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Silica Chemical
Slag o

fume composition
90 33.02 SiO,
0.97 40.21 CaO
0.67 9.69 Al,O4
0.98 1.59 MnO
0.22 0.59 Fe,0;
0.98 0.57 Na,O
0.9 0.93 K,0
1.2 7.72 MgO

- 2.12 TiO,

- 0.16 Ba

- 3.26 SO;
3.5 a few P,CI,Cr,Ni,Rb,Y,Th

Table. 2. Weight of chemical compounds slag and silica
fume
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236 4/75 9/5 19 25
0 8 38 9 100  Coarse

aggregates
0/075 0/15 0/3 0/6  1/18

2 7 26 58 g2  Fine aggregates

Table. 1. Seive aggregates analysis

I AT o5 et
wab)bﬁdhuﬁsj DL O-L:\-;L:M}: LfL’é‘ QJLO c)b.]w

Cope 45 A 4 Olalew Olegr &S 13 Sl o)l e ol



g_;'*‘""'}d”)""""‘
ml s b S L s als € sel Ol 4 1/80 Olass @

k;wu\ onT (Y’) d).l}- DL L).L?r.d éuw

Baige Ll 9 AL LT 4b g -0
DA o 25 bale lacld & lags cnl s
5 3g) g eaeS Jl o sl gl ol a3 S
3 S oodes ol Pl &8 ol s 4 (e SIS
S e K osde el LS mSTy b s
2wl (S mlas 5 e LS als v
100 5 ediS Jlad 100 Lol en 5 oy Sbdse |2
Flhar JS G 5038 bsbe 6T e 4 o)l m
a5 A5 BLsl ediS Jlab 5 o5l w skile 3L 700 5 aule

Ll bglse Sl e

----- 0333 5 o3l Sol= 25 o 5l ples 2L
Ol —F-¥

L5V o Olew Shash ) D3 el eslial Olerw
Sl Yo o pasie e b SO b8 a5 o
e 5 S bt Slatie l 05w
5 ASTM C150 b, Olese 3lbkel b Ol opl
Sl (Salea 50 0l VAL o led sl

bl Svews £
Lo obsl glo S @ ediS Jd bos glacas s
.l..IaL: m.l.:.ﬂ 039> 9 o)LgJ.w &M O3 /1 Na,O «
s ) Ll byl 4lS s Si0; /Na0 oo
slee 4 Ol Cnd a5 2 Bl gloslul 4 of s as S

Sl 4 Gl 503 S 3530 2 /EY0 S Sl

(KQIM®) il 5 U5 2 bgloes slacar ¥ Jgdx

Fine Coarse Silica

Slag Cement

Water Sodium Sodium

Density aggregates aggregates  fume silicate hydroxide Mix Design
2420 885 915 - 400 - 157.2 63 16.1 AAS!
2407.5 885 915 40 360 - 157.2 63 16.1 AASSI’10
2367.2 885 915 80 320 - 157.2 63 16.1 AASSI20
2348.9 885 915 120 280 - 157.2 63 16.1 AASSI30
2371.2 885 915 - - 400 180 - - OPC
2462.2 885 915 2.2 400 - 187.8 56.7 17.3 AASSi10RS0’
2451 885 915 4.4 400 - 186.8 50.4 18.6 AASSiI20RSo
2416 885 915 6.6 400 - 185.9 44.1 19.8 AASSI30RSo
2382 885 915 11 400 - 184 38.5 22.3 AASSI50RS0

Table. 3. Mixing design for alkaline and cement concrete
o god Jal o 5 AL 5T asl 8 g
Number .Of . S.ample_ Age (day) Test Conditions curing
samples in mix dimensions
100 x 200 mm . Laboratory temperature
3 Cylinder 28 Compressive strength (One curing day at 30° C
3 500 x 100x100 mm 28 Bending strength and then the samples
Freezing and thawing were transferred to the
2 370 x 78x78 mm 14 cycles curing lime water at a
14,19,23,28,32, . temperature of 23 ° C)
1 370 x 78x78 mm 37 41,46.50 54 Ultrasonic
3 100 x 100x100 mm 208 Durabll_lty against
Magnesium sulfate
3 100 x 100x100 mm 208 Durability against

Sodium sulfate

Table. 4. Lab program and sample conditions

1 alkali activated slag
2 alkali activated slag/ silica fume

3 alkali activated slag/ silica fume replacement sodium silicate
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Fig. 1. Slump test result diagram
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Fig. 2. 28 days Concrete compressive strength diagram
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Fig. 3. 28 days Concrete bending strength diagram
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Fig. 4. Ultrasonic Test

