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K. Yamamura and K, Kutara

1, Introduction

Factors that may éause slope failure include rain water, melting snow,
frost heave, and earthquakes, but the main cause for slope failure is the
action of water.

Japan abounds with situations that may lead to the disasters of slope
failure, - Her terrain is steep and mountainous, and her natural conditions

are such that are liable to invite heavy rains of typhoons and the wet season,

In add1t1on , the

.
(SF S AR A
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which has become exceedmgly serious in recent years has often resulted in

21
the adoption of slopes of a steeper grade,

The recent dlsasters of slope fa11ure whxch ‘occurred successively
AR I A '
were caused directly by. seEpage and surface water due’té heavyrain, and

N
,x;

ST NN

the fallmg mud and rock crushed or swept away into the river those vehicles

which were travelling on the highway, thereby posmg a difficult prcblem
RSN S
in the control of traffic at the: dangerous zone<dur1ng heavy rain.

Tow cortabndi cvritun et ool

KISV B

Espemally the fa1lure of cuttmg slope accurs frequently even while

the highway is still under construction, and continual efforts have been made

yha Vs

to protect slopes all the way through the std;

highway construction, and the mamteriar‘me ofjhighway after the completion
of their construction and putting them into service to the public, In order
to protect slopes from surface erosion and ensure safety against slope

faflure, the results of spll survey are being actively used for the selectidn

of the optimum procedure of slope protection; but 50 far no selection

.—2—
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criterion and design method for the optimum procedure of-slope protection
have been established, which is-applicable to all kinds of slopes, mainly
because the efféct of watér ‘on the shearing strength of 5oil has not yét been
clarified,’ and-the-éauses and process of slope failure are exceedingly com-
plicated due'to a wide variety of the composition of strata ‘and Soil con-

TIPS

ditions,.- "ol v
For the deterniination of optimum grades of embankmént slopes or cat

slopes'and ‘the Selection of the optimum procedure of slope protection, ‘&

very rough guide exists whi¢h'is based on the t_'ybés‘df soil, ' condition of

surface water and seepage water; but final de,t;lision is made according to

Aarfiniin

fag;ihnice] Judgement of the engineer concerned which is based upon his .
‘e;(;e'i!g(;'r:l_gé} fvzpd_pg'efe}g"er.lggan_dv ai__qc:ed by the i‘nflor’matiovn_ obtained _frc_)rﬂ,thg s
act'ualcon‘strqgtx?nwhich hﬁ’-§ vb__e!en executed under similar conditions at the,
nearbysye_ Evgn i._tf_t;l"ng',’subj‘e__ct _1‘s‘rz-3_s”t:rictgd,tp slppe__ ‘faiflg;'e‘ cal_j‘se_d‘ by. .- .
wageix;,‘_jg.l}q condmons %ggolyt‘ad‘ are :t"cl)o cprp.pllicated:to allow a systematic
desg;:;‘up;t_ig?:gii'thg»gj}'iggtiye_lness of various. procedures of slope protection, -
In this p.aper, therefore, the authors wou_l(_,ii_ll,ik_e to deal with only- @,_‘
the rg._s‘t‘;.litlsuglt__,‘iggt.p?‘l_‘ilq_ggstiggtign§_ on the gr‘oce_(‘:luxjg‘s of slope pratection
whu’:h h?.ge ?l;esl_'l adopt?don highways in Japan and @ th slope failure ex- .

per'i'rnrgqt,))yilliqh_haﬁ_beeyn carried out by applying artificial rain to the full- .

scale model of a slope in order to clarify the causes of slope failure due to

the flow of seepage water,
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2, Actual Condition of Slope Protection

(1), Actual Investipation of Slope Protection

In order to obtain basic data for a criteria of selection of optimum
procedures of slope protection, some parts of the national highways
were sglected and actual investigations were made on all the slopes
lying in the parts. Side by side with the above, actual investigations

.of dangerous spots were made by selecting @ those cutting slopes -
which caused comparatively frequent slope failures and @ slopes which
were copsidere_d' exceedingly liable to cause alope failure.

" “Fhe former investigations by ébrﬁpiét'e enimeration were aimed élt
grasping the ‘actual é_‘o'r;afti;ori: (‘)"f‘éppl‘icé:t'ibil“éf various kinds of siobé prc;tet;;
tion prvcedures to actual cutting slopes and clarifying fhe characteristic
features'of the kinds of slope protection by 'r‘e‘gi'oh' or B:y'kihd of soil and by »

geological property, Whereas' the latier in\}es‘tig:éffbh was aimed at”finc'li‘ﬁg
out the actual condition of those slopés which {véi'-é‘Tgehéf'avlly}icbhsiaéré& s
liable to cause ‘slope failure and the kinds of slope prdtééﬁbﬂ ‘which were -
appliéd to'such dangerous slopes. » »

"t bdth“ih’é ‘above-mentioned Investigations, détailed studies were
madé on'the prdpierties"of soil ‘and rock on the éldpé, presence of the fault
of weathered rock,’ condition of fissures, conditions of surface water and

_seépage water on the slope, kinds of slope protéctioh precedures, history

of the past slope fallures and their causes, and weaiher cdnditidﬁé under

O
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which such failures occurred, and prese-nt condition of the slope protec-
tion and of the slope; and a judgement on the overall stability of each slope
was given.

The locations of investigation were selected in the folloﬁjihg way:
Twelve routes of highways were selected which were considered repre-
sentative of the respective regions of the entire country, and an investi-

- gation'section of 50 km in length was set up in each of the routes, ‘and all
the slopes' that were lying in the section were investigated:
The number of locations’ investigated by compléte énumeration reached
1,282, . G T
* 'The investigation of dangerous locations was made on’ those slopes
which were considered specially to be in danger of failure“,; out of the de-
signated sections for-traffic control, such as those locations where' the
“traffic was usually stopped at the time of heavy rains,” ‘The total number
of ‘the object locations in this survey amounted to 523, -

(2) | Resulis of Investigations

“AS a result of the'above-mentioned investigations, various interest-
ing i"acts have been clarified regarding thé regional characteristics of the
occurrence of slope failure, relationship between the type:of soil and rock

 which forms the slope and the kind of slape’ protection procedure; stabi-
lization of slopés by slope protection procedure, and relationship between
the condition of water on the slope and the stability of the slope.
Slope failure tends to occur in reélonal concentration, and the areas

_5_
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showing. multiple-occurrence of.faijlures are localized. .- As a_general

>z trend; . it is,observed that the ratio .of occurrence of slope, failure, .

becomes gradually higher from the north to the south in Japan, As .
mentioned. above,: slope failure is caused by surface water or seepage
water, - Upon the investigation of a consecutive total rainfall:up, to the time

-of the, occurrence of a slope failure, it has.been observed that the conse-~

.zx...-.:cu‘t,ive_rainfall‘ increased from the north.to the south in ‘Japan.-.. The.ahnual

rainfall inithe south is considerably larger, than that in the north;: and .the
abpve-mentioned fact means that.in the rainy district, slope:failure will
not easily occur, unless there is a large amount of rainfall. Several ;

features,which have been clarified as a_result of the investigations are

-.,_e_xgl‘ginedibelpwg I e R AT I R N £ U ST LTRSS SN YD IR T RIS ST
-1} ... ;Characteristic Features of Slope protection Procedures.Used
‘v o One. of the outstanding features of the procedures used, as-far;as

slopes mainly made of soils are concerned, is the trend:of protecting
slopes by covering of vegetation, whenever possible, for thesake of
- 13~ €CONOmic reasons and the,secenic effect of planting.green grasses.

<7t 1,The most. frequently used method of covering Withjvegeta_.tion are the

4a-y 15eedrjetting method and block-sodding method, which are applied to

;ivflopes made of.various kinds, of soils, .For. slopes made. of stiff sandy

. 8ol (SW-and SC), clayey soil, and clay (ML, CL, OL, MH, OH, and
CH), the'pick-hole planting. method is often used with success.

: .¢.  'The stone-pitching method and the concrete block- pitching

-6 —
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. method are often:used for the protection of slopes made of gravelly
* 80il:{GM:and GC) and gravel (GW and GP), giving high stability to
" 'those:slopes. ::Other methods which can be expected to give high stabi-
lity to slopes are the retaining-wall method and concrete frame-work
i method. »The retaining-wall method is designed, - taking into account
"+ the earth-pressure that corresponds to the-soil conditions; therefore,
v lievndisasters are rarely found in‘the case of this protection method.. This
»5.; method is effectively used for all kinds of soil.: The concrete. frame-
work method is frequently applied to slopes made of sandy-soil and
2t the locations.where-spring:water is found, - ‘The mortar-jetting method

fityivis-rarely applied to‘slopes made of soils;..but is applied to'hard and

RO cd_ense_-slopes.,_<-ffhis ‘method;- however, ~may pose problems: in ‘the

v Iocold- distriet,~bedause the slope employing this method of. protection is

!t ‘easily, broken by frost heaving. .., ., .,
As for slopes mainly.made of rocks; disasters of slope failure
.itirhave rarely oceurred in thecase of slopes protected by the concrete
- block-pitching method or the mortar-jetting method.  This fact does
" ~not prove the high-stability. of slopes obtained by these protection
-++ methods; it may rather be more appropriate to consider that these
.25 I'methods are applied to slopes, which-have rather been stable; for

-4 - the only purpose of preventing their surfaces from being eroded,

ii) Shapes of Cutting Slopes

vt oo Citting slopes mainly made of soils are dealt with here, In

__”—
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general, slopes are’often cut at'a grade of about 1:1 regardless of the
kinds of soil, ' For slopes made of gravelly soil or sandy soil, a grade
- within the range of 1: 0,8 to 1:2, 0 is adopted, depending on the heights
of slopes 'and the condition of water on the slope,
When ‘'slopes having a:grade of 1: 0.8 to:1:1.0 are corjxpared
with those having grade of 1:1 to 1:1.2, the ratio of the number of
* slopes which are judged to be stabilized with respect to the total number
- of s‘lopes increases from 88 forithe former slopes to 97% for the latter
slopes.': [ERRIO R N R I
The.slope height is evenly distributed ovér the range of 5 m to
.30 m for slopes made ‘of various kinds of soil. - Slope having a height
.of 1éss8 ;chan 10 m is generally judged to be stable, while :slope having
! a height of more than 10m ' poses problem. In case of slopes of more
than 10 m high, however, the relationship between the height and the
'stability of slope is‘not clearly shown,
iii) - Kinds: of Procedures of Sl.og'e Protection and Stability of Slopes
i From the results of the above-mentioned investigation by com-
plete enumgraiim} Figs. 1, 2 and 3 are obtained, in which the-ratios
of the numbers of various slope ‘protection procedures used with respect
{o the 'total number are indicated against the degree of stability of those
slopes composed -of soils, soils and rocks, and rocks only, respec-
tively.
According to Fig. -1, slopes composed of soils are often protected by

—8—
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the seed-jetting method, retaining- wall method, block-sodding method,
or concrete block-pitching method; and it is very rare that the cutting
surface is left untreated. Slopes to which these methods are applied
have comparatively satifactory stability, showing that more than 85%
of them are stable, The soil that forms slope; is mostly gravelly soil
or sandy s6il, both of which combined accounts for more than 70% of
the total, In the case of slopes composed of séils and rocks accounts
as shown in Fig, 2, slopes composed of gravelly soil or sandy soil also
account for a greater part of the total, The procedures uséd frequently
for the protection of fhis kind of slopes uré the mortar-jetting method,
retaining-wall method, seed-jetting method and concrete Bloék-pitching
"method. There are only a comparatively simall number of untreated
‘slopes,  Out of those procedures, the mortar-jetting method gives a
comparatively higher stability, while the retaining-wall method and
concrete Block-pitc_hing nmethod give inferior stability, “These results
are contrary to the commonsense concerning the stability givén by
slope protection methods, but‘ma'y imply the fact that the retaining-
wall method and concrete block-pitching method are often used on-
slopes which are under uniav"or‘able conditions espe;’:iauy in case of

the retaining-wall method. Moreover, the slop which contimies.up-
wards from the retaining-wall has often experienced local slope
faflure. It is considered that these conditions frequently appear at the
deteriorating slopes, . In the case of slopes made of rocks as shown

-9 —
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in‘Fig. 3, slopes.are often untreated, and those slopes of no treatment
-account for more than half of the total.. The kinds of:procedures which

are used on this kind of slopes are mostly the retaining-wall method

and mortar-jetting method throughout all the kinds of slopes formed '
with rocks, followed by, in order, the net method, -seed-jetting. method,

and falling rock guard fence method,. . As the rock which forms_slopes D
changes from unsound rock to hard rock,, the stability increases;..and

this trend is clea_rly observed in the slopes of no treatment and those

. .5lopes which employ the net method and retqining-wall method. .,

iv) . Effect of Seepage Water.and :Surface Water on Slopes-to Stability

. LSM&S, . e bonoernia s sha

The results of the ir‘lyest'igati_pn of dangerous locations are summa-
rizeq in _Fig.‘4‘, ‘;w‘}.]itl:h indicate the .condition of water, Qr}“slope_.s.,i‘gp_ﬂd kinds
of procedures of slépg protection and stability of slopes, i As can be
observed from the figure, .the stability det»eripra‘te:s._ivn”sl_ppgs - which C)
slopes, throughout all k‘indrs -of slope protection_prchd_ur,e,s_., In the
investigation by complete enumeration, the ratio of dry slopes to. the
total showed a considerably larger:figure of 83% than that shown!in
Fig. 4. ‘When the results of both the investigations are taken into.ac-
count together, it is found that those slopes which are affected by water
have lower stability than those which are not. The authors especially
emphasize on the importance of drainage of water from the slope-and
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of taking into careful consideration the activities of water when the
:‘selection in procedures of s§lope protection is to be made.

-2, +y) . Stability Given by Mortar-jetting Method

, -.o1 ¢ .. /The most frequently used method for protection of slopes which

:.r. are mainly formed by rocks is the mortar-jetiing method. Since the
evaluation of effectiveness of the mortar-jetting method varies w.idely

- with engineers, for the sake of information, Fig.5 shows the relation-

z»vu-ship-between the stability of slopes after the completion of their con-

R R e e,

:struction and their aging, - 'The locations for investigation were picked

: i:55:up. from those which had unfavorable conditions, . As.a result of this

+iinvestigation;; it was:found that the slope - surface to which the mortar-

::jetting. method had been applied was weathered during the period of 1
to .3 years after the.completion of the protection, and the pnumber of
-7t thdse:slopes, which still-retaiqed the: original surface condition im-~
v+: :mediately -after the completion, accounted for.about 33% of the .totai.
The nﬁmber of slopes which showed discoloring anci th.e fall of mortar
-520 -and:rock chips:accounted for . 20% of the tofal in 3 to 4 years after the
s+ completion, ' Especially the mortar-jettingr on those slope surfaces wiick
were wet or used tc; cause freezing and rhelting was short-lived, and
r,sliould be:considered only as a temporary protective work, |
3;:iiSlope. Failure Experiment Using Artificial Rain

{1);;; -Object and Method of Experiment

»or . As explained before, most of the cases of slope failure are caused
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directly by the effects of water, i.e., rain water and seepage water.
The following is the description of the slope failure experiment which

was conducted on the full-scale model of a slope for the purpose of trac-

-ing the detailed phenomena of slope failure, thereby clarifying the methods

of design and the construction of highly stable slopes, and the procedure
for the prevention of slope failure,

‘ The slope failur_e which is caused by rain often occurs at the cut-
ting slope, resulting in serious problems in the control and maintenance
of highways.  Since it is difficult to make an experiment on a natural

slope in situ, the experiment was made on an embankment constructed

" for the purpose of the experiment. It is also often reported that embank-

- ment slopes along highways showed failure when heavy rain of a total

rainfall of more than 250 mm (approx.) fell on them.

The slope failure experiment using ;'ain was conducted at the large-
scale labopatory of the Public Works Research Institute of the Ministry
of Construction. .

In thé experiment, a full-scale experimental embankment was con-
structed in’the laboratory, and artificial rain was applied to the emhank-
ment for a long time until the slope showed a failure.

The exp'erimentél embankment was 4 m high and had a grade of
1:1,5, The material used for the embankment was Kanto-loam (a kind
of volcanic-ash soil) which had been dried and then had its moisture
content adjusted. In the construction of the embankment, the soil was
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filled up by applying light rolling compaction to the fill at an intervai of
30 cm in thickness in order to ensure the evenness of compaction of the
fill, -

Inside the embankment, pore pressure gauges, €arth pressure
gauges and aluminum pipes were installed, while on the surface of the .
embankment, surface strain gauges are fitted to measure the shifting,
contraction and elongation of the surface, Alminum pipes were used for
casing pipes to insert RI moisture meter and density meter,

The embankment was constructed in the laboratory of 32 m wide.

_and 36 m long and equipped with artificial rainfall equipment capable of .

making rains of any given strength.

“The experiment was conducted one month after the completion of. :
the embankment. In the experiment, rain of a certain strength was ap-
plied {o the slope of the embankment, and measurements and obsérvations
were continuously made on the condition of percolation of rain water and
also on the cracks and deformation that occurred on the embankment;: . .

The strength of rainfall was set to 15 mm/hr in order t0'e!1'sure e
that nearly the entire rainfall would seep into the embankment, and no -:
surface erosion and scouring would oceur as a result of the surface flow.
Penetration resistances at various parts of the embankment also were
measured by the static cone penetrometer three times, i.e., before the
commencement of the rain experiment, after its completion, and in be-.

tween, in order to investigate the effect of the rise in the moisture
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content exercised upon the shearing strength of the soil, When the rain-
fall reached 200. mm, the slope began to develop cracks; and when the .
rainfall reached about 300 mm, it was observed that the cracks expanded
and the slip gradually progressed. At the completion of the experiment,
the slope failure as shown in the photo 1 occurred.
(2).  Results of Experiment and Discussion on Slope Stabilization
Changes’ in moisture content inside the embankment which have been
observed by means of the experiment are expressed in the degree of satu-
ration as shown in Fig, 68, .The distribution of saturation degree inside the
embankment at the commencement of the rain is almost uniform through-
out the embankment, except a slightly larger value -shown at the foot of :
the ermbankment. . It is clearly discernible that as the consecutive total

rainfall-increases, the embankment increases its degree of saturation ..

- gradually from the dried state.. Since the experimental embankment has,

been constructed upon an impermeable foundation, the saturation degree
at the lowest part of the embankment rises, Except this part, however, the
saturation degree does not rise very high,- especially fhe moisture content
in the center-part of the embankment does not rise easily, which fact should
be noted as one of the characteristic features of the embankment,

Fig, 7 shows an example of the penetration resistance measured by
a static cone penetrometer, At the same time, the values of saturation
degree of the soil also are plotted into the figure so that the relationship

between the penetration resistance and the saturation degree can be clear-

O
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ly found out. The variations of these two values are fairly similar, It

- has also been ascertained that the pore pressure which is generated

inside the embankment while the rain is being applied, will disappear
quickly after the completion of the experirﬁent. except from that part at
the bottom of the embankment which has been saturated.

s This experiment reproduced the fact that as rain is applied to the
embankment and the moisture content of the embankment rises, the :
stability of the slope gradually deteriorates until it develops a slope
failure..- The causes for this failure are: @ the increase in the weight
of the soil which acts as force causing the slib, @ the rise in pore pres-
sure, which acts as a factor to reduce the resistance against the slip and
@ decreasing in the shearing strenéth of soils due to an increase in the

moisture:content of soils, According to the results of the experiment, -

‘however, itis considered that the increase in the weight of soil and the

rise in pore pressure have not any significant effects upon-the slip. ‘It
is concluded, therefore,. that the decrease in the shearing strength of
the‘soil is the‘governing factor of the failure, Consequently, the pheno-
menon of fa;lqre’ can be:explained.to some extent, if the relationship be;
tween the moisture content of unsaturated soil and the shearing strength
of the so6il can be clarified,"

~'The phenomenon of the shear failure of unsaturated soil, however,
has not been fully investigated and contains many points which are still-
unknown. : Consequently, as a sort of an expedient, it was decided to

—15—
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obtain the relationship between the moisture content and the shearing
strength; and in a laboratory experiment, a close investigation was made
concerning the relationship among the cone penetration resistance, mois-
ture content and saturation degree in respect of compacted sémples.
After making sure, by a consolidated undrained triaxial compression
test, that the value of 4. remains more or less 10° even if the value

of moisture content fluctuates slightly, the cohesion was calculated from
the penetration resistance on the assumption that the frictional angle
would be-10° and by using the formula for calculating the bearing capacity

of piles. The relationship between the cohesion thus obtained and the

* degree of saturation is shown in Fig, 8,

- The above-mentioned relationship is used for the examination of
the stability of a slope, which is explained below: after the saturation
degree distribution of t.he soil at the respective stages of the rainfall had
been.obtained in the experiment, the embankment was sliced into several
zones according to the values of saturation degree for the purpose of ]
calculation, Fig.9 shows the constants of the soil which have been de-
termined-acéording to those zones after the slicing of the embankment,
This figure also contains safety factors which have been obtained by the

caleulation of circular slips under the conditions as shown in Fig. 9.

These safety factors are the minimum factors at the centers of those

circular. slips,
By looking at the figures included in Fig, 9 one by one from the top
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to the bottom, it is p'qssi_ble to find how safety factors decrease as a
result of a rise in the moisture content. Fig, 10 shows the relationship
between the safety factor against slope slip and the-total rainfall, - This
figure shows'a good fit to ihe aétual phenomenon in which the safety
factor sharply drops until the rainfall reaches 200 mm, and the slope:
failure occurs at a rainfall of 250 to 300 mm,

Since it is 'difficult to explain the phenomenon of slope failure

'caused by the action of seepage water, by means of the resulis of thé

shearing test alone, an investigation has been made by full-scale model ::

experiment, and an explanation has been given on the stability against

slip by means of the variances of moisture content and ‘shearing strength,

It has been also ascertained that@the paving of thé top fa'ce of the em-, =

bankment will decrease the penetration'of‘seepa'ge water and consider-: -

ably improve the stability of a slope at the time of rain, and @installirig o

a drain near the toe of the slope and tamping the slope will be highly ef-
fective in enhancing the stability of the slope,

4, Concluding Remarks

This paper consists of two parts, the first being a éummary with dis-

cussion of actual investigations which have been carried out on various pro-

cedures of slope protection applied to the national highways under the control

of the Minisiry of Construction, and the second part being an examination )
of the effects of rain upon the stability of a slope by applying artificial rain
to the slope of a full-scale model,

g e e e S
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The actual investigations:were carried out on those slopes which:were
judged comparatively dangerous, and-on-all the slopes of certain investiga-
tion sections, and;were.able. o give daga concerning the general trend.of :
slope protection procedure which had been:adopted in all parts of the country,
stability of slopes by slope protection method, :and the effect of water-upon
the stability. D O gy EE e T o

In the model experiment;. it was considered:that the slope failure due
to rain is- caused by the:decrease 6f,shearing strength:with:the rise!in mois-
ture content, -and this concept.was: examine,d-wi&.épecial emphasis' on:the
penetration resistance-and the degree of saturation.- By this:experiinent, it
has become possible;to connect the moisture content -of 50il with:the stability
of a slope:against slip,..IThe results. of. ghe:studies dealt with'in this paper -
may be utilized beneficially as:data necessary for the determination of-the
selection criteria ofivarious procedures-of slope protection; -~.ocy i 17y
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Actual Traffic Loadings on Highway Bridges and Stress Levels
in Bridge Members

Chargss de trafic actuel sur ponts-routes et niveaux de sollicitations
dans les membrures des ponts

Gegenwiartige Verkehrslasten aut Strassenbriicken und Beanspruchungs-
Niveau in Briickenelementen ’ .
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1. I-rl‘trordﬁq'tioni ‘

.'The design live load specified in the design'specifications:for
highway bridges in Japan, as shown in Fig. 1 and Fig.. 2,.is. fundamen-
tally based on a:20 ton truck ‘and traffic rows:.composed of a’20;ton
truck and’15 ton trucks. The'T-load in Fig. 1 is used for‘design of
slab and floor system, while the L-1load shown inFig. 2'is tsed for
design of main girder.and main truss. These loads have been used
since :1956, but the increase in both weight and numbér of:trucks in
these years'is so remarkable that the loads shown in” the Current
specifications have Feached the state which may not be neécessarily
appropriate in contrast with the actual traffic situation. Besides,
there ‘exist a-great number of old bridgés which were designed for -
smaller load, than that of current specifications, and the safety of
those bridges under the present heavy load is posing a problem.

In Japan, -various surveys of écltua‘ll- traffic loadings ~'.atid-s£ress '
levels in highway bridge members are being carried out for the .
purpose of obtaining the data in re-examination of design live load,

and also for control of safety of existing bridges.

2. S8tress levels in bridge membersl) T,
Lo - St e, . Y e, M R A seedy

- Stress"levels caused in:the main girder of 18 pldte girdeér '
bridges (with span length of ‘20 to 60 m) and 'for each member of a:
truss bridge (with span length 6f 80 m) under ‘the ordinary traffic
loading were meéasured, - o e - A
In measuring, the device enabling to automatically count‘ﬁpfthe
frequency by each stress level separately was used. . This device is
composed of the'strain detector - in which differential transformer
is used and recording device which classifies the‘detected‘strain’

separately.by four class levels, and count up the respective frequency.
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The bridges for which the survey was made were selected from
those:which are located.on ‘the main national highways ;served.for
heavy. traffic.: ,The traffic amount per-24  hours at-the survey.: i
point .counts ;10,000 .to.40,000 vehicles, and ‘the average trafficy;:
volume for the entire survey points was about 20,000 yvechicles; ..!
the percentage of various types of vehicles being as shown in
5. Table ... .+, : . - [ L L T
R R T T S T L R LT P
g :The measurement was curried out for.3 to 5 consecutive-days. .
The .,result of measurements for plate girder:bridges and:a.truss .
¢ :bridge are indicated in Fig. 3.and Fig, 4, respectively. -.In.those




'the'traffic volpme of 10,000 vehicles is shown in Fig. 5.

on*national- highways in Japan., -
[ 1R ICLE R A . B ; ! .

s, the frequency at each stress level is shown per one day
(24 hours). The relation between the range of the ratio of stress
level measured in girder bridges to the calculated stress due to
the current design live load' (L-load) and the frequency caused per

figures’

In the case of truss bridge shown in Fig. 4, the values of

. measured stress of floor system is greater than those of truss

members,’ ‘However,. the ratio of measured stress level to design
live load-stiress for floor system is smaller than that of truss
members. ‘This: is supposed to be due to the fact the reinforced
concrete slab: supported by the stringers and floor beanms may take
charge a-portion of the function of stringers or floor beams.
Such a function of reinforced concrete slab was not considered in
the design calculation.

' According to ‘the fact mentioned above, it is known that’ the
live: load stress caused in each member of bridge under ordinary
traffic 1dad is’some 300 kg/cm? at most, which.is fairly at lower
level as' compared’with the calculated stress level'due to design
live load. .

Sa”iéctgglnﬁﬁitus:of Wheﬁl‘loadz)é) '

"For the’ purpose of confirming the actual weight of wheel 1dad
of vehicle having great influence on the slab_and floor system,
measurement of weight of wheel load was carried out at 34 points

@ THe dévice used' for the measurement is composed of weighing’
part’and-recérding part. ' The weighing apparatus is the weighing
meter consisting of a’ sheet of steel plate and four'loadcells -

‘
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supporting the plate on its four corners. The weighing meter is
installed in the reinforced concrete pit in such a way that the
loading plate makes a part of the road surface covering the pit,
so that the weight of wheel passing over the plate is detected

without stopping the vehicles. The recording part has the function

of classifying counting automatically each frequency of the
detected weight by every 12 classes of level.

. The survey points were selected from among the points located
on main national highway, and besides, where the traffic is
especially crowded, The traffic volume per 24 hours for the lane
where the wheel load was measured indicated about 5,000 vehicles
at point where the traffic volume was the least, and about 28,000
vehicles where the traff1c volume was the most,

The measurement was carried out for 1 to 7 days for each
point. It was made clear,. as the result of the survey, that the
frequency by different level of wheel load showed considerable.
difference according to the survey point, but on the same point,
approximately the same frequency d15tr1but1on was observed.

