2 compun 4o st 1 o

Cisriste, §, V', VA, B N Moh Som 4 X7 It W & pies ¥
144 Civil K Depormont, § shar sl I worarony of Tocunsingy Fu ¢,  Wige Trgte,
[
7 of Mssarists snd Sstniss, P ey M C it DAgAnss ag bertrgts
Dopsyiment 258 Yusts. AN Mppsts BSRTY S
’ 1mant oF S aterisis wnd Sywsiores, Pannsivy 82 Lot Iagannsing Stmesroni Tlsipng #:
i $L1A% Wyads i Wikins s "y e

FConrasponting prien eaph Sanr SRy ay A, AT A

“ABTRACT ,
Prphemn was “kmmdm»“zwmdmtwmm
mgubyﬂmdmm,mwm¢u it % 5 e f Sryng Sty U
m,mg.ywmu‘w~»% Ve tozpwiicn of Y e . % W Sramginn § i T

16 DEnT SETRYA I wan sra pbings AT M aknSNA v W“nwwd

s &»%Mumwmmwwa et Tl m v ey viE S w7 ard
mmmmmum wis WA B ACA PR TS G 6 SN Wi e
Lm) WTHD wEgE SNCITE e M

wmmdﬁcwm wis s wil ha of e
mm«luwmm wazs Surtier sndied ong ey yriian wasx Tor St £ DR
of tae wnng oy R E 2 p & 5 L 2

maﬁnW~ummm%m:m
well 48 the Wit beymg Showicage mkmmfamﬂkmn“w;—;m
m‘dbh”d%%%mw,amﬂum,mm“

ACI9% scded.
oz o = iy Sns Jarms

Wmm,m,b-vm% Fiamz
o o et 2 S 3 = _

g concree,

INTRODUCTION dinica of cmce Seme f T Stu=s —
Daipdmtaa.’lalm—ﬁi ”m-i”.g'
Wamﬂ%-{m i 3 S S s
m,rmdy,“c“ip'm.& "mﬂqm!—!‘
Wd&y’-gm‘(mdhi ?B‘--ﬂﬂﬂf&.*ﬂ-&m—um
sesponsible for mos of e damagss om CmOSE h,—‘-fw.l-fu!’“’k
sirnctaves duc 10 coeep md shcmiage. Mayoey of Sese ita-ggﬂgzazn—-_:m G £
mm%‘aﬁq’mdmi ol JLE Cnmmm—i 2 28 N - Tmemor n DO

kmmwmmbm 5 _
4 mm;xm—tt'm—g—
Hia) s TODEEEE

= "‘:ﬁmx-—l-gm!-.m-
Due o the bygal behaviow of comcm=, £ = ¥=3 kdmw‘k~'w:—g
necessary to determne 2 e s of apy  TImES SmESEI
form of material o the properties of e comcTE. W 3
m”’_i!bl_n_




2* International

Esgineering
Federal University of Technology, Minna, Nigeria

Conterence JEC 2917)

experimental resolgs (Haviasck and Juwasek, 2016). The
mdexmmmmlumnlm
tadfings = fme sggegae 0 panilly replace sand w

IMMI)‘MMMWJ
concreic deiermined wang these models were compared.
mm«mmmam
stuctwes tends 0 ensare wwebily

21 MATERIALS
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s Water 250kg cum
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Figwe 1. Coq;oﬁmofCTOCmuequ
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Figmre 2. CoqaoﬁﬁouofCZT}oConaucSawk

22 DETERMINATION OF DRYING SHRINKAGE OF
10T CONCRETE
mmwnums«myh
Testing of Materials guidelines ASTM C157, (2013) was
used 10 determine the drying shnnkage of coscrete
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gamples, The change in length of concrets prism samples
were determined at 1,7, 28, 56 and 90 days, for the
purpose of evaluating the expansion and drying shrinkage,
flor ench type of concrete sample, the average of four
concrete prisms results were used for the determination of

the concrete strains,

The length change in concrete prisms specimens was
determined using mechanical extensometer, The design of
the mechanical extensometer is based on the principle that
two rigid bodies will exhibit degrees of freedom relative
(o ench other, Two visual point connections were used
between the instrument and the specimen, The
translational freedom between the connections was
provided by a moving arm pivoting about a knife-edge
and button seating, The instrument was held with the
moving point of the knife-edge in the right hand. The
shrinkage readings were digitally displayed on the screen,
The concrete strain was calculated from the relationship
expressed in Equation 2.1,

Change In Length
orlginal Length (Gauge Length)

Strain = 2.1)

2.3 ACI209R-94 MODEL

The shrinkage model is for any period and it is a linear
function of the ultimate values. The parameters that were
considered in developing the equations are the age of
concrete at the end of moist curing, ambient relative
humidity, average thickness, concrete slump, fine
aggregate content, air content, cement content and type. In
the ACI model, the shrinkage strain is expressed by (2.2).

