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Reinforced Concrete Structures

INTRODUCTION

Concrete Materials:

Concrete 1s a mixture of sand, gravel, crushed rock, or other aggregates held together in a
rocklike mass with a paste of cement and water. Sometimes one or more admixtures are
added to change certain characteristics of the concrete such as its workability, durability, and
time of hardening.

e Cement: (Ordinary Portland Cement, Sulphate Resistance Cement, Low Heat Cement ... etc.)

e Water.

e Coarse and Fine Aggregate: (Gravels + Sand), 75 % of concrete mix.

o Admixtures: (Water-reducing Admixtures, Accelerating Admixtures, Coloring Admixtures ... etc.)

Types of Concrete:

Plain Concrete, Reinforced Concrete, Lightweight Concrete, High-Density Concrete |,
Precast Concrete, Pre-stressed Concrete, Glass Concrete, Rapid Hardening, Roller
Compacted, Vacuum, Self-Compact Concrete.
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Mechanical Properties of Concrete:

1- Compressive Strength: compressive strength is one of the most important engineering
properties of concrete. It 1s a standard industrial practice that the concrete 1s classified
based on grades. This grade 1s nothing but the Compressive Strength of the concrete
cube or cylinder. Cube or Cylinder samples are usually tested under a compression
testing machine (7 and 28 days curing) to obtain the compressive strength of concrete.

2- Tensile Strength: Also important because it effect on cracks that occurred in structures.
It’s very low in concrete about (10 - 15 %) compared with compressive strength. There
are two ways to test the tensile strength in concrete:

- Splitting Cylinder Test.
-  Modulus of Rupture.

Stress - Strain Curve for Concrete :

Stress Strain Curve of Concrete
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3- Modulus of Elasticity for Concrete: Modulus of Elasticity of Concrete can be defined
as the slope of the line drawn from a stress of zero to a compressive stress of 0.45f°c.
As concrete 1s a heterogeneous material. The strength of concrete 1s dependent on the
relative proportion and modulus of elasticity of the aggregate.

For normal-weight concrete (2300 Kg/m3),
Ec=4700"f'cMPa

Reinforced concrete (RC): is a composite material in which concrete's relatively low tensile
strength and ductility are counteracted by the inclusion of reinforcement having higher tensile
strength or ductility.

* The overall goal is to be able to design reinforced concrete structures that are:

e Safe.
e Lconomical.
e Lifficient.

* Reinforced concrete 1s one of the principal bullding materials used m engmeered
structures because:

e Low cost.

e Weathering and fire resistance.
e Good compressive strength.

e Formability.

Reinforcing schemes are generally designed to resist tensile stresses in particular regions of
the concrete that might cause unacceptable cracking and/or structural failure. Modern
reinforced concrete can contain varied reinforcing materials made of steel, polymers or
alternate composite material in conjunction with bars or not.

* Steel Location: “Place reinforcing steel where the concrete is in tension”
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Tensdon steel reinfarcement

* Steel Bars Sizes:
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* Grades: (fy / fu in N/mm’):

240/360, 280/420, 350/520 and 400/600

fy : Steel Yield Strength

e AN N
SR T

fu: Steel Ultimate Strength Bar Unit Sectional

Diameter| Weight Area

(mm) | (kg/m) | (mm2)
6 0.222 28.3
8 0.395 50.3
10 0.617 78.5

12 0.888 113.1

16 1.578 201.1

20 2.466 314.2

25 3.853 490.9

32 6.313 804.2

40 9.864 1256.6

Stress - Strain Diagram for Steel:




UNIVERSITY OF ANBAR 3rb CLASS
COLLEGE OF ENGINEERING LEC.: MOHAMMED NAWAR

DAMS & WATER RESOURCES ENGINEERING

Plastic Reaon E F
B o
; ¥ Ultennte Stress
-~ >
o of
A ,J" Yield Pomt Fractre Pout

Shezs

/ Elastic Regson

Stan ——>

Typical Structural Elements of a Skeletal R.C. Building:

Concrete frame structures are the most common type of modern building. It usually
consists of a frame or a skeleton of concrete. Horizontal members are beams and vertical
ones are the columns. Concrete Buildings structures also contamn slabs which are used as
base, as well as roof / ceiling. Among these, the column 1s the most important as it carries the
primary load of the building.

