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Abstract:

The project aims to analyze and design reinforced concrete beams for a multi—

storey building.

Two types of cross—sections were investigated: rectangular and T—section, to

determine the most efficient solution.

The structural model was developed using ETABS, adopting a reinforced concrete

frame system.

Slabs were considered as flange elements contributing to the formation of the T-

section.

Dead loads and live loads were applied in accordance with the British Code

requirements.

Structural analysis was carried out using the Finite Element Method to determine

internal forces.

Bending moments, shear forces, and deflections were extracted for the design

process.

Beam design included determining suitable dimensions and required reinforcement

areas.

A detailed comparison was made based on structural performance and

reinforcement quantities
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Modulus of Blasticity, E
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Expected Tensie Strength, Fue

0K Cancel
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rpdaliall galsd upi 3.5.4.3

Ll selasll 2y Define cugs (1 Section Properties 26 ) Jsasll 8)5all 038 iass
oailad g e Caupan 21 ¢ Frame Sections jla DA (e Jiall A8L3Y) pualiall iyl
5 (Slabs) Dl Caupes (5891 chlall ~ Ly « (Beams & Columns) e sl 5aec Y|

ey Qs 383 Gleal (Walls) (i) Jilsa

Define Draw Select Assign Analyze Display Design Detailing Options To

E.  Material Properties... m P @ R :'.: o
Ig Section Properties > l

W Al B IE

Frame Sections... ]r

Tendon Sections...

ttf  Spring Properties >
Diaphragms...

@b Pier Labels...
B3 Spandrel Labels...

Slab Sections...
Deck Sections...

Wall Sections...

E Group Definitions... Reinforcing Bar Sizes...

Section Cuts... Link/Support Properties...

L]

56 Strain Gauges Properties > Frame/Wall Monlinear Hinges...
nﬁ Functions N Ef Panel Zone...
.‘,':' Generalized Displacements...

.’ Mass Source...

P&  P-Delta Options...

“2 Load Patterns...

Geey Shell Uniform Load Sets...

1:22 Load Cases...

Bt Load Combinations...

ﬁ Auto Construction Sequence Case...

‘! Walking Vibrations...

=, Floor Vibrations... >

pw Performance Checks...

‘Ng Table Named Sets...

Named Assignment Sets »

phid) pailiad Caipat iagi (7.3)8)pal




: deaadl) clily 6.4.3
: dial) JlaaY) 1.6.4.3

M) e 3l Alasy! Julaill maliyy ddacdsy WG aslea 3 :(Self Weight) sl gl o
(24KN/M? ) Hsall Lgisyas o5 A dalisall DLyl 28ES5 yualial

el Al Aok Aljlal) Claddally Lgally ala )l il ¥ Jleal 380 50 clpdaiall Jlaal o
1.5KN/m2 \A‘).ﬁ dei}!\

15 KN/M: a8 dasky iyl (353 Lailgall Jlaal ajss o5 :(Wall Loads) Lilsall Jlea

:doal) Jlaal) 2.6.4.3
2 KN/M?:2asts 5) Sl Slsa) ol lajuais o5 ¢(Live Load) all Jeal) e o
:( Load patterns) Jla¥) &5 7.4.3

Juiti oo (Dead Load) dailall Jleal) Jasiy Ll e 55i5al) debisall Jlea¥l c¥ls Gyl
(Finish) cluladill Jlesl ) d3L2YL ((Live Load) dall Jlaalls ¢ pualiall 1A 034l

55 5al) Jlaa S Zxdly 5lSlae el ecfaanlly

[3 Define Load Patterns X
Loads Click To:
Self Weight Auto
Load Type Muttiplier Lateral Load
Dead Dead 1 Modify Load
]
Live Live 0
Wi Other 0
Finish Super Dead 0
Cancel
du;\}“ tb.\\ GAAJ:’ (83)1})}44]\
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: (Load combinations) JlaY) cus)ys 8.4.3

D 1.4 5l cDlalen plasinly (BS 8110) Uasyd) 36K (385 Jlaa) Caslii Casyes
Laras Clalga) ol e Joeanll Zall JLaD 1.6 5 2l

[3 Load Combination Data >

General Data

Load Combination Name luLs

Combination Type Linear Add ~
Notes Modify/Show Notes. ..

