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ABSTRACT

Sight full-scale precast concrete columns were t

ioading TESPONSES. T'he specimens r:::-[n"esel{t, t-fl)EC'SSE;:(l t? determine their reversed cyclic

. cluding the connections to the foundation Pedest;ls llr?—lb‘t.ﬁomy p%‘eca.st concrete columns

e performance O‘l.CC)lmm]:-; designed using the Cu”em: a):ll?of*x}{l)e}1rxlenta\ study mus_trates

CPCL Methods of improving the performance by inCl‘G&anI | tﬁc ICCOI‘nmendcd'by PCl and

connections and improving the levels of ductilitdy are brcqc%ntej St':li?;g::qsm‘n:lﬁn?s i
R g S periormance

of the columns are assessed 1n terms of the expected R factors of the NBCC (1990)

INTRODUCTION

The National Building Code of Canada (NBCC 1990) gives force modification factors, R,
tor different structural systems exhibiting different levels of ductility and energy absorption.
construction is not covered specifically in the NBCC and by default the
he category for “other lateral-force-resisting’ reinforced concrete systems

£1.5. In addition the CSA Standard A23.3 (CSA 1984) does not provide
buildings. A little guidance for the seismic

~dbooks of the Prestressed Concrete
rete Institute (CPCI 1987). There
olan et al. 1987, PCl 1986) n

precast columns. This paper
ted at McGill Unmiversity
nvestigating the se1smic

Precast concrete
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.nd use an R value o
ProvisIons for the seismic design of precast

special
in the design ha

design of precast buildings 1S given
Institute (PCI 1985) and the Canadian Prestressed Conc
1l amount of experimental evidence (D

is a surprisingly sma
loading response ot typical

he literature for the reversed cyclhic
summarizes the results of a series of tests of precast columns tes

as part of a larger research programine (Pilette and Mitchell 1991) 1

behaviour and design of precast concrete structures.

—

e
— = - e

'Ph.D. Candidate, Department of
versity, Montreal, Canada, H3A 2150.

2Professor, Department of Civil Engineering and AP

Montreal, Canada, H3A 2K6.

Civil Engineering and Applied Mechanics, McGill Uni-

McGill University,

plied Mechanics,

615




foundation specimens were tested under reverso |

_ S “t100N-
2 ht nrecast column-connec | ,
A F.me shown io Fig. 1. The feral joad was. applied at

e bottom of the base plate. Each column was Subjeczeg Lo a copi
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loading 1n the testing
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2,75 m measured [rom tl

wial load of 184 kN to simulate the dead load acting on the column. Figure 2 jllyet,
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(hree standard types of column connection details typically used (CPCI 1987). T'ype 1 ha
a base plate which is oversized on all sides of the column, Type 2 is oversized opnly ;

direction of loading and Type 3 uses recessed anchorage pockets. For Types

longitudinal column reinforcing bars pass through holes in the base plate and are w

the underside of the base plate connection. Connection Type 3 uses dowel bars. welded ;
the steel anchor bolt pockets. The col

and adequate lap slice lengt]
bars. For all
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umn reinforcing cage is slipped over these d

dowe] bar
| 11s provided between the dowels and the longitudinal colum
pecimens a nut was used above and below the base plate on all anchor boli:

to tacilitate erect; - - =
between ] ;GCUOH_ Grout, having a minimum compressive strength of 60 MPa was packe
f 1€ Dase plate and the top of the pedesta] |

| )fable [ gives the details of th
the R valye tollowed by a
WVas {Ie.’a;igned with -

| an R of 1.5 and h

The No. 1 " for connection Types 1, 2 i

e - 1U, No. 15 3 | _ ‘ t connection Types 1, 2 ai
0 516, 443 ¢, 456, and 443 Fj;;(). 20 reinforcing bars had yield stresses varyl:
oM 263 to 315 Mp : M}.)a’ tespectively. The anchor bolts had yel

314,

stress of the base plates varied from =
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(b) Specimen R4P-1 under load
loading ot precast column-
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ctiana of connection d'vpea 1 -
dﬁf'“[-r]]rl.tlf_)ﬂw ypes 1. 9

; ¥ i(ﬂjI] ) “L‘n % ‘ o f!f}' 1 |
3 compares the "*””mrf;‘iltf ough the standard design method (P ifjr..,;i 3 f,
N4 . = 1.5. Al LERLEL ) St et ‘ e T
.I g fj.m;i(t'”"'[l with b = l_l)r | the base plate exhibited extremely Ir-l,r;;;r; defo, , '“]jr!i
wecimens aesighs=e= My - 8 P o S - . aRveras A s VR I
. sed for SpecHnen s f lJoading as well as in the transverse directgy, (see 1: 1O
b O acl h . \ SCa I

|987) was ! |
Aue to bending in
base plate Y
at 1ts base. |
{ransverse l;(:mhfng
e direction O

the direction O |
ielding took pl |
[t is interesting the standai
| of the base plates. opecimen R1.5-9

e in the transverse direction while the .., '& 3
AL ' .

1 te that the standard decio. e
|, xCcessIve to nol 3 'l(‘”]g“ o

~te oversized on
pln.l_.f () .
over Specimen K19
(sce 1g. 3b ). ['he
spread into the column.

