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Arch324: STRUCTURES II

Welcome to Recitation session 03/28
Mohsen Vatandoost h.o., m.sc, M. Arch)

mohsenv@umich.edu

Office: Room 3122
hours:

walk-ins welcome!

U U
D Click here to make an appointment
Please feel free to ask questions.
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Arch324: STRUCTURES II

Welcome to Recitation session 03/28

Qutline:

= Quick Recap of the week
* Provide the solution for the assignment (Homework 9)
» Answering student’s questions

= Lab: Conc. Beam Design
= Tower Project: Final report by April 18

Please feel free to ask questions.
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Recap of the week

Rectangular Beam Design
Two approaches:

Method 1: b
Data:

« Load and Span

* Material properties — f, f, I

« All section dimensions: h and b A 7

: a-—1

Required:

» Steel area — A,
Method 2:
Data: L2

» Load and Span :

« Some section dimensions —h orb

» Material properties - f, leF h?

» Choose p ’ | Choose.
Required: °© 0007 BY

« Steel area — A,
» Beam dimensions — b and h
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Recap of the week

Rectangular Beam Design — Method 1
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Data:

-

-

Load and Span

Material properties — f_, f

c?

* All section dimensions — b and h

Requi

1.

W N

© ® N OA

10.
11.

red:
Steel area - A,

Calculate the factored load and find factored
required moment, M,

Find d = h — cover — stirrup — d,/2

Estimate moment arm z = jd, for beams j~ 0.9
for slabs j ~ 0.95

Estimate A, based on estimate of jd.

Use As to find a

Use a to find A, (repeat...until 2% accuracy)
Choose bars for A, and check A, max & min

Check that € = 0.005
Check M, = ¢ M, (final condition)

Design shear reinforcement (stirrups)
Check deflection, crack control, rebar
development length
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Provide the solution for the assignment — HW9

9. Concrete Beam Design

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

Span of slab

Span of beam

Thickness of slab

section width, b

section height, h

max. aggrigate size

bar size number 10
stirrup bar size number 4
concrete cover 1.5IN
concrete ultimate strength, f'c 3500 PSI
steel yield strength, fy 60000 PSI
Floor Live Load 80 PSF
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1-way
slab

Stirrups

Flexuml
sfeel As
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Provide the solution for the assignment — HW9

# uestion Your Response

1  Unfactored dead load on beam from slab [ g

3 Unfactored dgad load on beam from the beam I -
(beam selfweight)

3 Unfactored live load on beam, LL [ i

4  Total factored beam load, wu [ i

5  Factored design moment from the loads, Mu I < f4——— Span A —‘—“| 1-way

g Distance from top beam edge to centroid of I N - clab
flexural steel, d

7  The final calculated area of steel required, As,req  [EG 2 Stirrups

8  Number of rebars used ] Beam

9  Actual, final area of flexural steel used, As, used I N2 Flexural
Mimimum required area of steel, As min (the I 2 - — etee| Az

greater of the 2 criteria)

Depth of concrete stress block, a

The factor beta_1

Distance to Neutral Axis from top of beam, C
Strain in flexural steel, epsilon_t

Strength reduction factor, phi

Tensile force in the flexural steel, T

Nominal bending moment, Mn

Factored bending resistance, phi Mn

I ™
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Provide the solution for the assignment — HW9

@ (LnFmCtorE.d de,o.ol /ao«J Ok b&un F)'om f/cnﬁ:

rersforced ConC- d'cnfr’tj = 150 '} 3

3
I _Ftl—Ls 150 1b I b Y

(G 1 O —— 135 ptf -
(@ x> ¢ gkt o i

: g T ‘__" b to to/ wefgﬁf F r/“é Beam S’rlr'r'ups
\ ~one At of slab h

N Flexural
el v Ehicknessin Ft —7 ,OQJ = bc‘-“”‘ = i_?-g—‘-jz 28 steel As

PLF
@ beom | SElp ._we/:“}f«t .

