Concrete Beam Design 3/29

HW — Concrete Beam Design

Lab — Reinforcement Placement
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Using the Ultimate Strength Method, analyze the given

section to determine its safe moment capacity, Mu, HW - CO n Crete Bea m DeS | g n

based on the given parameters. Check that the section

(0.003 in./in.)

- : - fe-gemf —={ 0.85f, |=-
1s tension controlled (epsilon_t = 0.005), and that the Data: T . _i_
amount of steel, As is more than the minimum, As_min. ata. T R J,; . 2 .
Load and Span b i 1 E T
Material properties — f'c, fy Ty T
DATASET: 1 All section dimensions: hand b |, ) (12);
Span of slab |47 \o ]_
. ] s>
Span of beam Required: 2 J/o _+; le——+] batanced T=Asfy
Thickness of slab Steel area - As f—b—e °© | ] tension controtied
section width, b €>0.005
section height, h 1. Calculate the factored load and find
max. aggrigate size _
bar size number factored required moment, Mu (7 wp, +7 W, )
stirrup bar size number 2. Find d =h — cover — stirrup —d,/2 M, = g
concrete cover 15IN
concrete ultimate strength, fc 5500 PSI (On_e Iayer) . M
steel yield strength, fy 60000 PSI 3. Estimate moment arm z = jd. For A = ot :
Floor Live Load 45 PSF beams j = 0.9 for slabs j = 0.9 aj
4. Estimate As based on estimate of jd. YN
5.:Use As to find a momentarm
Span A ———»-l 1-way : :

6.: Use a to find As (repeat...until 2% A1,

|
[ ~ slab _ q= '
R st X=Totol U1 ¢=1037) . 0.857.b
Beam irrups
h — 7. Chopse bars for As and check As max
1 = T steel As & min
o]

8. Check that ¢, > 0.005 a
9. Check Mu < ¢ Mn (final condition) M,=Af,d -



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
1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

DATASET: 1

Span of slab

Span of beam

Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI

steel yield strength, fy 60000 PSI
Floor Live Load 45 PSF

Span A ————l 1-way

| S
[~ ~ slab
F Beam D Stirrups
h
Flexural
1 = "~ steel As
b

1. Unfactored dead load on beam from slab

2" Span A * Slab thickness * 150 pcf
= 12*19*12/12*150
=1425 plf

2. Unfactored dead load on beam from the beam(PLF)(beam selfweight)
b*h*150=18/12 * 39/12 *150= 731.25 plf

3. Unfactored live load on beam, LL

LL = LLfloor * (Span A) /2 = 45*19/2 = 427.5 plf

4. Total factored beam load, wu

wu = 1.2"DL + 1.6"LL = 1.2 *(1425+731.25)+1.6*427.5 = 3271.5 plf

5. Factored design moment from the loads, Mu

Mu = 1/8 * wu*(Spanbeam) * 2 = 1/8* 3271.5*30% = 368.04 ft-k



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
1s tension controlled (epsilon_t = 0.005), and that the

amount of steel, As is more than the minimum, As_min. 6. Distance from top beam edge to centroid of flexural steel,d
DATASET: 1 a—
Span of slab | s
Span of beam ﬂ ﬁ Ema e gl
i | [Z31] o011 | 0376 [ [0 3751
Tth_kﬂES? el StirruplBar i #4 | 0.20 | 0.668] 0.500
section width, b /' v d #5 | 031 | 1.043] 0.625
section height, h Flexural Steel Bar | #6 | 044 | 1.502] 0.750
: : ! #7 | 060 | 2.0a4] 0.875
max. aggrigate size ! #8 | 0.79 | 2.670] 1.000
bar size number izod| 1.00 ] 3.400][1.128 |
: : ! #10 | 1.27 | 4.303] 1.270
stirrup bar size number C ! 711 | 156 15313 1210
concrete cover 19IN -\ )Ld #14 | 225 | 7.660] 1.693
concrete ultimate strength, fc 5500 PSI cover L © 18 | 400 113.600] 2.297
steel yield strength, fy 60000 PSI
Floor Live Load 45 PSE
+—————— Span A : : :
1-way dc = cover + stirrup bar diameter + 1/2 flexural steel bar diameter
[ slab = 1.5+0.375+0.5*1.128
F Beam Stirrups = 2.439 in
h Flexur'ul
._.I_ [ steel As d=h-dc= 39-2439 =36.561 in




Using the Ultimate Strength Method, analyze the given

section to determine its safe moment capacity, Mu, i i

based on the given parameters. Check that the Sedtion 7. The final calculated area of steel required , As,req
1s tension controlled (epsilon_t = 0.005), and that the

amount of steel, As is more than the minimum, As_min. 40003 inin.)

