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rced concrete is a combination of concrete and steel whereln the steel reinforcement a
peovd  relnforcing Is also capable of resisting

provides the tensile strength lacking in the concrete. Stee
compression forces and Is used in columns as well as {n other situations.

struction.

Reinforced concrete may be the most important material avallable for con
ther materials.

1. It has considerable compressive strength per unit cost compared with most 0

2. Reinforced concrete has great resismgge.fb the actions of fire and water and in fact, is the best
structural material available for situations where water is present. During fires of average
intensity, members with a satisfactory cover of concrete over the reinforcing bars suffer only
surface damage without failure. = A a

3. Reinforced concrete structures are very rig'id; - B Ay
4. Itis a low-maintenance m;téi'ial".'.?' e P Lap R
5. As compared with other métériqis,- _g't::_l!a.s"._a; rylongsenﬁoe b 2 :
reinforced concrete structures.can be used indeéfinitely without reduction of their load carrying
abilities. This can be explained by the factd jat the strengthof concrete does not:decrease with
time but actually. increases overa ‘Veﬁilﬁns_pé@df'rqég@fgdgm years, because’of the lengthy
process of the sOli@iﬁqation of‘thq_(:gxﬂé‘xjtpgﬁg’:;_._‘:-_ RER o W ’
6. It is usually the only econamical material avalla 1é'for fdotings; floor slbs, baserment walls,

piers, and similar applications.. -~ " oiulel Dokl e o T @
7. A special feature of concrete is its ability to becast itito an exn'aordmary variety of shapes from-
simple slabs, bearns and columns to great arches and shells:-.~ =~

8. In most afé'a";;, concrete takes advantage of inexpensive local materials (sand, gravél, and water)
and requires relatively small amounts of cement and reinforcing steel, which may Have to be
shipped from other parts of the country. T e

9, Alower grade_p'fgldlled labor is required for erection as compared with other materials such as

structural steel.

i (1) i » creteasa ctural Material .

To use concrete successfully, the designer must be éompletely familiar with i :
i ; itsweak
asits strong ones. Among its disadvantages are the following: pointsaswell

life. Uiid;éf;p;oper conditions,

1. Concrete has a very low tensile strength, requiring the use of tensile reinforcing.

2. Forms are required to hold the concrete in il i
: place until it hardens suffici it
g}]!ﬁ:vro;ﬁ;i?ormg T?}: be necessary to keep the forms in place for mof:eag{l;shfll::rgl tla::ln'd
es until the concrete members gain sufficient str ! ' :
- . en
E)ot;rlnwork 1: very expensive. In the United States, its costs run from ogglﬂ:?r:‘:g‘t)\:n :}hﬁercll"sselfves |
cost of a reinforced concrete structure, with average values of about 50%0.11: slimu(;dugz

DESIGN INTEGRITY, Call: 01633905761 E
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N Aﬁu obvious that wh
en efforts are
made to improve the economy of reinforced concrete structures, the

ma
jor emphasis is on reducing formwork costs

3. The low strength

increasingly impg:tarfte;l:ggr% V«l!elght of concrete leads to heavy members. This becomee, to

great effect on bending momentsr Lt;ns-span structures, where concrete’s 131’80' dead weighthasa
. Lightweight aggregates can be used to reduce concrete weight,

but the cost of the concrete is increased.
embers will be relatively

4. Simil .
large, a: gg;,f,h;a';’:’ strength per unit of volume of concrete means m
rtant consideration for tall bufldings and long-span structures.
rtioning and mixing.

S. The i
Furthegg?:-:rttf: olf C?"C" ete vary widely hecause of vartations in its propo
, the placing and curing of coricrete is not as carefully controlled as is the production

of other materials, such as structural steel-and laminated wood.

Compressive Strength: The compressive strength of concrete,
12 in..concrete cylinders ata

faitlil}re 2.8 day old 6 inch diameter by
ordinary applications, 3000-psi and 4000-psi ‘concretesare ‘use
construction, 5000-psi and 6000-psi strengths are common. 7 B
Modulus of Elasticity: The mo'q'uius_ of Jé'lgsticltf gfjconéretéfé I\ ouhfs;@PﬂQlusl is used in the
including ‘design for -deflections -arid of slender columns. The

atevalue ofE. -

design of concréte’ members,
empirical equation provided in AC[ 8.5.1 givés an approxim
the moidulus of elasticity

ACI Code states that the following expression can be used for alclating

ofc’ s determined by testing to
‘specified rate of loading. For
d, whereas for pre-stressed

of concretes
city in psi, W isthe Wéi ght of the concrete in pounds
e strengthin psi. -
ened concrete volume with time. The
nd chemical changes, which
rtant to minimize and
incfé_a_s'e in size with

In this expressian, E, {s the modulus of elasti
per cubic foot and f' is its specified 28-day compressiv
Shrinkage: Shrinkage is defined as the decrease of hard
decrease in volume can be attributed to changes in moisture content a

occur without the presence of external loading on the concrete. It is impo
control shrinkage. When shrinkage strain is not controlled, cracks that can-

time may form.
ed as the time-dependent increase in strain
ubjected to 2 sustained external load. Strain caused by

Creep: Creepis defin

is induced in a concrete member thatis s

creep is unlike strain caused by shrinkage because the latter occurs ip‘dependent of load. Figure
illustrates the increase in creep strain with time for pain concrete.

in excess of the elastic strain that

DESIGN INTEGRITY, Call: 01633905761
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Permanent
strain

c -

Time
Figure: Creep strain of concrete over time

Creep strain is obtained by subtractmg the eiasuc (mstantaneous) stram from the total measured
strainina loaded specimen. , - : :
The gradual elimination of the working: stress design method from the ACI Code primarily hadto
do with the following shortcomings of the method . - s

» Inability to correctly account for the varlablltty of loads and member resistances

» Inconsistent factor of safety in meniber: design o ' o

The basic requirement for strerigth design is,- Design strength zrequlred strensth

@ (nominal strength) 2 U |
M < oM,
R.< ¢P,
Vs ol
@ = strength reduction factor

U =required strength
The strength desngn method is based on the following two fundamental conditions:

1. Static eqwlibnum The compressive and tensile forces acting on any cross~secnon of 3 member
arein equxhbnum

2. Compatibility ofsa'ams The strain in a reinforcing bar that is embedded in concrete is equal to
the strain in concrete at that level. '
ACI Load Combinations: The magnitude of the load factor assigned to each nominal load effect
is influenced primarily by the following:

1. The degree of accuracy to which the load effect can be determined.

2. The variation that might be expected in the load during thelife of a structure.

3. The probability that different load types will occur at the same time.

~ DESIGN INTEGRITY, Call: 01633905761
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"L Question: Advantages of reinforced concrete as a structural material. (SGF.

Solution;
It has a relatively high compressive strength.
It has better resistance to fire than steel.
piers and footings, It is the most economical

e Ithas a long service life.

In some types of structures such as dams,
it widely used in precast structural

‘“ structural material.
e It can be cast to take the shape required making
components. It ylelds rigid members with minfmum apparent deflection.

A
’ﬁ !
' Question: What is clear cover? Why it igj_:i‘dvided‘.) (CPGCBL — 2015, RRI - 2015)

}. lI)to may be defined as the dlém\r\igbbégwgén;:hg;tdpﬂand la_d,t'_tq}q mo\st reinforcementand the top (or
ottom) most edge of the structuralmeglberllke ‘heamm or;¢olumn etc.-In most of the general cases
| the minimum values of clear coverare 75 mm for Foundatiori, 40 mm for Column, 40 mm for Beam,
if 25 mm for shear wall; 15 riim for Slab and Stair. Clear coveris provided because of the following
/ mainreasons: .. . BIRSL e Tim™ " 7% BEIT

- To provide protection to reinforcemetit from corosion.” "~ TR
,qféé_r_ﬁ;f:’git"&l%mé]gps ;l;ej,_r'g'g';ﬁisite stress.

» e ’
\
A

- To provide fire resistance to reiriforcement. ..
- To provide sufficlent embedded depth so that.réin

¥ Question: What is WSD and USD? Write do

Working Stress D
attention. Full strength of material is not
mical than USD."

are within the elastic limit. It is less econo
Ultimate St_ré_i,i'gth Design: Focuses on the strength capacity of the mg‘ml':e:i'g at conditions
rties are assessed and used in design: Loads are multiplied

corresponds'to"fai_lure. Material prope
by a factor. More economi cal. .
wSsD

USD i}
It considers Design Critical Combination of load | It considers Design Carrying load
7lt considers Plast;ic behavior of materials
‘Modular Ratio is used for member design

iom their diftreice: (RAJUK —2014)

esign: Stress -condi_t'igri' of structural .fr,n;éfnliér:t.lnaer working load is given'
utilized and is reduced by a factor. Stresses calculated

It considers elastic behavior of materials

Material strength to be used for member design
Itis based on the linear theory or elastic

i It is primarily based on strength concept of

' concrete theory
[ Stability of structure is more than WsD Stability of structure is less than USD
[ Low cost design method High cost design method.

DESIGN INTEGRITY, Call: 01633905761
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Question:

A beam is a structural member used for bearing loads. It fs typlcally used for

Beam Analysis and Design

What is beam?

loads, shear forces and bending moments.

Assumption in RCC beam design

Reinforced concrete s
two different materials, ¢
ultimate-strength design is

1. The strains in the reinforcement and the concreteshall be as

ections are heterogeneous (nonhomogen
oncrete and steel. Therefore, propo

based on the following assumptions:

distance from the neutral axis.
Compression foce P
Layer1 | @ s P & 20 s
dy c
d

Lrr2 j @ 3 N A 52

Layes3 | ©® £

Layerd | @ ° L o
2. The maximum usable strain at the extreme concrete compression fiber i5:0.0030.
3. The stress in the reinforcenient fs below its spe&ﬁed yield strength fyis equalto _the modulus .
of elasticity of the steel E, times the steel strain le,.:-'l’he stress in the reinforcement 1s equal to fy

for strains & greater than or equ

al to f,/E;s.

Neglectstrain hardening

——-—-———-—--—-_——n

4. The tensile

concrete.

5. Plane cross-sections continue to be planea

6. The requirements of ACI 10.2.6 are satisfied by a
distribution, which is defined in AC110.2.7.

Smin

strength of concrete is neglected in the axial and flexur

resisting vertical

eous), because they are made of
rtioning structural members by

sumed directly proportional to the

al calculations of reinforced

fter bending.

n equivalent rectangular concrete Stress

DESIGN INTEGRITY, Call: 01633905761
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{s distributed over the

859 of the concrete compressive strength f£
the depth to theneu axis .

e factor f1 times
$ingly and double reinforced beams?

A uniform stress equal to
depth a, which is equal to th

Question: Why is the difference bétween
The bearﬁ that is longitydilially_reinforced only in
ent an

Singly Reinforced Beam: ]

known as singly reinforced beam. In Such heam_s;the.ultimate bending mom
due to bending are carried by the reinforcement, whilethe compréssion is ed by the concrete-
Practically, it is not possible.to provide -reih'fdrcérﬂén,t-onixilulthé tension zone, because we need
to tie the stirrups. Therefore tivorebar are utilized in the. compression zone to'tie the stirrupsand
the rebar’s act as false members just for -hé‘lclfi;x‘;'g:_;tl‘i,éisﬂrfups;‘ B .

)

tension zone, itis
d the tension

e e == 1 --- A
Tension Zone B
Reinforcement :

el both in tension and
m is mainly provided

Ooubly Relnforced Beam
od -with ste
forced on'the tension

Singly Reinforced Beam  Doubly Re e’
Doubly Reinforced Beam: The beam that “is-reinforc
compression zone, it is known as doubly reinforced beam. This type of bea
when thé depth of the beam is restricted. Ifabeam with limited depth s rein
side only it might not have sufficient resistance to oppose the bending moment..:~
What is balanced, und er-reinforced and over-reinforced bgaﬁf!__
ed concrete beam sections inwhich the‘tensio-n steel also reaches
e concrete reaches the failure strain in bending are called

Question:
m Section: Reinforc

Balanced Bea
ltaneously as th

yield strain simu
balanced sections.

crete beam sections in which the steel reaches
lure strain are called

m Section: Reinforced con
the concrete reaches fai

Under—Reinforced Bea
than the load at which

strain at loads lower

forced sections.
tions in which the failure strain in

yield
d, are called over-reinforced beam

. under-rein
Reinforced concrete beam sec

r-Reinforced Beam Sections:
heyield strain of steelisreache

Ove
d earlier thant

concrete is rea che
sections.

DESIGN INTEGRITY, Call: 01633905761
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Question: What is balanced steel ratio? Ina well-designed RC beam, actual steel ratio is well below
. the balanced steel ratio? Why? (30th BCS)
Solutiom:

R.einfon:ed concrete beam sections in which the tension steel also reaches yield strain
simultaneously as the concrete reaches the faflure strain in bending are called balanced sections.

In Under-reinforced beam failure initiated by yielding of the steel, typically is gradual. Distress is
obvious from observing the large deflections and widening of concrete cracks associated with
yielding of the steel reinforcement and measures can be taken to avoid total collapse. That s why
to design a beam which fail by yielding of steel; réinforcement ratio p is chose less the balance
reinforcement ration py,. e i 8

o R ) (©

¢ = 0,003 ¢.=0.003 € =0.003

N S ' N
AF_-—

€

k d,
e e o @ /
€,20.005

e o e @
L e,sé'— {{_<e,<0.005
b . N
A~ Forf,= 603i €,50.002 0002 < ¢,<0.005 € 20.005

(a) compression contralled section (b) transition region {c) tensioned controlled section

Question: Why strength reduction factor is ﬁsed in reinforced concrete beam?

section M for flexural members, calculated in accordance with the
be multiplied by the strength reduction factor ¢
factors are commonly referred to as resistance
fthe design strength of a reinforced

The nominal strength of a
requirements‘of the ACI Code provisions must

which isalways less than 1. Strength reduction
factors or @-factors and play a key role in the determination o
concrete member. The main purposes of these factors are as follows:

1. To account for the ‘u_nderstrength of a member due to variations in material strengths and
dimension and inaccuraciés in the design equations.

2. To reflect the importance of a member. The failure of a column in a structure is usually
considered to be more detrimental than failure of a beam.

3. To reflect the degree of ductility and required reliability under the applied loads.

DESIGN INTEGRITY, Call: 01633905761
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Table: ACI Strength Reduction Factors

For the transition region, may be determined by linear interpolation between 0 63an4 09
grade 60 steel. The linear equations are as follows:

for

For spiral members, ¢ = 0.75 + (g — 0.002) x (}%‘Z‘)

for other members, ¢ = 0.65 + (¢ — 0.002) (_2_32)

o
r ¢=0.75 + (¢,-0.00
N

e 1V ar ey
iedet

2130
Y

-

0.90 i
f”"”

Spiral 2011 code e i
0.75 —— T R "’

TAAEI Vo 00 0

SLLRUAS LS
(sl

6 =065+ (e o.oozjéi_o

~ 0.65 other I . [ower bound on ¢, for
-~ | )./ members with factored axial

compressive load < 0.10 fcA,

compgession

controlled transition tension controlled

[

1
¢, =0.002 €, =0.004 ¢=0.005

3 Figure: Variation of ¢ with net tensile strain €,

" Members with & < 0.002 are compression controlled and are referred to as brittle members.
Obviously, such members must be avoided. Members whose computed tensile strains are equal to
or greater than 0.0050 at the same time the concrete strainis 0.003 areto be referred to as tension-
controlled sections. For such members, the steel will yield before the compression side crushesand
deflections will be large, giving users warning

£, 20.005 are considered to be fully ductile.

Reinforced concrete beams must have a tension strain of at least 0.004. When g values fall
between 0.002 and 0.005, they are said to be in the transition range between tension-controlled
and compression controlled sections. You must clearly understand that the use of flexural members
in this range is usually uneconomical, and it is probably better, if the situation permits, to increase
member depths and/or decrease steel percentages until €, is equal to or larger than 0.005.

of impending failure. Furthermore, members with

i 5 e e, TECIGN INTEGRITY, Call: 01633905761
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A balanced strain condition exlists at a cross-S

ectlon of a reinforced concrete member when the
strain in the tension reinforcement

reach (ts yleld straln atthe same tme the extreme compression

concrete fibers attaina faflure strain equal to 0.003.

r, = 0.0030

fh = d.ﬁll,
d‘

————— — - o - — - -

NA
° °

== filFs

For Grade 60 reinforcement, the yieldstrain &y of the reinforcement to be taken as 0.0020

Compression-controlled Sections

A section is comprasion-cor_xtrolled if the net tensile strain in
than or equal to the compresslon-controlled stiain limit when the concrete in compression
reaches its assumed strain limit &, of 0.0030. A brittle type of failure is generally expected in
compression-controlled sections. This type of failure occurs suddenly with little or no warning.

the extreme tension steel ¢, is less

A tension-controlled section is defined as a section where & 2 0.0050 when the concrete in

compression reaches its assumed strain limit £y of 0.0030. Fle

xural members, such as beams,
usually have tension-controlled sections. Unlike compression-controlled sections, tension-
controlled sections are

ductile and generally exhibit significant deflections and cracking before
failure. '

£, = 0.0030

N T 1

NA
d,

£, = 0.0050
Strain distribution at the tension-controlled limit

\ .
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Compress'on fallure
Balanced failure

Tension fallure

Bending moment
)

Curvature
layer of tension reinforcement

The Idealized moment-curvature diagram fora relnfor_tced concrete beam with one
ers and members with a factored axial compressiveforce
es that ensure that tension

The Code requires that all flexural memb
labs) have properti

less than 0.1f/Ag (typically, beams and one-way s
failure occurs. con

single Laver of Tension Reinforcement

Equivalent compressive stress distribution

The value of the stress block de;.)th factor f1is.

0.85° for 2500 psi < £ S 4000 psiy

- S f1=1<0.85- 0.005 (El-;—o%%iq) for 4000 psi < f¢ < 8000 psi

i 0.65 for £ > 8000 psi/
can be determined with the following formula:

For concretes with f; > 4000 psi, f;

' — 4000
p, = 0.85— 0.005 fe o5 ) > 0.65

' £ 03¢
.E ‘ H H e
- "'T‘ Il=ﬂlc B

——p T=Af, —L - T=Af,

L o
(by ()

| @)
ible stress distribution shapes.

Figure: Some poss
C and T and solving for a, we obtain,

Equating the horizontal forces

0.85f ab= Asfy
_ Ak

A

DESIGN INTEGRITY, Call: 01633905761
u

Scanned bv CamScanner

Scanned with CamScanner



"

IXUA

‘ \ T ‘Tw—ﬂ C o0 43f; b
_ L LE \
| =
° A.J ° ——L—. TudS,

r .
Actual and equivalent stress distributions at fallwe. | |——b——\

Figure: Beam fiiternal forces at ultimate conditions.

005f;

<

- 0.0030 1
) PR N o
‘_ ‘." ‘;: PR ¢ /a:ﬁ,c[‘ : 1:-C=0.85[,'ba
e L i e et i :L__ ]
h d=d
: t &
5 2
A‘ ___—L
R - Ty T = Ay
2 £ > &y
|- b _
The strain and stréss distributions ina rectangular beam with ;erisgiqh.r‘fefﬂfcrqemgﬁ;
Because the réinfoi'cing steel is limited toan amount such thatit willyield well before the concrete
reaches its ultimate strength, the value of the nominal moment M, can be written as; " .

o= 4= = 4843
And the usable ﬂéXﬁial strength is
@ Mp = ("Asfir(d" g‘)

Alternately,

L —
‘DESIGN lNTEGRlTY. Call: 01633905761
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!% w3 Balanced Steel Percentags

b Abeam that has a balanced steel ratio is one for which the tensile steel will theoretically just rﬁch
its yield point at the same time the extreme compression concrets fibers attain a straln equa o

0.003.