1- Slabs: These are the plate element and carry the loads primarily by flexure. They usually
carry the vertical loads. Under the action of horizontal loads, due to a large moment of
mertia, they can carry quite large wind and earthquake forces, and then transfer them to the
beam.

2- Beams: These carry the loads from slabs and also the direct loads as masonry walls and
their Self-Weights. The beams may be supported on the other beams or may be supported
by columns forming an mtegral part of the frame. These are primarily the flexural members.

3- Columns: These are the vertical members carrying loads from the beams and from
upper columns. The loads carried may be axial or eccentric. Columns are the most important
when compared with beams and slabs. This 1s because, 1f one beam fails, 1t‘ll be a local failure
of one floor but if one column fails, 1t can lead to the collapse of the whole structure.

4- Foundation: These are the load transmitting members. The loads from the columns and
walls are transmitted to the solid ground through the foundations.



https://civildigital.com/earthquake-behaviour-of-buildings/
https://civildigital.com/10-advantages-concrete-construction-material-concrete/
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https://civildigital.com/3-design-philosophies-working-stress-ultimate-load-limit-state/
https://civildigital.com/basics-flat-plate-floor-system-advantages-disadvantages/
https://civildigital.com/failure-modes-beams/
https://civildigital.com/formwork-beams-slabs/
https://civildigital.com/bar-bending-schedule-bbs-bbs-step-step-preparation-sample-excel-sheet/
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Structural Loads:

1- Dead load: The dead load includes loads that are relatively constant over time,
mcluding the weight of the structure itself, in addition to walls, plasterboard or carpet.
The roof 1s also a dead load. Dead loads are also known (static loads).

Density of Some Materials that using in Construction:

Material Density ( kg/m’)
concrete 2300
Asphalt cone, 2400
Bricks 1900
Cement 1400
T Chy (we) | 2080 |
Cemsenl mortar 1440
Concrete (remforced) 2400
Gypsum 1200
Sand 1650
Concrete Blocks 1400
Gravel 1800
Steel 7850
Wood(average) 400-700
Water 1000

2- Live load: lLive loads are temporary of short duration, or amoving load.

These dynamic loads may 1nvolve considerations such as impact, momentum, and
vibration.
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Live load for Deferent Types of Structures:

Live Load Live Load
Occupancy or Use b/’ (kN/m®) Occupancy or Use IV (kN/m®)
Air-conditioning 200' (9.58) Kitchens, other than domestic 1507 (7.18)
(machine space) Laboratories, scientific 100' (4.79)
Amusement park 100" (4.79) Laundries 150' (7.18)
structure Libraries, corridors 80' (3.83)
Attic, nonresidental Manufacturing, ice 300 (14.36)
Nonstorage 25 (1.20) Morgue 125 (6.00)
Storage 80' (3.83) Office Buildings
Bakery 150 (7.18) Business machine equipment 100" (4.79)
Exterior 100 (4.79) Files (see file room)
Interior (fixed seats) 60 (2.87) Printing Plants
Interior (movable seats) 100 (4.79) Composing rooms 100 (4.79)
Boathouse, floors 100' (4.79) Linotype rooms 100 (4.79)
Boiler room, framed 300" (14.36) Paper storage =¥
Broadcasting studio 100 (4.79) Press rooms 150' (7.18)
Catwalks 25 (1.20) Public rooms 100 (4.79)
Ceiling, accessible furred 10° (0.48) Railroad tracks =3
Cold storage Ramps
No overhead system 2507 (11.97) Driveway (see garages)
Overhead system Pedestrian (see sidewalks and
Floor 150 (7.18) corridors in Table 4-1)
Roof 250 (11.97) Seaplane (see hangars)
Computer equipment 150" (7.18) Rest rooms 60 (2.87)
Courtrooms 50-100 (2.40-4.79) Rinks
Dormitories Ice skating 250 (11.97)
Nonpartitioned 80 (3.83) Roller skating 100 (4.79)
- Partitioned 40 (1.92) Storage, hay or grain 300' (14.36)
* Elevator machine room 150' (7.18) Telephone exchange 150' (7.18)
* Fan room 150' (7.18) Theaters:
= File room Dressing rooms 40 (1.92)
Duplicating equipment 150' (7.18) Grid-iron floor or fly gallery:
Card 125' (6.00) Grating 60 (2.87)
~ Letter 80' (3.83) Well beams, 250 Ib/ft per pair
* Foundries 600" (28.73) Header beams, 1,000 Ib/ft
Fuel rooms, framed 400 (19.15) Pin rail, 250 Ib/ft
Garages—trucks - Projection room 100 (4.79)
Greenhouses 150 (7.18) Toilet rooms 60 (2.87)
Hangars 150" (7.18) Transformer rooms 200' (9.58)
Incinerator charging floor 100 (4.79) Vaults, in offices 250' (11.97)