Auto Combination No

Define Combination of Load Case/Combo Resuilts

Load Name Scale Factor
Dead 14 Add

Live 16 Delete

OK Cancel

Jlaa¥) )i easi (9.3) 850l
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:(Creating mesh)4<.il) auuidi 9.4.3

Ay Jlea¥) Qi) lacal yia ehal ) (CleSs @lUaDl) 4alY) paliall awdds Llee 58
sl Ty aat filly g jall 42y il o Joumnll 49 pum 5oladll o8 . Lginy (lS Jlsil (3
deu\ )AL\’.S\A d:daﬂ\

Floor Meshing Options
@ Defaut @D
(O For Defining Rigid Diaphragm and Mass Only (No Stiffness - No Vertical Load Transfer - Applies to Horizontal Floors Only)
) No Auto Meshing (Use Object as Structural Element)
(O Mesh Object Into by Elements (Applies for 3 or 4 noded objects only with no curved edges)

(O Auto Cookie Cut Object into Structural Elements

] Add Restraints on Edge if Corners have Restraints

oK Close Apply

bl asadts eaagi (10.3)5) 500l

Frame Assignment - Frame Auto Mesh Options :

Mesh Options
(O No Auto Meshing

® Auto Mesh Frame Objects
Auto Meshing Parameters
Mesh at Intermediate Joints
[4] Mesh at Intersections with Other Frames and Area Edges

[] Minimum Number of Segments

[ Maximum Segment Length 1 m
Reset Form to Default Values
OK Close Apply

?:"-d\ a.'wﬁl Tag (113) Q}.«Aﬂ\
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ALY 7 agadll dduu (1 (3821 10.4.3

A check Model

Length Tolerance for Checks

Length Tolerance
Length Tolerance for Checks

Joint Checks

Joints/Joints within Tolerance
[] Joints/Frames within Tolerance
[¥] Joints/Shells within Tolerance

Frame Checks

[] Frame Overaps
Frame Intersections within Tolerance
Frame Intersections with Area Edges

Shell Checks
Shell Overlaps

Cther Checks

Check Meshing for All Stories
[] Check Loading for All Stories
[] Check for Duplicate Seff Mass

Fix

Olacal @iy cdadail) 8 eladl of DRSS (4l (e osls lasal z3gaill wria 385 Llee o) &

[[] Trim or Extend Frames and Move Joints to Fix Problems

] Joint Story Assignment

Select/Deselect All

0K Cancel

CJ"A.\S\ (e éﬁaﬂ\ C\_‘Aj.". (123) 515445\
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dglee (ga olgiY) 2ey ETABS malipy b alad¥) D6 el Jlgdl) ALY 7 3gaill 3ypeall el
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&b Gl
E—\‘ﬁﬁ\ 43jliag N
:4adia 1.4
Ljlie eha) ae ¢ Bilshall 2axia aed Lileall Al anena 5 Jilatll il ape ) s Cangy
gl maiagi S Cus L (T-Section) ¢ Uiy Julaivall ¢ Uadll aladinl lple Jeaniiall mibisl) cpu
apalai®Y) dualil) e 5ol AV g Uadll ) Jguasll @iy cmabually agsall alig ¢ SLisy) loladl b
LAyl
tJalaiisal) g UaB araatlly Joladl) m3l5 2.4
Cre ) 03 o Jpemnll 5 38y Jabiicnal) g Uil paacailly Jlail) 2305 g ejall 120 b o
LAY 3gall Lo Jleal) iy ey (ETABS) iyl Jubaill maliyy Dla
bl sda slaiel ais dglhaall il  Jshall mobual) ) 28LaYl (el (5585 asiall ol i) Jass
el A ardtall Silasll 3<0) bl
rdaladll milii 1.2.4
JalSia luyd IS¢l (Shear Force Diagram) (aill (558 habada muagi (1.4)8)5uall 028 X
Jlaa¥) s Al agen )l el GalidY) gmaling (e Anbaind o5 (Alikisall 2L (e 3Su)
dsthadll (Stirrups) bl 4uS aast 8 ail) 038 2ol G iyl Joba e daudfy)

