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Summary

Agricultural structures are small in size and scattered in a large area.

Even optimal design is properly applicable to agricultural structure because
of its simple and small configuration, typical drawings based on the
conventional design method has been generally adopted iIn the engineering
application. Also, the inspection of agricultural structures is not made
regularly because of shortage of experts and unavailability of inspection method
developed for these kinds of small size structures. In order to improve the
efficiency in the design and use of agricultural structures, optimum design
based on the updated specification and regular inspection based on a systematic
management plan are needed. Also, the scientific judgement on the condition of
agriculture structures must be made, from which, proper action of repair,
strengthening or replacement can be made.

In this study software was developed for optimum design which could produce
the most efficient design of agricultural structures guaranteeing economy and
safety utilizing Nonlinear Programing Method. Also a technique for the appraisal
of existing agricultural structures, and a system which can select the most
appropriate measure to the structures in question, were developed, thereby, the
economy and efficiency iIn the maintenance or construction works of agricultural
structures could be expected. Followings are the results of the study;

1. Development of the program for the optimum design of agricultural structures

- Program producing optimum designs of the agricultural structures such as

retaining wall, bridges(slab bridge, T bean bridge), agueduct bridge,
culvert, agueduct tunnel and drop was developed. The program producing 3-D
design drawings automatically was developed as well

2. History DB for the systematic maintenance of agricultural structures.

- Current maintenance system of agriculture structures was reviewed.



- GIS(Geo Information System) for the management of agriculture structures was
established and DB compatible program was developed.
3. System for safety appraisal, repair, strengthening and replacement.
- Developed the rule for decision, logging method for inspection, coding
system for the defect scoring system for the condition of a structure.
- Destructive and nondestructive methods for the inspection were reviewed and
data reduction method was discussed.
4. DB for repair and strengthening works
- Repair and Strengthening methods of 210 kinds were reviewed and put into the
DB system which assists to the proper selection of repair and strengthening
method.
- Repair materials used for the hydraulic structures were reviewed and lab-
tested. The results were used in making selection guidelines.
- Beams strengthened with steel plate were tested for the strengthening effect
estimation.
5. Development of the SAD program and its application.
- System was developed for the repair, strengthening and replacement based on
the coding and scoring system explained.
- The SAD was applied to the assessment of small bridge, aguaduct bridge and
drainage channel. Therefrom, the system fidelity was studied.
- In addition to the appraisal by SAD, small bridge was load tested and
strengthened with 3 H-Beams. Additional load test was made to estimate the
strengthening effect.

- 10 -



CONTENTS

Chap.1 Introduction

Sec.1 Backgrounds
Sec.2 Necessity of Study
1. Technical Aspects
2. Aspects of Economy and Industry
Sec.3 Objective and Scopes of Research
Sec.4 Expected Effects and Application Plan
1. Technical Aspects
2. Aspects of Economy and Industry
3. Application Plan
Sec.5 Period of Study
Sec.6 Research Personnel

Sec.7 Summary and Conclusions

Chap.2 Development of Computer Program for Optimum Design on Agricultural

Structures
Sec.1l Introduction

Sec.2 Reasonability and Correctness of Present Design Method on

Agricultural Structures
1. Present Status of Design Method
2. Problems of Present Design Method.
3. Counter Plan
Sec.3 Optimum Design Problem Formulation
1. Retaining Wall
2. Bridge
3. Aqueduct Bridge
4_ Box Culvert

- 11 -

19
19
23
24
25
26
28
28
29
29

31

8 &

8 8 8

37
37

51



5. Aqueduct Tunnel 70

6. Drops 74
Sec.4 Development of Optimum Design Program 82
1. Outlines 82
2. Algorithms of Optimum Design 83
3. DOT(Design Optimization Tools) 85
4. Development of Main Program 85
Sec.5 Using Method of Computer Program 89
1. DOT System Requirements 89
2. Compiling and Linking 0
3. Optimum Design of Agricultural Structures 91
Sec.6 Results of Optimum Design 103
1. Global Minimum and Local Minimum 103
2. Searching Method of Optimum Design Point 103
3. Optimum Design Values 104
Sec.7 Development of Computer Program for Drawing 112
1. Build up Data Base for Optimum Design Values 112
2. Development of Program and Build up Data Base
for Drawing Material 113
Sec.8 Summary and Conclusion 119
Chap.3 History Data Base for Current Conditions and a Schematic Management
of Agricultural Structures 121
Sec.1 Analysis for Current Conditions and Maintenance Management System
of Agricultural Structures 121
1. Introduction 121
2. Safety Inspection 122

3. Problems in Current Maintenance-Management System and Purposes 126

4_ Investigation Results for Current Conditions of Agricultural
Structures in "Yedang™ Region 127

Sec.2 Development of History Data Base of Structures and Compatible
Program 131

- 12 -



1. Introduction 131
2. Data Base for Location, Configurations, and Drawings of Structures 132
3. Construction of History Data Base for Structures 139
Sec.3 Summary and Conclusions 141

Chap.4 System for Safety Appraisal, Repair, Strengthening, and Replacement 147

Sec.1 Investigation and Appraisal 147
1. Introduction 147
2. Investigation and Safety Inspection 148
Sec.2 Destructive and Nondestructive Tests, and Data Reduction Techniques 163
1. Introduction 136
2. Destructive Tests 164
3. Characteristics of Nondestructive Tests 166
4_ Nondestructive Tests for Concrete Strength 172

Sec.3 Development of Safety Inspection, and Repair and

Strengthening System 178

1. Inspection Methods 178

2. Development of Investigation and Inspection Methods 186
Sec.4 Summary and Conclusions 206

Chap.5 Data Base for Repair and Strengthening Works, and Selection of Optimal

Technique 207
Sec.1 Types of Deterioration and Failure 207
Sec.2 Analysis for Causes of Deterioration and Failure 217

1. Introduction 217
2. Mechanisn of Deterioration and Failure 217

3. Bxperiments to Investigate the Causes of Deterioration

and Failure 249

Sec.3 Data Base for Repair and Strengthening Techniques, and Experiments
fTor Optimal Repair Technique 259
1. Introduction 259

2. Data Base for Repair and Strengthening Techniques According to the

- 13 -



Cause of Deterioration and Failure 259

3. Bxperiments for Selection of Optimal Repair Technique 326

4. BExperiments, and Analysis for Strengthening Technique 344

Sec.4 Summary and Conclusions 360
Chap.6 Development of System, and Field Application 363
Sec.1 Methodology of System Development 363

1. System Development Methodology 363

2. Assessment, and Development of Repair and Strengthening System 368

3. BExamples of System Application 385

Sec.2 System Application and Pilot Construction 393

1. System Field Application 393

2. Pilot Construction 404

Sec.3 Summary and Conclusions 425
Chap.7 Summary and Comprehensive Conclusions 427
Sec.1 Summary 427
Sec.2 Comprehensive Conclusions 431
References. 433
Appendix 441
Appendiix 467
Appendix 483

- 14 -



Summary
Contents

- 15 -

11
15

19
19
23
24
25
26
28
28
29
29

8 8 8 & & 8

@



DOT(Design Optimization Tools)

DOoT Computer System

- Compiling Linking

DB

DB

DB

’ DB

- 16 -

51

70
74
82

&

89

91
103
103
103
104
112
112
113
119

121
121
121

126
127
131
131
132



D/B

DB

DB

D/B

- 17 -

Reduction

139
141

147
147
147
148
163
163
164
166
172
178
178
186
206

207
207
217
217
217
249
259
259
259
326



- 18 -

393
393

425

427

427
431

441

467



Software

1960 Schmit

- 19 -

1960

150



Database

DB

DB

- 20 -



CIS)

(Bridge Management System)
(Federal Highway Administration) /
BVS BVS Model

Management System
Management System

System

- 21 -



- 22 -

System



23 -

1992

System

, 1994



194

- 24 -



Data

System

- 25 -

System

DB



System

DB

- 26 -



System

DB

DB -

, SAD : System for Appraisal and Decision)

Data Reduction .

Software
System -

Software Calibration .

Rule Calibrate -

» SRRD = System for Repair & Rehabilitation Design)

« )»
DB .

- 27 -



System -

DB

System Project

Input

-3

- 28 -



System

©B)

- 29 -



System

SRRD

: 1997

1998
1999

10
10
10

28
28
28

GD) -
DB ,

(SRRD) :

1998 10 27
1999 10 27
2000 10 27

- 30 -



1-1

)

)

18

Project

U B e B B 0 )

15
21

- 31 -



DB

- 32 -




1.
2.
System
3.
4.
System
5.

- 33 -



- 34 -



- 35 -



1999

36 -

1.1 @



. Parameter

2-1 13

- 37 -



am
@am
@am

@am

am
am

X4

A
X

X10
Xll
Xt
X3t

[eAy Jo sy

ITeAn FupurelEy 1o SR ol

- 38 -

Xia
2-1




Y

am

- 39 -

e-D

e-D

-2



2)

w )
G(2)= Ss- %s 0 2-3)

3 R 1/3

-9
2-5)

G(3)= e- e'<0

G(4)= e'- e<0
e : W

4)
G(S): P- Saows 0 (2_6)

ZWi 6e
5 (1+ -B-)

Salow -

&)

- 40 -



4
G( )= Myi- &M, 0 @-7
Muwi - [
Q-
Mowi = [
I :-6 9
i -1 4

G(J) = Suwj- O S, =0 (2-8)
Suwj - ]
Q -
Shwj - ]
J :510 -12
J :-1-3
)
G(K) = P(KK)nn - X(KKK)= 0 -9
P(KK) min :
K : 13 —~ 16
KK : 1-4

- 41 -



KKK - 11, 10, 9, 8

)
G(L) = X(LLL) - P(LL)px = O (2-10)
P(LL) max =
L 17 - 20
LL 1~ 4
LLL - 11, 10, 9, 8
6)
)
G(21) = My, - ®M,, = O (2-11)
Mun -
M -
)
G(22) = Syh- ®S,,< O (2-12)
Suh =
Sih =
)
G(23) = Ppmin - X(12) < O (2-13)
P b, min

- 42 -



)

G(24) = My - M= O (2-14)
My =
My =

)

G(25) = S, - S, O (2-15)
Su -
Snt -

)

G(26) = P min X(12) < O (2-16)
I:)t,mln -

G(27) = X(6) - Fen £ O @-17
Fem - - 0.001

2-2
4

- 43 -



X,
Xs -
-I'""'I | S | 7z
l | == T 8% ST | | _K|
b I
b i
i i }&3 i}{d i Xz
BPE PP TI TR
L ol | A
Effective Width of Bridge Width of
Edoe Beam
2-2
2)
1 (span) , ,
2-1)
3
)
G(l) = Tuan- X(2=< 0 (2-18)
Tmin -
)
G(2) = My,- M, = O (2-19)
My -
M, :

- 44 -



G(3) = Ps,min Ps = 0 (2—20)
Ps,min -
P, :
)
G(4) = Ps - Ps,max = 0 (2_21)
I:)s,max -
)
G(5 = My - &; M,, = O 2-22)
My -
M.y -
)
G(G) = Pb,min - Pb < 0 (2—23)
I:)b,min -
Py :
)
G(7) = P, - Pymax = O (2-24)
Pb,max -
- T

Y

- 45 -



12 - T
X, :A-A B-B
X, :C-C
Xy :1A-A B-B anm)
X, - C-C
Xs
X6
X, = 1
Xg = 1
Xg = 1
XlO
Xz 1
A -—
il =
e g.AR 5
Az
ngl Ixﬁl

Total Width of Bridge

- 46 -



Slal

100cm

& & & & & & & B & B * B B B B+ & » »

A

A

* & # & & * * @ * * # *# * * @+ & * @+ @

. X

[ bed |

1

- 47 -



2)

D

@

G(1)

G(2)
G(3)

&)
G(4)

G(5)

M utb ~
M utc ~
M uta -

M utb -
M utc -
M nta -
M ntb -

Mntc -

uta ~

®f M nta

O M
@ M

ntb

ntc

A-A

B-B

B-B

c-C

IN

IN

- 48 -

am

e-D

(2-25)

(2-26)
2-27)

(2-28)

(2-29)



Pe = c-C
©))
G(6) = Py Pmnax < O (2-30)
G(7) = Py Pmax < O (2-31)
Pmax =
©))
G(8) = X(2) - X(1)=< O (2-32)
)
a t a< t
a t T
@
G(9) = My- @ My =< 0 (2-33)
G(10) = Mygp- @O My = 0 (2-34)
My :
Mygo -

- 49 -



ngi

Mngo :
&)
G(11) = Pg - Pomax = 0 (2-35)
G(12) = Pg - Pimax = 0 (2-36)
Py -
Py -
P o max :
P, max -
€))
G(13) = Ppin - Pgp=s 0 2-37)
G(14) = Ppin - Pg=s O (2-39)
P min =
(4) G(15) = Sugp - B Sy = 0 (-39
G(16) = Sy - S, = 0 (2-40)
Sugo -
Sugi -
Shgo -
Sngi -
®
G(17) = ST gmin - X(9) = O (2-41)
G(18) = ST imn - X(11)< O (2-42)

- B0 -



ST 0, min -

ST i, min -

©

G(19) = X (10) -

G(20) = X(12) -

SP hax =
3
)
HY, (HD
2)
2-4

SP max

SP max

IN

IN

(D),

- 51 -

H,

o,

(2-43)

(2-44)



X,
X3
X, : am
X : @am
X1 |_ WD A
o ’.,_Eﬁ_
.Jf/'
T
|_m —
Ny % E= /;{& ff
% W=
Hy .
\\._3
2-4
K))
1
2-1)
4
)
(€Y

- 52 -

(2-45)




@
G(2)

®
G(3)

©))
G(4)

®
G(5)

@
G(6)

G(7)

L =

, T =(.4

IN
o

7000. 0

He= TH UH X,

usa "

Musc -

k4 M usa

M usc

\J

IN

IN

- 53 -

)L/ 16.0

(2-46)

(2-47)

(2-48)

(2-49)

(2-50)

(2-51)



@
G(8) =P, - P.< 0 (2-52)
PS
©))
G(9) = P,- Poy < O (2-53)
@
G(10) = Sy - ® S,s< O (2-54)
Sus
Shs
)
@
G(11) = My, - ® M,, < O (2-55)
M uw
M
@
G(12) = Pyin - Pu = O (2-56)
Pu
©))
G(13) = P, - Poauw < O (2-57)

- 54 -



©))

G(14) = Sw- ® S, 0 (2-58)
> Suw -
Sis -
1
2)
2-5 8

- B5 -



E))

2-5

X5
i o
o
M,
M, 0
S,

Xa
>

@-D

(2-59)




G(2) = e - g <0 (2-60)

G(3) = S, - <0 (2-61)

)
G(4) = Qmax - Ballow < 0 (2_62)
» Qmax -

B allow -

G() = My - @ My, = 0 (2-63)

> Mubi -

M =

Il - 5 10
i -1 6

- 57 -



)

G(l) = S - 9 S = 0
Subi -
Sobi =
1 - 11 16
i -1 6
)
G(17) = My, - ® My, <
Myn =
M., -
)
G(18) = Suh - Qs th <
’ Suh -
th -
)
G(lg) = Mut - Qf Mnt <
, My -
M. -

0

0

0

- 58 -

(2-64)

(2-65)

(2-66)

(2-67)



G(20) = Sy - ® S, < O (2-69)
. Syt -
Snt =
)
G(l) = Puin- Pp = 0 (2-69)
» Py
1 :21 26
i1 6
)
G(27) = Puyin - Phn=s O (2-70)
G(28) = Puyn- Py O @-7)
> Pno:
P, :
)
G(l) = Py - Ppax = 0 2-72)
G(35) = P, Pnax < O @-73)
G(36) = P, Pmnax £ O 2-74)
, 1: 29 34
i: 1 6

Y

- 59 -



2)

(2-6)

- 60 -

10



HilP

rf..l. m.ulv
.u"n -7
= I .
. _J].JII_ ~ L - CI_M
. o
e o Bl
o = w0 [

¥y

b

W
ATl

L4

T &=

z_l.EF

2-6

- 61 -



D

(2-1) )
%))
)
G(1) = Py- O, P,=<0 (2-75)
» Ppu
Ppn :
Q, :
)
G(2) = Rmax - Ba”OW < 0 (2—76)
? Rmax :
B aow
)
i
G(l) = Myi- @ My <0 @-77)
» My ]
My = ]
| -3 6
] -1 4

- 62 -



G(7) = XgX,- 20 <
XJXs- 20 <
G(8) = Sy- Q@ Sy <
’ Suf :
Snf -
)

2.0

(Bearing Strength) -

Bao = @ (0.8Ef,A )

B = S0 (0.8 A )

A,
b A,

(2-78)
(2-79)
o.85f, .
(2-80)
®©=0.60 .
(2-81)

- 63 -



€))
G(9) = By- Bg=s 0 2-82)
’ BUC -
By -
@
G(10) = B,- B <= O 2-83)
, By -
)
G(11) = AP, - AP = O (2-84)
> APmin - 600-0
AP (X1 X32)
)
0.01, 0.08
G(12) = PP,, - PP =< O (2-85)
G(13) = PP - PP, = O (2-86)

- 64 -



PP min
PP ax

PP

2-7

(Xl (X1 X2) )

- 65 -



i
/
E == A =
Kit
A
- b o
X5
i F o ]
= |1 ,-'f
= ﬁ
I B Hy
2-7
am s
@-1)
D
)
10

G(I) = IVlusi - Qf IVlnsi

> Musi

- 66 -

2-87)



)
G(ll) = Pmin
1] I:)min
Ps
)
G(12) = P, -
’ I:)max
)
G(13) = Sya -
’ Susl -
Snsl -
G(14) = Sue -
’ SusZ -
SnsZ -
2)
)

1 10
1 10
P <

IDmax =
Qs Snsl
Qs Snsz
10

IN

- 67 -

(2-88)

(2-89)

(2-90)

(2-91)



D

G(l) =

G(25)

G(26)

G(27)

G(28)

Mui = @ My <
> My, - i
Mob - [
| - 15 24
i 1 10
Pon- P, < O
» Py

Subl -
Subl -
Snbl -
Sub2 -
Subz -

San -

Qs Snbl

Qs Snb2

IN

IN

0

- 68 -

(2-92)

(2-93)

(2-9%)

(2-95)

(2-96)



10

G(I) = I\/Iuwi - Qf ani < 0 (2—97)
’ Muwi - i
ani - i
| : 29 38
i -1 10
)
G(39) = Puyn- Py s O (2-98)
2 PW
)
G(40) = Py - Ppax = O (2-99)
)
10
G(I) = Suwi - Qs Snwi < 0 (2—100)
’ Suwi - i
Snwi - i
| 41 50
1 10
)

- 69 -



G(51) = Puw - ® P <= O (2-101)

, Pu -

Pow -

G(52) = P -P,=< 0 (2-102)

’ PW min :

parameter
2-8 8

: Im
: Im
: Im
- Im

- 70 -



X7

1

am

(2-103) ;

Ctun

CoVe+ C. V. + C,V.+ C A,

Cun : am

- 71 -

(2-103)



1]
i1

Hi= &
2-9
D
G(l) = My, - ® Mri< 0 (2-104)
M., i
Mri i
1 1 7
i 1 7
2)
G(l) = S, - ®Sri <0 (2-105)

- 72 -



4)

&)

D,/30 (D,

0.10%,

- 73 -

(2-106)

0.15%

(2-107)

10

(2-108)



6

G(1)

G(J)

29 35
1 7
75%
IDmax < 0
- IDmax = 0
: ]
: ]
- 36 42
- 43 49
1 7
¢

- 74 -

(2-109)

(2-110)



=3 , b
2

s h?*15
2
h3/1.5

- 75 -

parameter



2-10

Im

Im

Im

- 76 -



Xs
Ko
T
Aa
o (b1 B o &
3
WT Wi
_\\‘
HI U ‘\_.5;
", ‘HM
R "=
o \
Y |
WE
My X @ g
2-10

- 77 -




@D

i)

2-10

2-11

.

e,
] s}
T _ i
_I.f..._. __H.ﬂ..r_..

.... ...._ —
Do | @)
4=
Er—t -
L...-.n&.rlﬂll..,_ .nm .....x
Dy {e) -

ey 5 4 A
@y | D
I Py
A -
— [ |
T b =

2-11

2)

(2-111)

S, -

G(1) =

- 78 -



M,
MO
3
“(2IW:)
G(Z) = Ss' Ph
., Sg:
A\
2w
Py
4) R
G(3) = e- e" =<0
G(4) = e- e <0
, €
et = B
- 6.0
el = - B
- 6.0
B
5)

G(5) = P - Sy <

0

(2-112)

1/3

(2-113)

(2-114)

(2-115)

- 79 -



6)

IN
o

G(6) = My - My (2-116)

G(7) = Sy - ®Sy =0 (2-117)

N

)
G(8) = M, - ®M,, < 0 (2-118)

- 80 -



)
G(9) = Su

&)

)
G(10) = My, -

)
G(11) = S, -

9

G(12) = P d, min

’ P d, min

G(13) = P h, min

®s th <

Qant <

X (5)

X (6)

0

0

IN

IN

81 -

(2-119)

(2-120)

(2-121)

(2-122)

(2-123)



’ I:)h,min -

)
G(14) = Pimn - X(5 =< O (2-124)
’ I:)t,mln -
10)
G(15) = X(5) - Pgmx = 0 (2-125)
’ |:)d,max -
11)
G(16) = X(4) - H, < 0 (2-126)
, H, =
4
1.
(Modified

Vethod of Feasible Direction : MVFD),

(Sequential Linear

Programming : SLP), (Sequential Quadratic Programring : SQP)

S/W VR&D
DAT, Visual DCC

6 Computer

Prograr DCT(Design Cptimization Tools)

- 82 -



baT

baT

- 83 -

2-12



< Start >
v

Parameters and Initial
Value

v

Iteration = 0

\4

Iteration = Iteration + 1

A

Vcdify the Vvalue
cf Cesign
Variatles

Structural Analysis

No

Evaluate Cbjective and
Constraint Functions

v

Cptimize Cbhjective
Function by DCT

v

l Yes
< Stop >

2-12

- 84 -




3. CCT (Pesign Cptimization Tools)
DCT
prograr Garret N Vanderplaats

Vanderplaats 1970 UcLA

1987 UCLA
WA Engineering(Vanderplaats, Viura & Associates, Inc)
CCT, DCC, GENESIS S/ 1995

VR&D(Vanderplaats Research & Developrent, Inc)

VR&D DCT DCC WA GENESIS
DCT  Version 4.X source program
DT
Version 5.0 source program
abject code -
campile DOT  abject code -
DCT  FORTRAN 77 -
program FORTRAN 77
- C -
4.
DCT subroutine

abject cade

main pragram

subroutine

- 85 -



- Main Program
DCT FCRTRAN 2-13

italic e

2-13

DIMENSICN

- WK, IWK

BIC

WK 4000, IWK 1500

NRWK WK 4000
NRIWK WK 1500 -
METHCD LT
METHCD

0 1: (Madified Method of Feasible Directions, MMFC)

2 : (Sequential Linear Pragramring, SLP)

3 : 2 (Sequential Quadratic Programming, SQP)
NDV -
INFO 0] -
NCCN -
IPRINT output DCT Manual
MINVAX

0 -1 +1

- 86 -



X(1) ;

XL(D -
Xucn -
. SUBRCUTINE
subroutine
- subraoutine
2-13 B G(D XD

CIVENSICN X(NDV), XL(NDV), XUCNDV), G(NCCN), WK(BIG), IMK(RIC),
RPRV(20), IPRV(20)
C CIVENSICNS CF WK AND WK
NRAK=?
NRIWK=?
C ZERO RPRM AND IFRM
CO 10 1=1, 20
RPRV(1)=0.0
10 IFRV(I)=0
AT THIS FCINT SET ANY ENTRIES CF RPRM AND IPRM
TO THEIR CESIRED VALUES IF THE CEFAULTS ARE

C

C

C TO BE CVER-RICCEN.
C E.C.

C

RPRV(1)=-0.01
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C CEFINE NCV, NCCN, IPRINT, NINVAX, NETHCD
NDV=?
NCON=?
IPRINT=?
NV INVAX=?
NETHCD=?
C CEFINE X, XL, XU
X(1=?, 1=1, NOV
XL(1)=?, 1=1, NOV
XU(D=?, 1=1, NOV
C REACY TO CPTIVIZE
INFC=0
20 CALL CCT(INFC, METHCC, IFRINT, NOV, NCON, X, XL, XU,
CBJ, NINVAX, G, RPRV, IFRV, WK, NRAK, IWK, NRIWK)
EVALUATE CBJECTIVE AND CONSTRAINTS. YCU NAY CALL CNE
CR NCRE SUBRCUTINES TO DO THIS.
FINISHED ?
IF (INFO .EQ .0) GO TO 20
EVALUATE CBJECTIVE AND CONSTRAINTS

O O o o O O

GO CCNTINUE WITH CFTINIZATICN
CALL EVAL(CBJ, X, C)

(@)

CPTIVIZATICN IS CCVPLETE. CUTPUT RESULTS
CO TO 20
30 CCNTINUE

STCP

END
C

SUBRCUTINE EVAL(CBJ, X, C)
C
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C SUBRCUTINE TO EVALUATE THE CBJIECTIVE AND CCNSTRAINTS
CIVENSICN X(NDV), G(NCCN)
CBJ=?
G(1)=7, 1=1, NCCN
RETURN
END

2-13

1. CCT Camputer System
CCT
- Personal Computer (PC)
1) Operating system :
Windows 95/98 aor Windows NT 4.0
2) Memory
) Ram : 16 Moytes
) Hard Disk = 10 Mbytes
* Hard Disk
3) Carpiler
Cigital Visual Fortran 5.0/6.0
Vicroscft Powerstation Fortran 4.0

Vicroscoft Visual C++ 5.0/6.0

- Workstation, Mini-Super and Super Camputers
1) COperating System

SUN machines running Sclaris 2.5 versiaon
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SGI machines running IRIX 5.3 Versian
HP machines running UX 1C.2

IBV/RSE0C0 machines running AIX 4.0 Versiaon

2) Memory

) RAM : 16 Moytes
) Hard Disk = 10 Mbytes

3) Carpiler

FORTRAN 77
FORTRAN S0
C/C++

2. Compiling Linking

CaT

CCT DOT ahject code
link - DCT object code
Camputer System -
MAIN.FCR Campile DOT ahject code

UNIX System :
177 -0 MAIN VAIN.FCR dot.a

SUN Workstation :

177 -o MAIN VAIN.FCR dot.a -Isacket -Insl

PC(windows 95/98/NT) with Digital FORTRAN 5.0 .
177/exe = MAIN.EXE NAIN.FCR dot_pc5.lib

VAIN MAIN.EXE file
VAIN, NAIN.EXE file
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Cade .

SUBRCUTINE EVAL

SUBRCUTINE EVAL

(VETHCD)

- SUBRGUTINE EVAL
SUBRCUTINE EVAL

parameter

C PARAVETERS

parameter

parameter

- 91 -

DOT abject code  link

EVAL subraoutine

Camputer Program

parameter

C THE END CF PARAVETERS



Y

TCTHIT
UPLCAD
SCILWT
CONCWT
FAICEG
FRICCO
SIGVCK
SIGVAY
INDFCR

DEALPA
DTHETA
DDELTA
SAFECV
SAFESL
ALLSUP
COVETM
COVHEL
COVTCE
DIAVETER
FAIM
FAIS
UNICCN
UNISTL
UNIFOM
STELWT

Rankine

Coullamb

1Ton

kg/
kg/
kg/

kg/
kg/

/T

T/
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2)

LCAD

PURSPN
EFFWID
WETSUR
SICMCK
SICMAY
WICBEM
CONCWT
FACDED
FACLIV
COVER
DIAVETER
FAIM
UNICCN
UNISTL
UNIFOM
STELWT

DB
1:DB24 ,

Edge Beam

1Ton

2 - DB18 ,

3 - [B13.5

kg/
kg/
kg/

kg/

/T

T/

3T

BRILEN
GIRLEN
SPAN
PURWID
TCTWID
WETSUR
SIGMCK

kg/
kg/
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CONCWT
PAVTHI
SIGVAY
ASPHAT
GQUTFLN
HTWALK
WOWALK
FACCED
FACLIV
HANCED
NGIRDER
HORFOR
HTHAND
COVER
DIAVETER
FAIM
WOHCBM
HTHCBM
ALPA
LCAD

UNICCN
UNISTL
UNIFOM
STELWT

Flange

Hand Rail

Hand Rail
Hand Rail

Stirrup
DB

1 :DB24 ,

1Ton

2 - DB18 ,

3 - DB13.5

kg/

kg/
kg/

kg/m

kg/m

/T

T/
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4)

SPAN
WD
TH
WL
SH

UH
HW
HH
GANAC
WIND
GAMAW
FACCED
ALFA
SIGNCK
SIGNAY
SLBPRM
GIRFRM
WALFRM
FAIM
FAIV
FAICOL
UNICCN
UNISTL
UNIFOM
STELWT

1Ton

kg/
kg/
kg/

kg/
kg/

/T

T/

2-4

2-4

2-4

2-4
2-4
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&)

SPAN
UX(L)
UX(2)
UX(3)
UX(4)
UX(5)
WD
USH

WL
UTH
UUH
UHW
UHH
THNECK
GAMAS
GAVAC
GAMAW
FAIDEG
FRICCO
SIGMCK
SIGVAY
SAFEQV
SAFESL

kg/
kg/
kg/

kg/
kg/

2-5
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ALLSUP
BODPRM
HELPRM
TCEPRM
DIAVETER
FAIM
FAIS
FACDED
FAI
ALPA

BETA

UNICCN
UNISTL
UNIFCM
STELWT

Coulamb

Coulamb

1Ton

kg/

/T

T/

6

HOP
SPAN
UX(1)
UX(2)
UX(3)
UX(4)
UX(5)
UAD
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UL
UTH
UUH
UHW
UHH
GAVAS
GAVAC
GAVAW
HBS
WBS

WINDP
WATVEL
FAIDEG

FAI
FRICCO
SIGMCK
SIGVAY
SAFEQV

kg/
kg/
kg/

kg/

kg/
kg/
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| SAFESL
ALLSUP
PIEPRM
TFTPRM
BFTPRM
CIAVETER
FAIM
FAIS
FAIC
FAIBER
FACDED
UNICON

UNISTL
UNIFCM
STELWT

1Ton

kg/

/T

T/

N

B
Y
HCUL
HPAV
GAMAA
GAVAC
GAMAT
CAVASAT
DEGREE

kg/
kg/
kg/
kg/

- 99 -




SIGVCK
SIGVAY
HWVAT
Bl
B2
NSG

SLBPRM

BOTPRM

WALFRM
LCAD

FAIM
FAIV
FAICOL
UNICCN
UNISTL
UNIFOM
STELWT

bB

1 : Hard Ground

- Soft Ground

bB-24 , 2 : DB-18 ,

1Ton

3 :© DB-13.5

kg/
kg/

/T

T/

8)

GAVAST
GAVAC
GAMAW

FAICEG

SOPRCO

SIGVCK

ton/
ton/
ton/

kg/
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SIGVAY
CRDPRM
VEDPRM
WLDPRM
DIAVETER
FAIM
FAIP
FAIS
FACDED
R
DEPSOL
THETAD
THICKC C-line
THICKB B-line
GANAD
UNIEXC ad
UNICON
UNISTL 1Taon
UNIFOM
STELWT

s gty
e it -
n# "/'“\_\ — H:\\‘
Ky //’ . \«;_\_‘\
o ) : ""-.\'
.'Ill |rlI ! = "'.'" i lII|
] -III II| Illll
0 G . - g 3 11
7 || 7 Il | y
D\ & e | / I
| | \".E . eyl |
[ Jip—L — I

Il_ .l'I i 'i
—s . e R = L i

3 3 3 3
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9

SCILWT
CONCWT
CAMAW
FAICEG
FRICCO
SIGVCK
SIGVAY
INDFCR

DEALPA
DTHETA
DDELTA
SAFECV
SAFESL
ALLSUP
COVETM
COVHEL
COVTCE
DIAMETER
FAIM
FAIS
H1
H2
WT
WB
WG
HG
S
UNICCN
UNISTL
UNIFOM
STELWT

: Rankine

Coullomb

1Ton

kg/
kg/
kg/

kg/
kg/

kg/

/T

T/

2-10
2-10
2-10
2-10
2-10
2-10

2-10
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n f (X)) X
(2-127) X
fX)yYs f 0O (2-127)
(2-127) X X X
(strict glabal minimum)

n f X 2-127)

(strict local minimum)
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Ces.var. :

Cim. :

XL :

Initial Vvalue :

Xu :

Cptimum Design Variables :

VMFD : (Modified Vethod of Feasible Direction)
SLP : (Sequential Linear Programming)
SQP : (Sequential Quadratic Prograrming)
Chj. Func. :

No. of Iteration :

No. of Function Evaluation :

400cm 800cm 50cr

» Farameter
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700.Ccm

2-1 -
2-1
Des. Initial Cptinum Design Variables
Dim.| XL XU Remarks

var. value MVFD sLp sqp
X1 20.00| 35.00|500.00| 20.00C0 20.0131 20.0000
X2 20.00| 60.00 | 500.00| 51.7423 52.3479 51.5271
X3 20.00100.00 100C.CO| 34.4115 34.2305 34.4850
x4 20.00|260.00,2000.0| 319.8350 | 319.4060 | 320.0180
X5 15.00| 35.00|500.00| 15.0000 15.0000 15.0000
X6 15.00| 55.00|500.00| 114.9700 | 114.8200 | 115.0580
X7 15.00| 47.00|500.00| 15.0000 15.0031 15.0000
X8 0.08 | 15.20|200.00| 10.0873 10.1860 10.0831
X9 0.08 | 15.20|200.00| 13.7980 13.9579 13.7670
X10 0.08 | 15.20|200.00| 25.1616 24.8023 25.2618
X1 0.08 | 15.20|200.00| 46.6229 45.9263 46.8687
X2 0.08 | 40.54 |200.00| 50.7267 50.6571 50.7918
X13 0.08 | 7.94 |200.00| 49.3267 49.2571 49.3678
éﬁg;_ \Won 1,112,620 | 1,112,650 | 1,112,900

No. of Iteration 11 23 12

No. of Function Evaluation 224 327 190
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4.5m, 7.9m DB-18
2-2 .
2-2
Des. Iritizl Cptirum Design Variables
Dim. XL XU Remarks
var. value NVFD SLP sep
X1 25.0 | 25.0 | 500.0 | 25.0000 25.0107 25.0000
X2 15.0 | 33.0 | 500.0 | 27.6190 26.9181 26.8956
X3 0.0 |33.78| 500.0 | 36.1654 37.5726 37.5915
X4 0.0 |20.268 500.0 | 13.5379 13.3449 13.3330
Chj.
\\an 3,181,970 | 3,183,750 | 3,183,140
Func.
No. of lteration 6 8 5
No. of Function Evaluation 64 43 31
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( ) 13.64m, 13.00m, 7.50m, 8.30m T DB-18
2-3
2-3
Des. Iritial Cptimum Design Variables
Dim. XL XU Remarks
Var . Velie MVFD SLP SCP
X1 10.0 | 22.0 | 100.0 | 21.15 23.02 23.13
X2 10.0 | 16.0 | 100.0 | 16.61 17.81 15.79
X3 0.08 | 9.0 | 300.0| 8.54 7.54 7.54
X4 0.08 | 12.50| 300.0 | 12.21 10.81 13.23
X5 20.0 | 70.0 | 300.0 | 120.97 109.51 88.32
X6 46.0 | 47.0 | 300.0 | 46.00 48.20 46.00
X7 0.08 | 70.0 | 500.0 | 105.45 115.30 137.90
X8 0.08 | 70.0 | 500.0 | 105.67 116.19 139.76
X9 0.08 | 1.80 | 300.0 1.77 1.62 1.47
X10 5.0 | 25.0 | 300.0| 25.69 28.73 6.77
X11 0.08 | 2.0 | 300.0 1.97 0.92 0.28
X12 5.0 | 29.0 | 500.0 | 29.00 18.41 6.21
DI | yon 15,814,800 15,573,900 15,382,200
No. of Iteration 7 16 33
No. of Function Evaluation 122 224 496
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12QCcrr, 16Ccrr, 11Ccrr
2-4
2-4
itic Optinmum Design Variables
Des. | pim. | %L Ir!“d XU P g Rerarks
var . \ele NMFD SLP SQP
X1 8.0 | 20.0 | 500.0 8.0060 8.0006 8.0000
X2 8.0 | 20.0 | 500.0 8.0000 8.0655 8.0000
X3 0.0 [19.08| 500.0 4.4761 4.4832 4.4796
x4 0.0 | 3.57 | 500.0 5.2889 5.1449 5.2921
X5 0.0 | 3.57 | 500.0 4.9539 4.9604 4.9538
% | on 2.69168x 10° 2.69196x 10°| 2.6917x 10°
No. of Iteration 5 9 7
No. of Function Evaluation 36 59 50
2)
12QCcrr, 250cr 2-5
2-5
iti Cptimum Design Variables
Des. Dim.| XL Initic] XU P g Remarks
var . Value MMFD SLP SQP
X1 10.0 | 15.0 | 500.0 14 .5492 14 .5503 14 .5493
X2 10.0 | 15.0 | 500.0 12.1627 12.1664 12.1628
X3 10.0 |110.0| 500.0 105.869 105.753 105.785
x4 10.0 | 25.0 | 500.0 21.3472 21.3905 21.3463
X5 10.0 | 30.0 | 500.0 28.8676 28.8652 28.8645
X6 0.0 | 20.0 | 500.0 17.7438 17.7491 17.7437
X7 0.0 | 20.0 | 500.0 17.1492 17.1984 17.1482
X8 0.0 | 20.0 | 500.0 17.1493 17.1984 17.1482
;Uhnlc_ Won 4.62604% 10° 4.62819x 105 4.62600x 105
No. of Iteration 7 4 3
No. of Function Evaluation 89 37 30
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D

1200 , 400 2-6
2-6

Des. Iritizl Cptimum Design Variables

Cim.| XL XU Remarks
var . \ele NMFD sLP sQP
X1 20.0 | 30.0 | 500.0| 59.9881 | 61.9238 63.5522
X2 20.0 | 25.0 | 500.0| 20.0000 | 20.0471 20.0000
X3 10.0 | 20.0 | 500.0| 11.8601 | 10.0180 10.0000
X4 10.0 | 60.0 | 900.0| 65.3759 | 71.8789 69.6825
X5 10.0 | 67.5|900.0| 62.2906 | 56.5767 58.3468
X6 11.644|33.€88| 300.0| 37.4784 | 30.4358 31.0824
X7 0.0 | 2.62| 40.0 | 2.5942 0.8725 0.7630
X8 0.0 | 2.62| 40.0 | 2.5841 1.1335 1.2214
X9 0.0 |4.068| 50.0 | 4.2367 3.6267 3.9105
X10 0.0 |5.944|150.0 5.7307 2.7904 2.3932
Foubnic'_ Won 3.8514x 10| 3.64348x 10°| 3.69513x 10’

No. of Iteration 10 31 50
No. of Function Evaluation 141 358 645
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Parameter

250cmx 250cm 30Ccm
2-7
2-7
Des. Initial Cptimum Design Variables
Dim.| XL XU Remarks
var. velue MVFD S sqP
X1 10.0| 25.0 |500.0| 32.3284 32.3417 32.3402
X2 10.0| 25.0 |500.0| 47.5049 47 .5258 47.5110
X3 10.0| 25.0 |500.0| 35.4082 35.5149 35.4104
X4 0.0 | 15.27|500.0 14.1905 14.2420 14.2123
X5 0.0 | 15.27|500.0 18.9674 18.9121 18.9076
X6 0.0 | 15.27|500.0 14.4562 14 .4366 14.4465
anR | won 8.87569x 10°| 8.87973x 10°| 8.87568x 10°
No. of Iteration 8 7 7
No. of Function Evaluation €9 50 58
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1.3m 2-8 ;
2-8
Ces- | nir. | L Initial YU Cptimum Design Variables Remarks
var . value MMFD SLP SQP
X1 | m |0.1000 0.2000 | 5.000 0.1498 0.1623 0.1430
X2 | m |0.1000 0.2200 | 5.000 0.2051 0.1923 0.1890
X3 0.C00| 5.068x 10°| 5.0x 10"| 1.4996x 10"| 1.6237x 10" 1.4309x 10"
X4 0.C00| 3.568x 10°| 5.0x 10"| 1.2681x 10°| 1.1060x 10°| 1.3895x 10°
X5 0.C00 4.568x 10%| 5.0x 10| 1.3671x 10°| 1.1967x 10°| 1.5038x 10°
X6 0.000 4.068x 10 5.0x 10*| 2.2482x 10*| 2.4356x 10*| 2.1505x 10*
X7 0.000 5.068x 10 5.0x 10*| 2.0509x 10°| 1.9235x 10°| 1.8962x 10"
X8 0.C00| 11.50x 10%| 5.0x 10"| 1.2998x 10°| 1.6177x 10°| 1.4752x 10°
- | yon 1.0936x 10 | 1.10012x 10| 1.09028x 10
No. of Iteration 16 50 7
No. of Function Evaluation 207 473 72

180 175 2-9 ]
2-9
Des. | - Initiel Cptimumeesignf\/ariables
Ri k:
var. | PVl X e Y NMFD SLP P erares
X1 20.0 | 20.0|200.0| 20.0000 20.0197 20.0000
X2 20.0 | 50.0 |100C.0] 51.6009 51.4540 51.7339
X3 20.0 | 25.0|100C.0] 21.4170 21.5172 21.3837
X4 15.0 | 18.0 | 300.0| 15.0000 15.0006 15.0000
X5 0.8x 10°| 8.0 | 50.0 | 6.40733 6.4187 6.4091
X6 0.8x 10| 8-0 | 50.0 | 4.07400 4.0742 4.0744
e | won 5.60399x 10’| 5.60569x 10’| 5.60457x 10’
No. of lteration 5 4 3
No. of Function Evaluation 51 28 23
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1.
CAD
CG(Camputer
Craphic) 2-10 2-11 -
(C.T.0)
2-10
F/G LISP

1 (positive-steel-1) W1 Wall_Front_PS1
(front) 2 (positive-steel-2) W2 Wall_Front_PS2
(horizan-steel) W5 Wall_Frant_HS

wall) (positive-steel) w3 Wall_Back_PS

(back) (negative-steel) wa Wall-Back NS

(stirrup) S1 Wall_Stirrup

(upper-steel) W6 Wall_US

(positive-steel) F2 Flate_Up_PS

o) (negative-steel) F1 Flate_Up_NS

(horizan-steel) F5 Flate_Up_HS
(positive-steel) F4 Plate_Down_PS
(plate) (coun) (nagative-steel) F3 Plate_Down NS
(horizon steel) F6 Plate_Down_HS

(forefoot) S3 Plate_Stirrup_FF
(stirrup) (hindfoot) s2 Plate_Stirrup_HF
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2-11

1 3 LISP
(height) Flate_Height
(width) Plate_Width
(forefoot) Plate_Length FF
(length) (middle) Plate_Length_MI
(plate) (hindfoot) Plate_Length_HF
(forefoot) Plate_Up _Ctc_FF
up) (ctc) (hindfoot) Plate_Up_Ctc_HF
(forefoot) Plate_Down _Ctc_FF
(cowr) (cto) (hindfoot) Plate Down_Ctc_HF
(height) Wall_Height

(length) Wall_Upper_Length

mall) | (uppen) (cover)|  Wall_Upper_Cover

(super) Wall_Ctc_Super
(cto) (sub) Wall_Ctc_Sub
2.
-3
3
3D Auto CAD  Auto-Lisp 3D
3D code -
-3 2D
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3D -

3D 2D
3D 2D Interactive
2-15 .
[ » )
v
| )
v
2D
2D 1 2
1 2

/f/éenter Line 4\\\

[ Layer Freeze Layer Freeze

layer
Subtract

(polylgon )}

3
(extrude)
- Subtract

- dinlinear )
. line

—

2-15 3D 2D
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) 2-18 ; 3
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2) T

2-22
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2-24, 2-25, 2-26

2-24

2-26

2-25

118 -



15

- 119 -

baT



- 120 -



DB
1
1.
1988 “g7
” , 1991 .
” 1996 “
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)
2)
1 2 ,
1 2 3
1 : 2 4
50Cha 20m
2,000 . ,
1,000
2 : , (¢! ) 1,000
50Cha
3 :
3
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3-1

3-1

15
15
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Y

2)

D

System

4)

&)

Y

2)

D ,
4)

Cata Reductian
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Scftware

System
5)
Rule Calibrate
4.
3-2 .
3-2
Cc > C )| (m @ | m C DC DC )
17,148 | 7,754 |67,272|37,972| 894 |1,985| 262 | 5,408 | 4,415 | 5,502
c > C H>|C > C > C )
2,736 836 833 1,778 207 511 229
3-2 3-3
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3-3

2 CB
1.
, ha ha »
CB
, D/B
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DB

, 1982
3-3
(m (m
(ha) (ha) C )
690 331 194.10 336 19 4649 10,758
o ©IS )
o (‘98 )
o (‘98 )
©I19)
- DB
1)
1:25,000
s T™
NS
N - ( >
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- GPS

GPS

DGPS(Differential CPS)
Im

™ (™, Transverse Mercatar)

| S

GIS

3-5 GIS
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GIS
, GIS
, GPS(Clahal
Pasitioning System)
’ , GIS
1) GPFS
) GPS
GPS(Glabal Positioning System) 1970
60 -
, GPS L1, C/A
. GPS C/A ,
24 , 100m - GPS
’ » GPS
GPS (Triangulation) ,
C/A -
1575.42vHz L1 C/A ,
- , C
) X -

) DGPS(Differential CPS)

- 134 -



DGPS  CGPS 2 ’

GPS ’
(Rover) - DCGPS
(Cifferential GPS)  GPS
GPS ’
100m GPS 1m (  30cm-60cm)
- UHF, MF Beacon
- 100km Im -
DGPS , 10r , GIS
m - DGPS
(Realtinre) (Post—pracessing) 2 -
DCPS ,
GPS ’
GPS
DGPS -
100m 2dRMS »

@
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&)

) GPS

GPS

GIS

CAD

GPS

GPS

3-6

GPS

, GPS
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3-3 - 3-7 CPS
3-8 DCPS GPS

Detail surveying

: : planning ;
Surv.eylng planning - Surveying route Plannin
- Site ] - Surveying method
- Date & Time Geographic feature
- Purpose (point, line, area)
Categorizing of attribute

(class, code, etc)

GPS-Processing

PC Processing
and Surveying

Data Dictionary File(DDF)
making

- Name + DDF transfer PC to GPS

- Geographic feature
- Attribute items l

[ Download the surveying }: Surveying using GPS

]

Coordinate correction A
Coordinate correction of | Base Station
surveying results using | data collection

L Base Station data (to TM) ) l-date and time of surveying

Y

Data transform
importable to GIS format
(DXF, ASCII etc)

7

\

IMPORT to GIS

.

3-6 GPS

3-7 GPS
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D
IS
3-5
Field name type size
name character 20
length float 10.2
area float 10.2
r_disch float 10.3
slope float 10.3
width float 10.3
height float 10.3
depth C )] float 10.5
s_slope float 10.3
q_area float 10.5
material character 20
mann Vannning n float 10.6
velocity float 10.5
dischage float 10.5
s_type character 20
renarks character 30
s_code character 10
1
- GUl

3-11
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User Interface

GIS Data Base

Optimization
CAD Application

Query Query/Edit
GIS Query/Edit Query/Edit
CAD Query/Edit : Query/Edi
[ ,
User Access Level User Access Level
( ) ( )
- Web - Word
- Word - Image Attach
3-12 Concept model
2)
/
(1) H/W Pentium PC Note Book
@) smw Window
(©)) Visual-Basic, Java, C, Embeded SQL
3)
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4-3

(h/0)
2.00 1.00
1.75 0.98 h/d
1.5 0.96
1.25 0.93
1.00 0.89
( . , ))
( ))
( .
. ( ))
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E 5-17 FHE 2 2 J™¥wtsl-Zutyd 2 EPOXY £ BRI ©okx
(IM* Ek71)
k9| & 2 21 A A H
= B + 4 _ A (w2
(Unit)| F | gt7 |2 [ ebr| 2
¢
733t 4 5ton SS-41 kg 37 500 |18, 500 18,500
x5t
ANCHOR BOLT M-10 EA 12 750 | 9,000 9,000
Fyt KSM-5311 | kg | 0.3 | 3,800 | 1,140 1,140 | 23
At LPG
e 2 22 4] 1 | 2,000 | 2,000 2,000
238
2=l =] SSG - 57 kg | 0.6 | 7,000 | 4,200 4,200
ZQA(EXPOXY) | SSG - 17 | kg | 3.2 | 7,800 |24,960 24, 960
ZQ9lyjo| X AL 8M/M EA 4 300 | 1,200 1,200
2E EA 8 300 | 2,400 2,400
3 F gl ]0.40 67,900 |27,160 {21,160
£33 ol |0.35 65,500 |22,925 |22,925
Aalg ol |0.25 57,701 |14,425 |14,425
FAF o1 |0.20 57,701 |14,425 |14,425
Hab ¥ wuby el 10.05 59,569 | 2,978 | 2,978
BEQHE el 10.05 37,736 | 1,887 | 1,887
& A 83,800 147,200
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517 2Hd A L Aguir-0s eujee] 3y WE
(1M ©t7})

]:,l. _or] ZHEH] q_. Zj H]

X om 2 gk v 7

L (i) | | Sl @7 | 2d | &7 |2 A ]

A E P 12.75| 3,550 | 45,263 45,263

2 g o 0.98 | 9,900 | 9,702 9,702
B}Eo]

q Z| 913 o 0.2 | 40,000 | 8,000 8, 000 ﬂzg]_ﬂ:’“
2%
A F

con bond kg 1 30,000 | 30,000 30,000 |E3ZE
HaA

REAR (al) 1.3 37,736 {49,056 |49, 056

A A 92,965 49,056 |142,021

® 517 298 A L AYWIH-ZERE (0.3 m o)) oJEA FYUTH

LR B 2] & 1] ol 7y
= o 2 A 8| 51
FRFA o alea]zgalenlza | T Y
EPOXY

ke 0.3 (7,800 | 2,340 2,340
T4
EPOXY

kg 0.3 17,000 | 2,100 2,100
A A
7A4%

EA 4,0 300 | 1,200 1,200
FA17]
33

EA 4.0 250 | 1,000 1,000
zt of
SPRING EA 4.0 250 800 800
FdF | YT ol 10.06| 250 57, 701 3,462 3,462
I A el |0.05 57,701 2,885 | 2,885
B35 d

ol |0.02 37,736 754 754
_l;_'l_
A A 7,440 7,101 | 14,541
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AB5E ol gvhe Hojrt. doft B o] Aol F2 ARE XA
sto] 32 E Fe|FRE wol AMEEHE vy EfARe] st g% B

ARE AAstaatsty, FeuaydES chEat Zth

@ ErARe] 28 48 U BESS
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@ 27w 4 283 AP
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BE MY 5E& AlYstdrh Agel AHgH B4 AEE Ow By, azE By,
57 Y, FE0 89, 745 Y, 54 =v wU4a), 243 29 wx]mo]
At ABE 43 =2 YRAHE T4, QHE, Bio] Aol £ vy
FRA It WEE oF 1.6 kg/nio]3L o]4tlets b A gido] 500m KTl =
T B AYEL Lin(AR = FA 20004) olth, FRY =ut wis
Aelgt qhatet olad Feln 5o EYEOIM WEE 1.5kg/ (o)L $£F7] it

2,

782 oF 800jtt. 28Y UEFAEE 2kegf/mt o] ¥ ZE= 0. 4kgf/md o]T},
H]= 0.20+50]c}t. 7% EEke] 23y UFHEE 8~13kgf/mt 0|7 ¥ Z&
1 ~2kgf/mi ot} Ze|al che] MY F3p2 of

N

R EY] AL T AT 91T olFY $x], FE HA| 93 Folw, Sz}
Z|-§ ¥3BA|, Non-sag filler & H7IAZ E¥olr},
ok ol gt A3y Bt

Y 5-74%} Zo] FAEE FFEH A7 48R R4S T F a5t £2
EXH 4 3 wsecd] 148 EE FRU B4H AR R4 T nir g
Fhulelold H5& Hrigich, % 5-758} 5-760]= 84 A¥H Setup I A7} U
Ehugich A 23§ ZAZE A T80] I AR &Ato] it Byt
I ST Ede] YA kot Ao RALE B3] nlmsleind guwt
EY ol FHo g% &R =T Bt dZsigy. &4 =S B FRF
L2 3oisty] $13te] i B4 xjgol tisty nim A¥-E $Bsigich
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28] 28744 ol FolAl7] o] 27 FAHE U sHsdol YorE Y 72
Zol Tig B4 - Bz U AP B BAF 27] Falel Uiy Aol
e g olof k.

mepd B APoldE 5o1E 9L HATRE] iy WY B4 - 87 FPS
A7) Slstd BAE U EIAUEE TIPY RARRE BEY F Th] 2]

Aol RGNS AA BEARe 4%

o,
N
N
]
>
>
2[_:‘
2
inj

1) A8AH
E AYEE F 5-183 Zo] 7.5X7.5X40cn FIZE APAE A Hst A
TAgHE AA AR EATIE 10%77t0] HUdE Wl SFFHAE AA T
F UANEHAAE: B = 1:3), A= Y (1:3), FHA|HMEA IFHE
Baste], 2fF 79 Fol thi FHEME A ZrH
£32] RolF7tA] A GHE A F UdFLE, PR, AT, FF

7ag 58 EAstel 24 BEARY YU BHE WA

EEAE Al s ay Ede=
aga Z A EAEAM(75X75%40cm) —| - 1X SEAUS(L
o2 a1 SZ 88 (MHSEMAT 70%) —» & SELEAF)
AlBol MM —» zZt HEFiRE B FEHULE (%)
TEEEEO2)| | oy (79) > s28H — 2Tl YBBE (kgffer)
E2|HAMHUEA (ol ZoM AXe AlHES £ BT (kgffem)

2) 32 E wigt
7.5X7.5X40cm ZAZE A|BA= X 5-199F 22 vigte g Azpstgdon, ¢
275l 2E 2320 B 185kgf/en’ (SAFIA 7] A ZE)E YAt
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X 5-19 E3E wigZ

WiClaa = ’iH*‘E“ =S P el 25 (Jm’) 2l B (kg/m)
S
(el | (cm) (%) | ko/m’) | Aeie | pad |geEd |[Ade| Ew |22 2N

60| 12 |495) 27 176 93 347 354 293 | 888C 984

) AHEAlE

APA(7.5X7.5X40) W B4g B H2lo] AMLH AHE 4 Zaje] EIF
BAL E 5-20 ~ 5213 3, SA BReAge EHANEAE EEAEFS
2 HAR7 EUE] o3, B oial ZFeorl Ao9dE 2898 ARt

E 5-20 AWE?] E23 432
| nemd

oz S& A ZHhim) = 2 & 2= (kgffom?)
< =7| £& (sz/g) O3 o7 O 23
3.15 3:14 550 3,465 202 245 308
F 5-21 ZAe E218 4A
== | Hi=z7| o ~ | 28 | AXg | dgxEa
EF | pm | TEE| YIS | T (%) (ka/l)
rAS=R | 25 247 2.64 1.36 549 1.59
Vi PN Ay 25 711 2.63 1.89 54.1 1.45
) Alguhy

SA G- ASTM 666-7501 F3te] AAstHem, Ao FHAZ #olE
oAl THAFo] A3 FEEAS FHALESS FHSIAE 2T £ F
Ag3) HolZoA UFAEE ARAE 7.5X7.58WAR ddste S
3, ¥AREE O 5-773 Zo] el W Al@T|o] &3] FA st
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a7 5-77 EFE Q1 A7)

AEA
7h) AuisedAs 9 $3d4E

3% 5-78 ZAREA REAEE B4 APAL B 42 Al
Hae] SR ASLE Uehd Holth Iy RiE upelzte] H4E 3
2] ok AL SAGHE A7 APAE FASH 35 60cycleB ol o
76%7}7t0] "ol om, Y0cycleo]AtS AU mjZ ASTMol N T FriSH
FAG 60%E otk Zo g UElylth

ZZAGE Ve ANBANE 4 EFLAEERE B4 F YA
A3 2% AeEudA4E Aoz o4 ISt

120cycled| = ASTMOlA 33t AUSBHATE Holuha de 2o=

vrelstct.

