Examples on Building Materials

Cement §

Aggregates (coarse and fine) @y
Water @g)
Admixtures
Mortar @
Concrete %@

§

Steel
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Examples on Building Materials

* Timber (xwood) §
* Lime @

* Plzstics @%

* Aluminum Cg

* Asphalt

* Bricks

. s
* Tiles @2%
L

Types of cement-based materials

* Cement + water = cement paste §

for

* Cainent + water + fine aggre cement

mortar @

* Cement + water + fineaggregate + coarse
aggregate + admixt& + pozzolans (optional)

= concrete %
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Raw Materials Necessary for
Portland Cement Manufacture Must
Frovide the FoIIowin@

N

Calcium (from calcite — CaCO

Silica (from clay and shale8§
Alumina (from clay and e)
Iron (from clay and s
&

]

Production of Cement

Crusher

https://www.cemex.co.uk/cement-
production-process.aspx
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Main Steps

1. Mining the raw material N
Limestone and :.iay are obtained from rock
2. Transpeviing the raw material v

Once the huge rocks have been fragmented, they lQ ansported
to the plant in dump trucks or by conveyor belt. %

3. Crushing

The quarry stone is delivered through chute
where it is reduced by crushing or poundi
approximately 75mm. $

4. Prehomogenization

ix of the different types
ed material.

Prehomogenization is the proporti
of clay, limestones, or any other

@

5. Raw materiai storage \
Each of the raw materials is transported separately to si here it
later wili se added in specific amounts according to t ticular type

This takes places in vertical steel mill, which gri e material
7. Raw meal homogenization

This process takes place in silos equipped forebtaining a homogenous
mix of the material.

of cement being produced. %
6. Xaw material mill @

kilns come into play. Inside, at 14 rees C, the raw material is
transformed into clinker: small gray nodules 3-4 centimetres in

8. Calcination
Calcination is the core portion of th;@gcess, in which huge rotary
diameter. 2&
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* 9. Cement milling x
The clinker is ground by different-size steel balls whil rks its way
through the mill's two chambers, with gypsum bei ed by a ratio of 2
-4 % (o extend cement setting times. g@

* 15, Cement packaging and shipping v
Yhe cement is then housed in storage silos, ?@? en transported to
facilities where it will be packaged in sacks oksupplied in bulk. In either
case, it can be shipped by rail car, freighte ck or ship.

X
&

Hydration of Cement

* Cement components + Water = Hy %’on
products (C-S-H Gel) + Calcium h xide
— Chemical reaction is slow. Qz
~- Produces (generates) heat. @

— The undesirable part is Cal¢ium hydroxide because
it can leach.

Also it reacts with otggressive chemicals.

— Desirable because it gives pH value to about 13,
thus reduces corrgsion of steel
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Hydration
Note capillary and non-capillary pores

Strength development with time and

curing
58 %
Moist-cured entire tim
L 50 | &
»
S nair after 28 days mo % g
f:; 40 In air after 7 days m ing] © ;
3 i €
= 4 In laboratory air @a E
2 14 %
2 3§ 2
3 .
52 @ g‘
= =1
3 -2 E
210 | 5% 8
0 1L L \ 0
Brm ® m at test, davs %5




Under electron microscope

* C-S-H ge! is a needle-like material

s e © W W

Ettringite . - - Hydroxide

Basic Components:
Chemical properties

Compound Oxide Composition § Ratio
A

Tricalcium <iiicate (O) % 25 - 65

3Ca0.5:02 X

Dicaicium silicate C,S @ 10 - 50

2Ca0.5i02 Q2

Tricalcium aluminate é§§> 3-15

3Ca0.Al203

Tetracalcium aluminoferrite QZ§@AF 5-15

4Ca0.AI203.Fe203 >

Gypsum % 7~ caso, 2-4

Alkalis Na,0, K,0 0.5-1.5

13/10/2021



Basic Components:
Effect on properties

Oxide | Effect on properties @
o
GsS Responsible for strength es between 1
4 and 14 days S
C,S Responsible for most&\gth late ages
(after 14 days)
GA Responsible for s@@th early ages (first 24
hours) RN
C,AF Minor effec@%s
CaS0, Prevents ﬁ@h set by forming Ettringite in
2 — 49, amounts that do not harm concrete

Minor Components

Depends on basic material and manufa@ng
process. ihe most common are @

* Free CaO Q?
* MgO @%
* Alkalis (K20 and Na20) @

* TiO2 @
. MnO2 %@
e CrO2 (seldom found)\@j
e any other oxid@

13/10/2021



Ettringite

Ettringite {s the mineral name for cal@
sulfoaltirninate hydrate

(3Ca0°AI2033CaS0432H20) §
Useful in delaying setting tim@

If its amount is high, Ettringite’ will increase in
volume resulting in the @ption of concrete.

Dangerous if sulfate frony external sources is

N
present %

Chemical Composition
S
Begue Composition %

C,S =407C-760S-6.72A — ~2.85S
C,S =287S-0.75C,S §

C,A =2.65A-1.69F @

C,AF = 3.04F @

(Only valid when A/ 64)

After K. Kurtis
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Bogue Composition: Example

Oxide Analysis Calculated Phase Composition

Oxidé J * C,S = 4.07(63.9) - 7.60(20.6) — 6.72(5.07)
. -1.43(2.90) - 2.85(2.53) = 58.1

Si0; 20.6

ALz 5.07 C,S = 2.87(20.6) - 0.754(58.1) = 15.6

Fes0s, 290

ca0o 63.9 C.A = 2.65(5.07) — 1.69(F 2.90) = 8.5

MgO 1.53

0 i C.AF = 3.04(2.90) = 8.8

Na,0 0.15 Bogue Potential Composition: |C;S | 58%

i i C,S | 16%

LOI 1.58 CA 9%

CAF | 9%

After K. Kurtis

Soundn§§ of cement

* |tis the zbility ardened cement paste to
retain its volure after setting without delayed

-
‘ &

destructiveansion.

@ CaO + H,0 — Ca(OH),

MgO+ H,0 — Mg(OH),

. This@%tructive expansion is caused by
e sive amounts of free lime (Ca0), or
magnesia (MgO).

13/10/2021
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Soundness test
ASTM C151

https://civilseek.com/soundness-of-cement/ \

The maximum expansion should not exceed

Requirements

It is advisable that the amouint of freg
exceed 5% (BS 12 1996) and 6% (A

&
&
7

13/10/2021
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False and Flash Setting

* False set is the rapid development of rigidi \n freshly

mixed pasie, mortar, or concrete witho evolution

of mucts heat. Plasticity can be regaine o?’ further

mixing.

* Fiash set is also the rapid develop of rigidity, but
with the evolution of considerab at. Plasticity
cannot be regained. Rapid devel ent of rigidity
would interfere with delivery placement
operations. Flash set would e concrete unusable,
and concrete hardened in mixer could not be

removed easily.
— Flash set is preventec@@lding gypsum by 2 to 4 %. To

delay reactions.

Tests of Cements
Consistency & Setting Times: Vicat Method

13/10/2021
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| Ny

Setting Time by Vicat
Use 1-mm needle

$

J T &Y
O

20—_

| NN | : | ' |
20 40 a0 100 120
Time [rmun}

Normal Consistency by Vicat

| 3

Use 10-mm rod

: )

03 —

01—

13/10/2021
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Tests of Cements
Setting Times: Gilmore I\/§mod

Compliance with specifications

* Accordirg to ASTM, §
— Vicat Apparatus

* IST must be >= 45 min §
* FST must be <= 6.25 hours

— Gillmore Apparatus @
* IST must be >= 60 min §

e FST must be <= 10 hour.

&

13/10/2021
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Approximate Empirical Relations
Based on Vicat Test

)
e FST = 1.2 (IST) + 90 minutes &
@@D
O

e FST = 1.5 (IST) + 45 minutes

X
&

Fineness

. . . N
— Fineness is measured in by the spe(@
suifaceinm? /kgorcm?/ g @
— The higher the fineness of cemhe higher

rate of reaction and the highe rate of
heat evolution. @'

Water Water
Water

Water

13/10/2021
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Common Methods of Testing the

fineness of cement

N\

Table 2.5: Examples of specific surface ﬁ@ment

measured by different me
Q

Cement Specific surface (mzlkg%@easured by:

Wagner Lea 3@ Nitrogen

method N adsorption
ne od method
A 180 @2%0 790
B 230 415 1000

S

Heat of Hydration

e If | gm of C2S produces X calories,@\ﬂ C3Sis
about 2X and C3A is about 3.5XC§

Q

Compound @t of hydration

@E Calfg

CS @ 502 120

cis %@ 260 62
9

367 207

cm@\ 419 100

13/10/2021

16



Specific gravity of cement

* Specific gravity is the ratio betwee xe

weight of a certain volume of the'material to
the weight of the same volumwater.

* ‘or practical uses, SG of ceis taken 3.15.

%§
S
3

Strength of Cement

* Two types are considered: §
— Cominressive strength @
— Tensile strength: @%
* Direct <:;D
* Indirect <::>>

Concrete is strong in com@on and weak in

tension.

GENERALLY, Compressive/strength of concrete is
about 10 times th sile strength

13/10/2021
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Compressive strength of mortar

Compressive strength of cement

* The most common test is ASTM C 15 N

* Test 2-inch ( app. 50-mm) cement tar cubes.
* A inimum of 3 cubes are requi far; o obtain

result.

* The strength of each is P/A@

* Take the average.

