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INTRODUCTION
·  The  primary  purpose of this  booklet  is to  present in a
clear  and  simple,  but yet  precise  and detailed  manner,
the seismic design  required  for  laterally resisting steel
frames  known as "Special  Concentrically  Braced
Frames"  (SCBF).  This  booklet  is a supplement and  an
update  to the one entitled  "Seismic  Design  Practice
for  Steel  Buildings,•  1988, which  illustrated  the seis-
mic design  of "Special  Moment-Resisting  Frames"
(SMRF),  "Ordinary  Moment  Resisting  Frames"
(OMRF),  and "Ordinary  Braced  Frames"  (OBF).

· The  use of Special  Concentrically  Braced  Frames
(SCBF)  is  recognized  in the  1994 edition  of the
"Uniform  Building  Code," and its detailed  require-
ments for design  are  presented  in  UBC  Section
2211.9. Also,  in  UBC Chapter  16, Table  16-N,  this
lateral  force  resisting system is defined  as having an
Rw=9, a[ld  a maximum  height  limit of 240 feet.

·  Special  Concentrically  Braced  Frames  (SCBF)  are
distinguished from  Ordinary  Braced  Frames  (as
defined  in the  1994  UBC Section  2211.8)  in that they
possess  improved  post-buckling  capacity of the
frame;  this  is  especially  evident when  Chevron  Brac-
ing  is,used.  SCBF are so designed  that when  a brace

in  compression  buckles  during a major  earthquake,
the capacity of the flame to  resist seismic forces  is
not seriously  impaired.  This  is achieved  through the
many detailed  requirements that  prevent  premature
local  buckling  connection  failures,  and  member
failures  even when there is  overall  buckling  of a
compression  brace.
Hence,  even when the seismic forces  in the SCBF are
perhaps  several times larger than those  prescribed  by
the  UBC,  the  integrity of the frame  remains,  and the
SCBF continues to  successfully  resist  seismic forces
without  loosing substantial  capacity.

·  For the design of connections for the SCBF, the
"Uniform  Force  Method"  is  illustrated and then  em-
ployed.  This  method  is also  presented  in the AISC
Manual for "Load  & Resistance  Factor  Design,"
Second  Edition,  Volume II. Although  this  method  may
initially  appear to  be complex,  it is  really an  approach
which  simplifies  design of  braced frame  connections.

·  There are several  items which should  be empha-
sized  and carefully  considered when  designing
braced  frames. These significant  items are enumer-
ated  in  Part  IV-Design  Recommendations.
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PART I SEISMIC
ANALYSIS

This  portion  of the  booklet  illustrates the  general
requirements  for the seismic  analysis  and  design  of a
7-story  building  using the  1994  Uniform  Building
Code.

Both the determination  of seismic forces  and their
distribution  over the  height and  planar extent of the
building  are illustrated.  In addition,  the  need for the
braced  frames to successfully  resist seismic  overturn-
lng forces  is emphasized  to the  reader.

All  of the seismic analysis  is  presented  for a Regular
Structure  using the Static  Lateral-Force  Procedure  of
UBC  Section  1628.2.  However,  since the  building  is
over five stories  in  height  (see  UBC Section  1627.8.2,
Item  3),  if it were an  Irregular  Structure  as  defined  in
UBC  Section  1627.8.3,  Item  2,  a Dynamic Analysis
would  be  required for seismic forces.

SECTION A.  GENERAL DESIGN
INFORMATION

1. Code and Design Criteria:

The  building  will  be designed  in accordance with  1994
Edition  of the  Uniform  Building  Code  (UBC).  Seismic
design  is based  on Chapter  16 of the  UBC,  which  is
essentially  the  same as the "Recommended  Lateral
Force  Requirements,"  1990,  by the  Structural  Engi-
neers Association  of California  (SEAOC  Code).

Design  of steel  members and  connection  is  based  on
Chapter  22 of the  UBC.  Most of the  provisions of
Chapter 22 of the  UBC for Allowable  Stress  Design
are also contained  in the AISC  Specifications  dated
June  1,  1989,  contained  in the  Ninth  Edition  of the
AISC  Manual.

The  structure  is an office building,  Group  B occu-
pancy,  per Chapter 3 of UBC,  and Type  1 construc-
tion,  as  per Chapter 6 of  UBC.  Two-hour fire protec-
tion for floors  and  roof and  three-hour for columns and
girders are required  as  per UBC Table  No.  6-A. This
protection  is provided by a  spray-on type  of fireproof-
ing  material.

profile  consists of a dense  soil where the depth
exceeds  200 feet.

The frame is to  be structural  steel. As shown  in  Figure
1, it is braced  in the  N-S  direction  on column  lines  1
and  5.  Special  moment frames are provided  in the
E-W direction,  along  column  lines A and  D.  Floors and
roof  are 3-in.  metal  deck with  3  1/4-in.  lightweight
(110 pcf)  concrete fill. Typical  story height is  11 ft.-6 in.,
based  on  8 ft.-0 in.  clear ceiling  height.

Material  specifications are:
Steel  frame: A36
High-strength  bolts: A325-SC
Welding electrodes:  E70

2.  Loads:

Roof Loading:
Roofing  and  insulation
Metal  deck
Concrete fill
Ceiling  and  mechanical
Steel framing  and fireproofing

Dead  Load

7.0  psf
3.0

44.0
5.0
8.0

67.0

Live load  (reducible),
UBC  Sect.  1605.1

Total  Load
20.00
87.0

Floor Loading:
Metal deck
Concrete fill
Ceiling  and  mechanical
Partitions,  UBC  Sect.  1604.4
Steel  framing,  incl.  beams,

girders,  columns,  and
spray-on  fireproofing

Dead  Load

3.0  psf
44.0

5.0
20.0

13.0
85.0  psf

Live  load  (reducible),
UBC  Sect.  1604.1

Total  Load
50.0

135.0  psf

Curtain  Wall:
Average  weight  including

column  and  spandrel  covers 15.0  psf

The building is  located  in Seismic  Zone  No.  4. The
engineering  geologist  has determined that the soil
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SECTION B. NORTH-SOUTH SEISMIC
FORCES

C = 2.23 < 2.75 O.K.
(The value of C need not exceed 2.75)

1. Seismic  Formulas

V =  W  1994 UBC Chapter 16 Formula (28-1)

V = (0.044)(C)W=(0.044)(2.23)W  = 0.098W

WFL = (122.5X77.5) (.085)+(400xll .5) (.015)=874 kips
WRF = (122.5X77.5)(.067)+(400X8.75)(.015)=687  kips
W = 6(874) + 687 = 5,930 kips (total dead load)

C -  1.25 S  UBC (28-2)
T2/3

V=0.098 W=(0.098)(5,930)

Z  =  0.40 per UBC Table No. 16-1
I  =  1.00 per UBC Table No.  16-K
Rw  =  9 per UBC Table No. 16-N
S  --  1.2 per UBCTable No. 16-J

V=580 kips (total lateral force)

This base shear will be used for determining the
strength and stiffness of the members of the braced
frames.

Thus,

C = (1.25)(1.2) = 1.5
 T2/3

In general, drift requirements will not govern the size
of members for a steel braced frame, where allowable
drift per Section 1628.8.2 of the 1994 UBC is (for
T<0.7 seconds):

V = (0.40)(1.00) (C)W=(0.044)(C)W
9

Hence, we must now determine the building period by
a conservative approximate method in order to
proceed further.

2. Period  per Method A

T = Ct (h)3/4  UBC (28-3)

A ALLOW=  (Story Height)

or (0.005) (Story Height), whichever  is smaller

 __

Thus, 0.0044 governs for drift

Now distributing this base shear of 580 kips over the
height of the building:

Ct=0.020 (for all  buildings)

h =83.0 ft.

T=0.020 (83.0)3/4=(0.020)(27.5)

T=0.55 seconds

Note:
A larger value of T would result in using Method B.
But this  method can not be used until frame sizes are
determined.  However, the C value determined by
Method B can not be less than 80 percent the value
obtained by using Method A. Thus, the possible
reduction in braced frame size using the period from
Method B would not be large in most cases (unless
drift controlled).

3. Design Base Shear & Distribution

0 = 1 ' 5 =  1.5  _  1.5
'1TM  (0.55)2/3  0.67

The total lateral force is distributed over the height of
the building in accordance with UBC Chapter 16
Formulas  (28-6), (28-7) and  (28-8). See Figure 2.

R

7

6

5

4

3

2

1

J

,K---

J-  Ft

EARTHQUAKE
FORCES  Fx AT
EACH  LEVEL

V = Ft + •,  F i
I=1

Figure 2
Distribution of Earthquake

Forces  over Height of Building.



Since T < 0.70, Ft = 0 Per UBC Section 1628.4.

(V-  Fi) wxhx  (580)wxhx

Fx=  •  w,h,  =  •,  w,h,

i=1  i=1

See Table 1 for distribution of lateral forces over the
height of the building.

Table  I

Floor  h  wx  Wxhx(10-2)  wxhx  F  Vx

Level  (fi)  (kips)  (kips)  (kips)

R  83.0  687  570  0.203  118  --

7  71.5  874  625  0.222  129  118

6  60.0  874  524  0.187  108  247

5  48.5  874  424  0.151  87  355

4  37.0  874  324  0.115  67  442

3  25.5  874  222  0.079  46  509

2  14.0  874  122  0.043  25  555

1  . . . . . 580

 --  --  2811  1.000  580  --

a. Forces and shears to determine sizes and drift of
frames, and overturning at base of building.
(Maximum drift=0.0044.) No increase is required
for design of the chevron bracing as is required for
standard ordinary braced frames per Section
2211.8.

4.  Distribution  of  Seismic  Forces:

Although the centers of mass and rigidity coincide,
UBC Section 1628.5 requires designing for a mini-
mum torsional eccentricity, e, equal to 5% of the
building dimension perpendicular to the direction of
force.

e=(0.05)(120)=6.0 ft.