I
ceu L
—

Figure: Balanced conditions

_ £ 87000 : cL
el A T R

0.003 infin,

T
L1
&

€. -

f e
= 0858 & 5 FRREICIN, SN T e
P 315" b8y o b pdapt o T, B
ff 0003 o s fi 600
= e . & .grai T, &, = —=—>== 0.00207) -
Po = 08551 G503 + 000z : (For SOEradertbin & = p =00y

% Previous codes (1963-1999) limited flexural, rgieiml;eré f;t@.‘js'%:j'bfgﬂle‘§ﬁaiénced steel ratio pp.
However, this approach was changed in the:2002,code to the new. philosophy, whereby the
member capacity is penalized by reducing the ¢ factor when the strdin in the reinforcing steel at

:
ultimate is less than 0.005. :
T s 3Jfc b,d _200b,d S
] Minimum reinforcement area, As min = % -2 — 3 3
Statically determinate T section with the flangein tension or for cantilevers.,':;r_.‘ .
. 6+/fc'b,d _ 200b,d LTy
o I 2 |
- This ACI equation for the minimum amount of flexural reinforcement as a percentage as follows:
, 3/fc’ _ 200
Minimum reinforcement ratio, pppin = —— 2 —f—
fy y
i L f, < 4500 psi
Minimum reinforcement ratio, 9pm;;. = 7 when f; < 4500 psi
Ty
3Yfc

" . Y /! " 1 > a .
Minimum reinforcement ratio, Bmin 7 when f; = 4500 psi
. 5,

DESIGN INTEGRITY, Call: 01633905761
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Maximum reinforcement catia

Maximum re(nforcement ratio allowed by the ACI codes for beams,

. fc' & fl
0858 & mopsp £
Pmax ﬂ’. f, € + &¢ = 0.85 p’. ’_y Py + 0,004

Maximum reinforcement ratio fora tensioned controlled beams,

£ & r g
Pmax A fy e+ & = 0856 fy € +0.005
For a given concrete cross section, using & = 0.004 will resultina higher reinforcement ratioand
thus a higher flexural strength than usipg - = 0.005.This higher strength cannot be used to full
advantage in design the increase in.flexural strength {s‘¢anceled by the drop In g as & decreases
forcement ratio for beams is attained

from 0.005 to 0.004. As a result the maximum practical rein
at a net tensile strain of O-OQS_.OValu“e's of & below 0.0 (_)S"aré?not"r.et_;pr)nmended for the design of

members with low axial loads.” -

Multiple Layers of Tension ‘Béhifor_i:_éymht‘ Undercerfalrf ‘conditions, the required tension
reinforcement cagn‘dl’;:.ade’qdat’ely{ﬁt;}wi;hih ‘onéilayer ina section;iin such cases the bars are
provided in moré than ‘one layer. Whendeterminlngthe,nopl’lnalﬂexural 'sh;gqggh. it is important
" to check thatall ofthe reirjfdrcégﬁggitylelds'.T'I\sﬁﬁ;ije;that thg-yield'smin gy OCCUrSa
d, from the extreme compregsion fibet: RS AP :

Xt 0851

0.0030 ' l

v

T e ' dV anﬁ,-c:ossmﬂ
dy
d d( d_‘i
h
£y
As = Eg
e o o e °® : P T=,-l'f‘.
J e o ® . 3 r
T
0.003 &

Reinforcement located distance equal to or greater than d from the extreme compression

fiber yields (& 2 &y and f; = fy)-

DESIGN INTEGRITY, Call: 01633905761
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J C‘&Qucmom What do you mean by “balanced steel ratlv™! Prove that the balanced stal rvin of a

‘ singly rectanz;'lnr be%rg ‘;s given by,
(3
Py =085 By fy am (37lh BCS)
Solution;

A balanced strain condition exists at a cross-section of a relnforced concrete member when the
strainin the tension reinforcement reach its yleld strain at the same time the extreme compression
concrete fibers attain a fallure strain equal to 0,003,

A reinforcement ratio g, producing balang 1 strafn conditions can be established based on the
condition that n a balanced failure the steel strain is exactly equal to ¢, when the strain is the
concrete simultaneously reaches the ml‘ihlng strain of.&] =.0.003,

003 :

1
[ 3 v
d B
d-c .
2 b | & =f/B
::Q) Form triangular reiiﬁqﬁsﬁiﬁ;:? PRt 20 e & 2
e=—t_ g B Sl s 003N G oty 2
Butey it h/E T 0003 FF/@IXI0N < 870007 £, O
. f T > AT“E’ C=035f;ab [ 7 .:,‘»L
¢ a < 2dare . A
- d —L R PRt
d-% a8 7
I‘J = “ ‘.\;
¢ o0 — —— T:A,}; f-'\.“-i' -
L._b___. s

At equilibrium condition,C =T

0855 ab= A f,

a= A fy =pbbdfy _ppdf,
085f'b 085f'b  0.85 f
a Py d fy

By 0858, f
Ppdf, 87000 g
0.85 8, f ~ 87000 + f,

£ 87000
=085, 2 000
= ST g

Now,

g

DESIGN INTEGRITY, Call: 01633905761
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Question: Dotermine the values of a. ¢. and &, lor the baam shown in Flgury 1y

7~ 3000 psi,

salutlion:
2t in.
3 ban
(3,000
o O ¢
&= d%‘:(0.00J)
fo———mro1I14 in.—=|
A fs 3x60°
a=-— = -
08575 085x3x1g  o4in
=2 2 se3i
o €SB Togs >
_d=—c, . 21-593 I,
£ =—2 (0.903) =53 (o.pog) =,9.,oo763- :

than the yiéid strain of 00

This value of strain is much gi;eater‘ ‘the yiéld strain of |
& is well intoits yiéld plat

behavior of the beam, because the stee la

Question: A rectangular beam of sgt;ti_gh"’}?'f
reinforcment required to resist the moment.an
yield of steel, Consider f;' = 3 ksi, f, = 60 ksiand d'=

Solution: -
Ly a
Mo=9 458y (43)
180 x 12 = 0.9 x A; X 60 (17 ——5-)

A, = 2.80 in?

X 30" cariiss;
d eitherfaflure occur
3 in, (WASA — 2017)

G0.000 P apl

02. This Is an fndication of ductile

edu'before’concrete crushes.

a,fgﬁpx’x_x;ent 180 k-ft. Find out the
gtcurs by cracking of concrete or
A

._'\71..'

3
t

[Assume,a =5.5 in] -

= 0.0154

A, 280x60 ..
Checka = 5ac /b 085x3x12 5311
4 28
P=pg=1ax17 - 20
£oe 3000 0.003
= 0.858, 2 —<— =085x085
Pmaz = 08551 5 - X095 X 50000 * 0.003 +0.004

Pmax > P, Beam will fail by yield of steel.

DESIGN INTEGRITY, Call: 01633905761
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. ) . . IR IR A< A F S LA B shiver
Nav Qucstion: A snmpl)-c.u;opmtcullw.-unI:u4%p-mnliﬂl- Jitpeevanys o tian et :
migure, £, » 3 ksiamd f, = 601G, determina the Mnorahta veifor mily dosrgpetad drevine trad 1n

. ).
the beam assuming the dead luad 18 that due to beam wcl,l'.'. Gianh v 12in d» 3717 tooat day
h = 20 In and reinforced with three no. bars (4, = 2.37 in)

Solution;
A' 3Ix079

Relnforcement ratio,p = 5d = 13x17 = 0,0116

Maximum reinforcement ratio for a tensioned controlled beams,
! & 3000 0.003
Pmex = 0.85 fy T oo = 085 x 085X 55555 * 5,003 + 0,005

A

AR LA
ORI A TR

= 0.0135

It e sciriIngrsstse

P < Pmax —* Thereforeitisa tenslon.controlled section and ¢ =0.9
As fy 237 x 60

e

®= Bs b oBsx3xiz  roAm
M, =04, f, (d-3) = 09x237x60(17 -156——4).= 1875k —in =1565k - ft -

2.

———————_————

Lok r
—Q}» 7 /ﬁ

l
F 200° I
] e
L | —o—e—0—
3.
1 fe— 12" — : ‘;." W
The dead loaﬁ,;éiéti'r_xlg on the beam is self-we'ig‘hj_:‘ X "
12x20 - L7 - ‘ L
S e— = 2 . = (. o
Wp = =Tg5— X150 = 250 Ib./ft = 0.25 k/f

The external factored moment is,
M,=12Mp +1.6M,

0.25 W,
156.5 = 1.2 (—8— xzo’-) + 1.6 (—85 X 202) =15+80W,

156.5 = 15+ 80 W,
W, = 1.77k/ft
The allowable uniform service live load on the beam is 1.77 kip/ft.

DESIGN INTEGRITY, Call: 01633905761
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Uunﬂnm Deiarmine the A
I = 4000 pytand 7, = M;':)g:)‘:n“ MOMENL Copanity. o My of tise boam shuwm in Fig «,

Saludon;
l_oou;\
’ s 1™
4 PV ban i I deldia
- '\ d-cuititle
\o.o e
3la,
FISURE:  Newial ati beation .
l——m.u—, .
bd = T5x24 ~ 00111 > o = 00033 et | :
8 - As fy 4x60 . P ¢ G
4.71'“ . . "
A _ ‘ .

085 f'b 0 85 x 4x 15
B4 = 0.8S for 4000 psi concrete

C=a__471 5
24 — 5.54 '
& = (0003)-——5-—51——(0003)—001>0005 ,

Mu=oAsf, (d-——) o9::-uuso(24—"'2’1 5194ek in—432.9k ft

Question: A rectangular beam of width 12" and eﬁecﬁve depth 16" has four no. 9 barsinarow on
tension side. Check whether the beam is tension contmlled or not if f{ = 4 ksi and f, 60 ksi.

Determine d&sign capacity of the beam. (BWDB 2016)

A 4 ' :
=—=_———=0, =0.0033
P =1== Tor1e = 00208 > pmpn = 0.00 \
As fy 4x60 , A
= = 5.88 489 bars
a= 085f/b 085x4x12 " (4.00'::.?) \ 19
a 5.88
c=—=——=6.92in
o0 8 0\—
B 0.85 . con t&‘u\.
& = el (0.003) = ———= (0.003) = 0.00393 < 0.004
c 6.92
: 12 1n;
Transition region.

= Section is not ductile and may not be used as per ACl 10.5.3 cods.

DESIGN INTEGRITY, Call: 01633905761
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" e B e e o~ iy ey v St P

"QaQuestion: Determine the ultimate moment for the béam shown below, where fc = 4kslfy =
60 ki, Clear cover = 1.5" (BWDB — 2018)

Solution:
A =A4xo79 =3.16in?

4
ﬁ m =2 0,02 > ppin =0.0033

Asfy _ 3.16x60
085 f/b ™ 0.85x4%x12 Ry .
B, = 0.85 for 4000 psi concrete CEe ] LS gg

a _ 4.65 i e

°=F,—BTS"'5'm" 4 -g.-:'_ 12in

18 (n

a= =4.65in

16.5. 5 4-7
5"47 o '

g =""2< (0.003) =

Question: A rectangular beam has a wldth 0 p,effecﬂve)depth to th,e": entroid of the
reinforcing steel of 17.5 in. It.is refnforced Wlthtféurno 9 barin‘oné row Iffy =.60“ksl and fc=
ksi. What is the. ultimate mornent capacity of:the bezim7 Also check what wmxld be the ¢ value.

~»_ (DESCO — 2015)

"-"W
« Solution:
A;=4x1=4in? ,
As 4 . ©
p= Fa' = -12——17—5' = 0.02-> ppin = 0.0033 N
_ AL 4% 60 —— o 1751in
“=08Sfrb 085x4x12 o
By = 0.85 for 4000 psi concrete g 4#9
a 588 o Q00
= = w——= in :
iy 085 12in
d—c¢ 17.5-692
————— (0.003) = 0.0046

g =—— (0.003) =——

€ > 0.004 and ¢, < 0.005

~ Beam is in transition zone

250 250
¢ = 0.65 + (g — 0.002) —== D65 +(0.0046 ~0002) —-= 087

a 5.88
Mo=paf (d-3)= 0.9x4x60(17.5——2—) = 304012k —in

i

DESIGN INTEGRITY, Call: 01633905761
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o the tollow (g heam, glven h =200

Cadeulate the ultimate monment capacity « ;
fareed heam (DMTLL = 2019)

Question:
o 28N L ksl = 60 kst Assume singly rein
Solution: _ - -w*-:':'q—'-l
A ==A3 X 0‘7923’.’1’\37ln’ o 248
’ »
P=rd "flz X175 °";;11 > pmin = 0.0033 | .
a= gars = ogsxaxiz - oot |
B, = 0.85 for 4000 pst concrete 3:)8
a 384 .
c=g ~oss o tn 121n
d - 17-5 - %
& = (0.003) = ——‘ﬁ-;—si (0.003) = 0,008 > 0,005

¢
& > 0.005, So tension controlled section andgp =09

3.84
M, = p A, fy (d-3) = 09x2.37x60 (17.5--—28—) = 2017k —1In

ral moment capacity of the cantilever
= 4 ksi & f, = 60 ksl (Assume s

beam having 15" depth and

Question: Determine the flexu
concrete clear.cover 2.5 inch. Given f;/ ingly reinforced)

(PGCB — 2019)
Solution: .

. 2 2#8
A, =2XTX (g) =1.57in%,d =15-25=125in

15 in

A, 157 ‘
p= -b_E = -1'2_;??2—5_ = 001> Pmin = 0.0033
3#8

.Y 157x60 _ o

085f/b 085x4x12 Q

/1 = 0.85 for 4000 psi concrete. ‘ 12 in

c= -i = 5_3:1 =
p 085

d

2.71in

-c 12.5 - 2.71
0.003) = ————~ -
. (0.003) 571 (0.003) = 0.01 > 0.005

Ase, > 0.005 - ¢ = 0.9
Nominal = =~ Sp= — 31
moment, M, = A; f,(d 2) =157x60x (12.5 -T) = 096183k —in

E =

Ultimate moment, M, = ¢ M, = 0.9x961.83 = 865.64 k —in

Scanned with CamScanner
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lever beam has a rectangular section and reinforcement 3% ghovm
elght of 1.5 k/ftand alive lo
bove loads.

|
An 8 feet span canti
feto carrythea

& Question:
in figure. The t_>eam carries a dead load including its own W
= 4 ksiand f;, = 60 ks, check If the beam Is sa

K/ft Using f&
¢ — 2017, BUET M.Sc — 2019, EGCB — 2020)

(BCl
]

a5
-4 —o-0-0-
In7

155"
33 I-————s'cr————— ‘

41810 12X LS H

Factored load = 1,27
“it p ’/"‘ AL ':‘2-,' 3 %
Factored mor ?ﬁ?e‘wﬁ = %L v_f_;,.ii.z,fi,x 8 §
d-—c¢ o 4 ;T »
= = =" U, ).
N S O
: Therefore, it is a tension controlled séctiomand ¢ =09 | e N
3 S, @ 7. 3. RS . 5 <
E  My=04s f;;f"’(df— 2—) —09x1.8x60 (15.5 ——T)z.—-‘ 1312k —in > 1244k —in 5
- A AR & .
i  Thebeam is safe tocarry the above loads : S
Question: A recta;}lgulér beam of section 12" x 24" carries DL = 2k/ftand LL = 2 k/ft. 1f the
value of f/ =4ksify = 60 ksi &d’ = 1.5", designthe reinforcementat 10 ft from the support for
ed Bank — 2020) €

the following beam. (Combin .
e yRyyNyRuITINy umugm;[miﬂﬂ%
25 ft

e

Y

Scanned by Gamseanndp®<'eN INTEGRITY, Call 01633905761
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25 fr

FIRA=7Ok R'ﬂok‘
M:c::::g al:;g';v =12DL+16LL =12x2+16x2 =56 KR

from support, M, = 70x 10 —5.6x 10 x5 =420k~ ft
M, = QAS.fy (d —%)
gin&ep =0.9]

420x12 = A;x09x 60x (22.5 - 7_;_ [Assume,a = 7.2

4; =494 in?

A f 4.94; -
Check a = 3ty _ _4.94x60 _
085f'b 085x4x12 7.28in - as assumed (0k) :
=l 225-728. .. - .
& = (0.003) = —z— (0.003) = 0.0062 > 0.005 »¢ = 0.9

Provide 5#9 bar as main reinfo}cement;(A, = 5.60'&12)

Question: A rectangular beam that must carry 2 service ]
dead lpad of 1.05 kip/fton an 18 ft. Simple’span is limited in cfoss section
to 10 inch width and 20 inch total depth. Tf f; =6

requirement..(36th BCS)
Solution:

Effective depth,d = 20— 1.5 =18.5 inch '

Factored load = 1.2DL+ 1.6 LL =1.2x 1.05+1.6x247 = 5212 k/ft
W, [ 5.212x18? .

Factored moment, M,, = uB = Bx = 2;[1.08 k —ft= 253296 k—in

’ a
M= 04ty (4-3) .
5.20 .

2911.08x 12 = A; X0.9% 60X (18.5 —-2-) [Assume, a = 5:20in and ¢ = 0.9]

A, = 2.95in?

ive load 6 2:47 kip/ft and a calculated
: for architectural reason

0000 ksi-and f;. = 4000 psi. ‘Estimate the steel

A fy 2.95x 60 .
= = =5.20in — as assumed (ok
Check.a = 5g5 ey 0.85x4x10 : (ck)

5.20
=228 _6itin

~ B, 085
d—c 18.5-6.11 (0.003) = 0.006 > 0.005

g =—"" (0.003) = -—E—E—

g > 0005 ¢ = 0.9, as assumed
Provide 5#6 bar as main reinforcemen

t (45 = 2.95in%)

DESIGN INTEGRITY, Call; 01633905761
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« Question: A beam having b = 12" and d = 16" Is relnforced with 4 nos. #8 bars In a row as main
relnforcement and #3 bars 6 in c/c spacing as shear rsinforcement. Considering fc¢ =3 ksi and £,

= 60 ksi. Check If the section is tension controlled or not and determine the allowable shear
strength. (SGFCL - 2017)

Solution:
A; =4x0.79 = 3.16 In?

A 4
p=ﬁ—m—00195>pmm—00033
A f; _ 316x60

A= 085/'b 0B5x3x12

17.51n

=619in .
, , 4#9
' 00 ‘

B, 085 ' 12 in
'(0.003) = 0. 00256 < 0 005

So, Section isn't tensioh controlled. .
Allowable shear.strength, G=oV+oW | -

Av fyd - X
= —=4+2¢ Fb,d

022x60x135 ' TR
% = 075x el +zxo75xv—300 x12x175 - 35:57kip

*’Questmn The span of:a beam 10’ long and ends are ﬁxed The maximum load controlled by the
capacity in the negative moment region. Based on'the] ﬂexural requirements what is the maximum

uniform live load the beam can carry" (j;, 40ksi f; = 3 5 ksx,‘M = 140 2k-in, A; =0.62 in?)

(BB AD — 2018)
O 0O O
A - 15 8* .
2 10 v 6
12 . 3 :
solution; . iR
Given, M, = 140.2 k-in. 12T -

Mu=¢PMn=O.9x140.2=1261£23k—in +%\
L .
For both end fixed beam, M, = -]'—1;2— SFD . w_l.l\ w

2
12618 = L ATx12 o
W =0.105 kip/inch = 1.26 k/ft BMD / \
- WU : N we

8x12
Here, Dead load = i x 150 = 100 lb/ft 12 12

Totalload = 1.4 DL + 1.7 LL
1.26x 1000 = 1.4 x 100 +1.7xLL

3 LL=65881b/ft

DESIGN INTEGRITY, Call: 01633905761
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:+ The beam that Is relnforced with

steel both In tension ang

4 beam. This type of beam is mainly

compressio '
n zane of the sectlon Is known as doubly relnforce with limited depth Is reinforced on

provided when the depth of the beam [s restricted: If a beam

the te
Relnfo:g:::lde only It might not have sufficient resistan
nt in the compression zone contributes to the

secti
on. Compression reinforcement is also added to help reduce long-term e

® )
¢ T Compression reinforcement

— Tension reinforcement

Y : e i®
.41 . T"'l'_“l"

The norminal Rexiralstrenih of4 o v

remforcemé’i‘lt;-:}_;_it_ﬂds OF not. Assuriie that't
extreme compression fiber, = 7 T

0.85f;

the bending moment

¢ to oppose
rEml ngmlnal flexural strength of a
flections.

i pegdSO“ whether the compression
£, Occlirs at a distarice of d;, from the

B )

I The—Gi= A
A5 * £- C = 0.85/ ba
h (] ,,.’:\}_
d 3
Ay
J ° ® ] 1y T = A,fy
& |
forced concrete beam.

Figure: Strain and stress distributions ina doubly rein

From similar triangles,
c _€- dy
0.003 &
For 60 grade reinforcement, &, = 60/29000 = 0.00207

dy = 0.31c

DESIGN INTEGRITY, Call: 01633905761
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AT a—

Ajurews sj 1Wes
pue uojsu3l

;&cgmpressiqn reinforcement located a distance equal to or less than dy from the extreme
compression fiber ylelds (l.e. &5 2y and f§ = £).

° . ° I
A | As : I
= d + : 1d—d .
| I
A, As l 1 An ) l
e ® i ] |
L — e ey G —J
M.= M.l.-i- Mo M ==A;|f3-(d—";") Mu!"Alfl'(d-d')’Anj." (d-d)
® e 9
4 Figure: Doubly reinforced heam brokeri into parts, - .
. 0.003
b de BV T |—C=08ad -
O ) A; o / vc L ot CV‘:“.;};: ‘4121; r_-"'..!s;"‘\l_.‘
! .
Ay _ , ‘e
QO 00 ',. . - T=Af,
€  strain intemnal forces
Figure: Internal strains and forces for doubly refriforced ractingular beam. ’
085f; . 0.5, By

e n.y s
C |e—c c: | S
a == C -=C M

! > T=4 > T = 4 =l n =@, -4 |
- Force distribution in a doubly reinforced beam when the compression reinforcement yields.

When the compression steel yields, the depth of the equivalent stress block a can be obtained by
satisfying force equilibrium:

gy T=C+ Cs
DESIGN INTEGRITY, Call: 016339‘05761
17
' 1687
Scanned bv Cam&cannar -

Scanned with CamScanner



Ay =085 fab+ 4, f,

a= (Al - A;)fv

085/
The total nominal flexural strength M,, Is considered to be the su
y the couple consisting of the force In the compress

rts. The first part Mn,;

moftws B2 and the force in an

1on steel A

is Provided b

€qual area of tension st

Mn, =A;6(d_dv)nseel' .

The second part Mn i provided by the couple consisting of the remaining tension steel A, - A
o

;“d the compression force in the concrete C:
nz = (4, =45 4, (d ~§
Th )
© total nominal flexura| strength of a doubly reinforced section where f5' = s
Mn = ( Ao — A’ ) a
] X fy d-—i)-{.A;f’(d_‘dl) .y

when -uun‘u.\yn reinfor: gntdoesn,
<f,) the depth of the stress block ‘a
nitude of ;' is unknown. The strain in the

compl'ess&ioEter'm'k‘l-?d'by the above Eq: because the magnt
n.reinforcement &/ is related to cas follows: - -

c__ctar

0.003 £
5 "f’.' .' v
Substituting, £ ="
Es

- ! N Bezs

fi=0.003E, (< d) Hre

c ‘_-_: o ?' . .x-': s

If & < &y, the:compression steel is niot yielding and the value of ¢ calculated above is not correct.
A new equilibrium equation must be wriften thatassurmies’fy < fy N
- At Pyl Led i

4ty =085 £y cb+ 4 (S25) 00D E: T

Where, E; = 29;dddii<sj :
My =085f ab (d=5)+4 £ (d- ) 5
on steel yields or not, thestrain ¢ mustbe equal to or greater

dl fwhether the compressi ‘
Regardless of whethe p 110,35,

than 0.0040 in order to satisfy the provisions o

DESIGN INTEGRITY, Call: 01633905761
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estion: Determine the design moment capacity of the beam shownin Figure. For which f, =

~*¥ 60,000 psi and f' = 3000 psl.

dr=2%in.
[
° ° ———
b 1) I
w000
27ia.
21310
a8
‘ 16.251nd)
\ e ® @e'9 —
! 3.
| ] 1
Solution:

Assuming f¥ = f; \
A=A (625-2)x60 .-
| ="0854b _ 085x3x1d .

