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The growing popufarity of precast concrete structures has led to a fap;q >

development of connections sqifhblé for this type of cqpétruétton.

[y

Altboﬁgh'there eiists a large qumber‘bf standardized precast element

‘connections this report {s limited to discussion of eblhmn'coq?ebtioné.

-
1

-

’ ¢
)

" The influence of the béaring capacity of cofcrete and of other fabfors“
. ‘ < B .

+
-

on the design and performandé of such connections iq‘outllnéd.
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" Presently used connections, those standardized by Prestressed Concrete

1

Ingtitute and used by ﬁanufacturers and Deéigneﬁs, are presented and

*

described briefly./\ ‘ - - ‘ .t
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1.0 |. INTRODUCTION : \

[

L

| N -
- ¢+

.

Today. more fhan ever, building economy cal;s for new.concepts' and
methods in the construction industry. Reduction of costs while .

maintainiﬁg-or improwiing the standards of construction is at the

} A . - v

o .
" heart of every -successful building project.

!
k] -
A . o . ~ .
. ~
4

N The concept of p‘refabrica;ed structures as opposed to ip-situ

4

construction is not new, but in Canada, the trend towards this

*

type of cqnstjruction is only beginniﬁg although research 'and

practical apfx'lications have been taking place, on a modest scé}.e, )

-

. ~

for more than two decades. The present growin aéceptance of the
3 B\ N8 )

-
’

concept 1s' closely related to the economics of comstruction and to-

quality standards of structures, - - ', .

©

From the very beginning, it was recognizéd. that vhile prefabri—'

cated structures shorten erection time, cut cost and reduce the

"

need for increasingly expensive skilled labéur, the-fu.‘ql benefits
- L

-are dnly’avaﬂable in mass production and .tfxis, initially, limited «

|
v
4 ‘4 »

- the acceptance of the concept. » .
.- € .

°

°

. Individuakof,occasional application of prefai)rication principles
fail to achieve the full egonomic’al potential inherent in the

concc‘ept.' Prefabricated structural components ‘must be staqdardi’zed

-

" and designed for mass-production to cut the cost of the structures.

-
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" The foilowins report, wil]. providei‘brief description of

In industrial, commercial and high—rise structures, the most

widely used design system is the rigid frame. It offers freedom
in the choice of material and in planning of the floor layout.

\ - ] v
Both steel and concrete are ysed for frame construction. -

»

.

The elements pf prefabricated frame structures can bg easily

‘standardized and have been so the items critical for

. €

mass-production and requiring modern precision techniques are the
joints.

. _ Y ‘
It is not an exaggeration to say that tHe methods of joining of

prefabricated elements s€t the Ytandard of quality of ‘the

structure and the associated problems are a cause of slow

progress made by the buildings assembled entirely from factory

+

produced components. °

I
LN

At the moment, the available jointa are ratlier costly, tend to be °
inaccurate, and require skilled labour for i;anufactuting and

‘erection.

r a

LS

standardized rjoints, charact'erist'ics of materials used »

structural and desjgn conside;'aft:ions with emphasis on the "Design

and Construction Requirements_for Precast Column Connections.”

4 '
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2.1

|

|

w !
CONSIDERATIONS FOR CONNECTIONS DESIGN/'

General

When choosing the type qf'connectiQn, it is necessary to'take the

g / f '
— R
.
[
.
.

‘. - *

"In precast concrete structures, the ﬁractical and economic
N = ‘ X

~

requipements of joint design have a major influence on system
selebtioﬁ. The connections must be designed in the manne; that ‘
they aféacapable of withstanding the‘ult;matq vertical and
hori;ontal desigd loads witﬁoutleidgssive deformation or
rotation.: Ideally thé strength'of connections sho&ld eg;ged that
of the members connected. |

Due to the key fole playéd by the connecfléns in precast concrete

Y
structures, the usual prdcedure is to make the selection of the

Ajoint €§pe and fabrication.the first ‘step in design, and‘to let

the rest of the structural system follow from 1it.
7

4

\ N '

following into account: b

' Y
-

]
~

a) Aesthetics - connections should have a pleabing appearénce
for architectural reasons. g
b) Structural Reliability - joints should not allow

deformations sufficient to cause crackiﬁg of the members. o

c) Ease of erection - joints should be easily handled by

unskilled labour with ptactlcal tolerancsp'and should be
\




-t

accessible for inspection when completed.

¢

\
d) Ease of Manufacturing - tolerances should allow the use of

common mamifacturifng operations {#nd whenever possible

structural elements availablé. in standard sﬁapes should”be

¢ 1

selected. . : :
T , |

e) - Low cost

-

3

2,2 -Forces and Movements to be Considered

A

" Connections in prefabricated structures as other structures are

J

subjecled to forces due to imposed dead and live loads, wiﬁd,

earthquake and forces due to change of dimensions of members and

. differential movements.