* Accepted values must@/ithin 10% of the
average. %\

13/10/2021
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Example

* Assume that 4 cubes are tested for xength at
a certzin age, the strength valu%@corded are
30, 32, 36 and 42 MPa. %

&
— The average is 35 MPa

— The accepted rangeis 3 0 38.5 MPa
— 32, 36 MPa are acce > Others are rejected.
— The new accepted ageis 34 MPa

ASTM requirements for compressive
strength

Age AR C 150-05 (mortar cube), cement type ('I'ablﬁ@>

(days) -
) IA I MA* 14 @{XF v Vv
! - - - - 12.0 w}.fj -

. » = - (14 4500 - -
3 120 100 100 8.0 19.0 = 8.0
(1740)  (1450)  (450) (1160) (2 @760) - (1160)
7 190 160 170 140 - = 70 150
(2760)  (2320) (2470) (2030 (1020)  (2180)
28 .00 2200 2800 2 (g?. - - 170 210
(4060)  (3190) (4080) (3190 . ~(2470)  (3050)

* and not more than 52.5 (7600}, ** a @uw than 62.5 (2100)
* Strength values depend on specified % hydration or chenmcal limits of tricalcium

silicate and tricalcium aluminate
* Optional

19



Direct tensile strength of cement
using Briquette Method

N\
* ASTM C 150. CRD 260-01 @
* Test cement mortar Briquettes. Q:v

* A minimum of 3 samples are requ@ to
obtain result.

* The strength of each is P/A.

* Take the average.

* Accepted values must b% hin 15% of the
average. @

Direct tension

* Sizeis 1 inch by 1 inch;
app 2% oy 25 mm. Qb

13/10/2021
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Tests of Cements
Tensile Strength of mortar

ASTM INTERNSTIONAL AT | Seanh fo —
Helping o.ur world work beatter
(

\ &
PRODUCTS @E"‘JI[’:}—.’{. | GET INVOLVED | ABOUT | NEWS
O\

‘oz | Bmndand & Fublcations / Smnoards Poducs J

Ao & Publications
al Sanderds oo ASTM C190-85

Fublicotions
S Poduess Method of Test for Tensile Strengtyd raulic Cement Mortars

aympesnreperss7es (WVithdrawn 1990)
Manuals. Monographs. & Withdrawn Standard: @ ASTM C190-85
Data Serles

Technical Reports WITHDRAWM, NO REPLACEMENT

lournnis

Reading Anom I POF download available €. however you may purchase a copy of this document from the
sl HS phone ang sasd act detalls),

Book of Standards

13/10/2021
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Example
N

* Assume that 5 briquetts are tested

strengin at a certain age, the stre values
recorded are 3.0, 3.2, 3.5, 4.3 .0 MPa.

&

4.14 MPa

— The average is 3.6 MPa
— The accepted range is 30.

— Therefore 3.2,3.5 anc@?a are accepted.

Others are rejected.
— The new acceptedﬁage is 3.57 MPa

CRD 260-01 R§§uirements

&
&

Cement Type

B (@)= il i v v
1 day 10 moist air, psi (kPa) . Hmy i 275 L C
(1896)
1 day m moist air. 2 days 'u@ 150 125 375
water. psi (kPa) (1034) (862 (2586)
1 day in moist air. 6 day’ 275 250 s 75 250
water. psi (kPa) % (1896) (1724) (1207} (1724)
1 day in moist air NS 111 350 325 i w 300 325
water. psi (k?p& (2413) (2241) (2068) (2241)

< Taken from Sﬁ}iﬁcmion C 150 - 58 without change.

22



Main Types of Cement

Ordinary Pcytland cement (ASTM Type 1) -
Rapid-bzrdening Portland cement (AST [11) RHPC
Speciai (Ultra, Extra) rapid-hardening P nd cement -
URHPC

Low-heat Portland cement Modifj ortland cement
(Type IV) - LHPC

Sulfate-resisting Portland cem@ASTM Type V) - SRPC

Moderate Sulfate-resisting nd cement (ASTM Type
[I) - MSRPC

Pozzolanic Portland ceﬁ— PPC

Some Special Cements

White Paivitland cements — WPC §
Coloured Portland cements Q:?
AN : ("
Exwansive (Expanding cemen

— Non shrinking cement @
Supersulfated slag ceme

— Granulated ground blrnace slag cement (slag
cement) — GGBFSC
2

>

13/10/2021
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Special Types of Cement

Quick setting cement W
— Produced by adding 1 to 3 % Alu ' sulfates to

«iinker.
Sacterial cement
— Used in self-healing concr

Hydrophobic Portland ent
Air-entrained Portlar@ment (Type s IA, 1A
N

and IlIA). %

13/10/2021
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Special Types of Cement

T P —

* High-alumina cement - §

— HAC e

— ecomposition occurs

12mH)

{ 100wy

EILLT]

KM

% " I I 1 I I o
0.2 i e (O] LU nr LX)
Effective watericemen ] rislk

Inlluence of the th:tl v waltTiCeTenl catio (s p 3y on ke
inowi

stiength of high-alun GETIEN K lcl
I8 " 1535 a d'li](H[MTli I|ri

Pozzolans

* A pozzolan is a material that does no@ ses
cementitious properties.

* When itis fine, and in the prese fm0|sture
it cnemically reacts with calciu droxide at
ordinary temperatures to for mpounds

having cementitious properties. It is therefore
classified as cementitious.i

. Tvpes: X
Typ @2%

Natural (Type N) X
Artificial (Types F and%

13/10/2021
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Storage of cement

13/10/2021
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I - -

lorrected core strength to standard cylinder (textbook p 302)

1'8 L)
\
\
\
1.6 \
\
\
-a \
2 1.4 \ O ASTM C42—04
@ \
\
3 \
= 12 \
&t \
1.0 S
0.8 | L ! I | [ |
0 0.5 1.0 1.5 2.0 25 3.0 35 4.0

Height/diameter ratio

Fig. 16.3: Influence of height/diameter ratio on the apparent strength of
a cylinder

Il b el Wl _dadidaalabllnn



Curing of Concrete

HISHAM QASRAWI

Reference -

T
i

Textbook
< Ghapter 10

-

-
L

-
-
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Principle
Curing is the process used to continue
hydration of cement and block capillary
pores to produce high quality concrete ‘

with

AN
2R 7 B

5T

* High strength ]71[,

* High durabiiity

+ Low nermeability

Factors affecting evaporation:
Concrete Temperature; Air Temperature;
Humidity; wind velocity

MAIN FACTORS
uring Concrete



Effect of Moist Curing Importance of curing

60 POk o
Molst-cured entire tim 8 » Approximate curinrg period for

sr & certain degree cfhydration

= n air after 28 days moist curin % e SO

£ 40 In air after 7 days moist curi__ng,;_—'i_?'"*— ' ' PN

c ] o ‘g w/c R e Degree of hydration Curing

% In laboratory air £nirs: 5 J

o 30 — e 4B 0.40 50% 3 days

= P 1" o 0.45 60% 7 days

2 B % 050 70% 14 days

g 20 & 0.60 92% 6 months

E | Jo B 0.70 100% 1 year

o 10 3 > 0.70 1009% impossible

1 1 1 0

0
07 28 90 365

E Age at test, days €



Curing of Concrete by
Supplying Water

Typical Plastic: Shrinkage Cracks

-‘» g8 cragk
DRY
/.
Evaporation from = blesdn \,' DRY /}a( /
water surface e ///? /%I/ ) 7/
o (R ‘ ‘g e avaracavavavagll Bk )
Chc WatersupplletL .
" from external

source i
. PR
~—— Concrete L !




Curing Methods
Water ponding
(immersion with water)

Curing Methods
Sprinkle with water

* Special precautions

¢ What are the ma
disadvantages?




Curing Methods
Cover with wet hessian or burlap

Curing Methods

* Cover with wet sand.
— Useful in hot weather. r
-Sandcanbereusedin -
construction w60 L
» Cover with saw,dmns*% —wal‘ w\-w) L

- Make suremai it does not contain
tanic a ig“or oxalic acid. ‘

- Not used in Jordan

Buingonerste____________________ Jwicocrere ]




Curing Methods

. . Curing Methods
Cover with wet hessian or burlap

Cover with impermeable membrane

Can be useful



Curing Compounds .
g P work in-place

Keep form

e Curing admixtures.
— Added to concrete mixtures.
e Curing paints ot
- Form impermeable membranes on t |
surface of concrete. o

- Correct application is a must:
Evaporation from water surlace

Cungconcrete _____________________Jwmconcree ]



Keep concrete

immersed in water Steam Curing

il -
* Concrete = s g D 1 ——
z -: - - period perindl peniod
samples. .
5" o
* Precast concrete g e
elements. g S
€ AT
1] ’
1 o |
n s 1] 15
Tiuse = hours

Cungconcre____________________Jwimconcree ]



Curing Charr‘lﬁ‘!gﬁer

Electric Concrete Curing Blankets
Useful in cold weather or precast concrete

HEATED CONCRETE COVERS

10



Self-curing concrete

= High absorbent
light weight
Aggregate

]" Tkt R

= Special admixtures - . )

{e) Fresh canzrens with NWA {Hormal G i o
weight nggrogaic)

Self curing concrete

Self curing concrete allows ‘internal curing’
by allowing for curing ‘from the inside}to

outside’ through the internal reSrw cii's: '
saturated lightweight 793 »'g fes L
super absorbenl nul‘a-me/ s, or |

saz‘urate@’ b fmﬂ fibers (for special concretes) I

11



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 ('J

Activity

* Contact some practicing

L engineers in Jordan and ot ain L
the following mformactlm'

) L — The methods. ')f.lc;_f, ig used in.

f/ - The permﬂ cﬁ ‘¢curing that prevail in

local prOJects for footings,

I columns, walls and roofs (beams I
and slabs).

i T MUY v st e st BETTRE il s

Cuing Concrete |

12



08/01/2022

Durability and Deterioration
of Concrete

Hisham Qasrawi

TH T 1 AAth

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.

