ARCH 331 Worth 50 points Su2014abn

ARCH 331: Practice Quiz 5

Note: No aids are allowed for part 1. One side of a letter sized paper with notes is allowed
during part 2, along with a silent, non-programmable calculator. There are reference charts for
part 2, shown on pages 2-6.

Clearly show your work and answer.

Part 1) Worth 5 points  (conceptual questions) Wo = 980 Ib/ft wL = 1150 Ib/ft

Part2)  Worth 45 points Wselt wt
3R gy gy g B
(NOTE: The loading type [ex, live, dead, wind...] and sizes can . ¢ ¢ ¢ ¢ VYVYYVYYVY ¢ ¢ \

and will be changed for the quiz with respect to the beam
diagrams and formula provided. The support condition,
section, and bracing for the column can and will be changed.) A 32 ft B

A wide flange beam of A992 steel (Fy = 50 ksi, E =29 x 10° ksi) is

needed to span 32 ft and support uniformly distributed loads of 980 1b/ft of dead load (from materials),
the self weight, and 1150 Ib/ft of live load over a length of 11 feet as shown. The beam is simply
supported with a maximum unbraced length of 15.5 ft.

a) Select the most economical beam adequate for flexural strength using LRFD design and the chart
provided (including self weight). Assume that the dead load determines the location of the maximum
moment and superimpose the live load moment there.

b) Determine the minimum moment of inertia required such that the dead load deflection does not
exceed 1.25 inches assuming a self weight of 60 Ib/ft. [or live load deflection— using
Apar = wl4/(1 52EI) because there is no equation — does not exceed 0.8 in; or total deflection
assuming that the dead load determines the location of the maximum moment — using
A=5wx(P-31x°+2x°)/(192EI) because there is no equation for the partial distributed load — does not
exceed 1.75 in.]

A W 250 x 49 metric column is 5.75 m tall of A36 steel (Fy =250 MPa, E =200 x 10° MPa). The base is
fixed and the top is pinned in the weak axis, while the strong axis is considered pinned at the top and
bottom (no picture and approximated conditions). The section properties are:

A = 6260 mm?, I, = 70.7 x 10® mm®, r, = 106 mm, I, = 15.2 x 10° mm®, r, = 49.3 mm

c) Ifthe column is to support 200 kN of dead load and 600 kN of live load, is it adequate for design
using LRFD?

Answers — Not provided on actual quiz! e NO
swers

a) M, =279.4k-ft, use W21x55 (M,* <319 k-ft) 'sc|aime ’ n ly re arché

b) Iega=676.9 in* (dead only) [Leqaive onty = 590.9 in*; Legasora = 750.8 in*] Di ai ing

