CE 326 — Design of Concrete Structures (Spring 04)

MWPF, 10:00 -10:50 am, Thornton D221

Instructor: Dr. Michael C. Brown

249 Shelburne Bldg - 530 Edgemont Rd
(434) 293-1998
mebrown@pvirginia.edu

Text: Design of Concrete Structures, 13th ed. by Nilson, A.H., Darwin, D. and Dolan, C.W.
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Attendance:
Tests:
Homework:
Prerequisite:
Office Hours:
Note:

Introduction (Sect. 1.1-1.2) - 1/2 class

Materials (Chapter 2) - 1 class

Reliability and Structural Safety (Sect. 1.3-1.8) - 1/2 class
Uncracked and Cracked Sections (Sect. 6.1-6.3) - 2 classes
Flexural Behavior (Sect. 3.1-3.2) - 1 classes

Analysis of Singly R.C. Sections (Sect. 3.3) - 2 classes
Design of Singly R.C. Sections (Sect. 3.4-3.6 & 13.1-13.2)- 3 classes
Doubly Reinforced Sections (Sect. 3.7-3.8) - 2 classes
Deflections and Crack Control (Sections 6.3-6.7) - 1 class
Shear Design of R.C. Beams (Sect. 4.1-4.6) - 3 classes
Axial Loading (Section 1.9 & 8.1-8.2) - 2 class

Axial Load and Bending (Sections 8.3-8.5) - 2 classes
Column Design (Section 8.9-8.10) - 1 classes

Footings (Section 16.1-16.6) - 3 classes

Bond, Development, and Anchorage (Chapter 5) - 2 classes

Not mandatory but will be recorded. Everyone is responsible for material
covered in class.

3 tests (20% each) and a final exam (30%, no exemptions) will be given. The
tentative dates for the tests are ZA4372F-8&4725. The tests may be given
from 7 pm to 9 pm. 2f2%,3[?)

Homework assignments will be made and collected. Homework solutions will
be made available. Homework will count 10% of the final grade.

CE 319 - Structural Mechanics

1 p.m. to 2 p.m. MW, and, otherwise, anytime I am in the office.

The Honor System applies to all work in this class. Discussions on homework
assignments are encouraged; however, the solutions submitted for grading are
to be the individual effort of each student.



Reinforced Concrete — Definitions for Flexural Design

a = depth of rectangular equivalent concrete stress block

A, = cross-sectional area of tensile reinforcement

A, =transformed area of steel (representing an equivalent area of concrete)

Ay  =transformed area of a flexural section, including concrete compression and equivalent concrete
representing a tensile steel section

b = width of flexural member at the extreme compression fiber

b, = width of the web (tension) of a flexural member

c = depth to the Neutral Axis (N.A.)

C  =compressive force of an internal moment couple

d  =effective depth, from extreme compression fiber to centroid of the tensile reinforcement
E. =modulus of elasticity of concrete = 57000NF, psi

E, =modulus of elasticity of steel = 29,000,000 psi

f. = stress in the concrete at the top (compression) edge of a flexural member

f» = stress in the concrete at the bottom (tension) edge of a flexural member

I+ = stress in the tension reinforcement of a flexural member

f. = design compressive strength of concrete

I = modulus of rupture, tensile capacity of concrete =7.5 Vf,

f,  =yield stress of steel (Grade 60 = 60 ksi, Grade 40 = 40 ksi)

h  =depth of a flexural member

h; = depth of the top (compression) flange of a flexural member

1 = moment of inertia of a structural member

I, = moment of inertia of the gross section of a reinforced member

Iy = transformed moment of inertia of a reinforced member (steel approximated by equivalent

concrete area.

) = span length of a flexural member

M,, = cracking moment = moment necessary to crack concrete in tensile region of flexural member

M, = nominal moment capacity (unfactored) of a flexural member

M, =required flexural strength = ultimate (factored) moment load on a flexural member

n = modular ratio of steel to concrete = E/E.

P =point load on a structural member

T  =tension force of an internal moment couple

w = unit distributed load on a flexural member

z = moment arm (distance) between T and C in an internal moment couple

o = empirical factor relating the average compressive concrete stress capacity in a flexural member to
the design compressive strength of the concrete

B =empirical factor relating the depth of cumulative compressive concrete stress to the depth of the
neutral axis, ¢.

B, = empirical factor that relates to depth of an equivalent rectangular compressive concrete stress
block, a, to the depth of the neutral axis, c.

g, =strain in the extreme concrete compression fiber of a flexural member

g = strain in the tensile reinforcing steel of a flexural member

g, = limiting (ultimate) compression strain of concrete in a flexural member

®  =resistance factor applied to the nominal moment, load, or shear capacity of a member for
comparison to required loads.

Y = empirical factor relating a to B;: y = 0.85 for normal strength concretes

p = reinforcement ratio = A¢/(bd)

p», = balanced reinforcement ratio, such that a flexural member would fail under compression

(conerete crushing) and tension (steel yielding) simultaneously if loaded to capacity.
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PART I - SHORT ANSWER (CLOSED BOOK & NOTES)

1. Name and describe two time-dependent properties of concrete. (4 points)
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2. Describe a balanced failure of a reinforced concrete section. Include a description of the
state of strain in the beam in your discussion. (6 points) '
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3. Describe the respective purposes of load factors and resistance factors in design of reinforced
concrete using the LRFD methodology. (5 points)
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**Please turn in PART I when complete, before proceeding to PART II**
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PART II - PROBLEMS (OPEN BOOK & NOTES)
1. For the given plain (unreinforced) concrete beam, determine the load "P" that will cause
collapse of the beam. Use f'; = 4,000 psi. (35 points)
P P
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2. A beam is designed for a factored applied load, M, = 3,000 in-kips. For the given beam
section and material properties, determine: (50 points)

a.

the nominal moment capacity, M, of the
beam.

the design moment, ¢M,, of the beam.
the strain, &, in the tensile steel at failure.

If all other dimensions are held constant,
what is the maximum area of tensile steel, A,
such that ¢ = 0.90.

Select new tensile reinforcement to match the
recommendation from part d., and calculate
the new design moment. Check against M,,.

30of3
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. = 3,000 psi

f, = 50,000 psi
E; = 29,000,000 psi
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PART I - SHORT ANSWER (CLOSED BOOK & NOTES)

1. Name and describe two time-dependent properties of concrete. (4 points)
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Describe a balanced failure of a reinforced concrete section. Include a description of the
state of strain in the beam in your discussion. {6 points)
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3. Describe the respective purposes of load factors and resistance factors in design of reinforced
concrete using the LRFD methodology. (5 points)
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PART II - PROBLEMS (OPEN BOOK & NOTES)

1. For the given plain (unreinforced) concrete beam, determine the load "P" that will cause

coliapse of the beam. Uge f'e = 4,000 psi. (35 points) /V7 VAP s / 4
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section and material properties, determine: (50 points)

Spring 2004

2. A beam is designed for a factored applied load, M, = 3,000 in-kips. For the given beam

148"

a. the nominal moment capacity, A, of the
beam.

b. the design moment, ¢, of the beam.
¢. the strain, &, in the tensile steel at failure.

d. Ifall other dimensions are held constant,
what is the maximum area of tensile steel, A,
such that ¢ = 0.90.
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PROBLEMS (OPEN BOOK & NOTES)

1. Use the given concrete beam to answer the following questions. (65 points)

f'. = 4,000 psi 15 in. s .'

