Structural Engineering

Problem-1: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam. [BWDB —
2020]

20 kN
10 kN/m
A CIIIIIIII D
A Sm M 5m /% S5m
30 kN-m
Solution:
20 kN
10 kN/m
A 'LB CITTTTTT D
A 5m % 5m /% Sm
| 30 kN-m I
R, =5.5kN Rc=75.5kN
, 50 kN |
OkN | ' OkN
" 20.5kN |
- SFD
, 2.5kN-m
OkN-mi 0 kN-m
27.5kN-m 125 kN-rfh
|
z MA =0

=>20x5+30+5x10x125-R:x10=0
=> R = 18.25 kN.

> F,=0

=>Ry +Rc-20-50=0

=> R, =5.5kN.

Problem-2: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam. [EED —
2020]

20K SK

\ T
Au’ B 8 & &

Solution:
20K 5K
|
% 12’ B 8’ ,(é 5 b
Rp= 6.175 K Rc= ]8.25 K
6.75K SK

2My=0
=>20x12+5x25-Rcx20=0
=> R. = 18.25 K.

> F,=0

=>Rp +R¢-20-5=0

=>R, =25-18.25=6.75 K.
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Problem-3: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

12 K/ft.

Solution:

12 K/ft.

A
 JC

I
Ry=48K Rg=48K

- 0'4'2_.3055

48K |
0K |

0K
48K

SFD

| 256 K-ft.

0 K-ft. | 0 K-

BI\:/[D
Y M,=0
=>05x16x12x8-Rgx16=0
=>Rp =48 kN.
> F,=0
=>Ry +Rg-96=0
=>R, =48 kN.

Problem-4: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

10K 10K

AI | . u“f“i’m,,
7

5B 5 20’

Solution:

I0K 10K
| I [TTTITT
TSR 20’ ,%D

I I

Rc=475K Rp=125K

275K

" oct |
625"

13.75' | 125K

20K

Y Mp=0

=>-10x10-10x5+2x 20 X 10 - Rp X 20
= 0.

=>Rp = 105K

Y F,=0

=> R, =47.5K.



Problem-5: Find the SFD (Shear Force Problem-6: Find the SFD (Shear Force

Diagram) & BMD (Bending Moment Diagram) & BMD (Bending Moment
Diagram) of the following beam. Diagram) of the following beam.
2K 15 K-ft.
LKA 4 K/t
N e e e b 2
] 3/ Y /%
4.’ 2!
: Solution:
Solution:
4 K/ft. 15 K-ft.
1 K/ft 25 A[IIIIIl B C@ D
AT T T T T e 3 v =S
4! 2!’ /% I l
! | Rg=123K Rp=03K
Ry =3.67K Rp=4.33K
367K, .
033" 14K
0K ! ~—y 0K
' | 12K
14.33)1( | SFD

0 K-fi.

0 K-ft.

b |

>Mg=0

2My=0 =>-4x3x15+15-Rpx10=0

=>1x6x3+2x4-Rgx6=0

=>Rp=-03K
=>R; =4.33K S =0
,=
F,=0
2 Fy => Ry = 12.3K.

=>R, =3.67K



Problem-7: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

50K 25K
Adbilldl B C
25  15¢7 1’/97 2/
Solution:
50K 25K
10 K/t 200Kﬂ l
AT B c
2.5' 1.5'%1',1,'; 2/
| I
R,=21.25K Rg=121.25K

25K |

0K
2125K
0 K-ft. 0 K-,
50 K-ft.
153.75 K-ft, §

2 My=0

=>10x25x1.25+200+50x4+25x7 -
Rgx5=0

=>Rp = 120K
Y F,=0
=>R, =21.25K.

Problem-8: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6 K/1t. 2K/ft. 6K
A e 9
4 5 C2 D2 /Q,
Solution:
6 K/ft. 2K/Mft. 6K

RIS

4 5 C 2'D z'/g)’
I I
Rp=24.11K Rg=3.89K

12.11K

> Mg=0
=>-05X4X6XZX4+2X5X25+6X7
-Rgx9=0

=> Ry = 3.89 K

Y F,=0

=>R, = 24.11 K.



Problem-9: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

10K
o]

A 1 C
B
Solution:

10K
20 K-ft.
A C
/ﬁ 5 «B 5 /5
! |
RA:3K RC=7K
sk
‘ 7K
| SFD |
'35 K-ft.
i 15 K-ft. ‘
OK—ft.i | 0 K-ft.
| ‘
Y Mg =0

=> Mg =10 x 2 = 20 k-ft. [Clockwise]
2My=0
=>20+10x5-Rcx10=0

=> Rc=7K

> F,=0

=>Rp =3 K.

Problem-10: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6K

S K/A.
6Kih-4
A s[IT[]T]] c

Y-

Solution:

0K-ft.

2My=0
=>6+6X6+5x5x135-Rgx11=0
=> Ry = 345K

S F,=0

=>R, =35K.



Problem-11: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

10K 10K
2 k/tt.

A A 4 A A A B
A s R
Solution:

10K 10K
2 k/ft.

5K 15K

SFD

81.25 K-fi.

BMD

2My=0

=>10x5+2x5x75+10x10-Rg x15
=0

=>Rp = 15K
> F,=0
=>R, = 15 kN.

Problem-12: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam. [RPP-2019]

6 k/ft.
B
A C
, S
Solution:
w k/ft.
6 k/ft.
"-.\\
X
A H\[\]\xB C
& -
[ o !
Ry=15K R¢=3K
15K | 1 : :
| 2.45"
A——

| | SFD |
3X8.45+0.5x 2455 245X 5 X 2.45 |
i = 22.89 K-f ‘

- i K-,
0 K-ft. 1 | 0 K-t

> Mp=0
:>05x6x6x§x6-ch12:o
=>R;=3K

6_ w

6 (6-x)

=>w = (6-X)
Vy=15-~.[6+ (6-X)] X

12 x — x?2

=>0=15-

=>x =3.55’



Problem-13: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

3k 2k
1A \ lc
) 10’ B 10’
Solution:
3k 2k
e |
70 K-ft. 3 - o T C
!
Ry=5K
K| % 2K
OK¥OK
| SFD !
0 KA. : EOK—ﬁ_
70 K-t
2 My =0
=>M, =3 x 10+ 2 x 20 = 70 k-ft.
> F,=0

=>R,=3K+2K=5K

Problem-14: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6 k/ft. 0k
0]
C !
A : D
& B2 4+ %
Solution:

6 k/ft. 9k

I\I\I\I\l\!\\\ 1T
A L T
A 6’ B 2 4’ /%

I I

Rp=34.17K

76.98 K-ft.
72

0 K-fi.

2My=0

:>o.5x6x6x§x6+9x6+8x4x10-
Rpx12=0

=>Rp = 34.17 K
Y F, =0
=>R, = 24.83 K.



Problem-15: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment

Diagram) of the following beam.

A

o o
Solution:
12 K/AR.
Rc=204.45K Rp=3.55K
104.45K ! L ‘
L  68.45 K
0K ! : 0K
; '3.55K
100K |
P SFD
-3.55x12+0.5x 12 x
L 2x5x12= 2454 K-At.
0 K-fi, —— ’ - 0 K-,
' 7300 K-ft. | ‘
2 Mc=0

=>-100x8+o.5x6x12x§x6+o.5x12

X12x (6+5x12)-Rp x18=0
=>Rp = 3.55 K

> F,=0

=> R = 204.45 K.

Problem-16: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

101b
1 1b/ft. 1 Ib/At.
4 JHHTIB e o[ITTTT &
5 25 25 5 A
Solution:
101b
1 1b/ft. ‘ 1 1b/ft.
aorans e o7 T
A E
s 25 25 5 8
Ry=101b Rg=101b
101b
0lb | 01
! 'STb !
f 101b§
SFD
50 Ib-t. | i
137.5 b-ft. |
0 Ib-ft. 0 Ib-ft.
BMD
> Mg=0

=>1x5x25+10x75+1x5x125-Rg
x15=0

=>Rg=101b
> F,=0
=>R, = 10K.



Problem-17: Find the SFD (Shear Force Problem-18: Find the SFD (Shear Force

Diagram) & BMD (Bending Moment Diagram) & BMD (Bending Moment
Diagram) of the following beam. Diagram) of the following beam.
1
40 b 8 400 b/, 60010
2 b/, \ 200 Ib/ft.
Allfllllfllclp SR N A
4.' B 4‘ /% 2 2! A 1IC 4! D/_ 2f
Solution: Solution:
400 1o/, 00010 S
A p— D REEE Nessswwwl
/% 2/ Ab 1'C 4 DS o
I I
Ry=261b Rg = 1680 Ib Rp=19201b
‘ 8801b %Q:@E 400 1b
0lb | 0lb —
‘ ‘ =
éFDi
88 Ib-ft. .
0 lb-fi. -
800 Ib-ft
> Mp=0 2 Mg =0
=>2x8X4+40x4+8x10-Rcx8=0 =>-400x2x1+600x1+200x6x4-
Rpx5=0
=> RC =381b
=>Rp=9201b
> F,=0
> F,=0
=> R, =26 kN.

=> R = 1680 Ib.



Problem-19: Find the SFD (Shear Force Problem-20: Find the SFD (Shear Force

Diagram) & BMD (Bending Moment Diagram) & BMD (Bending Moment
Diagram) of the following beam. Diagram) of the following beam.
50K 8K 5K
l 150 K-ft. 2 K/t 10 K/ft.
c |
A 3 2R E A YYVYYY l il
Ay TG RV R
Solution: Solution:
50K 8K K
150 K-ft. 2 K/t 10 K/ft. :
.| ST, N | ¢ |
A 4’ B 4-’ C 4’ D/% 4’ 4[ 3! B 3[ 2! D
Ra=4583K Rp=20.17K Ry=334K Rc=19.6K

SK

SFD

0 K-ft.

BMD BMD

ZMAZO ZMAZO

=>%0x4-150+2x8x12-Rpx12=0 =>10Xx4X2+8X7+5x12-Rex10=0

=>Rp =20.17 K => R = 19.6 K

szzo ZFYZO

=>R, = 45.83 K. =>R, = 334 K.



Problem-21: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

40 K
20 K/ft.

Nusanans B

4 B1 /9 2 D

Solution:
20 K/ft. 40K
Nussssns B
4 B1 /8 2 D
| !
Ra=32K

Rc=88K

40K

0 K-ft.

Y M, =0
=>(20X4)x2+40X7-Re¢X5=0
=>R. =88 K

Y F, =0

=>R, =32 K.

Problem-22: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

sok/ft. Q00K

A B YYyYVYY \ 4 C 1 E F
B v vw [79
300 K
Solution:

2 Mp=0

=>50x 8 x 10+ 500 x 20 — 300 x 28 - Rg X
36=0

=> Ry = 160 K
Y F,=0
=> R, = 440 K.



Problem-23: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

15 kN/m.

A C
I'm 3m

B

Solution:

LS kN/m. 10 kN-m.
C ™
I mA\B 3m /% S5m CDJ”H
I I

Rg=36.67K Rp=2333K

21.67TK

0K-ft. _— — OK-
& |
155 10K
r
2Mc=0

=>-15x4x2+10-Rgx3=0

=> Rg = 36.67 K
Y F, =0
=> Ry = 36.67 K.

Problem-24: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

sk Of

Solution:

3 K/t 6K

l_l_ﬁK/ﬂ, 10 K-ft.
A ,xrl’lﬂB C =

3! Aqf 2;97]) e
I !

Rg=625K Rp=825K

0K . 0K

0 K-t 0 K-

>Mp=0
=>-O.5x3x3x§x3+6x4+2x2x5+
10-Rpx6=0

=>Rp =49.5/6 =8.25K

> F,=0

=>Rp =6.25 K.



Problem-25: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6K 3 K/ft.

6K 3K/t

SFD

0K-ft.. <

> Mg=0

=>-2x2x1+6x1+
0.5x3x3x(2+§x3)-ch2:o

=> R =20/2=10K

Y F,=0

=>Rg=4.5k.

Problem-26: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

10K
10 K-ft. 2 K/ft. l
N [111 1/51;
N o 4’ 2 D
B C
Solution:

0 K-ft. | O K-ft.

BMD

>Mg=0
=>-10+2x4x2+10x6-Rcx4=0
=> R = 66/4 = 16.5 K

> F,=0

=>Rp =15K.



Problem-27: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6 K 12K 3 K/ft.

A l l ME
/45?3 2 c2/89 3

Solution:
6K 12K 3K/
A | I D)M]TIE
2B 2 28 3
| |
Ry=6.5K Rp=16K

45K

0K !

0K |

2 My=0

:>6x2+12x4—05x3x3x(6+§x$-
Rpx6=0

=>Rp = 16 K
Y F,=0
=>R, =6.5 K.

Problem-28: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

3 KUt 2 K/At.

w e T T T T T T T e

6’ 10’

B

Solution:

18.2K

16.81 K-ft,

0K-ft.. 0 K-t

18 K-ft.

IBMD |
Y Mg =0
=>-(0.5X6x3)Xx (X 6) +2x10X5-

R¢x10=0

=>R¢ X 10 =82
=>R. =82/10=82K
> F,=0
=>Rg+Rc-05x6x3-2x10=0
=>Rp=29-R.=29-82=208K



Problem-29: Find the SFD (Shear Force Problem-30: Find the SFD (Shear Force

Diagram) & BMD (Bending Moment Diagram) & BMD (Bending Moment
Diagram) of the following beam. Diagram) of the following beam.
12K 5K
2 K/t oK 3 K/t
A QY l l E At b iyl iB l C
2'/% 2 C 20 D2 9 10’ 5’
Solution: Solution:
5K
3 K/ft.
JTTTTI s |
0 S 5'
RA: 125K | RB:225K
125K | 5833 ESK
0K ' :
- 4.167" |
175K
SFD
26.06 K-ft. |
| 25 K-ft.
BMD
>Mp=0
=>-(2x2)Xx1+6x2+12x4-Rgx6=0 2 My=0
=> Ry x6=34 =>(3x10)x5+5x(10+5)-Rgx10=0
=> Rg = 34/6 = 9.33 K =>Rp x10 =150 + 75 =225
Y F,=0 =>Rp =225/10=225K
=>Rg+Rg-2x2-6-12=0 2 Fy=0
=>Rp=22-Rg=22-933=1267K =>Rp+Rg-3x10-5=0

=>R,=35-Rg=35-225=125K



Problem-31: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

6 K-ft.
A ™ B
A P 6’ 2
Solution:
6 K-fi.
\
A B
/% v & 6’ o
| !
RA=0.6K RB=06K
0K | 5 5 0k
| 0.6K
SFD

0 K-ft. 0 K-,

2. 4K-ft.