Fig. 6 represents the frequency measured by various welght
of wheel load. As known from Fig. 6, although about, 80% of the
whole number of wheel load measured is one ton or less, and the
number of heavier wheel load.decreases rapidly, the fact that
the number of. wheel load exceed1ng design wheel load of 8 ton
(which is approx1mately the same as the whéeel load.of HSZO of
AASHO, see Fig. 1) amoiints to 0. 163 of whole number of wheel load
namely, that there exist about 32 vehicles of which wheel load
exceeds design wheel load of 8 ton, per.10,000 vehicles, may not
be. 1gnored from. the, point of view of, d351gn of new bridges or . .
maintenance angd safety of the: ex1st1ng brldges., The reason of °
‘the existence of wheel loads heavier than design wheel load is
due, needless to say, to the operation of large size trucks which
are loaded more than the statutory loading limit.

In Japan, the expansion of truck size has been advanced in
these years to.reduce the cost of transportation., At the same
time; ‘the instances of: damages of reinforced concrete slab have
become..remarkable, As|one of the causes thereof, the operation

.of ‘vehicles with welght heav1er than design wheel load may be
mentioned. .

Be51des, ‘on account of the fact that the weight and number
of wheel loads, of trucks.increased, the importance of performing
fatigue design came to, be claimed on steel plate deck where:
welding is: used abundantly. In applying fatigue design,. it is

‘necessary .'to know the.value and number of repetition of stress

1mposed during the expected 1ife of bridge.  From the point of
view of fatigue, the effect of random wheel ‘loads with different
weights and numbers of repetition on steel plate-deck may be
evaluated by means of '"equivalent number of repetition' of design
live load stress due to’'design wheel load (8 ton), denoted by

the fOllOWlng expression:

o Ngg = KirKgeNe Y
Where N : Eduivélént number of repetition of design live load
a stress

O




' N, : Number of total passing wheel loads during the
expected life of the bridge

Ky Ky Coefficients

K1 in Equation (1) is the coefficient used for convertlng
the wheel load with certain weight into design wheel load of 8
ton, which may be expressed as Equation (2):

T
, -Zem (Ffer (2)
Where T : Weight of wheel load

P(T):" Probability of occurrence of T’

o : - Coefficient determined from S-N dlagram (the slope of
: S-N dlagram in logarithmic sclae.)

. The position where wheel loads pass imn certain traffic lane:
is not statiomary. Fig. 7, illustrated as an example, shows that
the distribution of passing positions of wheel loads in a-traffic
lane may be regarded as a normal distribution with the standard
deviation of approximately 35 cm. Fig. 7 was obtained as the
result of-observation’at 20 different points' on national high--
ways with two or four lanes, all ‘over Japan. Kz  in Equation” (1)°
is the coefficient to be multiplied with the number of repeti-
tion détermined on the assunption-that, the all whéel lodds" pass
on a f1xed pOSltan, and is g1ven from the follow1ng equat1o !

-Z(“"")'ch)‘mx) 3
Where Ro ‘i Design live load stress S

R(x) ;Stress of member under the de51gn wheel load
. passing on certain position, x . .

P(x) ’ Probablllty of occurrence of R(x)

" The value of K2 for the 10ng1-
tudinal, rib, of steel plate deck .
which is commonly used in Japan,'
is approx1mate1y 0.2, . . .

P(T) 1n Equatlon (2) is g1ven,

by, Flg. , and P(x). in Equation '(3), ‘"{gg _

by Fig. 7.. Such data, actually -y S -

observed concern1ng ‘the weight and D8 [

the passing position of wheel load B Sad

are .indispensable for the fatlgue ) %:n

de51gn' f ’ Do : B IE 10

‘4. Actual status of vehicle rtow o
load ) . : i

Lo o ' = ,f‘rJ

L load, shown in F1g. 2, C ;’M”ﬁzﬁﬂm d_:-?;ﬂ Iﬂli?zru—!

depends upon the vehicle row luad

such as 'shown in Fig. 8. Fxg. 7 - Distribution.of Vi

passing position.of
In order to ascertain the wheel
magnitude of actual vehicle row
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load in comparlspn with, the above de51gn L- load, a survey on: trafflc
pattern.was carrled out Ain the f0110w1ng procedure i P

1). 73 survey p01nts were selected (Table 2) These po‘nts are‘
the’ places on the main national highways wherg tne traffic; is-
crowded and apt to be congested 1nc1ud1ng a lot of large size

vehicles. . TN -;«’.T‘

2) At each survey point, traffic pattern extend1ng over 300-m
on- the roadvay was photographed 1ntend1ng to take as many ‘heavy
trucks as possible in' the ovérlooked piéture, Ten times of the
photographing was carried out) and’ selécted oneicaseée of pictures
vhich appeared to be most. congested-in. traffic,.as. they: were
assumed to represent the maximum of veh1c1e Tow load at the p01nt

3), D1st1ngu1sh1ng the loading cond1t10n ‘of each veh1c1e w1th"”
or; without cargo, as well as the type''of ‘each vehicle ‘from 'the
photograph, the figure of traffic pattern (Pattern. ‘I),; ds e illus €~
rated.in Fig. '9a, which shows exactly same arrangement of vehicles
as on the photograph was prepared. ‘For the wéight' of - different

.types.of vehicles and different loading cond1t10ns, correspond1ng
average values were established referr1ng to ‘the table of ,5izé
and weight of motor vehlcles in Japan. -

; 4) On the- bas1s of Pattern I, hypothetlc pattern such”as Flg 9b
. (Pattern II).in which. the. half of traffic lanes is congestedy
. while the ‘opposite.half lanes is .smooth, and Fig. 9c (Pattern III)
‘ in which the whole lanes are perfectly congested, were prepared.

In this case,” the'clear distance between two consective vehicles

..in the corigested state was taken as 1 m, with reference to the
."*vehlcle d1stance observed on highways actually at. the time .of
Y congested Pattern II is the state which is ‘usually observed

in Japan, and Pattern III is the state which is very.rarely.

"observed.
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5) In regard to Pattern I, II and III, the maximum bending
moment Mo and maximum .shear force So, which are imposed in a

-simply supported girder under each loading pattern, were calcu--

lated by means of electronic computer.. In this case, Mo and So
were obtained for nine cases of the span length of 20, 40, 60,
80, 100, 150, 200, 250 and 300 meters.

6) "ﬁ/MD aﬁdnSo/Sb weie.éalculéted, which are .the ratio of Mo
and So due to "actual vehicle load" obtained in 5), to-beinding

moment Mp and shear force Sp due to "design load" showed in
Fig. 2.
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The values of Mo/Mp and So/Sp thus obtained for all of
observed points were gathered up for different number of lanes,
and a histogram of Mo/Mp and So/Sp was drawn., The histogram showed
that the form.of distribution of Mo/Mp and So/Sp may be regarded
as the normal distribution. Thereupon, the mean value "m" and
the standard deviation "¢" of the values of Mo/Mp and So/Sp for
different numbers of traffic lane and for different span lengths
were calculated, then the relation between different expected
magnitudes of the vehicle row load and their frequencies was
presumed. :

Fig. 10 was obtained in this way, indicating the features
of magnitude of actual vehicles 'load in Japan. From Fig. 10, the
following facts may be 'understood:

1) The magnitude of vehicle row load under normal traffic
condition (Pattern I) is considerably low,.the average value of .
the loading effects (moment and shear) in main girder is equal

to 30%, at most, of those due. to design live load regardless of (—)
the number of traffic lane and of span length, 'and even at the

level of (m+3¢), it is only 60%, at most, of. the loading effects

due to design 1ive load. : i )

2) Under the semi-congested state of traffic (Pattern, II), that
is usally.occured in Japan, the avérage value of the.-loading
effect imposed in main -girder ranges from 40 .to 60% of that due
to design live load, and the level of (m+36),corresponds approxi-
mately to the level. of design live load. o st
3) When vehicles are congested with clear distance of 1 m over
the whole lanes (Pdttern’1II); ‘the-average value of loading @ .
effect imposed in main .girder is presumed.to be 60 to 80% of
that due to design livecload, and the level of-(ni+6%) corresponds:

approximately to the level -of design live load.
4) So/Sp is usually la¥ger than' Mo/Mp. : - .
Namely, the current design live load in S
Japan is not well-balanced between T
bending moment and shearing force in - P S -]
main girder.” R . N :

- Fig. 11, comparison of loading Qf/um:,/‘ . ’ (‘)

effects due to design live load of
well-known HS 20 Loading of AASHO
(1969) and ''Briicken Klasse 60" of +
DIN 1072 :(1967) to ‘those due to 2
Japanese design live load, may .
facilitate understanding. the ;
consideration made in this report.

w;»:kyhk} "m
Nete: Sisp s nearly equal to Wiy m
erery czse, so Slsy is st shown

Fig. 11 Comparison of design
loading effect in various countries




5. Conclusion . ,
The following conclusion'may be introduced concerning: the
load on highway bridges in Japan; on the basis of the results
measured. on the stress levels in bridge members, and on" the wheel
load -and’vehicle row leoad: @ - .. =+~ S S e
1) .Thé. live+load stréss imposéd:in main girder and main truss
under usual traffic condition is 300 kg/cmé or so at most, which
is considerably small as compared with the calculated design
live load stress.

2) Vehicle row load under normal traffic condition is in con-
siderably lower level as compared with the current design vehicle
row load, but under the state in which the whole lanes are per-
fectly congested, there is a little chance that the vehicle row
load may reach to the level of design load. Considering the

fact that semi-congested state of traffic in which the half of
traffic lanes are congested while the opposite half lanes are
smooth is usually observed wherever in Japan, it seems to be
suitable to determine the design load for main girder on the
basis of such loading condition.

3) The relation between the weight and frequency of vehicle
wheel load shows fairly big divergence according to area, but
nearly constant trend on the same point. Generally speaking,
the actual condition of wheel load is that it has no such
allowance to design load as is seen in the vehicle row load, and
the existence of such heavy wheel load exceeding design wheel
load is amounting to a number which may not be ignored.

4) Since vehicle wheel load (single vehicle load) is in the

- severer condition than in the case of vehicle row load in com-

parison with the current design load, considerable unbalance of
load carring capacity between main girder and floor system has
been arisen. In order to design a bridge of which each member
is well balanced in strength, it will be necessary, so long as
the current design load is employed, to use larger safety factor
for the floor system than that for main girder.
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Summary

As the result of our surveys of wheel load, row load of o
vehicles and of stress in bridge members, it was made clear that
the magnitude of. vehicle row load or-corresponding .stress.in main
girder has considerable allowance in comparison with the current
design live lead and. corresponding stress, under any- traffic
loading condition except perfectly congested states, while.the
single vehicle load sometimes exceeds the design load and poses
a problem; in relation to the safety of slab and floor. system.
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On the Revised Wind Resistant Design Criteria
for the Proposed Honshu-Shikoku Bridges
by
T. Okubo

'N. Narita

Summary

The gigantic project construEting long span bridges to connect the
Honshu (the mainland of Jag;ﬁafﬁith the Shikoku has been expedited after
promotion of the Honshu-Shikoks ﬁrisge Authority in July, 19070. The wind
resistant design criteria (1967)1), which was formulated in 1967 with due
regard to the type and scale of the bridges, and the social importance
of the project, and_has been applied to the contemplated design, was

revised by usxng the recent outcome in the field.

ram . - Lo . IS
AT IR SR sil Poba Dtal

This paper infroduces the main features of the rev1sed wind resistant
B SR
design criteria for the proposed Honshu Shzkoku Bridges (1972) 2) and the
AR IS It
related problems., The sxgn1f1cant poznts which have been revised are

as follows:
(1) Ta clarify the design procedure and the constitution of articles
in the criteria;
(2) To reexamine the basic wind speed in due consideration of the
recent wind data recorded in the Seto Inland Sea, and to set the
basic wind speed for the respective zone or route.
(3) To determine the modification factors for converting a basic
wind speed into the design wind speed, where analytical method of
gust response is tentatively adopted.
(4) To revise the concreée‘values of drag c;Effi;;s;;s. structural

g

damping, wind inclination by usxng the recent data of observatxon.

BT

It goes without saying that some of the problems are left unsolved

A more rational design criteria must be investigated by our serious

O




consideration,

Wind Resistant Design Criteria (1967) and fts problems

The wxnd resxstant desxgn of an ordrnary brzdge in Japan is based

3) or the Deszzn Standard

[ER . srpen Ty

upon the Des;gn Spec:fzcatxon of nghway Br1dges

4) When the maxn 5pan length of a suspen51on

. P VPt

or of the struc-

of Steel Railway Br:dges

brxdge exceeds several hundred meters, the dynam:c beh

‘ . s s
A PR JEC LY FEPRAT R N

ture becones 1mportant due to 1ts flexxb;lxty._ Moreover, the d1mensxon

RN A I ol e ey

of main elements can be determrned by wind load. These matters, havxng
. RISV PN D O
nothing to do thh short span brxdges, are the reason why the great 1mpor-

Fi . wh i | sirapivz ondr ool it s

tance is attached to the wind resistant design of a long span suspensxon

ety tacndiioanc baed goviired

e

brxdge 1n Japan located 1n the strongest wind area 1n the world.
H i el a{nLile b aniinotjar - i

In these circumstances the wind resistant desxgn of the proposed

R T T N P T A W iae BDE v Phaans

Honshu-Shikoku Brzdges has been based upon the Wind Resistant Desxgn

ORI Td LS S K DN A A R B I TV R S IO Ry

Crlterxa (1967), whxch was formulated by the ad hoc comnxttee in the
e T dvnasl o Pavitoees ie e fab Ty rutte ond ool wans dukide
Japan Society of Civil Engineers. The Crxterxa is character:zed in the

PR A AT L 30

followxng poxnts,

o omobialad LG

(1) The desxgn wind speed shall be assessed according to the

e izeillonen i sWee e ba

topography of constructlon site, and the altitude and scale of the

a8 Galts ol o ToiacY wroate: i priiavculsay ta

epriava il

structure.

crrnetawsia il Yo ¢ riFidniand vevanie
(2) Aerodynamxc coeffxcxents considered the structural composr—
A REEFEYE TS IR RIS & F e EEEVSS I R INYA

tion are ngen for reference about the static des1gn of the structure.

Limertry ol gk marianitanh, iz a4l

3) It shall be the duty of the desxgner to perform a wind tunnel

R stEicas Lsean? Lpie ap omilitus 1007 ie girlidozeians (s
test in order to confirm the drag coeff;cxent and to pred1ct the
Ptk
crxtxcal wand speed for_the self—exc:ted osc;llat;on of the structure.
B PRI E U o s huasiiaos owodr sas Ty
(4) A design standard for the crztical wind sneed of elastic
T Te LR N LA NP ‘1 bl fo aiy ml @i} to Lolang Y1uis 3
instabxlxty and se1f~exc1ted oscillation is prescrzbed 50 that
S Ui mnte st Gprewwet i ond teendgloani ot inov ald

the sufficient safety shall be kept for the structure.

(5) It shall be the duty of the designer to take enough care of wind




stability not only after completion but also on each stage of

construction.

Though the Wxnd Resistant Design Criteria (1967) 1nc1udes the rematk-
oo S
able progress compared with the precedxng desxgn criterxa, and it has

been effectxve to des:gners to recogn1ze the importance of wxnd stabxlxty
problems, it is confined to g:ve general regulatxon for the w1nd resxst—

ant desxgn of long span suspensron br1dges. Maln problems in the Crlterxa
(1967) are as follows- ' oo
(1) App11cab111ty of the cr1ter1a to other type brzdées i.e. cable. o (_)
stayed bridges and cantrlever br1dges. e ‘ B ~
(2) Poss;b111ty of estlmatxon of relxable‘basic wlnd speed at the e
constructxon srte by the use ofbn;nd ;éco;& e
Gt G T T

(3) Relxabrlxty of the modxf1catxon factors to baszc wxnd speed

which take 1nto the effect of horzzontal or vertical length of the.‘

structures. ’ o A R e b

(4) Relatxon between the wind inclination and the cr;tlé;i"QIAA'”"’f'r
‘ speed for sett-excxted osc1ilatr;ni:d9 R

P RN AP E ST I

: IR
(S) Ratxonallty of safety factor for self—exc1ted osc;llatlon and

elastic xnstabxlzty of the structure.
& N aton S I L S ¥ 2 A LN SN TP TR T TS Y
(6) Quantxtatxve est1mat1on of vortex-excited oscillation and
B B L AR T IO B A I A STEIE A PRI PTL AT RV PR TN St s o (‘)
its standard:zatxon in the crxterxa. . ~—
: Pl B T Y BT [REECS SRS
(7) Applxcabilxty of test results in wind tunnel testlng to real
1 ot ¢ e . O A FITIRC TS £ P PRI TR D §

structures.
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The problems above mentxoned seem to be dxffxcult to be solved in

o et
a short per:od of txme._ In the follow1ng chapter the authors 1ntroduce

N i
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the main items 1ncluded in the revxsed desxgn crxteria (1972).
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Wind Resistant Design Criteria (1972)
(Scope of application) :

The Wind Resistant Design Criteria (1967) had no definite scope of
applic;fibh'éo:fh;é'it gave the general fegulation for wind resistant
desigd:"ln'fﬁé'}eQiEed criteria it is confined to a truss-stiffened ’

suspension bridge with the main sbénqléhgfh of mare than 500 meters.

PR I R

But iéwéééﬁé‘nééESSary to apply ‘this criteria to a bridge being rich '
in flexibility.
(Procedure of wind resistant design)

Aé‘sfﬁtéd Eefs;é it is oftéﬁ that the Tmain members of a léng‘sp;n
suspension bri&ééhéré”détefﬁiﬁéd:by'tﬂé“ﬁindrfééiStant design. Accord-
ingly tHe ‘conséientions désféﬁvié desifed. Wifd effects on & Stricture
can bezﬁlﬁééﬁfféd'%gjfaiiﬁﬁsf

. .;tr;s;‘;;d-défﬁrmatio; due to wind f;;ée
(SRR sfaticieffeCts{ N ) T T

R N A

divergence .
(LRS- PE Y PRI TR R instabilities {' el A LR T
’ lateral buckling
wind effects) . . .. . . . . random vibration due to .
R R forced oscillation) turbulence in natural wind
R TS PN S P RPN TR K A ““ vortex-excited oscillation
(aeolian oscillation)
\ Pt sl lave P S R SV SRR
dynamic effects

i PRV ot S

flexural flutter

Self-excited oscillation{ torsional flutter
coupled flutter

Generally speaking, there is a fair chance for occurrence iof ‘some
of wind effects in every structure, so that its wind resistibility is.
governédibyrtheﬁlowéstvcriticalfwindfspeed'against'tﬁe phenomena. Self-
excited oscillation, vprtex-excited oscillation, andrlaterai buckling ¢
are the principal phenomena:which shall be examined in the design work,

But, it is not always possible to pursue theoretically the wind effects




on a long span suspension bridge on account of its \;nstr.ealflliqed shgpe,
and the inspection of wind stability by wqind tunnel tests b.ecomes,
indispgn_sable. Therefore, the wind_ resistant design sl?all_pe performed
as shown in Fig. 2.1, that is_,‘_t‘-hv: proposed design by the _st'at:i“cv_qondi-.
tions shall be inspected .through wind tunnel’ _tye_s‘ts,‘_and_,l when it sh‘o_ws‘” )
insufficient :aggodxnamix_: characteristics, :t‘,he design shall be _mod_if"ied; . .
to satisfy the design criteria.

(The basic wind speed) L

Voot L R L b

The basic wind speed, defined by 10 .minute mean wind speed at 10

0

meters above ground.or sea level shall be determined by taking account |
of the wind record at the (si‘.t’e‘,' the life of structure, and the return
period of wind speed. The return values were gs_timate_d .byithe .use ‘of

recent wxnd record gathered at the governmental weather bureaus and the
B N ey, fars o
observatxon stat:ons scattered in the Seto Inland :Sea“with ithe special
purpose for the pmJect. The est1mated ‘return 'values showed a remark-
[ U L AN S *

able change accordmg to the applied methods. Moreover, theregseems no

de_tfil';ites; méfhdd -‘f"or‘ e"stvi’rﬂa'ting the return valye at the respectiw}é p(;ir{t -
A .
above the sea. E xAccordingly the rewurn value at each d:.stru:t was deter-

:

mined mth due regard to engxneerxng Judgement as follows,

PaanTie ;e
: PR

Theé basic:wind speed . (Vjqg) . shall be converted to.the design wind:... .-

speed (vD) by multiplying.the modificationifactors; -« .:..:n (..ot .08,
Vp = V¢ sl.- SZ' v+ for suspended structures, cables,.and .. ...
hangers.. - v P PRI #

Vp = vlb‘ S;. 84 - for towers.

The Akashi strait district 43 m/s

‘TheiNa'n;t‘o! Q;r'zu’t district- -~ o o :550" O

l'he ;.cl»uteAKc.);p'ma—Saka:de 43 .

The route Onomichi-Imabari- “: :ii: | 140t codeuss o 1ig ne '
(Design 'wind ‘speed). . “ri .t k0 iy e ome o sdnal - Loty
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S;, height factor, can be calculated by assuming that the vertical
distribution of wind follows the power law. The standard value of power
index is assumed to be 1/8.

The wind speed fluctuates with time as well as place. This. fluctua-
tion causes randonm forced vibration of the structure and may result in.
some magnification over the static response. This kind of problems -
gust response problems - have recently been studied and they are ten-
tatively adopted in some of building design codes. 1In the design criteria
(1967) the fluctuation of wind was schematically simplified and the
modification factor.was derived by choosing the averaging time at which
the horizontal scale of turbulence is equal to the horizoﬁtal length of
the structure. So, the dynamic characteristic of the structure was not
considered.

Gust response was analysed for both suspended systems and tower

- systems in order to determine concrete values of Sp and S3. The

modification factors derived from the analysis ranged between‘i.3 and 1.5.
In the revised design criteria (1972) effects of fluctuating wind
are taken into account, but frequency response of the bridge %5 neglected:

as there has been no evidence of lateral vibration of suspens}up bridge.

structure due to gust loading.

(Design wind loads). . ; ! [T ,
In the static design only the drag-force shall be applieé. For,

suspended structures following drag coefficients (Cp) can be uééd;

Cp = 1.1 -JJL . for a single deck structure. . L
24 .

Cp =_1.2_-l§: ) for a double deck structure, ] o
24
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where ¢ is the solidity factor of the suspended.structure. These expres-
sions were empirically derived by wind tunnel tests.
(Lateral buckling) :

In some dccasiop, the lateral buckling of the suspended structure
is observed in wind tunnel test when the torsional rigidities are insuffi-
cient. The safety factor for this phenomenon shall be more than 1.7 - - R
times of design wind load as it is catastrophic to thé structure.
(Sttuctural damping)

Quantitative e€stimation of structural damping through theoretical
analysis is- impossible, and it depends upon the cumulation of field
observations. .

The structural damping of the whole system is decreased from 0.05
to 0.03 and the free-standing tower from 0.02 to 0.01 after due considera-
tion of the observed data. .

(Wind inclination) ...

The wind inclination is an important facto; for aerodynamic stability-
of suspension bridges. The vertical inclination angle decreases.with
the mean ‘wind speed: In the revised criteria (1972), three times of
standard déviation of vertical inclination averaged over 30 seconds
against wind speed is assumed to be the maximum of wind inclination.

The avéraging time of 30 seconds corresponds to some five times.of . (:)
the natural period of the lowest torsional oscillation in a.suspension

bridge with main span length of 1,500 meters.

(Critical wind speed of self-excited oscillation)

As the dynamic instability is included in seif-excited oscillation,
the thoughtful care is necessary. Eéﬁediélly.in the case of coupled
flutter, the oscillation of the structure grows so rapidly that the
bridge may be broken in a comparatively short time., Horizontal length

factor S2 takes the effect of lateral bending into consideration and it

— 42— ;




is not directly concerned with the self-excited oscillation. In the
revised criteria (1972) the safety factor of the critical wind speed
is determined as 1.3 against the basic wind speed multiplied with the

height factor Sj.

R Topics for further investigation

So that the more rational design criteria against wind effects

. is established many problems should be solved. Followings may be the ‘

’ principal topics; .
{f) (1) To establish the standard method for determining the return
valﬁe of wind speed at a construction site.
(2) To establish the rational wind loads on a structure by taking
account of wind fluctuation.
(3) To establish wind tunnel technique in ﬁhich the characteristics

of natural wind are simulated,

(4) To establish the rational safety factor for wind resistant design,
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A Résumé of the Aerodynamic Investigations
for the Kanmon Bridge
by
T. Okubo
N. Narita
Y. -Enami

Summary

The Kanmon Bridge is a truss stiffened suspension bridge, 1068 m
between anchorages with a 712 m main ‘'span, 178 m side spans. The bridge
is designed to support six lanes of highway traffic, and its capacity is
89,200 vehicles a day. - A comprehensive investigation into the wind re-
sistant design of the superstructure has been carried out because of the
topographical condition at the construction site vulnerable to be at-
tacked by such strong winds as typhoons and seasonal winds.

Described herein is the wind resistant design progress of struc-
tures 1nc1ud1ng determlnatlon of des1gn wmd speed, the related wind
tunnel tests on’ topograph1ca1 conflguratlon, the w1nd stability tests
on suspended structures and towers,.and a vibration test of the free-
5tanc‘ling tower. Considerable numbers of anemometers and accelerometers
are planned to be installed after completion of the bridge in the fall
of 1973,

Introduction

The Kanmon Highway Tunnel, opened to the public in 1958, has been
the trunk road connecting the Honshu to Kyushu Island. The traffic
volume at the tunnel is estimated to exceed its capacity of 21,500 ve-
hicles a day in 1972, . In'these circumstances the Ministry of Construc-
tion, Japan, decided to construct:a new trunk 1ine and adopted a suspen-
sion bridge for a new public.service after:comparison of.the cost and
technical feasibility between a suspension bridge and a submarine tunnel,

5 -
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The wind problems play the most important role in-the design and con-
struction work of a long span suspension bridge in Japan which is at-
tacked by typhoons and severe seasonal winds every year. The researches
on this subject after the collapse of the Tacoma Narrows Bridge by gale
in 1940 have shown the necessity _of analysis of not only the bending and
torsional rigidity of structure but also the aerodynamic characteristics
of the étiffening structures. The authors point out that the major
factors whlch should be taken into account in the wind resistant design
of a long span brldge are (i) design wind speeds, (ii) aercdynamic char-
acteristics of the structure, and (iii) rigidities of the structure.

The Structure Section of the Public Works Research Institute has-
been entrusted with the wind resistant design problems concerning the
Kanmon' Bridge on behalf of the Japan Highway Public Corporation since
its preliminary de51gn.‘ The studies conducted by the Section include
the followmgs o ’

(1) Wmd tunnel tests on topographmal models relatmg to the
o determmatmn of design wmd speed (1967)* '

.(i1), Determination of the design wind speed (1967)

';‘(ii'i')' Wmd tunnel tests on the contemplated designs with truss-
T type stlffenmg glrders (1967 1972)

(iv) Wind turmel-tests on the contemplated designs with box-type
. stlffenmg girders (1967-1968) :

(\2] .Wmd tunnel tests on the main tower at 1ts erectmn stage
(1968-1969) .

(vi) ‘Wmd tunnel tests on the temporary structures to be used at
C constructlon stages (1969)

(vii) ' Field vibration tests on the free-standing tower (1971)**

* The test was carried out at the Meteorological Research Institute.
** The test was carried out in co-operation with the Earthquake Resist-
ant Structure Section, P.W.R.I.




