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Performance Evaluation of the Stair Joints Constructed with Partial
Precast Concrete System

Kug-Kwan Chang,” Eun-Jin Lee,"* and Byung-Chang Jin"
"Dept. of Architectural Engineering, Seoul National University of Technology, Seoul 139-743, Korea

ABSTRACT The time and cost can be reduced when applying partial precast concrete to the stair system in comparison to the
cast-in-place or precast method. Because the performance of staircase which is used for evacuation can be largely different from
connection types of precast concrete member, we tried to know structural behavior and performance evaluation according to each
type of stair joints by experimental study. In the cast-in-place rigid joint, much reinforcement is needed in the end portion because
much stress is concentrated in the middle portion. Also, in the pin joint which is used in the connection point, the maximum stress
occurs in the middle point, so not only the amount of re-bar is increased but also the serviceability is largely decreased. The bolt
type of semi-rigid joints proposed in this study had been increased strength and serviceability which is similar to the rigid joints.
Also, its ductility was shown about 0.7 times in comparison to the rigid type and was about 2.8 times for the pin joint type. Accord-
ing to the classification of joint in Eurocode, it can be considered that it is one of the semi-rigid joints which are in the semi-rigid-
full strength, and the structural behavior can be expected by using a model which applied to stiffness value decreased by 40 percent.
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Table 1 List of specimens

Speci- Characteristics
men | Joint form |Landing . Flight
. Joint .
Name stair stair
HR-1 Topcfnnl:c):' o
I
— L-150x75%7
&7 Main [Plate : 133%75%62-M12
HS-1
bar  [Bolt shear connector & Main
:HD13 | main bar: welding a
@200 bar
A Insert bar: HDI13
HS-2 # Sub bar 1-HD13 @200
:HD13
200
@ .. Sub bar
e No joint HD13
HP-1 Rein. connecting bar ) 200
bar Epoxy grout @
:4-HD13
[ L-75x75%7
HP-2 : Anchor bolt :
2-M16 F8T
Load Point
} 1900 I
200 + 1500 4 200
T T T > ==
o i I I I I
NS I e
. L _IHI_ I p— |pd‘ i Topflbottom HP138200 i n
° T | 1
L = | |
il Pl ]
== : =
Z L 10-HD19 ‘—4—HD13
HOOP 6-HD10

HD13€200

TRUSS bar

Fig. 1 Details of HR-1 specimen (unit : mm)
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Table 2 Test result of steel (unit : MPa)
Steel | Yield strength |Ultimate strength| Elastic modulus
6 512.20 556.79 2.0 x 10°
D13 460.97 484.40 1.94 x 10°

PL5 330.81 399.01 2.1 %10

Fig. 2 Test setup
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Fig. 3 Relation of load-displacement curves
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Fig. 5 Evaluation of joint classification by Eurocode
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2500

——HR-1 - m- HS-1 —A—HS-2 —¢- HP-1 —O—HP—E‘ @
2000 D
7~
N / e
2 1500 @ . Sy A
w - /I’ =
= . e
= o
= 1000 S -7
= -
« R R - V/
e
500 i
7=
——— e N
0
0 300 600 900 1200
Length(mm)

Fig. 7 Strain profiles in main bar

Y

e
2t o mi

o
[
N
o
et
T
o
A
o &2
and P <]
igo)
o of
-z
=2
>
o
oo
2 N

T
e
o
2 v
~

{1 m}‘-’

o
e

el 3ol S7tskar At

ol ¥ #A #A&ee & + len, F 2

ol °F 39%=, UAFH ¥ ]

o= °F 40%7tFe] BHUEVL 2l

T Stk HS-2& 2716 O A9 &3] A
3]

b1

z
il
B
=
kd
o
i
2
>

oo lo T

oo

o 1E
1o o b M ofN X rr o ot

k]

(]
(R
EN

i

-z

lo

T

T

ol

=
o

LS

e

e

% o
e X
=2
=
oo 2
a8 e
o

— oo o
UL
il
o
B
&2
ulleS

[o
n

)

0,

Rl

m
o

%
oft
0
-
la~}
>
W
IN
Ir
1z
2
oot
I
>
H +
0
X
}‘J

Z

U oo pE o Y
e
i

W
m
g ElL
= g
£ oox
i |o
) i
Jz o
>
B
o G

@H AH
OH - HEE H]&2 HS-1°] 88%<I
I, HS-12> 39%<] #o]& Ho]il, HS-2, HP-1,
oF 8~10% 7FFe] e HATH o]ZA HS-12
15 A g S 23 w7kx] Jgeol o 3
Aol oF 40% 71 o] FoXT = & AU
HS-19] olgfgh v AsS 324 HAdugdAa=
e, I Xl 2R 7 B SHA YERY

ofh N

ﬂ.ﬂﬂ] s
L o

e

=
o ¢

an
o

2

o
o M

o of
=,
m

¢

O

£ EWE AEHlE Fig. 83 7o) whH Aol Wk
" E¥X=Z 5 4 9t} Cohend} Mattocke] A< FHA)
o) RYRHE Aiujo] Tak Aol W=H £ A7 o)
A9l HS-19] Ao we mulE Wsles Asid
o 20% 1] RUE ARujsL Aol F ASS L
& Utk wEbd HS-12 AGR FEe] RUE Rl
ZolBo] A2 $YE A L wolw, A

ME Ada 7t sAle Aoy ¢F 15% s7tsk A
o7 FHurEh

Z2PHAE Z32|E A HEFFe| Herdlol e 458t 837



p
i

i
- T T
|I||||||

(c) Pin joint
Fig. 8 Moment diagram by joint types
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Fig. 9 Moment-curvature relationship of test specimens
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Table 3 Effective stiffness of joint in rigid and semi-rigid joint
type specimens

Specimens Initial stiffness of joint Ratio (%)
HR-1 1.1135E08 100.0
HS-1 0.4444E08 39.9
HS-2 0.1429E08 12.8
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Fig. 11 Analysis model of semi-rigid type specimen by IDARC

Table 4 Comparison between experimental and analytical

yield strength (unit : kN)
. Yield strength
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Experiment Analysis Exp./anal.

HR-1 445 48.7 0.91
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