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ABSTRACT

Having been constantly confronted with huge natural impacts of waves, earthquakes and
seawater chloride ingression all year round, harbor structures easily deteriorate, including
weakening concrete material, re-bar corrosion and sheet-pile corrosion and cavities. This damage
seriously threatens the durability and safety of structures.

In this study, wharves No.l to No.4A at Taichung Harbor and west wharves No.2 to No.4 at
Keelung Harbor were investigated. Meanwhile, the establishment of a safety evaluation and
maintenance management system of west wharves No.2 to No.4 at Keelung Harbor were also
included.

ACHIEVEMENTS

1.Completing actual physical inspections and in-situ test & cores test by taking examples from
decks, beams and lower parts of each wharf structure.

2.Analyzing the safety of wharf structure under routine checks and after earthquake strikes.
3.Completing repair methods and improving strategies.

4 Establishing the standard operation procedures for wharf inspection, ports facilities
reinforcement methods and maintenance management system.

BENEFITS AND APPLICATION

1. The understanding of the current conditions of wharves No.1 to No.4 at Taichung Harbor
and west wharves No.2 to No.4 at Keelung Harbor can provide port authorities to
establish a wharf safety evaluation and maintenance management system in the future.

2. It also can provide the Keelung municipal government with vital information to renovate
or rebuild commercial area bounded at west wharves.

3. The inspection method and their standard operation procedures (SOP), wharf safety
analysis under routine checks and after earthquakes strike, maintenance enforced methods,
cellular and wall-bridge type wharf management system, are applied to wharf facilities

management.
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0 0 2 0
N, Na
ID,=> (D, +E)xR /> R=09
i=1 i
N N
( ID,= (D, +E)xR /> R=03
i=1 i
2008 6
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1999 921

D)
D =0 E=0 R=5

(2)
D =0 E=0 R=4

3)
D =1 E=1 R=4

(4)
D =0 E=0 R=2

()

(6)

(7)

(8)
D =0 E=0 R=4

4.5 0.4 2.0

4-20
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D)

(2)

3)

(4)

Q)
(6)

D

D
=0 E=0 R=2
D
0.4 2.0

4-21

=0 E=0 R=3

=1 E=1 R=2

D =0 E=0 R=2
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4-5 4A
185m -90m
+6.20 m 20m -9.0m
O O () o O
O O
1999 9
D R| (D+E)xR
0 0 5 0
0 0 4 0
1 1 4 8
0 0 2 0
0 0 4 0
Np Np
ID, = (D, +E)xR /> R=04
i=1 i
0 0 3 0
0 0 2 0
1 1 2 4
0 0 2 0
N, Na
ID,=> (D, +E)xR /> R=04
i=1 i
N N
( ID, = (D, +E)xR /Y R=04
i=1 i
2008 6
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4.6 2

1. 204.5 m 1 2218 m
182.32m 12.4m
2.0 t/m? 90 m 4.14
4.15 4.16
4.17
[t s ]

fi]

&

4.14 2 4
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4.15 2

4.16 2

3. D.ER.

(1) 50
D =0 E=0 R=5
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(2)

3)

(4)

()

(6)

(7)

(8)

4.17 2

50 cm

=1 E=1 R=4

D =1 E=2 R=4

210 kg/cm2

7.5cm

D =0 E=0 R=4

4-25

=0 E=0 R=2



(1)

(2)

3)

(4)

()
(6)

D

D

1.1

2.0

=0 E=0 R=3

=0 E=0 R=2

0.6

4-26

2.0
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2
41
204.5m -Om
+3.2m 124 m -Om
O () O
O O | 2218 m
182.32m
D E R| (D+E)xR
0 0 5 0
1 1 4 8
1 2 4 12
0 0 2 0
0 0 4 0
Np Np
ID,=> (D,+E)xR /> R= 11
i=1 i
0 0 3 0
1 1 2 4
0 0 2 0
N, N,
ID,=> (D, +E)xR /> R=06
i=1 i
N N
( ID, = (D, +E)xR /Y R=10
i=1 i
2008 7
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4.7 3

