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Probiem 1-4 1/2

1.4 A 20 x 24 in. column is made of the same concrete as Examples 1.1 and
1.2 but reinforced with six No. 11 (No. 36) bars with f, = 60 ksi. For this
column section, determine (a) the axial load the section will carry at a
concrete stress of 1400 psi, (b) the load on the section when the steel begins to
yield, (¢) the maximum load if the section is loaded slowly and (d) the
maximum load if the section is loaded rapidly. The area of one No. 11 (No.
36) bar is 1.56 in®>. Determine the percent of the load carried by the steel and
the concrete for each combination.

[¥] Reinforcement Areas
Given Properties
f'. 1= 4000psi fy:= 60000psi f.:= 1400psi n:=3§ Eg:= 29000000psi
Column Properties

b:= 20in = 24in Agi= 6Ag 1 =936 in2 The total area of steel A is six no. 11 bars
Part (a) Compute the axial capacity of the section loaded below the elastic limit.
Solution: The axial capacity is based on the gross area of the column plus the effective area of the

steel. Since we count the holes where the steel is removed, the additional effective area of the steel is
(n-1Ag;.

i h A
Ag'“ bh Ag = 480 in2 Ay =9.36 in2 Reinforcement ratio = st =0.0195
A
g
P:= fc-[Ag+ (n- 1)-Ast] P = 764kip
Poi= f(Ag— Ag) P_ = 659kip
PC PS
PS:= fc’“'Ast PS = 105kip 100--—P— = 86.3 100? = 13.7

Part (b). Compute the capacity of the column when the steel begins to yield ¢:= 0.002069

or 2/10 of one percent
Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but
we are at the elastic limit of the steel.

fg:= e Eg fg = 60001 psi
From Figure 1.16 f:= 3100psi for slow loading

Since the problem is nonlinear, we must break out the concrete and
steel areas. We can no longer use the elastic equation from 1.1. A=A —-A

Pi=f A, + oAy P=2021kip

P..=f A .
¢ ¢c’¢ P, = 1459kip
. P P
Psi= Iy A P, = 562kip 100-—P°- =722 100;S =278

Part (c): Compute the maximum load capacity of the section

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve,
but we are in the plastic range of the steel.



Problem 1-4 212

fs= 1y f, = 60000 psi
From Figure 1.16 f,:= 3400psi for slow loading
Since the problem is nonlinear, we must break out the concrete and AC A —A
steel areas. We can no longer use the elastic equation from 1.1. c' ™ DgT Dt
Pi= fo A+ fo Ay P = 2162kip
Poi=fo A P, = 1600kip
s P P
Poi= Tg Agt P_ = 562kip 100-—PE =74.0 100—P3 =26.0

If we reexamine the problem with a fast loading as would occur in a building, then the concrete stress
would be
f, := 4000psi

P:=f{ A+ oAy P = 2444kip

e p
For= oA P, = 1883kip 100-—5 =77.0
Pl 562ki P

s~ ' 100 — =23.0
P
Comments

1. As the concrete becomes non-linear, the steel picks up more load, but after the steel yields,
the load goes to the conrete.
2. The slow loading is approximately 88% of the fast load scenario

-5



Problem 1-5 1/2

1.5 A 24 in. diameter column is made of the same concrete as Examples 1.1
and 1.2 The area of reinforcement equals 2.1 percent of the gross cross section
(i.e., 4,= 0.0214,) and f, = 60 ksi. For this column section, determ ine (a) the
axial load the section will carry at a concrete stress of 1200 psi, (b) the load on
the section when the steel begins to yield, (c¢) the maximum load if the section
is loaded slowly, (d) the maximum load if the section is loaded rapidly and (e)
the maxim um load the reinforcement in the column is raised to 6.5 percent and
the column is loaded slowly. Commenton your answer, especially the percent
of the load carried by the steel and the concrete for each com bination.

Given Properties

f.:= 4000psi fy:= 60000psi f.:= 1200psi n:= 3§ Eg:= 29000000psi
Column Properties
2
d:= 24in Agi= 7T'd— p:= 0.021 p is the reinforcement ratio or the fraction of
4 the section that is steel
Ast'= PAg The total area of steel Ay is A, =9.5 in?

Part (a) Compute the axial capacity of the section loaded below the elastic limit.
Solution: The axial capacity is based on the gross area of the column plus the effective area of the

steel. Since we count the holes where the steel is removed, the additional effective area of the steel is
(n-1Ay;.

Aci= Ag = Agt Ay =452 in? Ag = 9.50 in2 A, = 443 in2
p:= fC-[Ag +(-1) Ast] P = 623-kip Concrete and steel
contribution
e A _ P P
Poi= fo(Ag— Ag) P, = 531-kip 100.-S — 85.4
P
. P
= f:n A = .
Poi=fon Ay P, =91-kip IOOTS=14.6

Part (b): Compute the capacity of the column when the steel begins to yield €= A
E
S

gy = 0.00207  or 2/10 of one percent

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but
we are at the elastic limit of the steel.

fS:= ey Eg

y f = 60000- psi
From Figure 1.16 f.:= 3100psi for slow loading

Since the problem is nonlinear, we must break out the concrete and steel areas. We can no
longer use the elastic equation from 1.1.

Pi= f oA, + fy Ay P = 1943 kip b
c

100 — =274

=f-A

Fei= lohe P, = 1373 kip PP
s

P.:=f-A . 100 — =293
87 s st P = 570-kip P

Part (c): Compute the maximum load capacity of the section if loaded slowly

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve
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Problem 1-5 2/2

and we are in the plastic range of the steel.

f:=1y _ f, = 60000- psi
From Figure 1.16 f,:= 3400psi for slow loading

Since the problem is nonlinear, we must break out the concrete and steel areas. We can no longer
use the elastic equation from 1.1:

P:= fc- Ao+ fs'Ast P = 2076 kip
P.:=f-A . P
c ¢ ¢ -
Pc 1506 kip 100‘__£=72'5
P
P.:=f.A Py
57 s st Py = 570-kip 100— =275
P

Part (d): If we reexamine the problem with a fast loading as would occur in a building, then the
concrete stress would be

f, := 4000psi
Pi= £ AL+ Ay P = 2342 kip
Pei=foAc P = 1772kip P p
c 00—=757 00 B o
P = Ay P, = 570-kip p -4

Part (e): Determine the capacity for a slow loaded column with the steel changed to 6.5%

.2
Agpi= 0.065 A, Ag=294in
fs:= 1y £, = 60000 psi
From Figure 1.16 f_:= 3400psi for slow loading
Pi= oA+ fe Ay P = 3270 kip
- f. P
For=fe e P, = 1506 kip 100-—]-)9 = 46.0
P.=f A Py
S s “'st Py = 1764 kip 100 — =54.0
P
Comments

1. As the concrete becomes non-linear, the steel picks up more load, but after the steel

yields, the load goes to the conrete.
2. The slow loading is approximately 88% of the fast load scenario - This is slightly

higher than the 0.85 given in eq. 1.8.

(-7



Problem 1-5 12

1.5 A 24 in. diameter column is made of the same concrete as Examples 1.1
and 1.2 The area of reinforcement equals 2.1 percent of the gross cross section
(i.e.,4,=0.0214,) and f, = 60 ksi. For this column section, determ ine (a) the
axial load the section will carry at a concrete stress of 1200 psi, (b) the load on
the section when the steel begins to yield, (¢) the maximum load if the section
is loaded slowly, (d) the maximum load if the section is loaded rapidly and (¢)
the maximum load the reinforcement in the column is raised to 6.5 percent and
the column is loaded slowly. Commenton your answer, especially the percent
of the load carried by the steel and the concrete for each com bination.

