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ABSTRACT:

Seismic failures are common in harbors around the world. Extensive damage of port area
was reported in Kobe Port after the Kobe earthquake in 1996. In Taiwan, local failures have
occurred in port area throughout recorded history. Recent reminders include the significantly
lateral displacements of wharfs in Suao Harbor induced by the Hualien earthquake in 1986,
extensive settlements in the hydraulic-filled area behind the wharf in Hualien Harbor from the
same event, and liquefaction of port area in Taichung Harbor triggered by Chichi earthquake in
1999.

Restricted by few experiences and less understanding of failure mechanism, current
response plans for disaster earthquakes in port areas focus on after-shock reconnaissance work
in identification the sources of failures and restoration of facilities. This passive strategy can
not reduce the remediation process and create inevitable delay. Furthermore, the after-shock
investigations are difficult and less reliable due to lack of real-time monitoring of the
earthquake, resulting in ineffective repairing work. Reliable, long-waiting, real-time
measurements of earthquake and liquefaction responses in harbor area are feasible due to
developments of underground instrumentations. Recently, surface vibration sources have been
implemented to simulate earthquake and liquefaction responses. The data from in situ
measurements of small shaking and surface vibration sources could improve the accuracy of
local seismic analyses. By implementing the in situ data in state-of-the-art numerical
simulations, reliable scenario simulations of various seismic hazardous in port and coast area
can be performed and are beneficial in both design of monitoring system for port facilities and
development of remediation and response plans for a specific harbor.

The undergoing project will perform following work in selected harbor areas: (1)
dynamic real-time monitoring from earthquakes and artificial vibration sources, (2) stability
analyses and scenario simulations of port structures subjected to liquefaction, and (3)
liquefaction potential evaluation of western coastal areas using discriminant method.
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iR x ‘;i? y > e EE T 0 RIERINBE TS 2m = péﬂfkfiiaﬁg
oot kT B s 4 KR A o

4RO AR ARSI B2

Mig Lz B D fefep d 0 22 A 2 A 6m
- PR E o ToRAR2 Z SRRSO 3 5 30m A eAe = 10 B E
LR EZ S 5205 AR R T A Bl R Mg ~F
12 % & Mohr-Columb 7 42 2. /i & 3% éﬁﬁiﬁ%‘iv i m ¥ SBche &
5377 B~ A E 2 0 2 R RAcK] 54 T o Mt e RERS F
T g o

5.% * Finn .38 4 3%

Bt h Y B RIE R MR 0 B SRS 0.03~0.05MPa &

KHEZ EFF THERURE > FIPLAZH RN FELFRFHZ* Finn

HoV# soil 2 x5 Finn 2 3 > S@icded 5.1 #7170 B3 2
H

{

I% °
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6465 1R Rlciod i R i

i~ % 4 Rayleigh FE 3k 2 SR 2 2% » 3 372 Hardin 3
A2 TEVFIER > 97 2. Sficdod 5-1 #7782 p o Ao Jffrz::gf,u s 11 free

ﬁeldié’ﬁl:};]f@’r%%?i A R0 KRG 3L 2 “’ﬂfﬁ’ﬁd
oo B OSPR 2T R RS 2k BT % o }%“Kl)xbt’yjﬂ}é;;ﬁ—,7_§£§jk

(Quiet Boundary) % Ho

TR E RIBEE 4o R
AFF LAZER AN FOR R A S AZERIC KR Y ARG EE T R B
BRI RN GRE R E RS LR TR
P e 3 B3Ry g o2 gk e AP PRI T RBE ) kA
RS E s ARG 20 Redri =4t BL s> 4.7km
Fzo F ok Bl Lk (TCU059) »t 921 3 Rz ¥ Biekr > Bod B
@ (NS) ehi & fe% PR 35 ) iv 5 & ity » > Hid A (H = ms)
21 4ok B (H () 4o B 5-5 477 o
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%51 BHIBELE kK $ii

R | vERE | ®EFET
Soil 1 Soil 2 Gravel
density(kg/m3) 1800 1800 1900
Shear Modulus
14
(MPa) 80 30 0
Bulk Modulus
133 68 310
(MPa)
Cohesion(Pa) 50000 0 0
Friction
30 40
angle(degrees) 33
Dilation
angle(degrees) 0 0 0
Dilation
angle(degrees) 0 0 0
Hardin r 0.01 0.08 -
Finn Parameter C1 - 0.49 -
Finn Parameter C2 - 0.82 -
% 52 B4 SH
Elastic Moment Cross Mass Pile
Modulus | of Inertia | Sect. Area ) )
Density | Perimeter
Gpa m* m>
Gpa) | (m) ™) | e | m)
Beams 2.0 2.364x107 0.305 2000 —
Piles 2.0 6x107 0.212 2000 1.88
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JOBTITLE : .

(10M)

FLAC (Version 5.00)

LEGEND

5-Nov-06 2:02

step 3166
-7.278E+00 <x< 1.383E+02
-4.878E+01 <y< 9.678E+01

User-defined Groups

I wharf:soil1
‘wharf: gravel'

I wharf:soil2

Grid plot

Ll
0 2E 1

Marked Gridpoints
Fixed Gridpoints
X X-direction

Y Y-direction

B Both directions

CE-SD Lab.
NCNU

L 9.000

L 7.000

L 5.000

L 3.000

L 1.000

L -1.000

L -3.000

T T T T T T T T
0.100 0.300 0.500 0.700 0.900 1.100 1.300
(102)

53 RIFABFAL RS ES T W

JOB TITLE : Wharf Beam and Pile

(10%)

FLAC (Version 5.00)

LEGEND

5-Nov-06 2:03

step 8071
Flow Time  3.9584E+05
3.996E+01 <x< 1.076E+02
-5.257E+00 <y< 6.243E+01

User-defined Groups
I wharf:soilt

‘wharf: gravel'
wharf:soil2

Grid plot

0 2E 1

Net Applied Forces

max vector = 5.178E+05
||
0 1E 6

Applied Pore Pressures

O Max Value = 1.600E+05
Beam Plot

Beam Locations

Pile Plot

Structural Node Numbers
CE-SD Lab.

