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CORE TEST

AV CaSe S50 3np 40l o 50D o Tyl A i 58 ) Jsi) 4 -
(horizontal JasJl (e Aaall 341 L4 (53 gale )( vertical o ¥ pdas e Aiall 38 3 a1 ) e i 4l -

D - ¢
fose = ] X [ D=2.3 OR 2.5
1.5 + 3 3-Samples = minimum

c.,,.La ,
n
ae-' 2 U'RSUrtquarra‘
O mis > T7T5% i
afr! .

feore 18 the tested core strength

feube 08 the equivalent cube strength

Ais L/d

D = 2.5 if the core is taken horizontally such as walls

D = 2.3 if the core is taken verticallysuch as ground slabs

Ceube™ 1L.15 urg-llndfr

STEPS OF CORE EVALUATION

o 1. Prepare the ends of the cores to ensure horizontal smooth
surface. Use capping or sawing.
piaie 530 cabing apparatus J s Jeaiady el aie; el cab Jenid D piees Sasd 4l y 43 core J) ol oAl e
U ) 20 2505 ) da 0 o 2w 8

el Ayl piag y il Y e Al e JLiie Sawing

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

o 2. Rupture the cores and record the max loads P.

o 3. Calculate the strength of each core

A is the area of the circular area. © f = i
o 4. Calculate cube for each cube. - A
o 5. Calculate the average.
o 6. Compare with the required.

+ Average > 85% of the required strength

+ Min > 75% of the required. — e g0 8 iy
Compare f_,,. with minimum concrete strength
fe (Single core) 2 75% 1,

w0 fope (@verage) > 85% fin
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CORE 1EST

[UXAMPLE ON ACCEPTANCE

o After calculating the core strength using P /A

equation, the results were calculated using /fuw=—7*/
15+~
A

o Final results are; fcubel =30MPa

o, feube2=27MPa, feube 3=18MPa and
oreq=25MPa 1s this concrete acceptable?

_30+27+18
feub, =

0.850,, >fcube,

reg

Sfeube;, 18

= -2 =72% <85% O

a 25

reg

=25MPa

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 =1L/ =150/100
0 5 250 +10%
X A x 1007

= 31.83 Mpa

D
Sobe =

T X fowe = 220 - 36 73 Mpa

1.5+~ LSAEe
1 3

Note :

Syl slaaddl diameter J s pai d Sl 2ie

LD gy f cube Jatadl 55l 3 s 2 L)
Ggrsle o A S ) an D5 51 2,3
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Nondestructive tests

Nondestructive tests are those tests that are wused
measure a property of concrete without destroying it.
Ol il padead Ll Gl A3l A0 3001 8 o) LS

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

anbial Jpia Gl Ay oy Gl ALY G el e LEY) S Y Ol G
The most important property is the strength of
concrete.

il G s strength O) ol 431 HLEAY) 13d Apald a2

Rebound Hammer (Shemidt Hammier)

( hardness test ) 48y & g 4 10 41 5b | 15,3 43k O

o) strength J' Aaly Ae) hardness J) <28 215 3 6 58 St j LalS [

251 Aliiadl S Lalel e a8 LS bt 3 glud e 0450 2S5 Y1 dila (O

152 il 40w i) A strength J) aaall ALZUE 4G, 5R0 2da [

U 3l Jal 2 ga e b L e 2SN Al S Y Leally Ay A5l 53l J30: segregation ) 4 jes skt v
apd, l LS

:Li!qa-j-\-h :..'n....ll._r.,-is v

3555 3 i el strength aadh bl s0a e §f aggregate eas e 535 S (25Y1) Ll Wi v
b, S LS J strength eadd 4t e UV 4 L

Bil e ) % TS Tl e AN el e i T T a i) e S W i v
d S, JSD i L diial

Lt el 2ad phaad g pall jaadl S iy ol g lelis 2ie 5 €02 J (e oS o ) e A A1

widady cli AN dac gial 3aU g 3e) 8 2525 dap5 SN 8 10 S e Sae s 3 38U el Jsial Jal O
(5 psheally nSl)idhie AN Slgl N

A 5y
il ae
5D LS 3 gy

(5]

157
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f_epovnag mamimecer

rebound number & (am g a3 Jony Sl A o scaler O <
str 3 rebound number (i 433l e 35 oL ) puaht A <
strength J) 4k jaae 4da ki) o3l Jgaad) s s

