Beam Analysis

Load Distribution Diagram

Identify One-Way Slab or Two-Way Slab (to identify the distribution of load from slab to beam).
L,= longer side of slab L= shorter side of the slab
When L,/ Le> 2, it is a one-way slab.

When L,/ Lyi<2 or =2, it is a two-way slab.
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1. Bedroom (D-E1/ 1-3)
L,/ Lx=4.785/ 3.6
=1.329 (two-way slab)

«l3 2. Staircase (D-F/ 3-4)

<3 L,/ Li=5.325/ 1.65

13 =3.227 (one-way slab)
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3. Foyer (B-D1/ 3-5)
L,/ Ly=5.325/ (1.65 + 1.95)
=1.479 (two-way slab)
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Live Load of spaces according to UBBL

e A/VRoom: 1.92kN/m? e Foyer: 2.0 kN/m?

e Balcony: 1.5 kN/m? e Living Room: 2.0 kN/m?

e Bathroom: 2.0 kN/m? Roof: 0.5 kN/m?

e Bedroom: 2.0 kN/m? Stairs: 2.0 kN/m?

e Car porch: 5.0 kN/m? Study Room: 2.0 kN/m?

e Dining Room: 2.0 kN/m? Utility Room: 2.0 kN/m?

e Dressing Room: 2.0 kN/m? Passage: Based on the room passage
e Dry Kitchen: 3.0 kN/m? is leading to.

e Family Room: 1.92 kN/m?



Analysis on beam D1/ 3-4

T T T 1T
BEDROOM

e -
g

F 13 )
0 11 > |+ > » j
g “ |« ) 3 >
(222222, )'=22: 3 N

)

P

©

3300
—
750 |600] 1950 1725

R E R TR T T

Y SR
?

PP PP IIII I IIIIIIIIIIIIY

R
S22 2222

$iid i N N T P O TP T et T T A g,
@ ENJOYER 73 le -+
R A 1be 3|l i
‘_
g [ER ‘ 3||€ 24155 5
« « EdIpE 3¢ -+
+ I —»t a3
b 3|« A
C I= t —b‘_ > - ’
3 “ >(|€ -
INOE= VAN TAN
& 2 « oite 3
2 PevdIeey TLev ey
(E) S FLEEEF TP PATL RIS
P + -»
@F— | :
« >
« >
g ‘ 3
g8 « >
B “ -»
« -
PIIL LI eI d iy
T

700

($))

P {o o 2 | o 1
975 5 .|, 900 | 810 600), 1350 4501, 1500 1050

@ fo

1000 | 825 3960 1650 1950 1950 3875 1000

LOAD DISTRIBUTION DIAGRAM- GROUND FLOOR
(NTS)

1875




FFFT113

> |«
« [«
Tebilt DN |FL LD
TTTrtT111111

BEDROOM

535

ttEt1114
Ivdib i d

TIII T YT LI v

22424414

Tt b e
FTEPE LR TAE 114

LR e

YIS v vv vy

’u:l

Y XY Y R

4

+

 AIREL
FOYER

22222 R TR R

AL ad

R

A dnd

Beam D1/ 3-4 (only loads from foyer is acting on it)

Dead loads acting on beam D1/ 3-4

1. Slab self-weight
= Slab thickness x concrete density
=0.125m x 24kN/m?3
= 3kN/ m?

2. Beam self-weight
= Beam size x concrete density
=(0.15m x 0.5m) x 24kN/m?3
=1.8kN/m

3. Brick wall self-weight
= Wall height x thickness x density
=4.1m x 0.15m x 19kN/m?3
=11.685kN/m

4. Dead load from the slab B-D1/ 3-5
=3kN/m? x (Ly/2) x (2/3)
=3kN/m?x (3.6/2) x (2/3)
=3.6kN/m

5. Total dead load
=1.8+11.685+3.6
=17.085 kN/m

Beam self-weight

Dead load from
slab B-D1/ 3-5

TOTAL

Total Dead Load Diagram

? ?

11.685kN/m |

1.8kN/m

Brick wall self-weighww

| 3.6kN/m |

M

17.085kN/m
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Live loads acting on beam D1/ 3-4

1. Live load on beam D1/ 3-4
= live load from foyer x
(L 2) x (2/3)
= 2kN/m?2x (3.6m/ 2) x (2/3)
=2.4kN/m

2. Totallive load
=2.4kN/m

Ultimate Load
Dead load factor= 1.4
Live load factor= 1.6

1. Ultimate dead load
=17.085kN/m x 1.4
=23.92kN/m

2. Ultimate live load
=2.4kN/mx 1.6
=3.84kN/m

3. Ultimate load
=23.92kN/m + 3.84kN/m
=27.76kN/m

Reaction

Total Live Load Diagram

2.4kN/m

Live load from

slab B-D1/ 3-6 4

| 2.4kN/m ‘

TOTAL PG N

Ultimate Load Diagram

7

23.92kN/m
Ultimate dead load /4'//4' 7
| |
| 3.84kN/m |
Ultimate live load M
| |
| 27.76kN/m |

Ultimate load M

The ultimate load (UDL) is converted into point load before

resolving the reaction forces of the beam D1/ 3-4.

