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Abstract: This report describes about the surge front tsunami force by using the physical model experiments. 

The characteristics of the tsunami force attacking on the structures on the land are investigated, and it is 

clarified that the maximum tsunami force is related with not only the inundation height but also the Froude 

number. The wooden wall of a wooden house is installed in the flume, and the mechanism of destruction of 

land structures due to the tsunami force is observed.  

 
 

1.  INTRODUCTION 

 

The Indian Ocean Tsunami on 26
th
 December affected the many countries around the Indian 

Ocean. A lot of people died and many buildings and houses were damaged by this tsunami. The terrific 

of power that huge tsunami brought was recognized again.  

The tsunami force attacking on structures in the land is called the surge front tsunami force 

(Matsutomi, 1991). There are a few reports of the surge front tsunami force. Iizuka and Matsutomi 

(2000) proposed the empirical formula based on logic that the surge front tsunami force was 

proportional to the square of flow velocity. Asakura et al. (2000) suggested that the force has triangular 

distribution that height to act on supposed to be 3 times of inundation height. 

Photo 1 shows the damage of a house at Galle city in Sri Lanka. Tsunami with average inundation 

height of about 2.5m attacked in the place. The Tsunami trace showed that the maximum inundation 

height was around 3.8m. The wall of this house was made of mortar and brick. It is necessary to 

investigate what kind of power acted and how it broke. However, since what kind of tsunami attacked 

had many unknown points, the fundamental experiments about Surge front tsunami force were 

conducted. Moreover, development of the numerical computation technique which can carry out the 

simulation of such power was tried. 

 

Photo 1: Damage of houses at Galle City in Sri Lanka taken on 21
st
, Apr. 2005. 
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2. SURGE FRONT TSUNAMI FORCE 

 

2.1  Type of Surge Front Tsunami Force 

Surge front tsunami force may qualitatively divide into the following types (see Figure 1) from 

past researches and the experiments conducted so far. It seems to be classified according to the speed 

and wave profile of inundated tsunami. Type 1 shows the case where the overflow with slow speed 

acts on the structures. Suppose that such a situation is called overflow type in this paper. Type 2 shows 

the case where overflow with quick speed acts. When the inundated tsunami carries out soliton fission 

or becomes bore, it may be accompanied by the flow quick in this way. It is called bore type in this 

paper. Type 3 shows the case where tsunami breaks in front of structures. This type may cause when 

the structures are near the coast line and slope of seabed is steep, which is called breaking type. If the 

inundated height of tsunami is same, then it is thought that the maximum force becomes large as it 

becomes breaking type from overflow type. However, it is not clear how large the force is and where a 

boundary line of type is. 

Type 1 Overflow 
Flooding Velocity is 

Low. 

Type 2 Bore
Flooding Velocity is 

higher than the 

overflow. That is 
supercritical flow. 

Flooding Velocity is high 
with the Impulsive load.

Type 3 Breaking Very close to the coastline

IF the 

Height of 

Tsunami 

is same, 

then the 

force of 

breaking 

type 

maybe 

maximum.

Large

 

Figure 1: Type of surge front tsunami force 

2.2   Definition of Surge Front Tsunami Force 

Figure 2 shows the typical time history of surge front tsunami pressure. Since the period of 

Tsunami is longer than several minutes, the main part of tsunami attack is in the almost same state as a 

steady flow acts continuously. The pressure in such a state is called the sustainable pressure in this 

paper. On the other hand, the tsunami pressure of a front portion, that is called the bore pressure, is 

greatly dependent on a wave profile and may become larger than main portions depending on the case. 

Pressure

Time

Maximum Impulsive Bore Pressure (P
b
)

Bore Pressure Sustainable Pressure

Maximum Sustainable Pressure (P
s
)

(kN/m2)

(s)
 

Figure 2: Typical time history of tsunami pressure 

 

Asakura et al. (2000) mainly researched about the sustainable pressure and its vertical distribution. 

They proposed the following empirical formula (Eq. (1)). 