5]

100

o I\-\
o
g 70

®
2@ 7
@ | AsTM 7% sterd
T ®
®»

10

0

0 10 20 D 4 £ & M & W 10 110 120 10
284 %% (cycle)

a3 578 RS0l WE ATIEVEASe Wt
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FHUAES AEA ulel tia o]zt glont AurhgASfets dE
2 974 EE Holx| o gtk I3 5-T9: FASHE W2 FRS
o], 13 5-802 FAFIME UL K AlgAoTh

B4E 31X 42 AlPAlE 40cycle o|ARE AAY Fol Ul Az}
o] 60cycle ol wte] et 5= UEhty] Al23ch 120cycleo] Fojl=
E3E AgAo] &go] A Uehd Zo] U g FAFATE B4 A
A F AUEY (A-Type)Ro] B4 F 60cycleo] At Fof obzhe] AAYd
o] UElRE ¥ 17T EY(B-Type)z} Eain] ERHC-Type)2 EHo| A3

&7go] VEhA] edsttt

(C~Type}

3% 5-80 EEx|Ro) ulE SAgs F ¥y
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) dHF=HE
3% 5-812 FAE3 §Fol W USFYE WL Raexias Raey Fo

5283 fFol wE UEFFES HEHE Uehd Zojrt

300 ——
F Bz ERYE EeA¥E
(B2 RAHE &)
260 )‘T "
< —&
5
L 7&.),, .
2 = R @
U'I ---------------------------
ip 180 T — —
\r sASY () | EFBU(F) EAEE dat
a1 —y——=CONCrEte| - - - M- - Concrete cha 0|7t &
140 — —L—A-Type —-—I———A—Type — -
—O——B-Type | —e—B-Type
—O——C-Type | —@——C-Type
il i —
100
0 60 120

EZ &8 Mol = (cycle)

1% 5-81 FAE3 whE U&= W

E3E APA(7.5X7.5x40cm) & A2 st Y 25 (LYHZE 185kegf/af )
Zof ZARH AFol o YFREE AHRE, FEFANE A71A] U2 A
dAe LT AHZE 12 drh. z2u, BESHE AU A
A& 60cycleZtA e & %7}, 120cycledliAE Saie] ma] F=
of uiel ¢t&Z=s} thEA Uelkth & A8 It AL A2 o=
Z#=7t "8 FI1RE Rolx gloy, maFET} ¥ A2 UYSFFE
7} 238 Z4dh= A3
60cyclesi A B3E = |ASIAL 371 B4R E B4 F )3t
ZA8E AII7 HAol(AF 3d) EFHEE FIY 2 YSAET B
A ®rh the 23 st BT SAEIE 60cycle T AU A TEE

e AlF|A e APAE FEY FEE Bl glerl, FAEE A
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FAFAA F2 Fr7t FASE BFS Hola o, FEE l
de ZleE yeinth 53], il W

A 5
(A-Type)& F-AZE7} Z4she o= Uehl 4HFFESY Fo FARE 3

gh) & of
BeAige] mE FEEH AES ¢ 2 3= EY(B-Type), E2H &
H(C-Type) 5ol B4 Folx FHES Aol +3 Zo2 Leiut)h =
UANHEERH(C-Type)d] B¢ 270 ol= = Tdbe gl B7¥A F
Agsiols art Al A4 o= ARk

30

S8 (H) a8 (%) O\

25 - e

~ M \

: o ]

[ ]

X 15

M Y/

g ° ' EE(R) [ EASH(R)

I+ ——A-Type |—M—A-Type

5 —0—B-Type |——B-Type | |

—0—C-Type |—@—C-~Type
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REEIE, e 9 REElE, 243 9
2 3A Uehda =aptea Eqat 3
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=
B3 WA B REeise F9ol T4o] falshaint.
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IAA FF 5% (8)
oyt REELE 86.4
IRE REElE 15.2
43 YAA E BREElE 26.2
Tabed E4] REElE 25.0
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I REEIE 22.3
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e. 3% EY f. 34% AE 24
0% 5-86 E4xim 243 AQ A

AL BRZE A

1) Agdx

(71 A8 (4cmX4em) ] EHE 7§Ro] wlol Uz F 28 x| T(4omX4cm) LR

8 JIEE AAY H BY AHAE S AW (4demX dem)ol] Ht F

ANEFY Al A 2(4cnX4em)E F3, FE3] AW 227t L 5

AEF ok 7 5-873 7 5-880le FAALEAY A A@|sL
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X 5-24 RERY FART AP Az

A 1 | 2| 3| 4
s (ke) | (kg) | (kg) | (kg)

Zx3} 9ix|#] | 80 | 136 | 112 | 63 98
| ol

B | d 3

uh ulz) 91 | 100 | 46 | 169 | 102
B =

a27z= By 239|208 | 211 - | 219
5t =¥ 115 | 106 | 109 | - | 110
out Byt 95 | 186 [ 170 | - | 150

a7 5-89 AJPEF AW

a3 5-89efA 8t ol F&H 7= Y A RA R ZFAFAA
AWE] weto] wpAgict 23U 43 WA ALEE AHe] BH(EA -
AWIEE 2cn + £33 WA lon) ol FEH UAAL} At EYY] HFH

oA geto] gt o] Yoz FE3 YAAE AT APAEY F-2l
Bazest B A Uelyhth 23 B Fed] 1Y & FEFE
FE Yy Uut By, 23 BY £0F FARTI A dEHAh =Y ¥
HE ALY A9 BAREE T4 UAAY B KA AE R
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A 1.5~2 cn &] AFAE BEY nfR AEI]olA 200003 npx
WA &4 Zake ASksle] 3T 2 5-900= 57kx] B
T ABE W AJgAIZ} Vel gl

a3 590 uhEAlY AW

2) AEAaz
ote] o mEAE A7} Ueht gled 17Z= EYY Z¢ tE B4 s
of ujste] ¢ ¥ niE AYPYE Bk B EY, =9 YA 2
Y, 345 AA Y BY ©oF utE AYgol £A vshdth dwt By
8 B AMBAgol 71 Holxn F = oY F43 YA Hrik & F

ol 2u) o]ifolgirt.

¥ 5-25 XHeqFE nt2AYE A

A= %733}
Be g | A BB | B BY zu} uldx
= ¢ rabal
&4 F5
) 0.12 0.03 0.009 0. 059 0.048
(g/cm®)
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$de 2l Asl BEURSA-APUYE VAS 2astar)
8|3 Michael P, Collins8)(1991)2] Layer-by-Layer ApproachE& -$8&3te] BE

ZE W0 AuRgRe] AT vhob @ Fsiact
SO T2l LUSASE o Zzel AWM shF-+Eus] A,

3&
SHS-HYE BAE SHSLAEE vz, FA3I AR B} F3E B9

Brelsta] & 2ol #-g3tglct

B AP zpzte] AgAel oyt wH g, -2 BA, HIstEe et
3, Ao HEAY ALEANE B WIAFL vopstnal syl
2) 4% Ug
(7h) 4g A=
F 5-26 oA E3EL BRASE 15000V £, oI, ARAEE &7
=2RH £39 8.3 Pk ztolth AL 4m FAL AEFL A&

stolrt. el FAe SAHYEAE) SB#101& AHg3staich

¥ 5-26 AY ANEY 543

Ex] § ,
A2 L2 % E(kg/cn’) g 4 A (kg/cn’)
305. 7( U&7 %)
2 73 7 E 262264
] 25.3(J1A7 =)
A (YEAR) D13 4121 2.04 X 10°
7 3N AARFA=E) 2380 1.8X10°
B3R &A (A7 E) 500
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Stress Potential
(Von Mises)
Young's Poisson’s Hardening
Modulus ratio Initial uniaxial - -
. Hardening Gradient
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Slope Plastic strain
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53 A A4 94
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[FailStructure]. [SubStructureCode],

[FailStructure]. [SubStructureName],

[FailStructure]. [StructureName],

[DefectName]. [DefectName],

[Str_Comp_Check]. [FailStructureCode],

[Str_Comp_Check]. [DefectID],

[Str_Comp_Check]. [check_count],

[Str_Comp_Check]. [check_unit],

[Str_Comp_Check]. [cnt_A]%[DefectWeight]/100 AS GA,

[Str_Comp_Check]. [ent_B]%[DefectWeight]/100 AS GB,

[Str_Comp_Check]. [cnt_C]l*[DefectWeight]/100 AS GC,

[Str_Comp_Check]. [cnt_D}*[DefectWeight]/100 AS GD,

[Str_Comp Check]. [cnt_E]*[DefectWeight]/100 AS GE, (

GA+GB+GC+GD+GE) AS TOT, [DefectCodeWeight]. [DefectWeight]
FROM  Structure_Man, Structure_CheckResult, DefectName,

Str_Comp_Check, FailStructure, DefectCodeWeight
WHERE ((([Structure_CheckResult]. [str_check])=[Str_Comp_Check]. [str_check])

And (([Str_Comp_Check]. [DefectID])=[DefectName]. [DefectID])

And (([Str_Comp_Check]. [DefectID])=[DefectCodeWeight]. [DefectID])
And (([Str_Comp_Check]. [FailStructureCode] )=[DefectCodeWeight]. [FailStructureCode] )
And (([FailStructure]. [FailStructureCode] )=[Str_Comp_Check]. [FailstructureCode] )
And (([DefectCodeWeight]. [FailstructureCode] )=[Str_Comp_Check]. [FailstructureCode] )
And (([Structure Man]. [str_code])=[Structure_CheckResult]. [str_codel)):

o] A}E Step 2)2 PAF719% Az UnitCompSM. sqlo] FFEH, o=
HE] AJHES B JIEAE o|f3to] AJHEY FeE 5Fl dHste FFE

3l =2 79-2 UnitCompGrade, sqlo] T}
C}2-2 UnitCompGrade. sql ¢|T}
SELECT
[Uni tCompSUM] ., [Site_Code], [Uni tCompSWM], [str_check],

[UnitCompSUM]. [str_name], [Uni tCompSUM] . [str_code],

— 389 —



[Uni tCompSUM] . [SubStructureCode], [Uni tCompSUM] . [SubStructureName],

[Uni tCompSUM] . [StructureName], [UnitCompSUM] . [FailStructureCode],
([GGA]%[GradeA])/100 AS SA, ([GGB]*[GradeB] ) /100 AS SB,
([GGC]*[GradeC]})/100 AS SC, ([GGD]*[GradeD] )/100 AS SD,
([GGE]*[GradeE] ) /100 AS SE, (SA+SB+SC+SD+SE) AS SSTOT

FROM  UnitCompSUM, FailStructureGradeWeight

WHERE [Uni tCompSIM], [FailstructureCode] =[Fai |StructureGradeWeight ] [FailStructureCode];

7t FRENE H4E ARFE a5 wely FRES 5FESFE UnitComp
GradeSum. sql Z} StructGrade.sql ZHE A AHHc}
2] StructGrade.sql2 oln] AatH AANE FTREL] FATHE 75
e A olTh

oﬂ

T

mlm

T

SELECT
[Site_Code], [str_check], [str_name], [str_code},
sum( [SubStructSum] #*[WeightValue]/100) AS FinalValue
FROM UnitCompGradeSUM, SubStructureWeight
WHERE
[Uni tCompGradeSUM], [SubstructureCode]=[SubStructureWeight], [SubStructureCode]
GROUP BY [Site Codel, [str_check], [str_name], [str_code]:

HEHOoE ol ANE wXFH LT £Ysle I TE2IWL v At

Site_Code [str_chaeck|str_name [str_code[SubStructureCode

CNOT Jent kS jenDiOr  116-30 |

SubStructureName [StructureName DefectName il

e {ncH 23ciE TkEEED

FaHStructureCDdeIDefectlDlcheck_coun!] check.unit } lI
|U4

HPLH F-H %—% el H —— i

Site Cndr-rstr _check|str_name [str_code|SubStructureCode ’
CNDI Jeni HIZr o jenDi0l__ |16-10
SubStructureName [StructureName [FailStructureCode lI
A JMAZZNOIAEE) jo11 1
SA 5B BC 1SD [TSE 1 [BSToT ] 1
17.99 0.15| | O. 225]F g{  0.01g {_18.383| E!
StructGrade = 1] XE

Site_.Code str_check str_name str_cads FinalValue l‘
1l
|

B e Jeza  leroior 1L 562245 g

-390 —



o710l & E 22 5FHSF 56.22H Hx] RE B I E =A}E}
A o2 AJElelA CEFeol =it ol 4 Ae AMEA AdEZzoyg
3l Step 204 FHowre AAFE “cnl”& o]L€35l "Structure_CheckResult”
Hol &l gt

o] A3tz AdE FEE dYstn FAE AT I HHSERE thg Iy
Zol At Azprt wredEo] $gdHTh

Gitaan

SteCode [ StelstalDate [THG-E-12 SteMemo
Sttelame }M%XI? SiteManager IHH%
SiteLucaﬁa}’é?lE HEN A

Stuckire.Man .
sir.man type| sirlype I str.name [ str_co|distr.d distrsg | distrmy

I 2 0 54 WAZ BB BN A3 A IO 2%

SO
H Y8 I(M 1o [mlrs] BHU

str_check | strcode| checktype | check.date | check repont [ check.code | tode.view
K0! Hooor ®E2 199-00-2 C 52 C
110001

3% 6-17 HF HrpE

oh B4 W BRHe) AR B
) 903+ X}v} Scripts TEIY YA
QB AR YEEE A LFEe) 9AS NELE AYAE B 4E
S 299 AT the a3 2ol W B A Aol shesith o] 2
she dlolsulolast 4T AFTACl 97 HME AL TP Frives
Axge] A8t BAL HEE £33 YANE TFF A8l UA A
9 4 ok 712 F4e @A) 3] L3t ARTHS Aelseripts® ©l%

He|xhs FH Add o] WAstH MainForm html W7 2] XulScripts 7

oA Lo Text RINE Y dlo|ehio] A2 FE &Y}, o] A

it
o
o

- 391 —



B [t WwKnW B X THWHTML Whmanu, il

R 01 FYE  O)AUE BANUFY
(B4BE 01502, %3, 500
S5 WX
T E RO BV MEAR FY WY, CIR N FANG F& [2ol WAL B2y J1E T Yok
25cm olitel WE $2% Ala'ﬂs-mms)oi AT BeoD el Er windel §INY Y30 FAE HVE AV S
SEsoawNgl INEM ol KRANIT BBNUAE UTHLE BEAN IS ¥

(1) A WAL E(05-502, 503. 504)

(2) IR 2 5 £¢01-502. 503, 504)

£3) 2 2AU01-502, 503, 504)

(4) @242 U(01-502, 503, 500)

(5) 442 EYAV(01-52. 503, 504
HH Y ASR

Y AEEPEIGe

14

QU 2IOLE FE Aarga

FAREIAUSY AHAR ST SUU ASHE FES ¥ NS FLIR 0| FUS 20 012 LAHA SAT ST
A& OIS EYD O

(RARE>

O ABS 71201 10012l ME Wob SHE 20| wiBA SO, O1F U Zh AR ATH A9 1oc T WS FS A P2 ‘I;u?! a4
4
SR

a8 6-18 ZHAAE 2] Home page (Web Browser

4

2) Win-HELP uh2]
AFolMEe ¥ BHeeAE AL o AR B I FUCNES
Agsto] AR} s AMEALE 2] Slste] 74 F AR g Fel
A Bag MQlolES o] &3t thdat L2 HELP BelE dAste] sty =)

T
2 3UY B 22 4 Y=S sk

- (02)-104. 601, 602. 6O5)) -

2# 021 j
FHD LA G BT

4B E :(02)-104, 601,602, 605))

= =N
2 Al 0l HEFSI0 DDA BO0) D0 FHSHE XHEA 2 AT E Rwor GH_IE}JIHQNI Q"’l Ol =0 XM\ At AbD 2| #210§
W QUCH Le WS OINE 20 NLDHE 22H = OEF OF2H 2 WEH0| WOIAl CHl st RHEFN ISk 50| pICh S2r
AETRS £AME SEIHLHH SIS AR WR 2§10 @EOILEZHE B0 R0| *‘;ﬁ}m A H0) 2 I &S
ABEN S8 =01 A4S &S0l 25k S A2 OIS 3R =0
019 WO WHE W BHE DTFRXH AWM S5 SR SHRN TIHQ HAE B5100 222 248 SHOMRICH
=LAk
< B>
2ERESIH [I25E ALE SBD HHE 232 SN0 2L WOILE X, DiEE S0 JAD!I [UEHMQ??I 2 E =

i S22 ZJINHQE WA HBE DS ﬁXIG}?‘IL} o8 2 AR AHAIH M=) 2t 21 B

o

A GOE ZOI5IDN 20 BHH M Z‘-Ri_l !SEIEEFEl AlDIOﬂ
. R LEH010F T

FES NI S
SHCH O D1 E A7 % FAR WS O1= S 20 & 20

i
»
=]
4
Y
L
&
¥
m
"
o
0
m
4
¥
=
[
g
X
2
o
10
L}
ET=
g \.|

2 M8+ 2101 L BOI
I""'UILI 2t a0y TIE0M

= EI}I tDHE 22 PR A2
|82 ZE2) WE, HSTHE DBANIIE AR
OHIEHS 22 S50 DXK WD H

< |

o] A1 U8 HA (Window Help Menu ¥}4])

a8 6-19 3"

E

- 392 —



1

AH2d AL L APEAF

System 3 A&

A 473 53l JLE Systeng HEIJF IAWH G FE] FRE FH L3}
Systen®] H3d-& IHIIIL HETL Systend] A& FHA7| 22 st
7t TR E @¥ 24}

A2EE A Ee iy TREER 53X AR 2R, £23, W4EE 44
stgict. TR v &4 9 3l 4] JAY 2RE0|YR, FRA=
dEel 7 AZstA e dstont, 2% & Hrysh=Zlo] Wayt FREo|drL)
7z} AR" FRES] UEAHA d3els 27 6-200] UElY o3, B} A
g3 g2 FEM AAEHS Qo ZH F2EL] AM2A2 17~20d F=HTh

1}, System F-L-3} Output

Z2 9 Hrt e EE FEM Zo] 2AE I3 d¥E ZAS A&H
of dsta, A4xold HABY Frhde]l FgEden, O Az o I¥E
of Liel} Qlct. sE2aol tiyt A% HE Azks ¥ 6-2104 6-2371xo] U
el glEdl, 2% 6-212 T AT d¥xiEela, ¥ 6-2200= ZAHH
debdelrt 3R or FREEHE Vel 9t 3% 6-2200& R HE A}

UeR} ], ARz Aa] 3L cFolgln, TR AA 53E BIoloA
w22 A 53] BFLE Uehdth, BR7ze] dstyeid $3& Avnd 3
227 F4o 530 DFOE Ushl, R4BPe AWstelor s, FUS

- 393 —



1
L

HH B3 (s1) o] A=t
T2 thgt AJAE FH& Azle T 6-24004 6-267FA0] UERL} 9, O
H 6-24= =] AT dY¥AIEol, 1Y 6-250l ZA1H dstatelst Bk
Ho® FxAeER Urht ook ZEla I7 6-260l AP Art Uelyg o
<dl, AFF2 A 532 EFold, TR AA 5IFL EFololA 22
A T2l EFLR Uty AJuie] dspyeld 53 AldEE v vl
ol EFOIgia, o e J2la HZkeE 532 Dol el Al

Fol oM i DFOE Ueldrl $E23 azbe) wel die Egos 3t
BE et whebd Jubs SejBo] cigt B4 FH o s Yol AFEAS, A
Fol ol thaiAs ARE AdyFo] el &R FHe olox]y] FEY
o] M
Fgol dFEc
EFAA Rl thE AlAF Ag A= O7 6-27004 6-2971x]o UElL
e, I¥ 6-27% VX = 2AT ¥tz 7 6-280l RAH I3t
eVl BH o FxEeEE Yeht gtk Jela 37 6-29o= 2y Az}
el oled], AeE glolde dsidels uient weto] B9 DFOE UEh A
A A2 gold FFel EFoE ueigch ey ReFPoR b 2w do]
ol A= odct

n,
o
okl
¥
[
2
o,
i)
Q,
a
1
N
9
=
&
X
»
1z
L
)
o
=

— 394 —



Form B

— 395 —

.
i)
7 N —
JH .ZH fu)
no -« = o o
Juw I E g bo
A 8 | T
. Qa — I 5 rz - =
B S =g = 4 T E
— a
Q. o]
.W__ = 3 To o a — I
.- —
3 e 8 & | = ol
.m—._._ — o . b~ . ) = Q.
S * Bl i ~ & o 3 ‘BO m
= i 3 g ~
~1 < [do} g .
O &) * ..n_Wp 1|.‘ <t
Torog s b = o
N N N IS N [ O M - < <
.
—~ 0 =)
o ¢ ¢ @ 8§ § i & . .
= i 0 lw_ __l._ .M. “, (L r 4 _=w w Mml e o o v - «nuu.
= PN T e TR EEERE TR
— L e s e L R T _.v.w_____m
—_ | | “—+-F4 3 S TR -hA LA
1 = T T _ _ Pl 3 ™ -1+ R
¥ s R TR a BTHTRITT REaRgEEE
& PN T 3 - = LLI_LL;W:W MMAJ‘ﬂqiT_ﬂla
e AL AL L <« =1 NN T rux_ils_l.-w
¥ o T | 5§ Bt RERREaat)
o L 2 N E| PRl BEERSENES
= A L]l . — R | i L1 b=t 3
~ 8 TITT T < T s 1T e Fadari it
N Laddoa 2 =t TR BT T T
N b b A EE w © A4+
™ o, -\ -t ,« bl * OlA_l ) -t fl__rn__Ll_rn—l_lr|w
o2 L | mih s B — | [T
oy & | INERANNAN RREE M -
R —+- _ L < L B RN
Rk NN I & v EREC IR
b Ay | T 3 s Resnsmns:
Jo ST 1 T My RN EEENSEEN.
e _ A
™ T




A¥gbE (Group 1 ID 10)
Aut(std 9 =te}) (Group 2 1D 40)
4 (101) Groupll
5 Ty 7 o 24 Hel(102)
- 554
E] Description Q'ty |Description| Q'ty |Description| Q'ty .
=10
<, 0.1m ©|3 T
x| BF . H s0s =3 100 e 89. 6%
<
0.1~0.2mm
B Z+d 3 (30cm 0 D= 0 U= 0
ol51)
0.1~0.2mm Zo]
0.1~0.2mm
C| 50cmolat 20% | 0 g 0
(20cm o] 3}2H4) -
0.1~0,.2mm Zo| 0.2~0.3mn
D | 50emo]AH(20cmo] 0 AT S | 0 =53 9. 4%
517t4) el
0 dun o)A 0.2~0.3mm
L amm o
E uLAI—{% ;ﬂaL_
Jaz uz 0 878 o 0 3 0
A
= R (103) mHE(104) | E2=2(201) 241(605) Groupl [
o =
= =]
= Descr Q'ty [Descr.| Q'ty { Descr, |Q'ty Descr. Q'ty | B
A= He
A|F 4B 100 | ¢1& (91.2%| ¢l [100 & 93.7%
el =3
ExEY
B Ay, 0 | ¢=x| O = | 0 U= 0
Z 714 E)
AR
c | TRt o [3nalas | g | o [Fadelz w4 o
d Fu0] sea | | RIS
'—1'1" _T"\_ol ‘—1 ’ ‘EF“I" o3 » Qo
Pl | O AL ORI 0 agge ga |0
- A
clh T+ Alo|E
+4d FHol " iy, 2oyt
Elmmey | O ERAL O 200 Tz ey O
A3} 2J3t &2}

O 622 BER FEREE dNERY Eae-ArTE

— 396 —




5‘}-‘,;—'}}_(Group 1 ID 30)
T

=] (Group 2 ID 20)
TE(101), 22](102), Wel(103), TE(104)
GroupIl
=2 el ool Gy Afo])  FEH PR =3
Descriptio o
Description Q'ty |Description| Q'ty Uty | EF
n
A <, 0.1mmo]3} 7 [91.2% e 100 TR 100
0.2mm 7€ F&3,
B “’“‘Enﬁ?;j " 0 | mAZd | 0 & 0
0.2~0. 4mn 243 F4 ate] 7}
C 23 Aot 0 |[F&23 #¢| o HE 0
ChAM I sr ukAg
B e
H A : ey
Td Ato] We] AF RSk
7l o] #Z38E
} [AR=]
¢ |0.5m ol%g% =T o |=dol sl o | BAIW [ 0
71013 23
I3 6-22 R FRE9E d3EHE BjE-3EAE
System Out Put (& Z3l)
Decription Possibi
2ol e ia | . e Recom
=3 Q'ty |Unit| =¥
[=] 3 -
Group I | Groupll |&AEF . Repair | -mend
el Method
10-40-101C | w25 | gy | 4d | C | 6 | o | FH
G 05-2
10-40-102D " AptE d3vZ| D |28 ¥ |FEES 05-8
. 05-8
10-40-104C " ey | 3k C |28 mt | #HH 05-9
10-40-605D " Aurs | g D |19 o |[HEXRS
AEIZ ANEZ  CF
30-20-101D w22 | =) Z9 | D ]0.36] @@ |[RERS
i
IR AASF : BE
23 ANEF  CF
I 6-23 w23 FREE g3 S23 3y A

- 397 —




Form B

FEAL JREARACILT)

Group I ID 10, GroupIl ID 40 dHHS:
GrouplIl 1D 51
N8 AL/B BL/18 B/ 10L/18 120/18 14018 16L/A18 1BL/1E 20L/18
000 AN
B Groupll ID S+

40
M

*GroupIl 1D T S3of

gt MdE Form BE

m¥
N

L=9.7m

W=3. 69m

Form B

>23 o BEAATH22R)

IT ID 20

dHEHIZ:

e 24
oL e+

oL ea

000 PN
Groupll ID SF

*Groupll 1D ¥ 5&F
of oigt
B

A48 Form

b
=

i
N

L=6m
W=4m

a9 624 42T gIet a7vel A3y U

— 398 —




Hﬁ.:._\to
WA_._HEE
— 2 ujo"
= M“_u_ o [45) %
3 oy o * &
5 bl > « o
X o S W
(2] - -
o & = 3 o | Sl ek
— o) ~ . op | 2 Ay
= . & ¢ o < Ok | K- i g Saliry
€ g i I A s B BTy
Z | s olp 1 o - 2 ™ I R
Bloal o op po ) Ia
| | & " i X
(8] [Tel
@ — X b
= = > S =
S 2 5=
2 % > B | BT T
| <o g H 5 ofn m_m T | - Nk | kR
H c g g w ™ i = 3 (& - X
[¢] ~N 3 = lu\_ w %a mw o~
. ot . mﬂl —IT._ w o =9 0 Ny .
__OG + O_D OE o H_ﬂ_ ﬂ~v ~0 ﬂmo l AO nm > %O =
o Y C I =i B N o = T '

) °| & g - PR o S o =) P /M =

< @ o =z - oft ojn 1 ww_‘. &)

2~ Aa <) 3) 5 T

~ET ENI

Z R § &

s | S 3 E 2z & o ,
~2lrF B i ﬂﬂ.m < Wm o o g — o oy = iy
mIPN R ‘.W RGN ~ N g rH R o = mm-._o__._ ﬂn\‘m—n .maq._.w_-
5 e 2 e e gl PR A oy B R T P | e

f + : — rogii _— oy — [ Jus
B S| ETs EAgE IV YONE| g |l T | An
& %wo%l(wqu = S | THml
..qu 0 - . " S| wmi g - m
o 2l (Cwm~ g s 8 s @ | o =
.l = 5 N e - L o <
I\Ju a - o
ll.._ll <t
il o
<O

— 399 —



A2y (Group 1 1D 10)
Aol & FA EA(I5FF) (Group 2 1D 51)
= 1=2=(601R) -7H603) =3}(801) &2H(803) G;OUPII
s
5
= Descr. Q'ty | Descr. {Q'ty| Descr. |Q'ty| Descr. {Q'ty %Haok
A s |98.6% S 78 8=
5t
B T B3 ‘_Tﬂ R
Eo] 7t Ato] Elo]
C| mtos ol BEXE aFe A=
P4 e B |pEve
a2 Qg f7k0] we g
| Amele |, w8 w2 | 2Rw e
s L2 E| B A A4 -4 “ H_r;__}a}
A oz ¥g wE
s $7to]
= W Fe 253 A&ol g
B ) Alz} H] g 44 #d 2 gl
T m .g_i lid%
07 6-26 R FRFE dFEFE Eug-AFolS
S Z(Group I ID 30)
22} (Group II ID 20)
= 2 (101), ¥2](102), Wef(103), T<E(104) GroupII
N L7 E 24 3ey | =% war | 53
= Descr, Q'ty | Descr. Q'ty | Descr. | Q'ty 2%
Al 9, 0.1mol3t Fd |84.5%] %S = | 84.5%
0.2m ¥+ &3,
B s SEEE e
0.2~0.4mn 343 44 uta] 7}
o FEH A]FolH-o 253 44 i
CHE WM 3L Hof] sy Ay
F3asg]
0.5m 23 F4d, F - .
D ’”’“Aflgﬂ 35;} less| monz |66 |= 2| 6.8%
gl gfet
3aq]
v o1 H
g | 05m OV‘%};}L%’ 27 | 5 7% ZAEtet |8, 7% |E HAl| 8.7%
gl ehe}

T3 675 FEi TE9NE AHETE ENE ot

— 400 —




— 401 -

System Out Put (423 #| 9 Span)
Decription Possibi
Ho LA RE e Recom
4 = Q'ty|Unit]| %H3
Group 5= Repair | -mend
Groupll |&4E-F
I 2} . Method
05-2
10-40-102E | 251 | A3 | 2lg E |19 of |[AHES
05-9 | 05-2
Ca
04-23-2 {09-10
10-40-103D ” " Wi el D |1.9]| o |FEXRS
04-1 |07-26
10-40-104E ” ” TR E (1.7 m |AHRS
. 04-2 | 04-5
10-40-605D ” » |H2%2| D 03|  |[AHEL
04-12
10-40-605D " ”  E D |1.3| m* |FEES
05-11
10-51-601R D| » |A&ol| 4 | D |0.1] o |EERS
07-26
BRTZ ANST : B2 Aen g
30-20-102E |23 | A7 gt E |3.72]| m [AHXRS| 09-10
104E |3} 04-3
04-5
Sz AASF ¢ EF
TEA AANFF  EF
I3 6-26. £2I FRYE 3 533 IY X




Form A
AS2 ol enzAAY ges
Group I ID 10, Groupll ID 40 b
T 1 10
| ] ]
N B i
S S ey 4= —2L/20
A I R ]
Py |
—— 4L /20
1
t
—+ L HsLrs20 000 A
i
T Groupll ID S
J—J‘——suao
-+ 1
ol
| \ | I 0L /20 * GroupII ID Al
wxh RILIRERERRER 1
1 L 5
ol Q?}ELHF Y - Saol it A%
unh iy oL /20
T{W{W mf lelrse Form BE %X
SRRSIIEN ips] ;
EROE -
N
11‘111_1 n—ﬁn— R - —{14L/20
m ERRTRRRRR R
HJ'-r i IHJﬁH-{'H -
mmmﬂm RERAREREAREY
ul bR _ _
mmnhm nlxlﬁl 0 oL/l W=1m
nuhd nn n%l mh _
M — T
‘HHHTWIIEI 111111113:111 H=1.2m
mnmum m# 11 L HhieL/eo
B HM— L=
m nu
SEATESUISEANN 1 S0L/20
Z0HA (H) -‘—%EB(H)
a8 6-27 HiSE elo|de] d3EF 9y

— 402 -




At (Group 1 ID 10)
AsH(gel @ gtel) (Group 2 ID 40)
w4 (101)
g oy
© Aurgk 7o olurer 2ol 1t2](102) Groupllg
= C s , , :ZL% ﬂak
Description Q'ty|Description;Q’ty (Description{Q 'ty
&, 0.lmm ©]3}
A bl ny = A=
0.1~0.2mn ZF&E A (30cm o .
B 017_5}-) %i"l:T %i‘i:‘z‘
0.1~0.2mm Zo]
C 50cmo] At 0. IH h?. 2mm e
(20cm ©]3}17tA) s
0.2~0.3mm
0.1~0.2mm Z o] : :
D A =}
50cmo] 4H(20cmo] 51242 ) o € =54
S El
0.2~0, 3nm
E |0.4m o]} F#E= HWH St Ant3
Hel
Groupl]
5 HIEY(103) u&(104) | HI=E(201) L ¥(605)
53
s A
= Descr. Q'ty {Descr. | Q’ty {Descr. | Q'ty Descr, Qty| may
A=, BT
AT A4S AL 162.1%| ¢ =2
Aej 3t
EEE ) X . 3
B 27] 2kl U= & U=
EERR N . ErpeE]
c gre iy =53 518=2 o
Buy dEFHOZ
p | =8 FHel 2ua oy |2aE 4 ok,
gt ey N T gagE %o
° 3
A
an 2@ A=
,;?_% 2\310_" “—‘,:_3‘)‘“ %0‘]’}
2 AW 798| L) W=,
=E - ol o
il

a3 6-28 w4 EHIFFE SulE

- 403 —




System Out Put (7]5% glo]y)

Decription Possibie
23] e || _ |Recon

=12 ty|Unit| 3HA Repair
Group Groupll |EArER = -mend

I - O B Ao"EH Method

10-40-104D {72 vie} D [1.7| m | 28| 04-23-2
glol Yy 04-12 {04-12

10-40-104E ” & E |4.7]| nf |[AERES| 05-2

Ne2 elold AASE : EF

A AlF
7V FER iR

e A2 &431 43 IWE 2L, 23, A HEAAH 2
Az 23 B} HYol U B4 FYPOE iAo AFHIAAL, AH]
Ho] tisi e A-E AFHe] AFHAh 2ela seH e} F2 ofofx)7]
o] o] diside A 3ol AHEUSL e M AT o
g ol MAEAh &R} Fo] HEHE i FH EFARE 5% 2
Aoy A B4FH A% Ao AM8H tdy RegEel AEHArL tdd
BHEARE o] &3l AlH AFT olfE FAFN A B =& sl Hpa)
B2 U2 S 28] T Zelth. A8 AFF AIHA dEH BT B
T BeAlE A BUME A Aoyt =873 s FEaEcdl AU
BERE ARk =8¢ € 2o Hddch

the 23 EolE A AFH B4FHES] AFEAL Uiy ded I8 6-30
o +2z &uBs} 3o iy oy FH, 2™ 6-312 gfre} FHoloix]7]

AE) 4 Aagy, I7 6-322 £23 AFlSF A¥IY. 2

M 4 do

< 1)ZRohy7] 2)HF e 3R

Y, 34 eeE 2

0:



)R B4 3)ololX 7] F-9] HF 4) Packer AX| 5)%da] 4 g)Ma, 2z

UL 1)o1274 V2t Fupy] 2)dF e 3)ujetd shd A A

B3R A7k B3y 1)ZBE9 Zoh

] AA] 5) 4% EY B <28 AFHoR

= $l Zohy] 2)MFe] HAFH dx] x4+

A8 M (2ZE Y, F545 Y, O EY)olth. Y Bt A algke
5% 2de] vieht glch

1E o
=
.22
-z
{1 "
L,
il
i
o™
e

B
-z

b, Rxg AT c. 343 WAA T EY

I3 6-30 =24 Selr e} Sy Ui HX Y (A<)

— 405 ~



3 ¢=

23 Az A

CE

2]

El

h

— 406 —



9 2

f

7 %9 (

o1%]

|

H o

shuet &

s
=

a3 6-31

~ 407 -



s

g A=A

ilJ

b. uhet ze

— 408 —



d. P4& BY B 9

13 6-33 $23 27 Thd o 2y

i

— 409 —



Wiy

ot )

g Tradlay

E% Bt f. dut E% Ebd

a8 6-34 w2 vlE Overlay 2

— 410 -



th s23
) A&
2 A% 39 ot Gk puke] ItxEHa o AgAeA &4 A
& JIEXEE o] 7.2n F 4.2n2] URHQ £FE HEo|t) o] AL A
odo] vt @} =t dF A Aejoln, AT oAgA

A0

e Bes HeFAA YNNFAL AR Tl wha
< e Aot U ERARALE FIMAM HUAH AL
iR eE HEIV AAYA oA By | JAR , FEH d5oE
3 Q3 Fo] AUAA YL3te] ALY olFol oYl At
Aojt}, old Haleld [e|FAE ditg Frste AMsIE dstAR 47
o] wiEel WAE e F97t grh £ dAFoME= o] AFE st
Artigel 2ol st Ferd Aehg AAste st & wgstan A
219] thek PYEAE HESA B Zojth
) AL ¢rAAR
7h g
ZA} oAb 2kl tfgt AL 136-35a%} T, 2 AR Y 6-360]

LERt gl

~ 411 —



o8 om i rev xm

30 bm 1
e O 2

1
uy

w oy

[(Aax]

[&ax]

% 6-35 23 AN

% 6-36 =23 HF

= Schmidt Hammer, Fo} FAINE Al&3le FHAsIYct. &3
& 3om 27e) B 4x5 ARE BAsld 2 AWkt 194 3 203 B

£34x 4 FAR=E E 6-72 Zrh

~ 412 -



¥ 6-7 ¥E3 Schmidt Hammero]] &}3} ¢}&7tw 24y Az}

EEETR PIETTTY FYe CETYEY e
HoX 2 Al
NO 33 B33 | ZE (3= ZE | BFA
R AR Ro Fe¢ an Fe kg/Cl‘lf
& [z85]35]%05] 3 [ a5
33 30 36 [32.5] 31.5 236
g |30.5] 28 | 37 | 25 | 305 | 32 32 0 32,32 0.63 148.78 | 160.52
31.5| 37 | 34 |3a5] 33 16
H | 33 |35 3 | 3 | 305
42 | 53 | 50 |47.5| 39.5
al {738 |425| 48 | 45 | 45.5 336.
50 | 45 | 46 | 43 | 40 | 44,52 -4,5 40,02 0.63 211.84 | 216.37
of [25] 4 [at [ 40 | sa5 26
44 | 54 | 44 | 45 | 4@
TH, HuEYPH Testo] 23t UFHE S22 FHUEE HQ3ly] 231

S elBoA 17]8] CoreE 3] 5']'0‘1

CUERE AIY 2 gHE AEE

4&R2E o

FREAEE AAlsHAch
of 14%g/af 2 Ul E o] AR Ao
H)s) wiA Uelylth 29 6-382 Fol 47 E Ayl vehuglch

a9

6-37 FulE Iy HAE

— 413 —



Load (kg)

T
0.0 0.2 0.4 06 0.8 1.0 1.2

Deflection (mm)

3§ 6-38 sHE UdSTE AE

AANY TohiRel LA 1¥ §A ol g3ted $43 Lolg sl
Aot APAT EetHold ANY FAANIAL HL 3denrbx] YR
7 gasgch A2 U8 T 3 AASHE 2o Taoz uwy

Feldel HeS ¢ & alrh

th) sty 7t

(1) B7} 2y

2 ZE&FHY 8 {AESFE 984 WFtsH(Load-Carrying
Capacity)& ¥7Ig H27} givh. A feuetolA A8 de 2¥2
ofe] FRe A Zigol sl AT diFel S Fo 5Yol o
A FYS HE8E 23 ok =3 FRAFY Y W IY, FREY A
e, BT WIS o4 ARl 3N A4 aFe] F2F 2o AL
A wEsta vt oy W= e 38 JstHE ZAAster YoiA
Helgoz aeEojo Ttk FUAF 27t BT ¥y =27 U
€ o 2dse] HsiM FEEHEe HrEcll o
£ 8] AAME olEo iy FHY Bt
deiElojol Frh £ ATl s R S 2T A o2
Bz aPe FAE, HHA8sE 2

o]
sto] B HuiEtES AHEshe H&8H ool 2%t JWsky BHIt v
a

2
2]
N
rhe
i)
o
mlo

S,

718 stEolgt aarg oo utel AMIUE wl Ao

iy
¥

9H +

— 414 -



L #3l2e AVE B 71E 1E(DB-13.5) 2.8 3o vlElF o= UeRA 3}
oltt. & o] QAFIA FHY £ 9l TIIFo 2T He| Hrujgt
2 ze] 3L YoM xBlFol 23 $HE W FPolEE ol B2

gl4jol 4adch

e

0, 0yg
P=135X ———= (6-1)
0135
7|4, P : DB 3RO 2 TAF 7|E Y
o,  AEY L&Y
o4 ¢ AEtEolefE &9

0135 © DB-13.5 3}5of &3t &9

ol, 7= Ustde make] o2 dAlY ZEE Uehl: FolEE §
g Aste] QolA BAISol o3 T ATl U AL olE maistel At
slojo gtk WTe] #83HL MATYAY AFA Mo wEy $eitel
o A% =23 EFE LAY ARHAY 19729 o] Fol= 1,500 kg/cm’E

AR 2EU A BUsEE ol E1e AMNCEE o] e ItiE 9
b Ho) stEoz Adsls A AALT ¢Ades B u Exdel 9
ok & Aol g %aa& Aohigeses g F3usd U duAe
2 27 oEel 2 wg(A sd)mE S8 Ystee F7MIA 2
golh, wbd ze] wEAelst 33 BasiAY 19

2 sjojo} ¥l & slebgol 2L vsteo
AASE Botd nEVoRA Ax BuUss Mo

ool At BV 2Iix] RAASE Ft FLEA AAZR 3
B HTistE P T A](6-2)9} o] AXHCL
x K, x K, x K;, x K, (6-2)

o
u
4»
I‘[F
o

— 415 -



714, P : 7|23}

(A 1A | .
K= (IR0 Tricaaa) . et

K, : =84ejo] & 2AAS
K, : a%elo] ot& RZA¢

K, : 71el 7] w}& BAAS

olm, A(6-2)2 HZAST F K, o K, & FANEZRE I & T3l
AAZ ARG glou K, ¢ K& Zb aiuitt AZ afolsly] wjie] B

Hao FWXE 737 olay vyl AELE wie] st ik Quky
o2 A3 HAASE the gl
(7)) g¥ol B RAAS K,
del AHSHIL Y TRIHo|BoT T e Exgde dutmo
AA S W ASARolN AL gur) Ak Wk o] wlgwE S st
de F7MIA FoEA AV A& Aol RAY 4+ uh. ulehy
AzAo] T ANNY WE Kb g o] e e mael thsiA

3% 2R 4= YT ks WA 2 ZAE¥EH Qe AAE E
BE stel uley) A% 108 A= Fysich,

(Lh) =daelo] 33 YA K,
=] 8FL o] FUY wf aFPol 4L FA HAL o] FHY Y]
+ =9 AEiZt 3 gl whet 24 9"t JgER o] FHo| 1y
of nlX= gl 271 wlEel sty E WFY uf o|A& ol Tl
EE UstEE AR ul Bslgel tig H4AY 4%
18i%t "otgol o FZ 2o e Frgo] EJT Ffel= 4F Az}
£ HiR e RHAsIojof gt FelMe A& ZAIE WIYLE ¥6-87
22 & AEsia sl

o

— 416 -



E 6-8 k@iefo] wlE EFAS
=" A K,
okzhel pfho] Qe A 1.00
%gdl Th4o] w7t da X B3] 4z FFo] gl 0.95
3’%{13%;];} Aot 3 FFolA xR FaAl ApAlo] AF 0.90
FRwpEo] Alste] AlRrFE A A Fo] FAY B¢ 0.85
(th) 2BAtefol 23t BRAS K,
71 st d AlgAel &3t #3lF vide] wE SYLBHE Ao
Fou AAE 2 FYsHe A E-S AU 2AEC} HET Fe
T 93 2% ¢ FE=E U] iRl & W2 oy 1F 4%
S Ut HAHY F M HishES AAstelof ¥l olo] AE 2A}
E gl dojAl Hetsjol ¥ ARFE thea} gt
TSR] EXo] HI FA}
@ BRA U= 24}
Q@ Azre] T2 $1A 2AL
dutd oz gEakefo] [I A AN Zpo] uhel AR ZBAH
& ZARStolof BRE A ke AAIst7lE Al vt wheba ojo #
s AEJLY wete] 9ldsta ych
(2h) 71el 27 B3 BFAF+ K,
71el 2707t ¢ke] 371 27 olefY] BE 2AS B3t ZAdd ot
Hog@ Rl Fa w Eafo] o3t Hxf whdA ] Z4A @ sHEFR
FF Q =4 Fox & WL
£ ZAlAE A A AE Briste 2% ¥} of met th
#} gol A4E F-gstdct
B2 A B C D Do) 3}
A % 1.0 0.95 - 0.9 0.85-0.8|0.75 - 0.7 | 0.650]3}




(2) 2stAH
At AL AIEY 1tE HENE 23

MY U XAl Hoizt
g ARol A3t sel SR AU B2 AYES 37 shavh

A EE AL H2StFol 15tondd PGEZE o] RYE Hx|s}o] ALE3}

A AspaEe] & shy At F2 AW I¥ 6-399F Al

Y 6-400l ASAUE st MAH Aolxle} LvDTe) 12, I 6-41
27 Uepdch

2 2] FA Aselx], 39 6-422 ASAIY

4 2ton

2.7ton 4 4ton
l I —

205m

b
1 I l
4 2ton

— 1
| S
2 .7ton 4 4ton
}_‘_ 3.20m P%- 1.25m r{

£ ST 226t0n { = DB13ton)

33 639 APAY

- 418 —



2% 6-40 Alo|x|2} LVDT 4913

o >

10870 kg 10770 kg 6340 kgl)__»

a3 6-41 EY A3} 9%

a. LVDT W Q|A Ax b. dlolg] 718 #x] Alg]

— 419 -



c. B st
23 6-42 AstAE BA

= 2% sty AHgele o] sty APl K = 1§ AMg3tn 8%
zZe wetd K, =0.5 K, = 0.8& °]&3}4rh

S5 AIHE 38.54af® S13L, n=PE o] &3l T FEIFO AYF
ool o1& wh HZZY o ;3(ASF DB-BoTiE)) S A4l ABIE €9 o E
AASIH 613 = 400kg/cad , o 4 = 324kg/or B AlAE O] Hcf F-8Ui5HE DB 1
5Tono. 2 AAE Tt el 123 6-437 I8 6-440le 23t APl whE 313
He] AL HYPE A7 o]F Ziol Rolx, B Fote] A Hrf AHL 6.4cn

To|il, 28km/hr F38A] 6, 9cnZ UElICE,

7

w A
~g—LVDT!,CENTER-LEFT GHH 7HBE 8 Y A M A \

6 —0—LVDT2,CENTER-CENTER / N i 28kminr THy

—A— LVDT3,QUARTER-CENTER
] § i
4

2 HHGDY FY o oK

Displacement (mm)
w

0 50 100 150 200 250 300

Time (sec)

I3 6-43. iAol 27t stF-He] UA

— 420 —



500

400 ~ —a— con'c gauge (center-left)
1 —— steel gauge (center-cent)
300 -

....... . CON'C gauge (venter-cent)

——e— ¢On'c gauge (quarter-cen)

200 H
--- steel gauge (center-left)

100
g
-100 &
-200
-300 '
L £l
-400 : . . ! . . .
0 50 100 150 200 250 300

Time (sec)

AT AA2EE BT AN AL PL (FoE BEHA B4E 93l:
sEolodrt. FdetAet A} st o] DBIStonSE oAk E 2 71 B2
gith 2oy o]ZRE wake] Zols} 7.2mol E}sle] makel HjymruES o
o gl ol ZEYE 91X A7l A$ AESo] 2yt olA =)

ZEZE A3, 3ol UFAE 14Kg/en2  FHE WA
160kg/cm2E HAHAH OB = 150Kg/cn2 8 A E ¢},
TACES ZERE, 43 A FUEY B, AU, ¥ wey
313{3}3L, DB-18ton?] 35 a $£E2 2 YitsHS FAAFT] $lste mer A
E 3719] H-Beam(H200x200x4x4) 2.8 R 73l 3 EL Bl RAFYE
Zlstrh.

