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 Width Depth 
Cross- 

sectional 
area 

Moment of  
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Problem 1  

Solution No. V(x) (m3) R(x) (kN) Q(x) (kN) 

No.1 0.688 300.0 133.0 

No.2 0.694 300.0 133.1 

No.3 0.686 300.0 133.0 

No.4 0.639 300.0 131.1 

No.5 0.622 300.0 132.8 
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Problem 2

Solution No. V(x) (m3) R(x) (kN) Q(x) (kN) 

No.1 0.700 304.1 133.7 

No.2 0.700 302.7 133.1 
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Problem 3

Solution No. V(x) (m3) R(x) (kN) Q(x) (kN) 

No.1 0.700 300.0 123.1 

No.2 0.700 299.9 129.4 

No.3 0.700 300.0 123.9 

No.4 0.700 300.0 124.5 
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2  

2

Problem No. V(x) (m3) R(x) (kN) Q(x) (kN) 

Problem 0-2 2.318 323.5 142.1 

Problem 1-2 0.642 300.0 133.6 

Problem 2-2 0.700 302.8 134.0 

Problem 3-2 0.700 300.0 122.9 

1  

Problem No. V(x) (m3) R(x) (kN) Q(x) (kN) 

Problem 0-1 2.138 319.3 139.7

Problem 1-1 0.622 300.0 132.8 

Problem 2-1 0.700 304.1 133.7 

Problem 3-1 0.700 300.0 123.1 
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2.2
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2 4

Beam-Column

OpenSees6 )  

FRP
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Beam-Column
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16 2  

 Width Depth 
Cross- 

sectional 
area 

Moment of  
inertia of 

area 

 B 
 (mm) 

D  
(mm) 

A  
(mm2) 

I  
(mm4) 

Column 700  700  490000  2.00×101 0  

Beam 400  700  280000  1.14×101 0  

 Width Thick- 
ness 

Cross- 
sectional 

area 

Moment of  
inertia of 

area 

 B 
(mm) 

T 
(mm) 

A 
(mm2) 

I 
(mm4) 

Frame 60 10 600 5.00×103 

Lattice 60 0.1 or 100 6 or 6000 
5.00×10- 3  

or 
5.00×106 

 

0  OpenSees

UniaxialMaterial ElasticBilin



 36 
 

16 8
7 ) FRP1)

3.3 3.1

3.3(a) 3.1 3.3(b) 3.3(a)

 

3.3(a)

5 mm 20 mm

 

FRP 1/10

FRP

3.3(a)

FRP

3.3(a)

 

FRP

Tensile 
strength 

Compres-
sive 

strength 
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 t (N/mm2) B(N/mm2) s (N/mm2) E (N/mm2)

Concrete 2.7 24 4 20000 0.2

Epoxy 27 103 10 4000 0.3

FRP 335 319 20000 0.2
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Step 1 .   2 2

10

100 mm , 

0.1 mm 10 mm  

Step 2 .   

 

Step 3 .  10 1, 2,  … 10

m

 xx = ( 1 ,  2,  …, m) ,  (x i   {1,  2, …, 

10})   

Step 4 .   

Temp   1.0 

10 % 0.5

s  

Step 5 .   

(x) (x )

Step 6.   x 10

Step 5 x

(x (x) (x )> (x) (3.1)

p r p

       '
= exp

F F
p

Temp s
x x                (3 .1)

Step 7 .   <1 Temp Temp

=0.92
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Step 8.   50

Step 6

3.6 50

3.2 10

3.2

3.2 1, 2,  3 ,  

4 4 m = 4

3.4 10  (

1 )

1

 

1  

3

 

3 Problem 2

Problem 1 Problem 3 Problem 1 , 2

3
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 ( ) max 3.3

FRP ( B = 319 N/mm2)

V R

Q

R LR , V UV Problem 3

Problem 1, 2 *
LR , *

UV

 

:   

V0 (m3) R0 (kN), 

Q0 (kN) 0 (N/mm2) N0 (kN)

 

Problem 1: :  

  V(x)  

