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Flexural Behavior of Highly Ductile Cement Composites Mimicking Boundary
Conditions of Shellfish Skin Layer

1-d€0n, won , jJae-Yeon un , Jin- (6]0) ang -, Yun-Yon 1m *
Ki-Seong Kwon', Jae-Yeong Chun?, Jin-Wook Bang’, Yun-Yong Kim*

Abstract: In this study, the flexural performance of Highly Ductile Cement Compositest HDCC) mimicking boundary conditions of shellfish skin layer
was evaluated. To improve ductility by mimicking the boundary skin layer structure of shellfish, the method of stratification by charging between
precast panels using HDCC and the method of distributing PE-mesh to the interface surface were applied. Evaluation of flexural performance of layered
cement composite materials mimicking boundary conditions of shellfish skin layer resulted in increased ductility of all test specimens applied with
stratified cross-section compared to typical bending test specimens. The layered method by inserting PE-mesh showed excellent ductility. This is most
likely because the inserted PE-mesh made an interface for separating the layers while the HDCC pillars in the PE-mesh gave adhesion between layers.

Keywords: bio-mimick, ductile cement composites, PE-mesh, flexural performance, energy absorption capacity
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Table 1 Mix proportion of HDCC

W/B Unit weight (kg/m®) Fiber volume
o fraction
(%) Water OPC BFS FA SS SP MC %)
45 380 380 338 127 670 34 5.9 2
T Table 2 Properties of binder
. Density Blaine
Binder
(g/em’) (cm’/g)
OPC 3.15 3,492
BFS 2.90 4,260
i FA 2.22 3,420
green organic (5-15 um) E
bloike ke (10-15m) —3 A g::::‘r‘;um Table 3 Properties of Silica sand
nacreous aragonite ——= Diameter Density SIOZ Moh’s
Type 3
(mm) (g/cm’) (%) hardness
Silica
prismatic calcite (0.5-3 mm) —— Sand 0.1~0.3 2.60 96 7
periostracum (100-200 nm) .
Table 4 Properties of PVA fiber
Fig. 1 Microstructure of hierarchical structure of abalone Density Diameter Length Tensile Elastic
shell(Kim, 2015) 3 Strength mudulus
@em) mm) ) SOR e
1.3 0.04 12 1,580 37
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(a) Specimen geometry

(b) Test set-up

Fig. 2 Uniaxial tensile test specimen and test set-up
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Table 5 Details of test variables

Specimen Detail
Type-N General bending test specimen
Type-P Precast panel is inserted specimen
Type-M7 Using PE-mesh with an internal diameter of 7mm
Type-M15 Using PE-mesh with an internal diameter of 15mm
Front view Side view
= Type—N
: 550 J T
- H
% =. Type-F
o 400 A
al | - : | Type-M7
[t oo I Tyep—-M15

. Type-M7 : 7 mm PE-mesh
Type-1% - 18 mm PE-mash

Fig. 3 Details of flexural specimens

Photo 1 Manufacturing of specimens



Table 6 Properties of PE-mesh

Mesh size Width Density Tensile
No. (mm) (mm) (g/em3) strength
(MPa)
M7 73%7.7 3
0.91 33
MI5  12.5%15 4.15

Photo 3 Bending test set-up
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Tensile stress (MPa)
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Tensile strain ( % )

Fig. 4 Tensile stress-strain curve of HDCC

Table 7 Compressive strength of HDCC

NO. 1 2 3 Average
Compressive
strength 37.8 39.3 38.2 38.4
(MPa)
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(a) Type-N

* (b) Type-P

(c) Type-M7

(d) Type-M15

Photo 4 Crack patterns of specimens
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Table 8 Flexural test results(average value)

Initial cracking

Ultimate state

Energy absorption

Specimen load Deflection load Deflection (KN-mm)
(kN) (mm) (kN) (mm)

Type-N 21.0 0.65 37.1 5.1 1752+32

Type-P 18.8 0.63 35.7 6.7 205.5+8.1

Type-M7 21.6 0.67 45.0 8.0 326.5+4.6

Type-MI5 20.4 0.72 40.6 72 256.6+4.9
50 Y FrlEe] @A 2 2 AAE WF{ BAR ST AR
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Fig. 5 Typical load vs. mid-span deflection curves
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(b) Type-M15

(a) Type-M7

Photo 5 Fracture section of interface

Type-N Type-P

Type-M7 Type-M15
Fig. 6 Energy absorption capacity
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