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ABSTRACT Flat plate are being used more in buildings requiring a high level of technical installations or in buildings needing
changeable room arrangements during their life time such as office buildings. The main problem in flat plate is its weak resistance

against a punching failure at its slab-column connections. Therefore, in this research, an experimental study on full-scale interior
slab-column connection was performed. Three types of shear reinforcements were tested to prevent brittle punching shear failure
that could lead to collapse of the structure. A series of four flat plate specimens including a specimen without shear reinforcement
and three specimens with shear reinforcements were tested. The slabs were tested up to failure using monotonic vertical shear load-
ing. The presences of the shear reinforcements substantially increased punching shear capacity and ductility of the interior slab-
column connections. The test results showed that a slab that did not have enough bond length failed before shear reinforcement
yielded due to anchorage slip. Also, FEM analyses were performed to study an effect of slab thickness and concrete compressive
strength on the flat plate slab. The analytical study results were used to propose a method to calculate performance capacity of shear
reinforcement in slab-column connection.
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Fig. 1 Detail of special reinforcement
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Table 1 Property of the test specimen

Steel yield |Reinforcement Relnfo'r cement ratio
. o outside column
. L | b | C | C| h |dag| by | fu |strength (MPa)| width (%) o Type of shear
Specimen strip (%) 4
(mm)|(mm)|(mm)|(mm)|(mm)|(mm)|(mm)|(MPa) reinforcement
Flexural | Shear (c3h) top bottom
b o P bar bar
Control - Non
FP-SS/bar 375 SS/bar
— 2,620[2,725| 600 | 800 | 180 | 150 |3,400| 21.8 | 491 0.55 0.36 036 F—m—
FP-CS/bar 495 SS/bar
FP-wiremesh 375 Wiremesh
Fig. 2 Test setup
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Fig. 4 Test result (load-displacement)
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Table 2 Camparison of test results of shear-reinforcement and unreinforced specimens

- Comparison with
o 5 5 Ultimate| Ultimate Dllsfeife_ KCI 2009 (kN) o Ry
: 'y 'y max : test _ test— /
Specimen (kN)| (mm)| (mm) Streggth DeﬂeFtlon ductility Precicted Test Vo Vjp5—V¢ Oy v/V,
ratio ratio results '
O pax / Oy
UC US Uu Uu
- D|lO©| 3 @ ® ® @ ©® | © |0=0/0|2=0-0|B=12/@|Ww=8/D
Control  440.1] 26.4 | 36.97 - - 1.40 714| - - 528 0.74 - - -
FP-SS/bar [473.1| 25.1 |{50.99| 1.16 1.38 2.03 6781075 594 0.55 197.75 0.29 1.7
FP-CS/bar [521.1] 26.3 | 50.01 | 1.22 1.35 1.90 396|758 |1155| 625 0.54 228.81 0.30 1.9
FP-wiremesh |541.4| 23.9 |1 60.27 | 1.35 1.63 2.52 847(1243| 693 0.55 296.43 0.35 2.1

@D Yield load, @ Yield displacement, (3 Maximum displacement (testing value), @ Ultimate strength of shear-reinforcement/ Ulti-
mate strength of unreinforced (testing value), & Ultimate displacement of Shear-reinforcement/ Ultimate displacement of unre-
inforced (testing value), ® Displacement ductility ratio, (7 Punching shear strength of concrete precited by KCI 2009, supposing
that the specimen is not shear-reinforced V.= J]Tk/3bad, Punching shear strength of shear reinforcement precited by KCI 2009,
Vi=Aufd/ s, @ Direct punching shear strength precited by KCI 2009, @ Direct punching shear strength by testing
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Table 4 Analysis of result (slab thickness)

h (mm) Slip (mm) JSra (MPa)
180 0.58 116.62
220 0.73 231.95
SS/Bar
250 0.90 374.55
300 0.91 392.25
180 0.24 132.91
220 0.72 307.15
CS/Bar
250 0.93 562.68
300 0.96 632.54
Fig. 7 Typical anchorage detail (unit: mm) 180 0.32 161.64
220 0.54 281.46
Wiremesh
250 0.64 381.09
300 0.65 434.93

h: slab thickness, f;,: effect of anchorage strength
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Fig. 10 Stress distribution

Fig. 11 Effect of concrete compressive strength
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Table 5 Analysis of result (concrete compressive strength)

h (mm) | fy (MPa) | Slip (mm) | £, (MPa)

21.8 0.58 116.62

SS/Bar 180 24 0.51 132.46
27 0.4 150.18

21.8 0.24 13291

CS/Bar 180 24 0.25 161.62
27 0.25 182.58

21.8 0.32 161.64

Wiremesh 180 24 0.42 192.24
27 0.32 207.66

h: slab thickness, f;,: effect of anchorage strength
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Table 6 Comparison between test and analysis value

A | o .

(mm) (Nﬁ’a) (hj/%i)a) (fznzﬁ) {éfg) Comparison
SS/bar | 180 | 375 |116.62] 031 | 0.9 1.06
CS/bar | 180 | 495 13291 027 | 030 0.9
Wiremesh| 180 | 375 |161.64] 042 | 035 1.20

Jrat effect of anchorage strength by analysis
Jor effect of anchorage strength by test
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Fig. 12 Comparison between predicted strength and test
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