33 6-45= wEol2] H-Beam B} FA} AL viehdc),

2 o

- 421 —



i
)
o

f. B dAF Epoxy 33 A g &3l H-Bean 87 24 ¢y

3% 6-45 %23 H-Beam B3 A8 A2

— 422 —



4) R7ZF sty E7t
37 6-46% H-Beam BH7}%F 3} AJ¥ 2}, 28 6-47 BT A2 st
AEAE vepdel, 23 6-48ol B AFL AStAE A3st vlzEH el
th o] 2L AMEH BZE B 2o Aol B4A 6. 4mmolA 1. 54mm

a. LVDT WA 4 b. Stain Gauge *2X]

d. zistA g

% 6-46 23 H-Beam B 7 ¥ x5} A|Y

— 423 -



Displacement (mm)

2.0

oA DY T Y o A

/1 \

.4

35kmihr 7

30km/hr

@ UHNTY B Y of A A

7

0.5 4] —e—tveTicenTer-LEFT .
—o—LVYDT2,CENTER-CENTER
—4—LVDT3,QUARTER-CENTER
-1.0 T T T T T T T T
0 50 100 150 200 250
Time (sec)
2 - 5
I8 6-47 FEI BF AAE 23
7
—a— LVDT(28™ ) CENTER-CENTER /
] —o—LVDT(EZ¥ ),CENTER-GENTER wuARBgET AW
8
_
= 4
=
-
5 °F
g
b4 W 2 MANRY 2 Y AW
= 8
% 2 3 sr;ﬂﬂ \a S L mﬂ,ﬂ,;; joenin 2%
@] 1 ¢ wanezzo any ﬁ {
. N
0 T T ]
[} 50 100 150 200 250

Time (sec)

7% 6-48 w2 B A, F ASAYE A3t vla

— 424 —



A33 ot 9 AL

L A4gol ] Ayt F2EE 2AE 2714, Fod ZA A 2 dge 2
FHZE, AeAAL WY Ruled o] &3] v FRE AR & B4 - 17, A4
o 3 AlAaRi(bAAT W o2 A A]A® SAD : System for Appraisal and
Decision)< 7IU35taic}.

SAAEET FERES ST, ol AHEY] A TREY Axg]
BI7HE st ZF AEEY 715E AAE BAY dlolEulo] A8 o] &35l Ha
T JEE AT B AARL A 82 Y458 (Graphic User Interface)z} T}
d A&HS o] &3ty ARE Y, 73, AAEe dYH AEE o] &3t AAE
Adsta A9 E ZAE GraphicAz], ZAst Lo A8 E FRA AF3te
T& AAE 7Rzl en, A& HelE Tty mlhd Y=g WS asy
o, golEHolAE AMEEle] RAIRLRSY] ¥} BH Tz FolNLE sty
A&l A AEste S sttt T3 JIE dlolElHo]AE o]-&3le] XntAzie}l &
oA 9T Z1F ARARE AT JexUt FF HAZAY, FHARRE AE
B P& AL = AT et

Az 7E e ZBBZH LS 5ZATY AEES B o AA dYE o|FoxER
Al dEHZ A FRES dY3te €7, AR Y HEE} 2EY AALL
A A #2221 7)E %

AR T|RAIARIO R AMEH 4 Y 71",

A AR 23 IR HIEEE AT F FHE, =F dUEE R 3
gt BEHe 55 FH YA FelE $std B4R F dolEolAE
AdABIEE o] XEE vIReE AHEY EFFHol AX=EE Zzte] Fye oyt
AREAL A Z2 312 Web browserE F3Ho] AMEO] THedlESE HOoBH FF A
EA3H Y Be FHY F30] &7FHE F P HFHLE fABEG EH &
AE ZoZ JfHcl

2.7 AARLS AR $ED, £23 9 4R ZIE TR H &Il A
2l el L ¥elsleltt. PDA(Personal Digital Assistant)& o]&3}o] RARR

AU 4 Qe AAPIAATE

— 425 -



2 KW Hom s oy = =
oo — O % qm N P.M w _M s Ko K w -
W K ez iasdel L I TR - B
Q) ¥ 5 050 ﬂ R F u Py ey 70

- S N 2 o & of
4 TR zowo_ooafy T+ w
< Py e " Ly P R )

) 5o T Mo T W + ® 2w o
EoX I B T T wr
L m o E ¥ o ofi I =n »
B B ¥laspnFirpsas = 70
3 S W o o X o = ® 1 to
= o, & I oy TN W mA i m o w W = o
2 O X T Ko U T m n { h
2 o T LB s L o
4 ook B R NE _ ¥ % =0 &

FH - S O " T R oo X B o Wc -

< ° o T o x = ® @8 W < N
I peexl S L
< I I FE R

T Y ooy =~ g © L = wr of w0 E
S SN SOE R B N
 FEolzeishylizoL 3
~ - oF b} ~ o o oo m g O ol o

- S Em_r_wuoanlﬂ%lor.z_.
ol 3 5] X o L
= S w%%%%ﬂ%m_ma%ﬁiw@
™ o e - N T 0
;“.._ v BT N T 9 T o X N wo T RO r
v BRI E PN~k T aw o g
o e no e S o) e gy w®
ofu ,._w‘_ Y Exo oA aﬂ o o = Wﬁ o = ™ i .Em._ "

o _ lexy —

AN A R
5w oo thoo o gROW g o R CRE N
o A N A [ R N =
S L - S S e b2 R
n :_%iﬂduo@oéxﬂoxmalo_eaL__ﬂ
o M&.m E._ N We e B < W wW._ %O W q_ _.E E_
AN S - TR By
0 E el e 5T 0 oo oy & ™
«f B oy b e Ty SkewmEEL m

n o R - - %ﬂ L A oo

+

g9s
H-Beam(H200x200x4x4) ©. 2 R 74sl3 st d e Bl RAFIE elsigdch B 2
= R AR . i3

ole]l zlthjx o] B7FA 6. 4mmofl A 1. 54mE tf
— 426 —

&3} DB-18ton?] 35x £&FO0F 3}
gastd FaEd Zojth o X

=
=



7R 29 U

oM
IIEE
|In]
rHl

A1E Qof

A1 ME

2 BolAMe [sgF2Ed AFHAAS A%, AL 4 ARSFE 93 A28 7
R of oigh A7 gy wi, "o, FE 9 g, JviEs 9 Z&Yde] st
of Felstedch & B &L AR a3ty thed ATt

1.

2.

FETFRE QAT FAoA FPo] HE53le sAHRA] R AARE A ¢
ZF3E 2A €3 FIE FRAAVES UESHHA Y BAAA EA
e B F = HFEA Zeae] sge] 23E S gich
SATZREY GRS AT AL, ZAHEIL] 24, EMNZAI A% Be
5 2%, B - B3 A3 d AALDFE 38 AL 77
Ho g +8Y 4 = Systen?] 7igo] 27FHIL glrt
gt 2L gl HEAT JPPE Adste] ol& &AM FHT
HARIRES 3t 1 Adfol ulel HHY B4 - RAFUE =YUSt B4 B
FREY UTATE S 7158 S F3AZE Hart st
SUTFRE HAAA vAZAYEE =Yt BAG Pl HRHE HH
AAGE ABE 4 dA L 7] AAE TR EY AU WY F2E
B2t Aleg dsie Ao B4 RAFHE FEHoE ARG A AXE
A System 7HUsH= Zo] & A2 FFolr},
A7 Ais HYF2Eo U IFHY ¢FAG} IAdFAAE V22 B
-RZ E2 A B tdey 2l B B3y A 4 A
"EF R HEH Folrh

p:%»

s

o
_—%

A2 HHAAYE ol &Y vUTFZES HFHLAS
A% =203 7



2 Fole s DRAALNA THEA HE 7Y A sdT2BolN ¥ 4
L ogd, R(LUEL, V& THR), $EL, @A, $2EY L YA UAA
Yo HAGE AEHLE FY 4 ok HAMA T2 Y WARE Y
¥ 4 e AAED 24 A5 Z2aue Auskac,
B %) Uge FANLE aosta thest Yk
1 xgd72E0] i FWAA 14 AENE A R A7
1598 EE 3 oldol AU wAAPAY TRUAR(TYE)E BRE ol
AT glo] B RIE TAAZIE AA Lol AuHE HAE st
a1gich.

N
i
to
£

In

2. & Fold 13U FUFREL BE ATIAE F2E Hol grh.
gebd ZEAAYS A8sln, TANE BEAWA U TRAANEY AL
F43 Tz 24 REE TRk AGRANES REN 6] $UT
280 gt AH4A EAES 243 sk

3. 7t P2BUS AN YAUA EAE 22 00T AAst HHsg T

4 9l AFH ZEIRS JpUstect

2 gold UM HHYA TN ol8stel 7T HAUA R A3

43 2% gelde Polgons B Rold AU HI4A Tsoge =F

AA sYFZEY Aol Y8 4 U O puATH

5. HAAMA A34E V122 229 HAUAY AYeRFE HPTIE 334
HAEE A4s) F3 ol2¥Y 7 VAEE AFOE YUY 4 & T
g ustart

6. E oA AUT HAMA T AR Y ZEIPL
A UFZES AASEH 483 BEY o= WAL}

l:l

AALE FA

W
2
w
o,
off
ng,
-+
BN
i
1o
e
ol
W,
X
X
o
o
R
C -
AL}
s
do
(o

1L.5472Ee 8%, 44 2 §x%2 AAE BH3le EAEE =&stn AAd

— 428 —



oF
of
™

< AABtgrt tiR 22 FPFREL 3FAALE AAFY AR A

g W] Rojol £ Vet HRHOE o FoixA Rl sl% Ast R UF
W UHOE olofx L Qo] HAF T}
<2}

ZES VS AN OPATE GRS AARRA LG FESA T
oY DB W TH Z2IY ApUel Wy HEIS AL 4 YES 3}
TRTIIVL AUste] FYTREY oldB e} AUZE IR T

Y F UAEF oot

o

RTI  :
SRRt

oX,
fljo

FAd 2AWEE =& stct
2. F2EY, 2AhE /Y, FeE AAT A% 9 A% 1/4HF, A4A
Aot 23 Ruled 7Ngste] AT o ofy A &
Appraisal and Decision) 7jilo] o]€¥ 4 Q= Z 3igch
3. Ti¥ I ulzta] Z2Apde] tiste Aelstal PFRE EEE &2

ul 2] Data Reduction ¥Hol tiste] dgs}eict.
5. A5 B4R 7FDB 2 AW AR AY

& Agzapeh A - 9 AMS Bolel £
& dolgict. FAI AlF, ABY ofg
L we AAZE, Bael WNY FEH, A, U4 5o UQo] 3=

} 1 ER72ENC 4% A8t s,
2. EAE 4o P22B &4 W 4% Vol telel R4BUS AVY of A%
ol slobd AL, FeFzEo] FeAHE dortt B AYHl FL A

& slof Trke FHolvh 4T BH o ARGl F2 AEE 2] ¢

ol
in'd
44
o
]
2
=,
o
b
ok
)
ne
I
o,
2

— 429 -



sto EAE feTEBol Wol AFHE ThIR BEAT thstel 4 B
AN¥e AASAT AR thes gok

- ABE BYo] upm,

H F2 FAEE & % =73 Pl mE 2109442 B RBY 3
e 3, 24 ALt vt vY FeFEE FAE &8 2 =73 ¥
Efol whet HHE B4 - 2 FHS A € £ A BAAE FHSc

6. 6% System 7|t % HA HL

LAl AEg 312EE, ZAME E71y, F9E AT 29 4 29
_/!':. .

LHHF, AEAAL 3t Ruled 0|83l v FRE AFAIY W BHe4 - B
7} A1 th AR A]A¥( SAD : System for Appraisal and Decision)& 7§
sttt

2.0 AARLE AFR $EX, $2I U 4R TIE T FHEsA A

3 5230 thsto] etz o o2 A A|ARI(SAD : System for Appraisal and
Decision) & B3t Atreo] Fulerd Ak A st WYalg g BFs) R &
o] Al o]9]e] ok e=AE HESH

o2 REA HEE 2FE 4

¥
o
>,
>
nZ
o
o
oo
o
(N
a1
(i)
u
=
ol
f o
o
o
(o]
il

wiz ATl 2B ZEPE, QHSAY IS U, FAYE
%, BE Wede LA DB-18tn2) 35A $EOE shs YA

2
o]sle) @B AIEE 37]¢] H-Beam(H200x200x4x4)o.2 K 7}st: z3IABE Tl

lo

— 430 -



A2d FHEE

FYTRES AFEN THE £

2
o,
N
i
2
o,
|
oN,
o,
e,
3
=2,

o,
9
X,
b
2
ot

7t 7hsdele AAH A Aol 25t APH TYEE o] &Stk Aol Ao
2, AA 9 fAReE E@9the AEA Yol F&3a LR Al e A
o oubgol BREA] ol FREL Aol thdt Al HZo] o]Folx]A] ¢
drh.  wgTREL] A o8l glojd FAEH tAPE As] HAsM=

Al FzEY A gloA sPF2EY B we F2EA 78S F &3t
HA2g 7|5k, AlFE FRES AAFYA FAHE Systeng FoI BI|H o=
ARE AAIshe ZehAQl wieky|&of ulel 2He] B4 B F2 IA] 52
S Fshs 4] A3 fAIAEY S0l RIIHLE PEolof rt
AFollME= vdFAHEE =ste] BAG dAgo] HEH sHFZES
HAAEAGS HAY 5 Q= HFHEA TR MUt 7] AAEH BYERE

o AT WA TRE Brles AUsE, A 8487 TP I
Hos Auy %

H
A AR & 4 o Systend AUsty FHFREY AMH U
AP B&EE Ioinstaxt stglen HFHA d7L¥e v

1. HALAALE o] 8T vAFZEY HFEAS A =239 7Y
SA7IEGAGOlA heEA HE P dEHd sYTREClE ¥ £ Y
¥, AY(EdBn, e TER), £22, 47, $2EEE d G2 HA
Al #HHY dARE AFFeE I 4 9t HIEA TEIWI 3AL 4A
=& H4E + e AA=EE Y A3 =233 Ausiech

2. 54728 % 4 AAY fAHNE Y F2E oY B
- 5ETREY A%, AA ¢ fAB AAE EN%t EAEE =& T

AarE AAlstadct

- BYTRES BUE YA dATE AYsIR A RALEE FHSA

FZE o|d DB ¥ ¥ Z2IY o] Way RIS AFHAL /B X

14

— 431 —



=]
A2t 28 Ruleg U3t
- thorel w3 wim ZAbggel tistel Felstn FYFEEC) BEEI e

uiel o] Data Reduction ¥WHof tiste] Mg staict.

- 2 52 —‘%Zﬁ‘ﬁi &4 L =53 gejol e 2100978 B4 - B3 3
& £33, BH APstd gAY sd72EY FAE &% d =F% ¥
ejoll whet FAY B4 B FEE Y & £ oA BHAE FHSIATH

- 23] 722 Eo] ol AMLHE Tt BB cist B BIF AlEE AA

- FEE LA Bo REFYPE g3t FIMEE +Ushch

5 System 7% X B AHE

- 2zEY, 2 hg B, BAE AT A F A2 2/E, He
A2 314 Rule o] &3ty B¢ FT2E AT @ B4 - 27, A oy
3 A" AEsiglct

- A NAES AR $23, £20 Y wjFE E32E TR H L3}
A543 el g S HAastslch

- w2 tsle] baaek @ tha] FAY AJAR(SAD : System for Appraisal
and Decision) & E3} Ztielo] AW Atk AA3le] Usted& A
A17] o5lo] maF ALE 3702] H-Beam(H200x200xdx4) 28 K753 zHstAI R
< B3lo) BZAAE HASISTH

— 432 —



. ACI, Causes, Evaluation and Repair of Cracks in Concrete Structures, 1993,

ACI, Guide for Evaluation of Concrete Structures Prior to Rehabilitation,
1994.

. ACI, Repair and Rehabilitation of Concrete Structures, 1989,

Adamu, A, and Kalihaloo, B. L.(1995), Minimum cost design of RC beams with
segmentation using continuum-type optimality criteria, Structural
Optimization 9, 220 - 235.

. Adamu, A. and Kalihaloo, B. L,(1995), Minimum cost design of RC frames using
the DCOC method, Part I : Columns under uniaxial bending action, Structural
Optimization 10, 16 - 32.

. Adamu, A. and Kalihaloo, B. L.(1995), Minimum cost design of RC frames using
the DCOC method, Part II @ Columns under biaxial bending action, Structural
Optimization 10, 33 - 39.

. A.J Aisenbrey,Jr., Design of Small Canal Structures, United States Departmemt

of the Interiror Bereau of Reclamation, 1978.

Allen,D.E. Safety criteria for the evaluation of existing structures, IABSE

Colloquium on Remaining Structural Capacity. Copenhagen 1993.

Al-Harthy, A. S. and Frangopol, D. M.(1994), Reliability-Based Design of
Prestressed Concrete Beams, J. Struct. Engrg., ASCE, 120(11), 3156 - 3177.

10. Andrew B Templeman, Civil Engineering Systems, Kluwer Academic Publishers,

1982,

. ASCE, Repair and Rehabilitation of Reinforced Concrete Structures: The State

— 433 -



12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

of the Art, 1997,

Botkin, M. E., Shape Optimization with Stress and Buckling Constraints,
Proceedings of 5th AIAA/USAF/NASA/ISSMO Simposium on Multidisciplinary
Analysis and Optimization, 375 - 383.

Chon, M. Z. and Dinovitzer(1994), Application of Structural Optimization, J.
Struct. Engrg., ASCE, 120(2), 617 - 650,

Cohn, M., Z. and Lounis, Z.(1993), Optimum Limit Design of Continuous
Prestressed Concrete Beams, J. Struct. Engrg., ASCE, 119(12), 3551 - 3569.

Cohn, M. Z. and Lounis, Z.(1994), Optimal Design of Structural Concrete
Bridge Systems, J. Struct. Engrg., ASCE, 120(9), 2653 - 2674.

DOT user’s Manual, VR&D, 1999,

Edward J. Haug and Jasbir S. Arora, Applied Optimal Design, John Wiley &
Sons, 1979.

Emmons, P.H. and Vaysburd, A.M. Factors affecting durability of concrete
repair. Structural Faults and Repair 93. Edinburgh., UK 1993

ENR(1994). Korea Checks its Bridges. In: Engineering News Records.233(18).
pp. 9.

Fang, H., Azarm, S. and Bernold, L.(1994), Multilevel Multiobjective
Optimization in Precast Concrete Wall Panel Design, Engineering
Optimization, 22, 291 - 322.

FHWA: Federal Highway Administration(1988). Recording and Coding Guide for
the Structure Inventory and Appraisal of the Nation’s Bridges.Report No

FHWAED-89-044, prepared by Office of Enginneering, Bridge Division, U.S.
Department of Transportration, Washington. 77p.

Gastal, F.P.S.L.: Silva Filho,L.C.P.:Klein,D.L. ;Campagnolo,J.L. (1995) A

~ 434 —



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Method to  Evaluate Deterioration of Existing  Structures, In:
4™International Conference on Inspection Appraisal, Repair and Maintenance

of Buildings and Structures. March, Hong Kong.
GENESIS User’s Manual, VMA Engineering, Colorado Springs, CO,1999.

Golabi, K.: Thompson, P.(1992). PONTIS Executive Summary, Technical Manual
and User’s Manual: A Network Optimization Systems for Bridge Improvements

and Maintenance. Report prepared for the Federal Highway Administration.

G.V.Reklaities, A.Ravindran & Ragsdell K.M,, Engineering Optimization, John
Wiley and Sons, 198

Hammond, R.(1956). Engineerings Structural failures: The causes and results

of failure in modern structures of vario

Harold Thomas(1996), Optimization of Structures Designed Using Nonlinear FEM
Analysis, Proceedings of 7th  AIAA/USAF/NASA/ISSMO  Simposium on
Multidisciplinary Analysis and Optimization, 604 - 608.

Hawkins. M.R(Chairman). “ASR-Minimising the Risk of Damage to Concrete -

Guidance Notes and Model Specification Clauses” Concrete Society TR30. 1987,

Kirsch, U.,Reiss,M.,and Shamir,U.,Optimum Design by Partitioning into
Substructures”, Journal of the Structural Engineering, ASCE, Vol.98, No.l,
Jan. 1972, PP, 249-261.

Lourenco, P. B. and Figueiras, J. A.(1995), Solution for the Design of
Reinforced Concrete Plates and Shells, J. Struct. Engrg., ASCE, 121(5), 815
- 823.

Moharrami, H. and Grierson, D. E.(1993), Computer-Automated Design of
Reinforced Concrete Frameworks, J. Struct. Engrg., ASCE, 119(7), 2036 -

2058.

Peter H. Emmons, Concrete Repair and Maintenance Illustrated, R.S.Means

~ 435 —



33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

Company, INC, 1994,

Raphael T Haftka and Zafer Gurdal, Element of Structural Optimizatin, Kluwer
Academic Publishers, 1992,

Salajegh, E. and Vanderplaats, G. N,(1992), Efficient Optimum Design of
Structures with Discrete Design Variables, (in Press, Int, Journal of the Space

Structures).

Schmit, L. A.(1960), Structural Design by Systematic Synthesis, Proc.2nd
Conference on Electronic Computation, ASCE, New York, 105-122.

Schmit,L.A,Jr., and Chang,K.J.,”A Multilevel Method for Structural
Synthesis”, Proceedings of AIAA/ASME/ASCE/AHS 25th Structures, Structural

Dynamics and Material Conference,Plam Spring,California, May 14-16,1984,

Sobieszczanski-Sobieski, J. , James, B.and Davi,A., "Structural Optimization by
Multilevel Decomposition”, AIAA, Vol.23,Nov.,1985,PP, 1775-1782.

S.S.Rao, Engineering Optimization, John Wiley & Sons, Inc, 1996.

Vanderplaats, G. N,(1982), Structural Optimization,Past,Present and Future,
AIAA Journal, Vol.20, No.7, 992-1000,

Vanderplaats, G. N, (1984), Numerical Optimization Techniques for Engineering
Design, McGRAW-HILL, New York.

Vanderplaats, G. N.(1993), Thirty years of modern structural optimization,

Advances in Engineering Software 16, 81 - 88.

Vanderplaats, G.N., Yang,Y.J.and Kim, D.S., "Sequential Linearization Method for
Multilevel Optimization”,AIAA Journal,Vol. 28, No.2,1989.

Visual DOC Reference Manual, VR&D, 1998,

White K.H. A performance approach to design, taken from The Design Life of

— 436 —



45,

46,

47.

48,

49.

50,

51.

52.

53.

54,

55.

56.

57,

58.

59.

Structures e.d G Sommerville Blackic., UK 1992

24355, 23 fx|Fe 2E, A-4F R}, 1995.
A4RTE, IFFZEL By B3 #1995

A=A AR, HAH7x D o - IZ4FH dAALL o, DHEA, 1999.

24z A HAE, RCZE HAAA o, AAHEA, 1995.

AR, AIIZIACE AAHUH(I - 1), 71EZ, 1991

A4ATA MUY, BEHARY o, AUATA}, 1997,

A, EET2E AA, 7IE9, 1994,
ARt gy, EEF2AA, 3E4, 1997

294, 72, YUBIA, 1981,

4%2(1987), WA= 9%y A72ES HAHA, Aevidn ey
shafaty] =8

HE5(1994), =33 He HHHEAE AT ZE&HA wAdE AYIE,
3hie-g-8t3] %], Vol.36, No.2, PP.111-122.

oY,

F5(199), T 2E2E ZIUE PAAUY HFHHEA, FFoya Pa
dA74 =E3 23, 1994, PP.185-198.

S
~—

N
>

I

Z1%£-2.(1995), Minimum Weight Design of Steel Bridge Girders Using
Approximation Based Optimization Method, Proceedings of WCSMO PP,

— 437 -



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

255(1995), ey e HHHA, IFHFe3R], Vol.37, No.l, PP
90-99.

Z3]el 2] 3¢, 4 ARXE 9% 2% fARS4 28, AME, 1998

THY - TG7INEZAL FEAE Al - g A, UdHFAI AL 1999
THSAT, YUY GAAA 27, 1995.

SUFAE, BAVIAIE B9, 1995.

BUTAN, SAARAG AY HANE 23, AREIA}, 1988
B, SANZAG AYLANE £E2EFH, ASabgAl, 1974

P - 5UAEZAL, SAEAY EEHAA(ANA) 39 - dUEH, AL
of EA}, 1984

AN - SAIFFAL BANEANY BEALAA(AE) BldW, AL, 1984
FEAE - SAITFAL BAARAE BEHAA(EE) HEH, TAEIRIH
1984.

SAAEZA wAMFAY BELA(HA) LFH, A& AL 1985
SAAEFA £EIRE I¥E, 5dIFTIAL 1982,

a7, %‘di% FZ5 A AHs3HCAD) A A%
A7, 1997.
F2TAYY, FeALE /- B ", 1998

E3NE a2 A B AF, tigF=F AL 1990.

T, AAAAUE, WI=STA}, 1994,

— 438 —



. 2f$ul, FORTRAN T2 aajy &, 1992.
Cabd - SV, FHREERAEA, A4S}, 1995.

w9 8e, TaelE PREBY MY za ¥ HAAY, vIEI =3

L HEE, 285, 42, EIE3EE, FHAL 19%.

AR - ol=d 39, EALE F2IY I B, AESA, 1997
L AEE, BIEIRE FRAHA, FulAH, 1998

L 2Ry, AIEIEEZY, TEAL 1999

. O]EF & 4, FEAAEE A - B WY, SRAZRYAYS], 1999
. O]FE, EFE F2EL 27193 HHERIe, 1995

. YEAFY, AIEIE AFEY WTE 24 It W BEAH(D), 1997

Az2d, BEETRE IFUAER 9™, Ad=EA, 19%.
Zad, F2AY, FulAH, 199.

. AgrE FORTRAN 77 TEajw, HEZ} 1998,

VAT EIEHI, T2 AAVIE, EASI AMLEHE, 2000,

. R EIERE, TIE FRAEAAVIE, ST, 1999.

. I EFE, TIAUE BEAYA, 7IET, 1999,

— 439 —






— 441 -






OPTIMUM DESIGN OF REINFORCED CONCRETE RETAINING WALL
PROGRAM * RRETN.F

PROGRAMMER : KIM, JONG OK

UNIT : KG, CM. KG/CUCM . KG/SQ.CM

[aisisislelolelisisiolgalale]

DIMENSION X(13),XL{13),XU(13).G(30), WK{(4000),IWIC(1500),
*RPRM(20}.IPRM(20}

DEFINE NRWK.NRIWK
NRWK-=. 000
NRIWK=
DEFINE METHOD  NDV NCON
MET!
13 DESIGN VARIABLES
=13

on

o

27 CONSTR AINTS
NCON=27

STARTING POINT
DESCRIPTION OF DESIGN VARIABLES

X(1) © THICKNESS OF WALL AT TOP (CM)

X(2) © THICKNESS OF WALL AT BOTTOM (CM}

X(3) . LENGTH OF TOE (CM)

X(4) * LENGTH OF HEEL (CM}

5) - MINIMUM THICKNESS OF HEEL (

X(6) - MAXIMUM THICKNESS OF TOE OR HEEL (™M)

X(7) © MINIMUM THICKNESS OF TCE (CM)

X(8 : MAIN STEEL AREA IN WALL PER METER AT FIRST STEP
X(9 : MAIN STEEL AREA IN WALL PER METER AT SECOND STEP
X010 © MAIN STEEL AREA IN WALL PER METER AT THIRD STEP
X(11) : MAIN STEEL AREA IN WALL PER METER AT BOTTOM STEP
X(12) © TOP STEEL AREA IN FOOTING PER METER

X(13) : BOTTOM STEEL AREA IN FOOTING PER METER

«xx INPUT INITIAL DESIGN VARIABLES **»

OONCONNONaNN0ON0AanaG 0O O
=
@

XU13-9.83
DESIGN BOUNDS
LOWER BOUNDS

XL{1)=200

XL(2)

[aXslelely]

XL(D=150
XL(8)=0.8E-1

XUao= )000
XU(1D=2000
XU(12)=200.0
XU(13)=200.0

DEFINE IPRINTMINMAX,INFO

PRINT CONTROL
IPRINT=3

MINMAX=-1

INITIALIZE INFO TO ZERO

INFO=0

OPTIMIZE

ZERO RPRM AND IPRM
DO 10 .

o0 0 0000

£z

10 IPRMD=0

100 CALL DOT(NFQMETHOD.JPRINT,NDV,NCON X, XL XU,
*OBJ MINMAX,G,RPRM.JPRM,WK.NRWK,IWK NRIWK)

C FINISHED ?
IF(INFO.EQO}GO TO 1000

-
C EVALUATE OBJECTIVE AND CONSTRAINTS

o}

CALL EVAL(OB).X,G,TOTHIT UPLOAD SOILWT FAIDEG FRICCO.ALLSUP)
GO CONTINUE WITH OPTIMIZATION.

GG TO 100
1000 CONTINUE
C

[g]

00ACOO0ANANNN0aACANNNNAA O O 00 O O 0 0 0 0 0 0 00 000000 a0 a0 0 0 0 a0n60a00

[sleleleNele]

WRITE(6,9)TOTHIT

WRITE(6,92)UPLOAD

WRITE(6,93)SOILWT

WRITE(6.94)FAIDEG

WRITE(8,95)FRICCO

WRITE(6,96)ALLSUP
91 FORMAT(///6X,'TOTAL HEIGHT OF RETAINING WALL F1252X.'CM"1
82 FORMAT(6X.'UPPER LOAD ON THE EARTH SURFACE QS='F1252X.

«'KG/SQ.LCM")
93 FORMAT(6X,"UNIT WEIGHT OF SOIL'11X." W="F1252X,'KG/CUCM'}
94 FORMAT(6X, INTERNAL FRICTION ANGLE OF SOIL Fl='F1252X,'DEGREE’}
95 FORMAT(6X.FRICTION COEFFICIENT BETWEEN FOOTING AND BASE=’F125)
96 FORMAT(6X,"ALLOWABLE BEARING OF GROUND="F12.52X, KG/SQ.CM"}

STOP
END

SUBROUTINE EVAL(OBJ.X.G, TOTHIT.UPLOAD,SOILWT FAIDEG,FRICCQ,ALLSUP

DIMENSION X(13),G(30), WV {(10),WARM(10%RESMOM(10),Y (10),
*EFFSTM(10) PP(10) FAIMN(10), DEMOME(10), DESHER(10), DEPTH(10),
*PIVNST(10).ASMINW(10),ASMAXW(10)

SRR R Y
#  PARAMETERS #
BRI R

=++ INPUT THE VALUES OF PARAMETERS x*»

TOTAL HEIGHT OF RETAINING WALL
TOTHIT=%
UPSIFE,E LOAD ON THE EARTH SURFACE
UNIT WEIGHT OF SOIL
SOILWT=18E-3
UNIT WEIGHT OF CONCRETE
CONCWT=25E-3
INTERNAL FRICTION ANGLE OF SOIL (UNIT : DEGREE)
FAIDEG=30.0
FRIFCTION COEFFICIENT BETWEEN FOOTING AND BASE
RICCO=0.

1

DESIGN STRENGTH OF CONCRETE

SIGMCK=210.0
YIELDING STRENGTH OF REINFORCING STEEL

SIGMAY=3000.0
INDEX FOR THE SELECTION OF SOIL. PRESSURE COEFFICIENT FORMULA
INDFOR: RANKINE FORMULA
; COULOMB FORMULA

«*xx PLEASE SELECT THE SOIL PRESSURE FORMULA #*x
INDFOR=1

GRADIENT OF EARTH SURFACE(DEGREE)
DEALPA=0.0
ANGLE BETWEEN VERTICAL LINE AND BACK SURFACE OF WALL(DEGREE)
DTHETA=0.
FRICTION ANGLE BETWEEN SOIL AND BACK SURFACE OF WALL(DEGREE)
DDELTA=250
SAFETY FACTOR FOR OVERTURNING
SAFEOV=20
SAFETY FACTOR FOR SLIDING
SAFESL=
ALLOWABL? BEARING OF GROUND
UP=3.0

CONCRETE COVER THICKNESS OF WALL

COVSTM=50
CO(I;I(())RETE COVER THICKNESS CF HEEL

'VH]

CONCRETE COVER THICKNEEE OF TOE

COVTOE=80
DIAMETER OF REINFORCING STEEL TO CALCULATE CONCRETE COVER
(UNIT:CM)

DIAMETER=2.54
STRENGTIAIEREDUCTION FACTOR FOR FLEXURE

STRENGTH REDUCTION FACTOR FOR SHEAR
FAIS=0.

=s» FOR OBJECTIVE FUNCTION *xx

REFERENCES : THE INFORMATION ON COMMODITY PRICE (THE FIRST AND
SECOND BOOK). FEBRUARY, 1998.

UNIT PRICE OF CONCRETE, REINFORCING STEEL AND FORM WORKS

CONCRETE MATERIAL i 62010 WON/CUMETER
LABOR EXPENSES 2304 WON/CUMETER
TOTAL 85,054 WON/CUMETER

REINFORCING STEEL : MATERIAL ; 369,577 WON/TON
LABOR EXPENSES ; 334,375 WON/TON
TOTAL i 763,952 WON/TON

FORM WORKS : MATERIAL ;5908 WON/SQMETER
LABOR EXPENSES : 19215 WON/SQMETER
OTAL 5 25,124 WON/SQ METER
PARAMETERS FOR UINT PRICE
=¥ PLEASE INPUT THE UNIT PRICES OF MATERIAL AND LABOR »*=
UNICON=85054.0
UNISTL=763952.0
UNIFOM=25124.0
UNIT WEIGHT OF REINFORCING STEEL
UNIT WEIGHT OF STEEL = 0(!)78646 KG/CUCM

8546 KG/CUMETER
78546 TON/CUMETER
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STELWT=7.8346

=  THE END OF PARAMETERS 7

IaTalatatotal

THE RATIO OF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
P
UNIT TRANSPOSITION FROM DEGREE TO RADIAN
UNITRA=PAL/180
INTERNAL PRICTION ANGLE OF SOIL (UNIT : RADIAN)
FAIRAD=FAIDEG *UNITRA
GRADIENT OF EARTH SURFACE(UNIT : RADIAN)
ALPA=UNITRA*DEALPA

oY o TN o W of

RADIAN}
THETA=UNITRA*DTHETA

[alal

RADIAN)
DELTA=UNITRA*DDELTA

UNIT TRANSPOSITION FROM METER TO CENTMETER (IM=100.0CM}
WIDTH=100.0

" <== OBJECTIVE FUNCTION *++

OBJ XD+ X 2D« (TOTHIT- X(6)),2.0- X{6)* X{(2) «(X(6) - X5} *X(4)/2.0
=-1X{8)- X{7)»X(3)/2.00«UNICON/10000.0
= LX@)- X(9)-X(10+ X A D)) =(TOTHIT- X(6))/4.0+ X(11)=X(6)
=+ XUD=(X(2)+X(3)+X(4))-X(12)
»=(X(2)-SQRTUX(B)-X(5))x*2+ X (4)4*2)» SQRT UK(6)- X (7)) =x2-X(3)=x2
»11.1000000.0)*STELWT*UNISTL
== (WTOTHIT-X(6)%2.0- X (3} X(7)/1000)=UNIFOM

CALCULATION OF SOIL PRESSURE COEFFICIENT

con

IFUNDFOR.EQ.2) GO TO 100
IF INDFOR=1 : RANKINE FORMULA

aTate!

¢ RANKINE FORMULA

ROOTLN COSIALPA x+2-COS(FAIRAD)=»2
QRT(ROOTIN)

COSIALPA} ROOT
UNDER=COS{ALPA}-ROOT
SOPRKA=COS(ALPA)*ABOVE/UNDER

GO TO 200
100 CONTINUE
-
C IF INDFOR=2 : COULOMB FORMULA
C
C COULOMB FORMULA
C

ROOABO=SIN(FAIRAD-DELTAMSIN(FAIRAD-ALPA)
ROOUND=COS(THETA+DELTA)*COS(THETA-ALPA)
GWALIN=1.0-ROOABO/ROOUND
UNDER=(COS(THETA)**2)*COS(THETA+DELTA)*GWALIN+**2
ABOVE=COS(FAIRAD-THETA)**2
SOPRKA=ABOVE/UNDER

200 CONTINUE

SOPRKA - SOIL PRESSURE COEFFICIENT (KA)
HORIZONTAL SOIL PRESSURE AND POINT OF APPLICATION

C

C
¢
¢

PH=PAH-PSH

PH=S0PRKA*(0.5*SOILW T>TOQTHIT*»2-UPLOAD«TOTHIT)*WIDTH
Y

OVMOME=PH=YY
¢ LOADS AND POINTS OF APPLICATION
 LOADS

WV(LH=X(D*(TOTHIT - X16)*WIDTH*CONCWT
WV(2)=(X(2)-XUN*(TOTHIT-X(6))*WIDTH+CONCWT/2.0
WVI(@1=(X(2)-X(3)+ X (4)*X(6)«WIDTH+CONCWT
SOILWT+(TOTHIT-X(6))*UPLOAD)*X(4)*WIDTH
S1.0(X(6)- X(D)=X(3*WIDTHCONCWT/2.0

LO=(X(6) -X(5)*X (4« WIDTH=(CONCWT-SOILWT)/2.0

¢ THE LENGTHS OF ARM
WARM(L)=X(3)-X(2) - X(l)/‘ZO
2)

(1)
SUMMOM=SUMMOM-RESMOM(D)
10 CONTINUE

C
C CHECK THE OVERTURNING
C

FSOVTN=SUMMOM/OVMOME
(, CONSTRAINT FOR OVERTURNING
Gi1)={SAFEOV-FSOVTN)/ABS(SAFEOV)

¢ CHECK THE SLIDING
¢

RE:

SFSLID=RESSLD/PH

{. CONSTRAINT FOR SLIDING
5{2)=1SAFESL-SFSLID)/ABS(SAFESL)

D=FRICCO*SUMWET

CHECK THE SETTLEMENT

e

ANGLE BETWEEN VERTICAL LINE AND BACK SURFACE OF WALL(UNIT :

FRICTION ANGLE BETWEEN SOIL AND BACK SURFACE OF WALL(UNIT :

SOPRKA=(SOILWT»TOTHIT**3/6.0-0.5«UPLOAD*TOTHIT*+2)*WIDTH/PH
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C CONSTRAINT FOR THE APPLICATION POINT OF TOTAL FORCE
Cc

ABOMOM=SUMMOM OVMOME
DISTNR=ABOMOM/SUMWET
B=X(2)-X(3)-X(4)

HALFB=B/20

EALLOW=B/6.0
REALLO=(-1.OEALLOQW
ECENTR=HALFB-DISTNR

C
C CONSTRAINTS FOR THE ECCENTRIC DISTANCE OF TOTAL FORCE
C
IF(EALLOW EQ.0.0)JEALLOW=0.001
IF(REALLO.EQ.0.0REALLO=0.001
G(3)=(ECENTR-EALLOWYABS(EALLOW)
G(4)=(REALLO-ECENTRYABS(REALLO}

MAXIMUM REACTION OF FOOTING

aqQn

PMAX=SUMWET*(1.0-60«ECENTR/B)/B/WIDTH
PMIN=SUMWET=(1.0-6.0+ECENTR/B)/B/WIDTH

CONSTRAINT FOR THE ALLOWABLE BEARING OF BASE
G(5)=(PMAX - ALLSUP//ABS(ALLSUP)

DESIGN OF FRONTAL WALL

CALCULATION OF DESIGN MOMENT AND SHEAR FORCE

[sivieleis NN aletel

WALHIT=TOTHIT-X(6)
Y(1)=WALHIT
QLAR’I‘R WALHIT/4.0

DO 20 1=14
DEMOME(])=(SOPRKA*SOILWT*WIDTH*Y (1)x*3/6.0+ SOPRKA*
*UPLOAD*Y (D**2xWIDTH/2.0}*1.8

DESHER()=(SOPRKA*SOILWT*Y (1)*»2x WIDTH/6.0+ SOPRKA=
*UPLOAD*Y{(1*WIDTH)*1.8
20 CONTINUE

o0

CHECK THE WALL THICKNESS AND REINFORCEMENT
EFFECTIVE THICKNESS OF WALL AT EACH PART

EFFSTM(1)=X(2): COVSTM-DIAMETER/2.0
WALGRD=(X(2)-X(1))/WALHIT
SECNDP=30«WALHIT/4.0
THIRDP=WALHIT/2.0

FOURDP=WALHIT/4.0
SECTHI=X(1)+WALGRD*SECNDP
THRTHI=X(1)+WALGRD*THIRDP
FOUTHI=X(1)-WALGRD+FOURDP
EFFSTM(2)=SECTHI-COVSTM-DIAMETER/2.0
EFFSTM(3)=THRTHI-COVSTM-DIAMETER/2,0
EFFSTM(4)=FOUTHI-COVSTM -DIAMETER/2.0

aco

STEEL RATIO AND NOMINAL FLEXURAL STRENGTH

ooan

STEEL RATIO
PP(1)=X(11)/WIDTH/EFFSTM(1)
PP(2)=X{10)/WIDTH/EFFSTM(2}
PP(3)=X(9)/WIDTH/EFFSTM(3)
PP(4)=X(8)/WIDTH/EFFSTM(4)

NOMINAL FLF.XL'RAL STRENGTH
DO 30

a

FAMN( —FAI\I'PP(l)wSIGMAY*WIDTH*EFFSTM(I)”Z'
+(1.0-0.59+PP(1)*SIGMAY/SIGMCK)
30 CONTINUE

C
C CONSTRAINTS FOR FLEXURAL STRENGTH
C

DO 35 I=1,
IF(FA!MN(]) EQ.0.0)FAIMN(D=0.001
35 CONTINUE

G(6)=(DEMOME(1)-FAIMN(1))/ABS(FAIMN(1)
b DEMOME(2)-FAIMN(2))/ABS(FAIMN(2))

G{8)=(DEMOME(3)- FAIMN(3})/ABS(FAIMN(3)
G(9)=(DEMOME(4)-FAIMN(4))/ABS(FAIMN(4))

C

C CONSTRAINT FOR SHEAR IN WALL

C

C EFFECTIVE DEPTH AT CRITICAL SECTION
c

DEPTH(1)=X(2)-COVSTM-DIAMETER/2.0
HAFSTM=WALHIT/2.0
HAFTHI=X(1)*WALGRD*HAFSTM
DEPTH(2)=HAFTHI-COVSTM-DIAMETER/2.0
CRILE] ALHIT-EFFSTM(D)
CRITHI=X(1)»WALGRD*CRILEN
DEPTH(3)=CRITHI-COVSTM-DIAMETER/2.0

c
DO 40 I=13
PIVNST(D)=053+FAIS*SQRT(SIGMCK)*WIDTH*DEPTH(I)
40 CONTINUE
c
45 1=13
IF(PIVNST(1).EQ O0)PIVNS T(D=0.001
45 CONTINUE
[
G(10)=(DESHER(1)-PIVNST(1))/ABS(PIVNST(1))
G(11)=(DESHER(2)- PIVNST(2))/ABS(PIVNST(2))
G(12)=(DESHERI3)-PIVNST(3))/ABS(PIVNST(3)
c
C DESIGN OF HEEL
C
C CALCULATION OF DESIGN MOMENT AND DESIGN SHEAR FORCE
c

CONVOL=(X(5)+X(6)*X (4»WIDTH/2.0

SOLVOL=(WALHIT-(X(6)-X(5))/2.0*X(4)«*WIDTH

QUH=15¢(CONCWT*CONVOL -SOILWT*SOLVOL)/X(4)/WIDTH- UPLOAD
C DESIGN MOMENT IN HEEL



DEMOHL=QUH*X(4)**x2*WIDTH/2.0
DESIGN SHEAR FORCE IN HEEL
DESHHL=QUH=X(4)»WIDTH

EFFECTIVE DEPTH OF HEEL

nAo

EFFHEL=X{6)-COVHEL-DIAMETER/2.0

¢ »TEEL RATIO IN HEEL
PHEL=X(12)/WIDTH/EFFHEL

C
€ NOMINAL FLEXURAL STRENGTH
C

FAIMHL =FAIM»PHEL+SIGMAY *WIDTH*EFFHEL#*#*2+(1.0-0.59* PHEL+
*SIGMAY/SIGMCK)

E CONSTRAINTS FOR FLEXURAL STRENGTH IN HEEL
E IF(FAIMHL.EQ.0.0)FAIMHL=0.001

N G(13)=(DEMOHL - FAIMHL)/ABS(FAIMHL)

kCI CONSTRAINTS FOR SHEAR FORCE IN HEEL

(? PIVNHL=0.53+FAIS*SQRT(SIGMCK )»WIDTH+EFFREL
¢ IF(PIVNHL.EQ.0.0)PIVNHL=0.001

N G(14)=(DESHHL -PIVNHL)/ABS(PIVNHL)

E DESIGN OF TOE

C_ QT=(PMAX-PMIN)=(B-X(3))/B-PMIN

E DESIGN MOMENT OF TOE

DEMOTO=1.8+(0.5+QT=X(3)xx2+(PMAX-QT)*X(3)%+2/3.0«WIDTH

C DESIGN SHEAR FORCE OF TOE
DESHTO=18+0.5«(PMAX+QT)*X(3)*WIDTH
EFFECTIVE DEPTH OF TOE FOR FLEXURE
EFFTOE=X(6}-COVTOE-DIAMETER/2.0
C STEEL RATIO OF TOE FOR FLEXURE
PTOE=X(13)/WIDTH/EFFTOE
C NOMINAL FLEXURAL STRENGTH FOR TOE
FAIMTQ=FAIM+PTOE+SIGMAY*WIDTH*EFFTOE**2+{1.0-0.59*PTOE*
*SIGMAY/SIGMCK)

CONSTRAINTS FOR FLEXURAL STRENGTH IN TOE

IF(FAIMTO.EQ.0.0)FAIMT0=0.001
(:(13)=(DEMQOTO - FAIMTO}ABS(FAIMTO)
C EFFECTIVE DEPTH OF TOE FOR SHEAR
FTOS! 6)-COVTOE - DIAMETER/2.0
C CONSTRAINTS FOR SHEAR FORCE IN TOE
PIVNTO=053+F AIS+SQRT(SIGMCK 1*WIDTH*EFTOSH

a

IF(PIVNTO.EQ.0.0)PIVNTO=0.001
G16)=(DESHTO-PIVNTO)/ABS(PIVNTO)

MINIMUM REINFORCING STEEL
MINIMUM REINFORCING STEEL OF WALL

[sXeleliolel

=14
ASMINW(D=14.0+ WIDTH+*EFFSTM(I)/SIGMAY
50 CONTINUE

C CONSTRAINTS FOR MINIMUM REINFORCING STEEL OF WALL

S5 I=14
IF(ASMINW(D) EQ.0.0)ASMINW(1)=0.001
55 CONTINUE

GUD=(ASMINW(1)-X(111/ABS(ASMINW(1 )
GU18)=(ASMINW (2)- X(10))/ABS(ASMINW(2))
G{19)=(ASMINW(3)- X(8))/ABS(ASMINW (3}
G0=(ASMINW(4)- X(8))/ABS(ASMINW(4))

C

¢ MINIMUM REINFORCING STEEL OF HEEL

C
ASMINH=14.0«WIDTH»EFFHEL/SIGMAY
IF(ASMINH EQ.0.00ASMINH=0.001
G(2D)=(ASMINH- X(12))/ABS(ASMINH)

C

C MINIMUM REINFORCING STEEL OF TOE

C
ASMINT=14.0+WIDTH*EFFTOE/SIGMAY
IF(ASMINT.EQ.0.0)ASMINT=0.001
G(22)=(ASMINT - X(13)’/ABS(ASMINT?

MAXIMUM REINFORCING STEEL

anan

BALANCE STEEL RATIO
PB=0.85+0.85+ SIGMCK«6120.0/SIGMAY/(6120.0- SIGMAY)
ASMXRA=075+PB

DO 60 1=14
ASMAXW(1)=ASMXRA*WIDTH*EFFSTM(1)
66 CONTINUE
C  CONSTRAINTS FOR MAXIMUM STEEL RATIO IN WALL
C
IF(ASMAXW(I) EQO.0ASMAXW(I)=0.001
65 CONTINUE

G(23)=(X(11)-ASMAXW(1))/ABS(ASMAXW(1))
G(24)=(X(10) - ASMAXW(2)YABS(ASMAXW(2)}
G(25)=(X(9}- ASMAXW(3))/ABS(ASMAXW(3})
G(26)=(X(8)- ASMAXW (4))/ABS(ASMAXW(4)}
FOOTLM=TOTHIT -0.001
IF(FOOTLM.EQ.0.0)FOOTLM=0.001

G27)=(X(6)- FOOTLM)/ABS(FOOTLM)

RETURN
END

OPTIMUM DESIGN OF REINFORCED CONCRETE SLAB BRIDGE
PROGRAM : RSLABF

PROGRAMMER : KIM, JONG OK

UNIT : KG, CM, KG/CUCM , KG/SQ.CM

CQQOOOOD00000

DIMENSION X(4},XL(4),XU(4),G(10), WK(4000),[WK(1500),
*RPRM(20),IPRM(20)

DEFINE NRWK.NRIWK
NRWK=4000
NRIWK=1500
DEFINE VIETHOD NDV.NCON
METHOD:
4 DESIGN VARIABLES
V=4

ND
7 CONSTRAI\ITS
ICON=7

ac

STARTING POINT
DESCRIPTION OF DESIGN VARIABLES

==« INPUT INITIAL DESIGN VARIABLES »x»

acoonaoannoo o O O

X(4) 20.268
DESIGN BOUNDS
LOWER BOUNDS

XL(1)=250

XL(2)-15.0

XL(3)=00

XL4)=00

UPPER BOUNDS

aQaan

[slelel

XU(1)=500.0
XL(Z)=5000

DEFINE IPRINT MINMAX INFO
PRINT CONTROL
IPRINT=3

MINM. -

INITIALIZE INFO TO ZERQ
INFO:

OPTIMIZE

ZERO RPRM AND IPRM
DO 10 1=1,20

o0 6 0 0600
g
Z
§

RPRM(D)=0.0
10 IPRM(D=0
C

100 CALL DOTUNFOMETHOD.IPRINT,NDV,NCON,X XL,XU.
*OBJ MINMAX,G RPRM.IPRM. WK NRWK IWK,NRIWK)
FINISHED ?
IF(INFO.EQO)GO TO 1000

EVALUATE OBJECTIVE AND CONSTRAINTS.

CALL EVALIOBJLX.G)
GO CONTINUE WITH OPTIMIZATION.
GO TO 100
1000 CONTINUE
C

STOP
END

SUBROUTINE EVAL(OBJLX.G!
DIMENSION X{4).G(T}

O 000 o

Lo}

BRI R i
# PARAMETERS #
e e

«++ INPUT THE VALUES OF PARAMETERS »=*»
SELECT DB-LOAD
IF LOAD 1 : DB24, 2 : DB18, 3 : DB135

D=2

PURE CLEAR SPAN (CM)
PURSPN=450.0
EFFECTIVE WlDTH OF BRIDGE (CM)
EFFWID:
WEIGH’I‘ OF URFACE (KG/SQ.M}
=150.0

WET!