c) ¢P, =886 kN ..Not OK (weak axis governs because ¢Py_srong = 1199 kN) peen P

1



TANTI Alaen

ADATT 221

S Z1N0 YO SLAVHOD HONTIHAATT

M.CT.HJ —x-nty = s AS e < nﬂo:;v W Juswow elzxp—el8) L "ﬂ:ﬁwv - ﬁwl - x :u:!v w S
(e —xg) aw_a =Xy = AS +€) > puee <x :esiv W .;.H. 1309 _ . . . . ﬁ 493u99 3& v Xewvy "W
z .. uewl g elM
=y —XTy = Au ~ % :o_____sv W F xlE _ 2 XM o= * v AWV X ...n..._!v W
g ﬁuua > Ty :n_._!“|.a|.. =X u«v.qu W tm we Ml fveus
uwc : H tm Nl Jeays v 9 . A J93u90 3E v xew W A
;«4%1 = Au.:: > Ty uaym W x anv.xu_.... W _é ﬂﬂu M . . e
| ¥
X—1)Em —2Y = . - AS +e) <x :n:!v xp N (exp—2l) -h:u = v AWV * :ur_iv *A ! 1 »
H
11 ]
XWn—FY = 0 - - Au > x :»...sv XA otm Ty ™M=Mm £ ‘ainb3 jejo0 1
L_T e —— = * * * peojuuojiun ‘AInb3 |ejoy
w e = = [0 nnl.rl " —Wv3g 31dWIS ¢
12 T . Y3ILN3D 0L ATWHOLINN DNISYIHONI AVOT—W
N + (e —pg)etm
aN3 HOV3 LV Q3LNngI¥isia A1VILYYd avol WYO4INN—IWYIE I1dWIS -9 Cexatol-exg) EIB0BE L. xg
XM Jawow
. wowow 3 vogio = Aam_m. |m.a.m?|_. ?ﬂuv “xewy ...Hs_
(28 — zxg — 1%p) N TP 13t = Aa <x :o:.sv Xy ,_.
e ey (zx—z) BE e e e e e e W
ﬁnx~+ (e-12)zxeg—z(e-1g)z€ wa_...ww = Au >x r_o..___sv xv A M u:”'. eaus
EMG EM . ) - !
x—1) 2y = Au.nx:n.tsv XW u;wwuw.llﬂval + . Ovhhm.lquxawv xew W ~TII111] 1A
F «»ﬂ 4 T -.a.&..__w_ I 'y m z! € L x Tu?hhﬂ..lt
o —xty = Am > x .._o_.___sv Xw F H« T * * A
a”N = . AI&' =x awv.xw..c W 4 £ . sttt xewIA=3%Y Ty &
'y u . T Mz
X0 — Ty = ﬁu > X :u.__:.v A zy 'y h £ _ .. . . . TA="TYd m )
M 1
12 . A e e w =
o A= i mseos =228 . peo wioyun “AInb3 je30L
(e—12) rhuw. = xew T =Ty 2 Mmat ,
NN DNISYIYONI avOo1—Wv3g I1dNIS
GN3 3NO LV QILNEINLSIA ATIVILYVY QVOT WHOAINN—WYIE J1dWIS ' AN3 3NO OL ATWHEO4I
Juawom
_ Juswo (eX+ zx12—sl) _w...”N = oo r *w vty
(x—1 2y = .. AS._.. B) <X ...u..___sv X oy 138 _ . . . . A..ov.__eo aav Xewvy 3
z(e—x) Wlx.m = AS+3 >puee < u:oz_sv X _ __ &aM —
. m x—]) —— = L A reays
Xty = . An > x ...n..__sv XW AT [TT1T] .ﬁlﬂral st v /.LICI_I_:|m.
8 __ ... o3e ) xew W
ﬁ%ﬂﬁl._. uv W= " - - - ﬁﬁ' +e=x «Nv Xew W seous | h _ _.H;u zIm Aue«:o ¥ w w
(e—x)m—ty = - A3+5 > pue e < s:u:;v XA Zyy _Tlnfv_;t Anlmva - s XA " ¥
12 [LLLT] [T
3+uwvﬂaﬂﬂ ﬁu.nm...u:.s.xu..:v IA =2y am |__w.il L A=Y m _-ixl._
e—2 q—rk—e
(9 +92g) 1% - Ao > B uaym .xsEv TA=Ty 1 m o= peo wuojun "Aanb3 jejoL 1
d3Lnaiydisia ATvIiLYvYd avol WHO4INN—WY3g IdNIS avol a3Lngiydisia ATWHO4INN—WV3Ig I1dWIS T




