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8. Concrete Beam Analysis

| _ | HW - Concrete Beam Analysis s
Analyze the given composite floor system. Using a
transformed section, determine peak stress values in l a;;': C=085f ab
both concrete and steel. Data: NA. NN HE
Section dimensions — b, h, d, (span)
Steel area - As As
DATASET 1 Ed E . . , O ~T=Asf,
simple span B = Material properties — f'c, fy ——
section width, b ] _
section height, h Requ"-ed; As,min: greaterof aand b
max. aggrigate size ) Nominal Strength (of beam) Moment - Mn
bar size number Required (by load) Design Moment — Mu 3\/70' (b) 200 b d
the number of bars Load Capacity (a) bwd
stirrup bar size number f y +
concrete cover 15IN Y
concrete ultimate strength, fc 6500 PSI 1. Calculate d q= sf y c= i
steel yield strength, fy 60000 PSI 2. Check As min 0.85f'b ﬂl
3. Calculate a d—c
4. Determine ¢ & =— 0.003 > 0.005
(0,003 infin) 5. Check that €; = 0.005 (tension a
[P —»| 0.85f, |- M =Af d——
T T T controlled) 4 Y 2
I " 7 "PE=T T 6. Find nominal moment, Mn
dh - | -79‘—‘—;) 7. Calculate required moment, ¢ Mn = Mu v = (2w +1.6w,,)I’
A u
N J | (if €, > 0.005 then phi = 0.9) 8
° 1| le——! balanced T=Asfy . i Mu8
b | e ™ 5. Determine max. loading Low,, =———12w,
I"_b_"'| tension controlled l




8. Concrete Beam Analysis

: : : 1. flexural steel bar diameter, db
Analyze the given composite floor system. Using a b | sion || Nomm
transformed section, determine peak stress values in o D e
both concrete and steel. dbf = 0.625 in 7311 011 | 0376103751

#4 0.20 0.668 | 0.500

E=I] 031 [ 1.043[[0.625 ]
#6 | 0.44 | 1.502] 0.750

: #7 | 0.60 | 2.044] 0.875
DﬁTASET' : #8 | 0.79 | 2.670] 1.000
simple span . . #9 | 1.00 | 3.400] 1.128
section width, b 2. stirrup bar diameter R It
section height, h #14 | 225 | 7.650] 1.693
max. aqgrigate size dbs = 0.375 in #18 | 4.00 [13.600| 2.257
bar size number
the number of hars .
stirmup bar size number 3. distance from lower beam edge to center of flexural steel, dc
concrete cover 15IN
concrete ultimate strength, fc 6500 PSI ﬂ ﬁ l
steel yield strength, fy 60000 PSI . . !
dc = cover + stirrup bar diameter + 1/2 flexural é |
REEEEEZEREEEEEEEEEEEE Steel bardiameter Stirrup j‘:/ ':
7 opan 5 Flexural Steel Bar
! | dc=1.5+0.375+ 2 * 0.625 |
e I =2.1875 in g
T /7T T T _ \0\_0_0_0/
¢ aTc > re cover . |
1 NA }_ N R
d h _a ]
. (4-2) 4. distance from top beam edge to center of flexualsteel, d
A 1] s S d =h—dc =25-2.1875 = 22.8125 in
+dc .et - E; balanced T=Asfy
|"_b_"'| tension controlled




8. Concrete Beam Analysis

Analyze the given composite floor system. Using a
transformed section, determine peak stress values in
both concrete and steel.

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 6500 PSI
steel yield strength, fy 60000 PSI

{0,003 in.fin,)

[ D —»| 0.85f, |-

AR =
1] wa | L E

d h _a
p J (7-%)
balanced T=Asfy

— & — tension controlled

Ei >0.005

-_INI :

5. minimum required area of steel, As, min (greater of the 2 criteria)

As,min: greater of a and b

3 4
(a) \/wad = 3% Y6500 44 % 908125 =(1.287 in
% 60000
200 = 299 «44+*922.8125=1.065 |
(b) —b,d ~ 60000 : - n
y

6. actual area of flexural steel, As

As = number of bars * bar area =6 * 0.31 = 1.86 in?

