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Problem 1

A weightless strueture is s'1bjected tㅇ  latel·a1 1oad. :rhe beams and coluⅡ 1ns are
both provided with longitudinal and transverse reinforeement. You may s̊sume
the following :

* The ACI strength reduction and 1oad f¸ etors are satisfactory.

* Nomillal strengths aceur● tely represent mean expected strengths in
flexure and shear. ruythermore’  av삶lible dimensions 

’
 materia1

properties’ and rebar sizes are unㅍ Ⅱlited so that you wi11 be b̧le to seleet
eross sec:tiolls exactly =natehing desired seetiolls . Of course, in practiee
you wi11 be restricted in these aspeets so that ove∶ strengths ⅵ11 not be

'λ

nu s'la1 .

* The uppey bound to flexural resistance wi11 be 
라pproximately 1 . 4 times

nominal flex'λ ral strellgth for any ∶neⅡ1ber stlbjected to large deformations .
The lower boulld to she¸ r resistance at this deforⅲ atiol1 level wi11 be 0. 75
tiⅡles nominal shear resistanee . (These subjects wi11 be diseuosed fuyther
during later parts of the eourse. )

* Member strengths are cheeked at the f¸ ees of conneetions and a1ong the
span. Strength ⅵ thin the joint ⅵ11 be assumed adeq.uate’  even though
tllis assu:따ptioll frequently is ineorreet ◆ ˙

(a) Assume the latera1 1oad is due to a 뇨ve load effect. Caleulate requil· ed
nonlinal fle*ural and shear strengths for the beam and columns’  reforring only to
the Ⅱlaximuψ values along a member span ˚

(b) Assume the latera1 1oad is due to an earthquake effect. 
으으쁘쁘 reduee the

load shown to aec¡oullt for illelastie deforⅡ lations. Provide strengths so that
signifieallt inelastie action wi11 be restrieted to beaⅡ 1 flexure. Cale'1late req'λ iyed
Ilominal flexural and shear strengths for the beaⅲ  and columlls’  referrillg oIlly to
the maximum va1:ues a1ong a =nelnber span. .

(c) T¸bulate res'λ 1ts.
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Problem 2

A #11 glade 60 bar is bent aI· ound a pin having a diameter equal to eight times the
diameter of the #11 bar.

(a) Using standard ben!ding the¡ ory’ caleulate the maximum tension strain in the
baI. Do not get fancy: Siη ply assume plaηe seetions remain plane’  stress— strain
relation in eompyesoion is eq.μal to that in tension, and ignore any seeond.ordel·
effoets sueh as Poisson's ratio.

(b) I antieipate that you wi11 find a st— ain in part (a) mueh beyond the minimum
elongation requil· ement foI· a #11 grade 60 bar (see ACI referenee paper) . And
although a typical bar wi11 bre¸ k in ;a tension test at 타 strain not mueh exeeeding
the minimum e!o'gation requirement, the bar ●ent aI· ound the pin wi11 probably
not break. Why?
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ProbleⅡ1 3 (Summarize all allswers on this sheet in spaee provided, and inelude as
the first sheet of the homework submission. )

Consider a normal weight conerete having a 28-day design strength of 4000 psi.
:rhe plant where the eonerete is produced has standard deviation of eompressive
strength equal to 500 psi foI· this mix de¸ ign.

(a) What tI●ue tensile strength should be eounted on in design for tⅲ s concrete?

(b) What ψean 28-day colnpressive strength is ㅍkely for the eoneyete if it was
produeeα so that less than ono in one hundred samples wi11 have strength less
than 500 psi below the design conerete styength? (Note: Codes actua끄 y have
more detailed requirements . )

strellgth in the eolulnn. )

(f) i숲

 표ia:금淵 용ii:율:땜금ι쫑1f꾸∶울Ie:i'鬼 to hydrostatie eonfiτ
dng stresses of 1000

:꿍fㅑ맒Iξ:尹
1租
쿱;ⅲ슝
t:Hξ

ξ:표
=응

뭄웁 표표垂
표 닳ㄳξ꿈ξ∫꿇총」f;#』:표꼽ξ맒⅜⅝

● ● ● ● . - -.{aetly 4000-psi uⅲ axial eompressive
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 γ꾸 ¨expect from 3-in. by 3-in. cylinde's coI

(d) ror the same collerete deseribed in part (e) , what strength wotlld you expeet :
fro‘n 6-iI1. by 12-in. ].ab cured cylindeys at age of 7 days? . ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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(h) What
(e) if it is

、/g) If the eonerete in part (e) is eycled for l m끄 hon cyeles between 1000 psi
compression alld some ⅡlaxiΠlum stress, what maximuⅡ1 stress wi11 result in failure?

true tensile strengths aτ e expeeted for the eoneyete deseribed ill part
120 pef lightweight conerete? . ● ● ● ● ● ● ● ● ● ● ● ● ˚

I

H雀됴Δ¼、

‘

요￡∫H:et㎜脚γξ:둡盂퉁쯩꿉: in the foⅡㅇn,ing stresses atapoint. If then part (e), will it fㅌ
'i1? . 
● ● ● ● ● ● ●  ̊  ̊● ● ● ● ● ● ● ● ● ●