4 ’
Z.Z,I\Verqical Forces and Movements ° ’ ‘

\

Vertical loads, dead, and live vertical reactions induced by wind
.and seismic forces are thosg computed in a conventional wayx
agproptiate for the structural system adopted. '
|
Ve;tical movements and forces due to volume change caused by
shrinkage or temperature change are not criticallfor vertical
members. -Shortening due to shrinkage after about 30 days should
not be Pf concern and column length changes due to temperptuge

need be calculated only in the case of tall_structurés.

-

A




2.2.2 Horlzontal Forces and Movement

“Movements and horizontal shear forces are due to 'wind, seismic
H 4

forces and are also created by horizontal movements due to

-

instantaneous or time-dependent (creep) deformations, expansion
or shrinkage due to chemical‘ or humidity /éhanges, expangion or
, ' contraction due to changes in temperaturé‘ Restraints in

connections due to friction, welding on both ends of.a member,
" 14

or other causes which prevent axial movement of members result
}

in additional horizontal ’forces in the connectionsg and rediuce

!

the capacity of the connections. /
/

‘

Connections have to be designed to resist forces due to volume

) o changes unlegs epecial connection details or materials are used

. to reduce restraint build-up. .

\

- With respect to horizontal seismic forces the Uniform Building
Code as quoted in referei\ce (2) recommends the following
provisions: ‘
a) - Connections and panel joints shall allow for relative
.E : . movement, beéween st;ories of not less than two times the

; . story drift caused by wind or seismﬁc forces, or 1/4 inch
! \ { .

o

-~ whichever is greater.
b) Connections should have sufficient ductility, rotation

<

capacity to pfevent fracture of the concrete or brittle

.

.
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~

‘fallures at or near the welds. Inserts in concrete shall -be
attached to or hooked around reinforcing steel or otherwise

‘terminated so as to effectively transfer forces to the

h

) reinforcing steel.

2.2.3 Stability of Structure

J

When considering stability, it is important to recognize the .

~ contribution -of various components of the structural schema to

-]

the overall gtability of low and multi~storey buildings.
] .

Génerally, the stability of a strucutre is assured by the

‘ following, singly or in combination:

1. Fii}ty of columns at the base.

-

2. Rigid frame connections.
3. Shear walls and floor slabs.

4. Rigid cores and floor slabs.

~

'
[

Low structures geherally“gely on column fixity. The foundation

<

must be able to resist forces acting on it, especially those

from bénaing moments.

i

In multi-storey buildings, columns fixed at the base are used
‘ -

only up to.about four stories. For higher structures, one or
several of the Sther methods ligted would be used.

- . e

°
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Ridgid frames can be used to assure a stable skeleton of~the
structure oi a stable ‘core, located centrally or on the side,
to which the rest of the ;trqcturedia linked. The ffahe can be
prefabriéatéd or post—-tensioned see Figs. 3 and 4.

In very tall structures, when horizontal forces are too high to

be absorbed.by the frame, shear wallg’'or cores are used. In

-

. o ,
Aihat case, one of few available types of frames are used in

L s

longitudinal directions. : T

-

Type of double “T" frames or "H" frames. such as shown in Fig. 3

glve very good stability along the facade. .Double “T" have the

" connections at the bottom. In'“H" frames, connections are

located half-way up thie storey as bending momenf/ﬁagnitudes
indicate. J

Genetaliy, it is difficult to obtgﬂn adequate joint rigidity at
the 1ﬁtgrs;ction of vetticalland horizontal prefaﬁricated
members. Awailhble space there'is limtfad and forceswgo be
abgsorbed are high. Therefore, it is important to ‘try %o make
t£e connections away from the structural meeting points ﬁna‘

. Y
areas where, 1f possible, the bending moment is zero.

o

kS
o

‘For the 1llustration of the‘moqf appropriate locagionrof column
connections see Fig 1 and 2 which ghow the bending.moment

diagraﬁs due to horizontal forces in common frame structures.

0 ! -
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"F16.2 MULTY STOREY FRAME STRUCTURES MOMENTS DUE TO.
HORIZONTAL FORCE

1
o

-
A
&

Aoy d
4 4.'4,,

*




o
R
A
.
Al
-
-t
L]
¢
é.
;
%P
i
¥
i

o

P

1

a) IDENTICAL FRAMES

-9-
———q o
—

1
P |

., |
b 1l 1
A
/,
-‘ ‘ I | 1

. - T
! I ’ ’ ﬂ ) 8
Sy I - I |

T 7
[ 1

1]

T
N
Bl

b) .DOUBLE "T% FRAMES. .

8
T
A

1 1

c) "H" FRAMES

FIG.4 ‘smuc‘wmi; COMPOSED OF FRAMES

3

-

e



TRTE TR TR A e

Mhe > 7 T Tt T

- 10 - K

*

2.2.4 Erection Forces, ) oy

Erection exposes the structural precast members and connections

to different and sometimes more severe loading conditions than

those that the finished structure may experience under full °

service loads. The forces and stresses during this temporary

stage have to be coqsiderg§ in design and proper attention

should be given to the influence of the sequence.of erection.