'Use weight of actual equipment or stored material when greater.

*Plus 150 b/t (7.18 KN/m’) for trucks.

'Use American Association of State Highway and Transponation Officials lane loads. Also subject to not less than 100% maximum axle load.
‘Paper storage 50 Ib/ft (2.40 kN/m’) of clear story height.

*As required by railroad company.

*Accessible ceilings normally are not desigued to support persons. The value in this table is intended to account for occasional light storage or

suspension of items. If it may be necessary to support the weight of maintenance personnel, this shall be provided for.
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3- Environmental loads: Environmental Loads are structural loads caused by natural
forces such as:

e Wind loads.

e Snow, rain and ice loads.

e Temperature changes leading to thermal expansion because thermal loads.

e Lateral pressure of soil, groundwater or bulk materials.

e Loads from fluids or floods.

e Dust loads.

4- Other loads: Engineers must also be aware of other actions that may affect a structure,
such as:

¢ Foundation settlement or displacement.

e [ire.

e Corrosion.

e Lxplosion.

e (Creep or shrinkage.

e Impact from vehicles or machiery vibration.

How Loads Flow Through a Building?

Flements of building are used to transmit and resist external loads within a building. These
elements define the mechanism of load transfer in a building known as the load path. The
load path extends from the roof through each structural element to the foundation. An
understanding of the critical importance of a complete load path 1s essential for everyone
mvolved n building design and construction.

The load path can be 1dentified by considering the elements in the building that contribute
to resisting the load and by observing how they transmit the load to the next clement.
Depending on the type of load to be transferred, there are two basic load paths:

o Gravity load path
o Lateral load path

Both the gravity and lateral load paths utihize a combmation of horizontal and vertical
structural components, as explained below

1. Gravity Load Path: Gravity load 1s the vertical load acting on a building structure, including

e
10
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dead load and hive load due to occupancy or snow. Gravity load on the floor and roof slabs 1s
transferred to the columns or walls, down to the foundations, and then to the supporting soil
beneath. Figure shows an 1sometric view of a concrete structure and a gravity load path.

The gravity load path depends on the type of floor slab, that 1s, whether a slab 1s a one way or
a two-way system.

Cravity load

2. Lateral Load Path: The lateral load path 1s the way lateral loads (mainly due to wind
and earthquakes) are transferred through a building. The primary elements of a lateral load
path are as follows,

« Vertical components: shear walls and frames;
« Horizontal components: roof, floors, and foundations.
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Text Books:
1 Olad aal glue Jlea 3 / Aabisall Al jall ciliial) avanal
2 | Reinforced Concrete Structures/Dr. 1.C. Syal.
3 | Reinforced Concrete Structures/N. Krishna Rajo
4 | Reinforced Concrete Structures/ Supramanian
5 | Others

First Semester Subjects

No. Subject

2-1 | Design and Analysis of Singly Reinforced Beam
2-2 | Design and Analysis of Doubly Reinforced Beam
2-3 | Design and Analysis of (T-Beam)

2-4 | Design for Shear Reguirements
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Behaviour of Reinforced Concrete Beam under Loading:

Working Stress Analysis for Concrete Beams Consider a relatively long simply supported
beam shown below. Assume the load (Wo) to be mncreasing progressively until the beam fails.

