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Applicability Evaluation and Development of High Strength Spacer with
Plastic Fiber and Slag Cement
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Abstract

Spacer is a construction material for maintaining cover depth and steel installation, however several problems like staining,
leakage, and cracking are currently issued due to performance degradation and unsatisfactory dimensional stability of spacer. Plastic
composite is widely used for prevention of brittle failure in cement based material, which yields improvement of crack resistance
and ductile failure. This study is for development and applicability evaluation of high strength spacer with slag cement for
environmental load reduction and plastic composite like polypropylene fiber, nylon fiber, and glass fiber. For this work, unit weight
of 4 different plastic fibers are evaluated through preliminary tests. Physical tests including compressive, flexural, and tensile
strength and durability tests including absorption, permeability, length change, crack resistance, carbonation, and freezing and
thawing are performed. Through various tests, optimum plastic fiber is selected and manufacturing system for high strength spacer
with the selected fiber is developed. Dimensional stability of the developed spacer is evaluated through field applicability evaluation.
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Table 1 Results of preliminary test

Fiber Strength (MPa)
Type 3 X -
(kg/m’) Compressive Flexural Tensile
Control - 45.1 6.1 3.2
0.44 45.5 6.2 3.4
0.55 45.9 6.3 3.6
ND
0.66 46.5 6.3 3.9
0.77 46.2 6.4 3.6
0.44 41.7 5.6 3.0
0.55 45.6 6.7 35
NW
0.66 40.7 5.9 2.7
0.77 42.5 6.3 3.1
0.44 41.8 6.3 3.4
0.55 42.4 6.4 3.4
PF
0.66 43.0 6.7 3.4
0.77 43.8 6.0 3.7
0.44 44.8 6.1 3.4
0.55 45.1 5.9 3.2
GF
0.66 45.4 6.5 3.7
0.77 41.9 6.7 2.7

Table 2 Engineering properties of plastic fiber

Type D§r15‘1t3/3 Elaiticity Tensile strength | Elongation
(10%kg/m”) (10°MPa) (MPa) (%)
PF 0.91 3.5~3.8 260~710 5~21
GF 2.54 73.5 2,500 4.8
NF 1.16 4.1 765~918 135

Table 3 Mix proportions for fiber—induced cement mortar

Unit weight (kg/m®)
Type Slag . Mineral admixture
cement Water Sand Fiber for high strength
ND 0.66
NW D 0.55
— 1,100 242 748 132
PF 0.66
GF 0.66

1) Recommended with KS L 5210
* Naphthalene HWRA (High Water Reducing Agent)— 1% of binder weight

Table 4 Mix proportions for normal cement mortar

Unit weight (kg/m®)
Type "
w/c OoPC Water Sand
Control 0.5 450 225 1350

* OPC: Ordinary Portland Cement
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Fig. 2 Strength tests for SP spacer
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Table 5 Test items and the related standards
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Table 6 Results of strength test (compressive, flexural, and
tensile test)

Type Unit Age Standards
Absorption ratio Wt% KS F 2476
Permeability g 28 days KS F 2451
Length change ratio wt% KS F 4426
Crack resistance strain Period to cracking | ASTM C 1581
Carbonation mm 28 days KS F 2584
Freezing and thawing % 300 Cycles KS F 2456
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Fiber Compressive Flexural Tensile
Type (ke/r) strength strength strength
(MPa) (MPa) (MPa)
C - 45.1 6.10 3.2

ND 0.66 70.2 19.0 6.4

NW 0.55 74.0 18.4 7.2

PF 0.66 66.3 18.3 6.3

GF 0.66 75.8 16.6 5.9
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Fig. 3 Comparison of strength properties
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Permeability test

Absorption test
Fig. 4 Photos for permeability and Absorption test

Table 7 Results of permeability and absorption ratio

Type ND NW PF GF Recommendation
Permeability (¢) | 4.52 | 4.28 | 4.66 | 5.49 below 20Y
Absorption (%) | 595 | 585 | 6.29 | 6.00 below 107

1) Guideline for repair material
2) KS F 4426
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Fig. 5 Carbonation depth measurement
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Fig. 6 Equipment for freezing and thawing
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Fig. 7 Dynamic elastic modulus in various fiber mortar
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Table 8 Length change ratio for SP spacer

Type ND NW PF GF | Recommendation
Length change (%) | 0.06 | 0.05 | 0.06 | 0.06 below 0.15"
1) KS F 4402
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Fig. 8 Photos for ring test with several fiber mixture
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Fig. 9 Cracking evaluation with ring test



(a) Extruding process (b) Installation in—situ

Fig. 10 Photos for extruding and installation process

(a) Cracks around spacer  (b) Crack free around spacer

Fig. 11 Improved crack resistance and aesthetic appearance
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