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The Effect of Anchorage with Shear Reinforcement in Flat Plate System

Chang-Sik Choi,” Baek-Il Bae,” Yun-Cheul Choi,” and Hyun-Ki Choi"*

"Dept. of Architectural Engineering, Hanyang University, Seoul 133-791, Korea
*Dept. of Architectural Environmental Engineering and Building Service, Chung-Woon University, Hong-Sung 350-791, Korea

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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flat plate, shear reinforcement, effective anchorage length, slab depth, concrete strength

2E¥ (stirrup), 2B = &Y (stud rail), 2T A= (shear band),
# €] 2 (lattice) 50 ThFet Wgo] /=] ot A2 2
Bl 75 AlF/dol "dojAn A 71F(KCI 2009, ACT
2008) Vol M= BAA o] R HREHE 7|HE7] of
HE 150 mm ©|3te] £ EoM= ALeHRA] EIe=E

At k. 2= g B Ade] Y dFe
ZEEZ A AlFe] Hld ¥ 953 4 e
Ho #x) 7P HEAo R ARG Utk A WEs
FAZF gk A4H A AWS Agsle] E3E ¥E
FAE TFAATIA] ol Aoz gk S x A
go| 7153ttt Mortin® Ghail, Mokhtar 59| <170 o}
21 A AHEgde R} Jio] vste] HER
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SR A2 B2 AR Yo ol Ax F
A WA F&H oA B3 Aog ArgHEHG

&3 7]F(KCI 2009, ACI 2008) o] A+ B7}#
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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
. outside column
. I3 L | C | G| h |4 by | fx |strength (MPa)| width (%) N Type of shear
Specimen g ¢ strip (%) 4
(mm)|(mm)|(mm)|(mm)|(mm)|(mm)|(mm)|(MPa) reinforcement
Flexural | Shear (c3h) top bottom
Lol | 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 0.36
FP-CS/bar 495 SS/bar
FP-wiremesh 375 Wiremesh

Pin
Slab Specimen

Column h ﬁ
LVDT ﬁ

| ————Reaction beam —

Fig. 2 Test setup
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Fig. 3 Crack patterenson slab top surface

37 mm WA =

[e)
ol et 3

B7Fo] HA

mmol| A k2w AFAT g2 st
= HAH g P S Bk olo whke] AgrrS A
A&+ FP-SS/bar A BAE 51 mm HYANA 594.62 kN2

I =

6=

WA e
=)

A RE

2 ek

E0|E TXOIM HetaZd| 2| F2t

=

e,
A=7F FAE AT

=390,

=317
“

AAA NN Ht 23% F=

* | Accessed 2022/02/21 13:21(KST)

(d) FP-wiremesh
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200 / Contro
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Displacement (mm)

Load (kN)

Control : 36.97mm / 513.66kN
FP-SS/bar : 50.99mm / 594.62kN
FP-CS/bar : 50.01mm / 625.68kN
FP-Wiremesh : 60.27mm / 693.30kN

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 s ls 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|O@| O @ ® ® @ © | © |@=00/9|@=0-0|B3=0/Q|W=8/D
Control  [440.1| 26.4 | 36.97 - - 1.40 [714| - - 528 0.74 - - -
FP-SS/bar |473.1| 25.1 |150.99| 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 [ 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, =

If.1/3b,d, @ 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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Fig. 6 Capacity of shear reinforced by slab thickness
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Fig. 7 Typical anchorage detail (unit: mm)

i

(a) SS /Bar

(b) CS/Bar (c) Wiremesh

Fig. 8 Anchorage detail

Table 3 Property of analysis detail

h (mm) | d, (mm) | fu (MPa) | f, (MPa)

180 100
220 140

SS/bar 21.8 375
250 170
300 220
180 62
220 102

CS/bar 21.8 495
250 132
300 182
180 90
i 220 140

Wire 21.8 375
mesh 250 170
300 220

h: slab thickness, d,: effective anchorage length

aPogE 323k Fetaasa] 2ol ANSYS 10.0
S Ao, 78S E2S pull-out HAS ARES)

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 13291

220 0.72 307.15
CS/Bar

250 0.93 562.68

300 0.96 632.54

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. 9 Effect of slab thickness
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(a) SS/Bar (b) CS/ Bar (c) Wiremesh
Fig. 10 Stress distribution
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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 0.24 132.91

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

AR E7E SV = SHAIRE o] HAFA| 9] ARTt=rt
SR aQleRe FTAYET AERAA ] J¢F A
29 WYL FEAA ARFET} F/ Ao BuE
o=

t}. CS/bar, wiremesh GA] AR w7 =718l A

et

o] AToME 180 mme] S 2t
18] A o] ﬂ%sﬁ %Hﬂﬂl/l AR 3
£ vlgoR AeEzd ogk A
= ﬁﬁﬁ%pﬂr bLo}O% Table 69 YERASTE 4]
AFE vusE A3 2388 0.9~122

o] ATNHE HPAA R MY AT
RIS wpgoz MY RS

ZH|0|E T Z0IM HEtEZH|2] FE

* | Accessed 2022/02/21 13:21(KST)

et o

ISR
St o] 71E
Faystel vl

Mol e MeteZ 21t 673



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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