FIN122ahn

R - L 2 X ]
| _ uawow
_mew ABE@ =(sspt G 1 Hx«mv xewy T ] V
e A & §
z B 1
TR = XN [ Tu.mnlw
z1m B8H . ANWwamv T m@ Jeoug
6 €
8 _ ...
2 - Xew |
" S A
Nwm = XA =R Y
Bor v o o e e e 7
img = M
m o= * °  peoywiojyun ‘Ainb3 jeyop

avol d3alnglydlsia ATTWHOA4INN

ARCH 221

—dYd3HLO 1¥ g31d¥0ddNnsS ‘dN3 3INO L1V a3axid WvIg ‘zZi
(8—x) 1 —xTy = " AB —1) > puee < x :»Esv X il Y .
ki | i
Xty = Am > x :u_._;v X 1 )
qzy = Aua > Ty uaym .mev I =5 : ﬁ
A
v Jeays
ely = A-n_ > TY ueym .quv T — _ » _ .% _
Td—1y = i AEI:V u:nnszﬂ_;v XA a L
1 T T y 'y
@—nNtdt+eig ~ Lt .
Zd 5.
1 o » m
WA= e '
a3advid ATIVOIMNLIWIWASNN
SAYOT Q3LVHINIONOD TVNOIANM OML—NYIE ATdNWIS ‘LI
(B—xX) d —xTy = . ASIE > u:mmAx:ofsv X  soitaciad _—
XPy = = - - - - .AmVu:ur_Bv X u_“_,g W
1 b
qEy = * * An > B uaym .mev ZI H _ _ _
A, reays
ety = - AnAa:oe_B.mev T L:_:__ _..w
(e—q) W = * AS —1) > puee < x :u.._.sv XA —q—>] .
e+a—pL- - (o <wuoumcew)ep ey " f :
3+nI:WH AnVn:w:..s .mev“>num A|.|n_LL Co
a3aOVId ATIVOINLIWWASNN
SAVYOT ILYHINIONOD TYNOHI OML—IVYIL ATdNIS 01

H31N3D 1V aVOT Q3LVHLNIDNOOD—IVYIE ITdINIS

(z8 — zxg —x7g) 139 _m@ . TmI: > puee < x E::»v xy luawow m
(X — zeg —e18) L,% = o Au >x co.._;v xy " ___z
132 ¥ .
(zep —zIE) = L 423Ul je ) Xewv
e (o) = T ke
xa = (2> xuoum)  xw K]
ed = - - * Aanmo_ .._oo.suunv.xn..: W v
-] d
d = R e A=H
d d —ﬁx..v
ua“ 3 = * *+ + + + peoyjwiojun ‘ainb3 jejoy 1 >
3ovid ATIVOIHLINWWAS
SAVOT TU3LVHINIDONOD IVNDI OML—WY3Id ITdNIS ‘6
(2X— 2q —21) nxnn_u = v ﬂ B > X usym v xy kb
1138 v x
ol A peO| j0 julod 1B v ey N
113 2 - - .
@zte egp (az+ ) aed Aa <musum @z+ee :mv quQuﬁ - H«H T
1 A
xad A s v - [ :“,
1 .. .
ata = A peo| jo juiod je v Xew W i .
rm.hH = o Aa < B uaym .meV«> =zY °y _m.
! % ) =
7 An > ' usym xn..:v *TA="TH p _II__
zl . . 1
qed 8 peo wJojjun "mnb3 jeyoy
ANIOd ANY LV AYOT1 d3I1LVHLNIONOD—WKWVYId FIdNIS ‘8
(exb — 218) ! Mw ¢ ¥ % & & A W > X uaym u Xy usWoW
xew A
1asy _ . . . " .
e = A.umo_ 40 3utod u.mv Xewy
%u I A Wcho_.__s v XN % __:___ lesus
»
) IR
ﬂ = * Auuo_ 30 juiod u_.mv “XEW Al w z
@ o i : & §°% % 5°% 3 B @ - H d
i A=H _Alnk
d (—>]
de = - ° ° ° ° peo]uwiopupn ‘anby jejof 1