    L( )R Rx  
          max B( )x

Problem 2: :   

  R(x )  

    U( )V Vx   

      max B( )x  

Problem 3: :  

  Q(x )

    *
L( )R Rx  

        *
U( )V Vx  

          max B( )x  
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3.4 1

5

SA

Problem 1 5

Problem 2, 3

Problem 1

5

3.6 5  

1/200 rad 1/100 rad

 ( 1 2)  
 

 
(1/200 rad 1/100 rad) 3.4

3.5(a) 3.5(b),(c)

2

 

 

Drif t  angle V0 (m3) R0 (kN) Q0 (kN) 0
(N/mm2) N0 (kN)

1/200 1.62 3282 489 52 208

1/100 1.62 4134 921 118 258
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(a)  
 

 (b) 1/200      (c)  1/100  

 

3.6

1/500 rad

1/500 rad

1/500 rad  

1 Problem 1~3  
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(1/200 rad 1/100 rad)

R(x) R L R0 70 % (2297 kN, 

2894 kN) 5 1/200 rad 1/100 rad

5 3.5

N ma x

3.7(a),(c) 3.7(b),(d)  

 

Problem 1 (Group 1)  

Drif t  angle V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200 0.473 2299 400 104 303

1/100 0.398 3063 628 175 396

 

(1/200 rad 1/100 rad)

(70.0 %, 74.1 %) (29.2 %, 

24.3 %) 70 % 30 %

 

3.4, 3.5 1/100 rad 1/200 rad

3.6 70 

1/200 rad 1/100 rad

1/200 rad

662 kN 247 % 1635 kN 1/100 rad

1325 kN 118 % 1569 kN

1/100 rad

1/100 rad 1/200 rad

 

Nma x (1.46 , 1.53 ) 1/100 rad max

175 N/mm2 FRP 1/2
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(a) 1/200   (b) 1/200   

(c)  1/100   (d) 1/100  

Problem 1 (Group 1) 

 

SA 104 = 10000

1/100 rad 1/200 rad 3. 5

2

Problem 1

Problem 2, 3 50 SA  

1, 2 Problem 1~3 5

SA 3.6

3. 6 5 21

50

10 5

(50 10 + 1) 5 = 2505  
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 Trial 

Unit 

Group 
Problem 

Drift  

angle 
1 2 3 4 5 

1 

1 
1/200 5 5 10 29 15 

1/100 18 11 6 15 4 

2 
1/200 8 19 4 6 27 

1/100 5 11 8  5 

3 
1/200 3 4 3 1  

1/100 23 11 29 12 22 

2 

1 
1/200 4 10  6 

1/100 16     

2 
1/200 5 2 12 5  

1/100  6  6 7 

3 
1/200  20 21   

1/100   7   

 

 

Problem 1  (0.473 m3, 0.398 m3) 10%

(0.520 m3  0.438 m3) V(xx) VU

5 1/200 rad 5

1/100 rad 4 1,2,3,5

1,2,3,5

3.7

3.8(a),(c) 3.8(b),(d)

1/100 rad

3.9(a),(b)  

3.  7 (1/200 rad, 1/100 rad)

(72.7 %, 74.5 %) Problem 1

(31.9 %, 
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26.8 %) Problem 1 Problem 2

Problem 1 (3.7 %, 0.5 %) Problem 1, 2

V R

Problem 1 2  

1/100rad R 3077 kN

R 3079 kN 99.9

 

Problem 2  (Group 1)

Drif t  angle Tria l V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200 1 5 0.517 2385 427 94 292

1/100
1 3 5 0.434 3079 583 284 336

4 0.427 3077 584 283 331

 

(a) 1/200   (b) 1/200   

 

(c)  1/100   (d) 1/100  

  Problem 2 (Group 1) 
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  (a)   (b)  

  Problem 2 (Group 1) 

(1/100rad 4 ) 

 

 

R(xx) RL * Problem 2

(85%, 80%)  (2027 kN, 2463 kN)

V(xx) VU* Problem 2

5 1/200 rad 1/100 rad

5 3.8

3.10(a),(c)