( ) ( )
maxmax

313 ηηρ zgzp −=    for 30
max

≤≤ ηz                                       (1) 

Where p  is pressure, z  is vertical axis, 
max

η is the maximum height of the inundated tsunami, ρ  is 
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the density of water, and g is the gravity acceleration. This formula indicates that the vertical 

distribution of maximum sustainable pressure is the same as the distribution of hydrostatic pressure. 

They also proposed the empirical formula (Eq. (2)) of the pressure when the inundated tsunami 

became soliton fission.  

( ) ( ) ( ){ }
maxmaxmax

313,35.114.5max ηηηρ zzgzp −−=   for 30
max

≤≤ ηz                       (2) 

It seems that they have proposed this formula as the maximum sustainable pressure. Since pressure 

is the force of acting on per unit area, the distribution of pressure is needed.  

Iizuka and Matsutomi (2000) proposed that the empirical formula of the force in the state of steady 

flow (Eq. (3)).  

hfDH BhuCF
2

21 ρ=                                                            (3) 

Where 
H

F  is the horizontal sustainable force of a structure, u  is the velocity of inundated tsunami, 

D
C  is the drag coefficient (=1.1 to 2.0), 

fh
 is the inundated tsunami height in front of a structure, and 

h
B  is the width of a structure. u  is proportional to a square root of the height of inundated tsunami, 

so 
H

F  is proportional to a square of the inundated height. 

Although it seems that the part in the formula (Eq. 2) is a maximum impulsive pressure, there is no 

clear description. It is unknown what kind of vertical distribution the maximum impulsive pressure has 

and how large it is. Eq. 3 indicated that the force is proportional to the speed of velocity, but the effect 

of the velocity is not included in Eq. (1) and (2).  

 

3.  EXPERIMENTS OF SURGE FRONT TSUNAMI FORCE 

 

3.1  Large Hydro Geo Flume 

The size of the large hydro geo flume is 184m long, 3.5m wide and 12m deep at the maximum. 

This wave flume has the 14m stroke and can generate the 2.5m height tsunami. It can make the 

positive and negative tsunami. Figure 3 shows the relation between the stroke of wave paddle and 

tsunami height as positive tsunami, that is the height of crest above the still water level. In the figure, 

T
H  is tsunami height, S is stroke, and 

D
T  is the duration time while the wave paddle is moving. The 

motions of wave paddle use a sine function (see Figure 4). 

S

H
T

6 8 10 12 14
0

1

2

3

T
D
=10

T
D
=20

T
D
=30

T
D
=40

(m)

(m)

  

Figure 3: the relation between the stroke and tsunami height 

Positive tsunami

Negative Tsunami

 

Figure4: example of motion of wave paddle (upper), tsunami profile (lower) 
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3.2  Dynamic Loading Tests 

(1) Experimental set up 

In order to see the difference in pressure by the difference in the type of inundated tsunami, the 

large-scale model experiments were conducted. Figure 5 shows the cross section of experiments about 

large model tests. The 1/10 slope was installed in the middle of the wave flume, and a flat part 20m in 

length was prepared from the termination part of the slope. The rigid boxes with 80cm high were put 

on the flat part with 6.0m from the end of the slope (see Figure 6.). The pressure gauges are attached in 

the central part of a box in the position of 10cm, 40cm, and 70cm from the bottom, respectively. The 

rated capacity of pressure gauges in a height of 10cm was 196kN/m
2
, and that of other pressure gauges 

was 19.6kN/m
2
. The sampling interval was set to 400Hz. The propeller type velocimeters with rated 

capacity 10.0m/s were installed 1.0m ahead and 0.8m behind the box. 

Tsunami conditions were following: the periods 20s, 25s, 30s, 40s, and 60s, the tsunami height 

40cm to 80cm, positive and negative initial movements. 

20.030.040.0
3.0

造波板 単位(m)
斜面勾配 1/10

波高計

184.0

2.626.024.0

z

x

Slope
Unit (m)Wave GaugesWave Paddle

 

Figure 5: Cross section of experiments 

断面図

単位(m)

1.00

3.46

造

波

板

6.00 0.80

7.50

6.80

5.90

0.07

0.120.14

0.10

0.800.10 0.10

7.80

6.00

5.00

H1 H2 H3
V2V1

0.80

V2V1

流速計H1 H2 H3

波高計

x

z

Wave Gauges

Velocimeter

 

Figure 6: Boxes set up 

(2) Inundated tsunami standardizing tests 

The inundated height and velocity were measured in the state where there were no structures. 