£, = 60,000 psi S o 30in. & /
E.=29,000,000 psi.
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a) Investigate whether compression steel is necessary for this section to meet ductility
requirements of the tensile steel provided.
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b) Assummg compression steel is necessary, at the nominal moment capacity, does the
compression steel yield? g
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¢) Determine the nominal moment capacity, M,,, for the beam, as designed. 4 @
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e) Does the beam meet minimum tensile reinforcement requirements of the code?
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f) What is the design moment capac1ty, ¢M,,, of the beam?
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g) In accordance with code requlrements what size ties and tie spacing would you
recommend for this double-reinforced beam?
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~~~~~~~

2. If the cross-section presented in Problem 1 is of a simply-supported beam carrying sustained
dead load (including self-weight) wpr, = 1.8 kips/ft and applied service live load, wi = 1.5

kips/ft, determine: (35 poinfs) (| g3 PR
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PROBLEMS (OPEN BOOK & NOTES)

1. Use the given concrete beam to answer the following questions. (65 points)

15in. .

f'. = 4,000 psi
f, = 60,000 psi
Es=29,000,000 psi.
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a) Investigate whether compression steel is necessary for this section to meet ductility
requirements of the tensile steel provided.
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b) Assummg compression steel is necessary, at the nominal moment capacity, does the
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CE 326 Test 2 Spring 2004

¢) Determine the nominal moment capacity, M,,a,, for the beam, as designed.
4}’5 ; d’f%;‘;!& 4’4&4 éé— AT
Saw (o )= S TH0 ) o )5 ) . + 1. £003)(29x2%) ( ),

Z06 08 = 2J50 ¢ +  Joéfop ( & ’3)
7 25, 2 - fedwe > -4 :;/5‘5*#4&
o = 43350 2} potto(c-2)  BEeT 5=

D2 43358, % - 17500 T 313200 S L5770 a4

}; = Z;.lf; (47{!) = é.&&g’ﬁ?f«g‘)[’.{i?/?_;-ifﬂ) = 4“/2/4/1‘. - é/-jéft'(/m;{},;/%ﬁ
My 07580%m 80d-%) + Lk 0d-A)
0. T I ) ep- 2.72) 3 1,200 HT ) [24-3)
= 5338 F 53 = 438 ,L,,,é,}dj = 537 ftdas
7

Does the beam meet minimum ductility requirements, as specified in the code

specifications (ACI 318-02)? M. Jlaper s A=

24 577

220 ) 2 powas > o009 /
bt

4

Ly=4, (/l%ﬁ) = /'”3( $77

ﬂ E e £ 4 .
= f=0957 < /ma. 2 jﬂm 31%/7’ ;%75' ' . f/zfﬁj 4;'5::.{7}{7/1%;;/ gucrorands 4z et
\ {

z J.J.Zdé-l—%ﬂﬂ(g’z =d 0229
. €) Does the bearn meet minimum tensile reinforcement requirements of the code?

3SE
Aoy = A %‘-’-"“—4 snte f, 2 5007 > it S

.. Y ,
o waut ggx/'é I‘!vw}f,/gggg?i i5 ﬁzj

T IIELE x L 2snt

f) What is the design moment capacity, ¢M,, of the beam?
Siwce &y = 2.0095 (forid aisel > poape % =2.%4

Py = 097 (5378240 = £53 Hodboy 79k 0
EERLR 7

g) In accordance with code requirements, what size ties and tie spacing would you
recommend for this double-reinforced beam?
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CE 326 Test 2 Spring 2004

2. If the cross-section presented in Probiem 1 is of a simply-supported beam carrying sustained
dead load (including self-weight) wpy, = 1.8 kips/ft and applied service live load, wy. = 1.5
kips/ft, determine: (35 points) /4 /- 2.5 5
v - ﬁd"f Ae L
[c J74/f"'7/r' s 3o TN ,r» 74 A ’;74/,_‘}.&' 7= :wg’,ﬂx’i)k' oA .aF 4,;’%?'

A7 JOX

20 ft.
My = /"r't/“é (/-@4"‘ ?}Z
ot ARG i Z

> ; s = W N Lpr
hint: Myig=wi*/8 and dq = SwI'/384E1 -?’.f'r f
(; ¥4 miid QNRA Lpyig W ) /{dl p /:f_(?'éffz’: - 7{’&,‘/57'.!

a. The maximum immediate deflection at mid-span due soleiy to the dead load.

75 77 J/z - T/ﬁﬁé’) 23287 it Le® /,;/ *ér‘é)frj(/ A9 "”/45)(/)’%
o D65 v Ko or5F)*

£ £ (25 077 1
o= TE- ECHD), 5pi b Y 7P

e mz _
e =277

ﬂzwl’lc’/ /f-g:; P
4B+t Bl d) = 1) )
, " - by jf' G J:ﬁ' , pry
. 7,!)f # 7//2;6, -2) :f/&’.&?@‘—’«;’) éDL :3‘5;9??2 = .fi’éggzyjl;}gffiﬁ@
7552 +%ﬂ-/ “FI5Z 20 D YiFEF Z:j
{991 d./ﬁz,'q

b. The maximum total deflection, assuming long-term deflection (at t=5 years) due to the
sustained dead load and short-term (immediate) applied live load.

22,0 for bdsmaths £ By {77

- 20
A 'ﬁ%‘f/' = I sdearts T 177

Sa= ) dy - 1717 (2, 167) = 2.175
E,».P,/.JALJ /\(a‘:/{{fg'i/{}?ﬁf qui‘@‘ é)} df,i-

Tt = 043 (322 +(1- 4«%,20//26’2?/ 13T

s 5 G R EE bl )T ,
Opite ™ g84 (3405 Fs.) (/3/‘5‘;—’-,@“] =024/ in

Z
TobT ©.77) 24262 (/fdJ?‘?)/Z?Z‘?": 17648 Wt
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e

Name: QQ:\'\(\QVY e HQ\/ € “ N

While taking this test, I have abided by the provisions of the University of Virginia honor code.

B LABNA]
Signature f e

PROBLEMS (TAKE-HOME TEST - OPEN BOOK & NOTES)
1. Design a round spiral column for axial load only, if subject to Pp=1 80% and P, =300%.

