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3D Parametric Modeling of RC Piers and Development of

Data Generation Module for a Structural Analysis with 3D
Model of RC Piers
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ABSTRACT: In Korea highway bridges, most piers are the type of one-column or multi-column ones. So, in this study, under an
environment applying BIM so fast, to activate researches on two-column piers subjected to bidirectional seismic loading, a 3D parametric
modeling method was selected when the model of two-column piers and one-column piers were formed. Also, interface module
between input data in structural analysis and 3D model of RC pier was developed. The module can create the input data for non-linear
structural analysis like material, geometric properties and additional coefficients.
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Process of BIM construction project

1.3 BIM(3D CAD 7|
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Table 2 Parameters for NFEA with 2D/3D—Nonlinear Flexibility
Beam—Column Element

Type Formation Parameters
; section number, number of Gauss
for material ) ) . .
model points, fatigue, index for solution
t finiti f is, tol f
(2D/3D—Nonli MATE. ype, definition of axis, tolerance o

element and section state determination,
specific mass density, Rayleigh damping
coefficients, GJ of member, element

near Flexibility| #USER 20
Beam—Column

Table 4 Parameters of footing (continue)

(a) Part! - FC (Footing concrete)

Flement) load, proportional load
compressive strength  of
concrete, fc, tensile strength
of concrete, ft, adjust factor

for definition concrete | for fc adjust factor for ft,

of material stress & strian curve (alpha

specificities mtrl & hizo), unit conversation
(concrete & factor

reinforcement) elastic modulus, yield strength,

reinforce | ratio of reinforcement, epsilon

—ment | u, confining coefficient (rhx,

rhy, Ke, rcc), tyx, tyy, Es

section number, division number, scale

factor, origin of coordinates, axis
for division sect number, z—coordinate, y—coordinate,
of section shape factor, hollow factor, reference

point coordinate, definition of division,
number of sensor

meiolEel RsY e HEez & of 71 AMeh +&2
0

— o
LOD(Level Of Detail)Z Mot 22Zlsk= A

2.5 Part Model
2.5.1 Wzt 7|=E5(Footing) Part Model
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TEHA(FRC : Footing Reintorcement_Confining) 22 L=
A7 4oy 22 RO o7t ZHES SIUC 7=
FEZFRM)IZ AT 10] Hi & FRMIZE &EH1ES K2
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A2HMAF-RC)E 37101 2t FRCIY FRC2E L0 22!
tRACE &, 71252 26kl parte Table 31t 20| & T
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w2Zf 7|=80| Zt partz A GIO|E 2t HE= OH~E

i Table 42+ 0] 2FoIRACE
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s oou M
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Table 3 Part model of footing

’ h " \ l,ﬂj f1 ‘ b

FC FRM1 FRM2
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Parameters Definition unit
FC W Width of footing concrete mm
FC D Depth of footing concrete mm
FC H Height of footing concrete mm
FC E Elastic modulus of footing concrete MPa
FC_CS Compressive strength of footing concrete MPa

(b) Part2 - FRM1 (Footing reinforcement_main 1)
. -||=_|||
1L
I

Parameters Definition unit

F R MI_D Diameter of main reinforcement 1 mm

F_ R M1_L1 2—dir Lengtht of main reinforcement 1 mm

F R MI_L2 3—dir Length2 of main reinforcement 1 mm

FRMLS Spacing of main reinforcement 1 mm

F R M1_Se End spacing mm

F_R_M1_CD1 1—dir Cover Depth 1 mm

F R M1_CD2 2—dir Cover Depth 2 mm

F R M1_CD3 3—dir Cover Depth 3 mm

F_ R MI_N |Arrangement number of main reinforcement 1 EA

(c) Part3 - FRM1 (Footing reinforcement_main 2)

Parameters Definition unit

F_ R M2 D Diameter of main reinforcement 2 mm

FRM2L 2—dir Length! of main reinforcement 2 mm

FRM2S 1—dir Spacing of main reinforcement 2 mm

F_R M2 _Se End spacing mm

F_R_M2_St |Spacing from upper 1st row of main reinforcement 2|  mm

F R M2 SR Ratio of 2nd spacing and 3rd spacing

F_ R M2 S2 2nd Spacing? (3—dir direction) mm

F R M2 S3 3rd Spacing3 (3—dir direction) mm

F R M2 _CD1 1—dir Cover Depth 1 mm

F R M2 _CD2 2—dir Cover Depth 2 mm
F_R_M2_CD3 3—dir Cover Depth 3 mm

F_R_M2_N | Total arrangement number of main reinforcement 2 EA

F_R M2 _N1 Number of upper and lower main reinforcement 2 EA

F R M2 N2 |[Number of middle part main reinforcement 2| EA




Table 4 Parameters of footing

(d) Part4 - FRC1 (Footing reinforcement_confining 1)

