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Setting and hardening

Ao gliall ki 1.6
Learning objectives  dalxill cilaayl 1.1.6

Bl R e o

ma‘ywmw\ﬂu‘)ﬂ\&\y\wddﬂujw\J}LJ&}»MJ\AA2

UA@JM&‘}JYMJM‘J}LJ@JMEQM&M‘JMJ&Y\ z ..BJ‘JJ“_\\‘).ULQKJ.LAJ_B
. il 3l

il 2l (e g5 An il sk e s e Aadladl gk i il Cany 4

sty iadl b adbu jall aagliall ) ki Aoy dana g A8 30 Bk a5

Introduction 4l 2,16

c_s_s.a)u.umﬂwm&wM\L@ﬁcﬂ@ﬂ\m\;umﬁamcﬂamwmuﬂ\ujm
;DAJY\MJBA‘M‘MJ\AA duu&kmamuﬁﬂu);j\ujm MJM&‘M‘LJ}JL
umj\wﬂg;)})@\wu}&.btua\ujm@ ¢ JUal) Juw e | .LLL@Y\MJ\AAJ\
I (100 mm ) sl Jyk casSay 43 5hudl (150 mm * 300 mm ) e « sl JS2
(tri-axial Dgaall (N Jreadl Mk ¢ L@uha;_am\;dmuj).bdmh\mjmﬁ\
alatid ‘:J Cald 5 ,all as“ dgat Y Jabeaty da glaal iluliall oda o jaial) <ild g il loading )
&= . uaaﬂ\db&u\yoﬁyd‘@bﬁ\M\éubjﬂ\é\wy)c)jm:a)uuﬁumjﬂ\
A_AJM‘MUJ(,_@_A\J.AM\ ﬂu}&uaﬂ\&u@msmm\yug&\M\cuw\
ddial gall (150 mm 300mm )u..ql.mbu\ ) 430 syl UAGL:\ da glia dic c_\.udhl datiig
(mnrns) sl Cariesi€ (150 mm * 300mm ) 43 shadl) doris ( EN 206-1 ) 4,31

(150mm)4.dmd)£¢5ﬂ\u:£.d\\.e.ah



43

e e ¢ i sms Ll Jpumsl) (Say il 288 38 Y paamil] AiSLa gl Lgad () iy,
. (grease )%J\w@i&kwéﬁéﬂhMc#wo@bﬁcMhd&\
A%J\ymé}m‘é_gjﬁcauﬂb(16 )d‘j.\_;l\LAYc dﬁ‘&j&&ﬂb&dﬁd‘t_ﬁjﬁ

(1.6 ) JSall ¢ Jpeal oLy

AW eilin A g1 aila 25 ()52 5 e Bl Aaglia (1.6 ) I
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Grade 50 concrete

- High workability concrete

——— Medium workability concrete
Grade 40 concrete

Grade 30 concrete

Grade 20 concrete

Cube strength N/mm?

Time (days)
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Aggregate type 28 — day strength
Free w/c ratio
0.65 0.50
Granite 38.5 54.0
Carboniferous limestone S0 54.0
Natural gravel 32.5 83.8
Jurnssic oolitic limestone 30.0 43.0
Dolomitic limestone 34.0 43.5
Lightweight (sintered pfa) 28.1 37.0
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Cement content (kg/m?)
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Curing conditions aladl cag ) 516 —
Aala¥) Alad 0 A8l iyl a ALyl By Gogun oLl il ¢ plal) allah ciians) Aol
o) pall b cilallaall A0 | e i) Sy AaleY) Alee (a5 Lanic 5 Ll Jpem sl oy g
) (11.6) JSall e A

Continuously moist cured = ~| 6000

in air after 28 days

5000
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Compressive strength (Ib/in?)
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Mix data ~V
W/C 0.50 o -1.2000 o
Slump 80 mm (3.5 in) N7
Cement content 330 kg/m® (556 Ib/yd®) :
Per cent sand . : 36-Air content 4% = 11000
90 ; 180
Age (days)
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Monitoring the rat of strength development
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cubs cured alongside the structure Liiall culs 8 cilaSall dallaa 1
tables of formwork striking times lldll g8, ClE ) Jslan 2
temperature matching curing path  dulid) 351 2l Aalladll s
measuring maturity, e.g. COMA probe gs=ill 4,5 (s |
penetration tests, e.g. Windsor probe &l 5a¥) &ila p8
break-off test, e.g. TNS-test < sill <l jlial |

pull-out tests, e.g. LOK-test caudl il sl

rebound-hammer ;¥ 48 jloa .
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Method