2 a 8.40
G, c=—==—==840in

Ay B 085 BT Ve IR S o

Computing strains in compressmn steel to verify assumptlon thatlt is yielding.

- 8.40 — 255
e;=o.003( d)-oooa( ) ooozm

\ s

-8.40 n
& =, = 29000000 000206 < =5 R L
AsfS = Zx 60000 =2 in? A \\’

A 2 = =
275 60000
ASI = AS - ASZ = 6.25 N 2 =425 in?

4= (0.003) = 3*-53—40 (0.003) = 0.00557 > 0.005 > ¢ =090
c ; _

The design moment strength is,

oMy =42 fy (4 -3) + 4 - )

7.14
@ My =09 [4.2_5 X 60 (24 - —2—) +2x60 (24— 2.5)]

= 7010 kip — in = 584.2 kip— ft

& =

DESIGN INTEGRITY, Call: 01633905761
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oment wpaav ofthe beam which clear cover is L5 nch,

¢ rmine the uldmate m /
gt;::'sslg;-nﬂ?e-—-ta ksl and £, = 60 ksl. (NPCBL — 2019, BIWTA — 2019)

Solution:
A, =2x06=12in? 2#7
A; =3x 0.79 = 2.37 in?
Assuming, f5' = fy | 181n
L= ANS RSTLDXD
08Sf'b 0.85x4x12 T

a 172 I 38

C=E=BT8?= 2.02in o i) e O -
téel to verify assuript 12

Computing strains in compression s

c—d'\ | . 7202-=15y" = s
‘= 0003 [——) =0. (——)= 1000772
& ( c )=°°°3 TR R
Since the assumption i§ notva.lid;»we‘héve't'",v’:‘"”'.'ﬁ" - R .-'.:.
yirlding pivalld e by ousethe .qguil‘ip;‘ig‘r_.n,gquanon thatis based on £ not
A f, =085 Bich+ Ay (c'-:\ L

S U

2.37x60 =085 x4 X 085 xcx12+1.20 (

!

e LBy Sl
— =) (000329000

L

a3y %
N e e AN
g e W % O AR . 5

Solving the equation,c = 2.74 in
a=cpy =274x085=232in

c—d'  pgaegy G et
£ = 0.003 [<——) = 0.0 (_—) = .

: ( I ) 03 (==, 0‘00135‘?’ .

f! = &, E; = 0:00135 x 29,000 = 39.15 ksi' o

L YAl

AL £ +1.2x39.15
sfs 12x3913 _  7g in?

A2 =~F = = "0,000 _

Agy =As — Ay =2.37 7 0.78 =159 in?
165 =2.74 1 403) = 0.015 > 0.005 > ¢ = 0.90

d—c
c (0.003) = 2.74

The design moment strength is,
a !’
oMy=0[Ass fy (a-3) +4if@-d )]

- 2.32
o My = 0.9 [1.59 x60 (165 - %) 1+ 12x3915 165 - 15)|

— 1951.32 kip — in = 162.61 kip — ft

& =

DESIGN INTEGRITY, Call: 01633905761
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Question: A rectangularbeamhas a width 12 inch (305 mm) and an effective dopthto the centrold
of the tension reinforcement of 18 Inch (457 mm). The tension relnforcement consists of six no.
10 bars (7.59 In?) In two rows. Compression reinforcement of two no. 9 bars (2.0 In?) Is placed 2.5
inch from the compression face of the beam. If f, = 50 ksi (345 MPa) and f; = 5 kst (345 MPa),
what s the design moment capacity of the beam? (40th BCS) v

Solution:
a‘s-t 4
2#9
i8in
-6#10
O O C
(@)
12in

Assuming fy = f .

A —ADS, _(759=2) x50,

= 0.85 — 0.005'| =—————) = 0.85—0.  aaiTinentey BN, .
" (S7a00) =085 0003 [Foggeor) =0

c= = —5'48—6851n | il ;-
-—px— 0.80‘— o . N K ) Fe ; ", .-~.~ o ::.J_.:;.‘_ ' )

Computing styains in compression itéel to verfy sssumption that it is yielding,
. fe=d 6.85 2.5
g = 0.003 (c—?-) =0.003 ("Ts's—)= 0.001905 " Ty

B -
s ~

— fy = 56‘00&9\ = ’ ' _,‘ ‘»'-'-l"' ~
&= = 7oo00000 ~ 00T <H R =h PR

. 2x50000 _
2= £ 50000
Ay = As— Ay =759~ 2=559in®

d— 8

c 18 - 6.85
i =—--0. =0.0048 < 0.0
. (0.003) 685 (0.003) =0 05

0.004 < £, < 0.005 - Beam isin transition zone

2 in?

& =

‘ 250 250
¢ = 0.65 + (& — 0.002) 5 = 0.65 + (0.0048 — 0.002) === 0.88

The design moment strength is,

DESIGN INTEGRITY, Call: 01633905761
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uestion: What is T beam and what are the advantages ofa T beam over rectangular beam incase

o Q ;
" of RCC member? (34 & 40th BCS)
Solution:

The beam consists of a flange and a rib in the form of a T, generally made
is known as T-beam. The top part of the Slab which acts along the beam to resist th
stress is called flange. Th’_ part which lies below the slab and resists the shear stress s ¢

ey ey
T —— L@ g ann o, 4

of RC concrete or metal

e compressive
edrib.

A 2na e

/ /— Slab
veb/Stem (typicel
Inverted L-beam N\ T-beam
Advantages: NP B FCR CRUIR J1Nug Tt o
. Sincethebeamiscastedm onq]xt}ucallywlththqslalbl{he fange also m:kes‘ és.up the compressive
stresses which mean it:will be mote effectiv Sistiiig the sigging tnoment acting on the
33 <.'~:~ J i h A , 'J I R4 ‘;‘1.‘ 3 v v .

f ¢

bearn".v,,;:\ St
. Better'head:

considerably reduced:: -

. Forlarger spans, ;t;bea;xnsia;;é usually
is reduced to a good extent. '~ P

tj‘{ébeam can be

room, this is-directou

<l am

eaim as the deflection

of

. ‘There is a considerable increase iii the Shear stress atthe;jiction of the flange and the web

of the beam due to the change i éross séction. So'casting should be done very. carefully to
ensure'both are bonded well. “ - . - s R

. Sincesthe’beam slab is monolithic (rigid), it becomes very weak [n resilst_i_,ri'g‘"l'ai't'gral shear
forces. (CFicks develop quickly). Hence usually in'earthquake prone zones'iising t beams for
high risé'building is reinforced with mechanical stiffeners in thejunction.

. There will be small savings in steel too (not a’significantamount though) &
\"" Y Y . bl . “":‘-!1-.- W

Disadvantages:

TR
- K

The beams depicted in figure are subjected to a positive moment that produces compressive
stresses at the top of the section above the neutral axis. As seen in the figure, the compressive
stresses are greatest over the web and decrease between the webs. In lieu of using a variable
compressive stress, the maximum uniform compressive stress is assumed to act over an effective
slab (flange) width. The effective width is determined such that the cgmpressive force obtained by
multiplying the maximum compressive stress by the effective width is equal to the resultant force

of the actual compressive stress distribution.

DESIGN INTEGRITY, Call: 01633905761
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Distribution of compressive stress In a T-beam subjected to a positive moment

;or beams with slabs on both sides of the web (T — beams)
Otal effective flange width = the lesser of the following:

b. = Span length/4
. web width + 16 (slab thickness)
web width + one half the clear distance to the next webs

For beams with a slabo
n only one side of the web (inverted L — beams)

Total effective flange width = the lesser pfii)’\e.fdu_b%ihgj. Moic 'y
Spanlength/4 [ -
bo=1. . .opanlength/4 ' .o
) {w webwidth'+ 6 (slab thickness): . "

¥
w

!

eb width +oné half the clear distarice to the next Web'sj e ¥

bﬂ.
I 1 L ‘ h = hy —
l—

LL ol ]

Sy

r r
by + Spanlength Span length
12 q
By << boy + 6 ber S buz + 16k
3bm bwz 5 wa b + b\\d 5 52
——— o — o o— — +
¥ 1 2

. 4 2
Effective flange widths for a T-beam and an inverted L-beam.
Depth of stress block less than or equal to flange thickness (a < hy)

When the depth of the compression zone a falls within the flange of a T-beam or an inverted L-
beam, the compressive zone is rectangular with a width equalto the effective flange width b,. The

nominal flexural strength of the section is determined by the equations developed earlier for
rectangular sections.

V5%
DESIGN INTEGRITY, Call: 01633905761
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TR LT O P T O CIROC O

.A"‘A:
b
T ' l oo |1
iy t "
-_-_--------I 1' LE7 tg”'c-ons/'b’a
1_.E'—"-=——'
a
dwd, d_i
A
L. : T'= A,
. bw ’ & witly
l Figure: Strain and stress dlljstrlbutlons {naT-beam with the Nange in compressionand a < ht.
: ' o
l | o
Yo | )
4‘:1..000.. ¢ '>T=A,I:y
Ay
a
d =d, . d-3
2 ‘1— a=fe| -C = 085f{b.0
by 0.0030

Figure: Strain and stress distelbutions in a T-beam with the flange In tension.

,wepm of stress block greater than flange thickness ‘(a>hy)
When the depth of the stress block a falls within the web of the team, the compressive zone is T

d as opposed to rectangular (see Figure). The restltant force C is equal to 0.85fc” times
:;1.: asxzaap:f the c;t’);pressive zone and fs located atits centroid. In such cases, it is convenient tc;
divide the tensile reinforcement into two parts. The ﬁrst:p?,rt A,,'is defined as t!;ghall'ea of stee
that is required to balance the compressive force in the_pverhangmg portions Ptf:h the ﬂgnge. 1:l1e
following equation for Ay is obtained from ho ﬁzontal equilibrium, assur?ln_g- at the tension

reinforcement yields:
: be
Vo "l 0.0030

t‘ ) | _.'_—-L—}“ c“ 7ﬂ=ﬂ1¢‘1:‘ -C

jd

e o o 3 'I':A..[y

Figure: Strain and sﬁess distributions in a T-beam with the flange in compression and a > h.

A DESIGN INTEGRITY, Call: 01633905761
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is obtained from

i14 = f
The nominal ﬂex:ral resistance provided by the tensile relnforcement Agt

moment equilibrium:

h
My, = A,,f,(d - "zL)

L b‘ ) 0.85fc'
,h’ r " | _
[+ T 1 T[T " Jez- ¢ = 085 (e~ bl
] ]
' | d hy
] 1 -
| ;
A
{.__:_,_ - ' Ty = Asrly
by

Figure: Stress dxstrihutlon cbrresponding to overhangin&ﬂanges i
S - A,, is balanced by the compfessmﬂ force i

'."'1 thedepth of e-_stress block'a is d’ete“mned

The remaining part of the tenslle reinforcemen
the rectangular part of the’Web‘(see Flgur .As
from horizontal equllibrium- CRR R

= (A Asr)‘ﬁ".'-
085]5_- by,

< 1: - ¢, = 0.85f;by,a
d -a
d-3
A - A
Ag- Ay | by T, = (- A

[ bv
Figure: Stress distribution corresponding to the web.

Thus, the total nominal flexural strength of the section M, where a>h¢ isthe addition of thetwo
parts corresponding to the overhanging flanges and the web |

My = Mpy + Mp,
. hy a
DESIGN INTEGRITY, Call: 01633905761
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Datarmina b, In accordance with ACl 8.12.

Assume that depth of the stress block falls
within the flange, and datermina o:

a= 2y
0.85/:8,

T 0.85£(b - by

Agt = b

e ]

. r——' (11: . "sl)f;'

a0 ="0.85F by

b= ‘

DESIGN INTEGRITY:

limit of

sment
Relnforc sfied.

ACI10.3.51s not satl
Redesign section-

Call: 01633905761
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Question: Dute
(RPGCL - 2017, BppB —

rmine the ultmate

- 2018)
k1

-

3-

20"

Solution:
Effective flange wldth,
A, =5x1 ='5"ip" |

5#9 bars

Asfy "
085_x3¥'39,""

a-=
0.85 £ b,

c__c_z__261 3.07"
| 5‘085

1\1-

Asg > 0.
M, = 40‘4st'(

scanned b

3 07
trolled section and

005 so tensxon con
) 09x5x4o(192

Y camscanner
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Aoy =

alculate the negative nomip,| Moment of ¢}
e

©stlOT " an of the beam is 20 feat,
| -q“\ o ﬂ“gm ,-.dSP fy = 60 ks, 4

| G -
r 449

beam. Clear distance between the webs

¢ =5 ksl,p, = 0.8 (PGCB — 2018)

17"
;‘ s
. - 10"~
- tlrf
en T beams arer s'[‘s 1egat
e stems will b r‘%;omﬁm
pe used- "
A..-4x1"4m,
Asly _-* Fiax 60 564"_

.,:};“ =0.85f b 085x5x10 g
8= 0.80 for 5000 psi COI{C—I‘?F&z iy

a _ 5 64 — 7.05"
c=g O 80
j=21" —13" =18
_".’_'Z-:' (B 603) = -15737—25 (0. 003) _»o 00465 . ”
L 0 1 than09 v ‘I;}:r:‘f
| in transition zone, 50 ¢ will be less %
0004 <& < 0 oos » beamons )
.65+ (g —0.002) 5~ =065+ (0.00465 —0.002) === :
P ‘ \

5.64 N
w,= 45 (4-3) = 4x60(8—-—2——) 36432k ~in

1
DESIGN INTEGRITY; Call: 0163390576
o

' Seanned hv CamScanner

Scanned with CamScanner




-

sever jon 0f3panatshy,
)

pre 8
jinthe pe atie 4in. thick- The cle.
floof s! 'ho,,, capacity. Glven [,_,"‘:

Suctivt ab
mom

Question: A , has i1 Lrod”
; Arcinforced concrete I-beamhasi t
§ cast |n“—'l:" ‘"cy’l‘,, posld‘ll

below The beam hasa
as a 30-Rtspan an
ghunca between webs 9 lg In. Determin® he d
000 pst and /, = 60000 psl. (GTCL. ~ 2018)

IJF o |

Ing

Jv t 258"

2 +16x4=761"

b 12°
b S Web width + 16 (slab thickness) = * .
b, < Average clear distance to adjacent webs +Web wldEl =%
Span length 30x12 .
2 =— =90in.
Effective flange width, b, = 30in
4, =3x1=3In*
Ag f_;y 3x 60 P ’
a= = e ' 2.35”
085/ b, 085x3x30
a < hg,so rectangular section andiéi%-._
a 235 =

C=——=———»=2,7 ot

d=30"— 2.5" =275
- 775276

d— " - 0.005
& = £-° (0.003) =—-—-2——7"6"" (0.003) = 0.026 >

trolled section 2

b, s

nd ¢ =09

As g; > 0.005,s0 tension i:,én !
?_35) _ 426465k —in

a -
M, =@ As Iy (d‘i) = 0.9x3x60(27.5 s

DESIGN INTEGRITY, Call: 01633905761
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0  Datet mine ;2‘: Wllimate Momen, Capacity
\ }L"" 7OUthe Theam in the figar~ (FED 2019
i “'I C -j Given,
20,5~ ft - 3000
o /y = 40 000 psl
2 =
“’ - 8’2 'n 0 o’*tnto“.: ‘ 2.
Wnne—gy
10*

vgﬂlnlewidlh.b =18
B s 8.2x40 "

a® 0-95fc b. 085x3x1g = 714In
> hy,SO T—beam apalysls is required.
Ay = fv : a0 =306In?
(As = A,,,).]; _(B2-3, os) a0 . ?.
0= 085 fi b~ 0BSx3x1p; —S06In
M= Muat Moz |

e = Asrfy (d- ) (A, 2 f,(d_"'_)-‘:“

6 : ".,.
My = 306x4-OX(205—— +(82 306)x40x(20‘5't1“°) 06563k in

b= 0.85for 3000 psi concrete

a B 05 REESAPESC . : P
" 225-948 ‘
g= d‘ ° (0.003) = —ag  (0003) =000412<0.005 .: "%

0,005 > £ > 0.004, So transition controlled}é&iom

250 ' Lo s . "
p =065+ (g, — 0.002) =3 = 0.65 + (0.0041 — 0.002) =3 = 0.825

M,=¢ M, =0825x 5065.63 = 41793.14k —in

DESIGN INTEGRITY, Call: 01633905761

b

™ _ 2t ../ PN _ b mia

Scanned with CamScanner




A ks
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——

. cnec

and spa
ced 10 fc on centers !\nl
eam spac with T-beam webs hzv‘
Question: A concrete floor system consistof par allel T-b% °“d“a"yf h=28 inch.In addlnon';:
32 ft between supports. The 6 inch thick slab IS poure to of the eslab 9 of and service live loaq
width b, =14 inch and total depth mﬂ"" m the sed dead toad of 507 required tensile steel area
(tsown welght. each T-beam must carry Pe” pksl petermin® e the red
of 225 psf. Material strength f, = 60 ks d k=
ber. (33'3‘ BCS)

and heeded re-bars for typical mem
Solution: :
1 e el
1430 1€in Iyn
i won or
¢ Potp— »
('Fl;un notto ualc)'

Slab weight = 1‘;: 6 =.0.75 Kp/f.
14x22:
Stem weight = z k‘ r
ight = 7%z x015 203 p/
Superimposed dead load = 10x 0. oso =05 knp/ﬂ: U

Service live load = 10 x 03 225 255 kiP/ft
Factored load, W, =1.2. DL + 1.6 LL :
05) +16(2 55) 5964““’/“

I'Vu=1.2(0.75+032+
n : Ll
W, L 5964x32 753392k—ft'
Smch

015

Moment M, =—5—=—" T

Assume an effectzve depth, d h-3 m = 28 3= 2

b, < Web' width + 16 (slab thxckness) 14 +16x6 = 110
s+ Web wxdth 10x12 = 120

b, < Average cfear distance to adjacent web
b, < (Spanlength)/4 = (32x12)/4=9¢
Effective flange width, b, = 96"
A= My 763.392 x12_ 7.71 i‘nf [Assume, @ -09&a=t=6"
of (d —%) 0.9x60 (25 —7)
Asky 7T1X60__ o et (= 67

Checka =gz 75, 0.85x3x96

Rectangular beam analysis with b, = 96” will be done.

M, _ 763392x12 _ _ .0
= 1.7) '

[Assume, @ =09 & a=17"

—

=05 (@-5) o09x60 (25-3

DESIGN INTEGRITY, Call: 01633905761
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A fy

7.02 x 60

| cneck® = TB5 7D,
- i 1.7

e = 2"
CGE—O.BS

cheCkc @

_de=C (0.003) =
&~ ¢

So, A’

0.85x3x06 -~ 172" = Ok

25 -2 ' :
3 (0.003) = 0.0345 > 0.005 ~ Ok

—7.02 In* (Use 8#9 bars in two layer)

= | ESIGN INTEGRITY, Call: 01633905761
9
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%Wm . 2ds at stresses w,
mbars for prescrlll:ed workinglo "
stresses:

Amethod of
Proportioning structures or me
below the ultimate, und asgumlng linear distribution of flexurd

Allowab)e stress
In concrete = 0.45 /'
Allowab)e Stress in stee] = 0.: 5 8

T 7 7 o

kd

o

—-1’-—‘_.. —tp T

| TP ///W}J-J-

: — b — e
fthe total compression force C and total tension force T then we can writs
C = Area X Average Compressive Stress = - . S M

~ 0+ f e, e -
C=bxkdx > c:’%hk@ahd?‘:;d_,_?f,:ﬂ e
Taking moments about C gives Ll

M= Tjd =A,f;jd o as ;5:: b A,_r’-' o L. ]
Where jd is the internal lever arm betwieen C:and T: From the above equation steel stressis:
f=%ia | :
Conversely, taking moment about T gives

M=de=€£ji{‘1<djd=§k/bd2

From which the concrete stress is
2M = |

\

~s
“ ¢
\ "__—.———-—

fe= kjbd? :
Ifone is to designing a cross section to resista given moment, it is often convenient toexpress kin

term of the desired stress
£ kd

—

& d-kd

. _fe _Is
Substituting, & = E. and & = E.
feBs__k_

Ec _fg 1 har— k
' E . f n k
ntroducing the modular ratio, n = -E-s- and the stress ratio, r == and s
¢ [ -

DESIGN INTEGRITY, Call: 01633905761
v
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gsolving fork

) _! . A
“kFp 4T
for palance Stress design

Lepkd=p fibad
2
pividing both sides by bd and solving for p w d as
8 for p, which Is then designated as p,,

{ kfe_ X

Pe ’;}: 2r
n

Pe=zr(n+7)
pe Is called.the balanced str,
; tress ‘steel .

