shortening J 4} |

* Heat of hydration ¥ ?
124 u‘“ L,-_g':‘_.‘?j E'ﬂ'“‘:‘ EJ‘J:‘ Linear Expansion & 37

ABlaly e lati e ‘z“ ~aAT L=L,1+cAT) I . i Al
(LHC) : |

|
midk o S
211 (3 thermal coefficient ' 7 1
of linear expansion ' I

|-

v AT



Durability : Physical factors
Freeze and Thaw (Frost action)

+» Use Air-entrained concrete to avoid such deterioration

¢ Solve problem:
1. use air entrained concrete
2. use air entrained admixture
3. w/cratio should be less than 0.5
Al e J ) i W v
= Laatiid A3l ALy cracks ¢S v
Qs AT i L 2588 all (e 5 all J38 W o il Sl v/
oy pdad albay § A5lu Al oSS ) 4pa e dpleadl o2 S S (55 cracks (ool A Ll v

D iy JSE Frost action sl o
Clda ¥ 5 ) gusadl Jie 228l 5l i ) clidinall 8 v
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Durability : Mechanical factors

« Abrasion: Jsul f @iy
Angular aggregate decrease of abrasion or wear
Add Harding material on surface
4lauy) (3l Jia cl jUaall Jia Jadad) Jia s lSiadl i il Al Alu A b i v
S A1) Jal o
Angular aggregate Jis &liad o 4las aggregate 235w v
el s adbadll 8 aadiin s Hardned material end 20l Al mhadd) o 3ala 223508 v/

e Erosion: il 5 cuall
%J&ﬂ\j‘."_\ﬂ\:\:\l&umw:\.eia.m‘;auugﬁ}ihgu&mgﬁdgﬁcg)jgm‘)ﬂ\GL:.HJ\&A:\L&_\J;S v
s IS8 it g dgiian) Al (Y ) sl (e el 4 il g canll il &1 8 v

e Cavitations ;: gl
Al (5 laall Al 5 Al cilidiall & S S Heday v/
A ail) lee Jio Aima dihia b {oalie Cada e Baee s 5k (e Al Al i Gy Gl v

 Impact

(M;J\A&_\qum)o‘)meb)\dm‘ﬁmdmmum v

Sl At ) ‘ o ¥ - Y = ) ) - AN
. L 04 8 o o
v v 4 PV s i) o

P =
& 1%

 Vibration

213 P Nty <
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Durability : Biological Effects
AU s3a T g Al a5 cany AL Blall dpuliall o plall a6 of Al pal) b G Ul da
 Types of bacteria Anlie Bl A o o2l g elall I Zliad s (AIS 1 sl
— Sulfate-reducing bacteria (SRB)
H2S Wy 7,335 sulfate(so04) J i Gisb e JSUE s 5 13 4 S v
Craa iy S i Al s ) (3 35V s el B35 AN 3 CaOH2 e Jelii; H2S 2l 58 1M v/
Lla 3l 5SS
(anaerobic)s) s 2sa 5 Osn AT A0 4 ¥ LS Lgadana g (s jlaall g8 8 L ,0Sll oda s v
— Sulfur-oxidizing bacteria (SOB)
(erobic &l s L i) iy € ) 4l gt s LIS 3 2 sall oy pSl peaie M55 v
— lron-oxidizing bacteria (10B)
s A A ga (A ad gaty g bl aas e 225 paall AE el s v
tuber clowzer b Ju (a s (anii 3 allall o2 v/
— Oil-oxidizing bacteria (OOB)
anaerobic 4il s Y a s o)Al jad 8 laaas s Jadill Glidie (& Glaed L S e 3)ke v

5,05 Ay H2S e gy dadill JST 55 )k (e dadill ciliidia (e s S 5 aled) 2a] aodain Wil e v/
dall clulll

— Self-healing bacteria (SHB)

214



Durability : Biological Effects

Steel Biocorrosion Tuberculosis (TB) of Pipes

Iron-oxidizing bacteria (10B)
zelill mas (ge L gail o 3V aaal) 24T aodaiadt L Sl e 3 ke AV
tuber clowzer by Ju e e 3alall sda v
48335 s yall 8 JSU Jualy Ll v

 Miad Haad) g ddanal) MAT Canny Al 528 aiadl o

Taand @Ja.d\ PN ) e

2aall I el (po L i€l it Y S dpnadall i Jy o il W jeh v/

gl s Va5 @l SI e Jay (S b SIS (e g il 12 2 (b Al jadl Al L) v
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Concrete Biodeterioration Mechanismin Sewers(s ) Comcreteseat
SRPC s_laall & adiiccall cula) DHL:dalyhigh lvel : 8
DL ; daily low level e

H,SO, generation due to Sulfur-Oxidizing Bacteria and O, presence

Durability : Biological Effects

Moisture film 4

Slime layer
I s
o / Slud ge

= e (gt
S u m m a ry H,S generation due to Sulfur-Reducing Bacteria under anaerobic conditions

Anaerobic SRB in the bottom of pipe produces H,S.