1 transmiting transducer
2 teceving transducer
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Number of cycle Mix Design

300 288 252 216 180 144 108 72 36 0 Name
1770 1897 2245 2606 2969 3330 3689 4049 4429 4830 AAS
1765 1894 2242 2603 2965 3326 3681 4044 4424 4824 AASSI10
1755 1891 2238 2598 2960 3319 3674 4036 4415 4815 AASSI20
1753 1868 2212 2567 2925 3280 3630 3988 4363 4758 AASSI30
1752 1850 2190 2542 2896 3248 3595 3950 4321 4712 OPC
1776 1900 2249 2610 2974 3335 3691 4055 4436 4838 AASSiI10RSo
1802 1910 2261 2624 2991 3354 3712 4073 4461 4869 AASSi20RSo
1852 1915 2267 2631 2997 3362 3720 4087 4471 4876 AASSI30RSo
1782 1906 2256 2619 2984 3346 3703 4069 4451 4854 AASSI50RSo

Table. 5. Pulse Transmission Speed
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Fig. 5. Comparison of the bending strength of the samples by performing the cycle without the freezing and thawing cycles
diagram

s Sl g 5 e Sl 3 (uaeb s Sl e ek sl (55108 sl (el il Sl ses N JSS
= The compressive strength of the sample in sodium sulfate

& The compressive strength of the sample in magnesium sulfate

50
=
§ B2y
e i
on
E 30 ,
2 2 1 |
% {
‘g- 10 ;
- |
0
O O O
Q@ qu QQS’
£ of
¥ @
Fig. 6. Test results of compressive strength of concrete samples after immersion in magnesium sulfate and sodium sulfate
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Fig. 7. The thickness of samples of cement and alkaline concrete diagram
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Abstract:
Roads are one of the most important and valuable assets of countries, and remarkable amounts are spent
annually to repair and restructure them. The pavements are divided into two main groups of flexible
pavements (asphalt pavements) and rigid pavements (concrete pavements). In Iran, mainly used asphalt
pavements, which were formerly about 90 years old. Therefore, there are many reasons why the most
important of them, according to most experts, is the use of the country from abundant oil resources and low
initial costs in the construction of this type of pavement. In recent years, with the entry of bitumen as one of
the main components of the asphalt composition of the commodity exchange and consequently the increase
in the cost of manufacturing and manufacturing asphalt, as well as the development of cement production
plants in the country and the creation of carbon dioxide (CO,), a suitable platform for the development of
geo-polymeric concrete pavements in competition with asphalt pavements and concrete cement has been
provided.
In addition to abbility of bearing and reducing the pressure caused by the vehicle wheels, the pavement
layers should be durable against atmospheric and physical factors, including the natural elements of the
freeze-thaw cycles, acids and sulfates. Th pavement must be able to withstand the durability and durability of
the pavement and maintain its service over the lifetime specified.
These destructive effects led to more attention to the optimal use of resources, pozzolanic materials, and
waste. In this regard, the use of ground granulated blast furnace slag and Silica fume in various industries
such as road construction and building have been considered as a solution, however, practical, accurate and
effective steps have not been taken yet. This research tried to present the materials and experiments carried
out and to summarize them in order to eliminate the obstacles and obtain the necessary results for the use of
alkaline concrete (geo-polymeric) in the manufacture of durable concrete veneers in the pavement.

The use of alkali-activated slag concrete with the replacement of Silica fume instead of silica in sodium
silicate, in addition to the use of waste materials, enables the strength and durability of concrete pavement to
be increased under freezing and thawing cycles, acid attacks and being sulfate.

In this study, alkali-activated slag concrete with different percentages of Silica fume was studied using
The experiments of compressive and bending strength, durability under freeze-thaw cycles, sulfuric acid, and
magnesium sulfate attacks. The results showed that the replacement of 30% silica fume instead of silica in
sodium silicate, increasing the compressive strength to 43.8%, increasing the bending strength by 58.9%,
increased the durability under freezing and thawing cycles by 78.2%, increasing durability against sodium
sulfate to The rate of 57.1%, increase the durability against magnesium sulfate by 54.1%, and the reduction
of pavement slab thickness by 20.8% compared with concrete cement.

Keywords: Concrete pavement, alkali-activated slag/silica fume concrete, Freeze-Thaw Durability,
sulfate attacks
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