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Design of The Connection For Built-Up Columns

The open side of compression members that are built up from plates or shapes
may be connected together with continuous cover plates with perforated
holes or they may be connected together with lacing and tie plates .The
purposes of the perforated cover plates and the lacing are to hold the
various parts parallel and equalize the stress distribution between the

various parts .Figures shown below arrangements of tie plates and lacing .
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Design Lacing Bar

1. Find (b) as :
o If bJIS" ...... Design single lacing , o = 60'
e If b>15" ...... Design double lacing , o = 45'

2. Check limitation of interior column length a~  []
KL, 3 KL N

<2 (= S

min 4 r ib

e K=1.0 forsingle lacing 'S H

e K =0.7 for double lacing \

3. Find dimensions of lacing bar :

S

L i |
r—b < 140 for single lacing
b
< 200 for double lacing
4. The shear resisted by lacing
V=2% Pu (compression force)

5. Connection the lacing bar at column using welding or bolts

Design of Tie Plates

1.  tp=thickness =b/ 50 b
2. Lp = length of plate >b for ends Lp2b
>b/2  for mid-end

3. Connections

Length of welding > 1/3 Lp

0.5b

Lp 20.5b
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Ix =2Ix
Iy =2Iy +2 A. d”

rx =0.36 h2

For area (1)
ry = 0.45 h2
=036 h2 For area (2)
ry =0.52 h2
rx =0.36 h2

For area (3)
ry = 0.60 h2

h1 h1; h1
] ¢ | ] o ] — : ]
wfl 4| SR | N | B P

] [ ] ] — E -
....................... d . d
d 'd d d et

(1) (2) 3)
For shapes (1) ., (2) & (3) For shapes (4)

Ix =4Ix + 4 A. d”
Iy =4Iy +4 A. d”

rx =0.42 h2
ry = 0.42 h2
Where:
B |
T A

____________________
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Example: Using the AISC Specification and 36 ksi steel ,design
bolted single lacing for the column of previous example .Assume that
3/4-in bolts are us

Solution. Distance bet.ween lines of bolts is 8.5 in < 15 in; therefore, single lacing is OK.
Assume thé'lt lacing bars are inclined at 60° with axis of member. Length of chan-
nels between lacing connections is 8.5/cos 30° = 9.8 in, and L/r of 1 channel between

connect.ions 'is 9.8/0.762 = 12.9 < 3/4 X 55.94, which is L/r of main member previously
determined in Example 6-5. Only the LRFD solution is shown.

Force on lacing bar:

V= 0.02 times available design compressive strength of member
(from Example 6-5)

V, = (0.02)(631) = 12.62k

EV“ = 6.31k = shearing force on each plane of lacing

Force in bar (with reference to bar dimensions in Fig. 6.10):

9.8
— 1(6.31) = 7.28k
(33)6a1
Properties of flat bar:
o g
I= ﬁbt
A= bt
1 br3
r = —TZb—— = ().289¢ 1 T —
. 9.8in
C12x30
(r, = 0762 in)
i | L
g=175in+< 85in—rerg=175in
12in >
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L .
Assume ~r— = maximum value of 140
. . 140
0.289r

t = 0.242 in (try}-in flat bar)
L 9.8

¥ (0289)(0250) ~ °
o F., = 122ksi
_ 128 w 1
Areareqd = IO 0.597 in (2.39 X3 needed)

Minimum edge distance if %—in bolt used = 1% in AISC Table J3.4

.". Minimum length of bar = 9.8 + (2)(1%) = 12.3in, say, 14 in
Use: X 23 X 1-ft 2-in bars F, = 36 ksi.
Design of end tie plates:
Minimum length = 8.5 in
_ finimum ¢ = (3;)(85) = 0.17in
Minimum width = 8.5 + (2)(13) = 11in

Use 2 X 83 x 0-ft 12-in end tie plates.
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Columns Leaning on Each Other for In-Plane Design

When we have an unbraced frame with beams rigidly attached to columns
, 1t 1s safe to design each column individually using the sidesway

uninhibited alignment chart to obtain the K larger than 1.0 .