Given Properties

f', 1= 4000psi fy:= 60000psi f.:= 1200psi n:=38 Eg:= 29000000psi
Column Properties
2
d:= 24in Agi= ﬂ..(.i._ p:= 0.021 p is the reinforcement ratio or the fraction of
4 the section that is steel
Ast:= P Ag The total area of steel Ay is A, =9.5 in”

Part (a) Compute the axial capacity of the section loaded below the elastic limit.

Solution: The axial capacity is based on the gross area of the column plus the effective area of the
steel. Since we count the holes where the steel is removed, the additional effective area of the steel is
(n-NA4.

A=A, - A . . .
¢ g st Ag= 452 i Ay =9.50in> A, =443 in’
Pi= f[Ag+ (n - 1) Ag] P = 623-kip Concrete and steel
contribution
- _ _ T P
Po:= f (Ag Ast) P¢ =331-kip 10()~—c =854
P
P.:=f.-nA P.=91-kip Py
s C st S 100 — = 14.6

f,
Part (b): Compute the capacity of the column when the steel begins to yield eyi= A
ey = 0.00207  or 2/10 of one percent

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve, but
we are at the elastic limit of the steel.

f.:=eE
s Ey B f, = 60000- psi

From Figure 1.16 := 3100psi for slow loading

f
NOA
Since the problem is nonlinear, we must break out the concrete and steel areas. We can no
longer use the elastic equation from 1.1.

Pi=fo AL+ fo Ay P = 1943kip P

100-— =27.4

P .= . P ’
o= ToAc P, = 1373kip PP
s

P :=f A . 100 — =293
T s st P, = 570-kip P

Part (c): Compute the maximum load capacity of the section if loaded slowly

Examining Figure 1.16, we are beyond the elastic portion of the concrete stress strain curve

/-8



Problem 1-5 212

and we are in the plastic range of the steel.

Aoi= Ty £, = 60000- psi
From Figure 1.16 .= 3400psi for slow loading

Since the problem is nonlinear, we must break out the concrete and steel areas. We can no longer
use the elastic equation from 1.1.

= A+ fy Ay P = 2076 kip

Aoi = fo Ac = 1506 ki P
Po = 1506 kip 100-— = 72.5

P

Roi= T A ik
s Ast P, = 570-kip 100— =275

Part (d): If we reexamine the problem with a fast loading as would occur in a building, then the
concrete stress would be

fai= 4000psi
= £ A+ Ay P = 2342 kip
Boi=ToAc P_ = 1772kip Pe P
c 100—==757 10025 _ 943
Fei= T At P, = 570-kip s 24

Part (¢): Determine the capacity for a slow loaded column with the steel changed to 6.5%

.2
A= 0-065 A, Ay =294 in
A=ty f = 60000- psi
From Figure 1.16 Joi= 3400psi  for slow loading
Pi= oA+ fgAy P = 3270-kip
- P
Roi= Te A P, = 1506 kip 100-— = 460
s P
Kai=Ts Ast P, = 1764 kip 100—135 = 54.0
Comments

1. As the concrete becomes non-linear, the steel picks up more load, but after the steel
yields, the load goes to the conrete.

2. The slow loading is approximately 88% of the fast load scenario - This is slightly
higher than the 0.85 given in eq. 1.8.
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Problem 3.1 12

Problem 3.1 A rectangular beam made using concrete with £ = 6000 psi and steel with f, = 60,000 psi had
a width b =20 in., and an effective depth of d =17.5in and an h=20in. The Concrete moduius of rupture
=530 psi. The elastic modulus of the steel and concrete are, respectively £ =4,030,000 psi and Es =
29,000,000 psi. The area of steel is four No. 11(No. 36) bars.

(a) Find the maximum service load that can be resisted without stressing the concrete above 0.45 fc or
the steel above 0.40f,.

(b) Determine ifthe beam will show cracking before reaching the service load

(c) Compute the nominal moment capacity of the beam

(d) Compute the ratio of the nominal capacity of the beam to the maximum service level capacity and
compare your findings to the ACI load factors and strength reduction factor.

[¥] Reinforcement sizes

Given data

Note: for all MathCAD based solutions, the area and diameter of reinforcment bars is in a common
database. Hence the notation Ay, indicates the area of a single No. 11 (No. 36) bar.

.2 .

Agi= 4 Agq Ag=6.24in Eg:= 29000000psi

b:= 20in d:= 17.5in h:= 20in

f',:= 6000psi fy:= 60000psi E.:= 57000 Jf . psi E. = 4415ksi
Eg

foi=7.5/f psi f. = 581 psi n:= — n==6.6
Ec

(a) Find the maximum service load that can be resisted without stressing the concrete

above 0.45 f'c or the steel above 0.40 fy.

fo:= 0.45f f. = 2700psi
f:= O.6Ofy fy = 36000 psi
Ag

1= — =0.018

P b d p
2

k:= \/(p-n) +2pn—pn k=0.381
ji=1 k j =0.873
J: 3 ] .

Moment due to concrete limits

1 kd)
= —f.bkdld-—
Mse:= 3 cbkd(d 3 ) M, =229 ft-kip

Moment due to steel limit

M= Ao foj-d .
ss S's Mg = 286 ft-kip
The maximum service moment is the minimum of the two values.

M= min(MSS,Msc) Mg = 229-ft-kip

2~



Probiem 3.1 212

(b) Determine if the beam will show cracking before reaching the service load

3
LA [ =13333in”
g 12 g
ey .
Mg N M = 64.5 ftkip
2

This is less than the service laod so the section cracks. To demonstrate that the transformed
section does not affect this conclusion, the following checks the cracked transformed section.

ono-2)

Ayi= — AL+ bh Ay = 0.697in
2
2 h 3
I.=1 +bdAy +nAfd-—-A .4
ut’= g Y s ( 277 Iy = 15400-in
N f Lyt
cr2 M, = 80.1-ft-ki
h cr2 : p M2
=~ Ay =1.242
5 .
crl
(c) Determine the nominal moment capacity of the section.
Ay fy .
ai= ——— a=3.67in
0.85f b
a )
M, :=A.f |d-— .
n s y( 2 ) M, = 489-fi-kip

(d) Compute the ratio of the nominal capacity of the beam to the maximum service leve! capacity and
compare your findings to the ACI load factors and strength reduction factor.

My
Ratio:= —— Ratio = 2.13
M

First, the extra computation of the uncracked transformed area gives only a 18% increase in the
cracking moment. Comparing the cracking moment to the service moment shows that the service
moment is almost 3 time the cracking moment. Therefore, unless the service moment is very
close to the service moment, you can be assured that the section will crack based on the gross
section calculation.

Second, the margin of safety between the service moment and the nominal capacity is 2.11.
This is greater than the ultimate load factors and phi factors from ASCE-7 and ACI (1.8/0.9 =2.00
if the entire load is classified as live load) indicating that a service level design is more
conservative than LRFD design.
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Problem 3.4 A rectangular reinforced concrete section has dimension b=14 in., d=25in, and h

=28 in., and is reinforced with 3 No. 10 (No. 32) bars. The material strengths are f, = 5000 psi, fy
= 60,000 psi.

(a) Find the moment that will produce first cracking at the bottom surface of the section
basing your calculations on Ig, the moment of inertial of the gross section.
(b) Repeat the calculation using /,, the uncracked transformed moment of inertia.

(c) Determine the maximum moment that can be carried without the concrete stress
exceeding 0.45 f, or the steel stress exceeding 0.60 fy.

