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Behavior of Precast Concrete Frame Structure According

to the Rigidity Change of Beam-Column Connection
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Abstract

In the building design or checking the stability of structural members of building, it is very important to consider the state of the joint

where beams and columns connect. Especially, in the PC (Precast Concrete) frame structure, when the joint does not have enough strong

connection as a rigid joint emulating that of RC (Reinforced Concrete), the joint characteristic must be considered in the analysis and design.

On the purpose to reduce the stress at the joint, a semi-rigid joint is used in the beam-column joint of PC frame system. The purpose of

this study is to investigate the response characteristics of buildings according to the rigidity changes of beam-column joints of PC structures.

After changing the cross-section secondary moment of a part of beam which is close to the joint to change the rigidity of the joint, the

midas gen program is used to investigate the behavior of structural behavior of the PC frame structures through structural modeling, load

assignment and structural analysis and the results are analyzed. As a result, it was shown that the shear forces were not changed at beam

ends but were reduced at column ends when the joint rigidity decreased. The end moments of both column and beam were reduced inversely

proportional to the rigidity of the joints. On the other hand, the lateral displacement and the center moment at beam increased so that these

increase should be considered in the design of a ductile PC frame structure.
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Figure 1. Model structure
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Table 1. Overview of buildings

Region Seoul

Structural type Reinforced concrete

Use of building Business and sale facility

No. of floor 6,9, 12floors above ground
Structural Reinforced concrete frame and shear wall are
system combined to resist vertical load and lateral load

O
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(a) 6 storey building (b) 9 storey building

(c) 12 storey building
Figure 2. Design modeling analysis elements

22 BAY 74 2 HAEFE I

2 A7olA aed o] FEEA 4L Table
29} Zow FIAYE HAYSAE fuv 24MpalE HA
stttk Bl Zole= 7zt T dFo] fABIER YA
EU5YPoy F1E 15 5m, 2~35C 4.5m, 4~12%L 4m
2 AAskA. 953 1239 RAF L 63 7T 1A=
Z|#EO R 3l Z]Feol HEIa d& S=E(P/A)ol vl S}
o 7159 #4E& ST7HIATL

HAF¥FE Figure 37 o] AR Ao AHE, 2
g3 9 AE 2HIAY. olE 93l Figure 49



WEHE =28 2021 10 Vol .4 No.1

Table 2. Dimension of structural members

Floor Beam Wall thickness (mm) Column (mm x mm)
(mm x mm) wl Floor 1 c2 C3 c4
150 4~6F 600>< 600 500 < 500 600 < 700 700< 600
6F Gl < 2~3F 800 <800 600 < 600 600><700 700< 600
700 IF 900 <900 600 <700 700< 700 700 <700
350 7~9F 600 < 600 500 < 500 600< 700 700< 600
G2 < 5~6F 800< 800 600 < 600 600 < 700 700< 600
oF 700 4F 900 < 900 600 < 700 700 < 700 700< 700
550 200 1~3F 1050< 1050 750750 850 <850 850><850
G3 X 10~12F 600< 600 500 < 500 600 < 700 700< 600
700 8~9F 800 <800 600 < 600 600 < 700 700< 600
12F 400 7F 900 <900 600 <700 700><700 700700
G4 < 5~6F 1000 < 1000 750X 750 800< 800 800>< 800
700 1~4F 1100>< 1100 800 < 800 900 < 900 900 <900
Zo] 7] HoA B fFaRZ] B EAAE HEF 2o 24s5tES 143tE (Dead load)9t &stE (Live
THe R HAAStI o] FXhe TH2AIRWEES AAFHF, load) #+& HGFAIA, FEAA, AFSE o] YA
W A"gE (0.251 051, 0.750) 283 g s ndy om 3] W stF(FtE, AREF)S Table 494 2ol of
sk Th doR ARG A TH L EAS H&3ATh
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(a) Rigid joint (b) Pin joint

Figure 3. Beam-column joint details
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Table 3. Gravity load (kN)