DESIGN CRITERION STRENGTH OF CONCRETE (KG/SQ.CM)
SIGMCK=240.0

YIELDING STRENGTH OF REINFORCING STEEL(KG/SQ.CM)
SIGMAY=30000

WIDTH OF EDGE BEAM (CM)
WIDBEM=60.

UNIT WEIGHT OF CONCRETE (KG/CU.M)
CONCWT=2500.0

LOAD FACTOR

O 0 o0 o0 o o000 a0000nn0oan
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X(1).X(2) © DIMENSION OF REINFORCED CONCRETE SECTION (CM)
X3 ! AREA OF REINFORCING STEEL OF SLAB PER METER (SQCM/M
X@ : AREA OF REINFORCING STEEL OF EDGE BEAM (SQ.CM)



FACDED=13
FACLIV=2,
CO\CRETE COVER THICKNESS OF SLAB

DIA\IETER OF REINFORCLNG STEEL TO CALCULATE EFFECTIVE
THICKNESS (UNIT :

DIAMETER=254
STRENGTH REDUCTION FACTOR FOR FLEXURE

FAIM=0.85

a na N

«*x» FOR OBJECTIVE FUNCTION «x=

REFERENCES : THE INFORMATION ON COMMODITY PRICE(THE FIRST
AND SECOND BOOK).FEBRUARY,1998.

UNIT PRICE OF CONCRETE, REINFORCING STEEL AND FORM WORKS

CONCRETE : 62010 WON/CU.METER

23.044 WON/CU.METER

85054 WON/CUMETER

REINFORCING STEEL : MATERIAL : 369,577 WON/TON
LABOR EXPENSES ; 394,375 WON/TON
i 763852 WON/TON

MATERIAL :
LABOR EXPENSES :
TAL B

FORM WORKS MATERIAL . 5908 WON/SQ METER
LABOR EXPENSES ; 19,215 WON/SQMETER
TOTAL : 124 WON/SQMETER

PARAMETERS FOR UINT PRICE
=== PLEASE INPUT THE UNIT FRICES OF MATERIAL AND LABOR #«»

[atalatetolateleTalalotolotatol oot alatatatotata

NICON=83)54 0
763952.0
LNIFOM 251240

UNIT WEIGHT OF REINFORCING STEEL
UNIT WEIGHT OF STEEL = 0.0078546 KG/CU.CM
78546 KG/CUMETER
7.8546 TON/CUMETER

wonn

[a¥sla¥alatelat

STELWT=7.8546

= THE END OF PARAMETERS #

[SEatatalsl

DB-LOAD

e

P24=9600.0
P18=7200.0
P13=5400.0

GO TO(00.200.3000LOAD

DBLOAD=P24

GO TO 400

DBLOAD=P18

GO TO 400

DBLOAD=P13

CONTINUE

C L\IT TRANSPOSITION FROM METER TO CENTIMETER(iM=100.0CM}
WIDTH=100.0

100
200

.!00

=** OBJECTIVE FUNCTION *=»

OBJ=((X(1}~ X(2)* WIDBEM=*2.0- X (2)EFF WID }* PURS PN+UNICON/1000000.0
#-1X(3)*EFFWID/100.0+X(4)%2.0)PURSPN«S TELW T*UNIS TL./1000000.0
=~ (EFFWID*X(2)-WIDBEM*(X(1)+ X(2))*2.0)+2.0+ (EFFWID+ 2.0« WIDBEM+ 2.0+
*X(2)+4.0¢X(1))*PURSPN>UNIFOM/10000.0

onn

Cc
C SPAN OF SLAB
C
SPAN=PURSPN-X(2)
C
¢ CALCULATION OF MINIMUM THICKNESS OF SLAB

IF(SIGMAY EQ.4000.00GO TO 1
THIMIN=SPAN=(0.4-SIGMAY/7000.0)/20.0
GO TO 20

10 THIMIN=SPAN/200
20 CONTINUE

. CONSTRAINT FOR MINIMUM THICKNESS OF SLAB
G(1=(THIMIN-X(2))/ABS(THIMIN)

BENDING MOMENT BY DEAD LOAD

LOAD COMBINATION AND LOAD FACTOR BY BRIDGE CODE
13D-2.15(L+1

nOoOcoo

SELF WEIGHT OF SLAB (KG/SQM!
SELWET=CONCWT=*X(2)/100.0

TOTAL DEAD LOADIKG/SQM)
TOTDLD=SELWET-WETSUR

¢ FACTORED DEAD LOAD(KG/SQ.M)
FACLOD=FACDED=TOTDLD

BENDING MOMENT BY DEAD LOAD

TRANSFERED DIMENSION OF SPAN (FROM CM TO M)
TRSPAN=SPAN/100.0
DEDMOM=FACLOD=TRSPAN=»2/8.0

o

[akel

BENDING MOMENT BY LIVE LOAD

LIVE LOAD DISTRIBUTION WIDTH
IN CASE OF PARALLEL ARRANGEMENT OF REINFORCING STEEL
WITH VEHICLE DIRECTION

nonnonn

ELLWID=1.2+0.06*TRSPAN
JF(ELLWID.GT 2.DELLWID=2.1

LOAD PER UNIT WIDTH OF SLAB
UNILOD=DBLOAD/ELLW)

FACTORED LIVE LOAD MOME\T(KG M)
FACMOL=FACLIV+UNILOD*TRSPAN/4.0

NN

oo

IMPACT FACTOR

o0 00060 aOooaon O 0

0 aoQQ

OO0 o o 0 oo aon nonon aao

o O

FACIMP=15.0/(40.0+ TRSPAN)
IF(FACIMP.GT.0.3)FACIMP=0.3

BENDING MOMENT BY IMPACT
FACMOI=FACIMP+FACMOL

TOTAL BENDING MOMENT
TOTMOM=DEDMOM +FACMOL+FACMOI

CONSTRAINTS FOR FLEXURAL STRENGTH
*¥+ PART 1: SLAB »#»

EFFECTIVE THICKNESS OF SLAB
EFFTHI=X(2)-COVER-DIAMETER/2.0

STEEL RATIO AND NOMINAL FLEXURAL STRENGTH

STEEL RATIO
PP=X(3)/WIDTH/EFFTHI

NOMINAL FLEXURAL STRENGTH
FAIMN=FAIM»PP*SIGMAY*WIDTH~EFFTHIx*2x
*(1.0-0.59+PP*SIGMAY/SIGMCK)

CONSTRAINT FOR FLEXURAL STRENGTH OF SLAB
TRTOTM=TOTMOM=100.0
IF(FAIMN.EQ.0.0)FARMN=0.001
G(2)=(TRTOTM-FAIMNYABS(FAIMN}

MINIMUM REINFORCING STEEL RATIO OF SLAB
PMIN=14.0/SIGMAY

CONSTRAINT FOR MINIMUM STEEL RATIO
G(3)=(PMIN-PP)/ABS(PMIN)

MAXIMUM REINFORCING STEEL

BALANCE STEEL RATIO
P!

'B=0.85+0.85*SIGMCK *6120.0/SIGMAY/(6120.0-SIGMAY)
PMAX=0.75+PB

CONSTRAINT FOR MAXIMUM REINFORCING STEEL RATIO
Gi4)=(PP-PMAX)/ABS(PMAX)

#»» PART I : EDGE BEAM *«»
EDGDEP=X(1}-X(2)

SELF WEIGHT OF EDGE BEAM (KG/M)
SELWTB=CONCW T*WIDBEM~EDGDEP/10000.0

FACTORED DEAD LOAD OF EDGE BEAM (KG/M)
FACLDB=FACDED+SELWTB

BENDING MOMENT OF EDGE BEAM BY DEAD LOAD
DEDMMB=FACLDB*TRSPAN**2/8.0

BENDING MOMENT OF EDGE BEAM BY LIVE LOAD
ACCORDING TO TEXTBOOK (BYUN.SINMOON.DONGMYUNGSA}
P.383  M=0.10PL (KG-M/M)

BLVMMB=FACLIV*0.10+DBLOAD*TRSPAN

TOTMMB=DEDMMB+BLVMMB
EFFECTIVE THICKNESS OF EDGE BEAM

EFFTHB=EDGDEF-COVER-DIAMETER/2.0

C NOMINAL FLEXURAL STRENGTH

[elelel

o 0 o0
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FAIMNB=FAIM*PPB~SIGMAY+*WIDBEM+EFFTHB**2*
*(1.0-0.59+PPB*SIGMAY/SIGMCK)

CONSTRAINT FOR FLEXURAL STRENGTH OF EDGE BEAM

TRTMMB=TOTMMB=100.0
IF{FAIMNB.EQ.0.0)FAIMNB=0.001
G(5)=(TRTMMB-FAIMNB)/ABS(FAIMNB)
CONSTRAINT FOR THE MINIMUM REINFORCING STEEL RATIO
OF EDGE BEAM
G{(6)=(PMIN- PPB}/ABS(PMIN)

CONSTRAINT FOR THE MAXIMUM REINFORCING STEEL RATIO OF EDGE BEA

G(7)=(PPB-PMAX)/ABS (PMAX)
RETURN
END
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PROCRAM : RBEAMF
PROGRAMMER : KIM, JONG OK
UNIT : KG. CM. KG/CUCM |, KG/SQ.CM, KG-CM

w

OPTIMUM DESIGN OF REINFORCED CONCRETE T-BEAM BRIDGE

[slsTateYoletatotot o ata¥el

DIMENSION Xt133,XL(13).XU{(132.G(30), WK (40005, JWK (15003,
+*RPRM(20),IPRM(20)

DEFINE NRWK.NR]V\'K
NRWKs=.
NRIW! K»

DEFINE METHOD NDV.NCON
METHOD=1

12 DESIGN VARIABLES
NDV=12

20 CO)\ STRAIN TS

STARTING POINT
DISCRIPTION OF DESIGN VARIABLES

X(2) : THE THICKNESS OF SLAB AT SECTION C (CM)
AT SECTION A AND B (SQ.CM/M)
AT SECTION C (SQ.CM/M)

X(5) : THE HEIGHT OF GIRDER (CM)
X(6) : THE WIDTH QF GIRDER (CM)

=<« INPUT INITIAL DESIGN VARIABLES »»»

[slsleleleToloTatototatotalatoelotot ool ol o NN oI o Nl o)

DESIGN BOUNDS
LOWER BOUNDS
XL(1)=100

acoonn

KL(7)=08E-)
XL(8;=0.8E-1
XL{9¥=0.8E -1
XL{(10)=5.0
XLU1D=08E-1
XLA2)=50

[
C UPPER BOUNDS
C

XULG)=; 3000
XU(10)=300.0
XU(11)=300.0
XU(12)=500.0

DEFINE IPRINT MINMAX,INFO
PRINT CONTROL
IPRINT=3

[a]alele]

g
Z
ZE”
Pi

MAX=-
[ INITIALIZE INFO TO ZERO

()P ]' IMlZ]:
ZERQ RPRM AND IPRM
15 1=1,20

oo

RPRM( .0

15 IPRM(D=0
C

100 CALL DOT(INFOMETHOD,IPRINTNDV NCON X XL XU,

*OB] MINMAX.G RPRM,IPRM, WK NRWK IWK NRIWK)
FINISHED ?

IF(INFO.EQOGO TO 1000
EVALUATE OBJECTIVE AND CONSTRAINTS.

CALL EVAL{OBJX.G)

<
C
C
c

X(1) - THE THICKNESS OF SLAB AT SECTION A AND B (CM)
X(3) : THE AREA OF REINFORCING STEEL OF SLAB PER METER
X4} : THE AREA OF REINFORCING STEEL OF SLAB PER METER

X(7) . THE AREA OF REINFORCING STEEL OF OUTSIDE GIRDER (SQ.CM)
X(8) : THE AREA OF REINFORCING STEEL OF INSIDE GIRDER (SQ.CM}
X(4) : THE STEEL AREA OF OUTSIDE GIRDER PER STIRRUP (SQ.CM)
X(10) : THE SPACE OF STIRRUP IN OUTSIDE GIRDER (CM)

X(11) : THE STEEL AREA OF INSIDE GIRDER PER STIRRUP (SQ.CM)
X(12) : THE SPACE OF STIRRUP IN INSIDE GIRDER (SQCM)

C (GO CONTINUE WITH OPTIMIZATION.
GO TO 100

1000 CONTINUE

C

STOP
END
C
SUBROUTINE EVAL(OBJLX.G)
C
DIMENSION X(12),G(30),BENLIV(2) BENDED(2),
*SHELIV(2),SHEDED(2)
C
C B R R R
C #  PARAMETERS #
C  HEHABRRE R I B RRR
C
C = INPUT THE VALUES OF PARAMETERS #x=
C
C THE TYPE OF BRIDGE : SIMPLE T-BEAM BRIDGE
C
C THE LENGTH OF BRIDGE
BRILEN=136:
C THE LENGTH OF GIRDER
GIRLEN=1360.0
C SPAN OF BRIDGE
SPAN=1300,
C PURE WIDTH OF BRIDGE
PURWID=750.0
C TOTAL WIDTH OF BRIDGE
TOTWID=830.
Cc WE!GHT OF SDRFACE (KG/SQ.M)
WET: =150.0
[0 DESIGN CR]TER[ON STRENGTH OF CONCRETE (KG/SQ.CM)
SIGMCK=240.0
C UNIT WEIGHT OF CONCRETE (KG/CUM)
CONCW'
C PAVEMENT TH]CKNESS (CM)y
PAVTHI
C YIELDING STRENGTH AND ALLOWABLE STRENGTH OF REINFORCING STEEL
C {KG/SQLM)
SIGY30=3000.0
SIGY35-35000
SIGY40=4000.0
[o3
SIGS A30=1500.0
SIGSA3F=17500
SIGSA40=1800.0
c
SIGMAY=SIGY35
[
C UNIT WEIGHT OF ASPHALT(KG/CUM)
ASPHWT=2300.0
€ HALF WIDTH OF OUTSIDE FLANGE
OUTFLN=620
C HEIGHT OF EDfE WALKING ROAD
HTWALK=2
€ WIDTH OF EDGE WALKING ROAD
WDWALK=400
C LOAD FACTOR
=1.3
FACLIV=2.13
DEAD LOAD OF HAND RAIL (KG/M}
HANDED=100.0
NUMBER OF GIRDERS
NGIRDER=4
GIVEN VALUE OF HORIZONTAL FORCE OF HAND RAIL (KG/M)
HORFOR=250.
HEIGHT OF HAND RAIL (CM)

HTHAND=110.0
C()NCRETE COVER THICKNESS QOF SLAB

E|
DIAMETER OF REINFORCING STEEL (CM)
R=2.54
STRENGTH REDUCTION FACTOR FOR FLEXURE
WIDTH OF HORIZONTAL BEAM
WDHOBM=30.0
HEIGHT OF HORIZONTAL BEAM

HTHOI
ANGLE OF ‘STIRRUP(DEGREE)
ALPA:

PLEASE SELECT DB-LOAD

IF LOAD=1 : DB24, 2 : DBI8, 3 : DBI35
LOAD=2

FOR OBJECTIVE FUNCTION

REFERENCES : THE INFORMATION ON COMMODITY PRICE (THE FIRST AND
SECOND BOCK!, FEBRUARY, 1998.

UNIT PRICE OF CONCRETE, REINFORCING STEEL AND FORM WORKS
CONCRETE : MATERIAL ;62,010 WON/CUMETER

LABOR EXPENSES : 23044 WON/CUMETER
TOTAL i 85054 WON/CUMETER

REINFORCING STEEL : MATERIAL : 369,577 WON/TON
LABOR EXPENSES ; 394,375 WON/TON
TOTAL 1 763.952 WON/TON

FORM WORKS : MATERIAL 5908 WON/SQMETER

AL .
ABOR EXPENSES 19,215 WON/SQ.METER
;25124 WON/SQMETER

PARAMETERS FOR UINT PRICE
=x» PLEASE INPUT THE UNIT PRICES OF MATERIAL AND LABOR »»«

QO00AaANOOAON00ANA0OA0OCOn aOnnh 0 0 a O 0 o 0 0 o0 0

-85054.0

UNIFOM=25124.0
UNIT WEIGHT OF REINFORCING STEEL

aonn

UNIT WEIGHT OF STEEL = 00078546 KG/CU.CM
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78346 KG/CUMETER
78546 TON/CUMETER

STELWT=7.8546

»  THE END OF PARAMETERS B

ALLOWABLE STRENGTH OF MATERIAL

ALLOWABLE BENDING COMPRESSION STRESS
SIGMCA=0.4=SIGMCK

ALLOWABLE SHEAR STRESS OF CONCRETE
TAUC=0.25«SQRT(SIGMCK)

ALLOWABLE SHEAR STRESS OF MEMBER REINFORCED WITH SHEAR BAR
TAUCSH=1.15*SQRT(SIGMCK)

ALLOWABLE BEARING STRESS
SIGMBA=0.25+3IGMCK

UNIT TRANSPOSITION FROM METER TC CENTIMETER (1M=100.0CM)
WIDTH=1000

<=+ OBJECTIVE FUNCTION **=

THE WIDTH OF INSIDE AND OUTSIDE FLANGE
FLWDIN=(TOTWID-2.0«OUTFLN - X(6))/(NGIRDER - 1}
FLWDOT=0UTFLN-+(FLWDIN+X(8))/2.0

THE HEIGHT OF HUNCH
HTHUN=X(1}-X(2)

THE WIDTH OF HUNCH
WDHUN=30*HTHUN

VOLUME OF CONCRETE (CUBIC CM)

VOLUME OF CONCRETE PER INSIDE GIRDER AND FLANGE
VOLINGD=X(2)>FLWDIN+X(6)=X(5)+HTHUN*WDHUN

VOLUME OF CONCRETE PER OUTSIDE GIRDER AND FLANGE
VOLOUGD=X(2)*FLWDOT - X(5)*X (6)-HTHUN*WDHUN/2.0

=-HTHUN*QUTFLN/2.0

TOTAL VOLUME OF CONCRETE INCLUDING SLAB
VOLCON=(VOLOUGD*2.0~VOLINGD+(NGIRDER-2))GIRLEN

VOLUME OF REINFORCING STEEL

PER OUTSIDE GIRDER (CU.CM)
STLOUGD=X{7)*2.0«GIRLEN

PER INSIDE GIRDER (CU.CM}
STLINGD=X(8)*(NGIRDER- 2)*GIRLEN

UPPER REINFORCING STEEL OF SLAB(AT SECTION A AND BHCUCM)
STLUPSL=X(3)» TOTWID*GIRLEN/WIDTH

LOWER REINFORCING STEEL OF SLAB(AT SECTION CHCU.CM)
STLLOSL=X(4)* TOTWID=GIRLEN/WIDTH

TOTAL VOLUME OF REINFORCING STEEL
VOLSTL=STLOUGD-STLINGD+STLUPSL-STLLOSL

FORM WORK

FOR GIRDER
FOMGIR={X(5)- HTHUN)*NGIRDER~2 X (6}*NGIRDER

FOR INSIDE HUNCH
SQARGIsHTHUN»»2-WDHUN**2
DIAGHN=SQRT(SQARGI}
FOMHNI=DIAGHN*(NGIRDER - 1)%2

FOR OQUTSIDE HUNCH
SQARGO=HTHUN=»2-OUTFLN=x2
DIAGOF=SQRT(SQARGO!
FOMHNO=DIAGOF»2

FOR EDGE WALKING ROAD
}*O\IROD X(2*2-HTWALK=»4

FOI
FOMSLB (FLWDIN X(6) WDHUN#2*(NGIRDER- 1}

TOTAL AREA OF FORM WORK (SQ.CM)
AREFOM=(FOMGIR+ FOMHNI-FOMHNO+FOMROD+FOMSLB}*GIRLEN
STIRRUP

NUMBER OF STIRRUP

IN CASE OF OUTSIDE GIRDER
NUMSTO=SPAN/X(10}

IN CASE OF INSIDE GIRDER

UMSTI=SPAN/X(12)

VOLUME OF STIRRUP
\OLQTO \X((H'(X 2)-X(3)-3.0)- X(9*(X(6}-10.01/2.0)
= NUMS
VOL! Tl \X(llb (X(25-X(5)- 500 XU 1(X(6)-10.0)/2.00
==NUMS
VOL! \TR \OLSTO'Z VOLSTI=(NGIRDER-2)

QBJ=VOLCON*UNICON/1000000.0- VOLSTL*STELWT*UNISTL
=/1000000.0+ AREFOM » UNIFOM./10000.0+ VOLS TR*STELWT>
*UNISTL/1000000.0

=2+ CONSTRAINTS *x=
DESIGN QF SLAB

CALCULATION OF BENDING MOMENT(ULTIMATE BENDING MOMENT)
DEAD LOAD (KG/SQ.M)
PAVEMENT : WDI, SLAB : WD2, CURB AND HAND RAlL : PD1
FOR SECTION A
WDAI=PAVTHI*ASPHWT/WIDTH
WDA2=(X(1)* X(2)}»CONCWT/2.0/WIDTH
TOTWDA=WDAI-WDA2
VLTIMATE DEAD LOAD
sFACDED=TOTWDA
CURB AND HAND RAIL
PDA=HTWALK-WDWALK+CONCWT/WIDTH/WIDTH-BANDED
ULTIMATE DEAD LOAD
PUDA=FACDED+*PDA

SECTION B AND C

WDC1=WDA1
WDC2=X(2)*CONCWT/WIDTH
TOTWDC=WDCL-WDC2
ULTIMATE DEAD LOAD
WUDC=FACDED=TOTWDC
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BENDING MOMENT AT SPAN AND SUPPORT (KG-CM)
REFERENCE : BRIDGE CODE PP.446, 448-45].

CANTILEVER ARMS (M)

ARMI1=(OUTFLN-WDWALK)/WIDTH
ARM2=ARM1+WDWALK/2.0/WIDTH

BENDING MOMENT BY DEAD LOAD AT SECTION A (KG Mi
BENMDA=-(TOTWDA*ARM1x»2/2.0+ PDA*ARM2)

BENDING MOMENT BY DEAD LOAD AT SECTION B (KG-M)
SPANSL=(FLWDIN-X(6))/WIDTH
BENMDB=-(TOTWDC+SPANSL**2/10.0)

BENMDC=-BENMDB

ULTIMATE BENDING ‘V[OME\T AT SECTION AB AND C
BENMDUA=FACDED+BENMDA
BENMDUB=FACDED*BENMDB
BENMDUC=FACDED*BENMDC

LIVE LOAD

WHEEL LOAD DISTRIBUTION WIDTH
REF : BRIDGE CODE PP.448-449

CALL WHF[ OD(SPAN,LOAD FLWDIN Q1.Q2 WIDTH.DBLOAD.FACIMG,
*FACLIV

ELLWID=08«((QUTFLN-WDWALIK)WIDTH-0.3)+ 1.14
IF(ELLWID.GT.2.LDELLWID=2.1

BENDING MOMENT BY LIVE LOAD AT SECTION A
BENMLA=-DBLOAD*(QUTFLN-WDWALK)/WIDTH-0.3)/ELLWID
IF(BENMLA GT.0.0)BENMLA=0.0

BENDING MOMENT BY LIVE LOAD AT SECTION B
BENMLB=-(SPANSL+0.6)*DBLOAD*0.8/9.6
BENMLC=-BENMLB

ULTIMATE BENDING MOMENT
BENMLUA=FACLIV«BENMLA
BENMLUB=FACLIV+BENMLB
BENMLUC=FACLIV*BENMLC

IMPACT LOAD

IMPACT FACTOR
FACIMP=15.0/(40.0-SPANSL)
IF(FACIMP.GT.0.3)FACIMP=0.3

BENDING MOMENT BY IMPACT LOAD
BENMIA=FACIMP=BENMLA
BENMIB=FACIMP*BENMLB
BENMIC=FACIMP+BENMLC

ULTIMATE IMPACT BENDING MOMENT
BENMIUA=BENMLUA=FACIMP
BENMIUB=BENMLUB+FACIMP
BENMIUC=BENMLUC+FACIMP

BENDING MOMENT BY HORIZONTAL FORCE OF HAND RAIL

HEIGHT FROM THE CENTER OF SLAB THICKNESS TO THE

APPLICATION POINT OF HORIZONTAL FORCE
HTFORC=(HTHAND+PAVTHI-X(1)/2.0/WIDTH
BENMHA=-(HORFOR*HTFORC!

ULTIMATE BENDING MOMENT BY HORIZONTAL FORCE OF HAND RAIL
BENMHUA=FACLIV*BENMHA

TOTAL BENDING MOMENT AT EACH SECTICN
TOTMA=BENMDA+BENMLA+BENMIA-BENMHA
TOTMB=BENMDBBENMLB -BENMIB
TOTMC=BENMDC- BENMLC+BENMIC

TOTAL ULTIMATE BENDING MOMENT AT EACH SECTION
TOTMUA=BENMDUA -BENMLUA-BENMIUA -BENMHUA
TOTMUB=BENMDUB+BENMLUB «BENMIUB
TOTMUC=BENMDUC+ BENMLUC+BENMIUC

TOTMUA=ABS(TOTMUA)
TOTMUB=ABS(TOTMUB}
TOTMUC=ABSITOTMUC)

CONSTRAINTS FOR FLEXURAL STRENGTH OF SLAB AT EACH SECTION

AT SECTION A AND B

EFFECTIVE THICKNESS OF SLAB AT SECTION A AND B
EFFTHA=X(1)-COVER-DIAMETER/20

STEEL RATIO
PPA=X(3)/WIDTH/EFFTHA

NOMINAL FLEXURAL STRENGTH AT SECTION A AND B
FAIMNA=(FAIM*PPA*SIGMAY*WIDTH+EFFTHA*+2
«+(1.0-0.59+PPA*SICMAY/SIGMCKY/WIDTH

TF(FAIMNA EQO.0FAIMNA=0.001
FAIMNB=FAIMNA

CONSTRAINTS FOR FLEXURAL STRENGTH OF SLAB AT SECTION A AND 8

G=(TOTMUA-FAIMNAY/ABS(FAIMNA)
G(2)=(TOTMUB-FAIMNB)/ABS(FAIMNB)

AT SECTION C

EFFECTIVE THICKNESS OF SLAB AT SECTION C
EFFTHC=X(2}-COVER-DIAMETER/2.0

STEEL RATIO
PPC=X(4)/WIDTH/EFFTHC

NOMINAL FLEXURAL STRENGTH AT SECTION C
FAIMNC=(FAIM*PPC*SIGMAY«WIDTH*EFFTHCx*2

#{1.0-0.59+PPC+SIGMAY/SIGMCK)/WIDTH

CONSTRAINTS FOR FLEXURAL STRENGTH OF SLAB AT SECTION C

IF(FAIMNC.EQ.0.0)F AIMNC=0.001
G(3)=(TOTMUC-FAIMNC)/ABS(FAIMNC)
CONSTRAINTS FOR MINIMUM STEEL RATIO OF SLAB
PMIN=14.0/SIGMAY
G{4)=(PMIN-PPA)/ABS(PMIN)
G{5)=(PMIN-PPC)/ABS(PMIN)
CONSTRAINTS FOR MAXIMUM STEEL RATIO
PB=0.85+0.85+SIGMCK*6120.0/SIGMAY/(6120.0-SIGMAY)
PMAX=0.75+PB

G(6)=(PPA -PMAX)/ABS(PMAX)
G(N=(PPC-PMAX)/ABS(PMAX)

CONSTRAINTS FOR REASONABILITY
TF(X(2).EQ.0.0)X(2)=0.001
GB)=(X(2)-X(1)/ABS(X(2)
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*x+ DESIGN OF GIRDERS «x*

LOADS -
DEAD LOADS
PAVEMENT

WGDI PAVTHI«PURWID*ASPHWT/WIDTH/WIDTH

CUR]
WGDZ HTWALK*WDWALK*2*CONCWT/WIDTH/WIDTH
HAND RAIL
WGD3=HANDED*2
SLAB
WGDA=X(2)«TOTWID*CONCWT/WIDTH/WIDTH
INSIDE HUNCH
WGD5=HTHUN*WDHUN*(NGIRDER-1)*CONCWT/WIDTH/WIDTH
OUTSIDE HUNCH
WGDE=HTHUN*GUTFLN=CONCWT/WIDTH/WIDTH
GIRDERS
WGED7=X(5)+X(6)*NGIRDER+CONCW T/WIDTH/WIDTH
TOTAL DEAD LOAD
TOTWGD=WGDI* WGD2-WGD3- WGD4  WGD5- WGD6- WGD7
UNIFORM DISTRIBUTION LOAD PER GIRDER
WGD=TOTWGD/NGIRDER
ULTIMATE LOAD
WGDULT=FACDED«WGD
WEIGHT OF HORIZONTAL BEAM

WTHOBM=WDHOBM*HTHOBM*SPANSL*(NGIRDER-1}
*+*CONCWT/WIDTH/WIDTH
WEIGHT OF HORIZONTAL BEAM PER GIRDER
PDONE=WTHOBM/NGIRDER
ULTIMATE LOAD
PDULT=FACDED*PDONE

LIVE LOAD

IMPACT FACTOR FOR GIRDER
TRSPNG=SPAN/WIDTH
FACIMG=15.0/(40.0- TRSPNG)
IFIFACIMG.GT.0.3)FACIMG=0.3

CALL EVALF(BENLIV,BENDED,SHELIV SHEDED.WGDULT PDULT,WIDTH,

*FACLIV.FLWDIN LOAD)}

TOTAL ULTIMATE BENDING MOMENT AND SHEAR FORCE

TOTBNO=BENDED(1)+ BENLIV(1)+FACIMG*BENLIV(1)

TOTBNI=BENDED(2)-BENLIV(2}-FACIMG*BENLIV(2)
SHEAR FORCES

TOTSHI=SHEDED{2)-SHELIV(2)- FACIMG*SHELIV{2)

TOTSHO=SHEDED(1}+SHELIV(1)+FACIMG*SHELIV{1)

=¥+ CHECKING SECTIONS xx*

EFFECTIVE WIDTH OF COMPRESSIVE FLANGE
IN CASE OF INSIDE GIRDER
EFFLNI=12,0«X{2)-X(6)
EFFLL WDIN
EFFLI2=SPAN/4.0

IF(EFFLILLT EFFLNDEFFLNI=EFFLI1
IF(EFFLIZLT EFFLNDEFFLNI=EFFLI2
IN CASE OF OUTSIDE GIRDER
B1=X{6)+QUTFLN
EFFLNO=6.0+X(2)-Bl
EFFLO1=SPAN/12.0-B1
EFFLO2=SPANSL/20-B1

[F(EFFLOL LT EFFLNO)EFFLNO=EFFLO]

IF(EFFLO2.LT.EFFLNO)EFFLNO=EFFLOZ
EFFECTIVE DEPTH OF FLANGE

EFDPFL=X(2)-X(5)}-10.0

CHECKING BY STRENGTH DESIGN METHOD
WHICH FORMULA SHOULD BE APPLIED ?

AO=X(7)*SIGMAY/(0.85+«SIGMCK*EFFLNO)
Al=X(8)*SIGMAY/(0.85*SIGMCK*EFFLNI)

IN CASE OF OUTSIDE GIRDER
IF(AQ.GT X(2) GO TO 115
POUT=X(8)/(EFFLNO*EFDFFL)

IN CASE OF RECTANGULA BEAM
FAIMNO=FAIM*POUT*SIGMAY *EFFLNO*EFDPFL#*2%
~(1-0.59xPOUT*SIGMAY/SIGMCK)
SCOUT=053*SQRT(SIGMCK *EFFLNO*EFDPFL
GO TO 116

115 CONTINUE

IN CASE OF T BEAM GIRDER
ASFO=FAIM*SIGMCK=X (2)*«(EFFLNO-X(6))/SIGMAY
FAIMNO=FAIM*(ASFO+SIGMAY*(EFDPFL-X(2)/2.0)+
*(X(8) ASFOSIGMAY+(EFDPFL-AQ/20))
SCOUT=0.53*SQRT(SIGMCK*X (6)*EFDPFL

116 CONTINUE

C
C
&

IN CASE OF INSIDE GIRDER

IF(ALGT X(2)GO TO 117
PIN=X(7)/(EFFLNI*EFDPFL}

IN CASE OF RECTANGULAR BEAM
FAIMNI=FAIM*PIN*SIGMAY*EFFLNIxEFDPFL*+2%
(] -0.59*PIN*SIGMAY/SIGMCK)
SCIN=0.53*SQRT(SIGMCK)*EFFLNI*EFDPFL
GO TO 118

117 CONTINUE

IN CASE OF T-BEAM GIRDER
ASFI=FAIM*SIGMCK*X (2)*(EFFLNI- X (6))/SIGMAY
FAIMNI=FAIM~(ASFI*SIGMAY*(EFDPFL-X(2)/2.0)-
*(X(7) -ASFD*SIGMAY «(EFDPFL- AL2.0))

SCIN=0.53*SQRT(SIGMCK)»X(6)*EFDPFL

1y CONTINUE
IF(FAIMNLEQ.0.0)FAIMNI=0.001
IF(FAIMNO.EQ.0.0/F AIMNO=0.001

CONSTRAINTS FOR DESIGN STRENGTH
G(®)=(TOTBNI-FAIMND/ABS (FAIMNI)
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G(10)=(TOTBNO-FAIMNO)/ABS(FAIMNO)
CONSTRAINTS FOR MAXIMUM REINFORCING STEEL RATIO

OQUTSIDE GIRDER
PFO=ASFO/(X(6)*EFDPFL)
PMAXO=0.75+(PB +PFO*X (6)/EFFLNO

IF(PMAXO.EQ.0.0)PMAX0=0,001
G(11)=(POUT-PMAXO)/ABS (PMAXO)
INSIDE GIRDER
PFI=ASFI/(X{6)*EFDPFL)
PMAXI=0.75+(PB+PF1)* X(6)/EFFLNI

IF(PMAXI EQ.0.0)PMAXI=0.001
G(12)=(PIN-PMAXD/ABS(PMAXD)

CONSTRAINTS FOR MINIMUM REINFORCING STEEL RATIO

PMOUT=X(7)/(X(6}*EFDPFL)
PMINS=X(8)/(X(6)xEFDPFL)

G(13)=(PMIN-PMOUT)/ABS{PMIN)
G(14)=(PMIN-PMINS)/ABS(PMIN)

CONSTRAINTS FOR SHEAR STRENGTH
ALPRAD=3.14159«ALPA/180.0
UPPER=SIN(ALPRAD)-COS(ALPRAD)

IN CASE OF OUTSIDE GIRDER

FAISNQ=0.7*SCOUT-0.7*X(9)=SIGMAY+EFDPFL+UPPER/X(10)
IN CASE OF INSIDE GIRDER
FAISNI=0.7+SCIN+0.7*X(11)«SIGMAY*EFDPFL*UPPER/X(12)

IF(FAISNO.EQ.0.0)FAISNO=0.001
IF(FAISNL.EQ.0.0)FAISNI=0.001
G(15)=(TOTSHO-FAISNO)/ABS(FAISNO}
G(16)=(TOTSHI-FAISND/ABS(FAISND

CONSTRAINTS FOR MINIMUM STIRRUP

FOR QUTSIDE GIRDER
STRMNO=3.5+X(6)+X (10}/SIGMAY

FOR INSIDE GIRDER
STRMNI=3.5+X(6)X(12)/SIGMAY

IF(STRMNO.EQ.0.0)STRMNO=0.001
IF(STRMNLEQ.0.0)S TRMNI=0.001
G(17)=(STRMNO-X(9))/ABS(STRMNO}
G(18)=(STRMNI- X(11))/ABS{STRMNI)

CONSTRAINTS FOR THE MAXIMUM SPACE OF STIRRUP
SPAMAX=EFDPFL/2.0
IF(SPAMAX.GT.60.0)SPAMAX=60.0

IF(SPAMAX.EQ.0.0)SPAMAX=0.001
G(19)=(X(10)-SPAMAX)/ABS(SPAMAX)
G(20)=(X(12)-SPAMAX)/ABS(SPAMAX)

RETURN
END

++= SUBROUTINE TO CALCULATE ABSOLUTE MAXIMUM MOMENT =

SUBROUTINE EVALF(BENLIV.BENDED,SHELIV.SHEDED,
«WGDULT.PDULT.WIDTH.FACLIV FLWDIN,LOAD!

DIMENSION P(2,3),5(3, TOTMOM(2), TOTLOD(2}, TOTLEN(2).
«DS(2,3),Q1(2).Q2(2) BENLIV(2) HTSHIN(2 3), SHELIV(2),
*SHEDED(2), BENDED(2}

TL=1300.0

THE VALUE OF DB-LOAD

CALL WHELOD(1300.0,2, FLWDIN,Q1.Q2,100.0.DBLOAD, FACIMG.2.13)
LOADS FOR QUTSIDE GIRDER

DO 1000 1=1,2

PLD=Q2(1
P(L2)=Q2(1)
PUD=Q1(D

POSITION OF MOVING LOAD
S()=00
S(2)=4200
5(3)=8400

CALCULATE THE POSITION OF TOTAL LOAD
TOTMOMD=00
TOTLOD(D=0.0

DO 20 j=1.3
TOTMOM()=TOTMOM(D+P(L])*S(J)
TOTLOD(=TOTLOD(D-P(L)}

20 CONTINUE

TOTLEN(D=TOTMOM(I)/TOTLOD()
DISTANCE BETWEEN TOTAL LOAD POSITION AND INDIVIDUAL
LOAD POSITION

DO 30 J=13

DS(L))=ABS(S(J})-TOTLEN(I)}

30 CONTINUE
CALCLLATIO\I OF THE MINIMUM DISTANCE

DMIN=DS!I,

KK=1

DO 40 J=23

H‘(DS(IJ)GE DMIN)GO TO 40

DMIN=DS(L])

KK=

=J
40 CONTINUE

REACTION AT SUPPORT A AND B BY LIVE LOAD AND DEAD LOAD

RALIV=TOTLOD(D«(TL-TOTLEN(I)/TL
RBLIV=TOTLOD(D-RALIV

RADED=WGDULT+*TL/WIDTH/2.0+PDULT/2.0
RBDED=RADED



C CALCULATION QF BENDING MOMENT BY LIVE LOAD AND DEAD LOAD
€ FOR EACH CASE

GO TO100,200.300)KK

100 POSIT1=(TL-DS(L1)2.0
POSITZ POSIT}-5(2)
ALIV*POSIT.
ALIV*POSIT2-P(L1%$(2)

BEN
BENLIV(I)=BEN1
=1

IF(BEN2.GT BENLIV(I)THEN
BENLIV)=BEN?Z
LL=2
END IF
GO TO{105.203)LL

103 BE\DED(I) =RADED+*POSTIT1

G
205 BEI\DED(I) RADED*POSIT2

<
200 HARFTL=TL/20
IF(TOTLEN().LE HARFTLITHEN

POSIT1=TOTLEN() S(2)
POSIT: L-DS(L2)72.0
POSIT: SIT2+5(2:
ELSE

POSIT1=(TL- DSt}2)

v’7 0-5(2)
POSIT! 0
l—‘ObITi POSITZ
ND IF

)12
5(2)

BEN1

=RALIV*POSIT1
BEN2=RALIV+POSIT2-P(L1)*8(2)

BEN3=RBLIV+(TL-POSIT3)

BENLIV(D=BEN1

LLL=

IF(BENLIV(D LT.BEN2)THEN
BENLIV(1)=BEN2

IF(BENLIVID. LT BEN3)THEN
NLIV(I)=BEN,

GO TOU06.206.306)LLL
106 BE\DED(I =RADED~POSITI

GO T
206 BI;\DED(I) RADED=POSITZ

GO TO
306 BE\DED(I) RBDED=(TL-POSIT3)
GO TO 4

31)0 POSIT2=(TL-D3(1,3)72.0-512)
POSIT3=(TL+DS(L.3:)/2.0

BEN2=RBLIV*(TL-POSIT2)- P(1.3)*5(2)
BEN3=RBLIV*(TL-POSIT3)

BENLIV(1)=BEN2

LLLE=1
IF{BENLIV (l) I T BEN2)THEN
BENLIV(
LLI l.
EN]
( O ‘l()(]O/’UHLLLL

107 BENDED(=RBDED+:Ti. POSIT2}

20 TO 400
:707 BENDED(I}=RBDED+(TL POSIT3)

"4

CONTINUE
CALCULATION OF ABSOLUTE MAXIMUM SHEAR FORCE

ane

HTSHIN(D=TL*PU,1)/TL
HTSHIN(.2)=(TL-4.2)*P(12)/TL
HTSHIN(L3)=(TL-8.4)*P(1.3)/TL

SHELLV(
9% CONTINUE
¢ SHEAR FORCE BY DEAD LOAD
SHEDED()=-RADED

HELIV(D+HTSHIN(]}

1000 CONTINUE

RETURN
END

C SUBROUTINE TO CALCULATE LIVE LOAD (WHEEL LOAD)
C

SUBROUTINE WHELOD(SPAN,LOAD FLWDIN,Q1.QZ WIDTH,DBLOAD.
*FACIMG, FACLIV}
DIMENSION Q1(2).Q2(2)

c
C PLEASE SELECT DB-LOAD
C DB-LOAD

P24=9600.0

PIS 72000

00.0
C IF [OAD 1; DB24, 2 ; DBIS. 3 ; DBI35
GO TO(100,200,300)LOAD
100 DBI QAD= P’M

TO 4
200 DB[OAD Pld

300 DBLOAD'
4 CONTINU

{ LIVE LOAD APPLIED TO OUTSIDE GIRDER(REF..BRIDGE CODE P.208)
TRFLWI=FLWDIN/WIDTH
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RAOUT=(TRFLWL/(120+0.25* TRFLWI))*DBLOAD

BACK WHEEL
Q20UT=RAOUT

FRONT WHEEL
QIOUT=Q20UT/4.0

ULTIMATE LOAD
Q2(1)=FACLIV+Q20UT
QI(D=FACLIV*QIOUT

LIVE LOAD APPLIED TO INSIDE GIRDERS
RAIN=(TRFLWL11.65+DBLOAD

BACK WHEEL
Q2IN=RAIN

FRONT WHEEL
QIIN=QZIN/4.0

ULTIMATE LOAD
Q2(2)=FACLIV+QZIN
QU2¥=FACLIV*QIIN

RETURN
END



UPPER STRUCTURE
PROGRAM : RAQUEF
PROGRAMMER : KIM, JONG OK
UNIT : KG, CM, KG/CUCM . KG/SQ.CM. KG-CM

OPTIMUM DESIGN OF REINFORCED CONCRETE AQUEDUCT BRIDGE

coannoconNnnNnan

DIMENSION X(5),XL{5),XU(5),G(30), WK (40002, [ WK (1500),
*RPRM(20),IPRM(20)

oo

DEFINE NRWK.NRIWK
NRWK=4000
NRIWK=1500
DEFINE METHOD NDV,NCON
METHOD=1
3 DESIGN VARIABLES
)

N
T4 ODNSTRA!NTS
NCON=14

o n

STARTING POINT
DESCRIPTION OF DESIGN VARIABLES
X(1) : THICKNESS OF WALL

X(2) : THICKNESS OF BOTTOM SLAB
MAIN STEEL AREA IN GIRDER

X(4) © MAIN STEEL AREA IN BOTTOM SLAB PER UNIT LENGTH
X(3) - MAIN STEEL AREA IN SIDE WALL PER UNIT LENGTH

»#+ INPUT INITIAL DESIGN VARIABLES *#=

aonaoacananon
d
@

X(1)=200
X(2)=200
X(3)=19.08
X{4)=357
X(3)=357

DESIGN BOUNDS
LOWER BOUNDS

ocoan

XL(1)=80

XL51=0 ()

UPPER BOUNDS

ann

XU1)=500.0
XU(2)=500.0
XU(3)=500.0
XU(4)=500.0
XU(5)=500.0

DEFINE IPRINT MINMAX.INFO
PRINT CONTROL

(s elotolel

MINMAX=-

INITIALIZE INFO TO ZERO

(NFO=0

OPTIMIZE

ZERO RPRM AND IPRM
DO 10 =120
RPRM(1)=00
i0 IPRM{D=0

C

100 CALL DOT(UNFOMETHOD,IPRINT.NDV,NCON X, XL XU,
*OB],MINMAX,G.RPRM,IPRM. WK, NRWK IWIK NRIWK)
FINISHED 7
IF(INFO.EQ.0GO TO 1000

EVALUATE OBJECTIVE AND CONSTRAINTS.

CALL EVAL(OB]X.G)

GO CONTINUE WITH OPTIMIZATION.
50 TO 100

1000 CONTINUE

a non o

STOP
END

SUBROUTINE EVAL(OB}.X.G)
DIMENSION X(7),G(30}

G
£ PARAMETERS
SHEERERE RSB R IR

=x* INPUT THE VALUES OF PARAMETERS »x*

[eYalaTeTatelotal

SPAN OF AQUEDUCT BRIDGE
SPAN=1200.0
DESIGI\ INSIDE WIDTH

a n

DEbIGN INSIDE HEIGHT

DEP"I‘EH OF WATER

HEIGH'I FROM WATER SURFACE TO TOP OF WALL
HFI(;HT (IZ‘ROM BOTTOM OF GIRDER TO BOTTOM OF SLAB
HLNCH 'WIDTH

aoOOOO0NOOOOaOnO0OO000O000 O O Q o0 o0 o0 o0 o a0

aO0 O 0 060000 on000an

O O 00 o a0 0 o0 0 0 a00o000

(e}

HUNCH HEIGHT
=10.0
UN]T WEIGHT OF CONCRETE(KG/CU.CM)}

C=25E-3
Wl%[l) PRESSURE(KG/SQ CM}
UNIT WEIGHT OF WATER(KG/CU.CM)

GAMAW=10E-3
LOAD FACTOR

FACDED=15
ANGLE OF BENT UP BAR(DEGREE)

P,

DESIGN CRITERIO)\ STRENGTH OF CONCRETE(KG/SQ.CM)
SIGMCK=240.0
YIELDING STRENGTH OF REINFORCING STEEL(KG/SQ.CM}
SIGMAY=3000.
STEEL COVER (CM)
RM=5.0

STRENGTH REDLCTION FACTOR FOR FLEXURE
STRE\IGTH REDUCTION FACTOR FOR SHEAR STRENGTH
AIV=07

‘}TRENGTH REDLLT]ON FACTOR FOR COLUMN
FAICQL=

»»* FOR OBJECTIVE FUNCTION sx»

REFERENCES : THE INFORMATION ON COMMODITY PRICE(THE FIRST
AND SECOND BOOK),FEBRUARY,1999.

UNIT PRICE OF CONCRETE. REINFORCING STEEL AND FORM WORKS

CONCRETE : MATERIAL . 57600 WON/CU.METER
LABOR EXPENSES ; 20,000 WON/CUMETER
TOTAL i 7769 WON/CUMETER

REINFORCING STEEL : MATERIAL 334,461 WON/TON
BOR EXPENSES 321.819 WON/TON
i 656,280 WON/TON

FORM WORKS : MATERIAL i 9592 WON/SQMETER
LABOR EXPENSES : 18366 WON/SQ.METER
TOTAL 27,958 WON/SQMETER

PARAMETERS FOR UINT PRICE

=«= INPUT THE UNIT PRICES OF MATERIAL AND LABOR »»x

UNICON=77690.0
UNISTL=656280.0
UNIFOM=27958.0

UNIT WEIGHT OF REINFORCING STEEL

UNIT WEIGHT OF STEEL = 0.0078546 KG/CU.CM
= 78346 KG/CUMETER
= 7.8546 TON/CUMETER

STELWT=7.8346

# THE END OF PARAMETERS #

UNIT CONVERSION FROM METER TQ CENTIMETER(1M=100.0CM)
UNILEN=1

WIDTH OF GIRDER
GW=X(1)HW

PURE WIDTH OF SLAB
PSW=WD-20-HW

OBJECTIVE FUNCTION

OBJ=(X(D)*TH*2.0- HW*HH-X{2)+{WD+ 2.+ X(1))- UH*GW)
*««SPAN~UNICON/1000000.0

*+ (X (4)«(WD+2,0+X(1)-2.0*WALPRM)+ X(5)+(TH+ X(2)+ UH-2.0+GIRPRM)*2.0)
**SPAN/UNILEN + 2.0« X(3)*SPAN)*STELW T»UNIS TL."1000000.0
*+(20+(TH+X(2)+UH)+2.0sGW -PSW +20~(SH+WL-HH)
»+2.0+SQRT(HW»+2+HH#+*2))+SPAN=UNIFOM/10000.0

DESIGN OF MAIN BEAM
CALCULATION OF LQAD

WEIGHT OF CONCRETE(KG/CM)
WTCONB=(2.0+X(1)*TH+HW*HH+X(2}%(WD+2.0«X (1))+2.0¢ UH* (X (1)+HW) »GAMAC

WEIGHT OF WATER(KG/CM)
WTWATB=(WL*WD-HW+HH)*GAMAW

TOTAL WEIGHT(KG/CM)
TOTWETB=WTCONB+WTWAT!