NCNU

| 6.000

L 5.000

4.000

3.000

2.000

1.000

0.000

T T T T T T T
0.450 0.550 0.650 0.750
(10%2)

T
0.850 0.950 1.050

BS54 RFEEABR~F L2 S E5R5LH
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%53 A#,~ 3¢ 2 Mohr-Columb 4 & 8¥ 24

Normal Shear Normal Shear Normal Shear
Stiffness | Stiffness | Cohesio | Cohesio | Friction | Friction
(GN/m/ | (GN/m/ " " (degrees | (degrees
m) m) (N/m) (N/m) ) )
Soil 1
& 1.0 1.0 1000 1000 30 30
Grav
Soil 2 1.0 1.0 1000 1000 30 30
FLAC (! Ver.sion 5-.00)
LEGEND (10-01 )
F\SE\?:/E:EE(;O%B:584E+O5 o JJD:;‘Hl@

Dynamic Time 3.5000E+01

Table Plot

Velocity

2.000

CE-SD Lab.
NCNU

0.000

-2.000

-4.000

B 5-5 TCUO059 i# & £ 4c i & P B
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53448 %E3H%

B A 8 A RS 0 B R R 4T

531 #ERHF R

PRANBRE B T P AR AFEABEE - PR A
KT 4o ig B BFPEACRE] 5-6 F7F 0 55 % BT TR IR L M 4ig B F)E R R
FHERERAINL W afadp IEFS 2 EABAFE RE TR
Joo ARk Ak RE AN K (S BN R EER R H
BOMER ] AR AR B b o

-\
R

JOB TITLE : Wharf:Acce. Hist
FLAC (Version 5.00)
LEGEND
5-Nov-06 3:32
step 148070 2.000
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01
1.000
HISTORY PLOT
Y-axis :
0.000
Base Xacc
Slope Xacc
. -1.000
X-axis :
1 Dynamic time
-2.000
-3.000
23 24 25 26 27 28
CE-SD Lab.
NCNU

Bl 5-6 % fe R & 4cid B FEPF
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53.2 I BB

PR L2 A i’é%’fi“%i’}i@b%\’wrﬁ%] 5-7 #7702 1 B %
AR B G il - A KRS AT EAREEE g o 4 kT A
TAYHORRA w2 n"““}” P H R FE R SRR TIE S
2 R gk A Pﬁﬁﬁaﬁiﬁzwﬁnkfﬁwﬁﬁ(@ 5-8) » FEHL R AR R A
Hogdoru g 3 R AEBER G e F T B2 RlE Ik
i FEG Mo %}59 SwHE L B AB AR Z TR 4 A2
BloBpRETHERIAAG S AR F 4 > RH AR Rl
CRGE R E R BTV HORR R ST R o Bl d B RT B

4 o

= —

lzt ‘m&'%

A

fm

JOB TITLE : Wharf: Max Ru (*10M)
FLAC (Version 5.00)
LEGEND L 8.000
5-Nov-06 3:32
step 148070
Flow Time  3.9584E+05 [ 6.000

Dynamic Time 3.5000E+01
-8.166E+00 <x< 1.408E+02
-5.006E+01 <y< 9.889E+01

L 4.000

EX_5 Contours
0.00E+00
2.50E-01
5.00E-01
7.50E-01
1.00E+00
1.25E+00
1.50E+00
1.75E+00

L 2.000

L 0.000

Contour interval= 2.50E-01
Boundary plot
Lol
0 2E 1

Pile Plot
Pile Locations

|of

BERTY

NCNU — 1 ; ;

0.100 0.300 0.500 0.700 0.900 1.100 1.300
(*10%2)

L -2.000

[ -4.000

Bl 5-7 B x IV HRR A H
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JOB TITLE : Wharf: Front Ru

FLAC (Version 5.00)

LEGEND 15m ﬂilp

5-Nov-06 3:32

step 148070 1.000
Flow Time  3.9584E+05

Dynamic Time 3.5000E+01

HISTORY PLOT 0.800
Y-axis :
6 EX_3(20, 9) 0.600

\ /\
RN
A

CE-SD Lab.
NCNU

B 5-8 i3t 3 3§ (20,9) B B 15m Aoru % 1 F

JOB TITLE : Wharf: Front Ru

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32 lmj?% m th
step 148070 1.200 f f

Flow Time  3.9584E+05

Dynamic Time 3.5000E+01
1.000
HISTORY PLOT
Y-axis : rl‘

0.800
8 EX_3(36,18)
X-axis :

= /

Jll

CE-SD Lab.
NCNU

B 5-9 FH i vHEA T AV EA G (36,11)27 3 4 (36,18)ru £ i
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BHSEFH 2T i 25Egdd pipitriEyt i
JRz 3R o F bR $AET A E R 0 B oot iy FIR o B EE
TR A R ACR] 5-11 Aror 0 B A A KT A R tgEEF 0.7 mo AR
AAHEEF 0lm> e =HEF 03m » HRFF L En4E
HEHBER ST M -

A FIERARTECZE I RA 5 TAR RS
T OB ZHEFANRTER AR A R AR R > p

EHH Y pr2 e & o TR St BT 4200 AR
B T FEEAR K SHERAR K o

JOB TITLE : Wharf: Soil-Structure Interaction (1081)

FLAC (Version 5.00)

LEGEND - 8000

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01
-8.166E+00 <x< 1.408E+02
-5.006E+01 <y< 9.889E+01

L 6.000

EX_5 Contours
0.00E+00
2.50E-01
5.00E-01
7.50E-01
1.00E+00
1.25E+00
1.50E+00
1.75E+00

Contour interval= 2.50E-01
Boundary plot
[T

| -2.000

0 2E 1
Pile Plot
Moment  on L -4.000
Memep.  on
NCNU T T T T T T T T T T T T

T
0.100 0.300 0500 0.700 0.900 1.100 1.300
(10%2)

B 5-10 £ 4T HF RE
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JOB TITLE : Wharf: Crest Disp

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01

HISTORY PLOT
Y-axis :

