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What are we going to Learn today?

e Find the maximum moment capacity of a beam with the help of Ultimate Strength Method

e Check if the beam section is under Tension control

e Check if the amount of steel in the beam is enough to bear that Tension




Concrete Beam Analysis

9. Concrete Beam Analysis

Using the Ultimate Strength Method, analyze the given

section to determine its safe moment capacity, Mu,

based on the given parameters. Check that the section is

tension controlled (epsilon_t > 0.005), and that the

amount of steel, As is more than the minimum, As_min.

DATASET: 1
simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number
concrete cover

concrete ultimate strength, fc
steel yield strength, fy

9
5
4
15IN
5500 PSI
60000 PSI

—_ span —-I

(0.003 in./in,)

fe-te ]




Q#1 Calculate flexural steel bar diameter, db

d steelbar = bar size number x %"

(given)

|
O

d steelbar = X ¥"

d steel bar

9/8 = 1.125"

DATASET: 1

simple span

section width, b

section height, h

max aaariaate size

bar size number

uiIc nuinvuet UI’ vaio>

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI
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bt l
P span |
(0. 003 in/in,)
€] —»| 0.85f, |« i‘
. N.A.
d h
A, J
A

|
) =
de | €= €&

€;>0.005



Q#2 Stirrup bar diameter

d sirrup = bar size number x %"

(given)

d stirrup 4 X ¥"

d stirrup = 4/8 = 0.5”

DATASET: 1

simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI

iiiiiii?fiiii?i?iii?iii

e |
P span |
(0.003 in./in.)
e —+| 0.85 =
- 1
) N.A.
d h
p J
o | 4] 4

i b, | =

€;>0.005



Q#3 Distance from lower beam edge to center of flexural steel, dc

de= 1.5+d stirup T+ (05 X d steel bar) DATASET: 1
simple span
I I I section width, b
section height, h
(concrete cover  (Ans#2) (Ans#1) max. aggrigate size

to protect steel

bar size number
from weather)

the number of bars

stirrup bar size number
concrete cover 1.5 IN

1 05" + 0-5" + (0-5 X 1 -1 25)" curiviele uiluiiiale suerigui, 1 ¢ VOoVV roi

steel yield strength, fy 60000 PSI

de

dc = 2.5625"

iiiiiii?fiiii?iiiiiiiii
— span i

(0.003 in./in.)

___________________________ B }""e"‘l —»| 0.85f, |« _L
:':::::J‘:::::f ________ - I T .3 2
I w1+
T T . J (+-2)
1 o 5" concrete cover O’/O\ S J—

. | bal d =
d stirrup de || e =e T=hsty

(05 X d steel bar)

c

€;>0.005



Q#4 Distance from top beam edge to center of flexural steel, d

]

(given) (Ans#3)

d=33" - 2.5625" d

d = 30.4375" l

DATASET: 1
simple span

cartinn width h

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number
concrete cover

concrete ultimate strength, fc
steel yield strength, fy

iiiiiii?fiiii?i?iii?iii

1.5IN
5500 PSI
60000 PSI

la |
P span |
(0.003 in./in.)
fe€c —] 0.85f, |=- 1
— . T T +
e @=Be 2 c
. N.A. J__ _L M
dph -2
" (4-2)
ARV, (-
b, | = T=Asty
f—>b—n "

€;>0.005



Q#5 Minimum required area of steel, As min

As min : greater of (a) and (b) DATASET: 1
simple span
section width, b

3 \/7, secuon neignt, n
(a) YL p g 3 x (v/5500 + 60000) x 17 x 30.4375 max. aggrigate size
w bar size number
f:v the number of bars
I I I I stirrup bar size number
concrete cover 1.5IN
(f'c, given) (fy, given) (b, given) (Ans#4) concre.te ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI
=1.918
HHHHHHHHHHH{
[ span |
200 . '
(b) F i b,d (200 x 17 x 30.4375) + 60000 P {0857 -
y T T i

c

o NS

d h g2

(b, given) (Ans#4) (fy, given) A, J ( 2)
AR (-

=1.724 H. | T sy asenced T=Asfy

jc
f—>b—n . .

€;>0.005




Q#6 Actual area of flexural steel, As

ASTM STANDARD REINFORCING BARS

As = number of bars x bar area s | e [ - DATASET: 1
simple span
3 0375 0.11 0376
section width, b
4 0.500 0.20 0.668 . .
5 0.625 031 1.043 section helght’ h
: e T o max. aaariaate size
(given) (given in the ASTM standards) = 0875 260 2004 bar size number
= the number of bars
9 1128 1.00 3.400 stirrup bar size number
. concrete cover 1.5IN
As = 5 X 1 T 410 5 333 concrete ultimate strength, f'c 5500 PSI
14 1.693 225 7.65 steel yield Strength, fy 60000 PSI
18 2.257 4.00 13.60
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As =

|
(8]

bt l
e span |
(0. 003 in/in,)
€] —»{ 0.857, }-—L

N.A.

|
v =
de | €= €&

€;>0.005



Q#7 Depth of concrete stress block, a

-, A DATASET: 1
sf;: :
a

S NTTT TN section width, b
O. 8 Sf 'b secuon neignt, n
& max. aggrigate size
bar size number
the number of bars
stirrup bar size number

concrete cover 15IN
. concrete ultimate strength, fc 5500 PSI
= (5 X 60000) -~ ( 085 X 5500 X 17) steel yield strength, fy 60000 PSI
I I I I iHHinHHHtHHH{
(Ans#6)  (fy, given) (fc, given) (b, given) — span i
{0.003 in./in.)
e —| 0.857, |« _L
= 3.774
. N.A.
d h
A, J
o | 4] 4
b, | =
f—>b—n . t

€;>0.005



Q#8 Calculate factor beta_1

£, — 4000
= 0.85—0.05
b, 1000

0.85 — (0.05 x ((5500 — 4000) + 1000))

|

(f'c, given)

0.775

DATASET: 1
simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI

DLCTI YITIU DUCIIYLL, 1y VUV roi

Y Y P Y YT Y Y PP VYT Y P YYRYYYY

|
. 7
— span i
(ooosn;/*n) ] 0.85F |
€,
- - i
7 I 2
a=pgc C
) N.A. T S T
d h =X |
i J (4-2)
AN !
} balanced T=Asfy
de € = €
f—>b—n . .