Estimation of basic wind speed

The wind records gethered fmm thirteen 6bservetion peste are
listed in Table 1. No mod1f1cat1on of records due to the dlfference of
instruments was made by assummg that the effect of 1nstrument on Te-
conds of yearly maximm wind speed is’ neg11g1b1y small The mstanta- )

neous wind speeds were converted to the 10 mmute mean wmds by nu1t1- I.
plying the constant of 0. 66 ‘and the w1nd records prmr to 1940 averaged _

over 20 m1nutes were converted to 10 mmute mean mnds’by nult1p1y1ng

the constant of 1. 20. The g'radlent and 1eve1 of _Tegression l1ne obtamed .

from the modified records indicated that the longer the observatmn '
period is; the larger the predicted wind speed becomes. - It-means that
the length of observation period.should be.unified. Therefore; two. . ...

groups of wind records were . chosen so that the-one hes,_the;obs,ervat_iqn. e
period:of 5 years and the other-13.years. :For each group:were selected.:;
the five topographical factors having strong correlation to the estimated :

return values. The regressmn equatlons for R=5 and 20 can be wr1tten as

IR N R

Vs = -9.02+0. 46x,+0 063x2+‘ 235X3+8 128)Q,+0 oosxs o (i)
Vag = -16.46+1.018X;+0.074X,+1 . 855K3+11. 263%,+0. olixg

where R: return period, Vo, Vip! predicted wind speed for RS and 20
respectlvely, Xl ', _rate, of the sea area w1th1n the area c1rc1ed with. 1.a
radius of 5 kn (2 4) Xz. openlng of the are ( | a:
30 km (185) X3: the shortest dlstance to the reference pomt (1. 0),

X, :. the rate of convergence within:the area surrounded;by:the circle
with a radius of 15 kn (1.5), and:Xs: -difference.of.the altitude be-
tween the highest point and the reference point within the area circled
with a 'radius’of 8 kn’(362). " The'values 'in the parenfheses indicate’

the topographical values for R=100 estimated at the '&&iter of construc-
tion site, The retum value for R=100 was obtamed from the equatmns

as 25.5 m/s assummg that the yearly maxmum va ue saf:féky the double
exponential function. It was rem:‘dlfled by the records of more than 40
years' at -the ‘Shimonoseki Observatory :located-about ;two kilometers :apart
from the construction site under the assumption that the return value

varies at the. same manner with that of the observatory. x As- éhe result
of calculation the return vdlue' becdme 29,815 m/s 1nc1ud_1ng ‘¢control T
! i e T S SR DU PR SRV ¢
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limit. When we choose three topographical factors the value becomes
31.744 m/s. Finally the basic wind speed was pred1cted as 35 m/s at
the construction site.

Vertical profile of wind:

The Kanmon Strait, hilling up to Mt. Hinoyama (268m) on the north
and Mt. Kojoyama (175m) on the south, has the narrowest width of 700m,
where the strong convergence of wind is expected. It means that. the
vertical profile of wind does not follow an usual power law, The ver-
tical wind distribution was measured by wind tusnel tests'on:topograph® -
ical models with scales of 1/3,000 and 1/10,000. ' It was also observed- -
by using four anemometers fitted at an electric transmission tower néar:’
the site at heights 24.7, 34.6, 52.2 and 69.7 m above'the ground, It '
was found' from the. experiments and observation that the vértical profile
of wind :at the strait does not follow a power :law,:and:that the wind- "
speed at the center of theichannel is a‘little lower than that:of!the '3
coast; but the wind'spéed at altitudes more than about 60 m'is higher:~ "
thanthe general ‘flow of the tunnel: 'It’is considered to be ‘the éffect -
of wind cofivergence by:thelstrait, Vertical profilé of ‘the southiweésteérn
wind:was ‘calculated by the use of test résults becaise ‘the wind' from that
direction.was:considéred ‘to:give the most séveré ‘effect on the bridge, -’
The modification-factors to the stiffening girder and cablé and/or hanger
were calculated as 1.45 and 1.54 respectively. The power index of the
vertical profile at the tower position was assumed’to be 1/5 'from the’'::
tests, and the magmflcatmn factor beca.me 1.55. Mod1f1cat10n factors
due to' honzontal and/or vertical length of structuf ‘are 1. 09 1 09 and
1.17 for cable, qtlffemng gu'der a.nd tower ‘in* accordance w1th the desngn
cr1ter1a. Fmally the d351gn wmd spaeds were determmed as 53 5 59 0 a
and635m/s.‘ ’

Wind tunnel tests

-In connection with any project of a major suspension bridge wind
tunnel tests 'should be performed. ' These are’indispensable because stat-
ic and dynamic effects of wind, though they play important role in the




design stage compared with other loads, can not easily be predicted
prior to the tests. Even a small change of the cross sectional.shape
may sometimes affects considerably the result. The wind tunnel tests
carried out for the Kammon Bridge are as follows:

1) Wind tunnel tests on the truss-type girders,
"'.("ifi) - Wind tunn‘e;_'teéts on the box-;ypé' girders, and
(111) ‘Wind tunnel tests on the main tower.

The tests _were performed at 3.0 x 1 8m w1nd tunnel- at the:Structure, -
Sect;on,_Pgbl;c_Works‘Research Institute; Ministry of Construction. In .
the test;(i) and (ii) the section model techniques have been:applied,.:
and such experiments, contrary to full model.tests, we.are:relatively -
free;in.tegard to model law.and cost, are well.suited for parallel...’
tests;during:the preparation;of design;work. . Experience-has-shown)::. i
moreover,. that .the section model;technique will give enough.information:-
according.to:the comparison of- tests results on full shape model.carried:-.
out,.for example, -at.the National. Physical-Laboratory, England and the. (-
University. of Washington,. U,S:A.: . In the:test. (iii) a rigid model elas-" .
tically -supported by- gimbalsat. the ;tower base was used. .. It-is because:
the damping capacity small.enough: for-the real structure, say 0.02iin-+i*
logarithmic. decrement ,; my: not b.e;'expected-‘ in the aeroelastic model.:: -.l

IS RN el
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Wind~tunnel - tests. on- girders .

wits

. In respect to glrders the tests have been performed on 21 crosé'
sectlon de51g'ns a’s sho‘m m Table 2 'l'he maJor purpose of thé tests
has to fmd a m)del satlsfymg the prov151ons of the de51gn crlterm 1n
wh1ch it is prescrlbed "that the lowest wind speed for self-exc1ted os- N
cillation should not be less than 1.2 times of the design wind speed
within the range of incidental angle of wind -5<a<5§ degrees The, test ..
was started with the truss girder T-1, which had stiffening’ isses of
6.0 m-in height and distance.of 29.0 m. The: fundamental.natural-fre-
quencies were calculated as.0.,403 and 0.147-¢/s for fundamental.symmetric
torsional and vertical bending mode respectively; and so reduced .wind-
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speed V/NB' (V: the lowest critical wind speed for the predicted catas--
trophic oscillation, N: natural frequency of torsion, and B: distance
between stiffening trusscs) must be not less thai 5.53. ° As -indicated

in Fig. 1.1 wind stability of the model was'not satisfactoryi’ In order
to improve the aerodynamic characteristics.modifications were mde,
namely; (i) to increase the opening on the deck -(T-2, T-4 and T:6),
and (ii) to provide cross beams between slab’'and stringers-(T=3 and T-5),
but those were in vain. As a drastic refonn of the cross section the
truss’ he1ght was mcreased to 9.0 m ('I‘ 7), SO that the fundamental tor-
sional frequency of the prototype was increased to 0 454 cycles per )
second.. But,. the aerodynamic characteristics. seems not to have been
refined so much as shown i_n‘F:ig. 1.1. ; For. this reason it was considered
that wind disturbance, due to.the deck as well as the main chords of ,,: e
truss cause& Vthe_i‘n.staibil‘ity.. JIn models T-8 to:T-17 the.influence of .
the relative height of the deck to wind.stability examined.,, These tests.
brought about-a desired result. When the deck is.put in the.wake of the,
upper chord .the wmd characteristics, at h1gh angle of attack, 1$6ems, to. be,
nnproved ,The. mdel T- 10 was chosen as the best in relation to, the P
design of the real structure, (F1g. 1.2, and F1g. 1 3). ,In due, course -
of time box-type gu'ders were proposed as comparatlve des1gn to truss .
girders.i:A bokx-typeigirder, complete break-away 'from conventional® truss
girder;' has the low wind drag resulting fromits:'shape and' efiables g« i
to'dothe!rational design., The. original design’ of box-type- girder had
the width{of:31.0'm and the' maximm depth 6F 3.2 i {(B-1)7 ' Due: to'its’ '
large torsional rigidity; the prototype had the'fiihdancntal’ torsiomal; i
frequency of 0.662 cycles per second, and the frequency ratio was more
than 3. The test results are summarized in' Fig::1:4' in'which' titttypes’s
of osc1llat10n are 1nc1uded the one 15 a restr1cted osc111at10n, and

i of e
the other a catastroph1c osc1llat1on. The re ted~ oscﬂlator occ;ars

e

w1thm a certam mnge of wmd. Though such type of osc111at10n 15 not

fatal to the structure when no fatlgue fallure 1s expected 1t should )
be avoxded‘jas far as possible. There may be t\\o methods to e11m1n o ¢
the restr1cted osc1llat10n, namely, the preventlon of the s' or

i

flow, and the prov1smn of a dampmg capacxty lugh enough to suppress

" the oscﬂlatlon.' In model B4 1o restncted osc111at1on was observed.  ‘.



The catastrophic oscillation is fatal to the structure because the
amplitude of oscillation will increase with wind velocity. The lowest
predicted wind speed for catastrophic oscillation was far higher than
the required value, and it was concluded that the proposed design B-4
was suitable from the viewpoint of wind stability. In the final design
a truss-type girder similar to the model T-10 was adopted after compari-
son of construction cost and workability. (Fig. 2)

Section model tests on the modified suspendedustructure put a con-
clusion to the theme having been continued since 1967.

Effects of center of rotation, sol1d1ty in 1nspect1cm walk, and

damping capacity on the wind 1nstab111ty were 1nvest1gated by using the -

models T-18 ~ T-23 (Fig. 3). The natural frequencies were calculated

as 0,450 c/s for the fundamental symmetric torsional mode aild 0.219 ¢/s

for the fundamental symnetnc vertical bending mode.  The wind ekcited
oscillations of the models wete predommantly torsmnal and’ there was -
no significant vertical motion at any time dunng the test. Ore of the

test results is shown in Fig. 4, and the predlcted critical wind speeds’

are plotted in Fig. § agamst the various angles of attack

. It may be concluded from the test that (1) the pred1cted critical::
wind speed at three degree of angle of attack is the lowest, and-it is:
more than 60 m/sec, .(ii) the critical wind speed decreases as the:center
of rotation increases, and ;(iii):!solidity of .the inspection walk and
damping capacity. give significant effect on the critical wind speed.

Win tunnel tests on the main: tower

The towers of the Forth Road Brldge were subJected to wmd exc1ted ’

osc111at1on durmg the1r erectmn and in their completed freestandmg '
state before the catwalk cables vere mstalled. These oscillations are
reported to have been exc1ted by wind d1rected approxurately m lme '
w1th the touer legs, and to have had a period of 05C1118t10n close to

the calculated natural permd in the fimdamental bendlng ‘mode, As the ‘ ,‘
oscillation are due to vortex- shedding rather than galloping exc1tat10n,

the resonant wind speed for a major suspension brldge is low, In

O




connection with the Kanmon Bridge Tower, 134.0 m high, wind tunnel
tests were carried out in order to get data necessary to make a plan of
erection work. These tests were made on 1/60 scaled rigid models sup-
ported elastically at its base by springs with low damping. The model
conditions were similated to three erection stages, namely, (i) com-
pleted freestanding state without catwalk cables, (ii) as the case (i),
but with a cfeeper crane at the top of the tower, and (iii) during the
rection stage and tower height is 103.4 m with the crane on the top.
The nitural’ frei}uencies in the fundamental bending mode were calculated
as 0. 305 0 288 and 0.479 c/fs respect1vely Test result of case (1) is
shovn in F1g. 6. It was found that the -Tesonant wind was ranged in a
narrow band and the a.mp11tude of oscillation decreased rapldly with the

'mcrease of yaw angle of wind to the 1egs’ dn‘ectmn, and dlsappeared

at the angle more than 20’ degrees The maximm ampl:.tude at the top of
tower was estimated some 50 cm and the top of the tower was comected
with a 511d1ng weight near the ground by Topes 1n order to protect work-
men fmm hazardous oscillation, The maximm amplltude at the top of the
Sh1monosek1 tower was reported to have been -about 11 cm at wind speed of
11 to15 m/s durmg at its freestandmg state. The obser\red a.mphtude
seems to be mch influenced by the’ fluctuation of wind d1rect10n as well
as the wmd speed

Wind tunnel tests on catwalk cable systems

Catwalk cables, used for erection work of main cable and hangers,
vere composed of ropes , wire-netting and timber. They were spanned be-
tween anchorages through the tops of towers, and were Jomted to the
stom cables by hanger ropes. The catwalk having inverse = cross sec-

Ty

tion is flexible from its structure and is expected -to oscillate by. wind.’

In the first, vibration analysis was made on two types of catwalk system,
and it was found that a trussed hanger system had higher natural:fre-
quencies of vertical bending mode than a parallel hanger system. In
spite of the amblgulty in snnihtude law for a nettmg structure w1nd
stability tests vere “daringly carried out on 1/10 and 1/7 scaled section
models. It was observed that when the vertical sides were shielded to,
wind both bending and torsional motions occurred mdependently, and whenr
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they were not shielded and had small damping capacity galloping type
oscillation would occur. The predicted critical wind speed was .20 to
30 m/s according to the damping capacity.

Vibration test of the main tower

‘ The dynam1c charactenstms of the M)Jl Tower (Kyushu Island) wers .

measured at 1ts freestandmg state The ‘tower was forced by a twin
mechanical exc1ter set on the upper strut, The force 15 ton each at
10 cycle, was app11ed long1tud1nally in the first test, transversaly )
in the second and torsmnally in the th1rd A, set of rocket boosters
was also f1red on the strut in order to supplement the def1c1ency of
10ng1tud1nal exc1tat10n The capac1ty of boosters is 111ustrated 1n

Fig,

attached to the tower shafts. ,

The Tesponse of the structure was recorded by 14 accelerometers

The observed natural’ ‘frequencies and’ structural da.mpmgs are sum=

marized in Table 3, ‘and the’ observed modes of osc1llatlon in Flg. 8.
The’ observed frequenc1es are fan'ly well co1nc1ded with the calculated
Values and ‘the’ structura.l damping ‘seeins to increase w1th the degree of '

modes

" The' dampmg capac1ty of the lowest mode is smaller than the 7

expected value.
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RECORDS

Table— 1 WIND
NO. 1 2 3| 4 5 6 7 8 9 10 | n 12 | 13
z g2 L gl = .1 2
[<] < 0] = ; : X - =
c|Elefala|a|s|clE|8|c|2]2|8E
g 5 o 2 o | «a = < |og| O = | =1
=4 4 = 5 = = 14 o x| & =) 0 § %
3 sl &l2|lg|lg|g|eje=|2|l2}|8 1518
WSTRUS *lac.ac[ac.ac| 3¢ | 3¢ |ac.pe| P1 lacr2| 3¢ | 4c | PI | P2 [3C | 3C
reaping™| M | M MM M 1 M 1 M 1 1 1 1
PERIOD
waplees| 37 | 37 | 17 [15 [ 16 | 13 | 9 8 7 6 5 5
1929 | 178 2587 Vot
30 | 328 358
31 | 172 252
32 | k2| 247 7
33 | 18.0] 270 HOKKAIDO-
34 16.3 ) 307
35 | 166] 35.8
36 | 28.1| 268
37 | 58] 269
38 .| 154] 272
39 | 161} 265
40 | 218] 2a0
41 | 233] 242
42 | 233] 342
43 | 153]| 226
44 | 212]| 225
45 | 287 | 24.2 Note
46_J) 193] 230 % INSTRUMENTS
47 16.7] 260 | 2031, 4C : 4-Cup onemometer
48 | 167} 21.7 | 233 3C: 3-Cup onemameler
| 49 _.1220]| 307 | 279 PI : Propeller lype cnemometer
50 | 272| 295 208| 254§ 21.1 {Aero vane)
[~ 751 | 325| 241 | 356] 202} 196 P2: Propeller type onemomeler
—_:'5—_25‘,.7 ‘180 21.1] 239 165 | - {Kashin vane)
53 |'isa| 180 | 223|155 [ 180|180 T lantancous volue
54 255( 235 | 29.2| 208 | 220 ] 21.5 M: Mean volue {Averaged over IQ minl
55 | 214| 303 ] 2a.1] 334 196 ] 241
56 | 302|298} 226)336) 235 ) 267 _ | e
57 |201| 235|207 205( 21,7 | 180|220
58 | 187 184|237/ 182 1901 11.6[ 180} 31 [196f | _ | . _
59 _| 235} 238 235} 25) [ 247} 330| 249 41 | 21.3|278) I __ | _ _|
| 60 | 68| 2701 233} 185) 158 150) 202 | 38 | 196] 20.7) 31,8) =
61 |228] 197 ] 233| 195]| 165 | 3g0] 252 | 32 | 21.0] 26.2] 334 | 32.7 | 240
62 |.142] 187 | 220( 188] 147 ] 2281 196| 27 | 196] 21.1] 329 | 26.8] 28.3_
63 | 182|200 250| 187 139] 230] 184 | 31 | 196] 236 355 | 22.3] 220
64 | 182/ 203 _187) 165 22.4] 21,1 ] 35 [ 21.5] 292] 350/ 20.0| 300
65 | 183] 260 180 | 25.0| 238} 32 | 244 295| 345 26.7] 2a1




Description

Sketeh of models,

Origina! design 6{ truss girder
truss height 6.0m

floor system : slab is fitted on truss stingers
number of slots : 3 :

T-1, but with 5 lones of slots

T-1, but with slab filled on trussed stringers
through floor girder (height of fioor girder 30 cm )

‘ T-3, but with 5 lones of slots

T-3, but helghi of floor glrder increased: fo
60 em .

T-5, but with 5 fanes of slots

Truss height 90m . i
floor system : slab in fifted on, frussed glfders

1

Al

T-f. bub the, truss height, is 9.0 ;and the .
road crown is higher then upper chord axis nl
' ubom |30 om

.m—“"

 T-B, but the road’ ciown: is hlgher lhnn upper
chord " axis .ot ubaul 25¢em

" T.-8, but the mnd crown’ is about the same
level as the upper chord axis

T-8, but the roed crown'in In_wer lhan upper
“'chord axis ot about 40 ¢m




'TABLE. 2.2 MODELS.

desig-
Sketch of models m'-:n Description
3
ﬁ £ ' T-8, but the road crown is lower than upper
§! T-1z| chord oxis af about 70 em
i
Ll T-3, but the fruss height Is 90m and the read
a |p-1z] crown is higher than upper ¢hord exis at about
o8 160 cm
i
T-13, but the road crown is heigher than
_1q| upper chord oxis at about 55 cm.
T-13, but the rood crown ls hEIgher thun upper
T-15 " chord axis af ubuul 30cm
T-13, but lhe road crown ‘is lower thon the
T-18 upper chord uxls ot aboit ‘Qem
' 5‘ o i
T- I3 but Ihe road crown is lower than. lhe
T-17] vppeEr chord : axis ut about 40cm
© [ ! - ; . ( i . *
Original design of ~ box-type . girder
< B-1| width : 31,0 m, . maximum depth:3.2m
tower surface is stream fined'
: B-1. but. the: lower- surface is polygonal- nnd
B-2{ the rnuxlmum depth is 32m
. i
Revised 'design '
g-3| width : 31.0m,, deplh_:‘3.2m . ¢
B-1, but the mdlh is Incraused to 32.5m,
B-4 muxlrnum depth is 3.2 m ‘




Table 3 Frequencies and Damping

Longitudinal Oscillation '

Mode Freq. Freq. . S'tructli'ra_l\_
(Calculated) . (Observed) . Damping *
1 0.25 /s 0.26 ¢/s | & = 0.009
2 S 135 : 140 - -+ o.021
3000 0376 oo 3.90 0.036
R R 1Y
5 4.81
6 7.49 ) 6.9
Transverse Oscillation ‘ o
Mode ' Freq. Freq. | stricturar”
.(Calculated) ::|-(Cbserved)' i |:: Damping
1 1.18 c¢/s 1.17 ¢/s é = 0,014
2 3.94 4.10
3 6.80 6.20
Torsional Oscillation
Mode - - Freq. Freq, Structural
‘- (Calculated) (Observed) Damping
1 074 cfs ©05c/s | s =o0.011
2 | 2.16 ol 2.29 0.076
3 4.75 4.6l 0.023
Y
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INTRODUCTION

" Specifications for Earthquake Resistant Design of Highway
Bridges and Their Running Comentary" was published by the Japan
Road Association in January 1972. The provisions are given in full

as the ‘Appendix of this paper:

Significant provisions on the design’seismic ¢oefficients for bridges

with high rise piers are prov1ded among reformatwe ones mcorporated
" In: th1s paper he essentlal backgrounds related to the prowsmns

are described. D

1. Earthquake Response of' Bridges

Although earthquake response a‘nalyses of highway bridges are
found a lot and the dynamlc charactemstncs ha.ve been gradually clari-
fied, comparatively few examples of observed earthquake response of
hlghway bridges are found 1n Japan. ) o .

sol e

The lack of the data on the observed earthquake response of high-

~way bridges leads that earthquake reSponse Spectrum curves based on
ARE R AT e
strong-motion earthquake records on vanous grounds are effechvely

apphed to design.

[IRTIRO! " FREFEN g,‘_‘l

vl E

Fortunately it is known that the re5ponse due to the fundamental
natural vibration actually predommates dunng earthquakes In almost
all of cases of ordinary highway bridges except such particular ones
as suspension bridges. Therefore the method using the earthquake
response spectrum curves is strongly effective to estimate the

response of -bridges.

2. Desfgn Standard Spectra

The design seismic coefficient kan -in the modified seismic coef-
ficient method considering structural response is obtained by multiply-
ing the design seismie coefficient ks in the seismic coefficient method

i
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by the modification factor A depending on the fundamental period of the
bridge and the ground condition of the structural site.

The modification factor § is provided by simplification of the four
kinds of original average spectrum curves correSpondin‘g to four kinds
of ground conditions. .

In order to determine the four kinds of average Spectrum curves
the strong motion earthquake records of 44 components observed re-
cently in Japan are used.

The response acceleratmn ratio spectrum curves are cbtained as
follows ’ o

‘ When a wbratxonal system of smgle degree of—freedom. consxsting

shown in Fig. 1, is subjected to earthquake ground motion # at its’ Cre-

‘ference akis, the ‘relative d1$placement y will be produced ’i‘l‘ié"e‘qua-

tion'of’ motlon for the system is’

”,y..l.cy.l.ky_ __'nz ...‘A...‘....‘....v...‘ ..... ";“.."T,'“j"”""',." \

]

SRR ,
The solution of equation (1) is given by the following integral.: . .. (-,

}=4 ;,VI—QVSeme

ph(l—r) qmp;\/l—::hT.(l" ‘)df 7

ERETAEE S e S Cepri e el
where | " o0 ; ERTEE R R A A R
,/k/ : natural circular"ft"édﬁeﬁc.y R

TN PR ek " (natural per1od T Zfr/p Ty :
h c/2~/—— . dampmg ratlo ITE CoGaLooinn

Logarhe s i ailey T ; AT
The maximum reSponse dxsplacement l }' | mar computed for earth-

EIEE B

quake ground acceleratxon Z m equatxon (2) I.S a funcnon of the nah‘.u'al

per: iod T with dampmg ratxo h as a parameter. Thls t‘unction deﬁnes ‘
the response dnsplacement Spectrum (Sp) curves. Equation (2) may

be written as “

N

Lo i ‘ A-_ :- T ‘4
Sp=|y| =3 L £ (t)e PR aisinga /TR (¢ —T)dr. ;&;"""?’.(3)
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The response velocity spectrum (Sy) curves and the response ac-

celeration specrum (S.) curves are defined respectively as

_ 3{'#“7.150 et st e seeeees (4)
. ‘ o
S,.—(Z;) Speerreres (5)

The ratio of the value of response acceleratlon spectrum curves to
the maximum value of earthquake ground acceleratmn Z puy means the
magniflcatlon of the response acceleratlon of the v1brat10na1 system to
the earthquake ground acceleratlon." Th1s ratlo defines the response
accelerdtlon ratm spectrum curves. ) : ,

Envelopes of four kmds of average response acceleratxon ratlo spec-
trum curves corresponding to four kinds of ground contmns are shown in
F1g.. 2, The absc1ssa of F1g 2 means natural permds. X

. The system shown in F1g. 1 can be supposed to represent the struc-
tural system of a bridge. - :The response ‘of thé/system: vary dependent. !
on its natural perlod dampmg ratio and the ground cond1t10n of the site

i

as shown in Fig,'2, " & 1. o IR S P

The modification factor S shall apply to the design 'wlth bridges with
fundamental natural periods longer than 0, 5 sec, as shown in Fig. 4,2 -
in the spec1f1cat10ns. ST S ST

The max1mum value of the mod1f1cat1on factor ﬁ is 1 25 and the
minimum value is 0.5, e . Ly

The value in long pEI‘IOd range decreases 1nverse1y with the natural

peno .
The value of the horizontal deslgn selsmlc coel‘flclent 1ncreaees
25% at 0 5 sec. ‘of the' natural perlod s

Vo

" The reasons for the mochﬁcatlon are explamed as follows

i)  The modification factor 8's for the bndges with long natural
periods 'in the ground of the group 4 correspond with the average o

response ‘acceleration ratio spectrum curves for the group 1 and



e

»

Vo ¥

i

A
Nem¥
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the group 4 with 2 per cent damping ratio respectively, - For the
group 2 and the group 3 the modificatipn factor 8 's are decided to
trisect the difference between the ones for the group 1 and the

group 4 as shown in Fig, 4,2 in the specifications,

if) According to the fact on the basis of field vibration test results
on actual highway bridges that damping ratios increase inversely
with natural periods in the medium period range, the damping ratio
h can be estimated at from 0,2 to.0, 4 i.n'the period range around
0.5 sec. From this point of view the acceleration ratio does not -+ :
exceed 1.4 as shown in Fig, 2. The modification factor § in the :

medium period range is fixed at 1. 25 on the average, IR

iii) In the permd range shorter than 0. 5 sec.’ the damping ratio 'l
can also be estimated at from 0.2 to 0.4, Accordmg t6 this esti-'
mation’ the response acceleratxon ratio becomes about 1.0 as shown .
in Fig. 2. In this case it can be said that the 'valu'e‘o'f the hérizontal "
design seismic coéificient in the modified seismic coefficient method
considering structural Fesponse is nearly équal to the one in the i
- seismic cdefficiént method. &~ v i ‘ oot
Although the déduction processes are quite different froi ‘each:’ -
other, thé resulis are nearly equal’in the short period'range and- i
there is not a contradiction between the two methods,
ifv) The damping ratio here is a kind of fneasure that shows the. ! * 1

degree of attenuation in the Vibration of the:system of single-dégree- -

of-freédom’ considered to represent a bridge ‘structure,’ When the: »& i

value of the damping ratio' % is'greater than 1, 00, ‘ the fréee 'vibration! .} 1«

of the system is not-induced,. The smaller the valué becomes bélow: '

1.00, the more easily the 'system becomes to vibrate,

According to field vibration test résults on actual highway - . .

bridge structures, the relationship between the damping ' ratio” '

h and the natural period 7' cah’be said as follows,
A. For the bridges with i‘eiafively short natural j‘m:riéd‘s'(éﬂc:)‘r‘-t'er
than 1 sec,), /# =0,02/7 (T shown in sec),




B, For the bridges with relatively long natural periods  (longer
than 1 sec), /i = 0,02 or less than 0, 02,

On the other hand the observed str'é‘ng-motion earthquake re-
sponse of ordinary bridges with short natural periods such as 0,3
sec: shows that the response acceleration is equal t{o or below the
ground acceleration, .

This means that the equivalent damping ratio /i is greater
than 0. 4 which exceeds the value calculated by the formula shown
abovein A,: that is, £.=0.02/0.3 = 0. 067.’

I can he explained as follows: /'’

The results of field vibration tests only show the:elastic.charac-
teristics of brldges at very low amplltudes but the the response
to strong- motlon earthquakes is affected by the dynamlc behavxor
of brldges not only in thexr elastic rgnvge,s__t_)lxl; also in their m‘e.la,shq |
ranges, at large amphtudes . l::, . . ( : - ' . ‘ - ‘

.The value,of the damping ratio };.for; br1dges with long natural
periods.is estimated as 0.02 wlth.reference,tqthe.prov;smngof,: Lo
the Japan Society of Civil Engineers® Specifications for Earthquake.
Resistance Degign of the Honshu-Shikoku Bridges (1967) although it
corresponds to-the maé;imum value obtained from field vibration S

test results. IR T

The lowest value of the modification factor is limited to 0. 50.from -

the engineering.point of view that the value of;the horizontal design
seismic coefficient in the modified seismic coefficient method should

not be less than the half in the seismic co,ef,ﬁcient method, ...