-

Possible eccentric loading and continuity moment connections
oveé supports shall be coﬁ;idered carefhlly\at'the erection-,
stage.. Seéuence iq Erection of members and connections,' with
shofing'or guying should be clearly outliné¢ in the
speéification. Conqections should be designed }n such a, manner
that temporary bracing and connections would allow for féléaaa .

of erection eqnifment as soon as possible with‘the erected

- members ‘being stable. .

’ * . . '\u] .
Simplicity is required, - nupber of bolts and nuts should be kept
) . t .
to a minimum and the least number of operations required for

final levelling or plumbing of columns. Welds, once made v

\

should be final. B

Voo v 7 4

- - Shims are the most ‘comménly used method of 1éve111ng of
members. Precast dembers that are welded, boltéd'b; grouted in

1. ' :
the final stage will usually be set on shims at first.

»
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2.2.5
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]

+

It is very important that all bearing surfaces be in full .,
contact with bearing supports, otherwise local stress
concentrations wfll tend to weaken the connections and may

cause damage to members. .

©

-

'Speci&l’problems during erection are created by wind ‘forces.

PCI (Prestressed Concrete Iﬂstitute) recommends the use of 30
psf pressure on projected surface of structural elements. This
corresponds to a wind velocit} 100 mph.

r

ACI (American Concrete Institute), (2), recommends for the

design of temporary bracing the use of wind forces determined

‘as follows:

o

D= cd (1/2§>v2) A (1b)

\

:vjhere: t ' .

# - ' Cd= 1.8 - Drag coefficient
) {

r

© = 0.002378 = Mass density of air at'seg

— level and temperature, 59°F, slugé/cu.ft.

D = Wind force.‘lb.
V = Wind yelocity, mph. ﬂ \
A = Exposed area, sf. .

.

Safety Factors

Importance of connections in precast concrete structure calls:
/

for safety factors which assure that connections will not fall

before the concrete members fail. ACI recommends that an

~ ~

a '..-. o




2.2.6
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*
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additional safety factor of 1.1 be applied over hnd above the

4 .
normal  (1.4D and 1.7L). PCI recommends a factor O 3 for the

ultimate design of connectians. This factor is to be applied to

fully factored design loadsz

‘L * &

In load combination (1.4D + 1.7L) and 0.75 (1.4 + 1.7L) volume
change forces should be included with dead load, except for ’

bracket and corbels where they éhpuld be included in 1.7L,

Tolerances

"

Connection design should allow for the most unfavourable com-

bination of manufacturing and erection tolerances. Tolerances

[

have to be given to the prgcaster an@,provision made for necessary
field adjustments during the erection. Precision is required in
both instances to avoid a build-up of cumulative dimensiénal

LY

errors. ' . - ‘ . )

Fractional differences in members will build up to inches in 1éng
spans or heighté. PCI refers to the "Manual for Quality Control
for Plaﬁts and Production of Precast, Prestressed Concrete Products",

MNL 116-70 for the recommended tolerances for precast members.‘




The recommended tolerances are listed in the following Table:

1
e
s

.Itenm Recommended Tolerat’xces*i: inches

Field placed a&hor bolts . !
(transit or template) , + 1/4
Elevation of field cast footings

and plers -_t-_ 5/8

Structdral Precast Contrete

Posgtion of Plates ) +1

d o
Location of inserts ) +1/2
Location of bearing plates : +1/2
Location of blockouts 'il/2 f‘J)
Length \ ' + 3/4
. PR

Overall depth

Width of stem

|
‘Overall width

Horizontal deviation of ends

from square +1/4

Vertical deviat:ion of ends from v

.square o + 1/8 per ft. of height
Bearing deviation from plan; C +1/8 _ .
Position of post-tensioning

ducts in precast members ’ +1/4




- 14 -

B

Item » Recommended Tolerances*:.in

ches

Architectural Precast Concrete

Length or- width ' . + 1/16 per 10 ft.
| <3 N less than'+ 1/8

Thickness - +1/4, - 1/8

Location of blockouts _ ' 114/2

Location of anchors and inserts + 3/8.

‘ +1/8 in 6 ft.

Warpage or squareness
‘ -

L

Joint widths “

- specified =~ ° Y

- min. and +ax.' dinénsions

,~° P

2/8 to 5/8 im.

1/4 and 3/4 1.

but not

* Other comstruction materials may control tolerances sel

s

|

e<ted .

e
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3.1 . Bearing on Plain Concrete -~ PCI Recommendations

‘ . - - . ) : - ‘,‘. [‘ % 8
. : -15 - ° ‘ .. (\
' . . il - ¢ N ’ AR .
b N e . ! ° M
- ‘ .7 .
° © ’ L ‘o Lr K ' ?r, ' -
3.0 BEARING CAPACITY OF CONTRETE AND PRECAST COLUMNS ' ‘
R Y o 0 - + = ‘

. N N ’ a
“ ’ - . 3
»

»
- -

In designing of bearingﬂgonnections beéring capacity of concrete

as function of type 3f,loading, shhpe’;f bearing area, magnitude

of l;eating stress and eccentricities of loads shall be

considered.

