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DESIGN OF REINFORCEMENT
AT JOINTS

INTRODUCTION

Most reinforced conerete failures oceur not because of any inadequacies in analysis of
the structure or in design of the members but because of inadequate attention to the
detailing of reinforcement. Most often, the problem is at the connections of main
structural elements (Ref, 11.1),

There is an increasing tendency in modern structural practice for the engineer to
rely upon a detailer, employed by the reinforcing bar fabricator, to provide the joint
design, Certainly, in many cases, standard details such as those found in the ACI
Detailing Manual (Ref. 11.2) can be followed, but only the design engineer, with the
complete results of analysis of the structure at hand, can make this judgment. In many
other cases, special requirements for force transfer require that joint details be fully
specified on the engineering drawings, including bend configurations and cutoff points
for main bars and provision of supplementary reinforcement.

The basic requirement at joints is that all of the forces existing at the ends of the
members must be transmitted through the joint to the supporting members, Complex
stress states exist at the junction of beams and columns, for example, that must be rec-
ognized in designing the reinforcement. Sharp discontinuities oceur in the direction of
internal forces, and it is essential to place reinforcing bars, properly anchored, to resist
the resulting tension. Some frequently used connection details, when tested, have been
found to provide as little as 30 percent of the strength required (Refs. 11.1 and 11.3),

In recent years, important research has been directed toward establishing a bet-
ter basis for joint design (Refs, 11.4 and 11.5). Full-scale tests of beam-column joints
have led to improved design methods such as those described in Recommendations for
Design of Beam-Colummn Joints in Monolithic Reinforced Concrere Structures, reported
by ACI-ASCE Committee 352 (Ref. 11.6). Although they are not a part of the ACI
Code, such recommendations provide a basis for the safe design of beam-column
Jjoints both for ordinary construction and for buildings subject to seismic forces. Other
tests have given valuable insight into the behavior of beam-girder joints, wall junc-
tions, and other joint configurations, thus providing a sound basis for design.

Practicality of the joint design should not be overlooked. Beam reinforcement
entering a beam-column joint must clear the vertical column bars, and timely consid-
eration of this fact in selecting member widths and bar size and spacing can avoid
costly delays in the field. Similarly, beam steel and girder steel. intersecting at right
angles at a typical beam-girder-column joint, cannot be in the same horizontal plane
as they enter the joint. Figure 11.1 illustrates the congestion of reinforcing bars at such
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FIGURE 11.1
Steel congestion at beam-
girder-column joint,

an intersection. Concrete placement in such a region is difficult at best, but is assisted
with the use of plasticizer admixtures.

Most of this chapter treats the design of joint regions for typical continuous-
frame monolithic structures that are designed according to the strength requirements
of the ACI Code for gravity loads or normal wind loads. Joints connecting members
that must sustain strength under reversals of deformation into the inelastic range, as in
earthquakes, represent a separate category and are covered in Chapter 20. Brackets
and corbels, although they are most often a part of precast buildings rather than mono-
lithic construction, have features in common with monolithic joints. and these will be
coverad here.

Beam-CoLumnN JOINTS

A beam-column foint is defined as the portion of a column within the depth of the
beams that frame into it. Formerly, the design of monolithic joints was limited to pro-
viding adequate anchorage for the reinforcement. However, the increasing use of high-
strength concrete, resulting in smaller member cross sections, and the use of larger-
diameter and higher-strength reinforcing bars now require that more attention be given
to joint design and detailing. Although very little guidance 13 provided by the ACI
Code, the ACI-ASCE Committee 352 report Recommendations for Design of Beam-
Colmn Joints in Monolithic Reinforced Concrete Structures (Ref. 11.6) provides a
basis for the design of joints in both ordinary structures and structures required to
resist heavy cvclic loading into the inelastic range.
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a.

Classification of Joints

Reference 11.6 classifies structural joints into two categories. A Type [ joint connects
members in an ordinary structure designed on the basis of strength, according 1o the
main body of the ACI Code, 1o resist gravity and normal wind Ioad. A Type 2 joint con-
nects members designed to have sustained strength under deformation reversals into the
inelastic range, such as members in a seructure designed for carthquake motions, very
high winds. or blast effects, Only Type | joints will be considered in this chaprer.,

Figure 11.2 shows a typical interior joint in a monolithic reinforced concrete
frame, with beams | and 2 framing into opposite faces of the column and beams 3 and
4 framing into the column faces in the perpendicular direction. An exterior foint would
include beams I, 2, and 3, or in some cases only beams 1 and 2. A corner joint would
include only beams 1 and 3, or occasionally only a single beam 1. A joint may have
beams framing into it from two perpendicular directions as shown, but for purposes of
analysis and design each direction can be considered separately.

Joint Loads and Resulting Forces

The joint region must be designed 1o resist forces that the beams and column ransfer
to the joint, inchuding axial loads, bending, torsion. and shear. Figure 11.3a shows
joint loads acting on the free body of a typical joint of a frame subject wo gravity loads,
with moments M, and M, acting on opposite faces, in the opposing sense. In general
these moments will be unequal, with their difference equilibrated by the sum of the
column moments My and M. Figure 11.30 shows the resulting forces to be transmit-
ted through the joint, Similarly, Fig. 11.4a shows the loads on a joint in a structure
subjected to sidesway loading. The corresponding joint forces are shown in Fig, 11,458,
Only for very heavy lateral loading, such as from seismic forces, would the moments
acting on opposite faces of the joint act in the same sense, as shown here, producing
very high horizontal shears within the joint,

According 1o the recommendations by Committee 352, the forces 10 be consid-
ered in designing joint regions are not those determined from the conventional frame
analysis: rather, they are calculated based on the neminal strengths of the members,
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FIGURE 11.4

Joint loads and forces resulting from
lateral loads: {«) forces and moments
on the free body of a joint: (f) resulting
FIGURE 11.3 internal forces,

Joint loads and forces resulting from gravity

loads: (@) forces and moments on the free

body of a joint region; (&) resulting internal

forees.

Where a typical underreinforced beam meets the column face, the tension force from
the negative moment reinforcement at the top of the beam is to be taken as T = A, f,
and the compression force at the face is from equilibrium C = 7. not the nominal com-
pressive capacity of the concrete. The design moment applied at the joint face is that
corresponding to these maximum forces, M, = M, = A_fi{d — a 2), rather than that
from the overall analysis of the frame. Note that the inclusion of the usual strength
reduction factor - would be unconservative in the present case because it would
reduce the forces for which the joint is to be designed: it is therefore not included in
this caleulation.

With the moment applied to each joint face found in this way. the corresponding
column forces for joint design are those forces required to keep the connection in equi-
librium. To illustrate, the column shears V; and V, of Figs. 11.3a and 11.4a are calcu-
lated based on the free body of the column between inflection points, as shown in Fig.
11.5. The inflection points generally can be assumed at column midheight, as shown.
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Shear Strength of a Joint

A joint subject o the forces shown in Figs, 1130 or 1146 will develop a pattern of
diagonal cracking owing 1o the diagonal tensile stresses that result from the normal
forces and shears, as indicated by those figures. The approach used by Committee 352
is to limit the shear force on a horizontal plane through the joint to a value established
by tests. The design basis is

V,=-V, (11,1}

u

where V, is the applied shear force, V) is the nominal shear strength of the joint, and
is taken equal to (L.75.