Mk & pual) 598y £ 93 aan LAET S AN

2l i g (3808 L gale Syl 1) Ll | & el (B el Y ) G LA Ayl cuy e 13
AVG laaal f.nq,.dl ul;l_,.lll.h.-_,.u‘,l X-axis s e t..l.l_;'i'p CJ.L.U..H.J‘.UA o
. i i #55% N\@u:y}dlml_;}aj‘l o
Horizontal hammer (Adl g : 2

iya Y Vertical down wards gasals h ; B
il Vertical down wards : (

P28l L goe (ada 5143 add afbfc el g Cny A A

;Jsc!m,snisw!*,ij}:qmw,%,ﬁ,cﬁ
Dy Y e 55 W Sua Dry or Wet 43w il

27 laah Wet 4dal S8 ol Sl

Lkl 22 lgall Dry ddall ciS g1y

S aaal) A5, 0y b N gl gl o 8 Lokl ol
core J) 4y b A

check for quality : ASAY! 134 2l gd G o

- - BT AMea F _
- 4.1 — —

-- |8 | =——=7To_\

- M= onstructor s
= (DCE DISLANCE 150 mm
.“ A MR THCKNESS 150 mem
< CLEAR CAP FROM ROBFORCIMENT 50 mm d -
L

RO suTug wILOCTY 183 w/5 1%
o TO fa D AT EeGeT aseCa [ FROM SORFACT

AAEILYI U el A1 il 431y Rebound Hammer &a 483 Jisi [

SO Al Jia (o 98] ATl )R S L JS g e )3 iy Jlanas (Blhay (s 4uly g O

bilali Algh (989 ( Exposed length ) g AN Jehll ey £ S0 ¢ 500 Jb Gaddi Wy [
100mm

=1 strength J) Sis g alll Jebh a3 Js O

+ Sl aladiu¥l ai daadly daald) Wi w0

el B e oS ot OSaadl G et (Bl 22V

LN Agall Cra 7 i leeal) A8 dia AR Al SIS 1NV
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windsor Frobe Fenetration Kesistance

/ strength J) oeb8 sl e e daldl Boks v
<, 23y ) R b ] Smm gy il ) D O 22
— Blue : soft aggregate

— Red : hard aggregate

15} = =
daaadt A Gk Al
wle “ baselt
s Miohs Mo
s | | ]
as 't} a5 [T _Lu_ﬂ.;,,_,! @;.II. JJI;‘M
Exposed probwe ength (mm )
L]
e
o Tooo ol Bt Wil el i}
[ o Cartsa
'll.' R
,~¢' [ L gty Vormgataes e Gt
(= ]
g lllll -
= i
o \
: 1
a Foony hgaraa
[ a——" P
(L T C mstm _._H_'_‘.-—-""-
F—eo—o—o
3 & L] F L] - o

AAEHET PEARIISTSS SO ALN

16

Pull-out Test

Ja & geas (39S pull out bar g 4a gala steal J) e 425l 4akid ; Embedded insert
ageall B pdage gh LS g AL Gl A0 Jila dy pl L2 SR Sy Al Al

e Gl Al (adiD ) kS Ga gAY Ga e LS pull out force (pasd b ghy 36 a0
‘ W 45 4y

strength ke i adl Jyaady L Uy Al A0 &S A force J) Mk sl pall (a8 L
T Rebound Hammer & windsor o4 4ba s

L

e | em
4 | oy
f %J i o am ab
‘\i -~ . ( partially destructive ) Lijs A3 il qujdy
= |

/ ) e iy peae Sy gasle JX Embedded insert <yl Ol g

-

L = 5

€ € W

]
]
]
]
]
]
&5 mm
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Steel Pull-off Test
A 301 aa zealoil] i dailad ] AS3Y) 138 padi
D O Al LEAY) VA Jee oy 4
(S 13y LS 5 o A 30 8 bl 3y3n (o p 05 D Bl oS 2 ping G220 e a0
Wi Gagiill yASEL 20 28 1,2 JS2N Jl gt
oo i a3l 53 I J sk development length <ed of 30y elidl 3 gk e 3s laiie) s
AR 138 22355 el 59 sl

D pladul Ak o
Al padl e ypoalt adi ) bl dyos cal gy A0l AT caeay (81 A0 4G plal)

(Ul 1 ekl e gl gl 236 iy iy e
@5 bound J a3y ( steel failure ) %6100 dacasea Ll 5 58, N Jokl e jall 6 Jala 2as
dadl i

“;‘,1 bound d'| ;.J",-H-IJ% 100“\_‘\‘“' .,iub_,.xltuau.q)a.'h’l 5);." du);.]‘w&_)ﬁ-_)—s-j
..th\.LuLu]lui ,&&#lwu&q 5

§ :
(i

ATEFL FAmURE COMC P T A Ao T PO F A LR

e

Cover meter / pachometer / R-meter

7 MAGNATIC
7 Locates the position of steel bars.

7 Measvres spacing.

7 Measures the cover to steel bars.

Get approximate value for the diameter.

