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Important Chapters to discuss in online

> Design of Rectangular Beam (WSD Method)
» Design of Rectangular Beam (USD Method)
> Design of Doubly reinforced Beam

> Design of T- Beam

> Design of Lintel

> Design of Cantilever Beam



Introduction

» In structural design there are two important aspects —
1. Concretes

2. Reinforcements (Steel)

» Structures are made by R.C.C. In deferent structural safety & needs those two materials
used in deferent strengths !

» In designing R.C.C structures we have to know the properties of concretes and steel ( as
reinforcements).



Concrete & Reinforcements classifications

Different types of Concrete — Different types of Reinforcements —
* Plain Concrete = M.S. Bars

* R.C.C 1. Plain Bar

* Pre-Stressed Concrete 2. Deformed bar

3. Twisted bar
» Pre-Stressing Steel



Image of different types of concrete

Plain Concrete Pre-Stressed Concrete




Why M.S Rods choice as Reinforcements

Strength

. Elasticity

. Co-efficient of temperature expansion
. Bond with concrete

. Availability

. Costing

. Making in any shapes

© N o UM W N P

. Easy cut, bend, hook etc.



M.S bars ( Reinforcements/ Rebars )




Deformed bars




Image of different types Steel

W rivuuLn ly wmim ~

Bar Size #11

/ Type Steel”

/;: Carbon-Steel (4615)
2. o Rt Stoed (AS98)

R for Rail-Stosl (A%96)
A for Adde-Steel (AG98)
W for Low-Alloy Stvel (AT08)

Grade Mark

y /—/

o/

i

Deformed bars Types of steel Tendon
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Grades of Rebars

60 Grade bars
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Design of Beam

Concept of Beam

What is 2 Beam?
"w“ ’5.” I ﬁx 1S (‘3 Hedl ]/ﬁ .

A Beam is any structural member which resists load mainly
by bending. Therefore it is also called flexural member. Beam
may be singly reinforced or doubly reinforced. When steel is
provided only in tensile zone (i.e. below neutral axis) is called
singly reinforced beam, but when steel is provided in
tension zone as well as compression zone is called doubly

reinforced beam.

==




Types of Beam

Types of Beam —

1.

o~ b

Simply Supported beam
Semi- Continuous beam
Fully Continuous beam
Over hanging beam
Cantilever beam




Flexural Assumptions

Flexural Assumptions-

Section remains plane
Stress proportional to Strain
Concrete not take tension
No concrete steel slip.

el

= This design concept is based on elastic theory, assuming a straight line

stress distribution along the depth of the concrete. Concrete response
elastically upto compressive strength not exceeding about 2 of its
strength, while steel remains elastic practically upto yield strength. So, in
practically, allowable stresses are set at about 2 the concrete compressive
strength and V2 the yield stress of steel.

* The concrete remain elastic at 2xf’, which range to strain of about 0.0005

and the steel is elastic near to it's yield point or strain of 0.002.

= According to ACI code the value is equal to 0.45x f'

Assumptions:

1) Section remains plane

2) Stress proportioned to Strain
3) Concrete not take tension

4) No concrete-steel slip




N
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Notations

f'c = Ultimate strength of concrete
fc = Allowable stress of concrete
fy = Ultimate strength of steel

fs = Allowable stress of steel

Ac = Strain of concrete

As = Strain of steel

Es = Modulus of elasticity of steel

Ec = Modulus of elasticity of
concrete

. E
n= Modular ratio = E—S

Cc

11.

12.

13.

14. |

15.

16.

17.

18.

b = Width of beam
d = Depth of beam

L = Span of beam
k==
d
jd

jd = Lever arm

kd = Hight of compression
zone

d-kd = Hight tension zone

1 .

19.

20.

21.

22.

23.

M= Bending moment

Mc = Resisting moment of
concrete

Ms = Resisting moment of steel

C= Resultant of compressive
forces

T= Resultant of tensile forces




Drive Flexural formulas: WSD Method

| AC| | fc | |<— b —>|
kd / C
N * H A d
d-kd / R dl e e
| As | fs — jd W
| As
L = Span Stress diagram
Long Section X- Section

Figure




Flexural formulas

S —(E N\ =y —
1 k_n+]]:—5 8. a—(2 d)v [vi=v—-v,]
C
g s=fh -
o i=1— E vdb 0.0015b .
- 3 s=2 Home work: Derive
Iy 323& these Flexural formulas
3 d= Rb 10 u=— [y = —Y] and submit to your class
Y 0jd atl D
> e teacher when your
4 A =——3 =g Institute will open.
_ 1y 12 fe = 04577 If any question contact
5 M, =-=f.jkbd
2 13 f; =0-4fy me!
6. Ms = Asfsjd 14. Ec = W°4270,/f'c
Ver wd
= =) — = 15 Eg = 2039000 k g/cm?
7.V = V.=V 100] s g/



As we discuss In
this class, have any
guestion ?
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Practice in your
house & welcome
to next classes!

STAY AT HOME
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Steps of Rectangular Beam Design (WSD Method)

I bl i

STRENGTH
doesn’t come from what you
CAN do,

it comes from
OVERCOMING the things
you once thought you COULDN'T!.
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Recap

f; = Ultimate strength of concrete
f. =Allowable stress of concrete
fy = Ultimate strength of steel

f; =Allowable stress of steel

Ac = Strain of concrete

As = Strain of steel

Es = Modulus of elasticity of steel

Ec = Modulus of elasticity of
concrete

. E
n= Modular ratio = E—S

c

10. b = Width of beam
11. d = Depth of beam

12. L = Span of beam

kd

13 k=—
d

. _Jd
14.]—d

15, jd = Lever arm

16. kd = Hight of compression
zone

17. d — kd = Hight tension zone

18. R :%fcjk

19.

20.

21.

22.

23.

M= Bending moment

M, = Resisting moment of
concrete

M, = Resisting moment of steel

C= Resultant of compressive
forces

T= Resultant of tensile forces




Drive Flexural formulas: WSD Method

+++++++++H++

| AC| | fc | |<— b —>|
[ kd / C
N * y A - d
d - kd /// R T ee?
| As | fs — jd W
/: ! AS
L = Span Stress diagram
Long Section X- Section
Figure




Flexural formulas

n ' .
1 k= , Memorize these :
n+]]:—5 8. a=(§—d); vV =v—v,] -
¢ > 1kg=2.2046 Pounds
_ Avfy _ Ay
2. j = —S 9. 9= v'b S = Gootsp > | kip = 1000 Pounds
°T2 kg _ -
L ogo M > 1= =14.22ps
Rb 10, U= — U,y = eale > 1 Pa(Pascal) =1 .
ZO]d [ all D ] m2
+As = =5 > 1MPa=1-"
5 M = %fc]'kbd" 12 f. = 045f'c > 1 MPa = 145.0377 psi
, 13 f,=0-4fy > 1ksi=6.8947 Mpa
6. Mg = Agfgjd | - .
14, EC — Wl 54270 f’C > 1 kS| lOOO pS|
Vcr wd )
Zov="0r Vo=V =] 15 E. = 2039000 k g/c m? > 60 Grade = 420 Metric Grade



Steps of Rectangular Beam Design (WSD Method)

Step-1: Load Calculation

Given data -

fe/fc =

fi =

n=

L=

Super imposed load (L.L+ Others Loads except D.L) =

[ Notations: L.L = Live Load, D.L.= Dead Lod, Other Loads = Environmental load such as wind
load, seismic load etc. ]



Steps of Rectangular Beam Design (WSD Method)

Step-1: Load Calculation
Let b

A
v

d=10 % of L (or 4cm to 10cm per meter )

b= %tog ofd [ %toz but not less tran 25 cm accordind to BNBC]

Super imposed load (L.L+ Others Loads) =
Self weight of Beam (D.L) =Lx b xd x 2400 = ¥ @ © ©

w= kg/m
or W = kg
here W =wlL
[ Note: if Super imposed load given in kg/mthenL=1m]



Steps of Rectangular Beam Design (WSD Method)

Step-2: Vi,ax = Maximum Shear force W <_IM\
TAVAVAVAAVATAA

V= % = %L for simply supported Beam
V= % = %L for fully Continuous Beam ) L >
V =0.6 W = .6wL for semi- continuous Beam V=R :%

(Continuous end)
V=0.4W =.4wL for semi- continuous Beam

( Dis-continuous end)
V=W for cantilever Beam




Steps of Rectangular Beam Design (WSD Method)

Step-3: My,.x = Maximum Bending Moment w

AAAAAAAAAA

M = % = %LZ kg.m for simply supported Beam

M = % = “i—LZZ kg.m for fully Continuous Beam ) L "
M= % = wl—f)z kg.m for semi- continuous Beam

M= % :wTLZ kg.m for cantilever Beam

To covert those moments in kg.cm we have to multiply by 100

2
l.e. the formulas will like this M = % x 100 kg.cm. It will be apply for all beams.




Steps of Rectangular Beam Design (WSD Method)

Step-4. d = Ef fective depth

M
d= |—
Rb

1 .. n . k
R:Efcjk [k= s and ]:1—5]
TI,+E

[Value ranges: k=0.36t00.41,j=0.861t0 0.89, R =14 1t0 17 ]
Total depth = d + total covering Total covering

Total covering = 5+ g 0 = Dia of main bar
Size of Beam = b x Total depth

=> d = Total depth -5 - g [ here Clear covering = 5]

‘_bﬂ

o 9

-e5—-0

J

]

v
main bars

Clear covering

(fire proofing)




Steps of Rectangular Beam Design (WSD Method)

Step-5: A; = Area of Steel — b
A=l o | @& Q
> fsid
Find the total number of bars d
By using area of bars. _> stirrups
2
Area — ﬂ A
4
As a example area of 25 mm @ bar= 4.91 Cm?
[Note d = Total depth — 5 -% [ here Clear covering = 5] |
As
Home work:

Memorize the area & perimeter of 10mm, 12mm, 16mm, 19 mm, 22mm, 25mm, 28mm, 32mm 6 bar.