The shear force V), is to be calculated on a horizontal plane at midheight of the
joint, such as plane a-a of Fig. 11.36 or plane b-f of Fig. 11.485, by summing hori-
zomtal forces acting on the joint above that plane. For example, in Fig. 11.36 the joint
shear on plane e-a is
Vo=T - T, -V,

[}

and in Fig. 11.456, the joint shear on plane b-b is
V,=T,+C, -V,
=T, +T,— V¥
The nominal shear strength V, is given by the equation

V,=-- f:hh (11.2)

where b, is the effective joint width in inches, /i is the thickness in inches of the col-
umn in the direction of the load being considered. and - f: is expressed in psi units,
The value of f used in Eq. (11.2) is not to be taken greater than 6000 psi. even though
the actual strength may be larger, because of the lack of research information on con-
nections using high-stwength concrete. As discussed in Chapter 20, ACT Code 21.5 fol-
lows similar procedures for the design of joints in moment resistant frames, the only
difference being that lower values for the coefficient - are recommended.
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The coefficient - in Eq. (11.2) depends on the confinement of the joint provided
by the beams framing into it, as follows:

Gravity frames Moment resisting frames
Interior joint <= 24 - o= 20
Exterior joint = 2} = |5
Corner joint - o= |3 - o= 12

The definitions of interior, exterior, and corner joints were discussed in Section
11.2a and shown in Fig. 11.2, However, there are restrictions to be applied for pur-
poses of determining - as follows:

1. An interior joint has beams framing into all four sides of the joint. However, to
be classified as an interior joint, the beams should cover at least J—f the width of the
column, and the total depth of the shallowest beam should not be less than % the
total depth of the deepest beam. Interior joints that do not satisfy this requirement
should be classified as exterior joints.

2. An exterior joint has at least two beams framing into opposite sides of the joint.
However, to be classified as an exterior joint, the widths of the beams on the two
opposite faces of the joint should cover at least % the width of the column, and the
depths of these two beams should be not less thu'm;l the total depth of the deepest
beam framing into the joint. Joints that do not satisfy this requirement should be
classified as corner joints.

For joints with beams framing in from two perpendicular directions, as for a typ-
ical interior joint, the horizontal shear should be checked independently in each direc-
tion. Although such a joint is designed to resist shear in two directions, only one clas-
sification is made for the joint in this case (i.e., only one value of - is selected based
on the joint classification, and that value is used to compute V, when checking the
design shear capacity in each direction).

According to Committee 352 recommendations, the effective joint width byto be
used in Eq. (11.2) depends on the transverse width of the beams that frame into the
column as well as the transverse width of the column, With regard to the beam width
by, if there is a single beam framing into the column in the load direction, then by, is
the width of that beam. If there are two beams in the direction of shear, one framing
into each column face, then by, is the average of the two beam widths. In reference to
Fig. 11.6a, when the beam width is less than the column width, the effective joint
width is the average of the beam width and column width, but it should not exeeed the

heam width plus one-half the column depth /r on each side of the beam. That is,
b, + b,
=T and by = by, + h (11.3)

If the beam frames flush with one face of the column, as is common for exterior joints,
the same criteria result in an effective joint width of
by, + b. fi
;;J.=’T and  by=h,+3 (11.4)
as shown in Fig. 1166, If the beam width b, exceeds the column width (permitted for
Type 1 joints only), the effective joint width hj is equal to the column width &, as
shown in Fig. 11.6¢.
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FIGURE 11.6

Determination of effective joint width B (a) interior joing: (b)) exterior or corner joant: (¢) beam wider than column.

d. Confinement and Transverse Joint Reinforcement

The successful performance of a beam-column joint depends strongly on the lateral
confinement of the joint. Confinement has two benefits: (a) the core concrete is
strengthened and its strain capacity improved, and (b) the vertical column bars are
prevented from buckling outward. Confinement can be provided either by the beams
that frame into the joint or by special column ties provided within the joint region.
Confinement by beams is illustrated in Fig. 11.7. According o Committee 352
recommendations, if beams frame into four sides of the joing as in Fig. 11.7q, ade-
guate confinement is provided if each beam width is at least } the width of the inter-
sected column face and if no more than 4 in. of column face is exposed on either side of
the beam., Where beams frame into only two sides of the joint, as in Fig., 11.7h, adequare

FIGURE 11.7 Iy
Confinement of joint =4" I | =4"
concrete by heams: (a)
confinement in X and ¥
directions: (&) confinement
in X direction only.

. -;l" ::Il"
=4"—m LTJ — 4" by =5 hy
T (b)
by = 3 hy
by =% hy
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e,

EXAMPLE 11.1

confinement can be assumed in the direction of the beams if the beam widths are at
least 3 the column width and no more than 4 in. of concrete is exposed on either side
of the beams. In the other direction. transverse reinforcement must be provided for
confinement. The presence of a third beam, but not a fourth, in the perpendicular
direction does not modify the requirement for transverse reinforcement.

If adequate confinement is not provided by beams according to these criteria,
then transverse reinforcement must be provided. If confinement steel is needed. it
must meet all the usual requirements for column ties (see Section 8.2). In addition,
there must be at least two layers of ties between the top and bottom flexural steel in
the beams at the joint, and the vertical center-to-center spacing of these ties must not
exceed 12 in. If the beam-column joint is part of the primary system for resisting non-
seismic lateral loads, this maximum spacing is reduced to 6 in. For joints that are not
contined by beams on four sides, ACI Code 11.11 requires that the ties satisfy Eq.
(4.13).

Anchorage and Development of Beam Reinforcement

For interior joints, normally the flexural reinforcement in a beam emering one face of
the joint is continued through the joint to become the flexural steel for the beam enter-
ing the opposite face. Therefore, for loadings associated with Type 1 joints, pullout is
unlikely, and no special recommendations are made, However, for exterior or corner
joints, where one or more of the beams do not continue bevond the joint, a problem of
har anchorage exists, The critical section for development of the yield strength of the
beam steel is at the face of the column. Column dimensions seldom permit develop-
ment of the steel entering the joint by straight embedment alone, and hooks are usu-
ally needed for the negative beam reinforcement. Ninety degree hooks are wsed, with
the hook extending toward and heyond the middepth of the joint, If the bottom bars
entering the joint need 1o develop their strength A, ) at the face of the joint, as they do
if the beam is a part of a primary lateral load-resisting system, they should have 90°
hooks also, in this case wrned upward to extend toward the middepth of the joint
Requirements for development of hooked bars given in Chapter 3 are applicable in
hoth cases, including modification factors for concrete cover and for enclosure with
ties or stirrups.