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

TH T 1 AAth
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Main Causes

Chemical factors
Physical factors

Mechanical factors

Biological factors

TH T 1 Atk

Chemical Factors

Sulfates
Acids

Alkali-silicate reaction (alkali-
aggregate reaction)

Carbonation

Chlorides
e Corrosion of steel

TH T 1 AAth
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Sulfates

e External sources
e Internal sources

« SO,~+ C;A + H,0 + Ca(OH), ====) Ettringite;
Ettringite is a high-sulfate calcium
sulfoaluminate hydrate mineral

(3Ca0 + Al203 » 3CaS04 « 32H20)

Expansive and disruptive causing severe cracking

2 j ﬁ*d-’m " e 1 jg‘ a ﬁ‘i\

Aggressive Sulfates

+ Magnesium — most aggressive
« Sodium

« Potassium

» Calcium =
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Discussion

e How to avoid or reduce sulfate

Effect of sea-water
The most dangerous is the tidal
zone

High tide
v

Low tige Tidal zone

Most severe
attacked location

Mud-line
TN
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Acids

Effect on Ca(OH),
Concrete becomes soft

Very dangerous when
reaches steel

Most Dangerous Acids

* Non organic

— Nitric Acid

— Sulfuric acid

— Hydrochloric Acid
* Organic

— Acetic Acid
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Carbonation of Concrete

» Carbon dioxide (CO,) dissolves in pore water (H,0)
to produce carbonic acid

- (H,CO;): CO, + H,0 « H,CO4

e Carbonic acid (H,CO;) reacts with calcium
hydroxide (Ca(OH),) to produce calcium carbonate
(CaCO;) and water (H,0):
- H,CO; + Ca(OH), — CaCO; + 2H,0

* Carbonation reduces pH value encouraging steel
corrosion

‘ﬁmm | _

Alkali-Silicate Reaction (ACR)
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

=L o
sio.
Sicy
iy UIE,P—" i
iNa

I|l céTmerE -
eaitive RoRiEEIR:

T T




Avoid high alkali content:

— use low alkali Portland cement(

— replace cement with pozzola'_'.'l :
Avoid reactive aggregate with free silica (amorphous silica)
Control access to water . L

08/01/2022
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Alkali-Silica Reaction
Effect of Total Alkali content

A Alkali content

(mass of Na.O equivalent per
unit volume of concreta)

6 ka/m?

Refer to previous lectures
regarding the corrosion of
steel bars and effect of pH
value.

7 e --- i) ' Baln 1 .;fr’-"l:'
) 4], @
N . oy Ll L T®J A= D
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Corrosion of Reinforcement
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Spalling of Concrete Cover and
Exposure of Steel

Al
¥ A
:

nly sand

10
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Results of Corrosion of Rebars
Pitting corrosion due to alkalis

* Reduction in Cross-Sectional Area and Pitting
Corrosion

ThM T

Activity

* How can we reduce corrosion of steel
in concrete?

gli— 2
=

11



Main Physical Factors

Plastic settlement

Shrinkage -
— Autogenous shrinkage
- Plastic shrinkage

- Drying shrinkage
Temperature effec
Freeze and thaw

08/01/2022
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Autogenous shrinkage

Autogeneous shrinkage, also known as “basic shrinkage,” is
the shrinkage due to chemical reactions (hydration) between

cement with water.

Its magnitude is usually ignored in low strength concretes. Itis
important in high strength concrete with wic less than 0.40.

Shrinkage

otal

Dy shris
,s&mqa afbl;al:dry

1-Mumgaru:usz s'hrlniaga N

otal
shrinkage
e after drying

A enous shrinka,
amrying o

I
]
I
+

Start of drying Concrate age

Low Strength

Start of drying

High Strength

13
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Temperature Cracking

Linear Expansion

At - =

i—"“ —aAT L=L(1+aAT) "

o — thermal coefficient
of linear expansion

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 tem,oerature strain can be + or -

REET I YW § N

= _—.—-..-:-

14
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Freeze and Thaw (Frost actlon)

T

* Refer to previous
lectures on fresh
concrete.

¢ Use Air-entrained
concrete to avoid
such deterioration

Thh T

15
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Freeze-thaw cracking

16
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Main Temperature Effects

* Elongation & shortening

* Heat of hydration (Refer to previous
lectures)

e Others

TH T 1 ARt

Mechanical Effects

Abrasion
Erosion
Cavitations

* Impact

TP T 1 A<AbL

17
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Abrasion

. ? . : -
t-5 A¥Vent-4

18
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Biological Effects

* Types of bacteria
— Sulfate-reducing bacteria (SRB)
— Sulfur-oxidizing bacteria (SOB)
— Iron-oxidizing bacteria (I0B)
- Oil-oxidizing bacteria (OOB)
— Self-healing bacteria (SHB)

19
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Steel Biocorrosion
Tuberculoses (TB) of Pipes

~ Concrete Biodeterioration
Mechanism in Sewers

v due to Sulfur-Reducing

=AY

20



Summary

Anaerobic SRB in the bottom of
pipe produces H,S.

H,S is a mild acid that produces
H,S04 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.

This zone becomes a putty-like
material.

A greenish color may be observed

[l CEsramwi

P S— ———=—

08/01/2022
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Some types of bacteria responsible
for material biodeterioration

TR AT

22



11/16/2021

concrete

~* From epgmeerl
- concrete mix s|

| e Efb;téble
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and coat steel bars. RN
* Stability: Ability of conc : ain/::ohesiv 3
homogenous during production. - "4

required
=

>

| with the least effo
« Finishability: Tk

ce uqe

g
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Retaining

Workability $
onTests =~

Most Co_

e Slump test ey
» Vebe test | @& 7
» Compacting factor L

_ =

~* Flow table test |
~+ Kelley ball (ball etration) test

- = ~ _.f'
X B, D
-
E




Workability
Slump__:l'est S

Testi abiliy olliaik | &
ing the workability &m
concreie

Slump Cone' -

Layer 1: Fill 1/3 fulll’ 25 stokes
Layer 2: Fill 2/3 full. 25 stoke 3
Layer 3: Fill full] 25 stokes @
Lift Tone and mesbure slymioy

S Py =

l 2”

11/16/2021



Workability
Slump Test:

Procedure

4
i
i

concrete

Measuring the slumg

Slump Cone

ero slump.

Collapse Slump Shear Slump True Slump

11/16/2021



* https:/itheconstructor. org@ncrete/sit
e-slump-test-fails/1761 67@

N . i ks
What Should Site Engineer Do If On-site Slump Test
Fails?

Discussion
________ N
* What s the mdlcatlon of h type of
slump? S

. ~  Sdperplasticizer

| v

11/16/2021



Degree of workability

)

Slump (mm) Degree o&ﬂ%@rkability

Less than 20 Very loy

30to 50

80to 100 -

120t0 150
ﬁg@

e
Greater tha;@_w

Elapsed

Delay in casting
Loss inslum
IR st

|
0 20 40 60 80 100 120
Elapsed time, min

11/16/2021



Workability
Flow Tablq;__:__'l'est o

I | e s | L RS
e A P e s - L
(S ey

Workability
Flow Table T§t

11/16/2021
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Steps of Test$
EN St '-




Workability
Flow Table Tes%t

DIN <&

Percentage of
flow

0-20% 110-150%

Concrete
consistency &
workability

Sloppy
very high

Dry
Very|oU e

Workability
Vebe (V.B.) Tes&

11/16/2021
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Workability
Vebe (V:B:) ngt

very low workahility

G

(2

Low workability

; }342 SeC

3-6sec

https://www.quora.cofﬁ
workability-of-concrete

O
@
Q
ﬁ
®
®
o
=h
o
q
1]
3
0.

Consistency description | Slump, mn;r

U@fump in Vebe, s
Extremely dry s — 32t0 18
Very stiff 18 to 10
Stiff 10to 5
Stiff plastic 5to3
Plastic 3to0
Very plastic —

https://lwww.quora.com/What-is-the-
workability-of-concrete

11/16/2021
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Workability
Compacting Factoro{est

260

280

200

240

BS 1881:
Part 103

200

285

Compaction
* Vibrating table
or ‘“’
 Hand (manual )
Compaction

11/16/2021
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Calculations: CF
Apply any of the equations
&
Weight of pfé\(f;‘@%; copmacted concrete
Weight c{@hy copmacted concrete

Compacting factor (CF) =

_ Unit weight of partially compacted concrete
Unit: 1ly compacted concrete

mpacted concrete

acted concrete

Compacting Factor by EN 12350-4

§
« Fill the mold with P
uncompacted g Ak
concrete. i g ‘
* Measure the height

at corners and take
the average.
 The usual rang
1.02t01,5.

- the mold
Height of fully copmacted concrete

Compacting factor

11/16/2021
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Workability

Compacting Fg_ctog{est BS

NS
very low workability 0.7to D_S&U

Low workabilitv _D@%ﬁ

Medium workability

High workability

https://www.quora.coml\N\Qat-is-th&
workability-of-concrete

/2

Descripti f C ] ¢/ i

ption o ompacting @ Corresponding slump
workability factor @ mm
Very low 0-25
Low 25-50
Medium 50-100
High 100-175

11/16/2021

14



Workability
Kelley Ball Test (Ball Penetrq&)n Test}

_ Y ¢§

&

+— Graduated
Scale

Frama

; 12

2

L

Workability

Relationship
between "
workability

' qo
tests 2 of QO
&

.C,—

)

180

H 120

2 1641
06

07 0.8 (1] 1.0
Compacting factor

11/16/2021
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Unit Welght (DenS|ty)

Weigh the empty mold ' 6§
Fill with concrete @&

Compact using a sta’ﬁd ‘d suitable method
""concrete

[}
o,
Q
>
—
=
@
3
o
o
ey
=
A O

Volume of the mold

* The volume of the mold i b’ alculated in
one of two methods: S

— 1. Measure accuratelyfhe dimensions' of
btain the volume.

the mold and then o
jitiwater, Obtain the

7/ water

11/16/2021

16



Type of concrete

ensity
:.;E:r'?:';'i Density (a@mately)
Normal Concrete 2200 00 kg/m3
lightweight
Heaveyweight
Air Content
1. Entrained air 2 E apped air
o
Entrained Air &Iﬁrdpped Air
Less than 0.2mm i

Uinifierm Alr Dbt ribasticn

11/16/2021
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Melt Water Absorbs Into
Capillaries & Pores now & fee Melt

Hisham Qasrs

11/16/2021
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Loss of strength due to air

N

e Any air voids

red RS th = Non-air-entrained
strength of
concrete,

- Generally,

~_ increase in the

—

- _volumeofa
= %Redﬁ
= /S’trength by .