ol (58 daglial
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Ldladly dangal) agiall ad ) daslall glaliall e Cus (Beams) clpsll e agelly Jlaal!
abhdl Jlal) e dasll)

42

——
| —



-, u“«v‘
e | aal

Lt

) A T
o AN 4
SANENEPN S

A

AV’
o
N

- n“ lq“l:”.blrl’”ﬂ : s = "4 : ><7.
LR T

. S, IO Q j & ,
DA, v, GV R g
KA NI Y

oA

Asn - v q‘f . %
, 47/ ‘4r..< <
e y | -
o y 4
i " ~ 4
RO "

Byl

)

Jelaicaall aall o g 3all Jadaia g (2.4

]
43

(
\




tajadly @l dus (e (Critical Beam) s JisY) 5pasl) (a3 2.2.4

sliail agies (Shear) paill o (o il (Ao (s Sl 5aSll Chalga) Jaalss §seall aa s
LAY O Slacal aaglisy g Uadl) aleal dpanil sl asall Lgleas Laa cLiad) i(Moment)

ﬂ Diagram for Beam B12 at Story Story1 (B60X25) X
Load Case/Load Combination End Offset Location
(O Load Case (® Load Combination : LEnd | |0.2000 m
uLs v J-End |4.8000 m
Length 5.0000 m
Component Display Location
Major (V2 and M3) v ® Show Max () scroll for Values
Shear V2
-111.5009 kN

I 3t0.2000 m

Moment M3
-87.1161 kN-m
4 at0.2000 m
- R
T | [ I =
Deflection (Down +)
| End Jt 39 JEnd Jt 2 ”f;';m’"
atc. m

————

(O Absolute (O Relative to Frame Minimum (@) Relative to BeamEnds () Relative to Story Minimum

Done

Jilicoal) all o8V a3l s (3.4) 550l
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@ Cua (dalail) dlaje 8 523a4) Al e Tolaie) dahyall Jae 4l all Sl arana glyal &
(600 x 250 mm) el Jubiieee & Uads lpaS alasiiad

bl die lapn Y 55l (e Al aleil) das sl s i (i jgeall (ks (e
ETABS zaliy (s iy

<alykY) xie 4glladl (Longitudinal Reinforcing)  Jskal) moloal) aios dalise A1 55all
(Shear Reinforcing) clilSll aas dalowe 406 §ygeall (b ey celiad¥l agie daglaal Cauaiiallg

5ol Cilalual) 038 o 3l &Ll daey 5l las) 2 Cua (il (558 daslaal s i S

I-End Top =0.000483
I-End Bot = 0.000221
Mid Top = 0.000000
Mid Bot = 0.000423
WJ-End Top = 0.000235
Eccc wcocaenecily | fEnd Bot = 0 000270  wmceciy éccf:ntcc 2000022

e 44 i3 §
|| als (_—

CCOTCCIT ¢ CCCTCCCOTCC 147

21

”

0 00000 DOOC 00

coozemoccomocd?® | @ coossecccomocd 16° | @ ccossmoccomened® | 2 cooerscccomonzs

ol dibesal anll ol 3o dalioe pecass (4.4)5)s0all

| [-End = 0.00029 1
0.00025000250002° |Atid = (0 00025 _ 0.000250002500025 L 0.000250002500025