Design of exterior Type 1 joint. The exterior joint shown in Fig. 11.8 is a part of a con-
tinvous, monaolithic, reinforced concrete frame designed to resist gravity loads only, Mem-
ber section dimensions & » h and reinforcements are as shown, The frame story height is 12
ft. Material strengths are f7 = 4000 psi and £, = 60,000 psi. Design the joint, following the
recommendations of the Committee 352 report.

Sorvrion,  First the joint geometry must be carefully laid out, to be sure that beam bars
and column bars do not interfere with one another and that placement and vibration of the
concrete are practical. In this case, bar layout is simplified by making the column 4 in. wider
than the beams. Column steel is placed with the wswal 1.5 in. of concrete outside of the No, 4
(No. 13) ties. Beam top and bottom bars are placed just inside the outer column bars. The
slight offset of the center top beam bars to avoid the center column bars is of no concern,
Top bars of the spandrel beams are placed just under the top normal beam bars, except for
the outer spandrel bar, which is above the hook shown in Fig. 11.85. Bottom bars enter the
joint at different levels without interference.
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Exterior beam-column joint
for Example T1.1: {a) plan
view; (f) cross section
through spandrel beam:

(b cross section through
normal beam. Note that
beam stirrups and column
ties ourside of the joint are
not shown.
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No anchorage problems exist Tor the spandrel beam top reinforcement, which is contin-
uous through the joint. However, the normal beam top steel must be provided with hooks to
develop its yield strength at the face of the column. Referring to Table 5.3, the basic devel-
opment length for No. 10 (No. 32} hooked bars is

002 =1 = 1 = 6
g, = 20 (1600000 1 07 - 2atin

T

0.02 -,
I

Being inside the column bars, the beam top bars have side coverof 1.5 + 0.5 + 14 =34 in.
This exceeds 2.5 in., so a modification factor of 0.7 is applicable, and the required hook
development length is

Iy =241%07 =169 in.

If the hooked bars are carried down just inside the column ties. the actual embedded length
15 2000 = 1.5 = 0.5 = 18.0 in, exceeding 16.9 in.. so development is ensured, None of the
beams are a part of the primary, lateral load-resisting system of the frame, so the bottom
bars simply can be carried 6 in. into the face of the joint and stopped.

Next the shear strength of the joint must be checked. In the direction of the spandrel
beams, moments applied to the joint will be about the same and acting in the opposite sense,
so very little joint shear is expected in that direction. However, the normal beam will sub-
ject the joint to horizontal shears, In reference o Fig. 19, which shows a free-body sketch
of the top half of the joint, the maximum force from the beam top steel is

A f, = 3.81 X 60 = 229 kips
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FIGURE 11.9 V.,

Basis of column shear for e

Example 11.1: (o) horizontal 30.7 kips

forces on joint free-body S — Asfy = 229 kips T
sketch; (b) free-body sketch - jor

of column between inflection

points. a - = - a L 368 ft—kips
u
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The joint moment is calculated based on this tensile force. The normal beam effective depth
isd=240- 1.5~ 05~ 1.27 2 = 214 in. and with stress block depth a = A_f - 085’k
= 229-(0.85 x4 x 16) = 4.21 in,, the design moment is

) a 2219 4.21
M, =Mn,=;4’j}.' d - E = E 214 - 3

= 368 fi-kips

Column shears corresponding to this joint moment are found based on the free body of the
column between assumed midheight inflection points, as shown in Fig. 1195 V_, = 368. 12
= 30.7 kips, Then summing horizontal forces on the joint above the middepth plane a-a. the
joint shear in the direction of the normal beam is

V, = 220 — 30.7 = 198 kips

For purposes of calculating the joint shear strength, the joint can be classified as exterior,
because the 16 in. width of the spandrel beams exceeds % the column width of 15 in., and
the spandrels are the deepest beams framing into the joint. Thus, - = 20. The effective joint
width is

b+ b 16+ 20

3 3 = |3 in.

by

but not to exceed b, + i = 16 + 20 = 36 in.. which does not control, Then the nominal and
design shear strengths of the joint are respectively

_ S 20
V= f hh= . W W — = 3 kips
v fe bf= 20 4000 > 18 1000 455 kips

-V, = 005 X455 = 34 kaps

The applied shear ¥, = 198 kips does not exceed the design strength. so shear is satisfactory.

Confinement 15 provided in the direction of the spandrel beams by the beams themselves
because the spandrel width of 16 in, exceeds 5 the column width and no more than 4 in, of col-
umn face is exposed on either side. However, in the direction of the normal beam, confinement
must be provided by column ties within the joint. Two sets of No. 4 (No. 13) ties will be pro-
vided, as shown in Fig, 11.8q and b, The clear distance between column bars is 5,89 in. here,
less than 6 in., so strictly speaking the single-leg cross tie is not required. However, it will
improve the joint confinement, guard against outward buckling of the central No. 11 {No. 36)
column bar, and add little to the cost of construction, so it will be specified as shown in Fig,
1.8, The ties satisfy Eg. (4.13) several times over, Note that a 907 hook at one end, rather
than the 1357 bend shown, would meet ACI Code tie anchorage requirements and would facil-
itate steel fabrication.
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FIGURE 11.10

Iterior beam-column joing
for Example 11.2: {a) plan
view; (f) section through

heam.
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Design of interior Type 1 joint. Figure 11.10 shows a proposed interior joint of a rein-
forced concrete building, with beam and column dimensions and reinforcement as indicated.
The building frame is to carry gravity loads and normal wind loads. Design and detail the
joint reinforcement.

SoLUTION.  Because the joint is to be a part of the primary, lateral load-resisting system,
beam bottom bars as well as top bars are carried straight through the joint for anchorage. In
such cases, it is usually convenient to lap splice the bottom steel near the point of inflection
of the beams.,

In Fig. 11.10a and &, top and bottom beam bars entering the joint in one direction must
pass, respectively, under and over the corresponding bars in the perpendicular direction. It
will be asswmed that this has been recognized by adjusting the effective depths in designing
the beams. Because the colummn is 10 in, wider than the beams, the outer beam bars can be
passed inside the corer columm bars without interference. Four bars are used for the beam
top steel in order to avoid interference with the center column bar.

Even the combination of normal wind loading with gravity loads should not produce large
unbalanced moment on opposite faces of this interior column, and it can be safely assumed
that joint shear will not be eritical. However, confinement of the joint region by the beams is
considered inadequate because {a) the beam width of 14 in. is less than % the column width
of 24 in., and {b} the exposed column face outside the beam is (24 — 14) 2 = 5 in., which
exceeds the 4 in. limit. Consequently, transverse column ties must be added within the joint
for confinement, For the 24 in. square column, the spacing between the vertical bars exceeds
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6O in.. so it is necessary, according to the ACI Code, to provide ties to support the intermedi-
ate bars as well as the corner bars, Three ties are used per set, as shown in Fig. 11, 10g. Since
the joint is a part of the lateral load-resisting system, the maximum vertical spacing of these
tie sets is 6 in, Four sets within the joint, as indicated in Fig, 11,105, are adequate 1o satisfy
this requirement.