A column cannot buckle by sidesway unless all of the columns on that
story buckle by sidesway .In some situations ,columns in a frame have
some excess buckling strength .If the buckling loads of the exterior
columns of the unbraced frame of Figure shown below , have not been
reached when the bucking loads of the interior columns are reached , the

frame will not buckle (Leaner column theory ) .

The exterior columns will braced the interior ones against sidesway , the
K factor for those interior columns are approaching 1 .Butthe K factors
for the exterior columns are determined with the sidesway uninhibited
chart , and they are each designed for column loads equal to > loads as

shown below :
400 500 800 1000 300

$°400+500

°800+1000/2
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Design W 14 column for the bent shown in the accompanying illustration, with 50 ksi steel, using
the inelastic K factor procedure. The columns are braced top and bottom against sidesway out
of the plane of the frame so that K=1.0 in that direction. Sidesway is possible in the plane of the
frame. Design the right hand column by using K = 1.0, and the left hand column with k as
determined from the alignment chart. Note that PD = 200 k and PL = 350, for each column. The
beam is rigidly connected to the left column, but has only a simple connection to the right

calumn.

Rigid connection

727
e

24 ft

. W 18X130 /_ Simple connection
. T

14 ft

Pﬁpblem T.7

Use LI sechkion, by =%o ks,
Mo desway outof Plane .

6)&6300\‘1 IR pos_.sibte_ in qune.
pD*—‘- look / PL:QSok

%Ol LL{-:C)(\

"\

The right  column
. Pu: ikt PD + 1.6 PL
2 1.2%eo +.6 X 3bo = Yoo K

kd: ¢ = \ ) (k).)j-: l¢v £t
Try L1y X 90

|
|
/ {
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Cijﬁ =\o 30 K}Pu :gaok\'/é% ok

Eduvelent kyly oF kxlx - 4 = 2. ¥36 $t L)y £}
(6197372
o

s = 3{:}‘—3 =l Ht g coctros

K_/\/\U_z-\’;{@\/
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& Wiyl 9 wWill werk
Debn = oo Kk > Pu= Seo k 8ok

r e e S —
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& -y e ™

| /t'.: 9.75\\6
|l GO =\ \Pim

27 471 o.75\\6
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(2 Jéo [24412)p .5

y)ﬁ; ch

\
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/‘\’——‘\”,ﬂ

__’f_é_)* =55.2,1 <L) e free (U<s')
K5 2 6. (

DBl 36.03€7 << :

5.2 ey
Sy R bl

= 36 03I¥EAY2.7
e Prn=1532.957 k& Puzlbank 2 I.C

Try WX 1Bg
'Q‘-L/67 ;ﬂz T)‘:
_%’(—- = 3"/26'

T 2 o.€b22
Gp= pir

GR - _lfos /1xi2
G%o (24X o 5

¥ €622 = 243

RL))\ — 2N XWYxI2 _ g5 o
G -3%

e Yew = 25. 3722 <
— 25 .37 X YL 7
el = 1652 . tot< > Pt = Voaun M S
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The columns for the frame shown in the accompanying illustration are braced top and bottom
against sidesway out of the plane of the frame so that K=1.0 in that direction. Sidesway is
possible in the plane of the frame. Design the interior column, assuming that K = 1.0, and the

exterior columns with K as determined from the alignment chart. Use Fy = 50 ksi and a W 14
section.

