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ABSTRACT

Many school buildings were seriously damaged in the Chi-Chi earthquake that struck
Taiwan in 1999. In order to avoid the damage in the following earthquakes, it is necessary
to investigate the performance of school buildings under seismic action. Firstly, this
research surveyed 35 school buildings in Jushan, Guoshing and Puli. Secondly, for the
purpose of quantifying aseismic ability of school buildings, this research investigated some
parameters about the seismic vulnerability of 16 school buildings out of 35 school
buildings. Finally, we strengthen 3 school buildings that were heavily damaged of 16
school buildings to meet the performance-based design code.

This paper includes five parts as collecting data of the present status of the school
buildings, sorting and redrawing the illustration of the buildings, analyzing and counting
the causes of the school buildings seismic damage, evaluating the aseismic ability of every
school by static pushrover method and discussing the structural strengthening of three
school buildings.

The main results obtained in this research show that:

1. Theranforang ged rateof pillarshasgreat effect ontheasei smic ability of school buildings,
and 2%-2.5% is better.

2. The space between the transverse stirrups has great effect on theaseismic ability. Especially
when the space decreases from 15cm to 10cm, the aseismic ability is significantly increased.
S0, it is better that the stirrup space is within 15cm.

3. Asfor the effect that the concrete quality plays on the aseismic ability of school buildings,
increase 70kg/cn, and its effect degreeisabout + 15%.

4. Whentheaxledirection of the pillar ispardld to thet of the sasmic force, it can significantly
increase the aseismic ability.

5. The school buildings are added by stages or stories, which is detrimenta to the aseismic
ability. Add onemore gorey, and itsasei smic ability will goproximatey decrease by 30%.

6. Pillar section amplifying and reinforcing method can efficiently increase the aseismic
ability of buildings. For example, after the northern building of Beishan junior school,
its aseismic ability isincreased by 1.23-1.84 times.

7. Establishing RC walls can greatly increase the aseismic ability of buildings.

8. As for the performance-based design code, among the three kinds of restrengthening
methods, pillar section amplifying and reinforcing method as well as establishing RC
walls is better. After the isolated slot between pillars and windows is cut with
reinforcing method, although its aseismic ability of buildings is increased a little, it
cannot be independently used.

Keyword school building, damage analysis, aseismic evaluation, static pushover
method, performance-based design, structural strengthening.
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0.455¢g Qr 3046.9%N 4-5
10cm 0.485¢g
Qr 3261.4kN 5-8 7%
Qr 8% 30cm
0.421g Qr 2851.0kN 59
7% Qr 6%
15cm
10cm  15cm
#3@10cm
5-14
54
54

0.317g 0424g 510 33

55



RC

0.450g 0645 511 43
5-1.5
921 2-14.1
2-14.3
55
55
0.594g 04129 512
0.769g 0533g 513
0.5969 0.408g
5-14 30
5-2

921

56



5-2.1

1994
1999

1992
Vision 2000

57

921

1995

(SEAOC)

2006



RC

A WDN PR

Vision 2000 33

Vision 2000
43 72 475 970
Vision 2000
Vision 2000
( ) 43 5090
( ) 72 50% 0
( ) 475 10% 0
( ) 970 10900
56 Vision 2000
(Fully Operational)
0.2%
(Operat)i onal
0.9%06 5 %
(Li fe )Saf e
05 %=~51%
(Near Co)l | apes
1.5%=~ 5%
(Col |l apes

2. 5%

58



5-2.2

0.3
0.gt1
0.6 0

PGA

921
921
34
(PGA)

59

PGA



RC

22

RC

RC

RC

RC

RC

60

RC



2 TMD Tuned Mass Damper
AMD Active Mass Damper

3 LRB

RC

RC

5-3.1

30mm

61



RC

5-9
Qr
0 1. 5
515
0.3179 0.403g 27
1771.5kN 11
0.317¢g 0.283¢g 10
0.41g
5-3.2
30cm” 40cm
35cm” 45cm 40cm” 50cm 45cm” 55cm
40cm” 40cm

50cm” 50cm 55cm” 55cm

5-1 0

62

Qr

1983.3kN

475

45cm” 45cm

Qr



5-12

50
516
Q
40cm” 40cm 45cm” 45cm 50cm” 50cm
55cm” 55cm 0.453g 0.559g 0.688g
0.833¢g 1.23 152 1.84
5-3.3 RC
RC
206m RC
100c3mcOm 450cm
#5 @20cm
5-11 RC Q
5-12
RC 100cm