EXAMPLE 11.3

Wide-Beam Joints

In multistory buildings, to reduce the construction depth of each floor and o reduce
the overall building height, wide shallow beams are sometimes used. Joint design in
cases where the beams are wider than the column introduces some important concepts
not addressed in the Committee 352 report, although most of the report’s provisions
can be applied. It is important to equilibrate all of the forces applied to the joint. The
tension from the top bars in the wsual case, with beam width no greater than the col-
umn, will be equilibrated by the horizontal component of a diagonal compression strut
within the joint. The diagonal compression at the ends of the strut, in turn, is equili-
brated by the beam compression and the thrust from the column. (See Section 1.3 for
a more complete description of the strut-and-tie model.) If the outer bars of the nor-
mal beam pass ourside of the column, as they might in wide-beam designs, the diag-
onal strut also will be outside of the column, with no equilibrating vertical compres-
sion at its upper and lower ends. The outer parts of the beam would tend to shear off,
resulting in premature failure.

Two possibilities exist (o overcome this problem. The first requires that all of the
beam top steel be placed within the width of the column, and preferably inside the
outer column bars. Second, if the normal beam bars are carried outside the joint, ver-
tical stirrups can be provided through the joint region to carry the vertical component
of thrust from the compression strut.

In extreme but not unusual cases, very wide beams are used, several times wider
than the column, with beam depth only about 2 times the slab depth. In such cases, a
safe basis for joint design is to treat the wide beam as a slab and follow the recom-
mendations for slab-column connections contained in Chapter 13,

Design of exterior Type 1 joint with wide beams. Figure 11.11 shows a typical exterior
jointin the foor of a wide-beam structure, designed to resist gravity loads. Here the beams
in each direction are & in. wider than the corresponding column dimension. Check the pro-
posed joint geometry and shear strength, and design the transverse joint reinforcement.
Material strengths are £/ = 4000 psi and f, = 60,000 psi. Story height is 12 fi.

SoLuTion.  For the present case, all normal beam top steel is passed inside the core of the
Joind, terminating in 90° hooks at the outside of the column, Top stegl in the spandrel beams
is continuous through the joint but is also carried inside the joint core. Bottom beam bars,
in each case, can be spread across the width of the beam, and they are carried only 6 in. into
the joint for the normal beam because the joint is not a part of the primary, lateral load-
resisting sysiem, The bottom spandrel beam bars are continued 1w provide structural
integrity { ACI Code 7.13). Beam stirrups outside of the joint, not shown in Fig. 11.11, would
be carried outside of the ouler bottom bars and bent up. They would require small-diameter
horizontal bars inside the hooks for proper anchorage at the upper ends of their vertical legs.
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FIGURE 11.11 Column 20" = 24°
Exterior beam-column joint 8 No. 11 (Mo. 36)
for Example 11.3: {a) plan f, story height 12°
view; (f) section through I b=

spandrel beam; (c} section
through normal beam.

Mormal beam
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Checking the required development length of the No. 10 (No. 32) top bars of the normal
beam gives
002 -7, 0,02 X1 =1 = 60,000

lpy= ——=— d,= — - 1.27 = 24.1in.
T . 3000

With lateral cover well in excess of 2.5 in., a modification factor of 0.7 is applicable, and
the necessary hook development length is

Ly =241 %07 = 169 in.

If the hooks are carried down in the plane of the outer column bars, the available embed-
ment is 20,0 = 1.5 = 0.5 = 8.0 in,, exceeding the minimum required embedment.

Momenis from the spandrels on either side of the joint will be ahout equal, so no joint
shear problem exists in that direction, In the direction of the normal beam, shear must be
checked. The tensile force applied by the top bars is A_f, = 5.08 > 60 = 3035 kips. The depth
of the beam compressive stress block is a = A_f -085F'h, = 305(0.85 ¥ 4 x 32) =
2,80 in., and the corresponding moment is

M, =M, =A,f d—— =— 176 — = 412 fi-kips

Column shears are based on a free body corresponding to that of Fig. 11.95, and are equal
w V., = 412-12 = 343 Kips. Thus, the joint shear at middepth is V, = 305 — 343 =
270 kips.
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The spandrel beams provide full-width joint confinement in their direction, and the joint
can be classed as exterior, so - = 200 In the perpendicular direction, when the beam width
exceeds the column width, the joint width b; is to be taken equal to the column width (24 in.
in the present casel. The nominal and design shear strengths are respectively

V= Eb},h=’l{]- 4000 > 24 = 20- 1000 = 607 kips

L]
-V, = 0.75 % 607 = 455 kips

Because the design strength is well above the applied shear of 270 kips, the shear reqguire-
ment is met.

Transverse confinement steel must be provided in the direction of the normal beam,
between the top and bottom bars of the normal beam. with spacing not to exceed 12 in, Two
sets of No. 4 (No. 13) column ties will be used, as shown in Fig, 11.11. In addition to the
hoop around the outside bars, a single-leg cross tie is required for the middle column bars
because the clear distance between column bars exceeds 6 in. The ties satisfy Eg. (4.13),

STRUT-AND-TIE MODEL FOR JOINT BEHAVIOR

Although the Comminee 352 report (Ref, 11.6) is an important contribution 1o the safe
design of joints of certain standard configurations, the recommendations are based
mainly on test results. Consequently. they must be restricted to joints whose geometry
closely matches that of the tested joimts. This leads 1o many seemingly arbitrary geo-
metric limitations, and lttle guidance is provided for the design of joints that may not
meet these limitations, An illustration of this is the wide-beam joint discussed in
Section 1121, Such joints are mentioned only very briefly in the report.

Good physical models are available for many aspects of reinforced concrete
behavior—ifor example, for predicting the flexural strength of a beam or the strength
of an eccentrically loaded column—but no clear physical model is evident in the
Committee 3532 recommendations for the behavior of a joint. For this reason, among
others, increasing attention is being given to the strut-and-tie models, described in
Chapter 10, as a basis lor the design of D-regions in joints.

The essential features of a strut-and-tie model of joint behavior may be under-
stood with reference to Fig. 11.12, which shows a joint of a frame subject to lateral
loading, with clockwise moments from the beams equilibrated by counterclockwise
moments from the columns. The line of action of the horizomal forces C, and T inter-
sects that of the vertical forees Oy and T at a nodal zone, where the resultant force is
equilibrated by a diagonal compression strut within the joint, At the lower end of the
strut, the diagonal compression equilibrates the resultant of the horizontal forces T
and €, and the vertical forces T; and €. The tension bars must be well anchored by
extension into and through the joint, or in the case of discontinuous bars (such as the
top beam steel in an exterior joint} by hooks. The concrete within the nodal zone is
subjected o a biaxial or, in many cases, a triaxial state of stress.