Since the value of the modification factor § is decided to give the , .,

horizontal design seismic, coefficient kam ‘at the center of gra:vity ofa ..
bridge structure, - it.can be concluded, from the fact that its center of:
gravity generally locates at its upper part, that the uniform distribution :. .
of the design seismic coefficient maintains suificient safety in spite of -

the larger amplitudes _bf vibration at its upper part.
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3. Method for Obtaining fundamental Periods -

The fundamental natural period of a bridge is desirablp to be
obtained for the structural system as a whole, but the equations would
become very complicated ones in this case. In order to simplify the
problem the method to obtain the fundamental natural perio:d; of a bridge
for the individual system consisting of each substructure and the part
of superstructures supported by it is adopted. Although the values of
the natural periods obtained by this method involve some errors, the
effect of errors on the value of _fhe horizontal design seismic coefficient
is considered to be very small L

Bridges are classified in two groups by the1r substructures One
group consist of bridges supported by Spread foundatxons or p11e founda-
tions and the other consists of bmdges supported by caisson foundations.

It is known that bridges supported by spread foundations and bridges

-supported by pile foundations show similar dynamic behavior infield

vibration test.,..: -; .. . T ST RS P
> Equations from (4. 3) to (4, 6) in the. specmcatmns give the natural

perlods of bending vibration and equation (4,7) gives the natural periods
of rocking vibration,. ; .., - e i R SRR )

,In the case of bridges .supporied by caisson foundations the coupled -
v1bration may be excited between bending vibration:and rocking vibra-
tion,. ; Gt oanoe E b oo wsiorread, S el e

, Since the, equatxons to obtain the natural period of the coupled vib-
and the rpck.ing vibrat;on are: excite_cl ,ind1V1du§11y,: TP oL R P

In tﬁe case of bending vibration the actual individual system can be
considered as the vibrational system shown in Fig, 3

The fundamental natural period of this system is given by, the follow-
ing equation. .. ;.

R . ; i T o . i

T—h' We

where -a is the minimum positive root of the following equation, .~




1+coshacosa .

COShaSinﬂ——Sinhacﬂsa ] a—a—a setvacacsannticesraseerarracas ...(2)
where .
.
BT
" Ki?
T El

""K': the spring constant which represents the effective rigidity of

" the superstructure for the substriicture
Applying Rayleigh's method, equaiipx{ I(i)"t_)ecoiﬁ“e.s .

L
130 Vot Wa g

NGRE h
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“+ 'Equatiohs (1) ahd (5)'correspond the solid curve and the'dotted::
curve in Fig. 4 respectively. Since the value a is limited beldw' /i
117875 in’actual tases; ‘the: approximate ‘valie by equatlon (5) ig’accurate
+\-sufficiently for the practical purpoge,: "« :iintiaic coll ol oonl s

The value % in actual bridges of the type 1 expla'iﬁeﬂ'in the speci-
" fications! Table 4.6 ‘shows abdut from 07004t 0053 for reiniforced

‘concreté ‘piers'and about from 1. 13 to'1. 67 Tor steel piers in thé trirs-

verse direction. Assuming I =0 and X =15 in equation (5);"
“equations (4.'3) and (4:4) in the specifications are derived 'fe’spe’éuvely
"'The numieral‘coefficient of W, “is raised from 33/140 ‘=0,'24in"

equation (5) to 0. 3 in equations’ (4, 3) and (4 4) in’ conslderanon of the
mass’ éffect: of footings., v TR il T ey st

The effective rigidity of the superstructure for the substrictire *
iz considered to be zeroin'a’bridge of the type 2'in‘the transverse di-
rection. Equation (4.6) is derived from equation {5) on the assumption

X o= 0. oo

a The effective ngxdxty of the superstructure becomes so large in
comparison with the bending rigidity of the pier in.a bridge of the, type 1

in the longitudinal direction that the value 7 can be estimated as in-

O
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finite. It corresponds to the assumptmn that the p1er is considered as
a fixed-hinged beam of @ =3 927, Asshiming = 16, equation

1

{4.5) is"derived from equation (1). .. = H RS

The total weight of the continuous beam shall be taken as Wy in
case of an pler with its fixed support similar to the system of the type
lin the longltudmal direction. ' '

Equation (4.7) apphed to the rocking vibration is derived based on
the assumptxon that the center of rotation is located at the pomt l /3

[ T T PR S S T e

from the bottom. e

e Tt e

The natural period of the rocking vibration is given by the following

equation,

T =2, /%,, ................................................................ (6)

where the rotational inertia due to the superstructure
2 Wy
h — 2 —
(h+ 3 1) p

the rotational inertia due to the pier

{h" (Il ) } Wp

-+

12°\2

the rotational spring constant due to the subsoil reaction at the side of

the caisson foundation in the horizontal direction

bl®
Kn 36

the rotational spring constant due to the subsoil reaction at the bottom

of the caisson foundation in the horizontal direction

I 2
% [——
Ksax ()
the rotational spring constant due to the subsoil reaction at the bottom

of the caisson foundation in the vertical direction

Kvl




Then 2 W, n 2 1) W, I
(el ) e g 80 (__ 2 ) } o, [ B
/ ('+3 ) g 12 +3I g+_ 12
I 2 \?) We
+(E—_3- ! ) ‘}--é—— teesersrcnnsrnie eereraractasnasabasrasectesasaastrornns (7)
and "
it ()
o=Ruae 5 3 L3 (7 EURREIETRR eessiassnienases : (g)

Equation (4 ) is denved from equations (6), (7) and (8)

The effective rigidity of the superstructure is neglected in the )

rocking vibration.
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1. Introduction

The Philippines are located in a region having the greatest frequency
of tropical cyclones in the world. In 1970, as a whole twenty-one tro-

pical cyclones affected the Philippines.

As well.as in the,U. 5, , -iropical cyclones have womens name in the

Philippines. Among the twenty one tromcal cyclones mentioned above,

A

Pitang (Georgia in the U s, name), Sening (Joan) and Yoling (Patsy)

brought devastating damages to the Luzon Island.

Especially, it was said that Yoling was the most devastating typhoon
over Manila, since the establishment of Philippine Weather Bureau about

106 years ago.

At the request of the Philippine Government, Unesco sent a servey
mission to Manila for studying'the nature fand extent of damage and for
formulating recommendations ‘to prevetit biildings and structures damage
in the event of future typhoons thr6igh’ consultation with the Philippine

authorities. R A

LD popetdae .
The mission consisted of three persons, that is, Prol. S. Mackey,

Hong Kong University, Mr. C.E. Finney, Unesco Expert, Asian Regxon-
al Institute for School Building Reseérch. Ceylon and the author.

In the wake of survey by the miss'ion, in November 1971, Unesco
brganized a Regional Seminar on Wind Effects on Buildings and Struc-
tures in Manila. At this seminar, the members of survey mission

mentioned above served as consultants for technical direction.

This report introduces.an.outline of;the survey results in 1970 pub-
lished by Unesco2) and of the seminar in 1971,

(L0 R3O TEE TP SR LS YE I A A o

)




e
Voo ¥

-the maxxmum wmd speed exceedmg 64 knots, between 34 and 64. knots

. 2.. Staiistics of typhoon in the Philippines . o e e oy

After Dr. R.L. Kintanar!), Director of Philippine Weather Bureau.
as shown in Table 1, an annual mean number of tropical cyclones whxch
affect the:,Ph{xhppmes'ls 19.7. Inthe period of 1948-1970, the annoal '
number of tropical ‘cyclones varied from a minlmum of 12 in 195l to al

maximum of 32 in 1964.

* Table I' ‘Mean Monthly Frequency of Tropical Cj}clones' B
--(1948-1970) )

T 5 <] ] B o

Ménth ' [ Jan. | Feb. Mar.|Apr.| May | June Jul)} f\ug. Senl. QGct. {Nov. Dec “Total:,

Mean:~ | oo P . ; o LS TR SR B . .
F'requency,o"i" 0 35 0._}0 0.3910.78] 1.4813.26 .l.'nT 2.9612. 30 2.57 l.‘.l5,

% - 22 {8 [Ls {20 [39]7.

T

‘[16.5]18.1}15,011.7]13.0}6.8

]
T
ks l
|
wonat

“In'1970, twenty- one tiopical éyclones affected the’ Phlllppmes as”

shown in 'I‘able 2 In the table, T T,,S andT D mean typhoon, tro-

p1ca1 storm and troplcal depresslon, reSpectwely and are deﬁned hy

and less than 34 knots, respectxvely z

N. Lo ', [ ,,‘_ b ‘. > il

: The paths-of these tropical cyclones are shown m thure TR —

Accordmg to Kmtanar. "During thé months of Apl‘.ll gMay and June. the

cyclones wh:ch Jut the Ph:hppmes generally cross the Visayas. Durmg

the months ot‘ July, August and SEptember, most of these cyclones cros[s

.. northern.Luzon or the Batanes Islands.. Apgain, during the perlod from

October to March,. these cyclones generally Ccross the Vlsayas ,-;ln ;

1970 several typhoons struck ‘southern L.uzon successively dunng the

months of October and November.




Table 2, Tropical Cyclones In 1970 affected to the Philippines
2 T ~ . & .| LowestPressure Highest Wind Speed Do
Classifi- Datelof -, Nz:%me-‘* : B (mili-bar) - : (m/s) . M::i}x:axén;iadlus

cation . Q‘ccurregce‘ Phlllpp&{xe u.s. . Ovezj Over --| Over Over Isobar line (km)

: e 4 &= 7| Ocean|- .Land ‘Ocean Land - N
1| T, LI o23t27 ¢ Atang - Nancy KT > 960.5 | . 66.7 811 " 200 ,
2 | T.03 [ v 13- 14 | Beningt | = 3 1| es6.t [Looo.2 | 111 8.3 400 - -
3 | t.s | ovr 29-vI 1| Claring fParr{elaf._"i 980 ' |1,001.2 | 27.8 - 110
s |1 | VI 29-VII 3 | Deling” |.Olga. 907 ° - | 6.4 - 360
5 | T. o | VI 12-15 | Emang. | Rubby :|' o83 | oes | ‘26,4 18,1 550
6 | T.0x | vI s0-vimi| Gading |5 © | 1,002 [1.002.4 . 125 18.1 90
T | T.8 | VIO 4-8; | Heling® | Violet .| 995 | o039 |- 181 15.3 185
8 | T. ¢ | v -1z Niang ; | Wilda 2| 950 [10023 | 514 8.3 550
o | T. T | vimza-zm | Loleng! | Billie | o5 [. - | ‘6o:4 F. 500
10 | T.D: | VI 314X 2 Midlng~ s - - - -
| Ts. o} o3 Normmg Fraa | - | - - - -
12 T, S’ lj DE 457 = Oyang Ellen -~ - L I - -
13 T. | Pltang: Georgla 904 - |- 977.5 | "66.7 :5‘1.1 260
14 | T.07 Ruping . | = 2 s9a | 9o | 1sia "9.2 250
15 | T, : Serli‘ng"‘ ann 801 - |- 870 - 6.4 6.4 - 600
16 T. = 215: Titang Kate 941 9889 | "71.5 27.8 . 220
17 | s |- xi2ac2’ | vding & Louise °| 996 |L005.4 | 26.4 11.1 240
18} T.S | X 20°Xrd Wenmg Marge 7| 989 |1,000.2 | 27.8 23.6° 60 -
1 T o | N 1s-20 Yoling” | Patsy | 912 | 9548 | 611 55.6 200
20 | T.DU | XTI 22-24- | Aning 10 ¢ : ' '
21 XI

- O

ey
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3. Records of typhoon Yoling

According to the Philippine Weather Bureau, typhoon Yoling had
started its life as a- troplcal depressmn by 8:00 on November 14th in the
vicinity of 155°E, about 1, 100 km east of Guam By 14 00 of the same
day, it had become a tropical storm and by 7:00 of November 16th, it
was upgraded to typhoon strength in the v1c1mty of 15°N and 141°E,
Increasmg its energy, typhoon Yoling landed on the east coast of Luzon
at about. 100 'clock of November 19th and swept the Greater Manila Area

at about 12:00 of the same day. By 0l: 00 of November 215t. it. was

downgraded to troplcal storm on the South China Sea. Table 3 shows :

the vicissitudes of life of typhoon Yohng based on the reports of recon-

naissance aircraft.

) By the reconnaxssance of aircraft, the maximum sustamed wind ‘
veloc1ty was 135 knots (69 5 m/s) near the center of- typhoon Because
of the wmd damage to Weather Bureau mstallatmns combmed w1th the ‘
power fallure of electrlcxty by typhoon. there was very few rehable ;
data ofwmd , P

Table 4 shows wind records at Mamla Internatwnal Au‘port about
8 km_ south of the center of Mamla Clty The mstrumental helght of
anemometer was about 20 meters above the ground The maximum .
gust wind Speed was 108 knots or 55.6 m/s.  The lawest barometmc

pressure at'the’ A1rport was 9'71 2 mili- bars.
!

. The record ‘'of barometrlc pressure obtained at’ MERALCO Head-_|
quarters in the Quezon City where the typhoon eye swept is shown in

Figure 2.




TABLE 3

RECORD OF TYPHOON YOLING -

N

REPORT |[PATE | ppyg | FORECAST | MAX/MIN| RADI OF ACTION (IN N.M.)| STORM
o, [(ov. | TR | POSITION WIND - OF WINDS ) SPEED ‘. REMARKS
19100 Lat. [Lonot.| k. [0k | okt | sost | ke
61 14 fosoo ' | 1a.8n | aSziaE | ey v ]ose 17 Recon Fix €050 hia”
1] 14 1100 137N | 151.0F 35 50 17 Recon difficulty in Location
03 1. {rioe. | 128|140, 52 1) . 40 i]se | caesf . o L iRecon Fix' @1500 hro
o4 1 |aso0 fas.en | 1sese | a0 50 18 Recon Fix €20.30 hr,
oes 15° Josoo -| 18iaN | 14438 [ 40 [N : EEIRR N I i Reéon' Fix ' €03 15 hr.
06 15 (1100 | 1608 | 14388 [ 45 5 11 | Land Radar and Recon Fix €08.35 hr.
ot [EN TP SPRTTE RYPIPPI BRI v oo Lt i |t 4 midon Fix ‘@15, 18 ke
STORM UPGRADED TO TYPIOON | B o
o 180 {2300 [ as.on | aeniE | es |t ke 156- 18 “| " 'Eye fixed-by'Recon - @18. 00 hr.
09 18 |0s00 | 1s.o8 [130.58 | 1 s0 150 15 Recon Fix €0300 he.
10 16 (oo | 15,08 | 138l iE g | 50" 10180 - | 14 | Land Radarand Recon Fix- @1018hr:
1n 16 ITOO 14.8N | 137.1E 50 150 13 Heeon le @1450 hr.
1 [ 16 | 2300 | ialsw [ a3s.2en ‘ ‘ "o 180 [ FTaeh [T 5 T Redod Fik ' @2100 b
13 17 fosoe | sa.7n | 360k [ 150 1" Recon Fix 0300 hr.
14 17 [neo |iasn]aazes | oss £ oo 15 S " Recon Fid “@0903 br.
15 17 |0 | 14y | 130,82 | 200 I o8 N Recon Fix @1400 hr.
18 7| e [2d00 7| tasw [adelaE Pawe T s ey e R i ei2100 b,
‘18 fosoo | 14 sn Ty [ETE T S _Regon Fix: "60300 hr.
18 Jnoo | aan 130 10 | 100 200 Recon Fix @0858 hr.
e[ e faree, [ agsn 135 40,100 77 200, o as .y i, ;% Recon Fix BISIT ki
20 8 2300 14.8N 135 40 100 400 Rld:r& Recon Fix @2200 he.
T 16300 7 1408 otz B | o103 Cr|ase | SO g Radhe and Rkt Flx 200 hE
Py . IDONWQ| 3CONWQ : . )
E+) 19 1100 14..5N 119, 2E 80 BELS | 250118 3 :Re:n.n FI!‘- @0!’!‘3 r;
P Y . 100N 300N
21 N R ETR L R T 80 Totes | sooms 1 18 Recon Fix @1418 hr.
. 100N 300N
19,300, | N, LBk 8, JISELS) | 200ELS Lot
¥ 20 0500 15.2N | 115,58 80 % 200 Reeon Fix €0300 hl‘.
g6 30 oo’ [ asaN o e el ) BT I TR ST SN b | T Redoh! Fix “€0836 tr.*
DOWNGRADE TO TROPICAL STORM
er:velizo treel [15UdN | nglaEi|t g0 ) e e R R kb e e
kL 20 2300 15.9N - 45 . 75 1) EXTRAP,
20 it 217" oS08 ¢ | isieN | 40 TN B T AN BTN N Récon Fix ‘0300 hrs
20 2 oo | s.ov | roe ek | as . JOONWQ[ o |Increased wind due to land influence
PN N o et ] Reten Fix, €ODIS by ¢
El) F18 1700 16.6N | 108.5E 40 10
32 . | 21 fesco. | 18.8m 40 .10, ;('r\nm' , Further recon impossible
e R R AN RN K ¢ i = due'to resteicted fying area
T O A SRR R ETETE PR EREST ot
Notes for Edltor on Table 3.3
N.M. * Nautica) Miles ELS * Hisewhere B
KT Koots Recan  * Alrcraft Reconnalssance
N * Northern semlicircle EXTRAP * Exirapolation
NWQ ' Northwest Quadrant
— 86—
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" WIND OBSERVATIONS AT MIA'DURING THE PASSAGE OF TYPHOON

TABLE

4

WEATHER BUREAU FOHECASTING BRANCII
Manila International Airport
Pasay City

‘YoLiNG ON'NOV. 18/19 1970

DATE & TIME | WIND DIRECTION ). | cusTs |- TiME | winp pIRECTION () | GusTs
GMT) & SPEED (k) {kt) (GMT) | & SPEED (kt) (kt)
18/2100 VRHL - 02 None | 8/0430 * 50 76

2200707 CVHBL <02 | None [ 0435 SRR I 64
2100 {7 om0 2 None | - 0440 * 50 76
19/0000 " a10 16 | 26 | 0445 s. a0 12
oozs | 290 32 10 | o450 s 40 68
otoo” " [ 300 a0 “40 | o435 ‘s’ 50 ‘62
o110 300 20 38 | 0500 5 46 62
‘0120 P20 . w4 | .50 | os10 S, 40, 58
0130 TT300 0 38 T 7 ‘48 0520 - ‘S 1] 56
0140 480 48 s2 | os30 5 35 44
0150 300 36 a6 | o0ss0 s 36 56
0200 36 68 | o0ss0 SSE 40 64
0210 55 76 | o600 SE 10 50
0220 48 1,68 .- 0810- 4 136, 4] 48
0230, . ey 16 | .os20 as 56
0240 52 80 | osio 6 52
0256 60 Prga | o6aD M el | et
0300 200 60 4 .90 loeso, | . s | 45
0110 290 0 “r0 |oren ] sk as U4k
0320 290 56 96 T2 AR R CEPRETE TY RN Y
0330 290 8 108 | o720 JSE.rot 1340 v 40
01440 270 65 100 | o750 .Sk 5 40
0350 260 10 100 | o740 sk o2 | a0
0400 240 60 92 | o150 TR SRR B
0405 220 65 100 0800 " SSE g5 i 36
0410 210 165 51eri |0 196 ....|- 0840 . SEi o260 38
o415 H 60 90 0900 SE 20 26
0420 + 56 72 | o930 SE 22 28
0425 . 56 80 | 1000 E 18 None

ALL OBSERVATIONS \WWERE MADE ON TOP OF MIA BUILDING, ABOUT 20 METERS
FROM TitE GROUND.

DIRECTIONS GIVEN IN COMPASS POINTS ARE ESTIMATES (NOT RECORDINGS)

Notes :  # Power failure (direction not recorded). VRBL = Variable

i
!
f
}
i
i



4. Outline of damage due to Typhooﬁ Yoling

(1) Statistics .
Casualties and amount of damages are as shown in Table 5. Pitang

had a similar size with that of Yoling and also devastated,

Table 5. Casualties and Damages

g Maximum Wind \‘!;locily ) Casualties _

iTyph:rJon Date | Owi;?:)ean b?(e;;_.:)nd Dead [ Mlissing lnjlired D’:r;‘::et (Df )
;'Pit;ax;g Ko 551.7 61.1

:Sen;r;g X 13.:14 76; 4 76."4 “ ;.675 193 1593 ., 500, 000, 000
:Titaﬂg X 18.‘19. 1.5 27.8 1631 284 76. |305, 000,000 ]
Yolling | X1 19 61.1 55.6 Y230 | as1 1755 | 116, 000, 000

‘ (2) ‘Classification by mtens1ty of damage
In the Greater Mamla area. structures could be rlassxﬁed in the '

followmg descending order of frequency of damage. . e

1 Large neon- sngn and bxllboal"d structures
u Roof of school bulldings ‘
iii. “Roof of houses
iv. jG]aszl;\ breakage

v .iTall .a_ntena':masts ‘
vi. Survice station canopies ; .

- vid ‘Roof of industrial and commercial buildings




O

5. Damage of Domestic Houses

In the low-cost housing areas, traditional small houses of one or
two-storeys, built of luan, survived quite well in either of widely spaced

area or densely concentrated areéa.

On the contrary, in the high-class residential area such as Makati,
comprising large and costly houses, concentrations of extensive roof
dan'?age @,e;e ebserveq. . In ‘th‘e's:e‘a‘rea‘,;vvexjy low-pitched (almost flat).
roet:'s,‘ eantilevered out té_a conslici‘erable‘degree be;,"gnd the external .
walls to Ie(x:fn slarge_anr:nivn;g!_s‘_,_ we-fe -‘us;‘nall_)‘{ used. . These 99“9@"?,!’.?4,16!15
of’dam‘a.g,e ;ind_icat_ed,‘ _notﬂne,t}:ers_eva’_:zjil‘y higher wind velocities in thege .
areas; ‘b’u“t_ rat}he‘r‘poox\' atten&ion,‘tg structural ‘a‘m:i,roq_ﬁng details, to

resist wind effects and false economy in construction.

6 Damage of High-rise Buildings

i [T N RSSO AN

‘No structural damage to modern hlgh rise bu11d1ngs of remforced‘
éoncrete or structural ‘steel constructmn caused by dlrect wind aetién
was observed. Some indirect strictural damage resulted from " c¢ol- j
iapse'of -neon-‘sign's"and:billboa'rd 'struetures on the rdofs; o '

[
i

Non structural damage such as glass breakage, strlppmg of roof
covermgs, failure of sun breakers and other external additions and
damage of interior ornaments resulted from glass breakage were widely
observed.

In an attempt to assess wind velocities inthe urban'areatand ¢ind’

pressure patterns on actual buildmgs, .a survey of glass breakage was

. carned out ona selected number of modern h1gh rise bmldmgs in the,

...... LR

Greater Mangla,areah Buxldmgs surveyecl_ are listed in Table 6. . _ ..
.. Taia e SR B S e I e D I R e A B B T

-+The breaking:loads of glass were estimated by an empiricaliformula

derived by S Ml)}{piah_i. “

PR R R SN B Y TS 18 AN
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(&
= = +
P= (t P )
whére P: breaking load'in'’kg/m2 ° A: ‘area of glass in m2
‘t: ° thickness of glass inmm  C: coefficient, 80 for sheet

»'glass and 60 for plate glass.
Then, wind velocities were calculated from the breaking loads: :

Because of widé variance of breaking 1oads ‘of glass caused by m-
cautious handlmg, good estimation ‘Of wind velocxty was “tot obfained.
However, it canbe’ pomted duit that éxtreme’ pressure nse caused by
‘unusual conﬁguratxon of buxldmg and high suction’ near ‘the corner of
building were ‘main reasoiis of glass damage together thh the use' "6f .

inadequate ﬂucknels of glass for the ‘panél dxmensxons concerned .

Y U SO PP L BT B PR EA N PR

Table 8 Building surveyed

T b RERE TN B R
Name Manila Filipinas Ermita®’ ‘S.’:voy N ln!’ercon!ionental
Building Hilton Hotel | Hotel Center Bldg. tiotel iotel
liNol..l_o.r,:. T . P ™ P IEEEURY PO S YR s R I B
Storey : l.l TSN I ' ‘lio_' ol "

Height (m) PRI R TR PPOL - RYW TV OICY P TIT SSYURPIR-IN INRIT: | ST R
Location Maria Y.. .| Padre Faura 1350 Roxas ... |. Raxas, nm»d Commerceial:y;, . ;.
Arosa 5t., cor. Roxas Bhd.. Manila Pnsa_y District, )
Manila Blwvd. . Makati
S ERETN IR ETURRTOE S Mﬁe.ni.la! N SR NI BETER N O UVl TS SRS

7. Damage of School Buildings.©; .-t 0 3p e c 3 o i
Generally, ehool buildings wére "éi"ﬂg‘l'e:gtbfé ¥ ‘stfiié’t'u"rés '{éiéh"é'n"
structural ‘and non- structiral’ components prepared to size m the [actory
The types commonly used have the hames and charactenstics hsted in
Table 7. .In all cases; the walls were perforated with grilles: orlouvers.
Comparing the two Marcos types, it was noted that damage was '

much more prevalent and extensive to Type (1) than to Type (2). Most




: quahty of foof’ constructlon generally used this leaves them partlcu-

of the structural damage to the Type (1) was attributable to the inad-
equacy of the lateral bracing to wnhstand the wmd forces Inadequate
anchorage of the portal-frame column bases 1nto the supportmg piers
or footings was another mportant contnbutory cause: of the extenswe

damage of these structures.

In the case of the Army types (3) and (4). the nature and amount of
damage was erratic'in character and depended very much on.the quality

of ‘."9"‘#’;‘.‘!&{‘_5‘.‘19, displayed in the construction, , P AR

A - L [ . g
AN il ‘ e - i s K

. Table 7. School Bmldmgs e

“irype T “""”Bé’s’ic"‘Ciiétéété"i-is't‘i'é's"'

‘-(‘1). MARCOS POST-1969 “‘Steel z- sectwn columns and rafters. "
s e f O Hannel purling, '

(2) MARCOS. PRE-1969.. :|.: Doubled steel channel;columas,:: }
rafters and purlins.

R G R IEE Lt S T IR AR RS A P S R T PR S T T E R L L A TR LT

(3) ARMY . - ‘Wood trusses, stud walls and purlms.
AL T A B '

+(4):-ARMY, VARIANTS - +Wood trusses,’.square posts;andi 100
. purlins,

L T H A S IO I S AL KO Vit nry ot el Flewy addb grint

8, Damage to Roofs
ST E T T E N R S At IR S LA ET o AR

i Except m the case of modern hlgh ri

IS ARSI

practxce for root‘ constructmn m the PhlllpplI’IES 15 to use hght gauge, \

galvamzed corrugated metal sheetmg, fastened e1ther to tlmber L OF
steel purlins which are supported, in turn, on tlmber or steel rafters.

As mentioned in the paragraph 5, the vast majority of houses are built

with very low-pitched roofs, with the result that the full roof area 1” ”

exposed to negative wind pressure or suctxon‘ In view of the type and

lary vulnerable ‘to damage from wind attack




The main causes of roof failure may be attributed to the following:
(1) Toe nailing’ (Skew nallmg)

As shown in Figure 3, in most cases thlS type of nailing was used
for fastening members together Wind uplnft,preseure on the roof

caused these nails to act in tension, resulting in easy withdrawal.

.(2) Rusting and corrosion around seam bolts or nails .

gauge roof sheetings to purlms often lead to local mdentatmn of the sheet

corrugations at the fastemng po1nts These form pockets for-collection

‘of moisture under thewashers‘ and around the bolt or nail holes resulting

“in rusting and corrosion of the sheeting i'netal SubJected to wind suc-

tlon. ‘the’ sheetmg then read1ly tore away from 1ts weakened fastemngs

(3) . ~Inadequate; anchorage of awmngs and’ overhangs R IELE
e . giLn ity }
Deep overhangs of roof to form large awnings are partxcularly vul-

s

t
; nerable to wmd attack and by hlgh suctxon around the end of eave,( the

! roof sheeting was peeled upwards or ‘by. the uplift’force’, roof WaS‘llfted

from the wall due to straxghtemng of bolt's hook whxch fastened the

3

purlin to wall.