Table 5 Part model

of column

g
¥ ‘J.! ’]
L4
| 4+
| | | ¥ |
Parameters Definition unit EIINS
FRCILD Diameter of confinement steel 1 mm
— PC PRM PRC
F_RC1_L1 1—=dir Lengtht mm
FRCLL2 3—dir Length2 mm .
——= el Table 6 Parameters of column (continue)
F_ R CI_L3 Lap splice mm
FRCILS 2—dir Spacing mm (a) Partt = PC (Pier column concrete)
F R C1_CD1 1—dir Cover Depth 1 mm Parameters Definition unit
F_R C1_CD2 2—dir Cover Depth 2 mm PCR Section radius mm
F R C1_CD3 3—dir Cover Depth 3 mm ]
F_R C1_N | Arrangement number of confinement steel 1 EA PCH Height of colurnn mm
P _CCSs Compressive strength of concrete | MPa
(e) Part5 - FRC2 (Footing reinforcement_confining 2) o oo |5Pace between each column cener]

Parameters Definition unit
FRC2D Diameter of confinement steel 2 mm
F_R C2 L1 1—dir Lengtht mm
FRC2L2 3—dir Length2 mm
FRC2L3 Lap splice mm
FRC2S 2—dir Spacing mm
F R C2_CD1 1—dir Cover Depth 1 mm
F R C2 CD2 2—dir Cover Depth 2 mm
F_R C2_CD3 3—dir Cover Depth 3 mm
F_R_ C2 N |Arrangement number of confinement steel 2| EA
2.5.2 Wzt 7|SE(Column) Part Model
TS0l VSR DY 8 22 05y Ba 2a2IE 12
o] % =

JIERe SLM PAEER siLte REYReR
& Qo M=o w2t 7S5 232|E(PC
: Pier Column Concrete)?} 7|1S8 HZ202 LI=0{ RIS
2 i e Hi 2H30] metd VISR PRV
Pier Column Reinforcement_Main) 2t T<5EZ(PRC : Pier Colurmn
Reinforcement_Confining) 22 LI+=01 Of7H4 22 5t
C}. ol #&EZ2 WHEZCZ JPdst AHBIX| <t H]
olX| 7S L2 ZHYSIUXILE wEZe| 7HARE O
EOE'@ O7HEAE TIXI22 SIS part2 2+t 4 T,
A0H02 J|S = Table 52} & Al
09| part model2 FA=IC}

I'

OHI

SH0| 5[5t9] partis

(In case of two—column pier)

reinforcement

Part2 - PRM (Pier column reinforcement_main)
Parameters Definition unit
P_RM.D Diameter of main reinforcement 1 mm
PRM L1 3—dir Length (Length 1) mm
PRML2 Bending length (Length 2) mm
PRMRI Bending radius mm
PR M EH Height from fqoting bottom to o
- - - bending part
P R MCD Cover depth mm
PR MN Arrangement number of main EA

(c) Part3 - PRC (Pier column reinforcement_confining)

Parameters | Definition | unit
Confinement Steel: Footing
P_R_CF_D Diameter of confinement steel mm
P R CF S |Spacing of each confinement steel| mm
= PRCFP Position from footing bottom mm
P R CF R Radius of hoop mm
P_R CF_HL Hooping length mm
P R CF HR Hooping radius mm
P_R CF_HA Hooping angle deg
g PRCEN Total arrarjgement number of EA
- - confinement steel
P_R CF N1 [Arrangement number — Odd order| EA
P_R CF_N2 |Arrangement number — Even order| EA
PRCFP2 Position f.rom hoop of main mm
-0 - reinforcement
PR CEH Total height of @nf\nement steel in mm
- - footing part
w2} 7SRO 2t parte= A ClO[Ee AZE Di7fHS o
S O3 Teble 62t 20| SIACH



Table 6 Parameters of column

(c) Part3 - PRC (Pier column reinforcement_confining)

Confinement Steel: Plastic—Hinge Part

P R CP_D Diameter of confinement steel mm
P R CP_S |Spacing of each confinement steel| mm
P_R CP_P Position from PRC_F mm
P RCPR Radius of hoop mm
P R CP_HL Hooping length mm
P R CP_HR Hooping radius mm
P_R CP_HA Hooping angle deg
PR CPN Total arrangement number of EA

confinement steel
P R CP_N1 |Arrangement number — Odd order| EA
P_R CP_N2 |Arrangement number — Even order| EA
PRCPH Total height c?f cohf\nement steel in mm
- - - plastic—hinge part

