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CIP pocket connections




Precast pocket cap beam connections




Precast Bent Cap/Precast Column CIP Pocket Connections (Ref. 70
(Restrepo, Et al. 2011) [ Bottom beam bars




Precast column



Cap Beam Joint Stresses (CIP or Precast)
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Moment-resisting joints shall be proportioned so that the principal stresses satisfy
the requirements of Eq. 8.13.2-1 and Eq. 8.13.2-2. (Unit= ksi)

e For principal compression, p,:

p. <025f (8.13.2-1)

¢  For principal tension, p,:

p, <0381 (8.13.2-2)
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f-h: average normal stress in the horizontal direction within a moment resisting joint (ksi)
f-v: average normal stress in the vertical direction within a moment resisting joint (ksi)
f-jv nominal vertical shear stress in a moment resisting joint (ksi)

P

Fi ﬁ'm;ﬂ, (8.13.2-5)

where:

P, = beam axial force at the center of the joint
including the effects of prestressing (kip)

By bent cap width (in.)

D, = depth of superstructure at the bent cap for

integral joints or depth of cap beam for
nonintegral bent caps (in.)

The average vertical stress, £, shall be taken as:

P.
Sy = —t (8.13.2-6)
(D.+D,)B,,
where:
P. = column axial force including the effects of
overturning (kips)
D. = diameter or depth of column in direction of

loading (in.)

The average joint stress, v;,,, shall be taken as:

oo e (8.13.2-7)

! P"GI'BE_'IJT

where

7. = column tensile force associated with the column
overstrength plastic hinging moment, M, (kips)

£, = length of column reinforcement embedded into

the bent cap (in.)

B.y = effective width of the bent cap joint (in.)

The column tensile force resultant, 7. should be
obtained directly from the moment-curvature analysis of
the column section framing into the joint. In lieu of



Tc may be assumed to be

I.=074,f, (8.13.2-8)
where:
A, = total area of column reinforcement anchored in

the joint (in.%)

f. = expected yield stress of column reinforcement
anchored in the joint (ksi)



(a) Circular Column
Bridge Axis

(b) Rectangular Column

Figure 8.13.2-1—Effective Width of Bent Cap Joint, B,

The effective width of the bent cap joint, B,
shall consider the shape of the column framing into
the joint as shown in Figure 8.13.2-1 and shall be
determined as:

e For circular column sections:
By =~2D, (8.13.2-9)

e For rectangular column sections:

By =8B.+D, (8.13.2-10)
where:
B. = diameter or width of column measured normal

to the direction of loading (in.)

Under the transverse loading condition, the effective
width of the bent cap joint, B, shall not be taken greater
than the width of the bent cap beam, B,,,.



Minimum Joint shear reinforcement

Where the principal tensio,
specified in Article 8.13.2 is
transverse reinforcement in the jointp,, satisfy
Eq. 8.13.3-1 and no additional reinforcement within the
joint is required:

, 0.117!

p. (8.13.3-1)
f:vh

where:

fiw = nominal yield stress of transverse reinforcing
(ksi)

. = nominal concrete compressive strength (ksi)

p, = volumetric reinforcement ratio of transverse

reinforcing provided within the cap as defined
by Eq. 8.6.2-7

About 3.5 sq. rt. f’c (psi)

Where the primemsal tension stress in the joint, p,, is
ereater than 0.11 f . glen transverse reinforcement in
the J0 AT satisfy Eq. 8.13.3-2 and additional
joint reinforcement is required as indicated in
Article 8.13.4 for integral bent cap beams or
Article 8.13.5 for nonintegral bent cap beams:

0, > 0.40:_17" (8.13.3-2)

where:

A, = total area of1 column reinforcement anchored in
the joint (in.”)

£, = length of column reinforcement embedded into

the bent cap (in.)

For interlocking cores, p, shall satisfy Egs. 8.13.3-1
and B8.13.3-2 and be based on the total area of
reinforcement of each core.



