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Synopsis

~ Current Téch'hical Standards for Port Structures in JAPAN are based on either the allowable
stress design method or the safety.facto‘r method. On the other hand, International (ISO):
standards and Eurocodes are based on the partial factor method in the limit states. Then the
Vienna agreement provides that it simultaneously becomes a draft ISO standard.

WTO/TBT Agreements have required to make each technical standards consist with ISO
standards In Japan relevant organrzatrons have been workrng on revrsmg techmcal standards
1nclud1ng those for port structures. - o a ‘ Co 7 '

From the above- mentioned background we have to’ perform the study for rev1smg current

‘ technrcal standards in JAPAN and prepare for the correspondence to ISO standaids. Therefore, to

clanfy the difference between the design method based on the téchnical standards in JAPAN and
one based on: Eurocodes we camed out: comparative designs of example structures to study the

followmg design issues: (1) slope stabllrty, (2) bearlng capacity ‘of the pile foundation, 3)

, bearlng capacity of the spread foundation, (4) sliding of the gravity quaywall, (5) stability of the

sheet p11e quaywall and (6) estimation of the des1gn seismic coefficient. We'studied items (1) to

~ (3) under normal conditions and (4) and(5) under earthquake conditions. -

The quantitive difference of the degree of safety and the desrgned structural size between the

 design ‘method based-on the t'echnical'standards'in JAPAN and’one based on Eurocodes was.

clarified. The some knowledge for revising current ‘technical standards in JAPAN and for the
correspondence to ISO standards were obtained. ’
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‘reliability of - structures”;
‘Eurocodes is generally-in accordance with'that of 1S0.

Technical Note of NILIM No.7 © :

1. 'Introduction

'CEN (Commrttee for European Standardrzatron) st .
"+ preparing Eurocodes as unified standards for desrgmng ,

structures. These Eurocodes -are'now in the prEN stage of

. final draft for votrng by the EU -countries. A prEN
approved by vote becomes a EN that is a local standard in

éach EU country. Then the Vienna Agreement. provides

that it simultaneously becomes a draft ISO standard.
~ As ISO 2394 exemplifies, ISO’s structural design '
" method aims at ¢ performance based:design based on'the .
. The design philosophy of

WTO/T BT Agreements have.demanded to make each

technical standards consist with ISO standards. In Japan,
relevant organrzatrons have. been working on revising
~ technical standards 1nclud1ng those for port structures, to -
- make them consrstent wrth ISO and other 1nternat10nal .

standards.

We have to perform the study for revrsmg current‘

technical standards in JAPAN and .prepare for the
correspondence to ISO standards. Therefore, to clarrfy the

studied ifems (1) to (3) under normal condrtrons and @) .
and (5) under earthquake condrtrons . ‘
.+ We referred to the following Eurocodes Eurocode 1,

: :part 1 (now prEN 1990) which describes the basic design

principle; Eurocode 3, part5 which describes the design of

_steel structures, especially about pile. Eurocode 7, part 1

which descrrbes the geotechnical desrgn and Eurocode 8,

" .part 1 and 5, which describe the design of structures for
‘earthquake resistance. Eurocode 8, :part 5 describes the
‘seismic design of the . foundatrons retamrng structures,

‘ and geotechnrcal aspects : '

Eurocode 7 (ENV) specifies that the followmg cases

- should be studred Case A, which addresses the overall

" . safety system such as floating of the structure; Case B,

which descrrbes uncertainly of the actions; and Case C,
which ~ deals ~ with uncertainty of the material

+  characteristics.’ More specifically, Case A is important

difference between the' design method based on.the :

technical standards in JAPAN and one based on
‘Eurocodes,

e -developed - comparatrve desrgns of
example structures : ¢

' [leference between Current Technical Standards for .

Port Structures in JAPAN and Eurocodes]

:

Current Technrcal Standards for Port Structures in’

JAPAN - (OCDI 2001 “Technrcal ‘Standards " an
Commentaries for Port and Harbour Facilities in Japan ”

~(in press) hereinafter abbrevrated T.S. PH) aré based on

“either the allowable stress desrgn method or the safety - ..

factor method. These desrgn methods have track records

of actual use for more thani one’ hundred. years and are‘

- used as technical standards in every country in the world.
‘:On the other hand, Eurocodes. ‘and . ISO standards'.are
. based on the partral factor method in the limit states.

" The Annex to Eurocode 7, part 1, specifies the partial

'~ load factors and partral material factors in standard use.

Since they are closely related to the calculation formulas
(e.g., formulas for bearing capacity and earth pressure)
and to the characteristics of, the target ground, the
application of ‘the partial factors proposed in the

- Eurocodes to locations in Japan may ‘cause problems.

" To -clarify the difference between the design method

“based on the T.S.P.H. and one based on Eurocodes, we
. carried out comparative designs of example structures to
*study the following design issues: (1) slope stability, (2)
bearing capacity of the pile ‘foundation, (3) bearing -

capacity of the spread foundation, (4) sliding of the

© . gravity quaywall, (5) stability of the sheet pile quaywall,

and (6) estimation of the design seismic coefficient. We -

- “when water pressure is . the. major load, Case B is

important .for structural design of foundations and
retaining walls, and Case C is rmportant in determining
the size of elements i in ‘the ground such as the size of the
foundation and the embedded depth of the retaining wall:
For problems in which the strengths of the soil is -

‘significant in providing resrstance such as slope stability,
" -only.Case Cis important.

" Table 1 1 shows the values of the partral factors lrsted ,

" “for each case in the’ explanatory book of Eurocode 7 °
(ENV), (Orr and - Farrell, 1999). The ‘table also shows

Cases C2- and C3-a$ substitites for Cases B and' C, -
respectrvely The partral factors used in the resistance

‘factor method and - the- resistance’ model factors are

1ntroduced in C2 and C3, respectively. Since our study -
aimed to clarify the difference between a design based on

“the T.S.P.H. and one based on the Eurocodes (partial
" factor method), and because our examples did not include

problems assocrated with-the overall safety system such

‘as floating of the structure we only focused on Cases B
and C. : '

In the latest version’ of Eurocode 7, part 1 (ptEN

o 1997- 1) the definition of the ultimate limit state and the

desrgn approach are sllghtly modrfred and the values of
partial factors that’ are drfferent from those in Table 1.1

- are lrsted

[Assumption for Compara‘tivje" DeSIgn] ;

(1) We referred to-actual design cases in J apan and the

examples shown - in* ‘the explanitory book of
Eurocode’ 7 (ENV) (Orr and Farrell, 1999) to

define our .examples. We also - referred to Orr and -

to determine. the calculation .
methods used for the Eurocode-based design.

Farrell (1999)

(2)  InTable 1.1, the material factor for the unit weight’

of soil is 1.0 in all cases. The weight of the soil,
however, acts as the load while it contributes to the
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Table 1.1 Partial Factor in Ultimate Limit State (Orr and Farrell, 1999
Parameter Factor | Case A | CaseB | Case C | Case C2 | Case C3

Partial Load chtqrs (7p

Pet}n?ﬂcnf Unfavorable Action | 75 | 1.00 | 135 | 100 | 135 | 1.00

Variable Unfavorable Action 7o | 150 | 150 | 130 | 150 | 120

Permanent FavorableIAction G (ggz) 1.00 1.00 1.00 - 1.00

‘ Variable Favorable Action Vo 0 0 0 0 0 0
Accidental Action 7. 100 | 100 | 100 | 100 | 100
Partial Material Factors ( 7 ) ' '
tang’ Zens'| 110 | 100 | 125 | 1.00 | 120
Effective Cohesion' ¢’ 7o | 130 | 100 (}_‘2‘5’) 100 | 120

Undrained Shear Strength ¢, | 7, | 1.20 | 1.00 [ 140 | 100 | 1.40

Compressive Strength g,  7q | 120 | 1.00 | 140 | 100 | 1.40
Pressuremeter Limit i '
Pressure P, Toim | 140 | 100 | 140 | 100 | 1.40
CPT Resistance Yerr| 140 | 100 | 140 | 100 | 140
Unit Weight of Ground 7 7. | 100 | 100 | 100 | 100 | 1.00
Partial Resistance Factors ( 7 g)
Bearing Resistance 7 R - 100 | 100 | 240 | 100
. Slide Resistance 7 ks * 1.00 | 1.00 1.10 1.00
Earth Resistance EEE 1.00 | 100 | 140 | 100
Pile Base Resistance Th + | 100 | 130 | 130 | 100
Pile Shat Resistance 7 * 100 | 130 | 130 | 100
Total Pile Resistance‘ 'rrt ¥ » 1,00. 1.30 1.30 1.00 -
Pile Pull-out Resistance |- 7, | 740" | 1.00 | 1.60 | 140 | 1.00
Anchor Pull-out Resistance | 7, | 730 | 100 | 150 | 120 | 100
Partial Aaction Effect and Resistance Model Factors (7E, 7sd, 7rd) ‘
i Acti_on Effects and Résistances 7?:’:; ‘ 1.00 1_60 ' 1.00 . 1.00 . 140

Values in bold are partial factors either given or implied in the ENV version of Eufocode 7.
Values in italic'are'prdposed partial factors not in the ENV version that may be in the EN version.

* Partial factors that are not relevant for Case A.
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resistance. In calculating the earth pressure in Case
B, we therefore multiplied the unit weight of the

‘soil by the load factor. This corresponds to

assuming that the load contributing to the failure is
the difference between the load and the resistance,
~ which is then multiplied by the load factor.
- (3) Variables currently used to design port structures
* based on the T.S.P.H. are not only determined by
" the results of a soil survey-and soil tests, but the
designer’s judgment. As a result, the probability
characteristics of the variables are unclear. It is also
unclear whether the values used for design are
average values, characteristic values, or design
values of the variables. We hence assumed that
variables, such as the geotechnical parameters, that
~are used for design based on the T.S.P.H. are
characteristic values and compared them to those
based on the Eurocodes. :
(4)  The Eurocodes specify that the dramed condition
- (permeable ground) and the undrained condition
' (impermeable ground) should be treated
separately. The designer should first judge

whether the drained or the undrained condition

should be used. In our study, we applied the

drained condition to- sandy ground, and -the

undrained, condition to cohesive ground.

(5) The Eurocodes specify two limit states: the -
ultimate-limit states and the servrceabrlrty limit

stites. We focused on the ultimate llmrt state in this
_ study.
(6)  We defined the degree of safety as the ratio of the

action to the resistance and distinguished it from-

the safety factor specrfred in the T.S.P.H..
2. Slope Stabllrty

(1) Calculation Method I ’ ,

program named SLOPE. Since we do-not know the

calculation method of SLOPE, we used the modified

Fellenius method for the Eurocode-based design.
The modified Fellenius - method is, grven by the
followrng expression:’ .

‘ R'E (e l+W'cosa tan¢)

TS S

~ 2 (c,’,b +W’cos_? a tan ¢v)seca (2.1)
’ stinot.-t-%EH(y’
'y
A a
R D X ~
b H
v L1
l

Flgure 2.1 Circular Shp Analysis by Modified Fellenius

Method -

where

- F;: Degree of safety agamst a crrcular slip failure

The T.S.P.H. uses the modified Fellemus ‘method to -

evaluate the slope stability. Eurocode- 7 part 1, however,
does not specify the calculation method for slope stability.

Orr and Farrell (1999) nientioned that they used a

R : Radius of the slip circle (m)

"¢, 1 Undrained shear strength of the cohesive soil ;

~apparent cohesion of the sandy sorl in the undrarned

condition (kN/m?)

[: Base length-of a slice (m) :

W' . Effective weight of a'sliceper unit length (kN/m)

@: Angle of the base of a slice with respect to the
horizontal plane (° ) o

®: 0 for cohesive soil ; internal friction angle under
drained conditions for sandy soil (° )

. +10.0m’

" Surcharge: w=0, 10 20 30kN/m

+ + + + + + + + + + @Waterlevcl +100m -

Slope 1:3

(D Water level

* @ Sandy soil : 7=18kN/m’, ¢=40] .
@Coheswe soil : 7’=TkN/m’," ¢,=45kN/m”

+0.0m - ‘

© Sandy soil :

7 ’=10kN/m’,
) Cohesivc soil :

.$=20,30,40>
¢, =45 or 45+2.0z kN/m (z-O 0 at £0. Om)

’=7kN/m

<

Flgure 2. 2 Shape of the Slope and Ground Condrtrons
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: Total weight per unit length of a slice (kN/m) -

“with the slope and ground conditions shown in Figure 2.2.