Jower load than the concrete. If p ;a g otllfe’:li i
first. Y LT .', oncre!
. i have equati AN R W 5 '

[t is convenient 0 quations by which 'k and jrriay be found
NGY. IR W ':-';,f' g 3 i D ma !
derermine the 10EOR O e Teh s, the o e abou h
the momento ' Orlll'é_sﬂon ﬁ’re’valwhr_c,hél SR et Sg .1ou e
b-@;l"‘ nds(dmkd) =0 ok
k= O gpn—pr L ;f'.
 — ratio of modulus of elsticly oF s

5.%7 E, = modulus of elasticity of steel
E, = modulus of elasticity.of cofcret

ble compressive stress
L TR ‘.':Ef‘vl‘l‘?ga 2
| rejnforcemient:

the steel will reach its allowable
te will reach its allowable stress

for analysis case. To
axis is set equal to

f, = allowa
f, = allowable tensile stress of stee
f! = specified gompressive’"&si-e'hgtﬁ of concrete - -
f, = speqé_ged'ﬂeld strength of steel reghfqrcemént A,
Wi e rectangular beam’%." s y
'té._(:éqqo;@ of steel reinforcement T 2

! p=thewidthofth
d = distance from extreme concrete fiber )
kd = distance from the neutral axis to the extreme fiber of concrete :
ressive force C and tensile force T TR
Ag . ‘.A;g _ v

jd = distance befweén comp
p = ratio of the area of steel to the effective area of concrete,p = 7= T
. e,
stance of the neural axis of the cross section from extrenie fibers in compression to
es and centre of the tensile

th of the beam =
etween the resultant of the compressive stréss

e depth of the beam.

k = ratio of di
the effective dep
| j=ratio of the distance b
| stresses to d, the effectiv

NTEGRITY, Call: 01633905761
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Analysis versus Design
Two different types of problems arise In the study of relnforced conereté: and yield strength,
Analysis: Glven cross section, concrete strength, relnforcement sizé, locatlor
compute resistance or capacity. 4ing dimensions
n )
Design: Given factored load effect suchas My, selecta sultable cros’ secdor;. t;zl:ll to ga s a “Design
§°"§“ te strength, reinforcement, and so on. Although this general @ ¢
roblem,” a better description might be proportioning.
Formulas to be used in solving problems :
Analysis type problem ‘ ., Desl
allowable f. = 0.45 f! - —iowable fz = 0.45 f2
allowable f, = 0.45 f, 5 ;a".owablerfs = 045 fy
Reinforcement ratio, p=y— .| Galculation beom?gf 4
d : . ; e e _’ &fsf‘
k= (pn)% + 2pn —pn ' a ka———)-‘:;y/he:re.n e . Iz
J=1-3 N 5 L T
PR ST R 27708 e S
2 . N
| ’ f-& ! 5
Als"“"' —_—— - - — ‘ ‘.—T—_
g %
g d—d'
' L ; Aslfs
As-". "’—. — . & - —
eyl
(a) (&) (c) (d)
Fig: Doubly reinforced rectangular beam
A rectangular-beam cross section is shown with compression steel A; placgd ata diste-mce d' f.rom
the compression face and tensile steel Ag atan effective depth _d.- The stress 1n thF t.ensxle steel is fs
while thatin compression is fi. ltisa design convenience to divide the total resisting moment into
two parts.
DESIGN INTEGRITY, call: 01633905761
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U LA LA L)

]fM Is the total resisting moment and

M, moment that can be developed by a given cross section of concrete without compression
reinforcement working with a partial steel area 4,, to balance concrete compression.
M; = moment In excess of M, developed by compression relnforcement, acting with additional

tensile area Asz
M=M,; +M; andA, s A" +4;
The moment M; depends on the concrete dimensions and allowable stresses is

My =L ryba?

Thearea of tensile steel required for balanced-stress of a singly reinforced beam havinga resisting
moment M, is

My
Ay =—32—
TR ;
Amoment M; is provided by compr&sglon steel and the remaining tensile steel

Agz =A; — A5y, acting with anlnte;nal leverarm (d— d’) hige T
M; =Ag f5 (d— d') A');(d d') clm, it o L.

The additional ; moment Mz may be govem byelﬂxerthetensnle or compxusxve steel, depending
on the stresses: In each and their relaﬁve arms. From the geometry :

<
.

DESIGN INTEGRITY, Call: 01633905761
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e ki,

“
he -
'_Qe‘;:gt:_;“ A rectangular beam has a width of 12 In. and an effective do':ﬂ douﬂhemmmum )ﬁ
s ng steel of 17.5 in. It is reinforced with three No. gbarsinone ro 60 000 pst.
ng moment that can be resisted by the section \f f! = 4000 P$ st.fy
Solution:
fc =0.45 f = 0.45 x 4000 = 1800 psl
f = 0.45 £, = 0.40 x 60000 = 24000 psi
Reinforcement ratio, p = As _3 x 0.69
N TR TTT
=J_———- i . . . - .
k= JGon)Z ¥ 2pn — pn = (00112 x B) + 2x 00112 X8 00112 x8=0343
B .
j=1—-==1 _0343 ’
S = 0886
If the steel stress controls,
M =As f;jd=2.35x24% 0.886 X 17.5= 875kip-ln
If the concrete stress controls, BRI
_Ie g
M. = k}bd’———x0343x0836x12x175==1010kip-in o o
The allowable moment capauty of the bea,m .5 controlled by anowable steel sﬂ'ess in this cas&
M =875 kip-in o ~ : '
and
Alternately, this problem. could be solved by calcula\ms th& b ‘mced's'ress steel rato
comparmg the actual steel ratio Mth thatval “For exampbo o
-—M]Ar '
Pe = 2r(n+r) 2(24/130)(84-24[1”) 1 " g
‘Sincep = 0 0112 < p, the stedl mmmmdﬁhm as efore
Question: A rectangular beam has a width of 12 . zmd 2m Mw;::uim Acuable
ltnsramwflwmh?o—m o s m @me TR FE
the sectionif fs = = 24000 ps, fe = 1200 pst.

reinforcing steel of 17. 5in
working moment - that can be resisted by
(WASA — 2017, PGCL - - 2017, MPA - 2019)

: 20 \?
3x— (——‘) =1.46 in®

Total steel area, As = -
As __146
Reinforcement ratio,p =34 -1—2-;—1-;5 0.0069
k=2pn+ (pn)? —pn= 2x 0.0069x9 + (0.0069 x9)2 —(0.0069 x9) =0.295
k
j=1-3° 0.90

EGRITY, Call: 01633905761
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wy

S
- |fthe steel stress controls,
My=Ayfs/d" 1.46x24x0.9x17.5= 552,75 kip-In
|f the concrate stress controls,
1.2
Me =L kjba? = X 0295 x09x 12 x17.5% = 585.42 kipein
and distributed

Allowable working moment = 552.75 k-in.
uestion: A simply supported beam of 10" x 18" section is a span length of 16’
= 20000 psi, then calculate
(BHP —2017)

Q
load is 1355 pif in additional of its self-welght. If £/ = 3000 psi and f;
the required steel area and draw the long and cross section of the beam. d' =2.5"

Solution:
/o = 0.45 f' = 045 x 3000 = 1350 psi

10 18 ;
Self — weight = ZXEX 150 = 187.5 plf

Total load, W = 1355 + 187.5 = 154255 plf = L5425 Kf .
WI 15425187 . .. .o
Moment, M, = 5 = 8 — = 62.47k =t =749:64k —in .

e . gy

N"\}t .
et no_ 9 0
“n4+r 9+ 1481 = ,

, k ‘
j=1 —‘5-—0.97 | e
Now, M = As'f;jd \
M 74964 o002 5y odgat } S
A5 = fsjd 20X0.87X155 =2871n f N

Provided three Np.'-é'ba.rs all ina row (Total 4; = 3.00 in?) B
r beam for a bqndiné moment of 1440 k-in.

Question: Design-é sixﬁply supported rectangula

Concrete strength, f7' =-3,500 psi, steel strength, f, = 60,000 psi,_mpdula}'raﬁo, n =9, Design the
beam using WSD. (31th BCS) : C

Solution:

Maximum moment carried by the beam, M, = M, = 1440 kip—in

Allowable stress in concrete, f; = 0.45 f/ = 0.45x 3.5 = 1.575 ksi
Allowable tensile stress in steel, f; = 0.4 f, = 0.40x 60 = 24ksi

Modular ratioon=9

Stress ratio,r = é = 15.24
fe

1
DESIGN INTEGRITY, Call: 01633905761
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__n k
k — r=0.37.j=1—§-=0.88

Moment carried by concrete, M. =5 fjkb d* B b1
i=2 !

Or,1440 = 0.5 x1.575 x 0.88x 037 xbx (2b)° [Assum®
~ width of beam, b = 11.2" = 12"
Depth of beam,d = 2b = 24" .
Total depth, h = d+2"-24"+2"-—26 ,
Moment carried by steel,M; = As f,j d:.. e
Or,1440 = A, x24x088x2¢ '+ F e
. Ay = 2.84in? : R T A Pl
Use4 # Bbar e ‘

Question: A rer.tangular beam of 12 3"

680 plf and supportthe dead: lohdofam‘rc; el 38U PRl o0
Nall WE B iredusing SO
gsteel mg?"“"—f;}"‘{"‘l%%fe’sso 1 < & ",‘.'.;"
ey by SRR , '~,

a simple span | of 24 ft. Find’ out the)aeeﬁkf
working Stress of 20,000 psi andSAO"O u?p t{’ [t :
(BKB - 2018) A | T R
. Self— weight of beani = 12;::4 x150‘ ( f A :;_ \.
Total working load, W = 300 +360 . sao 1366"§}f=r1'.3_6'.1$1f
) 2 7 136x242 _ o5
Maximum moment M —-—“%Ii- = 1_3—-—;——— 982k-— ft
20000 2
s ’— —
r= f;: 1350 = 14.81
k=——= S __=0378
n+r 9+14 81
k
j=1-3= 0.874
Now,M = As fsJ d
4 M 982X12__ _313in?
ST fjd 20x 0.874 X215
.2
provided four No. g barsall inarow (Total As = 3.16in°)
Call: 01633905761

DESIGN INTEGRITY,
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+~, Question: A rectangular beam must carry a distributed load of 680 plf and support the dead load
Yo f 3 wall welghing 360 plt tn addition to lts own welght, ona simple span of 24 ft. Design the beam
intermediate grade steel at a working stress of 20,000 psi and 3000 psl concrete

for flexure, using
ata working stress of 1350 psl.

Solution:

Given, £, = 20000 ps! and £ = 1350 psl
cting on the beam includes its own weight, which must be estimated. Asa trial a
f span and a width of one-half that amount are assumed.

The total load a
total depth equal to 1 in. per fto
12x:4:€ 150=30Qpi£

The beamn weight Is estimated as = =2

The total working load = 680 + 380 + 30?) =1360 plf

Maximum moment, M ==c= =2~ : =98.zkfp-ﬂ:= 117841dp-in
gland;concrete Ty chﬁ:e!np;ﬂmumallowable stresses for

We will choose o = g, Sﬂﬁhm"i‘e d,con:
the same applied n;cifnen;‘th'gI?eb,fn!;i;éﬁdjgt WS"P='A: L ‘
k= +r 9 £1=3'Q7i:35 ‘ 0378 o o= P e ha T e =
k_ 0378 _ o - BERRY ’
je1-3=1-75m=0874. . - i
" S . I T ;_-'-,;-,-."1""
quating the concrete resistlng_ moment to th‘é,}t_q@alw ent ‘qm__;yg_; kip-in.
M:fkjbdz s ed ad
2M 211784 - iRl -
2 = = : = 28 2. . 5%
bd fok] :135x0378x0.874 -5284.28 in”~ . ,,
Assumirigd = 20 inch o e

b=5284/400=13.211n
B3 :\ -
AndM=Ac fjd < .
M 11784 _oa0.2
A5 =27d “20x0.874x20 =3.38in
No. 10 bars and one No. 9 bars, all in a row. Concrete
5 in. and d = 20in. with a total depth of 22.5in.

The area will be provided using two
dimension will be rounded offto b =13.

DESIGN INTEGRITY, Call: 01633905761
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Questiom A v

tensile reiy _‘t'"'“"'" Leatn hiy o w R oyt e crntroi of the
"‘ﬂhrum‘:?\?l:mm of 181n the umﬁf':lﬁ.'r.:&'.';:ﬁf o :::,: :l" oo, 10 bars. Compresre .
face of the b,.m!‘?;v!dnd by three No. 0 bary, the tmtrol?:lwhkh s 2.5In.from the compresiion Y
1800 px(, what L th 60,000 psi yield steel Is used at 3 working wess i * 24,000 psi ond fe =

 allowabla working moment that-the beam can resist]

Salution;
n ca stress beam of 12 In. width and 18 In. effective depth,

& & wecee 2y 0
. 1n+r ‘QTZ?IZ;—‘E-OJ?S
i :“:txw-h | 53— = 0.075
ch could be resisted by the beam "llnily reinforced withp = pe: 13
n.~kips

My =Lk par LB
d? = —
2 = S-0375 x 0.675 x 12X 16% =1150 |

And the corresponding steel area is
P - 1150
e 77d " TEOETE IS = 308 fu*
-t g e

e compressive steel is to be taken astwice the modular value. pus noeto exceed 1

tensile steel stress. Thus
k-d/d 0.375 — 2:5/18 - :
: =-18.1ksi
pe stressed to 18.1 ksi.

)‘;’ =2 /;____ =25
=2 i
Since th 1—-k ~1-0375 . -
ce the value s less than f; = 24.0, then CO’.‘!‘P'I’#SW@'S@.CI is a'sSurnéd to

Ay; f; = 2.01 x 24.0 = 48.2kips

A, ff =235x181= 42.5 kips o B Bies

The smaller %F these two values controlsyand

M; = A, fi(d~d) = 425x155= 660.in. =kips .

The total re’s_isﬁ‘ng momentis then the sum of ‘Myand Mz:

M= M, + M; = 1150 + 660 = 1810 in.—kips’
rchitectural consi

derationto 2 width of 13 in. and a
e 2530 in-kps. Ufs =

Question: A rectangular beam is limited by 2
rotal depth of 24 in. It.must resist a total working moment O
20,000 psi and fe= 4000 psi, what reinforcement is required for flexural design?
red, 4 inch will be

Solution:
Under the assumption that two layer of tensile reinforcement will pe require
rensile steel centroid. Compressive stee), if requir
: i owable resisting

allowed from the bottom face to the
e compression beam face. Forp = Pe U=, .
determjned:wi fi = 4000 psi, accor

located 3 inch from th
moment of the singly reinforced section is
f. = 1800 psi,andn =
n 8
= — = = 0418
. n+r 8 +20/1.8 .
DESIGN INTEGRITY, Call: 01633905761 1
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L)

",Izl_.a.ul

—9.23}3:-036[

2 =
u=f-kibd' .=—2-o.41axo.ee1x 13 X 20% = 1690 kip - In
This Is substantially less than the design moment of 2530 kip ~ In, Indicating the neces

compressive steel. With M; = 1690 kip —in

M _ 1690 __ o0im2
41=F7d=20%0861%X20

Ma=M—M, = 2530 — 1690 =840klp-ln_. -
M, 840 B
=247,
A=y~ ox1T
A = Agy + Az =490 + 247 = - 7.374n% ,
The stress in the compresslve steel is thergfouna Lo

sity for

DESIGN INTEGRITY, Call: 01633905761
Sl
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S|
rly called diogn! 12

/ Causes of sudd
/ en collapse of beam. Shoar fa "‘;:'v;a';ls Isin

| beam without roper. )
P ly designed shear relnforcems
.‘ r",kaly to occur Suddﬁﬂ'&- Mtg':‘a advance W‘rﬂ'"‘ of distre
ature of Aexural failure.

x:“:’;‘-“gn for shear consists of calculating the I
s equal to or less than the design shear stren

aximum faccored shear rorce.V., and requiring
gth ¢Vn’ .

h<e 6 d ined fr
earforces determined frop,
The factored shear force ¥, Is determined by combining the "omgl';al:?cording to ACI, the strengtp,
:e';"::ysﬁs in accordance wi:h the load combinations glvenin ACl 9.2
ction factor @ {s equal to 0.75 for shear. :
The nominal sh ACl
Ty ear strength ¥, is determined by e
. - arate is the nominal she:
sI?x-ethts equation, ¥, js the nominal shear strength provided by ‘.O"cret'eand. V’ Shear
ngth provided by shear reinforcement. o : i oo g
The lo T e in ACI11,1:3. It is permittec to design
cations of the critical sections for shear arqs”:l}g%pb e for Ve computed 3t the distance

;ecﬁoqs located less than a distance d from the face of
, provided the foﬂowdrihree.crlteﬂa are satisfled: "

Y

“
T
A

] -<..

Face of support /

d K Y
Support reactions in the direction of the appliéd shiar force introduce cormpt éssio into the end
: St the top of the member. No concéntrated loads

regions of the-riiémber. Loads are applied at or near o cor
occur between the'face of the support and a distance d from the face of thg:support

It has been shown from numerous experim

support will extend upward from.the face of
distance of approximately d from the face of the support.

__ Thesetypes of

-1 stirrups are not

satisfactory for
members designed

for seismic forces.

not 1ess
than
1.3

Types of stirrups.

DESIGN INTEGRITY, Call: 01633905761
52—

Scanned by CamScanner

Scanned with CamScanner

jon failure, 1s one of th,
ately. Furthermare, 11

S
hear failure of reinfor ced cancrete. mon'"tl"‘; ‘:p|: dimcule Lo pr e‘g::’.;‘o (allure, shear collapse (¢
(] strong contrast with ¢h,

ents that the inclined shear crack that is closestto the
.of the support, reaching the compression zone at a




-

3LFET 3

L Lj, d _d!

" = "Al " - MA
Multiple-legged stirrup configurations.

Question: What do you mean by “stirrup” Write down the purpose of shear/web
-Reinforcement? (BEPZA — 2019)

Solutjon:

Stirrup: A stirrup is a closed loop of reinforcemeitbar thatis used to hold the main reinforcement
bars together in-an RCC structure. In a column, the stirrups provide the lateral supportto themain
bars against buckling. S - o T i

_;*Purpose of sheér/w?b Re’lnfomgmgnt: oo e
Shear reinforcement is provided toj’sérvéz,follgf»?i;;i'g' puTpOses; “

unreinforced web, possibly léading to'abruptfailures - .0
e toresistany torsion A e A
» to restrairi the growth of inclined shear-cracks . o o
e to improi;g;déwgl action of longitudinal bars g .

» to provide ductility to section i 0y reventsud:}enformatianof diagonal crack in an

Question: Why does A_C,:I/'BNBC code recommend a relatively smaller-value of shear as design
shear that occur at a'distance.d from the supportface? (30thBCS) - -

Solution; :

A diagonal crack that might result in shear failure, can form no closer to the face of the support
than the distance d from the face of the support. Consequently, Section 11.1.3.1 of ACI 318-05
permits the maximum required value of shear Vuto be determined at a distance d from the face of
such a support when the support provides compression resistance at the face of the beam opposite
the loading face. If loads had been suspended from the bottom of the beam or if the support were
no deeper than the beam itself, maximum required shear must be taken as the shear at the face of

the support.

DESIGN INTEGRITY, Call: 01633905761
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Shear Reinfurcament lor Beams
1““1‘0"}/ 45
P A

The shear strength provided by the concrete

| Vo= 22/ b.d

A = 0.75 for all — lightwelght concrete:
2 = 1.0 for normal — weight concrete-
Design shear strength of concrete

eV=@2/fb,d
@ = 0.75 reduction factor for.shear

I“_Fl« of support

7

Minimum shear reinforcement

Shaar relnforcement required

Shesr reinforcement not requlred

Case1:V,<@Vif2 =~
No shear reinforcement is requxgeq.

Case 2: p¥-/2 < Wy S oL o .
Minimum area of shear reinforcement is requiré

0.75/f bu s 50bus

Apmin = f).lt = fyt -
Maximum spacing to provide minimum Av
.Y TSNPy

=075 Jf by 50bw
DESIGN INTEGRITY, Call: 01633905761
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Nominal shear strength of shear reinforcement, V, = W - o%

Theoretical stirrup spacing, s = A_'{’.'Ld
3

If¥; s 4\/}}_‘bw d, maximum spacing = d;'2 < 24
IfV; > 4 /7 b, d, maximum spacing = d/4 < 12

IfV; > 8./ f¢ by d,need larger beam
.= 60,000 psi and f/ = 3000 psi,

Qm:ns;ilon: .The beam shown in Figure, was selected usingJ,
normal weight. Determine the thegretlcal spacing of #3 stirrups for each of the followingshears:

(@) Vu = 12,000 Ib.
(b) V, = 40,000 Lb.
(c) Vi, = 60,000 b,
(d) V, = 150,000b.

24in
27in. -

g, - e o oo o
L . 23in.

‘. - .
e——14 in,——J e b - 9 o
i I
> K PR |

WhenV, = 120001b.

k]

Using A = 1.0 for noﬁiiél weight concrete -
Shear strength provided by the concrete, ¢ V.=@21 ‘/_)‘-'Z b,d .

o V. = 0.75x2x1xV3000 % 14 x 24 = 27605 Ib.

v
9Y _ 13803 1b.> 12000 Ib.

Stirrups not required.