1

'
'

’
°

N L ’
v .. -
» N . -
. 3 .

&

According to PCI recommendatioms (Fig..5) for uniform loading,

2

" the ultimate concrete bearing strength can be calculated using ' .
‘ / .

7

the formula: ‘ i

J
AV . ‘
£ = B 70 '\/f’cT 4?!8‘« ‘
bu —
. , U w .
) | { * ) LR '
. . , N . \ i
vhere: “¢ = 0.7 18 the ultimate load fagtor ) - >

8 = Distance from free edge to centre of beariing, in.

w = Width of bearing plate perpendicular to free edge,

!

/

[y

“Jn. . : " -

)

-

For non—ut{ifom bearing 'stress at any point shall not exceed that

given by above formulas /for 8= O.SQ . l

¥ ! w
]
/
- /
/
/x

If a horizontal force is pregent then

; | | .
3 )
£ Cr ¢?{§q|fc' ,\/__‘s; ] -

L e L T S . B et - rr i .-
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. ,
o o | .
where Cr = |sw TI%' v T |
’ .200 \ .
oA v | ,
Lot | . ¢ |
) for'light-weight structural concrete f, |

bur 0.85 of the value
!

calculated for normal weight concrete. ‘\

1
N L4

~ ~
[

\

vhere T = Ultimate tensile force acting with Vu, 1b.

Vu- Ultimate shear applied to conne'étion, 1b.

[
' 3
s

1

3.1.1" Bearing on Confined Concrete - PCI Recommendations * ' 5

.

¢

The ultimate vertical beaﬂng stress shoul{i not exceed 0.85 fe'

The area of reinforcement required in ordef’; to provide strength

against vertical bearing cracks, welded to iconfinement angles can

be determined by: ‘

o "/ ' | s . !
- , \
q Avf Lo {,{2 + .Tu] o !

|
|
l

‘wherg: $ = 0.85 Ny l\
1

N T 0.2 Vu |
u

v

A= shear - friction coeficient .

f)‘rv = yield strength for Avf(pai) ,

Area of reinforcement required in order to provide’strength

e
!

agai'nst hortzontal cracks can be determined by:




3.2

3.2.1

i -. 18-

| N o
where: fys yield strengtg for Ash,(psi)

+ Additional confinement reinforcement provided in both directions

can be calculated as follows:

A - A == v - 1 * L7 r
cv ch u P .
Vi

8 fy
v/,
Bearing Pads - PCI Recommendations

\

If bearing pads are uséd, the design bearing stresses should be

lower and the design based on the working stress method.
e - ]

Maximufi compressive stresses are specified and recommended by PCI

"and depend on the type and properties of materials used.

Data are given.for: - Laminated fabric pads, laminated S
fabric-rubber pads, frictionless pads., Other types of pads may

be allowed at discretion of the engineer.

Review of Research on Bearing Capacity of Concrete and Precast

Columns :

Bearing Capacity of Concrete '

It should be mentioned that some research tests (6) show that the

cube-robt formula for local pressure proposed by Baushhinger and

based on tests of sand stone cuﬁes, is not an approprﬁgte

expression fqr the bearing strengh of concrete.

. gt

et et e et ag 5 e et
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3.2.2

The material in the region of-the localized force is subjected to
stresses of complex nature, and the behaviour is further

complicated by the non-homogenity and in-elasticity of concrete.

¢
>
-~ .

)

The following variables were considered in the experimeﬂhs

reported in (6):

R o
A .
a) Geometry; dimezg%ggg of loaded area relative to those of

~

bearing plates; strip and rectangular, height of - specimens
and eccentricities of the bearing plate. v
b) Nature of bed, rigid or yielding.

c) The bearing area at the supported end of the specimen.

v
-

The test results indicated that cube-~root formu;Q underestimates

the ultimate bearing strength for square loadiné, while

over—estimates it for rip loadings. 1In general, strength
decreases with iptreasing height’of specimen and algo w?th
increasing eccehtricity of the'load. Strength of smaller loAded
areas is affected more. by eccentric%}x;tﬁggf:' t. of laFéer ones.

S—é

Béaring Capacity of Column Heads

7

In precast concrete structures, column heads at column to column

or column to beam connections are an area of large concentratiom

of vertical and horizontal forces.

¥
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~

- The bursting tensile force is proportional to*the force applied :
and depends on size of anchorage in relation to ‘the end block

dimensions. See Fig. 6.