Include the design of spirals and sketch the cross-section selected. The column is assumed to
be short and have clear cover of 1.5 inches. Use f'c=3,500 psi and f, = 50,000 psi. (35 points)
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CE 326 Test 3 Spring 2004

2. Given the concrete short column shown, determine the axial load capacity, Py, moment
capacity, My, and eccentricity, e, at the balanced condition. (35 points)
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CE 326 Test 3 Spring 2004

3. Design shear reinforcement by selecting stirrup size and maximum spacing at the critical
section of the simply supported beam for the section and loadings shown.
Use f=3,000 psi and £, = 60,000 psi. (30 points)

15.0 in

wpL = 3.0 k.ips/ft (including beam weight)
WL & 5.0 klps/ft
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Name: Md ) 7/4 Ve

While taking this test, I have abided by the provisions of the University of Virginia honor code.

Signature

PROBLEMS (TAKE-HOME TEST - OPEN BOOK & NOTES)

1. Design a round spiral column for axial load only, if subject to Py=180% and P,=300%.
Include the design of spirals and sketch the cross-section selected. The column is assumed to
be short and have clear cover of 1.5 inches. Use =3,500 psi and £, = 50,000 psi. (35 points)
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CE 326 Test3 Spring 2004

2. Given the concrete short column shown, determine the axial load capacity, Py, moment

capacity, My, and eccentricity, e, at the balanced condition. (35 points)
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3. Design shear reinforcement by selecting stirrup size and maximum spacing at the critical
section of the simply supported beam for the section and loadings shown.
Use £1:=3,000 psi and f, = 60,000 psi. (30 points)
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CE 326: HOMEWORK #8 - Problem 8.1

T AN LT
GO

Lo e

2.

Interaction Diagram
2000
!
1500 \\~\\.\
Y
3
.,
1000 =3
a
£ 500
[ @
£ ,
//’.//
0 : : o .
0 yﬂo/ 300 400 500
-500 g—
-1000
Mn (kip-ft)
Mn Pn e
Point  kip-ft kip in
1 0 1628 0
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137.5772 1344.718 1.227713
e 2 174.3941 1268.206 1.650149
208.1563 1189.2 2.100467
’ 239.0865 1107.164 2.59134
267.4763 1021.4 3.142466
3 293.7 931 3.785607
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Reinforced concrete
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L a=depth 10 neuiral XS A =085
=7
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T.6.1. F. February 65,2004

| AM SO VIAPPY {T'S FINALLY WEEKEND. NOT LIKE TODAY WON'T BE DERTULY \ONG BOT. ..

Another example

o = Siress:
- , G/ .
‘—\:‘q—,ﬂ c=635%ah = /A3, B =035 fov A0Cps (£)
\ \ g3n=d LA :
lo 0 o ZTERS
N Ac=23T 10" find Ma
IND
Asguma F5=Fy g="7
o= 4 .
° . 0.85f. ab = Asks
‘F“= L0 §
a= 416w deprhotsiressviock
Mg = NoMNG\ MOTWRNT o pactty NOT deptn o reviral ax\s
v

ot vae sechon

faxe ¥urn glong tne Givne of aenon oF Cor ¥

Mo= AsFs(d=%2)  or  ma=(0.85 f2ab)(a-Y2)

(eccuna ©) Cb =0 (orovnd T

mANs ex. Mn= 29.70 0 ¢lp
®

}
= _amfor ynaer e e cne eyt ot \pe\ence. qodenmnet

Sann £u=0.00%

/1

41 un—

VYN MO STYESS,

T

A
NA Moves |\

SN ‘

oS
d
s

= o0.0C20C1

Soeusing siomiax Frlenghes Cyoieel

W Ce™8y | fo= 8y

Flhus  underreintorced -y ay !

Toe Wwihile steel

3Lk .
Ae= ~};‘b€\ or zccbdl""j:'\ﬁ
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S Being Sick= SosSucky

Feoruary 9,2004

What As \& required for valanced failure?
3 #9 —=> unaerrcinforced Siroun: Siress:
100 ) g = o0.003 0.%5EL
s
234 Cb"l’y o ‘“';"J <— cb=0.85fca,b
cenn /\| —= T=As, By

Eg=84= 000201 will nduce polanced faiture

LSIng Siem\ar & _ £,

Ariongles: 0\-?“: f:’ Cp=13b)in (a?ﬁ,ﬁ_\) ’/3“= 035

‘ £~ 40
a,= .57in /4.7 0.35—0.05\ oo

Cyp
S0, Acy,= /Fu

Agb'=(,ﬂ5b ke
Ma= neminal moment capau’m: C (cl—“/z) = 176 . lip
WaYSs o check for fo= By

L Geometry (SToan dsnovnon)

\§ Beg < QK?

2. COMPOYE  Lottct o P
3.

(Tabie ASD

compare rono of depin of sires biodk, 6, 4o etteciive depin & o balanced rono
a a
/a vs. "/ a

(cepied and cnAoch WD
Sirengih pesign

AsSUmpnons: = moeXimum ugable stvyain inconuete = 0.00%
= steel 1o clasho (Winear) fneaperfecily plasnc ‘5'{
/A
£ Te
7 Yensile sirengin of concreie (S neghetied
= cencrete compression zone (g recranguiar, witn a

wid¥h =0 35¢, and height=0=3,C

= A 15 afuntnon ¢f concrere srrength

Advantages: encn-linear behovior of contrert g included

? realignc \gad faliOrs are yged (Ozpi2 L)

Di=dead load  CL=liveivad
(4able 1.2 in bock) _-;y, Mu < ¢ Ma| P =resistance facior <(wo_q B
| J In

° o¥cel tn vsed move ckbechively — werked M\ greel yield

? smaller secpony ore UsuolM ooscil \e
e

\T
WHY MUST HE ALWAYS START SOMETHING NEYN WATH 5 NWNVTES LEET7 | WATEA AND DOR T USTEN. -
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MorqavitosTomgat 7 February 11,2004

ACT Code on underveinforcement of beams

' minimal tensile reinforcement givain when loaded &l the nominal moment

Strength redvchon factorg ¢ <1 pased en £¢ (STrain in furthest rensile sfeet)

ot a depth div= at 4he rewnfor cement furthest fromidne compression face

d=d; ¥ Yhere 15 only ane row e of Qi‘é@.\l

1 N\

rythe
‘l—— 0060s

. i T
d ot
, \ooo de _
NS. o oou E{’EM c

[ em—— ’Pc‘ =

St
lpro‘%s/&‘ Fy—— G-t EX

Foraxial Jead 1ess than 107 0f Fi Ag (gress area of sechon) Ag=b h for rectangie

$vZ20.004 (gg=c.

0207, 50 Steel \nos yietded)d) (forget greel) *j

fgs = 0.06259 for grade 15 steel ~ t,=1s Ksi]

thus, underreinforced

fe _&u
Thug. .. ﬂma,ﬁ," 0.858, 7, £, #0004

WV low aoxaal \ood

N

Tension-controlled _memper — ane that ,at nomingl load, > 0.005

AST
\ a"o,fss%b/\

¢=049

Compression: comtrolied member — any member winere, of nominel lead, €4<0.00%

Steel haS not yeached yield.