Cubs cured alongside

Tables

Temperature-matched
curing path

Measuring maturity
with thermocouples

Measuring maturity
with meter or COMA
probe

Penetration tests, e.g.
Windsor probe

Break-off tests, e.g.
TNS test

Pull-out tests, e.g.
Lok-test

(S 5S Aa glia) Qllal) w8y cldgh (pedd Lk (3.6) s

Advantages

1.Samples concrete supplied.
2.Good for thin slaps or walls cast
in steel formwork. »

1.Simple to apply but they must
take into account the grade of
concrete

1.Samples concrete supplied
2.Produces test specimens of
equal maturity to the structure.
3.Cube test, therefore no problem
with conversion of test results.

1.Can also be used to measure
the temperature gradients across
the section.

1.Relatively simple to use.
2.Maturity can be read as many
times as necessary

1.Directly test structure.
2.Rapid.
3.Can have a second go.

1.Directly test structure.

1.Directly test structure.

2.An excellent correlation
between Lok-test value and cube
strength is claimed.

Disadvantages

1.Conservative with large or well-
insulated sections.

2.Requires cubes to be made and
tested

1.Assume concrete is as
specified.

2.Can be conservative as they
assume the concrete jest a

achieves its grade and has the
lower bound strength gain

1.Requires 110 V power supply.
2.Requires cubes to be made and
tested .

3.Eash pour needs its own TMCB

1.Assumes concrete is as
specified.

2.Need to establish and agree
strength/maturity relationship.
3.Frequent temperature readings
needed unless automatic logging
system is used

1.Assumes concrete is as
specified.

2.Need to establish and agree
strength/maturity relationship

1.Need to establish and agree
strength/penetration relationship.
This is not easy with normal-sized
cubes and low strengths

2.Wide scatter at low strengths.
3.Need to repair surface.

1.Requires inserts.

2.Need to repair surface.

3.Scatter of results so 5-6 inserts
needed.

4.Need to establish
strength/break-off relationship.

1.Until confidence is developed,
need to establish strength/pull-out
relationship
2.Requires
section).
3.Need to repair serface

inserts(5-6 per
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(CIRIA Report 136) ¢ 353k g 501 (4.6) 2>
Jsme e gsle o o adiall g il ¢ a5 a3l (aLYL) Liall Al o8 8
f— Curing membrane

AP TIIIIIIIIIIIIIIIIIe o

Side forms removed at a
concrete strength of 2 N/mm?

Conditions of use
1. The non-formed surfaces are cured.
2. The concrete placing temperature is at least the mean air
temperature. Higher placing temperature are not significant.
3. The table applies to any concrete that satisfies the criteria given in ~

section 6.1.7.

Specified | Required cube Type of cement | Mean air| -
Concrete | Strength (N/mm? temperature(C°)
5 10 15 »
Grade 20 5 PC-52.5 5 3.5 2.5
5 PC-42.5 6 4 2.5
10 9 6.5 5
17 13 10 =
Grade 25 5 PC-52.5 4 2.5 2
5 PC-42.5 4.5 3 2 T
10 6.5 5 4
15 12 9 7
20 26 19 15
Grade 30 5 PC-52.5 3.5 2 1.5
5 PC-42.5 4 25 2
10 5 4 3 i
15 9 7 5.5
20 17 13 10
Grade 40 5 PC-52.5 2 1.5 1 -3
5 PC-42.5 3 2 1.5
10 3.5 2.5 2
15 5 4 3 R,
20 8 5.5 4.5
30 20 15 12
Grade 50 5 PC-52.5 1.5 1 1 3
5 PC-42.5 2.5 1.5 1
10 3 2 1.5
15 4 3 2.5 -
20 5 4 3
30 10 8 6
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daga e 0558 Liall adaall aledl 1

(2 N/Mm?) Al 2l i glie culS Loxie 4l 5 o3 4diell ol JS8 o (a5 2

5 (PC-42.5) ¢ 55 cian) (5 N/mm?) W lais s il Aliaiio gl lany dsaadl .3

L Crianl] e g IS ket i V) 8 s (e e W) Aagliall (PC-52.5)

