Problem 11.9-9 Determine the allowable axial load P
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for a steel P

pipe column that is fixed at the base and free at the top (see figure) for

each of the following lengths: L = 6 ft, 9 ft, 12 ft, and 15 ft. The column —
has outside diameter d = 6.625 in. and wall thickness r = 0.280 in.

(Assume E = 29,000 ksi and o, = 36 ksi.)
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Probs. 11.9-9 through 11.9-12

Solution 11.9-9  Steel pipe column

Fixed-free column (K = 2).
Use AISC formulas.

d,=6.625in. t=0.280in. d, = 6.065 in.
T .

A= Z(d% —d?) =5.5814in.2
T4 4 .4

1= a(dz —d7) =28.142in.

1 KL
r= \[ = 2.2455 <—> =200
A r max

E =29,000ksi o, = 36 ksi

L.=126.1 % = 141.6in. = 11.8 ft

L 6ft  9ft  12ft  15ft
KL/r 6413 96.19 1283  160.3
n, (Eq. 11-79) 1.841 1897 - -

n, (Eq. 11-80) - - 1917 1917
Tion/Ty (EQ. 11-81) 04730 03737 - -

Ty (Bq. 11-82) = ~ 02519 0.1614
T o (K1) 1703 1345 9.078 5810
Py =A0 950k 751k 507k 324k

allow allow

Problem 11.9-10 Determine the allowable axial load P

for a steel
W

pipe column that is fixed at the base and free at the top (see figure) for
each of the following lengths: L = 2.6 m, 2.8 m, 3.0 m, and 3.2 m. The
column has outside diameter d = 140 mm and wall thickness t = 7 mm.

(Assume E = 200 GPa and o, = 250 MPa.)

Solution 11.9-10  Steel pipe column

Fixed-free column (K = 2).
Use AISC formulas.
dy=140mm ¢=70mm d, =126 mm

A= %(d% — d?) = 2924.8 mm’

r= \/7 = 47.09 mm (ﬁ> =200
A T/ max

E =200GPa o, =250 MPa

KL 2mE
Eq. (11-76): (—) = = 1257
r, gy

L, = 1257 = 2950 mm = 2,959 m

L 26m 28m 30m 32m
KL/r 1104 1189 1274 1359
n, (Eq. 11-79) 1911 1916 - -
n, (Eq. 11-80) - - 1917 1917
T 0w’y (Bq. 11-81)  0.3212 0.2882 - -

T 0w’y (Eq. 11-82) - - 0.2537 0.2230
O 10w MPa) 80.29 72.06 6343 5575
Piow = A Taiow 235kN 211 kN 186 kN 163 kN
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Problem 11.9-11 Determine the maximum permissible length L___for a steel
pipe column that is fixed at the base and free at the top and must support an
axial load P = 40 k (see figure). The column has outside diameter d = 4.0 in.,
wall thickness # = 0.226 in., E = 29,000 ksi, and o), = 42 ksi.

Solution 11.9-11  Steel pipe column

Fixed-free column (K = 2). P =40k Select trial values of the length L and calculate the

Use AISC formulas. corresponding values of P, (see table). Interpolate

d,=40in. ¢t=0226in. d; = 3.5481in. between the trial values to obtain the value of L that
- produces P, = P.

A= 1 (d3—d¥) =2.6795in. Note: If L < L , use Eqgs. (11-79) and (11-81).

If L > L, use Egs. (11-80) and (11-82).

a .
I= o (d3—d}) =4.7877in.*

L(ft) 5.20 5.25 5.23
1 KL
. \[ — 13367 <7> — 200 KL/r 93.86 94.26 93.90
A " Jmax n, (Eq. 11-79) 1.903 1.904 1.903
E=29000ksi o, = 42ksi n, (Eq. 11-80) - - -
e (KDY [PE_ Toon/Ty (B 11-81) 03575 03541 03555
q. (11-76): ( - > =\ o, 67 0 1o/ (Bq. 11-82) - - -
T o (K1) 15.02 14.87 14.93
-
L. =116.7 - =78.03 in. = 6502 ft Poow = A T 402k 398k 400k

For P =40k, L, =523ft <—

ma:

Problem 11.9-12  Determine the maximum permissible length L for
a steel pipe column that is fixed at the base and free at the top and must
support an axial load P = 500 kN (see figure). The column has outside
diameter d = 200 mm, wall thickness r = 10 mm, £ = 200 GPa, and
o, = 250 MPa.

Solution 11.9-12  Steel pipe column

Fixed-free column (K = 2). P = 500 kN Select trial values of the length L and calculate the

Use AISC formulas. corresponding values of P, (see table). Interpolate

d,=200mm t=10mm d, = 180 mm between the trial values to obtain the value of L that
T, o ) produces P, = P.