]...ec...[ —--1 0.35:'; |...
TT [ T ER
; . 2. Mn=¢ T * moment arm = Mu
DATASET: 1 ‘% ¢ j B ¢ ¢ ¢
Span of slab ._d_h NA & _4_ ._..._._‘==‘-'—".;7 ........ /
Span of beam : d_is)
Thickness of slab A R T=As"” fy
section width, b J/o\o X I &
section height, h R | e=e balanced T=Asfy
max. aggrigate size . b C tension controlled
bar size number 170008
stirrup bar size number
concrete cover 15IN . . )
concrete ultimate strength, fc 5500 PSI (1) Estimate moment arm Z = jd For beams j~ 0.9
steel yield strength, fy 60000 PSI
Floor Live Load 45 PSF Zset = 0.936.561 = 32.905’
+—————— Span A . .
1-way (2) Estimate As based on estimate Z
~— slab $»=0.9
T 5ti A = M,
Beam irrups s 4
h Flexur'ul ¢ fy d _E
__[_ "~ steel As
~Mu /(0.9 * fy * Zset)

= 368.04 * 12 *1000 / (0.9"60000*32.905) = 2.486 in?



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
1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

DATASET: 1
Span of slab

Span of beam

Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI
Floor Live Load 45 PSE
e Span A
P 1-way
~ slab
F Beam Stirrups
h Flexur'ul
] [_ "~ steel As

7. The final calculated area of steel required , As,req

(3) Use As1 to find a1

AS, |
S 085/b 2.486*60000/ (0.85*5500*18)= 1.773 in
(4) Use a1 to find As2 iy %o.sf -

T | _f' o ﬁl
Z =d-al2 .

= 36.561- 1.773 /2 dh
= 35.674 in /\ J
° 11| balanced
AS = M“ p—b— e - Y tension controlled
a L >0.005
¢ fy(d _Ej

As2 = 368.04 * 12 *1000 / (0.9*60000* 35.674) = 2.293 in?

(5) Compare As1 and As2

|As2-As1| /As2 =|2.293 -2.486 | /2.293 > 2%




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
1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

DATASET: 1

Span of slab

Span of beam

Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI

steel yield strength, fy 60000 PSI
Floor Live Load 45 PSF

Span A ————l 1-way

| S
[~ ~ slab
F Beam D Stirrups
h
Flexural
1 = "~ steel As
b

7. The final calculated area of steel required , As,req

(6) Repeat, use As2 to find a2

. 4.1,
0.85f.b

(7) Use a2 to find As3

Z =d-al2
= 36.561- 1.635 /2
=35.744 in

A M,

» a
¢fy(d—§

(8) Compare As3 and As2

|As3-As2| [ As3 =|2.288 - 2.293 | /2.288 < 2%

= 2.293 *60000/ (0.85*5500*18)= 1.635 in

) = 368.04 * 12 *1000 / (0.9"60000* 35.744) = 2.288 in?

Pass! As req = 2.288 in?