Figure 7 shows the relation between the inundated tsunami height and velocity under this experiment 

series, where Hsv and vsv are the maximum sustainable inundated tsunami height and velocity, 

respectively. It indicated that the Froude number is up to about 1.5 from these results.  

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00

sv
gH

sv
v

svsv
gHv 0.1=

svsv
gHv 5.1=

(m/s)

(m/s)

svsv
gHv 0.2=

sv
v

H, v

t (s)

Inundated height :

velocity:
sv

H

 

Figure 7: Relation between inundated height and velocity under this experiment series 
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 (3) Results of the maximum sustainable pressure 

The maximum sustainable pressure (Ps) is related with the maximum sustainable inundated 

tsunami height (Hsv). First, the vertical distribution of Ps is shown in Figure 8. Ps (z) is less than   

( )
svsv

HzgH −0.3ρ (
sv

Hz 0.30 ≤≤ ). Figure 9 shows the relation between Froude number and the 

dimensionless Ps. Discrepancies exist in the results at the point where the Froude number is 1.5. One 

of the reasons is influence of the height of boxes. The height of boxes is smaller than 3.0 Hsv in some 

cases. Roughly speaking, the dimension less Ps seems to be in proportional to the Froude number. 

From this result, the Ps can be expressed with the following formula; 

( )zgHP
svs

′−= αρ  for ( )α≤′≤ z0                                                (4) 

where α is in proportional to the Froude number. In this experiment series, on average Fr5.1≅α  and 

Fr0.2≅α  as the maximum. 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00

P
s
/ρ gH

sv

z
/H

s
v

z = 0.7m

z = 0.4m

z = 0.1m

Asakura et al.(2000)

 

Figure 8: Results of vertical distribution of maximum sustainable pressures 
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gHv

svs
gHP ρ

 

Figure 9: Relation between the Froude number and the dimensionless Ps 

(4) Results of the maximum impulsive bore pressure 

The inundated tsunami with ‘Breaking’ type attacked on boxes (see Photo 2). The inundated 

tsunami was breaking in front of boxes. Figure 10 shows the time history of the pressure, force, 

velocity and wave profile, where x starts the end of 1/10 slope and force is calculated by summarizing 

3 pressure gauges. Large impulsive bore force acted on the boxes.  

Figure 11 shows the vertical distribution of the maximum impulsive bore pressure (Pb) in this 

experiment series, where solid line means the Eq. (2) for soliton fission type. From this result, the 

maximum impulsive bore pressure is much larger than Eq. (2) according to circumstances. The 

relation between the Froude number and Pb is shown in Figure 12. It indicated that the Pb does not 

occur when the Froude number is less than at least 1.15 in this experiment series. The discrepancies of 
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data are according to the wave profile, such as breaking or after breaking profile. So, accurate 

prediction of wave profile is important to predict Pb, Matsutomi (1991) also pointed out. 

 

   

Photo 2 : Breaking type inundated tsunami attacked on boxes 
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Figure 10: time history of wave profile, velocity, pressure, and force. 
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Figure 11: Vertical distribution of maximum impulsive bore pressure 
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Figure 12: relation between the Froude number and Pb 

 

3.3  Interaction between fluid and structures 

(1) Experimental set up 

The wooden wall of a wooden house is put in the flume in order to investigate the mechanism of 

destruction of land structures due to the tsunami force (see Figure 13). The 2.5m positive tsunami, 

which profile is shown in Figure 4, is generated.  

 

1.82m

Wooden Wall Model

Rebar

 
Figure 13: Cross section of the experimental setup 

 

(2) Pressure distribution and the state of destruction 

Photo 3 shows the state of destruction of a wooden wall. Photo 4 shows the plan view of the 

instance that the front part of tsunami attacks. Those photos indicate that the wall is broken in the 

moment water attacked on the wall.  