Both the moment frames and the braced frames will
resist this torsion. Due to the braced frames being
much stiffer than moment frames, the relative rigidities
are assumed  as follows:

Ra=R•=I.00;  RI=Rs=4.00

Shear distributions in N-S direction:

V,x: (R,)  [ V---•x  +  OVxe)(d)l
'  •,RN. s  -  •Ryd 2  J  =Vs. x

where
d  =

RN.s  =

R  =
Y

V
x

Vy, x  --

Distance from frame to center of rigidity
Rigidity of those frames extending in the
north-south direction
Rigidity of a braced or moment frame,
referred to that frame on column line y
Total earthquake shear on building at story x
Earthquake shear on a braced or moment
frame referred to that frame on column line y
at story x

•RN. s  =  2(4.00) = 8.00

2 =

Vl,x  =

2(1.00)(37.5)2 + 2(4.00)(60.0)2= 31,600

[  V  x 6.00)(60,00) ]
(4.00)  x  ±

8.00  31,600

(4.00)  [0.125V?0.011Vx ]

V•, x  = 0 . 5 4 5 V =Vs• ,

SECTION C.  BRACING
CONFIGURATION

Possible bracing systems that might be utilized are
indicated using chevron type bracing (X bracing, V
bracing, etc. can also be used):
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Figure  3



An important design consideration in selecting  bracing
system  is over-turning  due to earthquake forces.
Overturning  moments are as shown in Table 2.

Table 2 Earthquake  Overturning  Moments

Story  Moment

Floor  V×  Height  Vxhx  Mx = •V×h x
Level  = hx

(kips)  (kips-fi.)

7  118  11.5  1360  1360

6  247  11.5  2840  4200

5  355  11.5  4080  8280

4  442  11.5  5080  13,360

3  509  11.5  5850  19,210

2  555  11.5  6380  25,590

1  580  14.0  8120  33,710

 - -  - -  33,710  33,710

Overturning  moment  is distributed to the frames  in the
same proportion  as the shears:

M1,x  =  Ms,x=0.545Mx

where
Mx  =  total  earthquake  moment on building at story x
My,×  =  Earthquake  moment on a braced frame,

referred  to that frame on column  line y at
level x

M•,•  =  M5.•  =  (0.545)(33,710)  = 18,400 kip-ft
(at base)

The overturning  moment must be resisted  by the
dead  load of the braced  portion of the frame.  In
accordance with Section  1631.1  of the  UBC,  only  85
percent of the dead load can  be used  (to account for
vertical  seismic uplift forces  acting  concurrently with
the  lateral seismic forces).  Consider the following
cases at the  base of the frames shown in Figure 3.

1. One  Bay Braced:

M•. 1 = M5,1 =  18,400  kip-ft

Dead  load  of columns on line B and C:

Roof  = (407)(0.067)
6  Floors  = 6(407)(0.085)
Curtain
Wall  = (1800)(0.015)
Footing  =

=  27  kips
=  208

:  27
30

WDL:  2(292) = 584 kips

MR = Wo, (D'/2)

where:
D'  =  Width of a braced  frame  at base
MR  =  Dead load  resisting  moment  of a frame
WDL =  Dead load of a braced frame

MR  =  (584)(25/2)(0.85)
=  6,200 < 18,400  kip-ft  N.G.

Overturning  exceeds resisting  moment.  This  indicates
that the frame  is unstable  unless the  resisting moment
is increased  by using caissons,  piles,  or other means
which will  increase the dead  load of the  braced
portion of the frame.

2. Two Bays Braced:

By comparison with one bay braced, the frame would
be unstable  unless caissons,  etc.,  are used.

3. Three Bays Braced:

M1,1:  M5,1 = 18,400 kip-ft

Dead  load of columns  on lines A,  B, C, and  D:

WDL  = 2(292)  + 2(191)  = 966  kips

MR  = (966)(75.0/2)(0.85)  = 30,800  > 18,400 kip-fi  O.K.

This frame is stable without  utilizing caissons;  how-
ever, to  reduce the number of braced frame  members
and  connections, the "Combination  of Bays Braced"
framing  system might be used  (see Figure 3). This
system will  spread the overturning  out to the base in
the same way as the "Three  Bays  Braced" system,
but more efficiently.  However,  this framing system
would  require a Dynamic Analysis  in accordance with
UBC Section  1627.8.3,  Item 2,  due to the vertical
irregularity.

P8 = Pc =  292 kips



PART II --- CHEVRON

BRACING DESIGN

Since  V1,x = V5,x =  0.545Vx, the shears  at the 3rd  and
4th  stories are:

V,.4=Vs,,=(0.545) (442)=241  kips

This  portion  of the  booklet  illustrates  the seismic
design  of a Special  Concentrically  Braced  Frame
(SCBF)  using  Chevron  Bracing.  Both the  design  of
members  and  connections are described.

It is assumed that the  "One  Bay Braced"  system will
extend  the full  height of the building.

Wide flange  members  are indicated for the  braces,
but  in  lieu  of these wide flange  members  other  mem-
bers  such as tubes,  pipes  or double angles  could  be
employed. The  members  of the  braced frame  are
ASTM A36  material,  but other  materials  such  as
ASTM A572  Grade  50 and ASTM A500  could  be
utilized  in accordance with  UBC Section  2211.4.1.
Also, ASTM A490-SC  in lieu  of ASTM A325-SC  bolted
connections  may  be employed,  especially  if the  loads
are quite large.

SECTION  D.  ANALYSIS  OF  BRACED
FRAMES

1.  Design of Braced  Frame Members Using
Chevron  Bracing:

V•.3=V5.3=  (0.545) (509) =277  kips

Overturing  moment  at the 4th floor  is:

M1.4=M5.4=(0.545)(13,360)=7,280  kip-ft

At  Section  1-1:

Taking  moments  about point f and  solving  for the  axial
force  in  member ad:

•Uf  = 0 = 7,280-(25.0)(Pas)

Pad = 7,280/25.0  = 290  kips

Pc, = -290  kips

At Joint  e:

[11.5•  [11.5•
•Fy--0  = -•1-7--.'.0)  (Pae)-  •,1-•/  (Pc•)

p  = - Pae  ce

By taking  •F x = 0,  it can  be shown  that

Design  of the frame will  be limited to 5th floor  girder,
3rd to 5th floor columns  (one tier),  and 4th story
braces.  Thus,  the analysis  will  be limited to these
portions of the  braced  frame.

. Forces  Due to Earthquake  Loading  (See Figure
4A)

J

4  •  f •

'  3rd.  •T/12. s  b  •'*

Pde = --  Pef

At  Section  2-2:

/12.5•  /12.5•
•Fx=  0 = 277-•,17.0/  (Pae) +  •,17.0/  (Pce)

5th

4th
d

P

/  hi  xTj

12.5  e 1

f

PARTIAL ELEVATION

(A)
Figure 4

PARTIAL ELEVATION

(B)



Since  Pae = -P•e

A/12.5\
277 = :"•  1--•)  (Pae)

Pae --  188 kips

Poe = -188  kips

At Section 3-3:

[12.5•  /12.5•
x = 0 = 241 -  \•.-.-.•]  (Pdh) +  •, 1--•]  (Pfh)

P•h  = 164 kips

Pfh = --164 kips

At Section  1-1:

SECTION E. DESIGN OF CHEVRON
BRACES (4TH STORY)

PT = RE
where-

PE =

Pv =
PT =

or

+ Pv

Axial force due to earthquake load which does not
need to be increased by a factor of 1.5 for chevron
bracing, based on UBC Section 2211.9.4.1
Axial force due to vertical  load
Axial force due to total  load

PE  =  164 kips
Pv  =  -21  kips
PT  =  --164--21  = --1 85 kips
PT  --  164+0

=  164 kips (neglecting vertical  load)

•F x = 0 = 277  +  Pde -- Pef

Since  Pde= -Per

Pd•  = --139 kips

Pef = 139 kips

3,  Forces  Due to Vertical  Loading  (See  Figure 4B)

P  = Floor + Curtain Wall
= (16.25 x 12.5)(0.082 + 0.048) + (11.5 x 12.5)

(0.015)  = 28.6 kips

Note:  0.082 is floor dead load and 0.048 is reduced
live  load.

At Joint h:

Using theoretical  length of brace,  rather than the
actual  (somewhat  smaller)length:

(KI)y = (1.0)(17.0)  = 17.0 ft

Taking one-third  increase  on brace capacity  per UBC
Section  1603.5 for seismic forces:

P
equiv

or
P

equlv

= -  185/1.33 = -139 kips  (Compression)

= + 164/1.33 = +123 kips  (Tension)

For brace size,  it can be shown that a W10x39 is
adequate  to resist the seismic forces and meet the
compactness criteria,  but it is not  adequate from the
standpoint  of effective  net section  if holes are located
in the flanges of the brace,  per  1994 UBC Chapter 22
Formula  (11-6). Thus,  a Wl 0x39 does not have
adequate  fracture  resistance through the net section.

11.5  /11.5•
•.F=  0 = - 2 8 . 6 - ( 1 - • ) ( P  dh)-  •,1--7---.-.0!  (Pfh)

From •F x = 0 along Sect. 1-1  and then Joints d and f,
it can be shown that Pdh = Pfh' Thus,

•/11.5\
28.6 = -z [, 1-•.0]  (Pdh)

Pa,=-21.1  kips;  Pfh = --21.1  kips

At joint d:

/12.5•
x = 0 =  •  1--•-0)  (Pdh) +Pale

/12.5 
Pd,= --  •,1-•--•/  (--21.1)=15.5 kips

Therefore,  a W10x45  is selected  as a possible  brace
size.  (It will  later be shown that the size of the brace
should  not be selected too large since it would  have a
very adverse effect on the size of the girder utilized
with chevron  bracing.)

Try Wl 0x45 and  (KI)y -- 17.0 feet

Pc,p=170 kips per AISC  Manual,  p. 3-30

170>  139  O.K.

KI  1,000
Per UBC Section 2211.9.2.1,  •--  <v/-•-

Y

1,000 = 1,000 = 167 Max.

