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ABSTRACT

This paper is devoted to study the effect of length of symmetrical overhanging edges on the
absolute maximum bending moment of uniformly loaded simply supported reinforced concrete beams.
Successful implementation demonstrates the abilities and performance of STAAD Pro V8i which is
the most popular structural engineering software products for 3D model generation, analysis and multi-
material design. All calculations had been carried out done based on elastic analysis and the ultimate
strength method of design as per ACI 318M-14 code requirements for flexural and deflection
constraints.

It is approved that the beam with optimallength of overhanging edge (I.) equal to 0.35 the beam
length between supports (l,,) has equal maximum positive bending moment and maximum negative
bending moment and optimal absolute maximum bending moment compared with the same beam but
with other lengths of overhanging edges. Different beams cases had shown that the area of tension
reinforcement may be increased up to 120% when the length of overhanging edge is away from the
optimal length ofoverhanging edge of the same beam. The convergence from the optimal length of
overhanging edge may lead to good relative economy of the beam.

Keywords: reinforced concrete, simply supported beam, overhanging edge, bending moment,
tension reinforcement, STAAD Pro
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1. INTRODUCTION
Economic reinforced concrete structures can be obtained by reducing the
bending moments, and thus member sizes are smallerfMcCormacand Brown, 2014].
A load placed in one span of a continuous structure will cause shears, moments,
and deflections in the other spans of that structure. Whatever steel percentages are
used, the resulting members will have to be carefully checked for deflections,
particularly for long-span beams, cantilever beams, and shallow beams and
slabs[McCormac and Brown, 2014].
For designing of reinforced concrete structures and for formwork consideration
of concrete framing system, spandrel beams ( overhangs) are more cost intensive than

interior beams due to their location at the edge of a floor slab or at a slab
opening| Kamara and Novak, 2011].
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Optimal designof reinforced concrete structuresresults in cost savings over
typical-practice design solutions. For portal frames of span length 14 m or larger, the
associated bending moment distributions have equal negative and positive moment
magnitudes|Guerra and Kiousis, 2006].

The location of the absolute maximum bending moment in short simply
supported beams under the influence of several moving point loads is investigated,
and found that traditional method to consider the absolute maximum bending moment
by positioning the beam center-line midway between the resultant of the loads and the
nearer heavy load is not always valid[Yassen, 2012].

For the redistribution of moments of continuous beams provisions, there is a
reduction in the values of maximum negative moments in the support regions and an
increase in the values of positive moments between supports from those calculated by
elastic analysis.Economies in reinforcement can sometimes be realized by reducing
maximum elastic positive moments and increasing negative moments, thus narrowing
the envelope of maximum negative and positive moments at any section in the
span|ACI Committee 318, 2014].

In simply supported beams, the maximum (positive) bending moment occurs at
or near the midspan, and the beam section is accordingly designed. Similarly, in
continuous spans, the cross-section at the face of the support is designed for the
maximum negative moment, and the cross-section at the midspan region is designed
for the maximum positive moment[Menon and Pillai, 2009].

For the redistribution of moments of continuous beams provisions, reduction in
the maximum moment levels (and a corresponding increase in the lower moments at
other locations)leads to the design of a more economical structure with better
balanced proportions, and less congestion of reinforcement at the critical
sections|Menon and Pillai, 2009].

This paper is study the effect of length of symmetrical cantilever edges on the
absolute maximum bending moment in uniformly loaded simply supported reinforced
concrete beams.

STAAD Pro V8i software [Bently Systems, 2015] and EXCEL spreadsheet are
used for the calculations based on elastic analysis and the ultimate strength method of
design as per ACI 318M-14 code requirements for flexural and deflection constraints.
STAAD Pro V8iis one of the most popular structural engineering software products
for 3D model generation, analysis and multi-material design [Thakur and Kushwah,
2015].STAAD.Prois very easy to learn and work, accurate for both analysis and
design,and one of the leading softwares for the design of structures|[Ramya and Sai
Kumar, 2015].Also, STAAD.Prois usedinstead of making calculations manually,
which is a time and effort consuming process, and used for generating the input /
output sets of data[Keryou et.al., 2012].