H,S is a mild acid that produces H,S0O4 causing acid attack in all
upper parts of the pipe.

SOB that are found in the DHL and LDL consumes H,S and forms
sulfuric acid in this zone.

S g Gaaay A3Y DHL & DLL (o JSU Adlaia ]
This zone becomes a putty-like material.

A greenish color may be observed 216



Mix Design
Based on ACI 211.1
Aalu AN Aslial) da g a3l 38a0 Cmy 3 gall Aulial) Sl s @j@uﬂ\w\ Hﬁmzjkjsﬁ B

Step 1: Choice of slump : uaigall 03a% 1 J sl
* Generally, the slump depends on the main site conditions and requirements.

— Usually, the slump is specified in the project requirements.

— Take care for section sizes.

Narrow sections 4i.all aklidl (such as ribs in slabs) require high workability while
wide sections (such as foundations) require low workability.

— Take care for environmental conditions. Ll oS 4 sha )l &85 ) jall da )3 oS

Step 2: Choice of NMSA

» Take care for section sizes. Narrow sections (such as ribs in slabs) require small
NMSA while large sections (such as foundations) require high NMSA.

* The higher the NMSA, the lower the costs.
a0 150 — 10 (o sl A8 (San o

Step 1+2 2 150 Jusi 250l B o
deC|.S|on an 20-25 (e e i ST dualall Sl &
engineer Claiall ae 20wl 2 W) A& o

AalCily oSay Al o CianY) dpaS Gl AnS Ji Cua KT NMSA o)) W JS Glhll) aveat & o
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Mix Design

Step 3: Determine the strength of concrete

* Strength (mix design) = Structural strength + Margin

 =»|f standard deviation is known , then the strength isthe higher of:
* Fup = Fstruct1.34 s MPa

* Fw = Fstruc +2.33s - 3.5 MPa
* If s =» unknown =» Margin from Table

F md = 4 sllaall 3 gl
F struc = learaal &3 Al 5 g8l
Margin = O Jalas

Table 17.3: Required increase in strength for specified
compressive strength when no tests records

are available, according to ACI 318-05

Specified compressive strength Required increase
in strength

MPa psi MPa psi

less than 21 less than 3000 7 1000

21 to 35 3000 to 5000 8.5 1200

35 or more 5000 or more 10.0 1400

218

D OlSAl) Bada (g 59 1 ladel) (B (lSE e Jad) (Sl 8 0

= Jo¥) J&l v
6 mall Gl ey e Jlpudl b ane )5S0
standard deviation
038 5 SV a8 1) aaied g cpilaleall aladiul I el dlad) o2a
oSl (aat g dads Guad Y alall
Fuo = Fstruc+1.34 s MPa
Fup = Fstruc +2.33 s - 3.5 MPa
D Al Je&d) v
Jalaa dagd 33l Joaall cald Margin Jl gl Jalre ax
B yila A Aslacal) andiead U 5 oylaY!
Strength (mix design) = Structural strength + Margin

S Jalaa g (5 bamal) il oY) dad Jligad) A s O 0Say O
Cilalaall L;ﬁ R dy kel Gl Yy PAIEN addlieu aal) sda L;ﬁ
Joaall o sall) 4By Wy SV dal) Uk



Example

Mix Design

Step 3: Determine the strength of concrete

« Assume that a concrete mix will be designed for concrete columns at HU
campus. The cylinder strength is 25MPa at 28days and the standard
deviation is not known.

TETETIE OV T P RO
a9 ma & Lﬁ)\,pgd\ al yaay) QS[ J saall &PJM Al s s ' UJﬂgJWl\JbL}luéﬂ?
F struc = 25 mpa
8.5 s ¥l Jalaaid 25 5 all o Lay Jsaall s
Strength (mix design) = Structural strength + Margin AN N e o

The design strengthis 25+8.5=33.5MPa. -

B 5AN 9S8 O rasdall (ad S paY) AUAT o aaai L) Lay
stac| Jligudl B a3 138 43) ghauy) 5 68 A Ay puuaal)

s aa Jaa laa daly daadla

1.25 o audi G Gy qasal) AN F struc
4S, paY) Ciliual gal) o POV sy
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b sl e ol i o ol

Table 17.3: Required increase in strength for specified
compressive strength when no tests records
are available, according to ACI 318-05