(_•)  (1.0)f17.0)(12)  102  167  O.K. =  =  <

Y  2.01



Per UBC Section 2211.9.2.4, width-thickness  ratios of
brace  must comply with requirements for compact
members as defined  by UBC Chapter 22,  Division  IX,
Table B5.1.

b  65  _  65  10.8
ALLOW FLG  y

 )  OKCY-,

(note that b is now defined as one-half the flange
width)

257  fa
(d)  < V'-F-'  wherev•-  > 0'16

ALLOW WEB  Y  Y

257 _ 434-

 __  o . . .
 0.-•-5/-

AISC Manual,  Ninth  Edition, Page 1-31 also indicates
that these ratios are met by a W10x45.
Thus,  it is compact.

In general,  these requirements are easily achieved
except for the requirement (iii). This requirement  is
imposed to assure the post-buckling  capacity  of the
braced frame system. That  is,  if the compression
brace buckles  under very large seismic loads (loads
larger then those specified  by the UBC), the girder is
so strong that it can resist the very large bending
moment that is imposed  upon it by a chevron  brace
acting in tension,  with very little load in the other
chevron  brace acting  in compression.  This condition  is
specified  as follows:

PD+L

/  PST  L=25.0 ft.  0.3

Figure 5
Reactions on Girder

To simplify calculations,  use full dead and live load,
PD+L = 28.6 kips  (see SECTION  D).

Use W10x45 Brace Both  Pst and Psc are defined  by UBC Section 2211.4.2.

Note: Since connection to brace is bolted, check
must also be made on the effective net area
when the brace is in tension, as done in Sec-
tion H, "Connection Design of Brace to Girder."

For a W10x45 Brace

Pst = (A)(Fy) = (13.3) (36.0)  = 479 kips

Psc = (1.7)(A)(Fa) = (1.7)(170)  = 289 kips
0.3 P•c  = (0.3)(289)  = 87 kips

SECTION  F.  DESIGN OF GIRDER
(5TH FLOOR)

Per UBC Section 2211.9.4, many requirements are
imposed  on the girder when using chevron bracing,
namely:

(i)  Girder must be continuous between columns.

(ii)  Girder must be capable of supporting gravity
loads presuming  bracing deleted.

(iii) Girder  must have the strength  to support gravity
loads and maximum unbalanced forces in the
bracing.

The following  loading  results on the girder:

/ .•  28.6 k  F2 %

 5TH Floor

11.  1.5

479 kips  87 kips

Figure 6

Thus, the net downward force is:

Pnet = 28.6 + (479) (11'5• - (87) •'11'5•  = 294 kips
\1-7--'.0/  •17.0/

(iv) Both girder flanges shall be laterally supported at
thc' nnint nf intc'r•c'rfic)n  nf thc, rl3c'vrnn  hr•nc'e

(P,.,) (L)  (294)(25.0)
Mv =  A  -  ,•  -  1,840 kips-ft



Neglecting axial load, approximate size of required
girder is to be based on flexural  strength  capacity.

Ms=(ZREQD)(Fy)  = (1,840)(12)

ZRE0° = (1,840)(12) = 613 ins
36

For W36x160, Z = 624 in3> 613  O.K.

But to account for axial load, try W36x182

If braces above 5th Floor remain intact,

F1 •-  F2 = 479 + 87 = 283 kips  (See Fig. 6)
2

Thus, axial force in girder = +-(283) [12.5'••,1--7--.0!  = +-208 kips

Using the interaction equation (approximate) for
strength of girder:

P  Mv
--Pst  +  Ms  •1.00

P = 208 kips and M = 1,840 kip-ft.

Pso = 1.7 Fa A, and girder is braced at mid-span

(,•) y = (1.0)(122.55x 12.5) = 59

Fa = 17.5 ksi, AISC Manual, p. 3-16
Pst = (1.7)(17.5)(53.6) = 1,595 kips

Ms = (Fy)(Z) =  (36.0)(718)  = 2,154  kip-ft.
12

Thus,  208  + 1,840 = 0.13 + 0.85 = 0.98  O.K.
1,5952,154

PEQUlV= -511 = _ 384 kips
1.33

(KI)x = (KI)y = (1.0)(11.5) = 11.5 feet

Try W14x82

(•)y  = (1.0)(11.5)(12)  = 56; Thus, Fa = 17.8 ksi
2.48

PEQUtV  384  = 15.9 ksi < 17.8  O.K.
fa-  A  =24.--1

However,  in accordance with UBC Section 2211.5.1,
must check column strength for maximum anticipated
seismic forces, utilizing the member strengths speci-
fied by UBC Section 2211.4,2:

P=I.0PoL+0.7PLL+3  PE

P•  221  + 3(9)(290)=  1,200 kips

P  = 1.7 FaA=  (1.7)(17.8)(24.1) = 730 kips

730 < 1,200  N.G.

Try W14x132

K(.•.)  (1.0)(11.5)(12)
y-  3.76  -37,  F  =19.42ksi

Psc = 1.7 F A = (1.7)(19.42)(38.8) = 1,280 kips

1,280 > 1,200  O.K.

Use W14x132 Column

Use W36x182 Girder

SECTION G.  DESIGN OF COLUMN
(3RD TO 5TH FLOOR)

PT = PE + Pv
Using loads at 3rd Story:

PE = +- 290 kips
Pv = Roof + 4 Floors + Curtain Wall

= (25.0 x 16.25)(0.067 + 0) +
4(25.0 x 16.25)(0.085 + 0.020) + (25.0 x 60.5)(0.015)

Pv = 27 + 171  + 23 = 221  kips (Compression)
PT=-290-  221  =-511  kips

SECTION H. CONNECTION DESIGN
OF BRACE TO GIRDER
(5TH FLOOR)

Per UBC Section 2224.1 design connections using
high-strength  slip-critical bolts, since these are re-
quired for joints subject to significant  load reversal.
(Per AISC Manual p. 5-270.)

1. Design  Criteria
Using the force criteria of UBC Section 2211.9.3.1, the
connections  shall have the strength to resist the
lesser of the following:



(i)  The strength  of the brace in axial tension,
PM = Fy A.

R
3  --w  bmes the force m the brace due to theI , /
prescribed  seismic forces,  in combination  with
gravity loads.

(iii) The maximum force that can be transferred to
the brace by the system.

Use strength criteria for connection  capacity  per UBC
Section 2211.4.2. Thus, for 1 in. (1) A325-SC in single shear:
FCAP = (1.7)(Allowable)
FCAP = (1.7)(13.4)  = 22.8  kips per bolt
(See AISC Manual  p. 4-5)

Connection  strength  required for brace:

(i)  P,B = (Fy)(A) = (36.0)(13.3)  = 479 kips

(ii)  P2B = 3(•w)  (PE + Pv) = 3(9/8)(185)  = 624 kips

(iii)  P3B = Unknown at this time

Hence, the smaller force = 479 kips  (governs)

2tMiN

t

Must  laterally brace Flanges
per UBC Section 2211.9.4.1,

L  L.,  3'-10

I
•V
16  ._.%_ •

11.5

12.5
 Shim Es
As Reqd

2.  Bolts to  Brace W10x45

For brace connection,  number of 1" ¢ A325-SC:

479  21.0 bolts,n =  22.8 =

Use 24  - 1" (I) A325-SC  (10 bolts  each flange and 4
bolts to web,  based approxi-
mately on their areas)

Hence,  connection  is as shown in Figure 7.

Check effective net area of brace in accordance with
UBC Section  2211.8.3.2,  Formula  (11-6).

A  1.2(z F*  Note:  Please refer to adden---e
Ag  F  dum on Pg. 32 for

information regarding
steel yield & tensile

F* . . . . P•B  479  36.0 ksi  strengths.
A  13.3

a  = 1.00  (all load transferred across section)

A  >  (1.2)(1.0)(36.0)  = 0.74
A  58.0g

Ae > (0.74)(Ag) = (0.74)(13.3)  = 9.90 sq.  in.

5th  Floor

o
I

 /'7,
4

W36x182

F
Web Splice E
One Side Only

All Bolts
1" (1) A325SC

Wl 0x45

Flange Plate
(Slot at Gusset)

12.5

11.5

P•B Figure 7
Brace  to Girder  Detail

P18
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AeACTUAL = Effective Net Area per UBC Section 2251,  B3

AeACTUAL = An since both flanges and web connection
transmit  load

A  = AGROSs -- 4 holes  in flanges
(do not need to deduct holes in web since
the force in brace is much reduced at this
location)

An = 13.3 -  (4)(0.62)(1.125)  = 10.5 sq.  in.

A  = 10.5 > 9.90  O.K.
e A C T U A L

Use  I  in. (•  Bolts to W10x45  Brace

3. Flange  Plates

Design force  using  10 bolts to each flange and 4 bolts
to the web  (all  in single shear).

Try flange  plate  10 inches wide by 1/2 in. thick;  and
based on strength  capacity,
P•=1.7F,A  (for compression)
r = 0.29 t  (based  on r = •/[/A  for plate)

I
r  = 3"/(0.29)(0.50)  = 21

Fa = 20.5 ksi per AISC Manual,  p. 3-16
P•c  =  (1.7)(20.5)(10.0 x 0.50)  = 174 kips < 200  N.G.

Thus, try flange plate  10 in. by 3/4 in.

P•c  = 1.7 FaA
r = 0.29 t

I
 = 3/(0.29)(0.75)  =  14,  F=  20.9 ksi

P•c  = (1.7)(20.9)(10.0 x 0.75)  = 266 kips > 200  O.K.

Also,  check tension strength capacity,  including
effective  net section.

P•t  =  Fy A
P•t  (36.0)(10.0 x 0.75)  = 270 kips > 200  O.K.

Now check  effective  net area  of plate in accordance
with UBC Section  2211.8.3.2,  Formula (11-6)

A  1,2a  F*"--he  -'

200  26.7 ksi
F* =  10.0x 0.75 -

(•  = 1,00  (all 200 kips transferred to  plate)

A_•  >  (1.2)(1.00)(2.7.6)  = 0.55
A  58.0

9

Ae > (0.55)(Ag) = (0.55)(10.0  x 0.75)  = 4.14  sq.  in.

AeACTUAL = Effective Net Area per UBC Section 2251,  B3
=  10.0 x 0.75 -  (2 x 1.125 x 0.75)  = 5.8 sq in.