J-End = 0.00026

&
% g
:
0.000260002500029° 1 0.00025000250002%° ] 0.00025000250002% | 0.000280002500026

ol Jalienall sall IS s dalioe pecass (5.4) §pual

DEO0ORED0025

0 00OREDOQREDDO2S
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:ETABS (ja Jabicall all La Aiesal) pih) 1.2.2.4

t o LS ilSy ETABS gealiyy (e dushlaall geoledll dan dalica )il o5 %

Bottom(m?) Top(m?) &gl
0.000221 0.000483 |-End
0.000423 0.0000 Mid Span
0.000270 0.000235 J-End

pall ale 16 s 32l Dledll moliall lacad HUadly slacl ) doglaall cilalesall Jigay o gt 4

Bottom(m?) Top(m?) gl
2016 3916 |-End
3016 0 Mid Span
2016 3916 J-End

ol mdeall aas die miagy(2.4)Jgaal

O Al Clilaally ale 8 lad alasiud) laimge caill (558 dagliad CLISH aaa Jrealis aass o3

(aaiiall 8 aelig Gl die (af€) dddaia € 8 LK)

LS s sl
@8@150mm c/c I-End
@8@200mm c/c Mid Span
@8@150mm c/c J-End




: T-Section gUadll araailly Julail) zil 3.4
Jaladl milii 1.3.4

(e il oda Je Jguasll 23 285 T-Section ¢ Uaal aveailly Jlaill 305 aje eiall 18 8
LS 235l e Jlal) i) e (ETABS) iyl dilail) maliy s

| 3-DView Shear Force 2-2 Diagram  (UIU) [kN] ] —

T-section aull (il (558 lakais riagi (6.4)5)pall
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tajadly @l dua (e (Critical Beam) s JisY) 5pasl) (a3 2.3.4

sl agies (Shear) paill (o (o al (Ao (s Sl 5l Calga) Jaals §jseall aa s
LAY O Slacal aaglisy g Uadl) aleal dpanil sl asall Lgleas Laa cLiad) i(Moment)

E Diagram for Beam B12 at Story Story1 (B60X25) >
Load Case/Load Combination End Offset Location
(O Load Case (® Load Combination (O Modal Case HEnd | |0.2000 m
u v J-End | 4.8000 m
Length 5.0000 m
Component Display Location
Maijor (V2 and M3) ~ ® Show Max (O scroll for Values
Shear V2
-85.8010 kN

I— | 2102000 m

Moment M3
-78.2894 kN-m
at 0.2000 m
P B
Deflection (Down +)
| End Jt 13 J End Jt 14 °i°2°g;;10’”
at s, m

(O absolte (O Relative to Frame Minimum (@) Relative to BeamEnds () Relative to Story Minimum

Done

T-Section ¢ Ui laya SV 5yl pecagi (8.4)5)50all
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(tf = 150 mm)aDLll clecd Lglss 08l dlaws liiel ae (600 mm

Jlatll vie Laja SV 55l o AaiUl) el das el Cila i O ygeall e iy
ETABS zaliy o Sl

<l xie 4glladl (Longitudinal Reinforcing) skl molaal) aios dalise A1 5ysall o
(Shear Reinforcing) blsl) aas dalie 4l §)guall cpd Laiy celiadl) agie daglaal Cauaiiallg

[-End Top =0.000299
I-End Bot = 0.000221
Mid Top = 0.000000
Mid Bot = 0.000316
- J-End Top = 0.000098 o
r —* J-End Bot = 0.000221 ——%—

+ _

T—Section g Uaal Jshll molil) aas dalis miagi (9.4)8) 50l

I-End = 0.00025
aenes Mid = 0.00025

_-J..»l.;_T At J A e e 38 tea ey

T-Section ¢ Wl UK ais dabus jeagi (10.4)8) 90l
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: ETABS (1 T-Section g il 4y Adual) audl) 1.3.3.4

t b LS cilSy ETABS zalin (e doslhaall  Jshll mabecl) aias daliss 7z )il 23 95

0.000221 0.000299 |-End
0.000316 0.0000 Mid Span
0.000221 0.000098 J-End

T-Section aull malall yas dalis meas (4.4)Jsa

pall ale 16 s 32l Dledll moliall lacad HUadly slacl ) doglaall cilalisall Jgay o g 4

