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A Case Study on Damage Control of Reinforced Concrete Buildings Due to Giant Earthquakes
Kochi University of Technology
Graduate School of Engineering Department of Engineering
Infrastructure Systems Engineering Course 1057002
Daigo Tokuhiro

In the Japanese buildings code seismic design criteria regulated that buildings never collapse
which kill human beings. And so there is no menu to keep in moderate damage level need not to
repair the damage parts. As the controlling methods of building damage for giant earthquake are
seismic controlling system and base isolation system. This research work contains another seismic
damage controlling which enhancing required seismic strength of design building. The objective of
research is to develop damage level controlling using existing design system by larger size of
building members.

For this analytical approach, elasto-plastic frame anaysis and dynamic response analysis were
carried out using existing computer programs. It is required that the limit of damage level should
be defined. In case of reinforced concrete building, cracks will occur due to the displacement by
earthquake force. Here the limit response story drift angle was defined as 1/200,considering
remaining crack width and remaining story drift don't give any bad effects for the structural
performance of maintenance after the giant earthquake. The full-scale seven stories test building was
decided to be the target building of this analytical research.

A series of elasto-plastic dynamic analysis showed following results.

(Case 1) Size of beam section and thickness of floor slabs were increased. The seismic shear
capacity enhanced about thirty percent (250ton - 350ton) . However such strengthening effect is
not so efficient before the story drift angle : 1/200.

(Case2) Thethickness of shear wall was increased from 20 cm to 50 cm. The shear capacity raised
up to 1.6 times. But such shear capacity showed after story drift angle 1/200. Therefore the dynamic
response exceeded such limit story displacement against giant earthquake level.

(Case 3) The scales of columns were also enlarged by forty percent moreover the Case 2. The
dynamic response showed the satisfactory story drift within the almost target story drift.

The cost up for such enlargement of structural member size was around ten percent to the total
construction cost. It seems to be very agreeable that such slight cost up leads to the strong building

which does not need expensive repair works against giant earthquake.
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EL-Centro NS HACHINOHE EW KOBE NS MIYAGI NS FUKIAI

EW BCJ L BCJ L2 50kine
bcj-11  bcj-12
gal (kine)
EL-CENTRO(1940) NS 53.78 0.02 341.7 38.1
HATINOHE 1968 EW 36.00 0.01 182.9 429
KOBE 1995 NS 50.00 0.02 817.8 92.0
MIYAGI 1962 NS 40.90 0.02 258.2 37.8
FUKIAI 1995 EW 81.68 0.01 802.0 123.3
BCJ L 60.00 0.01 197.8 33.7
BCJ L2 60.00 0.01 344.3 38.0
EL-Centro NS
0.2 0.6
MIYAGI NS 0.9 1.1
EL-Centro NS | HATINOHE EW | KOBE NS | MIYAGI NS [FUKIAI EW| bcj-11 | bcj-12
(Cm/SZ) 448.4487375 213.2099226| 314.4183] 341.48019| 309.6911( 293.483| 214.098
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S1 2.73 5701 0.12 56 104.38
S2 2.23 5.70] 0.12 28 42.61
358.15

( )
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(m) D10 D13 D19 D22 D10

G1(6m) 19 5.50 5 42 - - 1155.00 - 2695
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() 16 450 32 1 144.00 - - - -

2 TW( ) 16 3.00 48 6 864.00 - - - -

() 16 450 30 6 810.00 - - - -

1C 22 3.75 8 12 - - - 360.00] 1137.00

2 7C 22 3.00 8 84 - - - 2016.00] 5275.20

S1( ) 10 2.73 9 56 1373.4 - - - -

( ) 13 570 14 56 - 4468.8 - - -

S2( ) 10 2.23 7 28 436.1 - - - -

( ) 13 5.70 14 28 - 22344 - - -
(m) 3807.50 6703.2 4385.50 2376.00] 13597.70
(kg/m) 0.56 0.995 2.25 3.04 0.56
(1) 2.1322 6.669684| 9.867375 7.22304| 7.614712

Fc270 14,300 m3

512




D10 D13 D16 D19 D22 D25 D29 D32
(kg/m) 0.56 0.995 1.56 2.25 3.04 3.98 5.04 6.23
( /1) 40000 38000 37000 37000 37000 37000 38000 38000
128
casel case2 case3
( ) 128 146 177 255
( ) 512 653 695 787
640 799 872 1042
case
1428 2
20
3,200 Case3 3,600
1.1
, 2001 41 46 6.4
( /m2) 10,000 29,000 60,000
CASE1 | CASE2 | CASE3
2




1 200

a b(
017 0.20
casel 0.24 0.25
case?2 0.26 0.30
case3 0.41 0.44

a b( )

0.18 0.24

casel 0.27 0.28
case?2 0.29 0.35
case3 0.51 0.58




2.8

6.1
0.17 .
CASE1L 0.24 14
CASE2 0.26 16
CASE3 041 24
8.2 CASE
1.5 2
6.2 0
CASEL CASE2 CASE3
(cm3)[ 358 | 456 (L.27) | 485 (1.36) | 550 (1.54)
(m2) 2.864 | 2,832 (0.99) | 2,819 (0.98) | 3,023 (L.06)
® 33 | 38(L15) | 47 (141) | 67 (2.01)
8.2 CASE
CASE
6.3
( ) ( ) () ()
1,810 9,050 9,050 18,100
CASE 1,098(1.10) 9,990(1.10) 8,568(0.95) [18,558(1.03)
CASE 2 113(1.17) 10,565(1.17) 8,568(0.95) [19,133(1.06)
CASE 2,453(1.36) 12,290(1.36) 1,428(0.16) | 13,718(0.76)




(

)



(

(

(

(

)

)

)

46

)

(

1999
2001
1994

2002

)

()

2000
()
2000

2000

2002

1999

) (

2001

1999

1991

)
2000

2002

2001

2002

2000
P12

RESP-F
RESP-QDM
RESP-M
RC
907 908
961 962
12 41
1999

25

21