$=0.65 (mutih move cengervactive )

between g3 =0.002 ond €:70.005, ¢ "C“"ES\*Q“\“Y from ¢=0.b5 1o $=01 |
y A RN gpwally rewforced , $=6710 «‘
o] — = L

i i

R
: |

0.00L 0608 Ex
SO, exampig :
— L o T 2 E[FY fy= A , o
¢ . \
e ™ W 3 it fi=4%s \ Assume 2 rows
Hm Need: 1510 COVEY no SR} i
W= L2 (W) Fy (W) =12k |k \pgﬁ] : 0510 hrvup (¥4) 000 }
wow &> _ . e — d H
Mu =g = 325 Wp d=1ci0 use #¥\0_(A=121in%)  a~H/g
| W_,__Q__:ol.is_ffb 0.5in gyac'\hg berween bars
=]
A-T% My = ‘%'Mn depth fom Lo Trom + 3 170 = 40
[ )
600 | = | =T =03 Fk Asf , .
oo¢ ’ Now calc from T=MAPy =0385Fc-b-a  Ac=e44in?

My= e]a[of&s fi-o-a (d-“/z)]

USE TABLE &2
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FRIDAY THE THIRTEENTH ! 'Februarg 13,2004

on homeworke $#2 prob 3

g=5TNin 1=8000int  pojzalsi<f,  Fe =lrksi< g

on homework 3 Proo 3.4

find nominal_Flexural strengtn (Ma)  use 1o And design girength (¢ Ma )

3 r di-c
use Et (insteel) 1o fAinQ & €= Eu( [ )

Back o ihe probiem from wednesday ...

avoid using bars larger than ¥10s

Check limits — Ag must be greotey than value calcuiated

As E-J'E- ,l’_,d__.
p = bd ASW\‘\\'\: = \’)C\ AQ\'vi\n: 200 _j—q
o TN ’ '
’/On’\(\x =0.T50 . “roudt be in peh
Jc' u >
L0850, %, | Fatly
0 =) J
— o _
oLp CODE | ngsdMa
. Ta— ——
NEWN Lmoex = 0‘%5/5\ R gut0 004 =
’ ‘ Stee) NWST
hove \,’\e\(\CC\ by
g poiay

Ty MIKINgG pars... now aboot 3% \gg, 3 8 q ¢ 7

Oneek g SWESKY | 9o heok YO LEINTING ond CNONGR 0SS umMPRLons

de-C

p -
/7 hnd $e- £4= Eu (=% > dy = dIaNee from =fop to mest tencile sieel
A

] bor (cemer of W)

]
( .00 c= %635 =410
l —— | £¢70.005 weomig underreinforeed, §=0.9
\ As fy _ - . , .
a hes changed - A= om New, 0= b.bB N, c=1.951n (eateviate #irst petore §)
TV

Ma= (6354,ab)(d=52) 0c ATy (d-°1)  Ma=3Tp6rdp My =340 friip

WO s 16rger Yoan given Mg Sowe've goed !
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CHAPTER 10

CODE

10.4 — Distance between lateral supports
of flexural members

10.4.1 — Spacing of lateral supports for a beam shall
not exceed 50 times the least width b of compression
flange or face.

10.4.2 — Eflects of lateral eccentricity of load shall be
taken into account in determining spacing of lateral
supports.

10.5 — Minimum reinforcement of flexural
members

10.5.1 — At every section of a flexural member where
tensile reinforcement is required by analysis, except as
provided in 10.5.2, 10.5.3, and 10.5.4, the area Ag
provided shall not be less than that given by

Ay hin =Dyt

(10-3)

and not less thai200b;d/f

10.5.2 — For statically” detérminate members with a
flange in tension, the area Ag p,, shall be equal to or
greater than the value given by Eq. (10-3) with by,
replaced by either 2b,, or the width of the flange,
whichever is smaller.

10.5.3 — The requirements of 10.5.1 and 10.5.2 need
not be applied if at every section the area of tensile
reinforcement provided is at least one-third greater
than that required by analysis.

10.5.4 — For structural slabs and footings of uniform
thickness the minimum area of tensile reinforcement in
the direction of the span shall be the same as that

318/318R-117

COMMENTARY

R10.4 — Distance between lateral supports
of flexural members

Tests'01010.11 have shown that laterally unbraced rein-
forced concrete beams of any reasonable dimensions, even
when very deep and narfow, will not fail prématurely by lat-
eral buckling provided the beams are loaded without lateral
eccentricity that causes torsion.

Laterally unbraced beams are frequently loaded off center
(lateral eccentricity) or with slight inclination. Stresses and
deformations set up by such loading become detrimental for
narrow, deep beams, the more so as the unsupported length
increases. Lateral supports spaced closer than 50b may be
required by loading conditions.

R10.5 — Minimum reinforcement of flexural
members

The provision for a minimum amount of reinforcement
applies to flexural members, which for architectural or other
reasons, are larger in cross section than required for strength.
With a very small amount of tensile reinforcement, the com-
puted moment strength as a reinforced concrete section using
cracked section analysis becomes less than that of the corre-
sponding unreinforced concrete section computed from its
modulus of rupture. Failure in such a case can be sudden.

To prevent such a failure, 4 minimum amount of tensile
reinforcement is required by 10.5.1 in"both positive and neg-
ative moment regions. When concrete strength higher than
about 5000 'psi is7uised, the 200/f, vahie previously pre-
scribed may not be sufficient. Equation (10-3) gives the
same amount of reinforcement as 2005,,,4/f,, when f;” equals
4440 psi. When the flange of a section is in tension, the
amount of tensile reinforcement needed to make the
strength of the reinforced section equal that of the unrein-
forced section is about twice that for a rectangular section or
that of a flanged section with the flange in compression. A
higher amount of minimum tensile reinforcement is particu-
larly necessary in cantilevers and other statically determi-
nate members where there is no possibility for redistribution
of moments.

R10.5.3 — The minimum reinforcement required by Eq.
(10-3) is to be provided wherever reinforcement is needed,
cxcept where such reinforcenient is at least one-third greater
than that required by analysis. This exception provides suffi-
cient additional reinforcement in large members where the
amount required by 10.5.1 or 10.5.2 would be excessive.

R10.5.4 - The minimum reinforcement required for slabs
should be equal to the same mmount as that required by 7.12
for shrinkage and temperature reinforcement.