T-Joint Design
Definition:

H 3
T-Joint Corner Joint

T-Joint T-Joint T-Joint

T T

Longitudinal Direction

Transverse Direction

* Cantilever too short for cap beam long. bars to develop



T-Joint Reinforcement:

Construction
joint \
Vertical bars ) A— NGNE  — Ve ﬁl—‘f‘
v 8.13.4.1.2 —_— e R o e EL b L / VjointshearsplitsﬁrmpswithfullIap
As 2 0.20{1” ( PR a'” Eo.'E N ;/ ﬁ@ 12" through column area
€ :
where: T’ é LU_U @___or [_LU @ ___beyond column area
. . B /U~ asi" horizontal cross ies <
A, = total area of column reinforcement anchored in AsT Ash o
. s o | - = ————————md A
the joint (in.”) N A |,_€ 0.75 x (skew cap width)
o ol o Y g
7 A
12" t
min t
Vertical stirrups or ties shall be placed transversely
within a distance equal to the column diameter, Dc, |
extending from either side of the column centerline. Transverse solumn 'ei"’D
- LS




T-Joint Reinforcement:

Location of Vertical bars

As" in each of
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T-Joint Reinforcement:

Construction
joint \
Horizontal stirrups e NNE Y~ ﬁ]—‘ﬁ
— S ;4- . U (PR R (U ) e V joint shear split stirrups with full lap
y s 0.104 8.13.4.1.2b-1 ;,,__—..E N : ;/ fH’]’ @ 12" through column area
5§ T “Txt e
é [ ‘ _u] @___ or [LU @ ___ beyond column area
where: N v/"*— As" horizontal cross ties <
sf ) or
. Lo _ AS_-, —_'E,?—-.EE' — Ad"
Asr = total area of column reinforcement anchored in N ‘ A v 075 x (skew cap width)
the jOint (in.zr) . . s EE!
/ - _ |® : = . 5 . ] {
|
12" t
min t

Horizontal stirrups or ties shall be placed

transversely around the vertical stirrups or ties in two or |k/jC
more intermediate layers spaced vertically at not more Transverse column reinf

than 18 in. The horizontal reinforcement shall be - %

placed within a distance Dc from each side of the column
Centerline.




T-Joint Reinforcement:

Location of Horizontal stirrups

CL Column = Line of Symmetry

Limits of J:bars

-
*

\J

Limits of Horiz. Cross Ties

iy JikTH

Vertical Stirrups

J-bars. Alternate Vertical
Lengths 24 and 30 in.
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Y
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L= 0.75 (skew cap width) for skew <20
L= 0.75 (cap width) for skew >20 O\/
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T-Joint Reinforcement:

Horizontal side reinforcement

0.10477
AY > max (8.13.4.1.2¢-1)
bot
0.104.,
where:
AY = area of longitudinal side reinforcement in the
bent cap (in.”)

A("‘;f = area of bent cap top flexural steel (in.%)

Alor= area of bent cap bottom flexural steel (in.”)

Construction

joint \

-=41 v joint shear split stirrups with full lap

s @ @ 12" through column area

[ ‘L‘E—U @____or [_LU @ ___ beyond column area

| 075« (skew cap width)

A~ Asl" horizontal cross tiess
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Integral vs. Non-integral Bent Caps

1 T

Nonintegral Bent Cap Integral Bent Cap



Reinforcement Requirement for Nonintegral Caps

D.<d=<125D, (8.13.5-1)
where:
D. = column diameter (in.)

d = total depth of the bent cap beam (in.)



8.13.5.1. 1—Vertical Stirrups Outside the Joint
Region

Vertical stirrups with a total area, 4", provided to
each side of the column shall satisfy:

A" 201754, (8.13.5.1.1-1)
where:
A, = total area of column reinforcement anchored in

the joint (in.”)

Vertical stirrups or ties shall be placed transversely
within a distance equal to the column diameter, D,
extending from each face of the column as shown in
Figure 8.13.5.1.1-1 and Figure 8.13.5.1.1-2. The area of
these stirrups shall not be used to meet other
requirements such as shear in the bent cap.

