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Structural Behavior of Reinforced Concrete Slabs
Subjected to Repeated Impact Loads

Mitsuyasu IWANAMI*
Taku MATSUBAYASHI**
Yuichiro KAWABATA?®***

Synopsis

It is reported that huge impulsive forces are acting repeatedly on such port structures as breakwaters
consisting of concrete caissons, resulting in ultimate failure of concrete members. In the present design of
such concrete structures, impulsive forces, which have large variations with regard to time and space, are
converted equivalently to simple distribution of static loads in order to compare to load carrying capacity of
structures in static conditions. Therefore, it is one of the problems that scatters of impulsive forces and
dynamic behavior of structures is not taken into account. It is necessary to establish an integrated design
method of port concrete structures subjected to repeated impact loads. And it is necessary to examine
measures to improve impact resistant capacity that is applicable to port structures.

In this study, the target was impact loading of concrete blocks acting to the wall of concrete caissons for
breakwaters. A part of the wall of typical concrete caissons was modeled to one-way slabs. And, structural
behavior of the slabs subjected to repeated impact loads was investigated through falling-weight impact
loading tests. As the result of the tests, it was confirmed that the test slabs showed punching shear failure
after yield of reinforcement. It was examined how the repeated impact loads affected dynamic responses of
reinforced concrete slabs, reaction forces and deflection of the slabs. And, it was confirmed that the number
of repetition of impact loading until failure was increased in case of the slabs with PVA short fiber and in
case of the slabs with higher reinforcement ratio. Furthermore, the method to calculate the maximum

reaction force and the maximum deflection of the beams was confirmed applicable to the slabs.

Key Words: port structure, reinforced concrete slab, repeated impact load,
falling-weight impact loading test
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5,000 5001 0.10 736 519 2,300

