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ABSTRACT

Full scale Pegng-c?gugln glomt region specimens of lightly reinforced concrete
frames Were tebﬂte 0 'bl udy the seismic b_ehavmr of structures designed primarily
for gravity loads. De_tal S Comm(_)nly used in the past were examined, including low
percentages of IODgItUdll}al relnfor?emen!;, lap splices immediately above floor
levels, widely spaced ties, a_rlt_i discontinuous positive beam reinforcement
-mbedded 1n the begm-column joint. Fourteen interior and five exterior joints were
loaded under combined constant gravity loads and reversing cyclic loads to and
within simulate earthguake ef_fects. Slglliﬁcant damage was concentrated close to
the joint region. Interior specimens with discontinuous beam bars experienced a
~radual decrease of load carrying capacity when this reinforcement pulled out. In
-xterior specimens, the pull-out was combined with joint shear failure and severe

-racking along the sphce exhibiting a less ductile behavior.
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INTROI YyUCTION

nds of multi-story reinforced concrete
e | N ik

. . - ame
; hous: Fron ce the early 1900« -
fhere are ALY C ica that were designed e e of Ll{- Eoda Withoy,
structures in NﬂrthlAmeTforces The lateral load resistance €Se structypa .
: atera :

_ 'S 1a
oy akes because Ly
considered to be suspect 10t now used 1n modern seismic design. [ Orde

: ‘- tO those . s 3 O ‘ 3
used are in sharp contrast luation techniques for such frames, g rese

develop reliable seismli g‘;ne“ University as part of a m.ulti-l_miversity of

* <ok Pt ) 4 11}
pr(:igragll ¥ uﬁl;;jﬁ;‘:’ (‘%’ tﬁe National Center for Earthquake Engineering Rege: %
under the aus

: ‘ erstanding of the behavior of thege kfl}“(:h.
e s glc))al 1i;S tao P;?:,gz ae?fit:tfsr (l)lt{] fhe critical parameters that inl'luen:;?f](:f
struc!:ures_, yosf ;loa);i] carrying capacity, (b) degradation of stiffness, (c) ‘?hl(ltility
Fiege?i())rinlg?gy dissipation. Results will be used to improve inelastic dyrl::lmi{f
;:a]y;is pfograms and to develop repair and retrofit schemes. ,

EXPERIMENTAL PROGRAM

Identification of critical ail

Characteristic reinforcing details widely used in the past byj
construction were identified by review of ACI detailing manuals and desig
from the past five decades, along with input from practicing structural engineers
The following details were found to be typical and judged to be potentially critica] to

the safety of lightly reinforced concrete structures in an earthquake (Fig. 1).
1. Lapped splices of vertical column reinforcement located at the maximum
moment region just above the construction joint at the floor level,

2. Widely spaced column ties which provide little confinement to the concrete
d. Little or no transverse reinforcement within the joint. |

.4 Low percentage of longitudinal reinforcement in the columns and
discontinuous positive beam reinforcement with a 6"

ding
N Codeg

column embedment length into the
Test Plan and V riables Studi

A total of 19 g ecime
tt;}fll: first 10 specimgns wer{lesrgla)gftsgen e i fmte. Ths results from the tests of

remaining results wil] be publish pre-ViouS]y by Pessiki, et al. (1990); a report on




Five experiments (E1-E5) b,
fc(}lul'lm axial force t R “Ye gee
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, N measured rotations

Wﬁﬂy and Fabrication Detailg

Critical specimen dimensions were:

' . .1 ‘ e_ 14”:{24” :

at 5 spacing, 16 x16" . beams oo

. . 6" columns with 2% reinfor?el::ei% ;%37#53 3 lamitig
1C‘,S a 0"

with the first tie pl 5
;{tra s thelioi::;lbi ;bove t:he joints as specified in earlier ACI
nding point of the offset vertical reinforcement

" V L | - &
cover over ties and stirrups. Material strengths were f,. = 3500 psi and f
= s1 and fy =

1. Some specimens had post-tension
ed transverse beam stub '
t
of lateral confinement and 3-D frame effects in a real bu?ld(i):glmulate

Stil‘fups
SpaCing
Codes);
and 1.5

60000 PS
the presence

EXPERIMENTAL RESULTS

Interior J oint Regions with Continuous Bottom Beam Reinforcement
] y Pessiki, et al.

Results from these 6 experiments
(1990a). A typical hysteresis and cracking pattern plot is shown 1n

211 specimens, damage to the column at the splice location
located 8 inches above the joint. In columns made

-one below the first column tie

with 847 bars, loss of cover in this zone contributed to the 'evel}tua _

buckling of the offset reinforcement. issipation and stiffness
s also attributed to this region

loss that occurred 1n the columns wa
joint.