u

aaalt JA1a Sy gall 038 adiad 1) gl 3003 352 9 3y Lpuhliig Sl ga (Blhy Ll 3 e gudy 4 v
Sl alt Juu g Jua ey Sl gal) Jullinny Jilliana o Jgad) 5 5ay
L)) A Apablinal gl jlaia ey jlga o 5 fay Jgadl v

WM,@iM@l Bl ke S w8 pleddl) 3 ) JuiTeaad)  Joapalt ddlusa LS La S v
rerleadl) Lo (ASa Al e

Bodbia paalt (388 Jlgadl O g 138 ey La ST pall (595 Latie v

oledll 2paa (ASa & ma A 4T 50058 aal v

183 DR T T T A ; ; s 3
N2 mmobald o 5ol 4 Lok 40 000 4 b Laig) eald e 18 Mo SlBLaalt 48 aa aahill
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Ultrasonic Pulse Velocity Test

Ve Al pe G 405 e 398 Sl g S g AU 0SSl
# micro second s p Al jaN ye 5y jall Do gl 4 R0 G a1 LA S Lal 0Ky
i JOA e A3l AT B 8 el ol ey Ae ) sy 4 0
R P RSB BSPIICAEVE JISTPRP Bt WREU Y > FRRMRATE L TR SR
L(Between Transducer)
T(Msec)

* 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

Pt e

A T L TR S
s Tmer and

Tranammtor |-

Ultrasonic Pulse Velocity Test
Direction of measurement

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

direct semi-direct indirect (surface)

1 2 3

adked A iy A

(483 ¥ ) maiadll L ey LS D i) U3 (a8 e 3y ey s sl 5 Diirect

(Mas ya dla) S AN S 6 e JEAN 1oy el Jlia JS2 t,r ) aa y okl Y Wl semi-direct .
((A0s JBW1 ) Jaid mlandt it 8 RSN Hagy N g,r J e g polaliedl Y mdandS YD ey i ; Indirect .

: S gl .
SSD or Dry duall ¢ 5
aggregate J ¢ #
Uil e HET aall Bel 8 GY Bedali S0 0 9S8 oad) e Sl gal) g pe 2ie b ol Sta 3gay
165 e 2adiy bl aoa S 4 e cover meter JI e Opnie
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Ultrasonic Pulse Velocity Test

Ll Y
“'I-Q 1 46 15 154 1.58
T ] 1 T T
Example
saf- j 2 v=4.56
I,F
i i Calculate cement/aggregate
® ratio as follows:
g !‘L [ 3000
_§ Example: Mix proportions per
i § a cubic meter of concrete are:
‘ o Water 180 kg
b Cement 300 kg
=} b
Coarse aggregate 1000 kg
18 i = Fine aggregate 800 kg
m\; 1. cement/aggregate ratio is
. 300 /(1000+800) =
1/6
E_J 4.‘4 l‘.‘ a8 :T Il.' 4 g
Pubar velarity - b e 1EB

Ultrasonic Pulse Velocity Test

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

e 08y ey 1 IS 230 5 cracks Js t,r aaiad | cracks J) Gas e A B Glal) paan

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.

167
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Ultrasonic Pulse Velocity Test

Calculations
2,[d* +
po2L_\ 2
P T

1 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.

— e N —————
Ultrasonic Pulse Velocity Test

Check internal voids or cracks.

&0 Velocity is highest when it passes through solid concrete.
0 Internal honeycombing (Lsa3)can be located and repaired.

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

JOEU BN € Cracks o) ohstad A0 AN S 5 & bl o
Moa1_;iqxﬂ-u)a.ju.a_.n.l_\y‘i H;Il-l..\l:. I..J)SJJ.E-J..H(J

:Jj]..ijj)ﬁin_ﬂjuLLJJLathu)qubdl ALY A S gl Lt
) ey 1S 285 2Ly Cracks sas (

:J 3548 Cracks pas O 255G U g 5el 8 20 Y (|
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Ultrasonic Pulse Velocity Test

xample dr hisham

F 1
Detetrmine tmchk JQPH. cd) e i M ﬂt
T = dansmibie~ = - J— ,l-—-r
X —
R = Fere,ver d e 3 ooy - 2
1 -
Rl ,!.. O mc-h--u’ b ’ = :

Lom Vd )t 5, Lo Vd% c2f

Assrna tHeal Ty = Time me..g_“._...r_g( — Ma‘dv‘f (A'- = )

-~ - Tanm * % % Py 2 CExax
V = byt +
tier e
7. v = 2L, . 2 N l,,(_z‘,]l
; 7 Ty
a .k 7 Z2hs . z yYJd'v 5y
7= 7o

,-4,. Concmate to Ti Stete %= Ve Toa Mf-ts--nmc-f‘:‘.,
""-n V‘ = VL

Get d.