3 b
1 B 50
h xb x spe- ——>  478.125 pLF
(22 x1Zx1) §

I.'Z- 2z
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Provide the solution for the assignment — HW9

@ Jive lood on beam:

Live foad X Slab Spom x per Linear Frot of beam
—_— e

do PSF

Pox M ixt =| bigel |pLF
2

@ Total Founred lood on Beoum:

1.2 0 4161

b2 (?585 +°IK%-\17) + 1-6 (r;ga) :2‘4(‘4-?5 m

slab Beam

@ qu;oye(/ d&?f‘?h Moment :

2
My = W 2014.75 % (27%)

L - 220317 1469 xL
9 8 fob b

220-31% W_FT

—
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Provide the solution for the assignment — HW9

@ d: distante | From top o Center FleXural —steel

Table A.2 Designations, Areas, Perimeters, and Weights of Standard Bars

J “ C/ ' I Customary Units ] ~SI Units
= = Mg ' "

Cross- 1 Unit ‘ Cross- Unit
Bar | Diameter ! sectional Weight Diameter | sectional . Weight
No. (in.) Area (in?) | (Ib/fY) (mm)  Area(mm?®) | (kg/m)
bl
d_ . distance From bott to Cenbw Flexun/ fteel el 0500 020 6820 9 054
5 0.625 0.31 1.043 15.88 200 | 1.552
.T 6 0.750 0.44 1.502 19.05 284 2.235
JC = Cover + Stj'rylkf) _’_Elwr 7 0875 0.60 2044 222 387 3.042
2 J 8 1.000 0.79 2,670 2540 510 3.973
G;t— ‘f) 2o ks 9 | 1128 L0 | 340 | 2865 | 64 5.060
10 1.270 1.27 4303 | 3226 819 6.404
=/ 1.5 4 O 5 =t L‘iﬁ'-’ = 2-635 (- 1 1.410 ‘ 1.56 5313 3581 1006 7.907
2 J( 2 ol d 14 1.693 225 7650 | 43.00 1452 11.384
C 182287 J__ 400 13600 | 5733 2581 | 20238

d: L\- JC - 2 —2-635 = 24-365 | /v m

3 T
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Provide the solution for the assignment — HW9

Estimate moment arm:
Beam: 0.9d
@ Calcuste  requred A Slab: 0.95 d

eg‘tfﬁ\mte Momeal ahim e —..:JJ = 0_3(201.3 63) = 21.92%

unjte Convers fon

il N 3 @)/' Kip-fit to Lb-in
AL [T | z20-31% xi0 & P
| i | o |2
Fj ( J_%—) 0.9 (60000)( 21,92 %5) A
0.9 paomerts 1M dLe = p3l.5Pus 1y Bc_2-.0757
i g Lo 2 i et
fin . Cheds Acouymty: 2-2326 —2.0452 o T 05/ Snext itmtl.
| use As o Find & 5 use o €0 Arad  As (rcpeo»th-w.z;;l z_/) K 7 2.23264 E == TR
Lol
T HS fg, iR 145450 4. oL = 2-0?%1 A Goboo = 1.93%6 A.- 2-0F043
035 £ b 0.5 X 6000 X I 0.55 X 6000 X ¥ b e

Clre dr AConrney - 2.0752 —2.0%043 ¢ 0_22/

Ye%u‘rd A = 2.0%043
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Provide the solution for the assignment — HW9

b P b Table A.2 Designations, Areas, Perimeters, and Weights of Standard Bars
m o - _ S R : .
N &y © rC r: 1 (ustomdry Units ] SI Units
' Cross- ~ Unit ' ‘ Cross- Unit
Bar | Diameter | sectional Weight Diameter | sectional , Weight
; , . No. (in.) Area (in.?) (Ib/ft) (mm)  Area(mm?) ‘ (kg/m)
e . o - - L . !
nNge jis | Giver —p #10 -y Bres of Cach Febor: "2?, 2 30475 010 | 0376 9.52 M| 0560
£ 4 0.500 0.20 0,668 | 12.70 129 0.994
/} 5 0.625 0.31 1.043 15.88 200 | 1552
6 0.750 0.44 1.502 19.05 284 2.235
S| 4 P03 |
"= - Z ? (f —_ I. 63 7 0.875 0.60 2.044 2222 387 3.042
/}# 1-2% § | 1000 | 079 2670 | 2540 . 510 3973
I - =V -V e 9 | LI128 1.00 | 3.400 28.65 ‘ 645 5.060
al 4 2 0 1270 127 4303 | 3226 819 6.404
e L 1.410 1.56 5.313 35.81 1006 7907
14 1.693 | 225 7.650 | 43.00 ‘ 1452 11.384
18 2.257 J 4.00 13.600 | 5733 2581 20.238
— e | : 1 A St
() Actun! As wsed :

ﬁ@'zg“f"‘m

_ rebat

3 T
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Provide the solution for the assignment — HW9

Minimam rqurwJ (teel

C3 (% (bd) _ 2 (3500 (,ng,q_'ng) _ 1.2252
MoX ofF two< ﬁj £0000 l
E3.
’Zpo(bd) zo,,(@YZ‘L?GG) — 1.3%0
Ml it R R, L Rl Q]-O
= L Q10