Specified compressive strength Required increase
in strength

MPa psi MPa psi

less than 21 less than 3000 7 1000

21 to 35 3000 to 5000 8.5 1200

35 or more 5000 or more 10.0 1400




Mix Design
Step 4: Determine the w/c ratio : i alls @ e sl il Jalal)

* The wi/c ratio is the lowest of 283 5 laall o2 dlua any

1. That required for strength (from table) e S e A g LY
A slial) Leaad g (ailiadll
2. That required for durability: 7 ha

« W/C < 0.5 for moderate sulfate attack (use SRPC or MSRPC)

(use SRPC or MSRPC)
« W/C <0.45 for severe sulfate attack (use SRPC)

« W/C < 0.51to resist severe cold weather. TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
WATER-CEMENT RATIO AND COMPRESSIVE

Concrete must be air-entrained. STRENGTH OF CONCRETE (SI)
3. That required for durability: | Water-cement ratio. by mass
.y Compressive strength Non-air-entrained Air-entrained
W/C < 0.5 for permeabl | Ity (a):l ?}.)g (Slsz:ys. Mg;* I concrete | concrete
T 40 0.42 —
35
N.B: Although ACI allows the use of OPC and 30 o5 o
reduce w/c by 0.05, long term studies showed §3 g_-g", 8-23
that concrete remains less durable IS 0.79 0.70

Lo JS 0.5 c3e B W/ e S Lo S /‘
D) pailiad s it Juadl GlS Use this non -entrained
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Mix Design

Example Step 4: Determine the w/c ratio

 For strength 28.5 MPa, then the w/c ratio is between 0.54 and 0.47 ? Find w/c
D IS A g slaay) Bala A LAAT AT gl ally e dpidaly ) dalead Lol GlIA 3 piilan dagll) 4d e pokaiinad ¥ ) 221 B
() a8l uSY) 3 gal)J gaad) A LaS oMo (piasl) 3 68 jlaka cpa (3 AN AAU
W/C G Ao Landiy Lgda JBY) 5 il (bl Laliaa g A1 3 681 gilly s AY) dgad) (5 ghuad Al J)paad) (b Cildanall
paglhall sty w/cd) Jia o agandiy ag palldl
35-30  33.5-30
0.47-0.54 x—0.54

* Interpolation will give that the w/c ratio is approximately 0.50

Since there are no special durability requirements, the strength will control and

the wicis 0.50. TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
WATER-CEMENT RATIO AND COMPRESSIVE
STRENGTH OF CONCRETE (SI)

| Water-cement ratio. by mass

Compressive strength Non-air-entrained Air-entrained
at 28 days, MPa* | concrete | concrete
40 0.42

35 0.47 0.39
30 0.54 0.45
25 0.61 0.52
20 0.69 0.60
15 0.79 0.70
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Mix Design
Step 5: Determine water content
Step 6: Determine the air content

TABLE A1533 — APPROXIMATE MIXING WATER AND AIR CONTENT REQUIREMENTS FOR DIFFEREI
SLUMPS AND NOMINAL MAXIMUM SIZES OF AGGREGATES (S))

Warter, ngm-‘ of concrete for indicated nominal maximum sizes of aggregate

P,
| 10 | 12 | 202 | 2s | a0 | so I 7S | iso

Non-air-entrained concrete

Siump. mm

25 o S0 207 199 190 179 166 154 130 113
75 to 100 g 228 216 205 193 181 169 145 124
150 o 175 243 228 216 202 190 178 160 —
Approximate amount of enirapped air 3 2.5 2 1.5 1 0.5 0.3 0.2
in non-air-entrained concrete. percent e
Ajdr-entrained concrete
25 1o S0 181 175 i68 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 b
Recommended avcrageﬁotnl air
content. percent for level of
exposure:
Mild exposure 4. 4.0 3.5 3.0 2.5 2.0 I.S*ett 1.0%~
Moderate exposure 6.0 5.5 5.0 4.5 4.5 4.0 3.5==t+ 3.0~
Extreme exposureid ¥ 223 7.0 6.0 6.0 5.5 5.0 4. 5"+t + 4 0%~

/

. Water content +°

Gy ae Jelall dula Al 2alill as Leiiloal cag Al elal) 08 i3 v/

sl 8 agildac) cany s (slump+ NMSA ) dad e adixiy v/

Pl (s giaall dad Aoy o

220 = NMSA / 100 = slump O\ S (slump+ NMSA ) J) dad o )& 5 J gaall aads v/
Jsaall (e 4t e 5 205 il sall oSy v/

