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1.051 Structural Engineering Design

Problem Set 4 Solutions

Design of Short Columns

1. Problem 8.3 in the textbook.

Given: Bending about y-axis 20"
b=12in
h=20in @ @ T
d=17in © Azemt O 120 —»
Ast = 6#11 = 6(1.56) = 9.36 in®
As = As = 3(156) = 4.68 in? © ° i
fy = 60 ksi Fk bk
fc = 4 ksi 3 3"

(@)  Nominal strength interaction curve

Axial compression (c=«, e=0)
R = 0.85F A + A,f, = 0.85(4)(12)(20) + (9.36)(60) = 1378 kips

Balanced condition

+
G_ Gl p oo g 0008 gy 4o1ip

c, d e,te, 0003+ 9,

a, = bic= (0.85)(10.1)= 8.6 in
' c-d'
c

¢, = Fe, =9~ (29000)(0.003) 1%L
c 10.1

s -
;b s~ €y

3

ol qltm

Il

m o
Q

= 61.2 kips> £,

£ = £ = 60 ksi
¢ = 0.85f a,b = (0.85)(4)(8.6)(12) = 351 kips
R=C+Af.- Af.= C+f(A- A)= C= 351 kips

h eh h
M= CG- D+ AL G- d)+ Af(d- 2)

= 351(10- 8—;’)+ (4.68)(60)(10- 3)+ (4.68)(60)(17 - 10)
= 5932 kips-in = 494.3 kips-f+
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Pure bending (e=w, P,=0)
. 468

- (2)a7)
Ignoring compression steel (see section 3.7.a in textbook)
At (4.68)(60)

_ - - 81i
‘T 085,76 085°(4)12)

._ o ..
M= Affd - Do rbd*f,§- 0592

[
o

25 :

o X
S

= (0.023)(12)(17)*(60){ - (0.59)(0.023)%
= 3812 kips-in = 318 kips-ft

Find P, and M, for two more points, one for tension and one for
compression failure.

For c=5 in
a= (0.85)(5)= 4.25 in
F-f  f-Ee S 9~ (29000)(0.003)?: 348 ksi< 60 ksi OK

C = 0.85f ab = (0.85)(4)(4.25)(12) = 173.4 kips

B=C+fA- £A =1734+ (34.8)(4.68)- (60)(4.68)= 55.5 kips
h ay. ;ioh h

M, = C(E‘ E)Jr Asé(g‘ d')+ Af(d- E)

_ (173.4)(10- 4'225)+ (4.68)(34.8)(10- 3)+ (4.68)(60)(17 - 10)

= 4471 kips-in = 372.6 kips-ft

For c=15 in

a= (0.85)(15)= 12.75 in

£ = 29000, < — (29000)(0.003)171'515 _ 116 ksi

£-Ee, S 9 - (29000)(0.003)151;53: 69.6 ksi > 60 ksi b £~ £

¢ = 0.85F ab = (0.85)(4)(12.75)(12) = 520.2 kips
P=C+FfA- A =5202+ (468)(60)- (4.68)(11.6)= 747 kips
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hoay ok A
M, = C(E_ E)+ Asé(g' d')+ Af(d- E)
_ (520.2)(10- 2279y (4.68)(60)(10- 3)+ (4.68)(11.6)(17 - 10)

2
= 4231 kips-in = 353 kips-ft

Summary of points on the nominal strength interaction curve

Loading case c (in) e (in) P. (kips) M, (kips-ft)
Pure axial o0 0 1378 0
Comp. failure 15 5.7 747 353
Balanced 10.1 16.9 351 494
Tens. failure 5 80.6 56 373
Pure bending 8.1 0 0 318

Nomial and Design Interaction Curves
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Figure 1. Nominal and Design strength interaction curves
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(b)

Normalized Interaction Diagram for Comparison with Graph A.10
1.5 T T T T T T

Kn

0 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Rn

Figure 2. Normalized interaction curve for comparison with Graph A.10

The curve shown in Figure 2 is similar to that given for
A 936 __ 0039 in Graph A.10

bl =

9 bk (12)(20)

(c)  The design strength curve is shown in Figure 1.

(d)  Shear reinforcement
In accordance with Section 8.2 in the textbook, use #4 bars for
lateral ties, at a spacing of:

5= min(16d,,48d,,6)= min((16)(1.41),(48)(0.5),12)= min(22.6,24,12)
s=12 in
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Desigh of Slabs

2. Problem 13.1 in the textbook
Given:

One way slab, masonry abutments (simply supported)
L =16 ft
W=6 ft
wi = 100 psf = 100x6 = 600 Ib/ft
P.= 2000 Ib
Wp1 = 20x6+2x4x4x150/144 = 120+33=153 |b/ft
fy= 60 ksi
f'c= 4 ksi

Determine the slab thickness: For simply supported one way slabs, the

minimum thickness according to ACI-389 is given by:

- L _3002) _ g4, ~10in, d=9i
"~ 20 20 9.6in b take A=10in, d=9in

Self-weight of the slab: w,, = (6)(10/12)(150) = 750 Ib/ft
Total dead load:  w, = w,, + w,, = 153+ 750 = 903 Ib/ft

Design Loads:
w,= 12w, + 1.6w, = (1.2)(903) + (1.6)(600) = 2044 |b/ft= 2.04 kips/ft

P = 1.6 = (1.6)(2000) = 3200 Ib = 3.2 kips

Design moment (P, placed at mid-span for maximum moment)

—— ' _

| NS

M.

2 2
wl | AL _ (2.04)16) (3-2‘)‘(16) — 78.1 kips-ft = 937 Kips-in

8 4 8
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Design shear (P, placed at the critical shear section, i.e. d away from
the support for maximum shear)

) |

) L L

(2.04)(16) a8 - (9/12)9 2? 9/12

4
L

s}
; > § = 17.8 kips

o] X
+ 1-
6+6§

Flexural reinforcement (One can either assume a and make iterations,
or solve for p from the moment equation):

Assume a=1 in (similar to The example in the textbook)

_ad _ M,
M=fM = fAféa’ _I) A RACErID)
4 - 937 — 204 in? (Note that b=6 ft)
* (0.9)(60)(9- 1/2)
Calculate a,
g A (204)60) _ o5

0.85£b (0.85)(4)(72)
Recalculate As,
4 937
* (0.9)(60)(9- 05/2)
Use #6 rebars, A,=0.44 in®

A, 044(6)(12)—158m b s=15in

A

s

Shear reinforcement:
FV, = f2.Jf b,d = (0.85)(2)J/4000(72)(9) = 69.7 kips

(V, = 17.8 kips) < (%= 34.8 kips) P No shear reinforcement needed

=198in®» 2 in®

Temperature and shrinkage reinforcement in the transverse direction:
minr,,, = 0.0018  (Table 13.2)
A = 0.00185d = 0.0018(12)(9) = 0.19 in?/f+
Use #5@15 in spacing, A, = 0.31/(15/12)= 0.25 in®/ft OK.


abgupt
Line

abgupt
Line


abgupt
Line


abgupt
Line

abgupt
Line


abgupt
Line


abgupt
Line


abgupt
Line


abgupt
Line

abgupt
Line


abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line


abgupt
Line


abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line

abgupt
Line


abgupt
Line

abgupt
Line


abgupt
Line




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