2. SCOPE AND METHODOLOGY
2.1 OBJECTIVE

This paper aims to study the effect of length of symmetrical cantilever edges on
the absolute maximum bending moment in uniformly loaded simply supported
reinforced concrete beams. For different beams, loadings, lengths of overhanging
edges as well as the optimal length of overhanging edge of each beam, the maximum
positive and maximum negative moments and the short-term deflection due to
unfactored live load [McCormac and Brown, 2014]will be calculated. Only bending
and deflection effects on the critical cross section are considered. So, the beam has to
be checked for shear considerations[Galeb, 2009].
2.2 FORMULATION OF THE PROBLEM
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2.2.1 SOLUTION PROCEDURE

All calculations have been carried out using STAAD Pro V8i software and
EXCEL spreadsheet based on elastic analysis and the ultimate strength method of
design as per ACI 318M-14 code for bending moment and deflection.

2.2.2 OPTIMAL LENGTH OF OVERHANGINGEDGES

For the uniformly loaded simply supported reinforced concrete beam with
symmetrical overhanging edges which is shown in the Fig. (1)and applying the
equations of equilibrium [Hibbeler, 2012],the maximum positive bending moment
atthe midspan and maximum negative bending moment of the symmetrical
overhanging edges at each face of the support can be expressed,

Maximum positive moment =w(l. + Zﬂ)7_ ?(lc + Zﬂ)

Simplifying the above expression,

w

Maximum positive moment 3 lmz— P lc2 (1)
: . W .2

Maximum negativemoment = Py L, (2)

When the maximumpositive and maximumnegative moments have equal
magnitude, equating the above Egs. (1), (2) and simplifying, the length of
overhanging edge of the beamcan be expressed and will be called later as the optimal
length ofoverhanging edge,

l.= 7 ~ 0.3536l,, (3)

2.2.3 CONSTRAINTS

The design of reinforced concrete beams should satisfied two groups of
requirements, which are the strength design method requirements and the
serviceability requirements as per ACI 318M-14 code. The flexural and deflection are
considered for the strength design method requirements and the serviceability
requirements respectively.
2.2.3.1 FLEXURAL CONSTRAINTS

The ACI code provides two factors of safety, one is called the load factors and
equal to 1.2 and 1.6 for unfactoreddead and unfactoredlive load respectively, and the
other is called the strength reduction factor (¢). The strength reduction factor (¢)
varies from 0.90 to 0.65.

Applying the conditions of equilibrium and compatibility of strains with
maximum concrete compressive strain at crushing of the concrete equal to (¢,=0.003)
and other hypotheticals sanctioned by this codefortension controlled beams where the
strength reduction factor (¢) is equal 0.90[Nawy, 2009 and Nilson et.al., 2010],

Asfy
085fc 0ss o )

M, = 0.945f,(d ~ ) (5)
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The limitation of the area of tension reinforcement (4;) for the maximum
reinforcement ratio and the minimum reinforcement ratio is given by:

!
Pmax(€,=0.005) = 0.3187581 Je (6)
Ty
!/
pmin = Z ( 7 )

fy fy

where f1 is equal to 0.85 for f. up to and including 28 MPa and 0.05 less for
each 7 MPa of strength in excess of 28 MPa , but S/ shall not be taken less than
0.65. Also, the strains of concrete and steel are (€, = 0.003) and (es = 0.005)
respectively.

For f; equals 21MPa and fyequals 420MPa which are widely used and studied
in the following numerical examples, the tension reinforcement ratio (p) should
satisfy the following constraintsfor the maximum reinforcement ratio and the
minimum reinforcement ratio[Hassoun and Al-Manaseer, 2008]:

0.0033 < p<0.0135 (8)
where p is equal to:

_Asg
p= bd()