25 X displacement( 18, 19)

2.000

0.000

-2.000

X-axis :
1 Dynamic time

CE-SD Lab.
NCNU

-4.000

-6.000

W] 5-11 78 8¢ % =3 =4 iP5 )
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(1)- 4% i

FSER p 4@ iz 1 55,000GT

—_— -

ER B

# >  HH.W.L. EL.+2.6M
HW.L. ELA+1.2M
M.W.L. E.L+0.6M
LWL. E.LA+03M
LLWL. E.L+0.0M

E)E-& &
T pE 3 (t/m’)
W R (t/md)
(¥ & Tl
kd o K=0.1
kd T orKy=0.2
(5)8 =&
&% 7.85t/m’
SRR 2.45tm’
(6)7 +F &+

M2



SRS fo' =210 kg/em®
R RS fc’ =175 kg/em®

FE R A ACEH & 55 RS KPP ARM AP E R R dpdad
BUEE 5 o B H 4 1/3 0

4 5% fa=1400kg/em® (fy=2,810 kg/cm®)

fa= 1,600 kg/cm®  (fy=4,200 kg/cm®)
R RR ~dpdadi AP R E FEH 4 1/3 0
Hid * H 4 F $A(SS41 - STK4L & I 5 5)
phe £ 4 oa=1,400kg/cm’
fhe B4 0<l/<110 o= 1,300-0.06(I/r)* kg/cm®

1/r>110 o ¢ = 7,200,000/(1/r)* kg/cm®

89 B4 op=1,300kg/cm’
7R A oa =800 kg/cm’
B8 Es=2.1x10°
PR ERE ~dpdadBPE o P EFER A 120

&
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oa=2,400 kg/cm’

SY30 & b & &

oa= 1,800 kg/cm’
PORCER ~dpda AR 0 PR FFER A 120

F200T  R% 244 100 2w



6.2 %k BEMBNL R

ARG T ERRLT RV AFLHREBIBFEIA RN T
"6' ”Llpﬁ'ﬁ? HEFHRT e Rad 2EAZARN A TR =

o BB AETINH AR *@m%aﬁaﬁ,%mﬂw’%%ﬁ@
- T 5*1‘# PRI AR AR
S RIERCS YE R %4@4’mﬁﬁﬁﬁ»w&\@%
ﬂﬁ7a§4m@%¢i$ MR R B

REA AR A FT G FEFERLARN S TEHR

-rx\j,
‘?/‘

L

ETTRS

4 {T% 7

6.2.1 FH 2 T PTR
AEOIEEL S TR BRI ST o] 61 ST
S S R A Y 3 S U
B >k

pgo fo _rHeos'ftan(9—0) _tan(@-0) (6-1)
T rHsincosf tan 3

= G
=& 2 K SR 4
=2 #Y &
H=4%% 2 k3 &

B=H @ &KL g 2 & 4

-~

‘Xt

o=2 P Bt

o=H B L4 &
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FIL TR BHEE S 400 AR P BEEE L 310 Bl F o
31%> mnB=i=025v ezmn”@lTK)=1L30’?¥% 6-1 NEE >l
-

143 > Foif sl 2 L Bt o

6.2.2 2 R 4 =R
LR~ ER P

AEG|REF S ZBERFTE I 62 MR BE HiE
PHTEEERES 26 5 1B 4B 62 17 HP Fok gr 4k
Bz SPTN Tioidd R FALE L 100 3P 40T ¢

Es= # & 2 2 s ik (kg/m’) = KyxD
Ky= #w# &k F 4 il (kg/m)

d XFARAEFT R mpyj e RRL T
K,=0.15N 3*% (N % SPT 7 »#% N i)
D= A #E2 /& =80cm

t= AHBERE =12cm

BEE A Y

1

a=tan' =14.04 S BEE G %:7.02"
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B e

B

W62 BEEWZaTiH

W E L 50 £ 44 F 0 PE R4 5=0.02 mm/year
% 50 & 3 -K4% 4 F=0.02x50=1 mm

d PR Tl B EN RACFBRER 0 P h AT
?HJ2 Dgui= 80-2x0.1 =79.8 cm

i Dy, =80-2%1.2 =77.6 cm

—

#ra 1f e 1= —(DOut -D,,")=210500 cm*

Kp=0.15N=0.15x10=1.5 (N d K3 FTH#F)

B=

D 1
=0.00287 R E =349 cm

B FTE R RS £ B 2 BESE 1/B=349 24 0 2 2 HIRR
FACBERSE 46 T 3/P=1,046 24 > @ L #HE % {B5EACE 6-3 7
o EELRLEBERE A A BEFTEF A R NF



B%ARE FretE o dok 6-1 477 > d B 63 F @A TR
B EL-324 2% » 324 6-1 *Tr 2B R 2 RE B 42

‘r!i

A

30

N
=
v

| | 5.596 | 5.596 5.596 5.596 2.0

EL+2.6

1:3.5

Li=35m

| o ®
EL-14

EL-32.4

B 6-3 %% 2¥E 2 %ET 1B
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% 6-1 :L¥HAipM -} B4R

i |BEF 40 | BEEFATE 1R FER| B d HRE
1 -13.78 -17.26 -24.24 19.86
2 -13.53 -17.02 -23.99 19.62
3 -12.84 -16.33 -23.30 18.93
4 -12.69 -16.18 -23.15 19.53
5 -11.65 -15.14 -22.11 18.45
6 -11.47 -14.95 -21.92 17.55
7 -10.78 -14.26 -21.24 16.86
8 -10.53 -14.02 -20.99 16.62

2.8 4 3§
AFETBER (Y »)32 2% 5 L3 2M2 (X w)30 o ¢
¢ 4

SH ARSI 4o 64 7T 0 B Fh2 £
gmgg##iiﬁﬂ 2 p ;!i«fp, P 4o ol

‘: ﬁﬁ»l’;\‘h ~ b

(1) i\"ﬁi(WL)
BRI FAE op RpEL U E Itm® s & > &t FAPCR-A
W1 =32x30x1=960t
(2)+ £ (Wp)
B PR UL § £ 0 5 230mT 0 s SEEE

Wp=32x30%x2.3=2208t



) FErip & £ (We)

Dtaz p £(W))

