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(a) 180 degrees Azimuth

(b) 90 degrees Azimuth

==l
(B
LF241FH

COLLEGE OF CIVIL ENGINEERING




251 THRERYPA AL )RR

® EHIZ NNFEIT AR E AR

o TIEFEASAMEMNASEEER

BT GBI SR P a2 R R R




A=Yy




SIS
BRI IE: 0, <[0] =7

wiRhE (NEERIR)

1638, GalileoX BB R (NIEFH)
1705, Bernoulli e CPFEEEE) , HETEHEEIIA
1825, Navier, Z. #R. 7Hip

HEhE (NGazaGg)
1850, Culmann, #HEEZ

1864, Maxwell, & HEH
1903, Kirpichev, BFAEMEZRRISTTEL




BE—EEEL

o B EKAE
7w =lol=00 HF— 7

2L
Z;géiff \ Zzé +

T==1
==l
LF241%F%

COLLEGE OF CIVIL ENGINEERING




F_EEe

ETANMEIAE: F<F
JEL MM R NE (BERRAEIIER)
1914, Kazinczy, NI IRAZ 1AL
1930, Fritsche, N IRAR 1P
1935-1952, RTFEHEFE RRAFE 1) BFEL
1936, Gvozdev, MRFRAZR IR THRIELE D
1910s-1950s, X YRk 1 A 1 28 i

SHEEIRZGEEDR, *@#li)ﬂmﬁﬁtﬁlﬂmﬁﬂ'




F_EEe

ZF20HA60F R, R FERBERWEMNRITHATE AKX
F T % - REMEB N RFIKIE

AW, FAX—ERIFEWEA (BB LEEHNTH,
MEMTHRIAE) 5|RT IRWAINEXT. X—HELF
X, MAEF T EHRBRRSRITERNHAL,

y LRORIMEES
Pl #ok

F 5 PR
TRE T




F_ ST

gV OV
\0,(.\0) (‘(.)\‘
ah, l‘\g‘

!

" ,," 2

»orer o

‘ . (B
WNGEER )
L) thaiFH

COLLEGE OF CIVIL ENGINEERING




B=EMEE

5 F20 M BT0F REGHAERIL AT RAATT 5 7H,
TUMAH —REW R ERTRAF R, REOR R
A, AT SR 5 5 AT B A BT

A
Displacem ent [

';'._A Velodty “W*"?‘W P A . s j

g Acceleration ! ’
'y un - : . ' / ' I r- | |
Dead loads ’ ) 60
[==1
(4|

COLLEGE OF CIVIL ENGINEERING




MRS AIA

Bt (FH) RS

\ - il -
KU =F' oot
Fi?]t (ue) — |:eext
2 ;
A 5. hiE
Ku=F

|:int (U) — |:ext




E=EEIE
EFENENER

1678, HookerEft
1705, Bernoulli #£H-FHER X ERIN J1. BMAHES
1727, Euler f&xe: B F15MNARRLIEL

1822, CauchyM A& (B kR) , EEIZ KN

1821-1864: 3k f %3 ip

—————————————————————————————————————

[ 1864-1961: & )BA¥AM: /2T
_ 1960s-1980s: 1 CEM R "’%rélsjy#ﬁﬁz

19805-2010s: Bl 22T




SB=EH (ki) Hie

oo =)=]=] H=T=1=]
00 OO0 ~EEE
oo N
o=y
T X2
ShearA
—
“i'iﬂ”
> Deformation
10 LS CP  FEMA 273/356 Performance Levels

Immediate occupancy 10: damage is relatively limited; the structure retains a significant
portion of its original stiffness and most if not all of its strength.

Life safety level LS: substantial damage has occurred to the structure, and it may have
lost a significant amount of its original stiffness. However, a substantial margin remains
for additional lateral deformation before collapse would occur.