27.76kN/m x 1.65m = 45.8kN

Assuming M= 0,

[45.8kN x (1.65m/ 2)] — (Rp X 1.65m) =0
(45.8kN x 0.825m) — 1.65R, =0
37.785kNm —1.65R,=0
-1.65Rp=-37.785kNm

Ro=37.785kNm/ 1.65m

Rp = 22.9kN

1.65m

D @

45.8kN-R:—Rp =0
45.8kN —22.9kN—-R,=0

R, = 45.8kN — 22.9kN TRa TRb
R, = 22.9kN

Assuming >F=0, | ’ |



v 1.65m e

0 ®

I 27.76kN/m ,
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TRa= 22.9kN TRb= 22.9kN

|
|
|

|
|
|
9.45kNm|— — :
|
|
|

Shear force diagram

At point 3, 22.9kN of R, is acting upwards.

From 3 to 4, there is a UDL of 27.76kN/m acting
downwards, therefore

27.76kN/m x 1.65m = 45.8kN
22.9kN — 45.8kN = -22.9kN

At point 4, another 22.9kN of Ry, acting upwards, making
the beam balance.

Shear force diagram

Bending moment diagram

Bending moment diagram

Positive area — negative area in shear force
diagram

(+ve)

= (1/2) x 22.9 x 0.825
=9.45

(-ve)

= (1/2) x (-22.9) x 0.825
=-9.45



Analysis on beam 3/ D- E1
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Beam 3/ D- E1 (loads from bedroom, staircase and foyer are acting on it)

Total Dead Load Diagram
b 2.85m L, 0.75m

1. Slab self-weight @
= Slab thickness x concrete density
1.8kN/m ;

=0.125m x 24Kn/m3 ;

= 3kN/ m? Beam self-weight
2. Beam self-weight l

= Beam size x concrete density | | |
=(0.15m x 0.5m) x 24kN/m?3 ! 11885 | !
= 1.8kN/m Brick wall self-weigh

3. Brick wall self-weight | |
= Wall height x thickness x density |

Dead loads acting on beam 3/ D- E1

=4.1m x 0.15m x 19kN/m?3 T T | 3.6kN/m | |

= 11.685kN/m slab D- E1/1-3
4. Dead load from the slab D-E1/ 1-3 |

= 3kN/m? x (Ly/2) x (2/3) | | |

= 3kN/m” x (3.6/2) x (2/3) Bslicadlia 2.48KN/m !

=3.6kN/m slab D1- F/ 34 I

5. Dead load from the slab D1- F/ 3-4 |
= 3kN/m?x (Ly/2) | | |

=3kN/m?x (1.65/2) | 5.4kN/m
Dead load from by 3 3
=2.48kN/m slab B-D1/ 3-5 P i N
6. Dead load from the slab B- D1/ 3-5
= 3KN/m?x (Ly/2) | I |
=3kN/m?x (3.6/2)

=5.4kN/m TOTAL




Live loads acting on beam 3/ D- E1

1. Live load from slab D-E1/ 1-3
= live load of bedroom x (Ly/ 2) x (2/3)
=2kN/m?x (3.6m/ 2) x (2/3)
=2.4kN/m

2. Live load from slab D1-F/ 3-4
= live load of staircase x (Ly/ 2)
=2kN/m?x (1.65m/ 2)
=1.65kN/m

3. Live load from slab B- D1/ 3-5
= live load of foyer x (Ly/ 2)
=2kN/m?x (3.6m/ 2)
=3.6kN/m

Ultimate Load
Dead load factor= 1.4
Live load factor= 1.6

1. Ultimate dead load at D1- E1
=19.57kN/m x 1.4
=27.4kN/m
Ultimate dead load at D- D1
=22.49kN/mx 1.4
=31.49kN/m

2. Ultimate live load at D1- E1
=4.05kN/m x 1.6
= 6.48kN/m

Ultimate live load at D- D1
=6kN/mx 1.6
=9.6kN/m

3. Ultimate load at D1- E1
=27.4kN/m + 6.48kN/m
=33.88kN/m
Ultimate load at D- D1
=31.49kN/m + 9.6kN/m
=41.09kN/m

Total Live Load Diagram

2.85m L, 0.75m

<$
: | 24KN/m | |
Live load fromslab  —— 2o r oo oo
D-E1/1-3 A /|V ZB
l | |
l | |
o g | 1.65kN/m | |
Ive loa rom sila
=iy ¢¢++¢¢+¢+¢¢+¢¢%
| | |
l | |
| | 3.6kN/m|
Live load from slab !y e i
B-D1/ 3-5 & ;
| 4
l | |
| | |
| 4.05N/m BkN/m
I o o e e
TOTAL P
|
|
|
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Ultimate Load Diagram
2.85m , 0.75m