2k 2 A A g 12 900 P 5 B

%}?‘J ;’L‘E'L%E f‘i_‘_'ﬁ‘?ifﬁﬁrﬂi%iﬁ d ﬁ‘;,_g:;,l._%p
£ thh £

A= D
4

out

’_D,*)=271.8 cm’=0.0272m"

55 £ =19.86+19.62+18.93+19.53+18.45+17.55+16.86+16.62

=147.4m

W,=(0.0272x147.4x7.85)x8( 2.)=252t

o o O cO O o O
O O O CO O o O
O O O cO O o O
2 o @ ® @ ©® © @
1 O O O cO O o O
> O O O cO O o O
O O O CcO O o O
O O Lo QO O o O
-~ | O O S cO O o O
1.8i2.0 i A@5.6=00 4 i 20 TR

W64 BpEXBFLHEAT LW
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3okT 4 3 E

dOT R ABFEA (Y p)LBRBANLE A (X
B)2. PR - BRI AL TN LR F R w2l R RIT]
AR A X w2 R RE R 4 R o d K TR
FEEE KT BR (ky)0.1 K0 Ay A rRT R (k)01 KR

H F.P ”ﬁ}%@ﬂb 3 J_—r‘ ’ t‘«L ’&f'—r
H=(W+Wp Wt Wpx0.5)x0.1=419¢
ARk T E

T »szx_‘_g—ﬂfrf‘,g 42 kI A Gk d AERKE MRS E
HERF2L KT 4 7 d T 5(6-3)% (6-4)3- 8 -

sin’(0,, +9,,)

——cos’ 0, +
i1l 272

AL =g B ()

A =4k g Faz o fi
E =4 ¢ the sE1 il
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542 b 3 E

RE 4 Hgs e gl £ 4 e qE b fURE L FIRBHET 2 Rar s

900
32x30

Vs =(01+23+ )x4x5.6=94.921

d 6-5 73 Fark AT ez fhd o 4oB) 6-5 AT

_ V;sin0, +H; cos0,

~ sin(0, +6,)

VSN0, — H, cos, [
sin(6, + 6, )

P, =

*
T

.

P,

Bl 6-5 HA B2 dh4 7 L

#-V,5=94.92 #F & Hys=52.4 ¥ % » 6-5 N 78

~94.92xsin16" +52.4xcos16°

p
! sin32°

—144.76 (/R 4 )

~94.92x sinl6’ —52.4xcosl6’
sin32°

P, =46t ($4 )
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6755 kT A ¥

P,  14476x15.9
AE  0.0272x2.1x10°

=4.03x107%m = 4.03cm

Pl —46x14.25
AE  0.0272x2.1x10°

=—1.1x10?m=-1.lcm

KT =4 A=943cm
7.5 Bk T g 2 RS PR R

EAERRBNBFELE RET R LTS FAEKT
g PUR T 4 s A E A S B A T 3 T
B MAERBRFRT A pE s R A 2 KT g (FL B 2 kT
s Rt R F(6-6)3 B E AP kT At o L d 34(6-7)
P EE R fhEESE

23

3
H =2 e (6-6)
(1+ph)’ +2
A (6-7)
2Bh

h=3% B G U2 £ R
kT =4 A=9.43cm
(1)- Bt kT4t 2 o 4440

_ 12x2100000x 210500 x (0.00287)°
(1+0.00287 x1638)° +2

x9.43=6.3t

M, = 1+0.00287 x1638 x6.3x1638 =6268t—cm = 62.68t —m
2x0.00287 x1638

6-13



(2)= Fufsrk T 3sdns 2 {55 $HE

_ 12x2100000% 210500 x (0.00287)°

x9.43=6.5t
(1+0.00287 x1613)* +2

2

 140.00287 x1613

= x6.5x1613 =6424t—cm =64.24t—m
2x0.00287 x1613

2

Q)= Bith kT 2 45 §44F

1 122100000 210500 % (0.00287)°

. . x9.43 =73t
(1+0.00287 x 1544)° +2

y _ 10.00287 x1544

;= x7.3%x1544 =6891t—cm =68.91t—m
2x0.00287 x1544

()= Bt kTt 2 B §E

b 122100000 210500 (0.00287)°

] . x9.43=9.1t
(1+0.00287 x 1407)° +2

_ 1+0.00287 x 1407

= x9.1x1407 =7990 t —cm = 79.9t —m
2x0.00287 x1407

6

(5)= Btk Tiid 2 B e

_ 12x2100000% 210500 x (0.00287)°

x9.43=10.25t
(1+0.00287 x1338)* +2

7

~ 14+0.00287 x 1338
2x0.00287 x 1338

7

(6) ™ Bith kT dads 2 {45 §44F

1 122100000 210500 % (0.00287)’

‘ : x9.43=10.70t
(1+0.00287x1313) +2

6-14

x10.25x1338 =8639 t —cm = 86.39t—m



14000287 x1313
2x0.00287 x 1313

8

o=t My Ca (o
A Z o,

;i
P:’E&,—’;%J

M=th2. § &

x10.70x1313 =8890 t —cm = 88.9t —m

O =tz pho F IR WA
24

O-ba:ﬁ:&l’i 74‘; )FEF%“ 4 )f% 4
(D)- 5tz &4

5 &

M, =62.68t —m = 6268000kg — cm

Phd E e PURE D

2L g .
E AT

900
32x30

P =(1+23+ )x4x2

HES S S 0 - S

84+0.0272x35x7.85=54.93t

BRDEEE L6 2 £ R (=1638cm

6-15



r= \/I =27.82cm
A

£:58.88 (110

r
0 e = 1,300-0.06(1/r)* =1092 kg/cm2
O ca =0 x1.5=1638 kg/cm2

I

7Z=—=>5276cm’
B cm
2

o - 54930 6268000 1092
) 5276 1300

=1200kg/cm’* < 1638kg/cm’
Q)= Stz B
M, = 64.24t —m = 6424000kg — cm

P,=(1+23+ 200
32x30

)x4x3.8+0.0272x35%x7.85="71.881

BRDEEE L6 2 £ R (=1613cm

£=57.99 (110
r

0 e = 1,300-0.06(1/r)* =1098 kg/cm®

O o =0 oX1.5=1647 kg/cm2

6-16
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Z=—=5276cm’

