University of California Berkeley

Department of Civil and Environmental Engineering

Midterm 1:
Tension and Compression Members

CEE 122: Design of Steel Structures

10/14/08, 502 Davis Hall, 2 hours

Name
Problem Points Maximum
1 25
2 25
3 25
4 25
] total 100

Honor Pledge:

I have neither give nor received aid during this examination, nor have I concealed any

violation of the Honor Code.




Problem 1: (25%)

Determine the governing effective area (A, = UA,,) for the C12x30 channel shown (not the gusset
plate). Standard holes are made for 1-inch diameter bolts by punching. Compute the appropriate
shear lag factor and include it in your calculation. Do not consider block shear.
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Problem 2: (25%)

A W24x76 A992 tension member is connected at it two ends to gusset plates as shown. Standard
holes are made for 7/8-inch diameter bolts by punching. Compute the design strength ¢R,, of this
member taking into account yielding, ultimate tension, and block shear limit states at both ends
of the member. To compute the shear lag factor assume the following: on the left end, gusset plates
are connected to the top and the bottom flange; on the right end, two gusset plates are connected
on either side of the web (as shown in Figure C-D3.1 in the commentary of the AISC Manual).
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Problem 3: (25%)

An 15-foot tall W14x777 A992 steel column is a part of a frame structure. It carries a factored
load of P, = 2008 kips. Buckling in the plane of the frame occurs about strong axis, while buckling
out-of-plane occurs about the weak axis. The effective length factor K, for the weak axis is equal
to 1.0.

1. Select a W-section for this column, assuming that the frame is not braced (sway may happen).
The effective length factor K, for the strong axis is equal to 1.9.

2. Select a W-section for this column, assuming that the frame is braced (sway can not happen).
The effective length factor K, for the strong axis is equal to 0.76.
Problem 4: (25%)
Effective lengths of the column are: (KL), = 30 feet and (KL), = 22 feet.

1. Determine the design strength (¢P,,) of the built-up A992 steel column whose section is shown
below using the AISC LRFD provisions. Check if the section is compact.

2. Determine the AISC LRFD design strength of the A992 W14x730 column section. Is this
cross section is compact?

3. Compare the results. The sections have roughly the same area: why is one stronger than the
other?

Reminder: properties of a built up cross-section can be computed using the parallel axis theorem:
A = Z Aplates

2

I:v = Iplates,x + Z Aplates,xdplates,x
_ 2

Iy - Iplates,y + Z Aplate&ydplates,y

where dpqtes is the distance from the centroid of the plate area to the centroid of the cross section.

22"




L= di= "= g
s
{C

Bl
e
n. -
el -

Tin
e
b =
v

= !
-i
L

O

Case L= i = = 1 (40 Cteo

A -

Tin

Gz

B0 = (7} (051

Ba= B 24in?

4/

- — .
NE s b
™ o 25 — o
o | £ s



Prsllen 2

W2d L (2

9
Wy = 21 4%in? To. = 65 Es do= Ve ls T
Lo o
"i’,,{:' = 00D vy
1;;.1__,\.) = 0 r‘{iff[b*l
\oﬁ =877
Yield  Fln To gty T o0 HEUL(FA Y T 0T

T = oo ey

RSN
Femciu~e Flu = 0.l iy

okt oevd. - Woa ~ H'CJ - Y CdL\\ C‘@fS

T2 T M) (Bt T VL et

SR
Grons Pait | of
Ag ool |

- TR SRR P

o oo e
Be = UWn = o iT.0%% 7 "1 w
‘V“Qﬂ T ",‘{;‘ e y
[ ——

E:Z{(,{\/H Sida B, ™ HWCJ - %C_Q},,ﬂ.x(.g:u\s

T 22U - (_%BC\\(O*(K{S

2 =~ 20.0% n* Bt 2006, e ?
&




Be = WHBK = D208y ~ Y-Vl tn=

(g5t Sids

b
4

> L2 l l
o Pt o -
ot o -

P

>
-)

§

)

DA ALLS

hov T (BYEL T U6 6.08) T 2(76 iu”

T A ERYEES

eV B = 70 ‘Rﬁ ilT':J'v " e Frdp

Be =\ Ty

an T oy T (25 D) (R

075 (=) (- Bl = Hgo 1 pe

T Lt
[ e R
P '“""M'ir"” ey

k)

i e NI AU S B O O

i

H 2V =5 HY ™

i!

4 (Q 5 C .o CL»J\ < O.(= ST SE R T

P

+ oo CL{ C)%j \;‘)




of (s T 27 Cf Yeq o

- [
S
f .
o 4 i \ .
o Rt - Losgn g 4
e 3
- 1




S
2 i T ="
TEMY SN
- ]
1o . ’
i‘_{:f.w"i[ e 5

U g LY
%
Viv

-

o
- 'f K_I"‘J k\.-:i >L g‘ "_,-:‘
)

ay

L DY e
TR el i €,
{
]
iy

.
> =
Fid

i —
e
™

Eataly

tbQO & 2edh



[~
it
/
tJ

.

-

{

i,
{\;_ .

tf
-

N

2

(22" ) (2 + 240N

= "),,(L'{ (e




9/ ‘ipi/\. - F(,e{“ e =

i OUUA2 AN 24 =

2
o
o
-.J H
_‘_‘D N
5

((@/P‘A = 8278 =es

Coctvon, (v CCa pav%-

@q—“:__i_ﬁ_m = i\{“ TR

=
&
J}

A% -— i
o E = . povt
Yy - 2 e e i
- =
oy ot =
- L =

Tade  BY ke

Fas p o S A o -
7 Wi - l‘ ”\ﬁ---‘\ ['f"i \") <) = l\”_‘) Ui
1
! k)

N
T
.
-
i
™
W
] ¥
o
L
1
Ji
iy
13
i
1,

" 4 o By A e Coill
Y {6

! LN oL
Ak & L /! e, {0
S R, S e e e 5

From., Tobl. H-| \

[

Cr Li-’?("tj & = iz

|
=
ﬁ“ ;‘
jve - T -
P : s & H
R : 3 T ¢
Ry A J 1 ,_,,j
3
et - - » — _ S o
e = T ST SR Wy = Ter & 290
fleiy =
[y
‘5\ —— %'
A
L V!
For e n _ B .
i = R R 3 E -~ — §ois A Yoo ooy
f{_—j ff"f - i~ Ly H L P‘_«- { = Y ! in i i E‘N B
:




Cleck
£ Tatlddg

31

Cova o oSy

Tl Sags ndloey

l’mfA = 19{-\ \-%‘?_ d ’)r =

S ;{,:.L;Lf.t

H Lo
Lo e

oL

. . 1
,‘l\/\. P {3 LA MR A Y o
Loy &, 3 il e
i
e
-y e
g " .

Co Cojn ot

) Thaal bhoit-ve

Poran B ¥
i e ]

H

)