 

         

Photo 3: The state of destruction of wooden wall 
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Photo 4: Plan view of the moment that tsunami attacks the wall 

 

4.  SUMMARY 

 

The characteristics of surge front tsunami force are investigated. Some series of experiments are 

conducted, and it is clarified that the maximum sustainable pressure is proportional to the Froude 

number. it also make clear that the impulsive bore pressure is not occurred if the Froude number is less 

than 1.15 under this experiment conditions and its maximum value is much larger than the maximum 

sustainable pressure.  

The wooden wall of a wooden house is put in the flume in order to investigate the mechanism of 

destruction of land structures due to the tsunami force. The wall is broken in the moment 2.5m 

tsunami force attacked on the wall. 

 
References: 

Matsutomi, H. (1991), “Distribution of impulsive pressure and impulsive force due to the collision of bore,” Proceedings of 

Coastal Engineering, JSCE, 38(1), 626-630. In Japanese. 

Iizuka, H. and Matsutomi, H. (2000), “Damage due to the Flooding Flow of Tsunami,” Proceedings of Coastal Engineering, 

JSCE, 47(1), 381-385. In Japanese. 

Asakura, R., Iwase, K., Ikeya, T., Kaneto, T., Fujii, N. and Omori, M. (2000), “An experiment study on wave force acting 

on on-shore structures due to overflowing tsunamis”, Proceedings of Coastal Engineering, JSCE, 47(1), 911-915. In 

Japanese. 

 

