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Improvement and Evaluation of Structural Performance of Reinforced Concrete Beam using
High Ductile Fiber—Reinforced Mortar with Ground Granulated Blast Furnace Slag
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Ha, Gee Joo Lee, Dong Ryul

Abstract

In this study, eleven reinforced concrete beams, without stirrup, using high ductile fiber—reinforced mortar with
ground granulated blast furnace slag(SHF Series, SHFSC Series) and standard specimens without or with stirrup(SSS,
BSS) were constructed and tested under monotonic loading. Experimental programs were carried out to improve and
evaluate the shear performance of such test specimens, such as the load—displacement, the failure mode, the maximum
strength, and shear strength. All the specimens were modeled in scale—down size.

Test results showed that test specimens(SHF Series, SHFSC Series) was increased respectively the shear strength
carrying capacity by 26%, 20% and the ductility capacity by 5.27, 5.75 times in comparison with the standard specimen
without stirrup(SSS). And the specimens(SHF Series, SHFSC Series) showed enough ductile behavior and stable flexural
failure.

Keywords : High ductile fiber—reinforced mortar, Ground granulated blast furnace slag, Structural performance, PVA fiber
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Table 1 Toughness ratios calculated based on micro—mechanical

analysis
W/C =60 % W/C =475 % W/C =235%
(W/B = 48%) (W/B = 38%) (W/B = 28%)
Age Jip I , Jip T . Jtip I .
(ays) | @and) | @ity | T | ey | o | | g | gy | T

7 1.879 | 18.094 | 9.641 | 3.279 | 19.676 | 5.999 | 5.665 | 20.174 | 3.560
14 2.287 | 18.266 | 7.987 | 4.900 |19.561 | 3.992 | 9.205 | 20.343 | 2.209
28 2480 | 18.379 | 7.412 | 5423 | 19.784 | 3.648 | 14.51 | 20.452 | 1.407

~~W/C=60% (W/B = 48%)
-8-W/C=47.5 % (W/B = 38%)
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Fig. 2 Toughness ratio as a function of the composite age for
the effects of W/C and the addition of slag particles
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Fig. 3 Typical uniaxial tensile stress—strain curves of high ductile
fiber—reinforced mortar
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Table 2 Design parameters of test specimens

Section Steel bar Length Sh
. . - . en| ear
Type Specimen Width Depth PVA fiber content (%) Tension | Compression () reinforcement
(b, mm) (D, mn)
SSS 150 300 - 3-HD13 2-HD10 2200 -
Standard
BSS 150 300 - 3-HD13 2-HD10 2200 @)
SHF0.5 0.5 3-HD13 2-HD10 2200
SHF0.75 0.75 3-HD13 2-HD10 2200
SHF1.0 150 300 1.0 3-HD13 2-HD10 2200 -
PVA fiber SHF1.5 1.5 3-HDI13 2-HD10 2200
reinforcement SHE2.0 2.0 3—-HD13 2—HD10 2200
specimen SHFSC1 Combination of 0.5+1.0 3-HD13 2-HD10 2200
SHFSC2 150 200 Combination of 0.5+1.5 3-HD13 2-HD10 2200
SHFSC3 ’ Combination of 0.75+1.0 3-HD13 2-HD10 2200
SHFSC4 Combination of 0.75+1.5 | 3—-HDI3 2-HD10 2200
ex) combination for 0.5+1.0: PVA fiber volume fraction 0.5% of cementer, PVA fiber volume fraction 1.0% of end region
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(a) Standard specimen without shear reinforcement(SSS)
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(b) Standard specimen with shear reinforcement(BSS)
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(c) Specimens using PVA fiber reinforcement(SHF Series)
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(d) Specimens using combination of PVA content(SHFSC Series)

Fig. 4 Details of test specimen
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Table 3 Material properties of the reinforcing bar

Yield . Young's
Bar strength Tens%f/[;;;ength modulus
(MPa) (MPa)
HD13 414 600.5 2.04x10°
HD10 455 636 1.95x10°
Table 4 Mix proportion of concrete
Compres— Mix proportion (kg/m’)
sive W/C | S/A Slump
strength | (%) | (%) i . (mm)
(MPa) C W S A AD
42 31.3 429 | 530 | 154 | 738 | 958 | 5.3 120

Table 5 Test result of concrete strength

(unit : MPa)
Age(days) 7 14 28
Compressive 30.62 34.14 455
strength
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24mm 12mm

Fig. 5 PVA fiber

Table 6 Properties of PVA fiber

Diameter | Length Nominal Elongation gilie?l% Young's
(pm) (mm) strength r(lé;b) co%ltent modulus

# (MPa) %) (GPa)

39 12 1,620 6 0.8 38.9

Table 7 Mix proportion of high ductile fiber—reinforced mortar

with slag
. PVA
Material | Cement | Sand | Slag | Water | PCSP | HPMC .
Fiber
0.5,
Ratio of 0.75
weight 100 80 25 48 0.3 1.0,
(%) 1.5
2.0