ν' 
、、 δ1 '$∫주#;

'



H. ‖. #i::;;.
Problem 4

The 표gure be1ow εhows five oonfined oone'ete oo'eε  ● The co'es may be assumed

표 β를요 齒ξ윰⅜꿈ξ

=:理

」
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eUon. Fo' eaeh, f'e = 4oo0 psi and εteel
● eaeh seeUon’ eo”pute the totα 1

tramε▼e'εe steel mUo’ esⅵⅲⅡte the average oompressive strength Ξㅁㅁ* that eould
be εsεumed to aet oˇe' the enti'e eo” e o●ogε εeetion’  ond estimate the axia1
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P'ob¡em 5

A Ⅱulti·εtory bUㅛ d모ng is to be eonε trueted in downtowll Be'keley. owing to
o'ehitee!ural eonside●ations, it is neeessary for one of the struetural w:a11s to be
teτminated, ledvi뇨 g an open bay in the firε t story ⅵ th a εt'ueturgl wall b̧o▼ .̊

In εueh ε εituation (wⅲeh the engineer eertainly should impo'tune the orehiteet
to o▼ oid) , it iε  neeessal·y (thouEh not η1ways suffieient) to ensure that both
εheals ΠIld overturning moments in the waU at the εeeoⅡ d floo' ievel be
transfo''ed to the foUndaUon leve1. Aε  shown be1ow, the εtruetu●al enginee’ has
ȩleeted to t●ηㅍsfol· εheal· s th’ough the f1oor diaph'agm to a wall in another bay’
●nd to transfb' o▼ eτturn요ng momeㅍts thI·ough axial forees in eolumns εuppoTtillg
the wal1● The oolumn eross εeetion is shown.

표묩:¼蕙:蟲ξ =攘i꿈躍
Ei;::i:::ι

::;:::' 읖∶
jI:;;;표
芋t::::攄器 呈 #ξ율쁨 공丑e얗담코요표

(spaeing ond ⅵ I·e diaⅲeter) fo' the spiral reinfo'cing. P1ot the relation between
axia1 o̧ree a끄 d axial st'ain fo' the eolumn, identifying points eorl· esponding tㅇ
first spalling’  eompletion of spa1Ⅱ ng’ yield of 1onμtudinal stee1, and onset of
stⅡain●hat·dening in 1ongitudina1 εteel by the letters ''a'' , 

’
'b'' , '' e'' ; and 

●
' d● ' ,

ëspeetively. Use the stress— stⅡain relation shown in MaeGregor foI· GI·ade 60
stee1 (Chapter 3) . Assume that standard eyUIlders at the time of the eaτ thquake
b”eak at 4000 psi.
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Prob'em 6: Craokinq ¡n ㅜens¡on MOmber

A re¡nforced concrete tens¡ on meΠ1ber is shown.  ̨= 4 ksi,
assume an average uniform bond stress of 50o psi ¡s aν a‖able.
and 12。  k¡ps:

η
F튱

' 

않I능i㎋ㅑ:°兎eξη蟲,k윙b, η요

'
α = I〓Lㅗ♂L느—
냐Ψ ∂½(●) ㅌst¡ⅲate mean crack spac¡ ngs.

(bl ㅌst¡mate max¡mum su√ace crack ⅲ¡dth.

(●) ㅌst¡Πlate elongation over 100-¡ nch 'ength, expressed first ¡n ¡nches,
of e'ongat¡ on based on fuIIν -cracked sect¡on propert¡es.

(d, Tabu'ate your answers.

and then as a fract¡ on
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(a) Use classical bond theory with an average unifornㄱ  bond stress of 500 ps¡  to est¡ mate the
crack w¡dth at the top surface of the cant"ever at the face of the support. Note: The crack
w¡dth ¡s deternlined partly by sl¡ p from the beam and partly by sl¡ p τrorㄲ the anchorage.

Assume steel stress of 24 ksi at the face of the suppoⅱ , and  ̨= 4,000 ps¡ .
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Problem 8

The cross sect土ons shown be⊥ow are those occuτ r土ng a1ong a beam span. The bars
shown Ⅲust be deve1oped for y土 eld stτ ength. Calculate aⅡ d tabulate the requ土 τed
deve1opment lengths us土 ng ACI Co●●lul: 408 r¡ ecowlmendat모 oⅡs. f ' c = 4000 ps土 . Gτade
60 τeㅗⅡfoτceⅢent  ̊Also tobulate the area δf 1ong土—ud土nal steel foτ each ca¡ oe ˚
Co1Iluent oㅍ the tτ ends .
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Problem 9

A des土 gn has been prepaτ ed for a caⅡ t土levey ⅲh土ch 土s attached to a coluⅢ I1.
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Prob'eΠ1 1 °

An ¡dealized bearn o¨oss— seot¡on ¡s shown. ㅌ홴끄쇈으 rnoΠlent-ourvature relations for the various
mate'¡ a' strengths and steel rat¡ os ¡ndioated. Ⅵe'd Π1o∏

'eΠ

ts and ourvatures are to be deterΠ1¡ned
assμ m”° e'ast¡ o p¨opert¡ es, e˘en thou°h the oonorete nη ay be overstrossed. UIt¡ rnate 'ㄲom!ents and
ourvatu¨ㅇs m티y be est¡

‘

ㄲated us¡ ng the Whlney st'ess block wⅱh 

‘

ů = 0.004. Assume no stra¡ n
ha¨den¡ng.