The beam will go mnto the following three stages:

1- Uncrack Concrete Stage.

2- Crack Concrete Stage (Elastic).

3- Ultmate Stress Stage - Beam Failure.

Moment Diagram

At section 1: Uncrack stage:

1- Actual moment, (M) < Cracking moment (Mcr).
2- No cracking occur.

3- The gross section resists bending.

4- The tensile stress of concrete 1s below rupture.

F F

- i
==

Positive Shear Negative Shear
Positive E'.endmg M Megative Bending
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fc <05 1C v Concrete is Elastic
S <y e, Steel 1s Elastic
fet<fr e, Un-cracked
Es 200000
n —

" Ec 4700 Jfc
Where:

fc: Actual compressive Strength for Concrete.

f¢’: Maximum compressive Strength for Concrete.

fs: Actual tensile strength for steel.

ty: Yield strength for steel.

fr: Modulus of rupture.

n: Modulus ratio.
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At Section 2 : Crack concrete stage:

1- Actual moment, (M) > Cracking moment (Mcr).

2- FElastic stress stage.

3- Cracks developed at the tension fiber of the beam and spreads quickly to the neutral
axis.

4- The tensile stress of concrete 1s higher than the rupture strength.

5- Ultimate stress stage can occur at failure.

| oo 14 35 (o Concrete is Elastic
fs <Iy e Steel 1s Elastic
5 (o > § (SRR Cracked
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Design of R.C. Rectangular Beam by W.D. Method:

Notes:

1- Amnalysis: Given a cross section, concrete strength, reinforcement size and location, and
yield strength, compute the resistance or strength. In analysis there should be one
unique answer.

2- Design: Given a factored design moment, normally designated as select a suitable cross
section, including dimensions, concrete strength, reinforcement, and so on. In design
there are many possible solutions.

3- Balance Section: 1s economical section because it 1s used both of steel and concrete
properties 1n high level.

fc &c=fc/ Ec
kd/ 3] T
© C=1/2(fck d b) kd
©
N. A. 3 i
S A
" d-kd
——o oo = ~ ¥
T = Asfs &s=fs/Es
Stress Diagram Strain Diagram

From Strain Diagram:
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The assumptions which are used in this method:

1- Stress In reinforcement varies linearly with strain up to the specified yield strength. The
stress remains constant beyond this point as strains continue increasing. This implies that
the strain hardening of steel 1s 1gnored.

2- Concrete sections are considered to have reached their flexural capacities when they
develop 0.003 stramn n the extreme compression fiber.

3- Strains in reinforcement and concrete are directly proportional to the distance
from neutral axis. This implies that the variation of strains across the section 1s linear, and
unknown values can be computed from the known values of strain through a linear
relationship.

4- Tensile strength of concrete 1s neglected.

5- Compressive stress distribution of concrete can be represented by the corresponding
stress-strain relationship of concrete.

Safety Factors: S.F.

a- S.F. = Max. Stress / Allowable Stress (W.S.D.M)
b- S.F.=Max Load / Service Load (S.D.M)

Load Factors:

U=12D+16L

U=12D+ 1.6 L+0.5 (Lr or S or R)
U=12D+1.6IrorSorR)+ (1.0 Lor 0.5 W)
U=12D+1.0W+1.0L+0.5 (Lr or S or R)

D: Dead Load, L: Live Load, W: Wind Load, S: Snow Load, Lr: Roof Load, R: Rain Loaf.
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Strength Reduction Factors:

* Tension ........ 3=-09 P Mu=0Mn

Mu: Ultimate moment capacity.

Mn: Nominal (Actual) moment capacity.

* Shear, Torsion ............ ¥=075 ———p Vu=-0Vn
Vu: Ultimate shear capacity.

Vn: Nominal shear capacity.

* Compression:

a- ) =0.70 for spiral reinforced member like column.
b- @ = 0.65 for other reinforced member like column.

