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Evaluation of Mechanical Properties and Crack Resistant Performance in Concrete with Steel
Fiber Reinforcement and CSA Expansive Admixture
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Abstract

In order to prevent brittle failure of concrete, steel fiber reinforcement is effective composite material. However ductility of steel
fiber reinforced concrete may be limited due to shrinkage caused by large content of cement binder. Chemical prestressing for steel
fiber reinforcement in cement matrix can be induced through expansive admixture and this can increase reinforcing effect of steel
fiber. In this study, mechanical performances in concrete with CSA (Calcium sulfoaluminate) expansive admixture and steel fiber
reinforcement are evaluated. For this work, steel fiber reinforcement of 1 and 2% of volume ratio and CSA expansive admixture
of 10% weight ratio of cement are added in concrete. Mechanical and fracture properties are evaluated in concrete with steel fiber
reinforcement and CSA expansive admixture. CSA concrete with steel fiber reinforcement shows increase in tensile strength, initial
cracking load, and ductility performance like enlarged fracture energy after cracking. With appropriate using expansive admixture
and optimum ratio of steel fiber reinforcement, their interactive action can effectively improve brittle behavior in concrete.
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PNefst 4= 9low, ol Z o84 ssta] el AEelA (Chemical
Prestressing)°l] theh 19" Z12Y=|3Ic} (Sahamitmongkol et
al., 2002; Park et al., 2001; Shim et al., 2004).
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Table 1 Mix proportions for concrete specimens

wo| E Unit weight (kg/m’)
Types | (C+E) | (E+C)
(%) (%) W C E G S F
Control 840.0 0.0
CF-1 0.0 0.0 814.0 | 785
CF-2 788.0 | 157.0
40 220.0 | 550.0 646.0
SC 840.0 | 0.0
SC-1 9.0 50.0 814.0 | 785
SC-2 788.0 | 157.0
W : Water C: Cement E: Expansive admixture
G: Gravel S Sand F: Steel fiber
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Table 2 Chemical composition of CSA expansive admixture
(Unit: %)

Ig.lOSS Il’lSOl. Si()z Alzo;a FezOs CaO MgO SO;; Sum F*Ca()

0.8 1.4 40 | 100 | 1.2 | 525 | 0.6 |300]99.1| 16.0

Table 3 Properties of steel fiber reinforcement

Length | Width | Thickness | ~SPect | Tensile
Type (onm) (mmm) (rmm) ratio strength
(I/d) (Mpa)
hooked | 4 055 047 54.5 1,000
shape

——

—

Fig. 1 Photo of hook type steel fiber
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(a) Compressive strength

(b) Concrete samples for expansive strain

Fig. 2 Test setup of compressive strength and samples of expansion
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Fig. 3 Geometry of concrete sample with notch
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Fig. 4 Schematic diagram for 3—point bending test
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(a) Test setup

(b) Crack propagation from notch

Fig. 5 Fracture test for concrete with notch
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Fig. 6 Expansion strain in CSA concrete with different steel
fiber ratio
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Table 4 Mechanical properties of CSA and normal concrete

Compressive strength (MPa)

Cases 1 2 3 average
Plain 46.0 48.4 46.1 46.8
SC 51.5 49.9 48.3 49.9
CF-1 47.2 44.4 46.5 46.0
CF-2 44.1 46.1 45.1 45.1
SC-1 45.6 45.5 46.7 45.9
SC-2 42.1 42.3 43.7 42.7
Split tensile strength (MPa)
Cases 1 2 3 average
Plain 4.0 4.2 3.9 4.0
SC 45 4.2 4.5 4.4
CF-1 6.1 4.9 5.4 5.5
CF-2 7.0 7.2 6.5 6.9
SC-1 5.8 5.5 5.5 5.6
SC-2 6.2 5.9 6.1 6.1
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Fig. 7 Strength ratio to control case
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Table 5 Elasticity and Poisson’s ratio in various conditions

Compressive strength (MPa)

Cases Elasticity (MPa) Poisson’s ratio (—)
Control 31,632 0.192
SC 29,476 0.198

CF-1 30,123 0.194

CF-2 34,871 0.245

SC-1 31,297 0.201

SC-2 30,167 0.215
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Fig. 8 Ratio of Elasticity and Poisson’s ratio
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(b) CMOD and displacement in CSA concrete

Fig. 9 CMOD and displacement in normal and CSA concrete without steel fiber
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Fig. 10 CMOD and displacement in normal and CSA concrete with steel fiber
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Table 6 Initial cracking load in normal and CSA concrete
with steel fiber

Normal concrete (KN) CSA concrete (KN)
Cases
CF-1 CF-2 SC-1 SC—2
7.759
1 6.908 7.919 Fig. 10(b) 11.535
7.532 12.974
2 Fig. 10() 8.552 8260 | g 100
10.105
3 6.963 Fig. 10(0) 7.456 11.647
Average 7.134 8.859 7.825 12.052
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©

CMOD (SC-1)

Displ. (SC-1)

Load (KN)

| 2
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Load (KN)
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Fig. 11 Comparison of CMOD and displacement of normal
concrete and concrete with steel fiber
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Fig. 12 Initial cracking load in normal and CSA concrete
with steel fiber
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Table 7 Fracture energy of normal and CSA concrete with

steel fiber
CF-1 (KN/mm) CF-2 (KN/mm)
Cases
0.02D 0.04D Final 0.02D 0.04D Final
1 1.2343 | 2.2264 | 51047 | 1.4042 | 25155 | 6.1364

2 1.2777 | 23096 | 6.0105 | 1.5046 | 2.8326 | 7.0607

3 0.9080 | 1.8575 | 5.9729 | 1.7510 | 2.2702 | 6.6372

Average | 1.140 2.131 5.696 1.553 2.539 6.611

SC-1 (KN/mm) SC—2 (KN/mm)

Cases
0.02D 0.04D Final 0.02D 0.04D Final

1 1.0526 | 1.7968 | 3.9387 | 1.9999 | 3.9848 | 9.4497

2 1.1164 | 1.9115 | 5.3206 | 2.0539 | 3.7970 | 8.3895

3 1.4315 | 2.6686 | 3.4539 | 1.9487 | 3.4877 | 8.1184

Average | 1.200 1.126 4.238 2.001 3.757 8.653

o

w

Fracture energy (KN/mm)

Fig. 13 Fracture energy in normal and CSA concrete with
steel fiber
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