Dear students, have
any question ?

If any questions then
here &
with me !
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LEARNING
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Practice in your
house & do the
home works.
welcome to next
classes!

Thank
You
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Tell me and | will FORGET.

Show me and | may REMEMBER.
INVOLVE me and | will

UNDERSTAND!
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Today’s Lessons ) )

(\6 | Check for Shear Stress

(7 \ Space required for Stirrups

(\8 ) Spacing of Stirrups
&9 ' Check for Bond Stress
\

(\_‘10 ' Detail Drawing



fejkbd?
. Ms = Agsfgjd
Ver =V ——]

9.

10. u

11. n

12.

13.

14.

15.

8 a=(§—d)%’ vV =v—v,]

_ Avfy _ Ay

v'b ’ ~ 0.0015b '’
d
2

!
v 3:23 /fc

_Es
" Ec

= Yoja [ Uan = 5
fe = 0.45f'c
fs =0-4fy

E. = W't54270,/f'c
E, = 2039000 k g/cm?

Reminder:

Do you complete the
home works ?

If not, you are walking on
the wrong track!

Change your attitude to
be a successful one!




Steps of Rectangular Beam Design (WSD Method)

Step-1: Load Calculation

Given data -

fe/fc =

fi =

n=

L=

Super imposed load (L.L+ Others Loads except D.L) =

[ Notations: L.L = Live Load, D.L.= Dead Lod, Other Loads = Environmental load such as wind
load, seismic load etc. ]



Steps of Rectangular Beam Design (WSD Method)

Step-1: Load Calculation
Let b

A
v

d=10 % of L (or 4cm to 10cm per meter )

b= %tog ofd [ %toz but not less tran 25 cm accordind to BNBC]

Super imposed load (L.L+ Others Loads) =
Self weight of Beam (D.L) =Lx b xd x 2400 = ¥ @ © ©

w= kg/m
or W = kg
here W =wlL
[ Note: if Super imposed load given in kg/mthenL=1m]



Steps of Rectangular Beam Design (WSD Method)

Step-2: Vi,ax = Maximum Shear force W <_IM\
TAVAVAVAAVATAA

V= % = %L for simply supported Beam
V= % = %L for fully Continuous Beam ) L >
V =0.6 W = .6wL for semi- continuous Beam V=R :%

(Continuous end)
V=0.4W =.4wL for semi- continuous Beam

( Dis-continuous end)
V=W for cantilever Beam




Steps of Rectangular Beam Design (WSD Method)

Step-3: My,.x = Maximum Bending Moment w

AAAAAAAAAA

M = % = %LZ kg.m for simply supported Beam

M = % = “i—LZZ kg.m for fully Continuous Beam ) L "
M= % = wl—f)z kg.m for semi- continuous Beam

M= % :wTLZ kg.m for cantilever Beam

To covert those moments in kg.cm we have to multiply by 100

2
l.e. the formulas will like this M = % x 100 kg.cm. It will be apply for all beams.




Steps of Rectangular Beam Design (WSD Method)

Step-4. d = Ef fective depth

M
d= |—
Rb

1 .. n . k
R:Efcjk [k= s and ]:1—5]
TI,+E

[Value ranges: k=0.36t0 0.41,j=0.861t00.89,R=141t0 17 ]
Total depth = d + total covering Total covering

Total covering = 5+ g 0 = Dia of main bar
Size of Beam = b x Total depth

=> d = Total depth -5 - g [ here Clear covering =5 ]

‘_bﬂ

o 9

-e5—-0

J

]

v
main bars

Clear covering

(fire proofing)




Steps of Rectangular Beam Design (WSD Method)

Step-5: A; = Area of Steel — b
A=l o | @& Q
> fsid
Find the total number of bars d
By using area of bars. _> stirrups
2
Area — ﬂ A
4
As a example area of 25 mm 6 bar= 4.91 Cm?
[Note d = Total depth — 5 -% [ here Clear covering = 5] |
As
Home work:

Memorize the area & perimeter of 10mm, 12mm, 16mm, 19 mm, 22mm, 25mm, 28mm, 32mm 6 bar.



Steps of Rectangular Beam Design ) )

Step - 6: Check for Shear stress, v
Ver _y _ wd
— E [Vcr =V 100]

here, V., = V; = V at d distance from support.

[100 is to convert d in meter]

A
A 4
A

[ This is actual Shear stress (v = v,.) |

But allowable stress of concrete is, v = 0 - 292,/f/. a+2d a+2d

<
«

A 4

If v> v, stirrups required.

and access shear stress, v' = v — v, 10mm bar @ d cm c/c +——
[ Maximum shear stress of Beam = 1-33,/f/, if v < 1-33,/f/ it will be safe in shear ]
[ Note: if v < v, then stirrups should be given at the spacing of d according to ACI code ]

\ 4




Steps of Rectangular Beam Design ) )

Step -7: Space required for stirrups, a

a= (% — d) % for simply supported Beam
a= (£ — d) = for fully continuous Beam

2 1
a = (0.6L — d)% for semi - continuous Beam (at continuous end)
a=(0.4L — d)% for semi - continuous Beam (at discontinuous end)
a=(L-d) % for cantilever Beam

[Here access shear stress v/ = v — v, |
Total space required for stirrups = a + 2d [ according to AClI ]
[ Note: Value of “L” should be in cm. because d is in cm. ]



Different types of Stirrups

FOUR LEGGED STIRALP

stirrups Stirrups details



Steps of Rectangular Beam Design ) )

Step-8: Spacing of Stirrups, S

—10mmbar @ S cm c/c

_Ava S
1) S_ ‘U’b ) E
A
2) §S=—"T",
0.0015b e
3) §S=-—
) > | [Tar2d

<

Here, A, = Area of stirrups = Area of one stirrup x leg(s)
[ normally stirrups are 10 mm dia. Bar ]
f, = Allowable stress of stirrups
The minimum will be the Spacing of Stirrups.
[ Note: Usually £, = f; |

<

10 mm bar@dcm c/c

Ll
|

at2d |




Steps of Rectangular Beam Design ) )

Step-9: Check for Bond stress, u
u= V, Actual bond stress
> 0jd
Here, ), 0 = NzD , D = Dia. Of main bars, N = Number of main bar

3-23 /fc’

D

Allowable bond stress

Uqn =
If u< uall

safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam
design (WSD Method) and try to design a beam from a example in your guide book! Submit to you
Teacher after opening the institutions!

[N.B: One of the text book of this subject is Design of Concrete Structures by Arthur H. Nilson]




Steps of Rectangular Beam Design ) )

Step-10: Detall drawing

e
10 mm bar @ cm c/c - mm hanger bar | ﬂ

0
=

Total
depth

\ 4

Y
A 4
A 4

A\ 4

10 mm bar @ cm c/c

e Q—%ﬁ
j

B
»

A
—

A
A

- mm main bar
X- Section

Long Section




Practice the steps of
beam design, if any
guestion then

&

me !
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Practice in your
house & do the
home works.
welcome to next
classes!

2 WK STOP LEARNING,
B \Y0U START DVING.

Thank You |

- ALBERT EINSTEIN
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Remember

PROBLEM

When you trying
to solve something,
you will face some

PROBLEMS !

SOLVE

By solving problems
you will able to

solve various kinds
of PROBLEMS !

IF YOU DON'T TRY
You can’t LEARN and
the way to SUCCESS
will be blocked!

TRY YOUR BEST

Once you will solve

the problem and you
LEARN a lot, and also

your will CONFIDENT!

>




Rectangular Beam Design (WSD method) )

Gl Tl S SReeT [eag wiiw 5 R | T2 T ey eo 2ie! 4fs [f5ica 2500 (% (e
P Stz | A wrifng Aeicy b oey w7l

f/ =210k g/cm?,f, =1400 k g/c m?, n=10
Step-1: Load Calculation
Let

d=10 % of L =50 cm
b=25cm

Super imposed load = 2500 kg/m
Self weight of Beam =1 x0.25x0.5x2400 =300 kg/m

w = 2800 kg/m [ L= 1 when loads in kg/m ] é




Rectangular Beam Design (WSD method) )

Step-2: V,ax = Maximum Shear force

= 7000 kg

wL _ 2800X5
2

V =

Step-3: My,,x = Maximum Bending Moment

M = a)_LZX 100 = 2800x%5%

12 12

X 100= 583334 kg.cm



Rectangular Beam Design (WSD method) )

Step-4: Ef fective depth, d

Here,
f. =045 f =0.45x 210 =945k g/cm?,
k= - n_ = 1‘3400_041 j=1-2=1-2-=086,R=_fjk=16.66
to4s
( \/::::5:5 =37.42
Total depth = 37.42 + 5 + 7 = 43.67 => 44 cm, [ Total covering = 5 + 27'5]
Size of Beam =25 cm x 44 cm. $

henced =44 -5 -27'5: 37.75 cm



Rebars area & perimeter

Number Areain Perimeter in
EIEIEa
- #2 6 0.28 1.88
- #3 10 0.79 3.14
- #4 12 1.13 3.77
- #5 | 16 2.01 5.03
B 19 2.84 5.97
22 3.81 6.91
I 491 7.85
 #9 I 6.16 8.80
 #10 V) 8.04 10.05
- #11  EKE 9.62 11.00




Rectangular Beam Design (WSD method) )

Step-5: A; = Area of Steel

M 583334

s— T = = 12.84 cm?
fijd ~ 1400x.86Xx37-75

By using 2 - 22 mm dia bar + 2 - 19 mm dia bar the area is = 13.3 cm? > 12.84 cm?
Use2-22mm @ and 2 - 19 mm @ bar as main bar.