- 474 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 475 -



- 476 -



- 477 -



- 478 -



- 479 -



- 480 -



- 481 -



- 482 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 483 -



- 484 -



- 485 -



- 486 -



- 487 -



- 488 -



- 489 -



- 490 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 491 -



- 492 -



- 493 -



- 494 -



- 495 -



- 496 -



- 497 -



- 498 -



- 499 -



- 500 -



- 501 -



- 502 -



- 503 -



- 504 -



- 505 -



- 506 -



- 507 -



- 508 -



- 509 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 511 -



- 512 -



- 513 -



- 514 -



- 515 -



- 516 -



- 517 -



- 518 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 519 -



- 520 -



- 521 -



- 522 -



- 523 -



- 524 -



- 525 -



- 526 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 527 -



- 528 -



- 529 -



- 530 -



- 531 -



- 532 -



- 533 -



- 534 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 535 -



- 536 -



- 537 -



- 538 -



- 539 -



- 540 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 541 -



- 542 -



- 543 -



- 544 -



- 545 -



- 546 -



- 547 -



- 548 -



- 549 -



- 550 -



- 551 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 553 -



- 554 -



- 555 -



- 556 -



- 557 -



- 558 -



- 559 -



- 560 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 561 -



- 562 -



- 563 -



- 564 -



- 565 -



- 566 -



- 567 -



- 568 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 569 -



- 570 -



- 571 -



- 572 -



- 573 -



- 574 -



- 575 -



- 576 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 577 -



- 578 -



- 579 -



- 580 -



- 581 -



- 582 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 583 -



- 584 -



- 585 -



- 586 -



- 587 -



- 588 -



- 589 -



- 590 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 591 -



- 592 -



- 593 -



- 594 -



- 595 -



- 596 -



- 597 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 599 -



- 600 -



- 601 -



- 602 -



- 603 -



- 604 -



- 605 -



- 606 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 607 -



- 608 -



- 609 -



- 610 -



- 611 -



- 612 -



- 613 -



- 614 -



- 615 -



- 616 -



- 617 -



- 618 -



- 619 -



- 620 -



- 621 -



- 622 -



- 623 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 625 -



- 626 -



- 627 -



- 628 -



- 629 -



- 630 -



- 631 -



- 632 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 633 -



- 634 -



- 635 -



- 636 -



- 637 -



- 638 -



- 639 -



- 640 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 641 -



- 642 -



- 643 -



- 644 -



- 645 -



- 646 -



- 647 -



- 648 -



- 649 -



- 650 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 651 -



- 652 -



- 653 -



- 654 -



- 655 -



- 656 -



- 657 -



- 658 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 659 -



- 660 -



- 661 -



- 662 -



- 663 -



- 664 -



- 665 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 667 -



- 668 -



- 669 -



- 670 -



- 671 -



- 672 -



- 673 -



- 674 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 675 -



- 676 -



- 677 -



- 678 -



- 679 -



- 680 -



- 681 -



- 682 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 683 -



- 684 -



- 685 -



- 686 -



- 687 -



- 688 -



- 689 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 691 -



- 692 -



- 693 -



- 694 -



- 695 -



- 696 -



- 697 -



- 698 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 699 -



- 700 -



- 701 -



- 702 -



- 703 -



- 704 -



- 705 -



- 706 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 707 -



- 708 -



- 709 -



- 710 -



- 711 -



- 712 -



- 713 -



- 714 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 715 -



- 716 -



- 717 -



- 718 -



- 719 -



- 720 -



- 721 -



- 722 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 723 -



- 724 -



- 725 -



- 726 -



- 727 -



- 728 -



- 729 -



- 730 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 731 -



- 732 -



- 733 -



- 734 -



- 735 -



- 736 -



- 737 -



- 738 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 739 -



- 740 -



- 741 -



- 742 -



- 743 -



- 744 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 745 -



- 746 -



- 747 -



- 748 -



- 749 -



- 750 -



- 751 -



- 752 -



- 753 -



- 754 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 755 -



- 756 -



- 757 -



- 758 -



- 759 -



- 760 -



- 761 -



- 762 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 763 -



- 764 -



- 765 -



- 766 -



- 767 -



- 768 -



- 769 -



- 770 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 771 -



- 772 -



- 773 -



- 774 -



- 775 -



- 776 -



- 777 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 779 -



- 780 -



- 781 -



- 782 -



- 783 -



- 784 -



- 785 -



- 786 -



- 787 -



- 788 -



- 789 -



- 790 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 791 -



- 792 -



- 793 -



- 794 -



- 795 -



- 796 -



- 797 -



- 798 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 799 -



- 800 -



- 801 -



- 802 -



- 803 -



- 804 -



- 805 -



- 806 -



- 807 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 809 -



- 810 -



- 811 -



- 812 -



- 813 -



- 814 -



- 815 -



- 816 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 817 -



- 818 -



- 819 -



- 820 -



- 821 -



- 822 -



- 823 -



- 824 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 825 -



- 826 -



- 827 -



- 828 -



- 829 -



- 830 -



- 831 -



- 832 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 833 -



- 834 -



- 835 -



- 836 -