Temperature- matched curing path 43Skl &) ) e alldl jass @
5ol pall Lilus Jlea ey pasill 138 o)L (12.6) JS30 e (ate panill 1] (a3 gaill JR3
¢ LA g slall ¢ slae 1 3A ¢ Vs Gigian pale i o3 ((Temperature sensor)
Bl 8 (3 asm s 8yl allal (a3 Laxie | 3 pla olai o 3 ) jall Guvaie Slea s Gl
OsS3 Crmy slall ey 45 ) 38l 8 slally o spmal) L&Y poaiall 3 el Sleal)
Aidao g yumd o Ll Cagun 30 b A5 Je il gl (ld oLl 130 S WA RN
cilSall oUaill 138 4 (sensor) Uil })LGAJ‘ Aa g Cun A guaall LILEYT paliell ds ol
oy e oyl il ade y G 3AN B 0333 glall ) aaal) milicay ke (golell Leadans Al
CAalie V) A4 Hlally W HLERY G gad ) 3 e 23
anly Lt pemied 1 antiasd () ¢Sy laland) | Caalanall Zadlarg A8l gt ey pladl) 10
5y all i a el g @ gy all 8 il el wSdl e Lalar e Bl 1A
oda Liid) died cuuntd) Sleall aay Al Cua ¢ Lal Al 8 WS (Temperature history)
eiall e oLl A8 pm g Gl e aaind oda () s g gall Ao gl a3 Y g | Gl
c._aj.yad\ L“;Lﬁd\j\

D 3,1 yall ae dalladll (g (12.6) JSal
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Measuring maturity ¢ =il 4x 0 o8 o
‘;&3‘)\3@\&@&3@\ éﬂd_\jcj..amaéjjmw.\;ﬁ . \.9;\); \.@.}“ quycyaﬂ\aajaﬁﬁ
é.“ﬁj&.ﬁ}ﬂ uﬁ u‘ ‘_A\ Cu ;.\.u.aj\ UABJ‘)AJ‘ C'_ng ( L"_aL_i\Tp) @JU ol ¢ ‘é_\u.iY\ ).;.a.ud\
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EJ\JAS‘ h‘jdjd\ ¢ MJM\AQL&J\}]\ J.AAJJJ‘ %J:'BJU&AM :\_“A.“EJ\JAM ZA'JJ u,ul.zé 1
Uy 7 szl da jd Gl g ¢ Aol JS M ¢ Gislla (30 ) Jalis (Thermocouple)
 Aaulie g guad
& gl 535l pall Genatia Slea Guob oo g saaill bl Jles @il Aapn oid 2
L_\_m;.gcj_;a.mh_).)u.u\_g.u . (136) Jal Ay ¢ L",,_‘\\_».'Ix.:‘}“ _)_;a.\aj‘gdoju;.aé\_las.:
‘_r‘c YETREA PRI ol c.q_uﬁ C}aﬂ\ :\éjd u»\_pl\ 3 e Uy | C}aﬂ\ 2_?.‘).) LSl o

z =il Ax jy il Jlea(13.6) Jsdll

laa o). (14.6) Jal JaaY « (COMA probe) (sl z saaill ((una) Jlawe Jlazind 3
adia’ Ay A Jglaall O gV Ailed s Ladie | Jlaa ¢ slaa (5l il dad
e iy S (g e Sl i) Al U Al AN Gua amy Vs Joladll 35) 8 e
gt AN Ly o oy L Ay phall Aili a1 3 a8 5 A HA) g 38 (8 a5 As el 4l

A el A8ladl (e 3yl gz gaaill A )3 Be) 8 a5 3 Il (he A aall 48Ul 5 (g



z saill 4 )y (il (COMA probe) Jle (14.6) J<&

Penetration tests 3yiaY¥l Glagd o

ia 5. (15.6) JSal « (Windsor probe test) sy s pands ca ey pasdl s
A A AN L0 (53 Graal) | adlu al) 3 aday) 2 cliall apaall (sse) Jlaess g8 SLESY)
okl Gaaall Jsda g Jgdall ety )58 Ciliaall asen (gl Gebill A geud | A3l jal) da sliay 483e
Jllal g 1as Ak gl o sliall 3 il Sal) 3 BN Gac 333 oy cllay g 4wl oy Al A1) (e