Y My =0
=>6-Rgx10=0
=> Rg = 6/10 = 0.6 K.
> F,=0
=>R,+Rg+0.6=0
=>R, =- 0.6 K.

Problem-32: Find the SFD (Shear Force
Diagram) & BMD (Bending Moment
Diagram) of the following beam.

I kN/m 12 kN-m
HITNA N B
4m/% 8 m =’ 8 m /%
Solution:
1 kN/m 12 kN-m
HITTNA A B
4m/% 8 m w’ 8m /%
I I
RA106kN RB:06kN

2Mp=0
=>-4x1x2-12-Rgx16=0
=>Rp =-20/16 = - 1.25 kN.
> F,=0

=>R, +Rp-4=0

=> R, =-5.25 kN.



Problem-33: Find the SFD (Shear Force Diagram) & BMD (Bending 10K
Moment Diagram) of the following beam. 3 KR i P

SO cp  ° N\ o
3 2" 2 2'/% 3
E

Solution:
B
8K
KM g
RUNINEE S )
3, 2f 2’ 2' 3,
T
B E =
I ! T 2 _x10=6K
RB =925K RE =11.75K f_: 42132
3K/ < 2
1.75K 2 K/M = NJOK
: Y T : [TITTIT] como
| . =y \ 8 K } A 7 G F
: il 3 Az 2" 2 Y
0K ! = 0K
: ' B E
2Mg=0
=>-3x3x15+2x2x3+8x9-Rgx
5 6=0
0 K-ft. | 0 K-fi.
' =>Rg=11.75K

5K
Problem-34: Find the SFD (Shear Force Diagram) & BMD (Bending F 4 K/ft.
[MNlc D

Moment Diagram) of the following beam. A 3,/” v 49
B

Solution:

YMg=0|=>-15+4x4x2+8x13-Rpx8=0|=>Rp=15125K
8K




Problem-35: Find the SFD (Shear Force Diagram) & BMD sk 10k

(Bending Moment Diagram) of the following beam. 4’/
a8t cl OITTITITh
Solution: /%3' 3 2 N
TMa=0]=>8x3+10x6-Rpx8=0|=>Rp=105K
sx(l lmK R 8K 0K sxm
A B c, D
A 3 B 3 C 2 O Y ST P E
1 Rp=105K
Rg=7.5K Rp=10.5K D ’
15K : K. E
oK | H 0K mg]ﬁ](_ﬁ
| 05K - |
: : 105K Rg=34.5K
s |

0K 0K

Do
; :-;% : R |
'V . 4 10.5K!
v L |
-' ! SFD 345K
0K-Ai. , . 0K-ft. ‘

0 K»ﬁlﬁﬂ K-,
i 3 135 K-fi.
MD |

Problem-36: Find the SFD (Shear Force Diagram) & BMD (Bending 12 K/At.
Moment Diagram) of the following beam. [Janata Bank —2017] 10 K/fi.

Solution:

S Mc=0|=>-40x8+0.5x6x12x>x6+0.5x 12x12x(6 +7x12)-Rpx 18=0| =>Rp =30.22K
12 K/,
12 K/,

440K Re = 117.78K Rp=30.22K 10 K/At.
798K | ‘ NI
] 8f
0K | . 0K /é
40K | | i | ‘30 22K ] I
5 1 L | Ry=40K Rp =40 K
\‘ﬁ’ : SFD | ‘ : :
| ; o 3 40K | 5
| I 3 0K §~‘:OK
0.5+ 1y = 14ed i i 40K
3022% 12-0.5% 12 12X 0 12 = T464K-At. s |
0 K-ft. ! : 0 K-ft. ! |
: 80 K-f.

320 K-At. ‘
5 | ? 0 K-At. O K-



Problem-37: Find the SFD (Shear Force Diagram) & BMD ok —B C
(Bending Moment Diagram) of the following beam.

10'
A D
Solution: 15’
Fe=0
10K —5 c ? N N B C
=>H,=Hp=102=5K | I0K
100 |3 My=0
=>10x10-Rpx 15=0
A
y =>Rp =6.67K A D
p 25 K-ft. 5K
15’ B ' 5K
5K —l 15 ]C‘— 6.67](]
25 K-fi.
6.67K . 6.67K 6.67K
| S ¢ | |
B Moo M 0K 10
5K — oo @ | K ]
667K§6.67K >
25 K-ft | |
| | ja]
0 K-fi. %n K-ft
e o
5K, i SK
OK—OK =
| |
Problem-38: Find the SFD (Shear Force Diagram) & BMD (Bending ,,__8 c
Moment Diagram) of the following beam. |w,
E F
A D
Solution: =
10K — c LFx=0 10K |B C
E F| |10 | Assume, BMg = BMz =0 25 K-fi.
_ o A\ hs gon, D
A D > Mg = 0 [Considering AE part only] 5K — SK —
—>5x5 M, =0=>M, =25K 13.331( 3.33KI
15’ ;5 KA. TM,=0
- 15’ Co_l_. . ) _
5K g T >.25-25 +10x10-V, x15=0
— 25 K-ft. =Vp =3.33K;V, =-3.33K
333K 333K
0K 0K




Problem-39: Find the SFD (Shear Force Diagram) & BMD

_ _ . 2 K/ft. 8 K-At.
(Bending Moment Diagram) of the following beam. A/m c D

T v N
Solution:

|TMg=0]=>8-Rpx8=0|=>Rp=1K|

Problem-40: Find the SFD (Shear Force Diagram) & BMD (Bending 2 Ib/fi.

Moment Diagram) of the following beam. h = B = €
5}
Solution: D
/77
2 Ib/At.
B C
Mp =0
by - = 2> Mp
o =>-2x6x3+Mp=0
=>Mp= 36 Ib-ft.
W) 36 1b-te B

2 1b/ft.
/77 OTTITLee  c
A

IRp= 1218 o '
P 6 low ©
121b ; : § |
| I < 0lb ; | L 01b
5= M i i
Bj\ = ﬁ = < |
36 Ib-t| 5 a o o : ‘ |
B = > : :
36 Ib-ft @ : ; |
p ¥ Fd ¥ | i i
121b § b-ﬂ. |



Problem-41: Find the SFD (Shear Force Diagram) & BMD 1g1p
(Bending Moment Diagram) of the following beam.

20 Ib-ft.
A CA RD [\E
/% 2! B 3! b 3! / 3!
Solution:
YMa=0|=>10x2-Rex5=0|=>Rc=41b
lOlbl 10 1b
C
20 Ib-tt.
B P . L S
| 2 B 3 T 3w 37 Q
Ry=61b Rc=41b R4k
20 Ib-ft. E
1 61b | 1
5 C D 944&&
0lb | 01lb 3 3’ ’
‘ | 4o Re - 41bI
olb olb
12 Ib-f.
1 : Ib-fi.
0 1b-ft,§ | i0 Ib-ft. m 44 1b-fi.
| ET | |
roblem-42: Fin e ear Force Diagram 2 Ib/fi.
Problem-42: Find the SFD (Sh F Diagram) & BMD
(Bending Moment Diagram) of the following beam. i : 61, : Bl 16,1 b
Solution: D
21/
I Mn =0
A 6 B o ¢ M
=>-2x6x3+2x6x3+Mp=0
51
=>Mp= 0 lb-ft.
0 Tb-ft. 0 Ib-f.

2 lb/ﬁ
D 3 T 1o




Problem-43: Find the SFD (Shear Force Diagram) & BMD (Bending Moment 4,
Diagram) of the following beam. )

Link

g 1
% 15’ ,9,6"66',9,1)

Solution:
] —
S0VZ K . ) ﬁwafSOﬁK
A /9 WXIOO—SO\/?K 1I 100K
15’ B 6 ¢ A D
/? 1 Y NNy
R, =28.28K Rc=99K > My=0
SOVIK =>501/2x21-Rex15=0
' :>RC:99K
0K ! ok
28.28K ' IOK b
- C g
: SFD : ! |
i e 0K —— 0K
0 K-ft. } : {0 K-t ; ;
: v ; | SFD |
: L 42426 KA. | |
: : : 0 K-ft. 10 K-ft.

s p—

Problem-44: Find the SFD (Shear Force Diagram) & BMD (Bending Moment
Diagram) of the following beam.

) 10°
Solution:

z MA =0
=>Mu= 10 x § Ib-ft. = 80 Ib-ft.

10K
80 Ib-fi. l
B C
101 8 |
101b . § 10 1b 5 §
| ; | ' ‘
B = 3 o 0lb | : 101

10K



Problem-45: Draw SFD & BMD. 10K 4K

PO
A 10 8w Ty 8T 0 & 20 &

)]o)
o
=
)

Solution:
A F
Ra=45K Rp=0.5K

0K ; : ; 0K
! 10K-ft. ; :
; ilOK-ﬂ.
Problem-46: Draw SFD & BMD. 10K 10K
2 K/t
A l B c [TTTTT]T 1 D l F
Y Y 25/ Q\ 5 25 A
Solution:
10K 10K
2 K/AR.
A l B c [TTTTTT)D E l F
Y- B T ST N
10K 25K 25K 10K
I N S S
Y- 0 85 CORZEEOD 5 & 10 TN
| | Re=25K| TRp-25K | |
Ra=125K - Rg=3625K . ~ Rg=36.25K  Rp=125K
| : : Lo | P 11.25K

125K
1 0K

| i L 25K 25Kt |
O ™ 0 0% i 0 0k
- 125K , : 3

: 11.25K | ; 25K
 SFD | § 312.5 K-fi. | . SFD
| i | OK-ft, ;.

0 K-ft. ‘ : 0 K-ft. 0 K-ft..




Problem-47: Find the SFD (Shear Force Diagram) & BMD (Bending Moment Diagram) of the
following beam.

Solution:

Y Mg =0 |:>-0.5x6x3x§x6+50x8+2x4x14+5x16-ch12:0|:>RC:47.83K

3 K/t




Problem-48: Draw the IL diagram of Ry, R,
& R for the following structure due to a
point loading.

Problem-49: Draw the IL diagram of Ry, R,
Vg, Mg & M, for the following structure due
to a point loading.

/Hinge A B C D
A 7
LR

Solution:

A
9/ 2!

1K

1K

w O

Load on A Load on B
Load on A Load on B

Rp=1K Rp=0.6 K
RAzlk RAZOk
Re=0K Re=2K Rc=0K Rc=04K
Rp=0K Rp=-1K
Load on C Load on D Load on C Load on D
Rpo=0k Rp=0k Rpo=0K Rp=-0.6K
Rc=1K Rc=0K Rc=1K Rc=1.6K
Rp=0K Rp=1K




Problem-50: Draw the IL diagram of R4, Rj,
Mg, V. & V}, for the following structure due
to a point loading.

Hinge

B D

/&5 Cs /5

A
A
Solution:

Problem-51: Draw the IL diagram of R4, M5,
Vp & My, for the following structure due to a
point loading.

A
9/ 4.’

Solution:

B C D E

Load on A Load on B
Rp=1K R,=0K
Rg=0K Rg=1K
Rp=0K Rp=0K
Load on C Load on D
Rp=-0.5K Rp=0K
Rg=15K Rp=0K
Rp=0K Rp=1K

Load on A Load on B
Rp=1K Rp=0.6 K
RCZOK RC:04K
Load on C Load on D
Ry,=0K Rp=-03K
Re=1K Re=13K
Load on E
Rp=-0.6K
RC=1‘6K




Problem-52: Draw the IL diagram of R,, Mg
& Vp, for the following structure due to a
point loading.

Hinge
A B C /o E
. '®. _
A BB A
Solution

05K

1K
Load on A Load on B
Rp=1K Rp=0K
Rg=0K Rg=1K

Load on D
Load on C Rp=1K
Rp=-05K RE=0K
Rp=15K
Rp=15K Load on E
Rg=-05K Rp=0K

RE=1K

Problem-53: Draw the IL diagram of Ry, R,
Rg, Ver, Ver, Mc, Vi, & My, for the following
structure due to a point loading.

Hinge
A B C D E
7 1
PToTR T TR
Solution:

1K

Load on A Load on B
Rp=1K Ro=0K
Re=0K Rc=133K
RE=0K Rg=-033K
Load on C Load on D
Ry=0K Ra=0K
Re=1K Rc=0.67TK
RE=0K RE:033K
Load on E
RAZOK
Re=0K
Rg=1K




Problem-54: Draw the IL diagram of Ry, R,
Ry, Veg, M¢, Vp & Mp for the following
structure due to a point loading.

Hinge

Aa] O
2’ 2! *\ 2’

Solution:

05K
2 K-ft. 3
| ; 1 K-fi.
§1K-ﬁ.§
Load on A | Load on B (L) | Load on B (R)
Ry=1K Rp=1K Ry=0K
Rc=0K Rc=0K Rc=1.5K
Rg=0K Rp=0K Rp=-05K
Loadon C|| Load on D Load on E
RA:OK RA:OK RA=OK
Re=1K || Re=05K | Rc=0K
Re=0K | Rg=05K  Re=1K

Problem-55: Draw the IL diagram of R4, Rp,
Vg, Voo Mg, V & My for the following
structure due to a point loading.