(d) Determine the nominal moment capacity of the section.

(e) Compute the ratio of nominal moment capacity from part (d) to the service level moment
from part (c)

() Comment on your results with particular attention to comparing parts (a) and (b) and
comparing part (e) to established load factors.

[¥] Reinforcement sizes

Given data
.2 .
Agi=3-Aq1p Ag =3.81in Eg:= 29000000psi
b:= 14in d:= 25in h:= 28in
f'o:= 5000psi fy:= 60000psi E := 57000 [f . psi E. =4031ksi
Eg
f.:= 7.5 1 psi f. = 530 psi n:i=— n=72
E¢

(a) Find the moment that will produce first cracking at the bottom surface of the section
basing your calculations on Ig, the moment of inertial of the gross section.

3 f:1
~_bh ! . r'g .
Ig.: ? Ig = 256111in My o= T M, = 80.8ft-kip
2

(b) Repeat the calculation using /, the uncracked transformed moment of inertia.

one-t)

2
Ay:= ———-——————} Ay =0.719in
nAg+ b-h
2
2 h ) 4
L= Ig+ b-d- Ay +n-AS-(d——E—-Ay) I, = 28689in
f:1
rfut . M
MCI‘2 MCI‘2 =955 klp cr2 =1.181
57 Ay M

(c) Determine the maximum moment that can be carried without the concrete stress exceeding
0.45 f, or the steel stress exceeding 0.60 fy

fo 1= 0.45f f, = 2250psi



Problem 3.4 2/2

fs:= 0.60fy fS = 36000 psi
Ag 2 ) k .
p:=-l;—g p=0.011 k:i=y(pn) +2pn-pn k=0325 j:=1 —; ] =0.892
Moment due to concrete limits Moment due to steel limit
o ked ) i = Acfejrd Mg =255 ftki
Mg = E'fc'b'k'd' d- —5—) My, =238ftkip M= Agte) 55 = -kip

The maximum service moment is the minimum of the two values.

M:= min(Mgg, M) M, = 238 ft-kip
(d) Determine the nominal moment capacity of the section.
At
ai=——2—  a=384in M= Agf, a-2) M,, = 440 fi-kip
0.85f b Y Uo2)

(e) Compute the ratio of nominal moment capacity from part (d) to the service level moment from
part (c)

My
Ratio:= — Ratio = 1.85 0.9-Ratio = 1.66
Mg
M
Ratiol := Ratiol = 2.942
Mcrl

(f) Comment on your results with particular attention to comparing parts (a) and (b) and comparing
part (e) to established load factors.

First, the extra computation of the uncracked transformed area gives an 18% increase in the
cracking moment. Comparing the cracking moment to the service moment, Ratio1, shows that
the service moment is almost 3 time the cracking moment. Therefore, unless the service moment
is very close to the service moment, you can be assured that the section will crack.

Second, the margin of safety between the service moment and the nominal capacity is 1.8, 1.6 if

a ¢ factor is included. This is greater than the ultimate load factors from ASCE-7 indicating that a
service level design is far more conservative than LRFD design.

A6



\ ’
35 fyreopomi L= sosop ,

2
) As =2 “8 32(0-7‘15 * 1,58 in? "
. 1s8(ce) _ o n
.85(s) 12 |:8&1n 20
Mo Aby(d-52) - 1ss (e | | |
= 151§ kips

L)y A2 Yo ~z(L2T)"2.5% in"

. Aty . 281Go) :
2stlb  ,95(5) 12 =290

M= 25%(co)(zo - 2,_;"’) =
s 235 Tt ks
¢) A 3Yo =3(lzn): 3800

. 2381(60) . 4ap.
* BEw T T

A
Mn= 3.21(co)(z0 - 4—%8) Z
-2284 kgs

A check of net fensile strain shews €¢ 20,0077 so
fensile steel hos qielded,



Problem 3.6 172

Problem 3.6 A singly reinforced rectangular beam is to be designed, with an
effective depth approximately 1.5 times the width, to carry a service load of
2000 Ib/ft in addition to its own weight, on a 24 ft. simple span. The ACI Code
factors are applied as usual. With f, = 60,000 psi and /°. =4000 psi, determine
the required concrete dimensions d, b, and A, and steel reinforcing bars for a) p
= 0.6 pmax and b) p= pos. Include a sketch, to scale, of each cross section.
Allow for No. 4 (No. 13) stirrups. Comment on your results.

Given properties

- Ibf 1
fy:= 60000psi f',:= 4000psi l:= 24-ft wy= 2000—% W= ISO-L:
ft
Estimate beam dimensions for self weight
determination b
bi=12in  d:= 18in h:=21in B -
Wy i= b-h-w, A
kip o
Wy, = 1.2-WO+ I.GWI Wu=3.515? "
2 <)
M, = WU-E- M, = 253.1kip-ft
® A
0.05(f'; — 4000-psi)
By:= 085~ =0.85
1000 psi
f
c 0.003
:= 0.85- 3, — ——————— = 0.0206
Pmax "', 0.003+0.004
a) Forp = 0.6 p,,,,. find the section properties to carry M,,.
. Ph
p:=0.6p,.. p=00124 Fromtable Resistance:= p- fy]1-0588—=
¢ )
Resistance = 662 psi Since p<pg ggs: then  ¢:= 0.90
3 Mu
b:= - = 13.134in d:=15b d=197in
2.25- d- Resistance
.2
A= pb-d Ag=3.2in
A solution is to use 4-#8 , b= 14", d= 20.5", and h=22".
Agi= 4-0.79in2 b:=14in d:=205-in giving a design capacity of
At
ai= ——L— =3.98in
0.85-f b
a . .
M = Ay (d - 5) &M, = 263 ft-kip >M, M, =253.1ftkip OK
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f
b) c 0.003
= 0853y ——m———
Poos P £, 0.003 + 0.005
£, )
Resistance:= p- fy- 1 -0.588 p——f— Resistance = 911 psi
c
3 Mu
b:= = 11.8in d:=15b d=177in

i .52- ¢- Resistance
.2
A= pbd A =3.78in

This is satisfied by 4-#9 A, = 4.0 in2. Beam dimensions would be b= 12", d= 18" and h=21"

(or more when two layers of steel are used). The increase in depth accounts for the smaller
area of steel.

Check:
b:= 12in d:= 18in AS:= 4~I.Oinz=4.0in2
AL
81 e a=588in
0.85-f ;b
M. = &-Af-|d a) M. =271.1fckip >M, OK
(b n-— d) s' y - 2) ¢ n-_ . 3 lp u

Comment: While there is a small savings in concrete using solution b, the final selection
of reinforcement can often result in a reinforcement ratio greater than the code allows. In
which case, the solution in a) is preferable.
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3.7 A fourspan continuous beam of constant rectangular cross-section is supported
at A, B, C, D, and E. The factored moments resulting from analysisare

At Supports, ft-kip At midspan ft-kip
M, = 138 M, = 158
M, = 220 M, = 138
M= 200 M4 = 138
Mg =220 Mg = 158
M, = 138

Determine the required final concrete dimensions for this beam using d=1.75b
and determine the reinforcement requirements at each critical moment section.
Your final reinforcement ratio should not exceed p = 0.6 pyps, f, = 60,000 psi and
f'c=6000 psi

[¥] Reinforcement Details

Given Properties

f', = 6000psi fy = 60000psi g, = 0.003
f'. — 4000psi
By :=1085-0.05——"—=075 ¢ = 0.90
1000psi

Solution Approach:

Solve the first section using the Resistance Factors. Then, having selected a section, determine
the reinforcement requirements for the remaining sections. Choose reinforcement bars to meet
your criteria.