W
x::  Horizontal distance between the center of gravity of The safety factor specified in the T.S.P.H. is equal to or

-aslice and the center of the slip circle (m) -~ * greater than 1.1 ~ 1.2 for sandy soil and is equal to or
H : Horizontal external force acting on the soil mass in greater than 1.3 for cohesive soil.

the slip circle (kN/m) :

a: Arm length of the action point’ of the horizontal ‘ -,Note

~ ‘external force, H, from the center of the slip circle @ The water level of the sandy soil was assumed to be at

~ (m) : : ' the existing ground level surface. -

b Width of a slice (m) @ The water level of the cohesive soil was' assumed to be '

(2) Objectlve

at the surface of the fill.

" The objéctive is to compare the degree of safety of v'

@) Results

3

Tables 2.1 and 2.2 show the results of the study on
sandy and cohesive soils, respectively. o
. The. Eurocode-based calculation shows that, for both

slope stability F; (the fatio of resisting moment to the -
driving moment) and to clarify the relationship between .
- the safety factor used in'the T.S.P.H. and the partral factors

proposed in Eurocode 7.

- (3) Assumptlons

The study was made for @ sandy and ) cohesrve soils '.

_ Table 2.1 Calculation Results for Sandy Soil

the cohesive and sandy soils, the degree of safety in Case
C-is less than that in Case B. Thus, the slope stabrlrty is
. determined by Case C.

it

DD

& ' Surcharge. Degree of Safety®D |  Degree of Safety@)
(®) (KN/m?) T.S.P.H. CaseB CaseC | CaseB - | CaseC
] 00 . 1278 - .| 1278 1.022 1.000 | 1.250
200 10.0 1271 1270 | 1.013 1001 | 1255
. 20.0 1.259 1.256 | 1.001 1.002 | -1.258
30.0 . 1.242 1.236. 0.981 1.005 - | 1.266 -.
00 . | 1882, 1882 | . 1.506 1.000 . | 1.250
00 100 1.872 1.871 1494 | "1.001 | 1.253
Tl 2000 11.846 1.840 | ' 1.463 1.003 1.262
300" 1:818 1.809 - 1.435 1.005 1.267
. © 0.0 2518 2.518 2.014 1.000 1.250
100 S 100 il " 2.501 2499 | 1.995 1.001 1.254
20.0 2.470° 2462+ | 1.958 1.003 1.261
] 300 2434 2422 | 192 | 1005 | ‘1266 |
- Table 2.2 -Calculation Results for Cohesive Soil o
Cohesion - | Surcharge Degree of Safety@ Degiee of Safe’ty@ L @/@
(KN/m?). ' (kN/m%) 'T.S.P.H. CaseB | - CaseC. " | .CaseB | CaseC
C 00 1466 1.086 1047 | 1350 | 1.400
 Caas0 10.0 1383 - _1.018 0971 | 1:359 | 1424
» 200 1.309 0.958 |  0.906 1366 | 1.445
30.0 , 1242 . 0.905 |. 0.848" 1372 | 1465
0.0 2.040 - 1511 | - 1453 | 1.350 1.404
C,=45.0+2.0z|  10.0 1 1.920 ' 1.413 1344 | 1359 1.429
| 2=0atx0.0m | 790 1.813 1.327 1.250 1.366 1.450
300 |- L1718 1251 | 1168 | 1373 1.471
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In the case of sandy soil with a no surcharge condition,

the ratio of the degrees of safety for the design based on
_the T.S.P.H. to that based on the Eurocodes is 1.00 in Case
B and 1.25 in Case C. The reason why the ratio of the
degree of safety is 1.00.in Case B is that the dead ‘weight

~ of the soil (W and W’ affects the calculation of both the |

resisting moment in the numerator and the driving

moment in the'denomi_nator of Equation (2.1), which
cancels the effect of the load factors. The ratio of the

'degree of safety is 1.25 in Case C- because 1.25 is the

material factor corresponding to fan ¢ in that case. The'

. largest value of ®/2 in Case C shown in Table 2.1 is L

1.267 under surcharged conditions, demonstrating that the
- effect of the surcharge is very small In the case of sandy’

soil; the safety factor specified in the T.S.P.H. is at least
!1.1 "~ '1.2. ‘The Eurocode-based design thus gives

somewhat safe-side results regardless of the presence or’

‘absence of the surcharge

In the case of cohésive soil under the no surcharge '

condrtron the ratio of the degree of safety of the desrgn
based on the T'S. Pl_-l to that based on the Eurocodes was
'1.35in Casé B, and 1.40 in Case C. This is because 1.35 is
, the load factor in Case B, and 1.4 is the mater1al factor
" ‘related to cohesion in ‘Case C. The largest value of D/@

o in Case C shown in Table 2.2 is 1.471 under surcharged
¢ cond1t1ons showrng that the effect of the surcharge is very

' small

" In the case of cohesrve soil, the safety factor specrfred' -

 inthe TS PH is at least 1.3: The Eurocode-based design
' thus grves somewhat ‘safe-side resilts regardless of the -

presence or absence of the. surcharge

T

3. Bearrng Capacrty 0f Plle Foundatlon o

el Tean

. (1) Calculatlon Method R i o

-t

-’.‘ e T [N 'u

" a) Calculatlon Method for Bearmg Capacrty of Prle -

Foundatron Based on T. S P.H.

@ Sandy Sorl Ground (the Case’ of Plle Dr1v1ng by
Hammer) " :

. R ', e R

Ultrmate Bearlng Capacrty

R,:
o A
Ay

N:

17

G.1)

Qi

= 3OONA +2NA,

{,Maxir;num Pulling Res1s_tance_- e

o Ryr= 2NA, S S (3.2).

. where P ' - e
et  Ultimate: bearmg capac1ty of the prle (kN)

, Area of the pile base (m?) =
Total’ crrcumferentral surface area of the pile (m ) '

~ N value of the subsoil at the pile base. - ., -

: Mean N-value for the total embedded length of the ,

pile: ‘
Nis calculated from the followrng expressron .

RN - ' L o

where

g where
. F Desrgn load (kN)

S

N: WiHN2 0 e
Nz:.

N value at the pile base ,

Mean N value-in the range from the prle base to the
point of 4B (B is the diameter or ‘the width of prle)
* above

@ Cohesrve Sorl Ground (the Case of Prle Drrvmg by .

: Hammer)

: Ultimate B‘earin‘g Capacity o ,
. (33

R, =8¢, A, +c A,
* Maximim Pulling Resistance
R, =caAs, - (3.4)

R,: Ultimate bearrng capacrty ofa prle (kN)

i~ ¢y Cohesion at the pile base (kN/m?) -

c,,:‘.‘Average adhesion for the total embedded length
Nm? . " o
forcSIOOkN/m c,=c
* for ¢>100kN/?, ¢, =100kN/m”

e Average cohesion for the total embedded length

(kN/m )

'-_'b) Desrgn Method of Pile Foundatron Adopted by Orr

and Farrell (1999) Based on Eurocode 7
@ Study of Push'—ln Case” "

Calculatron of Design Load

‘-—yGGk+yQQk B9

e

. Partial factor for the permanent load (Case B:1. 35,
. Case C:1. 0)

| 7 o: . Partial factor for the variable load (Case B: 1.5,

Case C: 1. 3)..
Gy: Characterlstrc value of the permanent load (kN)
'Characteristic value of the variable load (kN)

- Calculation of Bearing Capacity of Pile Per Unit Area
and Characteristic Value of Shaft Resrstance
~ (Sandy soil)

9o =q'Ng /€ SN CX)

gy = Ks‘cr'y0 tand /& REY)
(Cohesive soil) . AR

Gpx = (9c +0V)/£ ; (38

qaewué,- Ga

" where -

Characterrstrc value of the bearmg capacity -of the
."'prle base (kN/m?) o

> . ..Effective-overburden pressure (kN/m ) o

: "Bearing capacity factor of the soil at the pile base.
'We‘ ’determi_ned the value "after consulting: “Pile
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Design and Construction Practice.”
& Correlation factor of the bearing capacity (This
depends on the number of load carrying tests of the
pile. Here the number of the test was 1, and the value
was 1.5.)
gst: Characteristic value of the shaft resistance (kN/mZ)
K,: Lateral earth pressure- coefficient on the pile shaft
(see below). :
0 . Angle of sheanng resistance between the soil and the
pile shaft (° ) (the material coefficient is not
. consrdered see below)
Oy’ : Effective surcharge pressure (kN/m?)
c,: Cohesion of the ground at the pile base (kN/m?) (the
material factor is not considered)
0 y: Total vertical stress at the pile.base (kN/m?)
a@: Adhesion factor (see below)
Cot Average adhesion for the total embedment length
(kN/m?) (the material factor is not considered)

- Calculation of Bearing Capaerty

Ry = Ap G (3.10)
Ry =Y Ady (11
- R =Ry /Yb +Ry /s (3.12)

where

Ry : Bearing capacity of the pile base (kN)

Ay Surface area of the pile base (m?)

Rg;: Shaft resistance (kN)

A, Circumferential surface area of the pile (m?)

R.: Bearing capacity of the pile in the ultimate limit state

- (kN)

yp: Partial factor of the pile base resrstance (Case B: 1.0,
Case C: 1.3)

y . Partial factor of the pile shaft resistance (Case B: 1.0,
'_CaSe C: 1.3)

The structure is therefore safe in the ultimate limit state
if R, >F

) Study of Pull- Out Case

* ‘Calculation of Desrgn Load '
F o =y:-G, (3.13)
where
F: Design pull-out load (kN)
7 ¢ Partial factor for the pull-out load
Gk :

Characteristic value of the pull-out load (kN)
* Calculation of Characteristic Value of Bearing Capacity -
(Sandy soil)
' gy =Kso'yptand /& (3.14)
(Cohesive soil) '
' (3.15)

dy =0c, /"S
where :

g« : Characteristic value of the pull-out resistance (kN/m?)
* Calculation of Bearing Capacity

Ry = EAS "

Rt = Rtk /Yst

(3.16)

(3.17)
where. .
Ry Characterlsuc value of the pull-out resrstance force

(kN)

R;: Pull-out resistance force of the pile in the ultimate
limit state (k)

7 s Pull-out resistance factor of the pile (Case B: 1.0,
Case C: 1.6)

The structure is therefore safe in the ultimate limit state
if R>F,.

Orr and Farrell (1999) did not use the geotechnical
parameter rebated by the material factor but used the
non-rebatéd geotechnical parameter to estimate the
characteristic value of the bearing capacity. They rebated
the characteristic value of the bearing capacity by. the
resistance factor to estimate the bearing capacity.

(2) Objective

The objective is to calculate the bearing capacity of the

- pile foundation, and, for the push-in and pull-out cases, to

compare the necessary embedment length and
quantitatively estimate the difference between the
calculation formula for bearing capacity used in the
T.S.P.H. and that adopted by Orr and Farrell (1999). We

also clarify the relationship between the safety factor

adopted in the T.S.P.H. and the partial factor proposed in
the Eurocodes. ‘

(3) Assumptions

We studied sandy and cohesive soils under the ground
conditions shown in Figure 3.1.

We applied the followrng load for both the sandy soil
and cohesive soil cases:

Push-in force (Vertical load) : 2,000kN (Permanent load
 of 1,000kN + Variable load of 1,000kN)
Pull-out force (Vertical load) : 1,000kN (Permanent load
of 1,00kN)

The pile setting was as follows:

@ The diameter of the concrete pile: 4 different

diameters of 800, 1,000, 1,200, and 1,500mm .
@ The blockage ratio of the pile base: 100% ‘
® . The unit weight (in air) of the pile: 24.0kN/m*

The safety factor specified in the T.S.P.H. to determine
the embedment length of the pile is equal to or greater
than 2.5 and 3.0 for the push-in and pull-out forces,
respectively.
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* Ground level +0.0m (water level £0.0m)

Sandy soil
N=15
$=30°
7 ’=10kN/m’

Cohesive soil
,=2.0z kN/m*
(z =0.0 at =0.0m)
7 ’=7kN/m’

Figure 3.1 Overview of Pile Foundation and Study Conditions

Referring to. the “Design of Pile Foundations”
published by ASCE, we used the following values for the
lateral earth pressure coefficient K; and the angle of
shearing resistance 0 for concrete piles in sandy soil: K
=1.5, 0=0.9 ¢. We set the adhesion factor @ to 0.8
consultmg Tomlmson s “Plle Design and Constructlon
Practice.”