1 .49kN€/E’?
1111

— (@

; 27.4kN/m
Ultimate dead load e B e e e e
2%
|
| | |
| | |
: , I 6.48kN/m g%%f%fEJ
Ultimate live load L“‘*****JNN-J'J,J, j/
I
o ,
| | |
| 33.88kN/m | 41.09kN/fn
; |
Ultimate load ‘J"*J"J"‘J'J'“"“)V

%S |
| |
| |
| |
| |



Reaction 5 2.85m L 0.75m
The ultimate load (UDL) is converted into point é} @ éDD
load before resolving the reaction forces of the 299 0kN
beam 3/ D- E1. \ : l

; . 41.09kN/M
Ultimate load at D1- E1 Ulfimeie iosad gt gt e e o e gt ot g e
=33.88kN/m x 2.85m = 96.56kN i
Ultimate load at D- D1 \ : l
=41.09kN/m x 0.75m = 30.82kN } | }
Reaction force, R, of beam D1/ 3-4 acting on this A&I’ ‘ 0'37| m
beam is taken as the point load which is 22.9kN. | Seam g |

| 22.9kN |
96.56kN 30.82kN

Reaction

Assuming M=0,

(96.56kN x 1.425m) + (22.9kN x 2.85m) + (30.82kN x 3.225m) — (Ry X 3.6m) =0
137.598kNm + 65.265kNm + 99.39kNm —3.6R, =0

302.253kNm — 3.6R,=0

-3.6Rp=-302.253kNm

Rp=302.253kNm/ 3.6m

Ry = 83.96kN

Assuming SF=0,

96.56kN + 22.9kN + 30.82kN — R, —Rp, =0
150.28kN —83.96kN - R, =0
Ra=66.32kN



i 2.85m , 0.75m

© © ©

| 22.9kN |

| 33.88kN/m 41.09kN/m

Load diagram

L L LSS LT LTI L L LT L LTI T TR LTI T

TRa= 66.32kN TRb= 83.96kN

(x/ 2.85) = [30.24/
(30.24 + 66.32)]

66.32kN

(+)
N2

-83.96kN

65kNm|— _— — |

Shear force diagram
At point E1, 66.32kN of R, is acting upwards.

From E1 to D1, there is a UDL of 33.88kN/m acting downwards, therefore
33.88kN/m x 2.85m = 96.558kN
66.32kN — 96.558kN = -30.24kN

At point D1, there is a point load of 22.9kN (R, of beam D1/ 3-4) acting
downwards, therefore

-30.24kN — 22.9kN = -53.14kN

From D1 to D, there is a UDL of 41.09kN/m acting downwards, therefore
41.09kN/m x 0.75m = 30.8175kN

-53.14kN — 30.8175kN = -83.96kN

Which is then resolved by Ry, of 83.96kN that is acting upwards.

Shear force diagram

(x/ 2.85) =0.31317
X=0.31317x 2.85
X=0.89

Bending moment diagram

Bending moment diagram

Positive area — negative area in
shear force diagram

(+ve)

=(1/2) x 66.32 x (2.85 —0.89)
=(1/2) x66.32 x 1.96

=64.99 = 65

(-ve)

=[(1/2) x -30.24 x 0.89] + [(1/2) x
[(-53.14) + (-83.96)] x 0.75]
=-13.46 +51.41

=-64.87 = -65



Load Distribution Diagram

Identify One-Way Slab or Two-Way Slab (to identify the distribution of load from slab to beam).
L,= longer side of slab L= shorter side of the slab
When L,/ Le> 2, it is a one-way slab.

When L,/ Ly<2 or =2, it is a two-way slab.

]

- 1. Staircase (D-E1/ 1-2A) > \L’V/a[dmbe 1(C-D/ 2C-4A)
- v/ Lx

A L/ b =3.06/ 2.55

CA| =3.7/18 = 1.2 (two-way slab)

= 2.1 (one-way slab)

IT‘H“I‘

2. Family (D-E1/ 2A-4)
L/ Lx
=4.635/3.6
=1.2875 (two-way slab)

6. Wardrobe 2 (B-C/ 2C-4)
L/ Lx
=2.46/ 2.025
=1.215 (two-way slab)

3. Master Bedroom (B-D/ 1-2C)
L/ L
=4.575/3.975
=1.15 (two-way slab)

Live Load of spaces according to UBBL

e A/V Room: 1.92kN/m e Foyer: 2.0kN/m

e Balcony: 1.5kN/m e Living Room: 2.0kN/m

e Bathroom: 2.0 kN/m e Roof: 0.5kN/m

e Bedroom: 2.0 kN/m e Stairs: 2.0kN/m

e Car porch: 5.0kN/m e Study Room: 2.0kN/m

e Dining Room: 2.0 kN/m e  Utility Room: 2.0kN/m

e Dressing Room: 2.0kN/m e Passage: Based on the room passage
e Dry Kitchen: 3.0 kN/m is leading to.