. Air content

45 g0 A sell Hlaal) 48 yma Sy DB Water content lade e aaiad

2 3 g s Jsaadl e %2 sl 58 o) JUall v oMle | Jgaadl (e Lea) yaial &4y

222 non-entrained ol e aaai Ll it g Saaill Jaall



Mix Design
Step 7: Cement content

weight of cement = -7

welght of water water content #Weight of water

+ Example:

*« Cement content =
205/0.50=410kg/m?3

Step 8: The coarse aggregate content

TABLE A1.5.3.6 — VOLUME OF COARSE
AGGREGATE PER UNIT OF VOLUME
OF CONCRETE (SI)

J) sl c_sﬁ le‘”u OsS
NMSA + (Fineness modulus) &« s=ill Jalas

CA axa ol apkaind Jgaall aladindy
Ol 28 Jlsud) A sUana () oK5 5 CA AUy 4y yiad & J g2l (e anall aas

Amount of coarse dry aggregate (kg/m3) =Volume x density=vV  x0y«

Example

e Assume that the FM of sandis 2.5 NMSA = 20

« USE Interpolation Then Volume of coarse aggregate =

* Assume that the dry rodded unit weight is 1400kg/m3

Volume of dry-rodded coarse aggregate*
Nominal per unit volume of concrete for different
maximum size fineness modulit of fine aggregate
of aggregate,
mm 2.40 2.60 2.80 3.00
10 0.50 0.48 0.46 0.44
12.5 0.59 0.57 0.55 0.53
20 0.66 0.64 0.62 0.60
25 0.71 0.69 0.67 0.65
40 0.75 0.73 0.71 0.69
50 0.78 0.76 0.74 0.72
75 0.82 0.80 0.78 0.76
150 0.87 0.85 0.83 0.81
0.65m3,

 Then the weight of coarse aggregate is 0.65 x 1400 = 910 kg/m3
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Mix Design
Step 9: Fine Aggregate Content

* Apply absolute volume method S.G Cement =3.15
. Note that y% air is written as y/100 in the 5.G water =1
equation. Note that p,, = 1000kg/m3
w
ZVCunm'le =1=Vy VetV +V o 4V i o VO I ume =
A ®
Vi =1=( My M, Ma 4o Vi

1x1000 3.15x1000 SG ,xp,
FA=V, XSG g xp,

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

410 205 910 w
— + + + MA—+0.02=1
3.15(£83)%1000  1#1000 2.5%#1000  2.8+1000

« W,,=786 Kg
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Step 10: Adjustment for absorption

Mix Design

** Required water= free water+ absorption — moisture
= free Water+(CA*abs.,+FA*absg,) - (CA*mcy+FA*mg,)

* Where:
v' CA: coarse aggregate content
v" FA: Fine aggregate content admixture Lad axy Glaial) A5 S8 0 5 8
v' Abs: absorption new water 4wS allay g dima dauy
v m: moisture content Ol 1 st Allall o2a .
New water = free water - admix
Example
Absorption Moisture content
CA 2% 4%
FA 3% 1%

Then the adjusted water will Approximately be
205 + (910 x 0.02 + 786x0.03) — (910 x 0.04 + 786 x 0.01)
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Mix Design

Step 11: Adjust for practical values

« 1) Add 2 kg of water to increase slump by 1 cmand vice versa
« 2) Add 3 kg of water to reduce air by 1% and vice versa
USE THE HIGHER OF 1 or 2.

« After adjustment of water you have to recalculate cement content
according to step 9 and then fine aggregate content as described
in steps

* Case “Vice Versa” :

We will take the smaller value not larger .

« Note that the coarse aggregate does not change.
Example
* Assume that slumpis 70mm and air content is 3.5%.

* Old slump 100mm old air content 2%Then
— For slump, add (10-7)x2 = 6kg
— For air, add (3.5-2)x3 = 4.5 kg
— Choose 6 kg.
— New water will be 205+6=211kg
— New cement will be 211/0.50=422kg
— The CA does not change

226
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Mix Design

EXAMPLE : 1

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 ¥, gged-unit weight = 1500 kg/ m?>

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 .



Mix Design
SOL EXAMPLE : 1

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

, 40-385_0.42-x Y _0.435
38.5—-35 x—0.47 c

Slump = 50mm NMSA =40

water = 165 (%) and Air-content = 1%

* Cement= E,/ =19 — 379.31K—‘Z
(g) 0435 m

FM =25
Volume coarse aggregate =0.74m3

Weight of CA=Volume * ¥, joq-unit weight
W,=0.74*1500=1110Kg

379.31 165 1110 w
+ + + A +001=1
3.15%¥1000 1%1000 2.5x1000 2.7%1000
e W,,=703.57

* Density = 703.57+379.31+165+1110 =
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Mix Design
SOL EXAMPLE : 1

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

W o, = 165 +{—+ 1110 + —— + 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=4) :