2.2.3.2 DEFLECTION CONSTRAINT

Deflection constraint limits the short-term deflection due to unfactored live load
(As) [McCormac and Brown, 2014 andGaleb, 2009]to the following maximum
permissible computed deflections limit (A;) [ACI Committee 318, 2014]:

l
RETT R

3. NUMERICAL EXAMPLES
3.1 SELECTION OF BEAMS

Six main cases of uniformly loaded simply supported reinforced concrete
beamsare presented here to find the optimal absolute maximum bending moment and
illustrate the effect of length of symmetrical overhanging edges. These beams have
different lengths, widths, depths, uniformly live loads and uniformly dead loads. Each
main case has different lengths of overhanging edges and one optimallength of
overhanging edge which is calculated by the above Eq. (3). The lengths of
overhanging edges is(6, 6, 8, 9, 9 and 10) for the beam main cases (1, 2, 3, 4, 5 and 6)
respectively with increments of 0.5 m for each case, and consequently the total
number of beams is 48 different beams. All variables are chosen in such a way that
satisfy the strength design method requirements and the serviceability requirements of
the ACI code.

For all beams presented here, the compressive strength of concrete ( f)is
21MPa, the yield stress of steel(f,) is 420 MPa, the clear cover of tensile
reinforcement is 40 mm, the unit weight of reinforced concrete is 24
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kN/m3[(McC0rmac and Brown, 2014), (Arya, 2009)and (Jasim and Hameed,
2012)]. The details of all beams are shown in the following Table (1).

3.2 RESULTS AND DISCUSSIONS

The different absolute maximum positive and maximum negative moments
(M,), area of tension reinforcement (4;), tension reinforcement ratio (p), short-term
deflection due to unfactored live load (4;) and maximum permissible computed
deflections limit (4;) for all the beam cases and all lengths of overhanging edges
associated with the optimallengths of overhanging edges are calculated by using
STAAD Pro V8i software and EXCEL spreadsheet according to the requirements of
ACI 318M-14code.Table (2)shows the results for upper and lower bounds of (Mu),
(4y), percentage increase in (Mu) and (4;). Also, the same table shows (4;), (4;) for
corresponding lengths of overhanging edges. Appendix A indicates STAAD Pro V8i
design output file for the beam between supports of case 6 with optimal overhanging
edges which is shown in Table (2), whereas Appendix B indicates STAAD Pro V8i
design cross section, design load, design parameter, bending moment and deflection
of same beam.

It is clearly appeared from Table (2)that the reinforcement ratio (p) varies from
0.0034to 0.0116, which satisfy the flexural constraints with a wide range of Eq. (8).

The short-term deflection due to unfactored live load (4,) varies from 0.27 mm
to 5.20 mm, which also satisfies the deflection constraint for all lengths of the beams
between the supports and for all lengths of overhanging edges. It is obvious that for
all beams cases, the deflection of the optimal length of overhanging edges of each
case is smaller than the deflection of that length when it’s equal zero or equal /./2.

The upper bounds of absolute maximum bending momentsare (56.47, 103.78,
240.95, 321.69, 774.00 and 1255.70 kN.m), while the lower bounds of absolute
maximum bending momentsof the optimal overhangingedgesare (28.21, 51.87,
120.40, 160.83, 389.96 and 627.59 kN.m) for the cases (1, 2, 3, 4, 5 and 6)
respectively. The corresponding areas of tension reinforcement provided for the upper
bounds of absolute maximum bending moments are (604, 805, 1473, 1884, 3217 and
4826 mm?), while the areas of tension reinforcement provided for the lower bounds of
absolute maximum bending moments of the optimal overhanging edges are (340, 402,
679, 905, 1473 and 2198 mmz)of the same cases.

All these lower bounds of absolute maximum bending moments occur when the
beam has equal positive bending moment atthe midspan and negative bending
moment at the face of the support for the beams with optimal lengths of overhanging
edgesof the same case, and that absolute bending moment is referred to the
optimalabsolute maximum bending moments.

The optimallength of overhanging edge(l.)equals to 0.35 the length of the beam
between supports(l,,) as per the preceding Eq. (3).

The results indicate that the lower bounds of absolute maximum bending
moments(i.e, optimal absolute maximum bending moments) of the optimal
overhanging edges have half values of upper bounds of absolute maximum bending
moments of the same case, and these values have little difference due to rounding
offthe optimal length ofoverhanging edge calculated from Eq. ( 3).