(4) Results

Figures 3.2 to 3.5 show the results of the study on
sandy and cohesive soils.

In the Eurocode-based design, the ' necessary
embedment length is detérmined by Case C except for the
1.0, 1.2, and 1.5m diameter piles in cohesive soil. The
difference in the embedment length between Cases B and
C is very small.

The necessary embedment length against the push-in
force for sandy soil calculated from the T.S.P.H. is shorter
for larger pile diameters and longer for smaller pile

diameters than that calculated from the Eurocodes. This

comes from differences in the formulas for the bearing
- capacity. The bearing capacity formula used in the
T.S.P.H. [Expression (2.1)] calculates both the bearing
capacity of the pile base (300NA,) and the shaft resistance
(2N A4;) from the N value. If the N value is constant, the
bearing capacity of the pile base becomes constant
regardless of the embedment length, and the shaft
resistance is propértional to the total surface area 4; of the

pile; i.e. it is proportional to the embedment length. In the

Eurocode-based design, the bearing capacity formula
considers the overburden pressure in the calculation of the
bearing capacity of the pile base and the shaft resistance.

If the geotechnical parameters are constant, both the f
-bearing capacity of the pile base and the shaft resistance -

are proportional to the embedment length.

50 —————————
Sandy soil
= Push-in-
N’ 40 [~ . i
= : —O— TSPH.
% —&— (aseB
= 3k ——0— CaseC |
o
o .
=
§ 2k .
g
©
o !
L
g
Sl (1] i
0 1 L 1 " i ) 1 D
0.8 1 12 1.4 1.6
Pile Diameter(m)

Figure 3.2 Necessary Embedment Length of Pile in

Sandy Soil against Push-In Force

50 -1 v 1 }' L M 1
) Sandy soil

_ ' Pull-out
g 401 - .. - 1
3z : —O— TS.PH.
AT —&0— CaseB
o ‘——0— CaseC
£ 0 .
&0 . :
=]
ﬁ .
5 201 -
(=
]
Q
T oL
o 10 -

O I | ‘ i 1 N | A 1 o

0.8 T 12 14 16

Pile Diameter(m)

Figure 3.3 Necessary Embedment Length of Pile in
Sandy Soil against Pull-Out Force -
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100 —T T T " T
Cohesive soil
Push-in

80| g
—O— T.S.P.H.

—o0— CaseB
—0— CaseC

60

40}

Embedment Length of Pile(m)

- 1l " L 2 1 " 1
053 1 12 14

Pile Diameter(m)

16

. Flgure 34 Necessary Embedment Length of Pile in
o Cohesrve Sorl against Push-in Force

50—
_Cohesive soil
I A Pull-out o
401 : -
- —O— TSPH!
r ' —&— CaseB - 1

—0— CaseC

30}

20

0k , o

Embedment Length of Pile(m) -

1 N | T SR R SR |
._0 ' 1.6

0.8 1 1.2 1.4
Pile Diameter(m)

‘Figure 3.5 Necessary Embedmcnt Length of Pile in
Cohesive Soil against Pull-out Force

"For the pull-out case in cohesive soil, the necessary
* embedment length calculated from the T.S.P.H. becomes

longer than that calculated from the Eurocodes because of '
the different shaft resistance formulas. In the pull-out case, -

 however, the difference in the embedment lengths

calculated by the T.S.P.H. and the Eurocodes is less than

the drfference in the push-in case.

In the case of sandy soils, the drfference in the
embedment lengths partially comes from drfferences in
~the safety factors and partial factors, but mainly comes

from the difference in the bearing capacity formulas. This
difference in the bcarrng capacrty formulas greatly affects
" the design.
In cohesive soils, designs based on the T.S.P.H. and the
Eurocodes give approxrmately the same values of the
necessary "embedment length.

In the push-in case for cohesive soil, the T.S.P.H. gives’
a bearing capacity factor for the pile base of 8, whereas
Orr and Farrell (1999) give 9, which also considers the -
overburden pressure. The Eurocode-based design method
therefore gives a larger value for the bearing capacity of
the pile base. On the other hand, the shaft adhesion given

* by Orr and Farrell (1999) is less than that calculated from

the T.S.P.H.. This is because we multiplied the shaft
adhesion by the adhesion factor @ (=0.8). In designs
based on the T.S.P.H., buoyancy is generally subtracted
from the dead weight of the pile. The concept of Orr and -
Farrell (1999) is different in that they do not subtract the
buoyancy (uplift water pressure force on the base) from
the dead weight of the pile for cases of cohesrve soils .

 (undrained condrtrons)

For the pull -out case in cohesive soil, a different
consrderatron is that Orr and Farrell (1999) ‘use the
cohesion factor @ (=0.8) and do not subtract buoyancy
from the dead weight of the pile.

" Inthe case of cohesive soil, there are some drfferences as

described “above. However, each effect ‘is balanced

- including the safety factor and the partial factors. We do

not see any significant difference 'Vbetween a design based
on the T.S.P.H. and one based on the Eurocodes, such as
seen in the case of sandy soil. '

4 Bearing Capacityx of Spread Foundation _

(1) Calculation Method

a) Calculatron Method of Bearing Capacrty of Spread
" Foundation Based on T.S.P.H. :

@ Sandy Soil

1 |
g, = F—(ﬁhBN +y2DN JevsD @)

where S : o . s

q,: Allowable bearrng capacrty of the, foundatron ‘

_ consrderrng buoyancy of the submerged part -

. (kN/m?). ' : ) )

: Degree of safety for bearmg capacrty of the sandy
soil- L :

B Shape factor of the foundatron (0 4 for a square)

: Unit weight of the soil under the bottom of the

foundation (the submerged unit weight below the

water surface) (kN/m”) -

‘B: Minimum width of the foundation (m)

N,, N,: Bearing capacity factors (the T.S.P.H. specrfles
thatN =7.0 and N, =8.5 for an internal friction angle
of 30° )

Unit weight of the soil over the bottom of the
foundation (the submerged unit weight below the

.7’2:
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‘water surface) (kN/m")
D Embedment length of the foundation (m)

@ _Cohesive Soi]
U B\e,

=N |1+n—=|-+y,D
qa. cO( L)FS Y2 S

where

N Bearmg capacrty factor for the strip foundatron'

’ (where the rate of i increase of the strength of the clay
_is 0, N, =5.14) . ‘

“4.2)

b

¢’ =tan? (tan cb'k'/ 7 tans”

where

Characteristic values of the internal fnctron angle of -
“the soil (° )

0 : Friction angle on the foundation base ( )

. Ving:: Partial factor of tan ¢

n: Shape facfor of the foundatron (where the rate of

increase of the strength of the clay is O n=0.2) "
L: Length of the foundation'(m) -

¢,: Undrained shear strength of the cohesrve sorl at the :

base of the foundation (kN/m Y.

- Fy 1 Degree of safety of the bearmg capacrty of the -

" cohesive'soil

. b) Dcsrgn Method of Pile- Foundatron Adopted by Orr
and Farrell (1999) Based on Eurocode 7

‘ @ Total Action Fd
7’GGk+ TQQk '
i where

: CaseC 1.0, - T

" 7+ Partial factor for the vanable load (Case B: 1.5,
. Case C: 1. 3) - " oo

~ Gy: Characteristic value of the permanent actron

Ok Characterrstrc value of the’ varrable action

) @SandySorl R

Rd/A'—q’Nqsqtq+0 57 ’B’N,s ,z 4.4
‘where .
_Ry: Bearmg capacrty of the foundatron base resistance

(kN) -

. Effective area.of the foundatlon (m?)
q': Design effective overburden. - pressure at
* foundation level base (kN/m2) 4
7’ : Unit werght of the soil (the submerged unit welght -
below the water surface) (kN/m*) : 2
: Effective width of the foundation (m)

"The bearing capacity factor:'

L N—exp (7rtan¢>’) tan (45+ ¢'/2)

2(N l)tan ¢' when § > (b'/2 (rough base)'r

;‘Partial factor for the permanent load (Case B: 1.35,

“3)
( ,) Co Y where
) Cuk «

_ The shape factor'of the foundation (for a square):”
E - 8g=14+sin ¢_'
5,=07

' The eccentric inclination factor of the load: ,
The eccentric inclination factors i ig'and i , were set to

1.0 because we did not study eccentric inclinations.

©f CohesiVe Soil

. Reld'= QF M)esdotq L
- =sldcsictq L (@5)

T Cul T

Characterrstrc value of undrarned shear strength of
the .cohesive soil at the base, of the foundatron
(KN/m?) - '

- -q: Design total overburden pressurc at the base of the _~

the

A
Y Partral factor of c,

~ foundation (kN/m )
‘Effective area of the foundatron (m )

g4
The shapé factor of the foundation (for the square):
s; =12

The eccentric inclination factor of the load:

The eccentrlc inclination factor i, was set to be 1 0
because we did riot study eccentric inclinations:

In the -case of sandy. soils, assuming a partral shear
failure, Orr and Farrell- (1999) calculated the bearing
capacity factor based on Prandtl’s solution. On the other
hand, the T.S.P.H: calculate the bearing capacity factor
considering the ‘change -of the shear failure: type (full :
shear failure and partial shear failure). .

In the case of cohesivé soil, the formula for the
bearmg capacity used by Orr and Farrell (1999) lS the
same as that used in. the T SPH.. : <
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" 1100kN

Permanent load + Variable load

Ground Level
‘ . .
PRI 06m  7=18KN/m®
0.4m VvV  Witer level
2.0m _
7 =20kN/m’
- @ Sandy soil
. S _ X o .
o i foug;::fo‘n $=30" , c,=0.0kN/m’
¥ : @ Cohesive soil
c=100kN/m*

Figure 4.1 Overview of Spread Foundation and Study Conditions

(2) Objective
The objective is to calculate the stable width of the
spread foundation on which the vertical load is imposed,
study the effect of the ratio of the permanent load to the
variable load of the vertical force, compare the ratio
(degree of safety) of the bearing capacity to the action
(the vertical force considering the partial factor), and
quantitatively estimate the difference between the
calculation formulas for bearing capacity used in the
* T.S.P.H. and in Orr and Farrell (1999). We also clarify the
relationship between the safety factor specified in the
T.S.P.H. and the partial factor proposed in the Eurocodes.

(3) Assumptions o S
Figure 4.1 shows an overview of "the spread
foundation and the study conditions.

2
j_% : J. p
5 1F CaseC _
. 8 ! 1]
Bt ]
. 5 . ] .
<o 05 TSPH. 7] .
¢ 20 o——O0—9

. 1 1 \' .‘ 1 " L.
0 02 04 -06

| .
0.8 1

* Variable Load/(Parmanent Load+Variable Load)

Figure 4.2 Degree of Safety with Respect to Ratio of
Permanent Load to Variable Load (Sandy
Soil)

-10-

The T.S.P.H. specifies that the safety factor is equal to
or greater than 2.5 and 1.5 for sandy and cohesive soils,
respectively. '

(4) Results

We first determined the width of the foundation based
on the Eurocodes under a permanent load of 800kN and
‘a variable load of 300kN. The width of the foundation
was 1.75m for the sandy soil, and ‘1.65m for the
cohesive soil. We then calculated the degree of safety,
that is the ratio of the bearing capacity to the action
(vertical force considering the partial factor), using both
the T.S.P.H. (Equations (4.5) and (4.6)) and the
Eurocode. Figures 4.2 and 4.3 show the calculated
degree of safety,

1.4 T T T T T T L] l. T

Degree of Safety
':n

0.8

A

S PR BN SR
0 0.2 0.4 0.6 0.8 1

0.6
Variable Load/(Parmanent Load+Variable Load)

Figure 4.3 Degree of"Safety with Respect to Ratio of
Permanent Load to Variable . Load
(Cohesive Soil) :
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. The Eurocode-based design shows that the degree of
_ safety in Case C are smaller for both cohesive and sandy
soils than that in Case B, whrch means that the wrdth of

 the foundation is determined by Case C.
In the case of sandy soil, the T.S.P.H. and the

Eurocodes have different concepts regarding calculation

of the bearing capacity factor. Since the values of the
bearing capacity factor used in the T.S.P.H. are smaller,
the degree of safety of the T.S.P.H. are less than those of
the Eurocodes. Under.a permanent load of 800kN and
variable load of 300kN, the Eurocode-based design gives

the width of the foundation as 1. 75m, whereas the design

based on the T.S.P.H. gives 2. Om and 4.1m for the safety
factors of 1.0 and 2.5, respectively. In the case of
cohesive soil, the formula for the bearing capacity used
by.Orr and Farrell (1999) is identical to that used in the
T.S.P.H.. We therefore compared the partial factor that
contributes to the determination of the width of the
foundation in Case C to the safety factor calculated
from the T.S.P.H..