% All numbers are ratios of cement weight except for PVA fiber.
% PCSP: Superplasticizer, HPMC: hydroxymethycellulose
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Fig. 7 Location of steel strain gauges

2200

OO
]

BN N
s}

oL

DO

d

Fig. 8 Location of con'c strain gauges

31, 71 o5l WAoo THegich B AY
A9 sk TAM A AEA Fodell AxE HAA
(LVDD) & o]gste] =4l A3 a2 ES W
& Fig. 7, 8042} o] ~E]QIAC|A] (5mm, 60mm)
5 QFAT@M), dFHE@N Y ZAHE B Y
(47h) of] F-2ato] S7sISich

3.4.2 54%A9 72 914

7 A8 A9 AzF Foke] AdA| shtolA 7 sl wh
A sE-AAwe sl Ao WYL Fig 7
i} o] AER ol FHLo] =

o1 A0)A] 5mmE 2} 914,
2714 F-aete] shseAlel] wht 573kl

Pl 2z}

IxEFCEB|R| ®148 ®Me=(2010. 1) 147



|

Load (kN)
g g 8

0 20 10 60 80 100
Displacement (mm)

(a) Specimens using PVA fiber reinforcement(SHF Series)
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(c) Comparison of SHF Series and SHFSC1
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(b) Specimens using combination of PVA content(SHFSC Series)
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Fig. 9 Load—displacement relation of each specimen
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Fig. 11 Cracking and final failure mode of SHF Series specimens
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Fig. 12 Cracking and final failure mode of SHFSC Series specimens

Table 8 Final failure mode of each specimen

Specimen PVA fiber content Shear Failure
pect (%) reinforcement !
SSS - - Shear
BSS - O Flexural
SHFO0.5 0.5 Flexural
SHFO0.75 0.75 Flexural
SHF1.0 1.0 - Flexural
SHF1.5 1.5 Flexural
SHF2.0 2.0 Flexural
Combination of
SHFSC1 05+1.0 Flexural
Combination of
SHFSC2 05+15 B Flexural
Combination of
SHFSC3 0.7541.0 Flexural
Combination of
SHFSC4 075415 Flexural
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Table 9 Load—carrying capacity ratio of each specimen

Table 10 Shear force and stress of each specimen

casei | speimen | M | chseicASED)

0 SSS 121.9 1

1 SHFO0.5 125.56 1.03
2 SHF0.75 129.21 1.06
3 SHF1.0 135.31 1.11
4 SHF1.5 151.16 1.24
5 SHF2.0 153.59 1.26
6 SHFSC1 131.18 1.08
7 SHFSC2 143.59 1.18
8 SHFSC3 133.28 1.09
9 SHFSC4 146.81 1.20
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P\\f?luﬂ?:r Ultimate Ultimate shg;lﬂ?n:rtiss
Specimen fraction shear force | shear stress Fatio
(%) () Lok (W,/v,, )
SSS - 60.95 1.45 1
SHFO0.5 0.5 62.78 1.49 1.03
SHFO0.75 0.75 64.61 1.54 1.06
SHF1.0 1.0 67.66 1.61 1.11
SHF1.5 1.5 75.58 1.80 1.24
SHF2.0 2.0 76.80 1.83 1.26
SHFSC1 0.5+1.0 65.59 1.56 1.08
SHFSC2 0.5+1.5 71.63 1.71 1.18
SHFSC3 | 0.75+1.0 66.64 1.58 1.09
SHFSC4 0.75+1.5 73.21 1.74 1.20
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Fig. 13 Ultimate shear stress on change of PVA fiber content
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ductility ratio
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Fig. 14 Displacement ductility ratio of each specimen
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Table 11 Strength and ductility of each specimen

S ecimen a v v)/ 8 max \IITIHX 6 u vll — ﬁ
P mm | @ | o | & | o | & 1T,

SSS 6.12 | 9143 | 129 | 121.9 | 13.67 | 97.52 | 2.23

BSS 6.56 [100.95| 75.7 | 134.6 | 83.59 |107.68 | 12.74

SHFO.5 | 857 | 9417 | 56.33 |125.56 | 62.34 |100.45| 7.27

SHFO.75 | 8.08 | 96.91 | 51.87 |129.21 | 63.69 |103.37| 7.88

SHF1.0 | 6.78 |101.48| 33.74 |[135.31 | 66.15 | 108.25| 9.76

SHF1.5 | 6.48 |113.37| 44.33 |151.16| 76.27 |120.93 | 11.77

SHF2.0 | 6.62 |115.19| 8.37 |153.59| 69.33 |122.87 | 10.47

SHFSC1 | 6.25 | 98.39 | 69.59 | 131.18 | 74.75 | 104.94 | 11.96

SHFSCZ | 6.48 |107.69 | 76.97 |143.59| 78.53 |114.87 | 12.12

SHESC3 | 6.68 | 99.96 | 70.94 |133.28| 81.7 |106.62| 12.23

SHFSC4 | 6.69 |110.11| 75.23 |146.81| 85.9 |117.45| 12.84
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