LOAD FOR ONE SIDE OF MAIN BEAM(KG/CM)
ONEBEM=TOTWET/2.0

THE MAXIMUM BENDING MOMENT OF MAIN BEAM
BENMAX=ONEBEM=*SPAN*+2/80

MAXIMUM SHEAR FORCE
SHEMAX=ONEBEM+SPAN/2.0

FACTORED FLEXURAL STRENGTH FOR MAIN BEAM
BEMFFS=FACDED*BENMAX

FACTORED SHEAR STRENGTH FOR MAIN BEAM
BEMFS5=FACDED*SHEMAX

CONSTRAINTS FOR FLEXURAL STRENGTH OF MAIN BEAM

EFFECTIVE DEPTH OF MAIN BEAM
EFFDPBM=TH+X(2)+UH-GIRPRM

STEEL RATIO OF MAIN BEAM
PPBEM=X(3)/EFFDPBM/X(1)

NOMINAL FLEXURAL STRENGTH OF MAIN BEAM
FAIMNMB=FAIM*PPBEM*SIGMAY +X (1»EFFDPBM*«2*
*(1.0-0.59*PPBEM*SIGMAY/SIGMCK)

[F(FAIMNMB.EQ.0.0)F AIMNMB=0.001
G(11=(BEMFFS-FAIMNMB)/ABS(FAIMNMB)

CONSTRAINTS FOR MINIMUM STEEL RATIO OF MAIN BEAM
PMIN=14.0/SIGMAY
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G(2)=(PMIN- PPBEM)’ABS(PMIN)

CONSTRAINTS FOR MAXIMUM STEEL RATIO
PB=0.85+0.85+SIGMCK*6120.0/SIGMA Y /(6120.0+SIGMAY?
PMAX=0.75+PB

G(3)=(PPBEM-PMAX)/ABS(PMAX)

CONSTRAINTS FOR SHEAR STRENGTH
SCBEM=0.53+SQRT (SIGMCK)*X(1)*EFFDPBM
FAISNMB=0.7*SCBEM

IF(FAISNMB.EQ.0.0)FAISNMB=0.001
G(4)=(BEMFSS -FAISNMB)/ABS(FAISNMB)

CHECK FOR THE DEFLECTION OF MAIN BEAM
CRITERIA FOR THE THICKNESS OF MAIN BEAM

THICKF=04-SIGMAY,/7000.0
THICMN=THICKF*SPAN/16.0
TOTAL HEIGHT OF MAIN BEAM

TOTHIT=TH-UH+X(2}

IF(THICMN.EQ.0.0)THICMN=0.001
Gt3)=(THICMN- TOTHIT)ABS(THICMN)

DESIGN OF SLAB
CALCULATION OF LOAD

WEIGHT OF CONCRETE(KG/CM)
WTCONS=X(2)»UNILEN*GAMAC

WEIGHT OF WATER(KG/CM)
WTWATS=WL*UNILEN*GAMAW

TOTAL LOAD FOR THE SLAB
TOTWETS=WTCONS - WTWATS

BENDING MOMENT AT THE END OF SLAB(KG-CM)
BENMSA=TOTWETS*WD*x2/12.0
BENMSB=BENMSA
BENMSC=TOTWETS*WDx**2,16.0

FACTORED FLEXURAL STRENGTH FOR SLAB
FBENMSA=FACDED=BENMSA
FBENMSB=FACDED+BENMSB
FBENMSC=FACDED+BENMSC

MAXIMUM SHEAR FORCE OF SLAB
SHESLB=TOTWETS*WD/2.0

FACTORED SHEAR STRENGTH OF SLAB
FSHESLB=FACDED*SHESLB

CONSTRAINTS FOR FLEXURAL STRENGTH OF SLAB

EFFECTIVE DEPTH OF SLAB
EFFDPS=X(2)-SLBPRM

STEEL RATIO OF SLAB
PPSLB=X{4)/EFFDPS/UNILEN

NOMINAL FLEXURAL STRENGTH OF SLAB
FAIMNSL=FAIM+PPSLB*SIGMAY*UNILEN+EFFDPS=+2
==(1.0-0.59=PPSLB+SIGMAY/SIGMCK)

IHI- AIMNSLEQO.0/FAIMNSL=0.001
BENMSA -FAIMNSL}/ABS(FAIMNSL)

BENMSC-FAIMNSL)/ABS(FAIMNSL)

LO'\&TRAII\TS FOR MINIMUM STEEL RATIO OF SLAB
G(8)=(PMIN-PPSLB)/ABS (PMIN)

CONSTRAINTS FOR MAXIMUM STEEL RATIO
G(9)=(PPSLB-PMAX)/ABS(PMAX)

CONSTRAINTS FOR SHEAR STRENGTH
SCSLB=053*SQRT(SIGMCK)*UNILEN*EFFDPS
FAISNSL=0.7+*SCSLB
IF(FAISNSL EQ.0.00FAISNSL=0.001
G(10)=(FSHESLB-FAISNSL)/ABS(FAISNSL)

DESIGN OF SIDE WALL

CALCULATION OF LOAD

WATER PRESSURE(KG/SQ.CM)
PWATER=GAMAW*TH

WIND PRESSURE
PWIND=WIND*THsUNILEN

BENDIN
BENWAT=PWATER*UNILEN*TH=#2/6.0

BENDING MOMENT OF SIDE WALL BY WIND PRESSURE
BENWIN=PWIND=TH/2.0

BENDING MOMENT OF SIDE WALL FOR DESIGN
BENWAL=MAX(BENWATBENWIN)

CONSTRAINTS FOR FLEXURAL STRENGTH OF SIDE WALL

FACTORED FLEXURAL STRENGTH FOR SIDE WALL
FBENWAL=FACDED*BENWAL

CONSTRAINTS FOR FLEXURAL STRENGTH OF SIDE WALL

EFFECTIVE DEPTH OF SIDE WALL
EFFDPW=X(1)-WALPRM

STEEL RATIO OF SIDE WALL
PPWAL=X(5)/EFFDPW/UNILEN

NOMINAL FLEXURAL STRENGTH OF SIDE WALL
FAIMNWL=FAIM=PPWAL*SIGMAY *UNILEN+EFFDPWx*2
**(1.0-059+PPWAL*SIGMAY/SIGMCK)

IF(FAIMNWL.EQ.00FAIMNWL=0.001
G(l 1)=(FBENWAL - FAIMNWL)/ABS(FAIMNWL)
” R.

GU2)=(PMIN -PPWAL)/ABS(PMIN)

CONSTRAINTS FOR MAXIMUM STEEL RATIO
G{13}=(PPWAL - PMAX)/ABS(PMAX)

CONSTRAINTS FOR SHEAR STRENGTH

SHEAR FORCE AT THE POINT A (BOTTOM OF SIDE WALL)

SHEAWT=PWATER*TH=UNILEN/20
SHEAWD=PWIND
SHEAWL=MAX(SHEAWT.SHEAWD)
FACTORED SHEAR STRENGTH OF WALL
FSHEAWL=FACDED~SHEAWL

SCWALL=0.53+*SQRT(SIGMCK)*UNILEN*EFFDPW
FAISNWL=0.7*SCWALL

[F(FAISNWL.EQ0.0)FAISNWL=0001
G(14)=(FSHEAWL-FAISNWL)/ABS(FAISNWL)

RETURN
END

G MOMENT OF SIDE WALL BY WATER PRESSURE

NTS FOR MINIMUM $TEEL RATIO OF SIDE WALL
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OPTIMUM DESIGN OF REINFORCED CONCRETE AQUEDUCT BRIDGE
- ABUTMENT

PROGRAM : RABUTF

PROGRAMMER :
UNIT :

KIM, JONG OK

KG. CM, KG/CUCM . KG/SQCM, KG-CM

DIMENSION X(8).XL(8),XU(8).G(36). WK (40001 IWK (1500,

*RPRM(20),IPRM(20}

DEFINE NRWK NRIWK

NRWK=4000
NRIWK=1500

DEFINE METHOD NDV,NCON

METHO!

8 DESIGN \ARIABLES
NDV=:

36 CONSTRAINTS
NCON=36

STARTING POINT

DESCRIPTION OF DESIGN VARIABLES

X(l} : WIDTH OF SUPPORT
X@) ¢

SUPPORT
: DEPTH OF SUPPORT
: THICKNESS OF FOOTING
: LENGTH OF TOE AND HEEL
© MAIN STEEL AREA IN BODY
© TOP STEEL AREA IN FOOTING

X(8) : BOTTOM STEEL AREA IN FOOTING

*«+ INPUT INITIAL DESIGN VARIABLES *»»

X(S) 300

DESIGN BOUNDS

LOWER BOUNDS

XL(D=10.0
XL(2)=100

DEFINE IPRINT MINMAX INFO
PRINT CONTROL

IPRINT=3

MINIMIZE

MINM
L\’ITIALIZE INFO TO ZERO

OP’TIM
ZERQ RPRM AND IPRM

10

DO 10 1=1,20
RPRM(D=0.0
IPRM(D)=0

100 CALL DOTUNFOMETHOD,[PRINT NDV,NCON X, XL XU.

o oo O

*0BJ, MINMAX G.RPRM.IPRM.WK NRWK JWK NRIWK)

FINISHED

IF(INFO. EQ 0GO TO 1000

EVALUATE OBJECTIVE AND CONSTRAINTS

CALL EVALIOBLX.G)

GO CONTINUE WITH OPTIMIZATION.

GO TO 100

1000 CONTINUE
C

ananon

STOP
END

SUBROUTINE EVAL(OBJLX.G}
DIMENSION X(8).G(36),UX(6),WC(8), ARM(8), WETMOM(8),Y(6)

= DEMOME(6)DESHER(6), EFFBOD(6),PBODY (6 FAIMN (6} PIVNST(6)

FRH R R R

#

PARAMETERS #

BERRE SRR RE R

«s« INPUT THE VALUES OF PARAMETERS »+*

R’
DIFFERENCE BETWEEN WIDTH OF BOTTOM BODY AND WIDTH OF
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C # THE END OF PARAMETERS #
Hkle"{ OF ABUTMENT C
C
\PA'\! QF AQUEDUCT BRIDGE C INTERNAL FRICTION ANGLE OF SOIL (UNIT : RADIAN)
SPAN=1200. FAIRAD=FAIDEG*UNITRA
PASAMETERS FOR UPPER STRUCTURES C TH}!}E RATIO OF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
*Al=3.14159
.0053 C UNIT TRANSPOSITION FROM DEGREE TO RADIAN
4802 UNITRA=PAL/180.0
277 C UNIT CON\ERSION FROM METER TO CENTIMETER(IM=100.0CM)
(5)=2.5412 UNILEN:
C
C OBJECTIVE FUNCTION
[
UGW=UX(1)+UHW
'WD-2.0+UHW
WISUPT=UWD-2.0«UX{1)+20.0
WIBODY=UWD-+2.0«UX(1):10.0
WIFQOT=WIBODY -2.0+X(5)
OF NECK HTLOAD=UTH-UX(2)+UUH
THNE . BTBODY=X(1}-X(2}
UNIT WEIGHT OF SOIL(KG/CU.CM) HTBODY=HA-X(3)-THNECK
GAMAS=2.0E-3 C VOLUME OF CONCRETE
UNIT WEIGHT OF CONCRETE(KG/CU.CM) VOLCONS=X(1}*X(3)+WISUPT
GAMAC=25E-3 VOLCONN=(X{1)xWISUPT+ (X{1)- THNECK)*(WISUPT- 2.0« THNECK))*THNECK/2.0
UNIT WEIGHT OF WATER(KG/CU.CM) X(L)*BTBODY)*HTBODY»WIBODY/2.0
GAMAW=1.0E-3 VOLCONF=(BTBODY +2.0+X(5))*X(4)»WIFOOT
INTERNAL FRICT[ON ANGLE OF SOIL (UNIT : DEGREE) TOTCON=VOLCONS+VOLCONN+VOLCONB+VOLCONF
FAIDEG=3( C VOLUME OF STEEL
FRICTION COEFFICIE'\’I‘ BETWEEN FOOTING AND BASE TOTSTL=! X(G)’HA (X(7) X(8))*(BTBODY+2.0¢X(5))
FRICC: C AREA OF FORMWi
DESIGN STRE‘\GTH OF CONCRETE(KG/SQ.CM) AREASP=! 20*(X(3)=WISUPT‘XUY'X(3 }
SIGMCK=2400 AREABD=HTBODY*WIBODY~(X(1)+-BTBODY)*HTBODY
YIELDING STRENGTH OF REINFORCING STEEL(KG/SQ.CM) *+SQRT(HTBODY *»2+X(2)*+2)»WIBODY
SIGMAY=3000.0 AREAFT=X(4)*(BTBODY+2.0xX(5))=2.0+ X(4»WIFOOT*2.0
SAFETY FACTOR FOR OVERTURNING TOTFOM=AREASP+ AREABD+AREAFT
SAFEOV=2.0 C
SAFETY FACTOR FOR SLIDING 0BJ=TOTCON*UNICON/1000000.0+ TOTSTL*STELWT*UNISTL/1000000.0
SAFESL=15 «+TOTFOM=UNIFOM/10000.0
ALLOWABLE BEARING OF GROUND C
ALLSUP=2.0 C DESIGN OF ABUTMENT
CONCRETE COVER THICKNESS OF BODY C
BODPRM=5. C LOAD
CONCRETE COVER THICKNESS OF HEEL Cc
HELPRM=50 C WEIGHT OF REINFORCED CONCRETE
C ONCRETE COVER THICKNEEE OF TOE C AREA OF THE SECTION OF UPPER STRUCTURE
TOEPRM ARWALL=UX(1)*UTH»2.0
DIAMETER OF REINFORCING STEEL TO CALCULATE CONCRETE COVER ARHUNC=UHW+*UHH
(UNIT-CM) ARSLAB=(UWD-+2.0=UX(1))*UX(2)
DIAMETER=2.54 ARUNDE=(UX(1)+UHW}*UUH*2.0
ST REN(:TH REDUCTION FACTOR FOR FLEXURE C REACTION BY REINFORCED CONCRETE OF UPPER STRUCTURE
0.85 REACON=(ARWALL+ARHUNC+ ARSLAB+ARUNDE)*SPAN-GAMAC/20
STREI\GTH REDUCTION FACTOR FOR SHEAR € REACTION BY WATER IN UPPER STRUCTURE
FAIS=07 REAWAT=(UWL*UWD-UHW+UHH)+SPANsGAMAW/20
LOAD FACTOR ¢ TOTAL REACTION BY UPPER STRUCTURE
FACDED=15 TOTREA=REACON+REAWAT
C MOMENT BY SELF WEIGHT OF ABUTMENT
REFERENCES FOR SHEAR RESISTANCE ANGLE OF SOIL c
C SELF WEIGHT OF EACH ELEMENT OF ABUTMENT
CRASHED STONE : 35 - 45 (DEGREE) WC(D)=X(1)*X(3)*WISUPT*GAMAC
GRAV ©30 -4 WC(2)=(THNECK«X (13 WISUPT -(THNECK «#2/2.0}«
135 - 40 #(WISUPT-2.0+X(D))*GAMAC
$30 3B WC(3)=(X(1)-THNECK)*HTBODY*WIBODY*GAMAC
%3 WC(4)=X(2)+HTBODY*WIBODY*GAMAC/2.0
WC(5)=X(4)+(2.0+X (5)+BTBODY *WIFOOT«GAMAC
ORDINARY SOIL  : 25 - 35 WC(6)=X(5)*HA*WIFOOT*GAMAS
20 3 WC(D=XEWIFOOT*HTLOAD*GAMAW
15 - 25 WC(8)>=TOTREA
C MOMENT ARM FROM THE POINT OF 'O’
CLAY 220 3 ARM(1)=X(5)+BTBODY-X(1)/2.0
2 ARM( RM(
0 10 (5)+X(2)+THNECK « (X(1)-THNECK)/2.0
(5)+X(2)+2.0/3.0
ST 210 - 20 (5)»BTBODY/2.0
: 0 (5)«BTBODY+X(5)/2.0
RM(6}
SHEAR RESISTANCE ANGLE OF SOIL ARM(B)=X(5)+X(2)+X(1)/20
FAI=30.0 € TOTAL VERTICAL WEIGHT AND TOTAL MOMENT

THE ANGLES FOR THE SOIL PRESSURE COEFFICIENT BY COULOMB’'S FORMULA
ALl

PA=
BETA 0

FOR OBJECTIVE FUNCTION

TOTMOM=0.0

DO 150 =18
WETMOM(D=WC(D*ARM(D)
TOTWET=TOTWET-WC(D
TOTMOM=TOTMOM+ WETMOM(I}

REFERENCES : THE INFORMATION ON CO‘V[MODITY PRICE (THE FIRST AND 150 CONTINUE
COND BOOK), FEBRUARY, C POSITION OF TOTAL VERTICAL FORCE FROM THE POINT OF ‘0’
UNIT PRICE OF CONCRETE, REINFORCING GTEFL AND FORM WORKS PFX=TOTMOM/TOTWET

CONOOONNCNCACOaCOONa000

ancooon

an

C CALCULATION OF SOIL PRESSURE
CONCRETE MATERIAL . 57,600 WON/CUMETER C DECISION OF SHEAR RESISTANCE ANGLE OF SOIL
LABOR EXPENSES | 20,000 WON/CUMETER FAIR=0.01745+FAl
TOTAL i 71,69 WON/CUMETER .01745+ALPA
'‘AR=0.01745+BETA
REINFORCING STEEL : MATERIAL i 334,461 WON/TON C LOAD INTENSITY ON EARTH SURFACE
LABOR EXPENSES ; 321,819 WON/TON QLI=GAMAW+UTH
TOTAL + 656,280 WON/TON C SOIL PRESSURE COEFFICIENT BY COULOMB’S FORMULA
DELTAR=FAIR/3.0
FORM WORKS : MATERIAL 9592 WON/SQ.METER [
LABOR EXPENSES ; 18,366 WON/SQ.METER UPPER=COS(FAIR-ALPAR)»=2
OTAL i 27958 WON/SQMETER ROOTUP=SIN(FAIR+DELTAR*SIN(FAIR-BETAR}
ROOTUN=COS(DELTAR+ALPAR)*COS{ALPAR-BETAR)
PARAMETERS FOR UINT PRICE UNDERI= SQRT(ROOTUP/ROOTUN)
UNDER2=(1+UNDERD=:
x»+« INPUT THE UNIT PRICES OF MATERIAL AND LABOR xx= UNDER= (COS(ALPAR)"2)'COS(DELTAR ALPAR)*UNDERZ
c
UNICON=77680.0 SKA=UPPER/UNDER
UNISTL=656280.0 C SOIL PRESSURE BY THE LOAD ON EARTH SURFACE
UNIFOM=27958.0 SPA=QLI*HA*SKA«WIBODY
C APPLIED POINT OF SOIL PRESSURE : HA/20
UNIT WEIGHT OF REINFORCING STEEL € SOIL PRESSURE BY THE SOIL
CPA=GAMAS*SKA*WIBODY «HA**2/2.0
UNIT WEIGHT OF STEEL = 0.0078546 KG/CU.CM C APPLIED POINT OF SOIL PRESSURE : HA/30
= 78546 KG/CUMETER C OVERTURNING MOMENT BY SOIL PRESSURE
= 7.8546 TON/CUMETER PH=SPA-CPA
SMOVER=CPA+HA/3.0+SPA*HA/2.0
STELWT=7.8546 SMRESI=-TOTMOM
C DISTANCE FROM 'O’ TO THE APPLIED POINT OF TOTAL LOAD

DISTAN=(SMRESI-SMOVERYTOTWET
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FOOTLN=X(1)+X(2)-2.0<X(5}
ECCENT=ABS(FOOTLN/2.0-DISTAN)
CONSTRAINTS FOR OVERTURNING
MIDDLE THIRD DISTANCE
DMIDTHD=FOOTLN/6.0
[FIDMIDTHD EQ.0.0)DMIDTHD=0.001
G(D=(ECCENT-DMIDTHD)/ABS(DMIDTHD)
C SAFETY RATIO
RASFOV=SMRESI/SMOVER
[F(RASFOV.EQ.0.0)RASFOV=0.001
G(2)=(SAFEOV -RASFOVY/ABS(RASFOV}
€ CONSTRAINTS FOR SLIDING
SLIDING RESISTANCE FORCE
FRICTION COEFFICIENT
SMYU=TAN(FAIR)
HR=TOTWET=SMYU
RASFSL=HR/PH
IF(RASFSL.EQ.0.0)RASFSL=0.001
G(3)=(SAFESL-RASFSL)/ABS(RASFSL)
CONSTRAINTS FOR GROUND SETTLEMENT
QMAX=TOTWET+(1.0-60sECCENT/FOOTLN)/FOOTLN/WIFOOT
QMIN=TOTWET=*(1.0-6.0«ECCENT/FOOTLN}/FOOTLN/WIFOOT
Gl4)=QMAX- ALLSUP)/ABS(ALLSUP}

an

~n

DESIGN OF ABUTMENT BODY
CALCULATION OF DESIGN MOMENT AND SHEAR FORCE

noanan

QUARTR=HTBODY/4.0
Y(1)=X(3)/20
Y{2)=X(3)- THNECK
Y(31=HA -3.0«QUARTR
Yi4=HA 20=QUARTR
Yi5)=HA-QUARTR
Yi6)=HA

DO 200 I=16
DEMOME()=(QLI*SKA*WIBODY*Y{D)*=2,2.0
«-SKA*GAMAS«WIBODY=*Y(1)*+3/6.0)x1.8

DESHER{D)=(QLI*SKA*WIBODY =Y (L}~
*SKA*GAMASAWIBODY «Y (1)**2/2.00+1.8
200 CONTINUE
CHECK THE WALL THICKNESS AND REINFORCEMENT

EFFECTIVE DEFTH OF BODY AT EACH CHECK POINT

[slslaliele]

BODGRD=(X(2)* THNECK)/HTBODY
DEPTH2+X(1)-THNECK
DEPTH3=DEPTH2+BODGRD=QUARTR+1.0
DEPTH4=DEPTH2-BODGRD*QUARTR=2.0
DEPTH5=DEPTH2+BODGRD*QUARTR#3.0
DEPTH6=DEPTHZ*BODGRD*QUARTR=40

DUMVA1=BODPRM+DIAMETER 2.0
EFFBOD(1)=X(1)-DUMVA1
EFFBOD(2)=DEPTH2 DUMVAI
EFFBOD(3)=DEPTH3-DUMVAL
EFFBOD(4)=DEPTH4-DUMVA}
EFFBOD{(5)=DEPTH5-DUMVA1L
EFFBOD(6)=DEPTH6 - DUMVAL
¢ STEEL RATIO AND NOMINAL FLEXURAL STRENGTH OF BODY

PBODY (1)=X(6)/WIBODY/EFFBOD(1)
PBODY (2)=X(6)/WIBODY/EFFBOD(2)
PBODY (3)=X(6)/WIBODY/EFFBOD(3)
PBODY (4)=X(6)/WIBODY/EFFBOD(4)
PBODY (5)=X(6)/WIBODY/EFFBOD()
PBODY (6)=X(6)/WIBODY /EFFBOD(6)

. NOMINAL FLEXURAL STRENGTH

.

DO 300 =16
FAIMN(}=FAIM=PBODY (D*SIGMAY*WIBODY *EFFBOD(1)**2
~+(1.0-0.59+PBODY(I*SIGMAY/SIGMCK

300 CONTINUE

50 1=16
IF(FAIM\ JEQOOIFADMN(D=0.001

350

DEMOME(L) -FAIMN(1))/ABS(FAIMN (1)
G(6)= DEMOME(2)-FAIMN(2))/ABS(FAIMN(2))
G(7)=(DEMOME(3)- FAIMN{(3))/ABS (FAIMN(3))
G(8)=(DEMOME(4)-FAIMN(4))/ABS(FAIMN4))
G{9)=(DEMOME(5)- FAIMN(5))/ABS(FAIMN(5))
G(10)=(DEMOME(6)-FAIMN(6))/ABS(FAIMN(6))

C CONSTRAINTS FOR SHEAR IN ABUTMENT BODY
DO 400 [=1,

PIVNST(I)= 053-FAI§'SQRT(SIGMCK)*WIBODY*EFFBODU)
400 CONTINUE

C
DO 450 =16
TF(PIVNST(I).EQ.0.0)PIVNST()=0.001

450 CONTINUE

C

=(DESHER(1)-PIVNST(1)/ABS(PIVNST (1)

DESHER(2)-PIVNST(2})ABS(PIVNST (21}

DESHER(3)-PIVNST(3)/ABS(PIVNST(3))

DESHER(4)- PIVNST(4))/ABS(PIVNST(4)}

DESHER(S) PIVNST(5))/ABS(PIVNST(5))

(DESHER(6)-PIVNST(6))/ABS(PIVNST(6))

GELLY

DESIGN OF FOOTING
DESIGN OF HEEL
CALCULATION OF DESIGN MOMENT AND DESIGN SHEAR FORCE

[eTsTaVeTalatal

UPLOAD=WC(7)yWIFOQT/X(5)
CONVOL=X(4X(5»WIFOOT
SOLVOL=HA*X(5)»WIFOOT

RAII\TS FOR FLEXURAL STRENGTH OF ABUTMENT BODY

QUH= 15~(CONVOL*GAMAC*:.OLVOL*GAMAS)/WIFOOT/X(S) UPLOAD

C DESIGN MOMENT IN HEEL
DEMOHL=QUH*X(5)**2+WIFOOT/2.0
DESIGN SHEAR FORCE IN HEEL
DESHHL=QUH*WIFOOT+*X(5)
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EFFECTIVE DEPTH OF HEEL
EFFHEL=X(4)-HELPRM-DIAMETER/2 0

STEEL RATIO IN HEEL
PHEL=X(7)/EFFHEL/WIFOOT

NOMINAL FLEXURAL STRENGTH

FAIMHL=FAIM+PHEL*3IGMAY*xWIFOOT*EFFHEL »*2%
*(1.0-0.59*PHEL*SIGMAY/SIGMCK)

CONSTRAINTS FOR FLEXURAL STRENGTH IN HEEL

IF(FAIMHL.EQ.0.0)FAIMHL=0.001
G(17)=(DEMOHL-FAIMHL)/ABS(FAIMHL}

CONSTRAINTS FOR SHEAR FORCE IN HEEL
PIVNHL=0.53*FAIS*SQRT{SIGMCK *WIFOOT+EFFHEL

IF(PIVNHL.EQ0.0)PIVNHL=0.001
G(18)=(DESHHL - PIVNHL)’ABS(PFVNHL!

DESIGN OF TOE
QT=(QMAX-QMIN)*(FOOTLN-X(5))/FOOTLN-QMIN

DESIGN MOMENT OF TOE
DEMOTO=1.B*(0.5+QT+X(5)**2-{QMAX~QT)*X(5)»*2/3.0WIFOOT

DESIGN SHEAR FORCE OF TOE
DESHTO=1.8+0.5+ (QMAX - QT X(5)*WIFOOT

EFFECTIVE DEPTH OF TCE FOR FLEXURE
EFFTOE=X(4)- TOEPRM-DIAMETER/2.0

STEEL RATIO OF TOE FOR FLEXURE
PTOE=X(8)/WIFOOT/EFFTOE

NOMINAL FLEXURAL STRENGTH FOR TOE
FAIMTO=FAIM*PTOE*SIGMAY *WIFOOT+EFFTOE**2*
*(L.0-0.59«PTOE=SIGMAY/SIGMCK)

CONSTRAINTS FOR FLEXURAL STRENGTH IN TOE

IF(FAIMTO.EQ.0.0)FAIMTO=0.001

G(19)={DEMOTO-FAIMTO)YABS(FAIMTO)
CONSTRAINTS FOR SHEAR FORCE IN TOE

PIVNTO=053+FAIS*SQRT(SIGMCK)*WIFOOT*EFFTOE

IF(PIVNTO.EQ.0.0PIVNTO=0.001
G(20)=(DESHTO-PIVNTO)/ABS(PIVNTO)
MINIMUM REINFORCING STEEL
MINIMUM REINFORCING STEEL OF BODY
MINIMUM STEEL RATIO (14/SIGMAY)
SRATMN=M(/SIGMAY
CONSTRAINTS FOR MINIMUM REINFORCING STEEL RATIO OF BODY
G(21)=(SRATMN-PBODY(1))/ABS(SRATMN}
SRATMN-PBODY (2)/ABS(SRATMN)
SRATMN-PBODY(3))/ABS(SRATMN)
RATMN-PBODY(4))/ABS(SRATMN)
(25)=(SRATMN~-PBODY(5))/ABS(SRATMN)
G(26)=(SRATMN- PBODY(6))/ABS(SRATMN)

CONSTRAINTS FOR MINIMUM REINFORCING STEEL RATIO OF HEEL
G(27)=(SRATMN-PHEL)/ABS(SRATMN)

CONSTRAINTS FOR MINIMUM REINFORCING STEEL RATIO OF TOE
G(28)=(SRATMN-PTOE)/ABS(SRATMN)

MAXIMUM REINFORCING STEEL

BALANCE STEEL RATIO
PB=0.85+0.85+SIGMCK*6120.0/SIGMAY/(6120.0-SIGMAY?
ASMXRA=0.75+PB

CONSTRAINTS FOR MAXIMUM STEEL RATIO IN BODY

IF(ASMXRA EQ.0.0)ASMXRA=0.001

G =(PBODY(1)-ASMXRAI/ABS(ASMXRA}
G(30)=(PBODY (2)-ASMXRA)/ABS(ASMXRA)
3 PBODY (3)-ASMXRA)/ABS(ASMXRA)
PBODY(4)-ASMXRA)/ABS(ASMXRA)
G(33)=(PBODY (5}-ASMXRA/ABS(ASMXRA)
G(34)=(PBODY (6)-ASMXRA)Y/ABS(ASMXRA}

CONSTRAINTS FOR MAXIMUM STEEL RATIO IN FOOTING

G(35)=(PHEL~ASMXRA)/ABS(ASMXRA)
G(36)=(PTOE-ASMXRA)/ABS{ASMXRA)

RETURN
END



OPTIMUM DESIGN OF REINFORCED CONCRETE AQUEDUCT BRIDGE
PIER -

PROGRAM : RPIERF
PROGRAMMER : KIM, JONG OK
UNIT © KG. CM, KG/CU.CM , KG/SQ.CM, KG-CM

cooccocnoncnan

DIMENSION X(10) XL(10).XU(10),G(13),WK(4000).IWK(1500),
*RPRM(20).[PRM(20)

[oFel

DEFINE \RWK NRIWK
NRW!
NRIWK-!SOO

DEFINE METHOD.NDV,NCON
METHOD=1

10 DESXG\ VARIABLES

13 CONSTRAI\'TS
NCON=13

STARTING POINT
DESCRIPTION OF DESIGN VARIABLES

X(1) : WIDTH OF PIER

X(2) : LENGTH OF PIER

X(3) : DEPTH OF FOOTING

X(4) : HALF WIDTH OF FOOTING

X(5) : HALF LENGTH OF FOOTING

X(6) - MAIN STEEL AREA IN PIER

X(7) : TOP STEEL AREA IN FOOTING CROSSED BRIDGE AXIS PER METER

X(8) : TOP STEEL AREA IN FOOTING DIRECTED BRIDGE AXIS PER METER

X(9) : BOTTOM STEEL AREA IN FOOTING DIRECTED BRIDGE AXIS PER METER
X(10) : BOTTOM STEEL AREA IN FOOTING CROSSED BRIDGE AXIS PER METER

=*x» INPUT INITIAL DESIGN VARIABLES **+

[sialsistalalsisisisiatsioteloiol ot o N eI o NN o)

568
X(1M=8.944
DESIGN BOUNDS
LOWER BOUNDS

[aXaYotalel

XL(9)=0.0
XL10=00

C
C UPPER BOUNDS
o)
XU

500.0
500.0

X9 .0
XU(10)=150.0
DEFINE IPRINT MINMAX.INFO

PRINT CONTROL
PRINT=3

MINIMIZE
MINMAX=-1

INITIALIZE INFO TO ZERO
INFO=0

OPTIMIZE

ZERO RPRM AND IPRM
DO 10 =120
RPRM(1)=0.0
10 IPRM(D=0

[ele s oI Yo e ke

C
100 CALL DOTUNFOQMETHOD,IPRINTNDV NCON X XL.XU,
*0BJ, MINMAX G.RPRM,IPRM, WK NRWK.JWK NRIWK)
C FINISHED ?
IFUNFO.EQ.0GO TO 1000

C
C EVALUATE OBJECTIVE AND CONSTRAINTS.
Cc
CALL EVAL(OB].X.G)
C GO CONTINUE WITH OPTIMIZATION.
GO TO 100
1000 CONTINUE
C

STOP
END

SUBROUTINE EVAL(OBJX.G)

o O ananaann
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[eieielele]

DIMENSION X(10),G(13).UX(6)
RSB
# PARAMETERS #
RS RO
»=x INPUT THE VALUES OF PARAMETERS »»x
HE]GHT OF PIER
SPAN OF AQUEDUCT BRIDGE

SPAN=1200.
PARAMETERS FOR UPPER STRUCTURES
X(1

UHH=100

UNIT WEIGHT OF SOIL(KG/CU.CM)
GAMAS=2.0E-3

UNIT WE!GHT OF CONCRETE(KG/CU.CM)
GAMAC=2!

UNIT WEIGHT OF WATER(KG/CU.CM)
GAMAW=10E-3

HEIGHT OF BRIDGE SEAT

HBS=400
WIDTH OF BRIDGE SEAT
WBS:
HE!GHT OF FOOTING NECK
HSF=|
LENGTH OF BRIDGE SEAT
50.0
HEXGHT OF BRIDGE SEAT NECK
HElGHT OF FLOOD
HOF=200.0
HEIGHT OF SOIL ON FOOTING
[0S=1!

WlND PRESSURE(KG/SQ CM)
WINDP:

VELOCITY OF WATER(M/S METER/SECOND)
WATVEL=

INTERNAL FRICTION ANGLE OF SOIL (UNIT : DEGREE)
FAIDEG=30.0

SHEAR RESISTANCE ANGLE OF SOIL(DEGREE)

=30.0
FR]CTION COEFFICIENT BETWEEN FOOTING AND BASE
0.5

RICCO=!
DESIGN STRENGTH OF CONCRETE(KG/SQ.CM}
SIGMCK=2400
YIELD!NG STRENGTH OF REINFORCING STEEL(KG/SQ.CM)

SIGM.

SAFETY FACTOR FOR OVERTURNING
SAFEQV

SAFETY FACTOR FOR SLIDING
SAFESL=1

ALLOWABLE BEARING OF GROUND(KG/SQ.CM)
ALLSUP=2.0

CONCRETE COVER THICKNESS OF PIER
PIEPRM=5

TOP OONCRETE COVER THICKNESS OF FOOT(CM)
TFTPRM=5.0

BOTTOM CONCRETE COVER THICKNEEE OF FOOT(CM)
BFTPR

DIAMETER OF REINFORCING STEEL TO CALCULATE CONCRETE COVER

[ETER=2.54
STRENGTH REDUCTION FACTOR FOR FLEXURE
=0,
STRENC ‘TH REDUCTION FACTOR FOR SHEAR
STRENGTH REDUCTION FACTOR FOR COLUMN
AIC=0.85
STRENCTH REDUCT]ON FACTOR FOR BEARING
FAIBER=0.
LOAD FACTOR
FACDED-=L5
»»* FOR OBJECTIVE FUNCTION #»«

REFERENCES : THE INFORMATION ON COMMODITY PRICE (THE FIRST AND
SECOND BOOK), FEBRUARY, 1999.

UNIT PRICE OF CONCRETE, REINFORCING STEEL AND FORM WORKS
CONCRETE : MATERIAL ; 57,600 WON/CUMETER

LABOR EXPENSES : 20.090 WON/CU.METER
TOTAL i 77.690 WON/CUMETER

REINFORCING STEEL : MATER AL ; 334,461 WON/TON
BOR EXPENSES 321 819 WON/TON

T 656,280 WON/TON

FORM WORKS : MATERIAL i 9592 WON/SQMETER
LABOR EXPENSES ; 18,366 WON/SQ METER
TOTAL ; 27958 WON/SQMETER

PARAMETERS FOR UINT PRICE
ssx INPUT THE UNIT PRICES OF MATERIAL AND LABOR #++
UNICON=77690.0

UNIS TL=656280.0
UNIFOM=27958.0

UNIT WEIGHT OF REINFORCING STEEL

UNIT WEIGHT OF STEEL = 00078546 KG/CU.CM
= 78546 KG/CUMETER
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= 7.8546 TON/CUMETER
STELWT=7.8546
#  THE END OF PARAMETERS #

‘I‘l—l}l}iA!R.%Tj?ssOF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
UNIT TRANSPOSITION FROM DEGREE TO RADIAN
UNITRA=PAL/1800
INTERNAL FRICTION A.NGLE OF SOIL (UNIT : RADIAN)
FAIRAD=FAIDEG*UNIT}
UNIT CONVERSION FROM METER TO CENTIMETER(IM=100.0CM}

=20
OOEFFICW,N'T OF K1 FOR BALANCED LOAD
CKI=085

=xx OBJECTIVE FUNCTION *xx

VOLUME QF CONCRETE(CU.CM)
VOLCONS=HBS=WBS*BSL
VOLCONN=! (WBS'BSL~X(I)'X(2))*HOG/2 0
VOLCONP=X(1)=X(2)»(HOP-HBS-HOG)
VOLCONF=4.0xX(4)<X (5)#X(3)+ (40*X(4)xX(5)‘X(l)
==X (2)*HSE/20
TOTCON=VOLCONS+VOLCONN+VOLCONP+VOLCONF
VOLUME OF STEEL(CU.CM)
WDI1=(X(4)-X(1)/2 Q}ww2+HSF**2
WD2=(X(5)-X(2)/2 0}»=2+ HSF=#2
GRADF]=SQRT(WD1}
GRADF2=SQRT(WD2)
VOLST‘P X(G)'(HOP*HSF*X(S))
OLSTFI =G

LSTE2= X (@)=
VOLSTF3-X(9)*X (5)+X(4)*4. O/UNILEN
VOLSTF4=X(10)*X(4)*X (5)=4.0/UNIL)
TOTSTL=VOLSTP~VOLSTFL *VOLSTF‘Z‘ VOLSTF3+VOLSTF4
AREA OF FORM WORK(SQCM)
AREABS=2.0+(HBS+HOG)«(WBS+BSL)
AREAPI=20%(HOP-HBS-HOG)*(X(1+X(2)}
AREAFT=4.0+X(3)=(X(4)~X(5))
TOTFOM=AREABS+AREAPI+ AREAFT

OBJ=TOTCON*UNICON/1000000.0+ TOTS TL*STELW T+ UNISTL/1000000.0
*+TOTFOM*UNIFOM/10000 0

LOAD

OVERTURNING MOMENT BY WIND AND WATER FLOW PRESSURE

WIND FORCE ON UPPER STRUCTURE CROSSED BRIDGE AXIS(KG)
WINFUC=SPAN=(UTH+UX(2)~UUH)*WINDP

WIND FORCE ON BRIDGE SEAT CROSSED BRIDGE AXIS(KG)
WINFSC= (HBS'HOG)vBSL'WlNDP

WIND FORCE ON PIER CROSSED BRIDGE AXIS(KG)
WINFPC=(HOP-HOF-HBS -HOG)*X (2)*WINDP

WATER FLOW FORCE ON PIER CROSSED BRIDGE AXIS(KG)
WATFPC=0.07 '(WA’I‘VEL"Z)!HOF'X(ZVLOO

HEIGHT OF APPLIED FORCE POINT FR THE BOTTOM OF FOOTING(CM)
HWINFUC=, X(S)‘H.,F*HOP*(UTH*UX(Z) UUH)/ZO
HWINFSC=X3)+HSF+HOP- (HBS+HOG)/2.
HWINFPC=X(3)*HSF~HOF+ (HOP~HOF- HBq HOG)/20
HWATFPC=X(3)+HSF+HOF/2.0

WIND FORCE ON PIER DIRECTED BRIDGE AXIS(KG)
WINFSD=(HBS+HOG)*WBS*WINDP
WINFPD=(HOP-HBS-HOG)*X(1)*WINDP

HEIGHT OF APPLIED FORCE POINT FROM THE BOTTOM OF FOOTING(CM)
HWINFSD HOP- (HBS~HOG)/ 2.0+ X(3)+HSF

INFPD= XG}‘HSF*(HOP HBS~HOG)/2.0

CALCULAT'(ON OF OVERTURNING MOMENT CROSSED BRIDGE AXIS (KG M)
OVEMOC= WINFUO‘HW[NFUC +WINF SC*HWINFSC+ WINFPC+HWIN)
*+WATFPC*HWATFPC

CALCULATION OF QVERTURNING MOMENT DIRECTED BRIDGE AXIS(KG-CM)
OVEMOD= WINFSD*HWINFSD+ WINFPD*HWIN]

CALCULATION OF LOAD BY UPPER STRUCTURE AND WATER

CROSS SECTION OF UPPER STRUCTURE(SQCM)
AREAUP=20»UX()*UTH+UHW=*UHH+ (GWD+2,0»UX(1))*UX(2)+
*20'UUH'(UX(1)'UHW)

AD BY THE SELF WEIGHT OF UPPER STRUCTURE(KG/CM)

UNILDU AREAUP‘

UNIFORM LOAD BY THE WEIGHT OF WATER(KG/CM)
UNILDW= (UWL*UWD- UHW*UHH)*GAMAW

TOTAL UNIFORM LOADXKG/CM)
TOTUNL=UNILDU~UNILDW

DEAD LOAD REACTION BY UPPER STRUCTURE(KG}
DEDREA=SPAN*TOTUNL

CONCRETE VOLUME SOAKED IN WATER
VOLCNSP=X(1}*X(2)*HOF

BUQYANT FORCE(KG)
BUOFOR=GAMAW»(VOLCNSP+ VOLCONF)

THE MAXIMUM FORCE APPLIED TO THE BOTTOM OF FOOTING(KG)
FORMAX=1.4«(EDREA+TOTCON=GAMAC)

THE MAXIMUM FORCE APPLIED ON THE FOOTING(KG)
FORONF=14+(DEDREA +(VOLCONS +VOLCONN+VOLCONP)*GAMAC)
IF(FORONF.EQ.0.0)FORONF=0.001

DESIGN OF PIER
CLASSFY COLUMNS(SHORT COLUMN OR LONG COLUMN)
IN CASE OF KLU/R>22

PU=! ONF

PIELEN=HOP

CROSSED BRIDGE AXIS
PIC=X(2)=X(1)=*F/120
PAC=X(2)=X(1}
PR=SQRT (PIC/PAC)
DISTIN=FK~PIELEN/PR

~ 456 —

C CALCULATION OF MAGNIFICATION MOMENT COEFFICIENT(DELTAS)

ELASTIC=15000.0SQRT(SIGMCK)
PC=(PAlxe2) 'ELAS’HO‘PIC/ (FK!HELEN)"Z
DELTAS=1.0/(10-PU/(RAIC<PCY)
IF(DELTASLT.L O)DH,TAS 10

C
g CALCULATION OF EQUILIBRIUM ECCENTRICITY (EB)

EFFDEP=X(L)-PIEPRM
IF(EFFDEP.EQ.0.0)EFFDEP=0.001
CB: —6120 O'ETFDEP/(BLZO 0+SIGMAY)

AB:
AS=3( 0‘){(6)/&0
ASPRIM=30+X(6)/80
DDBLPR=X(1)/20-PIEPRM
PB=0.85+SIGMCK*AB=X (2)+ SIGMAY*ASPRIM-SIGMAY *AS
F(PBEQ.Q0)PB=0.001
OMOMB=0.85*SIGMCK *AB* X (1)*(EFFDEP-DDUBLPR- AB/2.0)
-+ SIGMAY*ASPRIM*(EFFDEP-PIEPRM-DDBLPR)
= SIGMAY*AS=DDBLPR

EB=OMCMB/FB

C CALCULATION OF ECCENTRICITY (E)
E=OVEMOC/FORONF
TF(DISTIN.GT.22.0}E=ExDELTAS
FELTEB)GC TO 20

C CALCULATION OF DESIGN AXIAL STRENGTH

PPRIM=ASPRIM/ (X (2)*EFFDEP)

B=X(2)

H=X(1)

EPRIM=E~EFFDEP-H/20

ROOTIN=(1.0- EPRHVVEFFDEP)nZ'Z OePPRIM*PM

==(10-PIEPRM/EFFD)
FAIPN RAIC*(0 &G'SIGMCK*B*EPFDEP*
*(1.0-EPRIM/EFFDEP+ SQRT(ROOTINY)

GO TO 30
C IN CASE OF E<EB
20 CONTIN
PAREN1=SIGMAY=ASPRIM/(E/(EFFDEP-PIEPRM)+0.5)

PAREN?Z= BtH'SIGMCK/G O*H"E/(EFFDEP"Z)*l 18)
FAIPNINF *(PAREN] +PAREN2;

0
IF(FATPN.EQ.0.0)FAIPN=0.001
CONSTRAINTS FOR AXIAL FORCE
G()=PU-FAIPNY/ABS (FAIPN)

DESIGN OF FOOTING

CALCULATION OF BEARING CAPACITY
ARFOOT=4.0+X (4)*X(5)
TOLOAD=FORMAX/1.3
BEARIN=TOLOAD/ARFOOT
CONSTRAINTS FCR BEARING CAPACITY OF GROUND
G(2)= BEARIN- ALLSUP)/ABS(ALLSUP)
CALCULATION OF BENDING MOMENT AT A-A AND B-B SECTION
OF FOOTING
DIRECTED BRIDGE AXIS
BENMOA=BEARIN*UNILEN=(X (4)- X(1)/2.0)+2/2.0
CROSSED BRIDG AXIS
BENMOB=RBEARIN*UNILEN=(X (5)-X(2)/2.0}+x2/2.0
CALCULATION OF NOMINAL FLEXURAL STRENGTH
EFFECTIVE DEPTH OF FOOTING
EFFDFT=X(3)+BSF-TFTPRM-DIAMETER/2.0
IR(EFFDFT.EQO.0)EFFDF T=0.001
STEEL RATIO IN FOOTING DIRECTED BRIDGE AXIS AND
CROSSED BRIDGE AXIS

a0 O ooO O [elelelolunel

o0

FIMFTA=FAI *STRATA-SIGMAY*UNILB\I*EFFDFT\-Z
*+(1.0-0.59*STRATA*SIGMAY/SIGMCK.
FIMFTE=FAIM=STRATB*SIGMA Y*UNILENAEFFDF T**2
"(1.0—059'8‘1‘RATB*SIGMAY/ SIGMCK)
EXURA%OIS’IRENGFH IN FOOTING

10)
G(3) (BENMOA*FIMFTA)/ABS(FW[FTA)
G)=(BENMOB-FIMFTB)/ABS (FIMF I B}
CALCULATION OF BENDING MOMENT AT A-A AND B-B SECTION
TO CALCULATE TOP STEEL AREA OF FOOTING

LCAD BY THE WEIGHT OF SOIL ON FOOTING

SOVLTAL=HOS*(X(4)-X(1)/2 O UNILEN
SOVLTAZ2=HSF«(X(4)-X(1)/2.0)*UNILEN/2.0
SQOVLTA=SQVLTAI+SOVLTAZ
SOLDTA=14«SOVLTA*GAMAC

SQVLTEL=HOSx(X(5)-X(2)/20)*UNILEN
SOVLTB2=HSF=(X(5)-X(2)/24 0)'UNILEN/ZO
SOVLTB=SOVLTBL+SOVLTE!
SOLDTB=. 14350VLTB~GAMAC
C LOAD BY THE WEIGHT OF WATER ON FOOTING
WTVLTA=(HOE-! HOS)'(XG%X(I)/Z O UNILEN
WTLDTA=L4*WTVLTA*GAMAW

WTVLTB=HOF-HOS)*(X(5)-X(2)/2.0)*UNILEN
WTLDTB=L4*WTVLTB*GAMAW

FOTLDA=SOLDTAWTLDTA
FOTLDB=! SOLDTB‘WTLDTB
C BENDING MOMEN
BENMOAT=] FO’I‘LDA*(X(A) K{/2.0)/20
BENMOBT=FOTLDB=(X(5)-X(2)/2.0//2.0
STEEL RATIO DIRECTED BRIDGE AXIS AND CROSSED

BRIDGE AXIS
STRTAT=! X(7)/EFFDFT/UNILEN
STR’I‘BT X (@)/EFFDET/UNILE]
NOMIN. EXURAL TRENGTH
FMF'TAT FAM=STRTAT>SIGMAY*UNILEN<EFFDF T**2
**(10-059STRTAT*SIGMAY/SIGMCK)

FMFTBT=FAIM*STRTBT*SIGMA Y*UNILEN*EFFDFT**2
(] 0-059+STRTBT*SIGMA Y/SIGMCK)
CONSTRAINTS FOR FLEXURAL STRENGTH FOR TOP STEEL

[eleleleolel
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AREA OF FOOTING
IF(FMFTAT.EQ.0.0)FMFTAT=0.001

BENMOAT-FMFTAT)/ABS (FMFTAT)
=(BENMOBT-FMFTBT)/ABS (FMFTBT)

CALCULATION OF SHEAR FORCE
TEMP=X(3)+HSF-TETPRM
SU=BEARIN*(4.0+X(4»=X(5}-(X(1)+ TEMP)
+*(X(2)-TEMP))

CALCULATION OF NOMINAL SHEAR STRENGTH(FAISC)
BP=2.0«(X(1)+ X(2)-20TEMP)

BETAC=X(3)/X(4)

IF(X(4).GT X(GNBETAC=X(4)/X(5}
G(7=(BETAC-2.0)/ABS{2.0)
=X{3)-(X(4)-TEMP)+*HSF/X(4)
SC=0.27+(2.0-4.0/BETAC)*BP*SHDEP*SQRT(SIGMCK)
SCMAX=1.1xBP»SHDEP«SQRT(SIGMCK)
IF(SC.GT.SCMAX)SC=SCMAX
FAISC=0.8+SC
IF(FAISC.EQ.0.0)FAISC=0.001
GB)=(SU-FAISC)/ABS(FAISC)

CONSTRAINTS FOR BEARING STRENGTH

DESIGN BEARING STRENGTH OF COLUMN
ARCOLM=X(1)*X(2)
BDC=FAIBER~*0.85+SIGMCK*ARCOLM

DESIGN BEARING STRENGTH OF FOOTING
ARFOOQT=4.0+X(4)*X(5)
ARRATO=ARFOOT/ARCOLM
ALFAB=SQRT(ARRATO)

IF(ALFAB.GT 20)ALFAB=2.0
BDF=ALFAB*FAIBER*0.85+«SIGMCK*ARCOLM

IF(BDC.EQ.0.0)BDC=0.001
[F(BDF EQ.0.0)BDF=0.001
G(9=(FORONF-BDC)/ABS(BDC}
G(10)=(FORONF-BDF)/ABS(BDF)
CONSTRAINTS FOR MINIMUM AREA OF PIER SECTION
AREAPI=X(1)+X(2)
AREAMN=600.0
G(11)=(AREAMN-AREAPI/ABS(AREAMN)
CONSTRAINTS FOR MINIMUM STEEL RATIO AND MAXIMUM
STEEL RATIO
STLMIN=0.0}
STLMAX=0.08
STLRAP=X(6)/(X(1)*X(2))
GU2)=(STLMIN-STLRAPYABS(STLMIN)
GU13)=(STLRAP-STLMAX)/ABS(STLMAX}

RETURN
END
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OPTIMUM DESIGN OF REINFORCED CONCRETE BOX CULVERT
PROGRAM : RCULV.F
PROGRAMMER : KIM, JONG OK

UNIT : KG, CM, KG/CU.CM , KG/SQ.CM, KG-CM

oaoaaoanaaaan

DIMENSION X(6).XL(6).XU(6).G(60}. WK (4000),[W K (1500),
*RPRM(20),IPRM(20)

DEFINE NRWK NRIWK
NRWK=4000

a0

NRIWK=1500
€ DEFINE METHOD,NDV,NCON
METHOD=1
6 DESIGN VARIABLES
ND'

Iy

O
a
8
4
&
232
5
b4
7

ICON=52
STARTING POINT

DESCR!PTION QOF DESIGN VARIABLES
- THICKNESS OF WALL

X(Z) © THICKNESS OF BOTTOM SLAB

3) © THICKNESS OF UPPER SLAB

X(4) © MAIN STEEL AREA IN UPPER SLAB PER UNIT LENGTH
X(5) : MAIN STEEL AREA IN BOTTOM SLAB PER UNIT LENGTH
X(6) : MAIN STEEL AREA IN SIDE WALL PER UNIT LENGTH

*«+ INPUT INITIAL DESIGN VARIABLES x*=

AOO0O00GH0000
%
g

X(=30.0
2)=30.0
X(3)=300
X(4)=20.27
X(5)=20.27
X(6)=20.27

DESIGN BOUNDS

LOWER BOUNDS
XL(1)=10.0
00

anoan

UPPER BOUNDS

aao

XU(1)=500.0
XU(2)=500.0
XU(3)=5000
XU(4)=500.0
XU{5)=500.0
XU(6)=500.0

DEFINE IPRINT MINMAX.INFO

PRINT CONTROL
IPRINT=3

MINIMIZE
MINMAX=-1

INITIALIZE INFO TO ZERO
INFO=0

QPTIMIZE

ZERC RPRM AND IPRM
DO 10 [=1,20
RPRM(I)=0.0
10 IPRM{D=0

C

an 0O 6 0000

100 CALL DOT(NFOMETHOD.IPRINT NDV NCON,X XL, XU,
*OB],MINMAX,G,RPRM,JPRM,WK NRWK IWK NRIWK)
FINISHED ?
IF(INFO.EQ.0GO TO 1000

EVALUATE OBJECTIVE AND CONSTRAINTS.

CALL EVALOBJX,G)
GO CONTINUE WITH OPTIMIZATION.