L]
Additional Longitudinal ! \
Cap Beam Reinforcement, A, —

e ol e

e o
A . . N
Vertical Stirrups
Inside the Joint, A; N
L]
¥ —
Horizontal J-Bar
‘|
h—\\\“- ——— Transverse Joint Reinforcement
e

/Transverse Column Reinforcement

Figure 8.13.5.1.1-1—Joint Shear Reinforcement Details




Vertical Stirrups "
Inside the Joint, A. 2

/ Horizontal J-Bars

P
\ J»!Il |

Vertical Stirrups jvo !

Outside the Joint, A,

(Dc)|(Dc)<Dc)

Figure 8.13.5.1.1-2—Location of Vertical Joint Shear Reinforcement



8.13.5.1.2—Vertical Stirrups Inside the Joint Region

Vertical stirrups with a total area, 4", spaced evenly
over the column shall satisfy:

AM 20,1354, (8.13.5.1.2-1)
where:
A, = total area of column reinforcement anchored in

the joint (in.%)

* ABC Exception:
Use 0.12 A for precast bent cap; reduced based on test data; Ref. 70 (Restrepo,
Et al. 2011)



8.13.5.1.3—Additional Longitudinal Cap Beam
Reinforcement

Longitudinal reinforcement, A’", in both the top
and bottom faces of the cap beam shall be provided in
addition to that required to resist other loads. The
additional area of the longitudinal steel shall satisfy:

Al' 202454, (8.13.5.1.3-1)
where:
A, = total area of column reinforcement anchored in

the joint ( in.%)

The additional longitudinal reinforcement shall
extend a sufficient distance to develop its yield strength
at a distance of D, from the column face as shown in
Figure 8.13.5.1.3-1.
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NOTE:
Id = Development Length

Figure 8.13.5.1.3-1—Additional Longitudinal Cap Beam Reinforcement for Joint Force Transfer



8.13.5.1.4—Horizontal J-Bars *

Horizontal J-bars hooked around the longitudinal
reinforcement on each face of the cap beam shall be
provided as shown in Figure 8.13.5.1.1-1. At a minimum,
horizontal J-bars shall be located at every other vertical-to-
longitudinal bar intersection within the joint. The J-dowel
reinforcement bar shall be at least a #4 size bar.

* ABC Exception:
No J-bars required in precast bent cap
Ref. 70 (Restrepo, et al. 2011)

L L] e o
\ ; R
Vertical Stirrups
N Inside the Joint, As
L] k}
L---—@mntal J-Bar | )7
N ‘|
\ ~——— Transverse Joint Reinforcement
> . ko

/Transverse Column Reinforcement



Additional reinforcement requirement for
bedding layer (will see in the design example)




Desigh Example

Source: NCHRP 12-74 report; NCHRP 681 Ref. 70

Cap Pocket T-Joint Design Example for Seismic Design Categories (SDC) C and D

Value of Sp, = F.§5, SDC
S <015 A
0.15 < Sp; <0.30 B
0.30 < Sp; < 0.50 C
0.50 < S, D

Sp; = Design EQ response spectral
acc. At 1-Sec. period

L
0 ! 02 Spy 1.0
T.=

Perlod, T (seconds)



Geometry and Design Parameters

fo= 4.0 ksi (specified compressive strength of hent cap) f..=13f. = 5.2 ksi (expectedf.of bent cap)|
fe o (specified compressive strength of pocket fill) Select cap pocket strength to satisfy BCS.

f'e podeet = F e + 0.5 ksi = 5.7 ksi (BECS8.13.83.33) Q\ é\ 3 3 /§ 2
fn (yield stress of equivalent hoop) /@]
fyh= 60 kSi . Asapwp
f,. (expectedyield stress of columnbars) o 9
f,e= 68 Kksi
f)’e ‘ . . Av -~ =2
vy (nominal yield stress of steel pipe)
o <

Bent cap width = 70 ft  (Bgp)
Bent cap height =625 ft (D,) lo o
Stirrup bar size: #6 A cw
Requirements for Extreme 1load caseincap: ot

Top cap reinf, ﬁ.,aphp= 16.77 in’ lﬂ 8 8 8 gl g8

Botcap reinf A,%%,,= 1140 in° T7 77777777777 777777,

Shear reinf, 4, = 4.12 in®/ft Bedding Layer — —+

Column diameter = 50 & (D) K>

Ay =312 in? (#11 Tot 20) S— ~
Typical cap section within D.from face of column.