Fig.(2) illustrates the relationship betweenthe absolute maximum bending
moment (Mu) and the length of overhanging edge including the optimal length of
overhanging edge (l.) for all beams. Fig.(3) illustrates the relationship between
percentage increase in absolute maximum bending moment with respect to the
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optimal absolute maximum bending moment and the length of overhanging edge (l.),
also for all beams.

It is clearly appeared that Fig.(3) simulates Fig.(2) andthe absolute maximum
bending moment has given various increases which may reach up to 100% with
respect to the optimal absolute maximum bending moment compared with the beam
which has same length between supports but with differentlengths of overhanging
edges other than the optimal length of overhanging edge. That maximum increase in
the absolute maximum bending moment is happened for the beams without
overhanging edges (i.e,l. = 0) and for the beams with overhanging edges of length
equal maximum [, through this study (i.e, . = Im / 2).

Fig.(4) illustrates the relationship between the area of tension reinforcement (A4;)
and the length of overhanging edge (l.) for all beams. Fig.(5) illustrates the
relationship between percentage increase in area of tension reinforcement for absolute
maximum bending moment with respect to the area of tension reinforcement for the
optimal absolute maximum bending moment and the length of overhanging edge (l.),
also for all beams.

It is clearly appeared that Fig.(S) simulates Fig.(4) andthe area of tension
reinforcement for the absolute maximum bending moment has given various increases
which may reach up to 120% with respect to the area of tension reinforcement for the
optimal absolute maximum bending moment compared with the than the optimal
length of overhanging edge.Also, that beam which has same length between supports
but with different lengths of overhanging edges other maximum increase in the area
of tension reinforcement is happened for the beams without overhanging edges
(i.e,l. = 0) and for the beams with overhanging edges of length equal maximum [,
through this study (i.e, [, = lm / 2).

Figs.(2) through (5)illustrate thatconvergence in the values of the absolute
maximum bending moment and consequently the area of tension reinforcement to
thatvalues of the beams with optimalabsolute maximum bending momentscan be
achieved as the length of overhanging edge converges to the optimallength of
overhanging edge and vice versa.lf small percentages of steel are used, there will
belittle difficulty in placing the bars and in getting the concrete between
them[McCormac and Brown, 2014].

Structural designers believe that keeping steel percentages fairly low will result
in good economy|McCormac and Brown, 2014].

That approach of the uniformly loaded simply supported reinforced concrete
beams to optimal lengths of overhanging edges and consequently optimal absolute
maximum bending moments may reduce the amount of reinforcement relatively and
improve the economy.

4. CONCLUSIONS

This study was done by STAAD Pro softwarebased on elastic analysis and the
ultimate strength method of design as per ACI 318M-14 code. The main results can be
indicated as following:

1. The optimalabsolute maximumbending moment of the simply supported beam with
symmetrical overhanging edges can be reached by equating the positive bending
moment at midspan and negative bending moment of the overhanging edge at the
face of the support.
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2. The optimalabsolute maximumbending moment of the simply supported beam with
symmetrical overhanging edges can be reached when the optimal length of
overhanging edge equals to 0.35 the length of the beambetween supports.

3. The results indicate that the lower bounds of absolute maximum bending moments
(i.e, optimal absolute maximum bending moments) of the optimal overhanging
edges have half values of upper bounds of absolute maximum bending moments of
the same beam case.

4. The results indicate that the absolute maximum bending momentshave given an
increase up to 100% with respect to the optimal absolute maximum bending
momentscompared with the beams which have same length between supports but
without overhanging edges (i.e, [, = 0) and for the beams with overhanging edges
of length equal half the length between supports (i.e,l. = Im / 2).

5. The results indicate that the areas of tension reinforcement for the absolute
maximum bending moment have given an increase up to 120% with respect to
theareas of tension reinforcement forthe optimal absolute maximum bending
moment compared with the beams which have same length between supports but
without overhanging edges (i. e,1. = 0) and for the beams with overhanging edges
of length equal half the length between supports (i.e, 1. = 1Im / 2).