_ 220ftkip .
Mareqq = = — Myreqq = 244 f-kip
0.85-8f € 3
P00s = S| ——— 20024 p:= 0.6pgg5 = 0014
f £y + 0.005 |
y u
_ Py ) ~ .
Ri=pfy|1-.588—= R = 788 psi
fe )
3
M
n nreqd .
b:= 5~ 10.7in d:=1.75-b = 18.7in
1.75°R

n:=—S—=3.6

A= b-d-p=2.86in” A
AS8

Try the following dimensions and then check the solution

b:=10in h:=22in d:=h -4in Additional cover is required because the bars have to be in
5 two layers, See Table A.7 in text.
A= 4-Ag A =3.16in Note: 3#10 (No. 36) also works and allows the steel to be in one
layer but require more steel.
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Af
> Y _372in

a= Moo= Actfd—2) ML, =255 ftk v
0.85-f b nl = Aglytd - 2) nl = t-kip

Mnreqd

The next largest moment is 200 ft-kip. This is 10 percent less than the first interior joint so no
adjustment of reinforcement is needed.

The largest positive moment is 158 ft-kip. This is 72 percent of the maximum moment so the steel
requirements will be approximatly:

.2 A
= = 2
Agy = 0.72A 2.28in 0 :=_s na =288 USE A = 3A
2 2 S s8
As8

From Table A.7 use 3-#8 bars in one level

b pe 3 a9 M= Act -2 e 1975k
T o085f.b nab sy (U 2) P
Check total Capacity & Mpap

——— =112 OK
158ft-kip

Design end negative moment at A and E

138 .2 L2
Ay = Eg-AS =2.07in Use 3#8 Ag=3Ae =237in

Agfy \
a=——">"—=27%n a .
0.85f b M= As'fy'(d - 5) M, o = 197 fkip
. o-M
Check total Capacity n2 _112 OK
158ft-kip
10" 4#8
3-#8 in two layers 3-#8
e — /m\\ \
’O © —— T
e e e e —————
2o €] O / O
3-#8
© 0
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Problem 3.8 A two span continuous beam is supported on three concrete walls
spaced 30 ft. on centers. A service live load of 1.5 kip/ft is to be carried in addition to
the self weight of the beam and is to be applied in a pattern loading. The dimensions of
the beam should be approximately d=2 b, and the reinforcement is to be varied
according to the demand. Detemmine concrete dimensions at all critical sections but
select a constant section for the beam. Allow for No. 4 (No. 13) stirups. Use a spanto
depth ratio of 15 for your first estimate of the depth. Adjust the depth if the
reinforcement ratio is too high. Include sketches drawn to scale. Use f, = 6000 psi

and f, = 60,000 psi.

[¥] Reinforcement Details

Given Properties

£, — 4000psi
f = 6000psi  f,:= 60000psi $:= 090 (B:= 0.85 - 0.05 ———— =0.75
c i y P I 1000psi
ip
wpi= L 5;— L:= 30ft Yo := 150pcf

Solution: Begin by estimating a beam depth and width, then compute the girder load.. Compute the
maximum negative moment due to both spans being loaded then the maximum positve moment
with only one span loaded with live load. Try:

L h
hi= — =24in d:=h-25n=21.5in b:=—=12.0in
15 2
kip kip
Wgi= ’\{C'b'h—O.30——f¥- = 1.2w +16wl 276-&—
wu-L2
Mneg:= . =310 ft-kip

By trial estimate a, then compute A for the negative moment over the support, select final As and
check Mn
Mneg

a:= 4.0in A= ————— = 3.54in2 Try 3-#10 A= 3-Agpo =381 in2

As-fy \
ai= ——— = 3.74in M, = Agf | d-= =374 ki -M,, = 337 ftkip OK
0.85f b = o ( 2) P My P

c:= 2 =4.98in

5 = 0232  <3/8 therefore phi= 0.9 is OK
1

oo

By trial, compute the required A for the positive moment condition.

The maximum positive moment occurs with dead load on both spans and live load on one span
only. The maximum moment for the DL occurs at 3/8L in from the end and the maximum moment
for live load occurs 7/16L in from the end. Conservatively, take the sum of the two conditions and
apply them at the same location.

49-1.6w L2 912w -L2

g .
M = + = 229 ft- ki
pos 512 128 P
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. M
ai=30in Ag= —LP2 __2ss5in® Try3#9 A= 3Ag=3.00in]
(b.fy.(d _a)
)
ai= Asly = 2.94in M= A-f-(d—i\=300ft-kip &M, = 270 fe-kip OK
0.85f b neosyyU o o2) n
o= Bi =3.92in -"d- ~0.182  <3/8 therefore phi = 0.9 is OK
1
12" —>
3-#10 (#32)
_____ 1T &
1 l X Ju
! | ! l
| |
| ' |
! 1oy g | ™ 43 (#10)
i ' 24" wl L'l stirrup, typ
. i 21.5"| ! i ,
! 1 ! |
' | ! |
: ‘ : [
| ¢ e | ¥ N y
Yy v | ————~
3-#9 (#29)
Section at midspan Section at interior support

F-Is
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Problem 3.11 For the beam with a triangular cross section shown in Figure P3.11,
determine a) the balanced reinforcement ratio and b) the maximum reinforcement ratio if
£=0.005. The dimensions of the triangle are such that the width of the triangle equals
the distance from the apex. The width at the effective width b equals the effective depth
d. Draw the strain distribution, stress distribution, and define your notation.

b
A
| c ]
d S, 2N N SUUPUITE SO -
Y
A, strain stress
SOLUTION

a) Find the balanced reinforcement ratio

From Equilibrium

C=T

0.85f°: (1/2 a b,) = Af,

Substitution A= p b d, where b =d and b, = a gives
0.85f. a’/2 = p d*f,

Solve for p
085 f'. a
2B ay
2 f, d

The relationship between a and ¢ is a = ;c. From the relationship of plane
sections remain plane, the correlation of c/d is

3.1
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Substitution for a and then c/d gives

0.85 f', g,
P= L ﬂlz( 2

2 f), E,tTE

For the balanced condition, & = €, and py 18

0.85 1", £,
Py = ﬁlz( 2

2 f), £,tTE,

Using grade 60 steel, so €, is 0.002 and &, = 0.003, the balanced ratio becomes.

p, =0.15347 -f}L <=Solution for balanced ratio

b) Find the reinforcement ratio for & = 0.005.

For & = 0.005 and g, = 0.003 the reinforcement ratio is

Dooes = 0.0604] Le <=Solution for reinforcement ratio when g; = 0.005

¥

3.20



Problem 3.12

1

Problem 3.12 Develop a design table and chart for the moment capacity of
rectangular concrete beams based on the use of the flexural resistance factor R
(See table A.5a and Graph A.la for examples). Material strengths are £, = 60,000
psi, and £, = 8000 psi. The table and graph should begin with py;, and end at
Pmax. You must show how the maximum and minimum values for p were
computed. You may use Excel or MathCAD to perform your calculations. Your
submittal must include a table, a graph, and commentary on how you checked the

work.