3.10(b),(d)  

(28.8 % 26.7 %)

(69.9 %, 61.1 %) N ma x (1.44 ,  1.73 

)  

(81.8 %, 55.6 %)

1/200 rad Problem 1

1/100 rad 30 %

45 %

 

 

Problem 3 (Group 1 )  

Drif t  angle V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200 0.466 2294 400 107 299

1/100 0.432 2524 512 219 446
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(a) 1/200   (b) 1/200   

(c)  1/100   (d) 1/100  

Problem 3 (Group 1) 

1 Problem 1~3

180 2

 

1 0.0525 m3

10 5

5

10  ( 2 )

3.11 2 Problem 1~3
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2

 

 

R (x) 1

5 1/200 rad 1,2,5 3

4

1,2,5 1/100 rad 1 2,3

4,5 1

3.9 3.12(a),(c)

3.12(b),(d)

3.13 3.14  

(1/200 rad, 1/100 rad)

(70.9 % 70.1 %)

(28.1 %, 21.2 %) (1.49 ,  1.73 

)

1 (96.4 %, 86.4 %) 2

 

1/200 rad 2

V V=0.500 m3

V=0.456 109.4 

1/100 rad 2

V V=0.354 m3

V=0.344 m3 102.9  
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Problem 1 (Group 2)

Drif t  angle Tria l V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200

1 2 5 0.456 2326 390 101 309

3 0.500 2301 389 138 265

4 0.470 2371 379 91 327

1/100

1 0.344 2898 580 199 446

2 3 0.354 2894 623 204 403

4 5 0.354 2901 501 248 430

 

(a) 1/200   (b) 1/200   

 
(c)  1/100   (d) 1/100  

  Problem 1 (Group 2) 
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(a) 3   (b) 3   

 
(c)  4   (d) 4  

  Problem 1 1/200 (Group 2) 

 

 

 
(a) 2,3   (b) 2,3   

 
(c)  4,5   (d) 4,5  

  Problem 1 1/100 (Group 2) 
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Problem 1 (0.456 m3, 0.344 m3) 10%

 (0.502 m3 0.378 m3) V(xx) VU

5 1/200 rad 1 4

5

1 4 1/100 rad 1,3 2,4,5

2,4,5

3.10 3.15(a),(c)

3.15(b),(d)

3.16 3.17  

(30.9 % 21.9 %)

(75.2 % 75.0 %)

(1.34 , 1.77 )

1  

1/200 rad R 2417 kN

R 2467 kN 98.0

1/100 rad R

2959 kN R 3100 kN 95.5

 

 

 Problem 2 (Group 2) 

Drif t  angle Tria l V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200
1 4 0.500 2467 398 106 278

5 0.490 2417 405 96 341

1/100
1,3 0.368 2959 567 210 457

2,4,5 0.354 3100 523 247 456
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(a) 1/200   (b) 1/200   

 

(c)  1/100   (d) 1/100  

Problem 2 (Group 2) 

 

 

(a) 5   (b) 5  

  Problem 2 1/200 (Group 2) 

 
  (a) 1,3    (a) 1,3  

  Problem 2 1/100 (Group 2) 
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R(xx) RL * Problem 2

(85 % 80 %) (2093 kN, 2480 kN) 

V(xx) VU * Problem 2

5 1/200 rad 1,4 2,3

5

2 3 1/100 rad

1,2,4,5 3

3 3.11

3.18(a),(c) 3.18(b),(d)

3.19 3.20  

(30.9 % 22.7 %)

(72.7 %, 62.6 %)

(62.4 %, 42.5 %)

(1.37 , 1.85 )  

1/200 rad 2

Q 389 kN

Q 305 kN 127.5 1/100 rad

Q 425 kN Q 391kN

108.7  

1 (76.3 %, 

76.4 %) 2

 

 

Problem 3 (Group 2) 

Drif t  angle Tria l V (m3) R (kN) Q (kN) ma x
(N/mm2)

N ma x
(kN)