5,000 1,250 0.25 334 519 2,300

12.27 5,000 2,500 0.50 204 519 2,300

5,000 3,750 0.75 334 519 2,300

5,000 4,500] 0.90 736 519 2,300

5,000 500 0.10 755 519 2,300

5,000 1,250 0.25 360 519 2,300

0.5 7.00 5,000 2,500] 0.50 225 519 2,300

5,000 3,750 0.75 360 519 2,300

5,000 4,500] 0.90 755 519 2,300

5,000 500 0.10 783 519 2,300

5,000 1,250 0.25 400 519 2,300

2.00 5,000 2,500] 0.50 265 519 2,300

5,000 3,750 0.75 400 519 2,300

5,000 4,500] 0.90 783 519 2,300

5,000 5001 0.10 1,473 1,192 9,200

5,000 1,250 0.25 667 1,192 9,200

12.27 5,000 2,500] 0.50 409 1,192 9,200

5,000 3,750 0.75 667 1,192 9,200

5,000 4,500] 0.90 1,473 1,192 9,200

5,000 500 0.10 1,509 1,192 9,200

5,000 1,250 0.25 721 1,192 9,200

20t 18.4 1.0 7.00 5,000 2,500] 0.50 451 1,192 9,200

5,000 3,750 0.75 721 1,192 9,200

5,000 4,500] 0.90 1,509 1,192 9,200

5,000 500 0.10 1,566 1,192 9,200

5,000 1,250 0.25 801 1,192 9,200

2.00 5,000 2,500] 0.50 531 1,192 9,200

5,000 3,750 0.75 801 1,192 9,200

5,000 4,500] 0.90 1,566 1,192 9,200

5,000 5001 0.10 2,209 1,939 20,700

5,000 1,250 0.25 1,001 1,939 20,700

12.27 5,000 2,500] 0.50 613 1,939 20,700

5,000 3,750 0.75 1,001 1,939 20,700

5,000 4,500] 0.90 2,209 1,939 20,700

5,000 500 0.10 2,264 1,939 20,700

5,000 1,250 0.25 1,081 1,939 20,700

1.5 7.00 5,000 2,500] 0.50 676 1,939 20,700
5,000 3,750 0.75 1,081 1,939 20,700

5,000 4,500] 0.90 2,264 1,939 20,700

5,000 500 0.10 2,349 1,939 20,700

5,000 1,250 0.25 1,201 1,939 20,700

2.00 5,000 2,500 0.50 796 1,939 20,700

5,000 3,750 0.75 1,201 1,939 20,700

5,000 4,500] 0.90 2,349 1,939 20,700
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5,000 5001 0.10 1,238 955 5,750
5,000 1,250 1 0.25 534 955 5,750
12.27 5,000 2,500] 0.50 325 955 5,750
5,000 3,750 0.75 534 955 5,750
5,000 | 4,500] 0.90 1,238 955 5,750
5,000 5001 0.10 1,273 955 5,750
5,000 1,250 0.25 578 955 5,750
0.5 7.00 5,000 2,500 0.50 358 955 5,750
5,000 3,750 0.75 578 955 5,750
5,000 | 4,500] 0.90 1,273 955 5,750
5,000 5001 0.10 1,328 955 5,750
5,000 1,250 0.25 644 955 5,750
2.00 5,000 2,500] 0.50 423 955 5,750
5,000 3,750 0.75 644 955 5,750
5,000 4,500] 0.90 1,328 955 5,750
5,000 5001 0.10 2,477 2,195 23,000
5,000 1,250 0.25 1,068 2,195 23,000
12.27 5,000 1 2,500] 0.50 649 2,195 23,000
5,000 3,750 0.75 1,068 2,195 23,000
5,000 4,500] 0.90 2,477 2,195 23,000
5,000 5001 0.10 2,547 2,195 23,000
5,000 1,250 0.25 1,156 2,195 23,000
50t 46.0 1.0 7.00 5,000 2,500] 0.50 717 2,195 23,000
5,000 3,750 0.75 1,156 2,195 23,000
5,000 4,500] 0.90 2,547 2,195 23,000
5,000 5001 0.10 2,656 2,195 23,000
5,000 1,250 0.25 1,289 2,195 23,000
2.00 5,000 2,500] 0.50 846 2,195 23,000
5,000 3,750 0.75 1,289 2,195 23,000
5,000 4,500] 0.90 2,656 2,195 23,000
5,000 5001 0.10 3,715 3,570 51,750
5,000 1,250 0.25 1,602 3,570 51,750
12.27 5,000 2,500] 0.50 974 3,570 51,750
5,000 3,750 0.75 1,602 3,570 51,750
5,000 4,500] 0.90 3,715 3,570 51,750
5,000 5001 0.10 3,820 3,570 51,750
5,000 1,250 0.25 1,734 3,570 51,750
1.5 7.00 5,000 | 2,500 0.50 1,075 3,570 51,750
5,000 3,750 0.75 1,734 3,570 51,750
5,000 4,500] 0.90 3,820 3,570 51,750
5,000 5001 0.10 3,984 3,570 51,750
5,000 1,250 0.25 1,933 3,570 51,750
2.00 5,000 1 2,500] 0.50 1,268 3,570 51,750
5,000 3,750 0.75 1,933 3,570 51,750
5,000 4,500] 0.90 3,984 3,570 51,750

KOOI 7 v 713, IO Sl 420.455m, ORI HE0.80m, IR2.0mE L CRHAEZTT 72,




F(kN)

F(kN)

F (kN)

6,000 T T T T
| - BISOH
4000 F-—-1-- | —AN>0H
! | 1 1 1
I I I I
I I I I
T
* | | | &
P
0 | ! ! |
0.0 0.2 0.4 0.6 0.8 1.0

a) H=12.27m, V=0.5m/s

6,000 T T T T
[ e mnso
| . - R
4000 - ‘ ﬁl‘llbo)i‘t |
I I I I
I I I I
T S
l NN | | .
[ [
0 i il
00 02 04 06 08 1.0
n/b
d) H=7.00m, V=0.5m/s
6,000 T T T T
: e 1l|CYOF:%
4,000 ,,,,:, _ﬁjllgwit _
L
2000 oAb
* I I I »
00 02 04 06 08 1.0
n/b

g) H=2.00m, V=0.5m/s

F(kN)

F(kN)

F (kN)

6,000 T T T T
1 -+ BlIL>OR
4,000 7777:77 —FlIsnk |
| T T T
1
2,000 ;
I
|
0 1
00 02 04 06 08 10
n/b

b) H=12.27m, V=1.0m/s

6,000 T T T T
I -V YO F-S
4000 F--+11 —AHILOR
| | | |
| | | |
2000 | A2
w
| | | |
0 L L L L
00 02 04 06 08 10
n/b
e) H=7.00m, V’=1.0m/s
6,000 T T T T
H e Elso
4’000 7771‘, _EJ”BG)K -
| | | |
€« . »
2,000 - *W -
e
| | | |
0 L L L L
00 02 04 06 08 1.0
n/b

h) H=2.00m, V=1.0m/s

F (kN)