In Case C, the variable load is multiplied by a load
factor of 1.3. For example, a permanent load of 800KN
and a variable load of 300kN results in a desrgn load of
800+ 1.3 X 300=1190kN. This indicates that a load
factor of 1190/1100=1.08 is imposed on the total load,
Since the shear resistance is rebated by a material factor
of 1.4, the total safety factor bécomes 1.51, whrch is
close to.the safety factor of 1 5 specified by the
T.S.P.H..

An effect of the ratio of the permanent load to the

variable load in the Eurocode-based method is that the - -

- degree of safety decreases as the variable load increases.
This is because the variable load multrplred by the load
* factor i increases.

5. Sliding of Gravity Quaywall

(1) Calculation Method ‘

The following equation is used in both the T.S.P.H.
and the Eurocodes to evaluate the safety of a gravity
quaywall against sliding:

w _
F, = P (5.1)
where
: "Degree of safety of the wall body against sliding
Coefficient of friction
: Total vertical force acting on the wall body (kN/m)
" Total horizontal force actmg on the wall body

v

(kN/m)

‘The T.S.PH. as_srime that- soil particles'and water

behave as a single body against seismic forces because

=11 -

the action time of the seismic force. is very short
compared with the drainage time. They also use an
apparent seismic coefficient to calculate the submerged
earth pressure, thus considering dynamic water pressure
from the land side. The total vertical force W and the total
horizontal force P acting on the wall body in Equation
(5.1) are thus given by the following equations:

P=P,y+E.,.—E, +E,.' +W, " (5.3)
where
W,: Weight of the wall body in the air (kN/m)
Wy Buoyancy of the wall body (kN/m)-
P Resultant force of the horizontal component of the
- earth pressure during an earthquake (kN/m)
P4: Resultant force of the vertical component of the .
~ earth pressure during an earthquake (kN/m) A
E,s: Resultant force of the static water pressure from
the land side (kN/m)
E.’ : Resultant force of the static water pressure from the.
sea side (kN/m) - -
E,.;’ *Resultant force of the dynamic water pressure from -
the sea side (kN/m) - :
W : Horizontal seismic force acting on the wall body -
(kN/m); W, =k, W, where k, is the horizontal
seismic coeff1c1ent -

.The formula for calculating the resultant force of the
static water pressure is expressed as follows:

(5.4)

The formula for calculating the resultant force of the
dynamic water pressure is expressed as follows:

-, .
Eut =kt wHa* 59
where H is the water level and 7, is the unit we1ght of
the water.

The resultant force of the horrzontal component of the’
earth pressure during an earthquake P4y is expressed as:

Py - z (pai—12+ P

" The resultarit force of theivertical component.of the
earth pressure during an earthquake P4y is expressed as:

(5.6)

cosy

i )cos(wm
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.7)

S o Paic1 Y Pai : V
P ; .
AV E( 2 . cosy ]’Sm(wi-fé} '

where o . ‘
Pai > Active earth pressure actrng on the wall surface of

the bottom of soil layer i (kN/m ); the formula for

* - "calculating p,; is given below.
i Angle of the wall surface with respect to the vertrcal
L plane )
2 Frrctlon angle on the wall surface ¢ )

h;: Thickness of soil layer i (m)

B i Eurocode 8, part 5 requires that the designer evaluate
-thé drainage condition - of - ‘the. target ground - and
distinguish the drained condrtron from the undrarned
condition in the desrgn It also specrfres that the strength
of the vertical seismic coefficient k, should be 1/2 of the
horizontal seismic coefficient k. Both, the upward and

« . downward directions of the action should be evaluated.

- 'When ‘the 'ground moves -downward, ie. when it is
' acce]erated downward, the 1nertra force acts upward on
‘ the wall body

. _The total.vertical force Wand the total horrzontal force‘

P acting on the wall body. under drarned condrtlons are
"hence expressed as follows
- ,W=(1 kv) - W,,)+PAV e

. fP:PAH'l'Ews'l'Ewd_'Ews'?*"Ewd’-‘l’Wk '

. ,-where Ewd is the dynamrc water pressure from the land :
~ side.

The forces for- the  undrained condrtron are
expressed as follows: - : ‘

'Twweafmtm—%ﬁfw,'

. PZPAf.‘l?}‘Ews;'Ews’.{-EWd, +Wk

-,'(5'.8)> |

(:9) -

] .(5.105 )

(611

Ka:

al

2

—5-0)]"
cosld +y +6)cos(1/) B)|
' ' (5.14)

cos @ cosztp,cos(é +p+0)[1+

)
. )1 \/srn(zp,ﬂS)sm(

cos®(p; - -

. where

Pai - Active earth pressure actrng on the wall surface of
.- the bottom of soil layer i (kN/m ) :

®;: Internal frlctron angle of the soil in soil layerz ( )

7+ Unit werght of the soil in soil layer i (kN/m’ )

h;: Thickness ¢ of soil layer i (m)

Coeffrcrent of the active earth pressure for soil layer

i .

:,Z./) : .Angle of the wall surface wrth respect to the vertlcal '

- oplane ()

B: Angle of the ground surface wrth respect to the
. horizontal plane (° ) ' '
0 ; Frlctron ang]e on the wall surface( ). o

L Angle of. the failure plane of soil layer i with respect
© tothe horizontal plane (° )

L w: Surcharge per unit area of the ground surface

(kN/m )

in the above equatlons t9 is the composrte sersmrc
angle ‘for whrch the T.S.PH. grves the followrng

O =tan’'k ' (5.15) ‘
for the soil above the residual 'watervlevel, and
‘ H:tah"k’ (5.16)

for the soil below the, resrdual water level, whete k,, is the
horizontal seismic coefﬁcrent and &’ is the apparent

2 . seismic- coefficient. 'The T.S.PH. give the apparent

“Both the TS. PH:. and . the Eu‘rocodes‘ adopt the

Mononobe/Okabe Formulas for calculating .the earth .
The formulas for
the “acfive earth pressure given by'

pressure during an earthquake

determrnrng

. Mononobe/Okabe Formulas are expressed as follows .
wc sy

[Ey 7—7051’} 5 cosy
‘cm@ ﬁ)—-mn@ +8+y - B)

‘ +sec(¢, * 6.+1p } ﬂ)\/cos(w -pB )sin(¢.

-p-6)

v(5.1'2)1 s

costy +6 +6)sinp, +8) (5.13)

-12-

sersmrc coeffrclent k’ as follows

(Ey,h +2yhj+w)+yh
Ey,h +2 y - 10)h +w} (y 10)h

k,, (5 17) :

- where

k’: Apparent seismic coefficient .
7’,: Unit werght -of the sorl above the resrdual water
level (kN/m’ ) ;

-~ h . Thickness of soil layer 1 above the resrdual water -

.level (m),
7. Unit werght of the water saturated soil m arr
 (kN/m?)
h;:  Thickness of soil layer j below the residual water
level lying over the soil layer used for calculatrng
~ the earth pressure (m) '
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w: Surcharge per unit area” of .the ground surface ‘

(kN/m?) : ' c

A ¢ Thickness of the soil layer below the residual water |

level used for calculating the earth pressure (m)

ky: Horrzontal seismic coeffic1ent

Eurocode 8, part5 giVes the following formula_s::

:k;, o ‘
L

6 = tan “( (5.18)

' for the soil.ahove the residual'w'ater level , and ,..\
6 =tan!| Lt T (5.19)
B -

[

: for pernleable soil below the residual waterleyel‘,"and-" B

. .‘-;le—tanl l’d‘ ky
o Y- rwl -k, )

for 1mpermeable sorl below the resrdual water level,
where 7 4 is the unit weight of the- dry sorl and k is the
vertical seismic coefficient. =~ -

: ‘.

The methods -for “calculating the des1gn seismic -

'coefficrent between the Eurocodes and the T S.PH. have
'vthe followmg d1fferences '
@ The method for calculating the composrte seismic
angle (Eurocaode- ‘8, part 5 considers a vertrcal
.'seismic coeffrcrent) C o
The dynamic 'water. pressure from the land side is
treated differently (Eurocode 8, part- 5. consrders it:
for permeable ground) ‘

©

(2) ObJectlve

The Eurocode-based seismic desrgn c0n51ders the

: ve_rtrcal seismic coefficient and the permeability of the
ground, which are not considered in the T.S.P.H..

. Regarding sliding of the gravity. quaywall during an
earthquake, we estimated the stable width of the wall

~ body by the design methods based on the T. S.P.H. and the

Eurocodes (especially, Eurocode8 part5), and evaluated
the effects of the _vertical seismic coefficient and ground
permeability, - Lo o

'.(3) Assumptlons

Flgure 5.1 shows an overview of the gravrty quaywall,'

* and the study conditions. From the figure, %and G in'the

Mononobe/Okabe Formulas [Equations, (5.12) to (5. 14)]

S become 0. -

(520)

In the T, S. PH the safety factor against sliding dunng
earthquakes is equal to or greater than 1.0. We used a

‘ .surcharge of 10kN/m for both the T.S.PH. and_ the
- Eurocodes des1gns Values for the unit weight of the wall
body weré set as:' 7 =21kN/m°, and 7 ’=11kN/m’.

‘The Eurocodes and the T.S.P.H. use different formulas

for calculating the desrgn seismic coefficrent from
_ acceleration of the bedrock However, we used the same

value for the desrgn coefficient in both cases to study the

- effects of the vertical seismic coefficient and ground

permeability. The values of the design horizontal seismic

- coefficient we studied were 0. 18, 0.10, and 0.05.

The value of the load factor used for seismic design in
the,Eurocodes is specified as 1.0, although the material

factor must be determined adequately. Eurocode 8, part 5
. specifies that the récommended value of the material

factor for ¢, is 1.4, ‘and that for tan ¢ is 1.25. In our study, |

. however, we used a material factor of 1.0 to serve the
- above Ob]CCllVC

The T.S.P.H. define the angle of wall friction as 15°.
and the coefficient of friction as 0.6. Eurocode 7 specrﬁes

- that the design friction angle on the wall J, should be set
" in response ‘to the condition, and that the coefficient of

friction should be éstimated from tan( J ;) rebated by the

_ material factor. In order to examine the objectives

mentioned above, we used an angle of wall friction of .
15 and a coefficient of friction of 0.6. ‘

Surcharge w= IOkN/m

++++++++#+wm

7=18kN/m’, ¢ 40

LW.L. £0.0m

WaterdJe)th 5. 0 10.0, 15.0m

- Wallbody -

RWL

Rubble backrng "
7’ 20kN/m 7’ 10kN/m ¢ 40°

- Rock ground N>550 ‘ R i.“.';",: ;
- C Widthofwallbody B S

Lhy

Flgure 5. l Overvrew of Gravrty Quaywall and Study Condltions _> -

L1
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(4) Results
Figures 5.2 and 5.3 show the results of the study
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53] L / : J
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:§ 151 g -
b} /
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= i A Permeable kv=0
§ /Z 0O . Permeable kv<0
: N TR R SR S
0 5 10 15 - 20 25

Width of Wall Body based on T.SP.H.(m)

Flgure 5.2 Widths of Wall Body Based on T SPH.and -

Eurocodes
@ 25 — T T T 7
-g _— ' ) O/ -
2 1.1,
O 20+ ) / -
L | v 9/ 1.0 |
S D/"
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g or & kv=0 T
g - (u] kv<0 - 1
3 .
= DR RS SRR R N ,
10 15 20 25

' 0 - 5
» Width of Wall Body for Unpermeable Ground(m)

Figure 5.3 Comparison of Widths of Wall Body for
Permeable and Impermeable Ground .