Hinge \
B o D

A/I 1 9,
J 2 2 ¢ 2 &
Solution:
1 B A D
M T e e &
| | llK E
o, |
| | 1K
i
! : 1 K. :
[1Lfor ve | —
(1L for Mg | § §
§ | 1K
Load on A Load on B
RAle RAle
Rp=0K Rp=0K
Load on C Load on D
Ra=1K Ra=0K
Rp=0K Rp=1K




Problem-57: Draw the IL diagram of R4, Rp,
Rg, R, Vg, My, Vi & M), for the following
structure due to a point loading.

Problem-56: Draw the IL diagram of R4, Rp,
Rg, V,, M, Vp, & Mj for the following
structure due to a point loading.

Hinge

Hinge

Load on A Load on B

Ry=1K Ry=1K
Load on A Load on B Rp=0K Rp=0K
Ry=1K Ry=1K Ry = 0K Rp=0K
Rp=0K Rp=0K Ra=0K R,=0K
ReZOK Re=0K Load on a Load on C
Load on a Load on C Ry=0K Ry=0K
Rp=05K Rp=0K Rp=0K Rp=2K
Rp=15K Rp=2K Rg=0K Rg=-1K
Rg=-05K | Rg=-1K Ra=TK R,=0K
LoadonD || LoadonE | Ll:':i‘:)“KD Ll;):i (E)HKE
Rp=0K Ro=0K R 1K R ok
Rp=1K Rp=0K oK o
Rg=0K Rg=1K R.=0K R —0K




Problem-58: Draw the IL diagram of Ry, R,
Ry, V¢ & My, for the following structure due
to a point loading.

Hinge

B C D E
2! ~ 21’ Q\ 2; 2!

Solution:

A\,

1K

Problem-59: Draw the IL diagram of Ry, V.
& M, for the following structure due to a
point loading.

A B
7 : ¥ A
Y 2/ 2 2’
Solution:
4 % ¢ b E
L PV

Load on A Load on B (L)
Ra=1K Rp=1K
Rc=0K Re=0K
Rp=0K Rp=0K

Load on B (R) Load on C
Ra=0K Ra=0K
Re=2K Rc=1K
Rp=-1K Rp=0K
Load on D Load on E
Rp=0K Ra=0K
Rc=0K Rc=-1K
Rp=1K Rp=2K

; ; '—' 7
tie] —— gy
o ke
Load on A Load on B
Rp=1K Ra=1K
Load on C
Rp=1K
Load on D Load on E
Rp=1K Rp=1K




Problem-60: Draw the IL diagram of R4, Rp,

V, & M, for the following structure due to a

Problem-61: Draw the IL diagram of Rz, R,
point loading.

V,, My, V, & M, for the following structure

due to a point loading.
Hinge

A B a € b D
|
T
) P\A\
2‘12'“"

|
D 21’ A 2! /% 21’
| ./ h
2/ 2 R |

on

§ 1K
0.5 K-ft. —
(o | -
(Lo ] ~
§ - WIKA
Load on A Load on B Load on A Load on B
RA=]K RA=1K RBZZK RBZIK
RDZOK RDZOK RC=-1K RC=OK
Load on a Load on a Load on C
Rp=05K Rg=0.5K Rg=0K
Rp=0.5K Rc 205K Rc=1K
Load on C Load on D Load on b Load on D
Ry=0K Ry=0K Rg=-0.5K Rg=-1K
Rp=1K Rp=1K Re=15K Rc=2K




Problem-62: Draw the IL diagram of V,, V,,,
V., M,, M, & M, for the following structure
due to a point loading.

/]
%

A B C

10’ A 10’

Solution:

Problem-63: Draw the IL diagram for the
shear force at panel CD.

D

10’ 10’

033K

Load on A Load on B
RB=133K RB=]K
RE:-O.33K RE:OK

Load on C

Rp=0.67K

Rg=0.33K
Load on D Load on E
RB:033K RB:()K
Rp=0.67K RE=1K




Problem-64: Draw the IL diagram of Ry, R, Vg, Ver, Ver, Ve, Mg, M & Mg for the following
structure due to a point loading.

Hinge Hinge
A B C D E F G H
I \J I J
A 4! 4! /% 2! 3." 3f 2! /% 4! A
Solution:
A B c D E F G H

QKA | 105K




Problem-65: Draw qualitative IL diagram for the following building
frame at point D for moment and show the loading diagram for

maximum positive and negative moment.

Solution: 7 rr r
I[kN-m 1 kN-m r: I‘\ ~ .r: '\\
AT d /! N "
D ‘/ == \\ ,r - \‘
7 rr7 77 7 7 77 77
Influence Line for Mp
ITITTT TTIT17T TTTIT
TTTTT] TTTTTT TTT71717
7 77 77 7 r r77 7
Loading For Maximum Positive Moment Loading For Maximum Negative Moment
Problem-66: Draw qualitative IL diagram for the following building frame
at right end of DE beam for moment and show the loading diagram for
- -y - D E
maximum positive and negative moment.
R 7 i i
Solution:
\ K ST " \‘\_‘,’ \
‘\ l“ \\
1 I 1
1 kN-m 1 kN-ITl ,l' i\\ . , . II'
D E [, \\.‘-_-_"” \‘ .r” ’,I
7 7 r77 71 rri 7 r77 r77
Influence Line for Mp
TITTI] [TITITTL 11111
IR EREENEEEN! 111171
77 rr7 17 r—i rri rri 77 77

Loading For Maximum Positive Moment

Loading For Maximum Negative Moment




Problem-67: Draw qualitative IL diagram for the following
building frame at point D for shear and show the loading
diagram for maximum positive and negative shear.

Solution: 77 i 77 77

7 7 77 77 7 i 77 r77
Influence Line for Vi,

T $1 1111 11717

TITET] i [T NN NN
i rri 7 a7 rri i r77 77
Loading For Maximum Positive Shear Loading For Maximum Negative Shear

Problem-68: Two spheres are at rest against smooth surface sphere A weighs 3200 Ib and spheres
B weighs 400 Ib. Let, F = 1000 Ib and 6 = 90°. Find the reaction C, D & E.

Solution: For FBD of weigh A:
> F,=0

3200 _ 369504 b,

sin600

=> RB Sin600 - WA =0=> RB =

S F, =0
=> R + Rg €0s60° + F =0 => R = 847.52 Ih.

Ry D
For FBD of weigh B: 60°
R¢ F

2 Fx=0
=> R, €0s60° - R = 0 => Rg = 1847.52 Ib. W,
z Fy =0 RD
=>Rp - W -R, sin60° + F=0 R

E J60°
=> Rp = 3600 Ib.



Problem-69: A 2000 Ib wheel is acted upon by a force F, which end to pull the wheel over the
obstruction at A. At the instant the wheel is about to move, the pressure between the wheel and the
ground is zero. Find the value of F.

Solution: sinoc = 1.5/3 = 1/2 Ry F
a =300,
<30° 30° . 530°
Z FX = 0 1 5!
=> R, c0s30° = F c0s30° =>R, =F | 10;)
Y F,=0 W =25001b

=> R, sin@ + F sin30° = 2500
=>R, = F = 2500 Ib

Problem-70: Two weights are suspended from a flexible cable as shown in figure. ® = 120°,
determine the internal forces and the weight W.

L4424 b
A —60
B
75° 0
2000 1b ¢
W
Solution: Using Lami’s theorem: Tan Tpe Tep
T Ap Tac 2000
. = . = . 150 4—50
sin759 sin150° sin1359 600C < >
150
=>T,5 =2732.05Ib & Ty, = 1414.21 |b. T
BC
Again using Lami’s theorem: W
2000 Ib
Tcp _ w — Tpc
sin105% sin1209 sin135°
=>T.p =19321b & W =1732 Ib.
Problem-71: Determine forces in member CD, ID & IH.

20K 10K SK
5@ 20" =100



Solution: Taking a section along the line 1 — 1.

Z MD =0
\ S
=> 17X60'FIHX20—20X20:0 A F
=> F,,; = 31 K (T). /% oo @ /97
20K 10K 5K
2M;=0 Ry=17K 5@20'=100' Re =
=>17x40-F;p, x20=0 B CFp D
=> FCD = 34 K (C) ,,“J
“Fip
> F,=0 s/ | N/
~ 20 _ /% J I iy H
=> 17_20+FID XW— N ZO'K
=> FID :424K(T) Ry=17K
Problem-72: Find forces in member BC, CF & CG.
6K 6K 6K 6K 6K 6K 6K 6K
@
A B, .C D A, B/ € D
v ¥ ’t/ ¥ ¥ N {,ﬁ A
X 7 =Y D) o
E . ( g H

Solution: ¥ Mg =0
=>6Xx12-6Xx12+ Fg-x9=0

=> Fgc =0 K. 6K 6K
6K

> F,=0 A, B, P c

9 Fpe . Fep
:>6+6_6'FFCXW:0 ‘%Fc
=> FFC =10K (T) E F ?;' FFC FCG

FG

5 F, =0 A

9 _
:>6+FCG+FFCXWZO Rp=6K

=> Foe =- 12 K (C).



Problem-73: Find tension in the cable.
(S S S S S S SSSSSSS

[ 1 ]
l T 51b
101b B A
201b 7%
20y 3/

Solution: 4T =10
=>T=25Ib.
=>R,=-25+5+20=2251b.

Problem-74: If the reaction at A is 83.33 Ib, then what is the weight, W?
(LSS LSS LS

T
A B W
5001b 1000 1b
33

-

I
B}

Solution: Rg = R4 + 500 + 1000 = 1583.33 Ib.
W = 4Ry =4 x1583.33 = 6333.2 Ib.

Problem-75: Find centroid, moment of inertia of the following structure.

Solution: X =0
20”‘
_ 20x80x40+20 x 80 x 90 . !
Y= =65 -
1600 x 2

20 x 803 80 x 203
Iy = ’1‘2 +1600 X (65 — 40)? + —

+1600 x (90 — 65)2 80"

=2.91x 10° in*

20x80% 80x 203
I, = +

) =9.01 x 10° in*.
12 12

80”

20"




Problem-76: As shown in figure below in the truss, F = 60 T and 6 = 25°. Find the external
reactions and the force in member AB & AD.

S»C B A

10’

0
10’ 65°)
Yo, b
Solution: - Rgx = Rex & Rey = 60T 10 tan25° = 4.66'
2 F=0 Rex « }C B . A
=> F,;, c0865° = F,p F Rey ,
'AB 650 " 10 N\ F='60T
=> F,5 = 27.98T (T). 0
_ F ‘ ) 10’ 65°)
> F,=0 g o, D
=> F,p, sin65° = 60
=> F,p = 66.2T (C). Fge < ~ Fap

2 F.=0
=> FAB = FBC = 2798T

FBD
=> RCX = - REX = 2798T (T)

Problem-77: Find out the maximum bending and shearing stress for the following structures.

1 K/ft.
N T T T N T T

A w5

10”

101!

. . wl 1x10
Solution: Maximum shear, V = £ = > =

5k

) wl? 1x102
Maximum moment, M = Y =

=125 k-ft.

_ d, d 10 10
Now, Q=AY =(bx=)Xx—=10Xx —x—=125in3
2’ " 4 27 4

I_10x103

=8333.33 in*: b =10 inch; ¢ = 10/2 = 5 inch.

MC 125x12x5

= - = 0.9 k/in? = 130 k/ft2.
I 833.33

Bending stress, 0,,4x =



VQ _ 5x125

— =————=0.075 k/in? = 10.8 k/ft2.
Ib  833.33x 10

Shear stress, T,y =

Problem-78: Determine the maximum shear stress at 25 cm arm of 1000 Kg/m
equivalent triangle of a 3 m span of a cantilever beam carrying 1000 kg/m. 3 T ¥ ¥ ¥ ¥ 33

3m
Solution:

AD = V252 — 12.52 = 21.65 cm; AF = § AD = 14.43 cm.

EG _ BC _

=5 s EG =22 *1443=1667cm.
AF AD 21.65

3
V/ = 3000 kg; b = 16.67 cm; | = % = 7047.11 cm*

Now, Q = A'7 = Area of AEG * § of AE = % X 16.67 X 14.43 x% X 14.43 = 578 cm?

) MC 0.5x3x3000x 14.43 30000 Kg
Bending stress, oynqy = — = o711 x 100 =922 kg/lcm?. [
. @

=14.77 kg/cmz. SFD

VQ _ 3000 x 57851
Ib  7047.11x 16.67

Shear stress, T,qx =

Problem-79: Determine the shear stress at a distance 1 m from left support 4 kN/m
for 30 mm from the top fiber. om
: 0.12 x 0.183
Solution: V= 8 kN; b =120 mm = 0.12 m; | = =~ =583 x 105 m*
Now, Q = A'Y < 2
oF omm (7 i
=0.03x0.12x (0.06 +0.015) =0.00027 m® 2= 1"4=8kN .
vo ] e
Shear stress, Tynax = - I'm 12 kN =
8 x 0.00027

= 308.75 kN/m?,

"~ 583x1075x0.12

Problem-80: Find the maximum shear stress subjected to vertical shear force 48 kips. [PGCL —
2015]

123
Xt _864int

Solution: | =

121!

Now, Q = A'Y = (6 x ) x = = 108 in?

VQ _48x108 _
Shear stress, T,,qx = — = =1 k/in?. 6"
Ib  864x6

10K
Problem-81: Determine the flexure and shear stress of the following l
cantilever beam, if the section is 1 ft. x 1 ft. [Meghna — 2017] 2 10’




Solution: M =100 k-ft.; V = 10 k. 100 Kot 10K

3 ] v
1x1 —=1/12 ft*; Q=1 05 X 0.25 = 0.125f’ 2 10

I =
LOK

. MC 100x0.5
Bending stress, opqy =~ = — > = 600 K/ft? _ [ s/ |
0 K-fi
ve 1070425 i 7 + [av |
Shear stress, Tpgx = — =———— =15 k/ft~°. 100 K-f.

b (1/12)x1

Problem-82: A 12" x 16" wooden cantilever beam weighing 50 Ib/ft. carries an upward
counterforce of 4000 Ib at the free end. Determine maximum bending stress at a section 6 ft. from
the free end.