Usage for sale for business Roof
Floors 2F~3F 4F~6F Roof
Dead load 4.51 3.92 5.19
Live load 3.92 2.45 1.96
Table 4. Building load standard
V, (Basic wind speed) 30m/s
I,(Importance Factor) 1.0
Surface roughness B
Wind load factor
G, (Ghost X 2.13366
coefficient) v 215988
Z(Earthquake Region o.11
Factor) ’
Soil type S,
Earthquake load
I (Importance Factor) 1.2
R(Response 55
Modification Factor) ’
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SEAS C.& Equation 12 A3l 5} TH

c =2 o

I; . Importance ~ Factor of Building, R : Response

Modification Factor, Sj¢: Short Cycle Design Spectrum

Acceleration
Spg=9X25X F, x2/3, S=2x1 )
o17)A, F,& Table SZHE T3}

Table 5. Short cycle ground amplification factor, F|

a

Seismic region
Soil type
§=01 §=0.2 §=0.3
S 1.12 1.12 1.12
S, 1.4 1.3 1.3
Sy 1.7 1.5 1.3
S, 1.6 1.4 1.2
S, 1.8 13 13

* 9 is a value applied to the design spectrum acceleration equation.
In the above table, linear interpolation is performed for the median
value of 5.
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h, : From the bottom 4 or x Height to floor,

w;, w, . 1 or Weight at = floor, n : Floor

rFoNAe FHAEE V= Equation 60 2J3] A3}

v,=3F ®)

F; : Seismic force acting on the ¢ floor
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qy - design velocity pressure for reference height H,

Gp: Wind  direction impact coefficient, (), : External
pressure coefficient of wind wupper wall, C,, : External

pressure coefficient of wind bottom wall, Cp : Wind power

factor

Table 6. External pressure coefficient, C,,

Wall type D/B G,
Wind upper wall G, All value 0.8%, +0.03(D/B)
<1 -05
Wind bottom wall G, ,
_ 0.8

> 1 0.5+0.25In(D/B)

Side wall All value -0.7

4 4

0 10 20 0 1 2
Seismic Load(KN/m) Wind Load(KN/m)

(a) X-axis seismic load (b) Y-axis wind load

Figure 5. Lateral load calculation result
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Table 7. Shear forces and moments of beams and columns
under vertical loads (Average)
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Table 8. Shear forces and moments of beams and columns
when subjected to vertical loads (6F)

Aol 283}

s

1%
3 o] 0.75EI9A] 3.8%,
A9k 0.25EI A= 5.8%,

Aee] Aol gotd 5 Fletart.
AXNY 953 1258 633 1}
THEX=

U —1

Shear force, kN Moment, kN.m Mlgﬁl fr?t’ Shear force, kN Moment, kN.m Mlgz? fl?t’
1.2D+ (end) (end) : (end) (end) :
L6L (Center) 0.9D+EY (Center)
. Beam Column Beam Column Beam Beam Column Beam Column Beam
Rigid 1143 6.47 20.57 21.87 11.47 Rigid 6.9 52 17.1 8.2 5.1
joint (100%) | (100%) | (100%) | (100%) (100%) joint (100%) (100%) (100%) | (100%) (100%)
0.75E1 11.37 6.23 20.03 21.13 11.97 0.75E1 6.8 5.4 16.6 8.1 5.4
) (99.4%) | (96.4%) | (97.4%) | (96.6%) | (104.4%) ' (98.6%) | (103.8%) | (97.1%) | (98.8%) | (105.9%)
0.5E1 11.33 5.83 18.77 19.83 13.17 0.5E1 6.6 53 15.1 7.8 6
’ (99.1%) | (90.2%) | (91.2%) | (90.7%) | (110.0%) ) (95.7%) | (101.9%) | (88.3%) | (95.1%) | (117.6%)
0.25E] 11.23 4.79 16 16.77 15.9 0.25E1 6.2 4.9 12.1 6.3 7.3
’ (98.2%) | (77.1%) | (77.8%) | (76.7%) | (120.7%) ' (89.9%) | (94.2%) | (70.8%) | (76.8%) | (143.1%)
Pin ioint 114 0 0 0 31.8 Pin ioint 54 32 0 0.3 14.7
] (99.7%) (0%) (0%) (0%) (200%) J (78.3%) | (61.5%) (0%) (37%) (288.2%)

() represents the percentage of each to the value of rigid joint.