1/200

1,4 0.490 2179 323 106 337

2,3 0.500 2385 305 151 284

5 0.490 2329 389 100 309

1/100
1,2,4,5 0.354 2614 425 210 379

3 0.368 2587 391 231 478
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(a) 1/200   (b) 1/200   

 
(c)  1/100   (d) 1/100  

Problem 3 (Group 2) 

 

 

    (a) 1,4   (b) 1,4  

 
(c)  5    (d) 5  

  Problem 3 1/200 (Group 2) 
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  (a) 1,2,4,5 (b) 1,2,4,5  

  Problem 3 1/100 (Group 2) 

 

Beam-Column

0

 

 

 

3.1 3.2 4

16 2

8755 mm 4755 mm 3.21

3.12 Abaqus Ver. 6.16 9 )  
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FRP

20 mm -

10

5 mm

3.3

Lubliner Concrete Damaged Plasticity

50.0

1/1000  

FRP Mieses 3.3

327 N/mm
Drucker-Prager

52.16 13.93  N/mm  

3.21

3

2 1/200 rad Problem1 2 3

1 2 3 3.22  
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  (a) (b)  

   

 

 

 
 (a) 1 

 

 
 (b) 2  

 

 
(c) 3 

 

 

Abaqus

3.21

Width Depth
(mm) (mm)

Column 700 700
Beam 400 700

Width Thickness
(mm) (mm)

Frame 60 10
Lattice 60 100
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 (MPC)  

1/200 rad 20 mm

MPC

 

1/3  8 

N/mm2 102.0 10  

N mm/rad 1 2 3

Stabilize

 

 

3.23

Beam-Column 3.5

3.24 1/200 rad

- -

 

 

 

 

 

 

 

 

 

 

 

 

0

500

1000

1500

2000

2500

3000

3500

0 0.001 0.002 0.003 0.004 0.005

Re
ac

tio
n 

fo
rc

e 
[k

N
]

Drift angle [rad]
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-  

1/200 rad 50  

 

3.25 1/200 rad 1 2

3.25 1 2

3.2  = cos (3 ) cos ( )   (3.2)  

,
3.25

1: 14.3 mm 2: 43.0 mm  
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a 1  

 

b 2 

1 2 50  
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3 1 2

3.26

1 2 3 1/200 

rad 72.1 73.3 

78.0 2

1/200rad 1

3

3

 

3.26 1 3

 

 

 

 

 

 

 

 

 

 

 

1 2 3 

 

 

 

0
200
400
600
800

1000
1200
1400
1600
1800
2000

0 0.001 0.002 0.003 0.004 0.005

Re
ac

tio
n 

fo
rc

e 
[k

N
]

Drift angle [rad]
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1.  2

 

2.  2

 

3.  

 

4.  

 

5.  

Problem 1

3 1

2  

6

 

 

 

 

 

 

 

  



 64 
 

 

1

C-2 pp.139-140 1998.  

2

8

C-2 pp.457-458 2007.  

3 FRP

2

C-2 pp.631-632 2004. 

4 , RPC

, 

C-2 pp.559-560 2005. 

5  

C-2 pp.583-584 1997. 

6 Open System for Earthquake Engineering Simulation (Open Sees),  

PEERC, UCB, 2006. (http:/ /opensees.brekeley.edu/)  2015.2.16  

7 , ALPHA KOGYO  

http://www.alpha-kogyo.com/menu06/ , ( 2016.2.16) 

8  

2007. 

