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Fig .1. Electrical resistivity changes in time for mixtures
with w/c of 0.3, 0.4 and 0.5 (a) in short period of time, (b) in
long period of time [16]

195

Ol B G &5 L0ls ot g gb e ol ) [14] SRS
Oy 5 03,8 SVsb 1) 5,8 Sl Llg 0 WIC S
[15] Uen 5 05Ky 23lbly ol o )y 5,8
5 o8 s ol Ol Ll &S O 51 S wisls 3,158 55
Blae 5 (S Cnslie jalS 4 e Olog ot
oS a8 s [16] (RS 5 ) o5d e o Cueglis
ool atgly Wie Cd g ba e SO S G glie Ol e
ol 4y Lod o)l pen Lo (6508l Cond S e e
ol ok ke Caslie GYL cd L Ol
Jod M Opmlpdon Al 55 o 2 5 g Sams
o s (ol ool O Kags oyl EE ) UK e
ot WIC s ol 531 a8 s g il O SKiagsy YooV
o skl ol s sl 58 Ol s e Sl

[18517] 545 o
oo Sl gls (ol s sl s [13] e 5 S5
3 oS Sl Hlas Oy e dex sl Ole
(b Sl oo oS Slenw llas (g5l sla e
s a ol Cad Bl B sl 5 Kk o
L S5 Canslie) Ll bl oo 1 (SO xSl bl o
Sl A bl Dk 5 mmen (Lol s
Glatand b o3 3 sl o3 4 O a8 slaced
oilesl 19180 5 ' sl ol zi SV
Lo gleised o Sl cuslis (80510
Ao Sal 9 /N 5 /0 o/ oY il W slacll
Coslie LT LLsls (‘L>,='>\ b S asys Yoo
SN L S5l GaSee L L ol pn S
Caoslin gl Glatlesl mls bl L5 S (5 83100
Bl Gl Wie Cas O i Lol o S
0 by chle (xS glacand 3 5 amils Sl Ll
ohd i 55 gblas a3 5 eap K o pi sl
Ao ol S S Cuslis b oateas oSl
CS e ple s a8 Slaesl LS

el a3lze Sl Ll

13 Whittington
14 Mancio



UL 5 w3 59

e S o sl bl (3455 ol o BLIL s

w‘ Qw .J).»j: .bl;r.‘ b)L.va JJ}J";\ 9 m
M‘OMC)J(\)J}J})JLAL}LN

s i le T ¥
sl —\-r-Y

o 4 Tso 5 quadlal 0L slahlesl isn cnl 5o
ol a5 B s om (SauS 5 Ok B e s
s ploxil [20] ASTM C1611 5 likicl ulad 1 S ol
oo Sl s Gl e Al bl
elil [217  ASTM C1621 sylukul b lab b
(VS1)($ s S LL Hatls o) o omen (ol 4l u 0y

Ll 3,5 o g aB S sk 4 50

G585 SRlsT-T-¥=Y
5 pde ol &S 3 sy pe ey olSas Sl 8 i al s
il el el eslinal (5585 el e Gl S
el S eslanal by cl H e oa gl e g 6 5 51 e
syl 53 ekl &Ll Lalyy 4 a5 L Olg e o&aws
L (Golr Sl iS55, vee ol [22] ICAR

oS Ol -YoY-Y
ASTM C403 s kil 31 o 5,8 Oley mns shae @
55 SO slie lesl 5l aames ol ol ealizl
5y el e dE 030 M 5y S Ol S
ol ol oslizal OF 1 S Cslie s 3 &S
syllbial g, ST cde w5 o3y S35, g5 g,
(ool oslizal LB oM (59, 2 g 358 ol > Cwslie
ST ot sl el (S Canslie i
plsil 55 (8 ojled S law ) OF Sl sl S (555
s b, Selul CBs 55 e o LSl il B S
B emlae gl eole Sl s (g0 Slgs B, LSl
S Jlesl b irss cpls Sl i 5 Ogenl 00

Gﬁlﬁ&:ﬁl&j"' “wby ¥

& ran plan 5 sl VY
oo i Jals ragn ol s eslind 555 lasilaSin
ol ais bl o 5 4w ol iy anle 5 s
lab s olod ol gl s ke o Lo ¥ 9 A VY/0
Sl 2 p SYNO (o pases 055 L Yo A Oless
oslatal Sdme sla Ssgsil .ol ol eslitul o xS e
O aS ks ng'l,\f&ﬂ 0555 o3l 5 e 0393 0l
o Sl p SYAY SYNY o pass 055 s o 5
oSO, G Jold o plad sla S5 ol S
oSOy, Bsb died (55 SOy, oS el el
S ol Gl S s en S S ksl p e
ol o ate o5 bl S Lay 5o B
53 e i oS il o SN Ll el
L s S, el 2ol wsle 1 Lokl plas il
s 03 0 aSie el g S V0 o s U5

