1 02-1 8095 B % Sl BB B it [6])

Influence of parameters on the computed ultimate load B,

Slenderness
afd 0.8 1.5 (+ 88%) 2.3 (+188%)
P, kN) 975 853 (-13%) 822 (-16%)
Conerete compressive sirengih
fue (MP2) 1.0 29.5 (+d0%) 38.0 (+81%)
2, (kN) 975 1190 (+22%) 1404 (+449%)
Concrete tensile strenpth
fer (MPa) 2.0 2.5 (+234%) 3.0 (+3004)
P, (kN 975 961 (-1%) 982 (+1%)
Prct.thoongs (KN) 770 893 (+16%) 975 (+27%)
Fracture energy
Gr (N/m) 98 123 (+26%) 145 (+48%%)
Py &kN) 975 955 (-2%) 959 (=2%)
# 2-2DIANA z F# E £ [11]
Analysis Type Material Model Element Library
(1) Linear static (1) Elastie (1) Truss
(2) Nonlinear (2) Plasticity (2) Beam
(3) Dynamic (3) Viscoplasticity (3) Plane Stress
(4) Euler stability (4) Cracking (4) Plane Strain
(5) Potential flow (5) Viscoelasticity (5) Axisymmetric
(6) Coupled (6) Fraction (6) Plate Bending
flow-stress (7) Soil Specials (7) Flat Shell
(7) Phased (8) Shrinkage Strains (8) Curved Shell
(8) Parameter (9) Hyperelasticity (9) Solid
estimation (10) Interface (10) Interface
(9) Lattice Non-linearity (11) Spring
(10) Nonlinear (11) User-supplied (12) Point Mass
dynamic Material Model (13) Embedded
Reinforcement
(14) Flow
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F 2-35EE M 7 A

#8 5] Zb

8 B 2k

Deformation compatibility

Equilibrium condition

Stress - strain relation of material

Loading unloading property

F 2-4 BORIER| 2 R R e 4

B R SHc | A ® i
Maximum-tensile-stress(1876) 1 triangle straight
Tersa(1864) 1 hexagon straight
Von Mises(1913) 1 circle straight
Mohr-Coulomb(1900) 2 hexagon straight
Drucker-Prager(1952) 2 circle straight
Bresler-Pister(1958) 3 circle parabola
Reimann(1965) 4 approximate parabola
triangle
Willam-Warnke-3(1975) 3 approximate straight
triangle
Chen-Chen(1975) 3 circle straight+curve
Willam-Warnke-5(1975) 5 triangle—-circle | parabola
Ottosen(1977) 4 triangle—circle | curve
Hsieh-Ting-Chen(1979) 4 approximate curve
triangle
Lade,P.V.(1982) 3 triangle—circle | curve
Faruque et al.(1986) 4 triangle—-circle | curve
Boswell et al.(1987) 8 triangle—circle | parabola
De Boer,R et al.(1989) 4 triangle—circle | curve
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kg
RE28X SR E I 2 FRBR f :2104“‘
ky ,
fy =21007¢cm
kg
f.=84 4”“2

ki
f, =6.09 Vo

CEEREY W
EA SRR B SPRA

k
V. =3.65 Vo

k
V. =6.956 Ve

ki
f.=111.72 Yon
k
f, =8.094 Vot
k
V. =4.856 Vo

ki
V. =925 Vo

# 3-2 §A 4 £

Converge ansys of model size describe

Column radius (m) 1
Plate radius (m) 3.6
Plate thick (m) 3
Support wide (m) 0.9

2 33 RE HR

\\\xr

ek

Concrete material property

Elastic modulus E. (MPa)
Poisson ratio 0.2
Compression strength f. (MPa) 21

Tension strength f, (MPa) 2.1

Compression behavior Parabola

Tension behavior Hordyk

(Parabola ~ Hordyk B Fté%—)
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% 3-4 45 &

TEE S 32

Reinfo

rcement material property

Elastic modulus E;(MPa)  2e+05
Poisson ratio 0.2

Yield strength f, (MPa) 270
Stress-strain Von Mises

% 3-5*7 2|(Mesh) ~ % #

No.