RC
63



RC

RC
5-17 10cthh 300cm 4 5cOm RC
# 52@ c m
0.450g 04859 0.781g 1.258g
1.08 1.74 1.80
5-1 8
RC
2. 50l 4 RC
5-4
70kg/cm’
15
r =1.32% 55 QO
1636.9KN 0.291g
r =3.38% 5-6
Qr 2734.6kN 50%
0.4059 40%
10cm 30cm
10cm
0.485¢g 5-8 30cm

64



0.421g 59 15%

0.3179 0.424g 5-10 33
30
0 1
40cm ~ 40cm
45cm” 45cm 50cm” 50cm 55cm” 55cm 0.453¢g
0.559g 0.688g 0.833g 1.23 1.52

1.84 50

65



RC

RC

66



2.5

15cm 10cm
15cm

70kg/cmz +15%

30

10.

67

RC



RC

11. RC

12.
RC

13.

6-2

RC

921

68

1.23

1.84



3

(kg/cnt)
30cmx 50cm
t/m?

1000

. 8.33
1000
333 333 333
' r'Y
B 8.33
r\===f‘
g1
B |
1000
333 , 333 , 333
FY FY
Q
g 5.55
-—h— —— —a— —‘
1000
3£ 333 _333
9.58
1000
333 333 333
j E E 4.79
— = —Aa— —‘
1000
333 333 333
3
Y
7.29

250

750

69




RC

131
33

o7

(

120 4071
120 5146

4583

235
5764

(

24

PGA (&)

TQU1%

TQUO72
TQUOA

TQUI®

TQUO2
TAUO74

70



1-1~1-4
2-51 2-53
2-1~2-4
2-6
3-1~3-4 2-7.1
2-7.2
4-1~4-4 2-8.1 2-8.2
5-1~5-4 2-91 2-9.2
6-1~6-4
7-1~7-4
2-101 2-10.2
8-1~11-4 2-11
2-14.3
2-15 2-16
2-17
12-1~12-4 2-18
5 921 4
13-1~13-4 2-19.1
2-19.2
RC
14-1~14-6
921 4

7
3

71




RC

RC

(kg/enT)

RC

(RC

/

)

RC

RC

30

RC

20

10

10




M) | kgerd) | @) | @

777.6 21.89 0.139 1.235

418.5 12.31 0.281 1.532

2204.8 16.74 0.157 0.730

1095 28.52 0.153 0.881

3240 32.66 0.094 0.511

440 20.95 0.537 1.484

2377 11.30 0.033 1.015

C 2022.3 20.13 0.081 0.94
D 1404.7 22.01 0 0.938
E 891.4 26.22 0.630 0.249
= 15494 23.06 0.181 1.128
1070 22.52 0 1.052

1232.1 48.13 0.123 0.859

2405.7 30.07 0.144 0.706

2405.7 30.69 0.098 0.694

1508.8 25.98 0.207 0.840
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RC

4-1

67

86

75

85

74

75

4-2
mm cm kN ,
215 27412 8
27412
c1 290 2
215 164.47 8
290 164.47 2
RC 290 95.94 2
C2 290 342.65 2
290 52.54 2
290 82.24 2
C3

290 205.59 2
420x24+2C2 215 468.3 1

74




4-3 X
mm cm kg ;

300 106.90 1
Cl 300 82.28 1
200 46.65 1
300 213.80 1
C2 300 149.30 1
300 42.40 1
200 164.56 4
RC 300 164.56 2
300 97.91 1
< 200 93,29 4
200 93.29 2
300 55.51 1
345 279.88 1
345 559.77 1

c4
345 390.91 1
345 111.02 1

4-4 X
mm cm kN :
C3 220 33441 3
310 167.20 2
4 310 334.41 4
RC

C5 220 195.07 2
C6 310 390.14 4
C7 220 557.35 3
BW1 220 83.60 1
BW2 220 167.20 1
BW3 220 167.20 2
BW4 310 250.8 1

75




RC

4-5 X
mm cm kN ,

305 58.45 1

Cl 305 189.95 1

305 263.01 2

305 131.50 1

305 139.62 1

305 244.34 1

205 331.19 6

RC C2 305 331.19 2
305 104.72 1

205 81.18 1

305 60.88 1

c3 205 142.06 1

205 243,53 8

310 162.35 1

C4 310 284.11 1

310 121.76 1

4-6 X
mm cm kg .