4000 1b
50 Ib/ft.
I
TA

-~ ~

16”

12”

12 x 163

Solution: I = )/12% =0.1975 ft*; C = 16/2 =8 inch

M, =4000 x 6 —50 x 6 x 3 =23100 Ib-ft.

: MC _ 23100 x (8/12
Bending stress, g, = e = 23100 (8/12) _

= 77978.58 Ib/ft? = 542 psi.
I 0.1975

Problem-83: A cantilever beam 3 m long subjected to a uniformly distributed load of 30 kN/m.
The allowable working stress in either tension/compression is 150 MPa. If the cross section is to
be rectangular, determine the dimension. Height is twice of width. [BUET]

) 12 30x3% bx (2b)® 2b*
Solution: M=W—= ad =135 kN-m; I=L=—;C=2b/2=b.
2 12 3
MC 135x103x b
Now, g, = - =>150x 10° = % =>p= 0.1105m =~ 110.5 mm
3
H=2b=221 mm. . Steel X Aluminum
Size of the beam is 110.5 mm x 221 mm.  ~J—A2=300mm” A—400mm?  Bronze ,
 o=140MPa AT 200mm
Problem-84: Find the value of P. N 4P « | - P — 2P
) N —
Solution: For bronze: N o =100 MPa

2P 100 x 200

0:7:>P:T:10000 N.
P — — P |-*2P
For aluminum:

o=P/A=>P =90 *400= 36000 N. 5P— ] 4P « . P |. 2P




For steel:

5P 140 x 500
0-:7:>P:—

= 14000 N.
The safest value of P is 10000 N.

Problem-85: Find out the stress at point C (1’ above the
base of the pile).

Solution: Length above 1’, L =2 x 0.909 + 2 = 3.82 ft. 11
Area above 1', A=3.82x 1=3.82 ft2.
Total load act = 500 + 3 x (2 x 1) = 506 Kips.

506

Stress at 1’ above the base, 6 = 382" 132.46 k/ft2. 1

Problem-86: Determine maximum shear stress for the following structure.

Solution: Weight of brass, W = PAL LLLLLA S,
=900x60x10~%x 10 Brass
A= 60 cm? 10 m
=54 kN Sp. wt., p = 900 kN/m3
Weight of steel, Ws = PAL |
Steel ) H
=400x 40 x 10™* x 4 = 64 kN A=d0em®
Sp. wt., p = 4000 kN/m 4m
Total force =45 + 54 + 64 = 163 kN. l
45+54 )
Stress on brass = =1.65 kN/cm 45 kN v
45+64
Stress on steel = ot 2.73 KN/cm?
Maximum shear stress = 1.65 + 2.73 = 4.38 kN/cm?.
Problem-87: A = 0.5 in? & E = 10 x 10° psi, A B C D
then 5total =? 6K ﬂ(, §L L uk
Solution:
3’ 5' 4!
6x103x3x12 .
Spp === 2222 1 0.04321in. 6K | | ok
AE 0.5x10x 106
1x103x5x12 .
Spe =tk X2 X222 g012in.
AE 0.5x10x10°© 7K
6 K<+«—f > 1K
4x103x4x12 .
Sep = b=~ X222 - 10,0384 in.
AE  0.5x10x 106
Ototar = 0.0432 —0.012 + 0.0384 = 1K 5K
0.0696 in. oK T Ak




Problem-88: I; =5 in*; I, =1 in* & E = 107 psi, then 6, =?

.
B
A : D
~N
N . :
~N
N
6 ) -
Solution:
-7-7-7-7-7-7 7-7-7-7/-7-7-"7 6000 lb_ﬁ.
12000 1b-ft.
M diagTam
12000 ©) 12000
24000
E L~
M @
EI diagram g

0.5 x 6000 X 6 x (4+§x 6)+1200 X 6x13+0.5 X 6 X 1200 x (10+ = x 6)

Sp = — =-0.0288 in.

Problem-89: Find 65 & 6, from the following figure. 1o

Solution: /% 3 . 7' /%

0.5x10x70x§x10—0.5x7x70x(3+§x7) 455 10K
t = — 22>
A/C EI EIl . A_ B _C

B
— Y e —}
e e 17K o !
_¥ B \
O.5x7x49x§x7+21x7x%—0.5x7x70x§x7 1715 tB/C
B EI T EI

_ . 21 B 70
From similar triangle, = {+) i
ta " "+\

BB 318.5 ~ -
—1(/) C="—=>pp"="_" ) G-

Ediagram El
147
63 = BBII - BIBII =
El
BB""  106.17
tanf, =6, = =
ATVAT 5 EI

Problem-90: Find the shortest length for a steel column with pinned ends having a cross-sectional
area of 60 mm by 100 mm for which the elastic Euler’s formula applies. Let, E =200 GPa, assume
the proportional limit to be 250 MPa.



100 x 603

Solution: Here, P = g,y A =250 x 60 x 100 = 1.5 x 10® N; I = —0F - 1.8x10°mm*;n=1
&L, =L.

2n2EI 2x1%2x200x 103 x 1.8x10°
We know, P = =5 => 1.5 x 106 = ————————""—=>1 = 1539 m.

e

Problem-91: A 50 mm x 100 mm timber is used as a column with fixed ends. Determine the
minimum length required at which Euler’s formula can be used if E = 10 GPa and proportional
limit is 30 MPa. What central working/safe load can be carried with a FS of 2 if the length is 2.5
m.

o _ _ _ 3 np. g 100x503 6 4 _
Solution: Here, P =g,y A=30x50x 100 =150 x 10 N,I—T—l.o4x10 mm*;n=1
&L,=05L.

2,2 2 2 3 6
Weknow,Pzn anI:>105X103:7T x12x10x 103 x1.04x10 o L= 1654 m.

Le (0.5L)2

Load _m?n?El _m?x1?x10x 103 x 1.04x10°

FS ~ FSxL,2 2 x (0.5 x 2500)2 = 32846 N.

Working load, P =

Problem-92: The combined fineness modulus of fine aggregate (Sand, Fy = 2.85) and course
aggregate (Stones, F. = 6.77) was found to be 5.30. If 8.49 cft of combined and well packed
aggregate is required. Determine the volume of fine and course aggregate mixed initially. Take
shrinkage factor to be 0.75.

Solution: The ratio of the fine aggregate to be mixed with course aggregate (CA) is

Fc—F, 6.77—-5.30
FM = C com _ _

=0.6
Feom—Ff 5.30-2.85

VeIV, = 60/100 = 0.6
Total volume, V =V + I,

= 8.49/0.75 = 11.32 cft [Due to shrinkage volume will decrease and so the
volume should be increased by using a factor. Here, factor value is given 0.75]

60
v, = *11.32 = 4.25 cft.
60+100
00
= —2 _%11.32=7.07cft.
60+100

Problem-93: Calculate the number of bricks required for 100 sft BFS.
Solution: Size of the brick =9.5" x 4.5"" x 2.75"

After using mortar = 10" x 5" x 3"

) i 5
The bricks area in BFS = 10x
144

= 0.347 sft



Nos. of bricks required for 100 sft BFS = 0347 288 Nos.

100
5% additional bricks are required due to wastage.

Total nos. of bricks = 288 + 0.05 x 288 ~ 303 nos.
Problem-94: Calculate Nos. of brick required for 100 cft brick works.
Solution: Size of the brick =9.5" x 4.5"" x 2.75"

After using mortar = 10"" x 5"" x 3"

10x5x3

Volume of single brick work using mortar = ———— = 0.087 cft.
12x12x 12
Nos. of bricks required for 100 cft brick work = % = 1152 Nos.

5% additional bricks are required due to wastage.

Total nos. of bricks = 1152 + 0.05 x 1152 =~ 1200 nos.
Problem-95: Calculate the amount of mortar required for 100 cft brick work.
Solution: Size of the brick = 9.5" x 4.5" x 2.75"

After using mortar = 10”" x 5"" x 3"

10x5x3

Volume of single brick work using mortar = ————— = 0.087 cft.
12x12x 12
Nos. of bricks required for 100 cft brick work = % = 1152 Nos.

9.5x4.5x2.75

Mortar volume in 100 cft brick work = 100 - ————— x 1152 = 21.625 cft.
12x12x 12

10% additional mortar required for frog mark filling.
Volume = 21.625 + 0.1 x 21.625 = 23.79 cft.

50% additional mortar required due to shrinkage.
Wet volume = 23.79 x 1.5 = 35.69 cft.

25% additional mortar required due to use of brick bats.
Required mortar = 35.69 x 1.25 = 44.61cft.
Problem-96: Calculate nos. of brick for 100 cft brick khoa.

Solution: Size of the brick = 9.5" x 4.5" x 2.75"

. : 9.5 x 4.5 x 2.75
Volume of single brick work = I T2 - 0.068 cft.
12x12x 12



Nos. of bricks required for 100 cft brick work = ——=1470 Nos.

100
0.068

42% voids are present when bricks are broken.
Bricks required = 1470 — 0.42 x 1470 =~ 853 Nos.
Problem-97: Calculate the amount of materials required for 100 sft of cement plaster.
Solution: Let, thickness of plaster = ;’
Cement sand ratio = 1:4
Net volume of mortar = 100 x % 4.16 cft
Dry volume = 1.5 x 4.16 = 6.25 cft

Cement = ﬁ X 6.25 = 1.25 cft = 1 bag.
Sand = — x 6.25 = 5 cft.
1+4

Problem-98: Calculate the ingredients required for cement concrete with mix proportion 1:3:6 also
w/c ratio.

Solution: Let, wet volume of cc = 100 cft.

Dry volume of cc = 1.5 x 100 cft = 150 cft.

1
Cement =
1+3+6

X 150 = 45 cft.

x 150 = 15 cft = 15/1.25 bags = 12 bags.

Sand =
1+346

Coarse aggregate/Brick khoa = x 150 =90 cft = 90 x 8.5 = 765 Nos. of bricks.

1+3+6
Water = 30% of cement + 5% of (FA + CA) = 0.3 x 15 + 0.05 x (90 + 45) = 11.25 cft.

w/c = 11.25/15=0.75

Problem-99: Calculate the amount of materials & reinforcement (1.5%) required for RCC with
mix proportion 1:3:6.

Solution: Let, wet volume of RCC = 100 cft.
Dry volume of cc = 1.5 x 100 cft = 150 cft.

1
Cement =
1+3+6

x 150 = 45 cft.

x 150 = 15 cft = 15/1.25 bags = 12 bags.
Sand =

1+3+6
Coarse aggregate/Brick khoa = Tr3:8 X 150 = 90 cft = 90 x 8.5 = 765 Nos. of bricks.

Steel = 1.5% of 100 = 1.5 cft = 1.5 x 490 Ib = 735 |b = 330 kg.




Problem-100: Determine the member of bags of cement required to cast 40’ long span beam if the
beam section is 12" x 15" and mix ratio 1:2:4.

Solution: Let, wet volume of RCC =40 x % X 1—2 =50 cft.

Dry volume of cc = 1.5 x 50 cft = 75 cft.

1
Cement = 1

X 75 =10.714 cft = 10.714/1.25 bags = 8.57 = 9 bags.
+2+4

Problem-101: For a building construction, total beam length is 1650 m is required 5 — 20 mm dia
plain bars. Unit weight of plain bar is 7850 kg/m3 and cost is Tk 48000 per metric ton. Make the
cost estimate for the steel bars.

Solution: Volume occupying by bars = %x (%)2 X 5 x 1650 = 2.592 m3

Weight of plain bar = 2.592 x 7850 = 20345.74 kg = 20.35 tons.
Total cost = 20.35 x 48000 = 976800 tk.

Problem-102: The estimated batch quantities per cubic meter of concrete for SSD condition of
aggregates are: cement = 306 kg, CA = 1152 kg, FA = 870 kg, water = 162 kg. If fine aggregate
contains 5% surface moisture and CA absorbs 10% of water. Workout field adjustment.

Solution: Water required for CA = % x 1152 = 115.2 kg.

: 5
Water required for FA = Too X 870 = 43.5 kg.

Total water requirement for adjustment = 115.2 + 43.5 + 162 = 320.4 kg.

Problem-103: Design a concrete mix by the minimum void method for the following data: voids
of CA is 40%, voids of FA is 30%, size of CA is% to1”, size of FA is 136 to i”. Allow an excess
of 10% for cement & 7% for FA.

Solution: Let, volume of coarse aggregate = 100 cft.
FA =40% x CA x (1 + 7%) [FA will fill up the empty space between the CA]
=0.4x100 x 1.07 = 42.8 cft
Cement = 30% x FA x (1 + 10%) [Cement will fill up the empty space between the FA]
=0.3x42.8x1.10=14.14 cft
Cement: Sand(FA): CA =14.14: 42.8: 100 = 1:3:7.

Problem-104: Calculate the number of bricks required for making a room of inside dimension of
8’ width; 10’ long & 9’ height with 10" wall.



Solution: Brick required for brick flat soling (BFS) = 10 x 8 x 3 = 240 Nos.

Total length =2 (10 + =) + 2 (8 + —) = 39.33 ft.

Width = ? =0.833 ft.; height = 9’

Volume of brick work = 39.33 x 0.833 x 9 = 295 cft.

1200

Brick required = 295 x Yoo 3540 nos.
Total brick required = 3540 + 240 = 3780 Nos.

10’

10”

Problem-105: Estimate the yield produced of concrete per bag of cement for concrete mix

proportion 1:3:6.

Solution: Thumb rule:

Volume of one bag cement = 1.25 cft = 0.0354 m3

Yield of concrete per bag of cement = g (0.354 x 1 + 0.354 x 3 + 0.0354 x 6) = 0.236 m3

Absolute volume method:

Yield of concrete per bag of cement = volume of cement + sand + CA + water

50 + 3x0.354 x 1600

6 x 0.0354 x 1500 + 25

"~ 3.15 x 1000

2.65x 1000

2.8x1000

1x1000

=0.219 m3

[Sp. Gravity of cement, sand, CA & water is 3.15, 2.65, 2.8 & 1 respectively]

Problem-106: Determine the FM of coarse aggregate of % finer.