e Family Room: 1.92kN/m



Analysis on beam C/ 2C-4

1000

2025

1725

© O

1950

J10

©

® ©

3 I
g
2
g Ie
I
8
(:Egi:} =
g 8

700

il s e
R T T Nl R TS
_’
_’
2 X3 n
b SMIETXIITT T Y Yy T
€ FAMILY i 7
TARJE 3 3
ASE -l « | PR aY |y N
B 35 FIFTTTTT77 |[RAT1 71777
« > ¢ The
FFyEeRER S | T ¢ | Mo
|
R PR NS S (b 3|3
« \_MASTER /"3 B WARDROBE ¥ |¢ Y ||+ \/ ||« +|[¢]
i DRO i 8 [ | |+ 3 [ | [«]
b iq oo e | |+ » | € | [«
+ S0 S |¢ | |+ -» il | ¢|
& iq 422222 Q| %4 Lot R ST D[
bil M R
b 3 EOMRDR SNV s+
« »
« 2 2 i -
Lesieidd IR 4 | 2RI | VA
TFr111777111147

A N Y A x

TP AT I R R T AT AT

FTFIII33343333343433 44

o

975

13

900 | 810

825

3960

1650

600f, 1350

@)

1950

1950

3875

ONORONO)

LOAD DISTRIBUTION DIAGRA- FIRST FLOOR

(NTS)




=
o
™

LR &7 b

1111111114

Beam C/ 2C- 4 (loads from wardrobe 1 and wardrobe 2 are acting on it)

Dead loads acting on beam C/ 2C-4

1.

Slab self-weight

= Slab thickness x concrete density
=0.125m x 24Kn/m3

= 3kN/ m?

Beam self-weight

= Beam size x concrete density
=(0.15m x 0.6m) x 24kN/m?
=2.16kN/m

Dead load from the slab B- C/ 2C-4
= 3kN/m? x (Ly/2)

= 3kN/m? x (2.025/2)

=3.0375kN/m

Dead load from the slab C- D/ 2C-4A
= 3kN/m?x (L«/2)

=3kN/m?x (2.55/2)

=3.825kN/m

Total dead load

=2.16kN/m + 3.0375kN/m + 3.825kN/m
=9.02kN/m

Beam self-weight

Dead load from
slab B-C/ 2C-4

Dead load from
slab C-Df 2C-4A

TOTAL

Total Dead Load Diagram

.|

2.16kN/m

9.02kN/m

2 R




Live loads acting on beam C/ 2C-4

1.

Live load from slab B- C/ 2C-4
= live load of wardrobe x (L./ 2)
= 2kN/m?x (2.025m/ 2)
=2.025kN/m

Live load from slab C- D/ 2C-4A
= live load of wardrobe x (L./ 2)
= 2kN/m?x (2.55m/ 2)
=2.55kN/m

Total live load

=2.025kN/m + 2.55kN/m
=4.58kN/m

Ultimate Load

Dead load factor=1.4

Live load factor=1.6

1.

Ultimate dead load
=9.02kN/m x 1.4
=12.63kN/m

Ultimate live load
=4.58kN/m x 1.6
=7.33kN/m

Ultimate load
=12.63kN/m + 7.33kN/m
=19.96kN/m

Total Live Load Diagram

¢ P

2.025kN/m
Live load from /.
slab B-C/ 2C-4
| 2.55kN/m |
Live load from M
slab C-Df 2C-4A | |
| 4.58kN/m |

TOTAL M

Ultimate Load Diagram

@P 12.63kN/m @
Ultimate dead load W

| 7.33kN/m |

A
| |

| 19.96kN/m |

| |

Ultimate live load

Ultimate load



Reaction

The ultimate load (UDL) is converted into point
load before resolving the reaction forces of the
beam C/ 2C- 4.