With this simple model, the flow of forces in a joint is easily visualized, satis-
faction of the requirements of equilibrivm is confirmed, and the need for proper
anchorage of bars is emphasized. In a complete strut-and-tie model analysis, through
proper attention to deformartions within the joint, serviceability is ensured through
control of cracking.

According to the strot-and-tie model, the main function of the column ties required
within the joint region by conventional design procedures, in addition o preventing
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Compression strut

outward buckling of the vertical column bars, is to confine the concrete in the com-
pression strut, thereby improving both its strength and ductility, and to control the
cracking that may occur owing to diagonal tension perpendicular to the axis of the
compression strut, The main load is carried by the uniaxially loaded struts and ties.

The strut-and-tie model not only provides valuable insights into the behavior of
ordinary beam-column joints but also represenis an important ol for the design of
joints that fall outside of the limited range of those considered in Ref, 1 1.6, In the sec-
tions of this chapter that follow, a number of types of joints will be considered that
occur commonly in reinforeed concrete siruciures, for which the strut-and-tie models
provide essential aid in developing proper bar details.

BEaM-TO-GIRDER JOINTS

Commonly in concrete construction, secondary floor beams are supporied by primary
girders, as shown in Fig, 11,134 and &, [t is often assumed that the reaction from the
floor beam is more or less uniformly distribuied through the depth of the interface
between beam and girder, This incorrect assumption is perhaps encouraged by the ACI
Code "V, + V" approach to shear design, which makes use of a nominal average shear
stress in the concrete, v, = V.- b, d, suggesting a uniform distribution of shear stress
through the beam weh.

The actual behavior of a diagonally cracked beam. as indicated by tests, is quite
different, and the flow of forces can be represented in somewhat simplified form by
the truss model of the beam shown in Fig. 11.13¢ (Ref. 11.7). The main reaction is
delivered from beam to girder by a diagonal compression strut mn, which applies its
thrust near the bottom of the carrying girder. Failure to provide for this thrust may
result in splitting off the concrete at the bottom of the girder followed by collapse of
the beam. A graphic example of lack of support for diagonal compression at the junc-
tion of a beam and its supporting girder is shown in Fig, 11,14,

Proper detailing of steel in the region of such a joint requires the use of well-
anchored “hanger” stirrups in the girder. as shown in Fig. 11.13a and b 1o provide for
the downward thrust of the compression strut at the end of the beam (Refs. 11.8 and
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FIGURE 11.13 Hanger

Main girder supporting
secondary beam: (a) cross
section through girder
showing hanger stirrups;
(b} cross section through
beam: (¢} truss model
showing transfer of beam
load to girder at load near
ubtirmate: (o) truss model
showing transfer of load
into the girder.

FIGURE 11.14

Failure due to lack of support
for dingonal compression in
beam-girder joint, (Courtesy of

M. F Caiting, Uniiversiny af
Terronta. )
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11.9). These stirrups serve as tension ties to transmit the reaction of the beam to the
compression zone of the girder, where it can be equilibrated by diagonal compression
struts in the girder. The hanger stirrups. which are required in addition to the normal
girder stirrups required for shear, can be designed based on equilibrating part or all of
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FIGURE 11.15

Ledge girders corrying
precast T beams: (¢) L girder
providing exterior support for
T beam: () inverted T girder
carrying two T beam
reactions.

the reaction from the beam, with the hanger stirrups assumed to be stressed to their
yield stress f, at the factored load stage.

The strut-and-tie model allows visualization of the transfer of the beam load
along the girder as seen in Fig. 11.134. The compression struts op and gr complete the
shear transfer into the girder. The orientation of these compression struts depends on
the location of the beam relative to the girder end.

If the beam and girder are the same depth, the hangers should take the full reac-
tion. However, if the beam depth is much less than that of the girder, hangers may
prove unnecessary. It is suggested in Ref. 11.10 that hanger stirrups be placed to resist
a downward force of V¥, where

VF = u {11.5)
§ hH *
Here £y, is the depth of the beam, /1, is the depth of the carrying girder, as indicated by
Fig. 11.13, and V is the end reaction received from the beam,

Hangers will also be unnecessary if the factored beam shear is less than - V, (as
is usually the case for one-way joists, for example), because in such a case diagonal
cracks would not form in the supported member. The predictions of the truss model
would not be valid, and the reaction would be more nearly uniform through the depth.

The hanger stirrups should pass around the main flexural reinforcement of the
girder, as shown in Fig. 11.13. If the beam and girder have the same depth, the main
tlexural bars in the girder should pass below those entering the connection from the
beam to provide the best possible reaction platform for the diagonal compression strut,

LEDGE GIRDERS

Frequently in precast concrete construction, an L or inverted T girder is used to pro-
vide a seat, or ledge. to support precast beams framing into the carrying girder from
the perpendicular direction. Typical ledge girder cross sections are shown in
Fig. 11.15. The end reaction of the beams introduces a heavy concentrated load near
the bottom of such girders, requiring special reinforcement in the projecting ledge and
in the girder web.

Spandrel Interior
girder girder
P, = o
Beam Beam Beam
~ ~
Bearing Bearing
pad pad

{a) (b)
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FIGURE 11.16
Strut-and-tic model for
behavior of inverted T ledge
girder: (a) girder cross
section; (b) side elevation,

EXAMPLE 11.4

Hanger
stirrups

1 = Tension
‘7 ties
< = P
——1— Bearing
l e ] plate
f’; IH S\\
AV TN
—— AR R ——
:JE:_;_I_L J___IL_.IL!’:L_:::
R Compression N Compression
strut fan
(a) (b}

The design of such reinforcement is facilitated through use of a strut-and-tie
maodel, as illustrated in Fig. 11.16. The downward reaction of the supported beam cre-
ates o compression fan in the ledge that distributes the reaction along a length greater
than that of the bearing plate. as shown in Fig. 11.16#. The horizontal components of
the fan are equilibrated by a compression strut along the lower flange of the girder.

In the cross section view of Fig. 11.16a. the downward thrust under the bearing
plate is equilibrated by a diagonal compression strut. with the outward thrust at the top
of the strut causing tension in the upper horizontal leg of closed hoop stirrups in the
lower part of the girder. In many cases, a short structural steel angle is used just under
the bearing plate. and the main tie at the top of the ledge is welded to the angle to
ensure positive anchorage. At the bottom of the diagonal strut, the horizontal compo-
nent of thrust is equilibrated by the opposing thrust from the other side. and the verti-
cal component causes tension in stirrups that extend to the top of the girder. These stir-
rups are used in addition to those required for girder shear. Proper anchorage at the
nodes is ensured by passing longitudinal bars inside the bends of both sets of stirrups.

Inverted T beam connection design,  The inverted T beam shown in Fig, 11.17a supports
40 ft long, 12 fi wide double T beams. The width of the double T stem is 4.75 in. and the
bearing plate is 6 in. long, The dead load of the double T is 71 psf, including self-weight,
and the beam carries a live load of 40 psf. A horizongal force s taken equal to 20 percent of
the vertical reaction. Design the reinforcement in the inverted T at the double T bearing
point. Material properties are £ = 6000 psi and £, = 60.000 psi.
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2 No. 4 (MNo.13) at 4 in.