S e B S T B o s Fe s
analysis to account o - 1 .
g The connection stiffness and strength was similar to that of 5[3£-umf_;n |
1 131 €A Uil ‘ g y

- : ' - e & \,[:‘
ace in the column just above the top of the anchor } Vith

| tF}-} . 2 LR . i Rl T » . .
ly ml <o of the elimination of transverse bending of ¢
-] becausc €

trength and stiffness of the connection enabled Inel
) UL R 1 . % s . 1'."'_“ ey P o : - 1y
The base plate of Specimen R1.5-3 was designed using yie \J 0
PR e | , Y€l |
. cross the corner between the plates forming t line
L1 WO / -

pocket. |
localized yielding taking pl

[Figure 4a shows the base moment versus the mca.srlu‘(f(]r 1t0_[) displacement 5
men R1.5-2. indicating a displacement ductility of about 2.0. _[h(i overall Dl ..
controlled by the anchor bolt deformations as can be seen from ['ig. 4b. The pi“(’llling*f-[mx
hysteretic response is due mainly to the irrecoverable elongation of the anchor bolts |)(~E= "
the nuts located above and below the base pla.te. Figure 4c shows the COHtl‘ibl_ltig Srane

| - . . 1 of the
base plate bending together with the longitudinal column bar elongation over the thick :
g AT1ess

displace.
exhibited

of the base plate. This displacement contribution is’about equal to the anchor bolt

ment contribution. Figm‘e 4d indicates tha,t the bottom pO[‘tiOﬂ Of the Column
some yielding consistent with the design level of ductility.

Fipvire 1h o POy N, T . I G i : 5

: gure .l ?) shows the deformed shape of Specimen R4P-1 which had a column des;
bt sigmficant ductility but no spe 6=
ol the base plate.

exl) gned to

cial consideration was given to tl

The deforme A
e ] el :,oxmcd shape of the column shows that the base plate yielded
o uted to most of the top displacement while on] & i

hars took place at the b y localized yielding of the column

the direc T Pff‘éllmen R4-2 was designed with an oversized base plate in
a capaci ' .

38 stronger than the col pamtﬁdeslgn approach was used to ensure that the

stroneer ; - Column. : : |

'ECT connection deta: TR S can be seen from Fig. 5a, the stiffer and

With yielding €xtending over » height of 50 t plastic hinging to develop at the column base
9

and colun g 0 : -
s In bars at the base of Specimen R mm. As expected, the lapping of the dowel
SULIn a significant zone of p] 1 R4-3 produced a region of overstrength which dic

f:.()gfff;ffffl‘ "’Vit]‘; thf;: Le“ninat' astic hinging at, th@
end of the dowels and ¢ el dm?ds resulted in a plastic hinge starting at the 1€
}::e]lght of 250 mm. Duye to Ul(ﬁ fé)rn’;a.;ion c%f the plastic
"o imn base, the resulting ductility was signiﬁcant[}’

Tved ip Specimen R4-2,

1€ transverse bendjn

base, see ['ig. 5b. This overstrengtl

618




K

-

Pl

AT 0 Wl

-

o

i P T, gt

F . il
B e o s = . SR Py
i

L ] T S

e R

b TN M Sy —

"




%
-]

N
=
X

-
=
%fa

M (kKN m)

=
LW |

Moment,
%

|
B
8

bbbl L L L ]

]
~ 3001
— : :__,:r
Top displacement A /.
= .JrI!rIJ:
o o e S e s
(b) Anchor bolt COmMponent

00 =
200 —
-
~ "
-
& 100
< 4
4
i .
- _"I hq_-_h-‘_""
- q
ﬂé ~ 100
) ry. " /. ,.J' -
% / / ¢/ ~200
i f ; F, -
200 o *'; ./ -
¥ 4 r jil") .
- il d | JER— e o — pp—— T T T 13 | - }JH'.'-J"_'T_‘T_'T“T"'T”I‘ i ¥ T T T T i _}, ___’_ r—y :

Wi J T e FTFTT_T'_TT ¥ ; e R r-r ' 3 't s FT_TT"‘F—-.,“-._E

- ;> . - <0 s 75 50 : 25 0 e

" : ' . Al

op displacement, A (mm)
\ y

(¢) Deformations in base plate (d) Deformations in bottom 415 ...
and jmmr. Of CO}UITIH I

igure 4: Moment versus top displacement components for Specimen R .5-9

f*;{fu't_‘iﬂkﬂiﬁ “l ]

 and R4-3 exhibited d;
nd R4-3 exhibited displacement ductilities of about 4.0 with Specim

= ﬁ!ama'j;

'& POOr hysteretic res YONS '
= : - nse. S A , | | .
due to limitations of the IoadinI t pecimen R4-2 had excellent hysteretic response an

. s , : S 7 | : |
4.0, however ]ar dg ystem the testing had to be stopped at a displacemen’
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(a) Specimen R4-2

Figure o: nce of ¢« |
gure 5: Influence of connections on the overall responses

CONCLUSIONS

{ he 10LIOW aﬂg COI1( ltithUb Call ht" dmwu ffﬂﬁl thlS test series:
\nections using oversized base

o excessive base plate bending
column. The transverse
educed stiffness and

for precast column cOI

ismic performance due t
developing in the

Mhe current design procedure
olates (Type 1) results in poor se
without significant ylelding

and yielding,
hanAin ; _ e |
bending of the base plate was a major factor contributing to the r

oction should not be used for situations

strength of the connection. This type of conn

requiring R greater than 1.9.
9) improved the

) The use of an oversized base plate 1n the direction of loading (1ype &) °
[f this 18 combined with a capacity design approach
¢ displacement ductilities
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