9 Dassault Systèmes, ABAQUS User ’s Manual Ver. 6.16, 2015. 
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1 ~ 2 )

3 ) SA

 

3

1

 

1 3x2  

2 4x4  

3 4x3  

4.1 1.95 2.2 m
2 20.5 1.95 2.2  m

3.90 m 6.60 m 

Beam-Column

Beam-Column

 

4.1

4.1 4.2
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4.2 Width B Thickness T

OpenSees4 )  

 

 

 

 

 

 

 

 

 

 

 

 Width Depth 
Cross- 

sectional 
area 

Moment of  
inertia of 

area 

Young's  
modulus 

 B 
 (mm) 

D  
(mm) 

A  
(mm2) 

I  
(mm4) E (N/mm2) 

Column 700  700  490000  2.001×101 0  2.06×104  

Beam 450  700  315000  1.286×101 0  2.06×104  

 Width Thick- 
ness 

Cross- 
sectional 

area 

Moment of  
inertia of 

area 

Young's  
modulus 

 B 
(mm) 

T 
(mm) 

A 
(mm2) 

I 
(mm4) 

E 
(N/mm2) 

Lattice 75  0.25 or 25  
18.75 or 

1875  

9.766×10 2

or 

9.766×104  
2.05×105  

3900mm 

6600mm 
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2
5 )  0

Beam-Column

3 2  

2 OpenSees ZeroLengthContactElement

  

19.5 mm

1/200 rad 2

Tc Nc 1/10 1.0  

4.1 Nc

w 4.2(a) Tc u 4.2(b)

4.2(a) Nc 10.0 N/m

1.0 107 N/m w

Nc 1.0 109 N/m w 0.2 mm

4.2(b) Tc 1.0 N/m

1.0 106 N/m u Tc 1.0 108  

N/m u 4.9 mm 19.5 mm

Nc 1.0 109 N/m

Tc 1.0 108 N/m  

 

 

 

 

 

 
 

           

 

Penal t y  coef f i c ien t  c N (N/ m ) Penal t y  coef f i c ien t  c T (N/ m )

0 . 1           1 . 0 × 1 0 4      1 . 0 × 1 0 8  1 . 0 × 1 0 9  
0

1

2

3

4

5

Penal t coef f i c ien t (N/ )

0 . 1   1 . 0             1 . 0 × 1 0 5        1 . 0 × 1 0 9  1 . 0 × 1 0 1 0  
0
1
2
3
4
5
6
7
85

Penet ra t i on  w (m m)

8

Penet ra t i on  u ( mm)
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2

1 4.1

 

1/250 rad 1/200 rad, 1/150 rad 15.6 

mm 19.5 mm 26.0 mm

0.078 mm 0.0975 mm 0.13 mm

 

1

 

Thickness T 0.25 mm 25.0 mm

SA

T = 0.25 mm

 

 
  

Step1.   

Step2.  m T x = ( 1 ,  2,  …, m )

Step3.   

Temp  1.0
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10 0.5

s 2

Step4.   

(x) (x )

2

Step5.   xx 10

Step 4

x (xx (xx) (x )> (x)

(4.1) p 0 r 1 p

2

                       (4.1)

Step6.   <1  Temp Temp  =0.92 2

Step7.   Problem 1 1000 Problem 2 500

Step 5

 

4.1

m=22  

2

2 Problem 2 1

Problem 1 1 Problem 1

Problem 1,2

25.0T mm max y 325

N/mm2 V R

'
= exp

F F
p

Temp s
x x
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LR , UV

N ma x  
 

:   

V 0 0R 0

N0  

 

Problem1 :   

  R(x )  

    U( )V Vx   
      max y( )x  

 

Problem2 :   

  V(x)  

    L( )R Rx  
          max y( )x

 

20

SA

Problem 1 5

1/250 rad 1/200 rad 1/150 rad

 ( 1 2 3)  

 
 

1/250 rad 1/200 rad 1/150 rad

4.3 0R

718 kN 892 kN 1190 kN

0R 1836 kN 2296 kN 3063 kN



 71 
 

322 N/mm2 402 N/mm2 536 N/mm2 1/200 rad
1/150 rad y  

 
 

Drif t  angle
(rad) V0 (m3) R0 (kN) 0(N/mm2) N0 (kN)

1/250 0.133 1836 322 584

1/200 0.133 2296 402 730

1/150 0.133 3063 536 974

 
 

U 0.10V m3 (1/250 rad 1/200 rad 1/150 rad)

4.4~6

No.1 No.3 No.1

4.3 4.5 4.7

4.4 4.6 4.8  

1806 kN 1800 kN 2088 kN

98.4 78.4 68.2 

 