All specimens had extensive -
The joint shear stresses at peak load (compute acco ‘

ACI352R) were in the range 0
bar size and arrangement.

shifted the failure zone from the the peak resistan

strength loss, but 1t did not increas® o
weakness of the lightly confined e
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~m Beam Reinforcement

: bottom beam reinforcement
tructed with lied to each speci
. [7-114 were cons cyclic load applied to 1 Specimen
di Sgicl:g;esng inches into the coltre. T}Il)?ieg to the beams, with the "referencq"
iscon

was controlled by the values of the forces apn ~ach beam. Three load cycles P

position being 20 kips constant dﬁ%ﬁfﬁ f[e\?els of 30 and 10 kips, 40 and 0 kips, 5

applied to the beam s B P and -20 kips. Low-level cycles (30 and 10

and -10 kips (upwaég for((::}el),seatngf gocycles. L.oading beyond peak resistance was
r ea

kips) xr{ler;ie smzﬁ:(i:lues of positive beam rotation measured over a distance of 11
controlied DY

. ches from the beam column joint.

. tation measured close tq
. f bending moment versus ro -

Figs. 3(312) S}}(‘:):l’ I;g);iiz]e: (I_llg)_ The individual hysteric loops are not
the joint of a YP;he reversing load cycles produce the superposition of the
symm:llgg glrgizeity loads and the antisymmetric loads simulating the laterg]
symm _

action.

" h specimen with discontinuous‘b_eam reinforcement was by
DUHOEf IOIF :}?jsoie?ﬁigorcelznent from the bea_rr}-co‘lumn joint. At load cycles of 40 and
0 kips cracks appeared on the face of the joint in the vicinity of the embeddgd bars.
These cracks further progressed at higher load levels to merge with diagonal
cracks formed at lower load levels (Fiig. 3(c)). Subsequent cycles gradually opened
the cracks further causing loss in strength and stiffness. In a few cases, the cracks
at the embedment zone did not progress towards the diagonal cracks, but
proceeded vertically along the beam-joint interface. Spalling of concrete cover over
a distance of 3-4 inches above and below the Jjoint, and vertical cracking up to the
first tie, occurred in the top column but the splices performed well. Joint shear

stresses at the peak upward force were 20-409% less than in interior specimens
with continuous reinforcement.

The column axial force was the most si

with larger axial force (350 kips) exhibited
capacity at relatively low rotation levels,

capacity and higher overal] specimen stiffne

gnificant variable. Specimens loaded

a significant increase of load beaﬁ‘ng
and had increased energy dissipation

$s at the beginning of the load history.

The si;e of the embedded rein

cantly the peak
he smaller bars.

forcement size (3/4" and 1" diameter) did not
strength values, but rotations were larger in

Near the bottom

14 inch areg tq simulate gravit o T N SR Y RERAE (vt v B 7
Stubs produced ng marked effec
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failure of the exterior joints.

Specimeng with transverse beam stubs showed a similar failure mechanism:
however, cracking was less severe. Pullout of the bottom beam bars r:-(-r'Jn;'nrrLiﬁ At
about the same load as intensive cracking occurred at the splices lf'”l“fi
confinement (either by beam stubs or by 2#3 ties) increased the p{:?ik‘ load r;ﬁ;*;;.r;;{,y
by 25-40% and provided a more gradual strength degradation.

her level of column axial force (350
heam stubs, and experienced a very

Only one specimen was tested at the hig
kips). It had no extra joint ties or transverse
sudden failure at a relatively low rotation value.

was nearly the same as obtained for
rior joints was more rapid
analysis of data
sions about the

The peak load capacity of exterior joints
interior joints. However, strength degradation of exterior
because of higher levels of damage 1o the splice region. F urther
and the results of additional experiments will lead to firm conclu
behavior of joint regions with discontinuous embedded reinforcement.

SUMMARY

Experimental results have been

details of interior and exterior beam- w5’
structures designes

reinforced concrete frame st e
These experiments have provided new 1n

mechanisms, an Y
strength, stiffness, and duct I S B
detailed joint regions have significant mel:»:sal st
simulated seismic loadings. Specim




' -rotation hysteresis relations for these
The measured bending moment-rote y

d f JO1n{
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regions are complex and unsymmetrical, and point to the need for L_lnd]}t.l(_,al
gl - C Ao

r

models that properly incorporate strength deterioration, stifiness degradation,

and
pinching eflects.
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- Figure 3. Intenior joint (I11) with discontinuous reinforcement
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Figure 4. Exterior joint (E1)
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