(dd) s e 5 JLEAY) 13 (U las
A3l Al gl g Gamdll Aot o ABMRD) 8 il ()8 A0 AV Cla saill g sl 28
ey tal el 1) il Al a0 130 L (ad | el 8 3355 () g Land o 4y paacaal
o i) (e (%95) Allaial axt 038 Ladie 4y (3 5ie 22K (%90) Jlaninl apball (10 458
el gm sl 3 28 g sl

Gl Y Ll (Windsor probe ) Jles (15.6) Jsall
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(Break-off test) yasé o

Lgudy coall 2y Yla | (16.6) JSill 8 LS ¢« (TNS-test) pasiy g yza paadll 1aa
1ia 4l () 5<5 Cuany 3l 3 (Plastic sleeve) @i (s s s gy & 4y yhall dil 2l
@yl Ay yilal) A 5D o 3aT A1 Wi Badsall B oY) die | Al Al s (5 e ge 6 3ol
faals Clane Ah2iuly | ouatl) ilasall eaiall g Lgiaels o i ) (Cores) 42 ¢Skl
&Lm)ﬂ\)..a.ud\d_ﬁux '.”’CAA:(176)JSJ\@LAS&\_)S!\@L;&;M&S\ojed.\.da.:e.u
Alall | Coasall Aaglia 8 alalie 483 Ledoda (break-off force) Cadgill 548 e )l
O9—S3da bl Al Al sa WA Gl agn s 8 (%90) O O (Keiller, 1982)
JlasS Lgie yuad Al Ay _S3ll o <aB (ACI 228,1995) Sase¥! 3591, (£ 8 N/mm?)

(%9) s~ 0S5 (coefficient of variation) sl

Applied force

4] A 6
O o B
o 6 o

Cylinder fixed at its base
to the concrete element

'\7\/‘1 QQ 7
Crack as the result
of the applied force

A

anioe

(17.6) Js&l (16.6) Jsall
( TNS-test) pasd Gilaza (Break-off test) yasé law

Pull-out test sl jaxd o
g oyl 2l a8 Ciaad Ayl 5530 (18.6) St (e (e omadl pand e
Gl by iy gl Jerian conaal) Gand LS 13 GaeSall Faglia pa 30 A83e L i 2
0S8 Lalie ] A 4l 5 5lall mhaiad) e a6 (disCS) ual 3Y) Ol s st 45 a3
adaiall 3 CamamY) g 3all

LOK-test equipment
pulling the disc from
the concrete

Zhape formed by

#izating LOK-test

imsart

Slab surface .

X

9035 o
Failure plane

Disc cast into the fresh
cancrete

) and ¢l (18.6) JSal

Rebound hammer 2xi ¥ 48 )hs jasd o
EN 12504-2 Testing ) dasY diwal sall i Cignse o5 phall A00a pasdll 138 iy
s=iall (uniformity) ettt el ade asill 36 (concrete in structure-part 3
Janiany o (1Say . (coring) lalll (asd Jhe ¢ Syaadi 35S0 Clia sadl Ll jlgialy ALEY) -
Uais (ACI 228, 1995) Sa¥ 58I | 5 i) il Al asdl 43 jles &3 13} G sliall (pesl
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S sl eSS L gl wi il ((repeatability) ol —sil A o) o le
saa (L aihal gl da gLl culd Al Jaﬂ (%10) s~ 0S5 «(coefficient of variation)
Ll ady i gl sl (35S Ly (oa g Vg Ias Abua 585 Y @l lasY)

Coring test <Ll pasi o
58T laY) sy (3 Jetiog il s | o8l 8 Aagliall j3la pasd ga QLI Gand
) e, MjM\ubuS\mymMMubabubﬂ\uA;é cﬂhd\ﬁaﬁ.ujaﬂ'é}\.xd\
Gﬂu}m}eua;.d\ bﬂy@a\ﬂ\mmﬂ‘u}m ..L\J.:.ﬂu)ﬂ.c oJMdMM\ﬁ ¢ d\_;
Cdaraall sl piidd .:A}a i CJLM O s« (EN 12504-1- part 1)@)}‘2\ diial gall
4_).3)}‘% Al gall 8 Chga go a8 sall 8 A3l Al daglie el Jaxias (s2]) oaadll 13
(EN 13791)