A= Z(dz —d7) =5,969.0 mm

Note: If L < L, use Egs. (11-79) and (11-81).

aa
= o (d% —db) =27.010 X 10° mm* If L > L, use Eqs. (11-80) and (11-82).
. \/Z — 6707 mm <ﬂ> — 200 L(m) 3.55 3.60 3.59
r
e KL/r 105.5 107.0 106.7
E =200GPa o, =250 MPa n, (Eq. 11-79) 1.908 1.909 1.909
KL 2m°E Eq. 11-80 - - -
Eq. (11-76): (—) = [FTE 21257 n; (Bq. 11-80)
r, oy T 10/ (Eq. 11-81)  0.3393 03338 0.3349
L,=1257 —=4226m Tanow/Ty (BQ- 11-82) - - -
K T o (MP2) 84.83 83.46 83.74
Py, =A0 506kN  498kN 500 kN

allow allow

ForP=500kN, L=359m <—
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Problem 11.9-13 A steel pipe column with pinned ends supports an
axial load P = 21 k. The pipe has outside and inside diameters of 3.5 in.
and 2.9 in., respectively. What is the maximum permissible length L

of the column if £ = 29,000 ksi and o, = 36 ksi?

Solution 11.9-13  Steel pipe column
Pinnedends (K =1). P =21k

Use AISC formulas.

d,=35in. ¢t=03in. d; =29in.

A= g(dﬁ —d%) =3.0159 in.
I=-"(d%—d%) =3.8943in.*
64

1 . L
r=\/7= 1.1363 in. (*) =200
A r max

E =129,000ksi o, = 36ksi

E 1176'(£>— 2TE _ 161
q. (11-76): rcﬂ/ o =126

L.=126.1r=1433in. = 11.9 ft

Select trial values of the length L and calculate the
corresponding values of P, (see table). Interpolate
between the trial values to obtain the value of L that
produces P, = P.
Note: If L < L, use Egs. (11-79) and (11-81).

If L > L, use Egs. (11-80) and (11-82).

L(ft) 13.8 13.9 14.0
L/r 145.7 146.8 147.8
n, (Eq. 11-79) - - -

n, (Eq. 11-80) 1.917 1.917 1.917

T 100/Ty (Eq. 11-81) - - -

Ty (Bq. 11-82) 01953 01925 0.1898
T 1o (K1) 7.031 6.931 6.832
Puw=Ac 212k 209k 206k

allow allow

ForP =21k, L=139ft <—

Problem 11.9-14 The steel columns used in a college recreation '_—mlz % 87
center are 55 ft long and are formed by welding three wide-flange
sections (see figure). The columns are pin-supported at the ends and W 24 X 162

may buckle in any direction.
Calculate the allowable load P,
E = 29,000 ksi and o, = 36 ksi.

for one column, assuming

———— — 1

W12 X 87

Solution 11.9-14 Pinned-end column (K = 1)
y

/W 12 X 87

U
/ -

W24 X 162

L = 55 ft = 660 in.

E = 29,000 ksi
o, = 36 ksi
W 12 X 87

A=256in2 d=1253in.
I, =740in* I, =2411in*

W24 X 162
A =477in2  =0.705 in.

w

I, = 5170 in.* I, = 443 in*
FOR THE ENTIRE CROSS SECTION
A =2(25.6) +47.7 =989 in.2
I, = 2 (241) + 5170 = 5652 in.*

h =d2+1 /2 =66175 in.
I, =443 + 2740 + (25.6)(6.6175)%] = 4165 in.*

_ _JZ_ [4165 _ oo
min. r A 7989 . mn.
L 27°E
Eq. (11-76): <f> = = 126.1
r ¢ Oy

(Continued)
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L 660 in. L L
—=———=101.7 f<<f>
r 6.489 in. r r/.
.. Use Eqgs. (11-79) and (11-81).
From Eq. (11-79):  n, = 1.904
From Eq. (11-81): 0./, = 0.3544

allow

T = 0.3544 o), = 12.76 ksi
Py = Ouon A = (12.76 ksi) (98.9 in.2)
= 1260k +—

Problem 11.9-15 A W 8 X 28 steel wide-flange column with pinned ends
carries an axial load P. What is the maximum permissible length L_ of

the column if (a) P = 50 k, and (b) P = 100 k? (Assume E
and o, = 36 ksi.)

= 29,000 ksi

Probs. 11.9-15 and 11.9-16

Solution 11.9-15  Steel wide-flange column

Pinned ends (K = 1).

Buckling about axis 2-2 (see Table E-1).
Use AISC formulas.

W8 X28 A=2825in? r, = 1.62in.

L
E =29,000ksi o, = 36 ksi <*> =200

L 27°FE
Eq. (11-76): =N 126.1
c Y

L.=126.1r=2043in. = 17.0 ft

For each load P, select trial values of the length L
and calculate the corresponding values of P, = (see
table). Interpolate between the trial values to obtain
the value of L that produces P, = P.

Note: If L < L, use Egs. (11-79) and (11-81).
If L > L_, use Egs. (11-80) and (11-82).

