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Investigation of Waste Shell Fine Aggregates on the Material
Characteristics of Cement Mortars

ABSTRACT

This study explores the utilization of common marine wastes, specifically seashells, such as oysters and cockles, as alternative fine
aggregates in construction materials. The considered seashells were cleaned and pre-processed for use as a substitute for aggregate in
mortar. Cement mortar specimens were prepared under different conditions, such as substitution ratios and the cleaning status of the
seashells. The compressive strength of the mortars specimens was evaluated, and the solid and porous structures of each specimen were
analyzed using microstructure analysis methods such as XRD, SEM, and micro-CT. The results confirmed that oyster and cockle seashells
are composed of different calcium carbonate polymorphs, and their microstructural characteristics influence the mechanical properties
of the cement mortar specimens.
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Fig. 1. Particle Size Distribution of the Used Fine Aggregates

Table 2. Physical Properties of the Used Fine Aggregates

. . Water absorption
_ Material D ¥
21 X o Tz £ B0 atenia ensity [g/em’] ratio [%]
BEEE ARA AEE S5 15 ZERS AMES o)g3) Sand 258 12
sov], 2R 27 2 mm olsle] FAKE AHSIck RS Oyster shell 239 44
dAlEl] 918 ok el F2 s ne 2g Cockle shell 260 36
Table 1. Chemical Properties of the Cement and Aggregate Materials [wt.-%)]
Material CaO SlOz A1203 F 6203 MgO NazO Kzo SO3
Type | OPC 60.4 30.9 33 2.15 1.3 0.1 0.7 1.2
River sand - 96.2 2.8 0.1 - - - <1.0
Opyster shell 97.2 0.4 0.1 0.1 0.4 0.8 0.1 0.6
Cockle shell 97.6 0.1 0.1 0.3 0.3 1.2 0.1 0.1
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Fig.2.SEM and XRD Data of the Used Seashells: (a) SEM of Oyster Shell, (b) SEM of Cockle Shell, (c) XRD of Oyster Shell, (d) XRD of Cockle Shell
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Table 3. Specimens Cases

Type of replacement Ultrasonic Replacement ratio
shell cleaning [%]
Cockle 0 20
30
Oyster X
40
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Table 4. Mix Proportions of the Mortar Specimens with Different Aggregates [kg/m”]

Specimen WIC ratio Cemel;t Water3 Sand3 Cockle s3hell Oyster s?ell SP
[kg/m’] [kg/m’] [kg/m’] [kg/m’] [kg/m’] [wt.-%]

R 0.3 630 189 1261 - - 3
CU20/CW20 0.3 630 189 1008 252 - 3
CU30/CW30 0.3 630 189 882 378 - 3
CU40/CW40 0.3 630 189 756 504 - 3
OU20/0W20 0.3 630 189 1008 - 252 3
OU30/0W30 0.3 630 189 882 - 378 3
OU40/0W40 0.3 630 189 756 - 504 3
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Fig. 3. Micro-CT Imaging Process to Segment the Pore Volume

U5 RS Sisle] e W O vl R4 53
ek

3. 29 XSY Gt

Hzte] AlZ R g giEge wE VAF B JrkE
9Bl EAEE 24814k EAE 2SS 93 AFA=
KS L 5105 F&o] Fa}o] 5x5%5 enr’ 0.2 AkE|glon, ukssy
FEAFIE o184 1 mm/ming] £E2 35S Aslsle] F=s
Z7gstairk.

ko 2 AR dizto] RaEtE AIFA EFEUS
o, AMIE 45} 5o 2 ek MlEl= SRS Bklsky] <15
XRD #2415 8¥55itk XRD 2448 $leh 4152 3k9v] Jej=
Bruker DE/DS Advance @& o]835}510m, 2 thetad] ths]
5004 90744 29 Frlstaieh AlRkE AlAle] WAz
W7k= SEM#F HlgHo g R I5g IRIT F e
micro-CTE &-8-3te] 3319ick SEM 492 $13 A=
BH vl & pt I A F, 2HS RIS Micro-CT
IS 98l S aefsle] AIFAIS 2x2x2 em’ o & Aks}
o, gl Alo]= 16 pmo st 2go] ks Ho)
El= MATLABY] on|#] Z2A] 58 83k 3= £ 2
545 ERIEIthFig. 3).

~
o

T ElICockle (CU)
o [Joyster (OU)
S 60 %
S
50
j =
o
@ 40 1
[
=
30 1
a
£20 1
o

10

Reference 20 % 30 % 40 %
Replacement rate

(@

4. 21 BA

41 774X =4 Gt

7y A[e] ks Ak Fig 49} g it mee ARSSH
Lepkz 7ok vlasted, szt thA] AlEde Rk o s e
7F fadhs A SRIE ¢ ok A AR 20% AR
30%, 40% thAA] Ti etk vk, thdkeo] S71ek
5 A5t gashs As SskitFig. 4(a). B3 U
thAlEolM WA sfzke Z3HE AJRAPE AR shzke 3k
ARAIEG B 2 = ARk Uehlie 2e BRIk 2X(Fig.
4(b)), szt FAe) AHfFE7E Al dRFE v Ae
=lataict.

Wz S Y5d= 2]l Ak Evliats T3 A1EA9
7t etk TR AIRAAS] R v 2 SR
T A 7t FRER s Al Aol sizke] S
710% Aoz, Ewljzio] mujsjzte] wlsto] vk Wmo} w2
FES MR %lon, SEME 53l FRIgE Fujzle) w4

z27 AR 7IAF B dFS WX 2R s
(Horiguchi et al., 2021).

3
=

42 XRDE 0|83t sii2 £ Tt
Sfzte ERke ARl S B AT Fig. 59 2k

~
o

[ Cockle (CW)
_JOyster (OW)

=

w S al
o o o

Compressive strength [MPa]
= N
o

0
Reference 20 % 30 % 40 %
Replacement rate

(b)

Fig. 4. Compressive Strength Results: (a) Uncleaned Cases, (b) Washed Cases
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Table 5. Porosity of the Specimens with Different Shells and Replacement Ratios [%]
Specimen R CW20 CW30 CW40 Cu30 OW30
Porosity 2.97 3.73 4.40 5.50 3.83 8.47
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Fig. 7. Pore Size Distribution of Mortar Samples: (a) Specimens with Different Replacement Ratios, (b) Specimens with Unwashed/Washed
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