Sieve size 3" 1" 3" 3" 3"
2 4 8 16
Wi. retained (gm) 10 60 140 350 410
Solution:
Sieve size Weight retained | Cumulative wt. | Cumulative wt. FM
retained retained
(gm) (gm) (%)
3" 10 10 20 4 100=1.03
970
1 % 60 70 7.22
3/!
Z 140 210 21.65 187.63 _ , og
100
g 350 560 57.73
3 410 970 100
16




Y =970

Problem-107: Find the FM value of following sand.

Y = 187.63

Sieve size #4 #8 #16 #20 #30 | #50 | #100 |#200 | Pan
WH. retained (gm) | 10 60 90 110 130 |70 25 10 5
Solution:
Sieve size Weight retained | Cumulative wt. | Cumulative wit. FM
retained retained
(gm) (gm) (%)
#4 10 10 1.96
#8 60 70 13.73
#16 90 160 31.37
#20 110 270 X 31471
#30 130 400 78.43 — =3.15
#50 70 470 92.16 100
#100 25 495 97.06
#200 10 505 X
Pan 5 510 X
> =510 > =314.71

Problem-108: Determine the FM for sand in which 100% sample retains on #30 sieve only.

Solution: Let, total weight of sample = 100 gm.

Sieve size Weight retained | Cumulative wt. | Cumulative wt. FM
retained retained
(gm) (gm) (%)
#4 0 0 0
#8 0 0 0
#16 0 0 0
#20 0 0 0 300
#30 100 100 100 —=3.00
#50 0 100 100 100
#100 0 100 100
#200 0 100 X
Pan 0 100 X
> =100 > =300
Problem-109: Compute the FM value of following data-
Sieve size 3" | 413" 3" | #4 | #8 | #16 | #30 | #50 | #100
2 |4 |8
Cumulative % retained (gm) 0 0O 00| O 0 | 10 | 30 | 100 | 100




) 10+30+100+100
Solution: FM = 100 =2.40

Problem-110: Compute the combined FM value of two samples having total weight of 1250 gm.

Sieve size 3" | 17|37 |37 #4 | #8 | #16 | #30 | #50 | #100
2 |4

| w

Cumulative % retained (gm) 0 0 [ 0| 0| 50 |200| 300 | 650 | 1120 | 1150
(Sample -1)
Cumulative % retained (gm) 0 0O |0|0] O | 50 250|400 | 625 | 1250
(Sample —II)
Solution:

_ 50+200+300+650+1120+1150

| = — =278

_ 50+250+400+625+1250
2" 100

=2.06

_ myFi+myF, 1250 x 2.78+1250 x 2.06

Foom = =2.42
com my+my 1250+1250

Problem-111: Two samples of sand having fineness modulus of 2.81 and 2.24 were mixed together
to get a combined FM of 2.54. Determine the ratio in which they were mixed.

_ ) ) Fc—F, 2.84-2.54
Solution: Desired ratio, R = ——<2™ = =

= =1:1
Feom—Ff  2.54-224

Problem-112: Combined FM of two types of soil is 2.75 and whose total weight 100 gm. First
fineness modulus of soil is 2.65 with a mass of 60 gm. Find FM and mass of 2" soil mass.

Solution: Here, my + m, =100 gm; m, =100 — 60 = 40 gm.

mqF;+ m,F; 2.65x 60+ F, x 40
Fopm = ———22=>275= 2 =>F, = 2.90.

mi+ m, 100

Problem-113: The combined FM of FA (F; = 2.85) + CA (F. = 6.77) was found to be 5.3. If 8.49

cft of combined and well packed aggregate is required. Determine the volume of CA + FA mixed
initially. Take shrinkage factor to 0.75.

_ i ) Fo—F, 6.77—5.3
Solution: Desired ratio, R = ——<2™ = =0.6

Feom— Ff 53-2.85

Here, Compact volume, V = 8.49 cft. - Volume of FA, V; = 601139 = 4.95 cft
Loose volume = 8.49/0.75 = 11.32 cft. 100460
Volume of CA, V. = x 11.32 =7.07 cft

100
Vy
—-=0.6=60/100

100+60
c

Problem-114: Design a concrete mix for £, = 3000 psi in 28 days. Slump = 2"; CA = Z”; FA =
L"t0 2", F, = 6.27; F; = 2.85. Shrinkage factor 0.75. Moisture content in CA & FA is 5% &



Solution: Let, F,,,, = 5.3.

Compacted volume = 3.75 cft; Loose volume = 3.75/0.75 = 5 cft.

- v
Desired ratio, R = ¢=feom _ g 4. f _ 40100

com™ Ff c
Volume of FA, V; = ———x 5= 143 cft
Volume of CA, V; = 1010(1:)40 x5 =23.57 cft

Mix ratio = 1:1.43:3.57
Volume of FA in field, V¢ (fie1q) = 1.43 X 1.295 = 1.85 cft.

Volume of CA in field, Vi (fie1q) = 3.57 x 1.05 = 3.75 cft.
Mix ratio = 1:1.85:3.75.

Problem-115: Determine the FM of fine aggregate portion only. Also determine the % of CA, silt
& clay.

Sieve size (mm) 19 |125]475]236|1.18|0.6|0.3|0.15|0.075 | Pan
WH. retained (gm) |175| 125|100 | 50 | 20 |10 | 10| 4 4 2
Solution: For fine aggregate only:

Sieve size Weight retained | Cumulative wt. | Cumulative wt. FM
retained retained
(gm) (gm) (%)
19.00 mm 175 X X
12.50 mm 125 X X
4.75 mm 100 100 50
2.36 mm 50 150 75
1.18 mm 20 170 85 492 _ 4.9
0.60 mm 10 180 90 100 '
0.30 mm 10 190 95
0.15 mm 4 194 97
0.075 mm 4 198 X
Pan 2 200 X
Y =500 Y =492
%ofCA:Wx 100 = 80%
% of FA = 50”“;‘;10”” x 100 = 19.6%

% of silt & clay = (100 — 80 — 19.6) % = 0.4%

Problem-116: For a coarse aggregate sample air dry wt. of sample is 1790 gm; wt. when it is
measured in water is 1180 gm and SSD wt. is 1850 gm. Calculate the bulk specific gravity.
Apparent specific gravity and percentage of absorption.

Solution: A =1790 gm; B = 1850 gm; C = 1180 gm.



Bulk specific gravity (SSD) = BLLC =2.76

Bulk specific gravity (Dry) = BL;C = 2.67

Apparent specific gravity = AAfC =2.93
. B-A

Absorption = X 100% = 3.35%

Problem-117: Dry weight of a sample is 1206 gm & SSD weight is 1226.4 gm. The volume of
water occupying the same volume excluding the pores is 440.6 cm3. Find bulk specific gravity,
apparent specific gravity & % absorption.

Solution: Weight of water = 1226.4 — 1206 = 20.4 gm.

20.4
Volume of water = — 20.4 cm3

206 — 267

Bulk specific gravity = 2061702 %

- . 1206
Apparent specific gravity = ——=2.74

440.6
Absorption = %:6 x100=1.7% .
Q~ [
Problem-118: A rectangular beam has a width of 12"" and an effective depth .
to the centroid of the reinforcing steel is 17.5". It is reinforced with three no. ‘:”
of #8 bars in one row. fy =60 ksi; f." = 4 ksi. Find the maximum flexural 3#8 bar "
moment capacity of the beam. Also find out the load capacity. Length of the //AI\\
beam is 25 ft. [WSD Method — Singly Analysis Problem] g O |
Solution: — b=12" |
_As _ 3x079 _ _Se o o _ (045X 4000 2
P " T2e17s " 0.011 M, = . bjkd* = [—2 x12x0.89x0.34 x 17.5°]/
qoBs__29x 108 g 12000 = 83.40 k-ft.
T E.  57000vY4000 M, = A,f,jd = [3x 0.79 x 0.4 x 60000 x 0.89 x 17.5]/12000
pn = 0.088 = 73.83 k-ft.
k=./(pn)? + 2pn — pn = 0.34 ~  Maximum flexural moment capacity = 73.83 k-ft.
12 52
j=1-§=o,89 M=W?=>73.83=Wx2 =>w = 0.95 k/ft.

Problem-119: A rectangular beam has width of 12"" and an effective depth to the centroid of the
reinforcing steel is 17.5”. It is reinforced with four no. of #9 bars in one row. f,, = 60 ksi; f.' = 4
ksi. Find the ultimate moment capacity of the beam [USD Method — Singly Analysis Problem]

Solution:



A 1
p=ls=2*1 _g019
bd 12x ][.7.5
- fo _Eu
pp = 0.855; 7, cute,
= 0.85X0.85 X = x —2%3
60 0.003+ 0.002
- 0.0289
P=Pp

Under reinforced beam & steel yields at failure.

_ Agsfy 4 x 60

= — = =5.88
085f; b 0.85x4x12

d-c
_5.88

17. —_—
=0.003 x ——282 < (.005 = 0.0045
5.88/0.85

0 =0.483+83.3 €,
= 0.483 + 83.3 x 0.0045 = 0.86

M, = Af,(d -%) = 4 x 60 x (17.5—

= 3494.4 k-in = 291.2 k-ft.
M, = M, = 0.86 x 291.2 = 250.4 k-ft.

5.88
)

Problem-120: Design a beam and find amount of steel as a simply supported beam having span of
20" with a uniformly distributed laod of 650 Ib/ft. (including self-weight). £, = 60 ksi; f." = 3 ksi.

[WSD Method — Singly Design Problem] [BUET]

Solution: Let, b =12 inch.

_Es _ 29x10°

n=—=———=x
E. 57000v3000
_fs_ 04f, 04x60

" f. 045f) 045x3
== =0.378

=17.78

T n+r 9+17.78
: k
j=1- 3 0.874
wi? 650 x 202

M=—=
8 8 x 1000

= 32.5 k-ft.

_ 0.45x3000

x 0.874 x 0.378 = 223

4 - M _ [32.5x12000
red =~ \|Rb 223 x 12

@\ )
= 121" ~ 12.5"
Depth = 12.5+ 1.5 = 14"
-2 3#7Db
s~ . ar
fsijd
~ S 325 % 12000 //I\\
~ 0.4 x 60000 x 0.874 x 12.5 M,
= 1.49 in? —

Use 3 # 7 bar providing 1.8 in?.

d=14"

Problem-121: Design the steel when acting moment of a simply supported structure are 1600 k-
in. Effective depth 16.5"; width = 10”; f,, = 60 ksi; f," = 4 ksi. [WSD Method — Singly Design

Problem]
Solution:

_Es _ 29x10°

n==—"z=———_»
E. 57000v4000
fo _ 04fy
T 045x 4
8

r===z ;
fo  0.45f,
n
" n+r 8+13.33

_04x60 _ o0

=0.376

K

j=1-7=0874

M
As_fsjd 4 # 10 bar

_ 1600 x 1000 P7ANN

" 0.4x 60000 x 0.874 x 16.5 Z o & o

= 4.62 in? —
Use 4 # 10 bar providing 5.08 in?. « -

d=16.5"




Problem-122: Find the cross-section and area of steel required for a simply supported rectangular
beam with a 20 ft. span subjected to a calculated dead load of 1.5 k/ft. and live load of 2 k/ft. f,, =

60 ksi; £." = 5 ksi. [USD Method — Singly Design Problem]
Solution: Let, b =12 inch.
W,=12DL+16LL My, 250x12

A = =
=12x15+16x2=5k/ft. T ohW@-D  09x60 (1822
L?> 5x20? _ . 5
M, =2 = 2220 950 k-ft. =3.48 in
8 18 . _ Asfy _ 348x60 409"
B =0.80for fo' =5ksi 8= 085, 085x5x12
X -
b = 0.858, fo _Eu Use 4 # 9 bar providing 4.00 in?.
fy €ut€y
5 0.003 N
=0.85 X 0.8 X X S 03 +0.005 @~ 1)
=0.0213
— 2 B pfy .
Mu - (prybdreq (1 - ; F S
=>250x12=0.9x0.0213x 60 x 12 x 449 bar _g
2 0.8 0.0213 x 60
dreq” (1 0.68 % 5 )
=> dypq = 17.63" ~ 18" |
~ Depth=18+2=20" —
Let, a=4.09" . b=127

Problem-123: Find out the amount of steel required when ultimate moment capacity 1600 k-in.
Effective depth = 17”; width = 10”; f, = 60 ksi; f. = 4 ksi. [USD Method — Singly Design
Problem]

Solution:
Let, a =3.40"
Ao M 1600 2 9
S efyd-2)  0.9x60 (17-22) .
2 ™~
=1.94 in? W
4#7b
_ Asf; y, /ﬁ\ar o
08 SfC b ///I,- .“"‘. \\\
1.94 x 60 . Z O b
= ——— = 3.42" [Almost same as previous calculated value]
0.85x4x 10 b=10"

Use 4 # 7 bar providing 2.40 in?.
Problem-124: Find out the flexural moment capacity & load capacity of a rectangular beam which
contains 5 #6 bars at tension face and 2 #5 bars at compression face. The span length of the simply
supported beam is 18'. Effective depth = 17.5"; b = 10"; f,, = 60 ksi, f." = 3 ksi. [WSD Method
— Doubly Analysis Problem]

Solution:



noBs__29x 10°
T E. 57000v3000

_fs_ 04f, 04x60

=5 - =17.78
£, 045f.  045x3
= - = 0.336
n+£ 9+17.78
j=1-7=0888
My =L bjka?
- 0'452" 3 % 10 X 0.888 x 0.336 x 17.52
=617 k-in.
M 617

s1— 7.5~ = 1.65 in?
fsjd 0.4x60x0.888x17.5
Ay = Ag-Ag; =5%x0.44-1.65=0.55 in?

’ k- dl/
fi=2fi——12<f,
0.336— —— _
=2x0.4x 60X 17.5 < 24 ksi
1-0.336
= 16.02 ksi.

M, = A, fs(d-d")
=0.55x24 x (17.5-2) =204.6 k-in
Again,
M, = A'f;'(d-d")
=2x0.31x16.02x (17.5-2)
=153.95 k-in
M=M; + M, =617 + 153.95 = 770.95 k-in
wi? 77095 wx 182

M=—=
8 12 8

w = 1.586 k/ft.