1. 1830m 124
m 2.0 t/m? -9.0m 4.14
415 b
4.18 4.19

QK

4.18 3

(2008.06.02)

4.19 3

3. D.ER.
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(1)

(2)

3)

(4)

(5)

(6)
(7)

(8)

(1)

(2)

=0 E=0 R=4

210 kg/cm2

D

=1 E=2 R=4

7.5cm

D =0 E=0 R=4

0.6

50

=0

D

E=0 R=5

=0 E=0 R=2

2.0

D =0 E=0 R=3
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R=2
3)
(4)

()
(6)

D

=0 E=0 R=2

0.6
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4-7 3
a
183.0m 90m
+3.2m 124 m -9.0m
O O () |
O |
D R| (D+B)xR
0 0 5 0
0 0 4 0
1 2 4 12
0 0 2 0
0 0 4 0
Np Np
ID, =Y (D,+E)xR /> R= 06
i=1 i
0 0 3 0
1 1 2 4
0 0 2 0
Ny Na
ID,=> (D,+E)xR /> R=06
i=1 i
N N
( ID,=) (D, +E)xR /Y R=06
i=1 i
2008 7
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4.8 4

1. 183.0m 3
9.6m 12.4 m 2.0
t/m? 9.0 m 4.14 4.15
b
4.20 4.21
5 [/a ___________ }ﬂ ________________ 0 v
0 Y 0 50 el 0% 0
+ + +
W-05 W-04
4.20 4

4.21 4

3. D.E.R.
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(1) 50
D =0 E=0 R=5

(2)
-0 E=0 R=4

3)
D =1 E=2 R=4

(4)
D =0 E=0 R=2
(5)
7.5¢cm

(6)
(7)

(8)
D =0 E=0 R=4

4-8 0.6 2.0

D)

D =0 E=0 R=3

(2)
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3)
(4)

()
(6)

D

=0 E=0 R=2

0.6
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2.0

D
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4-8 4
41
167 m -9.0m
+3.2m 12.4m -9.0m
O () |
O o 157.4m 9.6m
D R| (D+B)xR
0 0 5 0
0 0 4 0
1 2 4 12
0 0 2 0
0 0 4 0
Np Np
ID, =Y (D,+E)xR /> R=06
i=1 i
0 0 3 0
1 1 2 4
0 0 2 0
Ny Ny
ID,=> (D,+E)xR /> R=06
i=1 i
N N
( ID,=) (D, +E)xR /Y R=06
i=1 i
2008 7
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4.9 2 4

4.9.1

B1 B2...B7
)
BiL B1M BI1L
BiLL BI1LR
SIL S2M S2R
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4-11

4-9
4-37

4.22
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4-9 2
D E
W2 B1 4 1 ,
0.73m
W2 B1 2 1
W2 B2 4 1 ,
0.25m
W2 B2 2 1
W2 B5 2 1 0.15 m?
W2 B6 4 1 0.06 n?
W2 B10 4 1 0.03 n?
W2 B12 4 1 0.05 n?
W2 B18 2 1 0.61 m?
W2 B20 2 1 0.09 n?
W2 B21 2 1 0.05 n?
W2 B22 2 1 0.73 n7?
4-10 3
D E
W3 B1 2 1 0.20 n?
W3 B2 2 1 0.15 m?
W3 B3 2 1 ,
0.25m
W3 B3 4 1
W3 B10 2 1 0.15 n7?
W3 B11 4 1 ,
0.15m
W3 B11 4 1
W3 B16 4 1 0.40 n?
W3 B18 4 1 0.02 n?
W3 B19 2 1 0.50 n?
W3 B20 2 1 0.02 n?
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4-11 4

D E
w4 B3 4 1 0.80 m?
w4 B5 4 1 0.02 m?
w4 B6 2 1 0.05 m?
w4 B8 4 1 0.01 m?
w4 B9 4 1 0.05 m?
w4 B10 4 1 0.08 m?
W4 B11 4 2 0.10 m?
W4 B13 4 1 0.02 m?
W4 B14 4 2 0.50 m?
w4 B15 4 1 0.05 m?
w4 B16 4 1 0.08 m?