315 96.91 2

Cl 315 193.81 3

315 263.34 2

C2 225 230.73 10

315 50.76 2

RC C3 315 101.52 3
315 140.28 2

C4 225 138.44 10

315 36.92 2

C5 315 73.83 3

315 87.98 2
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47 X
mm cm kN ,
315 3224 2
c1 315 64.48 10
315 7773 2
c2 210 20955 6
315 112.84 2
C3 315 225,67 3
RC 315 272.06 2
o 210 274.03 5
315 274.03 1
315 145.08 2
C5 315 290.15 4
315 28155 2
BW1L 210 80.60 1
BW2 210 161.20 4
BW3 315 104.33 1
BWA 210 104.33 1
BW5 315 80.60 1
BW6 210 225,67 1
4-8
o) | 19883| 23105 | 28031 | 55004 | 30115 | 54256
. 257 | 237 | 283 | 239 | 230 | 238
u
317 | 504 760 | 450 | 596
a& g
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4-9 921
518 420 465 465 586 586
)|( )|( )|( )|(
gal
317 594 453 769 450 596
a ga
921
51
Q(kN) | 17885 2535.6 2817.7
130
kgfor? R 241 2.74 2.17
a od 268 390 398
Q(kN) | 18783 2693.4 2927.7
175
kgfon? Fu 2.49 2.78 2.21
& od 291 420 421
Q(kN) | 19833 2803.1 3011.5
210
kg/en? R 2.57 2.88 2.30
a od 317 453 450
Q(kN) |  2000.4 2970.5 3084.6
245
kgfor? R 2.72 2.90 2.38
& od 339 461 A77
QkN) | 2047.94 3032.9 3149.2
280
kgfon? R 2.83 2.94 2.45
& od 361 487 501

78




(p %)
Qi(kN) 1636.9 2763.2 1920.8
1.32 F 2.85 1.85 2.49
gd 291 316 312
Qi(kN) 1980.9 2923.6 2346.6
1.90 F 2.61 2.33 2.45
od 322 382 374
Qi(kN) 2324.9 3230.4 2774.0
2.59 F 2.45 2.61 243
gd 355 472 437
Qi(kN) 2734.6 3763.8 3281.7
3.38 F 2.37 2.46 2.36
g 405 518 504
53
Q:(kN) 2164.6 3199.0 3261.4
10cm F 2.86 2.89 2.29
od 358 519 485
Qi(kN) 2005.5 3033.9 3090.9
15cm F 2.57 2.81 2.29
gd 321 477 460
Q:(kN) 1983.3 2907.0 3046.9
20cm Fu 2.57 2.86 2.30
gd 317 466 455
Q:(kN) 1900.2 2803.1 2908.9
25cm F 2.59 2.88 2.26
gd 307 453 428
Qi(kN) 1866.3 2775.4 2851.0
30cm F 2.59 2.71 2.28
gd 301 421 421

79




RC

54 90°
1983.3 | 2700.8 | 30115 | 4299.3
Qr(kN)
2.57 2.52 2.30 231
Fu
317 424 450 645
& g
33.8 43.3
55
QkN) | 23105 5500.4 5425.6
2F Fy 2.37 2.39 2.38
2 ga 594 769 596
Q(kN) | 23587 5692.9 5602.2
3F Fy 2.47 2.43 2.39
a ga 412 533 408
30.6 30.7 315
5-6 Vision 2000
0<0.2% | 9 <0.5% | q <1.5% | q <2.5%
3 3
2 s
2 C9\‘ g - % %
475 2L QS
@\;?_:-%:? 7
970 ~o M [N