-t N
B ¢, t) = Xl B 22)

Where,

Eg (1, t,) = Shrinkage strain

t = Age of concrete (days)

te = Age of concrete at the end of curing (days)
fand o = Time-ratio constants

B = Ultimate shrinkage strain

2.4 BAZANT-BAWEJA B3 MODEL

The B3 thodel lays much emphasis on theory and it is
restricted to concrete produced using the Portland cement,
with water-cement ratio range of 0.35 — 0.85, aggregate -
cement ratio of 2.5 to 13.5, cylinder compression strength
of 17 - 70 MPa and cement content of 160 — 720 kg/m’.
The parameters considered in developing the equations
are the age of concrete at the end of moist curing, relative
humidity, effective "cross-section thickness, aggregate
content, water content, cement content and type, curing
condition, concrete mean compressive strength and
modulus of elasticity. The mean shrinkage in the cross
section of concrete is depicted by (2.3).

56

Ep(tit) s ~ EpanKpS(t ~ t;) 23"
Where, ’
Eg (1, t,) = Mean shrinkage strain
t = Age of concrete (days)
k’ = hge of concrete at start of drying (days)
Euw = Ultimate shrinkage strain
Ky = Humidity dependence factor
8(t-1) =Timecurve

Equation (24) expresses the ultimate shrinkage E .,

= - Eemsor
Ellm Em TGt ) 24)
Where, ,
E,, =~y [0019w? f;%% +270] x 107¢
w = Water content (kg/m?;l
Somzs =28 days mean compressive strength (MPa)
oy = Constant related to cement type
o, = Constant related to curing condition

Lo _ = Time dependence factor of shrinkage

lcm(luf,,,)
This is further defined by (2.5).

)05

Ecme = Eomzs Goraroms @)

The time function for shrinkage S(t - t.) is defined by
(2.6),

S(t-t)= téth‘L:-f‘-’ (2.6)
$
Where,
7,5 = Shrinkage half-time in days
o = 0.085¢.°% f058 2k, P/ (2.7)

k; = Cross section shape correction factor
Y/s = Volume-surface ratio (mm)

2.5 GL2000 MODEL

The model is designed for calculating the shrinkage of
normal strength concrete with mean compressive strength
less than 82 MPa. TFhe stiffness of the aggregate is taken
into consideration by using the mean of the cylinder
strength and the measured modulus of elasticity of the
concrete. The parameters that were used in developing the
drying shrinkage equations are the age of concrete at the
end of moist curing, concrete mean compressive strength,
and modulus of elasticity, relative humity and yolume-
surface ratio. Equation (2.8) depicts the shrinkage strain
Ea (1, ) of concrete as developed by the model.

Egn (¢, ':) - Ellmp(h)ﬂ(‘ - ‘c)

Where,
1 = Age of concrete

(2.8)
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A .= Age al sart of drying (days)
L = Ultimate shrinkage strain
Sth) = Correction for humidity effect
Jr - 1) = Correction for drying period

The ultimate shrinkage £, is expressed by (2.9),

Eopy ™ 900K(—=)"% x 107¢ 29
Where, Semas
k = Shrinkage constant for type of cement
Joman = Mean compressive strength of concrete
The effect of relative humidity is corrected by the
expression (2.10),

p(h) =1~ 1,18k

(ZIf;nwfmmion&nsbxinWﬁ("‘t)i‘mey
o t-t) 1
Bt~ t) [(, —t,) +0.12(v/5)*)

2.10)

(211)

Where,
s = Volume-surface ratio -

3 RESULTS AND DISCUSSION
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are compared in relation from
experiments.

31 EXPANSION AND SHRINKAGE OF CONCRETE
ing shrinkage of concreic i
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Figure 3: Expansion and Shrinkage in relation with age of
Concrete