Rectangular Beam Design (WSD method) )

Step - 6: Check for Shear stress, v

V, 5943
== = =6.30 kg/cm?
bd 25%37-75
2800x37-75

Here, Vi =V — - = 7000 - = 5943 kg

But allowable stress of concrete is, v = 0 - 292,/f) = 4.23 kg/cm?

v > v, stirrups required.
and access shear stress, v' = v —v,=6.30 — 4.23 = 2.07 k g/cm?




Different types of Stirrups

FOUR LEGGED STIRALP

stirrups Stirrups details



Rectangular Beam Design (WSD method) )

Step -7: Space required for stirrups, a

a=(§—d)”;'=(¥—37-75)% = 62 cm

Total space required for stirrups =a + 2d=62 + 2 x 37.75 = 138 cm

Step-8: Spacing of Stirrups, S

. 2
1) S= ‘z‘%’ = % =42.74 cm Here, A, = Y w2 =158 [ Ring stirrups has 2 leg |, f, = f;
A, 158  _
2 5= 0.0015b ~ 0.0015x25 42.13 cm
3) s=2=377-1887 cm
2 2

The minimum spacing is 18.87 cm => 18.5 cm
Use 10 mm @ bar @ 18.5 cm c/c,




Rectangular Beam Design (WSD method) )

Step-9: Check for Bond stress, u

v 7000 _ 5 B _ . o
u = S 0id  27.63x86x3775 7.80kg/cm 20=NnD=4x3-14%x2-2=27.63

3'23\/;6’ 3231449 _ o gy
D 2-2 ' g

Ugnn =

U< Ugy

safe in bond.



Rectangular Beam Design (WSD method) )

Step-10: Detall drawing

10 mm bar @ 18.5 cm c/c 2-22mm hanger bar

0
=

44
cm

\ 4

A\ 4

A @ 18.5 cm c/c

2- 19 mm main bar i i i
oSm > l .

2- 22 mm main bar

A

X- Section

Long Section




Home Work )

1) 9Fb ARISIF i ST [ ¥2{5= 5 RER | T2 ToiF [Herw we 77 2fo [Ribita 3000 (i
(oTT® StIfre ey | Hewg wanre sy Rl s <4

f/ =210k g/cm?,f, = 1400 k g/c m?, n=9

2) O FAKFISII B0 TSR [RCF 759 6 G| T2 &7 No 8o 1wl ¢ffs NGitd 2500 (i
(TG S Sz | Hema o2iug ey R fTwizy 77|

f! =210k g/cm?,f, = 1400 k g/cm?, n=9
3) G HHF FRRT TSP R 7714 5.5 N6 | O3 &1 Fey @e+ 26! (N6 15400 (e (e
HicAiere Sy | WeEe 92 gy [REb Teisw s

. =90kg/cm?,f, =1450 k g/cm?, n=11
) 9

Solve problems




Learning Progress

After design Lintel (WSD) Method

After design Doubly Beam (WSD) Method

After design T- Beam (WSD) Method

After design Rectangular Beam (USD) Method

After design Rectangular Beam (WSD) Method

), 2> _

You will learn 90% of Beam Design
You will learn 80% of Beam Design
You will learn 70% of Beam Design
You will learn 55% of Beam Design

You will learn 50% of Beam Design



Dear students, have
any question ? If any
guestion

here & with
me!
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a3 fefeel s orace wwel
o

fefel =4 !

Practice at your home a lot!
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Do the home works
and practice enough.
Welcome to next
classes!

Thank You
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Today’s Discussion

Difference of USD &

) WSD Method

). Step-1
) Load calculation

Notations used in USD

). Step-2
method )

Maximum Shear force

Stress diagram of USD Step-3
method Maximum Bending
Moment

Formulas used in of USD

Method

. Step-4
) Effective depth




Difference between WSD and USD method

l It's based on the linear theory or elastic theory. ‘ L Ilts primiarilyibagegl on Englth concept of Eoncreti ﬁ
l Its Consider to Design carrying load ‘ ‘ Its Consideri toiDSsigniCritigal Cimbiniationﬁ of IOM
l lts Designing to plastic behavior of materials ‘ L Its Designing to elastic behavior of materials. ‘
i Modular Ratio used for member Design ‘ ~ Materials stirengtih to be used fo; merrlber_D_esign._k

'

l Stability of Structure is less then USD ‘ Stability of Structure is more then WSD ‘

k High Cost Design Method ‘ l Low Cost Design Method

|




f¢ = Ultimate strength of
concrete

fy = Ultimate strength of
steel

g, = Strain of concrete
g = Strain of steel

Es = Modulus of elasticity of
steel

Ec = Modulus of elasticity of
concrete

b = Width of beam

8.

9.

10.

11.

12.

13.

14.

15 a =

16.

d = Depth of beam

L = Span of beam

p= 4 = Steel ratio
bd

pp = Balanced steel ratio

d— g = Lever arm

M=M,, = Bending moment
M,, = Nominal resisting
moment

Asfy
0.85f¢b

¢= Reduction factor

17.

18.

19.

20.

21

22.

23.

24.

L.L= Live Load

D.L = Dead Load

W.L = Wind Load

E = Earthquake

y.= Load factor for L.L

yp= Load factor for D.L

Y= Load factor for W.L

ye= Load factor for Seismic load




fo | kd fZ a
| — Z
kd C [ Il o] .
_______________________________________ d A
J ) _,Ieverarm(d—%)
___________________ e > T
WSD Stress diagram USD

Figure




My =pfbd?(1-.

- M, =0pfybd?(1-.
- My = A, (d-%)

- My, =0Af, (d-%)
C = 85f'ab
- T = Asfy

 z=Leverarm=d — =

10.

11.

12.

13.

14

15.

~ 85fLb

pp = 851 X ﬁ X 6117+,

Pmax= P = 0.75 py
M, = pfybd?(1 - .59

M, = ¢pfybd? (1 - .59
C = .85f/ab
T = Agfy

16. Lever:z=d—§

17. Ag = pbd

M
18 d = >y
¢pfyb(1—0°59pﬁ>

Home work:

Drive the formula number 8 & 18




Step-1: Load Calculation

Given data -

L.L=
Other loads =

[ Notations: L.L = Live Load, D.L.= Dead Lod, Other Loads = Environmental load such as wind
load, seismic load etc. ]



Step-1: Load Calculation

Let

d=10 % of L ( or 4cm to 10cm per meter )

b= %tog ofd [ gtoz but not less tran 25 cm accordind to BNBC]

L.L =
Self weight of Beam (D.L) =Lxbxdx 2400 =

w=14D.L+1.7LL+.... kg/m
or W =14D.L+1.7L.L+ ... kg
here W =wlL
[ Note: if Super imposed load given in kg/mthenL=1m]

A

A 4

@ @




= Maximum Shear force

for simply supported Beam

for fully Continuous Beam

for semi- continuous Beam

(Continuous end)

for semi- continuous Beam
( Dis-continuous end)

for cantilever Beam

A

A 4




Step-3: My,.x = Maximum Bending Moment w

2
= % = % kg.m  for simply supported Beam
2 <
M = % kg.m for fully Continuous Beam
wL? . .

= kg.m for semi- continuous Beam

_ wl? :
M=— kg.m for cantilever Beam

To covert those moments in kg.cm we have to multiply by 100

2
l.e. the formulas will like this M = % X 100 kg.cm. It will be apply for all beams.

A 4




Step-4: d = Ef fective depth

d = M
@pfyb(1—0-59p%)

=09

A

©-8

S ®

Total covering ‘

Total depth = d + total covering b
(clear covering+ ;)

Total covering = 5+ g 0 = Dia of main bar
Size of Beam = b x Total depth

=> d = Total depth — 5 - % [ here Clear covering = 5]

Main

v Vv

bars

]

Clear covering
(fire proofing)




Dear students, do you
understand USD
method ?

If any questions then

here &
with me !

N -

a3 fSfoel s qacs wwet
qroTT= A

fefel =4 !
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Practice in your
house & do the
home works.
welcome to next
classes!

Stay Home, Stay Safe

Thank You
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Space required Spacing of
for Stirrups Stirrups

STEP

09 Check for Bond Detail Drawing
stress




Notations

f¢ = Ultimate strength of
concrete

fy = Ultimate strength of
steel

g, = Strain of concrete
&g = Strain of steel

Es = Modulus of elasticity of
steel

Ec = Modulus of elasticity of
concrete

b = Width of beam

8.

9.

10.

11.

12.

13.

14.

15 a =

16.

d = Depth of beam
L = Span of beam

p = % = Steel ratio
bd

pp = Balanced steel ratio

d— g = Lever arm

M=M,, = Bending moment

M,, = Nominal resisting
moment

Asfy
0.85f¢b

¢= Reduction factor

17.

18.

19.

20.

21

22.

23.

24.