Bar size
designa-

Nominal
Cross
section
area,

Weight,

Nominal
diameter,

tion sq. in Ib per ft in.
#3 0.11 0.376 | 0.375
A 0.668 | 0.500
#5 0.31 1.043| 0.625
70 x 1.502| 0.750
#7 0.60 2.044] 0.875
#8 0.79 2.670| 1.000
#9 1.00 3.400| 1.128
#10 1.27 43031 1.270
#11 1.56 5.3131 1.410
#14 2.25 7.650| 1.693
#18 4.00 ]13.600] 2.257




8. Concrete Beam Analysis

Analyze the given composite floor system. Using a 7. depth of concrete stress b|OCk, a

transformed section, determine peak stress values in
both concrete and steel.

0.85f 0.85f
DATASET: 1 18 T ¢ =T
simple span _ C=085f 'ab ' —
section width, b T a Ilc fa 0.85f. ab = A,f,
section he_ight, h_ - — — — solving for a,
max. aggrigate size AS fy Pf;, d
bar size number a= = p
the number of bars > T=As fy »T=As fy 0'851:? b 0'85fc
stirrup bar size number
concrete cover 15IN
concrete ultimate strength, fc 6500 PSI a=As* fy / (0.85 *fc* b) = 1.86*60000/(0.85*6500*14) =1.44in
steel yield strength, fy 60000 PSI
8. factor beta_1 fc B1 R
0 085 & o
1000 0.85 55 el
o : 2000 085 | % |
O™ ] 0857, - P+ ;SC(?O]?:tt?c::ct)he 3000 08 | i*7
- . T T . 4000 0.85 T | | | | . |
7 ¢ amhiol 2.¢ non-linear shape of 2888 00-752 e ‘ ; °
SN &n |+ = the compression =000 5516500 C —y
A (4-2) stress block. oo o 0.8520.85— 0.05 (fclw) > 0.65
/ \0 1 10000 = 0.65
° 1| le——+ balanced T=Asfy
oy | ) B1=0.85 - 0.05 *(f'c-4000)/1000 = 0.85 — 0.05 *(6500-4000)/1000 = 0.725

Ei >0.005



Sheet1

				f'c		b1

				0		0.85

				1000		0.85

				2000		0.85

				3000		0.85

				4000		0.85

				5000		0.8

				6000		0.75

				7000		0.7

				8000		0.65

				9000		0.65

				10000		0.65
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beta1

Beta 1
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Sheet3

		






8. Concrete Beam Analysis

S Tre o e e i g VS Tne 9. distance to Neutral Axis from top of beam, c

transformed section, determine peak stress values in
both concrete and steel.

c=a/PB1=1.44/0.725=1.99 in 0857 0.85f,

DATASET: 1
C

simple span
section width, b l
section height, h - _l

max. aggrigate size

bar size number

the number of bars

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 6500 PSI
steel yield strength, fy 60000 PSI

a=f3c C=0.85f'ab

———T=Asf, —L > T=Asfy

10. strain in flexural steel, epsilon_t | Check that ¢, > 0.005 (tension controlled)

¢ e e-- d—c
4 | | g = 0.003 > 0.005
0.90 | t
(0,003 in.fin,) | ¢
fe€c > —| 0.85¢, |= :
- . 1 0.75
7 J 7, 0.65 $:09 1 =(22.8125—1.99) * 0.003 / 1.99
c 1 > J I _
) NA ¢ _L i_ ~— Compression Tension | = 0.031
d h (¢-2) controlied—~~__ | Transition := _controlied |
2 -
c{/ﬁl \0 J | &= &y &£ 0.005 :
. b e e —
° ,M‘ le—+| balanced T=Asfy
e | ftT %
I"_b_"'| tension controlled

Ei >0.005



8. Concrete Beam Analysis

Analyze the given composite floor system. Using a 1. Strength reduction factor, ph'

transformed section, determine peak stress values in
both concrete and steel.

DATASET: 1 € = d-c

simple span c

section width, b

section height, h 12. tensile force in the flexural steel, T

max. aggrigate size

bar size number

K irtun bar S8 number T = fy* As = 60000 * 1.86 = 111600 Ibs = 111.6 k
concrete cover 15IN

concrete ultimate strength, fc 6500 PSI

steel yield strength, fy 60000 PSI

0.003 = 0.005 ¢=0.9

13. the nominal bending moment, Mn

T=C
o ] 0857 = Mn = C * Distance = T * Distance
I 7 ot 5
c a=he ~ c a . .