Ultimate load
=19.96kN/m x 2.46m = 49.10kN

Ultimate load

Assuming SM=0,

(49.1kN x 1.23m) — (Rp x 2.46m) =0

60.393kNm —2.46R, =0

-2.46R, = -60.393kNm

Ro=60.393kNm/ 2.46m

Rp = 24.55kN Reaction

Assuming >F=0,
49.1kN—-R;—Rp =0
49.1kN —24.55kN-R, =0
Ra=24.55kN

" 2.46m B

2.46m L

Shear force diagram 1

At point 2C, 24.55kN of R, is acting upwards. @P

From 2C to 4, there is a UDL of 19.96kN/m acting
downwards, therefore |

19.96kN/m |

Load diagram

19.96kN/m x 2.46m = 49.1016kN M

24.55kN —49.1016N = -24.55kN

At point 4, another 24.55kN of Ry, acting upwards,

thus making the beam balance.
24.55kN p

Bending moment diagram

Positive area — negative area in shear force diagram

(+ve)

=(1/2) x 24.55 x (2.46/2)

= (1/2) x 24.55 x 1.23
=15.1

(-ve)

=(1/2) x (-24.55) x (2.46/2)
=(1/2) x (-24.55) x 1.23

TRa= 24.55kN TRb= 24.55kN

Shear force diagram

1-24.55kN

=-15.1

Bending moment diagram



Analysis on beam 2C/ B-D
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Beam 2C/ B- D (loads from wardrobe 1, wardrobe 2 and master bedroom are acting on it)

Dead loads acting on beam 2C/ B-D

1.

Slab self-weight

= Slab thickness x concrete density
=0.125m x 24Kn/m3

= 3kN/ m?

Beam self-weight

= Beam size x concrete density
=(0.15m x 0.6m) x 24kN/m?3

= 2.16kN/m

Brick wall self-weight

= Wall height x thickness x density
=3.3m x 0.15m x 19kN/m3
=9.405kN/m

Dead load from the slab B- C/ 2C-4
= 3kN/m? x (Ly/2) x (2/3)

=3kN/m? x (2.025/2) x (2/3)
=2.025kN/m

Dead load from the slab C- D/ 2C-4A
= 3kN/m?x (L«/2) x (2/3)
=3kN/m?x (2.55/2) x (2/3)
=2.55kN/m

Dead load from the slab B- D/ 1-2C
= 3kN/m?x (L«/2)

=3kN/m?x (3.975/2)

=5.96kN/m

Beam self-weight

Total Dead Load Diagram

i 2.55m L 2.025m

O D

yyrew v vewey
LLLLIL L 2L L7272 777

| 9.405kN/m ! |

I 1
Brick wall self-weight p777777777777777777777772777277072727777777)
ZIN ZIN

Dead load from
slab B-C/ 2C-4

Dead load from
slab C-D/ 2C4A

Dead load from
slab B-D/ 1-2C

TOTAL

| | I
| | 2.025kN/m |

TETFEX
777777 7777777777777777777777780 20 227072727 72,
£\
]
rxdrssserererl
LLLLLLLLLLLLL LT LT

| 5.96kN/m | |

L 1
YL LLLLLLL L LLLL L L LN T LT )
/1IN /1IN

| 20.075kN/m | 19.55kN/m |
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Live loads acting on beam 2C/ B-D

1.

Live load from slab B- C/ 2C-4

= live load of wardrobe 2 x (L./ 2) x (2/3)
=2kN/m?x (2.025m/ 2) x (2/3)
=1.35kN/m

Live load from slab C- D/ 2C-4A

= live load of wardrobe 1 x (L«/ 2) x (2/3)
=2kN/m?x (2.55m/ 2) x (2/3)
=1.7kN/m

Live load from slab B- D/ 1-2C

= live load of master bedroom x (Ly/ 2)
=2kN/m?x (3.975m/ 2)

=3.975kN/m

Ultimate Load

Dead load factor= 1.4

Live load factor=1.6

1.

Ultimate dead load at B- C
=19.55kN/m x 1.4
=27.37kN/m

Ultimate dead load at C- D
=20.075kN/m x 1.4
=28.105kN/m

Ultimate live load at B- C
=5.325kN/m x 1.6

= 8.52kN/m

Ultimate live load at C- D
=5.675kN/m x 1.6
=9.08kN/m

Ultimate load at B- C
=27.37kN/m + 8.52kN/m
=35.89kN/m

Ultimate load at C- D
=28.105kN/m + 9.08kN/m
=37.19kN/m

Live load from
slab B-C/ 2C4

Live load from
slab C-D/ 2C4A

Live load from
slab B-D/ 1-2C

TOTAL

Ultimate dead load

Ultimate live load

Ultimate load

Total Live Load Diagram

" 2.55m , 2.025m

&

| | 1.35kN/m |

S+ % 3+ 3
[ L A A i i i A
AN | N\

I 1.7kN/m ! |
|

v v JHLJ.J-&}
72777, 7727, 777777

| 3.975kN/m) |
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Ultimate Load Diagram
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Reaction
The ultimate load (UDL) is converted into point load before resolving the reaction forces of the beam 2C/ B- D.