L.L= Live Load

D.L = Dead Load

W.L = Wind Load

E = Earthquake

y.= Load factor for L.L

yp= Load factor for D.L
Yw= Load factor for W.L

ye= Load factor for Seismic load




Drive Flexural formulas: USD Method

- TR . E
kd ﬁ B ; a
N \ 4 \ 4
VAR—— > T
WSD Stress diagram USD

Figure

A

lever arm (d — =)
2




Flexural formulas

My =pfybd?(1- .59%)

- M, = 8pf,b d? (1 — 59

- My = A, (d-%)

- My, =0Af, (d-%)

. C =.85f/ab
- T = Asfy
~ z = Leverarm = d—%

8.

9.

10.

11.

12.

13.

14.

15.

_ Asly
85f¢b

_ A4
P =14

fa 6117

pp = 851 X ﬁ X 6117+,

Pmax= P = 0.75 py

M, = pfybd* (1 - 5922)

M, = ¢pfybd? (1 - .59
C = .85f/ab
T = Agfy

!/

flc

Pfy
fT

;)

16. Lever:z=d—§

17. Ag = pbd

M
18 d = >y
¢pfyb(1—0°59pﬁ>

Home work:

Drive the formula number 8 & 18




Step-5: A, = Area of Steel

A, = pbd  cm?
P = Pmax= 0-75 pp

_ ft 6117
Pp = .85Xﬂ1>(ﬁ>(m

B1=0.85if f < 281 K,;/cm? [It will 0.05 less for every

70 K,/c m?® but not less than 0.65 ]
Find the total number of bars

By using area of bars.

D2
Area = ”T

[Note d = Total depth — 5 - o [ here Clear covering =5 ]
2

Hanger bars

Stirrups




Step - 6: Check for Shear stress, v

Ver _y_wd

V= bd [Vcr =V 100]

here, V., = V; = V at d distance from support.
[100 is to convert d in meter]

This is actual Shear stress (v = v,,)

But allowable stress of concrete is, ve = ¢ 0 - 53,/ [ #=0.85]
If v> v, stirrups required.

and access shear stress, v' = v — v,

[ Note: Maximum shear stress of beam = 2 - 65,/f) cm? ]




Step -7: Space required for stirrups, a

a= (g - d)%’ for simply supported Beam

a= (g — d)%’ for fully continuous Beam

a = (0.6L — d)%’ for semi - continuous Beam (at continuous end)
a=(0.4L — d)%’ for semi - continuous Beam (at discontinuous end)
a=(L- d)%’ for cantilever Beam

[Here access shear stress v/ = v — v, |
Total space required for stirrups = a + 2d [ according to ACI ]
[ Note: Value of “L” should be in cm. ]



Step-8: Spacing of Stirrups, S

_¢Ava
DS = v'p '’
d
2) S—E
3) §=60cm

Here, A, = Area of stirrups = Area of one stirrup x leg(s) [ normally stirrups are 10 mm dia. Bar ]
f» = Allowable stress of stirrups
¢ =0.85

The minimum will be the Spacing of Stirrups.




Step-9: Check for Bond stress, u

u = v = Actual bond stress
@Y. 0(d-3)

Here, ). 0 = NzD , D = Dia. of main bars, N = Number of main bar, Jd = d —% , ¢ =0.85

6.39 |f/
\E Allowable bond stress

Uan = —

If u< uall
safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam design
(USD Method) and try to design a beam from a example in your guide book! Submit to you Teacher after
opening the institutions!

[N.B: One of the text book of this subject is Design of Concrete Structures by Arthur H. Nilson]




gular Beam Besign (USh ewvod)

Step-10: Detall drawing

l
10 mm bar @ cm c/c N mm hanger bar ﬂ

0
=

Total
depth

\ 4

Y
A 4
A 4

A\ 4

10 mm bar @ cm c/c

—f MQ
L > |
- mm main bar

A
A

A

Long Section X- Section




Dear students, do you
understand USD
method ?

If any questions then

here &
with me !
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a3 fSfoel s qacs wwet
qroTT= A

fefel =4 !
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g e ol Rowg i1 6 bR | T2 SR 2fs Wb tvids ey eae 717 2000 (Ffer (T

(oG @ 2200 (e o1z (afie Sicifre sty | Nesa wariug sy Kb Goizy w2 w2yiu-
f¢ =280k g/cm?,f, = 4000 k g/cm?

Step-1: Load Calculation

Let
d =50 cm

b=25cm

w=14D.L+1.7L.L=1.4x2000+ 1.7 x 2200 = 6540 kg/m




Step-2: Vipax = Maximum Shear force

V= @k 65406 _ o000 K
2 2

Step-3: My,,x = Maximum Bending Moment

wlL? 6540%X62
M =—x100 =
12 12

x100= 19620000 kg.cm




Step-4: d = Ef fective depth

M ! 6117
d =

fe 280 6117 _
= .858; X == X —=—7=.85 X .85 X =0.03, p=0.75x0.03 = 0.0225
@pfyb<1—0-59p—]{,3;) [—pb A fy = 6117+fy P ]

4000  6117+4000  — 'L ==

1—59X0225Xm

19620000
- rssov = 36.01 cm, Total depth= 36.01+6.25 =42.26 => 43 cm.
.9x0225x4000x25( )

The size of beam =25 cm x 43 cm.
d=43 -6.25=36.75cm




Step-5: A, = Area of Steel

A = pbd=0.0225 x 25 x 36.75 = 20.67 cm?
By using 2 nos. 28mm + 2 nos. 25 mm bar the area = 22.14 cm? >20.67 cm?
Use 2 - 28 mm + 2 - 25 mm ¢ bar as main bars.




Step - 6: Check for Shear stress, v

Ver _ 17216.55 6540X36-75

v = = 18.74 cm? [V, = 19620 —

bd  25X36.75

= 17216.55 ]

Allowable stress of concrete is, v = ¢ 0 - 53,/f; = 0.85 x 0.53 X V280 = 7.54 cm?

v > v, stirrups required.
and access shear stress, v' = v — v,= 18.74 — 7.54 = 11cm?

Step -7: Space required for stirrups, a

a=(%—d)%':(%—36.75)i—155cm

18-74
Total space =a + 2d = 155+2 x 36.75 =229 cm =2.28 m




Step-8: Spacing of Stirrups, S

A .85%X1:58%x4000
1 §=24elr =19.53 cm
v'b 11x25 —

2) S = % = 36;5 = 18.37 cm

3) §S=60cm

[

A,=0.79 x 2 = 1.58 cm?, f,= 4000, v'= 11, $=0.85 ]

The minimum Spacing of Stirrups is 18.37 cm => 18 cm

Use 10 mm ¢ bar @ 18 cm c/c as stirrups.

Step-9: Check for Bond stress, u

4 19620
u = = = = 25.08cm? [ a=
Y 0(d-2) ~ 85x31-4x29-31 — "~
2
6'39\/f6, 6-39%/280
Ug = = = 38.18 cm?
D 2'8 ————————

u < u,; , hence safe in bond stress.

Asfy _ 22:14X4000 14-88

= =2 =14.88,jd=d —==36-75—
85fcb  .85X280X25

2

=29.31

[X0=NnD =4x%x3-14%x2-5=31.4 cm]




Step-10: Detall drawing

10 mm bar @ 18 cm c/c 2

2 - 28 mm hanger bar

/i;

A\ 4

43
cm

\ 4

Ay @ 18 cm c/c

2-

6m > |

A

2- 28 mm main bar
Long Section

25 mm main bar

d-d
««

X- Section



Home Work

1) @b AR Sicq Fifeie [ =i 5 N6 $2F &7 afs [oR tred) ey @ 2wt 2000 (e
(TG (o118 @ 2500 (e 12 (oG o i | Weag sz iy b Gegy w1 o2iv-

f¢ =300 kg/cm?,f, = 4200 k g/cm?
2) @b SefHeeing [Raw i 6 (6| T2 &7 afo RoR tred) e 8o 712 2200 (e (T

(&% @ 2500 (e #1i3@ (o S iz | Reee sz sy [eb Ooisw 31| o27-

f! =280 kg/cm?,f, = 4200 k g/c m?
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f =280 kg/cm?,f, = 4200 k g/cm?




Reference Books of Design of Structure-1

Link for download syllabus from BTEB (www.bteb.gov.bd) website (PRI BIE(eG f&12)

https://drive.google.com/drive/folders/1tDUHSkToOHSYVI2OoWTI9He 1P-p Ae56BQ

Reference Books of Design of Structure-1

1.

Simplified Design of Reinforced Concrete -by H Parker

Design of Concrete Structures -by G Winter, L C Urquhart,
C E O’Rourke, A H Nilson

Treasure of R C C Designs -by Sushil Kumar

R C C Design -by Abul Faraz Khan

[5] €64 Cinail Technology Bth Sem.pdf - Adobe Acrobst Resder DI

654 Cil Techrolog.., *

HOEBERQ OO /v RDOO wm- R T B L&D

REFERENCE BOOKS

1 Simplified Design of Reinforced Concrete
by H Parker
2 Design of Concrete Structures
-by G Winter, L C Urquhart, C E O'Rourke, A H Nilson
3 Treasure of RC C Designs
-by Sushil Kumar
4. R C C Design -by Abul Faraz Khan
= O Tpen 5H B 2@ 6 P EEST A e BT
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Dear students, do you
understand USD
method ?

If any gquestions then

here &
with me !

N -
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qroTT= A

fefel =4 !
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Was once a i nner!
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—
A

t

Width of Flange (b )

A\ 4

o\ @

|

Flange thickness

Web

=)

Flange (Slab)

A

Separator

7
— b ——»

Width of Web




Concept of T- Beam

gives more room height

4
3 The Web provide greater separation for bending
2
1

Web resist shear stress

The Flange resist compressive stresses.