N\U|»—<

71880 6424000 1098
= =+ X

=1231kg/cm’ <1647kg/cm”> OK
272 5276 1300

G,
(3)= Hth2
M, =68.91t —m = 6891000kg —cm

P,=(1+23+ 900
32x%x30

)x4x5.6+0.0272x35%x7.85=102.39t

Hmr D BEEE w2 £ B (=1544cm

r= \/I =27.82cm
A

£:55.51 (110

r
0 e = 1,300-0.06(1/r)* =1115 kg/cm’
O ca =0 oX1.5=1672 kg/cm2

I

Z ZEZ 5276 cm®
2

102390 N 6891000 y 1115
272 5276 1300

=1497kg/cm” <1672kg/cm*>  OK

G,

@)= otz & #
P, = 144.76t = 144760kg

BPEAdenfh? P =0.0272x39x7.85xcos(16”) = 8t = 8000kg
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_ 144760 + 8000

=562kg/cm” <1300kg/cm®> OK
272

64
(5)I Htaz 4
P, = —46t = —46000 kg
BE A4 hdhd P =00272x39x7.85% cos(16°) = 8t = 8000kg

o —46000+8000 _ .00 o
° 272 8

$ 4 139kg/cm® < 1400kg/cm® OK
(6)= tn2 & #
M, =79.9t —m = 7990000 kg — cm

900
2x30

P,=(1+23+ )x4x5.6+0.0272x35x7.85=102.39t

BRDEEE L6 2 £ B (=1406 cm

r= \/I =27.82cm
A

L 25056 (110
r

0 e = 1,300-0.06(1/r)* =1147 kg/cm®
O o =0 ox1.5=1720 kg/cm2

I

Z =§ =5276 cm’
2
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102390 N 7990000 " 1147
272 5276 1300

G

=1712kg/cm?* <1720kg/cm*> OK
(7)- Stz &4
M, =86.39t —m = 8639000 kg — cm

Br D EREE 25 2. & B (=1338cm

r= \/I =27.82cm
A

£:48.09 (110
r

0 e = 1,300-0.06(1/r)* =1161 kg/cm®
O ca =0 ox1.5=1742 kg/cm2

I

7Z=—=>5276cm’
B cm
2

_ 71880 N 8639000 y 1161
272 5276 1300

G

=1726kg/cm” <1741kg/cm® OK
®) ™ Hth &+
M, =88.9t —m = 8890000kg — cm

900
x 30

P, :(1+2.3+3 )x4x2.840.0272x35x7.85=54.93t

6-19



L w72 (110
T

0 e = 1,300-0.06(1/r)* =1166 kg/cm®
O =0 ox1.5=1749 kg/cm’

I

7Z=—=5276cm’
B cm
2

54930 8890000 1166
= + X

o, =1714kg/cm’ <1749kg/cm’ OK
272 5276 1300

8.5 kit Wt

AR AT E B KA o 3T Meyerhof 3t 1976 # #riF i )
2 AP A B NEZ M BN 406-926-106-11 34 #7771 > % 2417 %

FA A QIR R R TR AR bt 268 B
gz P4 258 o

‘ , N
HEFNHEFEI A ) Q,=40xNxA + SAL (6-9)
B SRR F)  Q,=30xNxA, + 1: CA, e (6-10)

, N
#e4E 3 1 Qu:12><N><Ap+105><AS ................. (6-11)
e

Nt d 2 TR 7~ § i ¥ i

A=thi 2 4 6 7
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E}'}’?j\p%""?ﬁvubzﬁ%ﬁ &%*610\XJ‘LE"3«§\‘4 ’
AONE N BE P TR Ees u] s 202 1990 & 5% 2 PideT :

(1)- Bph2 i

P,=54.93t
A= %XDMZ:O.sz

Bz f k4 ERSEES 28 T2 ER

~~

r

0, =-13.78—(-324)=18.62 2 % o As=nxD,_ x/, =46.66 L 3 2% o

19.9

Q, =30x20x0.5+ x46.66 = 485.64 t

Q, _ 485.64

= =8.84>2 OK
P 54.93

(2)= Bz K4
P,=71.88t
A= %xDOmz:O.SmZ

Bz f k4 ERSEES F8 0T 2 ER

~~

0, =-1353-(-32.4)=18.87 2 % oAs=nxD, x/,=4728 T > 2 % o

19.9

Q, =30x20x0.5+ x47.28=488.1t

Q _2881_5.2 0K

P 71.88

(3)= Fithz KA

P,=102.39t
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A= %xDouf:O.sz

Bz gk £ERGEBRER

0, =—-12.84-(-324)=19.56 2= % o As=nxD, x/, =49 L+ 2

Q, =30x20x0.5+ 199 x49 =494.97 t
Q497 _ 41555 OK
P 102.39

(4)m sz K

P,=144.76+8=152.76t

A= ZxD,’=0.5m’
4

Bk LR RES A

2.6+12.69

/, =39—
N ( cos16’

199 x57.87 =530.26 t

Q, =30x20x0.5+

Q, _ 530.26
P 15276

(5)I Fthz 4

=347>2 OK

Ps=-46.5+8=-38.5t (4 )
A= %xDOmz:O.SmZ
Bz o E R RE

2.6+11.65

/. =39—
: ( cos16’
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3

-

3

-

=+
T~

+
~

-

™

-

™

-

™

v

[V

v

)=2474 2 % o As=nxD_, x(, =62 T >

/}‘

£ R

<

E

=

)=23.1 o R °AS:Tc><D0m><£4:57_87.~I'-% N

E
. =

r

o

e

o

e

o



N, xA, 19,
Q, = ; S=1995X62:246.79t

Qu 24679 _ 4. 5 OK
P 38.5

(6)= Btk L4

P¢=102.39t

A= ZxD,’=0.5m’
4

E R L E R L6 1T 2 LR

¥ 2 ’ﬁ 3T K ;u 4 E
(g =-11.47-(-32.4)=2093 => % cAs=nxD_ x/, =52.45T > =

R o

Q, =30x20x0.5+ 195'9 x52.45=508.7t

Q, _ 087 =497>2 OK
P 10239

(7)= Btz A4

P7:71 .88t

A= ZxD,?=0.5m’
4

E R L E R L6 1T 2 LR

0, =—10.78—(-32.4)=21.62 = % cAs=nxD_ x(,=5418 T 3 2

R o

Q, =30x20x0.5+ 195'9 x54.18=515.571

Q, _ 31557 =7.17>2 OK
P 71.88
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(8) > Btk 2 KL 4