6. Convergence valuesof the absolute maximum bending moment and consequently
the area of tension reinforcement to that values of the beams with optimal absolute
maximum bending moments can be achieved as the length of overhanging edge
converges to the optimal length of overhanging edge and vice versa.That
convergence may reduce the amount of reinforcement relatively and improve the
economy.
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Notation

As

4,
4,

Table (1) - Beams details

= area of tension reinforcement, mm?

= depth of equivalent rectangular stress block, mm

= width of beam, mm

=distance from extreme compression fiber to centroid of tension reinforcement, mm

= specified compressive strength of concrete, MPa

=specified yield strength of reinforcement, MPa

= overall depth of beam, mm

= length of overhanging edge of the beam, m

=length of the beam between supports, which contains the midspan section, m

= factored bending moment, kN.m

= uniformly distributed load per unit length of beam, kN/m

= uniformly distributed dead load per unit length of beam, kN/m

= uniformly distributed live load per unit length of beam, kN/m
sfactor relating depth of equivalent rectangular compressive stress block

depth

=strength reduction factor , and for bending equal 0.9
=ratio of A, to bd

= maximum usable strain at extreme concrete compression fiber

to neutral axis

= net tensile strain in extreme layer of longitudinal tension reinforcement at nominal strength

=short-term deflection due to unfactored live load, mm

=maximum permissible computed deflections limit, mm

Beam. Casel | Case2 | Case3 | Case4 | Case5 | Case 6 Notes
Information

b, mm 250 300 350 400 450 500

h, mm 400 450 550 600 800 gpp | Satisfy  deflection
constraint
Ratio between 1.5 to

h/b ratio 1.60 1.50 1.57 1.50 1.78 1.80 |2 [McCormac and
Brown,2014,Wang
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et al, 2006]
d/h ratio 0.85 0.87 0.89 0.90 0.93 0.93
Length of the beam
between  supports,
I, m 3.5 4 6 6.5 7 8 which contains the
midspan section
I,/ h 8.75 8.89 10.91 10.83 8.75 8.89
Optimal 1, m | 1.238 1.414 2.122 2.298 2.475 2.829 | As per Eq.(3)
Table (1) - Beams details (Continued)
Beam' Casel | Case2 | Case3 | Case4 | Case5 | Case 6 Notes
Information
0
0, 0, ’
0, 0, O o051, | 051, | %20 | Length of
0.5,1, 0.5,1, 1.5,2, .
1 1238 0.5, 1, 152 1.5,2, | 1.5,2, 25 symmetrical
= M 1 5 > | 1.414, 2'1"22’ 2.298, | 2475, 2 82’9 overhanging
1'7§ 1.5,2 2'5 3’ 25,3, | 2.5,3, 3' 3 5’ edges
) e 3.25 3.5 >
4
Max.l,m | 1.75 2 3 325 | 35 4 | M le = In
Max. 1./h 438 4.44 5.45 5.42 4.38 4.44
wy, kN/m 10 15 15 15 35 45 anacmred
oad
wp, KN/m 15 20 20 25 50 60 F“facmred
oad
Unfactored
load,
concrete
density=24
kN/m
Beam dead [(McCorm
weight, 2.4 324 | 462 | 576 | 8.64 10.8 %c and
kN/m rown,
2014),
(Arya,
2009) and
(Jasim, and
Hameed,
2012)]
Number of Six main
beams for 6 6 8 9 9 10 cases
each case
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Total

Number of

beams

48

Table (2) - Beams results for upper and lower bounds of (M,), (Ay), (As), (A)), percentage
increase in (M,) and (A,)

Beam L m Absolute A, A, A, | Position of | % M, % A,
Case © M,, kN.m mm? P mm mm M, &A Increase | Increase
0.00 56.47 604 0.0070 | 0.68 | 9.72 mid. 100% 78%
mid.&
1 1.238 28.21 340 0.0039 | 0.27 | 9.72 0% 0%
overhang.
1.75 56.47 604 0.0070 | 0.96 | 4.86 | overhang. 100% 78%

Table (2) - Beams results for upper and lower bounds of (M,), (Ay), (A;), (A)), percentage
increase in (M,) and (A;) (Continued)