AM•  = (0.85)(Ag)  = (0.85)(10.0 x 0.75)  = 6.4 sq.  in.

Thus,  5.8 sq.  in. governs for AeACTUAL

5.8 > 4.14  O.K.

Thus,  there is no possibility  of failure  (rupture) through
plate  section at holes.

Use Flange  Plates  10 x 3/4-in.

For weld on each flange plate,  use  1/4-in.  fillet welds
to gusset plate  (this is minimum weld  size for 3/4-in.
plates).

FcAP WELD = (1.7) (Allowable)  per UBC Section  2211.4.2.
=  (1.7)(4 x 0.928)  = 6.3 kips per inch

IWELO  = 200/(4)(6.3)  = 8.0 in.
\4  welds per plate

But to drag load adequately  into gusset  plate  in order
to reduce localized stresses,  including those associ-
ated with tearout,

Use  1/4-in. x 12 in.  long welds  (4 per  plate)

4.  Web  Plate

Try web plate 7 inches wide  by  1/2-in.  thick,  and
based on strength capacity,
P•c = 1.7 FaA

I  4
= 28,  Fa = 20.0 ksi

r  -  (0.29)(0.50)

Pso = (1.7)(20.0)(7.0 x 0.50)  = 119 kips > 80  O.K.

P t = F. A =  (36.0)(7 0 x 0 50)  = 126 kips > 80  O.K.
s  y .  '  '

(May wish to check for effective net area  also.)

Use Web  Plate 7 x 1/2-in.



12

11.5

I
5
16

12.5

J/  Pv

3'-10 W36x182

C

WEB TOE
OF FILLETs,

!

o

4

4,.6

b
C

Wl 0x45

12.5

 11.5

P1B
Figure 8

Analysis  of  Brace  to  Girder  Gusset  Plate

Also,  check bearing  capacity of bolts on web of
W10 x 45 brace (t = 0.35 in.)

Try 3/4 Plate for Gusset

Since bolt spacing = 3d and edge distance  is at least
1-1/2 d, and two or more bolts  in line of force:

P1B

 =  (0.80)(16)/(0.29)(0.75)  = 59,  Fa =  17.5 ksi
r

P•  =(1.7)(F )(A)=(1.7)(17.5)(25.3 x 0.75)=558 kips > 479  O.K.

Fp =  1.2 Fu per UBC Section 2251, J3.7 3/4-in.  Plate O.K.

For strength  capacity,

Fpu = (1.7)(1.2Fa) = (1.7)(1.2 x 58.0)  = 118 ksi

Pc•  BEARING=  (Fpu)(Ap) = (118)(1.00 x 0.35)  = 41.4 kips

41.4 > 22.8 kips shear capacity

Bolt  Bearing  Capacity  O,K.

b. Using Method of Sections along Section B-B, where
the force P1B= Fy A from both braces  is assumed to
be acting in the same direction  concurrently.
(PIB = 479 kips)
Length  of Section  B-B = 7'-8"  = 92 in.
fv = shear stress along  B-B

2 L . 5\2.5
fv  -  (2 P•8)  •17.0)  _  (2)(479)(0.74)  = 10.3 ksi

(0.75 x 92)  69

5.  Gusset  Plate Fv = 0.55 Fy =  19.8 ksi  > 10.3  O.K.

The analysis of the gusset plate to the girder will  be
based on Whitmore's  Method and the Method  of
Sections  using beam formulas.  Capacities will  be
based on strength design capacity.  See Fig. 8.

a.  Using Whitmore's  Method,  based on compressive
force  along Section A-A (Figure 8).
Effective  width  = 11.5 + 2 (12 x tan 30°) = 25.3 in.
r•i•tinn  P  -  47a kin•

Checking bending  and axial stress  along B-B
fb= bending stress along B-B  (bottom of girder)

11.5  ,,
MB.8= (P,B + P•B)  (1 ' -• )  (20)

= (479 +479) (1-•.0)11.5  (20")  =  12,960  kip  in.

fb =  -+  12,960  = -+8.2 ksi
(0.75) (92.0).2



fa = axial  stress  along  B-B

f  _____Pv _  -  28  -  -0 .4  ksi
a  'A  (0.75)(92.0)

fa --- fb  =  - 0 . 4  -- 8.2

= - 8.6 ksi  and  +7.8 ksi

Allowable  stress depends on  -•J  of plate between
lateral supports,  where  I=  14 in.

 (0.80)(14)/(0.29)(0.75)  = 51  Fa =  18.3 ksi
r

P•c  =  (1.7)(F)  =  (1.7)(18.3)  = 31.1  ksi > 8.6  O.K.

3/4-in.  Plate  O.K.

C. Using  Method  of  Sections along Section  B-B,
where the forces  in the braces are taken  as re-
quired  in the criteria for the girder design;  i.e.:

PM = 479 kips
0.3 Psc = 87 kips

By inspection the stresses due to these  loads are
less than those investigated  in Section  H.5b,  using
P1B = 479 kips.

3/4-in  Plate  O.K.

e.  Check for  Rupture  (Tearout)  per Figure 9

Based  on UBC Section  2251, J4,  Resistance to
Tearout  is as follows:

Fv= 0.30  Fu acting on  net shear area

Ft= 0.50  Fu acting  on net tension  area

Increase  by  1.7 for strength  capacity

Figure 9
Rupture  Surfaces

d.  Check for  local  web  buckling  along Section  C-C
based on  UBC Section 2251,  K1.3 where for
interior conditions:

R
tw (N+5k)

 (0.66 Fy)(1.7)

For condition  indicated,

N + 5k = 92+5(2.13)  =  103 in.

With bearing distributed  over this length and  using
the moment  and  axial load from Section H.5b,  at
the toe of the web fillet for the W36 x 182:

MB.B  P,,
fb=  +

tw (N+5k)2/4  tw (N+5k)

12,960  28
=  +

0.725(103)2/4  0.725(103)

= 6.7 + 0.4 = 7.1  ksi
(0.66Fy)(1.7)  = 40.8 ksi > 7.1  O.K.

W36  x  182  O.K.

Along  1-1-1-1,  as indicated  in Figure 9. There are
2 shear areas and  1 tension  area

Rio = 1.7 [2x0.75x12.0x0.30x58.0 + 1x0.75x11.5x.50x58.0]

Rto= 1.7 [314 +251] = 960 kips > 480  O.K.

Along 1-1-2-2 (cross-hatched) there are 2 shear areas
Rio = 1.7 [2x0.75x12.0x0.30x58.0] = 533 kips > 200  O.K.

3/4-in.  Plate  O.K.

Weldment of Gusset Plate to Girder (Both sides)
Worst loading condition is where P  =F  A from bothlB  y
braces acting concurrently,  as indicated m Section H.5b.

fH =

(12.5•
(2PiB)  2(479)(0.74)

2L  (2)(92)

fH =  3.9 kips per inch



g.

[  11.•
fv  ='" (2P"8) •1-•-.-'.-•/  Pv

(2)(L2)/4  2L

12960  Pvfy  +
(2)(L2)/4  2L

fy = -- 3.1  -  0.2 = 3.3 kips per inch

f  = 2 + (3.3)2 = 5.1  kips per inch

5.1
n -  = 3.2 sixteenths = 1/4-in. weld

(0.928)(1.7)

But since girder flange  is 1 3/16-in.  thick,  minimum
fillet weld size is 5/16-in.

Use 5/16-in.  Fillet Welds  (each  side)

Based  in the shear capacity of the two-sided  weld
versus the shear capacity of the plate,  using E 70
electrodes  and A36 plate,  it can be shown  (based
on Allowable  Stress Design) that:

5.16DtMjN = - • - - ,  where D = weld  size in sixteenths
y

tM•u = minimum thickness  of plate

tM,, _  (5.16)(3.2)_  0.46"
36.0

0.75 in. > 0.46  O.K. (3/4-in. gusset plate is adequate)

Setback  of  Flange  Plates
In accordance with  UBC Section 2211.9.3.3,  where
brace will buckle out-of-plane,  stop flange plate at
least 2 times gusset plate thickness  from the
bottom flange = 12 (see Figure 8).

12 = (2)(0.75)  = 1  1/2-in.

SECTION I. CONNECTION DESIGN OF
BRACE AND GIRDER TO
COLUMN (4TH FLOOR)

1. Design  Criteria

Using the force criteria  of U BC Section  2211.9.3.1,  the
connection  shall  have the strength to  resist the lesser
of the following:
(i)  The strength of the brace in axial tension,

Pst = Fy A.

3  •  times the force in the brace due to the
prescribed  seismic forces,  in combination with
gravity loads.

(iii)  The maximum force that can be transferred to
the brace by the system.

For strength capacity of members  and connections,
use the capacities  specified  in UBC Section 2211.4.2
which  states the following:

Flexure .................................  M  = ZF
s  y

Shear ...................................  Vs = 0.55  Fy dt

Axial  Compression ............... Ps•  = 1.7 FaA
Axial Tension ........................ Pst = Fy A

Full  Penetration  Welds ......... F  Ay
Partial  Penetration  Welds  .... 1.7 Allowable
Bolts  and Fillet Welds  .......... 1.7 Allowable

2. Analysis  Method

Utilize  the  "Uniform  Force  Method" for the analysis
method  in accordance with the recommendations of
the following AISC  Manuals:

6. Summary of Design of Brace to Girder Connection

Gusset Plate; (i)  3/4-in.  thick  x 92 in.  long
(ii)  5/16-in.  fillet weld to girder

(each side)

Flange  Plate: (i)  3/4-in.  thick x 10 in. wide
(ii)  10 -  1  in. (I) A325-SC bolts to brace
(iii) 1/4-in. fillet weld x 12 in.  long to

gusset  plate  (4 welds)

Web Plate: (i)  1/2-in.  thick x 7 in. wide
r h  ,-,4

(i)  "Load & Resistance Factor  Design,"  Second
Edition,  "Volume  II Connections,"  p.  11-17 thru
11-48 (1994).

