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Abstract
In this research, molds from fifteen concrete mixes were prepared to find the
compressive strength and shrinkage using five levels of silica fume and three ratios
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of steel fibers. Based on the results of the study, the addition of steel fibers lead to
reduce the 90 days shrinkage up to 59% , while the silica fume lead to an increase in
the shrinkage of the concrete up to 84%.

Results were compared with shrinkage of four supported models, the first model of
equation (CEB), second model of equation (GL2000), third model of equation (B3)
and the fourth of (ACI 209-93). Results of the comparison showed that the shrinkage
by the ACI equation is the least.
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Where
£., (t, t.) : Shrinkage strain at age of concrete t (days)
tc (days): Age of concrete measured from the start of drying

fand a: Constants for a given member shape and size that define the time-ratio
part.

£.4. Ultimate shrinkage strain for standard condition, in the absence of specific

shrinkage data for local aggregate and condition and at ambient relative humidity of
40%, the average value suggested fot ultimate shrinkage strain £.,,,, is 780x10-

6(mm/mm) (in,in)

(t —t.): The time from the end of the initial curing.

£ Ultimate shrinkage strain

Ky, : Humidity dependence factor

S(t —t.): The time curve

£..0: National shrinkage coefficient

Bs(t —t.): Coefficient describing the development of shrinkage with time of drying
B(h): Correction term for the effect of humidity

B(t— t.): Correction term for the effect of time of drying
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Composition
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Value %

Limits %

Chemical

Components

Value %

Limits %

SiO;

CsS

AL,O3

C.S

FGQOg

CsA

C.AF

MgO

L.S.F.

Solid solution

Free Lime

Loss on ignition

Insoluble residue
Total

Gulacall 4l jdl) Qailadll (3) Jgaad)

Physical properties Test results | Limits of Iraqgi Specification

NO.5/1984

Setting time (vicat’s
apparatus)
Initial setting time, hrs: min.
Final setting time, hrs: min.
Fineness

>1 hr
<10 hrs

<10%

Compressive strength
3days, N/mm?
7days, N/mm?

=15
>23
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Physical properties Test results

Specific gravity 2.63

Absorption 1%

L 58 L) clial ga (5) Jgasd)

Tensile strength | Young modulus | Ultimate Elongation |Specifig
(MPa) (GPa) percent i

>1000 200 30-25

ASTM C1240-03 dial gall goa LSl Lt Ay 38 (ailiadll (6) J g

. . Standard
Physical properties limits SF
| Specific surface area, min, (m“/g) 15 20 |
Sternght activity Index with Portland cement at 7days, min.
105 196
percent of control.
I Percent retained on 45um (No.325), max, % 10 7 I

Walad) il Apiassl) Gailadl) (7) Jgaad)

Requirements of

Content (%) Xgi'f'sl\/ﬁ)(giggjog

>

95.95

85
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L/M 3 Kg/m® | Kg/m
L 1'11:1'60950'285:0'0 4.74 169 | 658 | 1000 | 593
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Ll Al LSy balaady) L4 (13) Jgaadl

Silica Comp. strength  |hrinkage (sh)at 90 days

Fume f. (MPa) mm/mm x 10°

28 days | 90 days
36.7 57.5 708.0
39.16 61.0 435.0
45.70 66.0 419.0
47.10 68.0 805.0
45.10 76.0 644.0
44.50 75.0 547.0
42.00 74.0 1079.0
41.80 74.0 805.0
43.20 69.0 725.0
46.40 70.0 1175.0
40.60 68.0 805.0
37.90 61.0 745.0
37.80 59.0 1304.0
38.50 51.0 965.0
39.40 53.0 845.0

2.9
=]
T -
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® E
]
w £ ® 0% steel fiber
g E
£ M 0.5% steel fiber
| =
= .
7 1% steel fiber
=
L=
T
500 A
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400 T T T T T 1
0 5 10 15 20 25

silica fume ratio
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