NG

b s Slasin .\ Jgda
Cement
substitute Percentage
Total VMA .
. . - materials of gravel
S Mixture  Powder — P (%) to the total
Kg/m? (%) —
Silica  aggregates
Slag
Fume
1 SC?Z' 420 042 05 - - 40
SCC42-
2 SF10 420 0.42 05 - 10 40
SCC42-
3 SL50 420 0.42 05 50 - 40
4 SC(;M' 420 044 05 - - 40
SCC44-
5 SF10 420 0.44 0.5 - 10 40
SCC44-
6 SL50 420 0.44 05 50 - 40

196

Table 1. Mixture proportions

boglies s -Y-Y
(oS Ol s G385, el o Bl s sk &
5SS 5s GlsS a (St r bl i

0333 S35 e ;.j Cond exd Jl a8 AS wsla



\Y“‘\VJLA/'\UL‘V;/VAJ»”};

oot Ol jes wdige g — oo doe

LUl Gl ey Bl w0 sy 00 35,5
Coge s lass Sl Gk Sl A s 0L
5 ol bl Sl Gl S i i 5 Slmio
plomil 355 g0 e (S0 SN OL o oS 13 0 e
ST W G SO N S CIM KIS JUR T
O Cotle Slles do dol o306 0 s 4B S
b slal oS A a8 Sy e Sl sl b
03 e e 10 ol Calhs 5 e Ao Yews) e es) e
Srales 4 S plnil gla tle3l (V) IS 3 s a5 L

el 0 03ls

ey 9 dxd -V
S iy

L bl LIS s o s sl 2SS o 0 a8 Sl
32 ol Ol GBS dwy o B 4 e ey e OLL
(V) s 53 b sl ales B ks sy (S
ool Cand Rl &S das e OlE 5 ol sl 4
3okt e 355 (S M e 8 (S50 53 Olow
A Dl Ol (Rl 5s el cnl sl e 2L
Wl 035 3 g0 o il lesT s 2l 5 Teo Olej
P ol e 35 o o553l Sl el
Ol mals 5 (108 3 pl ool sds LIS o sllas
sl s Gl ren 5 Tao Ol (21381 edl
S5 0LLE G ) andl ol s s agt 4 o dils
S Wlodd Sud e Al e s S35l )l oS Sl
S ks 55 Ll Ll apie G ke (o
bl ize 0 S el Gy il 358 0 4l
503 Salea [24] ACI-238 5[23] EFNARC (slaa o5

SN Y-y

Sl gyl i —)-Y-F

JE bbb i S S SOl ol A8
j“"‘"‘)l'.'. w‘ )‘J\.S.d R ol rs‘; .)}:- L'f:.z‘).) LS}.;D)‘J"‘

I 51038 &S > (gl o a8 das e OLES WL iy

19/

s« (AC) wslas 0L > 5l S oL > sl

) sl ol (DC) V.:L“M L)ij?'

ey oz (e 5,8 5 @55 sl bl Y S

ASTM C403 5 Il ulal 5 o ui),_f(;’)

(b) (&)

(C)(g)
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Fig .3. Static yield stress changes for mixtures in 40 minutes

with, (a) w/p of 0.42, (b) w/p of 0.44
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6 SCC44-SL50 64.0 310.2
Wa_ter content 500 % 1027 %
- o increase
c o
88 Silica fume +31.90 % +24.00 %
g
Slag +42.18 % +33.50 %

Table 3. Static and dynamic yield stress results in initiate of
the experiment
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3 SCC42-SL50 630 4.00 10.00 0
4 SCC44-0 730 2.63 6.00 1
5 SCC44-SF10 680 3.15 8.50 1
6 SCC44-SL50 650 3.80 9.00 0
Water No
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"LE ©
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Table.2. Workability results
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Water content
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Fig .4. Schematic behavior of concrete and mortar during
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No. Mixtures S; T_ime S, T_ime E.R Minimum E.R. at

(min) (min) at T=0 E.R. S,
1 SCC42-0 170 258 233 184 227
2 SCC42-SF10 162 258 279 215 252
3 SCC42-SL50 162 252 432 341 402
4 SCC44-0 180 285 184 138 149
5 SCC44-SF10 175 270 240 154 190
6 SCC44-SL50 140 236 334 225 282