(1) depth of Gonc. Stress block 5 o

a = As Fj . @'5(1)(6000(9 — 3.0!3 . Based on the Actual As

Q11

0.9 Fc’ b I 0-35 (3500) ((?)
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Provide the solution for the assignment — HW9

@ ﬂ, : 2500

g o5 - vas (@t ) _as75 Lo
[ooo | 0.65 | ¢ $=090
Mooy ﬂ’ (1B 0-%5 Other 065 0% (g,—¢,)
: =065 | (0.005-¢,) ‘
@ J" strCe Fhw W-4. From top OF 6“‘"‘3 C %"ngﬁ?ﬂ d N Transition o _c-g%?r%lﬁgd
l £!=£fy 81!=0005
Ce. 3. = 3.8 3./59% (or C From Tab!e:)
IEn 085

@ Styoin  in F/E.XU&I’M/ steel E’t 2

E’t " d_c CO-OD3) L 2436P - 3.515 (o.cazﬁ):ﬂ-""1(5l >0.005

C 3.545

(o-oo')'_} @g=0.9

@ 7Eh§,"op. Contre!
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Provide the solution for the assignment — HW9
Tewsile Force in  fehars, T Unite conversion
T= AsFy = f.51)(60000) = 1524000 - LIAL 016

@ Nominel beﬂo"nj moment th‘.

/uh s Bg F‘J Cd—-—%-)
_ (2-54) (60000)( 24-365 - 3,_9?{3) - 3193635 .9x, Q17

= 3493.6364 k-

LI

09X 3483.6359 = 3135.2% Kk_wmgkl- — 261.2%2 Q18
\2 k- FT
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Lab : Reinforcement Placement

_— ’é(‘{' STIRAUP h= %"

i
q.ﬂ' o J ;;-4;6
liza" 122" "
Flexture rebars #9 I\ ::{: o 564
Stirrup #4 | ] """f%r d. | 2.5¢4"
I H P.
Ih'; |.'~:
|f ¥ '5
Description b= 1o

This project produces a graphic representation of the reinforcing layout of a concrete beam.

Goals

To determine bar diameters and horizontal spacing

To find the placement and dimensions of a shear stirrup.
To establish proper cover for reinforcement.

To draw all beam elements in the proper scale and location.

TAUBMAN COLLEGE
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fc = 3000 PSI
Lab : Reinforcement Placement by - 0000 P
Flexural rebar: five rebar #8
B=15in
H=36in
Cover=1.51in

Procedure
1. For the example beam worked in class, determine the required spacing, sv and sn, for
the bar size used.
2. For the given stirrup size determine the bend radius for a 90° bend.
3. Make a sketch showing the proper locations of bars and the stirrup including cover.
4. Draw and dimension the depth of the stress block, “a” and the distance to the N.A.

from the top of the beam, “c”.
5. Dimension and label “d” and “dc".

Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops STwrot
SR — 1—,‘
| Type of stan- Minimum inside | Straight extension!"! 1
ACI 318 Chapter 25.2 | _dardhook | Barsize | bend diameter,in. | bern in. __Type of standard hook | e
. . No.3 |
Placement of Reinforcement i ad, | Greater of 6d, and % | 0degres
90-degree No.5 | ' 3in. pénd |
hook No. 6 . ' |
Diameter — =~ || | £,
«  Cover (ACI 20.6.1) el = 12 -
. . . | No.3 | - 7
» Horizontal spacing in beams, s;, (ACl 25.2.1) | through 4d,
1 inch 135-degree No. 5 - Greater of 64, and /) pend
db hook | No.6 | | 3in.
through 6dl,
4/3 dagg,max No, § Hori t | S - inB
o arizontal >pacing in Beams
» Vertical spacing in beams (ACI| 25.2.2) through 4, d B ACI25.2.1
Min 1 inch | 180-degree | No.s Greater of \socepee -
[ hook No. 6 " 42“';&_“‘1 Dismater bend linch
| through b, = !gm db
| No. 8§ | |
1A standard hook for stirmups, tics, and hoops includes the specific inside bend diameter and straight extension length. It shall 4/3 max aggregate

be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.
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Tower Project:

"

/N

el

Tower Project final report:
April, 18

=
- [ L 22

/\

i

<

N

)
/\
?a
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Arch324: STRUCTURES II

Thank you.

Any question?
Please feel free to ask questions.
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