T- Beam design concept




Selection of b

Interior T-section:

1) b < L/4

be

~c— _—

2) be<b + 161

3) bg = ¢c-¢c of beams

Exterior T-section:

1) by <b,+L/12 3

2) bg =b, + 61

3) bE < /)_" + [’a.

Isolated T-section: '_

1) b <45, I

2t = b /2

w

T

]




Width of Flange, b : pm—

. . . . . Selecti fb
When extension in both sides ( Interior T Section) it
L Interior T-section:
>bSZ 1) be<s L/4
> b S 16t + b, 2) ba b+ 16t
> b < [ + b’ 3) by < c-¢ of beams
When extension in one side( Exterior T Section) ‘3“1“"‘/""T;“”‘l"'“l
L IJE;,)“%',‘Z
> b S E 2) bgsb, +61
> b <6t 3) by s by + by
> b < L Isolated T-section:
2 1) by<db,
For excess compressive area of flange (Isolated) 2) 12 b2
b,
> t=> ~ and

> b <4b’

L

|




Step-1: Load Calculation l |=/

Given data - t 4
fel/fc = T
]‘:9 =

n =

Z

e

L=

Super imposed load (L.L+ Others Loads exceptD.L) = «

bl

»
i

[ Note: Self weight of web is Dead load here & D.L= 10%-15% of super imposed load ]




Step-1: Load Calculation | |=/ b
Let t 4 Q
d =10 % of L I

b'=2to=ofd
3 2

Z

Super imposed load (L.L+ Wst. of slab + Others Loads) = % %
Self weight of web (D.L) = 10 % of Super imposed load =

w = kg/m

A

bl

A 4

or W = kg

[Super imposed load = L.L+ other loads + wt. of slab + wt. of lime concrete + etc. |




Step-2: Viyax = Maximum Shear force

V= g = %L for simply supported Beam
V= % = %L for fully Continuous Beam

V =0.6 W = .6wlL for semi- continuous Beam

(Continuous end)
V=0.4W =.4wL for semi- continuous Beam

( Dis-continuous end)
V=W for cantilever Beam

A 4

A




Step-3: My,.x = Maximum Bending Moment  w*

M= % = “)TLZ kg.m for simply supported Beam

M= % = “i—Lzz kg.m for fully Continuous Beam )
M= % = wl—zz kg.m for semi- continuous Beam

M= % :wTLZ kg.m for cantilever Beam

To covert those moments in kg.cm we have to multiply by 100

2
l.e. the formulas will like this M = % x 100 kg.cm. It will be apply for all beams.

A 4
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Dear students, have
any question ?

If any questions then
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with me ! |
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If You are DETERMINED to learn
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Width of Flange

Width of Flange, b :

When extension in both sides

> b<:
> b<16t+b’
> b<l+D'
When extension in one side
> b<—
12
> b <ot
> b<s
For excess compressive area of flange
> t=> b; and

> b <4b’

Selection of by

Interior T-section:
1) by< L/4
2) be<b, + 161
3) bg <= ¢c-¢ of beams
Exterior T-section:
1) be<b,+L/12
2) bgsb, +61

3) Z’E <b,+b,

Isolated T-section:
1) Z’E <4 b\,_

2) t 2 b,/2

L

|




A e 2

Step — 4 : Effective depth, d |

b'd = % (Original formula, v = %) t 4 [
v = Maximum shear stress of concrete = 1 - 33,/ f; T ot
After calculating d the size of beam will be fixed then depth
Check of wt. of web:

the load of wed should be check by the equation J

=L X b" x (Total depth — t) x 2400 < assumed weight of web in step-1

d = Total depth — total covering

Total covering =5+ ¢ + % [ You can take Total covering 7.5 cm |

A
A 4

covering



B

Step — 5 : Area of Steel, Ag | b "

M A
i o L e | F

S G
Here, Lever arm =d — z Hanger bar < d Lever
2 Arm

Find the total number of bars by using area of bars. A ‘
Then check f. { —
by using this formula f,. = % and this should be less than given f, ) X .

v
e
%)




Step - 6: Check for Shear stress, v

_ Yer _py_ed

here, V., = V; = V at d distance from support.

[100 is to convert d in meter]

[ This is actual Shear stress (v = v,,) |

A
A 4

But allowable stress of concrete is, v, = 0 - 292,/f/. a+2d

A

If v> v, stirrups required.

and access shear stress, v' = v — v, 10mm bar @ d cm c/c <
[ Maximum shear stress of Beam = 1-33,/f/, if v < 1-33,/f/ it will be safe in shear ]

[ Note: if v < v, then stirrups should be given at the spacing of d ]

A 4

A

a+2d

\ 4




Step -7: Space required for stirrups, a

a= (% — d) % for simply supported Beam
a= (5 — d) = for fully continuous Beam

2 1
a = (0.6L — d)% for semi - continuous Beam (at continuous end)
a=(0.4L — d)% for semi - continuous Beam (at discontinuous end)
a=(L—-d) % for cantilever Beam

[Here access shear stress v/ = v — v, |
Total space required for stirrups = a + 2d [ according to AClI ]
| Note: Value of “L” should be in cm. ]



Step-8: Spacing of Stirrups, S

Apf, S
1) §= v;]bli ) > —10 mmbar @ S cm c/c
— AU
2) S - 00015b/ ) 4—|\_>| >
3) s=-= |
) 2 | [Tav2d ar2d |
Here, A, = Area of stirrups = Area of one stirrup x leg(s) < >

' ' 10 b dcm clc
[ normally stirrups are 10 mm dia. Bar | mm bar@dcm

f, = Allowable stress of stirrups
The minimum will be the Spacing of Stirrups.
[ Note: Usually £, = £ ]




Step-9: Check for Bond stress, u

vV

u= - Actual bond stress
2 0(d—3)

Here, > 0 = NzD , D = Dia. Of main bars, N = Number of main bar

3-23\/7&
Ugy = — Allowable bond stress

If u< uall
safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam
design (WSD Method) and try to design a beam from a example in your books! Submit to you Teacher
after opening the institutions!




Step-10: Detall drawing

»
10 mm bar @ cm c/c ¢- mm hanger bar, | ﬂ

0
=

Y
A 4
A 4
\ 4

Total
depth

A\ 4

10 mm bar @ cm c/c g ‘g

L > |

- mm ¢ main bar
Long Section X- Section

A

A 4




Dear students, have
any question ?
If any questions then

here &
with me !
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3 STEPS YOU SHOULD BE ALERT

STEP-4 STEP-5

Effective depth Area of Steel




T- Beam Design (WSD Method)

Gl ARSI I bR A7 5 RIoE | 2101 97y 15 Gif, Sem=itns 2g 7.5 G,
13 (A6 500 (Fer/of N6, &Ko =iz 4 W61 30eT [Nowe o= ARicyy Kb ez 34

f,=95kg/cm?,f,=1400 kg/cm? n=9,u=16 kg/cm? v=18 kg/cm?, v.= 4.24 k g/c m?

Step-1: Load Calculation

L.L =5 x4x 300 = 10000 kg
Weight of slab =5x4xQ15x2400 = 7200 kg
Weightof ]l C=5x4x00751920_=_2830 kg

Super imposed load =_20080kqg
—Weight-ofweb-(5%) =—30+2-+ky [>
Total weight, W = =-23092 kg




T- Beam Design (WSD Method)

Step-2: Vipax = Maximum Shear force

V=" =22 =11546 kg

2

Step-3: My,3x = Maximum Bending Moment

M = %X 100 = 23092X%5

X 100 = 1443250 kg.cm




T- Beam Design (WSD Method)

Step — 4 : Effective depth, d

b'd =2 Let, b'= 20 cm

v

vV _ 11546

=—= =32.07 cm
UvXb 18%X20

Total depth = 32.07 + 5 + 2.5 + = = 41.82 => 42 cm

Hence, Size of T-Beam 20 cm x 42 cm.
d=42-5-25-1.25=33.25cm

Check of weight of web = 5 x = x 2222
100 100

X 2400 = 648 kg < 3012 kg , safe.




T- Beam Design (WSD Method)

Step — 5 : Area of Steel, A

M  _ 1443250

_ _ 2
 fs(a-t)  1400(3325-2) - 20.03 cm

As

by using 5 nos. 32 mm ¢ bar the area is 40.19 cm? > 40.03 cm?

Use 5 — 32 mm ¢ bar as main bar.

Check of f
1)b=7=>2=125cm, 2) b =16t + b’ = 16 x 15 x 20 = 260 cm, 3) b = | = 400 cm

The minimum is 125 cm, hence b= 125 cm

£ = 2M  _ 2X1443250
c

N bxt(d—g) B 125><15(33-25—175)

=59.78 kg/cm? < 95 kg /cm? , safe. [>




T- Beam Design (WSD Method)

Step - 6: Check for Shear stress, v

Ve 10011 2 2
V=== 15.05kg/cm“ < 16 kg /cm?, hence safe.
V.. =V — —2_ = 11546 - BOS25 _ 19011 kg

LxX100 5x100

But allowable stress of concrete is, v.= 4.24 kg /cm?

If v > v, stirrups required.
and access shear stress, v’ = v — v, = 15.05 - 4.24 = 10.81 kg/cm?