- 837 -



- 838 -



- 839 -



- 840 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 841 -



- 842 -



- 843 -



- 844 -



- 845 -



- 846 -



- 847 -



- 848 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 849 -



- 850 -



- 851 -



- 852 -



- 853 -



- 854 -



- 855 -



- 856 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 857 -



- 858 -



- 859 -



- 860 -



- 861 -



- 862 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 863 -



- 864 -



- 865 -



- 866 -



- 867 -



- 868 -



- 869 -



- 870 -



- 871 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 873 -



- 874 -



- 875 -



- 876 -



- 877 -



- 878 -



- 879 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 881 -



- 882 -



- 883 -



- 884 -



- 885 -



- 886 -



- 887 -



- 888 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 889 -



- 890 -



- 891 -



- 892 -



- 893 -



- 894 -



- 895 -



- 896 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 897 -



- 898 -



- 899 -



- 900 -



- 901 -



- 902 -



- 903 -



- 904 -



- 905 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 907 -



- 908 -



- 909 -



- 910 -



- 911 -



- 912 -



- 913 -



- 914 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 915 -



- 916 -



- 917 -



- 918 -



- 919 -



- 920 -



- 921 -



- 922 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 923 -



- 924 -



- 925 -



- 926 -



- 927 -



- 928 -



- 929 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 931 -



- 932 -



- 933 -



- 934 -



- 935 -



- 936 -



- 937 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 939 -



- 940 -



- 941 -



- 942 -



- 943 -



- 944 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 945 -



- 946 -



- 947 -



- 948 -



- 949 -



- 950 -



- 951 -



- 952 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 953 -



- 954 -



- 955 -



- 956 -



- 957 -



- 958 -



- 959 -





Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 961 -



- 962 -



- 963 -



- 964 -



- 965 -



- 966 -



- 967 -



- 968 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 969 -



- 970 -



- 971 -



- 972 -



- 973 -



- 974 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 975 -



- 976 -



- 977 -



- 978 -



Fourth International Conference on Urban Earthquake Engineering
March 5-6, 2007, Tokyo Institute of  Technology, Tokyo, Japan

- 979 -



- 980 -



- 981 -




	cover
	Conference Papers
	Keynote Lectures
	Computational Simulation for Earthquake Engineering
	Ground Motion Parameters for Loss Estimation
	Reconstruction after Catastrophe in Japan: Experience and Problems
A Case Study of the 1995 Hanshin-Awaji Great Earthquake
	Soil-Structure Interaction under Extreme Loading Conditions
	Parametric Structure-Specific Seismic Loss Estimation
	Hurricane Katrina: Geosystems in Crisis

	Advanced Technology for Dynamic Response Analysis of Structures
	High-Rise Reinforced Concrete Building Using Hydraulic Damper and
High-Ductility Concrete and its Vibration Analysis
	Equilibration of Element with Multi-Deformation Components for
Nonlinear Structural Analysis
	Dynamic Analysis of High-Rise Building with Passive Dampers Using
"Building 3D DYNA"
	Damage Behavior Simulation of RC Structure Subjected to Seismic Loads
	Finite Element Simulation of Long-Period Ground Motions:
The 1906 San Francisco Earthquake and Japanese Subduction-zone Earthquakes
	Elastoplastic Beam Element with Consideration of Local Buckling Behavior
	Formulations and Applications for 3-D Nonlinear Analysis of Structures
	Analytical Simulation of Seismic Behaviour in Performance Based Engineering
Using LS-DYNA

	Engineering Seismology
	Strong Ground Motion Evaluation in the Tokyo Metropolitan Area:
The 1923 Kanto Earthquake and Future Subduction-Zone Earthquakes
	Long-Period Strong Ground Motions and Damage to Oil Storage Tanks due to the
Mw8.0 2003 Tokachi-oki Earthquake
	Developing Constraints on Extreme Ground Motions Based on Foam Rubber Model
	Site Response in Taipei Urban Area from Dense Microtremor Survey
	Overturning of Freestanding Objects with Application to Precariously Balanced Rocks
	Input Motion Synthesis Considering the Information of the Response of
Nonlinear Systems
	Simulation of the MJ5.4 Earthquake with Use of the Empirical Green's Tensor
Spatial Derivatives
	A Study on Accuracy of Source Parameters Estimated by Waveform Inversion
	Three Dimensional Numerical Simulation of Seismic Response of
Large-Scale Underground Infrastructure
	Development of a New Time-Domain Boundary Element Method in
3-D Elastodynamics for Seismic Analysis
	Wave Propagation in 2D Anisotropic Layered Media Using Boundary Element Method
	Using Stochastic Finite-Fault Modeling to Study the Site Effect in the Taipei Basin
	Evaluation of Site Amplifications at High Frequencies in the Taipei Basin
	Parametric Study on Control of Waveforms Using All Pass Function
	Bi-Directional Structural Response under Near-Field Ground Motions
	A Model of Bedrock Structure for Hsinchu Basin, Taiwan Using Gravity Survey
	Some Examples Showing Very Vulnerable Condition in Earthquake Countries

	Bridge Structures
	Strain-Based Verification Method for Seismic Design of Steel Bridge Structures
	Simulation Analysis on Collision Test Between Two Steel Bars
	Development of the New Restraining Devices for a Railway Bridge with
Isolation Bearings
	Fatigue Behavior of Defect-Containing Under-Matched Weld Joints under Plastic Strain
	The Effect of Impulsive Ground Motion on the Residual Displacement
	Seismic Performance Evaluation of Existing Steel Bridge Frame Piers with
Circular Column
	Parametric Study for Shear Carrying Capacity of Externally Prestressed
Concrete Members
	Seismic Performance of Horizontally Curved Bridges with and without Backfill Soil