When V,, =+40000 lb.
Ve

Stirrups needed because V., > 5
Theoretical spacing @ Ve + ¢ Ve=W
DESIGN INTEGRITY, Cail: 01633905761
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ASXTS

TEVEAA,

sl XX
LYY

u—@ V. 40000 ~ 27605
pekoe 71b
= = e = 1652
Ay fye d _ 2x0.11x60000 x 24 _19.171n
Maxi 16527
mum spacing to provide minimum Ay
Ay fyr 2!0 11x60000
=2295In

0.75JFf b, 075 V3000 x 14

vf 2x0

Sl = A1%60000 _ o oc i -
50x 14 514 1b

=165271b < 4/fI b, d = 4x\/'3’(Wx14x24=-7. |

Maximum spacing = Ez" =12in

V=

S=

S=

s—

Stirrups spacing,s = 12in
When v, = 60000,ib,
Vu—@V. 60000—27 s e
V=== ud ",___,.-..,..L.,o 27&05_ y 3:lb " )
¢ 075 i.'431j9 Far 00 7R |
_Avfyed - 2x0.11x60000x24 733m

T 43193
Maximum spacing to provide rnlnimum Av

sl 2%0.11x,60000,_
0.75Jfz by  075v3000%14
_Avfye _2x0. 11x60000 L S
Sob .‘l 50x14 ..——-18,36]!‘ -.,\.’. R '»T‘ |
= 43193 lb< 4 fIbyd= 4x\/3000x‘14x24 73614 Ib g

Maximum spacisg = g- =12in g
Stirrups spacing':"s =7 33in
WhenV,, = 150000 1b.

= V.—@Ve — 150000 — 27605 _ 1631931b
Q 0.75

% = 1631931b > 8./f b, d =8 « /3000 x 14 x 24 = 1472281b

¥, may not be taken > 8 Jfbyd
Need larger beam or oné with larger f; value.

DESIGN INTEGRITY, Call: 01633905761
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s Question: A rectan‘gular beamof size 10" x 12", Design the shear relnforcement of the below beam
w7 iff, = 60 ksl and f; = 3000 psi. (BPDB ~ 2015)

- e

A s : :
—pe—— 10, 3
Solution: ‘
A lﬁk le .
A‘ g > . ' 10' e 3 £
% 6.625
srol (9 _o6s—0 _ .
’ o2 7.25
12 10, T T
Beam self —welsbt = *13° xO 15 0125 k/ft:,i‘. i g 5%
TalongmomentatA.\'— 8 T T
6x5 +6x15+0.125%x20x 10 R,xzo 0. P e
yRA—Rg—7ZSk : !
%V, at support = 7.25k
105 R
¥, at d distance, V] —725—-Ti—x0125 7~14k
¢%—2¢1J7Zb d= 2x075x1xJ_‘3oo x10x(12 15) BGZkIp iy
oY _ 431%; P 5 "
2 s
Ve o, "7
V> %ﬁ and Vu < p V., 50 minimum shear remforcement is required Ede
d 105 ;
z=-=—2——5.25in

o Ahy _022x60000
37 50b,  50x10

Sy =24in

Use 10 mm bar @ 5.25 inch ¢/c

=264in

" DESIGN INTEGRITY, Call: 01633905761
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L andlon10DIrY”
ch s isdl ¥ i :'; inch. (EGCB 2019)

Question: Desiygn stirrup of a beamwh
| and clear €0

'L = 40000 Ib, £, = 60 kst and /¢ = 4k3
Solution:
Here, ,, = 40000 Ib.

=615 1b
wv‘=¢2A~/Tc7bwd-0.7Sx2xlxmx15119=2’6

® V.
- =1280751b

@V
Vu = <., S0 stirrup needed.

Theoretical spacing @ V; + @ V; =%
Vv, —
V, = @V 40000 - 25615 /
- =191801b <8/
® 0.75 i J:
P :
s="vfed 2x0.11x60000 x18 _4241n
. 19180
aximum spacing to provide minimum Ay
A 124 A
0.75 /7 b, 0.75/2000x 15 o
Ay fye 2x041x60000 . .
s = —_ DT e T S ) - gl .8, s '\»
50 b,, SoRIS T CLeme
V, = 19180 Ib < 4 /7 by'd =4 XVE000
Maximum spacing = ; = -1-'2§-=9 i gt bl VTR

. 28

b, d = 13661010 = (k)

cisxipeessosh:

Provide ;lpmlﬁ bar @ 91inc/c .

<
v
S

ssectmn requn:ed for a rectan
standpoint so that no web reinforcing ed
psL. Use the cohservative value of V; = 2 AJfEbwd
Sgl!l:jgn- = , i )
Shear strength provided by.the concrete, § V= 21\/}? by d
j il ot

—

Web reinforcement is not required if ¥, <=

V. 1
Thus, ¥, =-“’—2—‘-=§cpczanwad)
0.75x2x1\/4000 b, d
2

" -

38,000 =
" b, d = 801.1in’
Use 24" x 36" beam (d = 33.5in)

DESIGN INTEGRITY, Call: 01633905761
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yth o Saiad by the ACI code I i, = 38 kiR ard 7 =4000
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\ , Question: Determine ultimate shear ¢
(BCMCL — 2020)

al

tie bar 4
@8 c/c 175"

Apacity of the beam I £/ = 3 jesf and fy = 60ksl,

387

€ 8
-F
NN
F
(=]
X
19,1
”
[
H
j
(=]
'O
N &
il
N
N"
t;‘
in
;.;
\l
R
o,
w
3N
m
F
H
.“
SN
)
%‘3

075x(2x0a2);m60 x,17a5
\ V1725

¥, = 56. 625 Idp

Question A RCC beam is to;' - ; i
beusedand f/ = 41§1 Wl'iat i;es‘ ig“

' (BBAD - 2018)
. Ifno web reinforcement is’ to be used e'cross’sectional dlmensions must be selected so that the
applied Shear V is no larger than one-half the design shear. strength oV R
t'{ o & PRl
Web remforcement is notrequired if ¥, <=5 QEV‘
Thus, ¥, == (p (2 );,\/E by d) '
30 000 . v

i b,d = =.632.45 mz
f w o7sx1xJ—4oo

Consider width of the beam, b, = 18 in
depth of the beamd = 35.13 ~ 35.5inand k = 355 + 2.5 =38in

Check: @ V; =29 A \/f/ byd = 2x0.75x 1 x V4000 x 35.5 x 18 = 60620 Ib = 60.62 kip

ok
2
Minimum cross section controlled by shear is 18" x 38"

= 30.31 > ¥, (Web reinforcement is not required)

DESIGN INTEGRITY, Call: 01633905761
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. g =4.91KpK 4VF bw d

o’ fave to faca nfsimpls

~ gpans 2
273pans &7 o 3.10 k/f. both

]
Questlon: A rectangular bean having ¥
d service live loa
d 1.6 k/ft an e n

‘l‘t ’t'x:sb to carry service dead lon the shear T {nforcem
istributed along the span. Design the shear 2
Mo aiial rtren i Are ,f.“_ 4000 psi and fy = 60000 psl. (32th BCS)

Solution:
Factored uniform load = 1.2 DL + 1.66 L
¥, (at face of support) = _6‘_9_!_6.5-2—2 = 69.16 kIp

- lz"andd-l

L =1.2x163+16x310= 6.916 k/ft

6916 %22 _ .
Design, ¥, (at d distance from the face of suppqrtJ' =69.16 = 12 = 56.48 kip
J3000x12x22
e=p2A4 /f':"b"d:.o.?sxle’;ﬁbo {42 = 25.045 Kp

oV
¥, > L=, so stirrup needed.

2
Theoretical spacing ¢ V: + @ s = Vu . . '
V= v;,'; Ve _ 55.,4{10'—7 :ngg . 41..9..1“9(%& J};-‘ 1{“', d= iasﬁ?«ldp. = (0k)

A, fie d 2x0.11 x 60 x 22 fewis® U
==F =T aer BB Tk g
Maximum spacing to, provid ,
R 7 " 20.11 260000 55 g
0.75 V2 b 075 \ﬂ;ﬁéﬁhz 7 '
<= Av fye _ 2x0.11x60000
505, S0x12% 7.

eminimumAy

e

o min d_ 22 g
Maximum Spacing =7 = 7~ =111in

T

S

Provide #3 bar @86.5in.c/c ' ey

fy e e

DESIGN INTEGRITY, Call: 01633905761
go
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;V Question: What are simply supported beam and cantilever beam? (EED — 2015)

Solution:

at
simply supported Beam: A simply supported beam s a type of beam that has pinned support
¢ ding on theload applied, It undergoes shearing

one end and roller support at the other end. Depen
est structural elements In existence.
as a beam or a platé

and bending. [t is the one of the simpl
Cantilever Beam: A cantileverbeam s a rigid structural element, such b
from which it protrudes; this connection could 2

anchored at one end to a support
perpendicular to a flat, vertical surface such as aw_all.
Question: Where doubly reinforced beam'shéulﬂ be p;gvided? Give reasons. (40th BCS)
snhmnnp ' - - .

itis known as doubly

thin tension and compression zone,
ainly provided when the depth of the beam is restricted.

reinforced beam. This type of beam is m

If 2 beam with limited depth is reinforced on the tension side only it might not have sufficient

resistance to oppose the bending moment. The resistance moment cannot be increased by

increasing the amount of steel in the stress zone. Doubly reinforce beam is also provided when

the loads are eccentric and when the beam is subjected to accidental or sudden late
the loads are

loads. When the external loads may occur on either face of the member i.e,
ing and may cause tension on both faces of the member.

The beam that is reinforced with steel bo

alternating or revers

Question: WhatIs-double reinforcemeri beam?”!.'“““‘l"“‘d“r cover; slab; beam, column.
%/(BSEC—ZOM) _ | | - ; _'

Solution: = . a0 TR, Jie ~">" B

. ga s ato Eeiagfds .

The beam that is reinforced with steels béth ‘in"tension arid coifipression zone, it Is known as
doubly reinforced beam. Thls type of beamis ‘mainly.provided:when the depth of the beam is
restricted. ;l,f;a‘-ﬁbeam with limited depth Is reinforced on the tension side only It might not have
sufficient; resistance to oppose the ‘bending mom_gﬂi:.-‘.,}fl'he moment of resistarite<cannot be
increased by, increasing the amount of steel'in tenslon zone. Thus a doubly refiiforced beam Is
provided to Increase the moment of resistance of 2 beam having limited dln}en?loﬁs. In most of
the minimum values of clear cover are 75 mm for Foundatioh; 40mm for Column,

the general cases
'25°'mm for shear wall, 15 mm for Slab and Stair.

40 mm for Beam,
Question: Write down ACI code provision for effective width of T-Beim. What is minimum slab

thickness for one way slab? (BCPCL — 2016)
Solution;

Total effective flange width of a T-Beam is the lesser of the following:

b, < Web width + 16 (slab thickness)
b. < Average clear distance to adjacent webs + Web width

b, < Span length/4

DESIGN INTEGRITY, Call: 01633905761
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e
or other ‘
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Mambe canlinuous l
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118 (/105 ya ue
75 for shear and 0.9 for flexure? Explain.

Questio

(MES — ;ag;‘ymﬂlth reduction factoris 0.

Solution:

If

collaapbs?m without properly d

must be Is likely to occur sudden
provided by "special shear r

sh
- e;ax'x: :anur.e. In other words, we wan
not in shear. That's why strengthre

esigned s
ly withnoa

Question: D | type

: Draw the different type's
stress an “iira] &t (AR

s and ﬂexural &tress. (AB — 2017,

Solutjon;

W T\

|

‘1?" Cracks in concrete beams due to co
—

f
3. Cracks parallel to main steelin cas

e

eo

hear relnforcement 15 0%
ining (brittle fail

einforcement” to

¢ to‘make sure that bearm We: ©

duction factor I3 0.75. for shearan

rrosion 0

overloaded to fallure, sheq
dvance ‘ ure). Therefore, Concret:
ment” to ensure flexural failure would occur befor.

will failin a ductile manner and ie

d 0.9 for flexure.

ment is

uction fa :
tween nt}ﬁpal_ stress, shear

,r'_ii,.}l)'iffe'ren‘_cg,be

cracksin a beam = =
BKB — 2018,CPGCL — 2018),

1.C . oy < ;«.1'_-' o B HE  GUR E
racks in concrete;bgams due to Inéréased shearStTess: E £,
e “'}." P ;”,- .;'_. R o . G

Pogdar . 2 . WA ks

r insufficient concrete COVET

..‘
N Wy
- N
. K}

f corrosion in beams due to moisture infiltration at the

joint
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r 4 Cracks due to increased bending stress in beams

|
=7 W

11

J l

5 Cracks due to cornpression failure in beams
_1

tress that "'”"mbensloadedbyana:dalforce.
§ 3‘&‘& Asion.

......

acompresslon

a=P/A L
en ameerg.isbei ‘

20ne i jie;hending stress (or

Flexural stress; wr;
flexure stress) yglll'rwxlt. Stress pro‘a w’ﬁat wecall ﬂ i
stress. Bendins sb'eslfli}s, max!mum qt top;or« ) uml

e

Flexural stress, a:

Ry, Shear stress: Normal stress is7a résul
¥ however results when a [6ad is applied
N : I

_ve L
Shear stress,T = b : ”“f'-"‘t'?'i

Question: Draw quahmtive shm and: exural erack]

(CPGCBL = 2018) TN
[
A - O

2
J Web-shear, Flaxural andﬂaxuresnear_J web- sn:qﬁa

DESIGN INTEGRITY, Call: 01633905761
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' of tha following bnam,
urc.vlm-'m-
ow the refn! ,

Q“Onlon Draw the detlictiad sha d sh
e . paan
(WASA — 2014) "

Salution;
Wib/R

I Declected shape T~
i : A
oo A
S
/ |
L "i""mz‘—‘—‘\— CLEAR CovEN ————H
Question: Show typical canitilevér beai relnfo,rcement detailfn& (PGCB —2017, RAJUK - 29, 6
: 185, 1; ] . “ '43'=. ‘ L .-‘; '-.".‘:‘ “,","'
— LY
; v [] ; . K ._“ ‘
. ! sn .
2 fa(clcac Cover— -,:_ " 2%, {ckvm«)-ib—f- ) g;’. e A
[ ] ] b ‘,.
Lo I [[LLL g
6in
.--JJ L
1
%mw-"nﬁ:rﬁ«lﬁ:fuMZhﬁwhum
Beam wiih = 1200, .
DESIGN INTEGRITY, Call: 01633905761
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S Slab Design

Quesdon; What is a Slab?

Slabs are constructed to provide flat surfaces, usuallyhorlzonul in buflding floors, roofs, bridges,
and other types of structures. The slab may be supported by walls, by reinforced concrete beams
usually cast monolithically with the slab, by structural steel beams, by columns, or by the gr ound.

R Y e
L-'.. I

'
el sa [ A R st it Rt
clhdbde '--L-..LJ -

T N AT R ERIRARININIBABABARLASERAABRARBABIBIN I M I A I A S AN A A SRR AR AR RERIARRARRE ImARIE B IETE I o

(e) Plat slab (/) Grid ar waftle slad

“ DESIGN INTEGRITY, Call: 01633905761
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Vo Way Slaby
Itha wlab ara st (arrnd 10 43 na-rrdy Wt hin g,
: ipparted on tw 1 stdas nnly, Y arard 4 "
gw banding (¢ in one direct ion':;;‘l,;" 't’l::u” |:, nt pqn/mt;ulnr W wp;:m:fg ;fg:“mt' ":;! 44,
!t: ;Ut’pun.d by heame on all four adgas, it1¢ rafarred 2 998 o418y 914 M.'s o mﬂm‘;’ g%
oth diractions. Actually, If n ractunguler olub Is supporte on all four 0% #914k ).
' fI, for all pnalcai purposes, ¥t 35 4 i,

two or more timas as lon
tha short side, the slab ¥4
<68y s, vitth Gending Wl":""n; :“::u”:"\g in tha short dlmcwm‘,jﬁuch slabs are designed 3y nny.

way slabu, Normally, a 12-in-wide plece of such a PELL dosl

Question: What Is the difference between One Way Slab and TwO way Slab?

One way slab: One way slabis a slab which Is supported by peams on the tvo opposite sides to
carry the load along one direction. The ratio of longer span () © shorter span (b) is equal or

greater than 2, consldered as on¢ way slab because this slab v/l bend In one direction Le in the

direction along its shorter span. Due t0 the huge difference in lengths, load s nottransferred to
the shorter beams. Main reinforcement s provided {n shorter span and distribution reinforcement

in longer span.

Example: Generally all the Cantilever slabs are oné Way slab.

WO Ry L
rrrrt W
RN

slab supported by beams 6n all the four sides and the loads are
carried by the supporns along both directions, itis known as two way slab. Lntwo viay slab, the
ratio of longer span (1) to shorter span (b) is less than 2. In two way slabs, load will be carried in
both the directions. So, main reinforcement is provided in both direction for two way slabs.

Two way slab: Two way slabisa

Example: These types of slabs are used in constructing floors.

DESIGN INTEGRITY, Call: 01633905761
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Minimum thickness of beams or one-way Slabs unless deflectionsare computed.
Mininsum Thickness, &
Simply One end Both ends
supportsd | continuous continuous Cantiever
Members not supporting or attached to partifions or other
Member construction aly to be damaged by large dellections
Scid one-way skbs £/20 24 ty2s 210
Beams or ribbed
one-way slabs F7al] £/185 Yy {8
thl,jZG rhzlzlzs T-T I—hzt,/lo
]
T f 8 fe
'l ‘1 l'
Figure: Slab thickness for solid one way siab
]

T A T 8 . Te

P P . o

—

Figure: Slab thickness for beams or ribbed one way slab

Minimum area of steel

The minimum amount of reinforcement for slabs and footings of uniform cross-sections is equal
to the minimum amount required by ACI 7.12.2.1 for shrinkage and temperature reinforcement
(AC110.5.4):
Agmin = 0.0020 b h for 40 or 50 grade deformed bars.
= 0.0018 b h for 60 grade deformed bars.

(0.0018 b h) 60,000 , _
Asmin = 7 where reinforcement with f, > 60,000 psi

y

In these expressions, b is the width of the member and his the overall thickness. A design width of
12 in is typically used in such cases, and reinforcement is specified in square inches per foot. The
maximum spacing of this reinforcement is the smaller of three times the member thickness or 18

in. Maximum spacing of flexural reinforcement = lesser of 3hor 1B in.

A:.mln

DESIGN INTEGRITY, Call: 01633905761
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Moment coefficient method:
the maximum positive moment M for

Ifthe slab is one span only and rests freely on Its supports,

uniformly dlstribSted lo:d of w psf Is A}; =(wL')/8 where L I8 th:e:pr:snoieg'::n:im?sno? .
supports. If the same slab is built monolithically with the supportl:g either by structural anal ei;
several supports, the positive and negative moments are calculat ection 8.3 permits the oy
or by moment coefficients as for continuous beams. The ACI code s tely equal . Tos
moment and shear coefficients in the case of two or more 3!’1“'0’drmde lyabeq housl':lal;‘:- e
conditions under which the moment coefficient for continuous beamns and slabs S used

can be summarized as follows:

1. Spans are approximately equal: Longer span < 1.2 (shorter span).
2. Loads are uniformly distributed.

3. The ratio (live load / dead load) is less than or equal to 3.
4. For slabs with spans less than or equal to 10 f, negative b

« . 1
supports is — W, I}

ending moment at face of all

1
5. For an urirestrained discontinuous end at A, the coefficient is0atAand + o at.B-

6. Shearing force at Cis 1.15 W, I,/2 and at the face of all other support W, 1n/2
7. M, = (coefficient) (W, I2); I, = clear span

A B c
9 1
—x -3 |
' | 1 1 spandrel
oo Li——1 ML beam
+5
A
- -
i | | |
ca T 1l | | I} | Colmn
+u
A s i 1
1 "1’6 -1 -1 -n
T 1 s S agp:
geomn | i 1 I | ' o
+y +3% ta
A . 9 '
-4 - % =T i
1 ; ! - ' 4
Column +‘!‘ +113 +53

[ 4

Figure: Moment coefficient for continuous beams and slabs

DESIGN INTEGRITY, Call: 01633905761
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Figure: Reinforcement detalls in continuous one way slabs for straight bars

f-—-c./s-o[ J:—:./s—- e 12/3—] l-L,/a—A-
—— . N =3
|.L,,4

Mt'n—[ | ""’t‘.&""’ :

L . |

Figure: Reinforcement detalls in continuous one way slabs for bentbars

Question: What is the minimum slab thickness of one way slab? (MES -2015)

a

%, Minimum Thickness of Non pre- stressed Beams or One-Way Slabs unless deflections are

computed. _ o
Mintmum Thickness,
Simply One end Both ends
supported continuous caontinuous Cantilever
Members not supporting or attached to partitions or other

Member construction Ekely to be damaged by large deflections
Solid one-way slabs /20 2/24 £/28 t/10
Beams or ribbed ) '
one-way slabs {/16 £/185 (Al t/8

Que;tlo‘hm.‘ Whéﬁ and why does corner reinforcement used in a two way RC slab. (32t BCS)

Torsional moments are quite high nearer to the corner of the slab. In two-way slabs which are
restrained along the edges & are not free tolift, cracks get developed at the corners because of the
high torsional moment. Thus we need to prevent such types of the cracks formations in the two-
way slab. Therefore we reinforce these sections by providing reinforcement to resist the crack

formation at the corners.

DESIGN INTEGRITY, Call: 01633905761
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1 Is the longer clear span
Question: Write down the rules of corner reinforcement according to BNBC code.
(RAJUK — 2014)
Solution:
erfor corner in both top and bottom of the slab
fifth of the longer span of the

a. Special reinforcement shall be provided at ext
for a distance in each direction from the corne
corner panel. '

b. Corner reinforcement shall be parallel to the slab at the top t0 aline bisecting theangleat the

relevant corner. s

Corner reinforcement shall be perpendicular to the

angle atthe relevant cormner. o

om comer.refnfprcemént shall be of size and spacing equivalent to that

aximum pos’itiv'e'moment in the panel.

t in RC slab? Why and where are they used? State

inforéeinen
h reinforcement. (30th BCS)

r equal to one-

slab at the bottom to 2 line bisecting the

d. The top and bott
required forthem

Question: What is corngr re
ACI/BNBC specification for suc

Solution:

Torsional moments are quite high nearer to the corner of the

restrained along the edges & arenot free to lift, cracks get developed at the corners because of the

high torsional moment. Thus we need to prevent such types of the cracks formations in the two-
sections by providing reinforcement to resist the crack

way slab. .Therefore we reinforce these
formation at the corners.

slab. In two-slabs which are

ee different requirements for three different types of

However, torsional reinforcing bar have thr
corner C1, C2 and C3 as shown in fig given below:

DESIGN INTEGRITY, Call: 01633905761
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€1 C2

118 the longet clear span

» At corner C1 - The slab is discontinuous on both the sides, the torsion reinforcement shall
consist of top and bottom bars each with layers of bar placed parallel to the sides of the slab
and extending a minimum distance of one fifth of the shorter span from the edges. The amount
of reinforcement in each of the four layers shall be 75 per.cent of the area required for the

maximum mid span moment in the slab.