O o0 O

GO TO 100
1000 CONTINUE
(&

sToP

END

SUBROUTINE EVAL(OBLX.G)

DIMENSION X(6).G(53L.AMAB(4),AMBA{(4).AMBC(4),AMAD(4),
*HX(10), WX (2),BMSIDE(4,10), BMUSLB(4,10), BMLSLB(4,10),
*SHEUSL1(4).SHEUSL2(4),SHELSL1(4) SHELSL2(4),SHSID(4,10:
+*CBMUSLB(10), CBMLSLB(10),CBMSIDE(10},CSHSID(10)) ECCWL(S) AXISID
«PVIT(4),PHIT(4},PH2T(4),PV2T(4),CAB(4),CDC(4). CBA(4).CCD(4),
*CBC(4),CCB(4),CAD{(4).CDA ), THETAAOW), THETABO(4). THETAA(4),
*THETAB(4) THETAC(4), THETAD(4), AMCB(4), AMDA(4}

R IR
# PARAMETERS 2
R R
**x*» INPUT THE VALUES OF PARAMETERS «»*

DESIGN INSIDE WIDTH

a aoaoaanno

DES}GN 'INSIDE HEIGHT
Y=250.0
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DEP’I‘H OF SOIL FROM SURFACE TO CULVERT

ASPHALT PAVEMENT THICKNESS
HPAV=300

UNIT WEIGHT OF ASPHALT(KG/CU.CM)
GAMAA=23E-3

UNIT WEIGHT OF CONCRETE(KG/CU.CM)
GAMAC=25E-3

WET UNIT WEIGHT OF SOIL(KG/CU.CM)
GAMAT=1.8E-3

SATURATED T WEIGHT OF SOIL(KG/CU.CM)
GAMASAT=2.0E-!
INTERNAL FRICTION ANGLE OF SOIL(DEGREE)

DEGREE=30.0

DESIGN CRITERION STRENGTH OF CONCRETE{(KG/SQCM)
SIGMCK=240.0

YIELDING STRENGTH OF REINFORCING STEEL(KG/SQ.CM)
SIGMAY=3000.0

L\DERGROUND WATER LEVEL FROM PAVEMENT SURFACE(CM)
HWAT=X

HEIGHT OF HUNCH (CM)

B1=15.0
WIDTH OF HUNCH (CM)
B2=15.0

GROUND CONDITION
NS§G=1 : HARD GROUND

SG SOFT GROUND
INPUT THE INDEX OF NSG

NSG=1

STEEL COVER {CM)
SLBPRM=5.0
BOTPRM=7.0
WALPRM=5.0

IF LOAD = 1:'DB-24, 2:DB-18. 3:DB- 135
PLEASE bELECT DB-LOAD

LG
ST RE\GTH REDUCTION FACTOR FOR FLEXURE
AlM=

TH REDUCTION FACTOR FOR SHEAR STRENGTH
RE\GTH REDUCTION FACTOR FOR COLUMN
FAICOL=065

+== FOR OBJECTIVE FUNCTION =xv

REFERENCES : THE INFORMATION ON COMMODITY PRICE(THE FIRST
AND SECOND BOOK),FEBRUARY, 1998,

UNIT PRICE OF CONCRETE. REINFORCING STEEL AND FORM WORKS

CONCRETE : MATERIAL 57,600 WON/CU. METER
LABOR EXPENSES . 20,090 ET!
OTAL .

WON/
77.690 WON/CLU., ‘v‘lETER

REINFORCING STEEL : MATERIAL ; 334461 WON/TON
LABOR EXPENSES ; 321,813 WON/TON
TOTAL i 656,280 WON/TON

FORM WORKS : MATERIAL i 9592 WON/SQ METER
LABOR EXPENSES : 18,366 WON/SQMETER
OTAL © 27.958 WON/SQMETER

PARAMETERS FOR UINT PRICE

«+= [NPUT THE UNIT PRICES OF MATERIAL AND LABOR ¥+

UNICON=77690.0
UNISTL=656280.0
UNIFOM=27958.0

UNIT WEIGHT OF REINFORCING STEEL
UNIT WEIGHT OF STFEL = 00078546 KG/CUCM
= 784

.6 KG/CUMETER
= 7.8546 TON/CUMETER

STELWT=7.8546

#  THE END OF PARAMETERS £

UNIT CONVERSION FROM METER TO CENTIMETER(IM=100.0CM)
UNILEN=100.0

THE RATIO OF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
PAl=3.14159

INTERAL FRICTION ANGLE OF SOIL(RADIAN)
FAI=PAI*DEGREE/180.0

DESIGN LIVE LOAD : DB 24
DESIGN METHOD : ULTIMATE STRENGTH DESIGN

OBJECTIVE FUNCTION

OBJ=(X{1*Y - X(2)- X(3))¥2.0-B*(X{(2)- X3 - -2.0%B1+B2)«UNICON«UNILEN
«71000000.0+ ({X (4}~ X(5)x{B-2.0¢X(1)- 20« WALPRM) + X(6)*(Y+X(2}+X(3)-
*SLBPRM-BOTPRM)*2.0)xSTELWT*UNISTL/1000000.0

L0%LY -X(2)-X(3)1+2.0%((B-2.0+B2)+ (Y - 2.0+B1))

=-SQRT(B1x+2- B2%%2)+4.0)*UNILEN*UNIFOM/10000.0

=wxx  STRUCTURAL ANALYSIS xxx

INSIDE WIDTH FOR CALCULATION
BC=B-X(I}
INSIDE HEIGHT FOR CALCULATION
YC=Y - (X(2)+X(3)/2.0
OUTSIDE WIDTH FOR CALCULATION
WO=B-2.0+X(1}
TOTAL HEIGHT
HD=HCUL-X(3)- Y -X(2)2.0
DEFINE THE VERTICAL SOIL PRESSURE COEFFICIENT
N3G =1 HARD GROUND

— 458 —

€ NSG =2 : SOFT GROUND
RANGE = HCUL/'WO
GO TC(100.HONSG

100 IF(RANGE.LT.1.0}JALPA=10
IF(RANGE.GE.1 0.AND.RANGE.LT 20)ALPA=1.2
IF(RANGE.GE.2.0.AND.RANGE.LT 3®ALPA=1.35
IF(RANGE.GE.3.0.AND RANGE LT 4.ALPA=15
IF(RANGE.GE4DALPA=16

C
GO TO 120

110 ALPA=10

120 CONTINUE

C

[

C =xx CALCULATION OF LOAD ==

C

C DEAD LOAD

C

C WEIGHT OF PAVEMENT (KG/SQ.CM)
PD1=ALPA*GAMAA*HPAV

€ SOIL WEIGHT ON GROUND WATER LEVEL (KG/SQ.CM)
PD2=ALPA*GAMAT»(HWAT-HPAV)

C SOIL WEIGHT UNDER GROUND WATER LEVEL (KG/SQ.CM)
PD3=ALPA*GAMASAT+HCUL+X(3)/20-HWAT)

C WEIGHT OF UPPER SLAB (KG/SQ.CM)
PD4=GAMAC*(X(3)»WO+B1+B2)/BC

C WEIGHT OF SIDE WALL (KG/SQ.CM)
PD5=2.0«GAMAC*(V+X(2)*X(1)/BC

C

C LIVE LOAD

C

C DB-LOAD
FP24=24

Cc
GO TO (200,210,220LOAD

200 FDBLOD=FP24
RDBLOD=RP24
GO TO 230

210 FDBLOD=FP18
RDBLOD=RP18
GO TO 230

220 FDBLOD=FP13
RDBLOD=RP13

230 CONTINUE

C
C IMPACT COEFFICIENT
C

IF{HCUL.GE.15.0.AND.HCUL.LE.100.0)COIMPT=03
IF(HCUL.GT.100.0 AND.HCUL.LE.200.0)COIM
IF(HCUL.GT200.0 AND.HCUL LE 300.0)COIMPT=0.1
IF(HCUL.GT.300.0)COIMPT=0.0

C
C LIVE LOAD ON UPPER SLAB
TF(HCUL.GT.4000GO TO 310

BB=BC/100.0
WIDLOD=0.2+2.0« HCUL/100.0

C THE UNIT OF UNIFORM LOAD : KG/SQCM
IF(BB.GE.WIDLOD)GO TO 300
‘WL=2.0+RDBLOD~ (1.0+COIMPT)/3.0/WIDLOD
WL=WL/100
GO TO 320

300 WL=4.0+RDBLOD=(1.0+COIMPT)+(BB -HCUL/100.0-0.1)
WL=WL/(30.0+BB*+2)
GO TO 320

310 WL=0.}

320 CONTINUE

SIDE LIVE LOAD
SIDLOD=0.06

LIVE LOAD ON BOTTOM SLAB
{F(HCUL.GE 400.0)GO TO 410

o 000 a0

IF(BB.GE.-WIDLODYGO TO 400
QBL=(2.0+RDBLOD*{1.0-COMPT)/3.0/WIDLOD+0.8
QBL=QBL/100

GO TO 420
400 QBL (2 O'RDBLOD*(IO‘COIMP’I‘)’BQ’BB)*OE

GO TO 420
410 QBL=0.08
420 CONTINUE

#+= ADDITION OF LOADS (FACTORED LOAD) ==

*x» NOTATIONS *+*

PVIT : VERTICAL LOAD ON UPPER SLAB

PHIT : HORIZONTAL SOIL PRESSURE AT THE TOP OF SIDE WALL
PH2T : HORIZONTAL SOIL PRESSURE AT THE BOTTOM OF SIDE WALL
PVIT : VERTICAL LOAD ON BOTTOM SLAB

IN CASE OF THE THICKNESS OF SOIL IS UNDER 40 METER

(1) : TOTAL SOIL PRESSURE AND MAX. MOMENT IN SPAN

(2) : TOTAL SOIL PRESSURE AND MAX. MOMENT IN SIDE WALL
(3) : HALF SOIL PRESSURE AND MAX. MOMENT IN SPAN

(4) : HALF SOIL. PRESSURE AND MAX. MOMENT IN SIDE WALL
IN CASE OF THE THICKNESS OF SOIL IS OVER 40 METER

(1) : TOTAL SOIL PRESSURE
(2) : HALF SOIL PRESSURE

SOIL PRESSURE COEFFICIENT
COSOIL=1-SIN(FAD

¢l eTsYs1sicisieisieiclioioleteinlsioolokalalel

QHL=008



IF(HCUL.GT 400.00GO TO 500
PVIT()= lS*WL 1.5»(PD1-PD2+PD3+PD4)

1 (l)
PVIT)=PVIT(1)

PHIT(1)=COSOIL*1.8+{WL+-GAMAA*HPAV+GAMAT«(HWAT-HPAV}
' GAMASAT+(HCUL-HWAT+X(3)22.0

PHITW=PHIT2)/20

PH2T(1)=COSOIL*1 8+(WL+GAMAA*HPAV-GAMAT+«(HWAT-HPAV}
= GAMASAT=(HD-HWAT))
PHZT@)=PHZT(1)+1.8+*QHL
& H2T(1)/2.0
PH2T(4)=PH2T(2)/2.0

PV2Tll)=PVlT(l) 1.5+PD5+1.8+QBL
PV2TY:
PV2T(:
PV2T(4}= PVZT(I)

GO TO 600

C IN CASE OF THE THICKNESS OF SOIL IS OVER 4.0 METER
1.8+WL+1.5+(PD1+PD2+PD3+PD4)

PHIT(1)=COSOIL*18+(WL+GAMAA+HPAYV -GAMAT*(HWAT-HPAV)
*-GAMASAT*(HCUL-HWAT+X(3)/2.0)+1.8+QHL

=00

PH2T(1)=COSOIL*1.8+(WL+GAMAA*HPAV+GAMAT+«(HWAT-HPAV)
*-GAMASAT+(HD-HWAT)}+ 1. 8«QHL
PH2T(2)= PHZT(U/ZD

600 CONTINUE

C

C UNIT CONVERSION FROM KG/SQ.CM TO KG/CM
C

DO 610 1=14
=PVIT(*UNILEN

PV2T(H=PV2T(1)«UNILEN
hl() CONT]\LE

DEFLECTION EQUATION
CALCULATION OF MOMENT OF INERTIA

o0 a0

AIAB=UNILEN*X(1)+*3/12.0
AIBC=UNILEN»X(3)++3/12.0
AIAD=UNILEN=*X(2)**3/12.0

AND RELATIVE STIFFNESS

[alelel

STIHIT=Y+X(2)/20-X(3)/2.0
STIWID=B+X(1)

EQUHIT=STIHIT/9.0
EQUWID=STIWID/9.0

DO 620 1=1.10

HX)=I-1+EQUHIT

WX(D)={I- DxEQUWID
620 CONTINUE

C CALCULATION OF STIFFNESS COEFFICIENT
C

AKAB=AIAB/STIHIT
AKBC=AIBC/STIWID
AKAD=AIAD/STIWID

c
€ CALCULATION OF RELATIVE STIFFNESS
C

RKAB=10

RKBA=RKAB

RKBC=AKBC/AKAB

RKAD=AKAD/AKAB
C

C CALCULATION OF LOAD TERM
CABU=(STIHIT»*2)*(2.0«PHI T(D~30-PH2T(1))/60.0
CDC=CABD
CBA(D=(STIHIT**2)+(3.0sPHIT(D - 2.0«PH2T (1)//60.0
CCDW=CBAW
CBC()=PVIT{D*STIWID**2/12.0
CCB(H=CBC(I)

CAD(D=PV2T(D*S TIWID*#2/12.0
CDA=CADD

C
C CALCULATION OF THETAA AND THETAB
C

UNDER={2.0-RKBC)*(2.0+RKAD)-1.0

THETAAO(D=(2.0+RKBC)*(CAB(1)-CAD(1)-(CBC()-CBA(I)}
THETABO(D)=(2.0+RKAD)(CBC(-CBA(M)-(CAB(D-CAD{D)

C
THETAA(D=THETAAO(I)/UNDER
THETAB()=THETABO()/UNDER
THETAC(D=(-1.0)+*THETAB(D
LOTHETAA(D
C

CALCULATION OF BENDING MOMENT AND SHEAR FORCE BY SLOPE

WIDTH AND HEIGHT FOR THE CALCULATION OF STIFFNESS COEFFICIENT

C CALCULATION OF END MOMENT
C

AMAB()=RKAB*(2.0+THETAA(I)» THETAB(1))-CAB(D
AMBA(D=RKBAx(2.0+ THETAB()-THETAA(I))-CBA (I}
AMBC(1}=RKBC*(2.0« THETAB() - THETAC(I)}-CBC(D)
AMAD(N=RKAD»(2.0«THETAA(D)-THETAD(I)-CAD(D)
AMCB(D=(-1.0)«AMBC(I}

AMDA(D=(-L.O»AMAD(D

C
C BENDING MOMENT IN UPPER SLABBOTTOM SLAB AND SIDE WALL
c

=1,10
BMSIDE(L))=(2.0«PH2T() « PHIT(1)*STIHIT«HX (})/6.0- PH2T(D)
*HX()%22/2.0+(PH2T(D- PHITUN=HX (J)+*3/6.0/STIHIT+ AMAB(1)
**(STIHIT-HX())Y/STIHIT-AMBA(D*HX(Y/STIHIT

BMUSLB(LD=PVIT(*(STIWID-WX(J)»WX(})/2.0- AMBC(D
BMLSLB(LN=PVZT(DISTIWID- WX(1}»*WX(])/2.0- AMAD(D)
630 CONTINUE

SHEAR FORCE IN UPPER SLABBOTTOM SLAB AND SIDE WALL

SHEAR FORCE ON UPPER SLAB CORNER
SHEUSL1(D=PVIT(*STIWID/2.0-(AMBC(D+ AMCB())/STIWID

AT THE END OF HUNCH
HUNLEN=X(1)/2.0+B2
SHEUSL2(D=SHEUSLI{D)-PVIT{(D*HUNLEN

SHEAR FORCE ON BOTTOM SLAB CORNER
SHELSLIM={- LOPV2T(D*STIWID/2.0-
*(AMAD()+AMDA(1))/STIWID

AT THE END OF HUNCH
SHELSL2(=SHELSLI()+PV2T(*HUNLEN

SHEAR FORCE IN SIDE WALL

2] o aoaaaa

aoca o

DO 640 =110
SHSID(ULP=(2.0+PHZT(1)+PHITUN+«S TIHIT/6.0
*-PHZT()*HX(])+ (PH2T(D- PHIT(IN*HX(])**2/2.0/STIHIT
*-(AMAB(I)- AMBA(D)/STHIT

640 CONTINUE

700 CONTINUE

CHANGE THE VALUE OF BENDING MOMENT AND SHEAR FORCE TO
ABSOLUTE VALUE

DO 710 J=14
DO 709 ]=1,10
BMSIDE(L))=ABS(BMSIDE(L}))
BMUSLB(1])=ABS(BMUSLB(L})}
BMLSLB(L})=ABS(BMLSLB(LI)
SHSID{L))=ABS(SHSIDILIY

709 CONTINUE

710 CONTINUE

[elalelel

DO 720 =14

SHEUSLI{=ABS(SHEUSL1(I)

SHEUSL2(D=ABS(SHEUSL2(I)»

SHELSL1(I=ABS(SHELSLIKI)

SHELSL2(D=ABS(SHELSL2(I)
720 CONTINUE

C SEARCH THE MAXIMUM BENDING MOMENT,SHEAR FORCE AT EACH
C POINT AMONG 4-KINDS OF LOAD COMBINATION
C

DO 740 J=110
CBMUSLB(J)=BMUSLB(1,])
CBMLSLB(J)>=BMLSLB(L,D)
CBMSIDE(])=BMSIDE(1.])
CSHSID())=SHSID(LD

DO 730 1=24
IF(CBMUSLB().LT.BMUSLB{,J»CBMUSLB(}=BMUSLB(]}
IF(CBMLSLB()).LT.BMLSLB(J)CBMLSLB(J}=BMLSLB(L]}
IF(CBMSIPE()).L T.BMSIDE(.]))CBMSIDE(})=BMSIDE(.))
IF(CSHSID().LT.SHSIDU.JICSHSID()=SHSID(L ]}

730 CONTINUE

740 CONTINUE

CSHEUSL1=SHEUSL1(1)
CSHEUSL2=SHEUSL2(1)
CSHELSLI=SHELSLI{1)
CSHELSL2=SHELSL2(1)

DO 750 [=24

IF(CSHEUSLI LT.SHEUSL1(INCSHEUSLI=SHEUSLI(D

TF(CSHEUSL2 LT.SHEUSL2UNCSHEUSL2=SHEUSL2(I)

IF(CSHELSLLLT.SHELSLI(INCSHELSLI=SHELSLI(D

IF(CSHELSL2 LT SHELSL2()CSHELSL2=SHELSL2(D
750 CONTINUE

**» CONSTRAINTS »»=

DESIGN OF UPPER SLAB
CONSTRAINTS FOR FLEXURAL STRENGTH

EFFECTIVE DEPTH OF UPPER SLAB
EFFTHU=X(3)-SLBPRM

STEEL RATIO
PPU=X(4)/UNILEN/EFFTHU

NOMINAL FLEXURAL STRENGTH OF UPPER SLAB
FAIMNU=FAIM=PPUsSIGMAY*UNILEN«EFFTHU ==2
*(1.0-0.59+PPU+SIGMAY/SIGMCK)

O 0 oooqaaan

CONSTRAINTS FOR FLEXURAL STRENGTH OF UPPER SLAB

[elele]

IF(FAIMNU EQ.0.0)FAIMNU=0.001
I=1,10
G(l? {CBMUSLB()-FAIMNU)/ABS(FAIMNU)
800 CONTINUE

MINIMUM REINFORCING STEEL RATIO OF UPPER SLAB
PMIN=14.0/SIGMAY

CONSTRAINT FCR MlNlMUM STEEL RATIO
G(11)=(PMIN-PPU)/ABS(PM]

MAXIMUM REINFORCING STEEL RATIO

o o0 oo o



IF(SIGMCK.LE.280.0)GO TO 805
BK1=(SIGMCK-280.0)/10.0
CK1=0.85-0.007+«BK1
IF(CK1.LT.0.65)CK1=0.65

GO TO 806

805 CK1=085
806 CONTINUE

C
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BALANCE STEEL RATIO
PB=0.85*CK1+SIGMCK~*6120.0/SIGMAY/(6120.0+ SIGMAY)
PMAX=0.75+PB

CONSTRAINT FOR MAXIMUM REINFORCING STEEL RATIO
GU2)=(PPU-PMAX)/ABS(PMAX)

CONSTRAINTS FOR SHEAR STRENGTH
AXIAL FORCE

AXIALFU=CSHSID(10)
LEN=X(3)
SCU=0.53«(1.0-0.0071*AXIALFU/AGU)=SQRTSIGMCK I UNILEN
=~+EFFTHU
FAISNU=FAIV=SCU
IF(FAISNU.EQ.U.0)FAISNU=0.001

G(13)=(CSHEUSLI-FAISNU)/ABS(FAISNU)
G(14)=(CSHEUSL2-FAISNU)/ABS(FAISNU)

DESIGN OF BOTTOM SLAB

CONSTRAINTS FOR FLEXURAL STRENGTH

EFFECTIVE DEPTH OF BOTTOM SLAB
EFFTHL=X(2)-BOTPRM

STEEL RATIO
PPL=X{(5)/UNILEN/EFFTHL

NOMINAL FLEXURAL STRENGTH OF BOTTOM SLAB
FAIMNL=FAIM*PPL*SIGMAY *UNILEN*EFFTHL~*2+
=(1.0-0.59+PPL=SIGMAY/SIGMCK)

CONSTRAINTS FOR FLEXURAL STRENGTH OF BOTTOM SLAB
IF(FAIMNL.EQ.0.0)FAIMNL=0.001
DO glo

G(14-D)

CBMLSLB()-FAIMNL)/ABS(FAIMNL)

810 CONTINUE

CONSTRAINT FOR MINIMUM STEEL RATIO
G(25)=(PMIN-PPL)/ABS (PMIN)

CONSTRAINT FOR MAXIMUM REINFORCING STEEL RATIO
G(26/=(PPL-PMAX)/ABS(PMAX)
CONSTRAINTS FOR SHEAR STRENGTH

AXIAL FORCE ON BOTTOM SLAB
AXIALFL=CSHSID(1)
AGL=UNILEN=X(2)
$CL=053%(1-0.0071* AXIALFL/AGL)*SQRT(SIGMCK)
«+UNILEN+EFFTHL
FAISNL=FAIV+SCL

IF{FAISNL.EQ.0.0)FAISNL=0.001
G(27)=(CSHELSL] -FAISNL)’ABS(FAISNL)
G128)=\CSHELSL2-FAISNL)ABS(FAISNL)

DESIGN OF SIDE WALL
CONSTRAINTS FOR FLEXURAL STRENGTH
EFFECTIVE DEPTH OF SIDE WALL
EFFTHW=X(1)-WALPRM
STEEL RATIO
PPW=X(6)/UNILEN/EFFTHW
NOMINAL FLEXURAL STRENGTH OF SIDE WALL

FAIMNW=FAIM*PPW*SIGMAY *UNILEN*EFFTHW«+2
«+(1.0-059=PPW»SIGMAY/SIGMCK?

CONSTRAINT FOR FLEXURAL STRENGTH OF SIDE WALL
IFFAIMNW EQ O.0)FAIMNW=0.001
O 820 1=

=110
CBMSIDE(}) - FAIMNW)/ABS(FAIMNW)

NUE

CONSTRAINT FOR MINIMUM STEEL RATIO
G(3%)1=(PMIN-PPW)/ABS (PMIN)

CONSTRAINT FOR MAXIMUM REINFORCING STEEL RATIO
G40)=(PPW-PMAX)’ABS(PMAX)

CONSTRAINT FOR SHEAR STRENGTH

AXIAL FORCE ON SIDE WALL
AXIALFW=CSHELSL1
IF(CSHEUSLL.GT CSHELSLDAXIALFW=CSHEUSL1
AGW=UNILEN=X(1)
SCW=053+(1-0.0071*AXIALFW/AGW *SQRT(SIGMCK }»
*UNILEN*EFFTHW
FAISNW=FAIVsSCW

IF(FAISNW.EQ.0.0)FAISNW=0.001
DC 830 I=110
G40+ D1=(CSHSIDMD) -FAISNW)/ABS (FAISNW)

A0 CONTINUE

CONSTRAINTS FOR AXIAL STRENGTH
DO 900 1=14
ECCWL(I B¢ ABA (/SHEUSLLUN
ECCWLA- BS{AMAB()/SHELSL1U);
AXISID{D=SHEUSLII!
AXISIDW-1}=SHELSL1(D

900 CONTINUE

ECCWLU=ECCWL(D)

DO 910 1=28

[F(ECCWLU.GT ECCWL(INGO TO 910
ECCWLU=ECCWL(D

— 460 —

910 CONTINUE
[

PNU=AXISID(1)

DO 920 [=28
F(PNU.GT.AXISIDUNGO TO 920
PNXU=AXISID()

920 CONTINUE

AB=0.85+6120.0sEFF THW,(6120.0+ SIGMAY)

AS=X(6)

ASPRIM=AS
PB=0.85*SIGMCK=AB*UNILEN-SIGMAY=*ASPRIM -SIGMAY*AS
. B5»SIGMCK *AB*UNILEN*(EFFTHW- WALPRM - AB/2.0)
=+SIGMAY*ASPRIM*(X(1)/20- WALPRM) -SIGMAY *xAS»
«(EFFTHW-X(})/2.0)

ECWLUB=RMB/PB
FECCWLU.LTECWLLBIGO TO 930

EPRIMU=ECCWLU(EFFTHW X(1)/2.0)

RMU=SIGMAY/A).85/SIGMCK

ROOTINU=(1.0- EPRIMU/EFFTHW )2+ 20«PPW*RM U=
*(1.0- WALPRM/EFFTHW)

FAIPN=FAICOL (0.85*SIGMCK *UNILEN+EFFTHW*
=(L.0-EPRIMU/EFFTHW+SQRT(ROOTINUM)

GO TO 940

CCWLUAEFFTHW-WALPRM)+0.5
O«X{1)*ECCWLU/(EFFTHW *2)+1.18

IGMAY +X(6)/UNDER1+UNILEN*X (1)*SIGMCK/UNDER2
FAIPN=FAICOL~PN

940 CONTINUE
C

IF(FAIPN.EQ.0.O)FAIPN=0.001
G(31)=(PNU-FAIPN)/ABS(FAIPN)

CONSTRAINT FOR MINIMUM STEEL

C RATIO OF SIDE WALIL
C

WSRMIN=00015
G(52)=(WSRMIN-PPW)/ABS(WSRMIN)

RETURN
END
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OPTIMUM DESIGN OF TUNNEL
PROGRAM : RTUNLF

PROGRAMMER : KIM, JONG OK
UNIT : TON, M, T/CUM , T/SQM, TON-M

DIMENSI?N X(8),XL(8),XU(8) G(45), WK (4000), IWK (1500},

*RPRM(20},JIPRM(20)

DEFINE NRWK NRIWK
NRWK=4000

NRIWK:

=1500
DEFINE METHOD NDV NCON

METH

8 DESIGN VARIABLES

NDV=8
49 CONS’I‘RAH\J‘I‘S
NCON=49

STARTING POINT

DESCRIPTION OF DESIGN VARIABLES

XQ} : THICKNESS OF CROWN
X(2) : THICKNESS OF INVERT

X(3) - OUTER STEEL AREA PER METER OF LONGITUDINAL DISTANCE
QOF TUNNELLAT CROWN

X(4) : INNER

STEE]
OF TUNNEL AT CROWN
X(5) : QUTER STEEL AREA PER METER OF LONG’I‘UDINAL DISTANCE
OF TUNNELLAT SIDE ARCH AND SIDE

METER OF LONGITUDINAL DISTANCE

METER OF LON%WNAL DISTANCE

: ER AREA PER
OF TUNNEL AT SIDE ARCH AND SID
X(7) : QUTER STEEL AREA PER METER OF LONGTUDINAL DISTANCE

OF TUNNEL AT INVERT

X@) : INNER S
)

L AREA PER METER OF LONGITUDINAL DISTANCE

TEE]
F TUNNEL AT INVERT
»sx INPUT INITIAL DESIGN VARIABLES (UNIT : M,SQM) »=»

X(1)=0.2100

X(8)=13.500E-4
DESIGN BOUNDS
LOWER BOUNDS

XU(B)=5.0E-
KO(7)=5.08-1
XU(®)=50E-1

DEFINE [PRINT MINMAX INFO
PRINT CONTROL
IPRINT=3

MINMAX=-1
INITIALIZE INFO TO ZERO
INFO=0

OPT)

MIZE
ZERO RPRM AND IPRM

DO 10 I=1.20
RPRM()=0.0

10 TPRM(=0
C

100 CALL DOT(INFQMETHODJPRINT NDV,NCON,X XL XU,
=OBJ, MJNMAX GRPRM [PRM, WK NRWK, IWK,NRIWK)

a 000 O

FINISHED

IF(NFO. FQO)GO TO 1000
EVALUATE CBJECTIVE AND CONSTRAINTS.
CALL EVAL(OBJX G)

GO Ol
GOTO Iw

C1000 CONTINUE

o}

STOP
END

WITH OPTIMIZATION.

SUBROUTINE EVAL(OBJX.G)
DIMENSION X(8),G(49) STLLN(6),VOLSTL(I0}, SELFOR(15),

*COEFF(7,15),SFV.

AL(715) SMPOIM(7) SMPOING), SMPOIS(7),

~THILING) EFFDEP(?) STRATIC STRATOL) PSTRAT(),

CoOONOOONOOO00OOO0N00QNONNNNONCO00 O O O O O O 0O 0 0 0 0 O 0 a 0 a0 0 0 0 O00000Co

O o o0 00 0 0 0 000000 COanO0o

*DEMOME(7),F AIMN(7) DESHER(7) PIVNS T(7) AG(7), AST(7).
*F AIPN(7),PMINI(7) PMINO(7)

A R S
4 PARAMETERS #
A A S
=« INPUT THE VALUES OF PARAMETERS »xx

uNtT WBIGH’T OF SATURATED SOIL(T/CUM)
GAMAST=20
UNIT WFJGHY OF CONCRETE(T/CUM)}

C=2,
UNIT WEIGHT OF WATER(T/COUM)
GAMAW=1
NTERNAGL FROICTION ANGLE OF SOIL (UNIT : DEGREE)}

SOIL PRESSURE COEFFICIENT
SOPRCO=05
DESIGN STRENGTH OF CONCRETE(KG/SQ.CM)
SIGMCK=240.0

YIELDING STRENGTH OF REINFORCING STEEL(KG/SQ.CM)
SIGMAY=3000.0
CON&)DRETE COVER THICKNESS OF CROWN(UNIT:M)}

COI‘;ngE;FEM SOVER THICKNESS OF INVERT(UNIT:M)
CONCRETE COVER ‘THICKNEEE OF SIDE WALL(UNIT:M)

I()[gﬁi\’[ET%ZR OF REINFORCING STEEL TO CALCULATE CONCRETE COVER
DIAMETER=0.0254
STRENGTH REDUCTION FACTCOR FOR FLEXURE

AIV=0.85
S’I‘RE;GT& REDUCTION FACTOR FOR AXIAL FORCE
STRENGTH REDUCTION FACTOR FCR SHEAR

AIS=0.7
LOAD FACT OR
FACDED=1.
DEPTH OF SOIL ON TUNNEL (UNIT : M}

RADIUS OF TUNNEL(UNITM)
R=1.300
ANGLE OF INNER SIDE WALL (UNIT : DEGREE)

THETAD=24.2919
THICKNESS OF C-LINE(UNIT:M)
THICKC=0.0§
THICKNESS OF B-LINE(UNIT:M)
THICKB=0.12
RAL ANGLE OF CONSTRUCTION JOINT (UNIT : DEGREE)
GAMAD=2023

=== FOR OBJECTIVE FUNCTION »»x

REFERENCES : THE INFORMATION ON COMMODITY PRICE (THE FIRST AND
SECOND BOOK), FEBRUARY, 1999,

%}\(I)IT PRICE OF EXCAVATION, CONCRETE, REINFORCING STEEL AND FORM
RK

EXCAVATION OF TUNNEL
MA i 2338 WON/CUMETER
LABOR EXPENSES i 5357 WON/CUMETER

EXPENSES 1580 WON/CUMETER
TOTAL v 9285 WON/CUMETER

CONCRETE * MATERIAL 57,600 WON/CUMETER
I_ABOR EXPENSES 1 20,000 WON/CUMETER
TOTAL i 77690 WON/CUMETER
REINFORCING STEEL : MATERIAL ; 334461 WON/TON
LABOR EXPENSES ; 321819 WON/TON
1 656,280 WON/TON
FORM WORK :  MATERIAL 9,592 WON/SQMETER
LABOR EXPENSES i 18366 WON/SQMETER
TOTAL i 27958 WON/SQMETER

PARAMETERS FOR UINT PRICE
==« INPUT THE UNIT PRICES OF MATERIAL AND LABOR #s+

UNIEXC-9285.0
UNICON=77690.0
UNISTL=656280.0
UNIFOM=27958.0

UNIT WEIGHT OF REINFORCING STEEL
UNIT WEICHT OF STEEL = 0w78546 KG/CUCM

KG/CUMETER
7 8546 TON/CUMETER

STELWT=7.8546

# THE END OF PARAMETERS #

THE RA‘I}‘IDS OF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
PAY=3.1

UNIT TRANSPOSITION FROM DEGREE TO RADIAN
UNIT)

INTERNAL FRICTION ANC-LE OF SOIL (UNIT : RADIAN}

FAIRAD=FAIDEG-UNITRA
UNIT CON VEROOSION FROM METER TO CENTIMETER(1M=1000CM}
UNILEN:
DIMENSION OF CONCRETE SECTION AT EACH POINT
ANGLE OF INNER SIDE WALL (UNIT : RADIAN}
THETAR=THETAD=UNITRA
WIDTH OF INVERT
B= 4()-R‘SIN(THETAR)
HEIGHT OF INNER SIDE WALL
R'(ZO*(X)S(TIMAR) 1)
PHZIG HT OF THE CORNER OF INNER SIDE WALL FROM THE CROWN OF INVERT
F=20+R*(1-COS(THETAR)}

— 461 —
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HEIGHT OF SIDE WALL FROM THE BOTTOM OF INVERT
Y=R-X(2}

HALF WIDTH OF INVERT
HX=R-X()

OBJECTIVE FUNCTION

VOLUME OF EXCAVATION PER METER
VOLEX1=PAI*(R+X(1)+ THICKC+ THICKB)**2/2.0
VOLEX2=2.0%(R+X(1)» THICKC+THICKB)*(R-X(2)+ THICKC)
VOLEXC=VOLEX1+VOLEX2

VOLUME OF CONCRETE PER METER

VOLUME OF QUTER ARCH
VOLARO=PAI*(HX - THICKC)**2/2.0

VOLUME OF INNER ARCH
VOLARI=PAI*R**2/2.0

VOLUME OF RECTANGLE
VOLREC=2.0«(HX+ THICKC)*(Y - THICKC)

VOLUME OF INNER RECTANGLE
VOLRCI=B+E

VOLUME OF FAN SHAPE
VOLFAN=2.0+(PAI*(2.0#R)»*2x(2.0+ THETAR)/(2.0:PAD)

=-(2.0+R-F}=B/2.0)

VOLUME OF CONCRETE
VOLCON=VOLARO+ VOLREC - VOLRCI-VOLARI-VOLFAN

VOLUME OF STEEL PER METER OF TUNNEL

CALCULATION OF STEEL LENGTH

N 0+PAI=(HX-CRDPRM)*100.0/360.0

0xPAI+(R-CRDPRM)*100.0/360.0
STLLN(31=4.0+P Al (HX -CRDPRM)*50.0/360.0
»-20%(Y-20«(Y-E)
STLLN(4)=(2.0«PAI*(R+CRDPRM)=50.0,/360.0+

*PAI*(2.0sR)*(2 0*THETAR)/(2.0+PAL)
DELTAR=450+*UNITRA
GAMAR=GAMAD=UNITRA
STLLN{(5=B
STLLN{6)=8.0=PAI*R*GAMAD/360.0
«-2.0%(2.0=(Y-E)/COS(DELTAR))

TOTAL VOLUME OF STEEL PER METER OF TUNNEL

DO 10 1=38

\'OLSTL(] }=STLLN(D*X(I}
CONTIN

=

TOTSTL=0.0
DO 20 1=16
TOTS

TOTSTL- VOLSTL(!

2 CONTINUE

AREA OF MOLD FORM PER METER

AREA OF SIDE WALL (QUTSIDE}
ARWALO=2.0+(Y~THICKC}

AREA OF ARCH (OUTSIDE)

BECAUSE MOLD FORM WILL BE OVERLAPPED, 25 IS PRODUCTED
ARARCO=PAI*(HX THICKC+ THICKB)*2.5

AREA OF SIDE WALL AND INVERT (INSIDE)
ARWALI=16.0+PAI*R»THETAD/360.0

AREA OF ARCH (INSIDE)
ARARCI=PAI<HX

TOTAL AREA OF MOLD FORM PER METER
TOTFOM=ARWALO+ARARCO+~ARWALI-ARARCI

»x« OBJECTIVE FUNCTION *»+

OBJ=UNIEXC*VOLEXC+UNICON*VOLCON+STELWT*UNISTL+TOTSTL
+~TOTFOM*UNIFOM

=== DESIGN OF TUNNEL =+~
CALCULATION OF LOAD APPLIED TO TUNNEL

VERTICAL UNIFORM LOAD (KG/M)
P=GAMAST*DEPSOL~1000.0

HORIZONTAL UNIFORM LOAD (KG/M)
WW=GAMAST+SOPRCO*(DEPSOL-X(1)/2.0)*1000.0

GLE HORIZONTAL LOAD

GAMAST*SOPRCO*(2.0%R~X(1)/2.0- X(2)/2.01x1000.0

MAST*SOPRCO*1000.0

CALCULATION OF MOMENT. AXIAL FORCE AND SHEAR FORCE
TABLE OF MOMENT AXIAL FORCE AND SHEAR FORCE
SELF WEIGHT

SELFOR(D=X(1}*(R-X(1)/20)%x2
SELFOR(V X(=(R-X(1)/200

\ERTICAL UNIFORM LOAD
SELFORU)=P«(R-X(1)/20*(R-X(IN
SELFOR(5)=P=(R-X{1)
SELFOR(6)=SELFOR(5)

HORIZONTAIL UNIFORM LOAD
SELFOR(T=WWx(R-X(1)/20)+(R-X(1)
SELFOR{8I=WW=(R-X(1)}
SELFOR(8)=SELFOR(8)

TRIANCLE HORIZONTAL LOAD
SELFORU0=T*(R+X(1)/2.00%(R-X1))*+2
SELFORU1=T*(R+X(11)#*2
SELFOR(12)=SELFOR(11)

WATER PRESSURE BY WATER FILLED IN TUNNEL
SELFOR(13)=R=(R+X(1)/2.0)+(R+X(1))
SELFOR(14)=R=(R+X(1)}
SELFOR(15)=SELFOR(14)

sx= TABLE OF MN,S COEFFICIENT »**

TABLE IS COMPOSED BY 2-DIMENSIONAL ARRAY
NUMBERS FOR POSITION ON TUNNEL

CROWN

1

SIDE WALL

TS
T AN —

INVERT
COMBINATION OF LOAD AND SECTION FORCE
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MOMENT BY SELF WEIGHT

AXIAL FORCE BY SELF WEIGHT

SHEAR FORCE BY SELF WEIGHT

MOMENT BY VERTICAL UNIFORM LOAD

AXIAL FORCE BY VERTICAL UNIFORM LOAD
SHEAR FORCE BY VERTICAL UNIFORM LOAD
MOMENT BY HORIZONTAL UNIFORM LOAD
AXIAL FORCE BY HORIZONTAL UNIFORM LOAD
SHEAR FORCE BY HORIZONTAL UNIFORM LOAD
MOMENT BY HORIZONTAL TRIANGLE LOAD
AXIAL FORCE BY HORIZONTAL TRIANGLE LOAD
SHEAR FORCE BY HORIZONTAL TRIANGLE LOAD
MOMENT BY WATER PRESSURE

AXIAL FORCE BY WATER PRESSURE

SHEAR FORCE BY WATER PRESSURE

COEFF(1,1}=813.0

LOEFF(7 2)-5650

COEFF(13)=00

COEFF(75)=
COEFF(1,6)=0.0

COEFF(76)=00

COEFF(1,7
COEFF(Q2.7

COEFF(1.101=-0.170
COEFF(2,100=0.0
COEFF(3,100=0.274
COEFF(4,10)=-0.008
COEFF(5,10)=-0.044
COEFF(6,10)=-0.088
COEFF(7,10)=-0.300

COEFF(1,11)=0.612
COEFF(2,11)=0.402
COEFF(3,11)=0.0

COEFF(4,11)=0,172
COEFF(5,11)=0.660
COEFF(6,11)=1.194
COEFF(7,11)=1432

COEFF(1,12)=00

COEFF(712)-00

COEFF(1,13}
COEFF(2,13
COEFF(3,13)=-2150
COEFF(4,13)=61.0
COEFF(5,13}=950

=133.0
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COEFF(6,13)=142.0
COEFF(713)=192.0

COEFF(1,1
COEFF(2,]

(1, ) SELFOR(J)vCOEFF(I 3
3 CONTINCE
40 CONTINUE

C
C SUMMATION OF SECTION FORCE AT EACH POINT ON TUNNEL
C

DO 30 1=17

SMPOM(D=0,0

SMPOIN(D=0.0

SMPOIS(1)=0.0
50 CONTINUE

DO70117

60 }
SMPOIM([) %MPOIVI(I)*SFVAL(IJ)
60 CONTINUE
70 CONTINUE

DO 90 1= 17

DO 80 J=2143
SMPOIN(H=SMPOIN(D)+ SFVAL(L])
CONTINUE

CONTINUE

88

DO 110 I= 17

DO 100 J=3

SMPOIS (D)= SMPOIS(I)‘SFVAL(I L)
CONTINUE

CONTINUE

100
110
-

C CALCULATION OF THE THICKNESS OF LINING
C AT EACH POINT

THILIN(L)=X(1)

THILIN@)=X(1)

THILIN()=X(D

THILIN(4)= ZO'R'UO COS(THETAR)»X(1)

THILIN(S)—‘{*E
THILIN(7)=X(2)
C EFFECTIVE DEPTH OF CONCRETE AT EACH POINT OF ARCH
I=1;
EFFDEPU)= THXLIN(I) CRDPRM
IF(EFFDEP(1) EQ 0.0)EFFDEP(1)=0.01
120 CONTINUE

DESIGN CF LINING

CHECK THE LINING THICKNESS AND REINFORCEMENT
IGNCRING COMPRESSIVE STEEL, CALCULATE WITH
ONLY TENSILE REINFORCEMENT

CALCULATION OF STEEL RATIO

STEEL RATIO BY INSIDE STEEL AT EACH POINT

[s¥sTsTsisYetelols)

STRATH1)=X(4//EFFDEP(1)
STRATI(2)=X(6)//EFFDEP(2)
STRATI(3)=X(6)//EFFDEP(3)
STRATI(4)=X(6)//EFFDEP(4)
STRATI(5)=X(6)/EFFDEP(5)
STRATI(6)=X(8)/EFFDEP{6)
STRATI(7)=X(8)/EFFDEP(7)
C STEEL RATIO BY OUTSIDE STEEL AT EACH POINT
STRATO(1)=X(3)JEFFDEP(1}
STRATO)=X(5/EFFDEP(2}
STRATO()=X{5)/EFFDEP(3)
STRATO4)=X(5)/EFFDEP(4)
STRATO(5)=X(5/EFFDEP(S)
STRATO(6)=X(7)/EFFDEP(6)
STRATO(N=X(7/EFFDEP(7}

DO 140 I=1,
IF(SMPOIM(D.LT.0.0)GO TO 130
PSTRAT(=STRATKD
GO TO 140

130 PSTRAT(I}=STRATOWM)

140 CONTINUE

C
C NOMINAL FLEXURAL STRENGTH
C

150 1=1,7
DEMOME(I=ABS(SMPOIM(1))*FACDED*UNILEN
FAIMN(D=FAIM*PSTRAT(I}*SIGMAY *UNILEN*(EFF DEP(I)*UNILEN )#2
+*(1.0-0.59%PSTRAT()*SIGMAY/SIGMCK)
IF(FAIMN().EQ.0.0FAIMN(1)=0.01
]")() CONTINUE

L CONSTRAINTS FOR FLEXURAL STRENGTH

DO 160
G(D=(DEMOME(I)vFAIMN(I))/ABS(FAIMN(I))
160 CONTINUE
C NOMINAL SHEAR STRENGTH
DO 170 I=1,7
DESHER(1)=ABS(SMPOIS(1))*FACDED
PIVNST(1)=053+*FAIS*SQRT(SIGMCK »UNILEN+EFFDEP(I)UNILEN
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F(PIVNST() EQO.MPIVNST(D=0.01
170 CONTINUE
C CONSTRAINTS FOR SHEAR STRENGTH
1=
=741
GU~(DESHER()-PIVNST(/ABS(PIVNSTA)
o 180 CONTIN

C AXIAL FORCE

C

C GROSS AREA OF CONCRETE AT EACH POINT
DO I

AG(l) THILIN(I/
190 CONTINUE
C AREA OF REINFORCEMENT AT EACH POINT
AST{1)=X(3)-X(4)
AST(2)=X(6)-X(5}
AST()=X(6)-X(5}
AST(4)=X(5} X(6)
AST(5)=X(8}+X(5)
ASTE)=X(8)+X(5)
AST(?)=X(7)+X(8)
[ CAID_?)ULATION OF NOMINAL AXIAL STRENGTH
200 I=1)
FAIPN(D=(FAIP=(0.85+SIGMCK=(AG(D- AST(I))+*SIGMAY~*AS T(1)))*10000.
IF(FAIPN(1.EQ.0.0)FAIPN(D)=0.01
200 CONTINUE
C CONSTRAINTS FOR AXIAL STRENGTH
Do 21 0 =17
G(_I) (SMPOIN(I)‘FACDED FAIPN(DYABS(FAIPN(I)
210 CONTIN!

g CONSTRAINTS FOR MINIMUM REINFORCEMENT

DO 220 1=1,7
PMINO(D=AG(D*0.001
PMINID=AG(1)*0.0015
IF(PMINO(D.EQ.0.0)PMINO(D=0.01
IF(PMINI().EQ.0.00PMINI(1)=0.01

220 CONTINUE
G(22)=(PMINO(1)- X(3))/ABS(PMINO(})}
G(23)=(PMINO(2)- X(5))/ABS(PMINO(2)
G(24)=(PMINO(4)- X(5))/ABS(PMINO(4))
G{(25)=(PMINO(7)-X(7))/ABS(PMINO(7))
G(26)=(PMINI(1)}-X(4))/ABS(PMINI(1))
G(27)=(PMINI(3)- X(6))/ABS (PMINI(3))
G(28)=(PMINI(7)-X(8))/ABS (PMINK7))

C CONSTRAINTS FOR MINIMUM THICKNESS OF LINING
C MINIMUM THICKNESS OF LININ

‘THIMIN=2.0+R/30.0

IF(THIMINLTOI)THIMIN 0.1

DO 230 I=L

J=2841
G{J)= (THIMIN THILIN(BY/ABS(THIMIN)
230 CONTINUI

C MAXIMUM REINFORCIMG STEEL
C

C BALANCE STEEL RATIO
PB=0.85%0.85+*SIGMCK»6120.0/SIGMAY/(6120.0-SIGMAY )
ASMXRA=0.75+PB
IF(ASMXRA EQ.0.0J ASMXRA=0.01

C
C CONSTRAINTS FOR MAXIMUM STEEL RATIO
Cc

DO 240 117

=35+]
G()= (STRATI(I) ASMXRA)/ABS(ASMXRA)
240 CONTIN!

DO 250 I ]7

o424

G(J) {(STRATO()-ASMXRA)/ABS(ASMXRA)
250 CONTINUE

RETURN
END
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OPTIMUM DESIGN OF DROPS
PROGRAM :
PROGRAMMER :

RDROFP.F
KIM, JONG OK
UNIT :

KG. CM. KG/CUCM . KG/SQ.CM

DIMENSION X{6),XL(6).XUt6),G(20). WIK{4000) IWK (1500),
*RPRM (20} IPRM(20)

DEFINE NRWK.NRIWK
NRWK=4000

NRIWK=1500
DEFINE METHOD.NDV NCON
i h

OD={
rDESIL VARIABLES

16 LO\::TR!\I\TS
NCON=16

DESCRIPTION OF DESIGN VARIABLES

X(1) : THICKNESS OF DROP'S WALL (CM)
X(2) : LENGTH OF HEEL (CM)

X(3) © LENGTH OF TOE (CM)

X4y - THICKNESS OF FOOTING (CM)

X(3) * MAIN STEEL AREA IN DROP'S WALL PER METER AND

BOTTOM STEEL AREA IN FOOTING PER METER
X(6) : TOP STEEL AREA IN FOOTING PER METER

STARTING POINT
==+ INPUT INITIAL DESIGN VARIABLES *xx

DESIGN BOUNDS
LOWER BOUNDS

XL(1)=200
XL(2)=200

XL)=150
XL(51-08E -1
XL(6)=0.8E1

UPPER BOUNDS

DEFINE IPRINTMINMAX.INFO

PRINT CONTROL
IPRINT=2
MINIMIZE
MINMAX=-
L\'ITIALIZE INFO TO ZERO
OPT[\I
ZERO RPRM AND IPRM
DO 10 1=120
RPRM(I)=04
10 IPRM(D=0

100 CALL DOTUNFOMETHOD,IPRINT,NDV NCON,X,XL.XU,

con o

a

=OB].. \HNMAX G RPRM.IPRM, WK NRWK fWK, NRIWK)
FINISHED
IF(INFO.EQ OGO TO 1000

EVALUATE OBJECTIVE AND CONSTRAINTS

CALL EVAL(OB]LX.G!
GO CONTINUE WITH OPTIMIZATION.