ACI 318 Building Code and Commentary
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Qdaba For Lunch ! February Lk, 2004

$ingivw - Reinforced peam Design
)

buf\{wc don’t know b or h! | designfor a gven moment M.,
k.
{»" Zu

® 520858, T oo ro.005 «— becavce If £,70.005,beam 13 vaderreinforced
4 iy

Ny = +Mn

. £
® mu=¢pfybd’ (‘ - 059 - > solve for bd* —= cnosse Gppropriate

values for b and d d~ish

@ use Ag =podb fo find ASpeqyired N

© derermne by eonsideringd, COVC".Sﬁ/}rrUP& ,and halé the bardiameter =

round h up fu Hhe nextnighest even number of ingnes = ex. =16 .8 —> h= \&10.
- =
YeviSe Ag 10 MtCh the new depth /d /
: [4
check moment and ¢ COVEr=\5" gri(rup=0.5"
moment Mo must be grediter +hah B~ YN oe) Lhar=depends 00 Rs,bass,ete -

= epleviode Ag , hind a compnaion cf

borsnar mekes fhot Ae

ey on eside ob Foe Witle not 1ot vt -

Dovioly Reanforced geam Design

nGh encoughn concreye 1S RIESINT o cavse Stee) o yreld

beam cross-seoneals Umited 3o cencrete connot dAevelop adeguate force ¥o balance (u e 1d) 4nes ke

a’ alh (amo N oVNLY Yealony

i

\\ LSl
d . if ABI[D R 3L n , The compresmion sicel may e disregorded
'L' [e¥o] A 2. e .
\_O—- < - F L =6 ¥he compression Sleel LS Y be conTideced

cage 1l borh steels yiela

Coce 2 Fensile sreet yie lde Yy EOCMpyE Ss Lo sTee ] Aces NOT
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Ftbruarlé 18,2004

My Baologna Has pFIrstName.- -

THREE MORE HOVRS oF woRK (ER,CLASS) AND THEN | NUST GO HOME AND WRITE THIS PAPER.

ond e conleere

Dovpie-renforced eoms
_ B < 0851
Cose 1t bomiicels yield (rergite and COMPYessiond ¢T3 Ak g‘if“ —] i
. d N — Aty
SWAPIEL YO analyze |
-H\eorehca\\% Sy for_compression and 00 O lhs .t "/l = Ay
Zg
Lension are eqUWCNRNT ; d-a’
SRR TR
=
Ry Vo0 S A CCRL T WAT]
I ,
Ma=hs by (4-") M = (As-Ad D, (d-92)
(CDTYI P‘.'CSS\O{) STC‘C‘ ) (concre-fc )
(As-Ad )Ty @2 ~/<>')m¢"
Y Ae=pbe | 0% ——
e ] UTOUGT ’
Ae=pha
— ! _ANY N _Qa
er.r As 53 (d-a )+ (As AS} SU\ (4 /Z) \' accounts for botn ceel Ssechons

/Bh:,ph + 1/3 / /ﬂb:‘OO\\Q'ﬂCﬁd rano Sov Sinale- rei aforced beom

i

LI ZPment 0!

—

Why yse dovble - renforced beams”?

> gpace Yesyricnons

= |nereases duckitiiy of Yenaile sieel

> redyces gugioaned \cad deflechons (creep)

SYEE) ABES NOT Crecp were0s coneretre does
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TESTMNMONDAY. Ft\o‘(uavg\) 20,1004

Y c\osed ook , ¥heory), Y2 cpen DOCK,, probrems

does nov inciuae douvbie —reinforced oecumns

y/,—————c fan\ure
A-ak.

When JSing equivaient 81ress biadk peam g et \yyerd pony

grevd
\/((S\:rvire region

SO N 1S fineor  STYees v NOY

cracki\n C')

Up to_cracking  use all of concrete  (n-) °
afver cracking, W service \oed reqion, Qealect concrete (n)
More detai\s of doupie-veinforced bearna: (AC) Code Req)
o T1.1_ endose compression gtee) with fies e
i :
f
(veswrann \adero) monionY) \ ‘H :OE ST0P COMES
) o0 ‘
prevenis oo e budling \ Q:—*;J \ OLY0Se YUY YOO
=
Spaging - @.. ‘b“d”({‘?%;&b‘) 7 .hes
=~ ' 7 Vi
.48 edBa find \east conservanve ; 0 Syee)
b I —
‘O-teaspetbo or 1y J (smaiest ) \ /
v
syze: i gieel =410 yge Fatie f—
he—— SPULII)EJ
A 2.steel > 10, use Fhhe (normal 3,4 crecl just bent)
= )
—compression stecl
Beam Details. -
- f ' Cc=0.85 el =—
—E'\C,"}A’S , Ae! Cs* As I banmn l\//l
Loeo /AS l\——-‘ hs ' T /Af@_" L Ao = Ne 1 Ag= A A
CASE T Yendh\t sreel yie\ag
i i — 7 4
S+ 085800 = Agdy 4 (Ae-Al)! \
As f“ ! 336 % (Ashs > £5 COMPYERA0N Sieel d0eS N necedsanivy
~J
Exampicef ase I~ 8o, fs # §1s vsed
vac loe @olld’  b=14in, d=20W0 —__ fu70003
1 9s-log
) - ) ’
=251\O Eg ) .
W s 2 /; ° hasurne e vields (§7=640)
cooool—5¥es  §750K, fe=3Est (essume same grade steet)
Qs/L—- , ,
N As,fy= Asfﬂ A= Ag
_hsals . N
0= oot R L.0bin, ¢= i3 in S00 balance hd, Ae = 2 in', hey= 4%

solve for g2t ysingsimiler Yriangies

5{=0.00195 ... £y(50gvade)=0.0017 so,aSSumpTien \§ correct. V7

.

My=Mnd =¢ an §y (a-% )+ ptfyCd-a ):l = 4880 pin

N sonin? —?u‘ W fengie 7
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Dovie - Reanforced Beamy (e T

Tensile sTeel yields, compression steel does not

- fd ) N
Pv= Lotpr’ (;c—) fove Gose I, = &y, equancen simpivhes

g-)\
v)»
\

f&=E583 =E[ &u %(swsaﬂsn!

{usea ciraar inangies ) )

&
/gmax‘=/0mw +F’(_%\;> fs;=es[£u" ,f.l‘) (swo,om}ﬂ ﬁ‘f\\

( for prsx_, £4=0004 )

rewnforcement ratic necessory 0 COAUSE CaMpresive Qreel 40 yield  (minimom vedue

;f’ d' zu
fObeS,, a = ...pu "’/—’ [_‘f‘>/0c‘3‘,-mcn\;\c\é\0uuf&

. AS,
Use 4o check Cose 1/1[ L= bd

gt vinivate concrete styain (0:003) | velafe stress in compression rapforcement fo sechion