Maturity and Accelerated Curing daaall dalledly z 52ill 2.6

Concept of Maturity sl e}e-'u 1.2.6
(¥ Ll g liliady iandU Jelill de o e adia’ A 30 Aolhe S Ay O
OJ\JA_de‘OJ‘JA‘L_?-JJ‘JJQ dc\sﬂ\@yubuh&\u)\s\sﬂ\@m;@ubo‘)}aé
Gk Aol 59 Lol 1 55 4l a0 5 ) sa L 5o 3 dleall o8 Usaall Axlladll | e oS5
_h}@‘@bﬁ\%ﬂ@fﬂ%J\i(ﬁ)\ﬁ)ﬁj&;
o851yl s LYy coall oy i gl ¢ Al Al Iaall Gud e JSUA (o uaSall Aol
gl o ABNe alagl Sadl (e (39S Chgu ¢ Al adalal ¢ @l alall 54 a e
‘;SMCM‘AAJJU\ C}...aﬂ\uu\jﬁu&ﬁ\&u\ MJM\JC}AJ\AAJJMBJ\);J\}
-L@J\PBJ;@S\)MuJQ\MJmmu)&‘ﬁJ\M\umcﬁﬂ\jeuyu;@&d\fd\ Al
) s o) Gl (20 C°) 3 Aa ) Aba Al e glia (M y5le (20 C° (sslud ¥
ahiall 3 adige o) 4kali aie (Temperature-time history) s)l_adl Gla jo <l ) ((lily)
CilaSa Ao glia Giliea Uin o g adail) el s o guaill s Jasind z gaail ¢ 538 Gl ¢ b A
tas (K1 (C°h) las s Lo oy gl A jo ¢ i | adaiil) Gl o ozl A jy udil LAY
8 skl € Anladl) Aslladdl 350y aie ALYL @l ¢ S L 7 gl Go uetll Jiay o3V
. Agila il dsal gall s (20 C°) s A

1440 C°h = Equivalent age of 3 days at 20 C°

3360 C°h = Equivalent age of 7 days at 20 C°

13440 C’h = Equivalent age of 28 days at 20 C°

ALy (a5 28) rans den glial Tiluo 2l g1 53 ppend 535 g0 (5 5%5 Y 7 gl 5 A sliall (0 8Dl
Gash e Wggm At Jsa gl Sy ol o Alentinal) oy diatalh Dl sl Uy jite Laagand Cang
(5228 57,3,2,1 ) Sl (20 C°) bl Aa s bl 6 Lgi 38 a3 Al lpnSall B
13 aay (196)dmu=_~.y‘Q}mﬂ\uuﬁj\uuuju\”a&mg;dy;ﬂ
CJ_LAA\U»_Q.’LG_\‘_E_J\CJ\_AA\U_AHO N/mm )‘m‘ujbuujm\@)uuj\Juuum
(20 C°) 5l s Ao die (a5 1.4) 3V o W it z i da a Joley 18 ()l ¢ Laiall (63
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Cube strength (N/mm?)

L 1 1 1 1 1
0.25 114 2 3 7 28
Days at 20°C =

4 g gall (PC-42.5) § 5 Citams¥) Ailus ) e sliall ST (19.6) JSa

Maturity laws zp=ll 018 2.2.6
Sl Al s i o gm0 g8
Equivalent age at 20C° = ) kAt
Gl o 2l Z3lall Ml g ¢ (K) il Aol Albae alagl o) sl 5 gz guaill ()55 o
sl ds 50 ey (CUly) Gl ge Bl i jay s &y glaie Ao lie Gl 4y gludia i A2 0 g0 T
Jie Ol 53l (e 230 ) 81 &5 28| BEs)
ASTM C1074,1987 -
Hansen and Pedersen,1977,1989
Carino and Tank,1992 s
De Vries, 1992
Commission 42-CEA,1981 5
Bresson,1982
Sandgrove,1975
o i) ALY 8,8 o Fgine (il B skt o5 Aaall (i) 3 Ly oS gl o5 Lanmaa
Lpall 330 el sda Jeldilll de yu te (Arrhenins law) o585 (activation energy)
adull &

Equivalent age at 20C° =% [exp [%{1 -— )H:n

]