(@) P =50k

L (ft) 21.0 215 21.2
Lir 155.6 159.3 157.0
n, (Eq. 11-79) - - -
n, (Eq. 11-80) 1.917 1.917 1917
T ion/Ty (Eq. 11-81) - - -
Toon/Ty (BQ. 11-82) 01714 01635 0.1682
T o (K1) 6.171 5.888 6.056
P =A0 50.9 k 486k 500k

allow allow

ForP =50k, L =212ft <—

ma:

(b) P =100 k

L (fo) 14.3 14.4 14.5
Lir 1059 1067 1074

n, (Eq. 11-79) 1908 1908  1.909
n, (Eq. 11-80) - - -
Oaio/y (EQ. 11-81) 03393 03366  0.3338

O 1on/0y (Eq. 11-82) - - -
O 1o (kSD) 1221 1212 1202
ow = A0, 1008k 1000k 992k

For P =100k, L =144ft <—
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Problem 11.9-16 A W 10 X 45 steel wide-flange column with pinned
ends carries an axial load P. What is the maximum permissible length
L_ . of the column if (a) P = 125k, and (b) P = 200 k? (Assume
E = 29,000 ksi and o, = 42 ksi.)
Solution 11.9-16  Steel wide-flange column
Pinned ends (K = 1). (a) P =125k
Buckling about axis 2-2 (see Table E-1).
Use AISC formulas. L (fo 21.0 211 21.2
W10 X 45 A =133in2 r, = 2.01 in. L/r 125.4 126.0 126.6
I3 n, (Eq. 11-79) - - -
E = 29,000 ksi oy, = 42 ksi <*> =200 n, (Eq. 11-80) 1.917 1.917 1.917
max O 10w/ y (Eq. 11-81) - - -
L 2 T io/Ty (Eq. 11-82)  0.2262 0.2241 0.2220
Eq. (11-76): <7> =\ o, 1167 T oy (ksi) 9.500 9.411 9.322
. ow = A T 1264k 1252k 1240k
L.=116.7r=235in. = 19.6 ft
For each load P, select trial values of the length L ForP =125k, L . =21.1ft <=
and calculate the corresponding values of P, (see
table). Interpolate between the trial values to obtain (b) P = 200 k
the value of L that produces P, = = P.
Note: If L < L, use Egs. (11-79) and (11-81). L(ft) 15.5 15.6 15.7
If L > L use Egs. (11-80) and (11-82). Lir 92.54 93.13 93.73
n, (Eq. 11-79) 1.902 1.902 1.903
n, (Eq. 11-80) - - -
Oow/0y (Bq. 11-81) 03607 03584  0.3561
T o/ (EQ. 11-82) - - -
O 1o (K1) 15.15 15.05 14.96
Poow = AT 0w 2015k 2002k 1989k
For P =200k, L =156ft <—

Problem 11.9-17 Find the required outside diameter d for a steel pipe
column (see figure) of length L = 20 ft that is pinned at both ends and
must support an axial load P = 25 k. Assume that the wall thickness
tis equal to d/20. (Use E = 29,000 ksi and o, = 36 ksi.)

Probs. 11.9-17 through 11.9-20

Solution 11.9-17 Pipe column

Pinned ends (K = 1). 1= 614[(14 —(d—26)*] =0.016881 d&*

L=20ft=240in. P =25k
d = outside diameter ¢ = d/20 = \/7 =0.33634 d
E =29,000ksi o, = 36ksi A

A= %[d2 —(d—2)’] =0.14923 &*

(Continued)
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L 27°E
<7> _ =126.1 L,=(126.1)r
r ¢ o-y

Select various values of diameter ¢ until we obtain
Poiow = P-

If L = L, Use Egs. (11-79) and (11-81).
If L= L_, Use Egs. (11-80) and (11-82).

d (in.) 4.80 4.90 5.00

A (in2) 3.438 3.583 3.731
I (in%) 8.961 9.732 10.551
r (in.) 1.614 1.648 1.682
L, (in.) 204 208 212

Lir 148.7 145.6 142.7
n, (Eq. 11-80) 23/12 23/12 23/12
T 1o/ (Eq. 11-82)  0.1876 0.1957 0.2037
10w, (ksi) 6.754 7.044 7.333
Py =A T 232k 252k 274k

ForP =25k, d=4.89in. <—

Problem 11.9-18 Find the required outside diameter d for a steel pipe
column (see figure) of length L = 3.5 m that is pinned at both ends and
must support an axial load P = 130 kN. Assume that the wall thickness

tis equal to d/20. (Use E = 200 GPa and o, = 275 MPa).

Solution 11.9-18 Pipe column
Pinned ends (K = 1).