L

S Z1N0 YO SLAVHD HONTIAATYT




FIN12hn

ARCH 2?1

1139 .
(xq —xeg —yeg) £ O = Am >xusum) 0 2] Urez-xpexarzoep B = - (e<xusum)  xv
thm = A POl jO 3uied unv ev M wouon 1] Tw _ el132) _
e (zxe—zX1Z—2128) = Am > x :ESV xy
lﬁ% - QH.”NNM =xjeqg<e :wr:sv ‘Xewvy Xzad 7y
THE —-—
z! S —xty = Aﬁ > X :usiv XN n.w ~ _ _ _ reays (®+18) Mﬂ.«ﬂﬂm&— =7 ’ A_umo. Jo3usod wmv v .HH ed
zqed W Juawopw
«n”ha_m _ A peo) jo quiod 1e v e _ _ _ _ _ _ _ ~ _ Hp> etizg ﬂww = Amﬁﬁ?HHx#:v;. <e :u_tsv Xewv I_L/_/_/_ IJH‘..
k—gq—sfe——ue—> — —
L L J| ) e
ol . 1 A
= q > B UayMm "xew W _ _ - Ieays
Naun_ A v . ﬁl. . (e—x) 4 —XTy mm < x :u;_sv X ¥ TIII] Ta
(qg +#) = An < B uaym .mev; =%y 2
umm i< £ 1 Xty = * v Aﬂ > coxgv XAl P
(q+eg) En_ An > B uaym .anv;n o 7 9 N
(1-+e _ﬂm = Aucu paxy Ev LI T 'y
LINIOd ANV x>l
d
1V avol QILVHLNIONOD—SANI HLlOo8 L1V a3xid Wviag 'Ll elY = . Auuo_ 30 juiod amv T _ .
— e—aie) H2 = -« -+ oo - zpay _
-
oy 777« juewow \3% u-nhz
x5 — 18) _«mw_¢ AN S x :u:..su xy 4.___%2 Uz+® .Mw_ - I T Y
¥ L
13261 _ J03U90 JB | "XBwY 1
sld A v T INIOd ANY LV AvVOT1 d3LVHILNIONOD
—xp 2= Am >x :os;v w4 Jedus ‘ :
I=Xp) = 7 ____: X —4d3HLIO 1V d3LldoddNnNsS ‘aN3 INO L1V a3aXid Wvdg ‘vl
~\M_. . An_u_._u pue J93uad umv.me 1] 2 -
W = " A=H §T4,|Xllﬂ (re—x1D) 2(1—x) _mwa ) Arwi <x cu.tsv Xy
u H
- - -anb nmmm I &
d peo wopun “mnb3 jejo) . _3. . (x 29 (2>xuaum)  xv "
1 | 13892 _ . . . . €
H3LN3D _ . eldl Avao_ 4o 3uped auv *v .u._ﬂ_ﬂ‘ Juauron
1V advo1 a3ILVvHLINIDONOD—SAN3 HLOo8 1V a3Xid Wv3d 9l _ShaEsy _ L f. . 3 X
: E 218600 Teid ANNm.g = L 1=X u.mv XBWY uac
13ve _ oL 2y, _ . z
W=D o = T\ wewon e X1 Y_ = C(fexvem) ow =) ([T
138 e . ¥ F T
= (serusoae) crews il T SUTTIPT | - gm0 (Bexvea)  w [TTITT] Ta
—y — ek _ . . x \
(zx9—z1 —x19) 5 W= Eu__ﬂ:u = e a .o Auuo_ N unv - . z z
1.4 = s = Jajuao e TW + ¥ !
zm A L ¢ o 0 ﬁv:o pexy unv.xm_.: W i ‘4
NN&“- - - . A mﬂur_U je v.xﬂs W FLLIIM‘IVTMi N“Fﬂ _I|X|]W
AX|WVSI . " \\ o TN Tttt - e TpA =12y _ l~
1 u 9L
g = = Tttt e e e s A=y
< _ A=Y dg
ma . -ainb 1 | 2 _ + + - peoquuojup ‘anb3 jejo)
g™ peo wuoyun “Anb3 jeyon < ' ! !
Savot
d31IN3ID LY avO1 3ILVHLNIDONOD
- 3 g 1V a3ixXlid Wv3g ‘sl f
galNgldisia ATAHOLINN-—SAN3 HL1O —d3H1O LV Q3l¥0ddNS ‘N3 IANO LV aixXid Wvag ‘g1