€;>0.005



Q#9 Distance to Neutral Axis from top of beam, c

c=a/p

[

(Ans#7) (Ans#8)

=3.774/0.775

= 4.869

DATASET: 1

simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI

iiiiiii?fiiii?iiiiiiiii
— span i

(0.003 in./in.)

€cri —| 0.85¢, |=- i

-~

o
[}
=
-
o

(—

z

>
N
-~
s

d h
A,
AN
jdc ‘e =€,
f—0b—+ "

€;>0.005



Q#10 Strain in flexural steel, epsilon_t

d——c
€ = — (0.003)

= ((30.4375 - 4.869) x (0.003)) / 4.879

|

(Ans#4)

=0.0157

| |

(Ans#9) (Ans#9)

>.0005 (Hence under Tension control)

DATASET: 1
simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI

iiiiiii?fiiii?i?iiiiiii

— span i
(0.003 in./in.)
fe-€ef —~| 0.857; |=-
o | 4
1.3
c |2=Bc 2 c
T na 1| +E
dh -2
" (4-2)
S |t L1 gl
b || =l T=Asty
f—0b—+ "
€;>0.005




Q#11 Strength reduction factor, phi

Since the member is under Tension
control, we use phi = 0.9 as our strength
reduction factor

Table 21.2.1—Strength foductlon_ factors ¢

r
[ Acthon or structural element

Momemnt, axial force, or
(») combined moment and

axial foece

| (b) Sheoar
)

() Torsion
) +

(d) heanng
| 3 .

(&) Fostaaenssoned anchorage

¢
rones

‘r mn Ihrackets and corbels

(@) bearnng arcas dosignod in
. acoordance with strat -ard-

ww:
.

Soruts, ties. nodal rones, and

*

065 o

LR LT
accordance |
with 21.22

+

Exceptions
Near onds of preten-
sioned members where
strands are not fully
deveboped, ¢ shall be in

scoondance wath 21 2 3
’

0.75

-~
>
2
»

—— | -

078

Additional reguremcnts
are given in 21.2.4 for
s tures deuigned to
resist canthguake effects

Componemts of conneg

ons of precast members
comrolled by ywlding of
secl clements an tenmion

(h)

b

|
+
0.90 ‘

1l' 'llatn CONCTIese ;'.-r' ments

b 4

Anchors i concrete

)
v elements

LU

+
l
D45 10
075 in ‘
acCor
dance with
Chapeer 17V |



Q#12 Tensile force in the flexural steel, T

T=As fy
]

(Ans#6) (given)

= (5 x 60000) / 1000

|

(convert to ksi)

=300

DATASET: 1

simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strenath. fc 5500 PSI
steel yield strength, fy 60000 PSI

Y Y P Y YT Y Y PP VYT Y P YYRYYYY

bt l
P span |
(0. 003 in/in,)
€] —»| 0.85f, |« i‘
. N.A.
d h
A, J
A

|
) =
de | €= €&

€;>0.005



Q#13 The nominal bending moment, Mn

-—

M,=Af|d-=|"

2
]

(Ans#12) (Ans#4)

- 300 (30.4375-(3.774/2))

= 8564.7

DATASET: 1

simple span

section width, b

section height, h

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 1.5IN
concrete ultimate strenath. fc 5500 PSI
steel yield strength, fy 60000 PSI

Y Y P Y YT Y Y PP VYT Y P YYRYYYY

F'— span i
(Omln-i;n) _>{085f l‘_
o .
- - R
I N.A.

d h

*“ J
AN [
} balanced T=Asfy

de | €= €&
——rf —

€;>0.005




Q#14 The factored bending resistance, phi Mn

DATASET: 1
simple span
. section width, b

= phl X Mn section height, h
max. aggrigate size
bar size number
the number of bars

I T stirrup bar size number
concrete cover 1.5IN
(Ans#11) (Ans#13) concrete ultimate strength, f'c 5500 PSI

steel yield strength, fy 60000 PSI

Y Y P Y YT Y Y PP VYT Y P YYRYYYY

= 0.9 x 8564.7

F’— span i
o™ —] 0.857, |~
= 7708.23 T i
=+ N.A.
Al

|
) =
de | €= €&

€;>0.005



Q#15 The factored design moment, Mu

DATASET: 1
simple span
. section width, b
(phlan) /12 section height, h
max. aggrigate size
bar size number
I the number of bars

stirrup bar size number

concrete cover 1.5IN
(Ans#14) concrete ultimate strength, f'c 5500 PSI

steel yield strength, fy 60000 PSI

= 7708.23 /12 AXEREIRREERITERRRREREX
. e
F— span i
= 642.3525 3 (o‘omelni{m) — 0.85f, |-_L
. » N.A.

|
v =
de | €= €&

€;>0.005



Any Questions?

Contact: gehlot@umich.edu