W4 B17 4 1
0.20 m?

W4 B17 2 1

4-39
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4.9.2

1.
4-13 (
)
4-13
) (-mV) (KQ)
B7-1 2169
B7-2 ' 267 434 7.8 533
(272)
2 B7-3
B15-1
B15-2 35.87 168 800
B15-3 (289)
B15-4
B2-1 33.18
B2-2 ' 412 605 20.6 565
(250)
3 B2-3
B14-1
B14-2 3325 344 503 41 799
B14-3 (251)
B14-4
B15-1
4 B15-2 34.97 245 405 34 602
B15-3 (276)
B15-4
B18-1 26.60 192 294 09 121
(162)
2.
(1)

4-41




4-14

414 535 kglem? 3
156 kg/em?®  ( ) 327 kglem?
612 kg/lcm? 4 212 370 kg/cm?
4-14
(kg/em?)

B7-1 465
B7-2 491

) B7-3 414
B15-1 462
B15-2 520
B15-3 535
B15-4 435
B2-1 501
B2-2 612

3 B2-3 327
B14-1 340
B14-2 (
B14-3 437
B14-4 376
B15-1 321
B15-2 360

A B15-3 370
B15-4 355
B18-1 248
B18-3 246
B18-4 212

4-42



(2)

4-15
m/sec( W4-18-4 3992 m/sec ) 4-9
3000 m/sec
4-15 (m/sec)
(m/sec)
B7-1 4699
B7-2 4717
2 B7-3 4574
B15-1 4720
B15-2 a777
B15-3 4635
B15-4 4519
B2-1 4591
B2-2 4655
3 B2-3 4341
B14-1 4607
B14-2
B14-3 4461
B14-4 4465
B15-1 4428
B15-2 4254
4 B15-3 4357
B15-4 4252
B-18-1 4257
B18-3 4126
B18-4 3992

4-43

4000



3)

1 7
4-16
4-16 2 4 (kg/m®)
lcm 2cm 3cm 4cm 5cm 6cm 7cm
W2-15-2 0.57 2.54 0.47 1.15 0.94 0.51 0.78
W2-15-4 0.65 1.87 2.46 1.63 1.68 0.60 0.15
W3-2 0.79 0.97 0.98 0.10 0.21 0.04
W3-14 1.48 2.27 0.45 0.30 0.17 0.21 0.10
W4-15-1 0.87 2.04 0.82 0.46 0.44 0.19 0.13
W4-18-1 0.62 1.34 1.23 0.22 0.99 0.84 0.48
4.9.3
1. ( )
2 4 60
(1)
y Z




(2)

89

84

90
4.23

4.23

4-45



2.45tm>  (b)
2.3t/m°

( 4.24)
30cm

5cm

25% 6.25cm

CERE Y T8desi L ELLZ 34
7RML m

4.24
b.
1~2 t/m? 2 t/m?
c 2
0.5 t/m? 3 4
HS20-44%1.25
d.
Combl Comb2

4-46



>
<
<
)
a
4-17
1.44 m 18 m
( )
4-17
2 4
4-17
2 2
3 4
( ) ( )
(cm) 909 772 772 772
T T T T T T T T

MDL (t-m) 26.22 | 19.02 | 26.22 | 19.02 | 26.22 | 19.02 | 26.22 | 19.02

VDL (t) 1311 | 951 | 1311 | 951 | 1311 | 951 | 1311 | 951

MCL (t-m) 23.04 | 1472 | 23.04 | 1472 | 23.04 | 1472 | 23.04 | 14.72

VCL (1) 1152 | 736 | 1152 | 736 | 1152 | 736 | 1152 | 7.36

MLL (t-m) 1969 | 19.69 | 19.69 | 19.69 | 1969 | 19.69 | 19.69 | 19.69

VLL (t) 1340 | 1340 | 13.40 | 1340 | 1340 | 1340 | 13.40 | 1340

4-47




(@

(Comb)sl 1.2x +1.6%
(Comb)s2 1.2x +1.6%
(b)
(Comb)al 1.0x +1.0%
(Comb)a2 1.0x% +1.0%
T
(Comb)sl  (Comb)al (Comb)s2
(Comb)a2 r
(Comb)s2 (Comb)a2
4-18 2 4
T r
Md (t-m) 68.33 54.33
vd (1) 37.17 32.85
Md (t-m) 49.26 38.71
Vd (1) 26.51 22.81
2 4
( 2 909 cm
772 cm