187 1" at each connection
o ;] )

T R, = 17.9 kips
20"

L Yo

AL Tat t— »TT,, = 3.6 kips
12" 1;]'{ a.'J
! T l

5No.4(No13)” € | T | ¢ ) L, Fea—m
12" 53" 4" L—5%“—-I
{a} Strut-and-tie model {b) Truss detail

FIGURE 11.17

Strut-and-tie mode] for Example 11.4,

SoLution,  The factored loads on the beam stem for a 6-fi tributary width are
g, = 1.2 X701+ L6 x40 = 149 psf
R, = 0149 psl = 6010 % 40 ft-2 = 17.9 kips

and
T,=02x 179 =36kips

The bearing area under the double T leg is 6 in. by 4.75 in. = 28.5 in?, giving a nodal bear-
ing stress of

17.9

= ——— = (63 ksi

28.5
which is well below the nominal capacity of the nodes and bottle-shaped or rectangular
struts. The low stress is used o demonstrate an alternative solution methodology. By using
the low stress, the node and strut capacities are adeguate by inspection: however, the size of
strut od must be confirmed. Solving Tor the geometry and forces in Fig, 1117k, T, =
15.9 kips. T, = 17.9 kips, and strut cd carries £, = 12.3 kips. The thickness of the strut is
assumed as .75 in,, the same as the bearing plate. Therefore, the width of strut od 15

123

e 4dlin,
Yol = 563 % 475 "

This is shightly more than the 4 in. assumed. A minor modification to the bearing stress
would make this accepiable: therefore, the design continues with the selected geometry. The
required area of steel for tie ab is

T 15.9

A, =—=———=035in
P g T 075 % 60 "
which is satisfied by using two No. 4 {(No. 13) bars welded to each bearing plate. For tie df,
Ty 17.9
A =—=——7=040in°
T r T 075 %60 .

which is, also, met using two Mo, 4 (No. 13) closed stirrups at 4 in. on center at each load
point.
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FIGURE 11.18

Structures with comers
subject to opening or closing
moments: () gable frame;
(B} carth-retaining wall:

(ch liquid storage tank:

(e} plan view of multcell
liguid storage tank, (¢} large
box cubvert.

CorNERS AND T JOINTS

In many common types of reinforced conerete structures, moments and other forces
must be transmitted around corners, Some examples, shown in Fig. 11,18, include gable
frames, retaining walls, liquid storage tanks, and large box culverts, Reinforcement
detailing at the corners is rarely obvious. A comprehensive experimental study of such
joints by Nilsson and Losberg (Ref. 11.3) showed that many commonly used joint
details will transmit only a small fraction of their assumed strength. Ideally, the joint
should resist a moment at least as large as the calculated failure moment of the members
framing into it {i.c., the joinr efficiency should be at least 100 percent). Tests have shown
that, for common reinforcing details, joint efficiency may be as low as 30 percent,

Corner joints may be subjected to opening moments, causing flexural tension on
the inside of the joint, or closing moments, causing tension on the outside. Generally,
the first case is the more difficult to detail properly,

Consider, for example, a corner joint subjected to opening moments, such as an
exterior corner of the liguid storage tank shown in the plan view in Fig. 11. 184, Figure
11.19a shows the system of forces acting on such a corner, The reinforcing bar pattern
shown is nor recommended, Formation of crack 1, radiating inward from the corner,
is perhaps obvious. Crack 2, which may lead to splitting off the outside corner, may
not be so obvious, However, the resultant of the two compressive forces €, having a
magnitude C- 2, is equilibrated by the resultant tension T- 2, These two forces, one
applied near the cuter corner and one near the inner corner, require high tensile stress
hetween the two, leading to formation of crack 2 as shown, The same conclusion is
reached considering a small concrete element A in the corner, It is subjected to the
shearing forces shown as a result of the forces C and T from the entering members,
The resultant of these shearing stresses is 457 principal tension across the corner, con-
firming formation of crack 2.

One may, at first, be tempted to add an L-shaped bar around the outside of the
corner in an attempt to confine the outer concrete, Such a bar would serve no purpose,
however, because the bar would be in compression and may actually assist in pushing

Gravity loads
Earth ae— —
pressure T Liquid 7
(a) (b) {c)
Earth
EEEENENEER.

MR R ENNINE L L L N

o Liquid 2[4 Liquid _]

MR T TR A

(d) (e)
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FIGURE 11.20

Efficiencies of corner joints subject to opening moments for various reinforcing details: (@) 32 percent: () 68 percent () 77
percent; (4 B7 percent; (e) 115 percent, (After Refl 11,3

the corner off. The strut-and-tie model of Fig. 11,196 provides valuable insight into
the needed reinforcement, indicating that, in addition to well-anchored tensile bars to
transmit the forces T into the joint, some form of radial reinforcement is required to
permit the compressive forces C to “tum the comer.”

Test results for a large number of joints with alternative bar details are reported
in Ref. 11.3. Comparative efficiencies for some specific details, relating the maximum
moment transmitted by the comer joint to the flexural capacity of the entering mem-
bers, are summarized in Fig. 11.20. In all cases, the reinforcement ratio of the enter-
ing members is (.75 percent. Figure 11.20q is a simple detail, probably often used, but
it provides joint efficiency of only 32 percent. The details in Fig. 11.205, reinforced
with bent bars in the form of hairpins with the plane of the hooks parallel to the inside
face of the joint, provides efficiency of 68 percent. In Fig. 11.20¢, the main reinforce-
ment is simply looped and continued out the other leg of the joint, resulting in an effi-
ciency of 77 percent. The somewhat similar detail shown in Fig. 11.204, in which the
bars entering the joint are terminated with separate loops, gives an efficiency of 87
percent. The best performance results from the detail shown in Fig. 11.20e—the same
as in Fig. 11.204 except for the addition of a diagonal bar. This improves joint effi-
ciency to [15 percent, so that the joint is actually stronger than the design strength of
the members framing into it It was determined experimentally that the area of the
diagonal bar should be about one-half that of the main reinforcement.

The joints between the vertical wall and horizontal base slab of retaining walls
(see Fig. 11.18b) are also subjected to opening moments. Tests of such joints confirm
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FIGURE 11.21 === ===
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the benefit of placing a diagonal bar similar to Fig. 11.20e. Retaining wall bar details
will be discussed further in Chapter 17.

T joints also may be subjected to bending moments, such as if only one cell of
the multiple-cell liquid storage tank of Fig. 11.184 were filled. Tests of such joints,
reported in Ref. 11.3, again indicate the importance of proper detailing. The reinforc-
ing bar arrangement shown in Fig. 11.21a, which is sometimes seen, permits a joint
efficiency of only 24 to 40 percent, but the simple rearrangement shown in Fig. 11.215
improves the efficiency to between 82 and 110 percent. In both cases. efficiency
depends upon the main reinforcement ratio in the entering members, with highest effi-
ciency corresponding to the lowest tensile reinforcement ratio.