T- Beam Design (WSD Method)

Step -7: Space required for stirrups, a

a=(g—d)%':(¥—33-25)%:156cm

Total space required for stirrups =a + 2d = 156 + 2x 33.25 =223 cm = 2.23 m




T- Beam Design (WSD Method)

Step-8: Spacing of Stirrups, S

1) S = T = Tosixao - 10.23 cm [A,=0.79x2=158cm*, f, = f, = 1400
2s=—tr_=-_1% _53cm
0.0015b 0.0015x%20
3 s=%=32_165cm
2 2
S=10cm

Use 10 mm ¢ bar @ 10 cm c/c as stirrups




T- Beam Design (WSD Method)

Step-9: Check for Bond stress, u

v 11546
D> o(d—3) ~ 50-24(33:25-2°)

Here, >0 = NuD =5 x 3.14 x 3.2 =50.24 cm
Ugy = 18 k g/cm?

u =8.92 kg/cm?

If u< Uqll

safe in bond.



T- Beam Design (WSD Method)

Step-10: Detall drawing

| 20 cm
10 mm bar @ 10 cm c/c 2-32 mm hanger bar « >
h— i
> > > > > 42
5 cm
10 | 10 10 10 10 mm|bar @ 10 cm cl/c g =§

5m > |

5-32 mm ¢ main bar
Long Section X- Section

A

[
>




T- Beam Design (WSD Method)

1) @3 eI B+ G-~ =i 6 o | T 2 14 G, #13w (=716 500 i/ (o, [
cIf¥e 4 SR 20 ews wifng iy [ s 59l

f.=90kg/cm?,f,=1400 k g/cm? n=10,u=16 kg/cm? v=18 k g/cm?, v,= 4.20 k g/c m?

2) @ el Sif<fRe GI-ReE 704 5 [BioR | FItag 70y 15 G, Ge=itrs 7y 7.5 i, &3 (=fie 550
(fer/3of RIbE, R =iz 3.5 RGE 20 NeFg ©iug JRicy [{Gb ez 11

f,.=945kg/cm?,f,=1450k g/cm? n=9,u=16 kg/cm? v=18 kg/cm?, v.= 4.23 k g/c m?

3) @l SN wifkfen GI-Rexw 72019 5.5 RibE | 21 77w 14 (i, #i3w (=7ie 600 (fe/3of JWE17, &
e 4 RGR 2 NeFe o2niva sJeicyy [Eh Toiss 41

f.=95kg/cm?,f,=1450 k g/cm? n=10,u=16 kg/cm? v=18 k g/cm?, v,= 4.23 k g/c m?
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Double Reinforced Beam

Concept of Double reinforced Beam
Load Calculation
Moment Calculation

Area of Tensile Reinforcement

Area of Compression Reinforcement



Concept of Double Reinforced Beam

0,

When the size

® ®

The deflection

When there is

of the beam reversal of due to
(both width load in beams. shrinkage
and depth) is effects.

restricted.




Load Calculation

Step-1: Load Calculation —  , —)
Super imposed load (L.L+ Others Loads) = © © @ I
Self weight of Beam (D.L) = L X b x d X 2400 =
_______________________________ | Total
w = kg/m depth
or W = kg 00 0 @ l

[ Note: if Super imposed load given in kg/mthen L=1m ]



Maximum Shear Force

Step-2: Viyax = Maximum Shear force

for simply supported Beam

= for fully Continuous Beam

V =0.6 W = .6wL for semi- continuous Beam
(Continuous end)
V=0.4W = .4wL for semi- continuous Beam
( Dis-continuous end)
V=W for cantilever Beam



Moment Calculations

Step-3: M,.x = Maximum Bending Moment

Bending Moment
WL _ wL?

M = e kg.m for simply supported Beam
WL  wL? .
M = = 1 kg.m for fully Continuous Beam
WL  wL? : :
=0 T To kg.m for semi- continuous Beam
M = % :wTLZ kg.m for cantilever Beam
Resisting Moment
M,= Rbd?
Access Moment
M,=M— M,



Area of Tensile Reinforcements

Tensile reinforcement
_ M

S2 = fy(d-d)
Total Tensile reinforcement
As = Ag, + A,

Total number of rebars should be calculate
with dia. as usual.

Comp. bars

) b R cll’(Covering)
LA inak
d
Lﬁ QG -7

Tensile bars



Area of Compression Reinforcements

Compressive reinforcement
o Cy

s 2nfc(kd—d’)/kd:

A
\4

Here,
M, =C,(d—d")=

Comp. bars

M
Hence ¢, = —

> Total number of rebars should be calculate
with dia. as usual.

A

Check of Compressive stress

2nfe(k d—d’)
kd

Compressive stress of steel =
And 2nf.(k d—d")

kd <f“g
>

Tensile bars



Check for Shear Stress

Step - 6: Check for Shear stress, v

_ Ver _y _ wd
Y [Ver =V 100]

But allowable stress of concrete is, v, = 0 - 292\/f_c’

If v> v, stirrups required.
and access shear stress, v' = v — v,

[ Maximum shear stress of Beam =1-33,/f;,ifv<1- 33\/f_cf it will be safe in shear ]
[ Note: if v < v, then stirrups should be given at the spacing of d according to ACI code ]



Step - 6: Check for Shear stress, v

v=gE [V =V -]

here, V. = V; =V at d distance from support.

[100 is to convert d in meter]

[ This is actual Shear stress (v = v,.) ]

But allowable stress of concrete is, vc = 0 - 292,/f/.

If v> v, stirrups required.

and access shear stress, v' = v — v,

[ Maximum shear stress of Beam =1-33,/f; ,ifv <1- 33\/f_c’ it will be safe in shear |

[ Note: if v < v, then stirrups should be given at the spacing of d according to ACI code ]



Stirrups Space

Step -7:. Space required for stirrups, a

a= (% - d)%’ for simply supported Beam

a= (g — d)%’ for fully continuous Beam

a = (0.6L — d)%’ for semi - continuous Beam (at continuous end)
a=(0.4L — d)%’ for semi - continuous Beam (at discontinuous end)
a=(L- d)%, for cantilever Beam

[Here access shear stress v/ = v — v, ]
Total space required for stirrups = a + 2d [ according to ACl ]
[ Note: Value of “L” should be in cm. because d is in cm. ]



Spacing of Stirrups

Step-8: Spacing of Stirrups, S

_Ava
J)S = ”’Z ,
Z)S - 3.0015b ’
3)8 ZE

Here, A, = Area of stirrups = Area of one stirrup x leg(s)
[ normally stirrups are 10 mm dia. Bar ]
fo = Allowable stress of stirrups
The minimum will be the Spacing of Stirrups.
[ Note: Usually f, = f; ]



Spacing of Stirrups

Step-9: Check for Bond stress, u

"y = 1%
T Yojd
Here, > 0 = NnD , D = Dia. Of main bars, N = Number of main bar

Actual bond stress

3-23 | f/
\/: Allowable bond stress

Uant = —

|f u< ua”
safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam
design (WSD Method) and try to design a beam from a example in your books! Submit to you Teacher after
opening the institutions!



Detail Drawing

Step-10: Detall drawing

o
- mm compression bar »
l0pmbar@ emee ) P ) | ﬂ

> > > > > Total
depth

S S S S 10 mm bar @ cm c/c

< L > |
<4<
- mm tensile bar
Long Section X- Section
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Double Reinforced Beam

Concept of Double reinforced Beam
Load Calculation
Moment Calculation

Area of Tensile Reinforcement

Area of Compression Reinforcement



Concept of Double Reinforced Beam

0,

When the size

® ®

The deflection

When there is

of the beam reversal of due to
(both width load in beams. shrinkage
and depth) is effects.

restricted.




Load Calculation

Step-1: Load Calculation —  , —)
Super imposed load (L.L+ Others Loads) = © © @ I
Self weight of Beam (D.L) = L x b x d X 2400 =
_______________________________ | Total
w = kg/m depth
or W = kg 00 0 @ l

[ Note: if Super imposed load given in kg/mthen L=1m ]



Maximum Shear Force

Step-2: Viyax = Maximum Shear force

for simply supported Beam

= for fully Continuous Beam

V =0.6 W = .6wL for semi- continuous Beam
(Continuous end)
V=0.4W = .4wL for semi- continuous Beam
( Dis-continuous end)
V=W for cantilever Beam



Moment Calculations

Step-3: M,.x = Maximum Bending Moment

Bending Moment
WL _ wL?

M = e kg.m for simply supported Beam
WL  wL? .
M = = 1 kg.m for fully Continuous Beam
WL  wL? : :
=0 T To kg.m for semi- continuous Beam
M = % :wTLZ kg.m for cantilever Beam
Resisting Moment
M,= Rbd?
Access Moment
M,=M— M,



Area of Tensile Reinforcements

Tensile reinforcement
_ M

S2 = fy(d-d)
Total Tensile reinforcement
As = Ag, + A,

Total number of rebars should be calculate
with dia. as usual.

Comp. bars

) b R cll’(Covering)
LA inak
d
Lﬁ QG -7

Tensile bars



Area of Compression Reinforcements

Compressive reinforcement
o Cy

s 2nfc(kd—d’)/kd:
Here,
M, =C,(d—d")=

M
Hence ¢, = —

> Total number of rebars should be calculate
with dia. as usual.

Check of Compressive stress

2nfe(k d—d’)
kd

Compressive stress of steel =

2nf.(k d—d")
And — < fe

Comp. bars

A
\4

A

Tensile bars



Step - 6: Check for Shear stress, v

v=gE [V =V -]

here, V. = V; =V at d distance from support.

