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Problem 1-4 112

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:=38 Eg:= 29000000psi
Column Properties
b:= 20in h:= 24in Agi= 6:Ag 1 =9.36 inz 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-1)Aq;.

i h A
Ag'“ bh Ag = 480 in2 Ast =936 in2 Reinforcement ratio = A—St =0.0195
g
P:= fc-[Ag+ (n- 1)-Ast] P = 764 kip
Poi= fy(Ag— Ag) P_ = 659kip
PC PS
PS:= fc'“'Ast Ps = 105 kip 100'? =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.
fi:= e Eg f; = 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, - Ay

Pi=f{ AL+ fo Ay P =2021kip
P.:=f A .
¢ ¢c’¢ P, = 1459kip
Pg Py
P, = 562kip 10 ? =722 10 F =278

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

Pgi=fo Ag

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 22

fs= 1y £, = 60000 psi
From Figure 1.16 f,:= 3400psi for slow loading
Since the problem is nonlinear, we must break out the concrete and A A -A
steel areas. We can no longer use the elastic equation from 1.1. ¢ Mg st
Pi=fo A+ fo Ay P = 2162kip
For=foAc P, = 1600kip
. P P
Poi= fs Ast Po=S62kip  100—=740 100> =260

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

Pi={ A+ Ay P = 2444kip

. . P
Pei=foAc P, = 1883kip 100-—PS =770
PS:= fs' ASt 62 k. P

s = S62kip 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 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., A, = 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. Comment on 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:=38 Eg:= 29000000psi
Column Properties

2
d:= 24in Agi= ﬂ-g— p:=0.021 p is the reinforcement ratio or the fraction of

4

the section that is steel
Agti= P Ag The total area of steel Ay is Ay =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-DAg-

Aci= Ag— Agt Ag =452 in” Ag =9.50- in” A, = 443 in”
P:=f; [Ag +(-1) Ast] P = 623-kip Concrete and steel
contribution
e A _ P P
Poi= fy(Ag = Ag) P, = 531-kip 100.-S = 85.4
P
. P
=f.nA = .
Pgi=fon Ag Pg =91 -kip 100?5 =14.6

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

P:= fc' Ac + fs- ASt P = 1943 kip p
c

100-— =274

=f-A

Poi= T A P, = 1373-kip PP
s

P.:=f-A . 100 — =29.3
s'T s st Pg = 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 | £, = 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'Ac+ fS-ASt P = 2076 kip
P..=f-A . P
c ¢ *c —
Pc 1506 kip 100__(::72.5
P
P.:=f-A l:'s
§°7 s st Pg = 570-kip 100 — =27.5
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+ fyAg P = 2342 kip
Pei=fo A P_ = 1772-kip P p
c 1002757 10075 s
P:= £ Ay P, = 570-kip P -t

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

.2
Ag = 0.065 Ag Agt =294 in
fs:= 1y £, = 60000- psi
From Figure 1.16 f,:= 3400psi for slow loading
Pi=f A, + g Ag P = 3270-kip
= f. P
For=te A P, = 1506 kip 10 -f = 46.0
P.:=f A Py
s* s st P¢ = 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.
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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., A,=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 (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:=38 Eg:= 29000000psi
Column Properties
d:= 24in Agi= ’T\'--(:—z p:=0.021 p is the !'einforce.ment ratio or the fraction of
the section that is steel
Asti= PrAg The total area of steel Ay is A =95 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-1Aq.

A= -
o= Ag~ At Ag =452 i Ay =9.50in> Ay =443in°
Pi= f[Ag+ (n = 1) Ag] P = 623-kip Concrete and steel
contribution
(A - - S3Lk P
Poi= fo(Ag— Ag) P_ = 531-kip 100-— = 85.4
P
P.:=f.nA P, =91-kip Py
s ¢ st s 100? =14.6

f
Part (b): Compute the capacity of the column when the steel begins to yield eyi= A
E
S
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:=€¢,E
s~ €y Bs 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+ oAy P = 1943 kip p
c
100-— =27.4
P .=f. :
Roi=ToAc P, = 1373-kip PP
s
P -=f-A . 100 — =29.3
mev 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 2/2

and we are in the plastic range of the steel.

Aoi= Ty f, = 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.

