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Effect of size and number of steel bars on seismic behavior of European-type gravestones
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In this study, we focus attention on an interlocking reinforcement measure for European-type
gravestones using steel bars. This reinforcement measure is widely used, but there are no
specifications as to how long, how thick and how many steel bars should be used. First, results
of 3-dimensional shaking table tests of full-scale gravestones with and without steel bars are
investigated to clarify the effect of thickness, length and the number of steel bars on the
seismic behavior of European-type gravestones. Then, the DEM analysis is conducted for
more elaborate study. Finally, an optimal retrofit measure using steel bars for European-type
gravestones is proposed.
Key Words.: European type gravestone, steel bar, seismic behavior, seismic reinforcement

34

-372-

3)4)



3
2.
2.1
€y
(
1
@
3
-1
W2
-1(b)
1
°
400mm
W3
1
150mm
12mm 80mm
W4
W3
-2(b)
58 mm

3
X
|
636
DIAJ\B R/O)i(SUS) i
\ mu%jo [ )
4“00
W1) -1(a)
-1
000 000 y
O e0 [ NON )
coo coo 1
X
@ w23 (b) W4
2 (o )
-1 ( mm)
W2 W4
-1(b)
\\% W242 | W424 | W606 | W848 | W48
2(a) 1 X X X X 4%
W| 1 | di18 | D242 | D424 | D606 | D848 | D152
21mm 210m 5 1400 x N y N N
18mm Wl 1| dio | H636 | H273 | H303 | HI52 | H272
3 L150
W2 w| 2 | dio
10mm 4 L150 | 108kg | 142kg | 322kg | 315kg | 46kg
d L w D H
W3 2 2.2
€Y
Y1 3(a)

-373-



606 EW

,_..2000
§§ OM’*WWMW’“{"M A
-2000§ 1 1 I 1 0
10 20 30 40
r<‘_2(JCICI NS
gt OM»MWWMWF "
-2000 5 T T T T 0
10 20 30 %
‘_\600 uo
gé O-MW“\V,-” "
600
0 !0 ;OTl'me (sec) 3'0 4'0 0
(a)
ks s 10060 EW (h=5%) ————- NS (h=5%) UD (h=5%)
, ‘ f—
o 1000 B D =
| % X
i L S
| DIA 18 EE 100 =
52 — o
- 10 Lho
(b) o Y2 ! 0.1 1 10
Period (sec)
3 ( mm)
(b)
2 ( mm) -4
-3 (gal)
6 6 7
X 553 894 1170
Y W606 W758 W848 y 484 818 1049
1 % x * 279 468 733
D242 D455 D848
D303 x x
Y| 2| diI8 % H212 H152
2 LA00 | g5
231kg | 21lkg 315kg
d L w D H
-3(a) 2.4
6.1cm 1995
3cm
@
Y2 -3(b)
2 K
W2
Y2 1
2 3
2.3 NTT

6)

-374-



4
1
3
6 6.26
EW NS UD
6 6 7
3.
3.1
3)4)
3.2
4
w1
6
w2
W3,W4

3
5.84
6.56
3
-1,3 Xy z
2 7
-2(a)
7
w2
W3

W4

6 6 7
Wi o X X
W2 |1 d18/L400 o o
W3 |1 d10/L150 o o
W4 | 2 d10/L150 o o
o

(a) W1 (b) W2 (¢ W3 () W4
2 7
-5
18mm 10mm
150-200mm
250-400mm
3.3
W2 W3
18mm
10mm 150mm 200mm 250mm,
400mm 8 7
18mm 150mm
10mm 250mm
-5
3.4
W2 1

-375—




18mm

4.1

@ Y1

0) Y2

4.2

@

150mm

-6

Y1

Y1

Y2

2 | dI8/L400

10 T )
[ — a8 e BB
tw [
18 [
1 .--.......—-I“---»..__r.-r"‘: i "’-v",'\f".‘j.:-n—
| EBMH) 10
5 y
(
) ( )
231kg
231+211=442kg
442/231=191
191
( ) (

-376-

606mm’ 303mm=183618mm”
758mm’ 455mm=344890mm’