[100 is to convert d in meter]

[ This is actual Shear stress (v = v,.) ]

But allowable stress of concrete is, vc = 0 - 292,/f/.

If v> v, stirrups required.

and access shear stress, v' = v — v,

[ Maximum shear stress of Beam =1-33,/f; ,ifv <1- 33\/f_c’ it will be safe in shear |

[ Note: if v < v, then stirrups should be given at the spacing of d according to ACI code ]



Stirrups Space

Step -7:. Space required for stirrups, a

a= (% - d)%’ for simply supported Beam

a= (g — d)%’ for fully continuous Beam

a = (0.6L — d)%’ for semi - continuous Beam (at continuous end)
a=(0.4L — d)%’ for semi - continuous Beam (at discontinuous end)
a=(L- d)%, for cantilever Beam

[Here access shear stress v/ = v — v, ]
Total space required for stirrups = a + 2d [ according to ACl ]
[ Note: Value of “L” should be in cm. because d is in cm. ]



Spacing of Stirrups

Step-8: Spacing of Stirrups, S

_Ava
J)S = ”’Z ,
Z)S - 3.0015b ’
3)8 ZE

Here, A, = Area of stirrups = Area of one stirrup x leg(s)
[ normally stirrups are 10 mm dia. Bar ]
fo = Allowable stress of stirrups
The minimum will be the Spacing of Stirrups.
[ Note: Usually f, = f; ]



Check for Bond Stress

Step-9: Check for Bond stress, u

"y = 1%
T Yojd
Here, > 0 = NnD , D = Dia. Of main bars, N = Number of main bar

Actual bond stress

3-23 | f/
\/: Allowable bond stress

Uant = —

|f u< ua”
safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam
design (WSD Method) and try to design a beam from a example in your books! Submit to you Teacher after
opening the institutions!



Detail Drawing

Step-10: Detall drawing

o
- mm compression bar l¢
lopmbar@ emcfe ) p ) | ﬂ

> > > > > Total
depth

S S S S 10 mm bar @ cm c/c

< L > |
<4<
- mm tensile bar
Long Section X- Section
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Design of a Double Reinforced Beam

G0 A SICF Bifore IO [T =7 5 [6E I2K F 25 (I, x 35 (I, @
AR | T2F O e 8o 2eT (N6 14000 (6 (Fo S St | Heeg 9o25ifa
ARy 9B main bar @ stirrups fSea 4| @2ifU-

f! =210k g/cm?,f, =1450 k g/cm?, n = 10,Total covering =5 cm, v,= 4.23 k g/c m?.

1) Load cal. 2) Moment cal.
3) Tensile Rebars  4) Comp. Rebars
5) Stirrups Design




Load Calculation

Step-1: Load Calculation

Super imposed load (L.L+ Others Loads) = 14000 kg
Self weight of Beam (D.L) = 5 x 0.25x 0.35 x 2400 = 1050 kg
W = 15050 kg

| Total

depth




Maximum Shear Force

Step-2: Viyax = Maximum Shear force

W _ 15050

= 7525 kg




Moment Calculations

Step-3: M,.x = Maximum Bending Moment

Bending Moment
M = WL _ 15050x5

8

= 9406.25 kg.m = 940625 kg.cm

Resisting Moment
M;= Rbd?= 16 x 25 x 30% = 360000 kg.cm

[Here, 0.45 f/ =0.45x210 =945k g/cm?, d =35 —5 = 30
10 . k 0-46 .
k = n:&: — =039, j=1-7=1-—-=087,R = —f,jk=16]

fc 94

Access Moment D
M, =M — M; = 940625 — 360000 = 580625 kg.cm




Area of Tensile Reinforcements

Tensile reinforcement
M, _ 360000

g === = 9.51 cm?
17 fjd 1450x0-87X30

M, _ 580625

_ _ 2
2 f.(d-d') 1450%x25 16.02 cm

As

Total Tensile reinforcement
As = As, + Ag, =9.51 + 16.02 = 25.53 cm?

Byusing2-32mmo+2—-28 @ barthe area is
= 28.38 cm? > 25.53 cm?

Use2-32mm @ and 2 - 28 mm @ bar as main bar.

A

Comp. bars

|
:
Hoood

v 2-28mm 0 tensile bars

2-32mm @ tensile bars




Area of Compression Reinforcements

Compressive reinforcement:

< b R
) !
. Cy _ 23225 _ )
As = 2nfc(kd—d')/kd 2x10x94.5(0.39X25-5)/0-39X25 25.23 cm I @ ? ? ?
Here, 2-25 mm « » 2.32 mm
M 580625 d
€y = =24, =—>—=23225kg [d —d'=30 - 5=25] @ Comp.bars ® Comp. bars
Byusing2-32mmo+2—-25 @ barthe area is ‘
=25.89 cm? > 25.23 cm? 9 0 © ¢
Use?2-32mm @ and 2 - 25 mm @ bar as main compression bar.
Check: l
_ _ 2nfe(kd-d") _ 2
Compressive stress of steel = — =921 kg/cm*“. Tensile bars

921 k g/cm?< 1450 k g/cm?, hence safe. D



Check for Shear Stress

Step - 6: Check for Shear stress, v

_ Ver _ 6622 _ 2
= = Sua0 =883 kg/cm

Here, V., =V — %C:) — 7595 . 3010x30

= 6622 kg

But allowable stress of concrete is, v, = 4.23 k g/c m?
v > v, stirrups required.

and access shear stress, v’ = v — v,= 8.83 -4.23=4.60 k g/c m?

[ Maximum shear stress of Beam = 1 - 33./f/ , if v < 1-33,/f/ it will be safe in shear ]



Stirrups Space & Spacing

Step -7: Space required for stirrups, a

a = (ﬁ—d)”;':(¥—3o)% = 115 cm

Total space required for stirrups =a + 2d=115+2x 30 =175 cm

Step-8: Spacing of Stirrups, S

_ Aypfy _ 1-58x1450 _ _ mx1.02 . . : B
S = b = aeonas Mﬂ Here, A, = X 2 = 1.58 [ Ring stirrups has 2leqg], f, = f
A, 158 _
"~ 0.0015b  0.0015X25 w
s = 4_30_ 15 cm
2 2
The minimum spacing is 15 cm D

Use 10 mm @ bar @ 15 cm c/c




Detail Drawing

Step-10: Detail drawing
2- 32 mm compression bar 25
10 mm bar @ 15 cm c/c 2-?25 mm compressioq Qar }: ﬂ

» | 35

Y
A 4
A 4

A\ 4

7.5
15 15 15 15 10 mm bar @ cm c/c

—f\%%mmtensilebgr 9 ? ? Q

dd

7y
ol
Y

2 - 32 mm tensile bar
Long Section X- Section
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Lintel vnder Loadl

Wl

// bearing
/ | (7.5 cm)
| [ e |

! ‘ I
Lintel 60°

L
H=§tan600
/A\ I H>h
7 .
H=§tan60
,}// H<h H | N |
7 [ \ /y S
I

Lintel —T

N L

Condition-1

Condition-2

L




Problem to Solve




Lintel Design

Step-1: Load Calculation

Given data -

fe/fe= fs=n=

L =1+ bearing (15 cm)

Weight of wall :
1. If condition-1 the wt. of wall = L x L tan 60°x width of wall x 1920

2. If condition-2 the wt. of wall = L x height of wall x width of wall x 1920




Lintel Design

Step-1: Load Calculation

Bearing for Lintel

7.5 cm for both sides (i.e. half of the lintel height usually),

Hence, L=1+15cm

Let,

Depth of Lintel = 15 cm ( for long span or heavy structure maybe up to 20 cm)
Width of Lintel = Width of wall (25 cm)

Weight of wall (W) = L x width of wall x height of wall x 1920 =

Self weight of Lintel (W,) =Lx0.25x0.15 x 2400 =




Lintel Design

Step-2: Viyax = Maximum Shear force

Step-3: My,.x = Maximum Bending Moment

For the weight of wall, M; = %

W, L
8

For the weight of Lintel, M, =

Total moment, M = M, + M,



Lintel Design

Step-4: d = Ef fective depth

M
4= r
_1 .. . n . k
R =-fjk [k—n+% and j=1--]
C

Total depth = d + total covering

Total covering = 3+ g 0 = Dia of main bar

=>d=15-3 -g [ here Clear covering = 3 ]

]

d
\4
|_>
|
Total Covering v

Area of Steel

Clear Covering

(Fire proofing)



Lintel Design

Step-5: A; = Area of Steel

M
A= — cm?
fsjd

Find the total number of bars
By using area of bars.

—

Stirrups



Lintel Design

Step - 6: Check for Shear stress, v

v=_ Ver =V ——1
here, V.. = V,; =V at d distance from support.

allowable stress of concrete is, ve = 0 - 292,/f/
If v > v, stirrups required.

and access shear stress, v/ = v — v,



Lintel Design

Step -7: Space required for stirrups, a

a= (— — d) v for simply supported Beam

%
Total space required for stirrups = a + 2d [ according to ACI ]

Step-8: Spacing of Stirrups, S

1) S=A"—f"

v'p '’

— Av
2) S= 0.0015b ’

3 s=2
) T2

The minimum will be the Spacing of Stirrups




Lintel Design

Step-9: Check for Bond stress, u

_r Actual bond stress

Y=5o0ja
Here, >, 0 = NzD , D = Dia. Of main bars, N = Number of main bar

3-23\/;6'
Ugu = — Allowable bond stress

If u< uau
safe in bond.