No.1 No,2

No.3

No.4

Solid
size

t {Y
40cm

tly 3OCm

Total element 666 1616

Total node

2731 6169

% 3-6 fcar AT A

Converge of mesh element size

No. Element  Ultimate load  Error percent(%)
No.1 666 1750.3
9.5
No.2 1616 1916.2
3.8
No.3 2784 1846.7 o1
No4 5155 1844.8 ’
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Step A | BAMBE| WwRGEH | EFMBE | EHEBE || StepB | ARusE| wREE | EPuBE | EALBE
1 0.5 0.18 =] 0.09x(step)] [= 0.09 1 0.5 02 = 0.1 x(step)] |= 0.1
2 0.5 0.18 0.09% (step)2 0.18 2 0.5 0.2 0.1 X(step)2 0.2
3 0.5 0.18 0.09% (step)3 0.27 3 0.5 0.2 0.1 X(step)3 0.3
4 0.5 0.18 0.09% (step)4 0.36 4 0.5 0.2 0.1 X(step)4 0.4
41 0.5 0.18 0.09% (step)41 3.69 33 0.5 0.2 0.1 X(step)33 33
50 0.5 0.18 0.09x (step)50 4.5 50 0.5 0.2 0.1 x(step)50 5
StepC | K AMBE| wRGE | BS0BE | AHESE | StepD | AAMBE| wRGE | ESABE | ZHALBE
1 0.5 04 = 02x(step)] |= 0.2 1 0.5 0.6 =| 03x(step)] |= 03
2 0.5 0.4 0.2 X(step)2 0.4 2 0.5 0.6 0.3 X(step)2 0.6
3 0.5 0.4 0.2 X(step)3 0.6 3 0.5 0.6 0.3 X(step)3 0.9
4 0.5 0.4 0.2 X(step)4 0.8 4 0.5 0.6 0.3% (step)4 1.2
21 0.5 0.4 0.2 X(step)21 4.2 14 0.5 0.6 0.3%(step)14 42
50 0.5 0.4 0.2 X(step)50 10 50 0.5 0.6 0.3X (step)50 15
StepE | AR E| wkthdt | B0 E | AHABE || StepF | AAMBE| wREH | ESuBE | AH0EE
1 0.5 08 = 04x(step)l'|= 04 1 0.5 1 = 05x(step)1 |= 05
2 0.5 0.8 0.4 X(step)2 0.8 2 0.5 1 0.5 x(step)2 1
3 0.5 0.8 0.4 X(step)3 1.2 3 0.5 1 0.5 x(step)3 1.5
4 0.5 0.8 0.4 X(step)4 1.6 4 0.5 1 0.5 X (step)4 2
11 0.5 0.8 0.4 x(step)11 4.4 9 0.5 1 0.5 x(step)9 4.5
50 0.5 0.8 0.4 X(step)50 20 50 0.5 1 0.5%(step)50 25
E = MOE Uy 2R X 7 N
% 3-8 HHME Ay AV
Increment . Error
Type  Displacement Ultimate eroent(%)
0
(mm) load (Ton) P
A 0.09 1582.66 L4
B 0.1 1559.39
3.1
C 0.2 1607.48
5.1
D 03 1688.29
4.4
E 0.4 1763.21
3.7
F 0.5 1827.74
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F 4-1 Vaz_ TR R A 1T 4
" Column  Shearspan Platedepth _a Concrete Concrete Steel of Ultimate load
YP€  Radivs (m)  a(m) d (m) d f,(MPa)  f(MPa)  f,(MPa) P, (ton)
1 1 2.15 2.9 0.74 21 2.1 270 1333.4
2 1.25 1.9 2.9 0.66 21 2.1 270 1495.1
3 1.5 1.65 2.9 0.57 21 2.1 270 1877.9
4 1.75 1.4 2.9 0.48 21 2.1 270 1993.2
5 2 1.15 2.9 0.39 21 2.1 270 2479.8
F 42 P IBIS IR 2 TR ek
Interpolation method Stiffness of concrete B «decrease %
First yield stage 25000 100
Second yield stage 8743 35
(EEfr:MPa)
%43 A R A
Radius  Integer Boundary Step Displacement Ultimate load g0 9%
Im ratio  coundition ~ converge control P, (ton)
. 1 vertical
Caisson plate —~  xyz surface 50 - 1333.4
4 distribute 12
Caisson plate-x 2 2666.8
. rical 0.33
sson plate - vertica .
Caisson plate 5 Xz surface 50 distribute 2675.6
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. Total step  Column  Displacement Step of increment