* Pressure Method

i

* Volumetric Meth&d

11/16/2021
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Air Content <
Pressure Meth_od: Apparatus

SRS

Top
chamber

Apply pressure P. Loss on pressure is AP

Av=Vc1—Vc2=Va1—Va2
Pﬂlval = ‘Ba2 Va?. : ;;:-EE:" AI?’ 0/0 iy h % 100
Y
'/v""—aﬁv/—ﬁeswm.l‘-_-
e Top Chamber Vaume

~——after Main air vaks is
opened

N

Campressed volums o
air bubbles m the
cancrete at Py

After DAVID WE

11/16/2021
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Air Content
s, A

Air Compessom

11/16/2021
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Volumetric met

£

Yo

Air Content $
Gravimetric Method

.
gl T

22



Air-free Density

Den51t of concrete
Air free density = - = d

Approximate density of
concrete o%

* The density equals the sy atlon of
all the weights of ingre nts that
produces 1 m3 of c

@@
¥

11/16/2021
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Grading requirements for coarse aggregate according to J.S. (Jordanian Standards)

Sieve size Percentage by mass passing sieve
Nominal size of graded aggregate
mm SI in. 40mm 25 mm 20 mm 12 mm
(5 (H52) (raaa) (i)
1. : 3. 1.
Eq. (17 in.) (1'in.) Gin) (in)
51 50 2 100 - - )
38 40 1% 80 —100 100 - i
25.4 25 1 20-50 95-100 100 i
100
19 20 % 10-30 40— 80 95-100
1 90-100
12.7 12-14 > - 5-50 50 -80
80-100
9.5 10 % 0-10 0-15 25-60
5-50
4.75 5 3 0-5 0-5 0-10
16
0-25
2.36 2.4 #8 0-2 0-5 0-10
0-2
0.075  #200  #200 0-2 0-2 0-2

Grading requirements for fine aggregate according to J.S. (Jordanian Standards)

Sieve size Percentage by mass passing sieve
Nominal size of graded aggregate
mm No. 9.5 mm 4.75 mm 1.18 mm
(&52) (Lo 5i) (¢=1)
(g 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 um 30 10-35 35-59 60-90
300 um 50 5-15 8-30 20 - 60
150 pm 100 0-5 0-10 0-20
75 pm 200 0-5 0-5 0-10













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 psi-

less than 21 less than 3000 T 1000
21 to 35 3000 to 5000 8.5 1200
35 or more 5000 or more 10.0 1400)







TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
WATER-CEMENT RATIO AND COMPRESSIVE
STRENGTH OF CONCRETE (Sl)

] Water-cement ratio, by mass

Compressive strength Non-air-entrained Air-enfrained
at 28 days, MPa* | concrete | concrete

40 0.42 —
35 0.47 0.39

30 0.54 (.45
25 0.61 0.52

20 0.69 0.60
15 0.79 0.76




E i
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TABLE A1533 — APPROXIMATE MIXING WATER AND AIR CONTENT REQUIREMENTS FOR DIFFERE
SLUMPS AND NOMINAL MAXIMUM SIZES OF AGGREGATES (SI)

Slump, mm

Water, Kga’m" of concrete for indicated nominal maximum sizes of aggregate

10

12 20 25

40

50

Mon-air-entrained concrete

25 to 30
75 o 100
150 e 173
Approximate amount of enfrapped air
in non-au-eitramed concrete, percent

199 190 179
205 193
228 216 202

2.5 2 1.5

Ajr-entrained concrete

25 to 50
75 to 100
150 to 175

Recommended average§otal air
content, percent for level of

CRPOSIE:

Mild exposure
Moderate  exposure
Exireme exposured

173 168 160
193 184 175
205 197 184

Hisham Qg

|.5eett
3.5+
4,5%*tt







welght of water

weight of cement =

w/e




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,
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
30 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







Step 9: Fine Aggregate
Content

« Apply absolute volume method

* Note that y% air is written as y/100 in the
equation. Note that p,, = 1000kg/m?3

ZVConcrete :lsz "'Vc +VCA +V FA +VAIR
My n MC n MCA
1x1000 3.15x1000 S G ca > By

FA=V_,xSG ., xpg,

+ AIR %)

FA =1-(

Hisham Qasrawi
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Curing condition Type of cement Minimum period of curing and
protection (days) for average
surface temperature of concrete:

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

(50 and 77 °F)

Good: damp and All types No special requirements
protected (relative

humidity > 80 per

cent, protected from

sun and wind)

Average: between Portland, class 42.5 60/(r + 10)
good and poor or 52.5 and Sulfate-

resisting Portland,
class 42.5

All types except 80/(z + 10)
those above

Poor: dry or Portland, class 42.5 BO/(z + 10)
unprotected (relative  or 52.5 and Sulfate-

humidity < 50 per resisting Portland,

cent, not protected class 42.5

from sun and wind)

All types except 10 140/(¢ + 10)
those above

* 1 = temperature (°C) in the formuia to calculate the minimum period of protection
In days




TABLE A1533 — APPROXIMATE MIXING WATER AND AIR CONTENT REQUIREMENTS FOR DIFFERENT
SLUMPS AND NOMINAL MAXIMUM SIZES OF AGGREGATES (SI)

Water, Kg.fm:‘af concrete for indicated nominal maximum sizes of aggregate

Slump, mm | 20 | 122 | 20 [ 25 | a0 | s | 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 25 2 1.5 { 0.5 0.3 0.2

m non-air-entrained concrefe, percent

Air-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 -

Recommended average§otal air
content, percent for level of

CXpOsIre:
Mild exposure 4.5 4.0 3.5 3.0 25 2.0 1.5%+tt 1,041+
Moderate  exposure 6.0 5.5 5.0 4.5 4.5 4.0 3. 5%t 3.0x=tt
Extreme exposuredd 7.5 7.0 6.0 6.0 5.5 5.0 4.5+t 4.0¢*ft
Table 17.3: Required increase in strength for specified TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
Compressi\r'c strcl’lgth when no tests records WATER-CEMENT RATIO AND COMPRESSIVE
are available, according to ACI 318-05
’ STRENGTH OF CONCRETE (SI)
Specified compressive strength Required increase | Water-cement ratio, by mass
n strength Compressive strength Non-air-entrained Air-entrained
. *® -
MPa psi MPa psi at 2“8 dz;}(f]s, MPa | CO;IC;;IE | concrete
less than 21 less than 3000 7 1000 - o i
21 to 35 3000 to 5000 8.5 1200 -23(5) 0.61 0.52
35 or more 5000 or more 10.0 1400 15 8?3 ggg
FMD = FSTRUC+ 1.34s MPa
Fmp = F +2.33s5-3.5 MPa
MB ™ TSTRUC 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,
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
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NON-DESTRUCTIVE TESTS

Hisham Qasrawi

Definition

-1 Nondestructive tests are thoééz;;iests that are used to
measure a property of concrete without destroying
",. A i)

o1 They should not affect the structural behavior and

must keep the stru

eptable to the client

o1 The most imp _strength of

concrete.

0 Refer to text book pp 311-320
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Rebound Hammer (Shcmidt Hammier)

(@) (b) i &)
Instrument ready Body pushed Hammer is., Hammer
for test toward test released i, rebounds

Rebound Hammer




Rebound Hammer

bbb

au i ESpREE LA
: Hammer horizontal
]
¥
" 74 —{ 500}
Fard
17
wr RSt (L !
i i i i
: £/ {4000
= By
(L] £,
?n Hammer vertically / ’;f!
g down TS i
7w .
: a
! :
g 5P
=
L=
0}
5
| | 1 | ,
’ 0 2 k.l 40 S0
Rehound number

P

FRésistance 4 la compression
Compressive strength

(Wiirfel/Cube = 150 x 150 x 150 mm)
8

Beton-Priifhammer N/NR - Scléromdtre & béton N/NR - Concrete Hammer N/NR

yyﬁm
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Better approximitation
11.Y. Qasrawi, Cement and Concrete Research, 30 (2000) pp 739-716

50 e -
ik : -

_ i Best Fit Line i, ¥
g a2 - — - 95% Prediction Interval Range . ~
< - 7;_:} X
o d PRl naann £
g
w30 —
5
w
Ll
% 20 —
3] .
0 |
=
I
2 10—
[v's
O -

0 —

20 24 28 32 36 40 44
REBOUND NUMBER

Windsor Probe
mm PenetrationsResistance am Qasrawi

A
A
.

¢ < | RIGHT ANGLE

IN
50rmm

T
&) L]
4
4 g .
7 :
p <
44

w » PROBE TO BE FIRED AT RIGHT ANGLE FROM SURFACE
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Windsor Probe
Penetration Resistance

Cube compressive strength (MPa)

25

20

10

i,

Gravel : CN-]
Mohs" Mg, §! I it

35 45 55 65
Exposed probe length (mm}

12/13/2021
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Hardness of materials
1 Hisham Qasraw!

8000

7000 -+

5000 -

4000

3000 -

2000 |

KNOOP HARDNESS (Kg/mm’)

1000 -

Pull-out Test
1 Hisham Qasra

concrele

surfoce bearing

ring

frocture embedded
insert




Pull-out Test

‘?GO

50

40 -

Compressive strength - MPa

10

| — r -

12/13/2021
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Steel Pull-off Test

I —
Types of Failure

R QT[T ——=

Bonding admixture

STEEL FAILURE COMCRETE BREAKOUT BOMD FAILURE

Ultrasonic Pulse Velocity Test
] Hisham Qasraw

1
; } H Timer and |4
Pulser Display

Pluses are transferred through concrete.
The higher the velocity, the denser the material and the higher the strength.