[#] Reinforcement Details

Given Properties

f' — 4000psi
f .= 8000psi £, := 60000psi ¢:=090 B;:=0.85-0.05—————— =0.65
c y \ 1 1000psi
- 3 Jf -psi
200 \/ p

Prin'= max( =, f" = 0.0045

y y

f

c 0.003
:= 0.85B3-—| ——————— 1=0.028

Pmax ! £ (0.003 + 0.005 )

P:= Pmin 0-005.. Prax

p= R(p) =
0.004 263
0.005 293
0.006 324
0.006 354
0.007 384
0.007 413
0.008 443
0.008 472
0.009 502
0.009 531
0.010 560
0.010 589
0.011 617
0.011 646
0.012 675

psi

R(p):= p-fy-(l - 0.588p--f—

fy\

c

Resistancefactorvs. reinforcement

1600

ratio

1400

ol

1200

el

L 1000

——

800
K 600

/

400

200

-

0

0.000

0.005 0.010 0.015 0.020 0.025 0.030

o
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3.12 Excel solution

p R (psi)
0.005 265 ] ]
0.005 293 Resistance factor vs. reinforcement
0.006 300 .
0.006 350 ratio
0.007 379
0.007 407 2000
0.008 435
0.008 463 | 1500
0.009 519 | =
0.010 546 500
0.010 574 —
0.011 601 0
0.011 628 0.000 0005 0010 0015 0020 0025  0.030
0.012 655
0.012 682 P
0.013 709
0.013 735
0.014 762
0.014 788
0.015 814
0.015 840
0.016 866
0.016 892
0.017 918
0.017 944
0.018 969
0.018 994
0.019 1019
0.019 1044
0.020 1069
0.020 1094
0.021 1119
0.021 1143
0.022 1168
0.022 1192
0.023 1216
0.023 1240
0.024 1264
0.024 1288
0.025 1311
0.025 1335
0.026 1358
0.026 1381
0.027 1404
0.027 1427
0.028 1450
0.028 1473

3.2



Homework 3-13 i

3.13 A rectangular beam made using concrete with f’c = 5000 psiand steel with f, = 60,000 psi
has a width of b= 18 in., an effective depth of d = 21 in., and a total depth of h= 24 in. The
beam is reinforced with 4 - No. 9 (No. 29) bars. Compute the nominal moment capacity
assuming a) an equivalent rectangular stress block, b) a triangular stress block with a peak value
of f'-and c) a parabolic stress block with a peak value of f.. (see Fig. P3.13). Compare and
comment on your results knowing that the rectangular stress block correlates within 4% of test

results.
3
. A LLE b
b
-y v
A=Y ab
Triangle Properties Parabola properties
[¥] Reinforcement Details
Given Properties
f . — 4000psi
f' . := 5000psi f,, := 60000psi B := 0.85-0.05-———— =0.80 = 0.90
c P y P ! 1000psi ¢
b := 18in d := 21lin Ag=4Agg
a) Use equivalent rectangular stress block
A A,
a=——2——314in M, = Agf, a2 )= 380 ekip
0.85f ;b Y Uo2)

b) Use a triangular stress block

AT
Sy . a \
a, = =5.331in t .
t o 2 Mnt = As-fy(d - ;-) = 384 ft-kip
c 5

¢) Use a parabolic stress block

_ Al ~400in M. = A fld-> V2 300k
ap‘—2 =4.00m np = Aty —8-ap)— t-Kip
Zr.b
3

d) Now lock at the ratios

M

L M
M, =1.01 nro_ L.00
an
CONCLUSIONS

The selection of the shape of the compression block is not a critical parameter. All results are
within the 4% margin of error associated with correlation to test results. The use of the rectangular
stress block has been calibrated over a very large range of beams and columns and found to be
adequate and a convenient method of computing flexural capacity.
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Problem 3.15 172

Problem 3.15
A rectangular beam has a cross section 8 in. wide and an effective depth of 10 in. and a total
depth of 12 in.is reinforced with a single fiberglass reinforcing bar that has a cross sectional area

of 0.45 in.2 The bar has a nominal tensile strength of 140,000 psi, a linear stress strain curve to
failure, and a strain at failure of 1.8%, and a modulus of elasticity of 7,800,000 psi. The concrete
strength is f'. = 6000 psi. Determine the nominal capacity of the section.

Given Data
b:=8in h:=12in d:=10in  f_:= 6000psi f, 1= 140ksi Egtz 7800000psi
€,:= 0.003 €y = 0.018
.2
B1:=075 Ag.— 0.45in

8" 4,=0.003 ..{

1 2"
]4—10"—»

. —- Tg

e

First Trial, assume that the fiberglass rod ruptures and the concrete fails in compression

Tyi= fiyrAg T, = 63.0kip
T
a:= _— a = 1.544in ci= 2 My =T, d —-?-\= 581.4in kip
0.85f b B 2)
e ime 9C € 1 =0.012
1"~ o 1= €o1
¢ c & £ - 0.643
Eug

The strain in the glass is only 33% of the ultimate strain, therefore we do not have compatibility
on the section and the fiberglass rod does not fail. We need to set up compatibility conditions
and then solve for equilibrium.

By trial assume a:= 1.268in and iterate until the a4 = a. When they are equal, we
a have compatibility, e.g., the location of the neutral axis
ci= 'B— results in a strain and corresponding force in the
1 reinforcement to balance the compression force.
. d-c
gl'™ "u €g1 = 0.015
Tglz EgsglAg
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Problem 3.15 2/2

Tg

mod = 0.85f b 3mod = 1-268in

Compute the nominal moment capacity using the usual equation except that Asfy is replaced by
the tensile force Tg.

a
M= Tg-(d - —\

2) M,, = 485 in-kip
The stress in the fiberglass rod is fo:= Eg€gy fg=115 ksi
f,
£ -0821
fu
COMMENT:

The beam fails in concrete compression with the fiberglass reinforcement at only 82% of its

ultimate tensile capacity. Using the nominal tensile capacity of the glass without adjusting for
the modulus of elasticity leads to over prediction fo the beam capacity.

3-Z¢



Problem 3.16 compute the maximum and minimum reinforcement ratios for reinforcement with 80 ksi
yield point and f'c = 4000 to 8000 psi in 1000 psi increments similar to those shown in table A.4a

of Appendix A. Using the maximum and minimum reinforcement ratios, develop resistance factors
and design graphs similar to Table A.5b and Graph A.1a

Solution:  Assume maximum tensile strain in the steel is g, = 0.005
fy= 80000 psi
series 1 2 3 4 5
f= 4000 5000 6000 7000 8000 psi
B 0.85 0.80 0.75 0.70 0.65
Pmin = 0.0025 0.0027 0.0029 0.0031 0.0034
Pmax = 0.0159 0.0135 0.0123 0.0114 0.0107
p R (psi)
0.0010
0.0015 118
0.0020 156
0.0025 194 195
0.0030 232 233 234 234
0.0035 268 271 272 272 272
0.0040 305 308 310 310 310
0.0045 341 345 347 347 347
0.0050 376 381 384 384 384
0.0055 412 417 421 421 421
0.0060 446 453 457 457 457
0.0065 480 488 494 494 494
0.0070 514 523 529 529 529
0.0075 547 558 565 565 565
0.0080 580 592 600 600 600
0.0085 612 626 635 635 635
0.0090 644 659 669 669 669
0.0095 675 692 703 703 703
0.0100 706 725 737 737 737
0.0105 736 757 771 771 771
0.0110 766 789 804 804
0.0115 796 820 837
0.0120 825 852 870
0.0125 853 882
0.0130 881 913
0.0135 909 943
0.0140 936
0.0145 962
0.0150 988
0.0155 1014
0.0160 1039
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Problem 3.16 (cont.)