Hoop bar size:  #6 Note: Bent cap reinforcement shown reflects that

Hoopspacing= 4.0 in required by Extrerne Event 1load comhbination before
application of joint shear design requirements.

1% Long. Steel



B - ™

Joiot Performance

Moment resisting connections are designed to transmit the maximum forces produced when the
colummn reaches its overstrength moment capacity, M.

Note: Capacity of the bent cap section needs to satisfy applicableload combinations, including the
Strenpgthload cases and capacity protection during Extreme Event load cases. The bent cap
section capacityis not investigated in this design example.

Determine the idealized plastic moment capacity of the column, M, using section analysis prograrr
such as xSECTION, and calculate the overstrength moment capacity, My, per Article 8.5.

Axial load acting on column per extreme eventload case = 8200 kips (P
f' = (expected concrete compressive strength) =13 x .52 ksi
f,. (expected steel yield stress) = 68 ksi

M = 5970 Kkip-ft
Mpa = Ama b

Ag, = 1.2 (ASTM A706)
Mo = 7164 Kip-ft



Joint Properticning

Priocipal Stresses
Principal stresses in the joint arelimited by the following equations:

100 ksitmaximuam

Principal compression,p.:  pc=s 0.25f,

Principal tension, p, ! P = 0.384F, = 076 Kksimaximum
V B, = 84.0 in (7.0 ftx 12" /)
" — TR D= 60.0 in (5.0 ftx 12" /ft)
M e Mg Dy 75.0 in (6.25 ft x12"/f)
£ D, L.= 720 in Motel
Vi i v P.= 820 kips
i/ - Py = 0kips Note2
L ey - fi h= 370 f Note 3
vy —vy M= 7164 kip-ft Note3
Tty ffv - Cyrieht

[ l ! ! Notes:

1) Lenpth of column longitudinal rebar extended

\_/<> into cap. Seecalculationshelow.

y ol —— 2) Noprestressing in section.

PCT Mol 3) Determined from sectional analysis. Tension
» in column longitudinal rebar may also he

derived from sectional analysis.




0351 ksi
0278 Kksi

| FS P

7 - N
) [0.0 + 0.072]_ 0.0-0.072
]V 2 2

U )
: s re =
ool 0.0+ 0072, [(00-0072
v 2 \ 2
. “~ ~
= 1890k /60480 in®
= 720inx840in
= 820k /11340 in’
= {600in+ 75.0in)x 840 in
= 00k/{84.0inx75.0in)
= 7164 kipft /3791t
100 ksimaximum ()¢
0.76 Kksimaximum 0K

0.278 Kksi

0.351 ksi

0.313 ksi
6048.0 in®
0.0723 ksi
11340 in®

0.0 ksi

1890 kips

Joint proportions are acceptable based
on principal stress requirements.



Minimum Development Length of Celumn Longitudinal Reinforcement

l,. 2 2.3dy fye

Fe padket

dy= 141 in (#11 rebar)
fr.= 68 ks
Fepacm= 9.7  Ksi (cap pocket concrete) =min (5.7 ksi, 7.0 ksi) per Article8.15.2.2.2

l..= 387 in (minimum)

Extend column reinforcement as far aspractically possible, assume 3" clear from opposite face,
per Article8.15.22 2.

l.=D,-3"=620ftx12"/ft-3"= 720 in

720 in 2z 387 in (minimum) oK Extend to top face of cap less 3 in cover.



Mioimum Jeiot Shear Reinforciog for Precast Benot Cap Coooections

Where principal tension in the joint is greater than or equal to 0.11+/ f. and joint proportioning is
acceptable per Article 815.2, additional transverse joint reinforcement for cap pocket connections
per Artide8.155.2 3 isto beadded, and Egs. 8.15.31-1 and 8153 .1-2 areto he satisfied.