The solid line 'in Figure 5.2 shows the case that the
width of the wall body calculated from the Eurocodes is
the same as that calculated from the T.S.P.H., whereas the
dotted line shows the case that the width of the wall body
calculated from the Eurocodes is 1.5 times wider than that
calculated from the T.S.P.H..

The Eurocode-based design that ignores the verticall

seismic coefficient and the design based on the T.S.PH. |

_give different values for the necessary width of the wall
body. Their results are different even though neither
design considers the vertical seismic coefficient. This is

-14 -

because the calculation methods used for the apparent
seismic coefficient are different; i.e., the T.S.P.H. consider
the effect of the surcharge and the overburden pressure in
the calculation of the apparent seismic coefficient given
by Equation (5.17).For the effect of the vertical seismic
coefficient, in the case of k,>0, when an earthquake
causes a downward acceleration to the ground, the
required width of the wall body becomes 1.4 to 1.5 times
wider than that calculated from the method based on the
T.S.P.H. ' '

The solid line in Figure 5.3 shows the case that the
width of the wall body for the permeable ground
calculated from the Eurocodes is the same as that for the
impermeable ground, whereas the dotted line shows the
case that the width of the wall body for the permeable
ground calculated from the Eurocodes is 1.1 times wider
than that for the impermeable ground.

The T.S.PH. assume that the seismic force acts
instantaneously, and the ground behaves impermeably.
For the Eurocode-based design, we compared the widths

" of the wall body both considering and not considering the

permeability. The required width of the wall body
considering permeability was about 1.1 times larger than
that for the latter case.

6. Stability of Sheet-pile Quaywall

(1) Calculation Method

The T.S.P.H. provide two methods for evaluatmg a
sheet-pile quaywall: ® a method using together the
free-earth support method to. evaluate the embedment
length of the sheet pile and the equivalent beam method to
determine the section size. @ Rowe’s method, which
determines the embedment length and section size taking
the rigidity of the sheet pile section into consideration to
simultaneously. .

We made a comparison study of the émbedment length

“and the section size.

We first used the free-earth support method to
determine the embedment length of the sheet-pile
quaywall based on the T.S.P.H., and then checked it using
Rowe’s method. Eurocode 8 does not describe the design
method, but Orr and Farrell (1999) used the free-earth
support method to study the stability of the sheet pile
under normal conditions. We hence used the free-earth
support method for our study.

The calculation using the free-earth support method is -
shown below:

(6.1)

where : ,
F,: Degree of safety
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Mp: Moment with respect to the installation pomt of the
tie rod caused by passive earth pressure

M, : Moment with respect to the installation point of the
“tie rod caused by active earth pressure and residual
water pressure

We calculated the _acti_ve earth pressure using Equation
(5.12). The passive earth pressure is calculated as follows:

Po =Ky [E Vb +ﬁi"’m] cosy (62)
: cot(r‘_;,- —[3)= tan(¢,~ -0 -y +./3)
cosly +8 -60)sin(p, -5)  (6.3)

+SCC(¢,~ -6-y+ 'B)‘/COS(UJ - /S)Sin(¢,' +pB _6)

cos?(p; + -6)

the héight from the seabed to the installation point of
the tie rod

Dr: Embedment length of the sheet pile (m)

Hr: Height from the seabed to the installation point of the -
tie rod (m)

o : Similarity number (= 0 -1,

© : Flexibility number (= H;*/ E I) (m’/N)

E: Young’s modulus of the sheet pile (N/mz)

I: Moment of inertia of the section per unit width of the
sheet pile (m*/m)

Iy Coefficient of subgrade reaction of the sheet-pile

wall (N/m®)

To evaluate. section properties required for the sheet .
pile based on the T.S.P.H., we generally use the equivalent
beam method and Rowe’s method as models and check

" that the maximum bending tensile/compressive stress

sin(g; -
cos(é +Y —B)COs(rp - ﬁ)
(6.4)

" cos@cos’y cos(é + —,0)[1”—\/

where : :
:. Passive earth pressure acting on the wall surface of
the bottom of soil layer i (kN/m?)

&, Internal friction angle of the soil of soil layer i ( )
7+ Unit weight of the soil in soil layer i (kN/m )
h;: Thickness of soil layer i (m) L
K,;: Coefficient of the passive earth pressure of soil layer
i . .
" #: Angle of the wall surface with respect to the vertical
plane (° ) - :
B: Angle of the ground surface wrth respect to the
» horizontal plane (° )
O: Friction angle on the wall surface (° )
¢;: Angle of the failure p]ane of soil layer.i with respect
to the horizontal plane (° )
w:

“Surcharge' per unit ‘area of the ground surface
In these equations, & is the resultant angle during an
earthquake. Refer to Equations (5.15) to (5.17) for
calculating the resultant angle during an earthquake.
To calculate the embedment length Dy from Rowe’s
method, we must satisfy the following equation:

D | _
5, = H—F 2 5.09160 %% - 0.2591 (6.5)

T

where .
J's: Ratio of the embedment length of the sheet pile to

8 )sin(g, + B-6) ?

falls within the allowable unit stress.Since the model for
evaluating the section properties of the sheet pile is not
defined in Eurocode 8, we used the equivalent beam
method. Then we checked that the bending moment was

-equal to or less than the fully plastic bending moment of

resistance based on the Eurocode 3, part 5.

2) ObJectlve

Regarding the stability of a sheet-pile quaywal] durmg
an earthquake, we used the design methods based on the
T.SPH. and the Eurocodes to estimate the stable
embedment length of the sheet pile and then evaluated the
effect of the vertical seismic coefficient and ground
pcrfneability as we did for the gravity quaywall.
We also examined the effect of differences in the methods
for evaluating the section properties of the sheet pile.

(3) Assumptions
Figure 6.1 shows an overview of the sheet-pile

-quaywall and the study conditions. In the study of the

embedment length of the sheet pile, we calculated the
earth pressure and set the load factor, the material factor,
and the vertical seismic coefficient in the same manner '

" - used for the case of the gravity quaywall

-15-

- The T.S.P.H. specify that the safety factor for the
embedment length of the sheet pile during an earthquake
calculated from the free-earth support method is greater

“ than or equal to 1.2,

The horizontal seismic coeffrclent for the study
condition was 0.15. The T.S.P.H. define that the angle of
wall friction is 15° on the active side and -15° on the
passive side, whereas Eurocode 8, part 5 specifies that it is
less than or equal to 2/3 @ on the active side and 0° on -
the passive side. In our study based on the Eurocodes, we
used an angle of wall friction of 2/3 & on the active side
and 0° on the passive side. The types of the sheet pile
used in the Rowe’s method calculations were Il y-type,
Vi-type, and ¢ 1100 X 12t-type, comprised of steel sheet
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Surcharge w=10kN/m’

+30m\r+++++++€+i+

] HWL. +1.5m

7=18kN/m’, $=40"

. - R.W.L +1. 0 > Installauon
LW.L. £0.0m . . pmm i
| “tierod +1.0m
‘Rubble backmg

' Water depth 5.0, 10.0, 15.0m

7 ’=10kN/m’, ?’d"16kN/m, $=40°

Original ground (Sandy soil)
- 7’=10kN/m’, ¢=30°

" Figure 6.1 Overview of Pile-Sheet Quaywall and Study Conditions

' p11es for Water depths of 50m 10. Om and 15. 0m

. respectlvely

. We set the allowable stress under normal condltlons at
approxrmately 60% of the bending tensile/compressive
yield stress 0, and multiplied it by 1.5 for earthquake
conditions. .

- The fully. plastic bending moment of resistance is
calculated by using the bending tensile/compressive yield
stress J, as the characteristic value for the strength of the
steel.

 For the plastrc sectlon modulus Z ‘of the steel sheet pile,

(4) Results
Table 6.1 and Figures 6.2 and 6. 3 show the results for

. the embedment length of the sheet pile.

we assumed that the section was structurally equivalent to -

"a box section and calculated the modulus from the shape

factor f (here assuming the value of f=1.14) and section ‘

modulus Z, as follows:

Z,=f-Z, (6'.6)

For the section modulus Z, and the plastic section
modulus Z, of the steel-pipe sheet pile, we ‘ignored the
shape of the joint and assumed that the section was
equivalent to a continuous pipe section with diameter d

- and thickness . The plastic section modulus Z, was’.

calculated from the followmg equatron

w3

(6:7)

.

For this example by the T.S.P.H.,

by Rowe’s method. The embedment length determined by

- the free-earth method greatly differs from that determined

by Rowe’s method, particularly when a steel-pipe sheet

. pile is used for the 15m water depth.

The embedment length for permeable ground is
generally longer than that for 1mpermeable ground
although the difference is neghgrble

"The embedment length is longest when the vertical

seismic force is downward (k <0, the weight of the soil

appears the heaviest).

The embedment length determined by the Eurocodes is
longer than that determined by the T.S.P.H. In our study,
however, we set the material factor of tan ¢ used for the
design based on the Eurocodes at 1.0. When considering
the material factor of 1.25 for tan @, the difference in the
embedment lengths between' the. T.S.P.H. and the

- Eurocodes becomes larger. .

In our study conditions, theé maximum bending moment
of the sheet pile calculated from the Eurocodes takes the
largest value when a downward inertia force acts on a soil

" mass in permeable condition. In the study of the

specifications of ,the section - descrlbed below, the
Eurocode-based method means. the: cases which were

+ performed with a downward mert1a force actmg ona sorl

Usmg the plast1c sectron modulus the characterlstlc :

value o, of the strength of the steel, and the materlal

- factor 7, (51.1), we calculated the plastic resrstmg

moment M., from the followmg equatlon

68

mass in permeable condition. - ) ‘
‘When' we compare the two  design methods in -
evaluating the' section of the: sheet plle we need to

‘ consrder the followmg

@the drfference in the bending moment based on
differences in the calculation methods of the earth

' pressure

@ the drfference in the method for venfymg the bendmg

resistance of the sectron

-16 -

. the embedment .
' lengths for water depths of 5.0m and 15. Om be determined
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‘.. Water Depth(m)-
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(Comparrson of ‘the effect of the vertical -
seismic coefficient on permeable  ground
calculated from the Eurocodcs)

. ' ground)
. Table 6.1 Embedment Length of Sheet Pile (unit: m) .
o TSPH. ‘Eurocodes,llmperr’rreable Ground | Eurocodes, PermeableGrourrd
Water Depth | Freeearth | Rowe | k>0 |- k=0 | k<0 | k50 | k=0 | k <0
- 5.0m 5.78 - 585 |' 6.88 . 1.39 8.07 '6.92 " 7.43 8.10
10.0m 8.68 | 8.61 10.28 | .11.01 11.98 10.43 | (11.14 12.11:
. 15.0m- 11.73. /| 14.68. 13.63 | 14.59 15.85 13.88 14.83. 16.09.

“k, 0 the wvertical mertra force does not act.

|
[ .