Table .5. Electrical Resistance results for Mortar sieved from Self-Consolidating concrete mixtures
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No. Mixtures S; T_ime S, T'ime E.R Minimum E.R. at
(min) (min) at T=0 E.R. S
1 SCC42-0 186 268 323 271 316
2 SCC42-SF10 174 240 492 349 553
3 SCC42-SL50 171 264 530 466 505
4 SCC44-0 200 285 280 232 280
5 SCC44-SF10 185 285 460 371 439
6 SCC44-SL50 168 256 484 357 393

Table .6. Electrical Resistance results for Self-Consolidating concrete mixtures
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Initial Setting Time

Final Setting Time

§ C403 E.R Difference  Difference =~ C403 E.R. Difference Difference
(min)  (min) (min) (%) (min)  (min) (min) (%)
1 SCC42-0 177 186 9 4.8 264 268 4 15
2 SCC42-SF10 168 174 6 3.4 244 240 4 1.7
3 SCC42-SL50 159 171 12 7.5 250 264 14 5.3
4 SCC44-0 194 200 6 3.0 296 285 11 4.0
5 SCC44-SF10 181 185 4 2.2 278 285 7 2.4
6 SCC44-SL50 151 168 17 11.0 239 256 17 6.6

Average Error = 5.30%

Average Error = 3.59%

Table .7. Comparison between the ASTM C403 and E.R. test in determining the setting time of SCC mixtures
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Fig .5. (a)The relationship between slump flow and initial
setting time, (b) The behavioral relationship between slump
flow, T50 and initial setting time
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Fig .6. Comparison between Electrical Resistivity changes
and Yield stress changes in 40 minutes

S Ol s Sl ol 55 alis LA g

Average Yield
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No. Mixtures stress in 40 _ . . . .
minutes (pa) T=0 (pa) Time (min) Time (min)
1 SCC42-0 287.68 231.20 186 268
2 SCC42-SF10 392.26 302.40 174 240
3 SCC42-SL50 390.38 349.50 171 264
4 SCC44-0 275.86 207.00 200 285
5 SCC44-SF10 316.60 274.70 185 285
6 SCC44-SL50 469.80 310.20 168 256
Table .8. The comparison between Yield stress and the Setting Time
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Fig .7. (a) Behavioral relationship between yield stress and initial setting time, (b) Relationship between average yield stress and

initial setting time
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Abstract
Several studies have been done on the rheological properties and setting time of cementitious materials and
mixtures, but the relationship between these two important features has not been studied so far. In this
research, the main purpose of the done experiments, is to evaluate the relationships between the rheological
properties and setting time in self-consolidating concrete (SCC) mixtures. Rheology is the science of
studying the materials deformation and flow and in general, in SCC mixtures, the most important variables
are the rheological variables. The setting time is also one of the most important parameters existing in all
kinds of concrete mixtures. It should be noted that from the past up to now different definitions have been
presented for the time of setting in various sources. As a short definition, it can be said that the setting time is
a period of time in which concrete changes from fluid phase to solid phase.
In aspect of rheology evaluations, workability tests and rheometric experiments have been performed. Also
in aspect of determining the setting time, the main method used to determine the time of setting is the
electrical resistance measurement method (E.R.). Despite there is a long time of using this method in
determination the time of setting of concrete mixtures, there is no standard written for it. Therefore in this
research said method and its results have also been brought under more precise verification and study (which
can be referred to as a side purpose). For this purpose, the standard penetration resistance (P.R.) method is
used according to the ASTM C403. Based on the obtained results, it was found that the fault percentage of
E.R. method in comparison with the standard P.R. method is about 5.3% and 3.59% in determining the initial
and final setting time respectively which was minor and negligible differences. Therefore, it was found that
the results obtained by electrical resistance method are reliable. Thus, by using the results obtained from the
E.R. method, the existence or non-existence of relationships between the rheological properties and the
setting time was studied. According to the obtained results, it was found that there are behavioral and
numerical relationships between these two issues. Based on the results it was found that in the SCC mixtures
with lower slump flow and longer Ts, the setting time becomes shorter. This fact means that the lower
willingness of flowability causes a decrease in setting time of self-consolidating concrete mixtures. In the
section of rheometric studies of the SCC mixtures performed by the rheometer, it was found that there are
also important relationships between the yield stress and the setting time. According to the achieved results,
it was found that the higher yield stress led to occurrence of shorter setting time and in connection to this
issue, some numerical relations were also introduced .Thus, in this research it has been endeavored to study
the relationship between the setting time and rheology properties in SCC mixtures as much as possible and
obviate the existing gaps.

Key words: Setting time, Rheology, Workability, Electrical resistance.
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