« At corner C2 - Contained by edges over one of ‘which- is .continuous, the torsional
reinforcement shall be half of the amount required for.corner C1.

+ At Corner C3 - Contained by edges over bi;th"pf whli:h*ilxe slab is continuous, torsional
reinforcement need not to be provided. " i

Question: Design a one-way slab for the in;'i‘d'é*gf“a"’ziiuilding using the span, loads, and other data

~given in Figure. Normal-weight aggrega“t:é..:cgncreftg is specified with a density of 150 pcf

5 & LL = 200 psf
- fe ™ 4000 psl
l 5, = 60,000 ps

!: 10° -
Minimum"lf;){a{_l Slai) Thickness,
_ L. (20in/R) (10f) _
hjﬁ—; - 0 =6in

Assﬁrﬁe 6-in.slab (withd = approximately 6in. - 3/4in. Cover -1/41n. for estimated half diameter
of bar size = 5.0 in.) Design a 12-in.-wide strip of the slab. Thus,b=12 in.

6
DL = slab weight = = * 150 pcf = 75 psf.

LL =200 psf.
W, = (1.2) (75 psf.) + (1.6) (200 psf.) = 410 pst.

DESIGN INTEGRITY, Call: 01633905761
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‘ _ (0.410 kIR (10 M)?
{ M a( ) s125R-k
My=pA; fy(d - ;)
A 5.125x12
s = 0.236 In?/ft (assume, @ = 0.341n.)

0.9x 60 (5 — 0.14)

%
Check.a = _A_SQ'_ 0.236x60 _
‘ 0.85 ,ﬂ b = 0.85 x4 x 12 - 0-34 inCh;

Pmin = 0.0033

Agmin = p bd = (0.0033)(12n.)(5n.) = 0,198 in?/ft
So,A; = 0.236 in?/ft

Use #4 @ 10 in.c/c (A, = 0.24 in?/ft)

Spacing < maximum of 18 in. as per ACI 7.6.5

Transverse Direction—Shrinkage and Temperature Steel

A, = 0.0018 bt = (0.0018) (12in.) (6in.) = 0.1296 in®/ft
Use #3 @ 10 in.c/c (0.13 in®/ft)

Spacing < maximum of 18 in. as per ACI 7.12.2.2 oK
#4 bars are the primary flexural

The #4 bars are placed below the #3 bars in this case. The
reinforcing, and the value of d is based on this assumption. The #3 bars are for temperature and

shrinkage control, and thelr depth within the slabis notas critical.

Question: Determine the slab thickness and spacing required for the temperature and shrinkage
- 60ksi. (LGD — 2018,51 BMA)

reinforcement of one way slab, considering fy =
A - A
Solution:
Mi lab thick h—L—-l-sf—x—l—E-%n
inimum slab thickness,® =355~ " 20 =
re steel

rection - Shrinkage and Temperatu

Transverse di
44 in?/ft

A, = 0.0018 bt =0.0018x12x 9=019
0.11x12

-~ =6.79in

Using 10 mm bar = —5=04%
Provide 10 mm bar @ 6.5inc/c

DESIGN INTEGRITY, Call: 01633905761

3} -

Scanned with CamScanner

-



| Question: A 15° long and 10' wide uniformly loaded slab Is simply supported along two short
‘ Wi cides; the long sides are unsupported. The slab thickness Is 8° with #5 bar spaced 6” ¢/c as main
flexural steel. Calculate the maximum uniformly load that the slab can carry. £/ = 4 ksiand f,, =

60 ksi. (33th BCS)
Solution:

a 15’ A

The slab is simply supported along two short sides; the long sides are unsupported. So the slab is
one way slab. .

-Effective depth, d = 8 — 0.75 (cover) — 0.3125 (half bar diameter) 69375, in
Area of #5 bar = Z(2) = 2
ea of #5 bar = (e) 0.306in

Rty oo A == 30?‘12 =0612in?/R, -
Asfy _ 0612x60 ST

=085 f/b 085x4xiz ol T Th
5 :
My =¢A.!fy(d - 'i)

M, = 09x0.612 x 60 (6.9375 - %) 214 39, k— in=1786k - ft

*C

.
-For simply supported one way slab Mu WBL
W, x 152 oo tw AR
—5—=17.86 | e

W, = 0.635 ksf = 635 ps?

8
DL = slab self weight — x 150 pcf 100 psf.

Now, W, = 1ZDL+ 1. GLL
1.2 X100 + 1.6 x LL = 635.

LL = 321.875 psf

- 7T PRI EISALIAALRIRLLIARBARIARANIARBARAD LSS

¥

DESIGN INTEGRITY, Call: 01633905761
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Column Design

Question: What is Column? Describe types of column.

Column may be defined as a vertical structural member that carty loads¢
can carry moment as well, about one or both axes of the cross section.

Types of Column:

A. Based on reinforcement column can be divided into the following was:
* Columnreinforced with longitudinal bar and lateral ties.
* Column reinforced with longitudinal bar and continuous spirals.
* Composite compression members reinforced with structural steel shapes, pipe

B. Based on length:

Short column: Short columns those whose ratio of effective length to the minimum thickness is

less than 12 (<12). Material strength is the main factor for its faflure.
' to the minimum thickness is

hleﬂy in compression. It

or tubing.

Long Column: Long columns those whose ratio of eff_ecﬁve’lengﬂi
greater than 12 (212). Material strength and buckling are the main factors for its failure.

C. Depending on position at a building or loading pattern: .
1. Axially loaded column TR

2. Uni-axial column

3. Bi-axial column.

Question: Why ties are used in column?

1. To hold longitudinal bars in pbsitioﬁ in forms while the concrete is being placed. For this
cage of reinforcement.

purpose both of them are wired together to forma .
2. To prevent the highly stressed slender longitudinal bars from buckling outward bursting the

thin concrete cover.

i[.on;ihuimlf Vertical bar
Tie bar

Fig: Tied column  Fig: Spiral column

DESIGN INTEGRITY, Call: 01633905761
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[ Sertal No. - Contents Tled .5;_";"
\u', - -
Least Dimension Min® 10", in EQ regions 12 Minm 12
a
"""6}—7 Leastarea s ) e i
I c) Steel ratio, Py m 1% 1%
d) Steel ratlo, ;o 8% 8%
e) Min® No. of longitudinal bar 4 6
f) Min™ longitudinal bar size KS bar #5 bar
g Min® No. of tie bar #3 (for longitudinal bar size> - #3
#10, use #4 bar astie)
h) Min™ Clear cover 1.51n . 15in

Note: Generally £, . I preferable between 1%- 4% to avold steel congestion.

Question: Write down the guideline for Tie/ spiral reinforcement -

1) All bars of tied columns shall be enclosed by lateral ties, _atilgggt No 3 in size for longitudinal
bars up to No. 10, and at least No. 4 in size for Nos. 11, 14, and 18 and bundled longitudinal
bars. AL

2) The spacing of the ties shall not exceed 16_51_!‘amefé[$ of lorigitudinal bars (16D), 48 diameters
of tie bars (48d), nor the least dimension (t») of the column.

_ 3) No bar shall be farther than 6 in. clﬁgr’b"ri"’éithersmg from such a laterally supported bar.

32 4) The ties shall be so arranged that évery corper and alternate longitudinal bar shall have
lateral support provided by the corner-of ‘a tie having an induded angle of not more than
135°. Y : _

5) Spirals shall be continuous bg} of-fiot less than #3. The clear spacing between turns of the
spiral must not exceed 3 inch (but not less than 1 inch).

Question: Why strength reduction factor in column is less than beam?

Solutiom:

The strength-reduction factor for columns'is much lower than those for flexure (& = 0.9) and
shear (¢ = 0.75). This is because in axially loaded columns, the strerigth depends mainly onthe
concrete compression strength, whereas the strength of members in bending is less affected by
the variation “of concrete strength, especially in the case of an under-reinforced section.
Furthermore, the concretein columns is subjected to more segregation thanin the case of beams.
Columns are cast vertically in long, narrow forms, but the concrete in beams is cast in shallow,
horizontal forms. The failure of a column is generally a more severe matter than is the failure of
a beam, because a column generally supports a larger part of a structure than doesa beam. In
other words, if a column failsina building a larger part of the building will fall down thaniif a

beam fails.

*

DESIGN INTEGRITY, Call: 01633905761
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uimn & ting m'.'m: - 2014)

sa structural element thaeerg
n

other structural elements be[;:v““"’

. In

Questlon: What I» olwnn? Write AUl code of el

Solution:

Acolumnorpillarin architectureand structural enginecring i

through compression, the welght of the structure above to
is a compression member.

d columns, the ACI Code sets the strength-reductq

= 0.75 for spirally reinforced columns. n

aximum percentage Is 894 of o

other words, a column
as eccentrically loade:
:ge is 195, and the m
mbers and six bars sro

e For axially as well
factors at @ = 0.65 for tied columns and
dinal steel percen
tied circular and rectangular me

e The minimum longitu

gross area of the section.
e At least four bars are required for

needed for circular members enclosed by spirals.
e The minimum diameter of spirals is 3/8 in. and their clear spacing should not be more thap 3
in. nor less than 1 in.

2 minimum diameter of 3/8 in. to enclose longitudinal bars of

imum diameter of % in. L no.

e Ties for columns must have
10 size or smaller and a min
d the smallest of 48 tim
t dimension ‘of the column.

Spacing of ties shall not excee
(i) Long column; (ifi) Tied column; (iv) Spirgy

- ———

for larger bar diameters.
es the tie diameter, 16 times
e

longitudinal bar diameter, or the leas
meant by (i) Short column;

uestion: What are

Q
column. (31th BCS)
the column in which the ratio of effectyy,
e

Solution: | ,
sShort column: Short column is basically defined as the
length of the column to the least lateral dimension of the column is less than 12. Shoy
s usually fail by crushing
umn Is basically defined as the columnin which theratio of effective Je
fthe column is more than 12. Slender column is lil;itl:

column
Long column: Long col
of the column to the least l]ateral dimension 0
to fail by buckling.
Tied Column: When the main Jongitudinal bars of the column are confined within closely spaced
lateral ties, itis called a tied column.
rsofthe column are enclosed within closel
it is called as a spiral column. Y spaced

Spirél Column: When the main longitudinal ba
and continuously wound spiral reinforcement, 1

!

&

DESIGN INTEGRITY, Call: 01633905761
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Question: What are the values of maximum and minimum reinforcement of steel in column?
W5 Why does the code suggest those values? (36th BGS, MES 2015)

Solution: :
As per the ACI Code, the minimum reinforcing steel in a column is 1% and the maximum s 8% of
the gross area.

The minimum reinforcement ratio is used to make sure you provide at least enough reinforcement
to ensure your column will have some ductility, confinement, resistance to therma_! loadln& and
ability to limit the width of any cracks that will form. The primary motive for the minimum limitis
to ensure that the moment capacity is higher than the-cracking moment. :

The maximum reinforcement ratio is used to prevent you from overcrowding the‘interior of the
column with reinforcement that would, in turn, restrict the flow ofcopcre_te/'a'ggregate and reduce
the availability of concrete for reinforcement to be embedded in. Too miich reinforcement would
also make the column impossible to construct. R R O

Ton
d (R

Question: Short column and long column failure pattern. (l_’G(;_g - Zfﬁ'] ) 3

Solution:

- I P . P
< : * &
-1 . |
(a). Short . (b). Leng
‘columm column

Question: Why load capacity in tied column is less than spiral column?
Solution:

Concrete columns reinforced with spiral reinforcement can withstand more loads than tied
column. This phenomenon happens because when load eccentricities are small, spirally reinforced
columns shows greater toughness, greater ductility than the columns with ties. Therefore, it is
expected from civil engineering professionals to use spiral reinforcement instead of ties whenever
possible in reinforced concrete columns. In loaded condition, tied column concrete fails by

crushing and shearing but in spiral column concrete prevented by spiral core.

DESIGN INTEGRITY, Call: 01633905761
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For concentrically loaded_ spirally reinforced column Code provides the following formula for

maximum allowableload:
- P=0.25fc’Ag+f;A,—Ag(025fc+fspg)
For concentrically loaded tied reinforced column Code provides the following formula for

maxlmum allowable load:
' = 085 (0.25 f/ Ag + fs As) = 085 Ag(0.25 f! + f: pg)

f, 5 < 12 - The column is short column
L
If > 12 - The column is slender column

For slender column, the permissible stresses in concrete and steel are reduced by multiplication
witha strength reduction coefficient C, given by:

48b
m SHOT, ON Ml A2 GRITY, Call: 01633905761
M| DUALU YCAMERA
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!
Where b is the least lateral dimension of the column (or diameter of the core in a spiral column).

¥ Alternatively, fox; more exact calculations,

C =1.25—

| r 160 rm‘"
Where, rmin 15 the least radius of gyration of the column.

Ifreduction factor Isused, P = C, 0.85 (0.25 £/ A + f; A;)

The maximum compressive axial load that can be resisted by the concrete F

Here, full strength of £ is not used rather 0.85 £ »
The maxirmum axial load that can be carried by the longitudinal reinforcement’P,

=Ly Ase
The maximum concentric axial load Po that can be carried by a short column
R = 0.85 £ (45 - Age) + fy Ase 5 JI
The maximum nominal axial strength Fmax is equal tgi"a}goxista”r:xt times the concentric axial load
type of transverse reiriforcement utilized in the section
nding moments that may exist
These eccentricities can arise

strength P,. The constant depends on the
and accounts for any accidental eccentricities or any accidental be
S.
misalignment of colurnns from

in a compression member and were not considered in the analysl
from unbalanced moments in the beams framing into the column,
floor to floor or misalignment of the longitudinal feinforcement in the column.
axially loaded column was given in the previous equation. Because
ccurs on the column section, -

- ror i
The nominal load strengthofan
a perfect axially loaded column does not exist, some eccentricity 0
into consideration, the ACI code specifies that the
columns and 0.85 for

thus reducing its load capacity. To take i
maximum nominal load should be multiplied by factor equal to 0.8 for tied

spirally reinforced columns.
For members with spiral reinforcemen
By max = 0.85[0.85 (Ag — Ase) +Fy Asc]

forcement, the constanta is equal to 0.80

For members with tie rein
- Ast) ¥ fy Ast]
g the maximum nominal axial strength Fomax by

= 0.80[0.85/ (49
P, formed by multiplyin
gth reduction factor @.

t, the constanta is equal to 0.85.

Bomax _
Design axial strength ¢

the _‘(:orreéponding stren

For members with spiral reinforcement

@ Pumax = 0859 [0.85 £ (A5 — Age) + fy Ast]

For members with tie reinforcement) Y ]
" — 0.80 ¢ [0.85 " (Ag — Ag) Ty 4st . ‘
{ ?h};mg:;ngth re;:lc{tion t{;cfo: @ is equal to 0.75 for cqmpregsion.-c:ntx.'::}led s;cetri;‘ns with spiral
' reinforcement and 0.65 for other reinforced members including tied reinforce

DESIGN INTEGRITY, Call: 01633905761

!

Scanned‘by CamScanne'r

Scanned with CamScanner




Pl

For spical retnforcement

minimum percentage of steel, Py = 0.45 G" = l)%
(3

Spacing of the spiral, s = 39(0¢ — db)

D,
A; = Area of the core o0
;: = Cross — sectional area of the spiral bar
De = Diameter of the core out to out of the spiral
> = Diameter of the spiral bar
ds

Ag=uwD?/4
Ag=n D3/4
O

D

A

g

~
\~§‘

b
,/
.~§~§~

T
i 4
=

Question: Design tie'size and spétin.g of a 24" x 16" rectangular column which is reinforced with

12#9 bar. (BGFCL— 2017)
As longirudi_nal"bar‘ isless than #10 bar, use #3 bar as tie bar.
1. 484 = 48x 3 = 18in
2. 16D =}16>;§ = 18in
3. Leastdimension = 16in
Use #3 bar @16” c/c

" DESIGN INTEGRITY, Call: 01633905761
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Question: pe
having 2594,
Solutlon;
Ag = 15x;
Glven,p =
Phh=oa:
Pi= 08,

Kusing fi

Po=1.

l Ph=
\ 970 =

Use?

oP,
970

r



& Question: Determine the maximum allowable axial .
st B m 2 compressive force for a 15" x 20" tied colum
ving rcement. f{ = 4 ksi and f;, = 60 ksi. (WRGCL — 2014) 2

‘ -
Ay = 15x20 = 300 in?
Given, p = 0.025
B = ¢¢A,[0.85fc'(1—p)+pf’]

B, = 0.8x0.65x300x[0.85x4x(1- 0.025) +0.025x 60] = 751.14 k

Question: ..
k using fc’ = :smisn ’; fl’écglar spiral column to support an axial dead load 475 kanda live load 250
= 60 ksi. And a steel ratio of about 3%. Also, design th"; id sy

Solution:
P, =12DL+16LL =12x475+1.6x250 =970k
@ P, = ¢ 0.85[0.85 f (A5 — Ax) + fy A i
970 = 075 0.85 [0.85 x 4 (4, — 0.03 4,) +60x0.034;] &
A, =299in % T
Use 20 in diameter column (314.2 in?)
@B, = ¢ 0.85[085f (Ag = Ase) + fy Axc)
., 970=075x 0.85 [0.85 x4 (314.2 = Ag) +4X Ay ]
~ A, = 8in?
Use ?#10 bars ( Ay = 10.16 in?)
Design of splrals: |
diameter of core, D,

"3

.

=20-2x15=17In.

D mx17’
Area of the core, A¢ = 4' e 226.98in?

nD? mwx20?
Area of the column, Ag=—3 =3 = 314.16 In*
Ag fi'

ntage of steel. py = 0.45 (4—4: - 1) %

minimum perce

31416 .\ 4
 0.45 (mz ~ 1)—- = 001152
ps =045 (226.98

s spiral reinforcement. @
4x0.11(17 - 0.375) =221n
0.01152x 17

a,=011in? anddp = 0.375 In

Using #3 bara

Spacings = w =
psD¢

Use #3 bar spiral atS = 2in.

3
DESIGN INT EGRITY, Calk: 01633905761
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mn having cross section

win colu
mpressive lvad In ti;; ﬂ:?(al’gﬂ - 2016)

fc a 3kstandfy =

Question: Determine the
I T allowableco
20" x 20" with 10-3/4" bar used given

Solution:
2
Here, 4, = 20 x 20 = 400 In?, Ay = 10X 3 X (3) =358’
P, = @ a [0.85 £ (45 — Ase) + Asc Sy
B, = 0.8 0.65 [0.85 x 4 (400 — 3.53) +353x60] = 81123 ¥

oad of 500 kip

g;:sfg‘-‘m Design a square tied column to support dead!l
rcement ratio must be within 1 to 2%. Assume, fe =4 ksiand fy =

Solution:
P, =14DL +17LL=1.4x500+17x400= 1380 kips

. m N

s and live load of 400 kips.
60 ksi. (NPCBL— 2017)

Given, p = 0.02
P,= @adg[085fc(1—p)+pPf]

Or, 1380 = 0.65 x 0.80 x A x [0.85x4x (1~ 0.02) + 0.02x60]

A, = 585.58in? S

Square column, h = JE85.68 = 24.19 = 25in~ -

So, 25" x 25" square tied column. 4, = 625 in? ' ) '
Again, P, = ¢ a [0.85 fZ (Ag — Ay) A

Or, 1380 = 0.65 x 0.80 [0.85 X 4 x (625 ~ A)+ Ase X60]
o~ Ag = 9.34in? : ,
Area of #10 bar, Asg = 12310’ T
Use 8 Nos. #10 bar. (Ans.)
Question: The valite of fe is 4000 psi, fy
is 12" x 12". Find the design ultimate axial s
(GTCL — ._2.016) ¢
A;=12x12 = 144in®

ais 2% and the column section

is 60000 psi and steel are
tress of the column with zero eccentricity.

Given, p'= 0.02
B =¢paly [0.85 £ (1- ) +pf) {For zero eccentricity, @ = 1}
) +002x60] = 42419k

— 1x0.65x144x[085% 4x(1-0.02
p, 42419 e
2.94 kip/in

By

Design ultimate stress, 7 = ‘—4-; =11

DESIGN INTEGRITY, Call: 01633905761
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- Question: A rectangular column of 15” x 15" section has reinforcement of 8 no.9 bars. If the value
Is 60000 ps, find the ultimate design axlal load of the column with zero

o @
N f fc’ is 3000 psi and fy
cccentricity. (TGTDCL — 2018, BEPZA — 2019, NHA — 2020)

Solution:

Ay = 15x15 =225 in?
2

Ax =8x X (-8—) = 8in?