In other words:

Fbst = Y \ . °
— _—.To - . .
P Y
o
e .
— . .- 1

[N

where: Fbst =jBursting tensile force in one direction

P = foad applied a Ce C : q
\JL Ypo- Dimension of end block.perpendicular to direction
of considered Fbst - N 3

L

Y; = Dimension of anchorage plate

.

. q .
Multiple anchorages for post—tensioned structures are treated as

a series of loaded prisms with the bursting force acting in both .

:Ef% tradsverse directions. Strip loading applied on the column head -

‘;;;hm\analogués to that situation and, since for a square prism
loaded over its full width Fbst = Y = 1.0, it follows that .
' P ;—po .

“~ o

Fbst = P in Ome direction. The finding of over-estimated bearing

capacity for strip loads which can be seen as series of loads

repdrted in the experiments mentioned in Section 5.2.1 can be U

' correlated with the view. . ) - - . .
: P
oo ‘
«r i s . \
/ - o f . . 3
- ST TR T - -
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The andlogy be;ween column heads of prefabricated struatures and

the anchorage zone of ‘prestressed concrete block subjecteﬂ to -~

concentrated loads should be noted here. bnﬂmany occasions
1

. , ‘ .
theoretical calculations bearing capacity of concrete and of

stress distribution In the anchorage zone, have been attempted
/
but due to the complexity of forces aﬁé to material character
A ) .
only experimental stu@ieh can lead to accurate predictions of

'bearing capacity of co;:;Ete.

1}

D . '
In the immediate vicinity of load application there exists a
. . f N _S:
complex system of stresses in the two directions ngversé to

3

the direction of force applied, and therefbre the stré&s field as

i

~a whole 18 three-~dimensional.

° LK)

q

¥ o | '

7 ' ¢ ! ’ ’
The stitesges may be sufficient to cause cracﬁiné of the concrete

v

and, in the absence of the reinforcement, failure.’

— <

. ﬂ!@% ' \T\\';) - S 3

In the design of bgest{esséd,coné}eie end b}ock the usual )
practice is to assess the Eétal fof%e, "bursting fotﬁi", in each
transverse directioq‘hnd to provide reinforcement of a;ﬁfopraite
strength. The code for preg;ressedkcongreée tabulates the

recommended design values of the bursting force resulting from
! !

A 1 "w -

the apoplicﬁtion of axial force on a square concrete block.

v »




v

A
Pregent code provisions for -bearing stress are the result of many
. .

analytical and experiﬁental studies, some of which were done by

PCA (Prestressed Concrete Association).
Y

3

The test results (6) confirmed that bearing st}ength of concrete
. 4

is a function of: coﬁpressive strehgth of concrete, width of
bearing plates, distance of bearing plate from the column ;dges,

amount of lateral reinforcement, and ratio between horizontal and
\ .
vertical components of applied loads.:

s

W
It was fould that bearing strength of column head 1S\mot directly

{
proportional to the cylinder strength but toNfc' which is

'» v
related to tensile strength .of concrete.

The bearing strength of concrete is indepen&ent of column width

if the beafing'plate extends over the full width of column.

i 4 .
If the distance og load from 'edge of column is less than 1.5

inches, shear failure occurs; 1f the Qistrance is more than'l.S

incﬁes, splitting failure occurs.
~

Lateral reinforcéméﬁ;'near the top of column prevents column
splitting and shear if this force is applied at a distance larger,;
than 1.5 inches from the free edge. The bearing stremgth of
concrete‘is independent of lateral reinfofcement for distanc; éf

less than 1.5 cm. For greater distance failure of colqukwith

——— N
»

lateral reinforcement will take place by crushing of concrete
o«
under the plate (Fig. 7).

o
e

—
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b)" CRUSHING AND SPLITTING OF CONCRETE - COLUMK HEAD WITH LATERAL

REIRFORCEMENT

a

F18.7 - FAILURE OF COLUMNS
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Increases of lateral reinforcement increase bearing capacity of
column by upfto'IOOZ over the bearing strength of column heads
without lateral reinforcement. ‘The force transverse to the
vertical load causes failure of concrete due to crackigg and
mainly bursting. If this bursting tensile force is arrested by
use of sufficient amount of steel reinfrocement‘at ﬁead level, !
the bearing capacity of concrete 1s increased.

The. amount of lateral reinforcement cdrresponding to double
capacity, which shall also be kept as maximum allowable in the
design, is 0.16 sq. in. per inch of length of the bearing plate.

1
¢

Yield strength of lateral reinforcing steel highgi‘than 40,000 '
t psi does\not improve bearing strength of concrete.- The’anchorage
of reinforcement and proviéion of confinement is very important -
and unless it is properly‘done, reinforgement will not fulfill
the purpose. Figs. 8, 9 and 10 show examples of anchorage used.
The longitudinal reinformcement has no éignificant'influence on
column heads bearing capacity. The bearing capacity of column
heads is reduced by horizontal forces. The reduction qf strength

b \ - - %
" ~depends on the ratio of the horizontal to vertical force and the

-

width of the bearing plate.

r

The variables mentioned are included in the PCI code, but without

sufficient credit given to lateréi reinforcement of column heads.