A strut-and-tie model for the T joint confirms the research results presented
above. Figure 11.22a shows that a clockwise moment applied to the stem of the T is
resisted by shear forces at the inflection points of the T-top. The strut-and-tie model in
Fig. 11.22F clearly shows that the stem reinforcement must hook to the left for the
joint to be effective, just as shown in Fig. 11.215.

Joints subjected to closing moments, with main reinforcement passing around
the corner close to the outside face, cause few detailing problems because the main
tension steel from the entering members can be carried around the outside of the cor-
ner. There is, however, a risk of splitting the concrete in the plane of the bend. or con-
crete crushing inside the bend. The efficiency of such joints can be improved by
increasing the bend radius of the bar.

Brackers aAND CORBELS

Brackets such as shown in Fig. 11.23a are widely used in precast construction for sup-
porting precast beams at the columns. When they project from a wall, rather than from
a column, they are properly called corbels, although the two terms are often used inter-
changeably. Brackets are designed mainly to provide for the vertical reaction V), at the
end of the supported beam, but unless special precautions are taken to avoid horizon-
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tal forces caused by restrained shrinkage, creep (in the case of prestressed beams), or
temperature change. they must also resist a horizontal force N,

Steel bearing plates or angles are generally used on the top surface of the brack-
ets, as shown, to provide a uniform contact surface and to distribute the reaction. A
corresponding steel bearing plate or angle is usually provided at the lower comer of
the supported member. If the two plates are welded together, horizontal forces clearly
must be allowed for in the design. Even with Teflon or elastomeric bearing pads, fric-
tional forces will develop due to volumetric change.

The structural performance of a bracket can be visualized easily by means of the
strut-and-tie model shown in Fig. 11.23h. The downward thrust of the load V), is equil-
ibrated by the vertical component of the reaction from the diagonal compression strut
that carries the load down into the column. The outward thrust at the top of the strut
is balanced by the tension in the horizontal tie bars across the top of the bracket; these
also take the tension, if any, imparted by the horizontal force N At the left end of the
horizontal tie, the tension is equilibrated by the horizontal component of thrust from
the second compression strut shown. The vertical component of this thrust requires the
tensile force shown acting downward at the left side of the supporting column.

The steel required, according to the strut-and-tie model, is shown in Fig. 11.23a.
The main bars A, must be carefully anchored because they need to develop their full
vield strength f, directly under the load V. and for this reason they are usually welded
to the underside of the bearing angle and a 907 hook is provided for anchorage at the
left side. Closed hoop bars with area A, confine the concrete in the two compression
struts and resist a tendency for splitting in a direction parallel to the thrust. The fram-
ing bars shown are usually of about the same diameter as the stirrups and serve mainly
to improve the stirrup anchorage at the outer face of the bracket.

The bracket may also be considered as a very short cantilevered beam, with flex-
ural tension at the column face resisted by the top bars A,. Either concept will result
in about the same area of main reinforcement.

A second possible mode of failure is by direct shear along a plane more or less
flush with the vertical face of the main part of the column. Shear-friction reinforce-
ment crossing such a crack (see Section 4.9) would include the area A, previously
placed in the top tie and the area A, from the hoops below it. Other failure modes
include flexural tension failure, with yielding of the top bars followed by crushing of
the concrete at the bottom of the bracket: crushing of the concrete under the bearing
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angle (particularly if end rotation of the supported beam causes the force V), to be
applied too close to the outer comer of the bracket); and direct tension failure, if the
horizontal force N, is larger than anticipated.

The provisions of ACI Code 11.9 for the design of brackets and corbels have
been developed mainly based on tests (Refs. 11.9, 1111, and 11.12) and relate to the
tflexural model of bracket behavior. They apply to brackets and corbels with a shear
span ratio e o of 1.0 or less (see Fig. 11.23a). The distance o is measured at the col-
umn face, and the depth at the outside edge of the bearing area must not be less than
0.54. The uvsual design basis is emploved, ie. M, = - M, and V, = - V. and for
brackets and corbels (for which shear dominates the design). - is to be taken equal to
(.75 for all strength caleulations. including flexure and direct tension as well as shear,

The section at the face of the supporting column must simultaneously resist the
shear V. the moment M, = Ve + N_(h — o), and the horizontal tension .. Unless
special precautions are taken, a horizontal tension not less than 20 percent of the ver-
tical reaction must be assumed to act. This tensile force is to be regarded as live load,
and a load factor of 1.6 should be applied.

An amount of steel A, to resist the moment M, can be found by the usual meth-
ods for flexural design. Thus,

M

Ag=—T"— 1.6
Y fd a2 (11.6)

where @ = A f, 0.85'h. An additional area of steel A, must be provided to resist the
tensile component of force:

N!I’l!'

The total area required for flexure and direct tension at the top of the bracket is thus

A, = (11.7)

A=A+ A, (11.8)

Design for shear is based on the shear-friction method of Section 4.9, and the
total shear-friction reinforcement A, is found by
A= % (11.9)
v o ﬁ .
where the friction factor - for monolithic constrection is 1.40 for normal-weight con-
crete, 1.19 for sand-lightweight concrete, and 1.05 for all-lightweight concrete. The
value of ¥V, = V.- must not exceed the smaller of 025, d or 8004 d at the sup-
port face for normal-weight concrete or the smaller of (0.2 — 0.07e-d)f bd or (8O0 —
280e- d M for lightweight concrete. Then, according to ACE Code 11.9, the total arca
required for shear plus divect tension at the top of the bracket is

2
A= T Ayt A, (1110}

with the remaining part of A placed in form of closed hoops having area A, in the
lower part of the bracket, as shown in Fig. 11.234.

Thus, the total steel area A, required at the top of the bracket is equal to the larger
of the values given by Eq. (11.8) or (11.10}. An additional restriction, that A_ must not
be less than 0.04(f] £ )bd, is intended to avoid the possibility of sudden failure upon
formation of a flexural tensile crack at the top of the bracket.
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According to the ACI Code, closed hoop stirrups having area A, (see Fig.
11.23a) not less than 0.5(A4, — A,) must be provided and be uniformly distributed
within two-thirds of the effective depth adjacent to and parallel to A,. This requirement
is more clearly stated as follows:

|
Av= 054, and  =oA, (11.11)

EXAMPLE 11.5 Design of column bracket. A column bracket having the general features shown in Fig.