Problem-125: A rectangular beam has a width of 12" and an effective depth to the centroid of the
tension reinforcement of 24". The tension reinforcement consists of 6 #10 bars in two rows.
Compression reinforcement consisting of 2 # 8 bars is placed 2.5 in from the compression face of
the beam. f,, = 60 ksi; f." =5 ksi. [USD Method — Doubly Analysis Problem]

Solution:
2 # 8 bar =
5
6 # 10 bar b
Ee]
) b=12"
A, =2x0.79 =158 in?
A; =6x1.27=7.62 in?
!
=8 - 198 _ 46055
T
p=—=——-=0.0265;
bd 12 x 24 )
— fe _Eu
Pmax = 0.850; 7, Cute,
5 0.003
=0.85x0.80 X — X ————
60 0.003+0.004
=0.0243

Pmax < p [It should be doubly reinforced
beam analysis]

!

— _ogsp fe S d
pcy—0-85ﬁ1fy ety a P

5 0.003 2.5
=0.85x080 X —X————X——
60  0.003+0.004 24

+0.0055 = 0.00803
Pey=p
Compression bar will yield when beam fails.
Mp; = Ag'fy, (d-d')
=1.58 x x60 x (24 — 2.5) = 2038.2 k-in
_ (As—ADfy  (7.62-1.58)x 60
"~ o08s5f’b  085x5x12
i a
an :(As - As )fy (d - E)
= (7.62 - 1.58) X 60 (24 - =)
=7409.3 k-in
M, = M,; + M, = 9447.5 k-in
d —_
€, = €, X —= <0.005
¢ 7.11

=0.003 x —28- < (.005 = 0.005
7.11/0.80

0 =0.483 +83.3 €,
= 0.483 + 83.3 x 0.005 = 0.90
M, = oM,, = 0.9 x 9447.5 = 8503 k-in.

=7.11"



Problem-126: A rectangular beam of 15’ simple span carries a UDL of 2600 Ib/ft. (excluding self-
weight). Calculate the amount of steel if, f,, = 60 ksi; f." = 4 ksi. [WSD Method — Doubly Design

Problem]
Solution:

qoBs__29x 10°
T E. 5700074000

_fs_ 04f, 04x60

TF. 0a45f] 0a5x4 13.33
=—= =0.375
n+’1; 8+13.33
j=1-7=0875
rR=Ljk
2

= 222X 1000 X 0.875 X 0.375 = 295.31psi

Let, size of the beam = 10" x 18"
10x18 . 150 = 187.5 Ib/ft.

Self-weight =

144
Total UDL, w = 187 + 2600 = 2787.5 Ib/ft.
12
Developed moment, M = WT
2
_27875x15 K ft
8 x 1000
=78.4 k —ft.
M
dreq = E
78398.4 x 12
= /—" = 17.84""> d (Doubly)
295.31 x 10
My =L bjkd,,?
1800

=— X 10 x 0.875 x 0.375 x 15.52

=709488 Ib —in =59.12 k — ft.
_ M __ 5912x12000 .00

S17 fjd ~ 24000 x 0.875 x 15.5

M,=M-M, =78.4-59.12 =19.28 k — ft.
Ay =—22
2 fy(d-d"
_19.28x 12000
" 24000 ( 15.5 — 2.50)

_d’
freaptag

1-k

=0.74 in?

2.5

0. —
=2X%0.4 X 60 x ———=55 < 24 ksi
1-0.375
=16.41 ksi.
I _ MZ
* S @-ah
19.28 X 12
= =1.08 in?
16.41 X (15.5—2.5)
Tension side reinforcement, A, = Ay, + Ay,
=2.92 1.08 in?

Provide 3 # 9 bar.
Compression reinforcement, A, = 1.08 in?
Provide 2 # 7 bar.

RN

2 #7 bar
3#9 bar

A

d=15.5"

b=10"

< »

Problem-127: A rectangular beam carries a service load of 2 k/ft. & dead load of 1.35 k/ft. The
beam is simply supported with a section of 10" x 22" and span length of 32’. Design the beam
when £, = 60 ksi; f." =4 ksi. [USD Method — Doubly Design Problem]

Solution:



’

_ fo _Eu
p =0.858; 7, Tute,

4 0.003
=0.85x085X —X—F7"7—
60 0.003+0.005

DL = 1.35 + 2% 22, .15 = 1.58 k/ft.

LL = 2 k/ft.

Factored load, w,, =1.2DL + 16 LL
=12x158+16x2
= 5.1 k/ft.

wy L

Developed moment, M,, = o
_ 5.1x 322

2

k — ft.

= 652.8 k— ft.
B pf;
= opfybd,eq” (1- fy
Cc

=>652.8x12=0.9 x0.01806 x 60 x 12 x

0.01806 x 60
dreq? X (1-0.59 X T")

dyeq =30.92">d (Doubly)

Asl = pbdeff
=0.01806 x 10 x 18 = 3.25 in?
A
_ sfy, - 3.25x 60 - 5.74”
0.85f; b 0.85x4x10

a
M, = Asfy (d - E)
= [3.25 X 60 X (18 - 5'zﬂ)]/iz

= 245.86 k — ft.
My,
Ml =—- M
%

65298 245.86= 4795k _ ft.

Problem-128: A rectangular beam 10" x 24" carries a moment of 45 k — ft. Find out the stress at

=0.01806

d—c
€ = €, X——<0.005
5.74

—085 <0.005 =
5. 74/0 85~

<fy

574—

=29 x 10° x 0.003 x 02574

0.85

=0.003 x

f-Eex

= 35.5 ksi

L My 479.5 x 12

Ay =— — =
fs (d-d’)
Tension side reinforcement,

As = Asl + ASZ [ASZ =A

Provide 8 # 10 bar.
Compression reinforcement, A
Provide 10 # 10 bar.

35.5x (18—4)

0.005

<f

=11.58 in®

fs'

'x7]

Ty

5.
=3.25 + 11.58 X 36—0 =10.10 in?

= 11.58 in?

N @ O

@)
@ D O
() @

8 # 10 bar

SISIS!
SO

()
(IR

Y

d=22"

b=10"

-+

extreme fiber of concrete beam and steel. Take, n = 9.

1" dia

3”

10”

A
A

24”

>

12.44"

O
Q

(n-l)%= 6.24

11.56"




Solution:

As — 2X§X 12 = 1.56 in? 5= 24x10x12+(6.24x1x3)x 2 - 1156"
i mMc 243x10+6.24x1x2 '
== _ 10 x 24 2
415 x 12000 x (24—11.56) . I= *[24x10x (12 - T1.56)7] +
- = 538.18 psi 624 2 13
e 12481.96 : +[6.24x1x (11.56 - 3)?]x2
ﬁs :T 12 4
=12481.96 in
5 56 — .
_ 45x12000x (11.56 - 3) _ 370.33 psi
12481.96

Problem-129: A floor slab 4" thick is supported by reinforced concrete beams 9 ft. ¢c/c which
together with the slab act as T — beams. The beams are simply supported and their span is 19 ft.
The cross section of each beam below the slab is 10" x 20"’; the reinforcement consists of 6 # 8
bars in two rows, 2 in c/c vertically, the centre of the lower row being 2.5"" above the lower arm
face of the beam. If a 2500 psi concrete and an allowable steel stress of 20000 psi are used, what
is the maximum allowable working moment of the beam? [WSD Method — Analysis Problem]

Solution:
_L_19x12 _ _. kd = 0.253 x 20.5 = 5.19 > t (T-beam satisfied)
=== =57in
4 4 _3kd -2t t _
= 16hs + b,, =16 x 4 + 10 =74 in 2= ka—t X3~ 182
= ¢/c spacing between two slab = 108 in jd=d-z=20.5-1.582=18.918
.. b=57in M = A, fsjd
A, =6x0.79 = 4.74 in? =4.74x20x18.918 =1793.4 k —in.
d=20+4-3.5=205inch. f=— M <
N t ., — JC
pohs AT 00406 (1—5;)ptjd
bd 57 x205 _ 1793.4 x 1000 < 1125 psi
n=bfso 29*¥10° 1o (1-5555)x57x4x18918
E. 570002500 _ 5. .
on = 10 x 0.00406 = 0.0406 = 675 psi < 1125 psi (ok)
prt(5)?  0.0406 +3 (55-)2
= t = Z =0.253
pn+ = 0.0406 + ——

Problem-130: Design a T-beam by W.S.D. method of 20 ft. span and 55 in centers, having width
12 in and depth is 20 in. What is the tensile steel required at mid-span if the working moment is
80 k-ft. f,= 20000psi and £." = 3000 psi and the slab thickness is 5 in. [WSD Method — Design
Problem]

Solution:



L 20x12

b= Z = 2 =60in
=16hf + b, =16 x5+ 12=921in
= c/c spacing between two slab = 55 in
b=55in
M 80x12000  _ .,
As = fs(d=t/5) 20000 x (20 — 3/5) 2. 74in
p=as= 27% 00025
bd 55x20
n:E: 29 x10° 9
Ee 57000 f.
pn =9 X O 0025 = 0.0224
g ( 2 0.0224+1(i)2
— 2 20 - 02

pnt 0.0224+ —
kd =0.2 x 20 =4 <t (T-beam does not satisfy)
The beam should be designed as rectangular
beam.

=l b oqym
fo 045
k—m—oss1—1-—_0.87;deff:20

S

_fe

_ 0.45 x 3000

S K
x 0.38 x 0.87 = 223.16 psi
bjkd2 = 89.3 k-ft. > 80 k-ft. (Singly)

, /80x12000
2231621z 1O 93'< dess (OK)

80 x 12000
fsjd 20000 x 0.87 x 20

=2.75 in?

Provide 4 # 8 bar.
Check:

c =

M
)btjd

80X12000
)x55x5x 174

(1- 2kd

( _2x02x20

= 535 psi <1350 psi (OKk).

12"

Problem-131: Design a T-beam by W.S.D. method of 24 ft. span and 47 in centers, having width
11 in and depth is 20 in. What is the tensile steel required at mid-span if the working moment is
208 k-ft. £,=20000psi and £." = 3000 psi and the slab thickness is 3 in. [WSD Method — Design

Problem]
Solution:
L 24x12 . M _ 208x12000
b=2=22%2-75in (== 28X1 = 6.7 in?
4 4 fsjd 20000 x 18.63
=16hs + b, =16 X3+ 11 =59 in Provide 2 #18 bar
= c/c spacing between two slab = 47 in Check:
b=47in - M_
M c”
A - (1 kd) bt_]d
S fa-t/y) ~ 2 208x 12000
= 20020008 a Zoog = 6.75in? () x47x3x 1863
L [CRooox(20-7/) = 1209psi <1350 psi (O)
p=== = 0.0072
bd 47 x20
_Es_ 29x10° _ 9

E
¢ 57000 |f,'

pn =9 x O 0072 = 0.0648

2 1,342
pTl+ () 0.0068+5(z) ~035
= 3 =0.
pn+— 00648'{'5




kd = 0.35x 20 =7 > t (T-beam satisfied)

g=3kd2t 13636
2kd -t 3

jd=d-z=20-1.3636 = 18.6363

47"

=

bars

2071

2#18
bars

'I'llv

Problem-132: A floor system consists of a 4’ concrete slab, b,, = 10", d = 20.5", c/c spacing of
beam = 40"". What is the nominal moment capacity if the steel area used is 6.88 in? and the span
length is 24, f,, = 50 ksi; f.' = 2.4 ksi. [USD Method — Analysis Problem]

Solution:
b:£=24x12:72in :(As—As,f)fy: 1.98 x 50 — 4.86"
4 4 ) 0.85f.'by,  0.85x24x10
=16hs + b, =16 x4 +10="741n c=alpf; =4.86/0.85=5.72

= c/c spacing between two slab = 40 in
b=40in
_ Asfy _ 6.88x50
a= 0.85f.'b  0.85x 2.4 x 40
T — beam confirmed.
_0.85f;' (b — by)hy

Sf fy
0.85x2.4 40-10 4
=2 xsf) X4 _ 490 in?

As— Agr =6.88 — 4.90 = 1.98 in?

=4.22" > hy

c/d =5.72/20.5
=0.279 < 0.375 [Tension controlled]
h a
M, = Asffy(d - Tf) + fy(As - Asf ) (d - E)

=4.9x50 (205 -7) +50 X 198 X

4.86
(205-—7)

=4530 + 1790 = 6320 k —in.

Problem-133: A floor system consists of a 3"" concrete slab supported by continuous T — beams
of 24 ft. span, 47"' on centers. Web dimensions, as determined by negative moment requirements
at the supports are b,, = 11", d = 20"". What tensile steel area is required at mid-span to resist a
moment of 6400 Kip —in. f;, = 60 ksi; f-" = 3 ksi. [USD Method — Design Problem]

Solution:
_L_24x12 __ . B —__PMn,
b=y=—p—=72in _ As = Ass Pfyd-2)
=16hs + b, =16 X3+ 13 =59 1n B 1830 _ . 2
= c/c spacing between two slab = 47 in T 09x60x (20— 1.88 in
1

b=47In
= o 600 g0 n2
@fy(d=3) 09x60x(20-3)
A 6.40 x 60
a=—Ir_ - =3.2" >k

"~ 085f,'b  0.85x3x47
T — beam confirmed.