PCI test investigations allow to derive the design equations for ‘
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CROSS BARS VIELDED'_—““_—\
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F16.8 COLUMN HEAD LATERAL REINFORCEMENT

LATERAL REINFORCEMENT
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FIG.9 COLUMN HEAD LAffRAL RElNFORCEMENT_

|

/ o Y
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‘bearing capacity of column heads strengthened by lateral
reinforcement. The equations are shown below for discussion. In
the formula given, the second component in bracket represents the

strength increase due to properly anchored reinforcement.

\

N .
The ultimate bearing strength of concrete, according to (4) and-
. (6): .
. - - ' . ’ %'A L] .
3 N .
- ' >
£fiu ] [69 /\‘fc ) /3_ } 1+ Calaqll S .
w —
. ' . 80 ’
e . ‘ ' ’ ) ,\"
where: 1

P A /J

Area of lateral reinforcement maximum fy = 40,000 psi

>
(]

sl

. 4 N

Length of bearing plate, in.

o
[ 4

(o]
L}

Constant = 0 yhen s 42.0 in

2.5 when s> 2.0 1in or more

(2]
| |

The product sw, but not more than 9, 1n.z
fc' = Specified concrete compressive strength, psi..

fbu = Ultimate bearing strengh of concrete, psi.

Y

e

P .
R R T L
‘e -
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. B
v loads
g = 0.85_-'
;#
s-
plate, in. J
w .

W =« Width of bearing plate, in.

The other recommendation is that

H
c2 v be used as:
80 .

.

formpla -

- when the lateral

5}

einforcement of

j ‘ ~

- when the lateral

L3

\

Distangé from edge'df colum to ceﬁtre 1ine of bearing

= Ratio of horizontal and vertical éomponeﬁts of applied '

R

’

the third component of the

reinforcement is welded to transverse

equal size.

reinforcement is welded to embedded

" steel bearing plates or steel angles.
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EXAMPLES OE COLUMN CONNECTIONS

- Column to base Joints

There are few types of column-base connections commonly used in
precast concrete structuregs. In g\eneral such connections can be
classified by the degree of fixity achieved. In each case 'the
stiffnéss of connections depends on plate deflection, bolt
elongation and foundation rotation. Connections should be
designed to transfer compressive forces, moments and shears. In
the case of bolt qoxx;ent connections, attention has to be paid to

-

combined tension and shear fprce in the bolts.

\

"In each type of connection provision has be to made for éome

means of vertical alignment .and adjustment of column.

-

v > -

Column to ﬁase Socket! tg}')e Connections

- B [

A

The type of socket connection shown in Figure 11 is usually
levelled by the use of grout or accurately levelle'd steel shims.

The lower ’part of the column is sometimes roughened to ‘transfer

A

part of the load to the foundations by friction rather than by
end bearing only. Vertical column alignment du:ﬁng the erection

is maintained by using tex&porary wood wedges dfiven between the

e

socket and the column side.

Y
33 ) X
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PRECAST COLUMN SUPPORTED ON
SHIMS OR ACCURATELY LEVELLED
GROUT BED

FLOOR LEVEL .
A

.IN S1TE GROUT OR CONCRETE

BOTTOM OF POCKET CAST
BELOW FINAL £LOOR LEVEL

“ FI16.11 COLUMN TO BASE SOCKET TYPE CONMECTION

I

———!/L-_“‘ PRECAST COLUMN
] 17 SUPPORTED ON SH IMS
) e OR ACCURATELY

- T F LEVELLED GROUT BED

f.\\\\\\\___
g IN SITE BROUT OR

CONCRETE

i - v

CHAMFERS

¥ =

BOTTOM OF POCKET CAST
BELOW FINAL FLOOR LEVEL

FIG.12 COLUMN TO BASK SOCKET TYPE CONNECTION

PERCAST COLUMN SUPPORTED ON
LEVELLING SCREW

NOOD WEDGES FOR —
COLUMN PLUMBING DURING
ERELTION

P

. REINFORCED CONCRETE
/ CuRre

""" LEVELLING SCREW

»“ o GROUT
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Chamfers used in the base of the column (Fig. 12) improve.the

flow of grout or concrete into the gap beneath the column.

™~
Reinforced concrete curb sockets (Fig. 13) increase the ability
of the joint to resist the horizontal forces and at the same time

care Ys taken of shrinkage of cast-in-gitu concrete.

The socket ‘?ype connectiom; are suitable for columns which are
too small to have a 'base plate, columns with a longer side of
less than 9 inches. They are also practical for me:nbers with
high moments and small vertical loads (poles). To develop the '
moment cap;acity of the column the socket depth should 'be the
greater of a) the bond lenétp of the column lfars, or b) 1.5 times

the longer side of the column.