Stress and Strain Distribution:

Resultant of concrete compressive force :
C=fav.b.c

Where:

fav: average compressive stress.

b: the width of section.

c: the depth of Neutral Axis.
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—> y_fC’= 0.85fC’
A A a2 C=zyfc’ba
(;I 4—0 a=CI £— vf
h s B, i — Bl —_ _.
n.a.
As 7 T=Asfs
o 8 0 & LW, > —
W
Stress Distribution Equivalent S.D. Strain Diagram
Diagram Diagram
C=afc’bc

Where:

avaerage concrtet stress

a = .
concrete compressive stress

The location of the resultant 1s usually represented by PBc.
Where:

compressive resultant depth
N.A.depth

a: 0.72 for fc’ <30 MPa

a: decreased by (0.04) for every (7 MPa) increasing in compressive strength of

concrete.

a: Value must not be less than (0.56).

P 0.425 for fc’< 30MPa
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. decreased by (0.025) for every (7 MPa) increasing in compressive strength of
concrete.

A value must be less than (0.325).

W [N Y fc’=0.85fc’

h ey
n.a.
A T T=Asfs
TR R B . A LT 0 S——————— R " —
L'
Stress Distribution Equivalent S.D. Strain Diagram
Diagram Diagram

Equivalent rectangular stress block 1s used for analysis of reinforced concrete
sections:

C=afc’bc=yfc’ab.....

/2= L .C  rreeenn. a=2(/f .0

alc’be=yflfc’ab =y=acla =y=a cl2(fc) =
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y=al2(412) = y=alp1l... 4)

From the above equation and from the value of ( £, y) we can find the value of (51, y):
Ll1=2 4 ... f1=2*0.425=0.85

y=(a/BL) =(0.72/0.85) = 0.85 .... (5)

/A 1= 0.85 for fc’ <30 MPa,

£ 1: decreased by (0.05) for every (7 MPa) increasing in compressive strength of concrete.
/2 1: value must not be less than (0.65).

£1=0.85-[0.05(fc-30)/7]

Analysis and Design of Singly Reinforced Rectangular Beam:

a- Balance or Under Remforced.

ALR =>4k
p\rom +he equ”ckv‘im»\ Cowd i+ owns
C="1

o,gsf.’c’ s h* a~ Ascg

O\ = _A_gﬂ‘& —40‘), /’)’:/LG’ __{b)
035 b

= %iﬁ%}f - dndly —C
Mz Aeby » (- —
Mnz 085 f/earb (J-2) —(
<Suls o 3( Viiw equ @1
M- Zbd Ly [J - %Jj
M. beLIS D_ 0-591"(‘1}
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Design by Ultimate Design Method:

I- The design of R.C. members means finding the adequate dimensions for these
members and the remforcement magnitude to enable the member to withstand
maximum loads applied on 1t safety.

2- Sometime, all dimensions or some of them are determined by architectures.

3- Complete design for the beam requires determine the shear reinforcement, torsion
reinforcement and check deflections; check development lengths and points of cuts or
bend of steel reinforcement. All these details must be put on the beam sketch or
diagram.
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Ex.: Design the beam shown for the Ph=3KN Pp=3KN
following data:

fc’ =20 N/ mm?2 and fy= 300 N/mm?2
VL 6 KN/ andd WD 12 KN/ TEXITLIIIRAIARRRRED

yc =24 KN/m3

W salf + WL+ WD

Solution:

1- Find Moment (Mu):

¥ er Caues levey™ |, Assume \13%—
' r;( Sm‘a‘»\ Suﬂ\m’-ie.} L)«.'u»\ b Cunenoss L'kd"\ ,WSsume W=l
: 0
; h T O 0 R S
¢ hah ----__/;__ .
- l} h ‘ Y "“‘ ; > ,.\i é_l_ wim
SJ(» P& 20 'O *(*ZL‘ ‘633 = (k/)
Cdta{u( Ct./ [{: + (“/ - (-4./
- L.Z;)_Jrl2}+"6( )= 3\35 katim
‘3 .‘ o o y A/ P:B'(, P:J’(
= 12 Fs=12%3=36 k o2 ks
2ry=0
R 3(.‘2-}-3\ 33»? 113 32_")kN
Z_/{({()‘
/{{hw\sti— R"SS P‘S W(Sb)