'The difference in_ the . bendrrrg moment based on

+. differences in the. calculatron methods. for earth pressure
can be explained as follows: t

k, >0 the inertia force acting on the soil mass is-upward (the weight of the soil appears lighter) .
-k, <0 the mertra force acting on the sorl mass is downward

.».the desrgn value ‘used - for calculatmg the fully- plastic

‘ bendrng moment of resrstance is expressed as follows

~ Using.the same equrvalent beam method in the two o
cases, 'Table 6.2 shows that thé maxrmum bendmg

moment of the sheet pile calculated from the Eurocodes is

1.19 to 1.22 times larger than that’ calculated from the '

TSPH.. . Co

The dlfference in the methods for Verrfymg the bendmg )

resistance of the section can be explained as follows:

" The examination of earthquake conditions based on the
T.S.P.H. gives the followmg allowable unlt stress after the
multrplrcatron .

y

0,~15X0.60, ='.0.9 d

" The bendmg moment of resrstance M f based on “the
TS. PH is therefore grven by the followrng equatron

M=0,2, 0902 - (610)

Smce the materral factor based on the Eurocodes is 1.1,

69)

-17-

(6.11)

The plastrc bendrng moment of resistance Mg based on

" the Eurocodes 1s therefore grven by the followmgf
' equatron

My=0,2,=0910,2, £ (6.12)

The ratio of the bending moment of resistance based on

" the T.S.P.H. to that based on the Eurocodes can hence be

expressed by the shape factor from the followrng'
equatron : :

i | (6.13)

where
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_Table 6.2 Comparative Study of Sheet Pile Section (1)

) TS.P.H Eurocodes
Design Method . R (permeable, k,<0) .
' Equivalent Beam Method Equivalent Beam Method
Water Type of . . . . .
Depth | Sheet Pile Action Resistance Action Resistance
. ' 164.0 194.9
5.0m ,S\I(IZV;S | Bending Mome.m (kN - m/m) (1.00) . 270.0 (1.19) 305.7
' Stress Intensity (N/mm?) . 164.0 270.0 .
. 779.9 - 954.4 : '
: | Bending Moment (kN - m/m 850.5 969.6
10.0m SYVZ; s & (N m/m) (1.00) (1.22)
Stress Intensity (N/mm?) 247.6 270.0
. ¢ 900mm Bending Moment (kN-m/m) | 21288 2260.1 25571 2775.0
15.0m | (t=12mm) (1.00) (1.20)
- . 1 SM490 Stress Intensity (N/mm?) 261.3 277.5
Table 6.3 Comparative Study of Sheet Pile Section (2)
Front Water Depth : . . s
(Specifications of Sheet Pile) - Action/ Resistance ®/®
Method Based on T.S.P.H. . Eurocode-based Method
) Equivalent Beam Method ® Equivalent Beam Method ® o
5.0m (Il SY295) 0.61 0.64 . 1.05
10.0m (V| SY295) 0.92 0.98 1.07
15.0m (¢ 900 r=12mm SM490) 0.94 0.92 0.98
Téble 6.4. Comparative Study of Sheet Pile Section 3) ,
o : v Eurocode .
. Check Method’ Rov:'I;’ssJ:\;i}:t.ho d (permeable ground, k,<0)
2 Equivalent Beam Method
Water | Type (?f sheet | Action | Resistance - Action - : Resistance
Depth Pile . . -
N T _ 2032 T 1949
‘5.0m O, | Bending Moment (kN - m/m) (1.00) 270.0 (0.96) 305.7
Y295 Stress Intensity (N/mm®) . 2032 270.0
. ' 832.1 , 954.4
10.0m v, Bending Moment (kN m/m) . (1.00) 8505 (1.15) 969:6‘
o ‘SY2'95_ Stress Intenisity (N/mm?) - | = 264.2 270.0
$900mm | Bending Moment (kN m/m) 25288) 01| . 2971 2775.0
(1.00) (1.01)
(t=12mm) o :
SM490 Stress Intensity (N/mm?) 31054 2775
15.0m - '
| ¢1100mm | Bending Moment (kN-m/m) 25288 27750 | 271 3453.0
g . RS (1.00) (1.01)
(t=12mm) - — , , - -
SM490 Stress Intensity (N/mm?) 26099 2775 | T

" Table 6.5 Comparative Study of Sheet Pile SeCtion'(4)'

Front Water Depth : . . ‘
(Specifications of Shgct Pile) - L Action/ Resistance @/@
: ) e Method Based on T.S.P.H. .| Eurocode-based Method
Rowe’s Method © | Equivalent Beam Method &)
5.0m (I, SY295) e 075 - . 0641 085
10.0m (V| SY295) 0.98] o - 0.98 - 1.00
15.0m (¢ 900 r=12mm SM490) 1.12 : 0.92 0.82
(¢ 1100 t=12mm SM490) 0:91 : . 074 0.81

-18 -
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Z,: Section modulus (m’).
Z,: Plastic section modulus (m)

f: Shape factor

From our study, the bending moment of resistance of
the steel sheet pile calculated from the Eurocodes is about

1.13 to 1.14 times larger than that calculated from the -

T.S.P.H,, and that the moment for the steel-pipe sheet pile
is about 1.23 times larger.

The comparison study of the sheet pile section using
the same equivalent beam method shown in Table 6.3. We
may say that both methods give the almost same sectlon
because the difference is relatively small. :

Table 6.4 1ndrcates ‘that the Eurocode-based method
gives values for the bending moment that are about 0.96
to 1.15 times larger than those based on the T.S.P.H. using
the Rowe’s method as the evaluation model. Table 6.5

shows that the method based on the T.S.P.H. tends to give -

more conservative results.

Comparing the steel-pipe sheet pile and the steel sheet
pile as shown in Tables 6.3 and 6.5, the steel-pipe sheet
pile tends to give safer results than the steel sheet pile
using the method based on the T.S.P.H.. The reason is that

the bending moment of resistance of the steel-pipe sheet

pile is relatively larger becai.lse of the difference in the

shape factors between the steel-pipe sheet pile and the .

steel sheet pile. For the case of a front water depth of
.15.0m shown in Table 6.5, the method based on the

T.S.P.H. and the Eurocode-based. method give optimum |

sections of ¢ 1100 (-=12mm) and ¢ 900 (¢=12mm),

respectively. This is an example resulting from the

difference in the bending moment of resistance because
there is no large difference in the bendlng moment
between the two methods

7. Companson of Methods for Calculatmg
Desrgn Selsmlc Coefficient

'(1) Calculatlon Method
a) Eurocode 8

(D Fundamental Requirements '

For the No Collapse Requirement, Eurocode 8 assumes

that the earthquake motion has an excess probability of
10% in 50 years (475 year return period). For the Damage

Limitation Requirement, it assumes that the earthquake -

motion has an excess probability of 10% in 10 years (95
~ year return period). :

@ Design Seismic Acceleration

The reference acceleration of the earthquake motion is

defined as-the maximum acceleration (a,) exerted on
rocky or hard ground during the reference return period.

Eurocode 8, however, does not define the type of
strongmotion seismograph to be used for observing this
acceleration or the method to be used for estimating a,
from the observed value.

® Difference between Eurocode 8, part 1 and Eurocode 8,
part5.

The method for calculatmg the design seismic
coefficient described in Eurocode 8, part 1 differs from
the one described in Eurocode 8, part 5. The ‘methods for
calculating the design horizontal seismic coefficient &,
and the design vertical seismic coefficient k, specified in.
Eurocode 8, parts 1 and 5, and in the T.S.P.H. are shown
below. ‘

b) Eurocode 8, part 1 -
O Classification of Soil

Eurocode 8, part 1 classifies ground into the sorl
classes shown in Table 7.1

@ Elastic Response Spectrum

The horizontal seismic action is described by two
orthogonal components considered as independent and -
represented by the same response spectrum. '

Eurocode 8 divides the target earthquake motion into -
-the following two . types according to the value of the
surface-wave magnltude M;:

- TYPE I large earthquake (surface-wave magnitude M,

25.5)
TYPE II: small earthquake (surface wave magmtude M;
<55)

® Estimation‘of Elastic Response Spectrum

The design horizontal seismic coefficient is ‘calculated

‘ . from the estimated elastic response spectrum. The elastic
response spectrum S,(T) divided by the acceleration of
"gravity g gives the design honzonta] seismic coefficient

k.

.Q;Térg; SE(T)=a'gS[1+%‘(2‘.5n—l)]r-' (7.1)
-TB§T§TC : Se(T)=‘2.5agrS‘r.] B (72
Tcérgr,;'r se(r)=2.5agsn[TTC] - 3)
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, o T.T :  where £ is the viscous damping ratio of the structure
< . _ cip : : :
Tr=T=4s . Se (T)f 2:3a45m [ T2 ] (7.4) expressed as a percentage.
- where T is the vibration period of a linear single degree - v
of freedom system, ag is the design ground acceleration 54D T 1 — T
(i.e., the maximum acceleration in rocky or hard: i i 1

ground during the reference return period), T3 and T¢ :2.5a8
are the limit values of the constant spectral acceleration

branch, Tp, is the value defining the beginning of the

_constant displacement response range of the spectrum,

'§. is the soil parameter correspondiﬁg to the subsoil

class of the target ground, and 7 is the damping - azs_
correction factor. The 7 is 1.0 for viscous- damping

below 5% and is calculated from the following

equation for viscous damping of 5% or more:

n = 10/5+£)= 0.5 )

i N N :

TB' ch - TD s . T '

Figure 7.1 Exampie of the elastic Response _Spéctrum .

g

Table 7.1 Classification of Subsoil Class

Subsoil Description of Stratigraphic Profile . ’ Parameters

C!ass - ' 1 Viso(ms) N Value ¢, (kPa)

. |Roc¢ky or other rock-like geological formation, _ .
A including at most 5Sm of weaker material at the| > 800 - -
surface '

Deposits of véry dense sand, gravel, or very stiff
clay, at least several tens of m in thickness, . )
characterized by a gradual increase of mechanical| 360-800. >50 >250
properties with depth -, ~ ~ ‘ '

Deep deposits of dense or medium-dense sand, ‘ )
C gravel or stiff clay with thickness from several tens| 180-360 15-50 ‘ 70-250
-] to many hundreds of m ' :

. |Deposits of loose-to-medium cohesionless soil : h ' SRR
D ' |(with or without some soft cohesive layers), or of
predominantly soft-to-firm cohesive soil

1.

<180 <15 _ <70

A soil profile cbnsisting of a surface alluvium l'aye} :
with ¥, 3, values of ¢lass'C or D and thickness| : e
varying between about Sm and 20m, underlain by . R PR I L
stiffer material with V; 3= 800m/s o o '

Deposits consisting-or containing a layer at least 10| < 100 - N PO .
. §, | m thick-of soft clays/silts with high plasticity index (Indicativel - - .| 1020
E (PI>40), and high water content- , v ‘ '

Deposits of liqueﬁabie soils, of sensitive clays, or
S; any other soil profile not included in classes A - E or
S,

V 30: average shear wave velocity in surface layer of 30m deep

-20-
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‘ Tables 7.2 and 7.3 show values of the soil parameter §
and- the parameters Tg, Tc, and T for elastic response

spectra.of TYPE I and TYPE II, respectively. The .

parameters T B TC, and T LR determme the shape of the
Ispectrum T

fTable 7. 2 Parameter Values of Elastrc Response

‘ Spectrum of TYPE I ,

class | s 1B | 1€ | 1D

A [ 1o-l010 | 04 | 20
B | 11 | (').,15v,_ 05 |20
c |13 | 020 | o6 | 20
D U135 0200 |07 20 -
‘E :‘1'.4 ] “~70.415;' i 0.5",. 2.0" ;

| ‘Table 7. 3 ‘Parameter Values of Elastrc Response

B
. coeffrcrent k

e

Spectrum of TYPE II
-class »S ’ ‘TB""'T TC A TD
A.'. 10, [ 005 ,,0,2"5"'.4:' 12
B | 11| 005 | o025 | 12 |
e is | oot ess | a2 )
D.|. 18 | 010 | 030 .| 12"
E-| 15| 005 | 025 | 12 |

@ EStimation of“Vert‘i‘cal 'Elastic Response.Spectrum -

g The desrgn vertical sersmrc coefficient is calculated
- ‘fvrom the estrmated vertrcal elast1c response spectrum The
Vertrcal elastrc response spectrum Sve(T) drvrded by the
B acceleratron ‘of gravrty g grves the desrgn vertrcal Seismic

’N" . . .
[P S B0y

4"o§r§rg 0 S,,([T)=aq, [1+Tl-'(3.0n —.1)] . (7.6)°
T,<T=T, Z"’SVe,A(T)=3.Oav‘n‘ : (7'.7)“'
LSTST, sv;(T)'=.3.0am[TTC], s
nErsic s.0)-30 m[Tf”] e

N f

a Table 7 4 shows values of the vertrcal elastrc response
~_spectrum parameters S ,

..?
)

" However, we used the desrgn spectrum with drmensrons » .
of acceleratron to make it "corsistent with', the elastic

: 'o'érér,,':'sd(r) a; s 1+—(£-1)] S (710) -
" T,,éTSTC c s, ()= 22l (7.11) "
p Y .