R (psi)
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¢= 0.9 for shear

/Zé.’bq{s’/(,,,J S A ST 0 FORCAEovin ErdT  Folle BEgrer o0
PrZoRisemr A2 JS.,~L T

dy= 0.9d = ©0.9x/25= /575" -

4y
CRITAt SAECACD @ = 15,77 = L3/

Viy = SS.9— 29 %031 =2, 9%
O 125l Lyude = ©12C xFoen xto x/515 =_  188Kws
s et
THANAE PRk,
S < 0.8dy = 72.67 E&— Comrocc
< z¥”
' .2 2% 60,060 ”
c A fzt 227 - 2.9

VL by - VFEeD e

& - MaJo, + VY« M fps5:25 + Vi

s- -
Zs 5‘/44 .29 60 X 3ev
M‘/i Nt e S+ L:«Q Kl UM C!U /L‘:l/'- L 278§ 1S A, és
5. 48
S - - c
/* 750 é& @ Zc/;'f gm =g

@V for at Least @V, for Less Than Minimum
Minimum Stirrups Stirrups
Distance M,, Vi . oV, V, 5 Ve, V.12,

from Support, ft ft-kips kips £x1000 @ P kips Kkips in. )il kips kips
0 0 55.8 1.28 33,5 245 219 377 83 228 204 10.2

1 52 48.4 [.11 329 262 235 277 116 2.44 21.9 10.9
1.31%* 67 46.1 1.11 329 261 234 252 128 244 21.8 10.9

2 97 40.9 1.32 33.6 241 216 214 146 2.25 20.2 10.1

3 134 33.5 1.56 345 221 198 152 200 2.06 18.5 9.2

4 164 26.1 1.73 351 2.09 187 82 36.3 1.94 17.4 8.7

5 186 18.6 1.84 355 2.0t 181 0.6 4776 1.88 16.8 8.4

6 201 11.2 1.89 356 199 17.8 -~ -- 1.85 16.6 83

7 208 3.7 1.87 355 200 179 -~ -- 1.86 16.7 8.3

7.5 209 0.0 1.83 354 2.02 18.1 -- -- 1.88 16.9 8.4

*d, from face of support

S Etbe ﬁ»‘zﬂ’&?ﬁ% < PAer~ G —
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®) .

¢=0.75 for shear

@V for at Least @V for Less Than Minimum
Minimum Stirrups Stirrups
~ Distance M, Vi V. Vi s, Ve, gv./2,

from Support, ft ft-kips Kkips £x1000 @ B Kkips Kkips in. B kips kips
0 0 55.8 1.28 335 245 183 417 7.5 2.28 17.0 8.5

1 52 48.4 1.11 329 262 196 32.0 100 2.44 18.2 9.1

1.31% 67 46.1 1.11 329 261 195 295 109 2.44 18.2 9.1

2 97 40.9 1.32 33.6 241 180 255 123 2.25 16.8 8.4

3 134 335 1.56 345 221 165 188 16.1 2.06 15.4 7.7

4 164 26.1 1.73 351 209 156 116 255 1.94 14.5 7.3

S 186 18.6 1.84 355 201 150 4.0 73.8 1.88 14.0 7.0

6 201 11.2 1.89 356 199 148 -~ - 1.85 13.8 6.9

7 208 3.7 1.87 355 200 149 - -- 1.86 13.9 7.0

7.5 209 0.0 1.83 354 202 15.1 -- - 1.88 14.1 7.0

*d, from face of support



e
P //oé/é——-.ﬂ z‘/—¢ USWDS* MECT
)= ©.5d=0.9%x3) =275
Criticol sec Mo @& c{u:— 7S = Z‘?Zﬁf
Ve@d, =74 —11 78 x2.33= 7738 k.rs

e _ O, r2 1 =3 OBD x7¢ <27
o273 fc éu J-) 9 = 234 s g
7 &vo
ﬂ—ef& '\‘ﬁ:‘/‘-ﬁ/ g—"l—;& éO»gcl;) :ZZ,.,Z/’
el X4
L Av-pzt-

= O.90 x (30/3(53

@:—LV Uf{‘b?ofb X 7&f s et

GS: A /JULL_/_"' - Mk/z‘?f; L{“uq
& s x As Z 3 o0 ¥/ 62

/Ml s L, = Uu. C‘u A QM/’V—ZSI/%Q, é:

/Zésmlfg © = /aa/a 4 — Jof

#—13



( ) [’/’ /"¢ C/O%‘j"cml«,.z/
o

#= 0.9 for shear

¢V, for at Least @V, for Less Than Minimum
Minimum Stirrups Stirrups
Mm .
Distance ft- Vi Ve Vs s, Ve ov./2,
from Support, ft  kips kips £x1000 6 B kips Kkips  in. B kips kips
0 0 1414 1.28 335 245 30 894 6.2 1.87 41.5 20.8
1 135 129.6 1.17 33.1 2.55 32 734 7.7 1.95 433 21.6
2 259 117.8 1.07 327 267 33 572  10.0 2.03 452 22.6
2.33% 297 113.9 1.09 328 264 33 538 106 2.01 447 22.3
3 371 106.0 1.20 332 252 31 48.1 11.7 1.92 42.8 214
4 471 94.2 1.34 337 239 30 387 143 1.82 40.5 20.3
S 560 82.5 1.46 341 229 28 284 191 1.75 38.8 194
6 636 70.7 1.56 345 221 28 174 309 1.69 37.5 18.8
7 701 58.9 1.63 347 216 27 5.8 91.5 1.65 36.6 18.3
8 754 47.1 1.68 349 212 26 -- -- 1.62 36.0 18.0
9 795 35.3 1.71 350 210 26 - -- 1.60 35.7 17.8
10 825 23.6 1.71 350 210 26 - -- 1.60 35.6 17.8
11 842 11.8 1.69 349 211 26 - -~ 1.61 35.8 17.9
12 848 0.0 1.65 348 214 27 - -- 1.63 36.4 18.2
*d, from face of support
(L)
¢=0.75 for shear
@V for at Least @V for Less Than Minimum
Minimum Stirrups Stirrups
Mua
Distance ft- Vi Ve Vi Sy oV, V.2,
from Support, ft kips  Kkips &x1000 6 B kips kips in. p Kips kips
0 0 141.4 1.28 335 245 507 55 1414 1.87 34.6 17.3
1 135 129.6 1.17 331 255 529 6.6 1296 1.95 36.1 18.0
2 259 117.8 1.07 327 267 553 82 117.8 2.03 37.7 18.8
2.33% 297 113.9 1.09 328 264 346 87 1139 2.01 37.2 18.6
3 371 106.0 1.20 332 252 523 94 1060 1.92 35.7 17.8
4 471 94.2 1.34 337 239 495 111 942 1.82 33.8 16.9
5 560 82.5 1.46 341 229 474 140 825 1.75 323 16.2
6 636 70.7 1.56 345 221 459 195 707 1.69 31.3 15.6
7 701 58.9 1.63 347 216 447 338 589 1.65 30.5 15.2
151.