(4) Separation of flow

GEOT g ] gy

Damage of domed roof of Araneta Coliseum con51ted of alummxum

e

of the sep atnon of a1r ﬂow around the sem1 Sphere at hlgh Reynolds o
ceeding 1981 et e

T 9, Damage to nghway and Bridge

n general. there are two kmds ot‘ typhoon damage. that s, dtrect‘

damage due to wind effects and 1nd1rect .damage resulting from flooding,.

O




0

tion relatmg to Wind effects ‘and t6 ramfall dlst:lbutmn and i ta

landslides, storm surges, collapse of neighbouring structures and so’
on. In the case of bridges and highways, no direct'damage was re- -

ported but damage by flooding and landslides was widespread and heavy;

Flood action resulted in bridge damage of two kinds; tilting and/or
settlement of brxdge pxers by scourmg, and washmg away of brldge

gtrders due to overtoppmg of brxdge deck by ﬂood water. ‘

P RV B I L

nghway damage largely con51sted of surface erosion due to running

water combined wtth‘damage_am:smg from _'lan_dsltdes..,‘_

10." Conclusions and Reécommendations =
The author would 11ke to mtroduce the whole sentence of the t‘vener—

al Conclusmns and Recommendatxons ot‘ the Survey stsmns Reportz)
(1) Storms in General
i RYETRY Snoseede Unden v Dok diid

The vulnerablhty of the Phihppines Archlpelago to cyclomc storms
and the amo’ nt of damage to lee and property which can result from
such attacks make it necegsary, for the Government of the Philippines
(in collaboratwn with Governments of other affected countnes.m the

Reglon) to undertake, as'a matter of urgency, a more w1desbread and

systematlc study of such storms than has been done in the past It is

Yyoaee

be obtamed Rehahle stahstlcs of ‘this nature form an essenual pre-

requlsxte to the'development of an adequate forecasting system and a

suitdble’ Bu11d1ng Code' to minimize the ‘hazards resultmg from wind
action and flood waters. S

In the Great Mamla area, where Goncentration of p0pulat10n, build-

ing and mdustry is so hlgh ‘relative to other parts ‘of the” arch:pelago,

partlcular attention 'should be paid to thxs problem. " Because, in the

past;’ "Manila has beén relatwely free’ from typhoon attack there is no

P




reason to assume that weather conditions, .similar to those which caused
typhoon Yoling to follow its path and cause such widespread damage and
disruption, will not recur at any time in the future.. SRRV ‘s

(2y Meteorolog1cal Data

. . . . S ,‘,:. :
e TR FE N P i

Based on the nature and extent of the damage surveyed reports of

" the Weather Bureau, the Mamla press, and d15cuss10ns held with varx-

ous orgamzatlons and 1nd1v1duals, the Mission makes the followmg com-

[ ERERPI
ments and recommendations concernmg meteorologmal datar

(i) All damaged Weather Bureau installations should be repaired

or replaced and put into yvorl‘{in_.g”order as quickty as p.g_ssi,ple.'

(1i) Such 1nsta11at10ns should be adequately dESlgﬂEd and protected

to operate und T peak gust veloc1t1es rangmg up to 70 m/s and

should be free from attack by ﬂymg debrls.
A N BRI IE R TR O
(iii) In all major installations, adequate stand-by power supplies,

el ey v nteenng i £ e 335 ST gt e il ngipes iy
independént of the ‘central electrlc‘ po{ver dxstribution 'system,

" ghéuld bé instailed to ensure Eontinous operatlon when break—

fd 10

down of the malin power supply ‘develop.’

ER O s TS R I RS IS R TNty

P 1z :‘n sy

(1v) A more

it

systemat;c mamtenance and recahbratlon system of

o weather recordmg equlpment at all maJor weat
ST

south east A an regnon, usmg rovmg systems ot‘ cahbra- )

tion whlch could be flown from .one country to another,'as res .

:-‘,

quu‘ed

ot feod L oo

] ‘(v) An 1mproved warnmg system involv-mg dlrect radxo commum-

catmn to the mass- communicatmn medla should be evolved

SO

regular radlo and televxsxon programmes

’ ) with 1nterrupt10n

at speclﬁed tlme mtervals for broadcasts ol‘ storm warnmg




:
-
i

signals when necessary. (The Mission understands that com-
munication to masg - commumcatlon medxa from the Phxhppme

, Weather Bureau largely depends upon land- line telephones)

{vi).- Because: of increasing.development of high-rise building and -
" the installation o-f tall radio and television masts in the Greater:-
: ‘Manila area, it is necessary for-désigners_of such structures. .
"+ 1.t6 haveé reasonable information .relating to maximum wind ve-

. lo¢ities.and windvelocity profiles-likely to bé encountered: - -
+*This:information can:be achieved by instrumenting selected : ..
«i  tall-masts at various intervals of height,at relatively'low. cost. "
+.++ . The:mission recommends that: such instrumentation be 'carried-;.
»uil.out-in locations such that continuous operation and ‘maintefiance:’}
“{;.~'can'be handled by university. Institutions under the:control iof .i* 3

i san i rnbin e hing

‘:the :Weather Bureausj . ..r. + & oo

IBRIY

(vii) T yﬁﬁo on freque né ymaps ‘coverin g the’ whole of the' ,13h11135 ines

211 should be prepared for ‘each:100 km square;.:based on the work

-+l of Chine, referred to earlier, 'and: 6n the ‘records:available 'in <
the Philippine Weather Bureau. From these frequéncy maps,ti!
wmd-zomng maps, could then be, prepared based on ) return-,

; value scales as suggested by Shellard Sherlock Th m and

e others._
il :

remsed Natxonal Bmldmg Code rele p"ng 0 ,v;qml fg!__'g{es’.;(i,
(viii) :.Since: flood damage is:als0 a matter of sérious concern;: a com-
wi; ‘prehensivé programme: of rainfall recording should:be ;:com-
.« menced over the whole. country and zoning maps'of rainfall
» frequency:and intensity preparéd:asifor.wind,::To-achieve the
i objectives recommended hére and in Recommendation. ‘(vi)
t:.above, at.minimum:cost, " it:is suggested that'wherever-pos-
¢ ;sible;..selected schools 'should be.used as Weather Stations and
staff instructed accordingly, in order to ensure that records are

continuous, : reliable and regularly sent'to the Weather Bureau.




-{3) Building Regulations

It is understood that au.buildings ‘and structures erected in the
Greater Manila area must be designed and censtructed in accordance
with the requirements of a Uniform Building Code. . It is also under-:
stood that various. government and professional'6rganiz'ations involved
in the building industry in the Philippines are currently undertaking a
review and revision of existing rules, with the objective of producing
a more comprehensive set of Building Regulations for the Philippines
in general. . Because.of the necéssity to cater especially for the forces
due:to wind, earthquakes,' flooding @nd volcanic action in varying de-
grees throughout the archipelago, .there:is a pressing need for this work.
From the nature and-extent of damage to buildings and other. structures
caused by the recent-typhoons; it is apparent that:either current build-
ing regulations in the Philippines are inadequate. to.cater: for'the wind

forces encountered, or they are not being enforced adequately. ;
frtegr enn T R L R P O R B I R P R O T -‘_‘._1.“

- T'o eradicate deficiencies in existing building.and structural. engi-
neering practice in respect of wind forces;: the following recommenda-

tions are made:. " - 5oty nesdl i A TR DR T

(i) ‘The Government ‘of the' Phlhppmes ‘should be urged to allocate
’ "‘adequate funds for the estabhshment of 'a vell- staffed and ef-
v ﬁcxent Buxldmg and Engmeermg InSpectorate, charged with

.the tasks ‘of mgorously enforcmg current Codes of Practice
-+ . relating to building and-engineering works and of revising and. *

‘. up~dating such.Codes from time to time in order-to meet the

‘.particular: needs of:the éountr.y and to keep pace with modern

- developments, - Such an Inspectorate should:be centrally con-
trolled but could be organized on a provincial basis, :with a
provincial supervisor in charge of each regional office which
would be responsible for issue. of all building permits :'in the
region and for enforcement of the Building Code locally. All

. inspectors should be well-qualified professionally, . - They

O
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should have wide experience of commercial, industrial and
domestic building construction and should be able and ready
to advise. on whether any particular structure conforms to the

- -Code or not.

(i)’ Every effort should be made to expedxte work now under \vay
on the revision of the current Code, with parncular emphasxs
*“on the sectxon dealmg thh wmd loads on structures. _ Smce
K the relevant meteorologmal data will take tlme to complle. it
"is suggested that, asa temporary expedlent, .use mxght be made
of current regulations govermng this 1mportant a5pect of struc-
" tural des:gn. ‘wh!.Ch are in force in nelghbourmg countrxes also

subject to typhoon attack (for example Japan and Hong Kong).

(iii) If ratlonahzatlon and economy of bulldmg development 1s to be
""" achieved over the country as ‘a whole, zomng maps, covermg

"both' wind mtensxty and ramfall 1ntens1ty, should ‘be’ prepared.

st

3|
“in areas pr1mar11y rural 1n character, these may be done on

" a macroschle’ but'm 1ntensely developed urban areas Such as

Greater Mamla, addxtlonal m1cro zomng w:ll be requlred.

v - i foym oo .

LN S B Lo

*(4) Education and Training R S LY

In those areas whlch are subJect to recurrence of natural dlsasters

arxsmg t'r m typhoons, earlhquakes and other v101ent natural p enomena,

it is vxtally 1mportant that the commumty should be made aware “or prac-

tical measures whlch can be taken to minimize loss of life and damage

to prOperty ar:smg from such causes. Tt 1s m the plann[ng and orgam—

zahon ot‘ such educatlonal and trammg programmes that Unesco could

play a very 1mportant role with thls ob_]ectlve in mmd ’the Missxon
gl LIRS B ST

makes the followmg recommendatxons.

. i . . . P o PRI .
M T et [ v ! EREEE ] EPRTI

(i) Unesco, in collaboratxon with the Government of the Philippines
‘ should sponsor a Natxonal Seminar on Design of Buildings and

Structures to resist Typhoon Winds" to‘_b‘e,held in Manila at an




T Ay

early date. Such a seminar should be essentially practical in
its outlook and should cater for-the building industry as a whole,
embracing architects, structural engineers, building inspectors,

meterorologists and building contractors. Topics for discus-

_sion mxght 1nclude' nature and charactenstlcs of natural wmd

its effects on buildmgs and structures, selectwn of sultable

.des1gn crlterna, exposure factors and 10cal sheltermg eft‘ects,

v and structures, structural desxgn and detaxhng to avmd such

w1nd forces

damage, relatlve costs of 1mprovmg desrgn and detallmg of

‘bulldmgs to resnst wmd damage, and design of glazmg to resist

ESupplementary to the, above semmar and arlsmg t‘rom 1t the .

ATy L e,

’ “,Government of the Phxhppmes. through 1ts Department of Edu-

rugated sheetmg in bulldmg work .

- .‘ catmn, should be encouraged to undertake aprogramme of

techmcal educatxon and trammg m element ry bu11wng construc—

., w1th part:cular ruference to the use of tlmber and jcor-

The programme should in-

. clude courses of short duratxon almed partlcularly at carpenters.

roofers, building supervisors, clerks of Works and.other opera-

twes 1nvolved m such work The tndlvndual courses should be

(R TAIRT T E T R I RN PR T AF SR SN SR RTS RS P L

simple in character and well-presented w1th full use made of .

RERE T

. audm \nsual alds and models to 111ustrate correct and mcorrect

] procedures. They should be lncorporated mto all full tlme

L e T O RS B R EE SN A § LV L S P § SRR

curncula of related courses in techmcal educatlon at Trade

R TR IR ET SR Tt

in order to achieve maxxmum dlssemmatmn of knowledge in mml-

School Techmcal College and Umversrty L.evels Addltlonally .

Iy

mum ttme. they should be offered as Spemal eveni

COllI'SES

in adult educatlon programmes and in thns latter connexmn,

thé mass- ‘media. should ‘be’ used to achleve the obJectives. Much

‘of the content of these courses should be 'aimed at’ correctmg

the elementary faults mentxoned in the body of this report
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11. Regional Seminor on Wind Effects on Buildings and Structures

The re.gi'o_nal‘senlino:'j on wan :effects on buildings and structures,
sponsored by Unesco and organized by Unesco National Commission of
the Phlhppmes, was held on 22nd to 26th November,. 1971, in Mamla .
‘16 part1c1pants from 9 southeast asian countrles, 5 consultants for tech-
nical dlrechon, a representatwe t‘rom FAO Regmnal Office in Bangkok

3 representatives from WMO Meteorologxcal Trammg and Research

Office in Mamla. representahves from ECAFE Typhoon Commlttee

T A

Secretamat and about 120 attendees from the Ph111pp1nes were partxcx-

pated the semmar
S N T EL I

The programme of the seminar was as follows

friggid
22 Nov. > |“a.mt 'Opening Ceremony' ~'» =it Lo ssailied
wenine | e o) oe. Opening Remarks .. byl Dr
‘Welcome Address by Dr.'

Cnnifian e o), Remarks, : by Dr. M
Keynote Address by Sen.

Organlzatmn Meetmg

by BN IR R S

o Sessxon 1.

g8 I < } BN roagifriiass
) Sesswn 2a Unesco Report onl'I‘ phoons of
i e el e an s Odtoler and: November<19701
R B (Phlllppmes)" by Prof. S, Mackey
p. m, Sessxon 2b "Recommended Desngn Loads for

SN FERRNTHATR PPN IR E FRANTIEK

i Wind'in Philippines'™itby =i i)
IRETTEAN [ETPPOIIRIRY FOTRPH I SR ' § A O, ,Hizon. s troon
24 Nov.!' | a¥mi:" [~ Session-dai! *"Wind effeetfs on High~riséiBuild-

NS AN NP N P SR TN 1ng5" by Dr T Oku

o Al Jl’ i

oo, wp.m. . |, Session 3h,, "Deswn Methods Jfor Wind Forces
“on Buildings and Structures” by
R | T O A SR MrA :B :Elprve.su-;-em: (R RS
25 Nov: | di . i | Session da. ~"'"Matérials'and Construction Tech-
. wroowlei o war. o, . niques for Wind Forces, onnl,?guildmgs
‘ and Structures" by Mr. C E
S e b Pinney .




26 Nov.

p.m. Session 4b.  '""Recommended Construction Super-
vision and Procedure to Minimize
Damages due to Wind Effects”
by Mr. A. Avecilla .

p.om. Closmg Meeting ' ""Adobtion of Final Report:
“Closmg Ceremony Closmg Address by Sen. E 2N

‘Pelaez
Distribution of Certjficates.

i

After each presentatlon in the sesswns of semmar. the t‘loor was

opened to a open forum or free dlscussmn and the semmar was closed

with the general conclusions and recommendatlons3) of the semmar out-

- _lmed as iollows

(i)

(ii)f B

FEFSEEN

The final report is the report of the regmnal pal‘thlpantS of the’

Seminar and thus deals with.rather. general,concepts_anq recom- -

.me'nda'tidns Which are of 'con:éf}\ito'all'c‘ountries of the region.

‘1th1n the framework ot‘ the semmar, there was dxscussion on

the need ot‘ addltmnal research related to typhoons and was
strong support for the estabhshment of research programmes

P

in the regmn under both natmnal and' 1nternat10na1 ausplces

. The e abhshment of a research center on typhoons in the

. Pnilipplnes, which would have research d1v1swns on w1nd ef- '

N fects on buxldmgs and structures. was recommended

(iii)

:i, (Philippine)", . which concerned to the improvement of metero- e :

PR

The general conclusxons and recommendatlons of the Unesco

report entitled’ "Phé Typhoons of October and November 1970

logxcal dats, buxldmg regulatlons and educatton and traimng,

" were unanimously en_dorsed by the partxcxpants of the seminar,
T EAAAR ! BN P

(iv)

The improved"warning ‘sys't‘ems against natural disasters, which

should be based on an adequate and rapid feed‘-in of relevant .
: meteorologlcal tnformatlon from a wide regmnal network link-

ing observanon stations in all concerned countries. were neces-

sitated.
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(v)

(vi)

(ix)

It was recognized and agreed that the establishment and enforce- !
ment of suitable building nodgs were matters of critical impor-

tance.

It was agreed that there was a pressing need for a compiehen-':

. sive programme of education and training designed specifically :

.to provide updated knowledges for specialized people such as

engineers, scieptists, architects and building contractors and _ |,

. ravages of patural disasters. T T

,workmen and to assist the general public in combatting the

L

-~:All programmes concerned with prevention-of natural disasters::-

Jtion.

' attention to national boundaries, and that there is much\r't"ovl')é

should have a high degree of public involvement and participa- - ::

S B PV S B ST K I P

i)::'All countries in the region should'increase their support:for.~. <

i scientific agencies and services concerned:with thé application 0

of science and technology to lessen the impact of typhdonsand-::!

other natural disasters.

Recognizing that typhoons and other natural disasters pay no

yidor

‘gained’by the'sharing of information:and experiencé through.,i (i

"'the désign of regiohal programmss, . it!was.requéstédithat corn-

cerned regional ard international-agencies including.‘ ECAFE,

..... >

- ;1n desxgmng thenr related programmes and as, approprlate ol‘fer

:.‘which can be allevmted th'

their techmcal and adwsory services to countrles where \-(md-

storms and other natural phenomena may lead further dlsasters

"ugh collabora.twe actm

R ST R T S S L F U e

—101—




12.. Conclusion. - T T
" The author hds introduced the ‘survey resﬁlts:oﬁ'tfﬁhoon damages
in the Philippines made by the Unesco Survey Mission and the outcome

of the regional seminar on wind effects on buildings:and structures re-.

~ sulted:from the activities.of Survey Mission and the: related(gentlemen.

Misgion dnd the Seminar, similar’ iterib dealmg with the establishment
of regional and international &ystém on t'h"’e%‘;eﬁc'éhéﬁg‘e 5t information and
experience, the establishment of reseaich 'dérilté'l",""ihé ‘:i'r"nbroir'ém'ent of
education and training and ‘refinement of structural codes and regulations

are emphasized..x B T T T TP N SR S SN N Trgta

The next step which should be taken, the author considers; is the

movement of the Governments of:developed countries.for. cooperating to, :

the regional.and international programmes and for, supporting:the:scien-

tifictand technological activities in the.region and in each country.

G e g D i
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INTRODUCTION

Shirley Gut Siphon, which was constructed in 1894 as a part of the
drainage syétem at Boston, U.S.A., is the first tunnel of prefabricated
subaqueous tubes:’ ' A portion with length of 96 m among the total (457 m)
of the Siphon, was built by prefabricated work;  The portion was made
of elements with length of 14.6 m and 20.0 m, and with circular cross
section of diameter ‘of 2.6 m.  The nimber of submerged tunnels. {or
prefabricated subaqueous tunnels) completed afterward or under con-

struction at the present registers fifty one in the world, for some eighty

' years. . (-)

The Ajigawa Highway Tunnel near Osaka, which is a two-lane tunnel
started in 1935 and completed in 1944, is the first one in Japan, Among
the total length of the tunnel of 80. 2 ), an element with’ length of 49.2 m
was buill by prefabricated work.

Since that highways and railways have 'géne across rivers and bays
mostly by bridges, with some exceptions Such as the Kanmon Railway
Tunnel (constructed between 1936 and 1944) and the Kanmon Highway
Tunnel {constructed between 1938 and, 1958) which.are connecting Honshu
and Kyushu islands and were bmlt parnally by shield work. Since the
1960'5 however. tunnel constructlon by shleld work and prefabncated
work has adopted frequently P s

The number of these types bu11t smce 1960 or under construction

is thirteen, three by shleld work and ten by prefabrxcated work. O

It is expected that constructxon of tunnels of these types will be-
come more frequent in Japan for the future, in view of considerable ex-
tension of demands for gocial investment as transportation facilities and
sewage systems, especially in great cities.

A typical example of the demands is prefabricated undersea tunnels
across the Tokyo Bay, proposed as a portmn of the Tokyo Bay Loop
Highways. o
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"~ A1l oyer the land of Japan, ‘similar to the State of California,’

. U.S.A., belongs to one of the most active seismic zones in the world.:

Particularly, severe earthquakes have -occurred frequently in:the past -
around the Tokyo Bay. Bt
Accordingly specific attention shall be given to fhe'design ahd the
.constructlon of the submerged tunnels; for prov1d1ng adequate stractural
resistance to seismic disturbances. : Cor :

"-Thé Pablic Works Research Institute (PWRI), the Ministry of Con-

struction has conducted comprehensive studies on earthquake ‘resistibility

of sibmeérged tunnels sirice 1968. Also, since 1971 the Institute has ~
commissicned to the Japan Society of Civil Engineers (JSCE) t6 ake "
up uniform standards for the aseismic'désign of prefabricated tunnels
embedded under the bottom of the sea consisting of soft soil layers

In the present report intérim results of these mvestxga’uons ire

:

described briefly. R

I . po
TeE e : e i R A R FRE L LI 6x“‘-| okl

STATUS ,OF RESEARCH ACTIVITIES ON SEISMIC EFEECTS. ON.
SUBMERGED TUNNELS IN JAPAN it

Research activities on SEISmlC effects on submerged tunnels and
underground structures have been extenswely carmed out for these
years;” S T S VUL SN L SN EN B B O L RS A1 T L VR TIC R RS S LR T

First of all, investigations on earthquake-resistance'of undergéuid
pipes for electric cables have been conducted at -,electl_'ic;_-:c'pmpanie's.and
the Central Research.Institute of Electric Power.Industry. .. /¢

Research works on prefabricated tunnels embedded ,under: the water,
have been .practically carried, out at the Ministry of Construction,; the
Mxmstry of Transport and the Japanese National Ranlways The works
are very comprehensu;e. éovermg geolo'gica’i aspects. soxl‘ nlechamcs,
seismic actwihes, ground mohons asensmiu:des1gn, struc;tur‘al' ciletalls.

dynamlc analyses, expemmental studles, ete. .'
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Furthermore, model experiments:on dynamic behaviors of tunnels
and their dynamic analyses have been conducted at universities. The -

Institute:of Industrial Science of the University of Tokyo is the leading

institution on the subject. ) s G e e

.In order to make up a reasonable, earthquake regulation by sum-
.marizing the various i‘nvestigations,. PWRI has.requested to JSCE. to . .
establish "Committee on Earthquake-Resistant Design of Submerged,
Tuvnr‘lel{s‘..."‘ ;- The committee (chairman is Professor Shunzo Okamoto)
}vgt;;__pgg_glﬁize;q,;fg:_July.A[197'1,py. participants from universities and: '
"guov;ez_‘;nl\x_xgpt_g]_.,;‘ngﬁitptiqns‘ concerned. The committee presented the
first _iptg:ri_m.x_-ggprt.l.? in March, 1972, as a result of the activities,in- .
thglbgg'ijqngng:yga;;,j . The t‘o}lqw_ing,chapter summariies_ the report.-

2. | INVESTIGATIONS AT THE-JAPAN SOCIETY OF, CIVIL, . -

’

ENGINEERS e Tiennd by

i

The chapter describes briefly the interim report!) of "Committee

ofi- Earthquake-Resxstant Des1gn of Submerged Tunnels dréra?r'l?i‘z'éﬁ“:at

JSCE. DO ST R A L
Fogss e ares Torete wimte e sl flo o

2.1 Studxes on Sexsmxc Ground Motmns ; ‘

Lo i N R R T R S ARTIE I R AU LS LS A RTEL T US RN S RLLPT!

The t‘ollowmg four subjects relatmg to seismic ground motions, - ..

have been studied. .. ., ..o n e e i

1)1 Seismic activities ™ 20 v LI a E i it ek
2) Characleristics of Seismic groind motions *** - i
e 3)i Méasurements of seismic ground motions * ¢ T
~i4)."Séismic 'g‘r"dund rotions {0 be considéred in'the “deéi‘gh‘

R Pt g Foontt Do b v b

In 1) magmtudes and _qtl_1er charactemstms of eart!}guakeg to-‘_. .

Abeytizycl)nsu;ered in the des:én o} é&nr{els are generally 1n‘w;e;é1éaited
¢ m cox;éideratxon of s-exsml‘;:ity of indwldual construction sites, m |

2) characteristics of seismic ground motlons are studles in connec-

tion with dynamic properties of grounds, in 3) measurements of
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seismic motions are advised from the viewpoint of studying dynamic
behaviors of grounds and underground structures and supervising
the stability of these structures, and in 4) various conditions.for

‘ de{erming seismic ground motions to be considered in the design
of the tunnels are examined. ‘ IR

" The following are priacipal results from the investigations iri the

begmnmg year

a) lnformatlon on seismic act1v1t1es in Japan, .
b) Estlmatlon of ground acceleratmn ata certain sxte. gwmg
,‘_magmtude and eplcenter of an earthquake, S

' _c) Fundamental factors to be con51dered in determmmg sexsmu:

ground motmns for the desngn

2.2 Stuches on Subsml
. o i : SR forrep oanlrier win bl
In desxgmng submerged tunnels agamst sexsmlc forces, 1t 1s re-

commended to survey VE].OCltI.ES of elastlc waves propagatmg 1n the
grounds and to obtain coefﬁcxents of subgrade reactlon of the grounds,
in addxhon to general soils surveys that are usually. conducted in con-

.struction of ordinary engineering structures.: - ::% ;v . e

AN

Although there are vanous methods to measure these quantltles,

B There are several ways to estxmate these quantmes f ”m the results

of the standard penetratlon tests or other standard ests.

ST L Ty

It seems probable that submerged tubes are sometimes constructed

(&

in s sandy sml layers. Moreover, sandy $oils dre often em'ployed ‘as
fill materials surrounding the tubes. '~/ b e e

. :In view of-experiences in Niigata and:other. places,loose sands
; are vulnerable to liquefaction during earthquakes. :.It seemsiobvious

that the effects of liquefaction on tubes are very serious. :i &

R B HE [ARPEERIE RTINS S AR B A
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‘Accordingly particular consideration shall be given to avoiding the
occurrence of the liquefaction phenomena, in view of the importance of
these structures and their structural characters. :

-Several methods are available in assessing occurrence of liquefac-
tion. It is noted, however, that some discrepancies arize between the

. vario_us: methods. ~ Accordingly it seems that further tnv_estigations are
needed on the subject. - . ‘
In providing adequate re51stance to seismic dlsturbances, 1t is also

advised to clar1fy behawours of cohesive soils’ durmg earthquakes as

: T
e B

well'as sandy so1ls.
In addition, it seems that mveshgatlons on changes in soil proper-
t1es durmg and after earthquakes, and on stablhty of embankments and
slopes are essential in the proper aseismtc desngn of tubes.
As for tubes which are constructed across or near f?‘}}tﬁn th‘evf_ef-

fects of the faults durmg earthquakes should be studled So for pre-

hmmary m esn have ‘been performed through d1scussmns with

geophysu:al 8 emahstsi:o the subJect and through ﬁeld surveys at

faultmg areas.

EETINTCE S BSTEE IR PRSI RS & RIS M TS

2.3 Studies on Structural Design (i it or sl Tt

"Earthquake Resmtant Work of Water Supply Systems 1ssued by
the Japan Water Supply Associa'uon, is’ only oné crlterlon for the aseis-
' mu: de51gn of underground structures ‘embeddéd’in thé’ ground It stlpu-

lates the” followmg matters in prov1d1ng adequate structural ‘Fesistance

Loy e R

to seismic dlsturbances

TR R FET R Ly SUUORTE £ T S SR UE PF SPTS S SIS

. }) " Physmal propernes of t‘oundanon works shall be umt’orm among

IR TCEINEL,

those of adjoining structures,

2)::'Joints between adjoing tubes.and cohnectionsbetwieen different
- structuresishall be:designed:so that they are capable- of resisting

their dislocations, - . N L B U

3) Earth pressures shall be taken into account in the design. Morevoer,
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it specifies concrete ways to be condidered in construction of in-

dividual structures.