Analysis type converge diameter corner ratio displacement

1 Caisson . MM 225"
N e 675" [y L ¥ ¥ ¥

2 plate 50 2000 0=0.129

1 Caisson mm _ c MM 0™

2 plate 50 2000 6=0.258 9 W

e -2.25MM
1 Caisson 50 2000™™ 0=0.386" 11.25™

2 plate MM

' -4.5

1 Caisson 50 2000™™  0=0.516"  13.5MM

2 plate

1 Caisson 675
7 plate 50 2000 0=0.645 15.75MM

_9MM
1 Caisson 50 2000m™ - 0=0.774 MM
plate 18 -

o - 11.25MV
1 Caisson 50 2000™% =0.902 MM

2 plate 20.25
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Analvs: Total step  Column  Displacement Step of increment
nalysistype  converge  diameter  corner ratio displacement
LCaISSOH 50 4000mm 9:0 0650 675MMW 225MM
2 plate '

. MM
_1 Caisson 50 4000™ 0=0.120° 9"V W 0
2 plate

. -2.25™
1 Caisson 50 4000™™ 0=0.193° 1 1.25M
2 p1.at6 -4.5MM
L Caisson 50 4000™  p=0258" 135"
2 plate
=l -6.75"

aisson mm
L 4000 ~0.332° MM
2 plate 50 0=0.332° 15.75

_9MM
L Caisson 50 4000™™ 0=0.387°  |gMM
2 plate
-11.25MM

L Caisson 50 4000™  0=0.451° 90 5MM
2 plate

462 AT AP LR A

Load tyep

Pier columm diameter2™

Pier column diameter 4

displacement

P, (Ton) M, (Ton-M) %J(CM)

P, (Ton) M, (Ton-M) %’ (em)

6.75MMW 2.25MM

7006 1022 14.6 12412 5070 40.8
9MM OMM
llﬂj 5922 1618 27.3 11234 9186 81.8
o -2.25MM
11.25 5342 1854 347 10682 11158 104.5
-4 5MM
13.5MM
4494 1684 37.4 10486 11712 1117
-6.75MM
15.75MM 4426 1750 39.5 10248 12870  125.6
_9MM
18MM E 4096 1634 39.9 9442 11080 1174
11.25MM
20.25MM 3936 1610 40.9 9452 11240 1189
Avg. strength | 4084 1718 10464 11446
M, .
Avg. e (?u ) -increment 3.14 10.25
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247 LS EIRE 2
Caisson ACI code ACI code
Circular . |punching strut-and-tie DIANA
for Pier plate c.ies1gn shear design | design of analysis of
. f Ultimate . g 'g :
diameter ;) qP. of Ultimate | Ultimate Ultimate
Cd (m) 0%1 tu (caisson load P u(punching) load P u(strut-tie) load PU(DIANA)
design) (ton) (ton) (ton) (ton)
2 1525.3 4295.6 4246.7 5333.6
2.5 2025.3 47339 5112.7 5980.4
3 2725.3 5172.2 6385.3 7511.6
3.5 35253 5610.5 7775.3 7972.8
4 4825.1 6028.9 9249.7 9919.2
3 4-8 R E L A
Pier diameter 2 2.5 3 3.5 4
Pu (punching shear)
——— 282 234 189 159 125
Pu strut-and-tie
(e 278 252 234 221 192
P u (caisson design)
P
—u(OIARA 349 295 275 226 2.05
P u (caisson design)
average 3.03 2.60 2.33 2.02 1.74

75