Column to Base Dowel type Connections

The detail in Fig. 14 represents a column with a large “pocket

which 1s filled with grout on gite. Dowels set in the foundation

P e
| .

engage the poéket and are bonded to the column by the grout.
Reduction of column bearing strength could be expected unless

very high compressive strength non-shrink grout is used. Temporary

. bracing during the erection is required. Fig. 15 shows a reversal

of the scheme in which és the dowels are,now part of the column
and the socket is in the foundation. The column to column joint

shown in Fig. 20°is based on the same principle.

~
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Column to Base — Base plate type Connections

Figures 16 and 17 illustrate the most popular and oldest type of
connection used in préfabricated structures. The type shown in
Fig. 17 is used for heavy leads with large moments. These

connections allqy for easy levelling and plumbing of columns, by

~means of shims or levelling screwss There should be a gap

between the top of the fgbting and the bottom of the base plate
for grouting. .
Variations of base plate cénnections are used; some with

pockets for anchor bolts or whole column connection recessed, and
they will be illustrated when column to column connections are
discussed. |

» =

Column to Column Joints

\

A column—to-column joint is required when the height of a

structure exceeds the length of column which can be precast ig

one piece, and also in a H-frame system. This applies to

. . i i
heights over 25 ft or any multi-story structure. '

/

In . precast rigid frame structures, bearing colufin—to-column

g

connections should be located near points of contraflexure and
consequently their effect on the frame should be negligible.

Figures 1 and 2 indicate approximately the appropriate joint

o
'

locations.




e A

LEVELLING SCREWS

W GROUT

- 34 -

' /——————— PRECAST COLUMN
i y,

1\__ 1 BASE PLATE

ANCHOR BOLTS (N SLEEVES
ALLOWING FOR ALIGNING

LN

FIG.16 COLUMN TO BASE -- BASE PLATE TYPE CONNECTION

CONCRETE COVER

STEEL PLATE

STEEL BASE ANGLE

3

: /—-——————— PRECAST COLUMN
Yy

COLUMN REINFORCEMENT
WELDED TO BASE PLATE -

o .,
. *s 0 s
i | -
N' . ...'
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.

4

DOUBLE NUT SYSTEM FOR
AND LEVELLING

. —— ANcidy

F16.17 COLUMN TO BASE -- BASE PLATE TYPE CONNECTION
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o

\

/

COLUMN REINFORCEMENT
/ WELDED TO BASE PLATE
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The following paragraphs illustrate and describe examples of column to
column iqints used in Canada and ‘in other countries. Most of the

joints shown have the capacity to transfer moments. ) T

Column. to Column'Base Plate Type Connections
Figures 18 .and 19 show three types of connections wits/secessef‘ﬁf
internal base plates extending partially or fully over the base.
Anchor bolts are placed i{n pockets, re{nforcing bars lapped an&‘heads
reinforced. The erection is similar to the one described beford;

»

levelling bolts and nuts are used. After érecpion Tecesses ghould be

cateﬁplly grouted with high quality grout to assure full bearing
capacity of column. If required, concrete cover for fire protection
should be at least as thick as the concrete cover required for members.

o

PCI describes the connections in detail.

Column to Column Dowel Type Connections - e -

. . L . .
In Figure 20 the principle used is the same as for the column to base

dowel type connection. The only additional detail pregented is

!

tempofary bracing used to stabilize the column dug;ng the erection.

o

Often horizontal stee1<$1ates are placed on the bearing surface of

2

columns and are welded to each other obviating the need for temporary

-
A
]

bfacing.

4
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Figures fl and 22 show dowel typeiéonnections. Mechanical means -
‘are used for levelling and plumbing. There is no need for
temporary br?‘cing only shims can be used additionally. The
connections are capable of carrying some loads before space
between columns is filled. While small pbgkets.are introduced

for turnbuckles and stedl‘plates, the gap left. should be the

) ninimum iequifeg for the grout. Expandable or noﬂ;shrink grout
should be used to assure full continuity in bearing. Heads of
éolumns shoqld be reinforced in acc;rdance withy the recommenda~-

tionsbgivqﬁ earlier. Connections can transfer full vertical and

shear loads and, to some degree moments.

hY

Column to Colufin Precision type Connéctions ’
Figures 23 and 24 present new concepts for column-column and
column-base connections., The column in Figure 23, (8), ha; =
tapered steel spiggots 5n both ends which fit precisely fato

steel sockets at the joint. These joints can also be a part of a
floor slab or parF 6f a beam in which casé the bea; or floor slab
réiﬁforcing bars are threaded into the sockets, thua developing

* the full moment rgsistant of those members. Production and
casting requires high accuracy, &olerancés are very critical.
Figures 24 presents another.type of precision connectioﬂ:: The

principle 1s very similar to that already described, but in this

cape both colurin ends have sockets into which a pivot is fitted.

t
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Although thF connection requires’' precision in parts manufacture
casting, the piyots, which are a separate loose part, and the

bearing pads allow less strict tolerances during erectiom.