B s . "‘ e q'T ,:. .
TSTSTp @ Su(T). - 7 & . (7.12)-
il et ‘z[OV.ZO]a‘g’ " S
’ B R 25a S TCTD

=T<4s: 5,(T)]
' : 2[0'.2:0.]ag-~

Table 7.4 Vertical Elastrc Response Spectrum Parameters

Spectrum aja, | Tp T, - TD
CTYPEI | 090 | 005 | 015 | - 1.0
TYl‘EII" ‘ ‘0.4'5-' ""'0.05 1 015 | 10

' The Values of, a /ag are strll under drscussmn at CEN

\ :

‘ @ Desrgn Spectrum for Elastrc Analysrs :

For structures that resrst sersmrc actrons i’ the

‘non- linear range; the desrgn horizontal sersmrc coefﬁcrent
‘is calculated from the des1gn spectrum. The desrgn'
- spectrum S,,(T) divided by the acceleration of gravity g’
gives the: design horrzontal seismic coefficient k. .
) (Eurocode 8,° part 1 uses ‘the dimensionless desrgn

spectrum drvrded by the acceleratron of gravity g.

response spectrum )

(13) L

where q is “the behavror factor Eurocode 8, part 1. .

specifies that the q is given in ‘each chapter of Eurocode 8 -

“and i equal - to! ‘1.0 for ‘structures classrﬁed as
~ non- drssrpatrve ’ '

LR Qe

c) “‘Euroc'ode"8 part 5 _

In Eurocode 8 part 5, the sorl condition 'i§ -‘not, -

‘consrdered and the désign horizontal seismic coefficient

. ke and ‘the - desrgn vertical seismic coefficient k; are'
B calculated from the' followrng equatrons ‘

i21-
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kw=ag /.8 /r, k=0.5k;, " (7.14)

“where -a, is. the design ground acceleration (1 e., the
maximum acceleration in rocky or hard ground dunng the

reference return perlod) g is the gravity acceleration, r is

a parameter related to the allowable dlsplacement of the
structure, as-shown in Table 7.5.

Table 7.5 Parameters related to Allowable Dlsplacement

of Structure |
Type of retaining structure - A
"Free gravity walls that canaccept a 2

| displacement d,<300 @ (mm) :
| As above with d,<200 @ (mm) -’ L5

,Flexrb]e ‘RC walls, anchored or braced | 1

walls, RC walls founded on vertlcal piles,
| restrained’ basement walls and bndge
abutments

where @isa, /g

d) Technical Standards for Port Structures in JAPAN
(T S.PH))- )

" It is necessary to assure the seismic resistance of port
structures according to their degree of importance. All
structures must retain their safety and servisability against

level 1 earthquake motions (earthquake motion with a 75.

year return period). Structures with special seismic
_ resistance must retain expected functionality against level
2 earthquake motions (earthquake motion caused by a
earthquake in the plate with a return period of more than
several hundred years or eartnquake motions near land
caused by a large-scale earthquake at a plate boundary).
Except for structures with long natural periods such as

large-scale bridges and immersed tunnels, the design

seismic coefficient (consisting horizontal only in the
T.S.P.H.) is calculated from the following equation:
(desrgn

seismic coeffrcrent) = (regional

seismic”

coefficient) x (factor for subsoil condition) x (coefficient

of importance)

(D Reglonal Selsmrc Coefflcrent and Expected ‘Value of
Bedrock Acceleratlon for Return Period of 75 Years

Table 7.6 shows values of the regional seismic
~ coefficient and the expected values of the acceleration of
bedrock for a return period of 75 years. ‘

. The basic. equanon for estimating earthquake motions
(distance damplng equatlon) is grven by the followrng

-logldAs;nac =OS3M -
0.00169X+0.524
(7.15)

logio (X + 0-0062 : 1q°-53f") -

-22.-

Table 7.6 Resional Seismic Coefficient. and Expected
Value of Bedrock Acceleratron for 75 Year
‘Return Period.

. S Expec’ted Value of Bedrock
Resronal Seismic . .
Area Coefficient Acceleration for 75 Year
- Return Period (gal)
A 0.15 350
B 013 250
. C 0.12 2000
D 0.11 150 "~
"E - 0.08 100

where A, is:the maximum acceleration .of bedrock as
recorded by a SMAC strong motion seismograph (gal) M
is the magnitude of the target earthquake, and X is the
fault plane distance (km).

® Regional Seismic Coefficient -

The area-wise seismic coefficients are calculated from
the relational equation between the. maximum ground
surface acceleration @; and the design seismic coefficient -
k, applied at the design time, which is obtained from
analysis of examples of earthquake damage to gravity
quaywalls and sheet-pile quaywalls.

k=g at =200gal '
| 3 . (7.16)
ki=1/3+( @, /g)' " at @,>200gal '
where gis the gravrty acceleratlon Smce general subsoil
condition is considered . in the above equations, the
relation between the maximum ground surface
acceleration @ and the acceleration of bedrock ag is
expressed the following equation:
@, =a, /0.8 - (7.17)
where 0.8 is the ratio of the subsoil condition factor of
class 1 and class 2. A

Equation (7.16) is close to the upper limit of the desrgn
seismic coefficient: for the estimated value of the
maximum ground surface acceleration that acted on the
damaged structures.’ We used a conversion factor of 0.59
considering that an average relationship between the
design seismic coefficient and . the - ground surface
acceleration has been used for the design of general port
structures. ‘ ‘

® Factor for Subsoil Condition

Table 7.7 shows values of the factor for subsoil
condition. The factor for subsoil condition is defined in
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Table 7.8.
-Table 7.9 shows the correspondence of the subsoil

class from Eurocode 8, part 1 and the subsoil class of the
T.S.P.H..

- Table 7.7 Factor for Subsoil Condition®

Subsoil Class Class 1 Class 2 Class 3
Factor for - [ - E - e
Subsoil 0.8 . .1.0 1.2
Condition . I
. Table 7.8 Subsoil Class
" Thickness of Sand Ordinary
. o S Sandy, . . Poor
Quaternary Gravel .
“Deposit ‘Laver Clay., . Subsoil
p yer: Subsorl ,
- equal to or less . Class.1 Class1 -| Class2
than 5m \ .
more than Sm .
and less than Class 1 Class 2 Class 3
25m _ - T
‘equal to or Aoeen | etace '
more than'25m Class 2 Class 3 . Class 3

Table 7.9 Correspondence of Subsoil Class of Eurocode
: 8 partlandTSPH

, Subsorl Class of
, Subsoil Class of T.S.P.H.: Eurocodeg prt 1 -
3 | 7 — A ‘ .' ‘_ ’:t
Class 1 O . - 2
v C N- |
Class 2. ’
.Class 3- ‘ : - D;

@ Coefficient of Importance ‘

Table 7.10 shows the COCfflClCrlt of i 1mportance

Relation between the coefficient of i importance and.the
return period were examined by Yamamoto and Uwabe
(1999) as follow. It was assumed for the coefficient of -
importance and the return period that - the ‘maximum
acceleration of earthquake motion is linearly
proportional to the return period on logarithmic axes.
Regression coefficients of their linear relation equation
were calculated using data for each port in Japan of 278.
Relation between the coefficient of importance and the
return period were estimated by substituting averaged
regression coefficient for the linear relation equation. As a
result, considering on the basis of a Class B structure
having a coefficient of importance of 1.0, the design
seismic -coefficients of Class S, Class A, ’and Class C
structures correspond to earthquake motions for return
periods of approx1mately 150, 100, and 50 years,
respectively.

. @ Setting of Level- 2 Earthquake Motion

The scale of an earthquake is the magnrtude of the target
earthquake. The magmtude of the active fault may be
estimated from the followrng equatlon

lOgIOL 0 6M 2 9 (7 18)
where L and M are the length of ‘the- ground surface
seismic fault (km) and its magnitude, respectively.

If the application of Equation (7.18) is-difficult, the
magnitude may ‘be set” at- 7.2 in accordance with' the
Hyogoken-Nanbu (Kobe) Earthquake (1995).

Table 7. 10 ‘Coefficient of Importance

coa

Classification f Characterrstrcs of Structure - Coefficient Ofr .
Structure Importance
Class S* ~ "'Structures having mo'r'e'effects for O~@ then Class A structures B l 5
- DsStructures that may cause a huge loss of human life/ property if |
damaged by an earthquake
@Key structures desrgned serviceable for recovery from earthquake _
Lo disaster - : .
Class.A ®sStructures handling hazardous materials -~ : - ' - - [ ' A2
@ Structures, if disrupted, devastating the economic and social | . '
.- activities of the earthquake damage
3 L ® Structures, if. .damaged; being difficult to restore’
. ClassB Structures other than those of Class S, Class A, and ClassC. =~ - “1.0
SN o Small easrly restorable’ structures other than those of Class S and Class T
:ClassC A L i . 08 ..

-23.
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Designer uses Figure 7.2 to determine if the seismic
motion is caused by an earthquake directly above its

epicenter. The maximum acceleration of bedrock at the

construction position of the facrlrtres is calculated from
Equatron 7. 15) ' :

t 30 T T T T
’5‘ 25
3 [} N H . ¢ -
) 1 Q_20._..7,.;“.,,:..‘___._..,..,,,,.....‘.“;N.n..ezt‘,,.,.w:....,....Lw'
8 : :
'é : o C s .
D a5 e rheem e e
=] H 5 : :
t‘C_‘Q . +
I
c)
5] f
mv " >
‘ i i i i
0 5 6 7 8 9
Magnitude M

Classification . of Active Fault Used for
Judging Presence or Absence of Major
. Earthquake above Its Epicenter
.v- (An earthquake in the active -fault
belonging to domain A is considered to be
a major earthquake above its epicenter)

Figure 7.2

@ Calculatron of Design Sersmrc Coeffrcrent for Level-2
. Earthquake Motion '

K Desrgnerﬁfrrst uses the ground condition for the target
structures to calculate-the earthquake response from the
maximum acceleration of bedrock. given: by - Equation
(7.15) (e.g., SHAKE and others), and then estimate the
design seismic coefficient from Equation (7.16). The
following earthquake waveforms are used accordmg to
-the classification of Flgure 7.2 '

Case A: Port. Island Bedrock Wavc and others

. Case B: Earthquakes in the plate Port Island Bedrockr Coe

Wave and others ! ‘
Earthquakes at a.plate boundary ; Hachmohe
" Wave, Ohfunato Wave, and others '

In casé that the design seismic coefficient calculated ‘

" from Equation (7.16) is less than 0.25, the design seismic
coefficient may be set at 0.25.

@) ObJectrve o '

C)

)

- ©

(3) Assumptions .
We made the following- assumptrons to compare the
calculation methods for the design seismic coefficient:

(a) A gravity quaywall was: our design object. The

_ natural period of the. structure wis assumed to be
- 0.0s. ;
Assumrng that the surface -wave magnrtude M,Z5.5, ,
the earthquake motion in the case of Eurocode 8, part
1 was assumed to be TYPE I, This is because the
condition of the surface-wave magnitude M;=5.5
holds everywhere in Japan.
We set a port facility that is not a facility with specral '
seismic resistance specified in the T:S. PH as our
study target. It is a Class B structure with a
' coeffrcrent of importance of 1. 0. :
Since Eurocode 8, part 5 allows some drsplacement '
" under earthquakes for a gravity quaywall we
assumed that r=2 and 1.5. '

@) Results
Figures 7.3 and 7.4 show the results of the comparison -
of  the design seismic coefficients. In Figure 7.3,
Noda/Uwabe’s' Formulas [Equations (7.14) and (7.15))
multiplied by 0.59 were plotted and compared to the
results of Eurocode 8, part 1 and part 5. In Figure 7.4, the
same formulas were plotted and compared to the results of
Eurocode 8, part 1 and part 5. Noda/Uwabe s formulas
multlplred by 0.59 give relatively small ‘values of the
design seismic coefficient compared to those of Eurocode
8,-part'1, but they give almost similar values to Eurocode
8, part 5. For larger values of the acceleration, they give
values of the design seismic coefficient that are smaller .
than those of Eurocode 8, part 5 under some conditions.
The T.S.P.H. specifies that the design seismic
coefficient for a maximum ground surface acceleration of

200gal or more is proportional to the 1/3 power of the

acceleration from Noda/Uwabe’s Formula [Equation
(7.15)]. The concept of the T.S.P.H. differs from that of
the Eurocodes in this regard. :

Where the bedrock is ‘exposed on the ground surface,

. and the structure receives the undamped seismic force

from the . bedrock, the followmg relatronshrp holds

- because of the transmrssmn mechamsm of- the seismic
“force:- : o

(desrgn horlzontal sersmrc coefﬁcrent) = (acceleratron of

bedrock) / (gravrty acceleratron)

Where the structure r_eceives the seismic force from the

. bedrock through-a soil layer, however, it cannot receive a

The objective is to compare the calculation method for

the design seismic ‘coefficient based on the T.S.P.H. to
those based on Eurocode 8, part 1 and part 5.

seismic force that islarger than the shear resistance

'~ because shear failure occiirs in the soil layer. This means

-24-

that the value of the desrgn seismic coefficient acting on
the structure does not increase proportronally with the




_increase of bedrock acceleratron but it reaches a, hmrt
‘ Noda/Uwabe s Formula is. based on average Japanese
soils. It ‘is* implicitly assumed that the .ground cannot

transmit. seismic force with 100% efficienc’y_,'»if the

acceleration of the earthquake motion is large.