. v [X
propertieS (using similar friangies ) »ﬁ—c S = -
s o-d’ el
§i=subs (& 4 ‘ CX :
balaneing invernal forces, T=C ot Fallure \ ,
) c (SRS U! 7 S ==
A T=Ce*Cs
ét.- c- &
A g ‘0653 ﬁ‘bc‘f P\c S;“Eg( 5 £;= €4 o
sole for ¢y a=c /A,
NOoMiNnGg) moment:
WAL
W= 0385f. ab(d- 2 )+ A § (d-d7) \
AN |
gxampie
[e el 2% 'z 25w d=z4n 1. hssure Ad yreids
Ab1§q
b =140 2 clwviate =g forconoee  e=alg,
. —o\’ 6
e ool 4 %10 5::’:4’“‘; %uFSQ ks B g = Eu\ ,comporete €4= g, T 0.0011
A=5.08in" Ad=1101n? (check oniginal assumphien?
Ag,=1.26in%, As,= 3.89 wan? 4.\¢ noT yrelded, use T=Cct Cs equahon jcoive for ¢
(stee)) (eoncrete) i
5 coleviote B4 anoan, Wit new e .
Findingthe balahce between sieel . colculare §/ , WL OA 1S 1SS Anan fy
cencreie , moment, efc. Toneld =R iy wnet s A? calauiede Agg= Ao Acy

-

. _Q / )
WM, = ¢ [Asz{“ﬁ (a-"2 3+ §e (d-o ﬂ Capatity of geCnon— s 1004 elouatg?
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| Hate Being Late Fepruary 21,2004

So,wnEt WS e pOINT 0F 0T exempie?

angluze o doubie-rexforced beam

~ gwen seenan , metenad properies

Afaetermine ¢ campression cevnforcement is needed

Ew

\eT = mox = 0.85f, SC/&W (obie A4)

calaiGie Mo as 1f SINQR-TENForRE | Ag = Pmox oS

compare Y0 Mg ¢ 1§ 400 Gl , move sieel \s needed

= d-0p2

ATdecide it compression steel vl yield

colcuiote Loy, g(e&\’t‘( oo p? sieel B A0es NOY y\c\é

cage I / T Case TL: steel dees not yield (notes 2)2s’
Compy¥ession Steel yvelds Sb Ag, Sy =0.856,{ b + Ad Euts (C:‘S‘,
As,=Ac . Ag,= Ac—As, (notes 2[207) sotve for ©, @
20 M= A B (drd )+ CAs=As' )y (-2 ) AT 0=0.85f, 0b (4-92)+ ALEL (d-a')

£ =euzs (S)

e /
=

> 4.5, cneck stron Ao find b = E“\(. < >

=
$Mn = My T isheam acceptable?

¢ MaZ Mu for succensfol beam

Design of Dovbie - Rennfoxced Beams

L \g compression Steel needed? X arnerally  doupie- renforeement 1s vsed when

2. Haos compression steel yielded? SVEE IS CONBIYoIned ,SINGIe can' ¥ nold Yoo

5. Hlow much coempressata Sieel 1§ necded?

' ¢
[o o + - — T assume d 18 smaller, notlar
== 7 +
given h b
|
d'rvas-3in
e °o dn h=(25-2wW) *_-/—' - - -

gven MOMENtS ... M= V2(Mous)+ 16 (M)

<)

1. Use Pmex 1o find Mg with Single-reinforcement. is+tms enough 2 (fé“‘rk%\.fu: GO XS, P snox™C .00
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| Wont 10 o Rack 10 Red.- march |,2004

Design oF Douoie-Reintorced Beamns  (ant'd)

Tian
[e]
Q' s, & assuned (4 romberiore
25
Ny given
—lo o © fi=4ks
R . )/9 mex T 00206
1510 fyzoo)

b use oo A FINd Nun wi dingle restfalcement . 1S compression ateet needed ?
4

A mex > As inox ;ca\cu\cdc a ==Mn . 0sc §=6.82 Yo comparete My

IF Py < My, single-reinforcemens 1s not entugh.

0HE Iﬂmj, Yo caleuiate \§ compression stecl has yiclded

o > oey Tor yield
I 7 ~J J

OR,since As Al are untnpwn:-

T o
-—————lo " _v “-x—/é“—'— Ia‘m:d' el =24 ( = )
I C /\E’S

coc :LLE__:LM“

Mo = B = oy 4-d 4 Aty (a-%)

< il

) z ) i

make As; = Amax ) use a=H determined USING Asmax

sowe for As, | As= At Ao,

3'U3\ﬂg Ag, ZAs’ . Mg ) Aind sreel bars wnmen madch

Ad=124102 pg=A.8491n%

2 ¥ ) (8 ¥ My =a40 &
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OOOOOO
mmmmmm
[rr ey

i

HEETS, FLLER
EETS EYE-EASE®
EETS EYE-EASE®

L

2382 100
2.308 P10 8
2392 100

3.782
2-381 50

vvvv

2-398 200
nUE 4

Zto/mz I CE 528 _{/m'//f Zr#
’ v

Double Einboreed Lo zﬁffjn (eontH)
&) bow mach Af s needed?

M,,, ="M, = "9 -7 =23/ 12 kps
Since = /{j/-g/(a/%{)

/{ M,,,_ _ 23 fky
5 - pldd) T

Al = A, F.p A, = 2.00a%
Moo= 15,5(4'4/) + % 44 by (d- "/Z)
2o bk l0e) = 09 (20T 3i5) +0.9 (k) (D ks ) (.- ’WX%)
{IWiki= 2700 + (2374,
b= crtir 5 Aed tAy = B
Coose N 5 2795 = ZWn®
A > 4»*‘}44&44“7',42»”; = 2.0742 A = 242
bt s e 5 - IR b oz,
£ =5 (iég'—-) - a3 (L) e 2 - G
2100803 > 205" [, =09 2 F 72w o 5.2
My = 20i(@k) (Wia-3) + (Tl ) —"ﬂ%)
=027 ks = 07T Ja"é;u
%ﬂ = 2707342 t/) = 77572-,4.,’01 >- /%-:-?/ﬁ’a%é;a-- ///é
Db by 1) BEE—05)25) = 170"
2) W(/f)(zXJ = 1#gt
e) Jie ﬂ:&n.’ Size 7 Lor #Whers
J//W,:,j ) KZ7ZR) =

z 4;7(/37{ W = Chse /5 0.2 Mostconserative
3 4= L&

7 J*%/m,
Y i A Nt

oW




mmmmmm
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mmmmmm

100 SHEETS EYE-EAS|
.30 200 SHEEr[S Er‘)IEEA'S

297

0 RECYCLED WHI
-399 200 RECYCLED WHITE

B
=9

iy
SeT

82
.381
42-382

*Nlﬂuml’ﬂnnd

L&a‘{@/e ’ 55.773 & l /jﬂﬂ-kf T # fé
/. i ’
fﬂDe/gf’;n_ m/: Daa«l{ /0 /(e :3\;&/ AZ%/& f 2 > Wd/:z' ,&:%w /5.‘
Nﬂ - 250 “ﬂ'ﬂM! J'e//‘ﬁ/ﬂ}/vﬁ v 15{———)/
My = 4 ® @ ;;77 )

ﬂ) Tt compenssiion stec ! weadol?
8) Has M yilld? %
5) Yo wuck 47 7P
Sonee 7 tayers wl /,&4/ de ;u(.é;(/ win dedfhidet | @ B ®

a) My= [205) +1d(tog) = 740 Hbips
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Long ierm concrete De £lecnon

Mmarerial belovior
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Shear Deslign —chapi- 4.1-45

(more properiy fermed ohagonal tension )
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Failure Patterng
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318/318R-146 Shear Code R&b
CODE CODE
11.1.3.2 For prestressed members, seclions 11.3.2 — Shear strangth V. shall be pe ed o be
located less than a distance h/2 from face of suppon compuled t‘y the more detailed caloul atia P11.3.2.1

shall be permitted to be accxgncd or the same shea
V., as that compuled =t 2 disiance h/2

11.1.4 — For desp beams, brackeis and corbels,
walls, and slabs and footsngc the special provisions of
11 »mcueﬂ .12 shall apply.

