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Table 1- Experimental Specimen Characteristics
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Length  Thickness Elastic Absorb  shape
(mm) (mm) Modulus

(MPa)
50-54 0.07 3500 0.02 smooth

Table 2- PPS Fiber Properties
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Fig 5. PPS Fiber and FRC concrete
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Diameter  Yielding  Ultimate Yielding
(mm) (MPa) (MPa) Strain
6 248 326 0.00124
8 350 509 0.00175
14 490 665 0.0024
16 620 781 0.0031
20 490 630 0.0024
22 461 737 0.0023

Table 3. Steel bar Tensile Strength tests

Ratio Weigh  concrete  HPFRCC
Material
cement 1 812 812
Fine sand (Passing) 0.75 609 609
Fine sand (Remained) 0.45 362 362
water 0.4 325 325
superplastizer 0.005 4.06 4.06
fiber 0.022 - 18
Total - 2112 2130

Table 4.

Mix Design of plain and HPFRCC Concrete
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T om Y ®
A 38 163 189 - 15 31 2.06 1
D 27 96 125 0.66 18 42 233 1.13
E 41 170 218 1.15 15 42 2.8 1.36

Table 5. General Comparison of Experimental Results
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D/A D A Specimen

Case
0.71 27 38 Per (kN)
0.59 96 163 Py, (kN)
0.66 125 189 Prnax (kN)
0.64 100 156 P, (kN)

2 3 1.5 Agr (mm)
1.2 18 15 Ay (mm)
1.35 42 31 Ay (mm)
113 233 2.06 n
0.4 10.1 24.66 K

1 17364 17203 E
0.77 96 124 Load at Stirrup

yielding (kN)

Table 6. Comparison of Specimens A and D Results
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Table 8. Comparison of Specimens E and D Results
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Abstract:

HPFRCC is the materials including cement mortar, aggregate, and fibers which represent strain hardening
within tensile load. The HPFRCC can be used in numerous cases such as seismic rehabilitation of structural
members. One of the structural members is the existed coupling beam in coupling shear walls which is
applied as shear fuse. Using the materials in the members can enhance ductility and energy absorption and
also delays failure. The one of the important research on HPFRCC material is experimental works conducted
by Canbolat and his colleagues in Michigan University on coupling beams cast with fiber reinforced
concrete based on composite mortar HPFRCC. The beams with length to depth ration equal 1 were tested
under semi-static cyclic displacement controlled loading, the results indicated that the longitudinal re-bars
were required for higher ductility and the transverse stirrups spirals can omitted. This paper investigates a
study on the effect of existence of diagonal reinforcements and spirals of diagonal reinforcements of the
coupling beam. For this purpose, three prototypes of coupling shear walls with coupling beam were designed
by HPFRCC with length-to-depth ratio of 2 and 1/2 scales. The first prototype is considered as reference and
we use concrete with reinforcement design based on ACI 318-08 code. The other prototypes are built by
HPFRCC with PPS fibers. But in one of them the spiral of diagonal reinforcements and in the other both
spirals and diagonal reinforcements are omitted. The several strain gauges were installed on longitudinal and
diagonal and vertical bars to measure the strains during tests and particularly showing the displacement and
load of yielding points of reinforcement. The 28-day compressive strength of cylinder specimens of plain
and HPFRCC concrete were 43 and 54 MPa, respectively. The maximum size of aggregates was smaller than
4.75 millimeter in order to gain ductile mortar. The drift is the ratio of the tip displacement of the specimen
to the beam length and the ductility is the ratio of ultimate displacement to the yielding displacement and
finally the energy absorption is the area under load-displacement cure for each separate cycle. Results are
indicating of appropriate effect of HPFRCC concrete in enhancing ductility and energy absorption
capabilities and it can also reduce diagonal reinforcements. Comparing these prototypes, it is found the one
in which spirals were omitted load capacity <ductility factor «energy absorption and failure displacement
capabilities have been increased 15%, 36%, 69%, 35%. And the prototype in which diagonal reinforcements
were omitted, has decreased load capacity down to 36% and ductility factor and failure displacement have
been increased up to 13%, 35% and finally energy absorption has no changes. The stiffness slope of each
specimen was calculated and results showed that the HPFRCC specimen with diagonal bars had more 8
percentage but the stiffness of HPFRCC specimen without diagonal bars was reduced up to 60% comparing
to reference regular concrete specimen. Elastic experimental shear capacity of specimens was about 5 times
of elastic Design code (ACI) shear capacity because the shear capacity calculated by ACI is conservatively
only based of diagonal bar shear capacity.

Keywords:  Coupling shear wall, Coupling beam, Ductility, High Performance Fiber Reinforced
Cementitious Composites, HPFRCC
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