170

Ultrasonic Pulse Velocity Test

- T

d,
Web ity i steel @
R-G-J= P-7
Inc £ 73 L"
# - iy
I. » .! - é‘ﬂ‘k
_”@ e - r-cu‘.'. - A"} @
. Ve '

V, & the u.flaqi!j d--- ﬁu-' (:j R_c__..__..-)..r
Hee crach. © f“” el J

- L —
S iaseats ) meeel sz the wcl:-r-_'j
7 S [ ’-f Hee ConerE e | [€))
250D - ¢ ’”‘f

AL [
P e
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Ultrasonic Pulse Velocity Test
Questions for Discussion (USPV)

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

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

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

f the measured SSD the velocity increases than Dry

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

[he hardness for basalt more than from limestone so the velocity
vill be increases

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

woneycombed areas increases then in water and decreases than in concrete

172
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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 o T T P T T
pladly Clan) G JEUN 430 paien) (Baoh 08 g9y 28 3y & sllaal) § 4Rl Llue A J et g Shads (2 Y
pla | plias I g GiAT s 2y AL AN Y

capillary pores J (3135 Gay v

0.70 & JH w/fc Jy il dads Aadlaadl (B Aasiiinal) abyal) (3955 (G g o

7 Al A il M g0 Laa A0l A0 ol A e 15 AN Jal gl Gl U <

{temperature , wind , humidity }

: (shrinkage) 43w i) A SULE i jpeay ) s g2 L 1)

= | Eu.ﬁ o

: Autogenous shrinkage cracks (1

ianh clils v

D3 A0 8 alualt AgaS A5 Gl g plall fr Cilanl) JEUS qupuny adal) (alll Aaui Eaas v

: plastic shrinkage cracks O

Tl sladl e A3 ey Apagale (196 ¥

FST slgddl any el 24 O 8130 0l A0 s pie Sl 4 2ias v

ki Lgalead (8lg 5okl 2 49 123 em e Lol gSan

: Drying shrinkage O

H 3 PA gl v

183 i) pa g e ¥
eleall) & dilSa y Lmea f big cracks 44N (A phad) 4503 (e 85 ¥

Curing methods
1) Sprinkle with water :

oall (2
e gps 0¥ 40y 00 <
Bla Ll pall ol g 238 maaen Dhs 3l 54 G 1 e 52l SIS 135 pall e 2505+
T Rl
sl (e 5308 aS D lins v
2) Cover with burlap :

Tpnaa 5l lee Gung ban elaly Lgnsiki o3 Ga g iy 2ok a3k

3) Cover with wet sand :

2 . sl Jaly Akt o
* Useful in hot weathffn ’ i B0 gSaia Ja ) e il
% Sand can be reused in construction N e Ay el ata 50y

LYl Y1 Al Y o
Sy S0 Joa s Jad GLUD 3 prity o

4) Cover with sawdust

«* Make sure that it does not contain tanic acid or oxalic aadd) 3 ] o
acid. G A s e S iy 5 3yl o

<* Notused in Jordan Ul yalls s abaal e 5 23 £1 51 ans <

189

Curing methods

5) Cover with impermeable membrane:
a4l kil o
elall i adai 1350 sl Lphaid o3 sl Bl il (25 o)
Aje Y 3 el hUadl A (cracks) Sl qud Yl Ly e O <
6) Cover with impermeable - curing paints
# Form impermeable membranes on the surface of concrete. 4] jle s JC230 Cldash e fne B plaail u3
< Correct application is a must. g c_—:*)”-" te Gt u" By W
7) Pooling :

{ ]

S ey i 508 Sy elal) ey Ja M e e e Bk e 38 Jae
Y M mlad o
8) Immerse in water :
sl (3121 o
3k Juail 4 &
(Precast concrete elements.) weal) diea 3 52l A\ Baale) 5
9) Use curing admixture :
Lhad (e Ly 5 % B0 Lbillad 5555 oLl ja5 aidih Capillary pores J) G3&) e Jaad 3 ga Zilial o3y o
Immerse in water
10) Keep form work in place

Joskd ol 2
190 aghaiagaly i Loy 2gmga jlshll 1oy o
Gl &1 Allad o
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Curing methods

11) Electric Concrete Curing Blankets

*» Useful in cold weather or precast concrete
i a5 ) yall JaS o AL Alals ol s ke W) 638 W al o s Gkl e 3 ke, 033055050 2
rteall Lie s a0 o 325U ) ga¥) L haa Aad | 3 5 LS5 ) jaldl A pa aaiy il dds