(ii)  "Volume II Connections," ASD 9th  Edition/LRFD
1st Edition,  p. 7-105 thru 7-170  (1992).

The two references  are similar,  except the first refer-
ence  is more recent and easier to  understand,  even
when using Allowable Stress Design.

The "Uniform Force Method" is based on selecting
connection  geometry such that moments do not exist
on these connection  interfaces:



(i)  Gusset Plate to Girder
(ii)  Gusset Plate to Column
(iii)  Girder to Column

Thus, the bracing connection  and free-body  diagrams
are as indicated along with the nomenclature  in
Figures  10,  11 and  12. Note that the shear plate is
assumed  slit horizontally  (broken)  along the girder
flanges for analysis purposes.
It should  be observed  that the centroid  locations,  a
and 6, are located on a common point lying on the
centerline  of the braces.

Where:

eb =  one-half the depth of the beam,  in.

et =  one-half the depth of the column,  in.

c•  =  distance from face of column to the centroid  of
the gusset  plate to girder connection,  in.

IS =  distance from face of girder to the centroid of the
gusset  plate to column connection.

For the force distribution  shown in the free-body
diagrams to remain free of moments on the connec-
tion  interfaces,  the following  expression  must be
satisfied:

a -  13 tan e = eb tan 0 - e=

This equation  can be derived  simply from the defini-
tion of tan e. Since a and  [3 are the only variables,  the
designer must select values for them for which the
identity  is valid.  Once (z and 13 are determined,  then
the axial forces and shears can be determined from
these equations:

13  ec
V c:  •.-  (P)  H e:  --•  (P)

a  eb
Hb = •--  (P)  Vb = -7- (P)

r= •/(cz  + e•) 2 + (13 + eh)2

V  P

H

<

O
LU

Ab
.11--

16

H+A 

SHEAR PLATE Rb

o.  •.1
l

Rb-V  Figure 10
Diagonal Bracing Connection and External  Forces

•-  I  t. 4TH  FLOOR

H  =  Brace horizontal force

V  =  Brace vertical force

P  =  Brace axial  force

Ab  =  Girder drag force

(adjacent bay)

H+A•  =  Girder axial force

Rb  =  Girder shear

Rc  =  Column axial force

c  wh-,,leo•--p-  -= 17



V
,  Note: Direction of  P

•.  Col  forces are reversible  +  / 4 '
 dueto seismic forces.  I •

) , -  H

/

/
/  •.  GDR

Figure  11
Gusset  Plate  Free-Body  Diagram

Special  Design  Note:
For the gusset plate weldments directly to column or
girder,  increase weld size by 40 percent to provide
necessary ductility.  (See LRFD AISC Manual
"Volume  II Connections," p. 11-27).

3.  Determining  Gusset  Plate  Dimensions  & Forces

See Figure 13

o. = eb tan 0 -  ec + 13 tan 0

12.5
tan 0 - - - -  1.09

11.5

1
•_  Col

>

l

l  vb

]•  Hb
i

i  l!b- H+A 

Figure  12
Girder  Free-Body  Diagram

eb = 18.2 in.

ec = 7.2 in.

After several trial solutions, set J3 = 12.0 in. as shown
in Figure 13.

cz = (18.2)(1.09)-  7.2 + 12(1.09)

(z = 25.7 in.
P

&
J•

 I /

20.7"  I  •'20.7" _1

l
Rb

H+&

25.7"
a

5
16

Fioure  13

I  3..

•  l  W36x182



With 20.7 in.  of welded connection to the left of
centroid  (25.7 - 5.0 = 20.7),  extend  gusset plate 20.7
in. to the right of centroid. Thus,
a  = 25.7  in.  = ct

Thus,  r : •/((z  + ec)2 +  (iB + eb)2

r =  •/(25.7  + 7.2)2 +  (12.0 + 18.2)2 = V1,994

r = 44.7 in.

Connection  strength  required for brace:

(i)  P,B = FyA =  (36.0)(13.3):  479  kips

(ii) P2,:  3  •  (PE + Pv) = 3  (185) :  624 kips

Hence,  the smaller force = 479  kips governs  (P = 479
kips).

The shears and axial forces are as follows:

V  13  (p)  =  [12.0  •  (479)  =  129 kips
c = T  \4-•-.'-•.7 /

ec (
Hc =  r  (P) =  479)  = 77 kips

a  [25.7  '•  (479)  = 275 kips
Hb = -r-  (P)  =  •,44.7  !

eb  ( 1 8 . 2 )
Vb = •--  (P)  =  4-•-,-i. 7  (479)  = 195 kips

Checking  values above  based on free-body  of gusset
plate.

For vertical shear Rb in girder,  assume  braces  below
fourth floor are not adequately  supporting  girder; thus,
Rb = 28.6/2 = 14 kips

4.  Flange  Plates, Web  Plate and  Gusset  Plate

For design  of flange and web plates,  see "Connection
Design  of Brace to Girder  (5th Floor)",  Sections  H.2,
H.3 & H.4.

For gusset  plate design,  use  Whitmore's  Method
assuming  brace load  is in compression,  P = 479 kips,
acting  on Section A-A (Figure  13).

Try 3/4-in.  plate thickness.

Effective width along A-A=b

b=  11.5 + 2(12 x tan 30°) = 25.3  in.

P_  479  -  25.2 ksi
fa = ,•-  (0.75 x 25.3)

Base Fa capacity  upon length I•  =  14 in.

kl_  (0.80)(14)  51,  Fa  18.3ksi
r  (0.29)(0.75)

Psc:  (1.7)(Fa) = (1.7)(18.3)  = 31.1  ksi  > 25.2  O.K.

Use 3/4-in.  Gusset Plate

5.  Gusset  Plate to  Girder Connection  (Figure  14)

Note:  Direction  of
forces  are reversible

H = Hb + Hc =  (P) (1-•.O)12'5  = 352 kips

Hb + Hc = 275 +77 = 352 kips  O.K.

•V=0

[11.5•
V = Vb + Vc =  (P)  •,1--7--•!  = 324 kips

Vb + V = 1 9 5 + 1 2 9 = 3 2 4 k i p s  O.K.

f :
---  'b  /

 2°.7"  .  !

 w36x 82
20.7"

For drag load Ab in adjacent  bay, assume that  50% of
the seismic load applied  at the 4th floor is equally
dragged to each adjacent bay. Thus,  using the loads

from  SECTION  D,

A  -  277-241  _  1R I•;.--  (dr, '•  Ir,-

Figure  14
Partial  Elevation  of Connection



Hb=  275 kips, Vb = 195 kips  (Figure 14)  6. Gusset  Plate to Column Connection (Figure 15)

For weld  loads,

fH  --  Hb  _ __275
(2)(41.4)  82.8

-  3.4 kips per in.

fv:  Vb  _ __195 _ 2.4 kips per in.
(2)(41.4)  82.8

fR = 2 + (2'4)2 = 4.2 kips per in.

Using strength capacity for fillet welds,

n =  4.2  -  2.7,  say 3/16-in.
(1.7)(0.928)

But due to ductility  requirements  stated  hereinbefore,
increase  weld size by 40%,

nREQ,D = 2.7(1.4)  = 3.8,  say 4/16 = 1/4-in.

But since girder flange is 1.18 in. thick,  minimum size
fillet weld per UBC Section 2251, J2.2b (Table J2.4)  is
5/16-in.

Use 5/16-in.  Fillet Welds (each side)

Check  gusset plate thickness  (against  weld size
required for strength):
For two sided fillet,  using  E70 electrodes  and A36
steel,

5.16D  _ (5.16)(4.0)_ 0.57 in.
tMIN  --  F  36.0

Y

0.75 in. > 0.57  O.K.

Check  local web yielding  of girder per UBC Section
2251,  K1.3:

R
tw (N + 2.5k)

<  (0.66Fy) (1.7)

R = (Vb)(1.4) = (195)(1.4)= 273 kips  (Compression)
(Use 40% increase for load.)

R  273

tw(N + 2.5k)  (0.725)(41.4  + (2.5)(2.125))
= 8.0 ksi

(0.66Fy)(1.7)  = (0.66 x 36.0)(1.7)  = 40.8 ksi  > 8.0  O.K.

Weldment Does Not Overstress  Gusset or W36

Notes:
1.  Direction  of forces  are  reversible.

 tlli.,  ' , /  /

Figure 15
Partial  Elevation  of Connection

Hc = 77 kips Vc =  129 kips

For weld loads to column,

Ho  77
=  -  -  1.6 kips per in.

f"  (2)(24i  48

Vc  12.9
fv•-  - - -  - - -  2.7 kips per in.

(2)(24)  48

fR=  V(1.6)2 + (2.7)2 = 3.1  kips per in.

Using  strength capacity for fillet welds,

3.1
n -  (1.7)(0.928) = 2.0,  say 2/16-in.

But since column flange is 1.03 in. thick,  minimum
fillet weld size is 5/16-in.

Use 5/16-in.  Fillet Welds  (each side)

For bolt  loads,  eccentricity  due to vertical  component
of loading,  M =  will  be neglected  since
shear plate is continuous from girder to gusset,  about
58 %-in.  long.

Total load in bolts at gusset  plate,

R = •/Hc2  + Vc2 = 2 + (129)2 = 150 kips



and if 7 bolts used at 3 in. spacing with
1"(I) A325-SC in single shear,

FCAP = (7)(13.4)(1.7) = 159 kips > 150  O.K.

Use 7 -  1" I) A325-SC (spaced 3 in. O.C.)

For shear plate, try 1/2 -in. thick plate (to column
flange).

Forces to be resisted by this 24 in. long upper portion
of the shear plate:

Hc = 77 kips  ,  Vc = 129 kips

Strength of 1/2-in. shear plate per UBC Section
2211.4.2:

Vs = 0.55Fy dt  ,  PM =  Fy A

Vs = (0.55)(36.0)(24)(0.50) = 238 kips > 129  O.K.

Pst = (36.0)(24)(0.50) = 432 kips > 77  O.K.