Table 9. Shear forces and moments of beams and columns
when subjected to vertical loads (9F)

() represents the percentage of each to the value of rigid joint.

Table 10. Shear forces and moments of beams and columns
when subjected to vertical loads (12F)

Shear force, kN Moment, kN.m Mﬁ)ﬁ]n irllt’ Shear force, kN Moment, kN.m Ml?]iInfrl:t’
0.9D+EY (end) (end) (Center)  0.9D+EY (end) (end) (Center)
Beam Column Beam Column Beam Beam Column Beam Column Beam
Rigid 7.7 9.8 21.4 7.8 5 Rigid 8.6 8.8 26.4 10.6 47
joint (100%) | (100%) | (100%) | (100%) | (100%) joint (100%) | (100%) | (100%) | (100%) | (100%)
0.75EI 7.5 10.1 20.5 7.5 5.3 075EI 33 105 245 32 53
(97.4%) | (103.1%) | (95.8%) | (96.2%) | (106%) : (96.5%) | (119.3%) | (92.8%) | (77.4%) | (112.8%)
0.5EI 72 9.9 18.4 72 5.9 0.5EI 7.9 10.3 21.9 7.9 5.9
(93.5%) | (101%) | (86%) | (92.3%) | (118%) : (91.9%) | (117.0%) | (83%) | (74.5%) | (125.5%)
0.25EI 6.6 2.5 14.3 6.5 7.2 0.25E1 7.1 9.8 16.8 7.6 7.2
(85.7%) | (96.9%) | (66.8%) | (83.3%) | (144%) : (82.6%) | (111.4%) | (63.6%) | (71.7%) | (153.2%)
Pin joint 54 74 0 4.6 14.7 Pin ot | 54 59 0 29 14.7
(70.1%) | (75.5%) | (O0%) | (59%) | (294%) mIomt ) (62.8%) | (67%) (0%) | (274%) | (312.8%)

() represents the percentage of each to the value of rigid joint.

() represents the percentage of each to the value of rigid joint.
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Figure 6. Stiffness graph of vertical load
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Figure 7. Stiffness graph of lateral load (6F)
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Figure 8. Stiffness graph of lateral load (9F)
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Figure 9. Stiffness graph of lateral load (12F)
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Table 11. Lateral displacement result of the Roof floor

Roof floor lateral displacement (mm)
0.9D+EY
6 9 12
lj‘;ig;f 14.0(100%) 36.76(100%) |  75.98(100%)
0.75ET | 1447(103%) | 37.28(101.4%) | 78.73(103.6%)
0.5E1 | 14.84(106.1%) | 38.62(105.1%) | 82.46(108.5%)
025ET | 1546(110.5%) | 40.88(111.2%) | 88.9(117.0%)
Pinjoint | 16.9(120.8%) | 47.73(129.8%) | 107.97(142.1%)

() represents the percentage of each to the value of rigid joint.
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Table 12. Allowable Floor Displacement, A

Seismic category

Allowable

) Special case I I
story drift

. 0.010h,, 0.015h, 0.020h,,
h,,= The height of the z floor

Floor lateral displacement Floor lateral displacement

Roof

4.97
RoOf ==—=2 24
5.44
6 2 64 5.80
5.92
5 92

Floor

N W e 12 X0

Floor

5.89

4 3 34 5.62

3 —327

5.01

2 248
0.00 4.00 8.00
Displacement(mm)

324 . ..
12.00 0.00 4.00 8.00

Displacement(mm)

i
12.00

(a) 6 story building (b) 9 story building

Floor lateral displacement

Roof 9.34
2 ——9384
11 ——1025
10 ——————————————10.42
9 — 89 1045

5

28 10.24

= 7 9.85
6 9.27
5 8.53
4 8.54
3 7.00
2 4.25

0.00 4.00 8.00 12.00

Displacement(mm)
(c) 12 story building

Figure 11. Lateral displacement of buildings with pin joint
at each floor
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Figure 10. lateral displacement ratios of roof floor

for each case
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