12) Steam curing :

S plasiady LG 2

S plasidy Bla AN E ) s ad ) Bk OF el Sl a5 e Jass

a3l g Ji5 LS I3 AN B A A0 5 8 3

Precast wieall A Alu il b p2805 o

cracks <UEES Siasg Y LS gyl ) pall Aa  adl 5 Sua ppal SN ARl R 50 o g o

8

Detay Y e MManimum temperatere ‘I ]
L) T 'p'“ﬂ_" - il - L {17
[]
.
L] [ ]
L]
L]
* ~i1zs
L]
[ L o
. -
Y [ {i ]
L]
k!
SED
L
10 Jan
i i i
131 o k] 1 (L] a0 3

Curing methods

13) Self - curing concrete :

,.,.i....ll i’:ﬁ i.l.-_,i 0:0
special admixture 5 V3 Lle paloaisl 3a ) aggregate Juaain) o sdad Upa 33 )l o
(% 20- 25 ) 51 5B alacia} Ay (3555
e el 220 G g Tl Faaad) e ol iy it Y1 Y e 1 558 elaly Raeasl) Bitat ol o
oSyl o Wy A Wy o Yy Ak Z U3 W Ui aa
+  Self curing concrete allows ‘internal curing’

< by allowing for curing ‘from the inside to outside’ through the
internal reservoirs: saturated lightweight aggregates,

<+ super absorbent polymers, or
< salurated wood fibers (for special concretes)

= High absorbent light weight Aggregate
= Special admixtures

Curing methods
14) Microwave curing

o

< 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

laa e 4yl o

Precastijalall ide i) adas J o2dis o
steam O p ol i

Microwave <iel. 6 Jiud steam el 24 <
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Maturity of Concrete
Al 30 e;u':.'n
JSLa (5l (g0 A llaall 6 Al L gy ing gy A Ja1 7 g ol
el e iy JS5 sdad o
Ul i 8 aalias (o3 B gl 2 pae Blaall a2a (e ingdl ol
creall gy 5 o S pall 30 e A e 20K 13 o
Jelii 2a p ¥ 11-5 a0 2l
admixture (accelerator) —ie=3 5 A 11 Jws ) ol &a j ZalS 13 o

O The maturity method is a technique for a?proximatelyrredicting
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.

O Maturity is a measure of how far hydration has progressed

0 Maturity is a time-age relationship
O Important to determine when to strike formwork

1%

Maturity of Concrete

 The simplest common expression for
maturity is

M=) (T, -T,)At

= where:
I T.= average concrete temperature during each time interval
L Lle 55 5305 ) all dn o
¢ Ty=temperature below which cement hydrationis
ceases (stops); mostly taken (-11 C°) DATUM.
11 - o A Al o3a 5 i 4y el Jelidh e (1550 5all da 0
+ Af=time intervals, days or hours

+ X =summation of all the intervals of time muiltiplied
by temperature.

Maturity of Concrete

The simple relation between compressive strength and maturity

Strength=A +B logM
Where:
A: y-intercept, B: slope,
£l

M: maturity (unit) ( c . days)

A and B are constants that value vary according to concrete

"F days

10 m 1IN} 2w L L] L]

- T T T T T T T

Gt 532 S Dyt Al 13 ik
oSlef A3l Janis
m=temp * age 55,
sl e S Y

Comprrssive strength - MPy
¥

1w}

196 o 1 1 & i 1 i
i 1 5 { {1 ) ([} L LT TITT) LT 1]
Maimrity (kog scale) = “U" days
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Maturity of Concrete

Example :

« A. Assume that the relationship between strength and concreteis
f'.=-33421 logM

« 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.
+ Calculate the standard strength.

A. 1 .=-33+21logM

17=-33421log,, M

M= 240.4 °C.days

= ¥(Ta-Datum)at
240.4 = (27-(-11))xAt
At=6.32days

B. M=(22+11) x(28) = 924 °C.days
It is acceptable to use 20 instead of 22.
197 '.=-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?