B =9 a[085f (A, - A,,) + Age fy] {For zero eccentricity, a = 1}

R, = 0.65x1x [0.85x 4x (225 — B) + 8x 60] = 79157k . :
Question: Determine the nominal axial compression force for RCC qo!g;ﬁl;i of 12° x 22" section
having 2.5% mild steel reinforcement. Given f = 4ksiand f, = 60 ksi *: “ o
(PGCL — 2014, DNCC — 2016, ERL — 2017, BGFCL—2017) .~ @ .
Solution; . R
Ag =12x22 = 264 in’ Ay e

A =pbd=0025x12x22=6.6in’ - b
Nominal axial compressionload, F, = « [0°85-fc'--.,(‘4'q:“*’45t.) + Ast fy)

B, = 0.80 [0.85 x4 X (264~ 6.6) + 6.6 X 60] =: 1016928k

Question: Find the axial load of column 30" x 12" which s reinforced with 12 Nos. 20 mm diameter
bar, consider f¢ =3.5 ksi and f;, = 60 ksi.
(DPDC — 2014, PGCB — 2015, CBGCBL — 2018, CUET M.Sc— 2020)

Here, 4, = 30x 12 =1360'in? A= 12x048 = 5.76 in*
We know, B, = ¢ a [0.85 ! (Ag — Ast) + Asc y]

B, = 0.80x0.65[0.85x 3.5 % (360 ~576) + (S76x60)] = 727.72k
column has shown in figure, the column is reinforced with four

Questioh:\ A hollow rectangular
fthe column and also design the tie reinforcement.

#5 bar. Determine the capacity o
(BUET M. Sc — 2018, DPDC — 2019)

12"
(@

12* 2"x2"
n 45O

85
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Solution:
A, = (12x12) - (2x2) = 140 In?

Ay = 4x % x (%): = 1.23n?

P, =@ « [0.85 f! (Ay — Ase) + Axe fy]
B, = 0.8 x 0.65 x [0.85 x 4 x (140 -1.23) + 1.23X

60) = 283.72K

As main bar Is less than #10 bar, Use #3 bar as tie bar.

Spacing:

a.48d =48x%= 18"

b.16D = 16x .g.:lon

c.Least dimension = 12"
Use #3 bar @ 12" ¢/c

rtdead load of 130 kipsand live 1oad of 180 Kips.
60 ksi. (JB — 2017)

Question: Design a square tied column to support
Assiime; f' =4ksiand fy =

Reinforcement ratio must be within 1 to 2%.

P, —14DL+17LL=1.4x130+1.7x_180
Given, p = 0.02 ¥
P,= @uAg[085f (1~ P)"’Pfy]

Or, 488 = 065x080xA,x[085x4x(1 -0.0

- Ay = 207, 07 in® -
Square column, h ‘J 207 07 ='14.39 = 151

So, 15" x 15"s square tied column. Ag=

Again, P = (pa[o 85 f¢
Or, 488—- 065x0.80 (0. 85x 4x (225 —

o Ag = 3. 06 in?
Area of #6 bar, Ay = 0.44 in?
Use 8 Nos. #6 bar.

DESIGN |

2) + 0.02 x 60)

mn

= 225in?

(A - Ast) + Ast fy]
Ag) T AstX 60]

NTEGRITY, Call: 01633905761
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| ... Question:A load of 250 psf per floor, th
, the colum
If, f£ = 3000 psl. f, = 60000 psi design the cenn::i:ltuurx‘;ls{;;
—£3
15’
15'
—— —iil
20 20°
Solution: '
Total !oad on the column, P, = (EZE + lzi) X (-z-z9 + 222) x250x
E——8—

15’ -

15’

nd floor of a five storfed bullding
FL- 2021)

5 = 3750001b =375 kip

Or.375 = 0.65x0.80 xA,x[b 85)( ,01x60]
Ag = 230.80 in
Considering square. column, = ﬁ?ﬁ- 15.19 = 16 in
So,16” x 16" sqﬁare tied colimn. 4 = = 256in’
o A = pA -".0.(_)1x256 = 2.56in’
Areaof #5 bar; A,, — 0.31in?
Use10 Nos.’ 45 bar.
|
r s |
{ DESIGN [NTEGRITY, Calk 01633905761
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0 kand aliveload 25k
the necessary spirals.

Ign a circular spiral column to su fal dead lond 50
' . pport an axia
gg‘; §CS) ‘5 ksl £, = 60 ksl and a steel ratio of about 3% Also, design

K =12pL + L6LL=12x500+ 1.6x25 = 640k

A= 0.5 [0.85 £ (4, - Age) + fy Ay]

640 = 0.75 x 0.85 [0.85x 45 (4, - 0.03 Ay) +60x0.03 4]
Ay = 182,19 in?

Use 16 in diameter column (201.06 in?)
Fu=9085[0.85 £ (4, - 4,.) + fy Ase)

640 = 0.75 x 0.85 [0.85x 4.5 (201.06 — 4,,) + 60x 4,; )
Ag = 4.18in2 ' '

Use 648 bars (4,, = 4.74 in?)
Design of spirals:
diameter of core, D.=16-2x15=13In.

w Dgz nX 132

Area of the cor::, A= % g =132.73 in?
2 2
Area of the column, Ag= Ef— =2X 41 A = 201.06in?

minimum percentage of steel, p, = 0.45 (%g_ - 1);—‘,
¢ y
ps = 0.45 (——132'73 &= 0.0173
Using #3 bar as spiral reinforcement, a, = 0.11 in? and d), =0375 in
as(D; —dp)  4x0.11(13 - 0.375)
psD? T 0.0173x132
Use #3 bar spiral at S = 1.9in.

201.06 1) 4.5

4
Spacing § =

=1.89In

Question: (a) A reinforced concrete column 4 m long (effective) and 400 mm in diameter is
reinforced with 8 bars of 20 mm diameter. Find safe load of columns can carry using WSD method.
Concrete mix used is M15 and £, = 415Mpa. The column carries lateral ties. (b) If the effective
length is increased to 8 m, what will be the safe load of column can carry?

Solution;
Ag=mr? =mx200% = 125664 mm’

DESIGN INTEGRITY, Call: 01633905761
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A, =8x314.16 = 2513.28 mm?

£ =15 MPa = 15 N/mm?

fy=415 MPa = 415 N/mm?

£ =04/, = 04x415 = 166 N/mm?

L, 4x1000 ' .
(@) -5'- =—m— = 10< 12 - Thus the column fs short column.

= 0.25x15x125664 + 166 x 2513.28
= 88844448 N = B888.444KN

L, 8x1000
1)) T‘=—m.—-_zo >12
Hence the coh;mn isa long column, Reduction factor will be used
_ _ 8x1000 A TR
Cr=125 —grr =125~ =0 = <00 = 083 W TRy ;

P =C, (0.25f Ag + fi As) o et

-y

— 083 (0.25x15x 125664 + 166x2513.28) -1 "+
= 737408.91N = 737.408KN R

(WSD) method to determine the column strq_r_tgth. (AB— 2017)
Ag=nr?=nx150% = 7'06'8_6'vfnm‘2. o

A, =8x201.06 = 1608.5 mm®

£/ = 15 MPa = 15 N/mm?.

£, = 415 MPa = 415 N/mm?

fi =04 f, = 04X 415 = 166 N/mm’

L, 7x1000

D300

So it s a long column, Reduction factor w:ll be used
7x1000

l, _
G =125 =2 = 1.25 = o= = 076

P=C, (0.25 f Ay + f5 As)
= 0.76x [0.25 x 15 x 70686 + 166 x 1608.5]
= 404383.46 N = 404.383KN

=2333>12

DESIGN INTEGRITY, Call: 01633905761
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1l dimension 250mm
Question: A reinforced concrete column of eflective length 48 ™ ::id ;::;?) andmild steel used,
X 400mm. Design axial load on column 1s 60 tones. Concrete mixUSEC 2 " o oyired for colurmn
Using working stress design (WSD) method to determine the reinforce
also design ties spacing. (HBFC - 2018, Combined Bank — 2019)

Solution;

Ay =250 x 400 = 10* mm?

[ = 20 MPa = 20 N/mm?

fy = 415 MPa = 415 N/mm?

fs = 0.4 f, = 0.4x415 = 166 N/mm?

P = 60 tones = 60 x9806 = 5.88 x 105 N
L,  4.8x1000
b~ 250

so it’s a long column, Reduction factor will be used

[ 4.8x1000
r 185 1.25 48 %250 0.85

5.88 x 10% s
_0.8_5— =691x10°N

P = 0.85 4, [0.25 f! + f; p,]
6.91 x 105 = 0.85 x 105 [0.25 x 20 + 166 x p;]
py = 0.01855 .
Ay = pg x Ay = 0.01855 x 10° = 1885.18 mm?*
Area of 16mm bar, 4; = 201.06 mm?
No. of bars required = 188518 / 201.06 = 9.37 = 10 bar
Tie bar design: As main bar is 16 mm bar, use 10 mm bar astie bar
1. 48d =48x10 =480 mm
2. 16D = 16x16 = 256 min
3. Least dimension = 250 mm
Use 10 mm bar @ 250 mm ¢/c

=19.2>12

Design load, P =

DESIGN INTEGRITY, Call: 01633905761
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Footing Design
What Is footing?
Footings are structural members used to support columns and walls and transmit thelr loads to
the underlying solls.

Question: Draw and discuss different types of footing. (33th BCS)

Solution:

Wall footing: A wall footing, is simply an enlargement of the bottom of a wall that will sufficiently
distribute the load to the foundation soll. Wall footihgs are normally used around the perimeter of
a building and perhaps for some of the interior walls, .

Isolated footing: An isolated or single-column footing, is used to su ot the load of 2 slngle
column. These are the most commonly used footings, particnlarly where the loads are relatively
light and the columns are not closely spaced.

Combined footing: Combined footings are usedmsupporttwo ormore column loads,a combined
footing might be economical where two or more*heavllysloaded columns are so spaced that
normally designed single-column footings wouldrun into eachiother.

Mat footing: A mat or raft or floating foundatlon, isa continuous reinforced concrete slab over a

4 large area used to support many columns and walls. This kind of foundation is used where soil
" strength is low or where column loads are large but where piles or caissons are not used.

Pile cap: Pile caps, are slabs of remforced concrete used to distribute column loads to groups of
piles

e

(2) wall fowing (L] :udﬂdrmmf-

>
>

DESIGN INTEGRITY, Call: 01633905761
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Allowable Bearing Capacity .
sisted by the underlying soil withoy -

I's the load per unit area of the t'c;undatlonft:t;l:lls ll,:a:lels exceeded, the shear failure will not oy,
capacity of sofl or rock can be

unsafe movementoccurs (shear failure) and|
l bearing
n the underlying soll till reaching the ultimate d"; :::oteChnlcal engineer. Allowable bearing

obtained from soll borings and tests perfi
performed by 3,0 agalnst
tor of 2.5 to 3.0 agalnst exceed|
y based on 3 fae within tolerable limits. e

gresure qa under service loads are usua
earing C‘Pa'flty of the particular sofl and to keep settlements

|
[1 Lo e a‘

TT T 11 1e=%
=

Required Footing Area .
For a concentrically loaded isolated spread fgf&ﬁigg_. the reqiiired area of the footing 4 is
the permissible soil pressure g

determined by dividing the total service load P by
Serviceload * -, DL +LL |
Footin = e Se=——
g area required, 4 Effective soil pressure e . L

For footings with bending acgidn m one direction,

the face of the column. | .
The allowable shear strength, @ V; =2¢ 4 Jfc' bd
@ = 0.75 strength reduction factor for shear

the critical section is located at a distance d from

eV, at the critical section, ¥, = qu B (c—d)

Factored shear forc
e satisfied at the critical section, which in this case is located a

The follonng equation must b
distance d from the face of the column
%=qw3@fd)s¢%=2¢AJﬁWd

If no shear reinforcement is to be used then d can be determined, assuming

=0V
Vu

d=
2dAfc'b

DESIGN INTEGRITY, Call: 01633905761
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Critical section for one-way shear in a footing.

s a measure of the diagonal tension gaused'ﬁjr,ghé';ﬂ‘ect of the column load on the
d/2 from the face of the column on

Two-way shear i
footing. Inclined cracks may occur in the footing ata distance
- all sides. The footing will fail as the column tries'to punch out part of the footing.
g 4 '

h
V. in footings without shear reinforcement

on11.11.2allowsa shear strength,

The AC1 Code. Secti
ction the smallest of

for two-way shear a
oVa=042 /b

4
oV = (Z+E)3\[fjbod

ad
PV =9 (2+E')3\/7c'-bod

the rectangular column
ken at d/2 from the loaded area

Where,
ng side to short side of
call: 01633905761

p = Ratio oflo
b, = perimeter ofthe critical section 2
DESIGN INTEGRITY,

13

ocdIlireu vy wdrnacdriner
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d = effective depth of footing
A = is a modification factor for type of concrete (ACI B.6.1)
A = 1.0 Normal — welght concrete

A = 0.85 for sand light — weight concrete

A = 0.75 for all light — weight concrete

¢ = 0.75 strength reduction factor for shear

@ = 40 for Interior columns, 30 for edge columns and 20 for comer columns,

N A Nl
AVEARF S e RS S ar e L G

l_ e
The following equation must be satisfied at the critical section, which in this case is located a

distance d/2 from the face of the column

Vy=qu[BL— (C,+d)(C;+D]S @V
or,V, =R —qu[(G+d)(C+D]sS eV

B, = vertical downward factored load

qy = vertical upward pressure '

Based on the preceding three values of Iz, the effective depth d required for two way shearis the
largest obtained from the following formulas. ‘

dy =:{;{?—’;§E—’(\ﬁhgré;3$2)
dy = | Yz

_(2 + ;})Aﬁjb,,
de = Viz

(z + %og) AF bo

(Wheref 2 2)

b, = 4 (C + d) for square columns,where oneside=C
gular columns of sides C; and C,

b, =2 (Cy +d) + 2 (C; + d) forrectan

DESIGN INTEGRITY, Call: 01633905761
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Wy Lritical section for flexure
are Induced because of the

A spread footing must be designed for the bending moments that

pressure developed at the base of the footing from the factored loads. The critfcal section for

flexure for an isolated footing supporting a concrete column, pedestal, or wall s located at the face
this critcal section In

of the supported member. The maximum factored bending moment Mu at o
this direction can be determined by the following equation, which Is applicable to cantilever

members:

2
M, =B f ¢
¢ is the distance from the critical section to the edge of the footing

A
1 Concrele column, pedestal,
/— orwall
c
]
1 = =
Y IR I s
T Critical section — b '3

Critical section for an isolated footing supporting a coliimn, pedestal, or wall.

Once the maximum factored moment M, at the critical section has been determined, the
required area of reinforcing steel A, can be calculated using the strength design requirements

Bc? ' : oy, a
M=t <pM =04 (4-3) |
An efficient design for footings would be one where the section is tension-controlled. Thus, the
strength reduction factor ¢ is equal to 0.9 in accordance with AC1 9.3.2.1
Minimum area of steel
Asmin = 0.0020 b  for 40 or 50 grade deformed bars.
Agmin = 0.0018 b h for 60 grade deformed bars.
i h) 60,000
{00016 ) where reinforcement with £, > 60,000 psi

s.min — f
4
Maximum spacing of flexural reinforcement = lesser of 3h or 18 in.

DESIGN INTEGRITY, Call: 01633905761

Scanned by CamScénner

Scanned with CamScanner




re footing. The footing thicknas, Is

Question: 4 1+ square column reinforced with a 10 ft squa hear capacity If £ = 3000 ps|, fy=

20" and clear cover |5 3.5% Calculate the ultimate punching 3
000 psi. (BWDB - 2014)

Solutjop;

Given, ¢ = 20"

Assume, Clear cover = 3 5%

Effective depth,d = 20~ _ 3 5~ — 16.5"

Punching Perimeter, by = 4 (a + d) = 4 (12 + 16.5) = 114"

Punching shear Capacity = 4 ¢ A /f7 b,d

PVe=4x075 X1xV3000x114x16.5 = 309.08 kip

Question; A pcc footin the grade. If allowable soil pressure is 5
B 1s to be constructed 6 feet below the gr
ksfanqg self-weight of sojl is 100 Pcf, what will be the effective soll pressure at the bottom of footing

ifdepth of footing is 20*7 (WRGCL - 2014)
Solution;
Allowable spj] pressure = § ksf

Weight of footing = :—g x lloi;:)- = 0.25 ksf

20, 100 -
Weight of soil ab =(6-—=)x——=0.
ght of soil 3 ove footing = (6 12)x1000 0.433 ksf

So, effective soj] pressure = 5 — 0,25 — 0,433 = 4.317 ksf

Question: A footing size 10.5" x 10.5', Factored load on footingis 330 kip and columnsize s 20" x
20" Calculate the depth of footing considering punching shear check only. f! = 4ksi
(BCIC - 2017) o

Solution: .
~ Assume, depth of footing d = 14in

Factored load = 330 kip

' . 330
Netupward pressure,q, = 10.5x10.5

Punching perimeter, b, = 4 (c + d) = 4 (20 + 14) = 136 in

= 2.99 ksf,

5 +=) =306kp

\ 20 142
Developed shear strength, ¥, = B, -q, (c + d)? = 330 - 2.99% (12 12)

Now K=oV =941/ b,d
¥, 306 x 1000

= = =13.69 inch.
4 40A/f7b, 4x0.75x 174000 x 136

DESIGN INTEGRITY, Call: 01633905761

TrYM—— o

Scanned with CamScanner

ane<tlo



TRV TR YR Y LY

SAAMAAASMARMASLALBASLALRBRLL AP A S ARALM AR

AL ALAAMAA LSAA LR LAA

{
A
BN

AT

Scanned by CamScanner

Question; If DL {s 225 kips & LL is 185 kips on column, determine the footing size when bearing

capacity of sofl Is 2 tst. (BSEC — 2014)
Solution: ‘

Total service load = DL + LL = 225 + 185 = 410 kip
Bearing capacity = 2 tsf = 4 ksf

Service load 4_10_ = 1025 f?

Soil pressure =
Considering square footing = V102.5 = 10.124 ft =~ 105 ft

Footing Area =

- Footing size'= 10.5 ftx10.5 ft

Question: A 16" square column reinforced with 8 nos. 20 mm bar up t&ifpoﬂﬁgvand the column
carries total 550 kip load. If the footing size is 9' x9' and effective de;iﬂ1:!§"2"4‘-‘;’ﬁnd the punching
shear stress developed in the footing. (BWDB — 2019) £ Ji o .

s ~ . i
Here, Total load, P, = 550 kip
Effective depth,d = 24" = 2 ft.

it ..
N

Punching perimeter, by =4 (c +d) = 4 Gg +—gf) = 1333 ft
Totalload 550 .
Net d , Gy = —_— = —— =6 2
etupward pressure, g, Area 9%9 6.79 k/ft

Developed shear strength, ¥, = P, — qy, (¢ + d)?

: 16 24\* - '
¥, = 550 - 13.33 ( ) =40188kp

'1';7+ 12
. cooo W, 40188 y
Punching shear stress develc?ped = m =5333xl 15.08 k/ft

" Question: A20 -ihﬁﬁ":sqﬁ'are tied column 8 #9 bar carries load of 380 kip, Design a square footing

by working stress method by following information, Allowable soil pressure 7000 1b./ft?, f¢ =
3000 psi, f; =20000 pst (EED —2019)

Assume, footing depth, d = 19 inand total depth,h = 19 +3 = 2Zin
Assume, the unit weight of soil = 110 pcf & the depth of foundation from GL = 6 ft
ge = 7000 — 1.58x 150 — 4.42x 110 = 6276.8 psf = 6.276 ksf

‘ Load _ 380
Footing area required, A = Fre v coil pressure  6.276

Effective soil pressure,

= 60.54 ft?

Cosider 8'x 8'footing size, A = 64 ft® > 60.54 ft?
DESIGN INTEGRITY, Call: 01633905761
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Load L=

— " Bx8
(20 +19) = 156in

Net upward pressure, Qu = gooting area

Punching shear check
=z(c,+d)+2(cl+d

Punching perimeter, by
Shear developed,V = P —qu (G + d)(Cz+ 9 )
(20 +19)(20 +19)] _ 317.285KIP

V =380 — 5.
5.9375 [ 17 x 12
/4 317.285x1000 09 psi
Developed sh —_—= = 107.07P
ped shear stress, vV = By d 156x 19
Allowable shear stress, Va = 2 =2 V3000 = 109.54 pst

Here, v, > v - ok

Beam shear check

L oot ' _8_ 20 o3q7p
gth of footing outer face to column face,¢ =3~ 7x12 '
_.,tu(c—d)

Shear force at the critical section,V =
496 kip

v = 5.9375x8(3.17-158) =8
v 84.96x1000 '.
e Bx12x19 - - I

Developed shear stress,V =37
Allowable shear stress, Va = 11 \/)_'c- =1.1V3000= 60.24psl

Here, vz > v —* 0k

2 z
wBC®_ 59375 x28 x317" _ ,ag71k-ft

Moment, M = 5
£ = 0.45 fc' = 0.45x 3000 = 1350 psi
20000 ..
14.81

s—__———-—"

T=F T 1350

P S _037
Tt 0+1481
k 0.37
j=1—.3-=1——§—=0.87
M 23871x1000x12
= 8.66 in®

Reinforcement required, As = f——j 7~ 20000x0.87x19
: ;

0.59x8x12
2) bar, Spacing = ——B)i(:_;—— =6.54in

Using 22 mm dia (0.59in
bar @ 6.5" ¢/c in both direction.