Ultimate load at B- C
=35.89kN/m x 2.025m = 72.68kN
Ultimate load at C- D
=37.19kN/m x 2.55m = 94.83kN

Reaction force, R, of beam C/ 2C-4 acting on this beam is taken as the point load which is 24.55kN.

| 2.55m 2.025m
® ©
\ | \
| | |
\ 24.55kN \
| |
| 37.19kN/m |
35.89kN/m
Llllllii lllilLW
S : A
| |
| | |
1.275m ot gt 1.0125m
| | 24.55kN | \
| |
} 94.83kN 72.68kN }
| |
| |
|7 y / 2
P | 7Y

TRa | TRb

Assuming SM=0,

(94.83kN x 1.275m) + (24.55kN x 2.55m) + (72.68kN x 3.5625m) — (R, X 4.575m) =0
120.91kNm + 65.60kNm + 258.92kNm — 4.575R, =0

442.43kNm —4.575R,=0

-4.575R, = -442.43kNm

Ro=442.43kNm/ 4.575m

R =96.71kN

Assuming SF=0,

94.83kN + 24.55kN + 72.68kN —R,— R, =0
192.06kN —96.71kN-R,=0

Ra =95.35kN



2.55m ., 2.025m

® ®
| |
| 24.55kN |
| |

37.19kN/m 35.89kN/m

jprasmssesessicen s
S

TRa= 95.35kN

|
|
|
95.35kN |
|
|

(+) 0.52kN
0

-24kN

1222kNm— — — — — —

Shear force diagram
At point D, 95.35kN of R, is acting upwards.

From D to C, there is a UDL of 37.19kN/m acting downwards, therefore
37.19kN/m x 2.55m = 94.8345kN
95.35kN — 94.8345kN = 0.52kN

At point C, there is a point load of 24.55kN (R, of beam C/ 2C-4) acting
downwards, therefore

0.52kN —24.55kN = -24kN

From C to B, there is a UDL of 35.89kN/m acting downwards, therefore
35.89kN/m x 2.025m = 76.677kN

-24kN — 76.677kN = -96.68kN = -96.7kN

Which is then resolved by Ry, of 96.71kN that is acting upwards.

| -96.7kN

Load diagram

TRb= 96.71kN

Shear force diagram

Bending moment diagram

Bending moment diagram

Positive area — negative area in
shear force diagram

(+ve)

=(1/2) x (95.35 + 0.52) x 2.55

= (1/2) x 95.87 x 2.55
=122.23=122.2

(-ve)

=(1/2) x [(-24) + (-96.7)] x 2.025
= (1/2) x 120.7 x 2.025
=122.21=-122.2



Analysis on beam 2A/ D-E1
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Beam 2A/ D- E1 (loads from staircase and family room are acting on it).

Dead loads acting on beam 2A/ D- E1

1.

Slab self-weight

= Slab thickness x concrete density
=0.125m x 24Kn/m3

= 3kN/ m?

Beam self-weight

= Beam size x concrete density
=(0.15m x 0.6m) x 24kN/m?3
=2.16kN/m

Brick wall self-weight

= Wall height x thickness x density
=3.3m x 0.15m x 19kN/m3
=9.405kN/m

Dead load from the slab D- E1/ 1-2A
= 3kN/m? x (Lx/2)

=3kN/m?x (1.8/2)

=2.7kN/m

Dead load from the slab D- E1/ 2A-4
= 3kN/m?x (L«/2) x (2/3)

=3kN/m?x (3.6/2) x (2/3)
=3.6kN/m

Total dead load

=2.16kN/m + 9.405kN/m + 2.7kN/m
+3.6kN/m

=17.865kN/m

Beam self-weight

Brick wall
self-weight

Dead load from
slab D-E1/ 1-2A

Dead load from
slab D-E1/ 2A-4

TOTAL

Total Dead Load Diagram

L 3.6m y

| 17.865kN/m |




Live loads acting on beam 2A/ D- E1

1.

Live load from slab D- E1/ 1-2A
= live load of staircase x (L/ 2)
=2kN/m?x (1.8m/ 2)
=1.8kN/m

Live load from slab D- E1/ 2A-4
= live load of family room x (L«/ 2) x
(2/3)

= 1.92kN/m?2x (3.6m/ 2) x (2/3)
= 2.304kN/m

Total live load

= 1.8kN/m + 2.304kN/m
=4.104kN/m

Ultimate Load

Dead load factor=1.4

Live load factor= 1.6

4.

Ultimate dead load
=17.865kN/m x 1.4
=25.01kN/m

Ultimate live load
=4.104kN/m x 1.6
=6.57kN/m

Ultimate load

= 25.01kN/m + 6.57kN/m
=31.58kN/m

Total Live Load Diagram

L 3.6m v
1 1
@ 1.8kN/m @

Live load from B e

slab D-E1/ 1-2A

| 2.304kN/m |
Live load from ﬁ i
slab D-E1/ 2A-4 | |

| 4.104kN/m |

TOTAL % $

Ultimate Load Diagram

L 3.6m v
1 1
25.01kN/m
Ultimate dead load M
| 6.57kN/m I

Ultimate live load TS =

| 31.58kN/m I

Utimateload  p2p2 i it




Reaction

3.6m L

The ultimate load (UDL) is converted into point x|
load before resolving the reaction forces of the :

beam 2A/ D- E1.