. ~
x

The precision type socket-gpigot and socket-pivot joints'can be.
mass produced and used as design forces and moments dictate; if
necessary, for larger or odd shape columns, the joints can be

used in multiples, two or more being welded to a common base

plate.

- Design'of the socket joint 1is such that it allows for transfer
of vertical loads, shears and in one—caée: moments. These
Jjoints can resist wind and earthquake forces. Erection is very
simple and fast. . ~

Figure 25 presents a’gearing type column connections. The main.
conﬁectiqn components are: steel ring, steel circular plate and
bo}t which are assembled toéether to act as a shear key which
absorbs horizontal fdxceé but very little moment. The bolt also
acts as a levelling screw for column aligﬁment.. Connect;on
assemblies have to be accurately positioned in precast columns
but this is easy:since both top and bottom assemblies have 7
mmusmhwﬂmtﬁ;dmnmﬁ&mmmm Connections can be
mass pfoduqed in sizes dictated by the deeign forces. &hey are
very suitable for H-type frames whefe'connections are located at

point of counterflexure. _ . .

s,

Y
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Figure 26 is a suggested dowel type .connection with provision

for bean supports. Walls of standard square or rectangnl#r

L}

hollow secfion, wiﬁh angles or T-type sections welded on, can be

used to receive the beamst

[ 3

The bottom of this section 1s partially enclosed with steel

plates serving as part of column head lateral reinforcement and

as covers for dowel sleeves. The hollow steel section is f1lled

with concrete during precasting. After erection sleeves and gap

. between columns shall be filled with grout. Fire protection
i N ! - .

\
cover ‘'shall be used if required.

t
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CONCLUSIONS

The surveyed examples of joints published by PCI, the
mAnufacturers, users and designers show that very few types of
bearing column connections are available on the market.

.
Tt

Moment type connections with various degrees of rigidity are the
principal type in use. Fpom references, technical description
and &esién data it can be seen that the developmeq{ of |
connections has been carried out by engineers or contractors for
specific structures, subjected to particular systems of forces.

' +
There 1s no general design procedure available. Design is very
specifié due to the complex charaéter and behaviour of

connections and, to a large extent, depends on the good practical

experience and judgement of the engineer.

)

There 1s not enough information on the strength and ductility of
jJoints and conmnections, especially between dissimilar members.
such as columns, slabs, walls and beams.

J,‘ \
In the analysis of prefabricated structures it is important to
agsess correctly the load transfer efficiency and the structural
¢ontinuity av;ilable at the connections. As this avoids
unrealistic stress distributions in design, the use of &

systeyatic experimental iﬂvestigation of efficient and practical
! - )

[

o
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!
connectlon types could lead to more rational design procedures

for building structures assembled from precast components.

Experiments carried out so far were of a sporadic natu;e; It
wofild 'be very desirable to perform more systematic sfudies\?nd
tes%ﬁw;s these could lead to improved and more general design
procedures., ‘

i A
Complexities arise when the over-all equilibrium of box-like

structures is investigated., Models should be used to elucidate

. the problems: two-dimensional models and for more complex ~

system, three-dimensional models. The model studies could throw

} .
light on the stability of structures as a whole under vertical
. : <

and horizontal load effects, as well as on the state of stress in

individual members and in their connections.

Model tésts could lead to the establishment of uniform safety

‘factors and to a better definition of stress.problems related to

-t

dynamic and earthquake effects. ‘ -

AY
Correlation between model tests and analytical methods would
v : ¢

result in improved design procedures.

L4
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APPENDIX II —'NOTATIONS

The following symbols are used in this report:
P ’ * ! »

A

Ay
AC.V -:
Ay~
A

>
i

rh
2
1 1

rh
g
!

<1

- "ﬁxp/osed\.area of st

2
ructural membrer, ft .

Aréa of horizontal confinement reinfercement, in.z.

- >

2
~ Area of vertical comfinement reinforcement, in. .

-
"

AS
Area of lateral rein
L -

B o

‘ 2
forcement, in. .

Are of reinfolcement for horitonzal cr§cks,.1q:2.

Area of shear‘}ﬂﬁction reinforcement, inz.

-~ Length of bearing

- Utimate bearing strengfh of concrete, psi.

Tensile bursting for

-, §pecified compressive stremgth of concresg,,psi.

«Specified_ylela strength of réinforg:::2§ffpai

Yield gtrength for A

plate, in.

ce, 1b.

sh® Pol- ’

N

Yield éﬁrengter fbr Avf’ psi. -

- U;timatg load on ¢

onnection, le /
e

AY

s Diétance from fré?& edge to center of bgaring, ix&

‘q1timate tensiié‘for
.

- Wind velocity, mph

Ultimqge\xhear applied on the connection, 1b.

c%<aéting with v , 1b.
. o

-

/

¥ g

[
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