'e=-33+21 logM

1-Strength

« ,=-33+21 log;x M

« M=7(30+11) =287 C° days

e §.=-33421 log,,287=18.6 MPa

2-Temperature

e §.=-33+21 log,x M

+ 30=-33+21log o M

* M=1000 C° days

« M=28(Ta+11) =1000 C° days
*+ Ta=24.7C°~25C°

Maturity of Concrete
When to strike formwork ? _bshll Jii 2a

+ |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.

s Oulale o adaSe

il maturity Gl y oS of v

ot ol asdle sa da 008 of structural element J) g 5 v/
¢ Jushl Jily Jad

Sia Lslhdi 5 il g %75 strength by 131V
T % 75 shrinkage <lay 1M v
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Lis (ol ppd Maturity of Concrete

: L. s Gyl il ey WA G i
250 Maturity J Jeadihas sy La Jyaady Ba g palt il 56 Jiy ¥ )9 Maturity b
Curing condlilon Type of ceomoent Mllnlmvum perdod of curling and

protection (days) for averuge
surface tempersture of concrote:

betwoen SN nny lemperniure,
and 1O "¢ ™ between [0
(41 nml SO =1°) nmd 28 o

(=20 and 77 =1)

Clovared ! divmip and Al types No specind requirements
protected (relontive

humidity = KO per LiaSay Adladl o)

vent, protected from "atur“yJ ol "'3

suny and wind)

Average: between Porthand, cliss 42,5 4 OO+ 10O)
pood and poor or 52,5 and Sulfinte-

resisting PPortland,

clisns A2, 5

Al types excepl o RO/ (s + 1))
those nbowvy
Paor: dry or Portlinnd, cliass 42,5 6 HO/ (¢ + 1)
unprotected (relative oFr 52,5 and Sullate=
humidity = 50 per resisting "ortlind,
vent, not protected Cliass 42,5

From sun and wind)
ANl types except 10 1O/ (7 4 1))
those above

* = temperature ("C) in the Fformula 1o caloulate the minimum period of proijection
in davs
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Durability and Deterioration of Concrete
Aol )30 il & Aga gags
What is durability?

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

Q Durability of concrete may be defined as the ability of concrete to resist
various deteriorating factorsin its environment.

o il gl R il e
Chemical factors : R S S s e
* Sulfates ¢ i gy ) s R0 A Adngaal) g ) pudd
* Acids Chemicalfactors v

+ Alkali-silicate reaction
v

+ Carbonation Physical factors

+ Chlorides

v
« Corrosion of steel Mechanicalfactors

Biologicalfactors v

Durability : Chemical factors

» Sulfates : o JMa edai day 5
$ Oiban e Ay GSas

A) External sources : -
£ A 01 L 50 i) 0
ol G K Y i gy e ) i Ay e B i SV
s 3 L Y s gl o el ey U S0 S Ll 5 A Al e
Do Jialuy 1or Co W sy
B) Internal sources

e Al Pl e duat  lin § ulad sla DG 1S 43 aggregate Lasadud 1A q:is

» S0O.~+C,A+H,0+Ca(0OH), - Ettringite;

Ettringite is a high-sulfate calcium_sulfoaluminate hydrate mineral

Aggressive Sulfates : < How to avoid or reduce sulfate attack on
1. Magnesium concrete? (Discussion)

’ 2l 80 i s cndiall ey 223 L S asis L1
2. Sodium s Sl K0 036 | 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
0z &1 e kil high cement content, low water to concrete ratio
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Durability : Chemical factors
Effect of sea-water

The most dangerous is the tidal zone

Zuall el el U e ey
(contain chlorides & sulfate in medium value) 4w yie Sl 12 55l Si5 S (5 95y 1 45, 5kd o
mﬁ‘ s ("‘n m") tidal zane&mgﬁoﬁﬂj! W ils A Sy el g Sy ST Sy
d'l._1.11|.".“,a‘, (LI '.‘.’l_,_'h'h_’ i.ui:'l n.‘.'.nl.'g_),ﬂh O35 tidal zone I:Il:lv:l:l il A
P DUPEL W < U PR SUARY PR U YL PO~ S B
sulfate attack 38 ol oba imey As )21 Sy ) (o JSy 5
cohesion steal bars foladll Haa e ) (5255 LES Dl j3T1 a5 Y Lia Sy 58l <5

High tide
v

Low 1%(-! Tidal zone
A\

v

h Most severe
altacked location

Mud-ine
[

LN IR

Durability : Chemical factors

Acids

» Effect on Ca(OH)2 : a Jelis Glu 3l Jay aas 5l (gaell dany Ll )30
» Concrete becomes soft material : &sasall 4225 jualy <35 L Jyf A 3l
* Very dangerous when reaches steel s 48 20all Sl y 13)

WS RSTEEak Carbonation of Concrete
* Non organic + Carbon dioxide (CO,) dissolves in pore water (H,0)
- Nitric Acid (HNO3) to produce carbonic acid
- Sulfuric acid (H2504) - (H,C0,): 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),~ CaC0,+ 2H,0
» Carbonation reduces pH value encouraging steel
cOorosion

Durability : Chemical factors

Alkali-Silicate Reaction (ASR)
Alkali-Aggregate Reaction (AAR)
Concreta Cancer

~ Alkali from cement or any other source + Water + free silica from aggregate—
Alkali silicate hydrate gel

» Expansive and disruptive causing cracks DA AN M e ey taa padlad e lioh o3
We can't be stopped v

We can't be repaired v
How to reduce ASR 7 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)
*+ Control access to water

< Use lithium additives prior to placement of concrete oras a
treatment in already existing concrete. J2SaY gl gl Ha g o

< Limit total amount of alkalis in concrete to a max of 3kg/m3.