4.4

1 L
45 46 43
Pulse velocity - km/sec

4.8

Direction of measurement
[
.
i
senﬂéakect?“ indirect (surface)
Velocity = distance /time (V=L/T)
10 s
55 1.42 E.]-lfl I.ISIJ I.|54 I..[‘SS EXCI m p|e
%L, Crment/aggregate ratio: o v = 4.6
= B
sl Calculate cement/aggregate
al {6000 ratio as follows:
9: o 5000 Example: Mix proportions
% -+ per cubic meter of concrete
ﬁ 4000 are:
£ = Water 180 kg
° ok 3000 Cement 300 kg
- Coarse aggregate 1000 kg
El 1me  Fine aggregate 800 kg
0| :

Hrom cement/aggregate ratio is

300 /(1000+800) =
1/6

12/13/2021



Better approximitation
1.Y. Qasrawi, Cement and Concrete Research, 30 (2000) pp 739-716

Best Fit Line -

40 — = = 095% Prediction Interval

10

CONCRETE CUBE STRENGTH (MPa)
{1 I

PREPIRT R T T

L I e
3.6 38 4.0 4.2 4.4 4.6 4.8

VELOCITY THROUGH CONCRETE ( KM/SEC)

Depth of Crack

- D_eﬁ’rh gf crack = di dlqgonql =L

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.

12/13/2021
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k X ) e 5]
Determine track a{eFH.. d) 2 1_ &__L X1 - 1
T=_ ‘J‘ﬂ.n]wf”—ﬂl" + QR = £ r :r
R = Fece rer ; Bl :_ & [ Vs -
: e e
Kl o .I(& Qe Mqu._yvj 4 g i

Li= v di"‘Lzzl-Ja 2 'L:: v "(a-r (;HL

A:sw M T; = 7-;'”1; Mwu_yd 1.-- Wﬂ&‘l&js‘f CK: KIJ
3 w T i

O 0o oo o

it . i 2 Cx =X,)
T f;ﬂzﬂ 7 5
Tw V= 2. 2N ANCEE
T i
4l Y = zha gy J"&(ﬁ*'__.l‘:
T b
,4-, C‘ru_crny'é. ‘-4 The STt "“:' b 93 t?o M?“‘s“‘"’“fmf'y
Hew V=V,
Get d
Calculations
2, X\2
T
T T

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.

12/13/2021
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Check internal voids or cracks.
[ S
= Velocity is highest when it :|-J
passes through solid concrete. - 3 .
0 Internal honeycombing (Uiw=s LE:] e~
can be located and repai Ll:j
- . -
0 If the crack is wid By
be no measurgrh -
Questions for Discussion (USPV)
(e e

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

o 1. Presence of steel bars in the path of waves 2

- 2. Difference in results when the same concrete is
measured dry and saturated surface dry ¢

= 3. The use of basalt a
the same concrete ¢
01 4. Presence of ho '
waves 2

12/13/2021
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Cover Meter
- Pachometer
R-meter

o MAGNATIC

71 Locates the position of
steel bars.

0 Measures spacing.
11 Measures the cover tc
bars. '

the diameter.

12/13/2021
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Hisham Qasrawi

o Workability is the easiness to .pro__duce concrete.

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

o Refer to textbook: Ch

12/29/2021



PRODUCTION STEPS
Batching : Hisham Qasrawi
Mixing
Dispatching (Handling)
Transporting
Pouring (casting)

Compacting
Finishing
Curing

CONCRETE PRODUCTION
BATCHING

Hisham Qasrawi
At site:
Weight
Volume

Ready-mixed concrete:
Weight |

12/29/2021



Figure 59 H H
Mixing concrete by volume H Is h am Qa Srawl

VOLUME
BATCHING

Measuring box

(-kg bag of cement

plus

Two box measures of sand
plus )

Four box measures of coarse aggregate.

LIMITS
Hisham Qasrawi

o Generally, volume batching shoul__d not be
allowed in structural concrete, i1.e. strength above
25MPa according to Jordanian code for reinforced
concrete. ' o

o In Jordan, you can use it only for nonstructural

concrete of strength below 20MPa.

12/29/2021



CONCRETE PRODUCTION
MIXING

Hisham Qasrawi

Mixer type and condition
Experienced workmanship “technician”
Correct time

Correct procedure _
Type and workability of ¢

Correct use of admixtu

CONCRETE PRODUCTION
MIXING: PROCEDURE

Hisham Qasrawi

While mixer is running on,

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

then gradually add cement and finally add

water gradually to the mix while the mixer is
rotating . £

Mix for the correct 1 m

12/29/2021



MIXING TIME

Standard ideal mixing (ideal for labs and

experiments):

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.

MIXING TIME
MINIMUM MIXING TIME

Capacity of mixer

Mixing time,

min

m’ yd’

0.8 up to 1 |
L5 2 14
2.3 3 14
31 4 14
38 i i
46 6 i
7.6 10 3t

ACI 304R-00 and ASTM C 94-05.

12/29/2021



UNIFORMITY (HOMOGENEITY) OF MIXING

Hisham Qasrawi

(a) density of concrete: 16 kg/m* (1 Ib/ft’
(b) air content: 1 per cent
(¢) Slump: 10mm for low workabilit

and 30mm for high workability
(d) percentage of aggregate
(¢) density of air-free
(f) compressive strengt

m for medium workability
1

= In.) sieve: 6 per cent

ers): 7.5 per cent.

HAND MIXING
Hisham Qasrawi

12/29/2021



HAND MIXING

CONCRETE PRODUCTION
MIXING:

Hisham Qasrawi

12/29/2021



CONCRETE MIXER WITH WEIGHT BATCHER

CONCRETE PRODUCTION
MIXING: Hisham Qasrawi

CONVENTIONAL SITE MIXER

12/29/2021



CONCRETE PRODUCTION
MIXING:
TRUCK MIXER

Hisham Qasrawi

ROTATING
MIXING DRUM

¥ EXTRA LENGTHS
F DISCHARGE CHUTE

DISPATCHING

; Hisham Qasrawi
Ensure there is no segregation or bleeding.

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

12/29/2021
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Hisham Qasrawi

CONCRETE PRODUCY
MIXING: '*
BATCH PLAN]

BATCH PLANT
~ Hisham Qasrawi

10



CONCRETE PRODUCTION
TRANSPORTING

o The good method
+ No segregation or bleeding
* As quick as possible

o Use conveyor belts

o Pumping

Hisham Qasrawi

TRANSPORTING BY HAND

Hisham Qasrawi

12/29/2021
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CONCRETE PRODUCTION

TRANSPORTING BY HAND
~ e T f"'

iSham Qasrawi

BUGGIES

Hisham Qasrawi

12/29/2021
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Hisham Qasrawi

BELT CONVEYOR
Hisham Qasrawi

13



TYPE OF CONCRETE

o Roller-compacted Concrete

CONCRETE PRODUCTION
POURING

Hisham Qasrawi

o Make sure

No segregation
No bleeding

Layers thickness
should be sufficient
for compactio:

[ ]
z
o
Q
<)
P
o,
e
5
o+

casting

12/29/2021
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CONSTRUCTION JOINT WHEN CASTING IS
STOPPED FOR A LONG TIME

+ BEFORE CASTING NEXT LAYER

© Rough surface before setting time occurs

o Bonding admixture on old cohcrete before casting the
new concrete

Geometrical Surface Effective Surface

EXAMPLE:
IN WALLS AND FOUNDATIONS

12/29/2021
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CONCRETE PRODUCTION
POURING BY HAND

mhisiham Qasraw:

12/29/2021
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EXAMPLE
READY-MIXED CONCRETE POURING

e W Hisham Qasrawi

EXAMPLE: READY-MIXED CONCRETE POURING BY PUMP

Wi

12/29/2021
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EXAMPLE: READY-MIXED CONCRETE POURING BY PUMP

Hisham rawi

35

CONCRETE PRODUCTION
EXAMPLES

& N Hisham Qasrawi

Placing concrete from buggies
(Based on ACI Manual of Concrete Practice.)

12/29/2021
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CONCRETE PRODUCTION
EXAMPLES

Chute
sor

: buggy
Flexible = i
drop
chute

Correct Incorrect °

CONCRETE PRODUCTION
EXAMPLES

Hisham Qasrawi

Fdl

N

i

P
S orum _,y'/

.;,
W‘ﬁ.
=

T
!
E

a
R
B

L
|
L
.
|

b

e e e— —
35, Ty o T = S - = s

& orrect

Placing concrete in a deep wall Q
(Based on ACI Manual of Concrete Practice.)

12/29/2021
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CONCRETE PRODUCTION

COMPACTION: GENERAL

Hisham Qasrawi

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

1- High strength
2- High durability
3- Low permeability

CONCRETE PRODUCTION

COMPACTING

Basic methods

Internal vibrators

External vibrators
o Form vibrators
o Vibrating tables

Hisham Qasrawi

12/29/2021
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HAND COMPACTION

EXAMPLES FOR INTERNAL
COMPACTORS: POKER VIBRATOR

Hisham Qasrawi

12/29/2021
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Ensure that compactin
Watch air bubbles going
Stop once air bubbl
raise up.

Start the new position.

Compaction more than required leads to bleeding

and segregation.

N Hisham Qasrawi

1/3d

12/29/2021
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FORM 5 |
VIBRATORS '

VIBRATING TABLES

12/29/2021
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SPECIAL TYPES OF CONCRETE
BASED ON COMPACTION

o Roller compacted concrete Hisham Qasrawi

» Concrete of very low workability It is

SPECIAL TYPES OF CONCRETE
BASED ON COMPACTION

o Self-compacting concrete © Hisham Qasrawi

» Concrete of very high fluidity (moblhty) and
compactability.

« Contains very high quahty superplasmlzers in addition to
viscosity modifying admixtures.
< i &

12/29/2021
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READY-MIXED
CONCRETE

DISCUSSION

o What are the advantages of réady-mixed
concrete?

25



CONCRETE PRODUCTION
FINISHING

Hisham Qasrawi
o The surface should be as required

© Rough surface if concrete is to be used for further
construction.

o If smooth surface whe i 0 not use dry
cement.