Check net area of plate for tension:

A  1.2 a F*
e •  _ _

Ag  Fa

F* -  77  -  6.4 ksi
24.0 x 0.50

a = 1.00

Ab  (1.2)(1.00)(6.4)
- - >  =0.13
Ao  58.0

Ae > (0.13)(Ag) = (0.13)(24.0 x 0.50) = 1.6 sq. in.

AeACTUAL =  (24.0 x 0.50) -  (7 x 1.125 x 0.50)

=8.1sq.  in.>l.6  O.K.

Use 1/2-in.  Shear Plate (4 1/2-in. wide)

7. Girder to Column Connection  (Figure  16)
Notes:
1. Direction of forces are reversible.
2. Centroid of shear plate does not exactly coincide with girder,
 b t th  t ' e ' t y • s • g l e c t e d .

 Figure  16
Partial  Elevation of Connection

36xl 82

Vb  ----  195 kips  ,  Hb = 275 kips

H = 352 kips

Ab =  18 kips  ,  Rb = 14 kips

Vb +__ Rb =  195 + 14 = 209 kips

Ab _ (H-Hb) = 18 + (352 - 275) = 95 kips

For weld loads,

fH-  Ab + (H-Hb)-  95
(2)(34.75)  69.5

- - -  1.4 kips per in.

fv -  vb -+ Rb  _  209  _ 3.0 kips per in.
(2)(34.75)  69.5

fR = •/(1.4) 2 + (3.0)2= 3.3 kips per in.

Using the strength capacity for fillet welds,

3.3
n -  = 2.2, say 3/16-in.

(1.7)(0.928)

But must use minimum fillet of 5/16-in.

Use 5/16-in.  Fillet Welds  (each side)

Check shear plate thickness  (against weld size
required for strength):
For two sided fillet,

5.16 D  (5.16)(2.2)
tMIN = •  =  36.0  = 0.31"

Assume 1/2-in. plate,
n • t ' . ,  -.,,•ql  {'"J.K



For bolt loads, neglect eccentricity. Total load on bolts
at girder,

R = 2 + (95)2 = 230 kips

Try 11 -  1 in. •  A325-SC at 3 in. spacing

FCAP = (11)(13.4)(1.7)  = 251  kips > 230  O.K.

Use 11 -  1  in. •  A325-SC  (spaced  3 in,  O.C,)

Use  1/2-in.  Shear  Plate  (O.K.  by inspection)

8. Summary of  Design  of  Brace and  Girder to
Column Connection

Gusset Plate:  (i)  3/4-in. thick x 45 1/2-in. long x 24 in.
wide

(ii) 5/16-in. fillet weld to girder
(41  1/2-in. long each side)

Flange Plate
and Web Plate:  See Section H6

Shear Plate: (i)  1/2-in. thick x 58 3/4 in. long x 4 1/2-
in. wide

(ii)  7 -  1 in. (1) A325-SC bolts to gusset
plate

(iii) 11 -  1 in. •  A325-SC bolts to
girder

(iv) 5/16-in. fillet weld to column
(each side)

Part  III X  Bracing
Design

This portion of the booklet illustrates the seismic
design of a Special Concentrically Braced Frame
(SCBF) using X or Cross Bracing. See Fig. 17. Both
the design of members and connections are de-
scribed.

Double angles are indicated for the braces, but in lieu
of these angles other members such as tubes, pipes
or wide flange shapes could be employed.

All  required field connections are bolted with the use
of A325-SC bolts in slip critical  connections.  Field
welded connections could also be used.

SECTION J.  DESIGN OF BRACE
(4TH STORY)

For general information on seismic forces, see
SECTIONS A through C of this booklet.
Note: PE = brace seismic force

.J  •  25.0

D  J

?

PE = Brace
Seismic Force

Figure  17
Partial  Frame  Elevation

In compliance with UBC Section 2211.9.2.1  and
2211.9.2.2, members for braces must resist both
tension and compression.

Referring to SECTION  D, "Analysis of Braced Frame,"
the seismic shear in fourth story =241 kips

Thus, 2PE (25.0/27.5) = 241  ,  PE =  ± 133 kips per
brace

133  _  _ 100 kips per brace
PEQUIV- 1.33

Try 2-L.'s 5x5x3/4,  with 3/4-in. spacers and gusset
plates at their connection.

Per UBC Section 2211.9.2.4, angles must be compact
and meet the criteria:

52  52- - = 8 . 7

-  0.75  = 6.6 < 8.7  O.K.

Note: This criteria precludes the use of 6x6x1/2 or
6x6x5/8 angles for these braces.

Per UBC Section 2211.9.2.1,

kl  1,000  1,000
- -  = 167 Max

r • - • - _  - •/36



Now considering buckling  of 2-L's 5x5x3/4:
Per AISC Manual, p. 3-61  (for 2-L's 3/8 in. back-to-back)
rx = 1.51 in.
ry = 2.28  in.(conservative  since angles are 3/4-in.

back-to-back)

Y

t.
X

- !

Y

,•  L5X5X3/4
3

4-4

Figure  18
Double  Angle  Brace

The unsupported  length for in-plane buckling  is
Ix = 27.5/2 = 13.8 ft.  since tension brace will  stabilize
the compression force.

The unsupported  length for out-of-plane  buckling  is
ly = 27.5 ft.  since one pair of brace angles is inter-
rupted at its mid-point  intersection;  hence, tension
brace  may not provide a rigid lateral  support for the
compression  brace.
Thus,

kTI)  (1.0)(13.8 x 12)
x =  1.51  -  110  In-plane buckling

k/)  (1.0)(27.5 x 12)
Y =  2.28

-  145  Out-of-plane  buckling
(Governs)

1,000
145 <  -  167

•/Fy

Fa = 7.10  ksi

O.K.

per AISC Manual,  p. 3-16

PCAP = (FA)(A) = (7.10)(13.9)  = 99 kips

99=100  O.K.

Use  2-L's  5x5x3/4  Brace

Note:  Since connection  is bolted,  check for effective
net area must be made as done in SECTION  M.

Since critical  buckling  mode is about the out-of-plane
or y-y axis,  must meet the requirements  of UBC
Section 2211.9.2.3 for built-up members.  Namely,
provide stitches.

I
(i)  ('T)E,eme.,  0.4'  Membe,

iii1  Ti'•t,'  m  , . , . . r  ,'*  '  1  n f ,  '""'•  , •  t  - "  --tr

(iii)  Bolted stitches  not permitted  in middle one fourth
of the clear brace length.

Thus,  E,ement <  (0.4) (145)  =  58

For L 5x5x3/4,  ry = 1.51  in.  per AISC Manual,  p.  1-47

(1.---•-)  58,  I  88 in.  max.  of stitches spacingElement

with total  length of brace = (27.5)(12)  = 330 in.

330
n =  88  = 4 spaces or 3 stitches minimum for full length

FTRANSFER TOTAL =  (Fy)(A)  =  (36.0)(6.94)  = 250 kips (large)

Provide  1 stitch  plate each  side of brace intersection,
and utilize splice plate at intersection as a stitch  plate.

Shear transfer  per stitch  plate = V

V = 250/3 = 83 kips & using  1  1/8" (J) bolts

n = 83/(1.7)(16.9)  = 2.9 bolts per stitch plate

Use  Stitch  Plate 3/4-in. thick  x 6  in.  wide  with
3 -  11/8" •  A325-SC  bolts  (See  Figure  20)

SECTION K.  DESIGN OF GIRDER
(5TH FLOOR)

For the case of the symmetrical X Bracing system
indicated, there are usually few seismic requirements
imposed  upon the girder except to drag seismic forces
from the floor system into the connection  at the brace-
girder-column  intersection.  Basically,  it must resist
vertical  load and provide adequate strength for the
connection  at the brace-girder-column  intersection.

Loads  imposed on girder,

Brace Force  P=28'6K

t..

c3.•
 <

E
 oo tj.. rn

PL
U=--

4

25'-0
Figure  19

Reactions  on  Girder

P = Vertical  load per SECTION  D

lO'  R•IOR  n•



M  (179)(12)
SREQD ---- Fb  =  24.0  = 90 in.3

Although a W18X50 would suffice,  a W24x103 will be
selected  to provide an improved connection  for the
braced frame,  as shown in SECTION N, especially for
shear rupture.

For W24x103,  S = 245in.3 > 90  O.K.

Use W24x103 Girder

SECTION L.  DESIGN OF COLUMN
(3RD TO 5TH FLOOR)

Design  of column,  same as for chevron  bracing  in
SECTION  based upon column strength  using a
factored  seismic load of 3 (Rwy.

Use W14x132  Column

SECTION M.  CONNECTION DESIGN OF
BRACE INTERSECTION

Per UBC Section 2224.1,  design connection  using
high-strength  slip-critical  bolts, A325-SC.

1. Design Criteria

Using the force criteria of UBC Section 2211.9.3.1, the
Connections shall  have the strength to resist the
lesser of the following:

(i)  The strength of the brace in axial tension, Pst =  Fy A..

(ii)  3  (-•)  times the force in the brace due to the

prescribed seismic forces,  in combination with
gravity  loads.

(iii)  The maximum force that can be transferred to the
brace by the system.

Thus,  connection strength  required for brace:

(i)  Pis  =  (Fy)(A) = (36.0)(13.9)  = 500 kips

At Quarter Points
of Braces  ------__

Stitch  Plate
6x3/4x 11

¢_

Note: All  bolts are  I  1/8"  O A325-SC.  3  1/2" is
recommended  spacing for  1  1/8"  ID bolts  (3 D)

!

 2  5x5x3/4 (TYP)

11.5  [  '
25.0

Figure 20
Brace Intersection  Detail



(ii)  P28=  + Pv)= 3(•-)  (133+0):  450 kips

(iii)  P3B =  Unknown at this time

Hence, the smaller force = 450 kips  (governs)

2. Connection  of  Brace to  Splice  Plate

For brace connection,  use strength criteria for con-
nection  capacity  per UBC Section  2211.4.2.

Thus for  1  1/8-in. (I)A325-SC in double shear,
FCAP =  (1.7) (Allowable)
FCAP = (1.7)(33.8)  = 57.5 kips per bolt
(See AISC Manual  p. 4-5)

n = 450/57.5 = 7.8 bolts

Use 8 -  1  1/8"  (I) A325-SC  (double shear)
b.