) OlSe e dejga ¢ liadly golall

Bottom(m?) Top(m?) i gal)
2016 2016 |-End
3016 0 Mid Span
2016 216 J-End

(lshll mbaal) sas sae g (5.4)Jgaal)

O Al Clilsally ale 8 lad alasiud) laimge ¢ aill (558 dagliad CLISH aaa Jrealis aass o3

(aaiiall 8 aelig Gl v (af€) dddaia € 8 LI

LS s sl
@8@200mm c/c I-End
@8@250mm c/c Mid Span
@8@200mm c/c J-End
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a3 Cangy ¢anacailly Julatll 23l e Talaae) (T) ¢ Unilly Judaicaal) g Uadll (p Alalis &3)lke syl
(oal) oY) ALY Bl Cun (e Galohal) saxia el chesd Y1 Ly @l
HAglarally doaanll clilaeYy

LDl 3 gl T-Section 3. abilaioal) 53810
)l Aoty alias) 78.28 KN.m 87.11 KN.m aje el
T-Section & %10
)l Aoty alias) 95.8 KN 111.5 KN b ol
T-Section i %14
Beluall (& S (s 0.00071 m 0.00115 m <la gl
T-Section !

(osily L 58y ade) uaadl (p Jabail) il A5 )lhe eaiagy (7.4) U2l

tagadly Jlaa¥) augi selis 1.4.4

Gl Lae ¢ € IS dascall dalaie 3 AL aalus G el 50 jguall jglil :T-Beam

5M el Jola Gaitd Aldiiiaalls 5520 (il (5585 a9 5al) daid atd

5elaS B Lebeay Laa alall il il adaal) sled e dadh 2laic WU agjell deati sdldaicsal) 35S0

ALY Msal) Dlgiad b

:alagdal) 2.4.4

1.15mm Jilie 0.71mm Lisale (<o Ji T-Beam ) & ad il of galill a (e Jaadls

(Stiffness) el selua (3o i Laa AL o gia Sldl Jundy 53K ST T adaall i)
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;) 40e 3.4.4

dgsthall Johall mbuall das 40aS 18 (87.11 e 78.28) &l T-Beam I i a3l o Lay
A () sSi
GsSie QUISH e clalgaY) gl (111.5 Jilie 95.8) S8l T-Beam ) & aidl) (568 o Ly

cal el das 8 sy Lea sl
: Ll g 4.4.4
ey e Laliiia Ulena Trglaa yigig (52laally ylaill) il 80 Jgud 1Aldaiusall 5,80

a4 «(Monolithic Casting) 8yeSil 4D aas Jayy & ST a8y Callaiy Wi < T 5y

Dl e paally Bl 3 558 16 (lde Jors A £ 1Y) i) S0 oliall 3 Tas
b))

i Glaadl Y 5.4.4

réua odjlaral) Lalill (e el s (T) plad yad o0
Carad) Jaad eIl 5950 e s L1
(Clear Height) ilall g Un,¥) (e 13 .2
iall (A el ey 3
) (3 Julaioaal) g Uadl o cpn B 9
ChaSll mazaly j95 -1
silall ¢ By Julis .2
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D aahall

+* BS 8110 _1 1997 structural_use of concrete design construction

+%* British Standard BS6399 Part 1 'Loading for Buildings— Code for practice for
Dead and Imposed loads" 1996.