8 754 47.1 1.68 349 212 440 7 47.1 1.62 30.0 15.0
9 795 353 1.71 350 2.10 436 - -- 1.60 29.7 14.9
10 825 23.6 1.71 350 2.10 435 -~ - 1.60 29.7 14.8
11 842 11.8 1.69 349 211 438 -- - 1.61 29.9 14.9
12 848 0.0 1.65 348 214 444 - -- 1.63 '30.3 15.1

*d, from face of support
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Instructor’s Solutions Manual

to accompany

Design of Concrete Structures, 14e
Nilson/Darwin/Dolan

Chapters 5-9

The authors welcome feedback on the problem solutions and on the text in
general. Please e-mail any comments to David Darwin at: daved@ku.edu

PROPRIETARY AND CONFIDENTIAL
This Manual is the proprietary property of The McGraw-Hill Companies, Inc. ("McGraw-Hill"}
and protected by copyright and other state and federal laws. By opening and using this Manual
the user agrees to the following restrictions, and if the recipient does not agree to these
restrictions, the Manual should be promptly returned unopened to McGraw-Hill: This Manual is
being provided only to authorized professors and instructors for use in preparing for the
classes using the affiliated textbook. No other use or distribution of this Manual is permitted.
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Problem 10.5
1/2

Problem 10.5 A column transfers a factored load of 700 kips to a 9-ft square footing shown
in Figure P10.5, resulting in a factored uniform soil pressure of 8640 psf. Design the footing
reinforcement using strut-and-tie methods. Material strengths are f'; = 4000 psi and f, =

60,000 psi. Because footings typically contain no shear reinforcement, your design should
be based on unreinforced bottle shaped struts.

Strut and Tie data

= 0.8 C-C-T Node
Bs=0.6 Bottle shaped strut with no shear reinforcement
¢ =0.75
width= 102 in

Material Data
fc= 4000 psi
fy= 60 ksi

Strut strength =0.85f; x Bs x ¢
f.s= 1530 psi

Loads = g x tributary area

P.=103.5 kip 4 Locations
Po=90.6 kip 2 Locations
Geometry
h b L
1 29 40.5 49.8
2 29 24.5 38.0
3 29 8.5 30.2
Strut Loads Strut thickness = Load/(strut strength x width)
1 155.7 Kip 1.00 in
2 135.5 kip 0.87 in
3 107.8 kip 0.69 in

All struts fit within the geometry

Tie Loads = horizontal component of strut load

1 126.6
2 87.4
3 30.3
Total 244.3 Kip  Tensile force at midspan
A= 543 in2 n= 6.87 #8
A= 553 in2
DESIGN
Use 7- #8 at 12 in each way Hook bars at end for anchorage

l0-9
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Problem 10.6 1/3

Problem 10.6 Redesign the footing in problem 10.5 using traditonal flexure and shear methods as
described in Chapter 16. Compare your solution to Problem 10.5 and comment on your results.

f‘c:= 4000psi fy:: 60000psi
Ibf Ibf
qyi= 8640 wei= 150-— T
: ft ft I
P, =750 kip b:= 9ft h:= 36in
d)s:: 0.75 b= 0.90 (i)b:: 0.65 3 ry
S R —— ;
t:= 30-in
o [T
METHODOLOGY
1. Soil bearing is provided so no check of WSD is needed and step 1 is omitted.
2. Check punching shear. This check often sets the thickness of the footing.
3. Check slab shear.
4. Design flexural reinforcement.
5. Check bond and development length.
6. Check bearing stress under the column, especially if the column concrete strength is
greater than the footing concrete strength.
7. Check temperature and minimum steel requirements and sketch final design.
2. Check Punching (two-way) Shear
d:=h—-4.0in=32in
4" difference between h and d reflects 3" cover and
1 to center of bars in two layers. H is less than the 36"
originally used for weight so the bearing stress is OK.
bg.:4.id+t) ° ; —>It'<—
o’ b0 =248 in
\} :=4/f‘-psi v, =253 psi
¢ ¢ ¢ ) EaRN
A,:=b_d A, =7936in
v v , |<->| t+d/2+d/2
OV, 1= OV A, oV, = 1506kip

oV,>V, = P, therefore the design is OK.

lo~r/



Problem 10.6 2/3

Step 3 Check One-Way Shear along the face of the footing

t
w=£—d—— w=0.58ft
2 2
v Vyi= qywb V,, = 45kip
OV := 20 [f psibd $V, = 328kip _>|t |<-
Nominal shear capacity exceeds the ultimate load, I

therefore, one way shear is OK

[} du
RS

While the shear may be computed at a location d from the face of the column, the
flexural design must be computed at the face of the column.

Step 4 Flexural Design

=2 5osn g 12 :
2 u . kip
M, = = 548 inn—
2 ft
try a:=2-in M, i
A= =0.327—
Tt fa-d)
RNy
.2
A88:= 0.79 in
—A—S§ 12E =29.0
Spacing of #8 ST & m

Try #8 @ 14 in. A provided = 0.68 in2/ft

Check "a"

.2
0.68-in -fy

—_—2 _ 1.00in <aassumed, OK
85-f - 12in

The estimate for "a" could be refined, but as will be seen later, the refinement is not necessary at
this time.

Step 5 Check Bond and Development
The development length must be less than the portion of the slab extending beyond
the face of the column.

#8 bottom bar from table A.10, ]d/db =38 db = 1.001n cover:= 3-in

bt
lq:= 384, l4=38in > E _E ~ cover = 36in

Therefore the development length requires hooks for anchorage

Jo-12



Problem 10.6 3/3

Step 6 Check Column Bearing Stress on Footing

If the column and footing do not have the same strength, an additional check is needed. It is
not required for this problem.

Step 7 Check temperature and minimum reinforcement
. 1.2
Agi=0.0018h Ay = 0.778%- in

Temperature reinforcement is less than provided, therefore OK

2

1
A = 0.0033d A = l.267—f; in

smin’ smin ~

Minimum reinforcement is greater than provided. Increase reinforcement to #38 @ 10 in

As=0.94 in2/ft. Since As provided is greater than As required, the development iength
can be adjusted by 10/14 and the hooks are not required.

Final Detailing
Note: The footing is also influenced by the anchorage of the column reinforcement. The depth
must be at least |, Furthermore, if the column has bending, hooks may be required for the

anchorage of the tensile steel.

AN
~N

l [
| l
| I
I |
i i
I I
I |
l l

[, OQC—»

\ ?3“clear

#8@ 10" ea way

9‘-0"

A
A

The strut-and-tie solution requires #8 at 12 in versus #8 at 14 inches prior to the correction for
temperature. In addition, the strut-and-tie solution requires hooked bars where the traditional
solution does not. Otherwise, the solutions are extremely similar.
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Instructor’s Solutions Manual

to accompany

Design of Concrete Structures, 14e
Nilson/Darwin/Dolan

Chapters 13-15

The authors welcome feedback on the problem solutions and on the text in
general. Please e-mail any comments to David Darwin at: daved@ku.edu

PROPRIETARY AND CONFIDENTIAL
This Manual is the proprietary property of The McGraw-Hill Companies, Inc. ("McGraw-Hill”)
and protected by copyright and other state and federal laws. By opening and using this Manual
the user agrees to the following restrictions, and if the recipient does not agree to these
restrictions, the Manual should be promptly returned unopened to McGraw-Hill: This Manual is
being provided only to authorized professors and instructors for use in preparing for the
classes using the affiliated textbook. No other use or distribution of this Manual is permitted.
This Manual may not be sold and may not be distributed to or used by any student or other
third party. No part of this Manual may be reproduced, displayed or distributed in any form or
by any means, electronic or otherwise, without the prior written permission of the McGraw-Hill.
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Problem 13.8

V= 107-kip  f:= 3000psi := 60000psi f,g:= 51000psi

fy y

t:= 7.5in d:= 6in too]:= 10in ¢g:=0.75 A=1.0
From Example 13.7 the basic perimeter shear is inadequate and strengthening is required.
bo:= 4 (o) + d) = 64in

a) Design truss bar solution

Vinax:= 6/ fcpsibyd= 126.2kip This is greather than V,, so proceed.
V=2 fpsibyd =42.1kip o= 45deg
vV, -V
A= —— = 2.04in”

by fy‘ sin(o)
Use four bars, two in each direction. this provides 8 bars crossing the critical section.

v
8

Apgpi= — = 0.26in" Use 4-No.5 (No. 16) bars

2-No. 5 (No. 18) bars

b) Design integral beam

The maximum allowable load by ACI 318 is Vinax = 126.2kip  per above.