GO TO 10
1000 CO\TI\LE
STOP
END

0OOONONG

SUBROUTINE EVALIOBIX.G)

DIMENSION X(6),G(20),FOR(20), TEMFOR(20},
«HC(20),BHC(20) WV (10).WARM(10}

B s
PARAMETERS o
e

=+« INPUT THE VALUES OF PARAMETERS =+

UNIT W'EIGHT QF S0IL
SOILWT=1.8E-3
UNIT WFIGHT OF CONCRETE
JONCWT=25E-
UNIT WEI(.:HT OF WATER (KG/CU.CM}
GAMAW=1.0E-3
INTERNAL FRICTION ANGLE OF SOIL (UNIT : DEGREE)
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FAIDEG=30
FRICTION COEFF]CIENT BETWEEN FOOTING AND BASE
FRICCO=0.
DESIGN STREI\GTH OF CONCRETE
SIGMCK=210.0
YI!%LD{ANG STRENGTH OF REINFORCING STEEL
1G!
INDEX FOR THE SELECTION OF SOIL PRE'S!:URE COEFFICIENT FORMULA
IF INDFOR=1 : RANKINE FORMUL.
IF INDFOR=: ; COULOMB FORMULA

+*»x PLEASE SELECT THE SOIL PRESSURE FORMULA »*+

INDFOR=1

GRADIENT OF EARTH SURFACE(DEGREE}
DEALPA=0.0
A!\[()}LE BETWEEN VERTICAL LINE AND BACK SURFACE OF WALL(DEGREE)
'THETA=0.
FRgZ'lg(B’; AZ (GLE BETWEEN SOIL AND BACK SURFACE OF WALL(DEGREE;
D! A
SAFET\ PACTOR FOR OVERTURNING
SAFEOV=20
SAFETY FACTOR FOR SLIDING
SAFESL=15
ALL OWABLE BEARING OF GROUND
ALLSUP=30
QO\CRETE COVER THICKNESS OF DROP'S WALL
COVSTM=5,0
CONCRETE OOVER THICKNESS OF HEEL
COVHEL-=.
CONCRETE COVER THICKNEEE OF TOE
COVTOE=8
DIAMETER OF REINFORCING STEEL TO CALCULATE CONCRETE COVER
(UNIT:CM)
DIAMETER=2.54
STRENGTH REDUCTION FACTOR FOR FLEXURE
0.85

AlM=
STRENGTH REDUCTION FACTOR FOR SHEAR

DIMENSION OF DROPS (CM)
TOP HEIGHT OF DROPS
ME}E)IUVI HEIGHT OF DROPS
’I‘OP \MD%H OF DROPS

BOTTO WIDTH OF DROPS
WIDTH OF GATE

WG=160.
HEIGHT OF GATE

HG=
SLOP oF APPROACH CHANNEL SIDE WALL
8=15

*x« FOR OBJECTIVE FUNCTION *+*

REFERENCES : THE INFORMATION ON COMMODITY PRICE (THE FIRST AND
SECOND BOOK), FEBRUARY, 1998

UNIT PRICE OF CONCRETE, REINFORCING STEEL AND FORM WORKS

CONCRETE : MATERIAL © 57,600 WON/CUMETER
LABOR EXPENSES : 20,090 WON/CUMETER
TOTAL . 77690 WON/CUMETER

REINFORCING STEEL : MATERIAL + 334,461 WON/TON
LABOR EXPENSES ; 321,819 WON/TON
TOTAL ; 656,280 WON/TON

FORM WORKS : MATERI ¢+ 9592 WON/SQMETER
LABOR EXPENSES ;18366 WON/SQMETER
TOTAL i 27958 WON/SQMETER
PARAMETERS FOR UINT PRICE
*»+ PLEASE INPUT THE UNIT PRICES OF MATERIAL AND LABOR «»=
UNICON=77690.0
UNISTL=656280.0
UNIFOM=27958.0
UNIT WEIGHT OF REINFORCING STEEL
0.0078546 KG/CU.CM

8546 KG/CUMETER
7.8546 TON/CUMETER

UNIT WEIGHT OF STEEL

STELWT=7.8546

# THE END OF PARAMETERS it

THE RATIOEOF THE CIRCUMFERENCE OF A CIRCLE TO ITS DIAMETER
PAI=3.14159

UNIT TRANSPOSITION FROM DEGREE TO RADIAN
UNITRA=PAV/180.0

INTERNAL FRICTION ANGLE OF SOIL (UNIT : RADIAN)
FAIRAD=FAIDEG*UNITRA

GRADIENT OF EARTH SURFACE(RADIAN)
ALPA=UNITRA*DEALPA

ANGLE BETWEEN VERTICAL LINE AND BACK SURFACE OF WALL(RADIAN}
THETA=UNITRA*DTH]

FRICTION ANGLE BETWEEN SOIL. AND BACK SURFACE OF WALLIRADIAN)
DELTA=UNITRA*DDELT.

UNIT TRA‘ISPOSITION FROM METER TO CENTMETER (1M=100.0CM)
WIDTH=100.

SLOPE OF BOTTOM DROP'S SIDE WALL
S1=(WT- WBY/H2

*xx OBJECTIVE FUNCTION xxx

TOTHIT=H]+H2-X(4)
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BWIDTH=2.0+WB-WG
TOTLFT=X(1)-X(2}+X(3)
HITWAL=H1+H2
HS=TOTHIT-HG
W1=S+HG-WB
W2=WT-(WB-W1)

VOLUME OF CONCRETE (CU. CM)
AREDRP1=TOTHIT*BWIDTH-HG*WG
AREDRP2=(WT-WB)+(H1+TOTHIT}
AREDRP=AREDRP} - AREDRP2
VOLCONW=AREDRP+X(1)
VOLCONF=(X(2)+X(3)*X(4)«BWIDTH
TOTCON=VOLCONW+VOLCONF

VOLUME OF STEEL (CU.CM}

VOLUME OF STEEL IN WALL
VOLSTWL=20+WB*X(5*TOTHIT/WIDTH
VOLSTWS=WGxX!(5)*(TOTHIT-HG)/WIDTH
VOLSTWW]=20«(WT-WBX(5)*H/WIDTH
VOLSTWW2=(WT-WB)»X(5+H2/WIDTH

VOLSTW=VOLSTWL+VOLSTWS-VOLSTWWI1+VOLSTWW2
/OLUME OF STEEL IN FOOTING (CU.CM)
TFT=BWIDTH*X(6)*TOTLFT/WIDTH
VOLSTFB=BWIDTH*X(5)(X(1)-X{3))YWIDTH
VOLSTF=VOLSTFT+VOLSTFB

TOTSTL=VOLSTW+VOLSTF
AREA OF FORMWORK (SQ.CM}
ROOTIN=H2»#2-(WT- WB )2

ARESID=X(1)xSIDLEN
AREFOT=2.0+X(4)*TOTLFT
TOTFOM=2.0xAREDRP- ARESID- AREFOT

OBJ=TOTCON=UNICON/1000000.0+ TOTSTL*STELW T*UNIS TL/1000000.0

=+ TOTFOM*UNIFOM/10000.0

CALCULATION OF SOIL PRESSURE COEFFICIENT
IF(INDFOR.EQ.2) GO TO 100

{F INDFOR=1 : RANKINE FORMULA

RANKINE FORMULA

ROOTIN1=COS(ALPA**2- COS(FAIRAD)**2
ROOT1=SQRT(ROOTIN1}
ABOVE=COS(ALPA)-ROOT}
UNDER=COS(ALPA)-ROQT]
SOPRKA=COS(ALPA}*ABOVE/UNDER
GO TO 200

100 CONTINUE

IF INDFOR=2 : COULOMB FORMULA
CQULOMB FORMULA

ROOABO=SIN(FAIRAD+DELTA*SIN(FAIRAD-ALPA)
ROOUND=COS(THETA -DELTA)*COS(THETA-ALPA)
GWALIN=1.0+ROOABO/ROOUND
UNDER= (ODS(THETA)"Z)‘COS(THETA DELTAMXGWALIN*x2
ABOVE=COS(FAIRAD-THETA)*
SOPRKA=ABOVE/UNDER

200 CONTINUE

SOPRKA : SOIL PRESSURE COEFFICIENT (KA}
HORIZONTAL SOL. PRESSURE AND POINT OF APPLICATION
IN EACH SECTION OF DROPS
FOR SECTION NO.1
FOR(1)=GAMAW»WG*HG=+2,/2.0
J=HG/3.0
SECTION NO.2
QS2:GAMAW=*HG
FOR(2)=SOPRKA*(SOILWT+HS#**2/2.0+QS2+HS *WG
IF(FOR(2) EQ.0.0)FOR(2)=0.001
HC(2)=(SOPRKA*SOILWT*HS »»3/6.0+QS2+HS »*2/2.01» WG/FOR(2)
FOR SECTION NO3 - NO8
DO 300 J=1,12
[F(J.GE,S.AND.J.LE,G)GO TO 210
IF(J.GE.7ZAND.J.LE1®GO TO 220
IF(J.GE.11.AND.J.LE.12)GO TO 230
=0.0
HG
GC TO 240
210 A=0.0
B=SxHG
GO TO 24¢
220 A=0.0
B=W1
GO TO 240
230 A=00
B=WT-WB
240 CALL RINTEG(J,A,.B.GAMAW S HG.SOPRKA.
*SOILWT,HS,WB,H1.S1.AREA)

TEMFOR(J)=AREA
300 CONTINUE

DO 310 I1=1,11,2
IF(TEMFOR(D. EQUO)'I‘EMFOR(I) 0.001

310 CONTINUE
[

FOR(3)=TEMFOR(1)
HC(3)=TEMFOR(2)/TEMFOR(U
FOR(4)=TEMFOR(3)

HC)= TEMFOR(4)"I EMFOR(3)
FOR(5)=TEMFOR(5)

(5; ‘I EMFOR (6)/TEMFOR(5)
FOR(6)=TEMFOR(T7)
HC/(6)=TEMFOR(8)/ TEMFOR(7)
FOR(7)=TEMFOR(9)
HC(7)=TEMFOR(10//TEMFOR(®)
FOR(8)=TEMFOR(11)
HC(8)=TEMFOR(12)/TEMFOR(11)
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Cc

€ FOR SECTION NOJ9
FOR(9)=W2+S0PRKA*SOILWT*H1*«2/2.0
HC(®)=-H1/30

C MOMENT ARMS FROM THE BOTTOM OF DROP’'S WALL
C

BHC(1)=HC(1)+HS
BHC(2)=HC(2)
BHC(3)=HC(3)-HS
BHC(4)=HC(4)-HS
BHC(5)=HC(5)
BHC(6)=HS+WB/S -HC(6)
BHC(7)=HZ+H3+HC(T)
BHC(8)=H3-HC(8)
BHC(9)=H2-H3+HC(9)

C CALCULATION OF OVERTURNING MOMENT (KG-CM)
OVMOME=0.0

400 [=19
OVMOME=0VMOME+FOR()+BHC(I)
400 CONTINUE

LOADS AND POINTS OF APPLICATION
LOADS

[alatelisiatel

SELF WEIGHT OF CONCRETE
WV(1)=2.0:X(D)+*HITWAL*WB=CONCWT
WV(2)=X(1)«(HS-X (4))*WG*CONCWT
WV(3)=X()*BWIDTH*TOTLFT*CONCWT
WV(4)=(WT- WB)«(H1-HITWAL*X(1*CONCWT

C WEIGHT OF SOIL AND WATER

TOTVOL=BWIDTH*TOTHIT*X(2)
WATVOL=(WG*HG+ (HG-WB/S)*WB=2.0- WB*+2/S)xX(2)
SOLVOL=TOTVOL-WATVOL
WV(5)=SOLVOL*SOILWT
WV(6)=WATVOL*GAMAW
C THE LENGTH OF ARM FROM THE CORNER
WARM(1)=X(3)+ X(l)/ZO

(1)+X{(2)+ X(3)/20

(3)+X(1)/2.0

(1)+X(3)+X(2)/2.0
WARM(B)=X(1)+X(3)+X(2)/2.0

C SUM OF SELF WEIGHTS AND RESISTING MOMENT
RESMOM =
SUMWE .0
DO 500 i=16
SUMWET=SUMWET-WV(D}
RESMOM=RESMOM-WV(D+WARM()

500 CONTINUE

CHECK THE OVERTURNING
FSOVTN=RESMOM/OVMOME

CONSTRAINT FOR OVERTURNING
G(D=(SAFEOV-FSOVTN)/ABS(SAFEOV)

CHECK THE SLIDING

TOTAL HORIZONTAL FORCE
HORFOR=0.0
DO 600 I=19
HORFOR HORFOR*FOR(I)
600 CONTINI

c

RESSLD=FRICCO*SUMWET

SFSLID=RESSLD/HORFOR
CONSTRAINT FOR SLIDING

G(2)=(SAFESL -SFSLID)//ABS(SAFESL)

onOn 00 000

CHECK THE SETTLEMENT

aocoa O

ABOMOM=RESMOM-OVMOME
DISTNR=ABOMOM/SUMWET
BB=TOTLFT

HALFB=BB/2.0
EALLOW=BB/6.0
REALLO=(-1.0)*EALLOW
ECENTR=HALFB-DISTNR

jedelel

IF(EALLOW.EQ.0.0)EALLOW=0.001
JF(REALLO.EQ.0.0)REALLO=0.001
G(3)=(ECENTR-EALLOW)/ABS(EALLOW)
G(4)=(REALLO-ECENTR)/ABS(REALLOQ)

MAXIMUM REACTION OF FOOTING

[elele]

IF(BB.EQ.0.00BB=0.001
PMAX=SUMWET=*(1,0+6.0«ECENTR/BBY/BB/BWIDTH
PMIN=SUMWET*(1.0-6.0«ECENTR/BB)/BB/BWIDTH
CONSTRAINT FOR THE ALLOWABLE BEARING OF BASE
G(5)=(PMAX - ALLSUPY/ABS(ALLSUP)
DESIGN OF DROP'S WALL

CALCULATION OF DESIGN MOMENT AND SHEAR FORCE

oaoon 000

DEMOME=1.8+OVMOME
DESHER=1.8*HORFOR

CHECK THE WALL THICKNESS AND REINFORCEMENT

EFFECTIVE THICKNESS OF WALL AT THE BOTTOM
EFFSTM=X(1}-COVSTM-DIAMETER/2.¢

STEEL RATIO AND NOMINAL FLEXURAL STRENGTH

STEEL RATIO
IF(EFFSTM.EQ.0.0EFFSTM=0.001

o000 anan

CONSTRAINT FOR THE APPLICATION POINT OF TOTAL FORCE

CONSTRAINTS FOR THE ECCENTRIC DISTANCE OF TOTAL FORCE
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PP=X(3)/WIDTH/EFFSTM c

NOMINAL FLEXURAL STRENGTH C SUBROUTINE FOR NUMERICAL INTEGRATION

FAIMN=FAIM*PP*SIGMAY*BWIDTH*EFFS TM*»2
=+(1.0-0.59xPP«SIGMAY/SIGMCK)

CONSTRAINT FOR FLEXURAL STRENGTH
IF(FAIMN EQ.0.0)FAIMN=0.001
G(6)=(DEMOME-FAIMN)/ABS(FAIMN)

CONSTRAINT FOR SHEAR STRENGTH
PIVNST=0.53«FAIS*SQRT(SIGMCK)«BWIDTH*EFFSTM

IF(PIVNST EQ.Q.0)PIVNS T=0.001
G(D=(DESHER-PIVNSTYABS(PIVNST?

DESIGN OF HEEL

2

DESIGN MOMENT AND DESIGN SHEAR FORCE
C
CONVOL=X(2)*X(4)*»BWIDTH
QUH=1.5+«(CONVOL+CONCWT+WV(5)+ WV (6))
DEMOHL=QUH*X(2)/2.0 [o}
DESHHL=QUH
EFFECTIVE DEPTH OF HEEL C

EFFHEL=X(4)-COVHEL-DIAMETER/2.0
STEEL RATIO IN HEEL

IF{(EFFHEL EQ.0.0)EFFHEL=0.001
PHEL=X(6)’WIDTH/EFFHEL

NOMINAL FLEXURAL STRENGTH
FAIMHL=F AIM+PHEL*SIGMAY *BWIDTH+EFFHEL

#x22%(1.0-0.59*PHEL*SIGMAY/SIGMCK) [
CONSTRAINT FOR FLEXURAL STRENGTH IN HEEL 20

IF(FAIMHL.EQ.0.0)FAIMHL=0.001

G(8)=(DEMOHL-FAIMHL)/ABS(FAIMHL} C
CONSTRAINT FOR SHEAR FORCE IN HEEL 30

PIVNHL=0.53*FAIS *SQRT(SIGMCK *BWIDTH+*EFFHEL
IF(PIVNHL.EQ.C.0)PIVNHL=0.001
G(9)=(DESHHL -PIVNHL)YABS(PIVNHL) [

DESIGN OF TOE
QT=(PMAX- PMIN{BB-X(3)/BB+PMIN

DESIGN MOMENT OF TOE 50
DEMOTO=18%(0.5+QT*X(31»*2+ (PMAX-QT)*X(3)*2/30*BWIDTH

DESIGN SHEAR FORCE OF TOE 60
DESHTO=18+0.5+(PMAX+QT)=X(3)*BWIDTH
EFFECTIVE DEPTH OF TOE FOR FLEXURE
EFFTOE=X(4)-COVTOE-DIAMETER/2.0 C
IF(EFFTOE.EQ.0.0)EFF TOE=0.001 0
STEEL RATIO OF TOE FOR FLEXURE
PTOE=X(5)/WIDTH/EFFTOE
NOMINAL FLEXURAL STRENGTH FOR TOE
FAIMTO=FAIM*PTOE*SIGMAY*BWIDTH*EFFTOE**2+(1.0-0.59«PTCE* C
*SIGMAY/SIGMCK) 80
CONSTRAINTS FOR FLEXURAL STRENGTH IN TOE
IF(FAIMTC.EQ.0.0)FAIMTO=0.001
GU10)={DEMOTO-FAIMTO)YABS(FAIMTO) C
EFFECTIVE DEPTH OF TOE FOR SHEAR 90
EFTOSH=X(4)- COVTOE-DIAMETER/2.0
CONSTRAINTS FOR SHEAR FORCE IN TOE
PIVNTQ=053+FAIS*SQRT(SIGMCK*BWIDTH*EFTOSH

IF(PIVNTO.EQ.00)PIVNTO=0.001 100
GUD={DESHTQ-PIVNTO) ABS(PIVNTO!

MINIMUM REINFORCING STEEL
MINDMUM REINFORCING STEEL OF WALL 110
SMINW=14.0«WIDTH«EFFSTM/SIGMAY

C
CONSTRAINTS FOR MINIMUM REINFORCING STEEL OF WALL 120

IFLASMINW EQ.0.0)ASMINW=0.001
G(12)=(ASMINW -X(5))/ABSIASMINW}

MINIMUM REINFORCING STEEL OF HEEL
ASMINH=14.0+WIDTH+EFFHEL/SIGMAY
IF(ASMINH.EQ.0.0)ASMINH=0.001
G(13)=(ASMINH-X(6)/ABS(ASMINH}

MINIMUM REINFORCING STEEL OF TOE
ASMINT=14.0*WIDTH*EFFTOE/SIGMAY
IF(ASMINT.EQ.0.00ASMINT=0.001
G(14)=(ASMINT-X(5)/ABS(ASMINT)

MAXMMUM REINFORCING STEEL

BALANCE STEEL RATIO
PB=0.85+0.85+SIGMCK «6120.0/SIGMAY/(6120.0- SIGMAY)
ASMXRA=0.75*PB
ASMAXW=ASMXRA*WIDTH*EFFSTM

CONSTRAINTS FOR MAXIMUM STEEL RATIO IN WALL
[FIASMAXW .EQ.0.0)ASMAXW=0.001
GU3)=(X(5) - ASMAXW )/ABS(ASMAXW)
FOOTLM=TOTHIT -0.001
IF(FOOTLM EQ.0.0)FOOTLM=0.001
G(16)=(X(4)-FOOTLM)/ABS(FOOTLM)

RETURN
END

NUMERICAL INTEGRATION
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SUBROUTINE RINTEG(J A, B L, GAMAW S HG.SOPRKA
+SOILWT HS,WB,H1,81 AREA.
DIMENSION W(100
H=(B*Al/1000.0
1=

VAL= F(J Y.GAMAW S HG,SOPRKA.
*SOILWT,HS WB,H1,S1,AREA)

AREA1=AREA1-H*VAL

CONTINUE

FIRST=F(J.AGAMAW .S HG,SOPRKA,
*SOILWT.HS,WB.H1,S1,AREA)

TLAST=F(} B, GAMAW 5,HGSOPRKA
+*SOILWT HS WB.HLS1.AREA)

AREA=AREA1-0.5+H*(FIRST+TLAST)
RETURN
END

C
€ FUNCTION SUBPROGRAM
c

FUNCTION F(J.Y/ GA‘v(AW S HG SOPRKA,
+SOILWT HS,WB,H1 S1AR

GO TO(10,20,30, 405060708090 1001]

F=GAMAW=*{HG-Y)*S*Y

RETURN

F=GAMAW(HG-Y*S»Y«x2
RETURN

QS4=GAMAW=(HG-Y/S)
F=SOPRKAX(SOILWT*(Y/S)»%2/2.0+QS4* (Y/S))
RETURN

QS4=GAMAW=HG-Y/S)

F=SOPRKA=(SOILWT*(Y/S)#*3/6.0
QG4 (Y/S)ex2/2.0)

RETURN

QS5=GAMAW*(HG-Y/SH+SOILWT*Y/S
F=SOPRKA*(SOILWT*HS*#2/2.0+QS85+HS)
RETURN

QS5=GAMAW*(HG-Y/S)+SOILWT*Y/S
F=SOPRKAX(SOILWT*HS#+3/6.0+QS5+«HS**2/2.0)
RETURN

HIT6=HG -WB/S

QS6=CAMAW~(HIT6-Y/S)
F=SOPRKA*(SOILWT+(Y,/S)»*2/2.0+QS6+(Y/S)
RETURN

HIT6=HG-WB/S

QS6=GAMAW=(HIT6-Y/S)

F=SOPRKA*(SOILWT=*(Y/S)=+3/6.0+
*QS6*(Y/S)**2/2.0)

RETURN

HIT7=H1-HG+WB/S
QS7=GAMAW*(HG-WB/S-Y/S)- SOILWT=(Y/S)
F=SOPRKA#(SOILW T*HIT7»»2/20+QS7+HIT?)
RETURN

RIT7=H1-HG-WB/S
QS7=GAMAW=*(HG-WB/S-Y/S) - SOILWT=(Y/!
F=SOPRKA«(SOILWT*HIT7»+3/6.0+QST+HIT7
RETURN

QSB=SOILWT*H1
F=SOPRKA«(SOILWT=(S1%Y)*+2/2.0-Q88+512Y)
RETURN

F=SOPRKA*(SOILWT*(S1*Y}**3/6.0
»+QS8x(S1xY x22/2.0)

RETURN

END
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Program : water_brdge
Dynamic Dialog box
Chot “‘Won
1999 10 1

2 g AYg AR 27 celdza wra

defun Ciwater_bridget/ dclid ds}
(command "new” "N” "M

setq #DataBase "0")

setg #Plate_Width "WWW")
setq #Span_Length "LLL™
setq #FileName nil)

(setg del_id (load_dialog “project”))
Gf {not tnew_dialog "water bridge” dcl_id)) (exit))

iproject.del load
sproject.del 9] sclA 3
(start_image “figure”)
{slide_image
00

image #.0l7}

(dimx_tile “figure”) (dimy_tile “figure”)
“project--slide(project-logo-water_bridge)”

(end_image)

(load (strcat (prefix) “project/water-dimention™))

tload (streat (prefix) “project/fo™)

{load {streat (prefix) “project/text-input”})

{load (streat (prefix) “new\\# 2 I\ &~ ¥4 &\\steel_straight.Isp™))
(load (streat {prefix) “new\\# 2 a\\¥ 2 - ¢ E\steel_u.lsp”))

(load (streat (prefix) “new\\¥* 2 2\ ¥ 2 - ¥ 5 \steel_x.Isp"))

(load (streat (prefix) “new\d~ 2 @\\kkk.Isp”))

{load {strcat (prefix) “project/water-bridge_view"))

{load (streat {prefix) “project/option- view"))

{c:water-dimention)
{unload_dialog del_id)

(pop env)
(setq *errors ver seterr nil)

print ¥DataBase)
print #Plate_Width)
print. ¥Span_Length)
print. ¥FileName)

(if (/= #FileName nil}
{progn

(erkkk)
{command "save” "D:\\ProgramFiles\\AutoCADR14\Project\\imsi.dwg”
¥
(c'water-bridge_view)
,
{progn
)
N
princ?

iok_cance!_help_info;

Program: water-dimention.lsp
W water-dimention_list
Choi Won
99/10/4

(defun c:water-dimention { / dimention_number)

EEEEL]

{defun SETERR(s)
Jf an error (CTRL-C) occurs when this command is active.
(if (/= s "Function cancelled”)
Gf s "quit / exit abort”)
(princ “*cancels”)
(princ (strcat "\nErmror " s))
}sof if
Y of If
iRestore previous error handler
(setq =error* oer seterr nil)

(princ)
)i of SETERR

(setq oer *error+ *error+ seterr)
(push-env)

(setq file-read (open "project\\data_base\\water-number.dat” “r'})
(e:fo)
(setq dimention_number {nth 0 gather-figure-sum))

(setq file-read (open “project\\data_base\\water-dimention.dat” "r")
(c:fo)
(setq LIST_SUM
tesfo)
{setg LIST_SUM
i16-20122=14
trepeat (Fix (- dimention_number 2))
(c:fo)

(setq gather-figure- sum (list gather-figure-sum))
(setg LIST_SUM (append LIST_SUM gather-figure-sum) }

gather - figure-sum)

(list LIST_SUM gather-figure-sum) )

)
taction_tile "mcode” "(Code_point $value)”)

{selq file-read {open "project\\data_base\\water-code.dat” “r"))
{citext-input (Fix dimention_number))
tsetq code_lst gather-figure-sum)

(start_list “mcode”)
{mapcar ‘add_list code_lst)
{end_list)

{setq an_real 0)
{setq bb_real 0)
{setq cc_real O)
{setq dd_real 0)
{setq ee_real 0)

(setq aa 0)
(setq bb 0)
(setq cc 0)
(setq dd 0
(setq ee 0}

(set_tile "aa” (rtos aa))
(set_tile "bb” (rtos bb))
(set_tile "cc” (rtos cc))
(set_tile "dd” (rtos dd)}
(sel_tile "ee” (rtos ee))

(set_tile "Plate_Width" "input?”}
(set_tile "Span_Length” "input?”)

(mode_tile "Plate Width" 1)
{mode_tile “Span_Length” 1}
(mode_tile “mcode” 1)
{mode_tile “aa” 1)
{mode_tile "bb” 1)
{mode_tile “cc” 1)
{mode_tile "dd” 1}
{mode_tile "ee” 1)

{action_tile "File-Open"” "(set-File-Open)")

(action_tile "DataBase” "(set-option)")

(action. tile "Plate_Width" “(set-Plate_Width)")
{action_tile "Span_Length” "(set~Span_Length)")
{action_tile "accept” “(do-accept)”)

{action_tile "cancel” "(do-cancel)”)

;option ON/OFF toggle

{CALCEL button
(start_dialog)

+(print aa)
+(print bh)
+(print cc)
Hprint dd)
sprint ee)
s(print aa_real)
s(print bb_real)
;(print cc_real)
s(print dd_real)
iprint ee_real)
)

(defun set-File-Open( ,/ in )

(setg in (getfiled "F2F §4 REF UAEHMR 1" (streat (prefix! "new\\F 2 A\
“dat” 8))

(setq #FileName in)
)

(defun do-accept()
{done_dialog)
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i do -cancel)
one_dialog)

Ry
DO -CALCEL

in set-Plate_Width( )
xq 1n (get_tile "Plate_Width"))
ng #Plate_Width (atof in)

Gf (<= #Plate_Width 0)
(progn
(set_tile "error” "Babo")
(mode_tile "Plate_Width" 2)
nil

{progn
(set_tile “error’
T

oy

derun

n set-Span_Lengthi / in )
1q n (get_tile "Span_Length"})
1q #Span_Length (atof in})

(if (<= #Span_Length 0)
{progn
(set_tile "error” "Babo"
(mode_tile "Span_Length” 2
nil

(progn
(set_tile “error
T

ey

;

detun

n set option( - )
(mode_ tile “DataBase” 2)
(setq in (get_tile “DataBase”))
tsetq #DataBase in)

uf 1= in "1
(progn

(mode_tile "File-Open” 1)
{mode_tile “Plate_Width” 0)
(mode_tile "Span_Length” 0)
(mode_tile “mcode” 0)
{mode_tile "aa” 0}
{mode_tile "bb" 0)
tmode_tile "cc” 0
(mode_tile "dd"” 0)
{mode_tile "ee” 0)

{progn
imode_tile "File-Open” 0)
{mode_tile "Plate_Width” 1}
imode_tile "Span_Length” 1}
¢mode_tile “mcode” 1)
(mode_tile "aa” 1)
(mode_ule "bb” 1}
tmode_tile "cc” 1}
{mode_tile “dd” 1}
{mode_tle "ee” 1)

1
defun set-option

n Code_point (ppp)

tsetq dat_opt (atol ppp)}
(setq Fix_data (nth dat_opt LIST_SUM))
tsetq  aa_real (nth O Fix_data)

bb_reai (nth 1 Fix_data)

ccreal (nth 2 Fix_data}

dd_real (nth 3 Fix_data)

ee_real (nth 4 Fix_data)

tsetg  aa (nos (nth O Fix_data))
bb (rtes (nth 1 Fix_data)h
cc (rtos lath 2 Fix_datah
dd (rtos (nth 3 Fix_data)}
ee {rtos inth 4 Fix_data)

tset_tile "aa” aat
tset_tile "bb” bh)
1set_tile “cc” cc)
iset_tile "dd” dd)
sel_tile "ee” ee?
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\setq Une ‘Tead iread -line tie read))
(setg line-length (strlen line-read))

{setq item O}

(setq count 1)

tsetq 1f-number 0)

{setq figure nil)

{setq gather-figure-sum nil)

(repeat line-length

(setq character-read (substr line-read count 1))

(setq count (+ count 1)

Gf tor (= character-read ".") (= character-read " “))
l

progn

(setq if-number (- if-number 1)
)

{if (= if-number 1
(progn

(return - figure)
(setq figure nil}

)
(progn
1

)
tsetq item 0)

)
(progn

(setq figure (append figure (list character-reac

(setq item (+ 1 jtem)}
(setq if-number 0)

)

(return -figure)
{princ)

{defun return-figuret }

{f (= figure nil)
(progn
3

{progn
(transform-figure)
i

{sewq i 1)

(setq list~number 0}

(setq store-figure nil}

(setq figure (reverse figure))
tsetq gather-figure 0)

(repeat item

(setq s 10)
(setq sum 1}
(setq | 1)

{repeat i
B (setq sum (* sum s)}
Gf (=5 1)
{setq sum 1)

!
' (setg j (+ ] 1n
H Jiend_repeat
: (setg i (+ 1 1)

(defun transform-figure( / i list-number store-figure gather-figure j
decision error dot_Loc

(setq store-figure (atof (nth list-number figure!)

H (setq list-number (- list-number 1))
B (setq gather- figure (- gather-figure (+ sum store- figu
Yend_repeat

H {setq gather- I@gure (list gather-figure))

f (setq gather-figure-sum {append gather-figure sum gather- fig

Gf (= (nth { item 2) figure) "}

{setq decision nil)
tsetq error 1)
(setq dot_Location 0}

(while error
(if (= (nth dot_Locanon figure) ")
{progn
(setq decision "dot"
(setq error nil)

)
(progn
)

)
(setq dot_Location (- dot_Location 1))
(if {= dot_Location item}
(setg error nil)
}
)

(if (= decision "dot™
(pregn

(setq list-number (- dot_Location 1))

(repeat (- dot_Location 1)

isetq s 0.1}
{setg sum 1)



{repeat | (defun c:text-input( column_number / )

\setq sum (* sum s))
Yend_repeat (setq line-read (read-line file-read))
(setg 1 (-~ i 1D (setq gather-figure-sum {hst line-read))

(setg store-figure (atof (nth (- list-number 1) figure))) (repeat (- column_number 1)
{setq line-read (read-line file-read))

tsetq list-number (- list number 1)} {setq gather-figure-sum (append gather-figure-sum

(setq gather-figure (- gather-figure t* unmi store-figure) 0) )
)iend_repeat
tsetq i 1)
(setg list-number dot_L.ocation)

(setq s 10)
(setq sum 1)

(repeat (- item dot_Location)
(setq  store-figure  (atof  (nth  list-number  figure)))

(setg list-number (+ list-number 1))
{setq gather-figure (+ gather-figure (* sum store-figure} 0))

itrepeat |

(setg sum (* sum s)
nd_repeat
Hsetg i i+ 11D

Jiend_repeat

tsetq gather-figure (list gather-figure))
(setq gather-figure -sum (append gather-figure-sum gather-figure))
i

{progn
(repeat item
tsetg s 1)
{setq sum 1}
(setg j 1)
(repeat 1
isetq sum (* sum s)}
Gf (= 1)
(setq sum 1)
(setq ) (- j 10
Jiend_repeat.
{setq i t- 1 1)
{setq  store-figure {atof (nth Jist-number  figure)))
(setq list-number (+ list-number 1))
(setq gather-tigure (- gather-figure (x sum store-figure} 0))
Jiend_repeat
(setq gather-figure (list gather-figure))
(setq gather-figure-sum (append gather-figure-sum gather-figure))
b
Yiend_if

transfarm_figure
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LQeIun ¢.waler-aesigny )

Ty

(command "ucs”

{command "erase” "all” "”
(setq file-read (open #FileName "r"1)

E2UE 99

refol

(setq Bottom_Length_WI1 (nth O gather-figure-sum))

isetq Bottom_Length_HE (nth 1 gather-figure-sum))

uetq Plate_Length_WI (nth 2 gather-figure-sum)}

S Piate_Length_HE (nth 3 gather-figure- sum)}
Wall_Length_W1 (nth 4 gather-figure-sum)}
Wall_Length_HE tnth 5 gather- figure sum)}
SPAN_Length (nth 6 gather- figure: sum))

wetq  Water_Depth  {nth 7 gather-figure- sum))

¥ A A aHY)

(cfo)

tsetq Etc_Strrup_Honzon (nth 0 gather-figure-sum))

{setq Etc_Stirrup_Slopel (nth 1 gather-figure-sum)}

zetq Ete_Stirrup_Slope2 (nth 2 gather-figure-sum))

tseta Etc_Stirrup_Number {nth 3 gather-figure-sum))

(setq Etc_Stirup_fnterval (nth 4 gather-figure-sum))

(setq Etc_Stirrup_Diameter (nth 5 gather-figure-sum))

1 Ee A9

-
&

4y

o
T

\c'fof
{setq Bortom_LS_Length
\setq Bottom_LS_Diameter

(nth 0 gather-figure-sum))
(nth 1 gather-figure-sum))

B3 94

{cifol

tsetqy Plate_PS_Length (nth ¢ gather-figure -sum)}

(setq Plate_PS_Number (nth 1 gather-figure- sum))

tsetq Plate_PS_lmerval (nth 2 gather-figure- sum)}

isetq Plate_PS_Diameter tnth 3 gather-figure sum})
Ayl

ie-for

wsetq Plate_NS_Length (nth 0 gather-figure-sum))

wsetq Plate NS_Number (nth 1 gather-figure-suam))

{setq Plate_NS_Interval tnth 2 gather -figure-sum))

\setq Plate_NS_Diameter {nth 3 gather- figure-sum)}
R

icifay

{setq Wall PS_Length (nth O gather-figure-sum))

{setq Wall_PS_Number {nth 1 gather-figure-sum))

(sety Wall_PS_Interval {nth 2 gather-figure-sum})

tsetq Wall_PS_Diameter (nth 3 gather-figure- sum))
*:’7 A}

103

lsctq Plate_Middie LS_Length tnth 0 gather-figure-sum))

\setq Plate_Middle_LS_Number (nth 1 gather- figure-sum

.setq Wall_LS_Number (nth 2 gather-figure- sum))

\»eu Plate_Middle_LS_Interval {nth 3 gaLher figure-sum®

isetq Plate_Middle 1S _Diameter {nth 4 gather-figure-sum)}
Haoya

teifo;

vsetq Plate_Side LS_Bottom (nth 0 gather- figure -sum)}

wsetq Plate_Side LS _Top (nth 1 gather- figure-sum))

setq Plate_Side_LS_Slape inth 2 gather-figure-sum))

isetq
g
“fo)

tsetq Etc_HS_Length
isetq Etc_HS_Number
tsetq Etc_HS_Intervaj
(setq Etc_HS_Diameter
(command “ucs” "
tcommand "hmits” (st (-0
)

(list t- Bottern_Length_WI (/ Piate_Length_ W1 2))

fcommand “vpoint” {ist 1
wcommand “layer” “make” "
tmake_concrete!

wommand "layer” “make”
{make_dim_section?
\make_leader?

tcommand "laver” "make” ”
(make._plan_section:
(command “laver” "make”

(make_Longitudinal_section
(command “layer”
{make_steel_NO6}

tcommand “layer”
tmake_steel_NO1:

icommand “layer” “make”
imake_steel NO3)
icommand "layer” "make”

(make_steel NOT1

{command “laver” "make”
tmake_steel NO4}
tcommand "layer” “make”

{make_steel_ NO2_plate}

(command "layer” "make”
tmake._steel_NO2_wail)

Plate_Side_J.S_Diameter
Plate_Side_LS_Cutting

“dim_section”

"make” "71Ek- 28 F" "color”

“make” “vhet-Ze) kA 2" "color”

(TR

(nth
(nth

3 gather- figure-sum))
4 gather-figure-sum)}

tnth 0 gather-figure-sum))
(nth 1 gather-figure-sum))
(nth 2 gather-figure-sum))
(nth 3 gather-figure-sum))

SPAN_Length) (- 0 (- Bottom_Length_WI (/ Plae_Length W

[V
1™

‘concrete” “color” "white” "concrete” "}

oo v ey

“color” "blue” "dim_section’

plan_secuon” “color” "blue” “plan_section

"Longitudmal_section” "color” "blue” "Longitudinal_section”

)

“red” "7E - AEY" ")

red” V- ol RGBT

"color” "red” “®- ZHa "

"® ORI “color” red” ¥R AI )

y-Faer

wry

“color” “red” " -F A3

"R-F Y- Lol WY I "color” "red” "Y-FU-HolPyHI

"R el A" “color” "red” "H-ZelwFHa" )

{command “layer” “make” @€V -BolYHAI" "color” "red” “H-EG- Lol Py

iy

(make_steel_NO8)

(command “layer” “make” "71Et-B A" "color” “red”

{make_steel_NO5)

Tl A

tcommand "ues” *7 )
{command “vpoint” {ist 1 1 1) "

(prine)

(defun makEJ.ongnudlnal \a':(Lmn( /0
(command "ucs’
(command “u
{command "ucs

{command "dimexe”
(command "dimexo”
(command "dimgap”
{command "dimtxt”
{command "dimasz”

(/ Bottom_Length_WI 20) )
(/ Bottom, Length_WI 10) !
{/ Bottom_Length_WI 15) "y
{/ Bottom_Length_ WI 3) -y
(/ Bottom, Length_ W1 3) "
sl e

s Az A%

(setq cover_hor (/ (- Bottom_Length_WI Etc_Stimup_Honzon) 21}

(setn  distancex (- (- (+ (/ Plate_Length W1 2) Battom_Length_ W1 Wall_Length WI)
cover_hor} i

(setq distance x (- distancex (- {/ Bottom LS Diameter 2) ( Wall_PS_Diame
ter 20 N

(setq distance_y (- cover_hor (- Bottom 1S _Diameter 2) {/
Ete_Stirrup_Diameter 2)) »n
2 obdl Thed 2 ey

{setq nn ist (- 0 (' SPAN_Length 20 distance_y

2

(list (- (- 0 (/ SPAN_Length 2) ) 02) ( 0 Bottom_Length_HE)

tsetq dh
2)

{setq Insert_text "'”)
{command "leader” ori dis

insert_text ")

i de
(setq cover_hor (/ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2))
(setq distance_x (- (+ Bottom_Length_WI (/ Plate_Length_W1 2))
( Wall_Length WI ( + coverhor /' Wall PS_Diameter 23 {/
Plate_Middie_LS_Diameter 2})} )
(setq distance y  {+ (+ {« BmmmJ.engm HE cover_hor)
(+ {/ Plaie_PS_Diameter 2) {/ Plate_Middle_LS_Diameter 2)1
Plate_Middie_LS_lnterval) )
(setq distance_y (+ distance_.
2 HE
(se(ﬂ o

v Plate_Middle_LS_Interval) )

(list {0/ SPAN_Length 2.3) 3 distance_y
\\elq temp {« Bottam_Length_HE Plate_Length_HE Wal] _Length_HE)

(xevq dis {dist (- 0 (/ SPAN_Length 25) ) (- temp 0.2}

[.setq insert_text “@"}

(command "leader” ori dis " insert_text "}

(setq distance_y (- distance_y Plate_Middle_LS_Interval) }
(setqg ori (ist (- 0 (/ SPAN Length 25) ) distance_y
2) i

{command "leader” ori dis " " " "}

Bob.k Eag
{f (>= Etc_Stirmup_Diameter Wali_PS_Diameter)
(progn
tsetq diameter Etc_Stirrup_Diameter)
il
{progn
(selq diameter Wall_P3_Diameter}
?

(seta gap {+ (/ diameter 2} ¢/ Plate_PS_Diameter 2)) )
(setq cover_hor {/ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2))

{setq start_point (+ Bottom_Length_HE cover_hor))

(setq temp (- 0 (- (= Plate_PS_Interval 10) gap} )}

(setq on ist start_point 2} )

{setq dis list O Bottom_Length_HE) 2} )
{setq insert_text "#")
{command "leader” ori dis

temp
(02 temp)

)

" inseri_text

e

tsetn cover_hor {7 {

{setq dxstance_x (SRS
cover_hor)

(setq dlaldnCEJ t+ (7 Wall_PS_Length 2)  cover_hor) i

(setq temp (- Botiom_Length HE Plate_Length_HE Wall_Length HE! )

isetg ori Cist (- 0 (+ Wall_PS_Interval §) ) Wall_Length_HE
2 )

(setq dis
2) )

{setq insert_text "$")

{command “leader” ori dis

Bottom_Length_W1 Etc_Surrup_Honzon} 2);
{+ (/ Plate_Length_ W] 2) Bottom_Length WD) Wall_Length_ WD

dist ¢ ¢ 0 (» Wall_PS_Interval 5) } 0.2) (- temp 02)

" insert_text ")

T
tif (>= Etc_Stirrup_Diameter Wall_PS_Diameter)
{progn
(setq diameter Etc_Stirmup _Diameter)
)
(progn
(setq diameter Wall_PS_Diameter)
)
(setq gap (- (/ diameter 2) {/ Plate_NS_Diameter 2)) !
(setq cover_hor (/ (- Battom_Length_WI Etc_Stirmup_Homzon) 2))
{setq start_point (- (- Bottom. Length HE Plate_Length HE) cover_hor)i
(setq temp (- O {+ (* Plate_NS_Interval 3) gap) )}
(setq oni {list temp start._point 2) )
(setq dis (list (+ 02 temp} (- O Bottom_Length HE} 21 Y
(setq insert_text "&")
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{command “leader” on dis " nsert_text "}

L E

e
(setq cover_hor ( (- Bottom_Length_W1 Etc_Stirrup_Horizon) 2))
tsetg  distance_x (- {- (+ {/ Plate_Length WI 2) Bottom_Length_ WD Wall_Length_WI)
over_hor? )
(setq  distance_y {- {/ Wall_ PS_Length 2) cover_hor) )
(setg tempD (- Bottom_Length_HE Plate_Length_HE Wall_Length_HE) }
{setq cover_hor (/ (- Bottom_Length_WI1 Etc_Stirrup_Horizon) 2))
(setq distance_x (- (- (+ (/ Plate Length_W1 2) Bottom_ Length_WI} Wali_Length WD
‘over_hor) )
{setq distance_x (- distance_x {/ (- Plate_Side_LS_Diameter Wall_PS_Diameter} 2)} )
{setq distance_x (- distance x Plate_Middle_LS_Diameter})

(setq distance_y (- {+ Bottom_Length_HE Plate_Length_HE) cover_hor)}

\setq distance_y { distance_y (/ (- Plate_Side_LS_Diameter Plate_NS_Diameter) 2)) }

(setq temp_honzon (* {/ Plate_Side LS_Slope 1.3)) )

(setq temp} (’ (x 45 p1} 180) !

isetq terp2  {cos templ) |}

(setq tempx « ¢ ¢ SPAN_Length Plate_Side_LS_Bottorn) 2) > temp_horiz
n temp2) )i

sety ort {list (- 0 tempx) (+ distance_y {* temp_horizon temp2}

2

(setq dis (list ¢~ - O tempx) 0.2) ¢+ tempD 0.2)

o

)
\setq insert_text ")
(command "leader” on dis

ny

insert_text

SEYYE text
(command "text” "j" “a” (list (- 0 (+ ¢/ SPAN_Length 2} (/ SPAN_Length 5}) (- 0 (»
Plate. Lenth J{E

(lis 0 ( \/ SPAN_Lenth 2) / SPAN_Length 5))} (- O (» Plate_Length HE 2)))
"LO’\TGITLDINAL SECTION"

idefun make_plan_section{ ./ )
wommand "ues” ™)
tcommand "ucs” "z % "

(command “dimexe” (/ Bottom_Length_WI 20) Y}
{command “dimexo” (/ Battom_Leogth_WI 10) "y
(command "dimgap” t/ Bottom_Length_WI 15) )
(command “dimtxt” (/ Bottom_Length_WI 3} "y
(command "dimasz” t/ Bottom_Length_WI 3) )

i ‘.‘.‘%%
el AR 3TE 287 fstd Ws gl A9
(setq cover_hor {/ t- Bottom_Length_W1 Etc_Stirrup_Herizon) 2))
{setq reference_point (- {/ Etc_Stirrup_Horizon 2} cover_hor})
(setq start_point (- {~ {/ Plate_Length_WI 2} Bottom_Length W) reference_point)}

(setq radius (+ 5 Etc_Stirrup_Diameter))
(setq real_pont_1 start_point (-

(/ Ete_Stirrup_Horizon 2) radius))}
(setq small_radius (- radius (+ (' Etc_Surrup_Diameter 2) (/ Bottom_1.S_Diameter 2))
»

(setq distance_x i= smatl_radius (cos ¢ (+ 45 p1) 180) 1

(setq real_pownt_I ( real_posnt_] distance_x)}
{setq distance_y(- (- (- Bottom_Length HE Plate_Length_HE} cover_hor)
t+ (/ Plate_NS_Diameter 2} {/ Bottom_LS_Diameter 2)
v 3 ;
{setq on (list (- 023} (- Q real_pomt_I) D )
(setq dis (list :- 0 25) (- 0.08) 1 }

(setq insert_text "I")
(command “leader” ori dis
&4

#e- 4y gHYe

o wy

insert_text

AR
(setq cover_hor (' (- Bottom_Length_W] Etc_Stirrup_Horizon) 2))
(setq distance_x (- (+ Bottom_Length_WI (/ Plate_Length_WI 2))
(- Wall_Length W1 (+ cover_hor (/ Wall_PS_Diameter 2) (/ Plate_Middle_LS_Dia
meter 2}}) ) }
(sctq distance_y (- (- (+ Bottom_Length_HE cover_hor)
(+ (/ Plate_PS_Diameter 2) (/ Plate_Middle_LS_Diameter 2)) )
)

Plate_Middie_LS_Interval)
(setg distance_y {- distance_y Plate_Middle_LS_Interval} }

{sety ori (list (- 0 distance_x) distance_y) )
{setqy radian (= 45 p) 180 )

(selq cos_value (cos radian) )

{setg sin_value (sin radian} )

tsetq dis_x (* Plate_Length_WI sin_value 05)

setq dis_y (* Plate_Length WI cos_value 0.5) }

(setq dis_x {- distance x dis_x))

{setq dis_y (- distance_y dis_y))

isetq dis Qist (- 0 dis_x} dis_y) }

tsetq ori (list (- 0 23) distance_x % )
tsetq dis (st (- 0 25) 08 3 )

(setq insert_text "@")

(command "leader” ori dis " insert_text "")

(if (>= Etc_Stirrup_Diameter Wall_PS_Diameter)
(progn
(setq diameter Etc_Stirrup_Diameter}

(setq diameter Wall_PS_Diameter)

tsetq gap (+ ( diameter 2) (/ Plate_PS_Diameter 2))

tsetq temp (0 \+ {« 10 Plate PS_interval) gap)) )
isetq on dist temp 00 1 )
(setq dis {ist (- temp 0.3) 0.8 1% ¥

{setq inseri_text "#")
‘command “leader” ort dis "” insert_text "1

L
" (setq cover_hor (/ - Bottom_Length_WI Etc_Stirrup_Horizon) 2)}
(LR A
(setq  distance_x |+ (- {- (/ Plate_Length.WI 2) Bottom_Length WI) Wall_Length_WI)

cover_hor) )
iy

(setq distance_y (‘ (* (- Bottom_Length_HE cover_hor)
(- ¢ Plate_PS_Diameter 2) (/ Plate_Middle 1.S_Diameter 2)) ) Plate. M
1ddle_LS_Intervai
(/ Piate_Middle_LS_interval 2}

(setg temp (- (- 0 (+ (+ 8 Plate PS_Interval} gap) L' Plate_P?,Dlame!er Wall_PS_
Diameter) 2) ) )

{setq ori (ist temp

(setq dis (list {- temp 0.3}

(setq insert_text “$"

{command “leader” ori dis

-2 -text

distance_x 1N »
08 1 ¥

insert_text "}

LR
(setq cover_hor (/ (- Bottom_Length_WI Etc_Sturrup_Horizon) 2))
- (setq distance_x (- (+ Bottom_Length_WI (/ Plate_Length_WI 2}} cover_hor}
2nds
{setq temp (+ (- 0 {+ (= ]O Plate PS_Interval) gap)) (/ (-
Diameter) 2} ) )
{setq ori {list ternp (- 0 distance_x) n 1
(setq dis (list (- temp 0.2} -08 B )
(setq insert_text ")
(command “leader” oni dis "" insert_text ")

Plate_PS_Diameter Wall_PS_

A
(setq cover_hor (/ (- Botiom_Length_WI Etc_Stirrup_Horizon) 2))
(setq distance_x (~ cover_hor {/ (+ Plate_Side_LS_Diameter Wall_P5_Diameter) 2)) 7
(setq distance_x (- (+ Bottom_Length_WI / Plate_Length_WI 2)) dmance X))

(- 0 (+ (» 65 Plate_PS_Interval) gap))

{list temp {- 0 distance_x} b i

(list (- temp 0.2) 08 n v

(setq dis
(setq insert_text "*")
{command "leader” ori dis "" insert_text ")

SPLAN, LEA|
(command "text” "j” "a” (st (- 0
(x Wall.Leng‘h.HE L9
(ist (- 0 (- (/ SPAN_Length 2) ¢/ SPAN_Length 9 (~ 0 (+ Wall_Lengt
h_HE 19 "P L A N"}

(+ (/ SPAN_Length 2} (/ SPAN_Length 91 (- ©

oW (command “dimlinear”  (list (- 0 SPAN_Length) (- Bottom_Length WI (/ Plate_Lengt
_WI 2 i8]
(list o {- Bottom_Length_ Wl (’ Plate_Lengt
h_W1 2) b
T " (list 0 (+ distance_x 05 0 "y
SEAE A}UI
{list -0 ¢/ t* SPAN_Length 4) 5 } (- Bottom_Length_W]
% PIate_Lenth_WI 2) 0(5) Do
list 0 (/ (* SPAN_Length 4) 5} (+ Bottom_Length W]
¢ Plate. Leng!h WI 2} OZ yYn )
(setq dis2 (list (= 0 (- (/ (x SPAN_Length 4) 5) 0.3} ){- Botiom_Length_WI

¢ Plate_Length WI 2) 02 ) 1) )
{command "leader” ori dis dis2 "" "A" "7

{setq on (list (S (/ {* SPAN_Length 4) 5 i+ 0 (- Botiom_Leng
h W[t/ Pla!e__Lenglh Wi Z) 005 D
is (list (- 0 {/ (=~ SPAN_Length 4) 5) ) {- 0 {+ Bottom_Leng
hoWI ¢/ Plate_Lenth wi202nn
setq dis2 (list (- 0 ( (/ (=~ SPAN_Length 4) 5} 03) )( 0 (+ Bottom_Leng

h_W1 (/ P]aLe_Lenth_Wl 202N D
(command "leader” ori dis dis2 "™ "A” ")
)

(defun make_leader{ / )

(command ” uc\" oy

(command "ucs” "x” 80 "}

(setq Iength_wedge {- Bottom_Length_WI Wail_length_WI)

(setq half_inside_distance (+ length_wedge {/ Plate_Length_WI 2)))
(setq height_to_wedge (+ Bottom_Length_HE Plate_Length_HE)}

(setq dis (+ 0.33 length_wedge))

(setq ori_x {- half_inside_distance dis) )
(setg ori_y (- (+ height_to_wedge length_wedge) dis) J
(setq ori (list (- 0 ori_x) ori_y)

{setq radian ¢ (= 15 pb) 180) )

(setq cos_value (cos radian) )

{setq sin_value (sin radian) )

(setq dis_x (+ Plate_Length_HE sin_value) )

{setq dis_y (* Plate_Length_HE cos_value) )

tsetq dis_x (- ori_x dis )

(setq dis_y (- ori.y dis_y} )

(setqg d (list (- 0 dis_x) dis_y)

