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1.051 Structural Engineering Design

Problem Set 3 Solutions
Shear in beams

1. Given
wp = 1200 Ib/ft (including own weight)
w = 900 Ib/ft.
b, = 12 in.
d=17in.
h=20in.
As=6.0in° A
f'c = 4000 psi |‘
fy, = 60,000 psi

S A

L=22ft
Maximum factored vertical shear V, at the critical section

w, = 1.2w, + 16w, = 1.2(1200)+ 1.6(900) = 2880 Ib/f*
. wl_ 2880(22)

31680 Ib = 31.7 kips

max 2 2

- 141“(%): 31.7(%): 297 kips (daway from the supports)
2 2

M, = WEL - 2'8(52) - 169.4 kips-ft

Design the size and spacing of the shear reinforcement.

(a) V.given by Eq. 4.12b in the textbook

V. = 2J£ b,d = 24000(12)(17) = 25804 Ib = 25.8 kips
fV.=0.85(25.8)= 21.9 kips <V, Shear reinforcement needed

V-V, 297-219 .
VEFrW+V)p V.= T e 9.2 kips
Use #3 reinforcement, 4 = 2(0.11)= 0.22 in®
_Ard b s Af,d _ (0.22)(60)(17) _
s V. 9.2

Check s,

v

s

244 in
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__ AL A

" 075(f8, =

_ (0:22)(60000) . (0.22)(60000)
0.75/4000(12) (50)(12)

=23.21in £22in
=22 in
Spax = %— 1?7— 8.5 in

S = Min §22,8.5,24}= 85 in
s=244in<s,=85in
b s=85in

(b) Using the more accurate value of V. given by Eq. 4.12a in the textbook

Par‘ame‘rer's needed fo use this equation:

17 .
- 169.4 = 218 kips-
M, L/ZM““X iDiz) 1694~ 218 kips-ft
A 6
=t - 002
T T hd T (12)17) ?
d_ (29.7)17) Vd
- -193>1p %9_1
M, (21.8)(12) M,
V= fLOVE + 25oorA‘;UdJ;d£ 357 b,d

= ((1.9)(\/4000 + (2500)(0.0294)(1))(12)(17) £ 3.54/4000(12)(17)
= 39.5 kips £ 45.2 kips
= 39.5 kips

7V, = 0.85(39.5)= 33.6 kips £V, /2= 16.8 kips

fV./2<V, =297 kips< fV. P need minimum shear reinforcement

The minimum shear reinforcement size is #3, and obviously
s5...=d/2=85in will control. Thus, the shear reinforcement

configuration is same as part (a), i.e. #3@85 in. However, note the
difference in the calculated shear capacity V..
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2. Modified support conditions,

A

>

Y
v

R R
| d

valX F VL|

BN

_—

w,L _ (2.88)(22) _

Support reactions: R = R, = > >
Viex = R- 4w, = 31.7 - (4)(2.88)= 20.2 kips
The critical shear section is @d distance to the supports towards the center

V- 20.2@: 16.1 kips

31.7 kips

17 /12

M, - (31.7)17 /12)- 4884+

> = 2.7 kips-ft

Obviously, VA"/’d =1

Calculate fV. using the approximate expression
fV. = f2.Jf b,d = 21.9 kips (calculated in problem 1)

J%: 11 kips <V, = 16.1 kips < f V. = 21.9 kips

Use minimum reinforcement as calculated in Problem 1, i.e. #3@8.5 in.

Calculate fV. using the accurate expression

v =f§°i.9JZ+ 2500%%@% 135f b,d
4]

u

= 33.6 kips (calculated in Problem 1)
(Note the assumption that A = A, otherwise, V. would be different.)
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(v, = 16.1 kips) < (le/‘ = 16.8 kips) P No shear reinforcement needed!

Even so, this is a beam, take accidental loads into consideration and provide
minimum shear reinforcement!

Bond and Anchorage

3. Given: wp = 2 kips/ft (including own weight)
w,=3 kipS/fT.
by, = 11 in.
d=21in.
h=24in.
As = 2#11 (As = 2(1.56) = 3.12 in?)
Av = #3 (1.5" cover, spacing from column face: 4", 3@8", 5@10.5")

(a) The critical section for bond development is at the column face
f'c = 3000 psi
fy, = 60,000 psi

Using the simplified equation:
a = 1.3 (more than 12" of fresh concrete is cast below the reinforcement)
b =1 =1 (uncoated reinforcement and normal density concrete)

Tfabl 86(60000)(1 318
/- E i, - £(1.41)- 100.4 96
20\/7 o) 203000 - " "

The available development length is insufficient

(b)  Use the basic equation for development length

= 1.0 (#7 and larger bars)

c= mm§3 15+ %+ 1;“% min $3,2.26}= 2.26 in
Aty _ (0.12)(1+ 3+ 5)(60000) _ 189

150057 (1500)(10.5)(2) '

ct+ K, 226+189 c+ K,

- - 294>25 b
d, 1.41

K‘r’_

= 2.5 (upper limit)

b
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g
E3 1, abgl fdb gi()OOOO (1 3)(1)(1)(1)J1 41)= 60.2 in
40 \/7 &+ /(,FOL 5
55
Note that the ratio of the calculated values development length in (a) and
(b)is 1004 _ 25 since the simplified equations use (et ko) _ 15.

(c)

602 15 A
Column material properties: f'c = 3000 psi , f, = 60,000 psi.

There is no doubt that hooks will be necessary, so use expressions for
hooked bars

aED 02b1 1,

g
dh E ib
\/c [

Modification factors:
For #11 and smaller bar hooks with side cover not less than 25 in, and

for 90° hooks with cover on bar extension beyond hook not less than
2 in: 0.7 (satisfied)

#0.02)(1)(1)(60000)3
g

o i(141)= 239 in

L, =(0.7)23.9)=16.7 in P Adequate embedment length can be provided.

Detailed dimensions (See Fig. 5.10 in textbook):
The embedment length: 17"
Diameter of bend: r=8d,=(8)1.41)= 113 in
Length after bend: 124, = (12)(1.41)= 169 in
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