11.2 — Lightweight concrete

11.2.1 — Provisions for shear and torsion strengih
apply o normabweight concrele. When | :g?ﬁwﬂegh
aggregate concrete is used, one of the following m

fications shall apply to N'IC’ throughout Chapter i‘x
except 11.54.3, 11.5.68, 116381, 111232, and
11, 2 4.8

11.2.1.1 — When 1, is specified and concrcie is
proporiioned in acf"C'dc"iCC with 5.2, ., /6.7 shall be
substituted for /1", but the value of £, /6.7 si all n
exceed ,jbfc'. K

11.2.1.2 — When £, is not specified, all values of
,ﬁc’ shall be mulliplied by 0.75 for all-lightweight con-
crete and 0.85 for sand-lightweigh! concrete. Linear
interpolation shall be permited when partial sand
repizcement is used.

11.3 — Shear strength provided by concrete
for nonprestressed members

11.3.1 — Shear sirength V_shall be computed by pro-
visions of 11.3.1.1 zﬁrowg% 11.3.1.3. unles a maore
detailed caloulation is made in accordance w 'lt? 1.53.2.

Vo= 2[1s -t
LT 20004, "

Quantily N, /A, shall be expressed in psi.

11.3.1.3 — For members subject (o significant axial
tension, shear reinforcement shall be designed to
carry total shear unless & more detailed analysis is

made using 11.3.23

=
R PN

ACI 318 Building

ihrough 11.3.2.3.

11.3.2.1 — For members subject to shear and flex-
ure only,

S v,d
V. = (1.8 /77 +2500p, & - *b

i d {11-5}

W

but not greater than 3.5 /{7 b,d. Quantity V,d/i,
shall not be taken greater than 1.0 in computing V., by
Eg. {(11-5), where M, is faclored moment ocourring
simultaneously with V,, at section considered.

11.3.2.2 — For members subject to axial compres-
sion, il shall be permitted to compuie V. using Eq. {11-
5} with M substituted for M, and V,d/M, not then lim-
ited 1o 1.0, where

{4h-d) ca o
Mm=MU——NU———-—r (11-8)

However, V. shall not be izken greater than
V. =35, ‘f ‘b dﬂ {11-73

i 500 A

QUaﬂtal‘y’ N J’A sh
computed ’*y Ec
puted by Eq. (i1

be expressed in psi. When W, as
-6} 15 negative, V,_ shall be com-

I

?

-
i

1
-7

Apphed load —,
P i X

and  Web. Web.shens

fiewore-shear  shear

Fie.

oo

FHI
it

ACI 318 Building
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Sheay degion
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As . s usead
‘,Om:: /\omd

~ud
\ Vi Yy $1.0 | else use 1.0
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i
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eXCLPRCeNs”

Qs ous
\ - .
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d=effecrive deptn \
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[ SHOUEDR PAY ATTENTION, SINCE WE HAVE A TEST MONDAY. (DON'T THINK L WILL TTHOVEH .

MOXIMVM Spating:

or 24  (ernoller volue)

d
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) A

Vg > 4’\&2\:\@& ., S< Z grv2in

t 3 .
Ng> 6\/?;““*0‘ ySechion most e modifiead I&m:'; eO\Grged
For e & STivups °

everg ASS W ek con ke argwn ftom  ddeptn dowacd

Ceacrion, o disiance V> chal) beerosged by aY oSt \ 1ine of sheay renbore eonven’s
RS
Y

USA Cross of lerst ovi—

Wigawae V= Ve +Vg

n=nominal | c=conerete s=qoreel

Vu_is_mox Vole_on Shear diagram XN
Web cewnoveement fal\ure medes

b STyyups weldwng - desited fallure

\J_S: Avﬁjc\/s \, .

2. STWYrUP pups eus of Gnchovaal

0 _oveia: SrURS LgY exterd os close o Yoo fension [compression faces

a8 the cover reguwvements alloww (v15in )
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Q\Vﬁn.‘ f,ﬂa. bu d, fa} Vu defermined from \OOd'\ﬂQ (USCQY'\)\'\C&\ %CCZ\'\OT\>
W determine the concrete anear copacivy, Ve
V‘}:?—m bw d
W . L
2 _check moximum _opllowabie shear sfeel Vg = M/ p~Ve < 3ﬁc bed | elge redemign secnion
Y‘S Vo © 4{fcvwa 7 5 \imited by Q, gwen vaiwes Q(}\boveﬁq‘
- =)
3. \S ghear stecl evenneeded? Wy > dVe 7 dlantt o X
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a:No. b. YES. A= T 1 s< 9/,
o7 | Y e '
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SW? D e \& Chapter 6 Shear and Diagonal Tension in Beamg
EXAMPe -
:
| Guen: 7L, 8,.4.1,, v, |

O
it
b
3]
&

A= 1 for novmal concrete, 088 for
AR VEVEE -1 I santdightiveight concrete, 0,75 for
#tl lightweight concrete

Section should
be revised

No shear reinforcement No
is necessary

Ng /._.._._........-.._\ Yes
+ “\ th > QVC 7 ;v
s e Ve ~ Vs
v fd

A, w ﬁ?ﬁf or A,=0.7

i
Chioose § 5 g

whichever is {arger

, v,
Choose s %5 24in. Stop &l Ve ¥, Ity >4 /70 b0, use s i"»

End

Figure 6.9 Fiowchan for web reinforcement design procedure.

EXAMPLES OF THE DESIGN OF WEB STEEL FOR SHEAR

6.8.1 Example 6.1: Design of Web Stirrups

A rectangular isolated beam has aneffective span of 25 11 {7.62 m) and carries a wor %.!”W Hive
toad of 7500 By per Hucar foot {110 kN/m) and no external des % kmi except its selftweig
Design the necessary shear reinforcement. Use the simplified term of Eq. 6.9 for calcutating
the capacity V, of the plain concrete web. Givem

fio= 4000 psi (27.6 MPa), normal-weight cancrele
! B B

EN

f, = 00.000 psi (414 MPa)

tongitudinal tension steeh six No. 9 bars {dismeter 28.6 mm)

1o axial foree acis on the beam



Solution:
Faciored shear jorce (Step 1

4 %3 .
beam self-weight = Lmzlo ® 150 = 438 Ib/ft

total lactored foad = 1.2 X 438 + 1.6 X 7500 = 12,526 Ib/{t

The factored shear Toree at the Tace of the support is
35 . o cmx
) Vi, = - % 12,326 = 156,573 tb

The first eritical section is at a distance d = 28 in. from the {ace of the support of this beam
{half-span = 150 in.).