205
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Alkali-Silica Reaction
Effect of Total Alkali content

A Alkali content
Strain (mass of Na:0O equivalent per
(%) unit volume of concrete)
6 kg/m?
0.2 -
& kg/m3
0.1+
3.5 kg/m?
l//m,:__ =
0 - T T T Lt
(o] 3 [5] -]

Time (month)

206

T 82yl gpan Durability : Chemical factors
i i 3
e ot Corrosion of Reinforcement
The corrosion of steel bars and effect of pH value.
il el 2D el Yaa aay Bl 0 PH 2523 13 = PH Qmall L jal) wimal
e PH oy pane 43 il i jaa it s i) pae o JoW1 DIl A =l ypsa 84
el aa i PH 08
Syl 3 gy P At Al PH Jaad &) i) padl 22! CafoH),
Ye PH Ao L gall gl i Jids 52 pa pall 20 10 ) CaOHree MgO/ K;0 Jie
10.5PH aadl jpeay L zal paans oad) Ly
b sea Jsa protective layer JS5 R05 e Gide 5y CaoH3 ply Jelid) Uy g ieay 22al) 124 10.5=PH e
i p g alt JMJMJY*@#'J:WHJ-SSJ'* Aaall 4l 9.5 Wy i 2 .;51
LAl i M 5250 24T a3l pal) pnn (o 555 51 Lpana ol ol eSS0 1 s
A il J""S"'.JJII J—FWJ&HJMM—H-‘#M%J' sl JLi-'J..H—Sﬂh..)—J
o ¥ geas adpin Laall 1A jaad i
mall g 98 12 e gl 2 ga g jaal gl die alde 13V Crakes 3 g
* Jal gl e de yana T p Y pasd) paay o
105 00 1 PH 0.5
Paeall land o 351 S 31 53y
el Glaad o 530 el s o 330 clall i g
kil eyl ALY 0 Vtal) B Sl eyt SLELD
Saat Wil e KT G0 LD sl e fial) M
il Sl pad 2 V9558 AL sk phi S0 0
28 OS2 =l i aad cover 45w Dl jLa JS
"'JﬂJa{J‘Jut_-n!ﬂ._,;iwu.JJﬁl [ﬂver_'syui\_\a-l uJJWhuu.’m il W |

Durability : Chemical factors
Presence and Effectof Chlorides

Tow types :
* Internal sources: Mainly sand (Sand or aggregate)

« External sources : see water
* Chlorides causes: Provokes( <) corrosion (Pitting corrosion)

» Results of Corrosion of Rebars Pitting corrosion due to alkalis :
Reduction in Cross-Sectional Area and Pitting Corrosion

‘\'\"\‘x"\iuiui-a\"\\‘\'\"\\\\'\\‘\‘\

Syl ey e faall 355 AN el gall e ¥
Tl 20 L 2 gy ) Sl AT € B 4y sl 2 i e celey 0y )l 2 ey
C3A Jeliy Sal Sy W dalldl e ol alill v
PP LI ST RS INT L IUES) (P 4
Jymica o p2iied o cang B lSH i) piied s v
Jgmin 43 A2 G iy I il jadl By 5 DL (g 380 s Ry i Jaj e i o 01 BV
DAl S 2y 5516 3 g ald S e g 2SNy St 7 0 225k Pitting corrosion v
e s How can we reduce corrosion of steel in concrete?
L 0y —r
ir " ir J,--LA agg - .1
ol "'........, L) iy i€ Jasiad (€5 OpC i) § 45 p2iiedd 2
t \Qi“..;,"‘ <5 (ol Jiggus B ) die Jas 3
e e C3A 4 Cibenl p2iil 4
2048 Sleel
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Durability : Physical factors

Main Physical factors :
¢ Plastic settlement
(I sl s 3V 5 ) o) apind g0 BB b g b1 p0m S g5 i om S Jomny
| el Llee 2033 )80 Slelu b Seay g Adalidl A ab ) a9 penii 1 cand] v
« Shrinkage : (types)
- Autogenous shrinkage

Jid Slasll Jelidl) Ldds Sazay v
- Plastic shrinkage
curing J JaU sie #U)l sladl e 0 gale SALET o § 4 pla B 53y ZizaS
s Al a3y Y e ll) 3 Zizsy v
FST el 2 S2agy v

-~ Drying shrinkage
e A U 3 jae Ga ped) ol Ul g 50 20 ey ol S gay Lehee S e g La ) 1A A T4 e S5 v
el Jelidll 4 ) paidd ga 43 ) jal)
* Temperature effects

* Freeze and thaw

Durability : Physical factors

Autogenous shrinkage

« Autogenous shrinkage, also known as “basic shrinkage,” is the shrinkage
due to chemica i ration) between cement wit

« lts magnitude is usually ignored in low strength concretes.