*3.2 ANALYSIS OF DRYING SHRINKAGE BASED ON

ACI MODEL
The relationship between the drying shrinkage and 2ge
ofconadeasdeﬁvedﬁomcxpaMadACI-m
model is shown in Figure 4. The recorded valucs of
drying shrinkage for the control concrete CT0 and those
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—— CTO exp
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Figure 4: Drying shrinkage curves of concrete based on
experiment and ACI model

3.3 ANALYSIS OF DRYING SHRINKAGE BASED ON
B3 MODEL

The relationship between the drying shrinkage and age
of concrete based on experimental results and Bazant-
Baweja B3 model is shown in Figure 5. Although the
estimated drying shrinkage values obtained from the
model are considerably lower compared to the
experimental data for the control and the IOT concrete,
the predicted values followed the same trend with the
experimental results. Also the concrete mean compressive
strength factor in the model, contributed much to the
drying shrinkage evaluation, but the effect is not as
significant compared to the GL2000 model.

800

700
o 600
= 500
a0 400
300
200
100

- CTO0 exp

e x 10

—CZT30 exp

Shrinka

-~ CT0 B3
~—— CZT30 B3

7 57 107
Age of concrete (days)

57

Figure 5: Drying shrinkage curves of concrete based on
experiment and model B3

3.4  ANALYSIS OF DRYING SHRINKAGE BASED ON
GL2000 MODEL

The relationship between the drying shrinkage and age
of concrete as obtained from experiment and GL2000
model is shown in Figure 6. The Figure clearly shows that
the estimated drying shrinkage values obtained from the
model are considerably lower compared to the
experimental data for the control and the IOT concrete.
The predicted values however, followed the same trend
with the experimental results. The IOT concrete recorded
lower values of drying shrinkage compared to the control
concrete. The concrete mean compressive strength is a

major parameter in the model, as regards the
determination of the drying shrinkage.
800
700
. 600
(=)
~ 500
: — CT0 exp
bo 400
x —CZT30 exp
£ 300
= ~— CTOGL'0
“ 200
— CZT30 GL'0

100

7 57 107
Age of concrete (days)

Figure 6: Drying shrinkage curves of concrete based on
experiment and model GL2000.

3.5 ULTIMATE DRYING SHRINKAGE OF 10T
CONCRETE

The ultimate drying shrinkage for the IOT concrete
CZT30, compared with the control concrete CTO, is
presented in Table 1. The shrinkage values were evaluated
from the equations developed from the three models
considered in this study. According to models B3 and
GL2000 the predicted values for the 10T concrete are
Jlower by 4.2% and 10% compared to the control concrete.

The value predicted by ACI209R model is clearly out
of range in comparison with the other models. Similar
deduction was made in the study carried out by Bazant et
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al,, (2015). The out of fit result recorded by ACI209R
could be due to the fact that, there has not been much
improvement on the model for quite some time. Also the
ACI209R did not include the concrete mean compressive
strength among the factors considered in developing the
model. The concrete mean compressive strength is a
major contributing factor in the B3 and GL2000 models.
It recorded significant effect on the values of concrete
shrinkage strains. The correlation of predicted ultimate
shrinkage as recorded by the three models compared is
shown in Figure 7. The control concrete recorded
correlation of 0.42 while the IOT concrete recorded 0.3,
The weak correlation among the models based on
ultimate  shrinkage values recorded by the concrete
samples can be attributed to the significantly low value of
ultimate drying shrinkage predicted by the ACI209R
model. This observation was also reported in the study
carried out by Havldsek, and Jirdsek, (2016).

Table 1: Predicted ultimate drying shrinkage of concrete

Ultimate drying shrinkage of concrete x 106

Models CTO CZT30
ACI209R 453 453
B3 1027 984
GL2000 829 746
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Figure 7: Correlation of predicted ultimate shrinkage
among the models '

4 CONCLUSION

Due to the texture of iron ore tailings, it can be used in
concrete as fine aggregate to reduce the drying shrinkage
of normal strength concrete, The constituent materials and
the concrete mean compressive strength are  major
contributing factors to be considered in developing a
workable model to estimate the drying shrinkage of
concrete, The drying shrinkage of concrete should be
experimentally determined and compared with models in
all occasions, o guard against future concrele
deterioration. The ACI209R underestimate the future
drying shrinkage of concrete. In terms of industrial
application, the [OT concrete can be used in construction

where there is peed to improve the dimensional stability
of the concrete,
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