_ (s -As,f )fy _ _188x60 _ 402" (oK)
0.85f.'b, 0.85x3x11

A= Agp + (Ag— Agp) = 4.58 + 1.88 = 6.46 in?

c=a/f, =4.02/0.85 = 4.73

c/d = 4.73/20

a




_ 0.85f;' (b — by)hy = 0.237 < 0.375 [Tension controlled]
Asp = £ = Provide 2 # 18 bars.
_ 0.85x3 x6(§7—11) x3 _ 458 in? 47"
h 3",
OMp; = ‘-PAsffy(d - 7f) hzbjrz q
= 0.9 x 4.58 X 60 X (20 — 3/2) )
= 4570 kip — in. 20
OMy,; = My, - @My, z:a;sg
= 6400 — 4570 = 1830 kip — in.
Let,a=4.02" DT

Problem-134: Design a beam only for shear to carry ultimate shear force of 27 kips. Consider that
no reinforcement will be provided. £, = 4 ksi. [USD Method]

Solution: Here, 1, = 27 kip
Shear capacity, V. = 2\/f.’b,,d = 2 X ¥4000 X b,,d
But, shear capacity if no reinforcement is used, V. = % (2\/F b,,d) = /4000 x b,,d = 63.25b,,d
Now, V, = oV,, = @(V, + V;) = @V, [V; =0, as no stirrup will be used]
=> 27000 = 0.75 x 63.25b,,,d
=> b,,d = 569.21 in?
Let, b,, = 16"
d =569.21/16 = 35.58 ~ 36"".

Problem-135: A simple supported beam on a 20 ft. span is carrying a factored load of 9.4 k/ft.
Width of the beam is 16"" and effective depth is 22"". The beam is reinforced with 4 # 9 bars. If,
fy = 60 ksi; f." = 4 ksi, determine upto what part of the length of beam web reinforcement should
be provided and spacing of vertical stirrup. [USD Method]

wyl _9.4x20 _

Solution: wy, = 9.4 kift.; Vi0r = - -, - 94 V=94k 2677k Kips

22 :
v, = 94—9.4XE: 76.77 kips V. =33.39k

,,,,,,,,,,,,,,,,,,,,,,,

oVe = 92y f'byd LV = 16Tk [ B
= [0.75 x 2 x v/4000 x 16 x 22]/1000 o eas
=33.39 klps < Vu ) a' =8.22'
Stirrup is required. 10’
From similar triangle, 31 _2473339 =>3a=6.45'
10 a
Similarly, — = ——27 => g’ = 8.22"
10 a



Let us assume the # 3 bar will be used for U — stirrup.
A, =2x0.11 in? =0.22 in?.

PApfyd 0.75x0.22x 60 x 22

= =5.02" = 5"
Vy— @V, 76.77—33.39 '

Spacing, S =

Avfy Apfy 0.22 x 60000 0.22 x 60000
Smax = =Sob, 0 75v/4000 x 16 = "Sox1e
0.75 /fc'bw wo O x x

=17.39" <£16.5" = 16.5"

d 22
Smax:E:7: 11"

Smax = 24"

Uptoa=6.45", use # 3 bar @ 5" c/c. Froma=6.45"to a’ =8.22', use # 3 bar @ 11" c/c.
For the rest portion no stirrup is required.

Problem-136: A rectangular beam is to carry a service dead load of 1.6 k/ft. including its own
weight and service live load of 3.2 k/ft. on a simple span of 20 ft. Select the width and effective
depth of the beam in which web reinforcement provides shear strength V, = 2 V.. Use of £, = 4000
psi. Find the spacing of vertical stirrup from support if f,, = 40000 psi. [USD Method]

Solution: Here, DL = 1.6 k/ft. and LL = 3.2 k/ft.
w, =12x1.6+1.6x3.2=7.04kl/ft.

wyl 7.04x20

Now, V4, at support = S =704k

d
V,=70.4-7.04x =
12
Now, V,, = @V, = (V. + V;) = (V. + 2V.) = 3¢V, =3 x 0.75 x V4000 x b, x d
—>70.4—7.04 % f—z = 142.30b,, x d

Let, b, = 12"
d=17.5"
V, = 70.4—7.04x %5 = 60.13k
@V, = 024/£,’b,,d = [0.75 x 2 x V4000 x 12 x 17.5]/1000 = 19.92 k

PAyfyd 0.75x0.22 x 40 x 17.5
Vy— Ve 60.13 — 19.92

=2.85" = 2.75"

Spacing, S =

Avfy - Apfy _ 0.22x40000 _ 0.22 x 40000

= = < e n < 144 ~ 124
Smazx 0 75\/’/ T 50b,, 0.75v/4000x12 7~  50x 12 15467 < 14.67" ~ 14.5
75 |fc bw




d_175 .,
Smax = E:T: 8.75

Sinax = 24"
Use # 3 bar @ 2.75" clc.

Problem-137: A rectangular beam of span length 10" carries a distributed load of 6.25 k/ft. and
maximum shear at support is 31.25 k. The width of the beam is 12"" & effective depth of the beam
is 18.5". Use of £." = 4000 psi. Find the spacing of vertical stirrup from support if fy = 60000 psi.
[WSD Method]

Solution: Here, Vo, = 31.25 kip.

: 5 :
Shear at a distance d from the support, V; = 31.25 — 6.25 x % = 21.61 kip.

Allowable concrete shear, 1. = 1.1\/de =[1.1 x /4000 x 12 x 18.5]/1000 kip = 15.44 kip <V,
Stirrup is required.
Use # 3 bar U — stirrup,

Apfyd _ (2x0.11) x 24000 x 18.5

Spacing, S = =15.83" = 15.75"
V-V,  (21.61-15.44) x 1000
A, 2x011 - .
Smax = 0.0015b  0.0015x 12 12227 ~ 12.00
d 185 .,
Smax = P 9.25
Smax = 24"

Use # 3 bar @ 9.25" clc.

Problem-138: Determine the development length required for the # 8 uncoated bottom bars shown
in figure for (a) k., = 0 & (b) k¢, = Use computed value, if £, = 60 ksi; f." =3 ksi.
3 fy YepcPs

Solution: Development length, I; = (E crkey ) b
Al T

Where, Y, = Loading factor =1
Y. = Coating factor = 1
Y, = Size factor = 1

A =1 for normal weight concrete

144

Value of C: Side cover = 2.5"; One — half of c/c spacing of bars = 37 =1.5"



C=1.5".

_40x (2x0.11)

. . 40 A _
k. = Transverse reinforcement index = T” <25 =0.367 inch

C+k 1.54+0
(@) = < 250 = ==
dp

=1.50 < 2.5 (0k)

(i fy 1}btl»bcl)bs) db
C+k
40 , \/E dbtr

Development length, [, =

3 y 60000 X1x1x1X8_55 inch
" 40 14/3000 1.50 8
C+ kyer 1.5+0.367

(b) 25 < 250 = 222207 - 1 867 < 2.5 (0k)
dp 1

Development length, ldz(f—o ly - wf:p,fzfs)db
AJE dp

_3X60000X1x1x1X8_44inCh
" 40 7 14/3000° 1.867 8

Problem-139: Determine the spacing for the temperature & shrinkage reinforcement in a one way
slab of thickness t = 6". Consider # 3 deformed bar with f,, = 60 ksi; f." = 3 ksi. Follow the ACI

code specification.

Solution: As =0.0018bt . Spacing, S = 0.11x12 =10.15" ~ 10" c/c.
=0.0018 x 12 x 6 = 0.13 in?/ft. 0.13

Problem-140: An Engineer designed a slab using 60 grade steel to provide #4 bar @ 4.5"'c/c. If

you want to provide 500W 10 mm bar, then what would be the spacing?

. _ 0.2x 12 0.53 x 60 _
Solution: Spacing = Y 4.5 Asifi = Asafy => Ay = —— =044 in?
s .
or, Ag; = 0.53 in? Spac 2 x102x1000
acing =4*——
S00x 145 PaCINg = 4 x 25.42

500W means 1 = 72.5 grade steel

000 =276.67 =250 mm c/c
Problem-141: Calculate the slab thickness for a panel dimension of 20’ x 18" with ACI code
standard.

2 (L+B) (12 =2 (20+18)

Solution: Slab thickness, t = 12 x 12 =5.07" = 5.25"

According to ACI code minimum slab thickness is 3.5".
Slab thickness = 5.25".

Problem-142: Calculate the slab thickness for a panel dimension of 12’ x 12’ with ACI code
standard.



2 (L+B) (12 =2 (12412)

Solution: Slab thickness, t = 12 x12=3.2" =~ 3.25"

According to ACI code minimum slab thickness is 3.5".
Slab thickness = 3.50".

Problem-143: Check the bond stress in W.S.D. method for shear 9 k. Main reinforcement #6 bars
@ 4.75 c/c.j=0.87,k=0.33,d=7in, f.'= 4 ksi.

V. V.
Solution: Uy = =22% = T 3.4 /fc'
: ; - 3.44/4000 .
Zojd  mex oo xjd Uy = panth - = 286.7 psi.
9 x 1000 =
= = 248.3 psi. 8
nxgx%:sxo.87x7 P Uall>Ud (OK)

Problem-144: Check dowel embedment length into footing for compression by U.S.D. method for
main reinforcement 4 # 6 bars, f.'= 3 ksi, fy = 60 ksi.

Solution: Dowel embedment length, Minimum, [, = 0.0003f, d,
| _002fydy _ 00260000 X7 = 0.0003 x 60000 X &
ae I V3000 =135in
—16.43in Minimum, l;. =8 in _
-~ Dowel embedment length, [; = 16.5 in.

Problem-145: Find length of lapped splices of dowels with column bar by U.S.D. method for main
reinforcement 4#6 bars, f.'= 3 ksi, f, = 50 ksi.

Solution: Splices length, [ = 0.0005f,,d,, Minimum, I, = 12 in
= 0.0005 x 50000 Xg - Splices length, [, = 18.75 in.

=18.75in
Problem-146: Calculate development length for beam by W.S.D. method for main reinforcement

4 # 6 bars, shear 21 k, j =0.87, k=0.33,d =20 in, £.'= 3 ksi, fy =60 ksi.

: £ v,
Solution: U= umax - Vmax Development length, .
Yojd mnmexjd f;d 0.4x60000x-
21x1000 : lj==—= &

=128.1 psi. 4U4 4x128.1

:4x1tx§x0.87x20 e
Problem-147: If live load is 400 k and dead load is 500 k as well as f.'= 4 ksi, f,, = 60 ksi. What

is the gross area of tied column? [USD Method]

Solution: B, = @k [0.85(A,- A)f: + Asfy] P, =0.65x 0.8 [0.85(4,- A)f.'+ Asfy]

For tied column, ¢ =0.65 & k=0.8 =>1.2x500+ 1.6 x 400 =0.6 x 0.8 x [0.85 X
Ag = pgAg (Ag-.034,) x4 +60x0.03 x Ay]
Let, p, =0.03 => A, = 467.75 in®.

A =0.034, Column size = 22" x 22" = 484 in?,



Problem-148: A column with cross-section 15" x 15" is reinforced with 8 # 8 bars subjected to a
concentric load. If f.'= 4 ksi, f, = 60 ksi, calculate the ultimate load carrying capacity of the
column. [USD Method]

Solution: A; =8 x0.79 = 6.32 in?
Ay =15x15 =225 in?
P, = Bk [0.85(4,- Ag)f.'+ Asf,] = 0.65 x 0.8 [0.85(A4- As)f.'+ Asfy]
=0.65x0.8[0.85 x (225 - 6.32) x 4 + 6.32 x 60] = 583.81 kips.
Problem-149: Compute the steel/concrete ratio if steel uses in the column is 1% of total size of
column area & steel ratio, r = 10. [RRI — 14]

S Ay _A
Solution: r 12 :>&XM=10
o fs o lag e A 0014
p c Pc QOlAg
p
=> 2y 2e 10 => 25201010 = 10.1%
s Pc Pc

Problem-150: Find the design ultimate axial stress of the column with zero eccentricity [k = 1].
Steel area 2%, column size 12 x 12", f.'= 3.5 ksi, f,, = 60 ksi. [USD Method]

H . — —_ . 2 .
Solution: Ay =12x 12 =144 in - Stress = Axial load
A, =0.02 x 144 = 2.88 in? Lgihea
P, = Bk [0.85(4,- Ag)f.'+ Asfy] = 14'4 = 2.68 psi

=0.65 x 1 [0.85(4,- As)fe'+ Asfy]
=0.65x 1[0.85x (144 —2.88) x 3.5 +
2.88 x 60]

= 385.21 Kips.
Problem-151: Design a square tied column to carry an axial service loads of 320 k dead load and

190 k live load. Use f.'= 4 ksi, f,, = 60 ksi. [USD Method]

Solution: B, = @k [0.85(A4- As)f:'+ Asfy] Tie Design:

For tied column, ¢ = 0.65 & k=0.8 Use # 3 bar as the bar size used # 9 as main
As = pg4, reinforcement.
Let, py = 0.03 Spacing, S = 16 d,, = 16 X 3 = 18"
4= 0.034, =48d, =48x>=18"
P, = 0.65 x 0.8 [0.85(4,- A,)f. + Asf, ] S redp =AOXG =
=>1.2x320 + 1.6 x 190 = 0.6 x 0.8 x [0.85 X = 17" [Column least dimension]
(A, — .03A,x 4+ 60 x 0.03x 4,] Use # 3 bar @ 17" c/c.
=> A, = 259.53 in®. D~ O © T
Column size = 17" x 17" = 289 in?.
A, =0.03 x 289 = 8.67 in? 4 # 9 bar
Use 4 # 9 bars & 6 # 8 bars. U &
6 # 8 bar
@ @ @




Problem-152: Determine the ultimate axial load ona 15" square column reinforced with 4 #9 bars.
Ties are number placed at 12" c/c. f," = 4 ksi and f,, = 60 ksi. Also check whether the column
satisfy the ACI code requirements.

Solution: According to ACI minimum area = | Used tie bar #3 bar (0k).