=oAL+ oAy P = 2076 kip
A= oA = ki P
P. =1506-kip 100__0 =725
P
Boi= A i
s ‘st P¢ =570 kip 100 F =275

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

£,i= 4000psi
Ri= £ A+ fgAg P = 2342 kip
Roi= To A P. = 1772kip P P
c 100—==757 0055 _us
Aei= Ts Ast P, = 570-kip > =24

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

.2
Aari= 0-065 A, Ay =294in
doi= Ty £, = 60000 psi
From Figure 1.16 » F,i= 3400psi  for slow loading
=oAL+ T Ay P = 3270 kip
= f. P
Roi= TcAc P, = 1506 kip 100-?C = 46.0
A= 15 A Py
s st P = 1764 kip 100— = 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 1/2

Problem 3.1 A rectangular beam made using concrete with f; = 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 modulus 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 f¢c or
the steel above 0.40 f,.

(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=4Ag Ag=6.24in Eg:= 29000000psi
b:= 20in d:= 17.5in h:= 20in
f'.:= 6000psi fy:= 60000psi E.:= 57000 /1. psi E. = 4415 ksi
- Eq
f:=7.5/f psi f, =581 psi n:=— n=26.6
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:= 0.60fy fy = 36000 psi
Ag
tme— =0.018
p d p
2
k:=\}(p-n) +2pn—-pn k=0.381
ji=1 E i =0.873
J: 3 ] .
Moment due to concrete limits
1 kd )
M = —f-bkd|d-—
se'= 5 e brked (d 3 ) Mg, = 229 ft kip
Moment due to steel limit
M= Ao foj-d .
ss s's M = 286 ft-kip

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

Mg:= min(Mg, M) M, = 229-fi-kip

2-l



Problem 3.1 2/2

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

3
L I =13333in”
g 12 g
frlg ‘
Mcrl = 0 MCl'l = 64.5 ft klp
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.

as-2)

Ayi= — A+ bh Ay = 0.697-in
2
2 h \
L.:=1,+bdAy +nA;|ld-—-A . 4
ut’= g Y s ( 277 Iy = 15400-in
N fr' Lyt
cr2-= M., = 80.1-ft-ki
h cr2 : p )
pAN] =1.242
5 .
crl
(c) Determine the nominal moment capacity of the section.
At
ai= —— a=3.67in
0.85f b
2 )
M, = Acf|d-— .
n= s y( 2 ) M, = 489 ft-kip

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

M,
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 12

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 f,.

(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)

(f) 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

Agi= 3Ag g Ay =381in’ Eg:= 29000000psi

b:= 14in d:= 25in h:= 28in

f'o:= 5000psi fy:= 60000psi E.:= 57000 /f . psi E. =4031ksi
- Eg

fo:= 7.5 /f psi f, = 530 psi n:i=— n=72

Ec
(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
__b-h .4 . r'g .
[g.= 7 Ig =25611in MCI‘] 1= T Mcrl = 80.8 ft-kip
2

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

ono-t)

2
Ay:= ——-——-————) Ay =0.719in
n-Ag+ b-h
2
2 h A 4
L= [g+ b-d- Ay + n-Aso(d - ; - Ay) I, = 28689in
f:1
rut . M
1\ ) M o = 95.5ft-kip cr2 - 1181
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

f 1= 0.45f f, = 2250psi
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fS 1= 0.60fy fS = 36000 psi
Ag : 2 . k .
p:=-l;g p=0.011 k:i=y(pn) +2pn-pn k=0325 j:=1 —’; j =0.892
Moment due to concrete limits Moment due to steel limit
- ked ) i = Acfej-d M. =255ftki
M. := ;fc-bk-d- d- —3—) Mg, =238ftkip M= Agfgj ss = -kip

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

Mj:= min(Mgg, M) M, = 238 fi- 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 2)

(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
My
My
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



| )
2.5 f‘{ 2 Ge, 000 Psi f. = s000psi

2"
a) Ay =z%8 =2(0.19)7 158" | F
1.58(¢co) :
= T = '086 n
.25(s) 12 " 20
an As'g? (A -%) = ‘58 (‘.O)(ZO"‘"%—‘) .‘-2’7 = o e 4

= 151 & kips
,]a) Ay =2 *o —-z(t.zﬂ = 2.54 in"

a- Mt 259Go) | Laqin

254k, 35(5) 12

M, = 25%(o)(zo - 2,%") 4
T 235 Tt ks
c) Azt =3(len)s 280

. 2331(60) |, 4ap;
< 85(5)(12) t4bun

. A
Mn= 3.91(40)(20-4%8) Z

=228 E’ﬁs

A check of net fensile strain shows €¢ =0,0077 so
fensile steel hao r-p'c:(cld.