L=35m P=130kN

d = outside diameter ¢ = d/20
E=200GPa o, =275MPa

T
A= Z[d2 — (d—21)*] =0.14923 &*

= %[d“ —(d - 2t)*] = 0.016881 &*

I
y= \[ =0.33634d
A
L 27°E
<,> _ — 1198 L ,=(119.8)r
r/e Ty

Select various values of diameter d until we obtain
P = P.

allow
If L =L, Use Egs. (11-79) and (11-81).
If L =L, Use Egs. (11-80) and (11-82).

d (mm) 98 99 100

A (mm?) 1433 1463 1492

I (mm*) 1557 X 10% 1622 X 10° 1688 X 103
r (mm) 32.96 33.30 33.64

L, (mm) 3950 3989 4030
L/r 106.2 105.1 104.0

n, (Eq. 11-79) 1.912 1.911 1.910

T ow/Ty (Eq. 11-81) 03175 0.3219 0.3263

T 1o (MP2) 87.32 88.53 89.73

P. =Ac 125.1 kN 129.5 kN 133.9 kN

allow allow

For P=130kN, d=99mm <—

Problem 11.9-19 Find the required outside diameter d for a steel pipe
column (see figure) of length L = 11.5 ft that is pinned at both ends and
must support an axial load P = 80 k. Assume that the wall thickness ¢ is

0.30 in. (Use £ = 29,000 ksi and o, = 42 ksi.)

Solution 11.9-19  Pipe column

Pinned ends (K = 1).
L=115ft=138in. P =80k
d = outside diameter ¢ = 0.30 in.
E =29,000ksi o, = 42ksi

A =§[d2 —(d—20"]

S S B G _ /L
1—64[d4 (d—21)"] r "

L 27°E
<7> _ =1167 L,=(116.7)r
rj. Oy

Select various values of diameter d until we obtain
P = P.

allow



If L = L, Use Egs. (11-79) and (11-81).
If L = L, Use Egs. (11-80) and (11-82).
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d (in.) 5.20 5.25 5.30

A (in.2) 4618 4.665 4712
I(in%) 13.91 14.34 14.78
r (in.) 1.736 1.753 1.771
L, (in.) 203 205 207

Lir 79.49 78.72 77.92
n, (Eq. 11-79) 1.883 1.881 1.880
Toon/Ty (Eq. 11-81)  0.4079 04107  0.4133
1o, (ksi) 17.13 17.25 17.36
Py =A T, 79.1k 80.5 k 81.8k

ForP =80k, d=523in. <—

Problem 11.9-20 Find the required outside diameter d for a steel pipe
column (see figure) of length L = 3.0 m that is pinned at both ends and
must support an axial load P = 800 kN. Assume that the wall thickness

tis 9 mm. (Use £ = 200 GPa and o, = 300 MPa.)

Solution 11.9-20 Pipe column

Pinned ends (K = 1).

L=30m P =800kN

d = outside diameter 7 = 9.0 mm
E=200GPa o, =300 MPa

A=J1d ~ (d=207]

_ T g Apa _ |1
1= ld = @=2" r=\[}

L 27°E
<—> = =1147 L.=(1147)r
r c Oy

Select various values of diameter d until we obtain
P = P.

allow

If L = L_, Use Egs. (11-79) and (11-81).
If L = L_, Use Egs. (11-80) and (11-82).

d (mm) 193 194 195

A (mm?) 5202 5231 5259

I (mm*) 20.08 X 100 22.43 X 10° 22.80 X 10°
r (mm) 65.13 65.48 65.84
L_(mm) 7470 7510 7550

L/r 46.06 45.82 45.57

n, (Eq. 11-79) 1.809 1.809 1.808

O 0wy (Eq. 11-81)  0.5082 0.5087 0.5094

T 1o (MP2) 152.5 152.6 152.8
Pow = AT 00 793.1 kN 798.3 kN 803.8 kN

For P=800kN, d=194mm <—

Aluminum Columns

Problem 11.9-21 An aluminum pipe column (alloy 2014-T6) with

pinned ends has outside diameter d, = 5.60 in. and inside diameter dTl de
d, = 4.80 in. (see figure). | l
Determine the allowable axial load P, for each of the following —

lengths: L = 6 ft, 8 ft, 10 ft, and 12 ft.

Probs. 11.9-21 through 11.9-24

Solution 11.9-21 Aluminum pipe column

Alloy 2014-T6
Pinned ends (K = 1).
d, = 5.60 in.

d, = 4.80 in.

A= % (d2— d?) = 6.535 in.2

o .
I=< (d4—d* =2222in*

(Continued)
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r= \/7 = 1.844 in. L (ft) 6 ft 8 ft 10 ft 12 ft
Use Ecllqs (11-84 a and b): L/r . 39.05 52.06 65.08 78.09
o, = 307 = 023 (L ksi  L/r = 55 T iow (ksi) 2172 1873 1275 8.86
O o = S4000/(L/r ksi  L/r =55 Pitow = Tattow A 142k 122k 8k 58k

Problem 11.9-22  An aluminum pipe column (alloy 2014-T6) with
pinned ends has outside diameter d, = 120 mm and inside diameter
d, = 110 mm (see figure).
Determine the allowable axial load P,
lengths: L = 1.0 m, 2.0 m, 3.0 m, and 4.0 m.
(Hint: Convert the given data to USCS units, determine the required
quantities, and then convert back to SI units.)