1/200 rad 1/150 rad

Problem 2
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Problem 1 1/250  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.099 1806 313 548

No.2 0.099 1805 310 545

No.3 0.099 1806 313 548

No.4 0.098 1786 316 582

No.5 0.099 1806 313 548

 

Problem 1 1/200  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.089 1614 302 533

No.2 0.093 1639 318 582

No.3 0.098 1800 316 580

No.4 0.098 1799 313 574

No.5 0.099 1653 306 545

 

Problem 1 1/150  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.098 2088 324 587

No.2 0.099 2056 311 561

No.3 0.097 2079 325 601

No.4 0.078 2018 324 560

No.5 0.098 2088 324 587
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/250  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/250  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/200  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/200  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/150  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/150  
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T

Problem 1

1 LR Problem 1

1790 kN 1780 kN 2030 kN

4.7

4.9(a),(c), (e) 4.9(b),(d),(f)  

0.095 m3 0.098 m3 0.087 m3 Problem 1 95.9 

100 88.9 71.6 74.0 65.7 

1802 kN 1800 kN 2078 kN Problem 1 99.8 

100 99.5 98.1 78.4 67.8 

1/200 rad Problem 1 

Problem 2 Problem 1

 

1/250 rad 1/150 rad Problem 2 

Problem 1

Problem 1  

Problem 2

 

 

Problem 2  
Drif t  angle

(rad) R L (kN) V (m3) R (kN) ma x
(N/mm2)

N ma x
(kN)

1/250 1790 0.095 1802 295 523

1/200 1780 0.098 1800 316 580

1/150 2030 0.087 2078 322 583
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(a) 1/250   (b) 1/250  

 

(c)  1/200   (d) 1/200  

 

(e)  1/150   (f)  1/150   

Problem 2

 

 

Problem 2 T = 0.25mm

4.8 1473 kN 1762 kN 2051 kN

Problem 2 81.7 97.9 98.7 

693 N/mm2 778 N/mm2 314 N/mm2 1/150rad

y 1 1

1/150 rad
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Problem 2 1/150 rad

1/250rad 1/200rad T

y

T= 62.5 mm 50.0 mm 4.9

T  

 

Problem 2

T= 25.0 mm 25.0 mm 25.0 mm  
Drif t  angle

(rad) 
T

(mm)
V

(m3)
R

(kN)
ma x

(N/mm2)
N ma x
(kN)

1/250 25.0 0.095 1473 693 539

1/200 25.0 0.098 1762 778 668

1/150 25.0 0.087 2051 314 566

 

Problem 2

T= 62.5 mm 50.0 mm 50.0 mm  
Drif t  angle

(rad) 
T

(mm)
V

(m3)
R

(kN)
ma x

(N/mm2)
N ma x
(kN)

1/250 62.5 0.236 2630 265 950

1/200 50.0 0.195 2171 278 862

1/150 
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4.1 4 4 4.1

1 4 4 2 2 4.10

0.975 1.65 m 2 20.5 0.975 1.65 m

1 3.90 m

6.60 m 

3.1  

4.10

1

m=54  
 
 

 

 

 

 

 

 

 

 

 

 

 

1  

 

 

1/250 rad 1/200 rad 1/150 rad

4.8 R

1 718 kN 892 kN 1190 kN

6600mm 

3900mm 
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0R 2404 kN 3007 kN 4011 kN

329 N/mm2 411 N/mm2 548 N/mm2

1/250 rad y

 

 
 

Drif t  angle

(rad)

V0

(m3)

R0

(kN)

0

(N/mm2)

N0

(kN)

1/250 0.213 2404 329 603

1/200 0.213 3007 411 754

1/150 0.213 4011 548 1006

 

 

U 0.10V m3 (1/250 rad 1/200 rad 1/150 rad)

4.11 13

No.1 No.2 No.5

4.11 4.13 4.15 4.12 4.14 4.16  

1640 kN 1969 kN 2136 kN

68.2 65.5 53.3

1 2
1/250 rad y

1/200 rad

 