96 in’ Spacing = 16 d,, = 16 x = = 18'c/c
Used area = 15 x 15 = 225 in?(0k) ~ 8
Minimum size of main reinforcement #5 bar =48d, = 48x g 18 cfe

Used main bar #9 (ok) =15 c/c [Column least dimension]
Amount of reinforcement =4 x 1 = 4 in? Spacing should be 15 c/c.
-2 0017 Used spacing 12"c/c (k).
Py . ] _ '
225 Ultimate load, P, = @k [0.85A.f." + Asfy]

0._01 < pg <0.08 (ok). _ =0.65x 0.8 [0.85x 225 x 4 + 4 x 60]
Tie bar #3 bar should be use for main = 522.6 kips

reinforcement up to #9 bar is used.
Problem-153: Design of a spiral column to carry ultimate axial load of 400 kips. f." = 4 ksi and fy

= 60 ksi. [USD Method]

Solution: Ultimate load, Doy = 4 as
P, = 0k [0.85(A4- Ay)f.' + Asfy] P gD, , 4 x oL
= Pk Ag [0-85(1'pg)fc +pgfy] = 0= = = .
Let, p, = 0.04 pspDc  0.022x95
9 =2.10=2.00 inch
=>400=0.7 x 0.85 4,[0.85 x (1-0.04)x 4 + D. o5
0.04 X 60] = Spmax = f =—=158=1.50 inch
=> A, = 118.69 in® =3
=>~ D2 = 118.69 in? Smin=1
—~D=1229~125 inch Use #3 bar @ 2.00 c/c.
As=pg XAy :m
=0.04x 7 12.5% = 4.91 in’ i
Use 12 #6 bar. g
Design of spiral: O
Using #3 bar g
¢ 1Dy 2 O
psp =045 1) " - 1]
_ 4 [ 125.9 11 _ 12.5°
= 0.45 x = [(35)?-1] = 0.022 .

Problem-154: Design of a spiral column to carry axial load of 280 kips. £." = 4 ksi and fy =60
ksi. [WSD Method]

Solution: Axial load, P = A4[0.25f."+p,f;] 4 as
Let, pg = 0.04 o
= 280:Ag[0.25x4+0.04X0.4X60] =>g= == -

“o A =143 in? pspDc  0.02x10.5
B A => S, 00 = 26=222 2 1 75 inch
=>%D2=143in2 ZOmax T T T T Inc

=2.10=2.00 inch




=>D=13.49 = 13.5inch

As=pg XAy
= 0.04 x% 13.52 = 5.73 in?
Use 6 #9 bar.
Design of spiral:
Using #3 bar
_ fe' (D2
Psp = 0.45 x fy [(Dc) - 1]
- 2 rB3y2q =
=0.45x s [(10.5) 1]1=0.02

Smin = 1” .
Use #3 bar @ 2.00 c/c.

Clear Cover 1.5

13.5

Problem-155: Design of a tied column for six story building from the following data:

e Floor thickness 6.
e Live load on floor 125 psf.

e Size of the beam on both direction 12" x 24" w
|

e f.'=4ksiand f, = 60 ksi.
e Story height 10'.

Solution:

Load Calculation:
Live load = Loaded area *
intensity of load *no of story
=20 x25x 125 x 6 = 375 Kips
Dead load = Loaded area * thickness *
unit weight * no of story

=20%25x = x 150X 6

= 225 Kips
Beam load = 22X (24=)

= 60.75 kips

x 150 x (20+25) x 6

Pu = Q)k [0-85(Ag' As)fc’+ Asfy]

= gk Ag [0-85(1'pg)fcl+pgfy]
=>976 =0.65x 0.8 x A4[0.85(1 - 0.04) x 4 +

0.04 x 60]

=> A, = 334.4 in*
Providing 19 in x 19 in section, A, = 361 in?
As=Agpy =361 x0.04 =14.45 in?
Use 12 #10 bar

Problem-156: A column consists of 12 no # 9 bars. Calculate the size spacing and draw them.

25’ 25’ 25
Assume column size = 21 in square

Weight of column = 21x2] x10x 150 x 6

= 27.56 kips

Total dead load, DL = 313.3 kip

Total live load, LL = 375 kip

Ultimate load, B, =1.2DL + 1.6 LL
=1.2x313.3+1.6x375
= 976 kip

Web reinforcement calculation:
Using #3 bar,

Spacing = 16 d;, = 16 x % =20"clc

= 48.d, =48 x> = 18"clc

=19'clc
Use # 3 bar @18" clc.

20

20

20

20



Solution: Consider a tied column, " -
h=2x15+2x04+5x1.125+4x1.6875
=16.18" D q|,s-154d,
~ 16.5" c15x2
—_ . 8
b=2x15+2x04+3x1.125+2x1.6875 b D 1249bar @ =1.6875"
=10.55"
~ 11”
D @
Spacing, S = 1.6875" oo or
Size =16.5" x 11" ) () @

Clear Cover 1.5
b

Problem-157: A-20 inch square tied column reinforced with eight ft. 9 bars carries a concentric
load of 380 kips. Design a square footing by working stress method using values given-allowable
soil pressure 7000 Ib/ft?, £." = 3000 psi and £, = 20000 psi.

Solution: Assume the unit weight of soil = 110 pcf

110+150

Average unit weight of concrete & soil = =130 pcf

Assume the depth of the foundation 5 ft. below the ground surface.

Soil pressure at 5 ft. below the ground surface =5 x 130 = 650 psf.

Effective soil pressure to carry the column load, q, = 7000 — 650 = 6350 psf.

. : 380 x 1000
Required footing area, A, = # =50.84 ft2.

Assume footing size = 8’ x 8’ = 64 ft2>59.84 ft? (0k).

8’ 8’
d - —— :.: 20” ;L’;;:

/2 ¢ 1 1 u i
! I g’ 20" Tl
| I SNl
S L

S
d/ ;3.'3:: ::i:i
2 7?-.1:‘2-?1_1,:5
Fiattiediset
+—>
1.58'
Punching shear Beam shear

Punching shear check:




- 38021090 _ 5937.5 psf = 5.9 ksf

Critical perimeter for punching shear, by =4 (a+d)=4 (20 +d) =80 + 4d

20+d

Shear force acting on this perimeter, V, = q x [L? - (a + d)?] =5.9 [82 - (7)2] Kips

Nominal shear strength, V,;; =2 \/F byd =[2 xv3000 x (80 + 4d) x d]/1000 kips

Now, 1z = Vau

20+d

or, [2 x v/3000 x (80 + 4d) x d]/1000 = 5.9 [82 - ( e

)%]
or, d = 18.67 inch = 19 inch [Using calculator]
Height of the footing, h = 19 + 3 = 22 inch.
[Clear cover is min 3 in. but 4 inch is better to provide]

Beam shear check:

-2 d1=59x8x[2-—22 - 221=7473kKips.
2 2 12

Shear force, V, = qL [ 2 x 12

N | &

Nominal shear strength, V,;; =1.1 \/F bd =[1.1 x v3000 x 8 x 12 x 19]/1000
=109.9 kips > 74.73 kips (ok).

Steel calculation:

L-a _8-20/12
—=

c= = 3.167 ft.

Lc? 59x8x3.1672
Moment at the face of the column, M = a > =

= 236.71 k-ft.

M 236.71x 12000 _
s=T 5= = 8.49 in?
fsjd 20000 x 0.88x 19

Ag(min) = 0.002bt = 0.002 X 8 x 12 x 22 = 4.22 in? [Shrinkage reinforcement check]

200 200
—bd =

fy 60000
Provide 11 # 8 bar in each direction.

Ag(miny = X 8 X 12 X 19 = 6.08 in?
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< > 20//
i
> 11# 8 bar
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8/

) Cross sectional view X-X
Plan View
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Problem-158: A-18 inch square tied column with f." = 4000 psi reinforced with 8 - # 8 bars of f,,
= 60000 psi, supports a dead load of 225 kips and live load of 175 kips. The soil has a unit weight
of 100 pcf. The allowable soil pressure 5000 Ib/ft2. Design the square footing with base 5 ft.

below grade in USD Method.
Solution: Given that, the unit weight of soil = 100 pcf

100+150

Average unit weight of concrete & soil = =125 pcf

The depth of the foundation 5 ft. below the ground surface.

Soil pressure at 5 ft. below the ground surface =5 x 125 = 625 psf.

Effective soil pressure to carry the column load, q, = 5000 — 625 = 4375 psf.
_ (225+175) x 1000

Required footing area, A,., = e =915 ft2.

Assume footing size = 10’ x 10’ = 100 ft2> 91.5 ft? (ok).

10’ 10’
d
/2
d/ ar==--"= 18"
/2% |
: : 10 18" 10’
| I _l¢d/2
>
d
/2

Punching shear Beam shear



Punching shear check:

_ (1.2 x22541.6 x 175)x 1000
Qu = 100

= 5500 psf = 5.5 ksf
Critical perimeter for punching shear, b, =4 (a+d)=4 (18 +d) =72 + 4d
Shear force acting on this perimeter, V, = q,, X [L? - (a + d)?] =5.5[10? - (%)2] kips

Nominal shear strength, V,;; = 4¢ \/F bod =[4 x 0.75 x V4000 x (72 + 4d) x d]/1000 kips

Now, V, = Vau
d
or, [4 x 0.75 X VA000 X (72 + 4d) x d]/1000 = 5.5 [10? - (“i;’ )2]
or, d = 18.19 inch = 19 inch [Using calculator]
Height of the footing, h = 19 + 3 = 22 inch.
Beam shear check:
B a 10 18 19 :

Shear force, V, = q,,L [; 5 d]=5.5x10x [7 yore E] = 146.67 Kips.

Nominal shear strength, V,;; = 2¢ \/F bd = [2 x 0.75 x /4000 x 10 x 12 x 24]/1000
= 273.22 Kips > 146.67 kips (0k).

Steel calculation:

L—a _10-18/12
—=

=4.25ft.

c=

qulc?  5.5x10 x 4.252

Moment at the face of the column, M = = 496.72 k-ft.
_ _ 496.72 x 12000 Asfy 60
s~ @, Or, Ag = 0.1471 Ag = T =
ofy(d—3) 0.9 x 60000 x (19 — ————%) 085f.'b 0.85x4x10x12

Solving the equation, A, = 5.94 in? a=0.1471A;

Ag(min) = 0.0018 bt = 0.0018 x 10 x 12 x 22 = 4.75 in? [Shrinkage reinforcement check]
200 200 _
Ag(min) = ? bd = 20000 % 10 x 12 x 19 = 7.60 in?

Provide 10 # 8 bar in each direction.
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Problem-159: A 18" x 18" RCC column made a footing size 8’ x 9" will supports a total dead
load of 23000 Ib/ft. The ultimate load bearing capacity of soil is 2 tsf. Determine footing depth. f,.’
= 3000 psi; f,, = 60000 psi. [Use USD Method]

Solution: Bearing pressure of soil, g, = 2 tsf = 2 x 2200 = 4400 psf = 4.4 ksf.
Critical perimeter for punching shear, by =4 (a+d)=4(18+d) =72+ 4d

Shear force acting on this perimeter, V, = ¢, X [L X B - (a + d)?] = 4.4 [9 x 8- (%)2] Kips

Nominal shear strength, V,;,; = 4¢ +/f. bod = [4 X 0.75 X v/3000 X (72 + 4d) x d]/1000 Kips
Now, V, = Vau

18+d

or, [4 x 0.75 x /3000 x (72 + 4d) x d]/1000 = 4.4 [9x 8 - ( >

)]
or, d = 13.72 inch = 14 inch [Using calculator]
Height of the footing, h = 14 + 4 = 18 inch.

Problem-160: A 18" x 18" RCC column made a footing size 8’ x 9" will supports a total dead
load of 23000 Ib/ft. The bearing pressure of soil is 2 tsf. Determine footing depth. £." = 3000 psi;
fy = 60000 psi. [Use WSD Method]

Solution: Bearing pressure of soil, g= 2 tsf = 2 x 2200 = 4400 psf = 4.4 ksf.
Critical perimeter for punching shear, b, =4 (a+d)=4 (18 +d) =72 + 4d

Shear force acting on this perimeter, V, = qx[LXB - (a + d)?] =4.4[9x 8 - (%)2] kips



Nominal shear strength, V,;; =2 \/F byd =[2 xv3000 x (72 + 4d) x d]/1000 kips
Now, Ve = Van

18+d

or, [2x+/3000 x (72 + 4d) x d]/1000 = 4.4 [9 x 8 - ( )

or, d=17.73 inch = 18 inch [Using calculator]
Height of the footing, h = 18 + 3 = 21 inch.

Problem-161: A RCC footing size is 10" x 10’. Determine the punching stress when depth 16.5"
and column size 10" x 10”. £, = 4000 psi; fy = 60000 psi. [Use WSD Method]

Solution: Punching area, A, =4 (a+d) xd =4 (10 + 16.5) x 16.5 = 1749 in?.

Shear force acting on this perimeter, V. = q X [L? - (a + d)?]
10 + 16.5
=g x [102 - (—=—2)2] = 95.12 .

. 95.12 .

Punching stress = 1 psi
1749
Nominal shear strength, V,;; = 2 =2 x+4000 psi
NOW, VC = Vall
95.12
22229 2 5 ¥ /4000
1749

1749 .
or,q=2xv4000 x —— = 2325 psi
95.12

. 95.12 . 95.12
Punching stress = 1

X 2325 = 126.45 psi.
1749 174

Problem-162: A 12" thick concrete wall carries a dead load of 10 k/ft. and live load of 12.5 k/ft.
The bearing pressure of soil is 5 ksf at the level of the base of the footing which is 5 ft. below the
final ground surface. £." = 4000 psi; fy = 80000 psi and density of the soil is 120 pcf. [Use USD
Method]

Solution: Considering 1 ft. strip of footing,
Thickness of footing, t = 1~1.5 times of wall thickness = 12"; d =12 -3 -0.5=8.5"
Effective soil pressure, g, =5— (1 x0.15 + 4 x 0.12) = 4.37 ksf

10+12.5
4.37

Required footing area, A, = =5.2 ft? of length.

Check for beam shear:

1.2x10+1.6 x 12.5
g, = = ;’2 X125 = 6.15 ksf




—d]=6.15[ 2 - —=—- 2] =856 kips/ft.

Areq  wall thickness
2 2

Shear force, V, = q,, [

Nominal shear strength, V,;; = 2¢ \/F bd = [2 x 0.75 x /4000 x 12 x 8.5]/1000
= 9.6 kips/ft. > 8.56 kips/ft. (0k).

Depth of the footing = 8.5".
Height of the footing = 12"