{setq insert_text (strcat ( length_wedge} "X” {rtos length_wedge!) )

tcommang “leader” ori dis " insert_text "
0.05X0,05% 4

(leader_circle5)
{leader_circled)
{leader_circle?)
{leader_circle3)
{leader_circle6)
{leader_circle2)
(leader_circle2_bottom)
{leader_circle8)
(leader_circlel)

{defun leader_circlel{ / cover_hor reference_point start_point
radius real_point small_radius distance_x distance_y
real_point. 1 )

{setq cover_hor (/ {- Bottom Length.WI Etc_Stirup_Honzon) 2))
(setq reference_point (+ (/ Etc_Stirrup_Horizon 2) cover_hor))
(setq start_point (- (+ (/ Plate_Length_W1 2) Bottom_Length_WI) reference_point)}
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{defun leader_circie2_bottom( ./ cover_hor distance_x distance_y)
isetq radius (* 5 Etc_Stirrup_Diameter)}

\seiq real_poimt (- start_pownt (- {/ Etc_Stirrup_Horizon 2} radws)h (setq cover_hor (/ { Bottom_Length_WI Etc_Surrup_Horizon) 21!
tsetq real_point_| {- start_pomt ( Etc_Stirrup_Horizon 2) radius))

(setq distance_x £+ ¢ Plate_Middle LS _Interval 2} Plate_Middle_LS_Intervai)
tsetq smallradius (- radius (- (¢ Etc_Stirrup_Diameter 2) (/ Battom_LS_Diameter 2)) )
N {setq distance_y(- (- Bm.mm_Lengd’\ HE cover hor)
(setq distance_x (= small_radius tcos (/ (* 45 pb) 180)) ) Plate_PS_Diameter 2 %
(setq distance_y (* small_radius (sin (/ (» 45 pb) 1800 1) Plate_Middle_LS_Diameter 2 ) )

2y

{setq real_point {- real_pomnt  distance_x}} (command "ucs” “" )
1setq real_point_I {- real_point_I distance_x)) {command "ucs” "X 90 " )

isetq ori (lm (- 0 distance_x) distance_y) )
(setq distance_x] real_point ) (setq radian U (* 300 pit 180
(setq distance_yl (- {- cover_hor radius) distance_yv) i (setq cos_value (cos radian) 1
tsetq distance_x2 real_pont [ ) (setq sin_value (sin radian) )
(setq distance_y2 { (- cover_hor radius) distance_y} ) x {(» Plate_Length_ WI 3in, value 05}

tsetq distance._: x distance_x1)
iseiq distance_y distance_yl} !
0 dis_x) dis_y? )

tcommand i tsetg insert_lext "@")

tcommand "ucs” “x” 90 ) {command “leader” ori dis " nseri_text “

tsetg on {list ¢ 0 distance_x) distance_v) b

isetq radian (> 120 pi) 180) ) {setq distance_x ( distance_x Plate_. \hddle,l_SJn[erval )
{setq cos_value {cos radian) (setq on (st {- O distance_: x) distance_y)

iselg sin_value (sin radian) ) tcommand “leader” ori dis " " " "

iselq dis_x (* Plate_Length Wi sin_value 0.5) )

{setq dis_y (* Plate_Length_WI cos_value 0.5)

(selq dis_x (- distance x dis_x))

tsetq dis_y (- distance_y dis_y)) (defun leader_circle2( / cover_hor distance_x distance_y}

(selq dis Uist - 0 dis x) dis_y) i

tsetq insert_text "!"} {setq cover_hor {/ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2))

(command “leader” on dis " insert_text ") (setq distance_x (- (+ Bottom_Length WI (/ Plate_Length_W1 2))

(* Wall_Length WI (- cover_hor (/ Wall_PS_Diareter 2) {/ Plate_Middle LS_Diame

(setg distance_x distance_x2) ter 2h) )
(setq distance_y distance_y2) (setq dmance ¥ {+ (+ (+ Bottom Length_HE cover_har?
(setq ori (ist ¢ 0 di ‘ZI’ICEJ() distance_y) ) (' (/ Plate_PS_Diameter 2) (/ Plate_Middle LS_Diameter 2)) )
(command “leader” ori dis " " " Plate_Middle_LS_Interval)
ook oiy A2 @4 o (setq distance_y (~ dx:ldnce‘) Plate_Middle_LS_Interval} }
]
(command "ucs” " )
W A a (command "ucs” "x” 90 "}
{setq cover_hor ' (- Bottom_Length_WI Etc_Stirrup_Horizon) 2)} (setq ort (list (- 0 dhbance_x) distance_y} '
tsetg  distance_x (- (+ {/ Plate_Length_WI 2} Bottom_Length_WI) Wall_Length_W1) (\th radian ¢ (+ 45 pd) 180) )
aver_hor) i setq cos_value {(cos radian)
(sety  distance_x (- distance_x (- (' Bottom_LS_Diameter 2} (/ Wall_PS_Diame setq sin_value (sin radian)
er 2 4 (x Plate_Length_WI1 sin_value 0.53) )
isetq  distance_y (- cover_hor ¢+ (' Bottom_LS_Diameter 2} (/ Etc_Stirrup_D {* Plate_Length_WI cos_value 0.5}

ameter 2 i _X {+ distance_x dis_x))
iseuq on dist (- 0 dlb[dn(’L’_Xl distance_y) ) .y (- distance_y dis_y))
(wommand “leader” ori dis """ " 5 ist (- 0 dis_x) dis_y) )
oot ThEW B @4 (setq insert_text "@"}
{command “leader” ori dis "* insert_text “
{setq distance_y (+ distance_y Plate_Middle_LS_lntervai} )
#al 42 Bag aevl At A% fzel e (setq ori (list (- 0 distance_ xl distance_y) 5
isetg cover_hor (7 (- Bottom_Length_ W1 Etc_Stirrup_Horizon) 2)) (command "leader” on dis ™

{setq reterence_pownt (+ (’ Ete_Stirrup. Honzon 2) cover_hor)) !
{setq start_point (- {- (' Plate_Length W1 2) Boltom_Length_ W1} reference_point))

(setq radius (= 5 Etc_Stirrup_Diameter)} {defun leader_circleB( / cover_hor distance_x distance_y)
tsetq real_point_l i~ start_point { { Ete_Sturrup_Honzon 2} radius)))
(setq cover_hor [/ (- Bottom_Length_ W1 Etc_Stirrup_Honizon) 2))
isetq small_radius (- radius (- (¢ Ete_Stirmup_Diameter 2} (/ Bottom_LS_Diameter 2)) {setq distance_x (- (+ Bottom_Length_W! (/ Plate_Length_W1 21} cover_hor) !
) (setq distance_y (- Bottom_Length_HE Plate_Length_HE) )
(setq distance_x (x small_radius (cos U7 (x 45 pi) 1801 1! 2NEe
(command "ucs” "
isetq real_pomni_{ ¢ real_pomt_l distance_x)} (command "u X" 90 "y
isetg distance_yi ¢ (- Bottom_Length_HE Plate_Length_HE) cover_hor) {setq on tist (- 0 dmance x) distance_y) )
i+ L' Plate_NS_Diameter 2) { Bottom_LS_Diameter 2} (setq radian {4 (= 50 pi)
value (cos radiam H
\selq ort st € 0 rea]‘pom[_J distance_y} ! -value  {sin radian) !
tcommand "leader” ori dis "7 " " % (+ Plate_Length WI sin_value 0.5) 1
el AZYIH -y (» Plate_Length Wi cos_value 0.3)
(setq dis_x (- distance_x dis_x)!
(setq dis_y (- distance_y dis_y})
(setq dis (list (- 0 dis_x) dis_y) Y
defun leader_circle8( * cover_hor distance X distance_y} (setq insert_text """
(command “leader” on dis "” insert_text ")
(setq cover_hor {/ (- Bottom_Length W] Etc_Stirrup_Horizon) 2)} 1
(setq distance_x - (- (- ./ Plate Length WI 2) Botiom_Length_WI} Wall_Length W1
over_hor) i
isetq distance_x - distance_x ( i- Plate_Side_LS_Diameter Wall_PS_Diameter) 21) ) (defun leader_circle3( / cover_hor distance_x distance_y)
nce_x - distance x Plate_Middle_LS _Diameter)}
s (- t+ Bottom_Length HFE Plate_Length HE) cover_hor); {setq cover_hor t/ (- Bottom_Length_WI Etc_Stirrup_Honzon) 2))

setq distance_y ( distance_y (’ (- Plate_Side_LS_Diameter Plate NS_Diameter] 2)) (setq distance x (- {+ Bottom_Length W1 (/ Plate_Length_W1 2)) (' Wall_Length_WI 2}

{command "u (setq distance_y (- Bottom_Length_HE cover_hor))

wcommand “u

isetq or: (list {- O distance_x) distance_y} j (command "ucs” " )
l\el(. radian (7 (x 120 pi) 180) ) tcommand “ucs” "x" 90 "
elg cos_value (cos radian) tseq ori lllal -0 dx;zance_x) distance_y) )
‘sety sin_value (sin radian) ! (setg radian (¢ 50 p) 180) )
x (* Plate_Length_WI sin_value 05} (setq cos_value (cos radian) )

{sin radian) )
Plate_Length_WI sin_value 05}
Plate_Length_WI cos_value 05) )
x} dis_yi ) (setq dis_x (- distance_x dis.x)

(setq dis_y {+ distance_y dis_y))

Uist (- 0 dis_x} dis_y) !
(setq insert_text "#")

tcommand "leader” on dis " insert_text

¥ t= Plate_Length_'
- distance_x di
1 - distance_y di
(setq dis dist (- 0
{selq insert_text "t

(command "leader” ori dis

WI cos_vaiue 051
X))

insert_text

tsetq distance_x (- cover_har (' (- Plate_Side_LS_Diameter Wall_PS_Diameter} 21} »

(- Bottorn_Length_W! ( Plate_Length_WI 2)) distance_x})

B {« Bottom_Length_HE Plate_Length_HE) cover_hor)) (defun leader_circle7( * cover_hor distance_x distance_y)
isetq distance_y ¢ distance_y ( {* Plate_Side_LS_Diameter Plate_NS_Diameter; 2)! )

tsetq cover_hor {/ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2

{setq distance_x (- (+ Bottom_Length_W} (/ Plate_Length_W1 2} U Wall_Length W1 2}
Lsetq on (st ¢ 0 mﬂame x) distance_v) i ' !
tcommand "jeader” o dis """ " AT

(setq distance_y (- (- Bottom_Length HE Plate_Length_HE} cover_hor})

v an g

tcommand "ucs”
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tcommand “ucs” "x" 90 " )

(setg on dist (0 distance_x) distance_y) ]
(setq radian L (= 40 pi) 1803 )

{setq cos_value (cos radian) )

tsetq sin_value (sin radian} )

(seiq dis_x (+ Plate_Length_W1 sin_value 0.5) )

(setq dis_y (= Plate_Length_WI cos_vaiue 0.5 )

{setq dis_x (¢ distance_x dis_x))

(setq dis_y |- distance_y di i

{setq dis (ist ¢ 0 dis_x) dis_y) '

(setq insert_text “&"}
icommand "leader” ori dis

insert_text ")

(defun leader_circle4( " cover_hor distance_x distance_y)

(setq cover_hor (/ (- Bottom_Length WI Etc_Stirrup_Horizon) 2))

RLE A

(setq  distance x t- (- {+ (/ Plate_Length W1 2) Bottom_Length_WD Wall_Length_WD)
cover_hor} )
FEERS

(setq distance_y {+ (- (- Bottom_Length_HE cover_hor)
(- {/ Plate_PS_Diameter 2) {/ Plate_Middle_LS_Diameter 2)) ) Plate_M
iddle_LS_Interval
(’ Plate_Middie_LS_Interval 2) i i

tcommand “uc:
(command "ucs

90
(list (- 0 distance _x) distance_y} ¥
L7 {x 45 pr) 180} )
(setq cos_value (cos radian)
(setq sin_value {sin radian) )
(setq dis_x (* Plate_Length_WI sin_value 0.5) !
(* Plate_Length_W! cos_value 05) !
x {+ distance_x dis_x)}
{setq v (+ distance.y dis_y))
(setq (st (- 0 dis_x) dis_y} !
{setq insert_text "$")
{command "leader” ori dis " insert_text ™)
- 2h-rext

‘defun leader_circleS( . diameter] diameter?
radian cos_value distance_x distance_y )

i ¢>= Erc_Stirrup_Diameter Wall_PS_Diameter)
(progn
(setq diameter! Etc_Stirmup_Diameter)
il
(progn
{setq diameterl Wall_PS_Diameter)

)

Gt {>= Plate_ NS_Diameter Plate_PS_Diameter)
{progn
(setq diameter2 Plate_NS_Diameter}
{progn
isetq diameter2 Plate_PS_Diameter)
)

{setq radian /(= 45 pi) 180) )

(setq cos_value {cos radian) )

(setq distance_x 0)

(selq distance_x (* distance_x cos_value))

tsetq distanc: (- {* Bottom_Length HE Plate_Length_HE) distance_x} )

(setq distance_x (- distance_x (- (/ Plate_Length.WI 2) (- Bottom_Length_ W1 Wall_Le
wth-Whi »

")
X" 90 )
list ¢ 0 distance_x) distance_y) )

{eommand “uc
{wommand "“uc
(setq on

(setq radian (/ (x 45 pi) 180) »

(setg cos_value (cos radian) )

{setq sin_value (sin rachan) }

isetq dis_x (» Plate_Length_HE sin_value 0.8) )
(setq dis_y (= Plate Length_HE cos_value 0.8}
isetq dis_x (- distance_x dis_x)}

(setq dis_y (- distance_y dis_v))

Isetq dis (Uist (- 0 dis_x) dis_y) H
(setq Insert_text "%")

(command "leader” on dis " insert_text ")

defun make_dim_section{ / comer_point nner_point dim_distance bridge_height wall_corner
nangle_point triangle_name
line_namel line_name2 )

{setq corner_point (+ Bonch_ength_WI {/ Plate_Length_WI 2 )

{setq inner_point (, Plate_Length_WI 2 )
{sety dim_distance ’ Bottom_Length_! WI 3
i(setq  bridge_height [< Bottom_Length_ HE  Plate_Length_HE Wall_Lenth HE)
s

(setq wall_corner { comer_point Wall_Length_W1) H

-y

"9 )

{command
(command ”

tcommand “dimexe”
(command "dimexo"
{command “dimgap”
{command “dimtxt”
{command "dimasz”

(/ Bottom_Length_WI 20)
(/ Bottom_Length_WI 10)
(/ Battom Length_WI 15)
(/ Bottom_Length W1 10)
(/ Bottom_Length_WI 10)

")

wry
wry
)
nny

wommand “"dimlinear” (list {- O corner_point) 0)

{ist (-~ 0 inner_point} (] (list 0 (- O dim_djstance)
tcommand "dimlinear” (list ¢ 0 inner_point) [o}]

{list inner_point. &) (list 0 (- O cdim_distance))
(command "dimhnear” (iist mner_pont 0}

ist comer_point 0} {list 0 (- 0 dim_distance})

(command "dimlinear” (list (- 0 corner_point) bridge_height)

(ist (- 0 wall_coner) bridge_height! (list 0 {- bridge_he
ight dim_distance)) "y
(command "dimlinear” (list (- 0 wall_comer) bridge_height)
(list wall_corner  bridge_height) (list 0 {- bndge_he
ight dim_distance)) "y
(command “dimlinear”  (list wall_corner bridge_height}
st corner_point  bridge_height) (list § (- bndge_he
ight dim_distance)} "y
(command "dimexo” 0 "y

(command “dimlinear” (list (- corner_point Wall_Length_ WD) Bottom_Length_HE)

(ist (- corner_point Wall_Length_ WD) 0
Uist (+ (+ corner_point Wall_Length_WI) dim
istance) 0} "y

{command “dimlinear” (list (+ corner_point Wall_Length_ WD) Bottom_Length_HE
)

Ulist {- comer_point Wall Length WD (- Bottom_Length HE PI
ate_Length_HE) )
list (+ (+ corner_point Wall_Length_.WI) dim

{list (+ cormer_point Wall Length WI) (+ Bottom Length HE Pl

2

distance) 0)
(command “dimlinear”
ate_Length_HE) }

(list (+ corner_point Wall_Length W1 bridge_heigh
t )
{list (- {+ corner_point Wall_Length_ WD) dim
_distance) 0} ")
(command "line” (list  {- 0 wall_comer) (+ Bottom_Length HE Plate_Length_HE Water_
Depth) )
(st wall_comer  {+ Bottom_Length HE Plate_Length HE Water_
Depth) "y

(setq triangle_point (list (- 0 Bottom_Length_WI)
{+ Bottom_Length_HE Plate_Length HE Water_Depth) )
i
(command “pline” (list 0 0} Qist t* 05 (/ Bottom_Length_ W1 10D (/ Botto
m_Length_WI 10) }
(ist (- 0 (* 05 (/ Bottom_Length_ WI 101)) ¢/ Botto
m_Length_WI 10) )
(list 6 Q) ™)
(setq triangle_name (entlast))
{command "move” triangle_name (list 0 Q) triangle_point ")
{command “line” (list (- & (/ Wall_Length_WI 4)) (+ 05 (' Bottom_Length_WI 10)))
Clist ( Wall_Length W1 4) (+ 0.5 (/ Bottom_Length_WI 103)) ™

(setq line_namel (entlast))
(command "line” (list (- 0 (/ Wall_Length_WI 6)) 0} (list (/ Wall_Length_WI 6) 0) "
(setq line_name2 (entlast))
(command "move” line_namel line_name2 " (list 0 0)
(list {- 0 Bottom_Length WI)
(+ Botto Plate_Length HE Water_Depth) (/ Bottom_Length
Wi 10 ) .

(command "line” (ist 6 (- 0  {« 5 {/ Bottom_Length_WI 10);
(ist 0 (+ (+ Bottom_Length HE Plate_Length HE) (=
th_WI 10)) ¥ )y

(command "line” (list ¢ (+ (+ Bottom_Length HE Plate_Length HE) (=
th_WI 100 i )

(list 0 (+ (+ Bottom Length HE Plate_Length HE) (+
th_WI lO)) )

rrmand "line” (lm o
th_WI 10)>

3 U Bottom_Leng
7 (/ Bottom Leng
9 U/ Bottom Leng
( ¢ Bottom Length HE Plate_Length HE)(+ 14 (/ Botiom Leng

(lxsl 0 {+ (- Bottom Length HE Plate ength HE) (» 42 |’ Bottom leng
th . WI 100 ) Py

(command | plme" Uist 0 (+ {/ Bottom_Length W1 10) 2 (list 0 0) Uist ‘ Bowom_L
ength_WI 10) 0)
tsetq Ime,namel (entlast)}
{command "arc” (list
(/ Bottom_Length_WI 20)}
(ist (

{/ Bottom Length_W1 10} (- ¢« (/ Bottom_Length WI 10} 2)
}
0 ' Bottom_Length_WI 10)
)

{list / Bottom_Length_W1 10}
(/ Bottom_Length_W1 20)) }
)

{» {/ Battom_Length_WI 100 2)
(- (* U Bottom_Length WI 10y 2)

(setq line_name2 {entlast))
{command "copy” line_namel line_name2 ™" (list 0 0}

{list © (+ (‘ Bottom_Length HE Plate_Length HE)(* 43 / Bottom_Length_WI 10
» ) )
{cotmnmand " move" hne,namel tine_name2 ™ (list 0 0)
(list © {- 0 (+ 9 ¢/ Bottom_Length W1 100} ) ]

(command “text” "1” "a" (list (- 0 (- Bottom_Length WI {/ Plate_Length_ WI 2))) (-
(+ Bottom_Length_WI 2)))
{list (+ Bottorn_Length WI {/ Plate_Length Wl 2)) (- 0 (= Bottom_Leng
th_WI 2))) "SECTION A - A")

(command “text” “i" "a" (list (- 0 (/ PlateJ.mmh_WI 2)1 (- 0 (x Bouom_Length_ WI 25
(I|sl 0 (+ Baottom Length Wl 25))
“ISPAN")
(command "text” "j* "a” {list / Plate_Length_WI1 6.0)
(list U/ Plate_Length_W1 4.0)
(rtos SPAN_Length) )

(- 0 {« Bortom_Length_WI 2
(- 0 (» Bottom_Length_WI 25)))

S

command “text” *y" “a" (st ¢ Plate Length WI 27) (- O (» Bottom_Length WI

(- 0 (* Bottom_Length_WI

25M
Gist / Plate_Length_WI 2)
2510y "M )

(defun make_steel_NO5( / diameter] diameter? gap
radian cos_value distance_x distance_y |

(it (>= Ete_Stirrup_Diameter Wall_PS_Diameter)
{progn
(setq diameter! Etc_Stirrup_Diameter)
)
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progn
tsetg diameterl Wall_PS_Diameter)

(if (>= Plate_NS_Diameter Plate PS_Diameter)
{progn
{setq diameter2 Plate_NS_Diameter}
b
{progn
(setq diameter? Plate_PS_Diameter)
)

¢setq gup (- ¢ diameter] 2) diameterZ 5 )
isetq gap (- gap (/ Ete_HS_Diameter 2) )

isetq radian i (% 45 p1) 1803 1
selq cos_value  (cos radian)

(setq distance_x O}

tsetq distance_x (* distance_x cos_value)}

{setq distance_y (- (- Bottom_Length_HE Plate_Length HE) distance_x) )

{(selq distance x (- distance_x (+ (/ Plate_Length WI 2) (- Botom_Length_ W1 Wall_Le
ngth_ WD n

‘command ”ucs" "y

icommand "ucs” “x" 90 " !

{command uc~” "o dlist (- 0 distance_x) distance.y gap)
{command "ucs -45

icommand "ucs” x 90

teisteel_straight Etc, _HSJ,enth Etc_HS_Number Etc_HS_Interval Etc_HS_Diameter)

any

tcormand “ui

{command " 90 )

\command " ll‘.s\ dlSlaﬂtE_X distance_y gap) ")
{command ”

\command

g S
fvisteel_straight Eic HS Leng[h Etc_HS_Number Eic_HS_Iaterval Etc_HS_Diameter)

defun make_steei NOB( - cover_hor distance_x distance_y )

wsetq cover_hor (/ {- Bottom_Length_WI Etc_Stirrup_Horizon} 2)}

(setq distance x (- {- (- / Plate_Length WI 2) Bottom_Length_ WD Wall_Length WD)
cover_hor} i

{setq distance_x {

{setg distance_x i

(setg distance_y !

(setq distance_y (- distance_y

distance_x {/ (+ Plate_Side_LS_Diameter Wall_PS_Diameter) 2)} }
distance_x Plate_Middle_LS_Diameter)}

{- Bottom_Length_HE Plate_Length_HE) cover_hor))

' (+ Plate_Side_LS_Diameter Plate_ NS_Diameter) 2} )

scommand “ucs

X" 90 "
- o ilist (- O distance_x) distance_y () ™)

tcommand "uc: “90

‘command "ucs” "o” Uist (/ SPAN _Length 200 ™

c-steel_x Plax : Side 1.5_Bowom Plate_Side_LS_Top Plate_Side_LS_Slope 45 1 1000

_Diameter}

Plate_>
{command “ucs” " )

{command "ucs” "x" 90 " )

{command "ucs” “o" (hist distance_x distance_v 0) "}

icommand “ues” "y 90 ")

icommand "ves” "o” (list (/ SPAN_Length 2200
eel_x Plate_Side 1S _Bottom Plate_Side_LS_Top Plate_Side_L3_Slope 45 1 1000
Plate_Side_LS_Diameter}
RN Raee

‘setq Plate_Side LS_Top (- Plate_Side LS_Top Plate_Side_LS_Cutung) )
tsew; Plate_Side_LS_Bottom (- Plate_Side_LS_Bottom (+ Plate_Side LS _Cutting 2)) }

iselq distance_x (- cover_hor {’ (- Plate_Side_LS_Diameter Wall_PS_Diameter) 2)) }
{sety destaany ¢ - Bottom_Length WI {/ Plate_Length_WI 2)) distance_x)}

-setq distance_y ' (- Bottom_Length HE Plate_Length_HE) cover_hor}}

iselg distance_y U distance_y i+ Plate Side_LS_Diameter Plate_N$_Diameter) 2)) )

icommand "uc
‘command "ucs”
icommand “uc:
uun\mdnd “uc:

* (hst O distance_x) distancey 0) ™)
a0

Uist  SPAN Length 2000 ™
(cistee Plate_Side_LS_Bottom Plate_Side_LS_Top Plate_Side _LS_Slape 45 1 1000
Plate_Side_LS_Diameter)

oy

\command "ucs

“o" (lm % SPAI\,Lenth 200"
Plate_Side_LS_Bottom Plate_Side LS_Top Plate_Side_LS_Slope 45 1 1000

icommand "ucs'
{eisteel_x
S 'eJNJ)mmeLen

rdefun make_steel NO2_wall( . cover_hor distance_x distance_y)

tsetg cover hor ' { Botom_Length_WI Etc_Stirrup_Horizon) 2))
isetq distance x (- (- { Plate_Middle_LS_Diameter 2) (/ Wall_PS_Diameter 2) !
1= {1+ ( Plate_Length W1 2) Bottom_Length_WI) Wall_Length

_WII cover_hor))}

(setq distance_y - (- (- Bottom_Length_HE cover_hor!
\- 4/ Plate_PS_Diameter 2) (/ Plate_Middle_L.S_Diameter 2)) )
Plate_Middle_LS_Interval) }
(command "ucs” "
{command "ucs” "x" 9() ]
(command "ucs” "0” ist {- O distance_x) distance_y 0) ")
(command "ucs” "o" {list O [ t+ (/ Plate_Middle_LS_Length 2)
(/ {- SPAN_Length Plate Middle LS Le
agth 23 )
fcommand “ucs” "v" )
(c'steel_straight Plate_Middle_LS_Length Wall_LS_Number
Plate_Middle_LS_Interval Plate_Middle_LS_Diameter)
MoR deldgas 94

(setq distance_x (- 1+ (/ Plate_Middle_LS_Diameter 2} (/ Wall_PS_Diameter 2)
U (= (- / Plate_Length W1 2) Bottom_Length WD) Wali_Length
_WD cover_hor))

(setq distance_y {+ (+ (+ Bottom_Length_HE cover_hor)
(+ U/ Plate_PS_Diameter 2) {/ Plate_Middle_LS_Diameter 2)) }
Plate_Middie_LS_Interval) 3
(command "ucs” )

Gy )
“o” (list distance_x distance_y 0} ")
tcommand "ucs” "o” (list 0 0 (+ (/ Plate_Middle_LS_Length 2)

{~ SPAN_Length Plate_Middle_L5_Le
ngth) 2) )
(command "ues” "y* -90 ")
(c:steel_straight Plate_Middle_LS_Length Wall_LS_Number
Plate_Middle_LS_Interval Plate_Middie_LS_Diameter!
M delgae gy

V

{defun make_steel NO2_platet ' cover_hor distance_x distance_y !

(setq cover_hor (/ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2)}
(setq distance_x ¢ Plate_Middle_LS_interval 2) Plate_Middie_LS_Interval)

tsetq distance_y(+ {+ Bottom_Length_HE cover_hor)
(- {/ Plate_PS_Diameter 2) (/ Plate_Middle_LS_Diamet

er 20 1)
(command "
tcommand TXT90 Y
tcommand “0" {ist (- O distance_x) distance.y 0) "}
(command "ues” "o" (st 0 0 £+t Plate_Middle_LS_Length 2}
(/ { SPAN_Length Plate_Middle_LS_Le
ngth) 2)) )y

teommand “ucs” ¥ -90 "7y
(command “ucs” "z" -80 "
(¢'steel_straight Plate_Middle_LS_Length Plate_Middle_LS_Number
Plate_Middle_LS_interval Plate_Middle_LS_Diameter)
g -ohi- ol He o4y

{setq distance_x {/ Plate_Middie_LS _Interval 2;
(setq distance_y(- {- {- Bottom_Length HE Plate_Length_HE) cover_hor)
(+ / Plate_NS_Diameter 2) (/ Plate_Middle_.5_Diamet
er2) )} i
{command “ucs’
(command "ucs” "x” 90 " )

{command "ucs” "0 (st (- O distance_x) distance_y 0) ""}

by

tcommand "ucs” "o (list 0 0 (S Plate V[lddIEJ.SJ_enth 2)
SPAN_Length Plate_Middle_LS_Le

agth) 21 ¥y

(command “ucs” "x" -90 " ¥

tcommand “ucs” "z" -90 "}

{cisteel_straight Plate_Middle_LS_Length 2

Plate_Middle_1.S_Interval Plate_Middie_LS_Diameter)

- Zelg g2 By
)

tdefun make_steel NOA4( ./ cover_hor distance_x distance_y)

{setq cover_hor {’ (- Bottom_Length_WI Etc_Stirrup_Horizon) 2)3

{setq distance_x (> (- (+ (/ Plate_Length Wl 2) Bottom Length_WI) Wall_Length WI!
cover_hor) )

(setq dhldnLE_‘,« {+ (/ Wall_PS_Length 2}

(command “ues” "7 )

\command "ucs” “x" 90 " )

tcommand “ucs” Uist L— O distance_x} distance_y 0} ")

(command “ues” “z” 90

(command "ucs” "x" 90 " )

{cisteel_straight Wall PS_Length Wall_PS_Number Wall_PS_Interval Wall_PS_Diame

cover_hor! J

ter?
{command i
{command " U
(command ™ (fist distance_x distance_y 0) "}
tcommand -90 "y
{command 90 ")
(cisteel_straightWall_PS_Length Wall_PS_Number Wall_PS_Interval Wali_PS_Diame

ter!
)

(defun make_steel NO7( / diameter gap cover_hor start_point !

Gf (>= Etc_Stirrup_Diameter Wall_PS_Diameter)
{progn
(setq diameter Etc_Stirrup_Diameter)

)
(progn

{setq diameter Wall_PS_Diameter)
)

)
(setq gap (- ( diameter 2} |/ Plate_ NS_Diameter 2);

{setq cover_hor l’ l' Battom_Length_WI Ete_Stirrup_Horizon) 2)2
{command "ucs”

(command "ues” "x" [ V]

{setq start_point (-

3 Bolmm_Lenth_HE Plaue Length_HE) cover_hor)}

(cisteel_straight Plate_NS_Length  Plate_ NS Number Plate_ NS_Interval Plate_N$_D
jameter)

{defun make_steel NO3( / diameter gap cuver_hor start_point }

Gf (>= Etc_Stirmip_Diameter Wall_PS_Diameter)
{progn
(setq diameter Ete_Stirrup_Diameter)
t
(progn
tsetg diameter Wall_PS_Diameter}
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{setq gap (+ (' diameter 2) {/ Plate_PS_Diameter 2)) |

{setq cDVerJ'mr \/ (- Bottom_Length_W1 Etc_Stirrup_Horizon) 2))
tcommand "uc: }
tcommand ucs "X 90 ™)
(setq s:an_point {+ Bottom_Length_HE cover_hor))
{command "ucs” "o (list 0 start_point gap) ")
{(command "ucs” "x" %) " )
(cisteel_straight Plate_PS_Length  Plate_PS_Number
iameter)

Plate_PS_Interval  Plate_PS_D

{defun make_steel NOI( . cover_hor reference_point start_point
radius real_point small_radius distance_x distance_y
real_point_I)

(setq cover_hor {/  Bottom_Length_WI Etc_Stirup_Horizon) 2))
(setq reference_point (+ (/ Ete_Stirrup_Horizon 2} cover_hor})
(setq start_point (- (- / Plate Length WI 2) Bottom_Length W) reference_point))

(setq radius {* 5 Etc_Stirrup_Diameter))

(setq real_point (- start_point (- {/ Etc_Stirrup_Horizon 2) radius)))

(setg real_point_I (- start_point (- (/ Etc_Stirrup_Horizon 2) radius)))

(setq small_radius (- radius (+ (/ Ete_Stirrup_Diameter 2) (/ Bottom_LS_Diameter 2))
»

{setq distance_x (+ small_radius (cos / (= 45 pi) 180)) »
(setq distance_y (* small_radius (sin (/ (+ 45 pi) 180)) 1)

(setq real_point {+ real_point
(setq real point_1

distance_x}}
(- real_point_I distance_x))

(command "uc:
(command "uc

80 "™}
“0” (list (- O real_point)

(command "ucs {= (- cover_hor radius) distance_y)
0 -y

(command "uc: ™)

(command "ucs” "o" (list (+ ¢/ Bottom LS_Length 2} (/ (- SPAN_Length Bottom LS_Lengt
h) 23 00 )

(cisteel_straight Bottom_LS_Length 1 } Bottom_LS_Diameter)

{command “ucs”

’x" 90

(cummand “ues” "o (hsl ( 0 real_point_1) (- {+ cover_hor radius) distance_y}
» ")

{command "uc: 90 ")

{command “ucs” (hst (+ / Bottom LS Length 2) (/ (- SPAN Length Bottom L.S_Length}
200,

(cisteel_straght Bottom_LS_Length 1 1 Bottom_LS_Diameter)
oot ¥ @4
& ™
90 )
(]lS[ reaLDom[

{command "uc:

(command "uc:

(command "uc

(command "
(command "uc; (ll:l (- (/ Bottom LS _Length 2) (/ (- SPAN Length Bottom LS. Length)

2 0m™
(cisteel_straight BowomdLS_J_engm 11 Bottom_LS_Diameter)
(command “ucs"

= (+ cover_hor radius) distance_y) 0) ")

tcommand “ucs”
90 "
" {list real_pownt_{ (- (- cover_hor radius) distance_y) ) ")

‘0" (list {+ ¢/ Bottom LS _Length 2) (/ (~ SPAN_Length Bottorn LS _Length)

eel_straight Bottom_LS_Length 1 1 Bottom_LS_Diameter)
S ¢y HE Ba

(command "ucs
(command "uc:
210 0}

w4 2 Alap

(setq cover_hor {/ (- Bottom_Length_W1 Etc_Stirrup_Horizon) 2))
(setqg  distance_x (+ (- (+ / Plate_Length WI 2) Bottom_Length_WI) Wall_Length_WI)
rover_hor) :

(setq  distance_x (- distance_x (+ (' Bottom_LS_Diameter 2) (/ Wall_PS_Diame
er 20 n

(setg  distance_y (- cover_hor {+ / Bottom_LS_Diameter 2} (/ Etc_Stinrup_D
ameter 2); b

tcommand “ue
{command
(command
tcommand

90 "y
kst (- O distance_x) distance_y 0) "™}
v" ~90 ™ )
(command “ucs’ (st (+ ¢/ Bottom LS _Length 2) (/ (- SPAN_Length Bottom_LS_Lengt
VZnom !

(c:steel_; sumghl Botiom_LS_Length 1 1 Bottom_LS_Diameter)
& oldl sted 22 84

{command "ucs”
(coramand "ucs” "x” 90 *” )
{command "u " (list distance_x distance_y 0} "y
{command "ue " =90 "
(command "wes” "o” (list - (/ Botom LS Length 2) (/ (- SPAN_Length Bottom LS_Lengt
2N o 0) kel
c'steel_straight Bottom_LS_Length 1 1 Bottom_LS_Diameter)
<+ °}€H ﬂH—ﬂI ERalE )

el 4% g @7l st A4 g2l 3o
isetq cover_hor (“ {- Bottom_Length_W1 Etc_Stirrup_Horizon) 2)}
wsetq reference_pawnt (- {/ Etc_Stirrup_Honzon 2) cover_hor))
{sety start_point (- (- (/ Plate Length W1 2) Bottom_Length_WI) reference_point})

tselq radius (» 5 Etc_Stirrup_Diameter))
(setq real_point_I (- start_point (- (/ Etc_Stirrup_Horizon 2) radius)))

(setq small_radius (- radius (- (/ Etc_Stirrup_Diameter 2) (/ Bottom_LS_Diameter 2))
»

(setq distance_x (* small_radius (cos / (» 45 pi} 180} »

(setq real_point 1 i~ real_point_I distance_x))

(setq distance_y(- (- (+ Bottom_Length HE Plate_Length_HE) cover_hor}

(+ (/ Plate_NS_Diameter 2) (/ Bottom_LS_Diameter 2)
’ i

{command "ucs™ " )
(command uc"’ X790 )
{command "ucs” “o” (list (- O real_pont_I) distance_y 0 !
(command "ucs” "y” -90 "}
w2 O(S?mm“"j”)”um" 0" (list (+ / Boitom LS Length 2) ¢/ (- SPAN_Length Bottom LS_Lengt
(cisteel_. :Lmlgl;é Bottom_LS_Length 1 1 Bottom_LS_Diameter)

- YR 9% Yz

(command “ucs” ™ )
{command "ucs” "x* 90 " )
(command "ucs” "o” (list real_point_| distance_y 0} "y
(command "ucs” "y" -
) 0(0) command "ucs” "o (ist (+ ¢/ Bottom LS_Length 2) (/ (- SPAN Length Bottom LS_Lengt
h oy
(cisteel, aLralghL Bottom_LS_Length 1 ! Bottom_LS_Diameter)
'{*—l 4 2ERYIRY

(defun make_steel_ NO6( / cover_hor reference_point start_point )

(setq cover_hor {/ (- Bottom_Length_WI1 Etc_Stirrup_Horizon} 2))

(setq reference_point (+ {/ Etc_Stirrup_Horizon 2) cover_hor))

(setq sran._poml (- (~ {/ Plate_Length_W1 2) Bottomn_Length_ WD) reference_point)!
(command "

(command "ucs )

(command "ucs "o (h;t (~ O start_paint) cover_hor 0 "}

{ cisteel_u  Etc_Stirrup_Horizon Etc_Stirup_Slopel Etc_Stirrup_Slope2 90 90
tc_Stirrup_ Number Etc_Stirrup_Interval Etc_Stirmup_

Diameter)

{command "ucs” ™" )

{command "ucs” "x” 90 " i

{command “ucs” "o” (list start_point cover_hor 0) ")

(command "ucs” "y" "

(command "ucs” "0” (list 0 ¢ (- 0 SPAN_Length)) “*)

( cisteel_u  Ete_Stirrup_Horizon Etc_Stirrup_Slopel Etc_Stirrup_Siope2 90 90
Etc_Stimup_Number Etc_Stirrup_Interval Etc_Stirrup_
Diameter)

(defun make_concrete( / lenth wedgc half_inside_distance height_to_wedge)

(command "ucs” "x* 90 "

(command "box” (list {/ Plate_Length_W1 2)

(list (+ (/ Plate_Length_W1 2) Bottom_Length_ “I) Battom_Length_HE)
SPAN_Length ™)
{command "box” (list (- 0  (/ Plate_Length_WI 2)
{ist {- 0 (+ ¢/ Plate_Length WI 2) Ba[mm_Length_W'l)) BottorrLLengm

_HE)
SPAN_Length ™)
(command "box” {list (- 0 (/ Plate_Length WI 2)) Bottom_Length_H
E)
(list {/ Plate_ Length W1 2} (- Plate_Length HE Bottom_Length_H
EN
SPAN_Length ™)
lcommand "box”  (ist (- 0 (+ Bottom_Length_WI {/ Plate_Length_WI1 21
)
t+ Bottom_Length_HE Plate
_Length_ HE)
(ist (- O (- (- Bottom Length Wl (/ Plate_Length_WI 2)} Wall_Length
_Win

{~ (+ Bottom_Length_HE Plate

_Length_HE) Wall_Length HE))
SPAN_Length ")

{command "box” (list

_Length_HE)

(+ Bottom_lLength W1 ¢/ Plate_Length_W1 2))
(- Bottom_Length_HE Plate

(list (- (+ Bottom_Length W1 (/ Plate_Length_WI 2)) Wall_Length_WI)
¢+ (- Bottom_Length_HE Plate
_Length_HE) Wall_Length_HE))

SPAN_Length "}
{command "box” (list {- 0 (- Bottom Length WI ¢/ Plate_Length WI 2))} Bottom_Le
ngth_HE)
ist (- 0 / Plate_Length_W1 2} | i+ Bottom_Le
ngth_HE Plate_Length_HE))
_Length ™)
(command "box” (list {+ Bottom Length WI {/ Plate_Length W1 2))  Bottom_Length HE
)
(list {/ Plate Length W1 2) ¢+ Bottom_Length_HE
Piate_Length_HE))
SPAN_Length ")

(setq length_wedge (- Bottom_Length. W1 Wail_length_WI)
(setq half_inside_distance (+ length_wedge (/ Plate_Length_WI 2))}
(setq height_to_wedge (- Bottom_Length HE Plate_Length_HE))
{command “ucs” ™"
{command "wedge” (list (- 0 half_inside_distance) 0 height_to_wedge)
(list (- 0 {/ Plate_Length_WI 2)) (- 0 SPAN_Length) height_t

o_wedge) length_wedge "" )

(command “wedge” (list half_inside_distance 0 height_to_wedge)
(ist V Plate_Length WI 2) ¢~ 0 SPAN_Length) height_t

o_wedge) length_wedge ™ )

(command "union” “alt” ""}
tcommand "vpoint” (list 1 1 1) *")

Yiend_of_make_concrete
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(detun ciwater brdge_view ()

(setg view S 1)
(setq view P 0)
(setq view_L 0)
(setq view_3 0)

(selq view-character  “project-slide(project-section-water_bridge)” )
(cioption-view)
Gf (= ok 1D
(progn
. stcommand "_open” "N “D\\Program Files\\AutoCAD
R14\\Project\imsi.dwg” ™)

J(print view_S)
Hprint view_P}
J{prnnt view_L)
(print view_3)

i

(command “line” (list 0 0) (ist 1 1} ")

(if (=1 view_S)
tprogn

(slice ‘water_bndge}

)
(progn

)
)

Gf 1= 1 view_3)
(progn

(3D~ water_bridge)

GE (= 1 view_P)
(progn

(plan- water_bridge)

(progn

5

Gf =1 view_L)
{progn

(longitudinal - water_bridge)

)
(progn

)

tprogn
{onnt “babo”}

(princ}

(defun plan-water_bridge { }
(command “layer” "s” "0" *"

a

tcommand “layer” "F” "Dim_section” ")

(command "layer” "F” "Longitudinal_section

(command “layer” “F "71€h-F " )
(command “layer” "F" "#-¥-A70

{command

{command

(command “plan” "}
tcommand “zoom” “s” 0.8 ")

-defun iongitudinal - water_bridge ¢
(command “layer” "s” "0" "
wcommand “laver” "F" “Dim_section’
{command "layer” "F" "plan_section”

)

icommand “layer” "F” "V|E-" " ")

fcommand
icommand
icommand “
(command
\command
tcommand “zoom” “s” 0.8 " i

tdefun 3D-water_bnidge { }

e "F* N E-2EHT

{command “laver” “F" "Dim_section” ")
icommand “layer” “F" “plan_section” ")
icommand "layer” “F” "Longitudinal_section” ")

icommand "vpoint” {list 1 1 1) "}

vy

.(command "layer” “make” “71E}- 2E]Y" "color” "red” "71E}-2E G )

tdetun shice water_bridge ( )
tcommand "layer” "F" "plan_section”
(command “laver” “F* “Longitudinal_

icommand "ucs
(command "uc:
{command "

ection

oy

siice” “all” " "xy” {list 0 0 ¢/ Etc_Stirrup_Interval 2))
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efun coption- view { / delad i

ERTEET

wdetun SETERR(s)
Af an error (CTRL-C) occurs when this command is active,
Gf (/= s "Function cancelled”)
Gf €= 5 "quit / exit abort™
{princ "+cancel*”)
{princ (streat “\nError * s))
) of if
hoof If
‘Restore previous error handler
(setq *error* oer seterr nil)
(princ)
) of SETERR

(setq oer *error* =*error* seterr)
{push -env)

(setq del_id (load_dialog "project”)) sproject.de} load
f (not (new_dialog "water bridge_view"” dcl_id)) (exit));praject.dcl 2+e] scixl 4

tstart_image "view")
{slide_image
00
(dimx_tile "view") (dimy_tile “view™)
view -character

amage Hol7

(end_image}

(mode_tile "view_S" 2

(action_tile "view_S" “(make-view_S)")
(action_tile “view_P" “(make- view_P)")
(action_tile "view_L" "(make-view_L)")
(action_tile "view_3" "(make-view_3)")

{setq ok (start_dialog))
{done_dialog)
{unload_dialog dcl_id}

{pop-env’
iselq *erTor* oer seterr nil}

Hun make - view,

&
tator Svaluel view_P 0 view L 0 view_3 0)
{setq view -character  "project-slide(project-section- water_bridge)” )

(start_image “view") iimage ¢]7]
(fill_image
Q0
(dimx_tile "view") (dimy_tile “view")
-2

}
(end_image}
(start_image "view") iimage Bel7]

(slide_image
00

(dimx_tile "view™ (dimy_til
view -character

‘end_image!

fun make-view_P ( )
(setq view_P (atoi $value) view S 0 view L 0 view_3 0)
{setq view-character  "project-slide(project-plan- water_bridge)” )

{start_image "view")
«fill_image
00

simage ¥ o}7}

(dimx_tile "view") (dimy_tile "view")
2

g
tend_image}

(start_image "view")
{slide_image
6o

rimage Hel7]

tdimx_tile "view”) (dimy_tile "view")
view character
)
tend_image)

fun make-view L { }
tsety view_L (ator $value) view_S 0 view P 0 view_3 0)
tsetq view-character  “project- slide(project-Longi-water_bridge)” i

(start_image “view"}
(fill_image
co
(dimx_tile “view") (dimy_tile “view"}
-2

iimage Helz]

(end_image)

{start_image "view")
(slide_image
0o

simage ¥.¢]7]

(dimx_tile "view") (dimy _tile "view")
view-character
)
iend_jmage)

fun make-view_3 { )
(setq view_3 (ator $value) view_.S 0 view_P 0 view_L 0)
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(setq view-character  “project-slide(project-NOdim- water_brid

(start_image “view”} iimage 8917
(fill_image
00
{dimx_tile "view") (dimy_tile “view")
-2

)
(end_image)
(start_image "view") simage Hol7|

(slide_image
00

(dimx_tile "view") {dimy_tile "view”)
view -character

)
{end_image)



{defun cislab_view_option t / delid )
Program - slab
Dynamic Dialog box
Choi-Won
2000 4 24

EERVEE Y]

(defun SETERR(s)
C Slab Bridge $43% 9% 714 27) chelgdz 1 e ;If an error (CTRL-C) occurs when this command is active.
Gf (/= “Function cancelled”)

efun Cislabl’ del_id ds) Gt (= s "quit " exit abart”)
(pnnc "scancels”}
tload {strcat (prefix} 'pm]ecr.’ lab/slab_view_option”)) (princ (strcat “\nError “ s))
(setq view_character  “slab-slide(cross_section)” i ) sof if
{c:slab_view _option) ¥ oof If
+Restore previous error handler
(if (= ok 1} (:eu] *error* oer seterr nil)
(progn princ)
(if (= 1 view_Front} n of SETERR
(progn
(print “front”) {setq per *errors *error* seterr)
(command “_open” “"Y" "Project\\slah\\cross_section.d (push-env)
g
i (setq del_id (load_dialog "project”)) sproject.dci load
{progn - {if {not (new_dialog "slab_view” del_id)) (exit)) sproject.del §He} se
[k
)
i {start_image "viewOFslab") image ®.°171
tslide_image
Gf (= 1 view_Side) 00
{progn {dimx_tile “"viewOFslab”) (dimy_tile "viewOFslab™)
(print "side”} view_character
{command "_open” "Y" "Project’\slab\\side_view.dwg” )
) {end_image!}
y
(progn (mode_tile "view_Front” 2}
} taction_tile “view_Front” "(make-view_F)"}

[ (action_tile "view_Side” “(make-view_$)")
(action_tile "view_Up" "(make- view_U)"}
tf (= 1 view_Up)
(pragn iaction_tile “view_AA” “{make view_A)")
(print "up”} (action_tile “view_BB" "(make-view_B})")
(command “_open” "Y" "Project\\slab\\plan_upper.dwg”

i
(progn taction_tile "view_3D" "(make-view_3)")

) (setq ok (start_dialog))
B (done_dialog)
(unload_dialog dcl_id)
(pop-env)
Gf (= 1 view_AA) (setq *error* oer seterr nil)
{progn )
(print "AA"
(command "_open” “Y" “Project\\slab\\plan_lower.dwg”

(defun make-view_F ( }
1 (setq view_Front (atoi $value) view_Side 0 view_Up 0 view_ SD 0 view_AA 0 view_BB 0)

{progn (setq view_character  “slab-slide(cross_section)”
B tstart_image "viewOFslab™) jimage 8017
> (fill_image
LY
(if t= 1 view_BB} tdimx_tile "viewOFslab”) (dimy._tile "viewOFslab™)
(progn -2
{print "BB"}
(command “_open” “Y" "Project\\slab\\plan(X) & & ).dw (end_jmage)
) (start_image "viewOFslab™) Jimage H.e]71
(progn (slide_image
00

1 (dimx_tile "viewOFslab”) (dimy_tile "viewOFslab”)
’ view_character
)

(end_image)
(i (= 1 view_3D) )
tprogn
tprine "3D"
icommand “_cpen” "Y" "Project\'slab\\ @ M = dwg” ") (defun make-view S ( )
: (setq view_Side (atoi Svalue) view_Front 0 view_Up 0 view_3D 0 view_AA 0 view_BB 0
{progn (setq view_character  “slab-slide(side_view)"
i (start_image "viewOFslab™) amage Hel71
(fill_image
0o
{dimx_tile "viewOFslab”} (dimy_tile "viewOFslab™)
. 2
{progn i
ipnnt "babo”! {end_image)
) 3
(start_image "viewOFslab™) iimage ¥.o17]
prnct tslide_image
00

tdimx_tile "viewOFslab™ (dimy_tile “viewOFslab)
view_character

{end_image}

(defun make-view_U ()

(setq view_Up {atoi Svalue} view_Front 0 view_Side 0 view 3D 0 wview_AA
view_BB 0}

(setq view_character  “slab-slide(plan_upper)” }

(start_image "viewOFslab”) iimage Hoi7
(fill_image
00
{dimx_tile "viewOFslab”) (dimy_tile "viewOFslab”)
-2

7
{end_image)
(start_image “viewOFslab) limage Y0171

tslide_image
0o

{dimx_tile "viewOFslab”) (dimy_tile “viewOFslab")
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view_cnaracter
(end_image)

make-view_A { )
(setq view_character

slab - slide(pian_lower"
(start_image "viewOFslab™)
ifill_image

a

(seta view_AA (ator Svalue} view Front 0 view_Side 0 view_Up 0 view_3D 0 view_BB

iimage Bol7l
tdimx_tile "viewOFslab™) (dimy_tile “viewOFslab”
tend_1mage}

(start_image "viewOFslab™
(slide_image

iimage 1.9]71
(dimx_tile "viewOFslab”) (dimy_tile "viewOFslab”
view_character
(end_image)

make-view B ( }

(setq view_character

(setq view_BB (atoi $value! view_Front 0 view. Snk 0 view_Up 0 view_3D 0 view_AA
“slab- slide(plan_=] &-
(start_image “viewOFslab”
(fill_image
Q

simage Y.¢17]
(dimx_tile “viewOFslab™ (dimy_tile “viewOFslab”
-2
end_image)

{start_image "viewOFslal
{slide_image
00

limage Mo}zl
(dimx_tile "viewOFslab") (dimy_tile "viewOFslab”
view_character
)
(end_image)

make view_3 t }

(setq view_character

(start_image "viewQOFslab”

{setq view_3D (atol $value) view_Front 0 view_ blde 0 view_Up 0 view_AA 0 view_BB
“slab-slide(] M =
7 (fillimage

0

simage W07}
(dimx_tile "viewQFslab”} (dimy_tile “viewOFslab”
-2

(end_image)

(start_1image “viewOFslal
{slide_image
00

‘image M.0)7}
(dimx_tile "viewOFslab”} (dimy_tile "viewOFslab")
view_character
(end_image)
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