Pg=54.93t
Af=§xnm%@5m2

Boz F kAP ER GERER 46 2T 2 KR

0, =-1053-(-32.4)=21.87 2 % o As=nxD, x(, =548 T3> 2 2 o

19.9

Q, =30x20x0.5+ x54.8=518.03t

Q, 518.03
P 5493

=9.43>2 (OK)

BRI R R P Y PR R P R
KT RR O mT a4 B0 flkd 355 BB 627 2 i
e EERS AR 1% Bt BRI 4 R SRR KT R
B 0.1 2 @t o

6.2.3 HA 2 W R4 TR

A4 T TG 2 AR MK TR R 6-6 FTon 0 AR M T b B X R
R R AR RL A FER SN ENI B R R E ARG
Bl R4 2EE S FARIZ AR FAE > BwG F E2L TR
*2Z AR I RA € AT %% Coulomb 4 F2 4hd 2 R4 o 30
CEREEF RS LS 3-F SIS SR § 3 278 EN
a¢ﬁm%g¢@g@@1%miWLi%’fﬁﬁi@4*+ ki
STER 'EIE - RIS IE R SUNG NS PIENE DI I 3 R | Y
oA R 2R s RE BT AR g S o ;—»tj\lﬂ;z & gt
AR BIZARE 2R S ARM R EART L Rw P o R &
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Q=2t/m* Q’=It/m’

EL2.6 —
EL1 $=30" r=1.8t/m> =0
EL0.3 bLoo — z
A
X
¢=0° r=lvm’> c=1
EL-5 —
EL-6.9 ¢=30° r=1tm* =0
1:4 -
EL-14
w ¢=310 1"=1t/m3 c=0
P
¢=31" r=1tm
EL-12.5 —
- EL-194
B 6-6 FE A% 2 #p&;}:;,l_.‘ﬁ(#i
L3 g4 tate 1
m=1.8>1.2 OK
Ma

.34 F BBk Bt it B

_ Pam+ Rwm + Dwm

A
P 8

=235t

Apx1.6=37.6t<100t OK

B+ g

M=54.89t-m<0.6x2400x1.5x3200/100000=69.12t-m OK
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3Rt FER N 2 R R

= 0.322% =2425t-m<0.6x1800x1.5x2500/100000 =40.5t—m OK

L :%:10.06 m<135m OK
4. G FEFERR T4

D=2xcot(45.3%)+6xcot(32.8°)+10.06/3*cot(31.8")=16.71m<23m OK

d LR

CEAGEERTER 01 AR L
a e L
B4 P

R ARV ZEIRT s AR BB EE kT R
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63 T RIFRCBIEAEN S TR

g oTIR B A 2 TR (VR R R I 1 GIS SRR E R
R Y h 'R R ek BARBIM=6.5 3 & 4rik B PGA=0.1g chig iz T
HEEEES 2 EASRE K (R 26~09 D)2 3 Ko FA
Yol 6-7 9T 0 A R B R R PBEE L AR 4

B Lo O TR ) S0 SR fh A T 2000

KH_T00I
PREE(Lx X = 17RB20.0
L Y= 24954900 —
Z=130
{8 T RE (1R
0.97 5M
0 L
-l
365 SM
-0 |
496 SM
<0 19.4
FHEREERIE 5 EANUEEC 1g
i | r|l

B 6-7 2 K it i iF R K F

6.3.1 B4 2 EEPiFi

IR SRR I S AN S0 E & T WA o3 ) NS I 31
el wifEl e g A BUR - FE R RS S 2 FF 4 R Rt
ﬁiﬂb 3 T oo
6.3.2 2w Rav 4 3F
L1~ R

AEGITIAL 1T 2 BRI KFLRT > d B 667 @i
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Pld KB ABEE AR BT AR iR RS BRI KA LT 2
SR R FART o A M EEE A G 2 BE R R, R
BTN 17N 0 B 6-8 47T 0 P E T AR BEE A5 B AR
BRFTEFL BT ERFIE §2%hE 4k 62977 0 o
Bl 6-3 7 (Hard #5213~ (FRZ T EL-324 & % » 324 % 6-2 #7177
2B TRNFRBARA RBZTOFRPEARE R R AER

> 7 ;l R rend 1 + -
it ie lﬁ}»ﬁf" ~ T

e 1 e F

B 6-8 ZiLisBEM £% T % B
%62 RiCSEBAPMITERAR
o |BEx 40 | BEHTE | IR »FRE| A d A

1 -15.48 -18.96 -25.94 21.56
2 -15.23 -18.72 -25.69 21.32
3 -14.54 -18.03 -25.00 20.63
4 -14.39 -17.88 24.85 21.30
5 -13.35 -16.84 23.81 20.22
6 13.17 -16.65 23.62 19.25
7 -12.48 -15.96 22.94 18.56
8 -12.23 15.72 22.69 18.32
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2437 43+

Jur

FPRFEW) FIREHEEWp) 2 s E £(Wo)¥ 62 &3 5
SR 0 F 3 2 p (W) Tl i Ekp d L4 gadd 4 5
FRER e > 3 E AT

A= D

4 W’ =D, H)=271.8 cm™=0.0272m’

Bt £ =21.56+21.32+420.63+21.30420.22+19.25+18.56+18.32
~161.2m
W,=(0.0272x161.2x7.85)x8( 2.)=275t

3.71( I 4 ‘:‘;«L ;é:
H:(WL+WD+Wc+WPXO S)XO 1=421t

44T 4

‘7—'
=
I

s

&

C
7.‘-
=
r
Jrml.