Effective width = 2  (24  1/2 x tan 30°) = 28.3 in.
Thus,  use the maximum  plate width  provided  =
24"  resisting  P2B:  450 kips.

Base compressive capacity upon length "1•"  =16 in.
Assume k=0.80 due to partial fixity

kl  (0.80)(16)
= 59,

r  - (0.29)(0.75)

per AISC Manual,  p. 3-16,  Fa =  17.5 ksi

Increase  by 1.7 for strength capacity

P :  1.7 FaA=  (1.7)(17.5)(24.0  x 0.75)

Ps•  = 536 kips > 450  O.K.

3/4-in.  Plate O.K.

Using  Method  of  Sections through  net section for
tension  force along Section A-A.

Now check  effective  net area  of brace L's 5x5x3/4  in
accordance  with  UBC Section 2211.8.3.2,  Formula
(11-6), deducting for single row of 1  1/8-in.  bolt holes
as shown  in Figure 20.

A  1.2 (z F*e:>__

Ag  F

F* =  P2B _  450__ -  32.3 ksi
A  13.9

a  = 1.00

Ae  (1.2)(1.00)(32.3)
- - >  = 0.67
Ag  58.0

Ae >  (0.67)(13.9)  -- 9.3 sq.  in.

Note: Please refer to adden-
dum on Pg. 32 for
information regarding
steel yield & tensile
strengths.

AeACTUAL = Effective Net Area per UBC Section 2251,  B3.
=  U Anet
= (0.85)(13.9 -  2 x 1.25 x 0.75)

AeAcTU,L = 10.2 sq in.  > 9.3  O.K.

Use 8 -  1  1/8"  (•  Bolts  to  2-L's  5x5x3/4

3.  Splice  Plate

The analysis of the splice plate for the braces will  be
based upon Whitmore's  Method for compression
forces and the  Method of Sections for tension forces.
Capacities will be based upon strength design capacity.

Try 3/4-inch thick  plate by 24 inches wide.

a.  Using Whitmore's  Method,  based on compressive
force along Section A-A (Figure 20).

Pst= FyA = (36.0)(24.0 x 0.75) = 648 kips > 450  O.K.

C.

Effective  net area is O.K.  by inspection  since there
is only 1  line of bolt  holes.

3/4-in.  Plate O.K.

Checking  Bolt  Bearing  Stresses
To prevent tearout,  splitting  and crushing  of gusset
plate, check bolt bearing  stresses.

In accordance with  UBC Section 2251,  J3.8,
Formula  (J3-5),

2P  d
s_.  + 2

P = Allowable stress design capacity for
1 1/8"(I)A325-SC in double shear.

d.

P = 33.8 kips

(2)(33.8)  1.125
s •  + - - =  1.55 + 0.56 = 2.11  in.

(58.0)(0.75)  2

2.11  in.  < 3 1/2-in.  provided  O.K.

3/4-in,  Plate  O.K,

Setback  of Angle  Braces at  Intersection
In accordance with  UBC Section  2211.9.3.3,  where
brace will  buckle out-of-plane,  stop angle braces at
least  2 times splice  plate thickness from the
through brace = 12 (see Figure 20).

12 = (2)(0.75)  = 1  1/2-in.
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4. Summary  of  Design  of  Brace  Intersection
Connection

Splice  Plate: 3/4-in. thick x 24 in. wide

Interrupted  Angles: 8 - 1  1/8" •  A325-SC bolts each
end, spaced 3 1/2" centers and
2" edge distance

Through Angles: 5 -  1  1/8"¢ A325-SC bolts
(for lateral support of plate)

SECTION N. CONNECTION DESIGN
OF BRACE AND GIRDER
TO COLUMN (5TH FLOOR)

1. Design  Criteria

Use the force and capacity criteria of UBC Sections
2211.9.3.1  and 2211.4.2
See SECTION  1.1 for details.

W14x 132

Note: For analysis purposes, the
shear plate is assumed slit
horizontally at the girder flanges 16

2. Analysis  Method

Utilize  the "Uniform  Force  Method" for the analysis.
See SECTION  1.2 for details,  including free-body
diagrams used such that moments do not exist at
connection  interfaces. Also,  see Figures  10,  11 and  12
for nomenclature  and free-bodies.  The shear plate is
assumed  slit  (broken)  along the girder flanges for
analysis  purposes.

Note that the centroid  location,  (z and I•,  are located
on a common  point lying on the centerline  of the
braces.  See Fig. 21.

3.  Determining  Gusset  Plate  Dimensions  & Forces

a  = ebtan e-  e•  + ¢ tan e

25.0
tan •)  = - - = 2.174

11.5

eb =  12.3 in., ec = 7.2 in.

After several trial solutions,  set ¢=7.0 in.
as shown in Figure 21.

? ' 1 • 1 . 5

25.0

5TH  FLOOR

Ab

A
/%

/  \

.3"

\

!
?

 A  1

 2'-1V2

c•=35"  J

30°

2'-11/2

i

r  ,

Figure 21
Connection  of Brace  and  Girder to Column
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2L's-5x5x3/4

i
1 1 . 5 •

25.0



c•:  (12.3)(2.174)-  7.2 + (7.0)(2.174)
c•  = 34.8 in.  (No eccentricity.)

Set ct = 35.0 in. as indicated  (slight eccentricity)

Thus,  r =  •/(a  + ec)2 + (•+eb) 2

r =  •/(35.0  + 7.2)2 + (7.0+12.3)2=  V•,153

r = 46.4 in.

Connection  strength  required for braces
2-L's 5x5x3/4 at 4th Story:

•V:O

V = Vb + Vc = (P4) \2--7-•'/  = (450)  2--7--.-.-•  =  188 kips

V b+V c=119  + 68 =187  kips  O.K.

The shears and axial forces acting  on the brace
connection  in the 5th story can be reduced  by the
ratio  (355/442)  = 0.80,  but for simplification  make
design  same as for brace connections in the 4th
story.

Vertical  shear in girder  Rb = 14 kips

(i)  P•B  = FyA=  (36.0)(13.9)  = 500 kips

(ii) P2, = 3  (RE + Pv) = 3(9.8)(133+0)  = 450 kips

Hence, the smaller force = 450 kips  governs
P4 = 450 kips

Connection  strength  required for braces 2-L's 5x5x3/4
at 5th Story:

(i)  P•8  = FyA = (36.0)(13.9)  = 500 kips

(ii) P2B =  3  (PE +  Pv) =  wz/

Note:  ratio of story shear at 5th to 4th stories,  per
Table  1 is 355/442

Set dimensions  of the gusset  plate and the portion of
the shear plate extending onto the gusset plate as
shown  in Figure 21.  Please  note the following!

The gusset plate weldment to the girder is cen-
tered  about the centroid  a,  such that there is 25 1/2
inches of weldment on either side of this  centroid.

The shear plate weldment to the column which is
beyond the girder is centered  about the centroid  13,
such that there is 7 inches of weldment on either
side of this centroid. Also, the bolt group attach-
ment to the gusset plate is also centered  about  13.

Hence,  by utilization  of the "Uniform  Force Method,"
moments  do not exist at these interfaces:

Hence,  the smaller force = 360 kips governs
P5 = 360 kips

The shears and axial forces acting on the connection
are as follows  in the 4th Story:

Vc= •--r  (P4)=  (450)= 68 kips

es  (7_•.24)Hc = •-  (P4) =  (450)  = 70 kips

e•  t12'3•(450)  = 119 kipsVb = •- (P4) =  \4--6--•-/

(z  [  35.0•  (450)  = 339 kips
Hb = r  (P4) =  \ 46.4/

Checking  values above based on free-body of gusset:

• H = 0

·

H=H b+H c=(P4)  25.0  =(450)  25.0  =409kips

(i)  Gusset Plate to Girder Weldment

(ii)  Gusset Plate to Column,  including  both weldment
and bolts.

(iii)  Girder to Column,  including  both weldment and
bolts.

Thus,  only axial forces and shears exist at these
interfaces  of these connections.  This keeps the
design  simple and direct.

Setback  of Angle Braces from Girder:

In accordance with  UBC Section 2211.9.3.3,  where
braces  will  buckle out-of-plane,  stop angle braces at
least  2 times gusset  plate thickness from  girder = 12
(See Figure 21)
12 = (2)(0.75)  =  1  1/2-in.

4.  Gusset  Plate

Based on SECTION  M, a 3/4-in.  splice plate is re-



Figure 21  using  Whitmore's  Method and Section A-A,
it is evident by inspection that a 3/4-in.  gusset plate is
adequate,  providing the web of the girder is in the
range of a  1/2 to 3/4-in. thick element.

Use 3/4-in.  Gusset  Plate

5. Gusset  Plate to  Girder Connection  (Figure 22)

I

Note:  Direction  of forces are reversible

.W24x103

r  Hb

Vb
16

2'-11/2  2'-11/2

Figure 22
Partial  Elevation  of Connection

Hb = 339 kips, Vb =  119 kips

For weld  loads,  using double fillet welds,

Hb  339
fH = (2)(51) =  102

= 3.3 kips per in.

Vb  119
fv = (2)(51) =  102  = 1.1  kips per in.

f ,  =  •/(3.3) 2 + (1.1)2 = 3.5 kips per in.

Using  strength capacity for fillet welds,

3.5
n = (1.7)(0.928) = 2.2,  say 3/16-in.

But due to ductility  requirements stated in SECTION  1.2
increase weld size by 40%.

rlREQD =  (2.2)(1.4)  = 3.1,  say  1/4-in.

Since girder flange  is 0.98 in. thick,  minimum size fillet
weld per UBC Section  2251, J2.2b  (Table J2.4)
is s/16-in.

Use 5/16-in.  Fillet Welds (each side)

Check  gusset plate thickness  (against weld  size
required  for strength):

For two sided fillet,

tm,n =  5.16D =  (5.16)(3.1)  = 0.45  in.
F  36.0y

0.75  > 0.45  O.K.