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

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



Mix Design
EXAMPLE : 2
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 ?
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SOL EXAMPLE : 2 Mix DESIgn

* Margin = 1.34S Mpa = 1.34*6 = 8.04

Or Margin =2.33S-3.5 Mpa = 2.33*6-3.5=10.48

* F\pp=27+10.48=37.48

, 40-3748 _ 0.42-x ¥ _0.445
37.48-35 x—0.47 c

Slump = 40mm NMSA =40

water = 165 (%) and Air-content = 1%

W 165
* Cement= < =
(?) 0.445

= 370.78-2 F.M = 2.55
m

Volume coarse aggregate =0.735m?
Weight of CA= Volume * ¥, ed-unit weight

W,,=0.735*1400=1029Kg

370.78
L 165 1029 Wy L o01-1
3.15%1000 1%1000 2.5%1000 2.7+1000

* W, =798.36
* Density = 798.36+370.78+165+1029 =




SOL EXAMPLE : 2 Mix DESIgn

the slump is 40mm
s Adjust for practical values (ACl ) :
* Add 2kg of water to increase slump by 1 cm .

e Slump(u=ail) :
(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= Vv,l; = 1% = 391.01K—‘Z
(?) 0.445 m
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Project ( Dr Hisham ) 20 marks

Mix Design

Hashemite University Building Materials Date: 1542020
Civil Engineering PROJECT
Hisham Qasrawi %ﬁg : Al

Sectionm : 1

: pldd

LSE FOUR OWN DIMENSTONS

22 = Jualodiall a8 4l

REQUIRED

Amalall cddle 8 jelny LeS A jall Aallly el as)

Design a normal concrete mix to satisfy all the requirements mentioned beside your name.

Concrete is non air-entrained. OPC is used.

MNo special durability or permeability requirements.

DATA

Copy your own data in this table

Absorption Absorption Rodded | FM of sGof | SGof | NMSA Standard strength Slump
Of CA (26) Of FA (%6) Unit Fa Fa o M deviation MPa i
Weight
of CA
kgfm?
1 2 1350 2.8 2.4 2.8 25 3 28 160

DEAD LINE FOR SUBMITTING PROJECT IS 23/4/2020.

233



gl Jal o385 31 gl

TABLE A1533 — APPROXIMATE MIXING WATER AND AIR CONTENT REQUIREMENTS FOR DIFFEREI
SLUMPS AND NOMINAL MAXIMUM SIZES OF AGGREGATES (SI)

Water, Kglm-‘ of concrete for indicated nominal maximum sizes of aggregate

Slump, mm I 10 12 20 25 40 50 75 150
Non-air-entrained concrete

25 to 50 207 199 190 179 166 154 130 113

75 to 100 228 216 205 193 181 169 145 124

150 to 175 243 228 216 202 190 178 160 —

Approximate amount of entrapped air 3 2.5 2 1.5 { 0.5 0.3 0.2

mn non-aw-entramed concrete, percent

Alr-entramed concrete

25 to 50 181 175 168 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 o

Recommended average§otal air
content, percent for level of

exposure:
Mild exposure 4.5 4.0 3.5 3.0 25 2.0 | .Seett 1.0**
Moderate  exposure 6.0 5.5 5.0 4.5 4.5 4.0 3.50tt 3.0
Extreme exposuredf 7.5 7.0 6.0 6.0 5.5 5.0 4.5+t 4.0**
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TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
WATER-CEMENT RATIO AND COMPRESSIVE

gl Jal o385 31 gl

STRENGTH OF CONCRETE (SI)

| Water-cement ratio, by mass

Compressive strength Non-air-entrained Air-entrained
at 28 days, MPa* | concrete | concrete
T4 0.42 —

35 0.47 0.39
30 0.54 0.45
25 0.61 0.52
20 0.69 0.60
(N 0.79 0.70

Table 17.3: Required increase in strength for specified
compressive strength when no tests records
are available, according to ACI 318-05

Specified compressive strength

MPa

less than 21
21 t0 35
35 or more

psi

less than 3000
3000 to 5000
5000 or more

Required increase

in strength
MPa psi
7 1000
8.5 1200
10.0 1400

TABLE A1.5.3.6 — VOLUME OF COARSE
AGGREGATE PER UNIT OF VOLUME

OF CONCRETE (SI)
Volume of dry-rodded coarse aggregate*
Nominal per unit volume of concrete for different
maximum  size fineness modulit of fine aggregate
of aggregate, T
mm 240 2,60 2.80 3.00
10 0.50 0.48 0.46 0.44
125 0.59 0.57 0.55 0.53
20 0.66 0.64 0.62 0.60
25 0.71 0.69 0.67 0.65
40 0.75 0.73 0.71 0.69
50 0.78 0.76 0.74 0.72
75 0.82 0.80 0.78 0.76
150 0.87 0.8 0.83 0.81
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Mix Design