1.

oy

A

Th

-

=

o

T BHEE R E

900
2x30

V45=(1+2.3+3 )x4x5.6=94921

g 6-5 3B Fav s Ak A ez b
#-V,5=94.92 ¥ 3 Hy=52.6 w8 1% ~ 6-5 3% {8

~ 94.92x5in16" +52.6 x cos16°
sin32°

P, =145.04t (/&R 4 )
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P :94.92x51n1§ —52.6xcosl6 =—46t($-4)
sin32°

6T KT (- K

Puly | 145.08>17.67 4 49,107 m = 449em

AE  0.0272x2.1x10°

Pl,  —46x16.59

- =-1.34x107?m = —1.34cm
AE  0.0272x2.1x10°

KT 4 A=10.6cm

AR VEFTIREY LY

EAERREASBEL L RET KL RT 4 FARERT
PEF PR iR T4 o B BT A A B Y Y 2 S
zﬁvvé%ﬂ&%hAJJEﬁ’wﬁ477&Iwﬂ’zfagﬁﬂxki
A Rt A d (663 B E AR E R R T4 o L d 54(6-7)
PR ERLBRIESE AT

(1)- Fufsrk T34 2 {557 $44F

12 x 2100000 x 210500 x (0.00287)°

= . x10.6=5.61
(1+0.00287 x 1808)° +2

1+0.00287 x1808

= x5.6x1808=5995t—cm =59.95t—m
2x0.00287x1808

(2)= Bita kT b 2 a5 §44F

12x 2100000 x 210500 x (0.00287)°

= . x10.6=5.8¢
(1+0.00287 x 1783)° +2

1+0.00287 x1783

, = x5.8x1783 =6132t—cm=61.32t—-m
2x0.00287x1783
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(3)= Fufhrk T 34 2 {55 §HE

0 - 12 x 2100000 x 210500 x (0.00287)°

. . x10.6 = 6.3
(1+0.00287 x 1714)° +2

1+40.00287 x1714
2x0.00287 x1714

3

x6.3x1714 =6543t—cm =65.43t—m
(4)= Btk T i 2 $hEp §4E

_ 12x2100000x 210500 x (0.00287)°

] . x10.6=7.81
(1+0.00287 x 1577) +2

_ 1+0.00287x1577
% 2x0.00287 x1577

x7.8%x1577 = 7496 t —cm = 75t —m
(5)- kT aFus 2 e §4E

H - 12 x 2100000 x 210500 x (0.00287)°

; . x10.6 = 8.67 t
(1+0.00287 x 1508)° +2

_ 1+0.00287 1508
7 2x0.00287 x1508

%x8.67%1508 =8051t—cm =80.51t—m

H - 12x 2100000 x 210500 x (0.00287)°

8 3 x10.6 =9t
(1+0.00287x1483)" +2

_ 14+0.00287 x 1483
2x0.00287 x 1483

8

x9x1483 =8265t—cm =82.65t—m

L WTe A 0 RX BhA 2 BB ORE Bh4 2 B2 $5d 38(6-8)
el NE SRR - A B RNEFMPRE? (0w °
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(D- 5t &

M, =59.95t —m = 5995000kg — cm

AR g S 2 B (Sp) 2 PRSI E AT

i R e T2 RlE 4 (H)

=R v 2_ AZFRIC KR 4 (Lpl)+i Pz & iR 4 (Lp2))x

&2 fixsinf

R AZIRIC KRR A (Lpl=2 2 3 s g+ )

Lpl=r’*H*L,
H 9
=434 %l n &
H=r it 2 & & &
Li=- 54 = 542 B e
35 17 Lpl=1x1.7x2=3.4 t/m
it 2 B R AR 4 (Lp2)
Lp2=ky, *(r +1,,)*H* L,
H
k, =7k ¥ kT 2R

ry=ia K H =&

2L 8 18 Lp2=0.2x(1+1)x1.7x2=1.36t/m
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B4t 4 H=(3.4+1.36)x0.798xsin14°=0.92t

pl4E 4 13 = 2 5 4E(Sy)
SM:%XHXCOSI4O xh=2.04t-m

HY h 2 i{®* 4 3 HEEFH e jER

Bhi ¢ PUEE P MEHE C EFBLER R

2L E .
S E AT

900
2x30

P=(1+23+- )x 4x2.8+0.0272 % 35% 7.85 = 54.93 t

|44 i &2 i (Sp)
Sp=0.92xsin14"=0.22t

e EREE 4o 2 £ B (=1808cm

r= \/I =27.82cm
A

£=64.99 (110
r

0 e = 1,300-0.06(1/r)* =1047 kg/cm®
O ca =0 ox1.5=1570 kg/cm2

I

Z ZEZ 5276 cm®
2
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54930 +220 N 5995000 + 204000 y 1047
272 5276 1300

G,

=1149kg/cm” <1570kg/cm”* OK

(2)= 5thz B4
M, =61.32t—m = 6132000kg — cm
BH R B A2 fhd (Sp) 2 FESY)FE 4T
it 2 Rk iEH ANz e 4 (H)
H=( Lpl +Lp2)x#sE i£xsinf
=(1x1.7x5.596+0.2x(1+1)x1.7x5.596 ) x0.798xsin14°=2.58t

Bl4E 4 g = 2 5 4E(Sy)
1 0
SM=Exchosl4 xh=491t—-m

900
2x30

P2=(1+2.3+3 )x4x3.840.0272x35%x7.85="71.88t
R4 4 & % 2 k4 (Sp)
Sp=2.58xsin14°=0.625t

BRDEEE L6 2 £ R (=178 cm

r= \/I =27.82cm
A

L o641 (110
Tr

o e = 1,300-0.06(1/r)* =1053 kg/cm®
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0 =0 ox1.5=1580 kg/cm’

I

Z ZEZ 5276 cm®
2

_ 71880+ 625 N 6132000 + 491000 y 1053

c, =1284kg/cm” <1580kg/cm’* OK
272 5276 1300

B)= Fithz B
M, =65.43t —m = 6543000kg — cm
WHR L Ed X2 phd (Sp) 2 FAESH)E AT
i 2k e a2 @44 (H)
H=( Lpl +Lp2)x#sE i£xsinf
=2.58t