Beam le. m Absolute As, As, Al, | Position of | % Mu % As
Case ’ Mu, KN.m | mm2 P mm | mm Mu &As | Increase | Increase
0.00 103.78 805 0.0068 | 1.01 | 11.11 mid. 100% 100%
2 1.414 51.87 402 0.0034 | 0.40 | 11.11 mid. & 0% 0%
overhang.
2.00 103.78 805 0.0068 | 1.44 | 5.56 | overhang. 100% 100%
0.00 240.95 1473 | 0.0086 | 2.40 | 16.67 mid. 100% 117%
3 2.122 120.40 679 0.0039 | 0.96 | 16.67 mid.& 0% 0%
overhang.
3.00 240.95 1473 | 0.0086 | 3.41 | 8.33 | overhang. 100% 117%
0.00 321.69 1884 | 0.0087 | 2.23 | 18.06 mid. 100% 108%
4 2.298 160.83 905 0.0041 | 0.89 | 18.06 mid. & 0% 0%
overhang.
3.25 321.69 1884 | 0.0087 | 3.16 | 9.03 | overhang. 100% 108%
0.00 774.00 3217 | 0.0097 | 2.62 | 19.44 mid. 100% 118%
5 | 2475 | 386.96 1473 | 0.0044 | 1.05 | 19.44 | Mid& 0% 0%
overhang.
3.50 774.00 3217 | 0.0097 | 3.75 | 9.72 | overhang. 100% 118%
6 0.00 1255.7 4826 | 0.0116 | 3.64 | 22.22 mid. 100% 120%
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2.829 627.59 2198 | 0.0052 | 1.45 |22.22 mid.& 0% 0%
overhang.
4.00 1255.7 4826 | 0.0116 | 5.20 | 11.11 | overhang. 100% 120%
Cantilever Midspan Cantilever
edge ‘ Unlform edge
| loading (w)
Fig. 1 - Uniformly loaded simply supported beam with symmetrical overhanging edges
1400
1200 A /’
1000
£
= \ / —8—Case 1
£ 3
s 800 & ] —@— Case 2
= o
e - 1 Case 3
= 600
2 o —m—Csae 4
2 |
< #—Case 5
400 i
—m—Case 6
200
]
O T T I
0.00 1.00 2.00 3.00 4.00 5.00

Length of cantilever edge, |, m

Fig. 2 - Relationship between absolute maximum bending moment and the length of
overhanging edge
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Fig. 3 - Relationship between percentage increase inabsolute maximum bending

moment andthe length of overhanging edge
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Fig. 4 - Relationship between the area of tension reinforcement and the length of

overhanging edge
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Fig. 5 - Relationship between percentage increase in area of tension reinforcement and

the length of overhanging edge

Appendix A - STAAD Pro V8i design output file for the beam between supports of case 6
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ACI 318 BEAM NO. 2 DESIGN RESULTS

LEN - 8000. MM FY - 420. FC - 21. MPA, SIZE - 500. X 900. MMS

LEVEL HEIGHT BAR INFO FROM TO ANCHOR
() (M) (M) STA END
1 58. 7 - 20MM 272, 73985, NO NO
7 842. 7 - 20MM 0. 1660. YES NO
3 842. 7 - 20MM ©006. 8000. NO YES
BEAM NO. 2DESIGN RESULTS - SHEAR

AT START SUPPORT - Wu= 495.70 KNS Ve= 340.44 KNS Vs= 320.49 KNS
Tu= 0.00 KN-MET Tc= 20.6 KN-MET Ts= 0.0 KN-MET LOAD 3
NO STIRRUPS ARE REQUIRED FOR TORSION.

REINFORCEMENT IS REQUIRED FOR SHEAR.

PROVIDE 10 MM 2-LEGGED STIRRUPS AT 173. MM C/C FOR 3158. MM

AT END SUPPORT - Vu= 495.70 KNS Vec= 340.44 KNS Vs= 320.49 KNS
Tu= 0.00 KN-MET Tc= 20.6 KN-MET Ts= 0.0 KN-MET LOAD %)
NO STIRRUPS ARE REQUIRED FOR TORSION.

REINFORCEMENT IS REQUIRED FOR SHEAR.

