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N. Frame Flexural Members [UBC-97 Sec. 1921.3]

(This UBC-97 section is specifically for flexural mem-
bers used in lateral force-resisting systems.) The UBC-
97 imposes a geometric restraint (i.e., a width/depth
ratio greater than or equal to 0.3) and other constraints
[Secs. 1921.3.1.3 and 1921.3.1.4] in order to reduce lat-
eral instability and ensure a transfer of moment during
inelastic response. See Fig. 9.4.

Seismic hoops (confinement) are required in all areas
of flexural members where yielding is expected (e.g., at
the ends of built-in beams and at other plastic hinge
points). The first hoop must be within 2 in (51 mm)
of the face of the supporting member. Maximum spac-
ing must be less than (a) d/4, (b) 8 times the diameter
of the smallest longitudinal bar, (c) 24 times the hoop
bar diameter, and (d) 12 in (305 mm). Where hoops are

Terminate all required top and

not required, stirrup spacing with seismic hooks at both
ends must be spaced at no more than d/2 throughout
the member [Sec. 1921.3.3.4].

0. Top and Bottom Reinforcement
[UBC-97 Secs. 1921.3.2.1 and 1921.3.2.2]

At least two top and two bottom bars must run the
entire length of the member. For both top and bottom
steel, the amount of reinforcement steel must be greater
than 200b,,d/f, (for SI, 1.38by,d/ fy), and Armax <
(Af.max)/5. The maximum steel is 0.025b,,d. At the
face of a joint, the positive moment strength cannot
be less than 50% of the negative moment strength. At
any section along the member length, neither the posi-
tive nor the negative moment strengths can be less than
25% of the corresponding strength at a joint.
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bottom bars at the far face of the longitudinal reinforcement, top and bottom Yoo
column core, providing minimum minimum Ag = 200b,,d/f,, (for S, 1.38b,,d/f,) [Sec. 1921.3.2.1]
distances, £y, or €, for tension. O v—

No lap splices within the joint.
[Secs. 1921.5.1.3 and 1921.3.2.3]

column
core

maximum p < 0.025 [Sec. 1921.3.2.1]

minimum moment strength = 25%

maximum moment strength at face of either
joint; +M,, > (0.50)(-M,) [Sec. 1921.3.2.2]

minimum of two bars, continuous both top and

bottom [Sec. 1921.3.2.1]

lice*
& & £, splice
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d d | [Secs. 1921.3.1.3
y (i and 1921.3.1.4]
2in (51 mm) max )
[Sec. 1921.3.3.2] i fr Y
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& & |61 mm) | € splice*
A =
| hoops stirrups hoops max minimum 2h from|face of
S S, S, joint [Sec. 1921.3.3.1, Item 1]
£, €

extend {4 straight or {4, where hooked into core [Sec. 1921.5.1.3]

4d [Sec. 1921.3.1.2]

distance to point of inflection

maximum hoop/tie spacings

In length S;, spacing for hoops
< d/4; 8d,, of smallest bar;
24dj,0f hoop; or 12 in (305 mm).
[Sec. 1921.3.2.2]

distance required by design for
moment plus anchorage length

*At lap splices, spacing of hoops
< d/4 but no greater than 4 in
(102 mm). [Sec. 1921.3.2.3]

plus anchorage length

Engineer must provide dimensions -
€1, 43, S1, Sy, hoop and stirrup
spacing, anchorage length, cut-off &=
points of discontinuous bars, £, or
{4pif less than across column core.
£H=
d =

design depth for -M and +M

In length S,, spacing stirrups < d/2.
[Sec. 1921.3.3.4]

Figure 9.4 Special Flexural Member Reinforcement [UBC-97 Sec. 1921.3]
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tiesin lap [ (102 mm)
Class “A” ‘Iengﬂj. ) [Sec. 1921.3.2.3]
: AL It Joint hoops may be spaced at
lap splices.
[Sec. 1921.4.3.2] — 28, for the depth of the
. =it } shallowest beam when beams
Only withi ¥ with width = 3/ times the
! IV W;] I'fn " width of the column frame
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x;,]e_arhxio i For all other conditions, use
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[Sec. 1921.4.3.2)
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6dy
\/ [Sec. 1921.3.3.4]
\I.D. =4d,for No. 3,

~l—d, " No.,4No5

hoops 47 —__*sh Column hoop hooks at each end.

joint
hoops

Column hooks must be provided
in all joints and in the columns
for a distance, {,, above and
below joints. Ties required to
resist shear shall be hoops, and
spacing shall not exceed (1) 1/
minimum member distance, and
(2) 4in (102 mm). [Sec. 1921.4.4.2]
When welded splices or
mechanical connections are
used, not more than alternate
bars may be spliced at any
section with vertical distance
between splices 24 in (610 mm)
or more. [Secs. 1921.4.3.2 and
1921.2.6.1]

60,
y\ _—
\éws" i so*’J _3 6

(Alternate 90° and 135° ends
on consecutive crossties.)
[Sec. 1921.4.4.1, ltem 3]

column #
ties H—

Sj, = Hoop and supplementary crosstie spacing, not to exceed
{1) /4 minimum member distance, and (2) 4 in (102 mm)
[Sec. 1921.4.4.2), 8d,, of verticals, 24d, of ties, or 1/2B;
[Sec. 1907.10.5.2]

S, = Column tie spacing, not to exceed 164, of verticals, 48d),
of ties, or B, [Sec. 1907.10.5.2]

B. = Smaller dimension of column cross section.

¢, = Largest column dimension, but not less than one-sixth
clear height, or 18 in (457 mm). [Sec. 1921.4.4.4]

Figure 9.6 Special Beam-Column Reinforcement
[UBC-97 Sec. 1921.4]

R. Members with Bending and Axial Loads
[UBC-97 Sec. 1921.4]

The minimum member dimension is 12 in (305 mm).
The ratio of the shortest-to-longest dimension cannot
be less than 0.4. Class A tension lap splices are al-
lowed within the center half of the member’s length
[Sec. 1921.4.3.2]. The total column moment-resisting
strength at a joint must be greater than 6/5 of the
total girder moment-resisting strength at a joint [Sec.
1921.4.2.2]. The longitudinal reinforcement ratio must
be between 0.01 and 0.06, inclusive. (The 6% limit on
column reinforcement ratio is too high for most designs.
Considering the difficulty in designing and fabricating a
joint as well as the joint congestion caused by additional
ductility requirements, a practical upper limit of 4% is
more reasonable.) Special provisions for transverse re-
inforcement (confinement) in the member apply. See
Figs. 9.6 and 9.7.

In Fig. 9.6, distance Sy, is the maximum spacing of the
transverse reinforcement. The UBC-97 [Sec. 1921.4.4.2]
specifies this as the smaller of 4 in (102 mm) or one-
quarter of the smallest member dimension (B; in the
figure).

6d,, extension
6dj, extension

N R >
1.9 &
| | |

x x X
x shall not exceed 14 in (356 mm). [Sec. 1921.4.4.3]
Consecutive crossties shall have
their 90° hooks on opposite sides
of column. [Sec. 1921.4.4.1, Item 3]
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>

Details of Transverse Confinement
Reinforcement in Beam-Columns
[UBC-97 Sec. 1921.4]

Figure 9.7
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