Try No. 3 (No. 10) stirrups. With two stirrup legs per stirrup and four arms on the beams, the total

area of shear reinforcement is:
) .2 . c[)s'Avo'f'G1
Ayo:= 42:0.11in" = 0.88in" andthe spacingis  si= ————
Vu - ¢s’ Vc

The Code requires a maximum spacing of d/2, therefore a spacing of s=3 in. will be used.

=3.15in

The required perimeter is

Vy

b =217in

ol gg2 [Fopsid

From the sketch below, it can be seen that the leg must extend 32 in from the column face and
that 10 stirrups/leg are needed.

/2-9



bofinal:= 4(32iny2 + 10in) = 221 in

c) design headed shear studs
The miminum height of the headed shear studs is 5.68 in per example 13.6. Use 6 in.
Try s:= 3in since the stud spacing must be < d/2

(Vu - &g Vc)- s

.2
Aygi= ————— = 0.986in
Oy fyg d

Use two lines of studs per rail giving 8 studs crossing a critical plane. thus:

Avs

Agudi= — =0.123 in2 No. 4 (No. 13) studs will be used. The layout is the same as for the
8 integral beam and 10 x 2 studs will be used on each leg.

10-No.3 (No.10) stirdps/leg N

L—:.._L_I_LELL
1

FrITTTITTTTT

-
.
LZ
Lo
C
Lz
L=
L—

EETTL
1
L
.
Lof
Lot
Lo
Lov
I

-+
-
v
FZe
[
K-
-
3

ErrrrrrYTTTT O

Elrroribtrnd

[l
=
=
Py Sy
[ .
JN Sy
Lok °
o : T
Lor : 32"
20-No.4 (No.13) studs/leg .
Internal Beam solution
10"

Headed stud solution
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Instructor’s Solutions Manual

to accompany

Design of Concrete Structures, 14e
Nilson/Darwin/Dolan

Chapters 16-20

The authors welcome feedback on the problem solutions and on the text in
general. Please e-mail any comments to David Darwin at: daved@ku.edu

PROPRIETARY AND CONFIDENTIAL
This Manual is the proprietary property of The McGraw-Hill Companies, Inc. (*McGraw-Hill")
and protected by copyright and other state and federal laws. By opening and using this Manual
the user agrees to the following restrictions, and if the recipient does not agree to these
restrictions, the Manual should be promptly returned unopened to McGraw-Hill: This Manual is
being provided only to authorized professors and instructors for use in preparing for the
classes using the affiliated textbook. No other use or distribution of this Manual is permitted.
This Manual may not be sold and may not be distributed to or used by any student or other
third party. No part of this Manual may be reproduced, displayed or distributed in any form or
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Problem 6.3 1/4

PROBLEM 16.3

£ := 3000psi f, := 60000psi >
Ibf
4= 3000psf wei= 150-—
3
ft
Py:= 135-kip Py:= 125-kip b
bgi= 0.75 dpi= 0.90 by, = 0.65 l

column f ;=4000 psi

t:= 11-in
METHODOLOGY
I )
d h
1. Check soil bearing capacity including adjustment for x| ———— — - ¥
footing weight.

2. Check punching shear. This check often sets the -
thickness of the footing. 7 (AR
3. Check slab shear.
4. Design flexural reinforcement.
5. Check bond and development length.
6. Check bearing stress under the column, especially if
the column concrete strength is
greater than the footing concrete strength.
7. Check temperature and minimum steel requirements
and sketch final design.

Step 1 Check soil bearing
P:= Py + P| = 260kip

P

trial” da]] Otrial =

b 9.309ft

This dimension does not account for the weight of the spread footing, therefore try

b:= 10-ft h:= 27in Trial thickness for weight purposes
In addition, the development length of a No. 9 (No. 29) bar in
compression is 19 in. when confined in 300 psi concrete. This
depth assures dowel development

Estimate footing weight Note; this could have been done before checking the footing size.
It is separated here to illustrate the use of the weight for the footing size and the non-use of the
weight for strength design.

W= web>h = 33.75Kkip
Pt W Ibf g is equal to the 3000 psf allowable, therefore
q=2938— proceed with the design using a 10 ft. square
b2 & footing.

q:=

-3



Problem 6.3 2/4

Develop the factored loads for the footing design.
P,:= 1.2P4 + 1.6 Py = 362kip

Note, the weight of the footing is ignored because the concrete rests directly on the soil

so there is not net shear or bending moment.

o

Step 2 Check Punching (two-way) Shear
Try d:=h-4in d =23in

4" difference between h and d reflects 3" cover and
1 to center of bars in two layers. H is less than the 36"
originally used for weight so the bearing stress is OK.

bn:.: 4(d+t)=1361n VC:: 4 prSI=219psx

.2
A= bo-d=31281n
OV, 1= by v A, = Sl4kip

V>V, = P =362 kip, therefore the design is OK.

Step 3 Check One-Way Shear along the face of the footing

b t .
w:=5—d—;:2.625ft V= qywb =95kip

SV i= 20 [fpsib-d = 227kip

Nominal shear capacity exceeds the ultimate load,
therefore, one way shear is OK

Step 4 Flexural Design

While the shear may be computed at a location d from
the face of the column, the

flexural design must be computed at the face of the
column.

2

1
li= = — — = 4.54ft du !
M. = = 448 — in-ki try
u 2 ft P
M .
A= —2 o3 A= 0.44 in”
ft

@

t+d/2+d/2

i
|

[l 9u

U

a:= 2-in



Problem 6.3 3/4

s;:= — 12— s=14.0in

Try #6 @ 14 in. A provided = 0.33 in?/ft

Check "a"

L2
0.33-in ~fy

— —0.65in < aassumed, OK
85-f 12in

The estimate for "a" could be refined, but as will be seen later, the refinement is not necessary at
this time.

Step 5 Check Bond and Development

The development length must be less than the portion of the slab extending beyond
the face of the column.

#6 bottom bar from table A.10, Id/db =38 db := 0.75-in c:= 3-in

b t
l4:= 38dy 14 =285in < —2-—-5—c=51.5in
Therefore the development length is OK

Step 6 Check Column Bearing Stress on Footing
Column and footing do not have the same strength, therefore an additional check is needed.

The building code allows for the effective
bearing area in the footing to be increased |_— Loaded area
assuming a 2:1 spread in load, however, the ' .
maximum ratio of increase is limited to 2.
ACI 2008 Section 10.14. Try basic column
area first.

fa1:= 0-85 F by, a1 = 1658 psi \\ fr\ﬁ Slspgizsured on
Using the increased allowable area for bearing Slope =2:1
Pu
fo:= ;t_z = 1496psi Bearing stresses are OK.

Step 7 Check temperature and minimum reinforcement

1.2
Ag = 0.0018 h Ag = 0.583—in

Temperature reinforcement is less than provided, therefore OK

Minimum reinforcement is greater than provided. Increase reinforcement to #6 @ 9 in.

(é-5
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12i

Agi= 0.44in> =2 — 0.587in"
9-in

Final Detailing

No. 9 (No. 29) dowels

- L—L—&—LJ@—&—A—J_L

749

No. 6 (No. 19) @ } 3" clear, typ.
10in. ea. wag
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