for each of the following

Solution 11.9-22 Aluminum pipe column

Alloy 2014-T6 Use Eqs. (11-84 a and b):
Pinned ends (K = ). O o = 307 — 023 (L/Nksi  L/r =55
d, = 120 mm = 4.7244 in. T oy = S4000/(L/* ks L/r =55
d, = 110 mm = 4.3307 in.
- L (in.) 39.37 78.74 118.1 157.5
I= 6—4((13 —d}h =7.188in* Lir 2458  49.15 7373 98.30
T 10w (ksi) 2505 1940 9934 5588
r= \/7 =40.697 mm = 1.6022in. Pliow = TatowA  70.14k 5431k 2781k 15.65k
A P o (KN) 312kN  242kN  124kN 70 kN

Problem 11.9-23 An aluminum pipe column (alloy 6061-T6) that is
fixed at the base and free at the top has outside diameter d, = 3.25 in.
and inside diameter d; = 3.00 in. (see figure).

Determine the allowable axial load P
lengths: L = 2 ft, 3 ft, 4 ft, and 5 ft.

Allow 10T €ach of the following

Solution 11.9-23 Aluminum pipe column

Alloy 6061-T6 Use Eqgs. (11-85 a and b):
Slxedéffzese ends (K = 2). oo = 202 — 0.126 (KL/) ksi  KL/r < 66
, =325in. B )

4 =3.00in Tt = SLOOO(KL/A? ksi KL/r = 66

A= %(d% —d?) =1227in? L (ft) 2 ft 3 ft 4 ft 5ft
o . KL/r 4340 6510 8680 1085

I=—,(d;=dp) =1500in. T o, (Ksi) 1473 1200 677 433

Piow=0muA 181k 147k 83k 53k

I .
r= \/>= 1.106in.
A
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Problem 11.9-24 An aluminum pipe column (alloy 6061-T6) that is
fixed at the base and free at the top has outside diameter d, = 80 mm
and inside diameter d;, = 72 mm (see figure).
Determine the allowable axial load P
lengths: L = 0.6 m, 0.8 m, 1.0 m, and 1.2 m.
(Hint: Convert the given data to USCS units, determine the required
quantities, and then convert back to SI units.)

for each of the following

Solution 11.9-24 Aluminum pipe column

Alloy 6061-T6 Use Eqgs. (11-85 a and b):
Fixed-free ends (K = 2). O o = 20.2 — 0.126 (KL/r) ksi  KL/r = 66
d, = 80 mm = 3.1496 in. T o = SLOOOAKL/M? ksi  KL/r = 66
d, = 72 mm = 2.8346 in.
- L (m) 0.6 m 0.8 m 1.0 m 1.2m
A=-—(d}—d?}) =1.480in? ,
4 KL (in.) 4724 6299 7874 9449
1= (@i = dt = 1.661in KL/r 4461 5948 7435  89.23
64 T 1o (k) 1458 1271 9.226  6.405
= \/7 =26.907 mm = 1.059in. Pliow = TaowA 2158k 1881k 1365k 948k
A P (KN) 96kN  84kN 61 kN  42kN

Problem 11.9-25 A solid round bar of aluminum having diameter
d (see figure) is compressed by an axial force P = 60 k. The bar has —
pinned supports and is made of alloy 2014-T6.

(a) If the diameter d = 2.0 in., what is the maximum allowable /
length L of the bar?

(b) If the length L = 30 in., what is the minimum required Probs. 11.9-25 through 11.9-28

diameter d_. ?

n

Solution 11.9-25 Aluminum bar

Alloy 2014-T6 (b) FiNno d_. 1F L = 30 IN.
Pinned supports (K=1). P=60k > d L 30in  120in
A = — = — —_——= ’ = .
4 T4 YT s d

(@FNp L 1Fd=2.0IN.

wd? .5 wd*
A=T=3.1421n. 1=

P 60k  76.39
A wd¥4 &

Tallow —

(ksi)

64
Assume L/r is greater than 55:
I d .
F=]l—=—==05in. 54,000 ksi
Eq. (11-84b): oy = ———
A 4 q ( ) T allow (L/r)2
P 60k
Oulow =7+ =71~ = 19.10ksi 76.39 54,000
A 3.142in. or pE = (120/d)2
Assume L/r is less than 55: . . )
Eq. (11-84a): oy, = 30.7 — 0.23 (L/r) ksi d'=2037in5 dyy, = 2,120, 4=
or 19.10 = 30.7 — 0.23 (L/r) L/r = 120/d = 120/2.12 = 56.6 > 55 .. ok
L L
Solve for L/r: - =5043 - < 55 ..ok

L, =(5043)r=252in 4—
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Problem 11.9-26 A solid round bar of aluminum having diameter
d (see figure) is compressed by an axial force P = 175 kN. The bar
has pinned supports and is made of alloy 2014-T6.

(a) If the diameter d = 40 mm, what is the maximum allowable
length L of the bar?