4-48
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I
8
14
T b,d =20.50 cm?
y
#6 A =22 92 cm?
#4 15 cm
4-19
419 2 4
T r
% Mnt-m) | % vn() | P Mn-m) | % vng)
8-#6 58.48 41.80 58.07 41.80
8-#7 78.67 41.80 77.93 41.80
8-#8 102.45 41.80 101.17 41.80
8-#9 130.00 41.80 127.92 41.80

oy =0.9, ¢, =0.75

(@
418 419
4-20

4-49



4-20 2 4
T I
Pu Mn(t-m)>Md @/Vn(t)>Vd Pu Mn(t-m)>Md ¢{/Vn(t)>Vd

8-#6 NG Yes Yes Yes

8-#7 Yes Yes Yes Yes

8-#8 Yes Yes Yes Yes

8-#9 Yes Yes Yes Yes

(b)
f» =1400
kg/cm? fo=04.5 kg/em?
( 431 4 5 ) fs
fe
4-21 2 4
T I
fs fc fs fc
fo>f, | fy>f fo>f | fy>f,
(kglem?) | ( kglem?) ( kg/lem?) | ( kg/em?)

8-#6 | 1520.24 1743 NG Yes 1439.77) 2584 NG Yes
8-#7 | 108540 1484 Yes Yes 104797 2242 Yes Yes
8-#8 801.58 1287 Yes Yes 78790 19.80 Yes Yes
8-#9 608.14 11.33 Yes Yes 607.76 17.72 Yes Yes

4-50




D)

4.25
| | ]
¥
|
|
| |
Y
¥
4.25
(2) 2 4
(3) 2 4
55.5%) (
( 4%) 4.26
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SR IF X B4
FEE - E4
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— i 2
/] w2 w3 w4
22.18 m 303.32 m 220.00 m
l e Kook A 4558 e Kook A 455
(BB ERR) (BREEHR)
H 8 R BHH
4.26 2 4
a ( )
2 22.18m ~ 204.5m 3
Om ~ 120m
4.27
b ( )
3 120m ~ 183m 3
Om ~ 157m
4.28
C.
2 Om ~22.18m
4.29
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(4)

89

(@

U=

4-23

4-22 (

84

(t/m)
(t/m)

4-22

(t/m)

58.00

68.18

145.90

53.80

79.67

4-56



4-23 ( )

(t/m)
32.13
16.18
5.23
- _ 05 (58+68.18+1459+538-7967) 0.,
(32.13+ 16.18+ 5.33)
(b) 4 4.3
SF< WX
By ettt
Sk 1.2
U
W (t/m)
P (t/m)
X (m)
y (m)
424 425

4-57



4-24 ( )
(t/m) (m) (t-m)
58.00 3.86 223.86
68.18 3.86 263.18
145.90 3.86 563.18
53.80 3.86 207.67
4-25 ( )
(t/m) (m) (t-m)
79.67 3.86 307.53
4.59 10.10 46.36
27.54 4.55 125.17
16.18 4.04 65.27
5.23 6.06 32.30
_ (223.86 + 263.18 + 563.18 + 207.67) _218>12
(307.53+ 46.36 +125.17 + 65.37 + 32.3)
(©
(@)=min[FS( )=1.2; FY( )=1.2]

4-58




() 12

0.5- (58+ 68.18+145.9+ 53.8— 79.67)
(32.13+16.18+ q-12.12-0.22)

q=20.35(t/ m?)

F.S=12=

(i) 12

FS—10= (223.86+ 263.18+ 563.18 + 207.67)

(307.53+ 46.36+125.17 + 65.37 + q - 12.12- 0.22 - 6.06)
q=31.18(t/m?)