57921 (PGA)
05 0 0.80 0.30/g0.38/go0.56|g
0.33 0.36 0.50 0. 83|g
475 0026¢ 0.26/g0. 33[g0. 47|g
0.28 0.30 O0.41 o0.68|g
2 0.17/g0.16/g0. 20/g 0. 29|g
0.17, 0.18 ©0.23 o0.37g
- 0.12/g0.12/g0. 14/go0. 21|g
0.12 0.12 0.15 0. 24|g
5-8 (
O 0.2 |6 .5 1.5/ 2.5
22
(@ 0592 ‘\\\
72 e
(a8)
475 \\‘\\\
(a@4g) ‘\\\\f\‘\\\
950 T e e e
(a®9)
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Qi(kN) 1983.3 2803.1 30115
a gd 317 453 450
Qi(kN) 17715 2620.5 2787.3
a od 403 533 587
5-10
Qr (kN) a ga
30cm x 40cm 1983.3 317
35cm x 45cm 2766.3 435
40 cm x 50 cm 3757.5 592
45cm x 55¢cm 4927.2 780
40 cm x 40 cm 2803.1 453
45cm x 45cm 3638.2 559
50 cm x 50 cm 4559.5 688
55cm x 55cm 5498.7 833
30cm x 40cm 30115 450
35cm x 45¢cm 4276.3 631
40 cm x 50 cm 5799.7 866
45cm x 55¢cm 7575.3 1146
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511 RC

RC Qr (kN) a gd
100 cm 2170.1 348
#5@200m 300 cm 3781.4 548
450 cm 8021.7 1104
100 cm 2289.3 368
300 cm 4938.9 724
#5@20cm 450 cm 9887.1 1309
2 450cm 18175.6 2373
100 cm 2969.7 474
#5@200m 300 cm 4493.2 634
450 cm 8191.7 1079
100 cm 3064.9 485
300 cm 5491.0 781
#5@20cm 450 cm 9715.3 1258
2  450cm 17555.9 2080
100 cm 3157.0 471
#5@20cm 300 cm 4629.9 677
450 cm 8703.6 1262
100 cm 3265.4 498
300 cm 5877.4 866
#5@20cm 450 cm 10516.9 1502
2 450cm 18402.9 2514

83




RC

512
0.23g 0.41g 0.50g
0.41g 0.2 05 15
6 25
0.403g X X X x 5-15 5-9
35cmx45cm|0.435¢g 0 X x X 5-10
40cmx50cm|0.592g ° X X 0 5-10
45cmx55cm|0.780g ° ° o 0 5-10
100cm 0.348y X X x x 5-11
300cm|0.548g ° X X 0 5-11
0.3179) 450cm|1.104g 0 X x ° 5-11
100cm|0.368g X X x x 5-11
300cm |(0.724g ° X X ° 5-11
450cm|1.309g ° x x ° 5-11
Lel2373d o o 0 5-11
0.533g X x X x 5-9
45cmx45cm|0.559g ° X X 0 516 5-10
50cmx50cm|0.688g ° X x ° 516 5-10
55cmx55¢cm|0.833g ° ° ° ° 516 5-10
100cm|0.474g 0 X x x 5-11
300cm |(0.6349g ° X X ° 5-11
0.453g) 450cm|1.0799 ° x x 0 5-11
100cm|0.485g ° X x X 5-11
300cm|0.781g ° X x ° 5-11
450cm|1.258g ° X X ° 5-11
2
4 500 2.080g o o o o 5-11
0.587g X x X x 5-9
35cmx45cm|0.631g ° X x X 5-10
40cmx50cm|0.8669 ° x x ° 5-10
45cmx55cm| 1.146 ° ° o o 5-10
100cm|0.471g ° X x X 5-11
300cm|0.677g ° X X 0 5-11
0.4500) 450cm|1.262g 0 X X 0 5-11
100cm|0.498g ° x x x 517 51
300cm|0.866g ° x x ° 517 51
450cm|1.502g 0 X X o 518 511
2
4 50 2_5]_4g o o o o 5-18 51

,f'c 130kg/en? , fy 1800kg/cnt

,f'c 210kglen? , fy 2800kg/cn?

X







RC

wl | | [

....|

=
)

T

i)

86



900

450

450

2-3

HE

2-4
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RC

i
Il

I8
I

#E

FEER

1l

g

- T

HEEtE e BB

F7 IR = S8

2-5

88




89



90



1.60 =

1.20 —

0.80 —

0.40 —

0.25%} -

0.00

1 I 1 1 1 I 1 1 1
200 300
(kg/cm?)

40.0

50.0

0.80 =

025% <1 -

0.20 —

0.00

AWEEE

20.0 30.0
(kg/cm?)

2-10
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RC

10.0

(kg/cm?)