- (KJ/MO)e Usias lgse: Jemnl a3 &y juintl) 2611 = E
0.008314 kJ/C° mol = s¥sall Jall el = R
At 53l 8 i (C7) Lt 215 m diea = 0

Ol A ahied jeaidBlael Ladl LAl g k4 dlisagply
Lills Caiay (s3l) cuian) 5 5ia Al A3lu 30l 431 s 81 (Hansen and Pedersen, 1977) —
b WS st Aaledl) (18 (PC-52.5) s (PC-42.5)
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Equivalent age at 20C" for values of 6 of 20C" or greater ~

355 1f 1 13,
=% [‘33‘&5?[9, }% i l} At k

Equivalent age at 20C" for values of 8 below 20C"
. [33.5+ 147 (20-8)]( 1 1 Y,
- Z [ez“p[ 0.008314 }{\293 B+ 3?3,3]&

sacLuall (commission 42-CEA,1981;Bresson,1982) J& (e 3 g saill lla J gl

RGN IVEN| g ISV B
(Sadgrove equation) Aalaa Jic 38 gia 4 23 S alas O CianY) e 222 & sl
) =
i o 8+ 16y 54
Equivalent age at 20C° = Z{ T

5 (PC-42.5) g 55 0 Lgad e ¥} 555 3 Bl pall J gniall &yl 9S8 Atolasll 020
B)\JA:\AJAJJQ:\_‘\S\SAM JLACM(A.AJJ45 ‘5_“ 1)U_A$J\JA2.AJJL53_AE(PC—525)
s 0l s (5.6) Usaall (Sadgrove, 1975) « (a2 28) ) el st (3 (20 C°)
Lo 2a) 2 juial 8LA1) Y oen (pe Letle  samnl) o3 i) ] ham Ggalie il (e Alokaal

(40C") 5

leale Jganll 23 ¢(PC-52.5) 5 (PC-42.5) g 5 e Al Al (K) 4ef 43, (5.6) o>
. (Sadgrove) s (Arrhenius) @Yales (3o —

Temperature Arrhenius Sadgrove .
°C equation Equation

0 0.15 0.20 5
10 0.50 0.52

20 1.00 1.00

30 1.57 1.63 I
40 2.41 242

50 3.59 3.36 ]
60 5.22 4.46

70 7.42 5.71 7

g sind Al Al yall g 53l pand Lk (Ka (Sadgrove) Aalae ol Gay 33 s gall il Jlas
el o Bolall Al a8 saa (silica fume) Sl (pfa) <(ggps)
Jiae 6 Lisel A8 La_jliie) 1€as (k=0/20) Cin g somill Al | pa¥) 5l Coailiall o gaaill
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OSay 43ld il b 8 ¢ g (ggps dld dady ) (galiie) G &) ae llEl ad )1 il Al
0 DC)EJ\JA:\.;JJJJQ:\_AJMJ#.\;}QYM‘ML@.&Q&@.{.}M‘J&‘G&_:\j\ﬂ‘b:lé Slaaid
sie Lelloxind 5Sar Y Alall 638 . (20 °C) 5 (0 °C) oo Alas Ay (555 B i) ALui€) de yuas
) el b piasiad J g 51 ¢ Al Zai e Jpumall 4 i (0 °C) o B 3l m By
Aallae ool 5 Llee Lt (a5 jlite 5 a0 sl 535 130 @ guaill 88 s Ll J s sl o5
IS8 Ao il oy 5 ey Jlase 8 Lgisu s (40 °C) 5 (20 °C) «(5 °C) Oliae e Sl
MLLAS\EJ‘JA&A.JJ_(ZO OC)EJ\JA:\;..JJ.L'\Gg&&d\fﬂ\&&gﬁd\h‘,@g’_ﬂ*e&)
Lealiiad puniusall 32 (50 (50 &8sl ¢ gsall bl yad Jainal (sl Liia ) ik g 3 L4l
i ()9S Uil g gmill (8 (8 il (e e L) apan g5y e ( Lol sEiu)
|y i) g sail) )58 S0 ¢ AR ANal o ) g gl pae e Al 3 4klall