%* Reinforced Concrete Design (BS 8110)

W. H. Mosley J. H. Bungey R. Hulse

«* BS 8004:1986.
2020 cdaleal) dulaall ciliial) arens’ calh ool Guigal) %
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Bar areas and perimeters
Table A.1 Sectional areas of groups of bars (mm?)
Bar size  Number of bars
(ree) 1 25 S 4 B B i 8 9 10
6 2863 566 849 113 142 170 198 226 25§ 283
8 503 101 151 201 2527 3027 "352 ;402 453 503
100 00 7es N YsZIT 2N e WL A7y RNG8s0. M . 7
12 13 226 339 452 s66 679 792 905 1020 1130
16 201 402 603 804 1010 1210 1410 1610 1810 2010
20 314 628 943 1260 1570 1890 2200 2510 2830 3140
25 491 982 1470 1960 2450 2950 3440 3930 4420 4910
32 804 1610 2410 3220 4020 4830 5630 6430 7240 8040

40 1260 2510 3770 5030 6280 7540 8800 10100 11300 12600

Table 5.1 Value of ultimate shear stress v. (N/mm?) for a concrete strength o

', few = 30 N/mm?

]

} 1004 Etfective depth (mm)

[ “bd 150 175 200 225 . 250 300 =400

<0.15 0.46 0.44 043 oM 0.40 0.38 0.36
; X C 0.49 048 046 0.42
0.50 0.68 0.66 0.64 0.62 0.59 0.57 0.53
0.75 0.76 0.75 0.72 0.70 0.69 0.64 0.61
1.00 0.86 0.83 0.80 0.78 0.75 0.72 0.67
1.50 0.98 0.95 091 088 085 083 0.76
2.00 1.08 1.04 1,01 0.97 095 091 0.85

> 3.00 1.23 1.19 115 iR R 1.08 1.04 0.97

For strengths other than 30 N/mm’ the vilues in the ‘multiplied
4/ 25 +us.mmal.muumn 40 N/mm’. TR, -

°
o
o
3
o
4
°
8

Shear reinforcement

Table A.4 A, /s, for varying stirrup diameter and spacing

Stirmup o Stimup M(M)

m 8 0 00 125 IS0 s 00 25 250 25 300
8 1183 1.118 egs o.gos o,gn &ii; 0.503 0447 0402 0366 0335
10 1.847 1744 1.5 % o. 0785 0698 0628 0571 0523
12 2659 2511 226 3 S 113 1004 0904 0822 0.753
16 4729 4467 402 3216 zw 2.297 201 1787 1.608 1462 134

: £ 1S i &
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Table 1 — Minimum imposed floor loads

Examples of specific use

Uniformly distributed
load

kN/m?*

Concentrated load

ullwntmodannh
hn gdwe
kitchens) in blocks of

ﬂluvmhhmud m(&nml)(?oreonmund
areas in other blocks of flats, see C3 and below)

14

Bedrooms and dormitories except those in
Edncbhmnymmn(mluudlnﬂhaeh

18

Bdmnclnhoubmdmdn
Hospital wards
Toilet areas

18

Billiard rooms

29

xllnmdﬁuhmnuwhﬂahmby

Balconies i ity @ L5 14
? ’ mi
ll.|n¢ unlu
lnu in No:kl of
flats with limited
use (See note 1)
Guest houses, Same as rooms to which | 1.6/m run concentrated
residentinl clubs | they give access but with | at the outer edge
and communal | a minimum of 3.0
at:u in blocks of
15 except as
covered by note 1
Hotels and Same as rooms to which | 1.5/m run concentrated
motels they give access but with | at the outer edge
a minimum of 4.0
Operating theatres, X-ray rooms, utility rooms 20 45
Werk rooms (light industrial) without storage 2.5 18
Offices for general use 25 A
Banking halls 3.0 27
Kitchens, laundries, laboratories 3.0 45
Rooms with mainframe computers or similar 3.6 45
equipment
Machinery halls, circulation spaces therein 4.0 45
Projection rooms 5.0 To be determined for
specific use
Factories, workshops and similar buildings 5.0 45
(general industrial) ~
Foundries 20.0 To be determined for
specific use
Catwalks — 1.0 at | m centres
Balconies Same as rooms to which | 1.5/m run concentrated
they give .canbutvmh at the outer edge
a mhslaum of 4.0
Fly galleries 4.5 kN/m run —
distributed uniformly
over width
Ladders - 1.5 rung load
( |
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