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ABSTRACT : A substructure of bridges is very important structural element for safety and supporting not only vertical loads as dead
load and live load but lateral loads as break load, wind load, seismic load, hydrostatic pressure and dynamic water pressure, lateral
earth pressure, impulsive load, temperature change and load effect of temperature change, creep and shrinkage. Most of domestic
bridges are reinforced concrete piers and have an effect on economy of bridge. Recently, understanding importance of substructure,

we are getting more interested in new substructure system.
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Fig. 1. Mountain — 70% of Korea Peninsula
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Fig. 2. Bridge Pier and abutment
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Fig. 4. Rectangular prestressed pile (Application case in USA AASHTO(2007))
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(a) Pilecolumn (b) Equivalent Cantilever Model  (c) Equivalent Base Spring Model (d) Equivalent Soil Springs Model
Fig. 5. Methods of modeling pilecolumn
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(c) Nyrany (Czech)

(b) Lahnstein (Germany)

(d) Incheon (Korea)

Fig. 6. Application cases of pilecolumn

3.1 AASHTO LRFD Bridge Design Specifications
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(AASHTO, 2007)
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3.2 PClI Recommendations

715402 AASHTO LRFD Bridge Design Specifications
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Table 1. Comparison of lateral reinforcement volume by standards
Division Highway Bridge Design Specification(AASHTO LRFD) PCI
The la:ger of ; The larger of
Volumetric ratio ps= 0.45 [ £ 1} x| f o P+ A,
. ‘ A, £, py= 0.12 0.5+ 1.4 ———¢
of spiral ; f, fo Ay
po= 0.12 fk p.= 0.007
Square pile H22 @ 55mm H16 @ 110mm
80%80 (ps = 0.0441) (ps = 0.0108)
Octagonal pile H22 @ 75mm H16 @ 100mm
90%90 (ps = 0.0242) (ps = 0.0107)
% Concrete strength : 45MPa, Yield strength of reinforcement(fy) : 400MPa
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Fig. 7. Profile of PSC BEAM bridge for investigation
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Table 2. Specification of square pile for analysis

Case 1 Case 2
Concrete strength(MPa) 40 50
Size(mm) 800 x 800 800 x 800
Undergound : 10m Undergound : 10m
Length(m)
Above ground : 7m Above ground : 10m
The number of pile per pier(EA) 5 5
Prestressed stress(MPa) 5 5
Table 3. The result of Case 1 (Concrete strength 40MPa) (Unit : MPa)
Compression stress Tensile stress
Load Remark Remark

Allowable Maximum Allowable Maximum
Pmax 16.00 12.70 O.K -3.20 7.10 0K
Mx,max 16.00 15.03 O.K -3.20 1.52 0K
My, max 16.00 13.79 OK -3.20 4.47 OK
Plasticity analysis 24.00 14.45 0K 4.80 414 0K

(Transverse)
Plastici lysi
asticity analysis 24.00 17.16 0K 480 3.80 0K
(Longitudinal)

E

B e N

o e WA MM MW M WY MWW
Y g WA WA WA WA WA -
Y= I e @ Y VYN VY VYRR VYV VYV =3 b
RS MA WY M M W W8
'E MM MM WH MW MM MWW
O = N o T 0 I = = MM MM MM WY (WA vw—?:—g
OIS = N O I & MY MA MM M MW WSt
= T o — MMM MM WA '\N\/‘—:—§
T L M [T E WAL WA W W g
.= —

(a) Ambient analysis

(b) Seismic analysis

Fig. 8. Ambient analysis and Seismic analysis (Square pile)
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Table 4, The result of Case 2 (Concrete strength 50MPa) (Unit : MPa)
Compression stress Tensile stress
Load Remark Remark
Allowable Maximum Allowable Maximum
Pmax 20.00 14.37 OK -3.58 5.72 oK
Mx,max 20.00 17.16 OK -3.58 -0.66 OK
My, max 20.00 16.50 OK -3.58 2.13 0K
Plasticity analysis
30.00 15.03 OK -5.37 3.71 oK
(Transverse)
Plasticit lysi
asticily analysis 30.00 18.19 0K 537 2.96 0K
(Longitudinal)
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Table 5. Specification of octagonal pile for analysis
Case 1 Case 2 Case 3
Concrete strength(MPa) 50 45 45
Size(mm) 800 x 800(hollow) 900 x 900(solid) 900 x 900(solid)
Underground : 10m Underground : 10m Underground : 10m
Length(m)
Ground : 7m Ground : 7m Ground : 10m
The number of pile per pier(EA) 5 6 6
Prestressed stress(MPa) 3.85 4.27 4.27
Pn(KN) Pn(KN)
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Fig. 9. P-M interaction curves (Square pile)
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(a) Ambient analysis

(b) Seismic analysis

Fig. 10. Ambient analysis and Seismic analysis (Octagonal pile, Case 1)
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(b) Seismic analysis

Fig. 11. Ambient analysis and Seismic analysis (Octagonal pile, Case 2,3)
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Table 6. The result of Case 1 (Concrete strength 50MPa, Ground : 7m) (Unit : MPa)

Compression stress Tensile stress
Load Remark Remark
Allowable Maximum Allowable Maximum
Pmax 20.00 16.23 0.K -3.58 6.48 O.K
Mx,max 20.00 19.08 0.K -3.58 -1.49 0K
My, max 20.00 19.08 0.K -3.58 -1.49 0K
Plastici lysi
astielty analysis 30.00 18.28 0K 537 2.36 0K
(Transverse)
Plasticity analysis
L 30.00 21.96 0.K -5.37 2.11 0O.K
(Longitudinal)
Table 7. The result of Case 2 (Concrete strength 45MPa, Ground : 7m) (Unit : MPa)
Compression stress Tensile stress
Load Remark Remark
Allowable Maximum Allowable Maximum
Pmax 18.00 10.51 0K -3.39 6.17 O.K
Mx,max 18.00 13.51 O.K -3.39 0.40 0K
My,max 18.00 13.51 0O.K -3.39 0.40 0K
Plastici lysi
asticity analysis 23.94 14.35 0K 451 1.80 0K
(Transverse)
Plastici lysi
astielty analysis 23.94 17.82 0K 451 1.27 0K
(Longitudinal)
Table 8. The result of Case 3 (Concrete strength 45MPa, Ground : 10m) (Unit : MPa)
Compression stress Tensile stress
Load Remark Remark
Allowable Maximum Allowable Maximum
Pmax 18.00 12.11 0.K -3.39 4.84 0.K
Mx,max 18.00 15.52 0O.K -3.39 -1.65 0K
My, max 18.00 15.52 0O.K -3.39 -1.65 0K
Plastici lysi
asticlty analysis 23.94 15.12 0K 451 1.18 0K
(Transverse)
Plasticit lysi
asticily analysis 23.94 19.21 0K 451 0.10 0K
(Longitudinal)
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Fig. 12. P-M interaction curves (Octagonal pile)
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