EXAMPLES
HAND FINISH

Hisham Qasrawi

12/29/2021
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EXAMPLES
PERFECT FINISH

12/29/2021
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TROWEL MACHINE

Hishain. Qasrawi

12/29/2021
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BRUSH FINISH

Hisham Qasrawi

EXPOSED A

Ty

GGREGAT

N

E SURFACE

12/29/2021
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USING DRY CEMENT LEADS TO CRACKING:
CRAZING

Hisham Qasrawi

12/29/2021
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Strength of Concrete

Hisham Qasrawi

TH e

General Factors Affecting Measured Compressive
Strength

1. Rate of loading: High rates increases strength.
2. Specimen Shape and size. 0,,,~(1.15-1.25) 6, jjnger
3. Water cement ratio If wic T > then strength

4. Temperature at Testing. ngher Temperature — Jower
strength

5. Air content

6. Cement: Type, chemtca/compos:tlon, temperature of
curing, as descrlbed in Cha, T

7. Age of concrete
9. Curmg

‘”ﬁ%ﬁ =
e '

12/4/2021
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Effect of Age and Curing

60
: ,(:oncrete Str:eng_th Moist-cured entire time
increases with time. _s /
. s 1 air after 28 days moist curing
* Once curing stops,
concrete strength
will not increase.

(=]

o

In alr after 7 days moist curing|

In laboratory air entire time
SSESS
4

s

a1

Compressive strength, MPa
Compressive strength, 1000 psi

0t U
Age at test, days

Tiwy 7 m,.;..lfik

0728

Effect of w/c ratio

e Strength decreases
by the increase in oo
wi/c ratio.

:

]

g

£

z

* Note that strength
sharply increases
when w/c<0.50.

T4 |

28 day Compressive Strength (MPa)
2

5
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Types of Strength

 Compressive strength
* Tensile strength
= Direct tensile strehgth
gth (Splitting)

Standard Samples

C 30737

cylinder’s strength  cube's strength

f,=30 MPa f{,=37 MPa

+ B s
ﬁ * 150 mm
'r'j“ -y oy 5 —— R - L Te |

— el
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Types of compression failure

When cvlinders are broken in
RRAR! inH 1Lk

PHTtt

(b} (c)

Spllttmg Splitting + Shear

Failure Modes of
Compression Testing — 3D

——3
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Compressive Strength

Cylinder: ASTM C470
* Cubes : British standard 150x150x7150 mm°®
o Other sizes:

Cylinder: 100 x 200 or 150 * 300 mm
Cubes: 100 x 100 x 100 m"‘ or

Ti

Strength-Age Relationship

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

oIt is 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 onI
standaed temperature

Age Tdays 14days 28days 3 months 6 months ~ 1vear 2years 5 years

Swengthratio 067  0.86 1.0 RE 123 127 131 .35
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Direct Tensile Strength

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

Tensile Strength

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

Shear in the middle = 0.

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

% splitting tensile strength test

¥ Calculation of splitting
tensile strength

L' length of specimen

g
f
i

L A i ]
0t Tt ethirdpoint loading> | © Jseanter-point loading>
= T 'l 'l' ! , Ul e sai ce AL ‘l JR
o & "




Flexural Tensile Strength
Tow-point loading

Two-point loading and middie-point loading

| P, JH/A..H#

Flexural Tensile Strength
Tow-point loading

— Tensile strength ~ 8% to 15% of f’_

— Modulus of Rupture is app. 0.5 to 0.6 of the square
root of the compressive strength of cylinder

unreinforced
/ concrete
beam

Mc 6M

max

I

1 Ak

.

12/4/2021
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Indirect Tensile Strength
(Splitting)

QSplitting Tensile Strength,
QSplit Cylinder Test (Brazilian Test)

Poisson’s

Splitting Tensile Test
Test arrangement

Special loading
pieces

Hardwood packing {
strips |

Special loading
pieces

Troweled surface ﬁt
L ™% ] A==l

Hardwood packing =
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2

_/, "
7/ 6,,=08187 P/S°

\‘_..‘l‘

Diagonal cube

Cylinder Stress

Cube distribution

o 3 | {
n ﬁ#ﬂ'ﬂ / HEREES rr"«r"\m

L3

Cylindrical Splitting Tensile Strength
Failure

where, P : maximum load
2P d : diameter of specimen
f = L : length of specimen
“ d
In the case of cube in Fig 1, use
d=I= Cube length

The tensile strength of concrete is approximately equal to
10% of its compressive strength.
Generally: Compressive = 7 to 11 of tensile

Indirect (Splitting)~ 1.1 Direct
Flexural = (1. 15-1.25) Direct

TEh T 1 AsAbh
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Samples for evaluating
concrete strength

“7  compressive sirength
of concrete:
fo= 20 - 120N/ mm’

Evaluation of strength

3-Samples = minimum

10
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Example:
Results of testing 3 samples:
c1=30MPa, 62=27MPa, c3=18MPa and creq=25MPa
Is this concrete accepted?

- 27._ +18= 25 MPa

>

Vertical Core

11
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Preparing cores for test
by capping or smoothing the surfaces

12



Steps of core evaluation

1. Prepare the ends of the cores to ensure horizontal
smooth surface. Use capping or 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 using the f
A is the area of the circular area.

4. Calculate equivalent cube strength for each sample.

5. Calculate the average.

6. Compare with the requir""e_d
- Average > 85% of the req
- Min > 75% of the'ré'quired

Thb T

Core Strength

D

— X f;w(’

3-Samples = minimum | 1.5 + l

I o

core

- D=2.30or 2.5

n
NN 55 o

required

D min s 75 Y%
(o) i

req

fcore is the tested core strength
fcube is the equivalent cube streng
ANis L/d
D = 2.5 if the core is taken horlzontall.
D = 2.3 if the core is taken vertlcally such as ground-slabs

THid

12/4/2021
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Example

Asswme Hiet a Cre & ¢xtracked from awal.
The f‘in‘?ﬁb of the core = 150 mm.

The cliameter of the core = [0Q mm.

The load js o5 Lw. Bl i

Calewlate $he e?‘/mu'wfm.f‘

P=2g or 2.3

=155 — |is
joa

-zsnxfoa

—

i z
:xlso .

2.5

N A-XeN N

Example on acceptance

After calculating the core strength using P/A D
equation, the results were calculated using  fux=——

Required strength = 25 MPa b "

Final results are: fcube1 =30 MPa, fcube2=27

MPa, fcube 3=18 MPa
’ 2 1
feube . gt S o5y p

avg

fcube
fcube

> 085a

i L T2 iy %
25

Tl

avg

min

14



Water for Concrete

Hisham Qasrawi




Uses

* Mixing water
« Curing water

Water Cuning of Conerete




Types of Water

« Municipal (4L <L) water is suitable.

— Drinking water
« Ground water
« Wells water
* Desalinated water
 Distilled water

DISCUSSION: Which one is the best for
concrete?




o
Can we use seawater?




- ADMIXTURES




What are admixtures?

1 Materials added to concrete to ‘r'o ove one or



Basic Types of Admixtures

Retarding admixtures
delays setting time of concrete.

Accelerators

Reduces setting time and accelerates hardening or the
development of early strength of concrete

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

highly reduces amount of water for the same workability



Basic Types of Admixtures

Plasticizers
Increases workability for the same water content.
Super plasticizers

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

Air-entraining agents
increase resistance to frost. Reduces strength
Water-proofing agents

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



...Basic Types of Admixtures

Coloring admixtures

Bonding agents
Bonds old concrete to new one. Example plastering.

Bonds steel bars to concrete.

Admixtures with combined effect: Examples
Plasticizing — retarding
Plasticizing — accelerating
Plasticizing — air-entraining
Plasticizing — waterproofing
Plasticizing — waterproofing-retarding

Accelerating — air-entraining



...Basic Types of Admixtures
— SN

71 Viscosity modifying agents

These are used in self compacting concrete with high quality
superplasticizers..

11 Bacteria for self-healing concrete



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.



What to check before use

1- Method of Use

2- Expiry date

3- Dosage

4- Chloride free (don’t use CaCl, in reinforced
concrete)

5- Alkalis = if there. is free silica

Should be Alkali-free admixtures.



Mineral Additives

0 Steel slags
0 Silica fume (microsilica)

1 Copper slags



Silica fume

Silica fume is a byproduct of producing silicon metal or
ferrosilicon alloys.

Silica fume consists primarily of amorphous (non-crystalline)

silicon dioxide (SiO2).

The individual particles are extremely small, approximately
1 /100th the size of an average cement particle.

It is used in concrete in 5% to 25%. Most common dosage
7.5% to 15 % of weight of cement.

Important in high strength and high performance concrete.

The quality of silica fume is specified by ASTM C 1240 and
AASHTO M 307.



Classification of Aggregate
* According to size

— Coarse aggregate:

Size >=5mm (ASTM #4) .

— Fine aggregate:

Size < 5 mm (ASTM #4)
* According to source

— Natural (Uncrushed)

— Artificial (Crushed)

— Manufactured. Some lightweight aggregate.

HISHAM QASRAWI

26/10/2021



Shape Classification

Classification | Effect on properties of concrete

Rounded Higher , low , low
abrasion resistance

Irregular Medium workability, medium cohesion,
medium abrasion resistance

Angular Low workability, high cohesion, higher
abrasion resistance

Flaky Usually not used

Elongated Usually not used

Flaky & Usually not used

Elongated -

C;assification: Examples

Elongated Particles

& E]O&éa{e_d Fiat Particles

® &

Angulal’ Rounded Rounded Irregular

HISHAM QASRAWTI

26/10/2021



Flaky and Elongated Particles

* Should not exceed 15% for low quality
concrete

* Should not exceed 10% for high quality
concrete

Flat Particles Elongated Particles

‘. i I

HISHAM QASRAWI

Crystalline Aggregate

Pyrite

HISHAM QASRAWTI

26/10/2021



Honeycombed Aggregate

Tmm

HISHAM QASRAWT

Representative Sample of Aggregate:

Quartering Process

HISHAM QASRAWT

26/10/2021



Representative Sample of Aggregate
Quartering Process

O - A

gather material into a cone flatten the cone

laboratory sample i

cycle

discard
Y
- >
divide into quarters divide in half

HISHAM QASRAWI

Representative Sample of Aggregate
Quartering Process

HISHAM QASRAWI

26/10/2021



Representative Sample of Aggregate
Quartering Process

HISHAM QASRAWI 1

General Properties of Good Normal Aggregate

Strong: Stronger than concrete by 2 to 3 times
Good bond with cement paste

Hard: Has relatively low LA abrasion value
Tough: Resists impact and dynamic loads

Has medium specific gravity (2.40 to 2.80)
Nonporous: Has low absorption (<5%)

Sound: Stable in volume when subjected to aggressive
environments.