Voatd = 222 % 156,575 = 127,348 1b
150

Shear eapacity {Siep 2
The shear capacity of the plain concrete in the web from the simplified equation for
normal-weight concrete (A = 1.0} is 7L 4 A= A 7}' 77 /Z
V, = 200V bod = 2 % 1.0 V4000 X 14 % 28 = 49,585 Ib

Check for adeguacy of section for shear:

f

HOVFibod = 247923 1b

v, 7,3 ,
S 127,348 = 169797 1b  cross-section O.K.

8 + 200V ib.d

it

required V),

d) sw_»
. .75
v, > 5 V. hence stirrups are necessary

Shear reinforcernent (Steps 3 10 3)
Try No. 4 two-legged stirrups (area per leg = 0.20 in.%).
A, =2 %02 = 040in2
From Eq. 6.15b,

O ASd 04X 60,000 X 28
STV - v, 169.797 — 49,584

= 3,610, (142 mm)

Since V-V, >4 \/ﬁ!),,d, the maximum allowable spacing s = /4 = 28/4 =7 in. At the critical
section, =28 in. from the face of the support, the maximum allowable spacing would in this
case be:3.64in.

The shear Torce for distributed load decreases linearly from the support to-midspan-of
the beam. Hence the web reinforcement can be reduced accordingly-after determining the
zone where minimum reinforcement is necessary and the zone where no web reinforcement
is needed. The same size and spacing of stirrups needed at the critical section d from faceof
support should be continued 1o the support. Figure 6.10 illustrates the various values being

caleulated: .

Critical phase x; {consider the midspan as the origin): V= 169,5%? {) and from before,
s= 3.6 in. vy, from the midspan point = 150 - 28 = 122 in.

Plane x, ot 5 = di4 mayinnan spacing:

Vi = 4V hod = 434000 % 14 5 28 = 99,169 b
v

ft
]
s
=
(=]
L
=
Lh
o5
L 3
it
—
14.
o
~}
Ln
R &Y
&

1

xy from midspan point = (15

i




Plane x» a1 s = d7/2 maximun spacing:

ar

V= 48000 Ih

9385 = 97 585 b

v

Fcod

= 48000 + 4

>

¥y from midspan poimt =

From Figure 6.10z. the distance 36,73 in. is the transition zone fromy =7 in o 5 = 14 ins
hence a stirrup spacing of 8 in. center o center is shown in Figure 6.10b.
Plane xy ar shear force V2

V.= 2V d = 40585 1b

= 35.61n,

Discontinue the stircups at plane where V, g4V
inimuint web sieel: Test when sV or Vv >V
M { I Test when ¥V, >3bV or V, >4V,

i i
S Vo= 5 X 49.385 = 24793 b

0bs SO x 14«14

ini g, = = _ = .16 in."
minimum A, T G0.000 .16 in

< actual 4, = 040inS QK

Qr

ot

AJe D40 w 8000

i
Hi

maximum alowed x

H
it

versus masimum used s =

—— = V38 . from midspan
: ,

Proportion the spacing of the vertica] stirrups accordingly.

The shaded area in Figure 6,102 is the shear foree ares {or which stirrups must be pro-
vided. The spacing of the stirrups in Figure 6,10k is based on:the practical consideration of
the desirability of using whaole spacing dimensions and varving the spacing as Hittle as possible.



208,767 P

-~

ih s ~ Shear envelope  Shear force taken
RSN by the stirrups
—— 168,779 '
Iy 7 d .
| 148,754 | s=2=7in, Vy =4+/f, b, d = 99,168 b
i 97 585 —s=%=14in, v, =48,0001b
"' ) v 2 (.3"
| / =0 4
i No 3
Yy - 49585 : sirrups =
Ve Ve 3 =
I .
‘L » n \
“
& l 17.8
. Support in, >
face . 34.5 in, : X5 =35.6 in,———
- 36.8in, —>-e P PR At BT
— 151, X, = 106.9in. >
in,
f4-—d = 2B in,—1 Xy =122.0in, >
« 150 in, >
{a)
i
&
N ’ 4at8in, =32in, z
et 4 8at5in, = 40 in, —»i -j: 4at14in, =56 in, 18 ir.
7
///// Use 34 No. 4 [:3 Stirrups for all span

Figure 6.10 Stirrups arrangements for Ex. 6.1: (a)

(b

design segments; (b) vertical stirrups spacing.

shear envelope and stirrup
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Large axial load causes a crushing failure of
the concrete with all bars reaching their yield
points in compression.

Large axial load and small moment but entire
cross section in compression. Failure occurs
by crushing of the concrete. all bars in
campression.

Large axial Joad. moment larger than in (b).
Bars on far side in tension but have not yielded.
Failure occurs by crushing of the concrele

Balanced loading condition—bars on tensile side
yield at same time concrele on compression side
crushes at 0.85 f7..

Large moment, relatively small axial load—Tfailure
mnitiated by yielding of tensile bars.

Large bending moment—~{ailure occurs as in a beam.

Figure 9.1 Column subject to load with Jarger and larger eccentricities.
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Need for bond stresses, {bj Forces on reinforcing bar,
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Fig. 8-2

i
Retationship between change \,J
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{a) Beam.
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{b} Moment diagram. l ‘
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Fig. 8-3
Average flexural bond stress. {d} Part of beam belwsen sections 1 and 2.



If U is the magnitude of the local bond force per unit length of bar, then, by sum-
ming horizontal forces

Udy=dT €1)]
Thus
dar
U= :{‘; (3.1

indicating that the local unit bond force is proportional (0 the rate of change of bar
force along the span. Aliernatively, substituting Eq. (@) in Eq. (5.1), the unit bond force
can be written as
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Fig. 8-3
Sieel, concreie, and bond
stresses in a cracked beam.

Fig. 86
Stress distribution in @ puil-
ol jest.

{a} Cracked beam.

4

{b} Momeni dlagram.
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{c} Variation in sieel siress.

"{d} Tensile siress in concrete.
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Bond stress.,

{8} Test maihod, it Bar stress. o



Fig. §-7
Bond transfer mechanism,

{a} Side covar and hal)
the bar spacing both
iess than holtom cover, bar spacing. bar spacing.

G

(a) Forces on har.

{b) Faorces on concrete.

Longitudinal

/ \Radiaf

{c} Components of force
on concrele,

{d} Radial iorces on concrete
and splitting stresses shown
an g section through the bar.
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, J [ox

(b} Sice cover = botlom cover,
boih less than half the

¢} Boltom cover less than
side cover and hall the
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Behavior of hooks, {z) Forces acting on bar.
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0.063 in. slip
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Continued. {c} Stresses and slip—180° stzndard hook
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