Ll M b g g 138 5 ¢ dalidl sk (underestimates) Lkl g

Calculation of maturity z s=ill Glus 3.2.6

Example 1 A hand calculation of maturity using the Sadgrove equation
Vv

. o G+ 16
Equivalent age at 20C =Z{ — ]::w

Time from | Concrete At Average k= kAt > kAt

casting temperature | Hours |concrete [(6+16)/36]° | Hours Hours

Hours °C temperature

inAt°'C .9

0 7 |
2 6.8 0.391 0.782

2 6 10.782
2 T 0.48 0.816 -

4 8 ~11.6
2 9 0.482 0.964

6 10 -~ ,]2.56
2 10.6 0.542 1.084

8 11 _+3.64
2 11 0.563 1.125 7

10 11 SAATT
2 11.5 0.584 1.167 -

12 12 ~|5.94
2 11.5 0.584 1.167

14 11 < 7.10
2 11 0.563 1.125 -

16 11 < 8.23
2 10.5 0.542 1.084~

18 10 5 3 ' </ 9.31

5 0.502 1.003~

20 9 £ 10.32
2 9 0.482 0.965~ ,10 .

22 9 112
2 8.5 0.463 0.926 -

24 8 12.21
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Aay (Aelu]2.2) ) 8IS il pbibll g gmi Ay ol (debas 24) AL s gl aay
(20 °C) 5,

Example 2 Checking the application of the Sadgrove equation to a
Portland plastfurnase cement concrete

Experinental strength data, N/mm”

Age of tests Curing temperature, "C

Days 5 10 15 20 35
1 3 4 6 8 13
7 15 17 21 26 45
28 35 38 42.5 47.5 48

For each strength, the equivalent age at testing is calculated frong L m) !

Equivalent ages attesting

Age of tests Curing temperature, "C

Days 5 10 15 20 35

1 0.34 0.52 0.74 1 2.01
7 2.38 3.64 5.18 7 14.07
28 9.52 14.56 20.72 28 56.28

L Jpaall 8 TS lae V) Sl (o stadl Jpanl 8 canSall e glial (i pu) vy o Y
(20.6) Jsill oy Cua

Cube strength (MPa)

' 1 1 1 1 | 1o d
5 10 15 20 25 30
Equivalent age at 20°C (days)

(Sadgrove equation) 4ales Buki J s (3833 (20.6) Jall

Aiadall da liall e (ef 068 dgiial) 4o 5lidld ¢ (20 °C) clily ba 348 ) e Ll ¢ Ry dic
Al Al sdgd Gl ks (K (Sadgrove) Ualea ()l ellal

2 S olal elae Y AL 335 JMA Lele J peand) cany i) 18 Aleall clindatl) 8 ddaaMa
. :\A)a.“ 3)161\ FRY.S
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sl Glual il e Jpasl) 34.2.6
Methods of obtaining data for maturity calculation
Ayl yadt da g3 3all Qlaxiad (o (Sl 3l M\gﬁj\p\u\fjmwuﬁ&)ﬁwaﬁg#\
o s Ll (pSay 5l pall | ol b Aulin Al pa B ) iy s (Thermocouples)
a.%JJJ.AS\L—jJ ] bl:aid\ JA (ﬁJ‘JAM CJA_"\S\ w\_w\ﬂb_ag\ Ledlaxi u.SA,g:\_.qLu\ jACa | LSilal o
L\.s»);j\ g_\..\aeﬁ_.gum \.@_':\..3\.,«;.! (@Ua‘}”) C.)Laﬂ\ A.JJ:AL\;SKJJA\.A"BJH OsS o L.:;.):\.U\)J\
z ol 1l ae Jladl A Ossa Y (sensors) 5 )yl Aol 3 3 O Ol gy 81
akads Ay eludl sn e (ole 25) sm s o 05 prantiall Sy a5 Ll o 8
el 8 gl 5 5l A 3 (e Ll s gl Ay L Bl oal) s s el Jayy 000
i & Cus « (COMA probe) Jkisl Als & s LS 7l da o el e Gl Al 4l
Fa g it e o O ) amg b ouilY) sl | LSHL ) @ peail) An g Sl o oLy
L goaill da Al s g 7 gl