S Z1N0 YO SLAVHOD HONTIHAATT




ARCH 331

F2013abn

REFERENCE CHARTS FOR QUIZ S

20

18

16

14

Table 3-10 (continued)
W Shapes

12

Unbraced Length (0.5-ft increments)

Available Moment vs. Unbraced Length
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Available Critical Stress, ¢cFe, for Compression Members, MPa (F, = 250 MPa and ¢ = 0.90)

KL/r 6. F. KL/r ¢ F. KL/ 6. F., KL/r . F., KL/r ¢.F.,
2234 41 2045 81 158.2 121 103.4 161 60.1
2 2234 42 2036 82 156.8 122 102.0 162 59.4
3 2233 43 2027 83 155.4 123 100.7 163 58.6
4 2232 44 201.8 84 154.1 124 99.4 164 57.9
5 2231 45 2008 85 152.7 125 98.1 165 57.2
6 2230 46 199.8 86 1514 126 96.9 166 56.5
7 2228 47 198.9 87 150.0 127 95.6 167 55.9
8 2226 48 197.9 88 148.6 128 94.3 168 55.2
9 2224 49 196.9 89 1472 129 93.0 169 54.5
10 2222 50 195.8 90 1458 130 91.8 170 53.9
11 2220 51 194.8 91 1445 131 90.5 171 53.3
12 2217 52 193.8 92 143.1 132 89.3 172 52.7
13 2214 53 1927 93 1417 133 88.0 173 52.0
14 221.1 54 1916 94 1403 134 86.7 174 51.4
15 2208 55 1905 95 1389 135 85.5 175 50.9
16 2204 56 1894 96 1375 136 84.2 176 50.3
17 2200 57 188.3 97 136.1 137 83.0 177 49.7
18 2196 58 1871 98 1347 138 81.8 178 49.2
19 2192 59 186.0 99 1334 139 80.6 179 48.6
20 2187 60 184.8 100 132.0 140 79.5 180 48.1
21 2183 61 183.7 101 130.6 141 78.3 181 47.5
22 2178 62 182.5 102 1292 142 77.2 182 47.0
23 2173 63 181.3 103 127.8 143 76.2 183 46.5
24 216.7 64 180.1 104 1264 144 75.1 184 46.0
25 2162 65 178.8 105 125.0 145 74.1 185 455
26 2156 66 1776 106 123.6 146 73.1 186 45.0
27 2150 67 176.4 107 1223 147 72.1 187 44.5
28 2144 68 175.1 108 120.9 148 71.1 188 441
29 2137 69 173.9 109 1195 149 70.2 189 43.6
30 213.1 70 172.6 110 1182 150 69.2 190 43.1
31 2124 71 1713 111 116.8 151 68.3 191 42.7
32 2117 72 170.0 112 1154 152 67.4 192 42.3
33 2110 73 168.7 113 114.1 153 66.5 193 41.8
34 2102 74 167.4 114 112.7 154 65.7 194 41.4
35 2094 75 166.1 115 1114 155 64.8 195 41.0
36 2087 76 164.8 116 110.0 156 64.0 196 40.5
37 2079 77 163.5 117 108.7 157 63.2 197 40.1
38 2070 78 162.2 118 107.3 158 62.4 198 39.7
39 2062 79 160.8 119 106.0 159 61.6 199 39.3
40 2054 80 159.5 120 104.7 160 60.8 200 38.9
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(b) () (d) (e) (r

Buckled
shape of
column
shown by
dashed
line

Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0

Recommended design values when

ideal conditions are approximated 0.65 0.80 1.0 1.2 2.10 2.0

Jfﬂ Rotation fixed, Translation fixed

End Rotation free, Translation fixed
conditions
i

code Rotation fixed, Translation free

Rotation free, Translation free