2-11

Y

A5

Pc

Pt

2-12
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B T Mia
: Q — Humm - _
a
D A
A=1 H
C
X
71/;7;2 = Q + b 4
A ~ Mab
32 @
BI
.-_A/'—\ M 1 A A
Q_,duznMe ] a
A=1 H
7. ]\7 4,
2~ Vab

33 (b)
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RC

W

T
..... N
AN NMNAN_ Y

I\

450

o
PR

3m

H

N
U

N
U

Qu(kN)
246
206

16

12

80

40

H/W

6

19

94



ac==9

ad:

Vv

—ZCW

Zl

(©

ZCl

l4aF,

l4a F

V~2CIW

a=29 ()

19

95



RC

N
Qe T E
FU:%
Q
37
Qr
Q
4 K
Qe |-
Fu:%
Q

QA+ F >-i GH

Qr
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RC RC

Q- A
Q- A
Q- A
Fu
w
C
VuaCWw) / Fu
Qr =Vu &

39
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Q (kN)

f'=210kg/cm?

ac=0.317¢g 55(3)-; — — , (50.7, 5089.85)
D = 75.0mm T b
Q,= 1983.26kN 4500 T
Fu: Qe/Qr =257 -T-
3500 T+
2500 +

0.317, 17556
( 7). 750, 1755.67)

0317 75.0
U D L 7 177
0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a. (9) D (mm)
4-1
Q (kN)
fe'= 210kg/cm? 550(8;[ /| (823,5479.3)
dc = 05949 1
D =115.0mm
Q,= 2310.47kN 00T
F=QJ/Q, =237 T
3500 =+
2500 -
Q
[ J
0.5, 1965.73)
1500 -
500
0.5
1 I 1 I 1 I 1 I 1 I 1 I 1

0.7 06 05 04 03 02 01

a. (9

4-2

98



fc'=210kg/cm?

ac = 0.453g
D=65.0mm
Q,= 2803.10kN

F,=QJQ, = 2.88

®
(0.453 , 2498.12)

el _ (402,808311)

D (mm)

L
100 150 200 250 300 350

Q (kN)

f¢'=210kg/cm?

ac = 0.769¢g
D=925mm
Q,= 5500.44kN

F,= Q.J/Q, = 2.39

(0.769, 4678.12)

0.769

ol
13000 (65.8, 13165.14)

11000 -+

(®.5,4678.12)

a. (9)

L DL L L L L L L L ||-||||
1 0.9080.7060504030.20.1 0

4-4

99



RC

®
(0.450 , 2542.28)

Q (kN)
fc'= 210kg/cm? 7500 +
ac = 0.450g QGF ————1 (87.8, 6931.46)
D= 120.0mm 6500 T
Q,= 3011.53kN T
F,=QJQ, =230 =T
4500 1

0.450
U L L L T
06 05 04 03 02 250
a; (9)
4-5

Q (kN)

fc'= 210k g/cm? T

ac = 0.5969 127507 (110.8 , 1289955)

D= 155.0mm 112504+

Q,= 5425.56kN -+

F,=QJ/Q, =238 9750_"_
8250 -

']
(0.596, 4597.99)

0.5%
IIIIIIIIIIIIIII

0.8 0.7 0.6 05 04 03 0.2 0.1

a. (9

0 50 100 150 200 250

4-6

100




600.0 —
1| o
+
e 501
500.0 —
a, 400.0 —
(gal)
300.0 —
200.0 , , i , i , ,
105.0 140.0 175.0 210.0 245.0 280.0 315.0
fc' (kg/cm 2)
51
Q (kN)
fo'= 130k g/cm?
_ 4500 1
ac = 0.263¢ Qe — — — (67.3, 4306.40)
D =95.0mm -+
Q.= 1788.45k N
3500 T
F.= Qe/Qr =241
2500 +
Q — -
e 1500r__ / (95.0, 1519.57)
(0.268 , 1519.57) |
- |
\
500 1/ :
0.268 / | 95.0
) I ) I ) I ) I ) ) I T I T I T I T
0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a; (9) D (mm)

52

101

fc'=130kg/cm”



RC

53

Q (kN)
fc'= 280k g/cm? 55(?09: "~ ] (36.2,5789.49)
ac = 0.361g
D=57.5mm T
Q,= 2047.94kN 4500 T
F,=QJQ, =283 —+
3500 T
2500 T+
Q1
(0.361, 1817:16) T (575, 1817.46)
1500 --/ \
' \
Hk |
| |
500 +- ‘
0.361 | |57.5
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
05 04 03 02 01 0 50 100 150 200 250
a; (9) D (mm)
fc'=280kg/cm”
600.0 —
11 ~©-
-
Slg
500.0 — _ -7 8504
- 437

a, 400.0 — 405
(gal)
300.0 —
200.0 T T T T | T
1.0 1.5 2.0 2.5 3.0 3.5 4.0|
P (%)

102




r=1.32%
ac= 0.291g

D=57.5mm
Q,=1636.93kN

F=QJ/Q, =285

(02&,355&3.