Does not contain free silica
Well-graded
Does not contain deleterious materials

HISHAM QASRAWTI 12

26/10/2021



Basic standard sieves

s e

75
40
20
0

5
24
1.2
0.6
9,3
0,15

Largest acceptable size for concrete works
3
1.5
%
3/8 :
3/16 (#4) End of coarse aggregate

HISHAM QASRAWI 13

Example: sieve #4

HISHAM QASRAWI 14

26/10/2021



Tests on Aggregates
Sieve Analysis

&

HISHAM QASRAWI

Example on grading of fine aggregate
Sieve Analysis

Weight Percent Cumulative
retained retained % passing
0 0= = 100

10 mm

5mm 50 : 100-5 =95
2.4 mm = 87

1.2 mm 77

0.6 mm 45

0.3 mm 10

0.15 mm 5

0.075 (#200) 2

Pan Y

Total 1000 OO qasrawt 16

26/10/2021



Example on grading of fine aggregate

ASTM BS BS
Overall C
100.. &% - 100

10 mm 100 |

5 mm 95-100  89-100 - 100-5 =95
2.4 mm 80-100  60-100 60-100 87

1.2 mm 50-85 30-100 30-90 77

0,6 mm [ 1554 45

0.3 mm 5-40 10

0.15 mm i 5

0.075 (# 200) 2

The aggregate is accepted according to ASTIV
The aggregate is accepted according BS. It is classified as C.

HISHAM QASRAWI

Example on grading of fine aggregate

. Cumulative
* The fineness modulus % retained

is the summation of e 0
cumulative retained 5mm 5
on all standard main 2.4mm 13

sieves divided by 100. 12 mm 23

55
e = (0+5+13+23+55+90+95) 90
/100 = 2.81

0.075 (#200) 98

Total

HISHAM QASRAWI 18
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Example on grading of fine aggregate

* According to fineness modulus:
— Sand is classified as:

* Fine if FN is less than 2

* Medium if FM is between 2.2 and 2.8

* Coarse if FM is above 3.

* Maximum size of aggregate is 10mm

* Nominal maximum size of aggregate (NMSA)

is 2.4 mm.

HISHAM QASRAWI

Example on grading limits
ASTM & BS for fine aggregate

BS and ASTM grading requirements for fine aggregate

Sieve size ’ Percentage by mass. passing sieve

BS 882: 1992 ASTM

- —  ( 33-92a
BS ASTM  Overall  Additional limits*
No. limits
: C M E—

10 mm iin. 100 - - - 100
5mm f in. 89-100 - — - 95-100
2.36 mm R 60-100  60-100 65-100 80-100  80-100
1.18 mm 16 30-100 30-90 45-100 F0-100 S0-85
600 pm 30 15-100 15-54 25-80 55-100  25-60
300 um 50 5-70 5-40 5-48 5-70 - 10-30
150 pm 100 0-151 = - - 2-10

I * C = coarse; M = medium; F = fine.

+ For crushed rock sands the permissible limit is increased to 20 per cent, except when used

for heavy duty floors,

HISHAM QASRAWI

20

26/10/2021
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Example:
Aggregate in not accepted by ASTM

Percentage Passing, %

100,0 e

A

Sample

\— = Limits

N \

5

T

1

0,1

Sieve Size, mm

HISHAM QASRAWI

21

Example:

The same aggregate in accepted by
BS and classified as F

100,0
90,0
80,0
70,0
60,0
50,0

40,0

Percentage Passing, %

30,0
20,0
10,0

0,0

N NUTA
~ ™ \
\
A
i Sampl
N -
~ - S Lmits
\ bl \ ‘ = = = Additional limits, F
X 1 \
> 5 \d
*
S ITRERIE
.
3
£y Ll \\ .
] \
N\ 2 \ \‘
~l \‘ \
2 it .kn
10 1 0,1

Sieve Size, mm

0,01

HISHAM QASRAWTI

22

26/10/2021
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Example on grading of coarse aggregate

Cumulative
% passing

40mm (1.5”) 0 o/ 0 100-0=100
25mm(1”) 50 g g 100- 5 =95

20 mm (3/4”) 350 60
10 mm (3/8”) 460 14
5 mm (#4) 50 9
24mm (#8) 40 5
0.075 (#200) 30 2
Pan 20 2 100 0
Total 1000 -

HISHAM QASRAWI 23

Maximum size and Nominal Maximum
Size of Aggregates

* The maximum size is the minimum size that
the whole aggregate passes.
— In the example: 40mm

* The NMSA is the minimum standard size that
the allows a minimum of 85% of the
aggregates to pass through. Depends on the
standards used: (ASTM, BS or JS)

— In the example: 40mm or 25mm

HISHAM QASRAWTI 24

26/10/2021
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How to choose maximum and nominal
maximum size of aggregate before
construction

* The concrete mix must be easily
cast and constructed.

1) 1/5 of the narrowest dimension of the mold.

o d=min (d,,d,,d5)

d2 '
da
I g

Maximum size of aggregate

2) 1/3 of the depth of the slab

#

3) % of the clear spacing between reinforcement

I —:Alab D < I;,

S:face of the distance

HAM QASRAWI 26

26/10/2021
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Maximum size of aggregate

2) 1/3 of the depth of the slab

#»h

3) % of the clear spacing between reinforcement

I slab . 3 h

3

S:face of the distance

Maximum size of aggregate

Example:

beam

Dmax < 3

26/10/2021
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Coarse Aggregate Grading Limits

Tuble 1.9 Lirwdlng requl ot civarse

giregate aceonding e BS 882; 1952

Seve slae Porcentuge by mass possding BS sleve

Mominat size of graded aggregate

mm in. A S mm 20 to 5 mn 14 to 5 mm

Nininal size of singhe-sdzed aggregate

Ht 20 mm 14 mm 11 v 5 mm
tLin. o L in) (Ginto Zint  dintoding {Lfin) (i) idin) i in) i ing
Sip0 z 14163 1K1
s 1% gn 1o 1) 45 100 I
20 N 350 HI- LK 101 (I #3100 108
4.0 i - 100 - £5.-116) L) -
] : 1-40 Hi-edl Sl as 14 (183 u s 51 100
s.01 & L il =111 = 0=5 -1t 1225 Sil -1
ER'H Ne T 0s 3
HISHAM QASRAWT 29

Example on grading of fine aggregate

* The fineness modulus is the
summation on cumulative
retained on all standard main
sieves divided by 100.

25 mm (1”)
M - 20 mm (3/4”)
= (approximately) 10 mm (3/8")
* (0+40+86+91+95+4*100) / ;
100=7.12 2 fim,(#4)
2.4 mm (#8)

Or/ FM (min)

=(0+40+86+91+95)+4*98/ 100 Pan

=7.04

HISHAM QASRAWTI

40 mm (1.5”)

0.075 (# 200)

umulative

% retained

0

40
86
91
95
98

100

30

26/10/2021
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Compare with BS

Cumulative

% passing

Tabie 3%  Crading requei T coarse dimg to B $H2: 1 40 mm (1'5") 100

Sieve size

Percentage by mass passing BS, sieve 25 mm (1") 100 -5= 95

Mvoingl siFe of graded o b
- 20 mm (3/4”) 60

mm in. 40 to 5 muw 200§ huw 14 b0 5 mm
i in. m}n i.|1-] r_.}.in. tolml  (bin o ing i (3/8") 14
LI 10}
i B0 1081 1) 5 mm (#4) 9
DI 13- W= |1kl Lo
uh s -1 2.4 mm (#8) 5
ng =40 H-60 il g
2 0§ 610 0w 0.075 (# 200) 2
L% Mot Pan 0
Total
HISHAM QASRAWT 31

Coarse Aggregate Grading Limits

Toble 3.14:  Sownc of the gradlng requirements for coarse apgregate according to
ASTM { 23-403

Sieve sire Pergenlage by masy passing sicve
Meominal size of graded aggregate Nominal sine
of simglesizial
aggregate
mm in. RyE i) 19.0 0 125 10 63 mm 3.5 mm
4.7% mm 4.75 mm 475 mm
Mwgdind Gwding (dwlin) 2ling (i}
15 3 114
610 2L . - 9t L0 -
SihAy 2 104 15 m pn
58001 Y3 Lo s 90-100
230 1 100 2185
It H iz m 0 1M [[L4] I 5 1-15
125 4 90 Jon -
i ; I - %) -85 M0 - i+ 5
47 ] 010 [ONE -
236 Mo # - (O 3
HISHAM QASRAWTI 32
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Classification of Grading
A

Design and Control of Concrete Mixtures

1. Well-graded
2. Single-sized

Combined Aggregate Grading

3. Poor-graded

4. Gap-graded

5. Open-graded

HISHAM QASRAWI 33

Properties of Good Normal Aggregate
Thermal Properties

* Stable under thermal effects (The coefficient of thermal
expansion is as close as that of paste.