1/250 rad 1/200 rad 1/150 rad

Problem 2
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Problem 1 1/250  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.098 1640 308 561

No.2 0.099 1556 324 576

No.3 0.098 1581 323 592

No.4 0.100 1594 316 573

No.5 0.099 1496 304 532

 

Problem 1 1/200  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.099 1707 309 558

No.2 0.099 1969 302 554

No.3 0.098 1600 315 500

No.4 0.100 1719 308 544

No.5 0.099 1800 323 584

 

Problem 1 1/150  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.100 2069 324 589

No.2 0.099 2041 325 572

No.3 0.099 2009 324 553

No.4 0.098 2019 323 575

No.5 0.100 2136 316 568
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/250  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/250  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/200  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/200  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/150  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/150  
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Problem 1 1

Problem 1

1620 kN 1930 kN 2110 kN (1/250 rad

1/200 rad 1/150 rad) 4.14

4.17(a),(c),(e) 4.17(b),(d),(f)

 

0.091 m3 0.086 m3 0.091 m3 Problem 1 92.7 

86.6 91.0 42.7 40.2 42.5 

1635 kN 1937 kN 2123 kN Problem 1

99.7 98.4 99.4 68.0 64.4 52.9 

 

 

Problem 2  
Drif t  angle

(rad) R L (kN) V (m3) R (kN) ma x
(N/mm2)

N ma x
(kN)

1/250 1620 0.091 1635 306 563

1/200 1930 0.086 1937 290 533

1/150 2110 0.091 2123 319 567
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(a) 1/250   (b) 1/250  

 
(c)  1/200   (d) 1/200  

 

(e)  1/150   (f)  1/150   

Problem 2

 

 

Problem 2 Problem 1

Preblem1 1

Problem 2
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Problem 2 T = 0.25 mm

4.15 1018 kN 1433 kN 1435 kN Problem 

2 62.3 74.0 67.6 1013 
N/mm2 1253 N/mm2 1804 N/mm2

y

1 1 1

T y

T 50.0 mm 50.0 mm 50.0 mm

4.16

T

 

 

Problem 2

T= 25.0 mm 25.0 mm 25.0 mm  

Drif t  angle
(rad) 

T
(mm)

V
(m3)

R
(kN)

ma x
(N/mm2)

N ma x
(kN)

1/250 25.0 0.090 1018 1013 162

1/200 25.0 0.085 1433 1253 502

1/150 25.0 0.098 1435 1804 161

Problem 2

T= 50.0 mm 50.0 mm 50.0 mm  
Drif t  angle

(rad) 
T

(mm)
V

(m3)
R

(kN)
ma x

(N/mm2)
N ma x
(kN)

1/250 50.0 0.180 2202 281 962

1/200 50.0 0.169 2363 231 733

1/150 50.0 0.179 2408 239 783
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4.2 4 3 3

3 4.18 1.30 1.65 m
2 20.5 1.30 1.65 m

1 2 3.90 m 6.60 m 

 

4.18

1 2

m=41  

 

 
 
 

 

 

 

 

 

 

 

 

 

 

1 2  

 

 

1/250 rad 1/200 rad 1/150 rad

4.17 R

1 2 718 kN 892 kN 1190 kN

3900mm 

6600mm 
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0R 2241 kN 2802 kN 3739 kN

322 N/mm2 402 N/mm2 536 N/mm2

1/200 rad 1/150 rad y 1 2

 

 
 

Drif t  angle

(rad)

V0

(m3)

R0

(kN)

0

(N/mm2)

N0

(kN)

1/250 0.181 2241 322 588

1/200 0.181 2802 402 736

1/150 0.181 3739 536 981

 

 

 

U 0.10V m3 (1/250 rad 1/200 rad 1/150 rad)

4.18~20

No.2 No.5 No.3

4.19 4.21 4.23 4.20 4.22 4.24

 

1773kN 1805kN 2150kN

79.1 64.4 57.5 

1 2  

1/250 rad 1/200 rad 1/150 rad

1 2

Problem 2  

 