1 (359, 4665.39)

0.291
U L L | | I
0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a. (9) D (mm)
55 r =1.32%
Q (kN)
r=3.38% 653G — — — - 51, 0270
ac= 0.405¢g 4
D= 105.0mm 500+
Q,=2734.64kN 1
F=QJ/Q, =237 ook
3500 1
[ ]
(0.405, 2319.99)
0405
L L L |
0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a. (9) D (mm)
56 r =3.38%
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RC

o7

600.0 —
550.0 — -0 -
——
— 519
500.0 — s .
N 477
— 485 S -~ _ 466
-~ - o _ 453
450.0 — 460 455 S
i T~ a2
a. 428 :21
(gal)400.0 —
] 358
350.0 —
1 317
07 301
300.0 —
S I e I L L R
5.0 10.0 15.0 20.0 25.0 30.0 35.0
(cm)
Q (kN)
Hoop spacing = 10cm 8500 T
ac = 0.485¢g %;‘
7500 — — — — — 954, 7464.45,
D = 130.0mm T ¢ )
Q,=3261.4kN 6500 4
F=QJ/Q =229 -+
5500 T+

(0485, 2739.96)
.

(130.0, 2739.96)

0.7 06 05 04 03 02 01 O

a (9)

5-8
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5-10

Hoop spacing = 30cm
ac=0421g

D= 105.0mm
Q,=2851.0kN

F=QJ/Q, =228

(0421, 2397.86) ¢

0.421

(77.3 648833)

0.7 0.6 05 04 03 02 01 O 50 100 150 200 250
a. (9) D(mm)
59 $=30cm
Q (kN)
. - 650(35: T 7] (429, 6808.24)
ac = 0.4249 T
D = 62.5mm 55004+
Q,=2700.79kN -4
F.=QJQ, = 252
3500 1T
] (625, 2342.79)
(0424 ,2342.79) |
\
\
\
|
0.424 ‘62_5
] I ] I ] I ] I ] ] I . ] I ] I ] I ]
0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a. (9) D (mm)

105



RC

0.645 , 3604.01
( L )

6500
5500

3500

Q (kN)
10500+
._>- Qe+ — — — — (784, 924.10)
ac= 0.6459 %00
D= 107.5mm 8500
Q,=4299.31kN ]
F,= QJQ, = 2.31 e

(107.5 , 3604.01)

|
2500 :
1500 =1 :
0645 SY 1 :
IIIIIIIIIIIIIIIII IIIIIIIII
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 50 100 150 200 250
a. (9) D(mm)
o>-11
Q (kN)
Qe|~ — 7 (78.3, 5820.80)
2F — 3F 55004
dc = 04129 4
D=112.5mm
Q,=2358.73kN o7
F.=QJQ, =247 T
3500 T
[ ] (1125, 2023.75)
(0.412 , 2023.75) :
|
|
|
0.412 ‘112.5
1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1
06 05 04 03 02 100 200 300 400 500
a. (9) D (mm)
512
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2F —3F

ac = 0.533¢g

D =90.0mm
Q,=5692.93kN

F= QJQ, =243

(63.4, 13813.47)

. 900, 4848.34)
(0533, 4848.34) ‘
|
\
\
\
0.533 ‘%0
Tttt U DL DL L
0.7 06 05 04 03 02 01 0 50 100 150 200 250
a, (9) D (mm)
5-13
Q (kN)
F —» 3F 1278(;%___5 ****** (10855, 13399.05)
ac = 0.408¢g -+
D=152.5mm 11250 T
Q,=5602.21kN T
o750+
F,=QJQ, =2.39 4
8250+
-~ = |
. | \{ii'\i
(0.408, 4764.75) ‘
\
\
\
\
0.408 l1525
1 I 1 I 1 I 1 I I 1 I 1 I 1
0.6 0.5 0.4 0.3 0.2 0.1 0 100 200
a, (9) D(mm)
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