Home work: 1) Memorize all formulas from step-1 to step-9, 2) understand all steps of rectangular beam
design (WSD Method) and try to design a beam from a example in your books! Submit to you Teacher
after opening the institutions!



Lintel Design

Step-10: Detall drawing

e
10 mm bar @ cm c/c - mm hanger bar | ﬂ

0
=

Total
depth

\ 4

Y
A 4
A 4

A\ 4

10 mm bar @ cm c/c

e Q—%ﬁ
j

B
»

A
—

A
A

- mm main bar
X- Section

Long Section
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Lintel Design

1) @30 (T FC ST SPIF 210 Gl x 120 G | Siiers TR folibe [Geria 34
T2 T2F &[T 25 (AN, 2% (1eTIEd Gwool 2 Wb «3e ol fRseee -

fl =210k g/cm?,f, = 1400 k g/c m?, n=10, j=0.88, R= 15.50, v,= 4.23 k g/cm? , uq,;=16




Lintel Design

Step-1: Load Calculation

Hence, L=2.10+0.15=2.25m

Let,

Depth of Lintel = 15 cm

Width of Lintel = 25 cm

H = Ztan 60°= 22 tan 60°=1.95 < 2 m_( if H<h then condition-1)

Weight of wall (Condition-1),W; = 2.25 x 0.25 x 1.95 x 1920 = 2106 kg

Self weight of Lintel (W,) =2.25x0.25x0.15 x 2400 = 203 kg
W =2309 kg Condition-1

» Condition-2




Lintel under Load

Wl
Vi L
// | H = 2 tan 60°
y N H<h
/ . \
/ : bearing
ATV T T 7 7 em

Lintel —T

Condition-1




Lintel under Load

-

bearing
(7.5 cm)

L
H = Etan 60°

H>h

A\

)

Lintel —T

L

Condition-2




Lintel Design

Step-3: M,.x = Maximum Bending Moment

For the weight of wall, M; = W61L = 2106%2-25

=78975 kg.cm

For the weight of Lintel, M, = W82L = 208X225

= 5710 kg.cm

Total moment, M = M; + M, = 78975 + 5710 = 84685 kg.cm




Lintel Design

Step-4: d = Ef fective depth

d = \/1 = / 78975 _ 14.93 ¢cm
RDb 15-5x25

Total depth = 14.93+ 4 = 18.93 cm
Let, Clear covering =3 cm

d = 15— 4 [ here total covering = 4 ]
d=11cm

]

d
\4
|_>
|
Total Covering v

Area of Steel

Clear Covering

(Fire proofing)



Lintel Design

Step-5: A; = Area of Steel

M 84685
As=—= = 6.25 cm?
fsjd 1400X.87X%X14.93

Find the total number of bars

By using area of bars.

By using 2-16mm + 2-12mm @ bar
The area is 6.28 cm?> 6.25 cm?

Use 2-16mm + 2-12mm @ bar as main bar

—>  Stirrups

2-16 mm @ bar

» 2-12mm @ bar



Lintel Design

Step - 6: Check for Shear stress, v

VCT 104‘2 2
vV=— = =3.79 kg/cm
bd 25%x11 g/

Here, V.. = V — 2% = 1155 -
100

1026X11

= 1042 kg

But allowable stress of concrete is, v, = 4.23 k g/c m?

v < v, stirrups not required.

Souse 10 mm @ bar@ 11 cm c/c as stirrups




Lintel Design

Step-9: Check for Bond stress, u

Voo 1155
u = — =
Y. 0jd 17.58x.88x11

=6.80 kg/cm? 20=NnD=2x%x3-14%x16+2%x3-14x1.2=17.58

Ugy = 16 k g/cm?

U< Ugy

safe in bond.



Lintel Design

Step-10: Detall drawing

10 mm bar @ 11 cm clc 2 - 16 mm hanger bar « ﬂ

0
=

15
cm

\ 4

A\ 4

Ay @ 11 cm c/c

2- 12 mm main bar i i i S!
2.25 m > | »

2- 16 mm main bar

A

Long Section X- Section




Home Work

1) @3 FOR TG AT 120 (A x 210 G | 736 &7 fer5eT [Geriss 39 T2
T GoIg 25 I, &% (RS TIee Gwoel 1.5 G «ge o fNme! -
f=211kg/cm?,f,=1450 k g/cm?, n=9, v,=4.23 k g/cm? , ugy;=16 k g/c m?

2) O3 FCR TR S 210 G x 120 G | Si-ieTR &7 foribe fTeris #7244
T2 T2 25 (I, 28 (3 TICed Ssot 1.5 fibia ¥ w2 fRsees! -

= g/cm?, fo = g/cm? n=10, v .= 4. g/cm?, ug= g/cm
f! =200k g/cm?,f, =1400 k g/c m? 10 4.23 k g/cm? 16 k g/c m?

3) O FOR UFGIR SFF 150 G x 210 Gl | waes ©2F Behe fGeris 1 72
TR &2 25 (AW, 2% (MeTIeR Ot 2 fNbIT W32 o2 fswmet -

f/=211kg/cm?,f, =1450 k g/cm? n=9, v,.=4.23 k g/cm? , uy;=16 k g/c m?
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Lintel Design

2) @b FOR SHER SFE 210 G x 120 Gl | SRER SoiF Jese fooiad 3
TN TR &2 25 (AW, 2% (neied Svwl 1.0 RibiF 32 ofin A -

fl=211kg/cm?,f, =1400 k g/c m?, j=0.87, R=15.5 v,=4.23 kg/cm?, uy;=16 k g/c m?




Lintel Design

Step-1: Load Calculation
Hence, L=2.10+0.15=2.25m
Let,

Depth of Lintel = 15 cm

Width of Lintel = 25 cm

H =Ztan60°= > tan 60°= 1.125 < 1.0 m_( if H>h then condition-2)

Weight of wall (Condition-2),W; =2.25 x 1.0 x 0.25 x 1920 = 1080 kg
Self weight of Lintel (W5) =2.25x0.25x0.15x 2400 = 203 kg
W =1283 kg

Condition-1
Condition-2




Lintel under Load

Wl
Vi L
// | H = 2 tan 60°
y N H<h
/ . \
/ : bearing
ATV T T 7 7 em

Lintel —T

Condition-1




Lintel under Load

-

bearing
(7.5 cm)

L
H = Etan 60°

H>h

A\

)

Lintel —T

L

Condition-2




Lintel Design

Step-3: My,.x = Maximum Bending Moment

For the weight of wall, M; = W61L = 1080:2'25 = 40500 kg.cm

For the weight of Lintel, M, = W82L = 208X225

= 5710 kg.cm

Total moment, M = M; + M, = 40500 + 5710 = 46210 kg.cm




Lintel Design

Step-4: d = Ef fective depth

M _ | 46210 _
d= \/% = /15.5)(25 =10.95 cm

Total depth = 10.95 + 4 =14.95 cm
Let, Clear covering =3 cm

d = 15— 4 [ here total covering = 4 ]
d=11cm

]

d
\4
|_>
|
Total Covering v

Area of Steel

Clear Covering

(Fire proofing)



Lintel Design

Step-5: A; = Area of Steel

M 46210
Ag=——= = 3.45 cm?
fsjd  1400x0.87x11

Find the total number of bars

By using area of bars.

By using 2 -16 mm @ bar

The area is 4.02 cm?> 3.45 cm?
Use 2-16mm @ bar as main batr.

l

2-16 mm @ bar

—

Stirrups



Lintel Design

Step - 6: Check for Shear stress, v

_ VCT' _ 580 — 2
v=-" = -—- =210 kg/cm
Here, V., = V — 22 = g42 - 228311 — 5g( kg
100 2.25%100

But allowable stress of concrete is, v, = 4.23 k g/cm?

v < v, stirrups not required.

So use 10 mm @ bar@ 11 cm c/c as stirrups




Lintel Design

Step-9: Check for Bond stress, u

/A 642
u = — =
Y. 0jd 10.05x.88x11

=6.60 k g/cm? >0=NnD=2x3-14 x 1.6 =10.05

Ugy = 16 k g/cm?

U< Ugy

safe in bond.
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Step-10: Detall drawing

| 25 cm
10 mm bar @ 11 cm c/c 2 - 16 mm hanger bar ) ﬂ
> > o | 15
6 cm
1 11 11 11 10 mm bary @ 11 cm c/c

y 2.25 m -]

2- 16 mm main bar
Long Section X- Section

A
A




Home Work

1) @3 FOR TG AT 120 (A x 210 G | 736 &7 fer5eT [Geriss 39 T2
T GoIg 25 I, &% (RS TIee Gwoel 1.5 G «ge o fNme! -
f=211kg/cm?,f,=1450 k g/cm?, n=9, v,=4.23 k g/cm? , ugy;=16 k g/c m?

2) O3 FCR TR S 210 G x 120 G | Si-ieTR &7 foribe fTeris #7244
T2 T2 25 (I, 28 (3 TICed Ssot 1.5 fibia ¥ w2 fRsees! -

= g/cm?, fo = g/cm? n=10, v .= 4. g/cm?, ug= g/cm
f! =200k g/cm?,f, =1400 k g/c m? 10 4.23 k g/cm? 16 k g/c m?

3) O FOR UFGIR SFF 150 G x 210 Gl | waes ©2F Behe fGeris 1 72
TR &2 25 (AW, 2% (MeTIeR Ot 2 fNbIT W32 o2 fswmet -

f/=211kg/cm?,f, =1450 k g/cm? n=9, v,.=4.23 k g/cm? , uy;=16 k g/c m?
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