PL =500k PL = 1000 k PL =500k
] W 30X99 W 30X99 J,

N';':.::‘:.;:" T

Moment connection 16 ft

27 a}z ﬁ»i

jo———301t e 30ft |

g

\olo K 208K  \olfo K

& ¥

. A
Mo Sidysary out of pone, r I _ o

Lraxss
i B
Sdes vay Pogsible in plune. ‘ ' 1;/
|
[:j‘:.’;o ks, , Use Wiy section, L
o P> 3 /A
- i )
Bc:ltt{ [T=Ya) - S B==3sTe =S

W

Wixse Ixs 3990 inY
Puis . 11% Yoo +I-CKlees = 280K

P(lw.g l.axwo + [ 6X oo = loYo kK
157 cotamn Designed)
@:e;mr. column Ve g

-...n“'\J

Puy-. log8= K 4 ‘ . R f(om dtable Y.|
Kre kg = \.O-;@(KL]JX Lo X\6 = 16 ft
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Tvd  Wivx o3

Db 2170k 7 Pu- 208k & oK
Eddivelet Kgly of Ky ly = G;f;amms).; 9.-97 ft < 16 £t
=) kjL~3= 16 £ .5___Cc;n«brcts
Se (,3 Y X 193 Sor Vrterior columm.
O o8 Plane Kg-lo
Kylyg = Lo g 16 = 16 £t Fe = Jo o K
Som table 41 LI 1e X 99 il W orik
Pl = logo k ¥ Pu=lavo k &
\n Plane
Pr- \olo 4+ (Ro80/2) = AoBoK
Try L 120
' ,4;.- L0 in* Ixe 26060 et . rxs=s &b.55 ;1
Gh= lo(Pin)
G = 2660 /16X1L _ — '/?'5
(390 [30%12)o.5
MHx= 2.2
L"“SVL:" .= 22416412 A d o
655 T T TS
D Fex= 32, 206 ke S,E*_i':fﬂ Fe k-

S fn- 32 . 2046562 - © tr:qs's?s 33.2046
65 "

- = 205K LFAU= R0 K

el

S Yy 23 </

33.0 J

/

- — U
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e —.

Ty LOyx23y
H- 6950 Ix=30loinY x=6.63 in
Gp=1\o

Ge - 3elo/ X2 _— 7229
(3%o /30X Yo 5

Kx= 2.20%

Kty - 22egdlellr g3 gy2
L—?)X £.63

Defer= 33 . YITY Ke<,

Bl < 33.4174 % 695
= A299.0919 kK 7% = 2080k & ok

Use D133 Sor ftkerior column
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7-1. Using the Jackson and Morel
for col
tion, a

and charts, determine the effective length factors
umns EF FG > g .
S%u:1211E1;hP(J' and KL (_)f the frame shown in the accompanying illustra-
- 0£1 b %1 o th.e frame is subject to sidesway and that all of the assump-

: which the alignment charts were developed are met. (Ans. 1.84, 1.26,

and 1.44)

D W18 X 60 H WI8 X 60
2 & ® b==3
& . X 12 ft
Z|C W24x103 3|G W24x103 =| _ y
N =3 B ‘
e o < 12 ft
S|p wax103 B|F w2axi03 | v

A
= X F;?
X °
7 & ! 12 ft
=4 2\ E < Iy
30 ft 36 fi

"‘___________———_—'—"'

FIGURE P7-1

7-2. Determine the effective length factors for all the columns of the frame shown in
the accompanying illustration. Note that the columns on the upper level are sub-
ject to sidesway, while the ones on the lower level are braced against sidesway. As-
sume that all of the assumptions on which the alignment charts were developed

are met.
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W18 X 46

G A
D

12 1t

W12 X 72
W12 X 65

A WIS X 46 W18 X 71

S F Y
o C A

12 ft

B

B

N Wi2x72
N
N W12 X 65

\
|

}‘ 24 ft - 36 ft

FIGURE P7-2

RS ATL RSASETE A4 ANE B WATEWN L AT A TT R R UL AT

7-3. a. Select a W14 section for column AB in the frame shown if
Pp = 250k, P, = 500k, and F, = 50 ksi, and only in-plane behavior is consid-
ered. Furthermore, assume that the columns immediately above and below AB are
approximately the same size as AB, and also that all the other assumptions on which
the alignment charts were developed are met. (Ans. W14 X 90 LRFD & ASD)

b. Repeat part (a) if inelastic behavior is considered. (Ans. W14 X 90 LRFD &
W14 x 99 ASD)

