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Punching Shear Resistance of Slab with Shear Reinforcement According to Armenian and
Foreign Building Standards

Hovhannes AVAGYAN

Abstract: The paper presents the results of punching shear values with reinforcement based on calculations of two and four storey cast-in-place reinforced concrete flat
plate system buildings with spans of 4 m and 7 m by LIRA, Design Expert and RCM ACl-builder software in accordance with Armenian, Russian, European and American
building standards under earthquake loading. In contrast to Eurocode 2 (EN 2) and American Concrete Institute (ACI), the building codes of the Republic of Armenia (SNiP)
do not include the influence of bending moment in shear stress equation. The effect of punching shear on both interior and edge columns was carried out. To analyze the
systems finite element method (FEM) was used. The results of comparison analysis show that according to SNIP the shear stresses do not exceed the limit even without
reinforcement, whereas by foreign standards the differences between peak shear stresses with reinforcement and permissible shear reinforcement are marginal.
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1 INTRODUCTION

A flat-plate floor system is a two-way concrete slab
supported directly on columns with reinforcement in two
orthogonal directions (Fig. 1). This system, which is
popular in residential buildings (hotels, apartments and
restaurants), has the advantages of simple construction and
formwork and a flat ceiling, the latter of which reduces
ceiling finishing costs because the architectural finish can
be applied directly to the underside of the slab. Shear
stresses at edge columns and corner columns are
particularly critical because relatively large unbalanced
moments can occur at those locations [1]. There are several
types of reinforcement to provide the shear strength, such
as headed shear stud and stirrup reinforcement (Fig. 2).

column 7

Figure 1 Schematic view of flat plate system

Buildings which are erected by flat plate systems
became widespread in the Republic of Armenia, because
of free planning and they are economically and
ecologically profitable. Armenia is placed in a seismic
region and the territory is divided in three seismic zones,
where the accelerations of ground can be equal to 0,2g,
0,3g and 0,4g respectively [2]. Intersection of column and
slab during the seismic action is risky because the bending
moments can be notable. Consequently, the effect of
earthquake loading is an important task for future
calculations of flat plate systems.

Figure 2 Headed shear stud (a) and stirrup reinforcement (b)

Last researches [3] have shown that the punching shear
values according to SNiP [4] are satisfying the shear
conditions without reinforcement, while in accordance
with Russian standards (SP) [5] and EN 2 [6] these values
are approximately 2,5 — 3,0 times larger than allowable,
therefore it is necessary to put the additional steel bars for
providing shear resistance. The main goal of the article is
to obtain the shear stresses with reinforcement according
to Armenian and foreign building codes, to check the
general conditions of shear and to see how is affected the
bending moment to punching shear observing various
positions of columns, spans and storeys.

2 INITIAL DATA OF TASK

The cast-in-place reinforced concrete flat plate system
buildings are investigated in the paper. The buildings have
two and four storeys with spans of 4 m and 7 m. Each
storey height is equal to 3,0 m. The strength class of
concrete is C16/20 (B20) and the grade of steel bar is Grade
500 (A500C). In flat plate building the slabs have 22 cm
thickness and the square columns have 50%50 cm cross
sections. All loads are assumed by the building standards.
For comparison analysis not only SNiP, SP, EN 2 and ACI
318 [7] are included, but also the ground accelerations 0,2g
and 0,3g for the first and second seismic zones respectively
in accordance with [2]. Also the analyses of interior and
edge columns are involved which are shown in Fig. 3.
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Figure 3 Schemes of column position

3 PUNCHING SHEAR DESIGN OF SLABS WITH SHEAR
REINFORCEMENT

As shear reinforcement for current computations
stirrups were chosen. All calculations by LIRA, Design
Expert and RCM ACI-builder software were performed.

A slight difference in the forces is largely due to the
difference of reliability and load combination factors.

The calculations under punching shear are performed
for flat reinforced concrete members (slabs), when the
concentrated forces and the bending moments are existing

(Fig. 4).

control perimeter control perimeter

control perimeter control perimeter

| |
Figure 4 Design schemes of punching shear according to SNiP (a), SP (b), EN
2 (c)and ACI 318 (d)

Design outline of transverse cross section is accepted
locked and is placed around the area of the load
transmission, when the platform of load transmission is
located inside the flat element.