	Passive Control and Base Isolation
	Control Devices Incorporated with Shape Memory Alloy
	Recent Developments in Passive Control Technologies for Spatial Structures
	Study of Lead Damper for Seismic Isolation System
	Modal Coupling Effect of Mid-story Isolated Buildings
	Time-History Analysis Model for Viscoelastic Damper under Long Duration Load
	Seismic Performance Evaluation of Existing R/C Buildings with Hysteresis
Dampers Based on Energy Balanced Response
	Cumulative Damage of Damper in Elasto-Plastically Damped Buildings
	Seismic Behavior and Performance of Buckling-Restrained Braced Frames
	Shaking Table Tests of Two-Story Wood Frames with Passive Control System
	Motion and Control Analysis of Structure under Earthquake Excitation
	Seismic Testing of a Nonlinear Structure with a MR Damper
	Pushover Analysis and Nonlinear Dynamic Analysis of a Three-Story Reinforced
Concrete School Building
	Aluminum Shear Panels as Passive Energy Dissipation Devices for Steel Braced Frames
	Experiment of Composite Member Composed of Cedar-Glulam-Timber and
Steel Plate Applied Friction Connector

	Tsunami
	Tsunami Load Determination for On-Shore Structures
	Studies of Present, Past, and Future Tsunami Sources
	Vulnerability Estimation in Banda Aceh Using the Tsunami Numerical Model
and the Post-Tsunami Survey Data
	Preliminary Results of the Offshore Tsunami Observation by the Kuril Islands
Earthquake of 15 November 2006
	Effect of Tsunamis on the Gulf of Thailand
	Development of Numerical Tsunami Simulation Technique in Near Fault Area
	Development of Tsunami Simulator with CIP/Multi-Moment Finite Volume Method
	Large Model Tests of Surge Front Tsunami Force
	A Scenario of Earthquake-Tsunami Disaster and a Policy of Measures for
Road Networks
	Dynamic Impact of Tsunami Waterborne Massive Objects on Structures

	Seismic Hazard Mitigation Planning and Human Behavior
	Advanced Damage Detection for Hurricane Katrina:
Integrating Remote Sensing and VIEWS. Field Reconnaissance
	Building Damage Assessment after The 2006 Central Java Earthquake
Using High-Resolution Satellite Images
	Damage Detection Technique Using Satellite SAR Imagery and its
Application to Recent Earthquakes
	Study on Disaster Information Linkage between Fire Headquarters and
Local Government -A Case Study for Landslide Disaster-
	What We Learn from Damages and Human Behavior in Condominium Buildings in
The 2005 West Off Fukuoka Prefecture Earthquake
	Seismic Risk Perception and Communication
	Effectiveness of Floor Area Ratio System by Structures for the Reduction of
Fire-Spreading Risk
	Discrete Choice Analysis of Temporary Housing Choice After Urban Earthquake
Disaster
	Space-Time Distribution of Railroad Passengers for Disaster Prevention Planning
	Examination about Relations between Stiffness of Floor and Initial Inclination of
Furniture at Earthquake: Fundamental Study on Establishment of Evaluation Method for
Seismic Resistance of Floor Finishing System Part 3
	An Attempt to Improve the Evacuation Drill with the Multi-Agent Simulation
	Developing of Novel Room Relayout Tool Using Real-Time Physics Simulation and
Portable VR System for Preparedness of Earthquake Disaster
	Recovery Condition and Behavior of the Affected People -a Case of May 27th, 2006
Central Java Earthquake-