Ultimate load
=31.58kN/m x 3.6m = 113.69kN

Assuming SM=0,

(113.69kN x 1.8m) — (Rp x 3.6m) =0

204.64kNm —3.6R, =0
-3.6R, = -204.64kNm
Ro=204.64kNm/ 3.6m
Ry = 56.85kN

Assuming SF=0,
113.69kN—-R,—R, =0
113.69kN —56.85kN —R, =0
Ra =56.84kN

Shear force diagram

At point E1, 56.84kN of R, is acting
upwards.

From E1 to D, there is a UDL of
31.58kN/m acting downwards, therefore

31.58kN/m x 3.6m = 113.688kN
56.84kN — 113.688N = -56.848kN

At point D, another 56.85kN of Ry, acting
upwards,

thus making the beam balance.

Bending moment diagram

Positive area — negative area in shear
force diagram

(+ve)

=(1/2) x 56.84 x (3.6/2)
=(1/2)x56.84 x 1.8
=51.156 = 51.2

(-ve)

= (1/2) x (-56.85) x (3.6/2)
=(1/2) x (-56.85) x 1.8
=-51.165=-51.2

56.84kN

51.2kNm

Ultimate load

Reaction

| 31.58kN/m |

Piiii il il

TRa= 56.84kN

2

113|69KN |

Load diagram

TRb= 56.85kN

Shear force diagram

1 -56.85kN

Bending moment diagram



Analysis on beam D/ 1-3
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Beam D/ 1-3 (loads from wardrobe 1, family room and master bedroom are acting on it)

Dead loads acting on beam D/ 1-3

1.

Slab self-weight

= Slab thickness x concrete density
=0.125m x 24Kn/m3

= 3kN/ m?

Beam self-weight

= Beam size x concrete density
=(0.15m x 0.6m) x 24kN/m?3

= 2.16kN/m

Brick wall self-weight

= Wall height x thickness x density
=3.3m x 0.15m x 19kN/m3
=9.405kN/m

Dead load from the slab D- E1/ 2A-4
= 3kN/m? x (Lx/2)

=3kN/m?x (3.6/2)

=5.4kN/m

Dead load from the slab B- D/ 1-2C
= 3kN/m?x (L«/2) x (2/3)
=3kN/m?x (3.975/2) x (2/3)
=3.975kN/m

Dead load from the slab C- D/ 2C-4A
= 3kN/m?x (L«/2)

=3kN/m?x (2.55/2)

=3.825kN/m

Beam self-weight

Total Dead Load Diagram

1.8m , 2175m__ ,081m

O ® & ©

| 2.16kN/m

|
| | | |

| | 9.405kN/m |

Brick wall self-weigh
I\ I\

Dead load from
slab D-E1/2A-4

Dead load from
slab B-D/ 1-2C

Dead load from
slab C-D/ 2C-4A

TOTAL

| | | |
| | 5.4kN/m |

7777777777777 70727 20 202070727 27 270727 27 7
N\ | N\

|
| 3.4175kNIm ’ |

|

/"/i'//*//‘;/‘;};i’*;)};#/}'}//‘; ‘b/‘/*‘y 77777777
| | |

| ’ 3.825kN/
b S ¥ S
7777777777777 3777777 7777777777770 7 7777777
ZIN /N

| | I |

20.94kN/m

15.54kN/m E% 20.79kN/m

| | l |




Live loads acting on beam D/ 1-3 Total Live Load Diagram

1. Live load from slab D- E1/ 2A-4
1.8m y, 2175m , 0.81m v

= live load of family room x (L./ 2) ¥
= 1.92kN/m?x (3.6m/ 2) é) (28 <3>
2 :'3'4|6k|:/fm lab B- D/ 1-2C ey | e
) IV.e oadtrom sfab b- ) slab D-E1/2A4 [7772777777777770727 2070707 7 7
= live load of master bedroom x (L«/ 2) x (2/3) AN | |
=2kN/m?x (3.975m/ 2) x (2/3) | | |
=2.65kN/m - | 2.64kN/m |