14 ft
W21 X 68 W21 X 68
= f
14 ft
W21 X 68 W21 X 68 ;
B f
14[ ft
— 28 ft — e 28 ft — 2B ft ——>«——28 ft
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7-4.  Repeat Prob. 7-3 if the beams are W24 X 62 and Pp =300k and P; = 500k

Select W12 sections.

7-5. Repeat Prob.7-3 if a W12 is used. (Ans. (a) W12 X 96 LRFD & ASD (b) W12 x 96

7-6.

~

LRFD, W12 X 106 ASD)

We desire to select a W14 section for column CD in the frame shown for which
Pp =300k, P; = 600k, and F, = 50 ksi. Otherwise, the conditions are exactly as
those described for Prob. 7-3.

a. Assume elastic behavior.
b. Assume inelastic behavior.

15 ft
W30 X 99 W30 X 99 Y
c 1
15 ft
W30 x 99 W30 X 99
D
15 ft
36 ft —t<— 36 ft ——36 ft ah 36 ft
FIGURE P7-6

Design W14 columns for the bent shown in the accompanying illustration, with 50
ksi steel. using the inelastic K-factor procedure. The columns are braced top and
bottom against sidesway out of the plane of the frame so that K = 1.0 in that di-
rection. Sidesway is possible in the plane of the frame. Design the right-hand col-
umn by using K = 1.0, and the left-hand column with K as determined from the
alignment chart. Note that Pp = 200k and P, = 350k, for each column. The
beam is rigidly connected to the left column, but has only a simple connection to
the right column. (Ans. W14 X 211 LRFD and ASD)

Rigid connection l W18 5 130 Simple connection
! 14 ft
e .

L—z4 ft ——+l
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7-8. Repeat Prob. 7-7 if the loads on each column are Pp = 550k and P, = 300Kk,

and use F, = 50 ksi.
The columns for the frames shown in the accompanying illustration are braqed top
and bottom against sidesway out of the plane of the frame 50 that .K = 1.0 in that
direction. Sidesway is possible in the plane of the frame. Design the interior column,

assuming that K = 1.0, and the exterior columns with K as determined from the
alignment chart. Use F, = 50 ksi and a W14 section. (Ans. W14 X 211 LRFD &
ASD for interior column. W14 x 193 LRFD, W14 x 233 ASD for exterior columns)

P; =500k P; = 1000 k P, =500k

Rigid connection Rigid connection
W30 % 99 W30 x 99
Simple ]
connection 16| ft

le— 30 ft —>|~— 30 ft — |

7-10.  Repeat Prob. 7-9, assuming that the outside column bases are fixed.

7-11.  For the frame shown in the accompanying illustration, the beams are rigidly con-
nected to the exterior columns, while all other connections are simple. The
columns are braced top and bottom against sidesway out of the plane of the frame
so that K = 1.0 in that direction. Sidesway is possible in the plane of the frame.
Design W14 interior columns of 50 ksi steel, assuming KX = 1.0, and W14 exterior
columns with K as determined from the alignment chart. (Ans. For LRFD & ASD
W14 X 90 interior columns, W14 X 176 exterior columns)

P, =150k Pp =150k Pp =150k Pp =150k Pp =150k
P, =200k P, =350k P, =350k P, =350k P, = 200 k
Rigid Rigid
connection v w24 x 94 W24 X 94 W24 X 94 Y. W24 x 94 connection
N o

____/—-—-)_‘—-—_k
Simple 15 ft

connections
32 ft n 32 ft \4

\
\:

VA Ve

32 ft > 32 1t

FIGURE P7-11
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