Using the Ultimate Strength Method, analyze the given

section to determine its safe moment capacity, Mu, 8. Numberof rebars used Choose bars for As and check As min
based on the given parameters. Check that the section
Is tension contmlled_{epsﬂnn_t = [}_DDE_), _and that 1he_ Table A.4 Arcas of Groups of StandardBars (in.?)
amount of steel, As is more than the minimum, As_min.
o Number of Bars
BarNo. 2 | 3 4 5 6 7 g8 [ 9 10 11 12 13 14
4 039 | 058 | 078 | 098 | 118 | 137 | 157 | 177 | 196 | 216 | 236 | 255 | 275
DATASET: 1 5 061 | 091 | 123 | 153 | 184 | 215 | 245 | 276 | 307 | 337 | 368 | 399 | 430
6 0.88 132 | 177 | 221 | 265 | 309 | 353 | 398 | 442 | 486 | 530 574 | 619
Span of slab 7 120 | 180 | 241 | 301 | 361 | 421 | 481 | 541 | 60l | 661 | 722 | 782 | 842
Span of beam 3 1.57 314 | 393 0 471 | 550 | 628 | 707 | 785 | 864 | 943 | 1021 | 11.00
: E 2.00 400 | 500 600 | 700 | 800 | 900 | 1000 | 11.00 | 1200 | 1300 | 14.00
Thickness of slab y 253 379 , 506 | 633 | 759 | 886 | 1012 | 1139 | 1266 = 1392 | 1519 | 1645 | 17.72
: : 11 312 | 468 | 625 | 781 | 937 | 1094 | 1250 | 1406 | 1562 | 1719 | 1875 | 2031 | 2187
sect!on wn:_ith, b 14 4.50 675 | 900 | 11.25 | 1350 | 1575 | 18.00 | 2025 | 2250 | 2475 | 2700 | 2925 | 31.50
section height, h 18 800 | 1200 | 1600 | 2000 | 2400 | 2800 | 3200 | 3600 | 4000 | 4400 | 4800 | 5200 | 56.00
max. aggrigate size .
bar size number As req = 2.288in2 N=3 Ny
stirrup bar size number sl
esigna- arca, c1gl t diameter,
tion sq. in Ib per ft in.
concreIe cllz:fert o 15IN #3 | 011 | 0.376] 0.375
concrete ultimate strength, f'c 2500 PSI i #4 | 020 | 0.668] 0.500
el yiekd Strenath gt o0 e 9. Actual, final area of flexural steel used, As, used 71 920 | 0668 0500
?_ : #6 | 0.44 | 1.502] 0.750
Floor Live Load 45 PSF #7 | 0.60 | 2.044] 0.875
—_— * —_— * —_— H
As used = Ab * N= 1.000*3 = 3 in? #8 | 079 | 2670] 1.000

l£ol L1001 3.400( 1.128

#10 1.27 4.303| 1.270

+—————— Span A . . . #11 | 1.56 | 5.313] 1.410

1-way 10. Minimum required area of steel, As,min #14 | 225 | 7.650] 1.693

~— slab #18 | 4.00 [13.600] 2.257

F Stirrups
Beam ’
3/, V5500
h __ Flexural () = b,d = 3*1°0*18*%36561=2440in V
._.I_ " steel As y 60000
200 :
(b) _2@[) d = 60000 18 * 36.561 = 2.194 in As,min: greater of a and b

y



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
1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

DATASET: 1

Span of slab

Span of beam

Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI
Floor Live Load 45 PSF

+—————— Span A 1-way

~— slab

F Beam Stirrups

Flexur'ul
[_ "~ steel As

11. Depth of concrete stress block, a

Afs— As used
0.85fb
= 3 *60000/ (0.85*5500*18)
=2.1391in
12. The factor beta 1
B4 is a factor f'OC ? 81
to account 1000 0.85
for the 26 o
non-linear 4000 0.85
shape of  sa0 200 2%
the 7000 0.7
compressi 8000 0.65
9000 0.65
on stress 10000 = 0.65
block.
B1=0.775

Check that ¢, > 0.005 (tension controlled)

1000

R . .- ------- L
1 . T > 2
/ TuhEa L
1l o wm)y i
d h a
d-42
A (+-3)
T l«——| balanced T=Asfy
de | &7 €&
|"_£'_"'| tension controlled
€,>0.005
'[31 0.85
Eo 075 [~
/]/ | | | | | |
2 4 6 8 10
£ (ksiy
£ — 4000
0.85 >20.85 - 0.05( ———— ||= 0.65

13. Distance to Neutral Axis from top of beam, c

c=% =2.139/0.775 = 2.76 in

1




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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Using the Ultimate Strength Method, analyze the given

section to determine its safe moment capacity, Mu, ini i .
based on the given parameters. Check that the section 14. Strain in flexural steel, eps"°n—t Check that ¢, = 0.005 (tension controlled)

1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

¢ I— el |
_ 0.0} I d—c

DATASET. 1 . g, = 0.003 > 0.005

Span of slab I C
0.75

?rr:'alllmbeap]| b 0.65 $=090 |

ickness of sla I _ *
section width, b Compression Tension | - (36'561 _2'76) /2.76 7 0.003
section height, h controlled— controlied

max. aggrigate size > = (0.037

bar size number x0.005 |

stirrup bar size number

concrete cover 15IN

concrete ultimate strength, fc 5500 PSI . .

steel yield strength. fy g e 15. Strength reduction factor, phi

Floor Live Load 45 PSF

d—c
g = 0.003 > 0.005 $=0.9
+—————— Span A C
1-way
~— slab

F Beam Stirrups

h Flexur'ul
__[_ "~ steel As




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
1s tension controlled (epsilon_t = 0.005), and that the
amount of steel, As is more than the minimum, As_min.