On the other hand, although it seems that fiumerous underground
structures sustamed seismic’ damage in the past, not many reliable

documents are a.vallable, and comprehenswe stud1es on the damage

[
ST

charactenshcs have not been conducted

Earthquake-resistant design methods of date are roughly classified
into two groups. - Orne is the conventional static design method ‘that is
.called the seismic coefficient method; the other is‘the dynamic design®
method in which'dynamic behaviors of-tubes and surrounding soils’ - ::
are taken into account. In Japan, the both methdds are ‘émployed in:
the recent examples of the aseismic ldesign of submerged tunnels. i,

N In the dynamtc demgn method structures are, des:gned for crltlcal
condmons of the structures sub;ected .'tovselsmw wave motions propa-
gating in the ground. Smce submerged tunnels are usually embedded
in the comparatwely soft sml layers, 1t 1s eseentxal to reasonably, ob-
tain dynam1c properttes of the soft sml layers ‘ Although the prob-
lems to evaluate dynamm ;;ropertles of soil layers are very hard to
solve, it seems that the dynamlc des1gn method is an effecuve way to
approxtmately graSp dynarmc ‘behaviors ‘of these structures‘ oty

The static desngn method is powerful in examining the structural
stabxhty of tubes and in calculatmg the th1ckness of walls and remforce;

ments reqmred in concrete structures. The method however, ‘Séems

PRGLN

nof sufﬁment in examtnmg the overall behavwrs, as ‘a structural
system involvmg vanous structures and the surroundmg smls. There-
fore it seems 'that further inveshgatlons are needed thh respect to e
the method. ' 77Hi T aoenn i i Dasnigen e

Precxse dynamxc reSponses of submerged tunnels can bhe obta'u‘nl i
by following two approaches, e et e
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-1)°  Analytical approach

2) Experimental approach

.It is expected that the both methods will become powerful means in
evaluating earthquake-resistance of submerged tunnels.

3. INVESTIGATIONS AT THE MINISTRY OF CONSTRUCTION
:1:The Ministry of Construction has been conducting investigations on
earthquake-resistance 'of submerged tunnels since 1868, . for the purpose
of establishing a resonable aseismic design criterion. ' The. followings
are research-oriented subjects at ' PWRI, wtiich are parts of extensive

studies at the Ministry. - .. 4., .. T T PR TSE

(1) %ermieﬂy’ o

" (2) ' Measurements of SE[SmlC ReSponses of Grounds Usmg Down—
“holeSelsmometers R R .

(5) ‘Model’ Expenments on Dynamlc Behavmrs ‘o Submerged P
!'.’F”J ;’!': E i- . B : -’ N : i .

Tunnels
LT S L R I A R L N R T AN L O PYLI LN

The sub_jee_ts %re_iqdividuallx discussed in the followings,

3 l Se15m1c1ty1). ) S SRR R A AT SO Y R R F AL RS S S

;r-‘ W R T PR ARPIIE N SR PRSI § DTS - R A JE L S TR RN § P OT SRT L

Eplcenters of damagmg earthquakes smce .the dawn ;of hlstory (A D,
700) are mdlcated m F1g l . It 1s noted irom the ﬁgure that ,any.struc-
strongly affected by se1sm1c effects and that Tohoku, Kanto, Tokal, and
Nanki regions have experienced especxally numerous numbers.of great .

earthquakes i B : St

The followmgs are the results of the survey on setsmlcity around
the Tokyo Bay.
Fig. 2 indicates epicenters of earthquakes that caused damage in

the Tokyo Bay area between 818 and 1924. In the figure larger circles
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denote epicenters of earthquakes with magnitude of 7. 9 (on the Richter
scalé) or greater, and smaller circles are those with magnitude of
7.8 or'smaller. Furthermore, black ones,; shaded ones and white ones
are roughly corresponding to ear.thquakes with maximum JMA seismic
intensities around the Tokyo Bay (Yokohama, Tokyo or Chiba) of 7, 6
and 5, respectwely.

Fig. 3 completely covers- major earthquakes which .occurred
between 1961 and 1970 within a circle with its center at the midpoint of
the Tokyo Bay (35.5°N and 139, 85°E) ‘and with a radius of 150 km. In .

the figure earthquakes are classified according to magnitudes and hypo-:

central depths. TP

Fig.”4 shows relationships between M and . ¥ N{M), for:three, con-
centric eircles with 'radiiiof 50 Km, ;100 km and 150 km. .. In:the figure::
M denctes magnitude of earthquake onthe Richter:scale, and ‘Z:N(M). .
means accumulated numbers of earthquakes (expected to:occur:per:100..

years):0f magnitude:M: and: greater.:., - Assuming that-log = N(M) varies

. linearlyiwith M, it is expected for:100 years-that an earthquake with:, =

magnitudé of:about 7 will.dccuiiwithin the circle ‘of radius of 50.km,: ... :

that one:with about 7.5 will occur within the circle .of radius of-100 km;:

. and also that:one with about' 8 will oceur.within the;circle of radius.of.

150 km. It is noted, however, that the assumptmn of the llneamty be-
tween M and X N(M) seems 6 y1eld earthquakes ‘with shghtly greater !

magnitudes, . as suggested’ in the -curves in.the. figure., 1Conclusively,

Conclusively, for the. aseismic design of structures it seems very
significant to.adequately evalua.te sexsmxcny to be considered at the“

structural sites.. . ;- . ... Do ey i s e

e s
3. 2 Measurements of Semmic ReSponses of Grounds’ Usmg Downhole

AR R A SR LA E RS R
Seismometers 3)

T L N L BT R PR ST R ST TR PO

e

Downhole seismometers are mstalled .at three sites around the
Tokyo Bay, as shown in Fig, 5.. -,Tzh_e_as‘e_ weré set up in 1870 and 1971 .
by the Ministry of Construction, to measure dynamic behaviours of the

surface soil layers during actual earthquakes,
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‘At the site of the Futtsu Cape, indicating a comparatively uniform
sand layer, ‘three-component downhole seismometers (acceleration
transducers) are equipped at three levels; surface, -70 m and -110'm,
At the Ukishima Park; consisting of reclaimed soils, silts and sands
from the 'surface, four seismometers are installed at surface, -27'm,
-67 m and -127 m. At Kannonzaki, indicating a rocky layer with a
surface soil layer of 2 m deep,.three seismometers are set up at sur-
face,. -80 m and <“120.m. - Furthermore, a SMAC-type strong-motion
accelerograph is also equipped on the ground surface at.€ach of these -
sites; in order to surely obtain ground-acceleration records during
strong earthquakes. :

Fig. 6 shows.a set 6f seismic :records obtained at the Ukishima
Park'during a moderate earthquake (with a magnitude'of 4. 8 and its: .~
hypocenter at 40 km:directly undérneath the observation:site) on Sep-
tember-30;7 1970 Uy dsunniy ian o vty noe Doarii

+. Fig. ' 7'indicates: relations between maximum aécelerations 'mea-:
sured at various levels underground and ‘depth; taking-accelerations.at *;
the surface as units. :It'seems obvidus that the resilts from the.mea- .
surements willigivé valuable.information in evaluating -seismic effects !

on underground structures like- prefabncated subaqueous tunnels‘ Dot

crlavagit odb e e e ol bt s Pt

3.3. Analyses on Sexsmxc Responses of Subsoxl 4)

'To‘a'nalytically evaluate seismic motions'in soil layers, dynamic
rESponses of surface layers Werd computed by’ tiedns of the Kanai's
multl-reﬂectlon method. ‘which i5 to' numemcally analyze ‘seismic¢’ re-
sponses of grounds considering the propagation of shear waves in’multi-

layered grounds.

(RS AL FE S Svipdesd Mt haegrr st

Analyses were conducted for the ground at the kashlma Park, where

seismic records are available as mentioned in 3. 2 Sim;:e' a'ﬁear wveloeci-
ties at fhe'Sife are ot clarified; twelve rodéls "»i/ith' ‘various shiear’

moduli, ‘showi in Fig. 8,'were aiialyzed. Fig. 9 shows séme of the '
results obtained. ~Fig. 9(a) indicates the résilts for Model 1 8iibjected’

e ,
. :
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to an incident wave measured at the ground surface, and Fig. 9{b) is
those for Model 1 subjected to an incident ;vave measured at the lowest
(-127 m). Fig. 10 compares the results analyzed w1th measured ones.
From these the degree of dlscrepancxes between analyses and measure-
ments may be known for the casé. ' It seems essential to adequately
estlmate analytxcal ‘models in these analyses.
"In addition to the'analyses mentioned above, djnaxnié an‘al}'sesqof
surface groinds were'performed by means of the finite eiement method.
3.4 ‘Dynamic Analyses of a Submerged Tunneld) . . . ;
'Dynamic dhalyses were ‘conducted o a submérged turinél psoposed
across the YoKochamia Bay, shown in Fig."11. ‘Dynamic behaviors of'
sections of grounds and of sections of tunnel together with the surround*
ing soils were analyzed at three various.transverse sections..: Fig. :12
mdlcates i1mte element models for the three sectlons

S iy

- The followmgs brleﬂy descnbe the results for Secnon B (tunnel and

surroundmg smls) Assummg that the sectlon 1s m plane stram and

has a dampmg I‘E.th of 10%, and that a shear ave velomty 1s 50 m/sec

I

:for the surroundlng sml the fundamental pemod of about 2 6 seconds

is obtamed ‘ Flg 13 1nd1cates the maxxmum reSponses of dlSplacements,

and acceleratmns obtamed for Sectlon B when subJected to the average
l‘espunse Spectra proposed in 1964 by PWRI 5), w1th the max1mum 1nc1-

dent acceleration of 200 gals.

3.5 Model Expemments on Dynamlc Behawors of a Submerged

- Tunnels)

1) ‘Su,mmar'y‘, Ll et e e E e e e

Modeél experiments on'dynarni'c7 beHlaviors 6f a prefabricated’ Sub-"
merged tunnel were performed. The prototype is shiown in Fig, ‘11.
Three models consisting of soil layers and a turinel were fabricated on
a large-size shaking table. In the experiments similarity relations

between the prototype and the models were considered. To statisy
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the similitude gelatin was employed as ground soils, and rubber as the

tunnel which will be actually made of reinforced concrete.
2) Elastic Properttes of Gelatm

It is noted that gelatin can be advantageously used for soft. 5011 B
layers in model experiments, due to the fact that 1ts Young s modulus
varies from about 0.04 to Zkg/cm2 accordmg to the content of gelatin in

water and the temperature. Prior to the dynamic expe‘rlments, elastic
properties of gelatin were examined through static compression tests.
Fig. 14 summarizes the result. . From the figure it is noted that

. Young s modulus changes considerably with the temperature. .. There-
fore it 1s essential in the experiments to control the temperature of the ()

.- gelatin models.

3) . Models in the Dynamic Experiments oo e v

Three models (shown in Flg 15) were fabncated m cons1derat10n

ot‘ model to prototype ratios of 1/500 m length and 1/5 m time. ' Model

1 1e a model of two- layered ground w1th ‘the" upper layer wnth ‘Shear
‘vel‘oc1ty of 100 m/sec and umform depth of 25 m, and the lower layer

with 300 m/sec and ‘uniform depth of 95 m. Model 2! 1s ‘of two- layered

B

" ground thh varymg depths. » Model 3 mcludes a tunnel m the ground

of Model 2 ‘ Table 1 summanzes the outlme of the prototype and the
1y ”’."_‘ : '. B i . ,"‘.-. v'. [ N

models. ’
4) - Outline of the Dynamic Experiments

D_y;nantu: expenments were conducted usmg a large sme shakmg O
table possessed by the National Research Center for Dlsaster Preven-
tion, Science and Technology Agency. The following three steps’ of '
exp‘erim.ent.s_were performed. ‘ reepe_ctiv_ely.‘ for the th‘re‘e models in
two horizontal directions.

- . . N

~.8) . Harmonic Excitation,
b), . Free Damped Vibration

. ¢) SBeismic Excitation
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Deformation of the models was measured using an optical displace-

ment meter unbonded to the models, and two 16 mm moving cameras;

5) Results of the Experlments -

[

Fig. 16 mdu:ates resonance curves when subJected to harmomc
excxtatgon,, and Fig. ’1;1 illustrates mode shapes during resonant states.
From these it is found that the fnndamental mode shapes are of shear .
deformation of the ground and that for Model 2 and Model 3 there are
two predominant natural periods which are correSponding to the reso-
nances of the two dxfferent sectxons. Fxg 18 Lllustrates mode shapes
obtained from one of 16 mm movmg cameras. It 1s obvnous from Flg

18(a)’ that the corners tend to 'vibrate with greater amphtudes ‘than '

‘other portnons Smce tlus seéms dxfferent from actual behawors for

the prototype w:thout any partxcular corners. 1t 1s adwsed that the ef-

fects Of OI‘nEI‘S are removed

) I
’ Fig 19 mdu:ates dampmg characterlsncs of the models, whu:h are

obtamed from free damped osclllatlon. " For Model 1 that has unu’orm

sml layers dampmg raho seems constant regardless of amphtude but

O

Do : S e it
varles w1th amphtude The dampmg rauo was generally found to be

feorpsTi BRI

1% of cntlcal for the most cases. the dampmg ratxo. however. 'ror'
longitudinal oscillation of the sectlons w1th the deeper soft layer. wii’s
about 2. 5%.

Fig. 20 shows typical examples of resp_onses of Model 2 and Model
3 when subjected to seismic exc1tat1on 1n‘th‘e longitudinal directions.
Tlme acceleratlon records employed for the models are ad]usted from
seismic accelerat%on records obtamed at E1 Centro durmg thi: Imper;al
Valley Earthquake of 1940 and at Hachinoe durmg the Tokachi-oki Earth-
quake of 1968 thte noxse osclllations that are roughly‘ﬂat between
0.2 and 5 Hz for the prototype, was also considered. In adjusting the
seismig records and the, white noise, a model-to-prototype, ratio of-1/5

was taken for time from the- snmilarity requxrements. and manmum

IR it RV
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accelerations were decided about 50 gals and 100 gals, in consideration
of accuracy of measuring instruments.

For the three models, displacement responses to the Tokachi-oki
record are greater than those to the El Centro record. This seems
due to the fact that response spectra of the Tokachi- oln record are
more predominant for structures w1th longer pertods, than those of
the E1 Centro record. ‘

,

4. CLOSING REMARKS = "

G

i Regardmg to earthquake resxstance of submerged tunnels techmcal

knowledge up, to the present. a summary of the research work reported

: recently from JSCE and the results of 1nvest1gat10ns at the Mxmstry of

Constructton are bmefly dESCI‘led m the report It 1s expected m the
near future to complete res onable Specxﬁcatmns for the earthquake-

resxstant de51gn of prefabrtcated subaqueous tunnels, through contmu-

FRE ) “"m (kN

1ng research actwm.es and summartzmg var1ous results

rarves borl

1t 1s obvxous that llquefactlon of sands durmg earthquakes is a

AT BEHT

cruc:al factor affectmg the asels mic stablhty of underground structures.
Although the tOplC 1s not dtscussed in the present report. 1nvest1gatlons

on t.he effects on submerged tunnels should have been carrted out at

PWRI and the other mstltutlons concerned L
AR A AR [N IR 1 RO A5 EL AV RN B DI

A Yookt LA (RN R R AT LA O

. REFERENCES
Yoy ot Py SR AN T B ’ i Pl e el
(1)_ S Okamoto, et al.: Report on Studnes on Earthquake-Resistance
e ot‘Submerged 'I‘unnels (1971), JSCE March, ‘1972
(2) E Kurlbayasht. T Iwasakl. A Report on Se15m1c1ty around the
‘ ""Tokyo Bay, " Techmcal Memorandum of PWRI, No. 745 March,
det S AOTRY L e e T

“{(3)""E! Kuribayashi, T. Twasaki,” K. Tuji: Méasurément and A‘na1§'s‘is
.-on Seismic Accelerations under the Ground, -Proceedings.of the
11th Meeting on Earthquake Engineering, J5CE, July, 1971

—120—




4)

(5)

. (6)

&)
(92

E. Kuribayashi, T. Iwasaki, K. Tuji. 5. Wakabayashi: Investiga-
tions on Earthquake-Resistance of Submerged Tunnels, PWRI,
1970, - - e S .

T. Takata, T. Okubo, E. Kuribayashi: Studies on Earthquake-
Resistant Design of Bridges, Part (I) - Earthquake Response
Spectra * 1964 - , Report of PWRI, Vol. 128, April, 1966. (or
Journal of Research at PWRI, Vol. 11, 1966)

E. Kuribayashi, T. Iwasaki, K. Tuji: An Experimental Study on

Dynamic Characteristics of Prefabricated Tunnels, Technical
Memorandum of PWRI, No. 747, March, 1972

—121~-




Table. 1 Comparison of Prototype and Model

Prototype or Model Prototype . (Required tl'\:;inelSimimude) (g’&?s]) .
Layer Hv!;‘irst Sreclélnd' ; ;Fii-st _' _IISec_:-or‘:'d . .I;'l‘x-gi ‘ Second
. : Layer . Layer ., | Layer .. | Layer . Layef Layer
Materfal Clayey silt | Siltstone = | - Gelatin /| - Gelatin " ‘Gelatin | Gelatin
Dimensipn (pl)an) 750 m X ?".359 mo e l‘.,50_‘x:n x 2:79 m [ : _:_l. 50mx2.70m
Deptn’ ' |30~ 55'm7 | 95770 " 0.05:0.1'm 0.19<0.14 m-0.06- 0it1'm| 0.19-0.14 m
3:?:1::“5 100 m/sec 300 m/sec 1.0 m/fsec 3,0 m/sec 1.1 m/sec 3.0 m/sec
g Shear Modulus [ 153 kg/em?( 1, 830 kg/em?{0. 0102 kg/em?| 0. 0917 kg/em?|0. 013 kglem? | 0.09 kglcm?
9| Young's Modulus | 459 kglem?| 5,320 kg/em?| 0. 0306 kg/em?| 0,266 kglem? |0.040 kglem? | 0,27 kglem?
Unit Weight 1.5¢/m? 2.0 t/m?® 1,0t/m? 1.0 t/m? 1.0 t/m? 1,0 ¢/m?
Poisson's Ratio 0.5 0 0,45 0.5 0,45 0 495 0,495
Fundamental Period 2,0 sec 0.4 eec 0. 37 sec
Material Reinforced Conerete Rubber Rubber

Dimension (plan}

37.4m x 1,350 m

0.075m X2,7m

0.075mX2.7m

Young's Modulus *
Poisson's Ratio

vz V’/Vn

-
H Depth 8.45m 0.017 m 0.017 m
=
5[ Young's Modulus 270, 000 kg/em? 15 kglem? 12 kg/em?2
Unit Weight 2.5t/m3 (Net 1.0t/m3)  [1.25 t/m? (Net 1.0 t/m?) 1.35 t/m? {Net 1.0 t/m?)
Similitude
Length n=L, /L =50
Deasity m = 8, /P, =1.53 (first layer), 2,04 {second layer)
Time t=T, /T =5
Velocity vV, /Y =alt =10
Acceleration a = A, /A, =nft2 =20
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" with'such’a’situation hot-mixed bitumen-

DEFLECTION CRITERIA FOR ASPHALT PAVEMENTS

Sadao Nagumo#, Minoru Tsukinari%*, and Sefichi Tanimoto#*

ABSTRACT

Tle structural design of asphalt pavements in Japan is bazed on the CBR method,
but recently attempts have heen made to utilize surface deflection in the design of pavements
for lightly trafficed roads and those on weak subgrades as well as in the determination of
overlay thicknesses,

The Ministry orCoustruchon carried out performance surve_ys of pavements on about
750 sites of national highways and about 3, 600 sites of lightly trafficed roads during the
period 1063 - 1965, and 1964 - 1967 respectively.

Full-scale experimental pavements have been constructed successively since 1967, The
results of observations of those experiments have indicated that the stabilization or treat-
ment of base or subase materials with binders is quite effective in reducing the surface
deflection and that the surface deﬂection is much influencing on pavement failures,

.. From the results of performance surveys on existing roads and experimental pave- - °
ments, . the authors obtained the following formula which expresses the relationship between
the critical deflection for asphalt pavements and the accumulated traffic volume:

" logigN = 0.179 d% - 1.117d +C

where N: Accumulated traffic volume of heavy commercial vehicles, when ihe
pavement becomes' to require heavy repairs ... (vehiclefin one direction)’
d: Critical deflection expressed by Benkelman Beam rebound deflection using
© ¢ - "awheel load of 4. 1 tons’.;, (mm)
S * - “Cr:Constant, 6:772 for:general national highways and 8. 385 for lightly traiﬁced
' " . roads, might be alittle varied depending upon the layer thlckness of asphalt
o ' ‘mixtares and the types or bases and subbases. . . ;
When this relationship is applied to the surface deflection of- the newly constructed
pavements 6f national highways, it is predicted that no large- scaléd repalr works will be

" ‘necessary for at least five years after construction for medium trafficed roads (trafﬁe

. vo]ume ‘of heavy commercial vehicles; 1, 000 vehicles [day. in one direction), o001 aw

I the deslgn of pavements of lightly trafficed.roads which consisis, of a comparalwely
thin bituminous surfacing and a base on the top of the existing gravel roads, the authors
obtalned a design curve which ' makes it’ possible to deterrnine t.he audiuo-\al la.yers thickness

“ta gue a’ target deflection on the surfaces.

[ g o : B

1. INTRODUCTION

‘.’. .“..‘E(vZ)

'\ The' siructural desxgn of asphalt pave-

ments in Japan have been based on the CBR JRTR CBR PR e Ly

method Recently. however, serious pave—

where H:. Pavement thickness {(cm)-:
ment failures were often observed, particu- :

P:- Design wheel load (t) . -~

larly on suburban roads of major cities due i+ CBR: CBR of subgrade soil a('ter 4 days’
fto rapid increases in the traffic volume and 't soaking .o o e
'the weight of ve_hlclee. In order to'cope. - 0 Tpt ‘Pavement thickness when all l;he

» materials'are assumed to be.

bound bases came {o be adopted tentatively,
and after the AASIIO Road Test ‘resulls were
published in 1962, this trend was further
encouraged, In 19067, the Japan Road
Association revised the manual and intro-"
duced thé'following formulae for the struc-
tural design of asphalt pavemenls. 12

0.4 A
= S .q.”.”.a.”,(n

equivalent to hot mlxed asphalt
concrete (cm) IR

The design wheel load P can .be obtained from
the lollowlng formula- R IR
3,650:: z N‘Pi xa .= 10%?4 ‘
eeshersesre:(3)
where Pi. Wheel lcad of travelllng vehlcles (t)

P Loy

¢ Pavement Section, Chlha Branch Puhlie Works Researeh Insmute. Mlnistry of

Construction
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Daily traffic volume of vehicles
of wheel load Py

Rate of increase in the estimated
traffic, five years after consliruc-
tion.

]

Fig. 1 shows the design wheel load calcn-
lated from the actually measured wheel load
dlstrlbullon on natlonal hlghways.

_» Colcvlated from the

3 a 5678I0

actuolly: megsured . —
J-  whel tood distibuilon Tg:m‘ et
o of troffic ossffication
2 e0uo}
5 ) :
" . -. @ Ronge of trotfic
S 4 U_UO-‘ I volume of heavy
‘_E-; 3000 - © vehlcles for exh -
E2] ) ) lmlﬁc clussmcahcn
2 E 2 o.w_
35 1 '
E 2 1000
8% sool
g soop
3 600F .
5'2 IR o 3
=2 a0} )
5
v 3oor '
:
'S 200F -
" (
F O I00T R i

. : Design wheel ,load . (l)
Relationshlp between Traffic'

Fig, 1

The CBR of subgrade soil is usually
obtained by the test made on the compacted
sample of natural moisture content. In the
case of wet cohesive soil {volcanic ash
type), an unrealistically low, CBR is often
+“gbtained and result'in over- esumahon of
pavement thickness wheri the above-
mentioned formulae are used. ‘. Also the
subgrade of sich a'low CBR:will fall beyond

" vthe'scope of application of the original CBR

deslgn curve, and it has beén tried to
exarine the pavement structure by utiliz-
ing the i.heoreucal solutlon of a multi-
ldyered system, : <!} ]

The formulae could be applied to the
pavements of lightly trafficed local roads
in'the same way, but the special circum-
stances involved in Japanese ‘local road -
pavements--l.e., they are beeing con-
striicted on the existing gravel roads and
partlcularly with smaller contracts and a
great deal of sites -- are making | it
generally not pracucable ‘to measure ‘sub-
‘grade CBRs, and it has become a usual

practice o examine the pavement structure.

based on the surface deflection,

One of the simplest methods for
evaluation of the pavement performance is
the surface deflection measurement, and
when trials are made {o design pavement
based on the deflection, it will become
necessary to specify the criteria for the
level of deflection that can be allowed to

' pavements.

2, PERFORMANCE SURVEYS OF
: ASPHAL’I‘ PAVFMFNTS

2.1° A Survey of Pavements of National
' Ilighways

“The object of these surveys is to
inves!igate the causes of pavement
* faflure and to examine the effect of various
factors on it. ' The collected data through
the survey were also expected to supply a
basie information for examining the pre-
vious method of the structurdl desigp.

1. These surveys were carried on national

N _Classiﬁcation.nnd P‘es?lgn;Whgel.L ad

.- highways. by regional working offices, the

+ Ministry of Construction, during the period

© 1963 -:1965, and the number of surveyed

‘gections reached approximately 750, The

: Investigation was made on the items concern

- ing road environments, such as pavement
width, whether in cut or fill, traffic volume

;. of heavy commercial vehicles as well as

‘1 :those concerning pavement structures and

.performance such as layer thickness, type ‘of

o ¢onstruction, Benkelman Beam deflection

.and cracking index. -All these informations
. were collected by means of punched cardg.

) .The performance evaluatlon was made
simply on the basis of the amount of surfac-
ing cracks in terms of crackmg index,
because the surfacing cracks are consi-
dered to stimulate the development of pave-
ment failure excessively in Japan where it
-is rainy, and pavement engineers are liable
to regard surface cracks as pavement
failure itself, The cracking index is calcu-
lated as fonows. B

" Sum of Sum of ST
Cracking cracked areasg atching areas
Index (Length of sur-) {Width of sur-

i\ veyed sectlon eyed section
x 100 (%) tieeeesatsseen

Benkelman Beam deﬂection measurements
are made to-take rebound denection under
wheel- load 4.1 tons (tire size: 9, DO - 20 in,,
air pressure: 100 Ib/sqi),

.:: _ According 1o the resulls of consid-
eration on the causes of ‘pavement

failures made by field engineers as

.shown in Table 1, It is obvious that the
pavement failure should be markedly .
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influenced by the traffic volume and
bearing capacity of bases and subbases,
As a result of statistical analysis, it was
found that the types of bases and sub-
bases were significant in the correlation
with a cracking index, and also that the
layer thickness of asphalt mixtures had
some relation to the index.-

The development of cracks on the
pavemenl of national highways becomes -
conspicuous as the accumulated traffic
volume increases, and the degree of. .
crackings varies with surl'ace denechon as
shown In Fig. 2., “The term’ lheavy com:
mercial vehicles" used here includes
trucks of u Lnladen welghts exceedlng five
tons, ! buses having more than thirty seats
and speelal vehlcles such as crane: trucks
The general types of base m%terlals fn ¢
Fig. 2aré graded ‘erushed rock and’ dry
bound macadam, and the layer of asphalt

mixtures includes those of asphalt con= ="~ . ¢

crete, hot-mixed bitumen-bound granular

materials and asphalt penetration macadam,

The tendency of an increase in cracking .
index-is thought to be expressed by a’

TABLE. L.

D : i P Lo
HET P H i P

downwards convexed curve in Fig, 2, and
it has been assumed that cracking Indexes
in about 0% of the surveyed sections are
lower than the level indicated by the curve.
When the layer thickness of asphalt
mixtures varies, the tendency of deveélop-
ment of cracks also varies even if the ,
surface deflection'remalns the same,, and
for instance the layer thickness reduces to
5-10cm as shown in Fig.. 3, the. crack.{ng
index becomes higner than in Fig. 2 i

© The effect of cement stabilization or
treatment of base materials on surface
cracks could also be ¢larified, as shown in
Fig. 4, that the pavemeénts havi.ng cement :
bound bases show the comparauvely lower
cracking index thanthose hevmg the other
'_,tjpes of ba.ses at the same surface deﬂec-

4 l

Causes of Pa.vement Fanlure Pomted out by the Field Engmeers.‘,«

E

Couses 161 pove ; [Number

T Causes of pove . Mgmber o
% -men}_fcllue . of coses o

Nofe) Other couses ure .