Check if principal tension, py, is 2 0.114/f. (condition for likely joint cracking)

Calculated tension= 0278 ksi
Limit, 011+ £ _= 0.220 ksi
pe= 0278 ksi = 0220 ksilimit Additional joint reinforcement [A,M,A,j“,andA,ﬂj is

required.
Calculate required volumetric ratio of transverse joint reinforcement:

Maximum of:  psz 011 vF ./ £
ps2 040 4, /1%,

a,= 3120 i

L= 720 in

Maximum of: 0.11\"f‘c;‘f,h= noo37 BOVerns
04048, /1°.= 00024

Usep, = 0.0037



Use the minimum volumetric ratio to calculate the required number of equivalent #6 hoops per unit
length of corrugated steel pipe. Useaunitlength of 1 foot. Usea 54" 1D corrugated pipebased onthe
outer diameter of column reinforcement pattern.

px = &E 8= &E
Digys D'epps
Bip= 044 in’ (assume #6 hoop to match column transverse reinforcement)
D'y = 5475 in (average confined dia. of column between corrugated steel pipe walls)
Ps = 0.0037 (minimum volumetric ratio)
> Corrugated steel pipe
D'y

D', = Nominal inside diameter of corrugated pipe + average wall corrugation width.

s= 88 inmaxspacing
Therefore, the number of equivalent hoops per footis 12" fs= 1369 hoops/ft



Calculate the norninal confining hoop force of the equivalent hoops.

Fu=n, 8,1,
fy, = 1369 ea (number of equivalent hoops per unit length)
Byp= 044 in° (area of #6 equivalent hoop)
fon = 60.0 Kksi (vield stress of equivalent hoop)

Fy= 3614 kips/ft

Calculate the thickness of the corrugated steel pipe that provides the same nominal confinement as
standard hoop reinforcement.

__Fr
tpipe 2 MaxX Hy fi cosB
0.060 in



Fy = 361 kips/ft

H;= 120 inftft (specified unit length)
fyp = 300 ksi (manufacturer specified)
A= 20.0 deg (manufacturer specified)

tre2 01068 in

=

Usea 12 page corrugated steel pipe, 54" nominal inside diameter. tiipe = 0.1046 in
(2% under, Say 0K)

Asa check, compare minimum tp. from Eq. 8.15.3.2.2-1 to simplified equations inthe SGS commentary:

tpipe 2 0.04%@%‘1 = 01554 in andz006in  {Note f.referstobentcapconcrete) Eq.
4p COS

t. 2014 2Dl . ggog2in andz006in Eq.

s lalzzfs,.IJ cosB

Ifthe refined equation (Eq. 8.15.3.2.2-1) is not used, the maximum of these two simplified equations may
be used because they provide a more conservative value. Notethatthe controlling thickness of 0.1554"
from commentary equations is considerably larger than the calculated 0.1068" from the more accurate
specification equation. Use of the refined equation reduces the required pipe thickness, especially for
larger diameter pipes.



Nonintegral Bent Cap JointShear Desion

Depth of the cap with resp ect to the column diameter determines the method of joint shear design. When
the following equation is satisfied, the joint shear design provisons of Article 8.15.5.2 apply. If the
equation belowis not satisfied, Strut-and-Tie model provisions of AASHTO LRFD Bridge Design
Specificationsapply.

D.<£d< 125D,

D.= 600 in
d= 750 1in
600 Im £ 750 mm £ 750 in OK

Provisions of 8.15.5.2apply

Additional Joint Shear Reinforcement

Vertical Stirrops Ontside the Joint Regjon:
A2 0,175 A,
A= 31,20 in°

A"z 546 in°



A" isplaced transversely within a distance D, extending from each face of the column. Thisis
in addition to the A, of 4.12in° provided for Extreme I load case analysis per Article 8,15 5.1.1,

AM™> 546 n® fD.= 1092 in®fft

A =+ A
A7 = 4,12 in fft+ 109 in®fft=  5.21 in°/ft

Find the spacing of the #6 stirrup swithin the distance D, on both sides of the column with the
assumption of #6 stirrups having four verticallegsin each pattern,

