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Sio, 20.74 94 75.29 3491 Sl (s U Cyme 5 5 4 S C-SL 5 SF-MK
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Llods astle Lo e)l.gjw ngb- ] .]ajiz-.a 9 UJJSLS\:;:
Fe,03 35 0 0.54 0.54 5
Ol Sloww dlpe 5 Ol S 5) e bylos 0 inens
Ca0 62.95 1 1.34 37.57 5 Ol 4 %j SV U FRR e OE g. 4.}}57@
MgoO 1.2 0.6 0.7 5.2 el 0l als uvag.i L;:.l;w 6@@5};‘3\ QS)L:..A do 2
50, 3 1.2 R 3.36 e s R sbdised sl g Jlees bl 4 Ol s
L ‘jLQ.:'.M\J J‘}A )‘J.S.A C_,.w‘ ol wjf J..E.r DL C.At; '/io
Na,0 0.47 0.3 2.26 11 . _
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Table 1.Chemical properties of cement and mineral ole 51 O A Oy U o o 3 o & S sl
admixtures
Loz byl ol ¥ Jgdr
W/C Binder Cement iilica Metakaolin ~ Slag  Gravel Sand
) ume Slump
Mix ID
(mm)
(kg/m’)
C 0.45 400 400 0 0 0 1053 702 60
C-SF 0.45 400 368 32 0 0 1043 698 45
C-MK 0.45 400 320 0 80 0 1043 695 60
C-SF-
MK 0.45 400 288 32 80 0 1036 691 40
C-SL 0.45 400 200 0 0 200 1037 691 70

Table 2. Concrete mix design
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Fig. 1. Measuring length change of concrete and cement paste
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Small Medium Total
Mix ID pore pore pore D50
(mm'/g)  (mm¥g)  (mmg)
C 23 45 68 96
C-SF 39 24 63 35
C-MK 35 25 60 31
C-SF-
MK 36 25 61 28
C-SL 18 53 71 113

Table. 3. Pore size distribution of concrete
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CTE (microstrain/°C)

Mix ID Age (day)
7 60 120
C 10.83 9.55 9.32
C-SF 9.12 8.63 8.5
C-MK 9.62 8.92 8.83
C-SF-MK 9.29 8.66 8.41
C-SL 11.02 10.73 9.91

Table. 4. CTE of Concrete at age 7, 28 and 120 days
BE3) \Ye ‘3.\' v Lf“)jjf‘“}. v;)b'} LL.W‘ ‘-":’.)"” .OJJ.\?

CTE (microstrain/°C)
Mix ID Age (day)
7 60 120

P 21.89 19.35 19.18
P-SF 17.92 17.35 17.17
P-MK 21.31 19.83 19.72
P-SF-MK 19.16 18.05 17.91
P-SL 23.46 21.96 21.56

Table. 5. CTE of Cement Paste at age 7, 28 and 120 days
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Abstract

Change in the concrete temperature causes the expansion of the concrete to become tensile stress especially
in structures such as concrete pavements which are long. Length change in concrete structures is caused by
thermal change is related to length, change in temperature, and coefficient of thermal expansion (CTE) of
concrete. The risk of concrete cracking decreases with decreasing CTE under temperature changes. In this
research, in order to investigate the effect of mineral admixtures on the coefficient of thermal expansion,
five concrete and cement paste samples (reference, containing silica fume, containing metakaolin,
containing silica fume and metakaolin, and containing slag) with a constant ratio of water to cement
materials (0.45) and the amount of cement materials (400Kg/m?) are made, and compressive strength and
total porosity on 7, 28, 56, and 120 days, pore size distribution on 28 days age, and coefficient of thermal
expansion of the samples from 7 days to 120 days each 7 days are examined. All specimens were kept in
water tank for curing until the time for each test. For testing CTE, specimens were returned to water tank
after each test. The results indicated that by ageing, in both paste and concrete samples, compressive
strength increased and porosity decreased. This rate of change was higher in reference concrete and
concrete containing slag. In concretes and pastes containing silica fume, better porosity and compressive
strength was observed. It also was seen that although the paste containing metakaolin had more porosity
than reference paste, reverse trend was observed in concrete samples. It shows that metakaolin did not have
much effect on paste but it was very effective on the interfacial transition zone in concrete. In addition, by
looking on CTE of concretes and pastes until 120 days, CTE of reference concrete had a descending trend
up to 60 days, and diminished by 12%, after which it remained constant. On the other hand, in the slag-
containing concrete, after 60 days, the descending trend started and declined by 10% up to 120 days. For
the concrete containing silica and metakaolin, at the very early ages, it had 14% less CTE as compared to
reference concrete, while with the ageing of the sample, its CTE dropped by around 8%. Across all
concretes, reduction of CTE was associated with lowered total porosity. Utilize the experimental data, two
models in order to different behavior of concrete with and without mineral admixtures for predicting the
coefficient of thermal expansion of them at different ages is presented using coefficient of thermal
expansion of concrete at 7-days age. For evaluating models, 3 data for each mix design separated and
models were examined with them. It was shown that CTE of concrete can be well estimated. In the
following, the relationship between CTE and total porosity and the average diameter of pores has been
investigated, which was observed that by decreasing the total porosity and the average diameter of pores,
CTE was reduced too. The highest correlation was also found between the coefficient of thermal expansion
and the diameter of pores.

Keywords: Coefficient of Thermal Expansion, Concrete, Cement Paste, Mineral Admixtures
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