(b) If the length L = 0.6 m, what is the minimum required
diameter d_, ?

(Hint: Convert the given data to USCS units, determine the
required quantities, and then convert back to SI units.)

Solution 11.9-26 Aluminum bar

Alloy 2014-T6
Pinned supports (K = 1). P = 175kN = 3934k

Lmax = (45.65) r = 17.98 in. = 457 mm —

(b)FiNno d_, 1FL = 0.6 m = 23.62 in.

(@) FIND L, IF d = 40 MM = 1575 IN. LT _d L_2362in _9448in.
wd> ., d? T4 T4 v ws T4

A=—=1948in" [=——+

4 64 P 3934k 50.09 .

Tallow =, — 2 = 2 (kSI)

I d . A wd/4 d
r=./—=—=0.3938in.

A 4 Assume L/r is greater than 55:
g P 3934k oo 54.000ksi

alow 4 1.948in.2
Assume L/r is less than 55:
Eq. (11-84a): o

allow

= 30.7 — 0.23 (L/r) ksi

Eq. (11-84D): 0100 = Ly

50.09 54,000
& (94.48/d)?

or

or 2020 = 30.7 — 0.23 (L/r) d*=8280in d_ =1696in. =431 mm <—

L L
Solve for L/r: P 45.65 - <55 ook L/r = 94.48/d = 94.48/1.696 = 55.7 > 55 .. ok

Problem 11.9-27 A solid round bar of aluminum having diameter
d (see figure) is compressed by an axial force P = 10 k. The bar has
pinned supports and is made of alloy 6061-T6.

(a) If the diameter d = 1.0 in., what is the maximum allowable
length L of the bar?

(b) If the length L = 20 in., what is the minimum required
diameter d_, ?

Solution 11.9-27 Aluminum bar

Alloy 6061-T6
Pinned Supports (K =1). P =10k

Assume L/r is less than 66:
Eq. (11-85a): o = 20.2 — 0.126 (L/r) ksi

allow
@FNpL  Fd= LOIN. or 1273 =202 — 0.126 (L/r)

L L
wd? wd* Solve For L/r: —=15929 —<66 .. o0k
A=——=07854in> [=— o r
4 64 L. =(5929r=148in. +—
I d
r= \/7 =—=10.2500 in.
A 4
P 10 k .
Olow = — = ———— = 12.73 ksi
A 0.7854 in.



SECTION 11.9 Wood Columns

(b) FIND 4, TF L = 20 in. Assume L/r is greater than 66:
2 i i 51,000 ksi
g™ _d4 L_20in 30in Eq. (11-85b):  Gypow =
4 4 r  dA4 d (L/r)
_P_ 10k 1273 o 1273 _ 51,000
Talow = = g~ 2 D & (80/d)

d*=1597in* d

i = 1.121in. <€—

L/r=80/d =80/1.12 =71 > 66 ..ok
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Problem 11.9-28 A solid round bar of aluminum having diameter
d (see figure) is compressed by an axial force P = 60 kN. The bar
has pinned supports and is made of alloy 6061-T6.

(a) If the diameter d = 30 mm, what is the maximum allowable
length L of the bar?

(b) If the length L = 0.6 m, what is the minimum required
diameter d . ?

(Hint: Convert the given data to USCS units, determine the required
quantities, and then convert back to SI units.)

Solution 11.9-28 Aluminum bar

Alloy 6061-T6 (b) FINnD d_

Pinned Supports (K =1). P =60kN = 1349k

LIFL=0.6M= 23.62IN.

) wd? d L 2362in. 94.48in.
= — r=— — = =
(@FnNp L 1Fd=30MmM = 1181 IN. 4 4 T dr4 d
, ., P 1348k 17.18 (ksi)
g == = S1
A= oosin2 1=T4 A wdve &
4 64
p Assume L/r is greater than 66:
! - 51,000 ksi
r=\/7==0.2953 in. Eq. (11-85b): =
A 4 q ( ) T allow (L/V)2
P 13.49k
o = = o = 12.32 ksi o 718 _ 51,000
A 1.095in. 42 (94.48/d)?
Assume L/r is less than 66: d*=3007in* d_ =1317in.=334mm <—

Eq. (11-85a): o, = 20.2 — 0.126 (L/r) ksi
or 1232 =202 — 0.126 (L/r)

L L
Solve For L/r: - =62.54 - <66 ..ok
L. = (6254)r=1847in. = 469 mm <«—

L/r = 94.48/d = 94.48/1.317 = 72 > 66

.ok

Wood Columns

When solving the problems for wood columns, assume that the columns
are constructed of sawn lumber (¢ = 0.8 and K. = 0.3) and have
pinned-end conditions. Also, buckling may occur about either principal
axis of the cross section.

Problem 11.9-29 A wood post of rectangular cross section (see figure)
is constructed of 4 in. X 6 in. structural grade, Douglas fir lumber
(F. = 2,000 psi, E = 1,800,00 psi). The net cross-sectional dimensions
of the post are b = 3.5 in. and & = 5.5 in. (see Appendix F).