DATASET: 1
Span of slab
Span of beam
Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number

stirrup bar size number

concrete cover 15IN
concrete ultimate strength, fc 5500 PSI
steel yield strength, fy 60000 PSI
Floor Live Load 45 PSF

+—————— Span A 1-way
~ slab
F Beam Stirrups
h Flexur'ul
__[_ sfeel As

16. Tensile force in the flexural steel, T

T =fy* As = 60000*3/1000 = 180 k

17. Nominal bending moment, Mn

Mn = fy* As *(d —a/2)
= 180" (36.561-2.139/2)
= 6388.47 k-in

Check Mus ¢Mn

'IO.DHG m..." in.)

—.-1035:' |-.-

d h (d-

Al L

balanced T=Asfy

|
-

i o

2 ¢

-
i

)

w e

tension controlled
91 >0.005

18. Factored bending resistance, phi Mn

¢ *Mn = 0.9 * 6388.47/12 = 479.14 k-ft > Mu = 368.044 k-ft



Final Report

Due Apr 12th

Tower Project Score Sheet

PRELIMINARY REPORT (re-submit with final report)

40

TESTING

60

Tower weight = 40z (15 pts); height = 48" (5 pts); holds = 50 Ibs (5 pts)
Correct Materials (5 pts) (scaled if doesn't meet requirements)

30

Efficiency (4/weight OZ)+(load LBS/50)+(load LBS/weight OZ)x1.5
(scaled based on class rank)

30

FINAL REPORT REQUIREMENTS

150

Preliminary Design Development 20
How cross-sectional design of preliminary tower was chosen 4
How elevation of preliminary tower was developed (e.9. bracing, taper, etc.) 4
Why/how cross-section was or was not adjusted from preliminary report 4
Why/how elevation of tower was or was not adjusted from preliminary report 4
Discussion of how basic principles of columns supported these decisions 4
Revised/Tested Tower Design Analysis [SHOW WORK AND UNITS!] 50
Calculated/modeled axial forces and derivation of required member cross- 10
sectional areas from axial forces (consider both crushing and buckling)

Estimated weight calculation using actual member sizes used = include 7
weight from members, glue, and gussets, etc.

Member properties table: A, r, L, slenderness ratio (L/r), T
utilization ratio (actual load / allowable load)

Indicate critical member (largest utilization ratio) 8
Tower stability (as a whole) - buckling calculation 8
Prediction of capacity of tower and mode of failure 10
lllustration of Final/Tested Design 20
Cross-section and elevations(s) of tower 5
Perspective(s) or isometric of tower (no screenshots!) 5
QOverall dimensions labeled (height, width, etc.) with units 5
Member sizes labeled (cross-sectional area, length of vertical members and 5
cross-bracing) with units

Testing Results 30
Final weight and height of tower 3]
Tested capacity of tower 6
Observations of testing (loading, any buckling observed, etc.) 3]
Description of mode of failure [5]
Images of failure 3]
Post-Testing Analysis 30
Comparison of testing results with predicted capacity and modes of failure 10
Discussion of discrepancies between results 10
Suggested improvements for future designs with reasoning discussed 10

FINAL GRADE

(Note: re-submit your Preliminary Design Proposal with your Final Report.)




LAB - Reinforcement Placement

For the example beam worked in class, determine the required spacing, sv and sh, for

For the given stirrup size determine the bend radius for a 90° bend.

Make a sketch showing the proper locations of bars and the stirrup including cover.
Draw and dimension the depth of the stress block, “a” and the distance to the N.A.

c.

Table 25.3.2—Minimum inside bend diameters and standard hook geometry

for stirrups, ties, and hoops

=1‘3ipe of stan-

Bar size

| Minimum inside | Straight elte_n-sin-n'"!
| bend diameter, in. | |

£ iNL

Type of standard hook

| 90-degree
i hook

dard. hook

Mo. 3

through |

MNo. 5

4{1",1.

| Greater of 6, and :

i Jin.

" No.6

through
No. &

6,

124,

hook

No. 3
through

No.5

4ﬁ:a\.

135-degree

No. 6

through '

No. 8

6d)

| Greater of 6 and |

3in.

|
|
|

180-degree
hook

Procedure
1.
L the bar size used.
Description 2.
3.
This proj 4
IS project from the top of the beam,
5. Dimension and label “d” and “d.".
of a concrete beam.
Goals P
dl—ﬂf- d‘l
To determine W
S Su
To find the placement and dimensions of a \T /
To establish proper for reinforcement. Porizontal Spacing In Beams
To all beam elements in the proper scale 1inch
db

and location.