344890/183618=1.88

1.91




00— 10.0 — T T 10.0 —T—T— T (1)
A A —— L e
I ST W BT
T —~ - L S e = ———— e |
g1.05—'-"'__—“ R 21.0— g1.0 1
- - -
fins e = E
i i 2Hz
B : ®
-6
0] ————— 01— 01 ————
5 10 15 20 25 30 35 5 10 15 20 25 30 35 5 10 15 20 25 30 35
Time {sec) Time (sec) Time (sec)
(a) B2HE 6 51
10.0 — — 100 ¢ — 10.0
AR AN W E E Morlet
i i s TPV NS s T L et s
e Al L I, L P, Y1
e A A R el L AT,
et e e, e e P e ] bt ]
R i T I i e R Y
o SRR VSN vy i Ry P S e
L, W e e [
S0 Tk £ ;
= 3 =3 2 = £
QT r €T r € r
T s g EF
__————-—'_-___-""-——— F
01 1 1 1 1 1 01 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 5 10 15 20 25 30 35 5 10 15 20 25 30 35
Time (sec) Time (sec) Time (sec)
(b) HEEET 3 6
6 Yy ( ’Yl:YZ: )
6
6
-6(a)
4.3 ) 7
€) 7
455mm -4(3)
10 15
Y2 4Hz
455mm 5
Y1
Y2
2Hz
15 25
4.3 15 25
Y1

-377-

y
¢ -5
4Hz
y
y
Y2
6
-6(b)
10
Y1
2Hz
2Hz



Y2

®)

4.4

€y

2Hz

4.2(2)

2Hz

2Hz

1 2
1
@
4Hz
4.2(D)
4Hz
5
5.1
3 n
5.2
7 8)

-378-



(N/m/kg) (N sec/m/kg)

3947.8 1579.1 125.66 50.265 0438

)
5.3
dt
dt Cundall”
dt
dt <2/m/K, Q)
m K,
(1) di<
0.0318 1 1
1
1
1 1
dr=1x 10™(sec)
5.4
() Y1
1
6 30mm
@

5.5
(€)) Y1l

-7(a)
Y1 6 6 7

6 7
6 6
7 v )
-6 -3

(@) Y2

-7(b)

Y2 6 6 7
-6 -4
7
8)
3)4)
5.6
@
1 2 2 10mm 18mm 2
150mm 200mm 250mm 300mm 350mm
400mm 6 24
7
2
Y2 1

-379-



(@) 150mm (a) 150mm

(b) 200mm ®) 200mm

(c) 250mm (© 250mm

) 300mm @ 300mm

(e) 350mm (e) 350mm

® 400mm ® 400mm
8 10mm 1 16,17,1819 ) 10 10mm 2 16171819 )

(@) 150mm (@) 150mm

(b) 200mm ) 200mm

(©) 250mm (©) 250mm

(d) 300mm (d) 300mm

I

(e) 350mm ©) 350mm

) 400mm ) 400mm
9 18mm 1 ( 16,17,18,19 ) 11 18mm 2 16,17,18,19 )

-380-



@ -8

8 11 d L mm
L150 | 1200 | L250 | L300 | L350 | L400
16 17 18 19 4(a) 1 d10 o o o
-8 dig x
2 d10 X o
! d18 X X
1 10mm o
-8 -8 -8 250mm %
300mm 5_7
1
4.4(2) 1
250mm
1
3.4
1
1
1 18mm 250mm
-9 -8
1 6
4.4
150mm
3
2 (D
2 10mm 350mm )
1 (3)
10 8 2 QNE)
1
1 (1
1
(2)
(3)
2
2 18 mm 150mm
1 2 O3
-11 -8 150mm
1 2

-381-



19

©

1)
2)

3)

4

5)

6)

7)

8)

-382-

2005.
2007
2007
pp458-459  2007.11.
No.11 pp.603-613 2008.8.
Vol.

10, pp.271-279 2008 11
2002.

1998.12.

Cundall, P. A.: Rational design of tunnel supports - A
computer model for rock mass behavior using interactive
graphics for the input and output of geometrical data,
Technical Report MRD-2-74, Missouri River Division U.S.
Army Corps of Engineers, 1974.

No.7 pp.221-230 2005.11.
2008 9 18