STEPS
1.The mix design strength:

Strength (mix design) = Structural strength + Margin
FMD = FSTRUC + 1.34 s MPa

FMD =FSTRUC + 2.335-3.5 MPa

Fmd= 28+ (1.34%3)=32.02 mpa
Fmd=28+(2.33*%3)- 3.5=31.49 mpa

We take the large number : F md = 32.02 mpa

2.The w/c ratio

() Al (udiy (i sl Cang
Sle da S U 0.5 Ll 5 adlaty
X = 0.51 approximately = 0.5 0.51 ejy 0.5 b

35-30 _ 32.02-30
0.47—0.54  x—0.54

Interpolation will give that the w/c ratio is approximately 0.50

there are no special durability requirements, the strength will control and the w/c is 0.50.
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Mix Design

3. The water content

A slump of 160mm will be suitable for the structure.
NMSA is 25mm
The water content is 202kg/m3

4.The air content

The air content is 1.5% from table

5.The cement content

weight of water

Wie

Weight of cement =

(1]

Weight of cement = E = 404 Kg/m3
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Mix Design

6. The amount of coarse aggregate

The FM of FA is 2.8.

Then Volume of coarse aggregate = 0.67m3. From table
The dry rodded unit weight is 1350kg/m3

Then the weight of coarse aggregate is Volume x density

0.67 x 1350 = 904.5 kg/m3

7. The amount of fine aggregate (Use the absolute volume method)

pW = 1000kg/m3

SV Concrete=1= Vw+ Vc+ VFA +VCA+ VAR

_ weight
Density

VFA

N 15 O + MO MCA
2.4 x 1000

+
1 = 1000 3.15 = 1000 2.8 x 1000

1-(

+ AIR % )

WFA

202 404 + 904.5
2.4 = 1000

-+
1 x 1000 3.15 = 1000 2.8 x 1000

=1— (

+1.5% )

WFA = 796.104 kg/m3
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Mix Design

8.The amount of absorbed water

The amount of absorbed water= absorption = (CAx absCA + FA xabsFA )

(904.5 x 1% ) +( 928.78 x 2% ) = 27.62 kg/m3

9.The approximate density

Approximate Density =
Ww +We + W (coarse) + W (fine) + W (any other ingredient) =

202 + 404 +904.5 + 928,788 = 2439.288 kg/m3
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Mix Design

10. If practical measurements showed that the actual slump is 2cm less

than required and the air content is 2% more than required. Adjust the

mix for the next trial.

Forslump :2 x 2=4kg
Forair:2x 3=06kg
Choose 6 kg. ( the large number )

A.The new water content

New water content = 202 + 6 = 208 kg/m3

B.The new cement content

weight of water
Wic

Weight of cement = % = 416 Kg/m3

Weight of cement =
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Mix Design

C.The new coarse aggregate content

The coarse aggregate will not change | 904.5 kg /m3 )

D. The new fine aggregate content.

SV Concrete=1= VWw+Vc+ VFA +VCA + VAIR

VFA 1 [ MW + MC + MCA4
2.4 x 1000 1x 1000 3.15 x1000 2.8x1000

+AIR% )

VFA 208 204 904.5

PR . .
24 x 1000 1 x1000 315 x1000 2.8x 1000

+1.5% )

WFA = 781.704 kg/m3

THE END : EYAS HAMAD .
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A cube of side length = 200 is tested in the Brazilian test. The load that caused failure was 503
kN. The strength will be......... N/mmz2 (MPa)
(2 Points)

() 4
) 0.0628

O 12575
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Which of the following Portland cements is the most suitable for concrete dams (3 ga.Jl)?
(2 Points)

MSRPC
RHPC
SRPC
LHPC

OPC
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- {l INERNEENENTED Rinnm e
-z

A pull-off test was made to test the effectiveness (8zlas) of a bonding admixture to steel. The

figure shows the possible types of failure. The bondin

(Jssdo ju2) if failure is like the one in
(2 Points)

O v
O x
() YandZ

() Xandy

g admixture is considered unacceptable
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(£ POINTS)

(O Plastic shrinkage
(®) Pplastic settlement
() Drying shrinkage
O Autogenous shrinkage

O Rupture due to compression
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31. Al-Wehda dam (8.>9Jl auw) is made of.......................
(2 Points)

@ Roller compacted concrete

O Air-entrained concrete of slump 2 to 3 cm.
(:J' Ultra high strength concrete

{:) Self-compacting concrete

& High strength concrete

Which of the following methods of compaction is the best and the quickest for compacting