(g)=min[20.35; 31.18]=20.35(t/m")

( )
( )
€Y
426 427
4-26 ( )
(t/m)

58.00
68.18
98.61
37.13

4-59




4-27 ( )
(t/m)
15.5
4.84
2.92
FS— 0.5-(58+68.18+98.61-37.13) _ 4.03>1.2
(15.5+4.84+2.92)
(b) 4-28 4-29
4-28 ( )
m t-m
0 (m) (t-m)
58.00 3.86 223.86
68.18 3.86 263.18
98.61 3.86 380.65
4-29 ( )
(Ym) (m) (t-m)
37.13 3.86 143.32
4.59 4.61 21.16
10.19 1.80 18.34
4.84 2.21 10.70
2.92 3.315 9.68

4-60




(223.86 + 263.18 + 380.65)

- =427>12
(143.32+21.16+18.34 + 10.7 + 9.68)

(©)
(@=min[FS(  )=12,FS( )=1.2]
(i) 1.2
£S—120= 0.5-(58+68.18+98.61— 37.13)
(15.5+4.84+ - 6.63-0.22)
g = 39.66
(if) 1.2
FS= (223.86 + 263.18 + 380.65)
" (143.32+21.16+18.34+10.7+q- 6.63- 0.22 - 3.315)
g=43.92
(g)=min[39.66; 43.92]=39.66(/m")
(@
430 431

4-61



4-30

(tm)

68.29

68.18

31.99

62.40

135.23

111.24

4-31

(t/m)

46.31

55.54

94.75

20.81

_ 0.5%(68.29+ 68.18+31.99 + 62.4 + 135.33—111.24) + 94.75
(46.31+ 55.54 + 20.87)

F.S

=181>12

(b) 432  4-33

4-62



4-32

(t) (m) (t-m)
68.29 455 310.37
68.18 4.55 309.89
31.99 4.55 145.28
A) 31.20 7.27 226.82
(B) 31.20 1.82 56.78
A) 67.67 7.27 491.92
(B) 67.67 1.82 123.15
)
3.92* 18.03/2* (3.92/3+(8.6-3.92))= 211.56
« )
10.52* (8.6-3.92)"2/2+(14.87-10.52)* (8.6-3.92)2/6= 131.09
4-33
® (m) (t-m)
11.00 4.55 50.00
(A) 50.12 7.27 364.37
(B) 50.12 1.82 91.22
4.59 14.78 67.84
41.72 6.89 287.24
( )
1.8+8.2/2*(8.2/3+(16.8-8.2))= 83.64
( )
1.6*(16.8-8.2)"2/2+(9.6-1.6)* (16.8-8.2)"2/6= 157.78
0.44*8 2+ (8.2/2+(16.8-8.2))+2* (16.8-8.2)"2/2= 119.78

4-63




FS= (310.37 + 309.89 +145.38 + 226.82 + 56.78 + 491.92 + 123.15+ 211.56 + 131.09) —164>12

(50+ 364.37 + 91.22 + 67.84 + 287.24 + 83.64 + 157.78 + 119.78)

(c)
(@)=min[FS( )=1.2; F( )=1.2]
(i) 1.2
F g oqp- 05%(68.29+68.18+31.99+624+13533-111.24) + 94.75
T (46.31+55.54+(q-0.22-8.2+ - (16.8—8.2))
q=8.01(t/ m?)
(ii) 1.2

FS=12= (310.37 +309.89 + 145.38 + 226.82 + 56.78 + 491.92 + 123.15+ 211.56 + 131.09)

B (50+364.37 +91.22 + 67.84 + 287.24 + 83.64 + 157.78+ - 0.22-8.2-12.7 + q- 36.98)
q=9.51(t/m?)

(g)=min[8.01; 9.51]=8.01(t/m?)

()

(@
2.29 2.18
(b) 1.2
20.35 t/m?



D

@

(b)

@

(b)

4.03

39.66 t/m?

1.81

8.01 t/m?

4.27
1.2
1.64
1.2
4.30
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Y
v
4.30
(2)
(3)
a ( )
2 22.18 m~ 2045 m 3
Om~120m 431
b. ( )
3 120m~ 183 m 3
Om~157m 4.32
C.
2 Om~22.18m 4.33
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