= 113-325%35 -3.6K\ 5 t\ 13325 ks
_ 3135 (3:5)°
3135 W0l

Musire = 199213 Lo

33




UNIVERSITY OF ANBAR 3rb CLASS
COLLEGE OF ENGINEERING LEC.: MOHAMMED NAWAR

DAMS & WATER RESOURCES ENGINEERING

Z“/’l.nn//.:(\x g( /( /_\/—\/\\

* l‘{oiﬂ b'?(g) / / ¢\= o UOQ? )

S e N S

T ot
Ov STk T};L ;00 O o0 (7/ e i b
j = l)"33+ vorlue
/qm‘n.- E 2 \EJ ;0‘0036 '
é/[j Y300

) A
x{uxl 8- /’""""‘ TQ\"\Q('S)'Z‘ /f\ux = 0.02006

ov bj J,.\\(- (J_‘ /Maﬂx = 08’5/5,)/;/ 0:00% (C( ‘Q
£ 2o

e
S Odo3+f,
(/2 0?‘7 / {CSSOMR) MAX = O sg&)F(U,X.,)"Zo ©raa s
\\ \ AT Soe @034 00y
\/(M Q- C'ZOG‘/\ )

PtION, - //

 Wmus+ WSe /)h> / </ aux
/],r use of =0,9 Powias \DG </~(

px
= 0 %5 ©:003 R
p ,[j < (.‘305*{& (& i b)

/f: ogb(ogs)»zu %ﬂ* = o.-o|%¥CL

Sow Cwolye-coS

oV ffo.m c\\.}\@_()) ﬁ,,,_o-- c\¥o

7 MSE /: C)'OJZ()

34




3re CLASS

UNIVERSITY OF ANBAR
LEC.: MOHAMMED NAWAR

COLLEGE OF ENGINEERING

DAMS & WATER RESOURCES ENGINEERING

,}/"‘22)\"/0(:074& o ol FO% EC‘J *300 ( o-S7 %o ul?dm)
9922¢ 10 459 bi* - 0 6906 bd™

bd*. 510894593
oAssume b =
d ,J% 5089593
)8 toziwmin
J . 3Tz = HEFSmm Suse =49,

|~J..

y | 7 B t
I /J-',‘Z- ‘v '!( % * X <4 )J / 1] DMmw
) s </ »
) '/I ) \ o -}
{ ¢ ,{4,'"” £ kx‘ (__.A\ ) N ) W
1
/
( v I ! o4 .\l }
A SO (! A a1\ — ? =
/‘L' . < b J_| AV = ii |t) '7\ B W 'f'
aw S¥O
| "
~ | Owanee o
° ) ~ " &
/ L
(v [
{ L e WARX > l‘i"J ) it
b)

35




L]

Ol

UNIVERSITY OF ANBAR 3rb CLASS
COLLEGE OF ENGINEERING

LEC.: MOHAMMED NAWAR

DAMS & WATER RESOURCES ENGINEERING

> I < k.l-\-‘ € { -J '1l : 18
)
CA Covey™ = 7ZSmm \OV g {yemnaly
\ |
‘\ Gelvi 4 i\_h—_‘ 25 \ by ':;: e Con-bat "‘ \

;:_ DR NN Ll W
: o ¥ O @Y (K + W \AVIV Gsnenn
(b Sobs X E)lp\ Q ARl Stghy )

— v..l_\ X _-\\,
X fov- otUey” Concveie wA L\l e s ;Lio

WA, e
o Y (VATAN
. ~ (Al VA S Wor WA ov\ +G\ A+ B
y — .
L OoOVeEy — LI l\ \ |
. =i W\ Y SIAMey Lt Sl N S N