Scanned with CamScanner



10

Which of the following methods of compaction is the best and the quickest for compacting
precast (wuall g4lw) concrete beams in factories ( gkl (19)?
(2 Points)

(@) Table vibrators

CJ' Form vibrator

() Poker vibrator

D Roller vibrators

O Hand vibrators
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Which of the following does NOT affect the results of rebound hammer test?
(2 Points)

() Presence of hard coarse aggregate on the surface

() Presence of air voids on the surface

O Seggregation on the surface

() Presence of carbonation on the surface

®) Presence of a cavity at 120mm below the surface

| P

Biodeterioration ( Sl alill) of plain concrete sewers (@&aluws e ailws §)lxe ) is related
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Biodeterioration ( sl alill) of plain concrete sewers (daluwes jue dulus e ) IS related

(@) Both SRB and SOB

() 108 only

() soBonly
() srs only

(") 108, SRB and SOB
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Which of the following can be the units for the fineness of cement?
(2 Points)

® m2/kg (squared meter/kg)
O kg/m3 (kg/cubic meter)
O m3/kg (cubic meter/kg)
() kg/m2 (kg/squared meter)

C’ m/kg (meter/kg)

1

Scanned with CamScanner



Concrete containing superplasticizers and with possibility of segregation must be tested using
............. test before it in construction.
(2 Points)

G- Vebe
@ Flow table

O Compacting factor

O Slump

() Kelly ball

Concrete must be placed and compacted before ...........
(2 Points)
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Concrete must be placed and compacted before ...........
(2 Points)

O Cement reaches initial setting time

CJ 1.5 hours

f" 45 minutes

{:J Concrete cracks

() Cement reaches final setting time
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1/
Roller compacted concrete will give ............. when tested in the slump test
(2 Points)
® True slump =0
() True slump between 2 and 3 cm
O Collapse slump
CJ Any type of slump depending on water in the mix

() Shear slump

14. Which of the following types of water is the best for reinforced concrete footings ( Slwlwl
dalus)?
(2 Points
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Roller compacted concrete will give ...........when tested in the slump test
(2 Points)

@) True slump = 0
() True slump between 2 and 3 cm
() collapse slump

®) Any type of slump depending on water in the mix

LD Shear slump
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Concrete must be placed and compacted before ...........
(2 Points)

() Cement reaches initial setting time

O 1.5 hours

(@ 45 minutes

O Concrete cracks

() Cement reaches final setting time
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If the strength of a concrete cylind
concrete is expected to be...............MPa approximately.

(2 Points)

er is 34 MPa, the strength of cube made of the same

O 34
() 4533
O 28

@ 425

O 340
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Which of the following sands is the finest (ass\l)?
(2 Points)

O Sand classified as C according to BS grading limits

ii-‘ Sand with a fineness modulus of about 5

C:' Sand classified as F according to BS grading limits

() sand within ASTM grading limits

(U) sand classified as M according to BS grading limits

22

[ o 8

The relationship between strength and maturity is given as: Strength = -36+28 log M.
Calculate the age at which concrete reaches 20 MPa if the curing temperature is 29 degrees C.

Tha ama in Aaswee ic
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Extra Rapid hardening Portland cement contains high amounts of
(2 Points)

llllllll

() C3Aonly
@ c3Aand C35
() cas only
":} C3S only

() €35 and C25

Which of the following curing methods is the BEST for very high concrete walls very difficult to
reach (o lg) Jeodll bilg>)?
(2 Points)
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HZ5U4 [Sultunc Acid)

®) CaC03 (Calcium Carbonate)

In a sieve analysis test, all the aggregate passed sieve 25mm and retained on sieve 20mm. The
fineness modulus is........
(2 Points)

i

o
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Self-healing concrete, uses bacteria that produces ............... and fills the cracks
(2 Points)

Ca(OH)2 (calcium Hydroxide)

| - -

CaS04 (Calcium Sultates)
H2S (Hydrogen Sulfide)

) H2504 (Sulfuric Acid)

® (CaC03 (Calcium Carbonate)

.

In a sieve analysis test, all the aggregate passed sieve 25mm and retaines
fineness modulus is...... £ " N
(2 Points) “neness modubs
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The relationship between strength and maturity is given as: Strength = -36+28 log M.
Calculate the age at which concrete reaches 20 MPa if the curing temperature is 29 degrees C.
The age in days Is........