« Itis importantin high strength concrete with w/c more than 0.40.
Llle aied 5,85 Alle Al HAN 5 48 a8 13 Lal aladl Db jall 5ol 5 psia 450aS ()5S0

Less than w/c 0.4

Shrinkage

4 & LY
Autogencus sharka
:wn%‘png e

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 termperature straincanbe +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

R L e
- e 3 ity ol S

Main Temperature Effects

!
..... i

! —
[ . -

* Elongation & shortening e—— i

= {
= '= % { —

* Heat of hydration F T S e e :

28 A g3 pade i ) e Linear Expansion P aT.
Ul gl ads plalia b ‘:"—ms'r L=+ AT F - 1= - At
(LHC) - 8
ar -~ thermal coelMicieni o eI T =T, s AT
2n il Vifiar ox prans i I_ P ..I
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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/c ratio should be less than 0.5

U il e S50 ) A5 v

o baadid s il cracks oS v

U A ol gana 2y 34 il 5 ) el S35 W0 0 e v

o phen bl allilyy Al 80 S5 Appe Llaal) aBa 835 258 S0 cracks o) SAS LS v

D ey JS2 Frost action s <
;ﬁ,\.hJ‘f1JJ,___;I!ij.;y.:.Iian!th}A!iM1vi v

212

Durability : Mechanical factors
+ Abrasion: JSW )l Sy
Angular aggregate decrease of abrasion or wear
Add Harding material on surface
LYY (30 Bia ) ) PR BN S KA 2 AT D A 30 S v/
PSR a1 o
Angular aggregate Jis JRSis3M . ylie appregate p230 v
oald S5 adladl 8 aaiinyy Hardned material (o 4 3l aland) o 5da p2305 v/

+  Erosion: 4l y2all
uﬂ,hﬂl‘\.ﬁ.‘sthdmmqlnmJg);J]mmqlamrh_ﬂvLa_pﬂMMu v
':'-{-}"'"E':"' <i Hihw‘ylml u"a'_,,:b.-.nl' w&_‘*ﬂﬂl}uﬂimﬂ.’l v

+ Cavitations : i
B g Ly RN SN B S K2 ey v
3 e i B G 3120k it i i G310 (5 R gD b g il v

+ Impact
{q:j.:-uh.—.a) _,h..,.LL..;Jl,;a.U;J.J._-..._LL_;
I l'm.‘ -
+ Vibration
213

Erosion Cavitations Abrasion

Durability : Biological Effects

D oflallala oy p 2 30 Cony N Sl Al iy Sl T o R 80 b S S b 2
. Types Of bﬂctaﬁﬂ i.l-LHaJIJ.'h uJ.JJ GIJ.IJI_, eladl U‘“ r-'u:n.lq:n L’Ehm

- Sulfate-reducing bacteria (SRB)
H2S Wy z a3, sulfate(sod) J 3l 35k oo J818 cua 1314 06 v
i S AT A Al G, Y Al A A 3 CaOH2 e Jelin H2S aal 5 13 v
(anaerobic)elsm 25y Os 53T 0 VU 5550 Lpalinay 5 el g 3 S0 030 (fad v
- Sulfur-oxidizing bacteria (SOB)
(erobic 3, 4 ,a8) d5 58 M 4l jady LH i aga pall o &0 peaie 335 v
- lron-oxidizing bacteria (10B)
oAl e Mty mlldl ses e 53T el 361G Jus v
tuber clowzer i) Ju (o jas a3 allill s34 v
- Oil-oxidizing bacteria (OOB)
anaerobic 45 ¥ (a y G jad G lyaady il Slilie 3 RS L 3K (e ke v
30 50 Ay H2S e pamy bith K1 35k (e il SR (e G0 S 5 52e) h‘ ahi ey s v
Rl gl b
- Self-healing bacteria (SHB)
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Durability : Biological Effects

Steel Biocorrosion Tuberculosis (TB) of Pipes
Iron-oxidizing bacteria (10B)
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Summary PPN 18, AR

* 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.
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* This zone becomes a putty-like material.

* A greenish color may be observed 216
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