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Chemical

compounds Percentage

CaO 62.44
Si02 20.06
Al203 5.85
MgO 1.93
Fe203 3.05
K20 0.97
MnQO2 0.20
P205 0.17
SO3 2.71
TiO2 0.28
LOI 1.09

Table 1. Chemical compounds of cement type-2
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Fig. 1. Coarse gravel sieve analysis
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Fig. 4. Micronized shell powder
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Chemical Seashell Lumashell Cement

compounds powder powder Type 2
CaO 55.18 54.10 62.24
CaCo3 35.7 35.8 3.27
Sio2 3.00 1.18 20.06
Al203 0.53 0.42 4.46
MgO 0.62 0.83 2.52
Fe203 0.34 0.31 3.73
K20 0.27 0.20 0.41
MnO2 0.21 0.22 0.20
P205 0.34 0.74 0.13
SO3 1.26 0.23 1.61
TiO2 0.23 0.04 0.28
LOI 2.32 2.93 1.09

Table 3. Comparison between cement type 2 and seashell
and shellfish powder compounds
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Water Sea/Luma Sea/Luma Gravel sand

Design Cement proportion shell cement shell Water
3 3 SSD SSD 3

code (kg/m®) tocement Powder (kg/m®)  Powder (ka/m®)  (kg/m?) (kg/m?)

materials (%) (kg/m?) g g

LSO 350 0.5 0 350.0 0.0 1093 905 70.92

L2.5 350 0.5 2.5 341.3 8.8 1093 590 70.92

LS5 350 0.5 5 3325 17.5 1093 590 70.92

LS10 350 0.5 10 315.0 35.0 1093 590 70.92
LS15 350 0.5 15 297.5 52.5 1093 590 70.92
LS20 350 0.5 20 280.0 70.0 1093 590 70.92

Table 4. Mixture designs properties
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ID Sample weight (gr) Water
number : absorption

Dry Saturation  percent

LSO 7757 7789 0.410
LS2.5 7630 7652 0.280
LS5 7515 7533 0.230
LS10 7330 7338 0.109
LS15 7555 7563 0.105
LS20 7885 7890 0.080

Table 5. Water absorption values of Seashell powder
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ID Sample weight (gr) Water
number _ absorption
Dry Saturation percent

LSO 7757 7789 0.410
LS2.5 7831 7861 0.380
LS5 7618 7631 0.170
LS10 7533 7542 0.110
LS15 7724 7799 0.064
LS20 7725 7727 0.050

Table 6. Water absorption values of Lumashell powder
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Initial and final Special weight  Final weight Initial

weight difference (gr/Cm?) (@) weight (r) Volume (cm®)  Area (cm?  Dimension (cm) ID number
12 2.29 7757 7769 3375 225 15X15X15 LSO
26 2.38 7517 7543 3150 225 14X15X15 LS2.5
104 2.28 7330 7434 3212.47 214.16 14.5X14.77X15 LS5
100 2.18 7080 7180 3246.75 225 15X15X14.43 LS10
78 2.27 7384 7462 3252.3 219.75 14.65X15X14.8 LS15
18 2.36 7495 7513 3175.5 211.7 15X14.6X14.5 LS20

Table 7. Physical characteristics of the Seashell powder before being placed in the oven
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Special

Initial and - Final Initial
final weight weight weight weight V(glrﬁge Area(cm2)  Dimension (cm) D number

difference (gr/Cm3) (ar) (gr)
12 2.29 7757 7769 3375 225 15x15x15 LSO
26 2.38 7515 7543 3150 225 14x15x15 LS2.5
16 2.25 7517 7533 3336 222.45 15x14.83x15 LS5
208 211 7130 7338 3375 225 15x15x15 LS10
83 2.22 7488 7571 3363 224.25 14.95x15x15 LS15
14 2.31 7619 7633 3285 219 15x14.6x15 LS20

Table 8. Physical characteristics of the Lumashell powder before being placed in the oven
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T""Ogggﬂrcs in A“8%%‘irci“ 600°C 400°C 200°C 'fgr‘r’]';gfar:‘uergt ID number
0.57 4.14 11.27 16.14 18.2 18.33 LSO
1.11 543 12.74 17.48 17.84 18.77 LS2.5
144 5.98 13.33 17.71 18.43 19.02 LS5
1.19 3.13 8.46 10.59 12.50 13.43 LS10