Check  local  web yielding  of girder  per  UBC Section
2251,  K1.3:

R
tw (N + 2.5k)  < (0.66Fy)(1.7)

R = (Vb)(1.4)  =  (119)(1.4)=  167 kips  (Compression)

167
= 5.5 ksi

(0.55)(51.0  + (2.5)(1.75))

Fb = (0.66Fy)(1.7) = (0.66 x 36.0)(1.7):  40.8 ksi > 5.5  O.K.

Weldment  Does Not Overstress Gusset or W24

6. Gusset  Plate to Column Connection

i

i

Vc

i  Figure 23
Partial  Elevation  of Connection

Hc = 70 kips V  = 68 kips

For weld  loads to column,

H = __70 = 2.5 kips per in.
fH-  (2)(14)  28

Vc  68
fy -  (2)(14)-  28-  2.4 kips per in.

fR = 2 + (2'4)2 = 3.5 kips per  in.

i  i  ,  .
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Using  strength capacity for fillet welds,

3.5
n -  (1.7)(0.928) = 2.2,  say 3/16-in.

But since column flange  is 1.03 in. thick,  minimum
fillet weld size  is 5/16-in.

Use 5/16-in.  Fillet Welds (each side)

Note that the axial force in the girder HG is approximately
0, except for some drag forces from the braced bay.
From  Figure  24  it can be shown that for equilibrium,
taking  •  H = 0 and  •  V = 0 that:

RH = Hb, - Hb5
Rv = Rb _+ (V,  + Vb5)

For bolting shear plate to  gusset  plate, total  load on
bolts = R

R = •/Hc2  + Vc2 = 2 + (68)2 = 97  kips

Using  1  1/8-in.  (I)A325-SC  in single shear,  and
strength  capacity,

97
n =  -  3.4 bolts

(1.7)(16.9)

Thus,  4 -  1  1/8-in.  bolts are adequate,  but add 2 bolts
in second  row to match bolts required  at girder to
column  connection,  as shown  in  Figure 21.

As described  in SECTION  N.3,

P, = 450 kips with  Hb4 = 339 kips & Vb4 -- 119 kips
P5 = 360  kips,  then  by direct  proportion

=  [360•
Hb5  \•--•)  (Hb4) =  (0.80)(339)  = 271  kips

 :  ( 3 . •  (V•) :  (0.80)(119):  95 kipsVb5

Thus,  RH = H•  - Hb5 = 339 - 271  = 68 kips

Rv = Rb + Mb4 + Mbs = 14 + 119 + 95 = 228 kips

Use 6 -  1  1/8-in. (•  A325-SC  (spaced 3 1/2-in.  O.C.)

For shear plate thickness,  see next SECTION  N.7.

For weld  loads,

R. = __68 =  1.4 kips per in.
fH =  (2)(24.5)  49

7. Girder to Column Connection (Figure 24) fv =  Rv  228
(2)(24.5)  =  4--9- = = 4.7 kips per in.

i
,•_  GUSSET

A  B  I  WELDMENT
!

•,.  lVb•

AB
5

16

Figure 24
Partial  Elevation  of Connection

The method  of analysis for the "Uniform  Force
Method" must be modified to take  into account the
brace forces occurring at  both the top and bottom of
the girder.

fR =  •/(1.4) 2 +  (4.7)2 = 4.9 kips per in.

Using strength  capacity  for fillet welds,

4.9
n -  = 3.1, say  1/4-in.

(1.7)(0.928)

But must use minimum fillet of 5/16-in.  due to  column
flange thickness =  1.03 in.

Use 5/16-in.  Fillet Welds (each side)

Assuming  1/2-in.  shear plate,  and checking shear
plate thickness  (against weld  size required for
strength):

For two sided fillet,

5.16D  (5.16)(3.1)
tMIU  ----  F  -  36.0

Y

0.50  in > 0.45  O.K.

-  0.45"

1/2-in.  Shear  Plate  O.K.



For bolt loads,  neglect  eccentricity. Total load on bolts
at girder,

R = 2 + (Rv) 2:  */(68)2 + (228)2 = 238 kips

Using  1  1/8-in. •  A325-SC bolts and strength  design,

238
n -  = 8.3 bolts

(1.7)(116.9)

Use 10-  1 1/8-in. •  A325-SC (spaced 3 1/2-O.C.)

Checking  1/2-in.  shear plate for both  shear yielding
and shear rupture  along A-A,  as based on UBC
Sections  2251,  F4 and J4.

VCAP YIELD: (0.55  Fy)(AGRoss)

= (0.55 X 36.0)(24.5 X 0.5)

VCAPYiELD= 242 kips > 228  O.K.

VCAP RUPTURE = (1.7) (0.30 F) (ANET)

= (1.7)(0.30 X 58.0)  [(24.5 X 0.5) -- (6 X 1.25 X 0.50)]

VĈPRUPTURE= 251  kips > 228  O.K.

Use 1/2-in.  Shear Plate

Checking  W24x103 girder for both shear yielding  and
shear  rupture along B-B:

VCAPYiELD: (0.55Fy)(AGRoSS)

= (0.55 X 36)(21.0 X 0.55)

VCAP¥1ELD = 229 kips > 228  O.K.

VcA, RUPTURE = (1.7)(0.30  F )(ANET)

= (1.7)(0.30 X 58.0)(21 .0 X 0.55 - 4 X 1 .25 X 0.55)

VCAPRUPTURE = 260 kips > 228  O.K.

Use W24x103 Girder (Minimum W24 that can be
used)

8. Summary of Design of Brace and Girder to
Column Connection

Gusset  Plates:  (i)  3/4-in. thick x 59 1/2-in. long x 17 in.
wide

(ii)  5/16-in. fillet weld to  girder
(51  in.  long each side)

Angle  Braces to
Gusset  Plates:  (i) 8 -  1  1/8-in.  •  A325-SC bolts to

each gusset plate

Shear  Plate:  (i)  1/2-in. thick x 52  1/2-in.  long x
8 1/2-in. wide

(ii)  6 -  1  1/8-in. •  A325-SC  bolts to
each gusset  plate

(iii)  10-  1  1/8-in. •A325-S0  bolts to
girder

(iv)  5/16-in.  fillet weld to column
(52 1/2-in.  long each side)

SECTION O. ALTERNATIVE CONNECTION
AT COLUMN

In lieu of the shear plate connection  at the column,
double angles could  be either bolted or welded to the
gusset  plates and girder.  See Figure 25.

If the drag forces, Ab, to the bracing system are large,
it may be necessary to provide column stiffener  plates
or increase the thickness of the column flange.

As shown  in Figure 25, the bolts to the gusset plates
and girder are in double shear,  while the bolts to the
column  flange are in single shear.

Page 30 •  Steel Tips November 1995



I I •  Critical Connections

I
I

Figure 25
Alternative  Connection of Brace and Girder to Column

PART IV- DESIGN
RECOMMENDATIONS
The following seven recommendations are made for
braced frame design. These items require special
attention,  and they should  be carefully considered.

1.  All  braced frames should comply with the require-
ments for Special Concentrically Braced Frames
in order to assure improved/adequate post-buck-
ling capacity due to cyclic seismic loads during a
major earthquake.

Some  Federal Agencies  have adopted this require-
ment,  especially since it is not difficult to achieve,
nor is it costly.

2.  Connections  require very careful  design in order to
preclude premature failure.  This is most important
at the interface of the steel braced frame to its

.

.

concrete foundation  to positively transfer shear and
overturning forces.  It often requires special transfer
devices such as shear lugs, weld plate washers,
and uplift anchor bolts.

A reasonable number of braced frames or braced
bays should  be provided.  Since braced frames are
so efficient, there is a tendency to use very few
braced frames or braced  bays for a given structure.
Thus, there tends to be a lack of redundancy,  and
the failure of one connection or member of the
frame greatly decreases the entire lateral  resis-
tance of the structure to seismic forces. A prudent
design suggests the use of a "reasonable"  number
of braced frames or braced bays be employed.

Provide an adequate number of drag elements
across the entire length or width of the structure to
transfer diaphragm floor/roof  loads to the braced
frames. These drag elements  should  be capable of
resisting tension or compression forces,  and they
should  have adequate connections  to their  braced
frames.



.

.

Braces connected with bolts may require that the
ends of the braces be reinforced to keep the failure
out of the reduced section created  by the bolt holes
(effective net section). This is important  since both
current  and future structural  steels  may have yield
point-to-tensile  strength  ratios which are relatively
high.

Bracing  members  can be made from a single
shape in lieu of using built-up members,  such as
double  angles. This will preclude localized  buckling

failures  from occurring  in individual  members which
could  reduce the overall  capacity of the built-up
member.

. For the design of braced frame members and their
connections,  it is suggested that the engineer
consider a welded connection.  A welded connec-
tion will eliminate  problems associated with the
effective area to gross area ratio that must be
considered  with  bolted  connections.

ADDENDUM
Structural  Engineers  should be aware that recent
studies  conducted  by AISC & AISI  indicate that most
of the current production  of A-36 Steel meets the
mechanical  property  requirements  of both A-36 &
A572-50.  Also the ratio of yield to tensile strength  may
be relatively  high. The engineer  is referred to SAC
Report 95-02 "Interim Guidelines for  Evaluation,
Repair,  Modification  & Design of Steel  Moment
Frames,"  for additional  information.

The primary reason for the increased  yield and tensile
properties  of A-36 is due to modern steel  producing
methods used by most steel mills.  Specifically,  most
steel  produced today (1995) is produced in electric
furnaces as opposed to open-hearth  or basic oxygen
furnaces.

The main charge in an electric furnace is scrap steel
(old car bodies,  washers,  etc.)  as opposed to iron ore
used  in open-hearth furnaces. Thus the chemistry of
the electric furnaces steel  results  in higher mechani-
cai properties  than those required  as minimum for A-
36 Steel.

ASTM and the Structural  Steel Shapes Producers
Council  recognize this and they are in the process of
writing  a proposed "Standard Specification  for Steel
for Structural  Shapes Used in Building  Framing." The
proposed  specification  calls for an enhanced chemis-
try requirement,  an  increased  minimum yield and
tensile strength and a maximum yield/tensile  ratio.
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