BeaⅡ1A fy = 60 ks¡ , ξ = φ ks¡ , ρ = 。,˚2, ρ' = °.°

Bearn B fy = 6o ksi.  ̨= 4 ks¡ , ρ = °.01, ρ' = °.0

BeaΠ1 C fy = 4o ks¡ , ι = 4 ks¡ , ρ = .̊˚2, ρ' = °.0

BOam D fy = 60 ksi, ι = 8 ks¡ , ρ = °.˚2; ρ' = .̊0

Beam ㅌ fy = 6o ks¡ ,  ̨= 4 ¨s¡ , ρ = °.02, ρ' =、α용⇒°,,zI
(a) Tabu'ale ǎ!u¡es for M˚

" My' Mu. 
ψoΓ ψy’ ψu, and ψ√Φy˙

(b) P'ot a'' Mψ  d¡egrams on a s¡ ng!e p'ot. C'earν  ¡deⅲ  ̨the ¡ndiv¡ dua¡ ëlat¡o∴ s.

(c) 'n words, oornpare eⅡ ects of ǎry¡ng para‘ㄲete:rs, us¡ng beam A as your standard for
ooΠ1par¡son. ∼—
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- A btarn o˙

os—so에on ℃ to ㄴ d¨¡°nod hNhg ⅲo b"㎻ng
(1) Grado 6o steel,  ̨= ●.°0˚ ps¡ .

(η M¡nimum oove' o˘ er l˚ng仕udinal steel = 2 ¡nohes.

(˚) Mㅄ
"ㄲ

um overal' dopth of 24 inohes.

f●) τh˚o‘u¡oal "e× ural strength at 'ea엾 = 6,ooo k— h.
(。 ψ√ψy = 15 ⅲⅱh no moro tllaη 15% '˚ss ●f ㏛

‘

ength 짧 th¡s ouⅣㄿu¨e du∝¡Ⅲ̌.

S¡e'oct an appropri짧 e boa" o●oss—section des¡ gn, spoo㏉¡ng all pert¡ nont d¡mens¡ons; P'ot the
oomp'eto- Mψ  ö'ㅃon unt'' onset of buok'¡ ng ●f oornp¨ ess¡on stee', or ㏉ou ha˘o no oo"p¨ ess¡on
파ee', to ψ√Φy = 3° .
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Probleln ' }

A pedesta' ¡s def¡ined as a short conerete eolumn ⅵtho'1t reinforcement ˚
Resistahee to overturning is due tㅇ  self weight and eollerete tellsile strength.
ror the pedestal shown, eo”p'λte and p1ot the axia1 1oad— horizonta1 1oad
interaction diagram at strength for the 1oads as shown be1ow. Inelude the effect
of sef weight in your ealeulations. Assume f'. = 5000 p¸ i ˚

Hα

=了

 鹿팡i:;::곪용곧I¼¼㎩끕:=퓨:荒료쟘륨∵:무+;=堪꿉蟲i꿈:f끊곱1;#B器Ξ급
=f꿈

ㅑ∫
1J∶

누:fΞ
h1

s우etion ξhown. Use f'. = 5000 psi and ξ = 50000 psi.
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k stm…

一
' (b) Coη

pute the moments aboⅱ t ¿aeh axis using the Broslel· method.

Γ

’

 (e) P1ot the eomplete moment· eurvature relation, aeeounting foI· eonfinement
侈 '가y eΨeets on behavior of eonerete.
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娶琶薯儺 켤춈료
details. Ignore effeet of self weight. A

Problem ι ∫6

An existing strueture has the detⅲ 1 show꾸  be1ow. Using the plastic truss
ņalogy’  calculate the maximum loadPt끙

⅝
t];i11 result in failure. Ignore self

weight. As° uⅡ
'e f!˚
 = 4000 psi’  ξ = 60,c

PyobleⅡ 1 ε '?

A short reinfo'eed eonerete shear wall earries latera1 load that is distributed
unformly across the top of the wa11. The 1oad aets only in the direetion shown.

;s撻:⅜∫麝j)'¼漣≠:;=::;j:::d㎏

←) ]7. -〓누

+-- zo’ ------ㅛ
'∨ ¨  +'ℓ = 구o⊃ '

—

'''ι

? ,'’
I

(ι) '6

5˛ "∶ 'ι "

'/η
//ψ σ¿  I;ν}1

/=b 乙
'η
" 
α  ̧"” '"'½,—

2 4'∴ '¿
〃 
εΓOσ多 Ȩι力∴λ
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