1wy 1 AT M, =4 fy(a’ _Ej = 111.6 * (22.8125 - 1.44/2) = 2465.52 k-in
d h _a
A\o J (dJ_2)
6/0 +d' | I'ETe" balanced T=Asfy

— & — L tension controlled

Ei >0.005



8. Concrete Beam Analysis

Analyze the given composite floor system. Using a 14. the factored bending resistance, phi Mn

transformed section, determine peak stress values in
both concrete and steel.

¢ *Mn =0.9 * 2465.52 = 2218.97 k-in
DATASET: 1

simple span

section width, b

section height, h .

e e T 15. The factored design moment, Mu K-FT
bar size number

the number of bars

stirrup bar size number Mu=¢*Mn=2218.97 /12 = 184.91 k-ft
concrete cover 15IN

concrete ultimate strength, fc 6500 PSI

steel yield strength, fy 60000 PSI

{0,003 in.fin,)

[ D —»| 0.85f, |-

T- | T 83;C
I 71 I

-_INI :

o | ()
AL -

+d |-ETEI- balanced T=As fy
c t Fy
|"_ b _"'| tension controlled

Ei >0.005




Tower Tips

-4 0z

- Dry it to save weight

- Straight Column

- The way you put the weight

- Space Connection (Torsion)

Office Hour Sign-Up




LAB - Flexural Strain

Description

This project produces a
for a

tension controlled concrete beam.

Goals

To plot the compression and tension strain
levels in a concrete beam

To graphically determine the

To draw the ACI “Whitney”

showing C and T forces.

To compare plotted and calculated results.

Procedure

1.

W N

For the tension controlled beam analysis discussed
in lecture, construct the strain diagram with €cu =
0.003 and €t as calculated.

Use fc = 6000 psi and fy = 60000 psi

Graphically determine the c¢ distance from the top to
the N.A on your diagram.

Make a second diagram to show the relationship of
C & T forces to the strains.

Draw the ACI — Whitney stress block at “a” distance
from the top.

Show the moment arm and calculate j using jd = z.

20,15”

de 225"



| |
12
— : STRAN D1 rdd : STRESS DAGRAM
: 003 ;jf"’ : .85,
| ] | g7 B F
| |
X3 ' : ral ednin
20,35" | : .
| |
| |
,..Al-.
1 —T— I —_— T o+
ﬁx% l ¢ l Asfy
375, : d-c '
?.3;5 | €t |
3" ” | €co < I
Jc .2-2 g I |
Procedure d, = comr v ¥3 + J5(%)

1. Forthe tension controlled beam analysis discussed . LS 03I o¥  pozn  »Cr= d-¢ 5,001 : EE,ETL}. 0.003
in lecture, construct the strain diagram with €cu = s I IS
0.003 and €t as calculated. = CrGzACe 2o fu 2R

2. Use fc =6000 psi and fy = 60000 psi = h-de > 23 -2.26= 203" 20,0240k 7 ©.005 '\ tension controlled

3. Graphically determine the c distance from the top to
the N.A on your diagram. g2 Asfs QAOED | gpen

4. Make a second diagram to show the
C & T forces to the strains.

5. Draw the ACI| — Whitney stress block at “a” distan
from the top.

6. Show the moment arm and calculate j using jd = z.

SEE L 50 (12) T

pB = 0.&5-005 fe-deee | L85 -0 = 075

(oo

3 LHE L e
c= /ﬂl 235 &



12

X3

4x%
/7

0.375..
0,335

1

.5 "

Procedure

1. For the tension controlled beam analysis discussed
in lecture, construct the strain diagram with €cu =

20,15”

de 225"

0.003 and €t as calculated.

w N

Use fc = 6000 psi and fy = 60000 psi
Graphically determine the c¢ distance from the top to

the N.A on your diagram.

4. Make a second diagram to show the relationshi

C & T forces to the strains.

5. Draw the ACI| — Whitney stress block at "a” distance

from the top.

6. Show the moment arm and calculate j using jd = z.

g= A £

B

c

-
-

=

|

|

| STRESS PlAaRam
| 0.85f,
I a %é——c e

— =

|

|

|

|

|

|

|

I

|

|

|

|

Meomear At

I
I

I

I

I

I

|

, |
#:4d |
I

I

I

I

I

|

|

I

—> T +
Asfy

A3exee) | 205

SE5 Ly .85(6)(12)

Oo g;’ 0.0{

d
% =

725

f_%‘.‘i‘if . 085 -0 2035
&

K Z :’500”



Any Questions?

yifanma@umich.edu

Thank You!
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