






































0.63 and the flexural strength of the

connection is 305 kN-m (224 kip-ft).
The plastic zone depth [, can be de-

termined using Eq. (4) as follows:

; _ (1040 -900)(15.875)
P (4)(3.0)
=185 mm (7.3 in.)

Extension of the bar, §,, is deter-
mined from Eq. (3) as:

S, = 2[%(0.007 —0.003)(397) +
(0.007 - 0.003)(185) +
%(o.oas —0.007)(1 85)]

=6.55 mm (0.26 in.)

The rotation at ultimate state 2, 6,,
is evaluated using Eq. (1) as follows:

6.55

=— 2 —(.0088
“2™ (1050 - 300)

Other points of the moment-rotation
response are determined using a com-
puter spreadsheet following the same
procedure described in the flowchart
shown in Fig. 13. The complete pre-
dicted response is in good agreement
with the measured flexural response
excluding the slip deformation, as
shown in Fig. 16 for Connection PTB.

CONCLUSIONS

The prestressed connections of pre-
cast wall panels investigated under
cyclic loading behaved satisfactorily
with sufficient ductility but with lim-
ited energy dissipation in comparison
to mild steel connections. Based on
the test results, the following conclu-
sions can be drawn:

1. The behavior of the prestressed
connection under cyclic loading con-
ditions can be identified by three limit
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states: (a) elastic stage prior to yield-
ing; (b) nonlinear ductile stage without
significant deterioration and with sta-
ble hysteresis; and (c) failure stage
with significant deterioration.

2. The mode of failure for all the
connections tested under cyclic load-
ing was due to significant crushing
and spalling of the drypack. In all con-
figurations, except the unbonded con-
nection, PTBU, the crushing at one
end of the connection was accompa-
nied by rupture of the reinforcement at
the tension side.

3. All prestressed connections
tested were able to withstand large in-
elastic deformations well beyond first
yield with significant energy absorp-
tion capacity. A minimum ductility
ratio of 6 was achieved by all types of
connections.

4. Debonding of the prestressing
continuity reinforcement across the
connection more than doubled the de-
formation capacity, in comparison to
the bonded connection, while slightly
influencing the strength and stiffness.

5. At a given deformation level, the
energy dissipation per cycle of the un-
bonded connection is lower than the
bonded one. However, the cumulative
energy dissipation for the unbonded
connection at failure is higher due to
significantly higher deformation ca-
pacity achieved by debonding.

6. The cyclic loading had a slight
effect on the connection strength but
significantly influenced the ductility
of the connection. The ductility was
reduced from 11 to 6 for connections
prestressed with bars and from 7 to 6
for connections prestressed with
strands.

7. Degradation of the stiffness was
very sharp with the increase of the ap-
plied displacement. The residual stiff-
ness was about 15 percent of the stiff-
ness at yield.

8. The energy dissipation capacity
of the prestressed connections was
about one-half of that for the mild
steel connections. The deformation
capacity of prestressed connections
was very similar to that of mild steel
connections.

9. The proposed prediction proce-
dure for the strength and drift capacity
of prestressed connection configura-
tions is in excellent agreement with
the measured values.

DESIGN
RECOMMENDATIONS

1. In general, prestressed connec-
tions for precast wall panels are char-
acterized by sufficient ductility but
limited energy dissipation in compari-
son to mild steel connections.

2, Prestressed bars appear to be a
more suitable alternative than strands
in connections for precast wall sys-
tems because they possess better en-
ergy dissipation characteristics with
similar deformation capacity.

3. Debonding of prestressed rein-
forcement is a recommended detail to
enhance the deformation capacity of
the connection.
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A, = area of prestressing reinforce-
ment in tension

b = width of connection

¢ = compression zone depth from
extreme edge of connection sub-
jected to compression

¢’ = length within compression zone,
¢, with £ less than Equ

d = distance from tension reinforce-
ment to extreme edge of con-
nection under compression

d’ = distance from compression rein-
forcement to extreme edge of
connection under compression

d, = diameter of prestressing bar or
strand

A = displacement of top panel at lo-
cation of applied load and rela-
tive to bottom panel

A, = flexural (rocking) deformation
measured at top panel at loca-
tion of applied load

A = slip deformation at connection
region

A, = total displacement at first yield
A, = total displacement at ultimate

Af, = stress increment in bar due to
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APPENDIX — NOTATION

applied load

0, = extension of prestressed rein-
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e = energy dissipation per cycle
E = cumulative energy dissipation

E,; = Young’s modulus of elasticity
of prestressing steel

&, = ultimate compressive strain of
drypack
€,, = strain in prestressing reinforce-

ment

g, = effective prestress strain in rein-
forcement after losses

&y = equlv.alent'yleld strain of pre-
stressing reinforcement
&,, = ultimate tensile strain of pre-

stressing reinforcement

= cylinder compressive strength
of concrete at 28 days

Jf; = equivalent cylinder compressive
strength of drypack at 28 days

f; = cube compressive strength of
drypack grout

Jps = stress in prestressing reinforce-
ment at strain g,,

fpe = effective stress in prestressing
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reinforcement at strain g,
Jpy = yield stress in prestressing rein-

forcement at yield strain, £

Jou = ultimate stress in prestressing
reinforcement at ultimate strain,

Epy

H =height of upper panel above
connection region

H, = height of lugs of bar
K, = stiffness at first yield
K, = stiffness at ultimate

I, = elastic embedment length of
tension reinforcement

I, = plastic embedment length of
tension reinforcement

S, = clear space of lugs of bar
U, = ductility ratio of 4, to A,
0 = rotation of connection

7, = shear stress within compression
zone

u, = elastic bond strength of bar
within elastic zone

uy= frictional bond strength of bar
within plastic zone

x = length within compression zone,
¢, with €, greater than g,
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