Provide 22 mm diameter
DESIGN INTEGRITY, Call: 01633905761
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+ Question: A 15 In brick wall supports a DL = 12 k/ft and LL = 8 k/ft The wall footingIsto be

24

placed at 5'-0" below the G.L and q, = 4 ksf Is reported at that level. Design a RC footing using
fc =35 ksland £, = 60 ksl. (34th BCS)

Selution:

Assume, total depth, h = 12 in and effective depth,d = 12— 3=91in
Assume, the unit weight of soil = 100 pcf

Footing area calculation:

The depth of foundation from GL = 5 ft

Effective soil pressure, ¢, = 4000 — 1x 150 — 4 x100 = 3450 psf = 3.450 ksf

.Calculate the width of the footing for a 1 ftlength of the wall:

Service load 12+8 e
Width of footing = Effective soll pressure ~ 3.450 — 579 ft - Use 6 R‘

Factored load 1 2x12+1.6x8
Net upward pressure, q, =

Footingarea 6x1 ,‘-_ - 4, 5333ksf.
One way shear check: o il = *;
Length of footing outer face to column face,¢ = 6. 15 = 2'.375
2. 2x12°

Factored shear force ¥, atthe critical sect\on,

-'- qu(c—d)
Vi = 4.5333(2375-0.75) = 7.366 kip

Allowable one way shear strength P Vc 2 !p )l ,] fcbd

@ V.=2x0.75x1 V3500 ‘x12x9=9584.041b=9.584kip
Here, ¢ V. >V, - ok s

Moment and Reinforcement calculation:

- c2 5 3752
""2" ="S333;2 = 1278 k— /Rt

a
My=0pAsf,(d - '2')

Moment,M =

12.78x 12

= =0.32in?%/ft Assume,a = 0.54in
As 0.9x60x(9 — 0.27) / ( ‘ )
A, 0.32x 60
= = = 0.54i 0k
Checka =85 f7b ~ 085x35x12 e
200

= = 0.0033
Pmin = fy

Agmin = pbd =0.0033x12x9 = 036 in?/ft

DESIGN INTEGRITY, Call: 01633905761
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0.31x12
Usi "5 e— R
ng #5 bar = =53 10.331In

Provide M5 bar @ 10inc/ca
{rection - Shrinkage and Tem

s main bar
perature steel

Transverse d
A, = 0.0018b¢C = 0.0018 x 12x 12 = 0.25 in?/fe
Use #4 bar @ 91n c/c
Question: Design 3 sultable spread footing for 15" x 15" RC column reinforced with wW7/8 ¢
under the following condidon: Py, = 100k PuL = 70k, fc' =3 ks f, =60 ksl qa = 1Stsfats’
pelow the GL Make a suitable sketch of footing mentoning the reinforcement details.
(30th BCS) )
Solution: |
Assume, total depth, A = 16 in and footing effective depth,d =16~ 35=125in
Assume, the unit weight of soil = 100 pcf 1
Allowable soil pressure,da = 1.5tsf = 3000 ksf
 Factored laod, Py = 12 pL +16LL =12x100+ 1.6x70 =232Kip
Footing area calculation: o
The depth of foundation from GL=5f - .
16 44 _
= 3000 -1z X 159‘—-1—2-1: }00 = 243333 psf= 2.433 ksf

Effective soil pressure.qe
Service load _

width of footing = Effective sofl pressure
Use B.5’ x 8.5' square footing =. 72.25 ft?

’__ .Factdred loa
Net upward pregsure, Qu = Footing .

100 +70
L — 9.8 2
2.433 69.87 ft

d 12 %100 + 1.6x70
= 7225 = 3.21ksf.

punching ﬁh’eﬁi"cﬁééﬁ |
(c+ d) =4 (15‘+ 12.5) = 110in = 917 ft

Punching’lpeg_i;r.neter, b= 4
Shear developed, Y, =P - (c + d)?
15 125\
= - = = 15.14 Ki
y, =232 - 321% (12+ 12) 2 ip
Allowable shear, ¢ V=¢4 A J—fc; bo d

o V.= 0.75x4x1xw/3000x110x12.5

Here, @ Vo > Vu ok

= 225935.551b = 225.93 kip

DESIGN INTEGRITY, Call: 01633905761 °
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’& One way shear check:

85
Length of footing outer face to column face, ¢ = R TIv

Shear force ¥, at the critical section, ¥, = q, B (c —d)
% = 3.21x85(3.625 — 1.04) = 70.53 kip

Allowable shear strength,¢ V. = 2¢pA./fc’ bd
eV = 2x0.75x1 V3000x85x12x12.5 = 10475193 Ib = 104.75 kip

Here,p V. > I, - ok
Momeént and Reinforcement calculation:

Bc? 3.21x8.5x3.625?
Moment, ¥ =2=% 1"82"36 =179.27k~ft

' a
Mi=pAf,(d -3) : ,
g WO27X12 o A
* = 09x60x (125 — 037) _ >28InT  (Assume;a = 074n)
Af, 3.28x60 S W
Checka = —2_ = =0.75in5
S =085 /7 085x3x85x12 om0k

200 .
Pmin =——=0.0033 Co ST
W b I
Asmin =p bd = 00033 x8.5x12x 125 = 4,202

Use 14 nos # 5'bar with, 4; = 4.34 ii?

Spacing,§ = 3 7.38inch c/c in both direction.

#5 bar @7.38" ¢/c in both direction
(0]

16"

Figure: Typical reinforcement details

DESIGN INTEGRITY, Call: 01633905761
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el tno
4k reh‘lfﬂﬂce ) :\‘Iovf;b‘e soll pressure o 18 S kst
m;’ 4 st @ d = 50 ksl

Question: An 18" x
supports a dead load of 2
Design a square oting 5 below

(40th BCS)
Solutlan: 4357 18.5in
Assume, total depth,h = 22 inand footing effectVe deptt d=?
Assume, the unit welghtof soil = 100 pef
Allowable soil pressure.q. = 5000 ksf
Factored laod, R, = 1200+ Lo =12%2857 L6175 =55 Kip
Footing area calculation:
The depth of foundation from GL = 5ft . L
Effective soil pressure, de = — 5000 — 22 x 150~ :;%x 100 = 440833?# = 4408 ksf
225+ 175 2
Wwidth of footing = Effecfi:’r:[/—’;?%’-;:ss‘;; = /4408 =90 74 ft
Use 10° x 10” square footing = 100 f£
Net upward pressure Q= Factored 1022 . = : x225 + - - x17 =55kt
! Footing aread " .°
punching shear check e -
punching perimeter: %0 bo=4(ct 4y =408+ 185) = 14610 = 12171
shear developed: V= Pu~u (G ;‘“d)z

18 185V .
y, =550 - 55x(12+ = _ 49911 Kip

Allowable shear,o V. =04 A bod
Ve = 0.75x4x1xw/4000 x146x18.9= Jlb= 512.47 Kip

o column face,c =7 - 7312

oting outer facet
B(c—d)

lsec:tlon,Vll = qu
— 149.05 kip

201 Jfc'bd

x185 = 210607.691b = 210.60 Kip

Shear force Y, atthe critica
y, = 55% 10 (425~ 1.54) =

Allowable shear strength @ Ve =
L =2 x0.75x 1 \’4000x10x12

DESIGN INTEGRITY, Calk 01633905761
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Moment and Relnforcement caleulation:

Bc: 55 251
MomentMﬂq"Z = "102"“5 = 49671k~ R

Mu"‘PA:fy d - 92')

496,71x12 ,
= ) 0.94n
As 0.9 x50x(18.5 — 0.45) = 7.33In (Assume,a = )

Asfy 7.33 x50
= = .89 1n = Ok
Checka =558 £75 ~ 085 x4xT0K1Z | 0

Pmin = 5;9- = 0.0033
Yy
Aymin = pbd = 0.0033x10x12x185 = 7.32 in?

Use 24 nos # 5 bar with, 4, = 7.44 in?

Spacing, S = 1223_ 6 _ 4.95inch c/c inboth direction.

DESIGN INTBGRITY, Call: 01633905761
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pre-stressed peam and reinforced peam? (MES — 2015)

Question: Differendate between

Solution:
its construction. ter
Pre-stressed concrete is2 concrete block which is pre-tensioned during e the
concrete is pre-stressed in tension so when the service l0ad Is applied th: enstg‘::secl::;: remains
in compression. Stress distribution diagram will always show ompressive e precast
e uses reinforcing bars o resis

pre-stressed concrete block. Whereas rein n
is during Sagging moment. The stregs

the tension stresses which develops below the neutral ax
the neutral axis and tensfle

1d show compression above !
loped are counteracted by reinforcing

distribution diagram for the same wou

stress below the neutral axis hence the tensile stresses deve
bars. _ ,
Question: Write down the advantages-and disadvantages of pre-stlfessi'rl's meniber_?

(MES — 2015)

Solution:

Advantages of pre-stressed concrete ‘

. Pre-stressed concreteismore durable since there.areno tensile cracks, whereas in
reinforced concrete tensile cracks are unavo dable. . .

o Ashigh strength concrete is used and als0 since dead load moments can be neutralized pre-
stressed concrete, dead weight of pre-stre'ssed concrete member is much less compared to
whatis required for reinforced concrete member.

» The material cost in pre—stressed concrete ismuch less than that in equivalent

reinforced concreté members.

o The deformation of pre-stressed members is much less compared to that foran
equivalent reinforced concrete member.

Higher moment of inertia (high stiffness)

Increase in shear capacity.

Reduction of formwork

Rapid construction .

The fatigue strength of pre-stressed is very good.

Reduces consumption of reinforcement steel.
ratios larger spans possible with pre-stressing

" High span-to-depth

Disadvantages of pre-stressed concreté

e The main disadvantage of pre-stressing is that it requires sOme special equipment like jacks,

anchorage etc.

« High tensile steel is require ery difficult to procure.

d for pre-stressing thatisv

prepared under expert supervision.

o Itrequires highly skilled workers and should be
forces and Anchorage the wires.

o Itneeds special technique to apply pre-stressing

)
NESIGN INTEGRITY, Call: 01633905761
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5 Question: Why high strength concrete is used in pre-stressed concrete?
(DMTCL — 2019, 31th BCS)

Solution:

High strength concrete is needed in pre-stressing over the lowstrength concrete due to following
reasons,

Due to large pre-stressing force to be applied by tendon, large bearing stress gets developed in
concrete at the ends by anchoring devices.

Bursting stresses at the ends cannot be effectively resisted by low strength concrete.
Stresses transferred from tendons to concrete takes due to bond between concrete and steel.
High strength bond can be achieved by the use of high strength concrete.

With the use of high strength concrete in pre-stress, Shrinkage cracks are low as compared to
low strength concrete. ‘ ]

Use of high strength concrete reduces the size of concrete member thereby resulting in
reduction of concrete and the self-weight of member.

Question: Distinguish between Pre-stress cohcrete'and traditional RCC (BHP - 2017)
Solution: '

In RCC beam the concrete in the compression side of the neutral side of the axis alone is
effective. The concrete in the tension-side of the neittral axis Is ineffective. But in the pre-
stressed concrete beam, the entire section is effective.

Reinforced concrete beams are generél]y heavy. They always need shear reinfo_rcements
besides the longitudinal reinforcement for flexure. Pre-stressed concrete beams are lighter. B.y
providing the curved tendons and the pre-compression, a considerable part of the shear is

resisted.

In reinforced concrete beams, high strength concrete is not needed. But in pre-stressed
concrete beams, high strength concrete and high strength steel are necessary. High strength
concrete is needed to resist high stresses at the anchorages. High strength steel is needed to

transfer large pre-stressing force.

Reinforced concrete beams being massive and heavy are more suitable in situa.tions wherethe
weight is more desired than strength. Pre-stressed'concrete beams are very su1tab.le for heavkz
loads and longer spans. Thzy are slender and artistic treatments can be easily provided. Crac

do not occur under workir.z loads. Even ifa minute crack occurs when overloaded, such crack
gets closed when the overload is removed. The deflections of the pre-stressed concrete beams

are small.
eis no way testing the steel and the concrete. Inpre-stressed

In reinforced concrete beams, ther : .
crete can be made while pre-stressing.

concrete beams, testing of steel and con

DESIGN INTEGRITY, Call: 01633905761
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O alatur

: Describe the precautions to be d &
Pedestrians for 3 construction site, (EED _tazlc:?gt;urlng Eogetian et Srocke3 e * 1
Solution;

Safe tra . .
ty training: All workers must complete safety training, to point out any high.risk areas and

) o
Provide instructions for emergency management.

Minimize and'man
age risk: Conducting regular saf dits and ha
report, assess and address potentlalllrisll]:.regu AFSAlEgauiits sndiiasing proceCises i slaceto

_Stte security: S
haza : Security in and outside of work hours is important to protect potential construction
rds. This includes supervision or authorized site visitors. " s

Saf - P :

hig : Vr\ifsol:'k method assessment: A safe work method statement (SWMS) mustbe prepared forall

Wotkies Clonstructlon projects, before work commences. The SWMS should. outline the scope of
olved, any potential safety issues, and how risks will be prevented and managed.

g:g cLedar signage: Should use clear signage throughout the',ConSm.l.‘Fﬁzm site, for both workers
- pedestrians, Including a 24 hour emergency contact number and a map or directions to the

e office. . ' e g e ©
Clll!engical storage: Chemicals need to be stored ‘very 'carefully to minimize fires, explosions,
chemical injury and pollution on worksites. B

Environ.mental conditions: Extreme weather conditions can cause serious safety hazards. That’s
why environmental safety should follow

Prov'ide personal protective (PPS) equipment: In many situations an employer is obligaﬁd to '
pro‘{n(de PPS such as high vis vests, safety goggles and safety harnesses to construction site
workers. )

Dropped objects: It is your responsibility to secure objects onsite and minimize the risk of them
falling. This type of risks can be avoided by putting preventative safety measures in place.

Question: Write down the causes why building collapse? (EED — 2019)
Solution:
Artificial reasons:

Inadequate foundation design

Errors in structural design.

Quality building materials aren't used.

Inexperienced & unskilled labor

The load is heavier than calculated

Use buildings for multipurpose (Ex: Using residential building as commercial building)
Use after the expiry of life of buildings.

Maintenance not done properly.

O NG VAW

DESIGN INTEGRITY, Call: 01633905761
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“ Natural reasons:

1. Earthquake

2. Landslides or settlement of Sub.base soil due to over drainage.

3. Tsunami

4. Typhoon and winds with high speed.

Question: 1993 3 wrutfir Fewterrtx PR (Wi vt £ weF= At ¥ 101 R (UT X zone-

coefficient 4t NS | (LGED — 2019)

- w " o
1 1 ] * 1

,5::_ FIG. 0.2.10 : SEISMIC ZOMING MAP OF BANGLADESH

towdrs Jardey <o . —

O
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DESIGN INTEGRITY, Call: 01633905761
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agineer (EED ™
Question: What is meant by pPL? Name the pPEsfor suvef‘"‘m“ Eng :
Solution;

PPE: Personal protective equipment (eP
equipmentata construction site.

PPEs for supervision Engineer: De ending on the C\\"““"u“ces : ur'suPeM”r
additional PPE may be required. Th‘\)s determination deby ¥°
preliminary job Hazard Analysis; EHS may alsobeco

PPE may include:

1. Protective gloves

2. Hearing protection

3 Full face shields when cutting grinding of chipping
4.Chemical splash goggles

5.Respiratory protection

6.Fall protection equipment when working above 6 feet

7.Specific protective clathing such as welding eathers when welding

Question: Name some non-destructive tests for checking quality

(EED — 2019)

- jals &build
2 ! .‘ ¢ - . - “

X i spmine the mechamca\ characteristics of matenals

N agmasdc picuices Pel'formed i vo their safety . expire of structure and relevant

a diagnostic picture of the structures in reference

1. Visual inspection
2. Ultrasonic pulse velocity

3. Acoustic emission ‘
4. Electromagnetic cover measurement

5. Rebound hamimer test

6. Corrosion'test '

7. Ground Penetrating Radar (GPR) ' .
8. Load and monitoring tests core extraction for compressive strength test

9. Structural monitoring of crack patterns
10. Thermography.

DESIGN INTEGRITY, Call: 01633905761
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Question: Difference between bridge and culvert in detall. (EED ~ 2015)

Solution:

Bridge

A bridge is a passage of trans
portation over a
large body of water or physical obstruction.

Culvert '
A culvert is generally a tunneldike structure
that allows water to pass under 2 roadway of

railway. _

Bridges are constructed at a height more than
20 feet.

Culverts arebuilt at less than 20 feechigh over
the obstruction.

A bridge spans from 6 meters (minor bridges)
to more than 120 meters.

The length of culverts is typically not more
than 6 meters.

Piers and abutments are the supporting
structures of abridge.

Culverts are usually embedded in the soil
which bears the major portion of the culvert
load.

A bridge is usually a linear and straight
passage.

Culverts are totally enclosed structures that
can be semi-circular, rectangular, elliptical or
pear-shaped

Bridges are usually constructed at the site or
pre-tonstructed in smaller parts.

Culverts can be pre-constructed or built at the
site (in situ culverts).

Bridges provide an easier route of
transportation that saves time and reduces

distance.

Culverts prevent water logging flood, and
erosion, and allows water to flow its natural

course under a roadway or railway.

Question: Write down the percentage losses of pretension and post tension materials.
(31th BCS) "
Solution:
TYPES OF LOSSES PRE-TENSIONING POST-TENSIONING
Elastic deformation of No loss due to elastic deformation ifall
concrete the wiresare simultaneously tensioned.
Yes Ifthe wires are successively tensioned,
there will be loss of pre-stress dueto
I elastic deformation of concrete.
Relaxation of stress in Yes Yes
steel e
Shrinkage of concrete o Yes | T Yes
Creep of concrete o __Yes I P Yes
Friction i No Yes
Anchorage grip T No 3 Yes

DESIGN INTEGRITY, Call: 01633905761
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par. (32th BCS)
Question: wiite duwn the factors influencing development leagthof

Salution;

Factors influencing development length of bar are glven below
. Compressive Strength of the

2. Density ofthe concrete (Light welght or normal welght)
-RebarClear

4. Rebar Center to Center Spacing

S. Transverse Relnforcement

6. Vertical location of the horizontal re-bars

7. Coating of rebar

8. Rebar

Question: Draw typicalstress straln curve for pre-stressing steels: (40th BCS)

A

Question: Discuss various ways of failure of reinforced concrete structure. (4

Solution:

0th BCS)

Any structure may experience a phenomenon known as structural failure or collapse: Su;ucctgra]
failure is the total or partial loss of the structure’s integrity ar:ld its lo:rd b;;:'nlrlxri ictasp:::it};re:h ;,:
inci i the construction exceeds 1ts stren

incident occurs when the material of e el

1 i i i te
ive deformations. When it comes to concre .
experiences excess . L apes o

structural failure are

einforced concrete columnsare subjected tointense loading
Id and the column fails. Earthquakeloads that apply lateral
hich may get crushed and lose its bearing

Crushing failure of columns: Whenr
conditions, both steel and concrete yie
stresses highly affect the solidity of the column w

capacity.
Shear cracking of columns: Reinforced concrete columns may undergo shea!.' failure mostly
caused by seismic forces. The cracks usually appear diagonally and may take a spiral shape when

the structure experience twisting.

DESIGN INTEGRITY, Call: 01633905761
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s cracking of column-beant function Thw joint of 4 colutnn ard 2
ponding andaxial stresses whichmay Inad to snvmra cracking reducing the stren gt

s s udi g R4 RN4%Y shw:
hof ¢&)unctan

short Column Effect: This phenomenon Is related to tha construction of infils walls %’:{l’;
the columns. The Interaction of the column with the wall leads to high stress conosntr halght) i3
column Is restricted by the wall and therafore, its lateral deformability (compared wol:m, ond
highly increased. Consequently, a short column Is much stiffer than other ¢
accurnulates higher shear stress that leads to diagonal cracking and fallure.

’ . lapse.

collapse: Infill walls that are connected with the bullding’s framework may <0
'll;’:alnl-e‘::x:ltsmch fﬁures walls should be tightly jolnted with the concrete beams and columns.

Gable Frames fatlure: Gable frames are commonly used for large structures suchas schools and

cinema halls. They are prone to collapse and they do not present any residual strength.
es caused In

Reinforcing bars pull out: Reinforcing bars can be pulled out due to tensile stress fully reach

the column when their anchor length inside the column is inadequate and they cannot
their tensile strength. _ ,

Articulated beams: Articulated beams are prone to sliding when large lateral stresses capable of
exceeding frictional resistance, are applied. »

Sinking and tilting of the foundation: The foundation of a building may experience sinlgtng f;r
tilting during an earthquake. This is caused due to ground’s response and_ is amplified in soft soils
that experiences large deformations. In both cases, the superstructure will suffer critical damage

which may lead to total collapse.
Quéstion: Difference between Pre cast and cast in situ pile. (HED — 2017)

Solution:
Cast in situ piles

Advantages
1. Piles of any size and length may be constructed at the site.
2. Damage due to driving and handling that is common in precast piles is eliminated in this case.

3. These piles are ideally suited in places where vibrations of any type are required to be avoided
to preserve the safety of the adjoining structure.

Disadvantages
1. Installation of cast-in-situ piles requires careful supervision and quality control of all the

materials used in the construction.
2. The method is quite cumbersome. It needs sufficient storage space for all the materials used in

the construction.
3. Construction of piles in holes where there is heavy current of ground water flow or artesian

pressure is very difficult.
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Pre-cast Piles
Advantages

cution
1. Precast piles can be cast wall before the {nidation of the work bringing about fast €18 _
work.

2. Construction of precast plles can be Inspected easily and \fany deformity disinguished €30 be
redressed bafore udlize.

3, The reinforcement stays at the right posttion and doesn't get dislocated.
4. They can be driven under water.

5. The driving of nelghboring plle does not create uniriendly impactonthe piles already driven-

Disadvantages . Aot

1. Due to their heavy welght handling and transporuation of precastpllesisvey <\ a

2. The correct length of a plle can oncein? whilebe pte-dec\ded and henee it mus extende
sometimes, rendering the piles becomes weaker atthejoint , e e
3. Piles are subjected to the driving shocks after theconcrete has complecely s¢- Trismay 1ead

. defective construction. ’
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