Determine the allowable axial load P, for each of the following
lengths: L = 5.0 ft, 7.5 ft, and 10.0 ft.
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Solution 11.9-29 Wood post (rectangular cross section)
F =2,000psi E=1,800,000psi c¢=0.8

c

K,=03 b=35in. h=55in. d=b L, S ft 75 ft 10.0 ft

Find P, L/d 17.14 2571 34.29

K. E ¢ 0.9188 0.4083 0.2297

Bq. (194 & =0 a2 c, 0.6610 0.3661 0.2176
P 254k 14.1 k 84k —

1+ 1+ 2
Eq. (11:95): Cp= 2C¢— [ 2c¢:| _%

Eq. (11-92): P, = F.C,A = F_Cpbh

allow

Problem 11.9-30 A wood post of rectangular cross section

(see figure) is constructed of structural grade, southern pine lumber

(F, = 14 MPa, E = 12 GPa). The cross-sectional dimensions of

the post (actual dimensions) are » = 100 mm and # = 150 mm.
Determine the allowable axial load P, for each of the

following lengths: L = 1.5 m, 2.0 m, and 2.5 m.

Solution 11.9-30 Wood post (rectangular cross section)
F,=14MPa E=12GPa c¢=08 K_,=03

b=100mm h=150mm d=0>D L, 1.5m 2.0 m 2.5m
Find P, L/d 15 20 25
K. E
Eq. (11:94): ¢ = E . o) 1.1429 0.6429 0.4114
F(L./d) C, 0.7350 0.5261 0.3684
—
P 154 kN 110 kN 77 kN
Eq. (11-95) C—1+¢ Lte | ¢ "
@Ak T 2c c
Eq. (11-92): P, = F.C,LA = F_.C,bh
Problem 11.9-31 A wood column of rectangular cross section
(see figure) is constructed of 4 in. X 8 in. construction grade,
western hemlock lumber (F, = 1,000 psi, £ = 1,300,000 psi).
The net cross-sectional dimensions of the column are » = 3.5 in.
and A = 7.25 in. (see Appendix F).
Determine the allowable axial load P, for each of the
following lengths: L = 6 ft, 8 ft, and 10 ft.
Solution 11.9-31 Wood column (rectangular cross section)
F_=1,000psi E = 1,300,000psi ¢ =0.8
K,=03 b=35in. h=725in. d=b
¢ L, 6 ft 8 ft 10 ft
Find P, e L/d 20.57 27.43 34.29
Eq. (11-94): ¢=—F"
qg. ( ) ¢ FAL,/d) ¢ 0.9216 0.5184 0.3318
C, 0.6621 0.4464 0.3050
1+ 1+¢ |2 P 16.8 k 113k 77k
Eq. (11-95): Cp= $_ oI 2 !
2¢ 2c c

Eq. (11:92): P, = F.C,A = F.C,bh

allow




Problem 11.9-32 A wood column of rectangular cross section
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(see figure) is constructed of structural grade, Douglas fir lumber
(F. = 12 MPa, E = 10 GPa). The cross-sectional dimensions of the

column (actual dimensions) are » = 140 mm and 2 = 210 mm.
Determine the allowable axial load P
following lengths: L = 2.5 m, 3.5 m, and 4.5 m.

llow 10T €ach of the

Solution 11.9-32 Wood column (rectangular cross section)

F.=12MPa E=10GPa ¢=08 K_
b—140mm h=210mm d=25»

Find P ow
AT e (L ay
1+¢
Eq. (11-95): Cp= T
C
Eq. (11-92): P,

1+¢
2c

= F.C,A = F,Cpbh

L, 2.5m 3.5m 4.5 m
L/d 17.86 25.00 32.14
¢ 0.7840 0.4000 0.2420
C, 0.6019 0.3596 0.2284
212 kN 127 kN 81 kN -~

allow

Problem 11.9-33 A square wood column with side dimensions
b (see figure) is constructed of a structural grade of Douglas fir for
which F_ = 1,700 psi and E = 1,400,000 psi. An axial force

P = 40 k acts on the column.

(a) If the dimension b = 5.5 in., what is the maximum allowable b

length L of the column?

(b) If the length L = 11 ft, what is the minimum required

. . 0
dimension b, 1

Solution 11.9-33 Wood column (square cross section)

F,=1,700psi E = 1,400,000 psi

K,=03 P=40k

(a) MAXIMUM LENGTH L, FOR b = d = 5.5 IN.

Probs. 11.9-33 through 11.9-36

P
From Eq. (11-92): Cp= b =0.77783
From Eq. (11-95):
1+ ¢ 1+¢
Cp=0.77783 = —
r 1.6 [ 1.6

Trial and error: ¢ = 1.3225

From Eq. (11-94): 5—,/K"EE—1367
rom Eq. (11-94): 7 ¢Fc_ .

L L = 13.67d = (13.67)(55 in.)

ma.