(2 Points)

Scanned with CamScanner



Biocement is a cement that..............
(2 Points)

can resist bactena in concrete
causes biocorrosion (s lao) of steel in concrete
| can resist biocorrosion of steel in concrete

causes biodeterioration (spiSs «ali) of concrete

contains bacteria for self-healing concrete
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If the strength of a concrete cylinder is 34 MPg, the strength of cube made of the same
concrete is expected to be...............MPa approximately.
(2 Points)

() 34
O 4533

) 28
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14. Which of the following types of water is the best for reinforced concrete footings ( <bwlwl

dadiss)?
(2 Points)

O Seawater

() Tap water from underground sources (as =l sliall ;o @uaizll ols).
@) Distilled water
O Any drinking water

O Tap water from water desalination sources (sliall dul=i j3las o @usizll alus).
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17
Roller compacted concrete will give ............. when tested in the slump test
(2 Points)
@ True slump =0
) True slump between 2 and 3 cm
() Collapse slump
O Any type of slump depending on water in the mix

O Shear slump
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Which of the following curing methods is the BEST for very high concrete walls very difficult to

reach (v g Jeooll bilss)?
(2 Points)

) Curing blankets
® Self-curing

() Curing paints
(:} Steam curing

(O Cover with wet burlap ( ius)
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When calculating the main components using Bogue's equations, which of the following
should be used in the equations for the term CaO?
(2 Points)

() The total of the combined CaO and free CaO

@ C3A+C25+C35+C4AF

() Free CaO only

() Ca0 in Ca(OH)2

() Combined CaO only
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When calculating the main components using Bogue's equations, which of the following
should be used in the equations for the term CaQ?
(2 Points)

*C) The total of the combined CaC and free CaO
() C3A+C25+C3S+C4AF

() Free CaO only

() Ca0in Ca(OH)2

f:._:-' Combined CaO only
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The cracks that are observed in HU ground slabs (dweustilgll dnslall (po dubw)l Slus)Vl) are

(2 Points)

() Combined shrinkage and temperature effects
() Autogenous shrinkage
® Temperature effects

C' Drying shrinkage only

@) Plastic shrinkage
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In order to check the uniformity of a mix, an engineer took two samples and measured the
retained on sieve #4. The first value was 2400 g. The second value must be.......... in order to
accept the uniformity of the mixer.

(2 Points)

@ 2400:6

() 2400 = 180
() 2400 =75
() 2400 = 144

() 2400 = 16
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Which of the following cements is manufactured using 70% to 85% of the by-products of the
steel industry (agaxll dclivo Slalie)?
(2 Points)

f:} Pozzolanic cements

CJ Portland cements

O White cements

O Expansive cements

@ Slag cements
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Which of the following cause concrete cancer?
(2 Points)
Reaction from free silica in aggregate and water
Reaction from C3A from cement. sulfates and water

Reaction from Alkalis from cement and free silica in aggregate
Reaction from Alkalis from cement, free silica in aggregate and water

Reaction from Alkalis from cement and water
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Which of the following cements is manufactured using 70% to 85% of the by-products of the
steel industry (wazll deluo Slalss)?
(2 Points)

Pozzolanic cements

Portland cements

White cements

Expansive cements

®) Slag cements
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In order to check the uniformity of a mix, an engineer took two samples and measured the
retained on sieve #4. The first value was 2400 g. The second value must be.......... in order to
accept the uniformity of the mixer.

(2 Points)
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Ability of concrete to stay cohesive and homogenous during production s called the............. of

concrete.
(2 Points)

O Compactability
(@) stability

() Finishability
() Mobility

() Total workability
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-

Among the following admixtures, which answer is the BEST for a concrete bridge cast in
Canada in cold Winter?

(2 Points)
@, Air-entraining admixture
@3 Combined air-entraining admixture and accelerator
O Combined air entraining admixture and plasticizer
O Accelerator

() Plasticizer
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Question on Density of Concrete:

The following are the proportions of a concrete mix per cubic meter of concrete:
Cement = 400 kg

w/c ratio = 0.50

Coarse agqgreqate 1000 kg
Fine aggregate 700 kg
Admixture 30 kg

Air content 10 %.

Estimate the density of concrete. All the aggregate is saturated surface dry.
(2 Points)

() 2340
O 2300
® 233010
(O 2330
() 21305
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@' The strength of concrete

=

The approximate diameter of

—
i
14
L
Lk
L

An aggregate has specific gravity of 3.2 and rodded unit weight of 2000 kg/m3. The angularity
NUMDET IS ciicinens

(2 Points)

| 0.375
=X
| :::_-1

Notifications

#hom o | b rin
- iing ars tna |
il LK
L} A 1}
L] [FIFRGAE 100 B
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Which of the following CANNOT be colained using ne cones meie
(2 Points)

O The spacing (1cly) of steel bars.

O The position of steel bars.

O The distance between steel bars and surface of conusie

@ The strength of concrete,

O The approximate diameter of stee! bars,
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