F(kN)

6,000

I I
R b0k

4,000
2,000
0
0.0 0.2 0.4 0.6 0.8 1.0
n/b
i) H=12.27m, V=1.5m/s
6,000 T T ———
; - BlSDR
4,000 .
l
2,000
0
00 02 04 06 0.8 1.0
n/b
f) H=7.00m, V=1.5m/s
6,000 T T T T
! - BllbDR
—HNIsNK
4000 & A0 )
= T T T T
4 | | | |
[V | |
2,000 - X‘\‘r\k‘/br/ -
T e
| | | |
O Il Il Il Il
00 02 04 06 08 1.0
n/b

i) H=2.00m, V=1.5m/s

B-A. 2 @EEOFEMEOKES oA (50t BHK 7 v > 7)



F-A3 R NEEE—E (80t BN T H Y /)
W ETA T T 5 .
7= W S AT pREN | oREA | o
EE R | @ | O H b n L5 L5 2
FAl (t) (m/s) (m) (mm) [ (mm) e ol S ol S B l/(ZJf;l g
(kN) (kN)
5,000 5001 0.10 1,700 1,388 10,063
5,000 1,250 1 0.25 711 1,388 10,063
12.27 5,000 2,500] 0.50 431 1,388 10,063
5,000 3,750 0.75 711 1,388 10,063
5,000 | 4,500] 0.90 1,700 1,388 10,063
5,000 5001 0.10 1,752 1,388 10,063
5,000 1,250 0.25 771 1,388 10,063
0.5 7.00 5,000 2,500 0.50 476 1,388 10,063
5,000 3,750 0.75 771 1,388 10,063
5,000 | 4,500] 0.90 1,752 1,388 10,063
5,000 5001 0.10 1,834 1,388 10,063
5,000 1,250 0.25 861 1,388 10,063
2.00 5,000 2,500] 0.50 562 1,388 10,063
5,000 3,750 0.75 861 1,388 10,063
5,000 4,500] 0.90 1,834 1,388 10,063
5,000 5001 0.10 3,401 3,189 40,250
5,000 1,250 0.25 1,422 3,189 40,250
12.27 5,000 1 2,500] 0.50 861 3,189 40,250
5,000 3,750 0.75 1,422 3,189 40,250
5,000 4,500] 0.90 3,401 3,189 40,250
5,000 5001 0.10 3,505 3,189 40,250
5,000 1,250 0.25 1,541 3,189 40,250
80t7H 80.5 1.0 7.00 5,000 2,500] 0.50 951 3,189 40,250
5,000 3,750 0.75 1,541 3,189 40,250
5,000 4,500] 0.90 3,505 3,189 40,250
5,000 5001 0.10 3,668 3,189 40,250
5,000 1,250 0.25 1,722 3,189 40,250
2.00 5,000 2,500] 0.50 1,123 3,189 40,250
5,000 3,750 0.75 1,722 3,189 40,250
5,000 4,500] 0.90 3,668 3,189 40,250
5,000 5001 0.10 5,101 5,188 90,563
5,000 1,250 0.25 2,134 5,188 90,563
12.27 5,000 2,500] 0.50 1,292 5,188 90,563
5,000 3,750 0.75 2,134 5,188 90,563
5,000 4,500] 0.90 5,101 5,188 90,563
5,000 5001 0.10 5,257 5,188 90,563
5,000 1,250 0.25 2,312 5,188 90,563
1.5 7.00 5,000 | 2,500 0.50 1,427 5,188 90,563
5,000 3,750 0.75 2,312 5,188 90,563
5,000 4,500] 0.90 5,257 5,188 90,563
5,000 5001 0.10 5,503 5,188 90,563
5,000 1,250 0.25 2,583 5,188 90,563
2.00 5,000 1 2,500] 0.50 1,685 5,188 90,563
5,000 3,750 0.75 2,583 5,188 90,563
5,000 4,500] 0.90 5,503 5,188 90,563
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