In accordance with [4] the shear stresses with
reinforcement are determined from the following
condition:

F<a-Ry u, hy+08-F,, (1)

As noted from Eq. (1) only axial force is included.

In accordance with [5] the bearing capacity of
elements with transverse reinforcement under punching
force taking into account the concentrated force and
bending moments mutually of two perpendicular planes
should satisfied:
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According to [6] at the column perimeter, or the
perimeter of the loaded area, the maximum punching shear
stress with reinforcement shall not be exceeded:
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Shear strength with reinforcement according to [7] is
based on
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In the conditions (1), (2), (3) and (4) the coefficients
and parameters are the following:
F, Vs and V,, are design values of the applied shear force
by [4-7] respectively, N
Ry and f'. are compressive strengths of concrete, MPa
M, and M,, M, and M,, are factored bending moments in
X and Y directions from external load, N-mm
Ebutty Mpwuir, Mpy,ui are ultimate force and accordingly the
bending moments in X and Y directions which can be
perceived by concrete, N, N-mm
Ewuity Mo, xut, Mwyur are ultimate force and accordingly
the bending moments in X and Y directions which can be
perceived by stirrup.
p is a coefficient, it depends on the position of column and
internal bending moment, calculated by [6],
un and u; are control perimeters of concrete cross section,
mm
ho and d are effective depths in the orthogonal directions,
mm
o and A are the modification factors depending on
mechanical properties of concrete, for heavy weight
concrete a = 1,0 and for normal weight concrete A = 1,0,
Vrac 1s a design value of the shear resistance without shear
reinforcement, N
s and s, are the radial spacing of the stirrups, mm
Agqe and A, are the cross-sectional areas of shear
reinforcement, mm?
6 is the angle between the shear reinforcement and the
plane of the slab,
@ is the strength reduction factor, for shear it equals @ =
0,75,
A_. is the area of concrete of assumed critical section, mm?
. and p,, are factors, and shall be considered to be
transferred by eccentricity of shear about the centroid of
the critical section,
I and I, are the moments of inertia over X and Y axes
respectively, mm*
Ci and C; the half sides which are perpendicular to vertical
axis of column, mm
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According to (1) and (2) shear stresses respectively will be
equal to

F

)

F M, M,
T, = + +
u- ho Zbe * hO 2Wby * ho

(6)

Depending on many factors like strength class of
concrete, grade of steel bar, radial spacing of steel bar and
control perimeter the shear reinforcement (vz4,s) according
to [4] is equal to 1,20 MPa, by [5] is 0,352 MPa, in case of
[6] is equal to 1,526 MPa and in accordance with [7] the
nominal shear strengths with reinforcement for interior and
edge columns are 1,174 MPa and 1,208 MParelatively.

The external forces gathered from FE analysis for each
position of column, span and building code are shown in
Tab. 1.

Table 1 External forces gained from FE analysis

g 2

Zl1eg| 2 Desi Internal bendi t/
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= g b § shear force N-mm

E & ; VEia X109/ N

o >~

“ = Mg <105 | Mra, <106
SNiP 161,7 - B

g |y SP 161,7 15,08 144,04

= EN 2 139,4 354 326,5

8 ACI318 179,8 2262 2342

Té‘ SNiP 510,0 - -

g |, SP 510,0 27,66 167,58

= EN 2 4394 40,3 359,9

ACI 318 566,7 192,7 263,0

SNiP 283,6 - -
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z | SP 3182 18,93 183,23
EN 2 2975 27,7 3579

ACI318 368,1 342 4 184,7

Figure 5 FE models for simulation analysis, two storeys flat plate building with 4
m spans (a), four storeys flat plate building with 7 m spans (b)

As mentioned above the main calculations by LIRA
software were carried out. By Design Expert the shear
reinforcement was checked for EN 2 and by RCM ACI-
builder for ACI 318.

A more detailed meshing process for column-slab
intersections was done (Fig. 5).

4 RESULTS OF FE ANALYSIS

Final results of maximum shear stresses depending on

accelerations, column positions, length of spans, storey and
building codes are shown in Tab. 2.