Area of one stirrup pattern =4 legsx 044 in*/leg= 1,76 in®

Number of stirrup patterns required perfoot= 4,%/1.76in°= 296 stinups/ft

Use 3 stimupsperfoot, 4" spacing. A= 528 in’/ft = 521 in/ft 0K



Vertical Stirrups Inside the Joint Regjon:
A2 012 A,
.2
A,= =312 In
A"z 374 inf
Use #6 single U stirrups, Tot 5 pattemsplaced evenly through joint.
A =5 pattemsx 2 legs/ pattern x 044 in’f leg= 440 m® =z 374 in° OK

There mustbe a minimum of 2 stirmps per Article 5.15.5.2.3 cwith a bar size no smallerthan
that used for bent cap stirrups.



Additional Longjtn dinal Cap Beam Reinforcement
Atz 02458,

f= =312 in®

2

Az 7.64 in (individualamountapplied to top and b ottom faces of cap)

Top cap reinf, A““‘w= 1677 in°

2 Per design requirements of Extreme Iload case.
Bot cap reinf, A, %%, = 1140 in

Total top cap reinf, A, = APy, + A= 1677in" + 764 in®= 24.41 in®
Total bot cap reinf, &%, = A, ™o+ Al = 1140 in%+ 7.64 in®= 19.04 in®

Use #11 Tot 16 on top and bottom of bent cap, A, = 24 96 in°

Note: A" isadded to the A, of the bent cap required under the seismic extreme event load case

only., These A,ww and A", values are to be compared to the respective requirements of the

applicable Strength load cases, and the larger value governs, Thus, the value shown above may
notnecessarily govem required bent cap flexural reinforcement.

Note: Horizontal ]-barsare not required in the jointregion, as confirmed by research.



Beddinglayer Reinforcement

Provide bedding layer transverse reinforcem ent to match the size and type usedinthe column
plastic hinging region (#6 bar). Hoopwillbe placedatmid-heightin the bedding layer; bedding
layer tobe 3" thick. Cover on top column hoop to be 2" as shown in figures below, and resulting
center-to-center spacing of tran sverse reinforcementis4” throughout, in accordance with
Article 8.5.14.

Supplementary Hoops

Providea supplementary #6 hoop placed one inch from each end of the corrugated steel pipe.
The area of this baristo be nolessthan that provided in the column plastic region (#6bar).



Design Drawings

#11,Tot 3 w6 ot Tots #6 Stimups #11, Tot 16, Typ
eachhce_-\\ tirrups, To \\ 4" - ___\\
ST T [T TRy
L /
i /
i
T
If
‘ :
 D.=5-0" D.=5-0"
#6bedding J
hoop
D.isthe distance overwhich A" is - Placement of a full A, is required
\_,/<_> 1

spread in addition to stirrup srequired in on each side of the column,

the same region for other forces.
D.= column dia, Elevation View at Column Connection



)
#11, Tot16 }
(8bundles)— {f___ |— #6hoop
F
Be
" of TT—#6 stimups,
% D - 12 gage 1} Tot 5
corrugated steel pipe — ‘f 6-3"
i
‘L-—" | —{— #6hoop
}
#11, Tot 16 B, §
(8 bundles)— -
Beddinglayer—— See detail
#11 Cohomn — below
RS
| 50" —#6hoops
e @ 4u

Joint

Typical Section through -

{‘ Beddmg

[

. Layer

1.5"' per Art.2.155.2.1

LS
\Colum.n vl

Clear covermay beless
than 2" per Art, 88,14, —

/l : \

T

[
25" per Art. 88,14

— v

Simplified section at column edge



#11, Tot16

Strmpsat4” = 5-0"
(8bundles) — >

N\

Stirmups at4" = 5'-0"
< s

1|

7 l-oll

AN L 1
N Stirrups at 8", Lg;';;n / r \\_ Colurm

UJON
54"1D 12 gage - — #6 Supplemertary hoop
corrugated metal pipe

Plan Viewat Column Connection