= 75.21in.

—

(b) MINIMUM DIMENSION b_. FOR L = 11 ft
L _ K cE E
d b  F.(L/d)>

1+
Cp= — d’] P=FC,b?

Given load: P =40k

Trial and error:

Trial b L _L b c, P

. d b .
(in.) (kips)
6.50 20.308 0.59907 0.49942 35.87
6.70 19.701 0.63651 0.52230 39.86
6.71 19.672 0.63841 0.52343 40.06

b, =67lin  +—
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Problem 11.9-34 A square wood column with side dimensions b
(see figure) is constructed of a structural grade of southern pine for
which F_ = 10.5 MPa and £ = 12 GPa. An axial force P = 200 kN
acts on the column.

(a) If the dimension b = 150 mm, what is the maximum
allowable length L of the column?

(b) If the length L = 4.0 m, what is the minimum required
dimension b, ?

Solution 11.9-34 Wood column (square cross section)
F.=105MPa E=12GPa c¢=038 (b) MINIMUM DIMENSION b_. FOR L = 4.0 M

K =03 P=200kN L K pE
£ Trial and error: E Z (l’) = TE/LZ')Z

— 4/ } P=FC,b?

Given load: P = 200 kN

(a) MAXIMUM LENGTH L, FOR b = d = 150 mm

P
From Eq. (11-92): Cp =5 = 0.84656 Cr=

From Eq. (11-95):

1+ 1+¢ |? i L_L
Cp = 0.84656 = ¢ _ L Trialb = _ & ) C, P
1.6 1.6 0.8 d b
(mm) (kN)
Trial and error: ¢ = 1.7807
180 22.22 0.69429 0.55547 189.0
From Eq (11-94y. == [Ke£E _ 13676 182 2198 070980 056394 196.1
d PF. 183 21.86 0.71762 0.56814 199.8
5oLy = 13.876 d = (13.876)(150 mm) 184 21.74 072549  0.57231 203.5
=208m <—
b, =184 mm <—
Problem 11.9-35 A square wood column with side dimensions b
(see figure) is constructed of a structural grade of spruce for which
F. = 900 psi and £ = 1,500,000 psi. An axial force P = 8.0 k acts
on the column.
(a) If the dimension » = 3.5 in., what is the maximum allowable
length L of the column?
(b) If the length L = 10 ft, what is the minimum required
dimension b_. 7
Solution 11.9-35 Wood column (square cross section)
F_=900psi E=1,500,000psi ¢ =03 Trial and error: ¢ = 1.1094
K.=03 P=80k L K, E
From Eq. (11-94): E = OF. =21.23

(2) MAXIMUM LENGTH L FOR b = d = 3.5 IN.
L =2123d=2123)3.5in)="743in. <+—

max

From Eq. (11-92): Cp =

S =0.72562

From Eq. (11-95):

1+ 1+¢ |?
c,,=0.72562=1—6¢— [ ‘q _¢
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(b) MINIMUM DIMENSION b_. FOR L = 10 FT Trialb L L ¢ C, p
L L K.:E - d b
Trial and error. E = Z ¢ = ledz (in.) (Ib)
(L/d) 4.00 30.00 0.55556 0.47145 6789
o - 1+ ¢ 1+¢ 2 ¢ R 4.20 28.57 0.61250 0.50775 8061
P 16 16 0.8 — Flp 4.19 28.64 0.60959 0.50596 7994
Given load: P = 8000 Ib b =420in 4—
Problem 11.9-36 A square wood column with side dimensions b
(see figure) is constructed of a structural grade of eastern white pine
for which £, = 8.0 MPa and E = 8.5 GPa. An axial force P = 100 kN
acts on the column.
(a) If the dimension b = 120 mm, what is the maximum allowable
length L of the column?
(b) If the length L = 4.0 m, what is the minimum required
dimension b, ?
Solution 11.9-36  Wood column (square cross section)
F.=80MPa E=85GPa ¢=03 (b) MINIMUM DIMENSION b_. FOR L = 4.0 m
KcE =03 P = 100 kN L L KEE
Trial and error. E = E = m
(a) MAXIMUM LENGTH L FOR b = d = 120 mm ¢
P 1+¢ 1+¢ > ¢
From Eq. (11-92): Cp = = 0.86806 C,= — - p=FC.h?
"Fb? "7 16 1.6 0.8 <r
From Eq. (11-95): Given load: P = 100 kN
1+ 1+¢ |
Cp = 0.86806 = _ [ ‘q _¢
1.6 1.6 0.8 Trialb L _L ¢ C, P
d b
Trial and error: ¢ = 2.0102 (mm) (kN
L K.E 160 25.00 0.51000 0.44060 90.23
From Eq. (11-94): & = oF, 12.592 164 24.39 053582 0.45828 98.61
‘ 1 2424 542 462 100.
AL = 12592 d = (12.592)(120 mm) 65 0-54237 046269 00.77
=151m <= b . =165mm <—

min