Application of accelerated curing Uaeal) dAslledll ik’ 5.2.6
S st Alaaall Aallaall dsdenl) iyl

el e A 850 glebs 1

sl cag oyl 8 L LY dlee Jiaad 2

) Haaall Al 3 8 Jaxiosall B aaxiall a ) Jleniual) els .3

) Al Al 3 aliall jenilly Z LY o il JiE 4
o) ila 8 g pall 5 I (ol i g ULy Gl g a5 05 Al Al il e Bk
LA e a3 dad gl ) 6l
Methods of accelerated curing dls=dl dslladll 3,1 6.2.6
il 1aa 3 Al (4ol 14) sm oansd oLl e Raa sy 50 Jad 438 Guad gal) culelisy)
e sa,Lll Cag y N 8 (10 N/Mm?) (ss b laie A gl CauiiSS ) liad Ca g Al 30 ()8
Al Aadlead) J&) (ang 0 4l Sl (S Y Al
A1 Ay ) Al Ledlaen (S Alsmall Al Ay gllall (stonsil 5l o 8 Apedsal) oL
«iy (concrete society, 1995) dzalall 44 2dll e Gty Alead) A il il (e Al
5 (e it Ll (CC) 33 5 Ay she o ISV AL AN (e e e JS1(0.75 KW) dlesid
Lalaia¥! s (%10) W _lake ddlnl iy plaudl | (54 °C) Wlaia 30 s 4 e A}

e (3o 1) JST A sllaal) A il ApaS ey s of  Adlisall ANSEL 3 g sall 2l S8 (4

5 ) c Lt oa a3 ol 4y gl Al 311 (24.0 KW) (Y (40.4 kW) o lake il 5
(25 °C) 5 (°C
LASU)SSX%JJJY‘A—}AJ)A‘M‘Q“#US}‘;AJ\A.“ g‘}@i"&)\ﬁé&‘— JAMLJJMOM\E)E

o

Air temperature 'C Heating time (hours) '
5 5.0
+10 5.5
+5 6.0

0 6.5
-5 7.0
-10 7.5
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_:‘:J;AA&S(M\)U:LAA\M\B}@A.\KGWJJLQ\
dpa 3l M) il gl ]
Ol 3 8 o
Coidl e s
G&JL&!\;‘)&A&M‘DJ\JAU‘MJ )

e ledion 5Sa (siaail 5 gl sae . (KWh) deli — ol g SLSIG aed o g sl Slen dan
AUt} 483l

Heat needed ( j X Volume(m?)

Numbers of heaters = Heating time (h) X Heatu capacity(kWh)

Ll 59Ss 13a gyl Jsu\usmwﬂ\gawpuuu@\w\uu}j\QM\g
@Puutchyu‘j\_ﬂ\omud é&\a‘)\ﬁu\;)ﬂjjﬁ\kc)m@u)ﬂ\uwd@_m\
dand ol 3y gall o) ngmsl\oj);j\ﬁ_)aju)d\}uuﬂd}.aﬂ\mﬂ\cumuul\d_ul_-a.\
A0 gall 3 gandl e Ailas Al (pal 21 3 5e il s e Adadlaal y Aadlaall 35 Wl e
: . Alaaall Aallaall dpoasi Sl it Aol
AgS a5 B g (8 Jonol) Ll il Aags 8 AL 2l a5l i) 8 )
(M\M\qu)sﬂ
o il o 3allid il ada hall ol enll caat R 2V lisine Jlaninly JLally il
en.iu\c_\_:_\&\ﬂ‘u\.ﬁu.uné_“)_sgfa gJ\A\MDM\M\aJ@\JMU
Luxd o 2 gaanall Ll 211 3 Jlania¥) ails pUaill 138 5 jall ol Julaal
@\ahwgﬂﬁ\m\jujmuud)md)uj\cfjsg&m_d)bg_apxss\wum 3
vie | claidl bl yall lai aidd J3ed O e (Overblankets) sl slaadl | dilu 2l
O e all sl g la¥ly (Blathy Lo 4lie ellia (5S35 () Cand 3 plie 5 sacay Al jal) (i
duie ) Al yaa Jleninol Alausl gy Al s 4y aSadl) ¢Sy oL 138 | B By gacy A Jun (0
(Turbo heaters) s ill s 4
o 3all it Ll | ey 3l o) SLaIL 4 shae (£108 L) Ay daad) cilidnal) ) 65 aUaill 138 8
olass JLtEl Al 8 (o) saa) Bl den, (gl ) Jaaally Gpdniill (39 5k e i)
_EJ\JAS‘

Effect of accelerated curing on concrete propertles
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