- Does the soil parameter S in the Eurocode 8 part 1.
cons1der the. transmission mechanrsm of seismic force in~
. the ground described above when converting acceleration R

©_in the bedrock into acceleratron of the’ ground surface 2

S Lo - A . | KT s
a :

© Technical Note of NILIMNo.7 -, .* .., "0

Eurocode 8, part' 1 specrﬁes that the vertrcal seismic -

~coefficient is equal to the horizontal seismic coefficient of

- -subsoil class A multrplled by 0.9, whereas part 5 specifies

that the- multrplrer is 0.5, which is ‘significantly different.

. We used to adopted the value of the .vertical seismic

coeffrcrent equal to one of the" horizontal seismic
coeffrcrent multlplred by 0.5 incase of considering the
vertical seismic force in Japan. In Eurocode 8, part 1,
however, there is a description saying that “the ratio of the *

o vertrcal sersmrc coeffrclent to the horrzontal ‘seismic

06— T
oo b TSPH G ) das G
G 05k 059*Noda/Uwabes Forrnulas i S
g —'—‘—‘—- ECS, part] ,,/, R
8 [ st ECS, part5(r—2) ’ "o qclassB
“Oo4k S ECS, part5(r=1. 5) P ',"‘;2 class A
SR e[ '/,'.’ BT
.% N ' ,/’ ,;A 7L -
“w 03} ) A .
¢ o - . /‘//. s e, ]
- A
. | v 7 . A NP SN )
502 v Tl Tdase3
:;b : T q class 2
. ST lass 1. *
r, »rQ‘ i 1 ly,, -
AL RS BT RN N - :
C0. - 100 .. 200 300 - 400

E Acceleration' of Eedrock(gal) B

R

Frgure 7 3 Compar1son of Desrgn Horrzontal Sersmrc

. Coefficient (1)° "~ ¢
v (Noda/Uwabe’s Formulas multrplred by
059usedforTSPH) S
v 06 R ,’ — T ',' | “ 4 —— A.c]assE
v = + pr=——— TSPH o : _3”/‘/., classCD
8 o5k Noda/UwabesForrnula T
B 7| -~ — < EC8 partl - :
8"} wpeieeses ECS, pantS(r=2), Sy classB, .
% 04F f'—'— ECS part5(r-1 5) : < classA““‘ S
Y SR i . Class3 .
= 277 : ] ClassZ
Q- oo P T
~g o2} v s [
|
2 01F <
a: B Kl
. PR 4
0 100, 200 : 300

Acceleratron of Bedrock(gal)

]
v

Flgure 74 Comparrson of Desrgn Horrzontal Seismic
Coefficiént (2)

(Noda/Uwabe s Formulas used for T S P H )

Flgure 7 S shows a comparrson of the desrgn sersmrc'
coeff1c1ents The vertrcal seismic- coefficient of the v

" TS.P. H 1s 0 0 because 1t is' not consrdered in the T. S P H

¥ T

‘Tbased on the T.S.P.H. and. the “Eurocodes, we made.' :
, comparatrve desrgns of example structures to study the |
following desrgn issues:. (1) slope stability; (2) bearing

£25-

 Figure 7.5

) [Concluding ‘su"mm‘ary] :

" the
_summarrzed below R

! coefficrent s .still under drscussron ‘The above values'

may be revrsed in the future

v [ ——— TSPH. . - .
: 0.5+ - EC8, partl Co I PR
‘ z-12--er--+ ECB, partS(r-Z)

] =i ECH pans=15 1
oaf Pars=1d) - ]

" Design Ver'tical.Seismle Coefficient

0 ‘ ' 100n 200 300 -+ 400

Acceleratron of Bedrock(gal)
AN
Comparlson of Desrgn Vert1cal Sersmrc
Coefficients: b
.. (The vertrcal ‘seismic, coeffrcrent for the
. TS.PH.is 0. 0. because it is not consrdered

Ve

'

oy

inthe TS.PH,)

!

- /8. Summary and Conglusions

To clarrfy drfferences between the desrgn methods

capacity of the pile foundation; (3) bearing capacity of the .
spread foundation, (4) sliding of the gravity quaywall 5)
stabrhty .of the sheet prle quaywall and (6) estimation of
desrgn seismic coefﬁc1ent “The results -

L

) Slope stablllty

*We compared the degree of safety F, (the ratro of the
resrstmg moment to the driving moment) and clarrfred the
relatronshrp between the safety factor used in the T.S.P. H.
and the partral factor proposed in Eurocode 7: In both
cases we ca]culated the degree of safety usmg the same

- }'
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calculation method.
" The surcharge only slightly affects the difference in the
degree of safety: The ratio of the safety factor used in the
T.S.P.H. to the partial factor proposed in Eurocode 7 is
nearly equal to the ratio of the degree of safety.

. The Eurocode 7 seems to give somewhat safer results
. for slope stability compared to the T.S.P.H..

(2) Bearing Capacity of Pile Foundation
- We calculated the bearing capacity of a pile foundation,
-compared the necessary embedment lengths in the
push-in and the pull-out cases, and quantitatively
estimated the difference between the formula for
calculating the bearing capacity used in the T.S.P.H. and
* that used by Orr and Farrell (1999). We also clarified the
relationship between the safety factor adopted in the
T.S.P.H. and the partial factor proposed in the Eurocodes.
In the case of sandy- -soil ground, the great difference in
the embedment length arises from a ‘difference in the

" calculation formulas for the bearing capacity. This

difference in the calculation formulas for the bearrng
capacrty ‘greatly affects the design. ‘
In the case of cohesive-soil ground, there are some
differences in the formulas for calculating bearing
capac1ty and in the safety factor and the partial factors, but

their effects are balanced. We see no significant difference v

" between the necessary embedment length calculated from
the design based on the T.S.P.H. and that calculated from
the Eurocode-based design such as was observed in the
case of sandy-soil ground. :

'(3). ‘Bearing‘Capacity of Spread Foundation

We calculated the stable width of the spread foundation,

studied the effect of the ratio of the permanent load to the
variable load of the vertical force, compared the ratio
(degree of safety) of the action (the vertical force
considering the partial factor) to the resistance (bearing
capacity), and quantitatively estimated the difference

between the formulas for calculating the bearing capacity .

used in the' TS P.H. and the one adopted by Orr and
Farfell (1999) We also clarified the relatronshrp between
the safety factor specrfled in the’ TS PH. and the partral
factor proposed in the Eurocodes.

In the case of sandy-soil ground the TS P.H.-and the
Eurocodes have different concepts regardrng the

calculation of the bearing capacity factor. Since the values -

of the béaring capacity factor used in the T.S.P.H. are
smaller, the degree of safety of the T.S.P:H. is less than
that of the Eurocodes. The difference in the bearing
capacity factors greatly affects the design.

In the case of cohesive-soil ground, the formula for .

the bearrng capacity used by Orr and Farrell (1999) is
1dentrcal to the one used in the T.S.P.H..

Comparrng the partial factor contrlbutrng to the
determination of the section in Case C to the degree of

<26 -

safety calculated from the T:S.P.H., the values of the
safety factor and the partial factorare balanced and have
almost the same degree of safety when the ratio of the
permanent load to the variable load is-about 0.27. For
different ratios 'of the permanent load and the variable
load, the degree of safety of the- T.S.P.H. differs from that
of the Eurocodes. - - Co

(4) Gravrty Quaywall Sliding

Regarding sliding of the gravity quaywall durmg an
earthquake, we estimated the stable width of the wall -
body from design methods based on the T.S.P.H. and the
Eurocodes, and studied the effect of the vertlcal seismic
coefficient and permeability of the ground.

The effect of the vertical seismic coefficient is ignored

" by the T.S.PH.. For the Eurocodes in the case of k,>0
" when the earthquake causes a downward acceleration to

act on the ground, the required width of the wall body is
1.4 to 1.5 times wider than that calculated from the
method based on the T.S.P.H..

- The T.S.P.H. assume that the ground is impermeable
because the soil particles and water behave as one body
against the seismic force due to the very short action time
of the seismic force. In the Eurocode-based design, we
compared the widths of_thc wall body between the cases
considering and not considering permeability. The
necessary width of the wall body when permeability was
considered was about 1.1 times larger than that when it
was not.

(5) Sheet-Pile Quaywall Stability

Regarding the stability of a sheet-pile quaywall during
an earthquake, we used the design methods based on the
T.S.P.H. and the Eurocodes to estimate the stable
embedment length of the sheet pile, and studied the effect
of the vertical seismic coefficient and permeability of the
ground as we did in the case of the gravity quaywall. We
also examined the effect of differences in the evaluating
methods of the section of the sheet pile. . :

The embedment length for permeable ground is
generally longer than that for impermeable ground but
the difference is negligible.

The embedment length determined by the Eurocodes is
a little longer than the one determined by the T.S.P.H., but
the difference is very small. In our study, however, we set
the value of the materlal factor in earthquake used for the
Eurocode designs at 1.0 If we consider the matetial factor,
the difference in the embedment lengths between the
T.S.P.H. and'the Eurocodes becomes. larger.

The bending moment calculated from the Eurocode is
about 1.2 times larger than that calculated from the
T.S.P.H. because of the difference in the methods for
calculatrng the earth pressure. The bending moment of
resistance used | for checklng calculated from the
Eurocodes is also about 1.13 to 1.23 times larger than that
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calculated from the T.S.P.H.. The optimum section are the.
almost same when the same equivalent beam method is
used.

The value of the bending moment calculated from the

T.S.P.H. using Rowe’s method is almost the same as that
calculated from the Eurocode using the equivalent beam

method. However, the Eurocodes give smaller values for

the optimum section size because of the difference in the

bending moment of resistance. Especially in the case of a

steel-pipe sheet pile, the Eurocodés give much smaller
values.

. (6) Comparison of Methods for Calculatmg the Design
Seismic Coefficient

The method for calculating the design seismic

coefficient based on the T.S.P.H. specifies that the design

seismic ' coefficient for a maximum ground surface.

acceleration of 200gal or more is proportional to the 1/3
power of the acceleration. The concept of the T.S.P.H.
differs from that of the Eurocodes in this regard. The

methods give different values of the design seismic

coefficient for the same value of bedrock acceleration.
The basis for the design seismic coefficient adopted in

Eurocode 8, part 1 is different from that adopted in

Eurocode 8, part 5. Especially in cases where the

displacement of structures is allowed, Eurocode 8, part5 .

Tebates the design seismic coefficient by 2 or 1.5,
depending on the allowable displacement. This operation
greatly affects the estimated design seismic coefficient.
The ratio of the vertical seismic coefficient to the
horizontal seismic coefficient given by Eurocode 8, part 5
is 0.5, whereas the one given by Eurocode 8, part 1 is 0.9
in subsoil class A. From our past experience, we doubt the
validity of using a vertical seismic coefficient as large as
0.9 times the horizontal seismic coefficient for port
structures.

[Concluding remarks]

The quantitive difference of the degree of safety and the
designed structural size between the design methods
based on the T.S.P.H. and the Eurocodes was clarified.
" The some knowledge for revising current technical
standards in JAPAN and for the correspondence to ISO

standards were obtained.

We consider that the design technology for port
facilities in JAPAN should be reported toward all over the
world. The results of this study will contribute to
expressing opinions against ISO standards. In the future,

- we will be revising T.S.P.H in cooperation with Port and -

Harbour Bureau in Ministry of Land, Infrastructure and

, Trahsport and each Regional Development Bureau, et al..

(Received on August 31, 2001)
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