_s_L__-m ol foilurs . lof cases o oo low bmder con?enl o

Inzreosé in ra ! ; Tnsulficient compox| T
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P16
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2.2 A Survey of Local Road Pavements

The Japan Road Association issued
the manual fox lightly trafficed road pave-
ments in 1964, According to the manual,
the pavements should be constructed on
existing gravel roads and consist of a graded
granular materials base or a stabilized base
‘of 6 to 12cm thick and a Eurfac!ng of 3 to’
4cm, The Prefectural Divisions of Road
Bureau have commenced a nve years per-
formance survey oo these types of pavement.
The total humber of sections already sur*
veyed during the period 1964 - 1967, reached
about 3, 600, and the subject of investigation _

covers more than 20 items relating to road -

environment, pavement structures and per-.
formance, as in the case of national high-
ways, P

. The_resulis ol‘ survey on the pavements .
) constructed during the period 1964,- 1985

indicated as shown in Flg 5, that the factors
inﬂuencing markedly on cracking indéxes
cbserved about a year afier construction
were the surfaces deflection, bearing
capacity K30 on bases. types of surfacings,
and traffic voluEne. '

Fig. § clearly indlcates the effect of
the surface deﬂechon on the degree of
cracks of the pavements comprising an -
asphalt concrete surfacing and a graded
granular matemal base, which are the most
common type of local road pavements.

As supposedly graded granular materials
are not necessarily, of good quality, pave- )
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Fig. 5 Fectore Affecting on Pavenient
! Failure,. - Lightly Trafficed Roads,

ments having a base of this sort of material
show higher cracking indexes than those
having a dry bound macadam base or a
. crusher-run rock base, as'séén’in Fig. .
When pavements are surfaced with an
- asphalt penetration macadam. they give a
‘higher cracking index than those with hot
asphalt mixtures, even if both the type of
base and the level of surface deflection.are
the same, (Fig. 8)  Andiif the surface
‘deflection becomes larger, the dlfierence
between the two will become much remark-
able. : i

. . [t
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3, OBSERVATION OF FULL-SCALE
ROAD EXPERIMENTS

Full-scale experimental road sections
of as long as about 1km have been succes-
sively constructed since 1967, and the
number of main experimental sections has
reached 13 so0 far,

: Four sections relating to base and
subbase materials are now under obser-
vation, and two of lightly trafficed road
pavements have already been cbserved.

. 3 1 Experimental Sections for Base

" Materials

The first full-scale experimental
section was the MATSUDO experiment for
studying the effect of cement bound base,
which was constructed in 1963 and resur- .
faced after about three years, (Fig. 9)

Fig. 10 indicates apparently the
effect of the ¢ement bound base thickness .
on the rate of cracking developed during the
period under traffic. ‘The curve shown in
the Figure was obtained from the survey on
the national highways. When it is com-
pared with the results of the observations
made a little more precisely on experi-
mental roads, it can be assured that the
shape of the curve assumed preyiously and
the correspondmg level of deﬂ.ection is
fairly app'ropriate. The DAINICHI experi-

mental sechon ‘constructed In 1968 covered O

almost all the base materials and types of
constructlon which were available at pre-
sepf-in Japan (Fig. 11 and Table: 2)., The -
principal object of MEISHI expenmental

b

. T
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Fig. 9 Layout of MATSUDO
Experimental Sectlon.

section constructed in 1069 was to examine
the effect of base materials and binder.
contents (Fig, 12 and Table 3). * As the
surface cracks have not yet cbserved on
the sections, only the seasonal variation of
deflection is shown in the figures,:

It can be seen that the surface deﬂec- !
tion is generally the smallest at sections - . «:
congisting of a cement-bound or lime-bound !
granular base, while the largest at those of
a non-bound granular materials. When
bituminous materials are used as binders,
_the deflection becomes larger on the
" sections using cut back asphalt, tar and

. emulsified asphalt than penetration grade s

, as phalt. .

‘As the sections showing a com~:,
‘paratively larger deﬂecuon represents the
wider seagonal varlation. it is presumable
that the higher the deﬂection is, the more:
"1t is affected by both temperature and.
moisture.

T RV Ly . .
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Fig. 10 Comparison of Performance Survey Data of
MATSUDO Experiment and Natlonal nghways.
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In the performance rating of pave-
ments, the evaluation is often made based TABLE 2, Base Materials Used in
on the depth of rutting created on the sur-
‘faces. First, the transverse surface DAINICHI Fxperiment.
profile is recorded on the paper, then the '

distances from the reference line are Vatertas fa o0 Javd syt

measured. The square-roots of the un- feckon Fermed [ T o Biader conery () T axme,

blased variance of these readings are L | reck et S LA N

thought to indicate the surface unevenness. #. 85 |22 | 3 e, 80 =100, {40 é‘ii;ﬁszgi::;,

Fig. 13 shows the correlation of transversal -A-;: :: :: :: ;':A 9{.'” f_g- Siriors ]

surface unevenness of the DAINICHI ex- (Y5 e[ 20 i 1 40| 367-922 041

periment after trafficed by approxmately [720[ 63 | 20 [ 17 k!i 43| 508-806 i9)

800 thousands of commercial vehicles and sis] i [ 2 | &7 e €39~761 9]

surface deflection. However, the trans- E1s]| 63 | 2z [y ERETEIAATLITO] n9iiios 18]

versal surface unevenness is not so ° e20] 63 | 22 [ 13 EONSTASRCL(T0 52?-.7(:_5!"}
remarkable at present as could be appre- i3l de i 36 ] a6 | _jeel - 3] 20-s2uent '
ciated by the panels, if the present cor- - -KAth -

relation between the transversal unevenness e

and the deflection will be pronounced in .
future, it is conceivable that the base and

subbase materials which reduce the surface

deflection would reduce the transversal

deformation as'well, - The fact that the
survace deflection would be related not only
to the development of cracks but to a surface
irregurality of pavements, ‘makes the deflec-
tion measurements more advantagous in "’
evaluating a pavement performance.
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and 1970 reSpectwely are aimingto study

’I‘he former (Flg

14) is relatmg to sub-
‘basés made of cement of linie stab:.hzed
wet coheswe soil called KANTO loam and -
pit’ sand, iwhile the latter (Flg. 15) is to*

TABLE 3. Base Materials Used in [ [ dos aterfois I | | I
. : Bitum .
MEISHI Experiment, ;c;‘:';t‘ Mime } rtobilized or treoted gromuler maferial
—
se X Granddor materfals including ;
blost furnoce slag
Matedols In (%) V‘“"‘“"’“‘"“’
Sestion Crashed [~ —-|Binder contenl (%) “‘/cmz, PR T S U St sl i
. sock C.B %) ] C
T I T R Ticn | -
A2 40 | so 10 oeg: 50100 I s o .
A3l auf 50| 10 JoeiBeio . od tol® :
el o R 5 e [ 2[2lie]
as| 9u 10 |oer 50 m 100 H o | a1
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ar| su L T Asteh s O [ [ *
leaj 90} o '{',‘;‘,ge',fuw' s L%,
[co| 700 30 Portlong coment |55 5y -~ o0 1
ol ru| s Yot tlang cement [3.0| 55 T GienT| H
: ‘o oyt e
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‘ Fig. 13 Relationship between Payement™ -
3,2 - 'Experimental Sections for Subbase Deformation and Surface Deflection-
Materials . Obtained from DAINICHI Experiment.
Both the YOKOTO. and ITSUKAICHI e o
‘experimental sections consiructed in 1969 stabilized MASA (weathered granite) widely

distributed in the CHUGOKU, District.

As a result of observations, the
effect of the. stabihzatwn of subbase
matemals on surtace deflection “is’ B
remarkable, and in particularthe use of
cement or lime with plt sand and MASA is
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the most effective; whereas the sections

. compriging subbases made of non-bound

Benkelman® beam “rebound
deflection.-5.0% (mm}
. P99 000
B [T - )
.I\JI.\
.
]
i

Coarse groded
asphalt concrete

granular materials show as in the case
of bases, larger deflection and larger
seasonal variation,

At the sections showing larger sur-
face deflection of the YOKOTO experiment,
surface eracks alteady have partially
chserved. Fig. 16 shows the relationship

é Deflection’ measurement ; 1970 - Feb,

between surface deflection and the cracking
index at those sectfons having granular
material bases, 50 as to be compared with
the results of the nation-wide surveys.

The cracking index is too high compared
with the national highway pavements and is
considered due to the non-uniform settlement
of the fill of the wet cohesive soil,

1971 - June,
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3.3 Road Experiments on Lightly
Trafficed Road Pavements

The MIYANOGI and HATAMACHI
experimental sections constructed in 1964
and 1965 respectively, overlaid afier 4 to
5 years' observation, (Figs. 17 and 18)

The development of surfacing cracks
during the period is shown in Fig, 19.

Surfocing 2
Asvﬁ 19 b, an or
eMration maredam : .
W 7 Bitumlnan binders Ior surfacieg ©
(@) Penetration grade asphalt
Coter ren Emutsitied asphart -
U Quiting graver | ST T :-i;!‘xl astatt
¥
i [boas selomg | Bersetman Beom @Rocd ter
-‘ {Berteimon Ream | cetieefion 30™
[Getern st
Lengih 2
- - Stction 40™
Eiig oot Tatet 15007
Berkeiman Beam
Seffection 33P0

Keste Toam subgrade
CBR:3 -8%

Flg. 17 Pavement Structures in MIYANOGI
Experimental Section (in cm)-

The curve in the Figure represents the
resulis of the nat{on-wide surveys, and

does not seem to need any modification,
when compared with that of the experiments.
Throughout the two experiments, it can be
said that the effect of materials and types

of bases; subbaces and surfacings on the
pavement performance Is far less distinct
than that of the surface deflection,

Swrkings
£mulified asphol
0 g,
Dense groded asphot conorete Base materloh; §
€D Ory tourd mottar
@ Groded cruved ek
(3 fement Trected groukr moterots
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K so{Picre bearig %es1) | { - tengm
+ Berbeimon beora defiection 45™ | Section om
s . ' . Tod  4,500m
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Fig. 18 Pavement Structure in HATAMACHI
Experimental Section {in em).
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Fig. 19 Comparison of Performance Survey Results between
Field Experiments and Lightly Trafficed Roads.

4 ' ES'I‘ABLISHMENT OF CRI’I‘ICAL " I ﬂ*:e pavement performance when It comes to
§ DEFLECTION - o _"‘ necessxtate a consideration on the Ilie of
S ‘{, the pavement,

. [ N . From Figs, 2 -4 and Flga._s -8, it

- . is ossible to obtain accumulated traffic
5 of national b
highw:;smih‘:se;z‘;:‘?: r:;i-epa‘vl:f:m faﬂures vu]ume whén the cracking index reaches 5%,
were classified into three stages and per- : '15% and further '40% for each level of sur-
formance rating was made by the panels. . “face deflection which are indicated by the

As a result it has become clear that if the medians of the ranges, ' The results are

hown in Fig, 21.
cracking index exceeds 15%, quite large- , B ! .
scaled repairs such as an overlay or recon- . %', On the national highways, a clear o
struction will be required. For lightly . tendency {s observed that the critical sur:,
trafficed roads, the performance rating '," :’:;:ekdeﬂectfmn ;I:clreasie‘:' Wlt;l .the 18)'3!‘ K
, in Fig. 20, ckneds of asphalt mixtures increases,

was made in four stages as seenin g and the amount of increase of layer th[ck-
+ ness by 5 to 10cm could be expecied to

TABLE 4, PavementPerformance Rating make a critical deflection increase roughly

Based on Level of Repair WOrk. " by 0.110 0, 5mm..
*On the lightly trafficed roads, the

ivs] Feasied revace worh | Craking indes [ SLEToat | e, critical deﬂection which varles with types
1 |oveta o reataig|  2ims LA v of base materials, is the smallest for
2. |seot oot o poramg | 2un % o graded granular materials and surmised to
& frr repivee s 4% 4% b Increase by as large as 0.3 to 0. 6mm for
crusher-run rock or dry bound macadam,
. The critical deflection in Fig. 21
As in the case of national highways, the . are represented by individual curves pass-
lightly trafficed roads showing the cracking ing through the center of the ranges, and
Index exceeding 15% also require heavy these are put together In Fig, 22,
repairs. Therefore, the cracking index
of‘;S% could be taken as a border line for The lightly trafficed road pavements

—150—

O




surfaced with asphalt macadam could be 100
expected to perform better than those sur-

faced with asphalt mixtures, if the surface

x deflection falls below the level slightly 90
i under 1, 0mwn, Similarly, the national

! highway pavements having a cement bound

{ base are comprehensible to show a excellent 80
!
F
E

performance,

Including all the roads from the
national highways having a layer of
asphalt mixtures 10 to 15cm thick to local
roads 3 to 4cm thlck, the hatched range
shown in the Figure can be considered the
range of critical deflection for every typed

. asphalt pavements in Japan, however, in
the case of roads in the suburbs of major °
cities, the layer of asphalt mixtures is
generally thicker,. and consequently the
critical deflection is thought to be a litile
higher. The ‘upper and lower limits of the
ranges are expressed by the following

,T‘; formulas.

i

Il area ;

"Overlay or. reconstruction
]

ma

70

|

only s

60,

index (%)

o

=)
Hepairing! work

A i Not repuired
Seal coat ond: or patching

.Seal coat for

Cracking
w SH
[=] (=]
B
o
D

For national highways:-

logjoN = 0. 179d2 - 1.117d +86. 77? ,

For lightly trafficed roads:- . . p
o
: long‘O 17942 - 1.117d +6,385 ‘ N &
‘ CRN 1) . ok f{
: ‘ 0 ,h_’ : A‘
where N:! Accumula(ed traffic volume ol‘ . R 20 p B ic: D
; large commercial vehicles when .- Performance * rating evaluated from
the pavement comes. to require : the mmn!enonce po nt Df VIew ¢
| heavy repairs (vehicle/lane) . !
d:  Benkelman Beam rebound deflec-. Fig. 20 Cracking Index VS Pavement -

tion measured by wheel-load 4. 1 E " ‘Performance Ratlng.‘ . i
tons eee (mm)
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La s igisem T Y N
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In the formula (5), the constant term
can be made slightly larger if the layer
thickness of asphalt.mixtures is increased.
In the formula (6), it should be made a
little smaller if poorer base or subbase
materials other than crushed rock are em-
ployed. When cement bound bases are
employed, the formula should be given.in
another form,

For the calculation, Miura's method3)
was employed taking Poisson's. ratio 0. 35
for all materials. Measured deflections
were taken when the surface temperature
was around 20°C, I the wheel load was
other than 5 tons, a preportional modifi- .
cation was made on the deflections. The
result is shown in Table 5. However, even
if the materials are the same, the E value

2.51 v t . LN ]
© ' . ' Pt
£ \: pi
E B —_— As;mn rrnh.re sxrk: ngs
- 2.0 \
~ \ —m— - Peqetw!

o . -.-lacwq i
< + Notiongt h:ql'wcus. }
Crusted “rock [boses: 1
g Cement * bound Qoses
E L5 ST T
& .
¥ i
g wop---- ot ot
g B i !
§ o
£
) ]
§ osp-— -
- E- .
i

o {

10 20 1200 300400500 1000 2000 300040005000 0000 ‘200" 30%4n0*sud  10°

Aucunula!ed traific vohume of heovy commercial vehices per lane (IIO’) N

Fig. 22

5. APPLICATION‘EOF SURFACE DE-
. FLECTION TO STRUCTURAL
DESIGNS

- 'I'rial Estimation of Paverent

; Materials E Moduli by Theoretlcal

Calculalion TR

i A trial was made to est!mate materials
E value by applying.a theoretical solution of
multi-layered system to the structures of .,
the full-scale experimental pavements,.; -

- already mentioned,  adjusting E values so

as to make the difference between the .
calculated surface deflections and measured

. ones obtained by using Benkelman Beam as

small as possible, " In the calculation, the
contact area of double tires of the loading
vehicle was assumed to be circular, ;. Com-
:pared the rebound deflection of rigid cir-
cular plates of different radii with :
Benkelman Beam deflection, the contact ; .
are2 of tires was found to be equivalent to:
a circle of 20cm radius, ignoring the thick-
ness of the pavement and the rigidity of the
plate.

Comparison of Deflection Criteria for Various Typed ASphalt Pavements.

may vary depe_m:ling on the positions in the
layers, and considerably on the load bear-
ing capacities of the under layers.

TABLE 5. Eshmated E-Value from
Comparison of Measured and
Calculated: Pavement Deflection,
b !
I
Lopms Cvewed L1 Estirmtes € 03/t
Surfoc of ; ctaht concs o
e ot mined expran oot ] Pt 40,000
ot eschan Lnu'. Vbt ] 20,000 -30000
for mintre | i P 10.000
ut back esprott miviar | . 0,000
Emanitiet arphat mixturs Yoo 3.000
Bare Comant ond oxphctt nm- wesied minten 15,000
Camact Sound crashad roch o 1eon concre'e 20,000~ 40.000
Lime Bourd eruthed rock | 200,000

Geades oraded vt || e 4,000~ 5,000

Crstad basi turrace g - 3,000 ~ 5,000

B1est Tursgcs wiog ') water covied 30,000~ 40.000

Crushwe e pxb 3.000 ~ 4,000

Lime gablized KANTO Toom with chemicat axtlives. 2,500~ 3,500

Subbase Lime ‘stobfized KANTO togm " © i 500~ 1,00
iMrture of 7 wnd , 3iay ond hydrawed e $0,000

s [Mahee o gt xond od Creter nen 1,800 ~ 2000
H Comew waotea gt s Ct 15,000
sogran pawto wem 300500
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5.2 Surface Deflection and Life of Newly

Constructed Pavements on National
Highways

In the Manual revised in 1967. a new
lramc category D (¢stimated traffic volume
exceeding 3, 000 heavy commercial vehicle
per day in one direction, five years after
construction) was given, and consequently
the pavements of heavily trafficed roads
have been strengthend and those of general
national highways improved slightly above
their previous level,

The surface deflection of newly con-

_structed pavements on pational highways

surveyed through the country in 1969 - 70 is
shown in Fig. 23. - It has been observed
that Benkelman Beam deflection under 5
tons wheel-loapl rarely exceeds: 1, 2mm,

and at the'sites of above 60% lies within the
range of 0. 2 to 0. 6mm (0. 16 to 0. 4émm
under 4 tons),

27

Number

shes

D~02-04-06-08-10~12

‘Benkelmon beom rebound |
deflectlon (5} ('W“)

- Fig. 23 Histogram of Deﬂecllon Data

Obtained from Newly Copstrgcted
. Pavement Surfaces of National
Highways,

According to Fig. 22, the accumu-
lated traffic volume of hea.vy commercial
vehicles that corresponds to a deflection
0.5mm is about 1, 800, 000 and this
figure decreases to 700, 000 if the deflec-
tion increases to 1.0mm. The expected
life of pavements creating such a level of
deflection as shown above could have been
estimated as seen in Table 6.

TABLE 6. Ezxpected Life of the Newly
Constructed Pavements Iistimated
from Surface Deflections.

Teathie Votume of Diflectiar I-nl .

e Cot Hagvy Commerciat -
Trettc Categorcs vehgte  fvenid} [-1) ! 10
Ba~C 1,000 2 180U gays ' 2TO0 daye

€~ 0 © o 3.000 2 w0 - [2230 « -

It can be surmised that more than
nalf the number of existing national high-
ways in Japan will perform well without

' any heavy repairs_at least for five:

. years under a medium traffic and for
twenty months under a heavy traffic. In*
general, however, iheavily trafficed roads
often have & thicker layer of hot laid;

. .asphalt mlxtures. and consequenﬂy t.he
" period of twenty months might be con-
. sidered pot practical,

e PN e RN

B A P R LR ISR

5.3 Design of Pavements of Lightly
Trafﬁced Roads . ;

The'éu‘rvey was made on about thirty
local roads to obtain the layer thickness
requu‘ed for estahlishing the critical deflec-
tion on road surfaces as, shown in Fig 22
and the formula (6). A sectlon Jabout
200m long was selected on gravel-surfaced
road and a pavement conformlng to the
'strudture’given in the Manial which origx-
“hally obtained by the'formula (1) using a
design wheel load of 1. 4 toas was constructed
on the fall length of the‘section, “After "+
opened to traffic the deflection variation was
_measured on both asphau surfaced-and
- gravel-surfaced seclion through the year, -
From Fig, 24 showing a‘correlation between
the deflections on both sections, the design
curve similar to that utilized iIn Canada4)
"was obtained, as seen In Fig. 25, The"
additional layer mainly ‘consists of a graded
crushed rock base and a 3 to 4cm thick -
surfacing and curve A°can be applied
to roads under comparatlvely heavy tramc.
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: \_SYNOPSTS:

- Meny kinds of large scalé hydraulic model tests of main rivers in’
Japan’ have ‘been performed at Kashima Hydraulics Laboratory. More than 30
projects have already been finished for redent ten years, and 14 are now
being performed.” The résults of thase experiments ‘have been' a.pphed to the ‘
designs of detual river channels with favourable comments. " :

In this paper, the author will discribe the problems on some'ia.fz:‘m’y’ing
similarity laws hoth for fixed and movable _be'da‘, "new examination methods’
for verification of physieal modeling, the methods for ekpériment ‘plan and: ' -
other inportant matters obtained from éur éxpériences. For exsmple, the spe-

cial case in which the surface velocity distribution measured_by aerial

plotograph during a la.rge flood i aerved to the verifl tloxi of the mod-
el, detemination method for t:une scalea of movable bed models by mea ring
sport 'bqth at ectual river an ndaments
dimenalonal 'i‘ha.nnel, mndamentalls‘tu v on the effects of distortion of the
models, espec:ally ai curved reaches, Iand the effect of‘ raughnees of sidewall ‘
on the local eros:.on w:.ll be ﬁlscussed. L . i . .

COmputatmnal analysm is'very uaei‘ul for t"-o dmensmnel pz:oblems,

and phyaical model e.nalysm 1s recu?n:lzed to be valua'ble means, “if skillfully )
armnged and eppropriately conﬁucted From the view point of ectual Der-
for:na.ncs of model teat, general experimental techniques developed at Kashima.
hydraulics la'bora.tory will be preeented. ’

' INTRODUCTION
- Hydraulic model tests of river channels have been’ recorn:lzed to be
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effective methods in order to consider especially three dimensional rhenomena,
and many have been performed for a long time. The first regular model test

in Japan was & coffer dam with roller-1ift gate at Kitekami River mnear sendai
in 1930,( ¥hich wzs conducted as small scale movable bed node! test at Aka-
bane branch, the Rlblic Works Research Inst1tute. Though the extents of mod-
els were restmcted a.rau.nd the river atmctures at the inltlal stage of ex-

" periments, hydraulic phenomena around structures were proved to be necessary

to be grasped in relation to the alluvml cha.nnels .as a whole. In 1950s, tech- .
nical development of veriﬁcation of the model, : a.nd application of fundamental

studies on alluvial channels were advanced. River models became larger-sized,

most in fixed beds, and the number of performances increased in early 1960s.

Recently, large seale hydraulic model tests in povable bteds are remarkable,

and techniques of physical modeling of the }wdraulics' of rivers develop a D
great deal. Table 1 shows the names of, projects and their scales conducted

at Kashima, Hydraulics. Laboratory,. the. Pablic. Works Research Institute,in fig-,

cal year 1971. Most 01‘ .the experimenta were carried out under, the sonditions. .

of both. steady, ami unateady flows, and of movable beds using coal dust es. bed

material of the mudels . except. the; cages where, the, .aands .of . proper, _dmmeter sy

.

a.re avallable.,._' A TS BN IE S PP N PR T )
Hear,, the author will discrlbe gome. of current main topics a.nd the re-;;:

sults. of Jgome coumdex‘atlona about, techmques of, large scale physical model~ ..
ing of. e.lluvial cha.nnels, based .on our experiments..-

w B gin e

, Change of sub;jects and 1 mays oF model tests
odel testa are directly related t' ‘rlver improvement worka '

) coi‘fer' r
silla' designs of groins, revetments or consohdation works, and desig-n cr
teria for confluences, diversions and d:.veraion channels. La.tely, increase' O

the experiments which contain such :lntr:.ca.ted problems aa large scale dred -
:Lng of low water cha.nnela, large scale temporary coﬁ‘erin" - ring
ballaat at meandering channela, astuary mprovements, wa

ing up of vrave

mainly in the from of supplements to the hydra.uhc calculatione or f:leld data- ’
By and by, large scale fixed bed model tests became popular having need to
understand the hydraulic. phenomena caused by r:.ver structures, at whole.river
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Tabel 1 Projects of model test
at Fashima Hydraulics Laboratory in 1971.

Names of |dominent Design lextants kinds scales
Rivers subjects discharges | of models | of beds jhorizon-| verti-
dredging, colfer ” rixed ted 17100 1/40
Yodo R. dam, confluence 12,000 /d  7~40 Ky e 1760 11/60 ]
Tone R, |bends 8,000 35~46 |movable | 1/60 | 1/40 .
Tone §.  |confluence, 14,000 | 175~186.5| movavle | '1/70° | 1/35
ol {meandering , : R
low water chan- /
. 13~23 . |movable| 1/10c]1/70
Shinano R. |nel, meandering 11,000 . 1308 movable | 17500 g, &m
: low water chan-' I . ’
Nagara ‘n._ nel, temporary 7,5‘7’0‘ 2~14 mO\.rab]:e }/60 1 /407
coffering
O-~yodo'R. |estuary improve- B K " Al o
ment 8,000 |-1.6(sea)~3 movable| 1/50. |1/50
estuary mprove- ] ]
Mogani R. . : SR
gan ment 9,000 -2.0(‘552.)4. novable | 1/60° 1/66
Kita!;ami’ R reta.rding basin 11,000 24.8~38.9 fixed_ a 1/100 1/2()'
Kyu-Yodo ‘R4 dispersion 330 | T~10 | fixed . 1/100 .1/4() ;
o0 |powing up of v igesen) bl s
Ibi R, waves 0. S-slea?o fixed 1/65 | 1/32.5

O

extents affected. When eedmentetmn beca.me to be conaidered the most :aner-
ta.nt problem, attempts were trled to estmate rlver bed vanatmns based on
the resulte of fixed 'bed exper:.ments ’, or infomal movable bed model tests .
usmg sa.nds as 'bnd matermle of the models. It 18 rather lateet tha.t the mova.-
ble model tests were regularlzed, smce coal dusts were a.ppl:.ed to sed:uneht ‘,
paterials of the mudels. S:Lze of models became le.rger, and 150m to 500m leng'i:h
of models are commonly seen at our out door exoer:unent erea. .

Accordmg to the tendency that the mrposea of experiments ave be ne com-
ity

ol

as to water level, flow pattern and rivm' bed vamation, a.re required to jl:l_ne

plex and pluralistic, expa.nsion of‘ model extent a.nd acouracy of 8

te

result of syurrmg the scale-up of models

Therefore’ on the other hand distorted models with small hor:.zonta.l scales

P P : X

T

have also begun to be comnonly used.

Noreover, there seen shght cbanges in expected exoerimental resulte i‘rom “" ’
qual:lte.tive to quantitative (experinents hitherto contri’mted ‘to’ camua.risone‘
of proposed schemes or estimations of quantity. ), and hence there occur new
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. modele are not 85 long. !

problems.

Subjects of discussions on experiment programs
The scales and contents of experiments are aubject to their purposes.
fhe weys to focue are dit‘ferent according to their goele. and unimportant )
factors are to be neglected because of the impossibility to reappea.r ‘all of
the hydraulic phenomena on the models. First .decigions are weighty in experi-—
ment progreme. When ple.nning model - tests, present standards and eub,]ects ag -

to ecalee a.nd k:Lnda "of models mas be as foliows: .
‘ 1) Extente of models? Length of 3~6 times of width of the channel ia pre-
fered to upetreem of. the ob;ject reach, considering the meandermg flow 1mes,
rijrer ’oed vanation, movement of alternate bars and snpnly method of sediment’
: _ upstreem, and 1ength of 2~5 times of width to dovmatreem containing a E
zgvs.uge etetion of water level. This standard depends natnrally on ‘the purpoeee
of expermente, conditions of cha.nnele and’ ﬂmds, and most . o,{' the present

S Y ¥ .

2) Scales of modela. !Ehnugh 1arger the better in ma.ny ce.ees, there are’ Y,
metrictione m expenment area, capacity of supply water dis charge, mnde .
and mrm. Lcmer limit of ‘scale. ma.y be Judged by water depth (more tha.n ch, .

ineglcci::l.ng the influence of viscosity and-at turbulent state), - similarities. | -

‘of cntical tractive force e.nd re.te ;of ‘sediment transport “both- i‘or ‘bed load,“:‘
’and suapended load,mea.snrement accu.racy and measurement.ability: for veloc:.ty,"
'ater level, discharge e.nd bed varm.tion- Modele w:.ll be distorted vhen, these
cond:Ltions ca.n not be eat:.si‘:.ed. There are me.ny distorted models at‘movable .