Collapse prevention CP: at this level the building has experienced extrems

laterally deformed beyond this point; the structure can experience instg
base shear.
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SpV21 S, S11 i I i S, Mises

(Avg: 75%) (Avg: 75%) SNEG, (fraction = -1.0)
+1.000e+00 +3.974e+08 (Avg: 75%)
+9.167e-01 +3.310e+08 +3.944e+08
+8.333e-01 +2.646e+08 +3.616e+08
+7.500e-01 +1.983e+08 +3.289%e+08
+6.667e-01 +1.319e+08 +2.961e+08
+5.833e-01 +6.547e+07 +2.633e+08
+5.000e-01 -9.175e+05 +2.306e+08
+4.167e-01 -6.731e+07 +1.978e+08
+3.333e-01 -1.337e+08 +1.651e+08
+2.500e-01 -2.001e+08 +1.323e+08
+1.667e-01 -2.665e+08 +9.953e+07
+8.333e-02 -3.329e+08 +6.676e+07
+0.000e+00 -3.993e+08 +3.400e+07

+1.238e+06
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(Avg: 73%)
+9.450e-03
+8.505e-03
+7.560e-03
+6.615¢-03
+3.670¢-03
+4.725¢-03
+3.780e-03
+2.835e-03
+1.890e-03
+9.450e-04
+0.000e+00

oA,

S.S11

(Avg: 100%)
14.218e102
+3.608c+02
12.998¢ 102
+2.387c+02
H1.777e102
+1.167c+02
15.565¢101
-3.377c+00
-6.641e101
-1.274e+02
-1.885e102

S, Mises

SNEG. ([raction = -1.0)

(Avg: 100%)
+3.029e+02
+2.732e+02
+2,435e+02
+2.138e+02
+1.841e+02
+1.545e+02
+1.248e+02
+9.511e+01
+6.542e+01
+3.574e+01
+6.061e+00
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PEEQT S, Mises
(Avg: 75%) SNEG, (fraction = -1.0)
+7.298e-03 (Avg: 75%)
+6.568¢-03 +3.140e+02 3
+5.838¢-03 +2.831e+02
+5.109e-03 +2.522e+02
+4.379¢-03 +2.213e+02
+3.649¢-03 +1.903e+02
+2.919¢-03 +1.594e+02
+2.189¢-03 +1.285¢+02
+1.460e-03 +9.760e+01
+7.298e-04 +6.669e+01
+0.000e+00 +3.577e+01
+4.858e+00
J ) ;
S, Sl
(Avg: 75%)

+3.305e+02

+2.764e+02

+2.223e+02

+1.682e+02

+1.140¢+02

+5.994e+01

+5.829¢+00 ;

-4.828e+01

-1.024e+02 i |

-1.565e+02

-2.106e 102
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Prof. J.S. Chen Ted Belytschko

The methods with simplicity (and fundamentally sound) win the game.
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Experimental vs. Simulated Results — Human Trabecular Bone (Specimen No.2) with @ 5mm Flat Tip Rod

Coronal Sections (x-z)

Depth = Omm Depth = 6mm Depth = 10mm
Experiment Simulation Experiment Simulation Experiment Simulation
Simulation Maximum
2 Principal Strain
® +5.00 x 107
4 ® +4.58 x 107
®+4.17 x 107
+3.75 x 10"
+3.33 x 10"
8 +2.92 x 107
® +2.50x 10"
10 ®+208x10"
+1.67 x 10"
+1.25 x 10"
(73 ® +8.33x102
s E ®+4.16 x 10?
N E ® -242x10°
Force-Displacement Curves 3D Section Through Coronal Plane at 10mm Displacement
400 Experiment Simulation

=== Simulation: Spec. No.2 with @ 5mm Flat Tip Rod

== Experiment: Spec. No.2 with @ 5mm Flat Tip Rod

300 +

200 -

100

Force (N)

(Inverted Color)

Normalized Displacement (mm)
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