3. Live load from slab C- D/ 2C-4A slab B-D/ 1-2C
= live load of wardrobe 1 x (L./ 2) N AN

= 2kN/m?x (2.55m/ 2) | | I |

= 2.55kN/m , | 2.55kN/m
Live load from g
slab C-DI 20.4A ‘;II/IIIIII/IIIIA VISSSSSSSSSSSS LY, flllllllllllﬁL

| 265kNm | f’ﬁ””]" Ii 6.01kN/m }
0 O 0 L I 1

Ultimate Load
Dead load factor= 1.4

Live load factor=1.6

Ultimate Load Diagram
1. Ultimate dead load at 1- 2A

=15.54kN/m x 1.4
1.8m y 2475m , 0.81m i

=21.76kN/m i

Ultimate dead load at 2A- 2C @ é\) é@ é)
=20.94kN/m x 1.4 31, 75K e | o 4 1kRm

_ Ultimate dead load - ||||||]||||'
- 2932kN/m el W///T /SIS, ///I LS /A

Ultimate dead load at 2C- 3
=20.79kN/m x 1.4 | I |
9.78kN/m 9.62kN/m

= 29.11kN/m Ultimate live load 4.24Kten
2. Ultimate live load at 1- 2A M%
=2.65kN/m x 1.6

=4.24kN/m | | | I
39.1kN/

Ultimate live load at 2A- 2C | 26kN/m M| 38.73kN/m

=6.11kN/m x 1.6 Ultimate load

=9.78kN/m | | | |

Ultimate live load at 2C- 3

=6.01kN/m x 1.6 | | | |

= 9.62kN/m | | | '
3. Ultimate load at 1- 2A

=21.76kN/m + 4.24kN/m

=26kN/m

Ultimate load at 2A- 2C

=29.32kN/m + 9.78kN/m

=39.1kN/m

Ultimate load at 2C- 3

=29.11kN/m + 9.62kN/m

=38.73kN/m



Reaction

The ultimate load (UDL) is converted
into point load before resolving the
reaction forces of the beam D/1-3.

Ultimate load at 1- 2A

= 26kN/m x 1.8m = 46.8kN
Ultimate load at 2A- 2C
=39.1kN/m x 2.175m = 85.04kN
Ultimate load at 2C- 3
=38.73kN/m x 0.81m = 31.37kN

Reaction force, R, of beam 2A/D- E1
acting on this beam is taken as the
point load which is 56.85kN, and also
reaction force, R, of beam 2C/B- D
which is 95.35kN.

Assuming SM=0,

Ultimate load

Reaction

18m , 2175m ,08Im

| |

| |
56.85kN 95.35kN |
|

39.1kN/m
26kN/m 38.73kN/m

:

(Point oad from (Point load from
| beam 2A/D-E1)  beam 2C/B-D)

56.85kN 95.35kN
I {IG.SkN 85.04kN 31 .37'TN

(46.8kN x 0.9m) + (56.85kN x 1.8m) + (85.04kN x 2.8875m) + (95.35kN x 3.975m) + (31.37kN x 4.38m) — (Rp x

4.785m) =0

42.12kNm + 102.33kNm + 245.553kNm + 379.02kNm + 137.40kNm—4.785R, = 0

906.423kNm — 4.785Rp,=0
-4.785Rp=-906.423kNm
Ry =906.423kNm/ 4.785m
Rp = 189.43kN

Assuming >F=0,

46.8kN +56.85kN + 85.04kN + 95.35kN + 31.37kN—R,— Ry =0

315.41kN — 189.43kN—-R, =0
Ra=125.98kN



L 1.8m 3 2.175m L 0.81m L

BRE

56.85kN 95.35kN

39.1kN/m
26kN/m 38.73kN/m|

Load diagram

Rb= 189.43kN

Shear force diagram

T4

()

-189.43kN

191kNm

Bending moment diagram

0

Bending moment diagram

Positive area — negative area in shear force diagram

(+ve)

=[(1/2) x (125.98 + 79.18) x 1.8] + [(1/2) x 0.57 x 22.33]

=184.644 + 6.36

=191.04 =191

(-ve)

= [(1/2) x (-62.71) x (2.175 = 0.57)] + [(1/2) x (158.06 + 189.43) x 0.81]
=50.32 +140.73

=191.05= 191

Shear force diagram

At point 1, 125.98kN of R, is
acting upwards.

From 1 to 2A, there is a UDL of
26kN/m acting downwards,
therefore

26kN/m x 1.8m = 46.8kN
125.98kN — 46.8kN = 79.18kN

At point 2A, there is a point load
of 56.85kN (Rp, of beam 2A/D-
E1) acting downwards,
therefore

79.18kN — 56.85kN = 22.33kN

From 2A to 2C, there is a UDL of
39.1kN/m acting downwards,
therefore

39.1kN/m x 2.175m =
85.0425kN

22.33kN — 85.0425kN =
-62.7125kN

At point 2C, there is another
point load of 95.35kN (R, of
beam 2C/ B- D) acting
downwards, therefore,
-62.71kN — 95.35kN = -158.0625

From 2C to 3, there is a UDL of
38.73kN/m acting downwards,
therefore

38.73kN/m x 0.81m = 31.3713
-158.0625 - 31.3713 =-189.43

Which is then resolved by Ry, of
189.43kN that is acting
upwards.