Table 2 Results of shear stresses

g
g1 2] &
:g; é = §‘ Maximum shear stresses / MPa
< | 27
@]
71 2 VEd Vu
= el 4 1 0.310 0.094 0.362 0.342
£ g 2 0.270 0.074 0.283 0.313
g S 7 1 0.960 0.261 0.854 1.073
o0 2 0.850 0.219 0.702 0.953
S =l 4 1 0.220 0.078 0.297 0.257
& g 2 0.140 0.051 0.188 0.162
3 S 7 1 0.600 0.229 0.784 0.684
2 0.400 0.161 0.550 0.453
1 0.310 0.184 0.719 0.350
g 4 2 0.300 0.184 0.723 0.344
3 3 0.290 0.145 0.550 0.322
3 4 0.260 0.090 0.320 0.298
TéS 1 0.970 0.338 1.142 1.098
8 7 2 0.960 0.345 1.170 1.090
= 3 0.950 0.304 1.002 1.051
o0 4 0.850 0.231 0.723 0.946
S 1 0.540 0.191 0.584 0.359
4 2 0.280 0.142 0.552 0.292
g 3 0.290 0.122 0.458 0.206
ng 4 0.160 0.066 0.241 0.182
2 1 0.610 0.274 0.963 0.719
= 7 2 0.470 0.256 0.905 0.563
3 0.610 0.265 0.901 0.501
4 0.410 0.173 0.573 0.456

The variations of shear stresses depending on storey
and distances of spans in graphics are described in Fig. 6.
All graphics by Wolfram Mathematica were implemented.

The variations of shear stresses in case of seven meters
and interior column according to all four building codes [4
+ 7] are shown in Fig. 7.

5 CONCLUSION

Comparing last research [3] with current one it is
obvious that the limited shear stress according to [4]
increases about 1,33 times and as well as [6] grows 3.30
times. Consequently, in accordance with [4, 6] including
seismic force for these types of buildings the shear
reinforcement is necessary.

To sum up, the punching shear resistances apart from
interior column of four storey building with seven meters
spans are satisfying the shear strength condition even
without reinforcement according to [4]. When is
considered [5] the difference between shear reinforcement
and maximum shear stress is approximately 4%.
Furthermore, in accordance with [6] and [7] these
differences are 34% and 7%. It means that the peak shear
stresses with reinforcement and permissible shear
reinforcement are very close values.

After all, in shear stress condition the interior bending
moment has a significant role, especially when the
structure is located in the seismic region.
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Figure 6 Relationships of shear stresses with reinforcement on number of storeys, spans, and column positions according to [4] - a, [5] - b, [6] - ¢ and [7] - d
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Figure 7 Relationships of shear stresses with reinforcement on number of
storeys according to [4 + 7]

6 REFERENCES Contact information:

; ; . Hovhannes AVAGYAN, M. Eng.
1] D A. F. (2016). R ; ’
[1} David, (2016) einforced Concrele Structures National University of Architecture and Construction of Armenia,

Analy.sis and Design, 2" Edition. McGraw-Hill Education, 105 Teryan Street, Yerevan 0009, Republic of Armenia
Washington. . ) E-mail: avaghovo9221@gmail.com
[2] RABC 11-6.02-2006: Building Code, Earthquake Resistant
Construction Design Codes.
[3] Dadayan, T. & Avagyan, H. (2016). The Comparison
Analysis of Punching Shear Resistance of Flat Plate Systems
According to Various Building Codes. International
Conference on Contemporary Problems of Architecture and
Construction, Proceedings of 8" Int. Conference /| Armenia,
69-72.
[4] SNiP 2.03.01-84*. (1989). Concrete and Reinforced
Concrete Structures.
[5] SP 63.133330.2012. (2012). Concrete and Reinforced
Concrete Structures. Basic Provisions. Updated Edition of
SNiP 52-01-2003.
[6] Eurocode 2. (2004). Design of concrete structures.
[71 ACI 318M-08. (2008). Building Code Requirements for
Structural Concrete (ACI 318M-08) and Commentary.

Tehnicki viesnik 26, 1(2019), 279-282 282



	1 INTRODUCTION


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