Concrete divot 2.48 7.59 8.43 9.69 10.59 LS15

Concrete divot 0.92 6.37 7.55 8.55 8.86 LS20

Table 9. Compressive strength results of samples containing Seashell powder at different temperatures (MPa)

I o y cilises lales 3 855 Gl 535 (ol (sls €50 ol aslis ol AEEPRES

Two hours in An hour in

Environment

800°C 800°C 600°C 400°C 200°C temperature ID number
0.57 4.14 11.27 16.14 18.2 18.33 LSO
0.53 4.39 10.88 15.75 17.84 18.40 LS2.5
0.65 4.85 11.96 17.16 18.29 18.53 LS5
Concrete divot 2.27 8.01 9.94 11.84 11.96 LS10
Concrete divot 1.76 6.19 7.94 9.31 9.61 LS15
Concrete divot 1.07 5.95 7.55 8.28 8.86 LS20

Table 10. Compressive strength results of samples containing Lumashell
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Fig. 9. Compressive strength of samples with different
percentages of Seashell powder at different temperature
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Fig. 8. Compressive strength of samples with different
percentages of Lumashell powder at different temperatures
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ABSTRACT

The structure must be able to maintain its stability and resistance in the event of a fire to protect human life. From
time immemorial, concrete has been known to have fire-retardant properties. That's why the biggest concern with
concrete structures at the time of the fire was the reinforcement and their non-flow. But with the development of
concrete technology, the focus has also shifted to improving the mechanical properties of concrete to increase its fire
resistance. The use of pozzolans and additives in concrete to achieve high-strength and durable concrete has been in the
concrete industry for several years. In this study, the role of seashell and lumashell powder and their effects on the
mechanical properties of concrete and achieving the optimal percentage of using shellfish powder to achieve high fire
resistance and durability have been studied. For this purpose, laboratory tests involving slump evaluation, water
absorption percent, and compressive strength under high temperature were conducted on samples in which the
replacement ratios of Portland cement with the same weight of shell powder were 2.5, 5, 10, 15 and 20% weight
percent. Experimental results showed that seashell and lumashell powder increase the hydration rate and consequently
caused an increase in the heat of hydration which resulted in a faster loss of water in the concrete. Furthermore,
Seashell and Lumashell powder absorbed more water than cement due to their finer particles. All these ultimately
resulted in a reduction in concrete slump such that regardless to the shell powder type, adding 2.5, 5 and 15% of shell
powder, in average led to 13.5, 27.5 and 52% reduction in concrete slump respectively and it became approximately
constant when the used shell powder was in excess of 15%. In addition, results showed that the presence of seashell and
lumashell powder decrease water absorption in samples and made them more impenetrable. It happened because by
filling the void in the cement paste with fine powder particles, the permeable cavities have been reduced and the
connection paths of the cavities have been somewhat blocked. Replacement of cement with 2.5%, 5% and 10% of
Seashell and Lumashell powder led to (27%, 44%, 73%) and (7%, 59%, 73%) reduction in concrete water absorption
values respectively and it became approximately constant when the used shell powder was in excess of 10%. The
results of this study also showed that the replacement of cement with Seashell and Lumashell powder slightly increases
the thermal resistance of concrete and the amount of replacement of 5% by weight of cement with shell powder is
reported as the optimal percentage. Adding more than 5% shell powder as a substitute for cement, regardless of its type,
is harmful and significantly reduces the thermal resistance of concrete. Also, the results of laboratory tests showed that
when concrete is exposed to high temperatures, properties such as load-bearing capacity and durability are reduced,
leading to cracking, loss of compressive strength and concrete divot. Finally, it can be concluded that the optimal
percentage of using seashell and lumashell powder instead of Portland cement can lead to a suitable concrete in terms of
respect for the environment.

KEYWORDS: Thermal resistance, Seashell powder, Lumashell powder, Water absorption percentage, Durability
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