PROVIDE 10 MM 2-LEGGED STIRRUPS AT 173. MM <C/C FOR 3158. MM

2d 8000X 500X 900 3J
[rrmm e, - L & - O S e —— '
TNo20 H 842.| 0.TO 1660 TNo20 H|842.6006.T0O| 8000
|25 B B R
3 | [20%10c/ec173
|

|
A L
[

| "No20|H| 58. 272.TC 7395 {1 ] RS S8

|
|
|
| 20%10c/cli
|
|
|
|

| 0cocooo00 | | oocoooe|

loooccoo!| |oocoooo! | I I= i I

[ %820 [ Rz [l ol I I 7%20 | | 7#20 |
I =] I 1 [ I | | |
| = I I 1 I | | |
| | | | | | | | | | | I | |
I | | 7#20 | | 7#20 | | 7#20 | | 7#20 | | 7#20 | | |
| | | ooooooo]| | ooooooo| | ooooo00| |ooocooo| |ooooo00 | | |
| = I I I RN | | I

Appendix B - STAAD Pro V8i design cross section, design load, design parameter,
bending moment and deflection for the beam between supports of case 6
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Job No j i Sheet No Rev
Software licensed to Future For Computer Fart
Job Title Ref
By Detep4-Sep-14 £
Clisnt File Beam 6 - R2- L=2.820 - .| DatelTme 17.May-2016 19:36

STAAD.Pro Query Concrete Design
Beam no. 2

Design Code: ACI

7#20 @ 841.90 0.00 To 1660.43 7#20 @ 841.90 6006.23 To 8000.00

20#10clc 173.31 20#10clc 173.31
o 7420 @ 56.10 é71:f79 To739487 7
at0.000 at 4000.000 al8000.000
Design Load Design Parameter
L Fy(Mpa) | 420.000000
Mz(Kn Met) Dist.et Load FE(M 3 33 =1 2?6(606 6_"’"
627.590027 0.000000 3 ; e
Depth(m) 0.900000
-628.090027 0.000000 3 Width(m) 0500000 -
idth(m ;
-628.090027 | 0.000000 3
Lgngth(m) B.DODOGUV

Appendix B - STAAD Pro V8i design cross section, design load, design parameter,
bending moment and deflection for the beam between supports of case 6 (Continued)
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STAAD.Pro Query Bending and Shear Resulis

Bending about Z for Beam 2

Load Case: 3:1.2D.L+1.6L.L

4.000 i
627586
" Distm | Fy(kN) | Mz(kNm) |
0.000000 | 627.8400 | 628.0045
0.666667 @ 523.2000 | 2444145
1.333333 | 418.5600 | -69.5055 |
2.000000 | 3139200 | -313.6655
2.666667 | 209.2800 | -488.0655
3.333333 | 104.6400 | -592.7055 |
4.000000 0.0000 -627.5855 |
4.666667 | -104.6400 | -592.7055
5333333 | -209.2800 | -488.0655 |
6.000000 = -313.9200 | -313.6655
6.666667 | -418.5600 | -69.5055
7.333333 | -523.2000 | 244.4145
|_8.000000 | -627.8400 | 626.0945 |

STAAD.Pro Query Deflection Result

Beam no. 2

Deflection in Global Y axis. Load case 2.

4.000
. 1454

~ Distm [ X(mm) | Y(mm) | Z(mm) |
0.000000 | 0.0000 | 0.0000 | 0.0000

0.666667 | 0.0000 | -0.2800 | -0.0000

1.333333 | 0.0000 | -0.6283 | -0.0000

2.000000 | 0.0000 | -0.9543 | -0.0000

2.666667 | 0.0000 | -1.2209 | -0.0000

3.333333 | 0.0000 | -1.3943 | -0.0000

4.000000 | 0.0000 | -1.4543 | -0.0000

4.666667 | 0.0000 | -1.3943 | -0.0000

5.333333 | 0.0000 | -1.2209 | -0.0000

~ 6.000000 | 0.0000 | -0.9543 | -0.0000
_ 6.666667 | 0.0000 | -0.6283 | -0.0000
| 7.333333 | 0.0000 | -0.2900 | -0.0000
~ 8.000000 | 0.0000 | 0.0000 | 0.0000
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