Confinement Steel: Non Plastic—Hinge Part

P R CNP_D Diameter of confinement steel mm
= P_R CNP_S |Spacing of each confinement steel| mm
: P R CNP_P Position from PRC_P mm
P R CNP_R Radius of hoop mm
P_R_CNP_HL Hooping length mm
P_R_CNP_HR Hooping radius mm
P_R CNP_HA Hooping angle deg
= P R CNP_N Total arrangement number of EA

confinement steel
P_R CNP_N1 |Arrangement number — Odd order| EA
P_R CNP_N2 |Arrangement number — Even order| EA
P R CNP_H Total height of gonfmemenl steel in mm

non plastic—hinge part

Confinement Steel: Pier Cap

P_R_CC_D Diameter of confinement steel mm
P R CC S |Spacing of each confinement steel| mm
P RCCP Position from PRC_NP mm
P R CCR Radius of hoop mm
P R CCHL Hooping length mm
P_R CC HR Hooping radius mm
P_R CC HA Hooping angle deg
P R CC N Total arrangement number of EA

confinement steel

P_R CC_N1 |Arrangement number — Odd order| EA
P_R CC_N2 |Arrangement number — Even order| EA

PRCCH Total height .of confinement steel in mm
- = pier cap part

N
o1
w
El
N

b =2 H(Pier Cap) Part Model

= FEH Z32|E(CC : Pier Cap Concr—ete)
HOZ L0 22t HA2 Hi JEiet &
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| HIOJE S B2 Ot 223 SHAlCt
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Table 7 Part model of pier cap

CcC CRM1 CRM2 CRC1 CRC2

2.6 Sub Product Model
AN BEE = partE assemblystd S M| 7H2| sub product
ol m2to| 7|£%, 7|5, FRHO| e IS Melsiyt

2 55 a= 230
212t9| 71 partz A AHH DI7HSS HIF o2 R (0]
sub product model2 &AsiCt,

Table 8(a)2] I&E w2t FEEO| 2t partE assemblydtod
SEH(Pier Cap)E AM4st 2&0|Ch Ol target product
model2| HtZ Of2f T model£ & CHY 742 part7t it
sub product model2 A= Zdo|Ct

Table 8(b)2| IS W2} 71522 2t partS assemblystt]
7|5 (Column)E M8t 20T Ol target product
modelQ| HFZ 0f2H Tl model2 & M| 7H9] part7t 52| sub
product model2 &A=l Zd0|C},

OfX|2f Table 8(c)= W2t 7
w2zt 7|=R(Footing)E Mot Z&E2 HEHEL, 0= target

product modelQ| HIZ OF2 =l model2 & CHA 71| part7t

H9| Z} partE assemblystoq

Table 8 Sub product & Target product

(c) Sub product - Footing

(e) Target product
: Two—column RC pier

(d) Target product
: One—column RC pier
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Table 9 Material information
Issue Information Type
Material type Material type selection Design Info
Compressive strength Material Info
Concrete
Tensile strength Material Info
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Steel
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Reinforcing ratio to' Design Info
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Yield strength Material Info
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Design Info
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Concrete
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Design Info
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steel Width of x and y—dir Material Info
Diameter Material Info
Longitudinal clear spacing| Design Info

Table 10 Element division information

Issue Information Type
N | t
umbe.r .of.eemen Number of fiber Design Info
division
i hape
Section shape Section shape and Design Info
rebar
Section type Solid or hollow Design Info
R —point
Reference point efer. .pom Design Info
coordinate
Assigned material
Material info, of each Design Info
section
Division Fiber division Design Info
t
Sensor Stress gensor Design Info
location
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(b) Specimen (c) Element division

Figure 5 S1IC-SP00 : One—column pier

Table 11 Properties of specimen : S1C-SP00

Main rebar )
(16D13) Confinement steel (D6) o
ial loa
Name : S1C-SP00 i
Reinforcing | Reinforcing SF();:SQ (KN)
ratio (%) ratio (%) PHR/NPHR®
—Col
One=Colul goismic| 161 0867 | 40/80 300
mn Pier

* PHR : Plastic—Hinge Region, NPHR : Non Plastic—Hinge Region
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Figure 6 Loading history using drift ratio
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Figure 7 SIC-SP00 : Load-Displacement curve
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