FIGURE 11.24
Column bracket design
example,

11.24 is w be designed to carry the end reaction from a long-span precast girder. Vertical
reactions from service dead and live loads are 25 kips and 51 kips, respectively, applied at
¢ = 5.5 in. from the column face. A steel bearing plate will be provided for the girder, which
will rest directly on a 5 % 3 % #in. steel angle anchored at the outer comer of the bracket,
Bracket reinforcement will include main steel A, welded to the underside of the sieel angle,
closed hoop stirrups having total area A, distributed appropriately through the bracket depth,
and framing bars in a vertical plane near the outer face. Select appropriate concrete dimen-
sions, and design and detail all reinforcement. Material strengths are £} = 5000 psiand f, =
60,000 psi. '

Sorvrion.  The vertical factored load to be carried is
V, = 1225 + L6 % 51 = 112 kips
In the absence of a roller or low-friction support pad, a horizontal tensile force of
N =020 112 = 224 kips

will be included. According to the shear friction provisions of the ACI Code, the nominal
shear strength V, must not exceed 0.2 bd or 800bd. With f = 5000 psi, the second limit
controls. Then, with V= V, and with the column width b = 12 in.,

112 = 0.75 = 0.800 X 12d

from which & = 15.56 in. Estimating | in. from the center of the main steel to the top sur-
face of the bracket, a total depth h = 17 in. will be selected, with  approximately equal to
16 in., the exact value depending on the bar diameter chosen for A I a 457 slope is used.
as indicated in Fig. 11.24, the bracket depth at the outside of the bearing area will be 8 in.
This is not less than 0.54 = 8.0 in.. as required. For the bracket geometry selected, ¢-df =
3.5-16 = 0.34, This does not exceed the 1.0 limit imposed by the ACI Code.

IS

14" g
fie u“ 3
i 5" % 3" % 2"steel angle
As. °z / ° ?
"\ ¥
h Nuc
T I
1 W
73
+ |, d h

2" clear —»| L—

Framing bars
Column 12" = 14"




372

Milson-Darwin-Dolan: 11, Design of Text 5 Tha Mchraw—Hilt
Design of Concrete Reinforcement at Joints Campaenas, 2004
Structures, Thirteenth

Edition

DESIGN OF CONCRETE STRUCTURES  Chapter 11

The wotal shear friction steel is found from Eq. (11.9)

V,
P 112

= — Ll
T 075 14 %60 I78n

The bending moment to be resisted is
Mhl = 1..'"{,, + hllur"h - d
=112 %55+ 224 % 1 = 638 kips

The depth of the flexural compression stress block will be estimated to be 2 in., se, from Eq.

(116,
M, 638 . 4
Ap= = = (.05 in°
T T d—a2 0756016 — 10- "
Checking the stress block depth gives
Ak, (.95 > 60 ,
a= = =1.121in
0.855h (L85 = 5 x 12
so the revised steel area is
638 -
A= 075 X 60 16 — 056 D02

The tensile force of 22.4 kips requires an additional steel area, from Eq. (1170, of

oo N 24

Sre % L0500
" TS, T 075 X 60 .

Thus. from Eqs. (11.8) and (11.10), respectively, the total steel area at the top of the bracket
must not be less than

A, = Ao+ A, =092 + 050 = 142 in°
nor less than

Ayt A =2 178+ 050 = L6 in’

A =

5

ek | b

The second requirement controls here. The minimum steel requirement of

0047 Lt = 2 = 0 Ed in?
hm—umﬁﬁd 004 X =X 12 X 16 = 0.64 in

is seen not to control, A total of three No. 7 (No. 22) bars, providing A, = 1.80in%, will be
used.

Closed hoop steel having a total area A, not less than 0.5(A, — A,) must be provided,
Thus.

AJJ = U-SAJ = 015 * ﬂ'.gz = {:-i.-‘d"ti"il'l3

and
2 1 . %
A, =05 ¥ Eﬁ‘fz 3 * 1.7% = 0.60in

The second reguirement controls, Three No, 3 (No. 10) closed hoops will be provided, giving
total area A, = 0.66 in2. These must be placed within = of the effective depth of the main steel.
A spacing of 2.5 in. will be satisfactory, as indicated in Fig. 11.24. A pair of No. 3 {No. 10)
framing bars will be added at the inside corner of the hoops to improve anchorage. as shown.
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Anchorage of the No. 7 (No. 22) bars will be provided at the right end by welding to the
underside of the steel angle and at the left end by a standard 90° bend (see Fig. 5.100. The
basic development length for hooked bars (Table 5.3) is

0.02- -7, D02 X1 X1 X 60,000
o - 3000
Two modification factors apply here. The first is 0.7, provided at least 2 in. cover is main-
tained at the end of the hook, and the second is (required A )- (provided A,) = 1.69- 1.80 =
.94, Thus, the required development length past the face of the column s

Lgp = 148 2 0.7 X 0,94 = 9.74 in,

This requirement is easily met. The hook extension will be 124, = 12 * 0.875 = 10.5 in.
For the hoop bars, a standard 17337 hook, as shown in Fig, 595, will be used.

= 0.875 = 14.8 in
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PROBLEMS

1L.1. Aninterior Type 1 joint, which is to be considered a part of the primary lateral
load-resisting system, is to be designed. The 16 in. square column, with main
steel consisting of four No. 11 (No. 36) bars, is intersected by two 12 X 18 in.
beams in the X direction, reinforced with three No. 10 (No. 32) top bars and
three No. 8 (No. 25) bottom bars. In the ¥ direction, there are two 12 % 22 1n.
girders, reinforced with three No. 11 (No. 36) top bars and three No. 9 (No.
29} bottom bars. Concrete cover is 2.5 in. to the center of the bars, except for
the top steel in the girders, which is carried just under the top steel of the
beams. Design and detail the joint, using £ = 4000 psi and f, = 60,000 psi.
Specify placement of all bars and cutoff points. '

11.2. A typical exterior joint of the building of Problem 11.1 is identical to the inte-
rior joint except that the 12 > 18 in. beam oceurs on one side of the column
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FIGURE P11.3

FIGURE P11.4

only; the girders frame into two opposite faces, as before. All reinforcement is
the same as for the joint of Problem 11.1. Design and detail the joint, specify-
ing bar placement. cutoff points, and details such as bar hook dimensions.

11.3. The precast columns of a proposed parking garage will incorporate symmetri-
cal brackets to carry the end reactions of short girders that, in turn, carry long-
span precast, prestressed double T floor units. The girder reactions will be
applied 6 in. from the column face, as shown in Fig. P11.3, and a total width
of bracket of 9 in. must be provided for proper bearing. Column width in the
perpendicular direction is 20 in. Service load reactions applied at the top face
of the brackets are 45 kips dead load and 36 kips live load. Select all unspeci-
fied concrete dimensions and design and detail the reinforcement. A comer
angle is suggested at the outer top edge of the bracket. Column material
strengths are f, = 6000 psi and £, = 60,000 psi.

- Q"—u-r— 2{]"—u-|4-9'“i-

W

¥ v
}Bi Eri

114, The stem of a 60 ft long, § ft wide simply supported single T beam rests on the
ledge of the inverted T beam shown in Fig. P11L4. The T beam has a bearing
area O in. thick and 4 in. parallel to the axis of the T. The applied service load
is 85 psf dead load. including self-weight, and 50 psf live load. Design the con-
nection detail under the stem using f7 = 5000 psi and £, = 60,000 psi.
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