Rl % 2 §E(Sy)
SM:%XHXCOSI40 xh=691t—m

P,=(1+23+ 200
32x30

)x4x5.6+0.0272x35%x7.85=102.39t

|4 4 i & 2 i (Sp)
Sp=2.58xsin14"=0.625t

BRIUVBEEE 20 2L R (=1714cm
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r= \/I =27.82cm
A

£:61.63 (110

r
0 e = 1,300-0.06(1/r)* =1072 kg/cm2
O o =0 ox1.5=1608 kg/cm2

I

7Z=—=5276cm’
B cm
2

o - 102390 +625 6543000 +691000 1072
’ 272 5276 1300

=1510kg/cm’* <1608kg/cm” OK
Dz 5otz &4
P, =145.04t =145040kg
AE A4 chih4 P =00272x39x7.85x cos(16") = 8t = 8000kg
RI4E 4 12 = 2 g+ (Sp)

Sp=2.58xc0s60"=1.29t

145040 +8000 +1290

c, > =567kg/cm” <1300kg/cm”> OK

O)I Btz &+
P, = —-46t = -46000kg
BAEAZ ih? P =0.0272x39x7.85%cos(16°) = 8t = 8000kg

Sp=-2.58xc0s88"=-0.09t
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o, = —46000 + 8000 -90 — _140kg/cm’
272

# 4 140kg/em” < 1400kg/cm® OK
(6)7 Htm2 Jis
M, = 75t —m = 7500000kg — cm
P v deig S 2 fhd (Sp) & FHAE(SW) B 40T
v 2 R T sz pldE 4 (H)
H=( Lpl +Lp2)x#sE i£xsinf
=258t

Bl % 2 §E(Sy)
SM:%XHXCOSI40 xh=1044t-m

900
2x30

P6:(1+2.3+3 )x4x5.6+0.0272x35%x7.85=102.39t

Pl4 4 g & 2 gh (Sp)
Sp=2.58xsin14"=0.625t

HBr D BEEE Am 2 £ R (=1577cm

r= \/I =27.82cm
A

£=56.67 (110
r
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0 e = 1,300-0.06(1/r)* =1107 kg/cm®
O ca =0 oX1.5=1661 kg/cm2

I

7Z=—=>5276cm’
B cm
2

102390+ 625 7500000 +1044000 1107

o + X =1757kg/cm” > 1661kg/cm’ . NG
272 5276 1300

(N~ etz s+
M, =80.51t —m = 8051000kg — cm
WHR i Ed X 2 phd (Sp) 2 FAESH)E AT
it 2k e a2 @44 (H)
H=( Lpl +Lp2)x#E i£xsinf
=0.92t

B 52 $E(S)
SM=%><H><cosl40 xh=3.65t-m

900
2x30

P = (14234 )x4x3.8+0.0272x35%7.85="71.88 t

44 i & 2 (Sp)
Sp=0.92xsin14"=0.22t

Hr D BEER w2 £ A (=15.08cm
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r= \/I =27.82cm
A

£=54.2 (110
r

0 e = 1,300-0.06(1/r)* =1124 kg/cm®
O =0 2X1.5=1686 kg/cm2

I

Z ZEZ 5276 cm®
2

71880 +220 N 8051000 + 365000 8 1124
272 5276 1300

=1644kg/cm’* <1686kg/cm”> OK

G5

@)™ Hte &7
M, =82.65t —m = 8265000kg — cm
W b 2 2 ghd (Sp) 2 FAENSWF H 40T
e it 2 R TR a2 ipldE 4 (H)
H=( Lpl +Lp2)x#sE /Zxsinp
=0.83t

Bl % 2 §E(Sy)
SM:%XHXCOSI40 xh=3.36t—-m

P,=(1+23+ 200
32x30

)x4x2.8+0.0272x35%x7.85=54.931
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RI3E 4 % = 2 4 (Sp)
Sp=0.83xsin14°=0.2t

Br D BEER 2w 2 £ B (=1483cm

r= \/I =27.82cm
A

L 533 (110
T

0 e = 1,300-0.06(1/r)* =1129 kg/cm®

O o =0 ox1.5=1694 kg/cm2

Z=—=5276cm’

N\U|»—<

54930 +200 N 8265000 + 336000 " 1129

Cy =1619kg/cm” <1694kg/cm*> OK
272 5276 1300

9.% fé.,ii,;i\: 4 ¥
(1)- Fithz A

P,=54.93t
A= %XDMZ:O.SmZ

Bz 3ok AP ERGERES 46 0T 2K

0, =-1548—(-32.4)=16.92 2 % o As=nxD, x/, =424 L 3 2z
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199 424 -468.691

Q, =30x20x0.5+

Q, _468.69 ot o ok
P 5493

(2): %L» (2 —L ’1'\1\" 4

P,=71.88t
A= %X D’ =0.5m”

Bz Fooe Rl ERGEBRES A8 T2 ER
AR

0, =-1523-(-324)=17.17 2 % cAs=nxD,, x/, =43.02 & =

B2 43.00=47111

Q, =30x20x0.5+

Q_H1_6.2 OK
P 7188

(3)= Bithz K4

P;=102.39t
Ap= %X D, =0.5m’

2z p k4 EREEBEENY 26T 2 ER
.

0, =-1454-(-324)=17.86 = % ° As=nxD,, x(, =447 T > = ¢ o

Q, =30x20x0.5+%><44.7:478t

Q _ 48 _,. 5 OK
P 10239
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(4)® Bhfh 2 A

P,=144.76+8=152.76t
A= %XDMZ:O.sz

g R4 B RGBERS A8 VT 2ZER
2.6+14.39

£4:39—(—0):21.33 AL °As=n><D0ut><€4:53.44i"5 AL
cosl6

19.9

Q, =30x20x0.5+ x53.44=512.63 1

Q, 512.63
P 15276

=335>2 OK

(5T Btz £4

Ps=-46.5+8=-38.5t (4 )
A= %XDMZ:O.sz

RN BT
2.6+13.35

Bl 2o 0T 2 ER

RS
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