— (o paste =11x1076—16x10-6 per deg C)
— (o concrete = 10x1076—12 x10-%per deg C)

— (o for most common normal aggregate =6 x1076 —
13x10%per deg C)

* For use in concrete
— Preferably, a for aggregate = a concrete = 5x10-6

HISHAM QASRAWTI 34

26/10/2021
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Properties of Good Normal Aggregate

* Contains approximately no deleterious
substances:
— Organic impurities
— Salts (basically chlorides and sulfates)
— Free reactive silica
— High amounts of fine material (like clay)
— Unsound particles
— Clay lumps
— Shells

HISHAM QASRAWI 35

Alkali Aggregate Reaction (AAR)
Alkali Silicate Reaction (ASR)

e Alkalis from cement + free silica from
aggregate + water gives alkali silicate hydrate

gel

WS = o N\ =
@ Swelling ASR gel X Non-Swelling ASR gel
(a) (b) (c)

HISHAM QASRAWI 36

26/10/2021
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ASR Example
Concrete Cancer

HISHAM QASRAWT 37

ASR Example

38

26/10/2021
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How to reduce ASR
Discussion

1. Cement 5
— Use low alkali cement  Na,O +§k20 <1%

2. Do not use aggregate with free silica.
— Check by petrography or by the mortar bar test.

3. Keep water away from concrete

4. Limit total alkalis in concrete to les than
3kg/m3

5. Use Lithium salts

HISHAM QASRAWI

39

Check free silica by petrographic examination
1-cement matrix, 2-hematite, 3-alkali-silica gel; scale
bar =100 pm.

Alkali-silica gel in the
matrix in mortars with
hematite aggregate:

(a) plane-polarized light
(PPL);

(b) cross-polarized light
(XPL);

(c) cross-polarized light
(XPL) with A plate;

(d) ultraviolet light (UV);

HISHAM QASRAWTI
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Alkalis must be less than 3kg/m3

0.5

04

0.3

0.2

0.1 =
. hum
n T T ¥ T T T T T
1.0 20 3.0 4.0 5.0 6.0

Alkali Content of Cencrete (Na,O_, kg/m?)

Expansion at2 Years (%)
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Specific Gravity
General

_ Weight of a certain volume of material

SG
Weight of the same volume of water

:ymatXV :ymat :IOmat
?/wat X V }/wat pwat
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Voids in aggregate

* Note that there are
pores

Solid

and non capillary

Void Filled
With Water

Void Partially
Filled With Water
HISHAM QASRAWI 43
Specific Gravity of i o I
Aggregate Sokr, kB 7

1.True (actual) S.G.
2. Apparent S.G
3. Bulk S.G.

Air-dry

Suturated
and
surface-dry
(S5D)

Muoist

Absorbed moisture
{absorption)

Total water
content

Free moisture |
(moisture content)

J.1:  Schematic representation of moisture in aggregate

HISHAM QASRAWI
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Tests on Aggregates
Specific Gravity & Absorption of Coarse Aggregate

HISHAM QASRAWI 45

The basic cases of aggregate

GVEN DRY |  SATURATED SURFACE DRY | WET SURFACE |

HISHAM QASRAWI 46
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Calculations

Weight of SSD sample = B
Weight of oven-dried sample = A
Weight of sample in water =C

Bulk SG = B/(B-C)
Apparent SG = A/(A-C)
Absorption (%) = {(B-A)/A }*100%

HISHAM QASRAWI 47

Moisture content

Moisture content = {(Wair-Woven)/Woven}x100%

In real life, moisture content can have any value
depending on weather conditions.

In site, weigh the heated material until you get a
constant weight

HISHAM QASRAWTI 48
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Importance of determining absorption
and moisture content

Example:

Assume that the following are the mix proportions for 1.0m3 of
concrete:

Calculate the water that must be added to the mixer as per
1.0m3.

400

200 1000 800 None
Moisture = 3% Moisture = 2%
Absorption 2.5%  Absorption 4%

= (approximately) 200 + [1000*0.025+800*0.04] —
[1000*0.03+800*0.02] = 200+57-46=211 kg/m3 of concrete

HISHAM QASRAWI 49

Tests on Aggregates
Specific Gravity & Absorption of Fine Aggregate
Using Pycnometer

50
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Dry, Wet and SSD sand

HISHAM QASRAWT 51

Procedure

d &b

wm calibration mark  <om> calibration mark <A—
. | i

Pycnometer filled Wlth : Pycﬁometer filled with

Wiater to calibration mark Water and sample to
=B ' calibration mark
=C
HISHAM QASRAWT 52

26/10/2021

26



Calculations

* B =the weight of pycnometer with water to its calibration
mark.
* C=weight of the pycnometer, sample, and water to calibration
mark
WSSD
Wyp +B-C

WOD
Wop +B-C

Weso = Won g9

Bulk specific gravity (SSD) =

Apparant specific gravity =

Absorption (%) =

OD

HISHAM QASRAWI 53

Classifications of aggregates

Lightweight

Medium weight 2.20 t0 2.80
(Normal)

Heaveyweight  >3.0

HISHAM QASRAWTI 54
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Hardness of Aggregate

Hardness: Resistance to wear and abrasion

Common methods of testing:

— Los Angeles abrasion value (LA) — ASTM
— Aggregator abrasion value (AAV) - BS
— Polished stone value (PSV) — BS EN

The common and acceptable test in Jordan is
LA value test

The test is an Indirect measure of strength

HISHAM QASRAWI 55
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Calculations

LA(%) = Weight of the material that passed the sieve after test

Original weight of material after sieving and before testing

Generally, for concrete structures

élity of concre iingth (MPa)
> 45 -Do notuse -
35to 45 Low <20
251035 Mediur 251040
15to 25 High 45 to 65
<15 " Veryand ultrahigh >70

HISHAM QASRAWI
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Bulk density (unit weight) of aggregate

* |t is the density of aggregate
taking into consideration the
packing voids.

* = \Weight/total volume

* Total volume = volume of
aggregates + volume of voids

Il Packing voids 7 < g i«:\
[ Asgregue L

HISHAM QASRAWTI
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Types of unit weight

* Loose unit weight
* Compacted (rodded) unit weight

HISHAM QASRAWI
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Calculations

Weight of aggregate (W)

Unit weight () =
Bulk volume of the aggregate (V)

Bulk volume = Volume of the mold

Voids ratio = V. = Vo =[1- L]
Vv AY4 A4
v Wl i
SG, X7, uer E :
Voids ratio (%) =[1- —— 2 1x100%
SomE B Packing voids
HISHAM QASRAWI D Aggtegate 60
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Load deformation means P A curve
Volume =AxL

MT=PAcurve/AL
= Area in the Stress Strain curve

HISHAM QASRAWI
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Modulus of reselience

elastic range

Rupture

Oy — —

Modulus of

Modul f
OERLES0 toughness

resilience
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Example

The figure shows the load deflection curve of two rock
materials. Assume that the specimen diameter is (d) and its
length is (1), calculate the modulus of toughness and the
modulus of resilience in terms of d and .

Compressive test

2:5 S ""-..__\
_i B
= Z
A
S
8 Area for MT
15
05
0
0 3t 2 3 4

Displacement {mm)|

HISHAM QASRAWTI 68

26/10/2021

34



Strength of Aggregate
A rock sample is available

Compressive strength
6.= P/A

P= Load
A= Area of x-section

It is the resistance to failure, when the applied
stress is normal / perpendicular tb the area of
X-section.

HISHAM QASRAWI 69

Tests on Aggregates
Rock sample is not available
Aggregate Crushing Value (ACV)

Aggregate passing a 12.5mm
and retained on a 10mm.

3 equal layers of aggregate and
each layer is tamped 25 strokes

Apply a load of 40 tones in 10
minutes.
gy Aggregate is removed from the
. cup and sieved on 2.4mm

. Aggregate crushing Value

ACV =W/ Wosigina) X 100%

Must be < 35%

HISHAM QASRAWTI 70
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Indirect tensile strength
Splitting Test (Brazilian Test)

Load

e 0=2P/niDL I

Thickness

Tensile
stress D

} Diameter

T

Compression support

HISHAM QASRAWI 71

Practical and Idealization of Single
Particle Test

Fy
O — =
c
’ Displacement, A
4A,
D. =
T
0.9F
o = — AWM xD

HISHAM QASRAWI
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Clay and Fine Materials in Aggregates

These are materials that pass sieve 0.075mm
(ASTM #200)

For high quality concrete, these should be £ 3%
In Jordan specifications, these should be < 5%

In ASTM, these should be < 10% for passing sieve
#100.

HISHAM QASRAWI 73

Some Harmful materials (substances)
(deleterious) in Aggregate

Salts, mainly Sulphates and Chlorides.
Friable materials.

Oil-contaminated aggregates at sites.
Organic impurities.

HISHAM QASRAWTI 74
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Soundness of Aggregate

* Sound aggregate is that aggregate that
resists volume changes due to
environmental effects

— Freeze and thaw (frost action)

— Wetting and drying

— Temperature changes

— Exposure to deleterious (harmful) materials

HISHAM QASRAWI
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Unsound Aggregate

e Can cause volume changes leading to
—Cracking in concrete
—Loss of integrity of concrete
—Disintegration in parts of the structure
—Scaling

HISHAM QASRAWTI
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Soundness of Aggregate

o detect unsound particles, aggs are treated
with Na,SO, or MgSO, solutions.
— 18 hours of immersion

—Dry at 105°C+5°C to constant weight
— After 5 cycles determine the loss in weight of the

agg.

Determine the loss in weight for each specific sieve
size and compute a weighted average percent loss
for the entire sample.

The maximum loss values typically range from 10 —
20 percent for every five cycles.
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Soundness of Aggregate

photo courtesy of NCAT I .

',u‘::- TRO | M
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Bond

* Aggregate must have good bond with
concrete.

* Shape and texture are the most factors
affecting bond.

* Tensile strength is more affected than
compressive strength.
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Example on grading of fine aggregate

ASTM BS Cumulative
Overall % passing
100 0 100

10 mm 100

5mm 95-100  89-100 5 95
2.4 mm 80-100 60-100 20 80
1.2 mm 50-85 30-100 20 80
0,6 mm 25-60 15-100 20 80
0.3 mm 10-30 5-70 90 10
0.15 mm 2-10 0-15t+ 95

0.075 (#200) 98

80
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