73 | v
(staky, $2PTK wals) .
x ‘[0\/- b:ﬂ"“\s g& CO\MWW\: :U‘Omw\ K 4(0‘(' S'-(-“’\J“r_‘j iz.smw\

f
\ A - bet
\ SV = [
) }l ¥ | ]
Ui de o THNL
li"‘ - ke ¢

36




N
UNIVERSITY OF ANBAR 3rb CLASS
COLLEGE OF ENGINEERING LEC.: MOHAMMED NAWAR
DAMS & WATER RESOURCES ENGINEERING
._\.'\ SSUmeE —l"b'u_ > ¢ -‘.\ Ay AN A ey ' , YL
- N\ |I ;‘¢/+ - ; 50-\“."‘. - 'Ill, S r»" A \.I. 1. /| ) . ,l e i
L R SV l.;i-_
l
'l _/‘. - 2w '
"_ =TSt Nax . ¢ l \ \
3 LU | \\—\ ) ~ =
|
\ - ¢ \ v \( |
eqd S MG A Ve ’k \
[ - - 2 DOy
S * “-\\ P || Y
Y \\ )
| 2 (ho+0) =3%22\ /(3-1) -.'K/ '
- e LN\ \ /A ] et
L AR | e
2, K&
W=-1+r? 240 mm
- ' L
s U™ [ L |
= Vi = 12 4 o'
0 10mm
\ - U Al l.'-h‘_ *«". o =
SRR AR 2 260 mm
- hh# i
Y PO 7 5022
St |'. - 'l'_.‘__'hll" A - :
™ -
A




UNIVERSITY OF ANBAR
COLLEGE OF ENGINEERING

3re CLASS

LEC.: MOHAMMED NAWAR

DAMS & WATER RESOURCES ENGINEERING

Table (3) : pmin and pax Values

75 4 Y T L4] A
/ (Mpa) pmm""?‘“ Pmin =——
(Mpa) P ¥y 4fy
300 20 | 0.85 ] 0.0321 [ 0.0206 | 0.018 | 00047 0.0037
25 | 0.85 | 0.0401 | 0.0258 | .0226 | 00047 0.0042
30 | 0.85 | 0.0482 | 0,031 | 0.0271 | 0.0047 0.0046
35 | 0.814 | 0.0538 | 0.0346 | .0303 [ 0.0047 00049 |
40 |0.779| 0588 | 00378 | .0331 | 0.0047 0.0053
350 20 | 0385 [0.0261 [ 0.0177 | 0155 | 0.004 0.0032
25 | 0.85 [ 0.0326 [ 0.0221 | 00193 | 0.004 0.0036
30 | 0.85 | 00391 | 0.0265 | 0.0232 |  0.004 0.0039
35 | 0.814 | 0.0437 [ 0.0296 | 0.025% | 0.004 0.0042
40 |0.779 | 0.0478 | 0.0324 | 0.0284 | 0.004 0.0045
400 20 | 0.85 | 0.0217 | 0.0155 | 0.0136 | 0,0035 0.0028
25 | 0.85 | 0.0271 | 0.0194 | 0.017 | 0.0035 0.0031
30 | 0.85 | 0.0325 | 0.0232 | 0.0203 | 00035 [ 00034
35 | 0814 | 0.0363 | 0.026 | 00228 | 0.0035 0.0036
40 | 0.779 | 0.0397 | 0.0284 | 0.0245 | 0.0035 0.0039
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BEAM BENDING

L = overall length

L+a

- L .| Maxbending
:; lm;ifoa&jt M;cn :&momem End Slope Max Deflection mom st
\ 2‘4 ML ML iF
N EI 251
\ v wr WL i
N 2T 3E]
| wL’ wL wi?
\§ 6EI SEI 5
AR R
2E] RE7
W WL Wi WL
T L A 16E1 48EI 4
wil’ Swit wi?
£ 2 24E]. 384E1 g
A‘ *W k—c=>B g, Wac’ Wac Wab
e g Se— p— 2LET SET 3
O i & |(at position ¢)| (under load)
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ANALYSIS AND DESIGN OF T- BEAM

When floor slabs and their supporting beams are cast monolithically, they
deflect along with the beams under the action of external loads. Therefore, slabs
mn the viciity of the beams act as flanges for the beam. Interior beams have a
flange on both sides, which are called T-beams. Edge beams have a flange on one
side only, and referred to as I-beams as shown 1n Figure 8. Isolated T-beams,
which are produced as precast concrete elements, are used n concrete

construction.