4/3 max aggregate

MNo. 3

through
No. §

4d,

Greater of

No. 6

No. 8

| through |

bl

4d‘g and
2.5in.

g .-ilam.:lard haok for stirrups, ties, and hoops includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight cxtension at the end of a hook. A longer extension shall not be considered 1o increase the

anchorage capacity of the hook.



Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops

!_Tjape of stan-
dard hook Bar size

Minimum inside | Straight extension'"!

bend diameter, in. .’

£ iNL

Type of standard hook

—

No. 3
STeRasf

z]

through

90-degree No. 5

i

Mp. i

| Greater of 6, and

Jin.

| hook No. 6
through
Mo. &

6,

124,

ay 90-degree
bend
=l ; |
1
Diameter — =7 || |fgq |

No. 3
through

135-degree No.5 |

4ﬁ:a\.

hook | No.6

" | No. B

'[mg, . through '

6d)

Greater of 64, and
3in.

Horizontal Spacing in Beams * No. 3
through

ACI 2521 180-degree No. 5

4d,

1inch hook No. 6
db No. 8

through |

by,

Greater of
4d‘g and
2.5in.

4/3 max aggregate

1A standard hook for stirrups, tics, and hoops includes the specific inside bend diameter and straight extension length. It shall

be permitted to use a longer straight cxtension at the end of a hook. A longer extension shall not be considered 1o increase the

anchorage capacity of the hook.

h

36”

b

1 5”

: Flexural bar #9

; db=1.128"

!_ 5 Flexural bars
Stirrup bar #4
db=0.5"

re- - ;
LAggregate = 7"

- For the example beam, determine the required spacing, Sv and Sh, for the bar size used.

« horizontal spacing in beams

ACI 25.2.1

1inch
Sh greater than < d,
4/3 max aggregate

« vertical spacing in beams
ACI 25.2.2

1inch

Cover 1.5”



Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops

—— . . . .
| Type of stan- | Minimum inside | Straight extension!!! ]
dard hook | Barsize | bend diameter, in. | Lo i Type of standard hook I FleXU ral bar #9
" No. 1 — — ”
Sherof 5 | | lhrzuéh | ad, I | Grea:ego_f 6, and d, 90-degres b= 1 5” d b_ 1 . 1 28
covey 90-de No. § . bend
V& 0 e s — : | 5 Flexural bars
W through b, 124, Diameter — =7 || | £ox ;
No. 8 | — o e o Em Em e = o = I
No. 3 | 1
through “d : Stirrup bar #4 |
135-degree No.5 | | Greater of 6d. and — ] _ ”
B hook | No.6 | 1 3in. ’ h_36 | db_05 l
e : through (7 77 L [ U |
L | No. B
Horizontal ing in Beam % No. 3 —_ 3/
orizontal Spacing in Beams trough " Aggregate = %
ACI 252 1 180-degree No. 5 - G4r;atcr of
1inch hook No. 6 404
db through | 6d, 2.5in. N
| Nos§ | | Cover 1.5
4f3 max aggregate 1A standard hook for stirrups, tics, and hoops includes the specific inside bend diameter and straight extension length. It shall

be permitted to use a longer straight cxtension at the end of a hook. A longer extension shall not be considered 1o increase the
anchorage capacity of the hook.

- For the given stirrup size determine the bend radius for a 90° bend.

Minimum inside bend diameter = 4db

Minimum inside bend radius?



15"

F—— 3-0"

e =)

33.436"
15" =

I 0.5"

0.564"

| —a— )

N -

=
—11.122" 1

36“

-—1,128"

15"_—’

- Make a sketch showing the proper locations of
bars and the stirrup including cover.

Determine put 5 bars in one layer or two layers.

Meet the spacing requirement.

One layer does not pass!



(0,003 infind - - - - - —— - —— - —— — - .

o | ~{ 0.85f, |« - Make a sketch showing the proper

locations of bars and the stirrup
including cover.

Put 5 bars in two layers!

36"
- Draw and dimension the depth of
the stress block, “a” and the
distance to the N.A. from the top of
the beam, “c”

SETR -
1.0"p= = 1

S

i
3.372" -1.5"
= 15" -

a=7.843" ¢ =9.227
tension controlled

€; >0.005
- Dimension and label “d” and “dc”.
y1=db/2
yzi o y2=db + Sv + db/2 de= cover + stirrup bar diameter + y
Vit le 4 e Jel |
i i the centroid y= LAXdx (3y1+2y2)/5 d= h-dc

YA




Any Questions?

yifanma@umich.edu

Thank You!




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18