	Concrete Structures
	Seismic Analysis of Underground Reinforced Concrete Structures and a New
Challenge for Numerical Solution
	RC Pile Foundation-Soil Interaction Analysis Using 3-D Finite Element Method
	Multi-Level Seismic Performance Assessment of a Damage-Protected
Beam-Column Joint with Internal Lead Dampers
	Hysteretic Behavior of R/C Corner Joint with Headed Reinforcements
	Lateral Force-Resisting Mechanism of Shear-Critical Reinforced Concrete Shear
Wall Estimated from its Local Shear Forces
	Ultimate Strength Equations for R/C Members Retrofitted by Circular Steel Tube
	Behavior of Reinforced Concrete Beams Strengthened with Composite Plates
	Structural Performance of RC Columns Subjected to Rebar Corrosion
	Development of High Strength RC Flat Beam System and SRC Flat Beam System
	Mechanical Properties of Composite PC Bridges Using UFC Truss
	Shear Strength of R/C Members Based on Plastic Theory Taking Account of
Influence of Axial Force and Amount of Longitudinal Reinforcement
	Bi-Axial Non-Linear Macroscopic Response Analysis of Slipping Type
R/C Structure to Strong Earthquake Motion
	Evaluation on Shear Mechanism of Corroded RC Beams by Lattice Model
Analysis Considering Bond Deterioration
	Seismic Pounding of Reinforced Concrete Buildings with Non-Equal Story
Heights Considering Effects of Underlying Soil

	Geotechnical Earthquake Engineering
	Simulation of Cutting and Filling Ground in Niigata-ken Chuetsu Earthquake 2004
	SAFETY -An Earthquake Disaster Mitigation Measure Considering
Cost-Performance and Environmental Impact
	Evaluation of Seismic Stability of Foundations on Slope
	Effects of Near Fault Strong Ground Motion on a Circular Tunnel
	Verification of Generalized Scaling Relations for Dynamic Centrifuge Experiments
	Stress Reduction Factors in Simplified Liquefaction Susceptibility Analysis
	A Two Mobilized-Plane Model for Soil Liquefaction Analysis
	A Unified Prediction for Liquefaction and Settlement of Saturated Sandy Ground
	Push-Over Analyses of Piles in Laterally Spreading Soil
	Analysis of Piles in Liquefying Soils
	Effects of Cyclic Loading on Mobilisation of Earth Pressure Acting on Pile Caps
	Fragility Curves for Lateral-Spreading Induced Damage to the Landing Road Bridge
	E-Defense Shaking Table Test of Model Ground with a Quay Wall on
Liquefaction-Induced Lateral Spreading
	Seismic Stability of Rectangular Tunnels with Countermeasures
	Soil-Pile-Structure Interaction during Multi-Dimensional Shaking through
Physical Model Tests Using E-Defense Facility
	Effects of Nonlinear Dynamic Properties of Surface Soils on Seismic Ground Motion and
Building Damage in Ojiya during 2004 Mid Niigata Prefecture Earthquake
	Pullout Resistance of Anchor Bolts in Cemented Sand Subjected to Shear Strain
	A Series of Micro-Tremor Measurements at a Fill Dam Damaged by The 2004
Niigata-Chuetsu Earthquake

	Steel Structures
	Simulating Earthquake-Induced Fractures in Steel Structures: Models and Methods
	Performance of Prefabricated Steel Stair Assemblies under Seismic and Gravity Loads
	Earthquake Resistance Performance of Flexible-Stiff Mixed Structure for 
Effective Use of High-Strength Steel
	Multiobjective Heuristic Approaches to Performance-Based Seismic Design
	Collapse Test of Steel Structural Model under High Gravity Force Field
	Cyclic Modeling of Bolted Connections for a Type of Pre-Fabricated Mezzanine Frames
	Evaluating Seismic Performance of Steel Reinforced Concrete Members
	Experimental Simulation of Progressive Failure of Perimeter Frames in
Framed-Tube Structures
	Experimental Verification on Buckling-Restraint Design of Knee Brace Damper
	A Beam Element for Approximate Analysis of Truss Beam Lateral Postbuckling Behavior
	A Method for Evaluation of Elastic Buckling Strength of H Shaped Steel Member under
Shear Bending

	Education
	Shake Table Competition to Stimulate Undergraduate Interest in Earthquake
Engineering and Seismic Design
	A Practice of International Distance Lecture among Three Universities
through the Internet
	Communication and Engineering Management for the Global Engineer