STEEL REWFORCED CONCRETE SLAB Ny > . » SHEAR WONOLITHIC CORNECTION

VARYNG TrOCRNESS 278" [$lemen-150mm) - \&\ GLAM AND SLAD 7
d

_.\

i //‘-
", - |
e J
=~ T e~
- ! ’
-\ l‘ .
A A
e
STELL RENICRCED CONCRETE JOSTS A of 77
VARYING DEFTHS TC ACCCARACOATE } mﬁl
HOH BENDING UOMENT AND DEFLECTION CRITERIA wlf
——
L-beam T-beam T-beam L-beam
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L N LN N N ]
[ v, = R
T beam L or inverted L beam

~Supporting Beam

for Slab L_ b, _,‘

< Beam Spacing —"
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Effective width of the flange can be calculated as per ACI 318 section 8.10.2 which 1s given
in the following table:

T-Beam L-Beam
I. b= E% 1. b <h,+ EE—“
s b < b,+16h s b = b, +6h
l:d]i;::r:::les; distance to 3. beb,+ C/iC hean; distance
The smallest of three values control The smallest of three values control

Isolated non pre-stressed T-beams i which the flange 1s used to provide additional
compression area shall have a flange thickness greater than or equal to 0.5bw and an effective

flange width less than or equal to 4bw.
he >+ bw and bf <4 «bw

Analysis of T or L Beams

The calculation of the design strengths of 'T' beams depend on the neutral axis position,

a- If 1t falls in the flange then 1s considered as rectangular sections,
b- While it 1s T section 1f the neutral axis 1s at the web.

hf 4 hf L o
| b 1 Lr ’ !
3 7 [] SRR LA !
| L e ﬂﬁﬁ%ﬁé W,
- T_l | axis al. 7777 Neutral
L (2) i) (@) | axis
: HHHHH S N _.Ir 1 I _____ it ]l
h-b,, - bt
(a) (b)
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H.W: Determine the design strength of the (T" beam) shown in Figure below, with f'c’= 25
MPa and fy = 420 MPa. The beam has a (10 m) span and 1s cast integrally with a floor slab
that 1s (100 mm) thick. The clear distance between webs 1s (1250 mm).

| bf y |
W //// 100 q‘
F fl ;;":.-"ff'(ri Em
1250
As =2950mm
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DESIGN OF DOUBLY REINFORCED RECTANGULAR BEAM
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When a simple beam is loaded, as shown in Fig. bending moments and shear
forces develop aong the beam. To carry the loads safely, the beam must be
designed for both types of forces. Flexura design is considered first to establish
the dimensions of the beam section and the main reinforcement needed, as
explained in the previous chapters. The beam is then designed for shear. If shear
reinforcement is not provided, shear fallure may occur. Shear failure is
characterized by small deflections and lack of ductility, giving little or no
warning before failure. On the other hand, flexural failure is characterized by a
gradual increase in deflection and cracking, thus giving warning before total
failure. This is due to the ACI Code limitation on flexura reinforcement. The
design for shear must ensure that shear failure does not occur before flexural
failure.
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Web Reinforcement
hangers
GT] D
] r ]
{a) (b} () (d) ic)

Clased stirrups for beams with significant torsion (see ACT11.5.2.1)

| - These types of
':r" L5 17 stirrups are not
l|1;n satisfactory for
3y members designed
for seismic forces,
in igh
concrete confinensent concrele confinement conercte confinement

one side \ ohe side \ / both sides \\
ﬁ .

thy (i} i
Types of stimups.
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Shear Strength of Beam

/— Vertical stirrups
c
" . o E—

Vﬂ = Shear resistancs
af nneracksd partion
v =A, [, of concrete

Wyp= Aggregate inteddock force

L along diagomal crack
_,fql' - [-.-erl. 'll‘ﬁl:ltl.ill:lll!l'l!='|;|,}

T / l T=4,f,

V= Dawel sction dus to longitudinal
v ralnforcamenk

V, = sheor resistonce
x of compression zone

e C
V, = aggregate interlock
° (interface shear) moment
arm, jd
|

Vy = dowel force

IV=VC+ VE]+ Vd
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