 

 

 



 90 
 

Problem 1 1/250  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.099 1551 308 552

No.2 0.098 1773 324 592

No.3 0.098 1670 315 570

No.4 0.100 1526 315 534

No.5 0.092 1513 312 531

 

Problem 1 1/200  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.098 1769 306 548

No.2 0.098 1736 322 544

No.3 0.100 1690 284 516

No.4 0.099 1611 314 552

No.5 0.100 1805 324 580

 

Problem 1 1/150  
Solution 

No. V (m3) R (kN) ma x
(N/mm2) N ma x (kN)

No.1 0.100 1913 319 558

No.2 0.099 1844 323 533

No.3 0.099 2150 306 549

No.4 0.100 1526 315 534

No.5 0.099 1825 321 473
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/250  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/250  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/200  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/200  
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No.1          No.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

    No.5 
Problem 1 1/150  

 
 
 
 
 
 
 

No.1          N0.2 
 
 
 
 
 
 

No.3          N0.4 
 
 
 
 
 
 

  No.5 
Problem 1 1/150  
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Problem 1 1

Problem 1

1700 kN 1760 kN 2100 kN (1/250 rad

1/200 rad 1/150 rad) 4.21

4.25(a),(c),(e) 4.25(b),(d),(f)

 

 

(a) 1/250   (b) 1/250  

(c)  1/200   (d) 1/200  

(e) 1/150   (f)  1/150  

Problem 2  
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Problem 2  
Drif t  angle

(rad) R L (kN) V (m3) R (kN) ma x
(N/mm2)

N ma x
(kN)

1/250 1700 0.061 1725 322 588

1/200 1760 0.086 1768 308 562

1/150 2100 0.080 2118 320 564

 

0.061 m3 0.086 m3 0.080 m3 Problem 1 62.0 

85.9 81.0 33.7 47.5 44.2 

1725 kN 1768 kN 2118 kN Problem 

1 97.3 97.9 98.5 77.0 63.1 56.6 

 

1 2 Problem 2 Problem 1

Preblem1

1 2

Problem 2

 

 

 

Problem 2 T = 0.25 mm

4.22 1/250

1019 kN 1766 kN

Problem 2 57.6 83.4 
1391 N/mm2 1225 N/mm2

y 1 2

1 1

 
T y

T= 100.0 mm 50.0 mm 50.0 mm

4.23 1/250 rad T=50.0mm
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Problem 2

T= 25.0 mm 25.0 mm 25.0 mm  
Drif t  angle

(rad) 
T

(mm)
V

(m3)
R

(kN)
ma x

(N/mm2)
N ma x
(kN)

1/250 25.0 0.060

1/200 25.0 0.085 1019 1391 142

1/150 25.0 0.079 1766 1225 482

 

 

Problem 2

T= 100.0 mm 50.0 mm 50.0 mm  
Drif t  angle

(rad) 
T

(mm)
V

(m3)
R

(kN)
ma x

(N/mm2)
N ma x
(kN)

1/250 100.0 0.239 3112 259 1423

1/200 50.0 0.170 1740 269 891

1/150 50.0 0.158 2333 143 777

 

 

1 3 Problem 2 4.24 1/250 rad

3 2

2/3 2 3

3 2

1/250 rad

1 2

 

1/200 rad 2 1
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2

 

1/150 rad 1/250 rad 1/200 rad

1/150 rad

1/150 rad

 

 

1 3 Problem 2  

Drif t  angle

(rad) 

1 2 3

V

(m3)

R

(kN)

V

(m3)

R

(kN)

V

(m3)

R

(kN)

1/250 0.095 1802 0.091 1635 0.061 1725

1/200 0.098 1800 0.086 1937 0.086 1768

1/150 0.087 2078 0.091 2123 0.080 2118
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1. 

 

2. 1

Beam-Column

 

3. 

 

4.  
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2 4  

 

 

 

2 3

 

2

2
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3
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4  

 1

Beam-Column

 

 

 

 

3.7
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1 2015 4

3 1
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