'bed experimente, originating some problems. ‘

on aesump 1on that bed vanat :
mova‘ble 'bed model tests E.re di:nect to the phencmena of " .
scour and deposit, but have weak pointe on rougbness ad;juatment and expenee.

4 ‘Wdra lic eonditmne ol‘ expermentsa Experiments of steady or unsteady "
.t'lo co d:l ions: are carued out requiring equilibnun\ or time-depended quan-

a are not 80 intense. o

tities,res%ctively. Diecharge and weter 1eve1 zu-e detemined according to ) -
pending phennmena such as des1gn water level, scour, deuosit and meandering,

When BCour is cons1dered, min:urrum roughneas coefficient muet be adopted to
eatmate water level at dovm stree.m boundary. Un1form dm.meter of ,bed materi—
al is commonly used at experimente, and there may be some uneettled pro'blems
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concerning the phenomena as to graded nataral sande, oritical tractiveforces,
rates of sediment transport, types of sediment transport (bed load, - sugpend~

ed load, wash load), roughmess coefficients, sand waves, tightening ratio -
and porosity of the materials. There may be other problems of several k:lnda.
and verification of model is recognized to be: very significant. ' o
The author will then discuss such special items in performing model testa as -
time scale, verification methods, and influences of distorted’ models.'

: Pime scales of movable bed model teits

i Similarity law is subject to the purpose of the experiment. ERIEETRR

i Frcude s.low i8- apphed, the rate of time scale tr is IR
e e bR, : —_— )y -

here, xr and hr are the rates of horizontal and vertical scales; respectivalys

Besides:this, "in case of movable bed tests, another rate of time scale tor -
introduced by the continuity condition of sediment transport, o
- tsr=s (1-9\):: hr xr qtr -1 .. ; - -—(2) RS SRR AL N

must be consideréd. Here, > means porosity of bad layor and gt :ls total'rate”

of :eediment - tranaport.‘ The valués of tr are a:lgnificant in the ¢ages rhere" 8

in the cases where.bed variatiéns ‘are emphasized.  But calculated value of b

tsr are-nota-little different according to seditient formlas applied.™" A
Sediment.transport- characteristics ‘at rodels are:rather:well understdodibés °
cause.the hydraulic category of models is commonly within that'of two dfmen- .
sional fundamental ‘studies. Sato; “Kikkawa and Ashida's'formula( S.K,A;"fo@s
mila),  for example, in case of ‘sands as bed naterials of Modéls and- Brown®s 7"

formula-in:case of cosl dusts in which suspended sediment ‘exists) arés ag
tained to be well applicable.. Thevefore; it i§ vossiblé to'incrénse’grédtly

the accuracy of ter if the field cheracteristics ‘of sedimerit 'tranopért ave &
grasped by measurements. Sediment functions are generally different between
proto type and model, and tsr becomés the funotion of ‘discHarge.

:-Good result was obtained by determining time séalé tsy, “applying exper-
imental equation 'in.case of icoal dusts nnd empiricel ‘relatién ‘obtaired ty '
field measurements of the spot, at the model test of ‘down'reach of Nagara ' '‘%
River near Nagoya. At the nodel experiment of Mogami estuary,’ several’ t:lme
seales are computed:as, tr =7.75, tsr =25.6 (8,K,A, formulsg), ter =de24 - 7 «
( Brown,mean diameter. of proto type dp=0.6mm, and that of model dm=0.2nmt,' Fe

—161~—




cosl dust ) and ter=244 ( S.K.A. formila to proto type and Brown’s formla
to model ). Experimental formula of coal dusts is close to that of Brown.

_When proto type discharge Q=6000m3/s. calculated value of bed material load

by Brown's formula is almost 'hundred times that bty S.K.A. formula.

Therefore, if there are not enough field data of sediment t{ransport, experi-
ment -verification is necessary. Figures 1 and 2 show time variance of water
levels and bed variations of proto type and model,respectively, when time
scales tsr=25 and tsyr=40. Movable bed modelings are in general recognized
to be inevitable that aimulation_ of -water level can not be enough, and to
ray mainly attenbion to bed variations. But recently, request to such water
level as its maximum becomes strong. Influence factors to water level to
time curve are considered to be pondage effects if teris greatly different
from tr, changes of roughness coefficient due to the development of sand -
waves on the bed (water level of model is generally higher than that 'of proto
type at last stage of flood ), changes of sediment transport due to the
changes of roughness, diesimile.rity of bed variation due to unsuitable sedi-
ment functions, and changes of time scale. due to the change of discharge
during the flood. These factors must be considered to value the :experimental
results, The.difference of-initial water level in Fgure 1 is czused by pre=--
liminary. discharging ( Q=2000t/s, - 30minutes at tsre25, and 15mirmites at tshe
40 ). From :the -model test of Mogemi esturary, tha.influénces of time scale:
is lerge to the bed varistions and not too large to water level. curve.

. By the way, if the experiments are carried out in the state of fully ...

developed sand waves, it is theoretically vossible to adjust water lavel by
applying the.formule of roughness coefficient of ‘the state and determining:
suitable distortion ratio:of the model. Or it may be n wiy to use & bed
material of large diameter and smell _epecific gravity in water in order to-
suppress the occurrence of 'Ded WAVES. o

Some notes on distorted models ) : .

. 1t is a good policy to distort models if the influences of distortion
and their emendment method are grasped. But the limit of digstortion ratio
exists due fo the conditions of river channels and rurpoges of experiments.
Table 2 shows the distortion ratios of main model testn performed at Kashima
Hydraulics Iaboratory before 1970. It muy be possible to distort modelgq
greatiy, tut when scouring depth and location are the main subjeots, models
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O

can not be so distorted. Three dimeneionalei;uations of proto type can not’

be satisfied in distorted model, and it iz not preferred to distort especially
in the cases where the influences of vortex flowe of horizontal exis are
predominant. As experimental subjects, angle of rewose .of bed materisl,
roughness coefticient, discharge coefficient(form luss} local iv'lon' pattern

around structures, and local scour are mentioned. fWhen model tests b.recarri-:

ed out using distorted models, we try to amend the exnerimental results of

ecour:l.ng characteristics by doing proper experiments at another small cba.n-
nele- As an example of such fundsmental studies, the effects oi‘ dietortmne
on bed variations of curved channels are exammed!‘] And eepecmlly entrance

and exe.t viginities of the curved channels ave olarified to be greatly affect-
ed by distortions. Large scale vortexes of spiral motions in curved channela:
are divided into four regions: appearing, developing, developed and diminish-

:i-ng-- Intensity of spirel motion is so strongly affectéd by depth of flow

'too, that especislly in developing and’ diminishing regions, secondary current '

end tractive force are different accordmg to the distortion ratio.” "At cumed
cha.nnele and compound curved eha.rmele of more than double bends, ap:lral motion
of etree.m, scouring e.nd depos:l.tmg chmcteriet:.ce ca.n not be simula ed, :|.f
the depth of the flow ie large. Distorted modele had better be a.vo:Lded as '
fer ee poeeiblevsueh eeeee of pru'bleme as local accur in bend, eltern.ate 'ba.ra
and meendering, beosuse depth is mea.ningful. ' s

‘ Gradient and roughnese of‘ revetment are eleo proved to ai'fect the char-

eoterietics of local ecv::u:r!3 Yertmaly upwa:cd cemponent oi‘ eecond
exiete ‘on the’ revetment ‘of emal" g:radlent, ‘tut d:unmxehee on steep revetment.
This type of secondary flow pattern near the wall hae eome :lnfluences on‘ ‘!‘
scourmg pattern and -ts pos1t10n, ‘mt the effects of distort h
ecourmg depth at the foot of revetment may not be sermus, 'becadae ecou.red .
depth is in generel larger in case of steep revetment af 1a.rge d:stortion i
ratio than in cese of sma.ll gradient. Roughneee of a1de wall has a.leo eone ;
ei‘i‘ects on local secondary flow, veloclty distri‘mtion a.nd ecourmg pe.ttern.

At Tone r:wer model test wluch was perfomed as movable bed usmg coal dust

and e.t the model ecale of xr=1oo a.nd hr-50, ecaured ereas and their depthe

in bends where water depth is la:r:ge, i.e- 10~25m nea.r wells, and dmmeter of
bed materiol io small i.e. 0.016—*0 O20mm, “were strongly affected by the wall
raugnnesaee of the revetments. l"1'1erei‘t'n:e, \7311 roughnese of the model was .

adjusted to that of proto type and. satisfactory agreement in scouring pattern
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was. obtained, without ‘doing any treatment to the gradient of the revetment.

Table 2 Distortions of models (vefore 1970, at K.H.L.)

Ri Scales
‘ vers Main subjects Model beds Distortion
; - . xr hr Ratio’
one Re down stream | Unsteady 1 LOW; Tixed . .
cofferdam 100 20 5
Bends movable | 100 50 2
Tama R. down streanm | Bridge plers moveble 60 60 1
Kiso R« Kawashima ‘ i .

-80 H. Ea eh:una. ::3;:::2; movable | 60 60 - K0 RO
‘Xama'R,” down’stream | Bend - - fixed 50 | “50° > S
Magars:R. down stréan| silting movable |100 3 - ‘ ;E .
!n.‘li R. down stream | piers, : La

SRS reyetments _Dovable 50 | .50 1
Kn:ji R. et es improve=| movable .| . .. - | .o
- me::m i N e 1

Ver:.fioetion of modeling

Yerification methode for .Teappearances of phenomena e.t nodels are de-_
temined eoording %o the purposes of experiments, the phenomena to pay e.t-,

tention, and hydraulic quentitiee of lim:l.ts.
fixed model tests was hitherto to adaust we.ter levels or roughnees coef‘
In 1969, surface velocity dietri‘oution wa.s verified B
e measurement by eez-:l.al photograph of i‘lood for the first time .
E lgure 4 shows an example of surface

oiente of flood flows
beeed on
a.t the f ed model te

velocity distributione 'both of proto type and the model. )

st of Yodo r:.ver.

Verif:.cetion of emil

It was :.nteresting to be ola.rified 'by “the experiment that ‘the eurfe.ce velo- '
oity distnbut:.ons differed not a little, aceording to the ways of arraning '
gravele on’ the’ model 'bed ‘which acted as roughness, even ii‘ a.t the same e.ppro-

priate conditions for water levels.

The flows at high weter channels a.re .

eeemed to te’ eo much influenced, thet eome notices are neceseary Jin errang
ing roughneee gravels, especially when ettentions are given to the hydre.ulie

phenomene mea.r ‘the bounde.ry of low and high wa.ter channels. ’

Aerial photo- N

gra.ph givee e.nother mteresting knowledges such as flow pattem, longitudinal
vortexes which are eai(£4lco dcour at the 1nterva.1s of double water depth, e.nd

qualitative concentration d:.st«-ibution of suspended eediment,

velocity distritution. At the Tone river movable bed model test (35~46Km,

besides eurface

1971 ), aerial photograph: of the model were taken from a helicooter, and
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‘ .

surface veloocity distribution of flood flow, flow pattern, and nther charac-
teristica were compared to those of ‘proto type which were also obtained by
aerial photographs at the same stage of the flood. -The resulis were almost
satisfactory.(sez Fhotograrh 1) :

" ‘Commohly verification of simirality at movable bed models requires .Teap-
perances of bed va¥iation peitene and’scour depths. ~Questions here are the
influences of sand waves which occur usually when comparatively small dieme-
tar bed materials were used. ' Ripples end’ dunes develop not uniform ‘on the
beds of the channels,depending upon the ummniformity of velonity distritu-
tions, and are considered to ‘affect roughnesses,: bed material 1odd’ ‘distribu-
tions, end turbulence structures of ‘the flows. Bot, from the view’ po:lnt of
the general situation, sand waves do not affect and change the flow pe.tterns
much, and can in general neglect their effects. Smell gand waves occur on
the alternate bars, and 1ong'.i.tud1na1 voxtexes whlch were observed in proto
type can be recognized in the - flowe of models even on the eand wavese g
To compare the ratee of sediment transport may be another method of verifica~

i

N

t'mn.’ . :
‘ B .Lonclusion v i
A great many hydraulic model tests of alluvisl channels have been per-
fox'-med, and got fruitful results;on river designs. - Almost same phenomena es
in’ models have elso been obgerved in proto type, to incree.se confidence of
model’ expermente, “with tha’ resilts of increase in number of requests to model
tests: " This gay show the ‘deepening of.understanding for experiment‘effecte
that the model tests are useful to understand hydramlic phenomena, to increase

security and to make le.fety factore unii‘om, roughly at the coat of a.'bout 0.1

per cent of working expenses. X . b ;
But, more severe contents w111 be reques’ced to model’ testa.‘ Solidica~
tion of field deta and application of mnda.mental ‘studies ere expecte\d to
make modeling techn:.ques developed markedly.- Eepecially, praotmal use of
small scale and-distorted models will ‘ue promoted in order to reduce ‘cost
and time. Needs of e‘l:udlea on develomen{: of new: bed msteriale a.nd exper:l-

ment methoda for rivere which have few field data are euggested. Progress

of accuracy in measuring technique, antomatio measurements, computer analysis
of data and automatic 'drev_vings«a‘re neoeseary, and slso indoor experiments are
requested.,
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A Cable-staved Bridge and Its Aerodynamic Design
by
T. Okubo
N. Narita
K. Yokoyama

Summary

Nowadays the number of construction work of cable-stayed bridges
has rapidly increased in Jepan. Though its economic span length is far
smaller than a suspension bridge, a cable-stayed bridge expects much its
bending and/or torsional rigidity on the cable system, so that it may be
classified as a flexible structure and the due regard should be paid to

its aerodynamic behavior in designing.

The paper outlines the present status of the aerodynamic design of
a cable-stayed bridge. In the beginning it introduces the details about
the progress of ‘bridge span length with.time and emphasizes the impori-
aence of aerodynam1c de51gn. Secondly the englneer1ng problems oceurring
in the aerodynamxc behav1or and their 1nterpretat1on are explained by
the use of simple model. Thlrdly some exumples of ‘countermeasure to
prevent the aeolian oscillation (vortex excited oscillation) and the
torsional flutter are introduced. In the end the paper refers to a com-
prehensive field test on model bridges which has been developed to deepen

out understanding of the behavior of a bridge under wind action.

Development of a cable-stayed bridge

The principle of e cable-stayed bridge, in vhich the deck girder is
stiffened by the tension members stretched diagonally from a main tower,
is originated in the drav1ng by a Yénetlan englneer in the early seven-
teenth century, and a wooden bridge with .short. spen length designed by

the principle was construéted in the lateé’ exghteenth century in Germany.

Since then the cable-&tﬂyed bridge hHas been improved for the

reasons that:
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(a) The development of rapid and precise calculation technique ot a
structurally indeterminate system by no% only the infinite deflection
theory but the finite deflection theory by using electronic digital

computers,

(b) The development of the steel slab structures has opened the way to
design a bridge with wider deck compared with the conservativé bridge

composed of slab and beam system,

(¢) The develdpment of cable material not only with high tensile
strength but with high fatigue strength has enabled an engineer to design
such a bridge as requires a high rigidity by the cable system, and

(d) The cable-stayed bridge has its modern and functional beauty.

A number of cable-stayed bridge has been constructed in the world
after the World War II. Fig. 1 shows how the span length of the world
longest bridges has been develoﬁed with time according to the types:of
bridge. The suspension bridge, the engineering feature of which vas
completed by the late ninteenth century, has been constructed over es—
tuaries or entrances of bay with the far long span and it seems that the
span length of a suspension br1dge has not been extended in recent years.
The same tendencies may be seen in the cantilever truss brldge and the
arch brldge, and the world longest br1dge for each type was constructed

by the thlrtles.

On the contrary, the cable—stayed br1dge shows . the rapid progress;:
jn_{ts span length since the middle of 1950s, and the construetion of .

cable-stayed bridge has been focused in these fifieén or twenty years.

‘In ‘the meantime the construction of Katsuse Bridge'iﬁ11959 opened
the. history of the cable-stayed bridge in Japen, and Jinno Bridge, Mayé
Bridge, Onomichi Bridge, Toyosato Bridge, and Ishikari Bridge have been
opened to the public successively. Besides Suehire Bridge which will
be referred in the following, there are several plans to construct the
cable-stayed bridges with longer span of some 450 m in the belt road
along the Tokyo Bay, Ise Bay, and Osaka Bay respectively. The Duisburg~
Neuenkamp Bridge completed in 1970 in Germany has:the center span

length of 353 m and is proud of the grand appearance. Howvever it seems
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that she will give her seat in the mear future when one comes to think

of the progress in bridge engineering.

Aerodynamic problems in cable-stayed bridges

The deck girder of a cable;stayed bridge is usually composed of
either box-girder with cantilevers on both sides or box-girder without
cantilevers. The Lower Tamar River Bridge in Tasmania has a truss girder
and such instances are few and far between. This is meinly because that
there are more terms advantageous to box-girders than trusses in cable
anchorage device and appearance. We may safely say that the character-
istics of a cable-stayed bridge will be lost when we dare to usé a truss
even if it has e sufficient emerodynamic stability. The truss stiffened
girder has proved to have sufficient aerodynamic stebility. Therefore
the discussion in the following shall-be restricted within the cable-

stayed bridge with box-girders.

(Static wind 1oads)

The box—glrder constltutxes the churacter1st1c feature that 1t ‘has
a smaller drag coeff1c1ent and a large derlvat:ve of 1lift cueff;clent
compared w1th a truss gxrder w1th1n the small angle of attack. Thls Ls
seen much in the bux—gxrder with cantllevers on both sides. .The. drag
coefflcxent of a truss girder can ‘be’ given roughly by an emﬁxrxcal for-
mula, 1. 1XV3 2% (vhere ¢ is the rolidity ratio in sxde elevatlon).
However it'will be 1.0 - 1.5 for a box-girder without cafitilevers and
0.7 -1.0 for with cantilevérs. Then drag forcé ‘on a.box-gifdér becomes
1/2'-°1/2.5 times of d truss girder, so that it is advaﬁtﬁgébds ine
longer span bridge. Moreover the large derivative in 1ift coefficient
means that the galloping oscillation which is fatal o the bridge may
not occur. However from the theoretical viewpoint. the large derivative
seems to be disadvantageous to forced vibration due to turbulent wind.
This- kind of dynemics remains as an important problem vwhich has to be

studied by the field observation.

{Dynamic effects of wind)
There are proposnls of classxfxcatxon system as to the dynamlc

effects of wind on a structure. The representatives are given by the
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Special Committee on Wind Effects in the U.S. and by A.G. Davenport.
T. Okubo, ome of the co-authors, has proposed the following system of

classification;

vind pressure

stalic wind foree— 4.0 1124, acrostatic
—static moment
effects
statically divergence
uﬁ:;;;l:a [lnteral buckling
Vind effects — P
on
structures ’ ’ : :
forced oscilla- random vibration
: tien —[ aeolian oscillation
—dynamic
effects : [ + - —galloping oscillation
self-excited ‘Etors‘ional flutter :
oscillation ' bending~torsional
flutter

Now the following three phenomena seen to be most xmportant,
namely, tors:.onal flutter, aeolian osc1llat1on, and galloping oscllla—
tion, and the stabllxty cond!.tmns for a sinusoidal motmn ‘under wind .
actlon are derived in the follovwing paragraph by the ‘qse. of a simple

model.

(av)‘ Heaving motion . } o -
Following Fig. 2, we may vwrite the heaving motion of a structure
and aerodynamic force acting on it as follows: !

[ﬁ = hoelwi

]

L (-L.HL."')e"”l

‘

vhere 1.'. and’ l denute the rea.l and una.g).nary part of u.nsteady aero-
dynamlc force respectnrely. "When' we 1ntegra.te the work done by the vxnd
during one cycle of oscillation, it will be z 4 olLi, and th° ampl.rbude

will increase with time vhenz Ao Ly>0o0r 11> 0.  When we mt.roduce
1 3
+ C'u) then

the quasi-steady theory, Le'== 0 and 1, = — 1 priavho
the condition A« >0) may be substituted by &_*_ Co <0 y Where
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end Co» denote the 1ift derivative and drag coefficient. This condition
vas given by Den Hartog for the analysis of galloping oscillation of an

ice~cladded transmission line.

(b) Pitching motion
The similer manipulation cen be applied for the pitching motion:
C=cot iug
{ = (Me-t iMe)e i
The work done by wind during one cycle of oscilletion may be given as

T &olM: and the condition of negative damping is M.> @ _ |

(e) Coupled motion ) ) (.)
In the case of coupled motion, the heaving and pitching oscillation, i
end their aerodynamic forces may be expressed as follows:
A =ﬁa¢iw"
@ = agei(wt—9¢)
L= (Lt iLi)e™
M= (Mt iMy)e it ‘
vhere "¢" deriotes the phase difference between the heaving oscillation
and the pitching one. After a similar calcﬁlﬁtioh the work may be
obteined as follows: ‘ ‘ ‘

sholy + mgo ( MeSMS -+ My ¢osd )

By introducing the quasi-steady aerodynamic force, the condition will be

Though the manipulation mentioned above is useful to the qualita-
. txve understandxng, the aerudynamlc behav1or of a real structure is ‘
much compllcated due to the non-11near1ty in the aerodynamlc force at a

large amp11tude of oscxllatlon.

The aeolian oscillation is originated in synchronization of vortex
frequency in the vake vith a natural frequency of the girder in either
bending or torsional mode. The frequency of vortex shedding is governed

by Strouhal number St in the folloving formula
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= Nv « D/V

where Ny , D and \' denote the vortex frequency, the representat:.ve
depth of girder, and wind veloc].ty respectlvely. For instance St = 0 '125

for a rectangular eylinder end St = 0.19 for a cl.rcular cyhnder at the

‘Reynolds number of some 5x 105, So that the vortex frequency 1ncreases

with vind speed and it coincides with the natural freguency of a girder
vheén the structure starts to vibfate. This is the main cause:of aedlian
oscillation: Thus the vortex force still acts on ‘the structure eveén
‘when ve restrict the motion of the structure. That is the reason we -
aésigﬁ the 4eolien oscillation'to foreceéd oscillatidn. -However there'is
another thought that classifies it into self-éxcited oscillation-as an"
interaction between the.emplitude and the wind occurs at & large ampli-
tude. Such phenomena as. the divergence and the forced random oscillation

seem to give slight.effect. - S ; e Ay

Aerodynamic behavior of & cable-stayed bridge . s

It is'recognized that the wind funnel testing is the most reliable
methdd to investigate bthe merodynamic’ behsvior. of a’structure. ~There:
are” two ‘kinds' bf tésting méthod, mimely, one is’the’ full model test in
which® the whole striucture of the prototype i reduged’ by theuse 'of ‘the'
similitude law, and the other is the séction model test in vhich the > -

typ‘i'clal‘section‘ of the prototype is' rediuced. Usually the’ section’ model

“testis apphed for a’ cable-stayed bridge. T 3 s e

[N N
\'ow Flg. 3 glves a quahta.tlve example of wmd tunnel test results

on a proposed cable-stayed bridge. The ordinate is the amphtude, whl.le
the abseissa’ i wind'velocity, ‘When we' increase the wind velocity the
section model mounted by coil springs starts 'bo v1brate around the
critical velocity Vs at which the natural frequency of heavmg or
torsional mode coincides with vortex frequency defined by, Strouhal number,
and vhen the amplitude is fairly large, the frequency of vortex in the .
wake is kept constant within the narrow band of wind velecity around Vs
by the effect of motion of the model (Lock-in pAhenoména).‘ "By the care-~
ful observation we may find a weak oscillation at: the half of the

eritical wind velocity, and it seems to be & sub—harmnmc oscxlla.tmn.
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usmg the unsteady wind force.

In the high wind velocity range we observe another type of oscilla-
tion.with far violence, and the chenge of amplitude may be determined
according to the initial excitation as shown by arrows in Fig. 3. Yheﬁ_
ﬂ'leldamping ratio of the system is small the amplitudes at Vs and Ve
become large‘vhile it becomeé difficult to distihguiéh Vs from'Vc .

These circumstances may be explained by the help of unsteady aero—
dynamic force. The qualitative characteristics of imaginary . part (1)
of aerodynemic force acting on a model under heaving motion is given in
Fig. 4 where the ordinate is [: while the abscisse is nondimensionalized
vind velocity (V/fD) It is easily expected that the flutter defined
by Li> 0 will occur at the velocity range where L.> 0.

‘-1t i§ necéssary to prevent the accurrence of aéolian oscillation. -

“and flutter. The critical wind velocity of flutter must be higher then

the expected wind velocity that may attack a bridge during its life as-
the flutter oscillation is fatal to the bridge. Normally the type of
flutter expected in case of a cable-stayed bridge is torsienal one.' It
is fairly easy to get the, critical wind velocityvof‘flutter.free from
danger:by selecting a proper, aerodynamic cohfigu;gtion of the girder
because.of its high torsional rigidity. On. the contrary it is not so
easy to suppress. the.aeolian oscillation. It is maiply because the cross
section of a bridge girder is geometrically bluff and the separation of
flow is inevitabie. The intensity of aeol1an osclllatxon is. much in-
fluenced by the structural damping ratio and the mass as well as the geo-

metr:.cal conflguratlon The sxtua.'hon may be explamed as follows by

» f

Considering the hea.\rlng motlon, we may write the equation of motlon

o

as S ee . . . . vt
ME R KRB Udigh) =k oveas(Le+ila) ei®

"'Iiitz‘o‘dvucihg {he relation 4 = - hge it 1n‘ho the above equation and after

& little manipulation,’ we obtain - -

o? = oz, _ PVidLy
ko

w-se (25)e (40 (5)- 0
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where w2, = Ko /M, [ = @ /2xand 8 = xf» Therefore we can obiain

the relationship between 4,/d and V/fd egainst the parameter of

2
pd?¢
coefficient as showm in Fig. 5.

és when we combine the above equation with unsteady aerodynamic

How to suppress the oscillation of a cable-stayed bridge by wind

The suthors have hitherto explained that there is a fair chance
for occurrence of the seolian oscillation in heaving or torsional mode
at comperatively low wind velocity and of the flutter due to the nega-
tive damping effect of wind at high wind velocity, and thet they are
mainly caused by the separation of flow at the sharp edge of the girder.

The seolian oscillation occurs at low wind velocity, say 10 ~ 15
w/sec, and it mey be natural to consider that there are the‘pedestrians
and vehicles on the deck at thet time. So thet the occurrence of the -
aeolian osecillation, even if it does not cause the structural damage,
may decrease the essential serviciability of bridge.  The flutter at
high wvind velocity must be prevented in order not to give the structural
damage.

(a) Prevention of aeolian oscillation

The followings seem to be important to increase the aerodynamic
characteristics:

(i) Aerodynamic'configuration of & structure

(ii) Rigidity of a structure
(iii) . Structural demping
By the way the draft design rules for highway box-girder -of the

U.K. provides the ecritical wind velocity which varies according to the

nature of wind at the construction sites, namely, for instance 40 n/s

‘for esturial bridges and 25 m/s for low level bridges inland, end if the

critical wind velocity does not exceed the limiting velocity, consider~
ation shaell be given to vibration, fatigue of material, and expansion
joints. This design rule seems to prevent the aeolian oscillation by
increasing the structural rigidity. However it is difficult from the

economic viewpoint to imtroduce the thought directly to the cable-stayed
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bridge in which much rigidity is expected in the cable system.

The installation of mechanical damper te the structure to inerease
the damping capacity introduces problems in ieliance and maintenance.
There is a similar idea to install a dynemi¢ damper to the structure,

but there has not been any instance of installation to a real br1dge.

It is after all the best way to increase the aerodynamlc cheracter-
isties by mudlfy1ng the cross sectional cnnflguratlon of ‘the” glrder. To

accompllsh the purpose the followlng methods may be proposed:
(1) To suppress the separutxon of flow as much as p0551b1e,

- (1i) - To break down the shedding vortices so-as to diminish the .

vortex force. e ;
Vi SRR T

As to the method (i) it is preferable to .sharpen the sidé edges of
the bridge which parts are the most important for the separation-of flow.
It is also preferable to install-fairings around the leading edge.
Therefore, such structural element as solid handrail or high curb:is
jundesirable to.the wind stability. As to (ii) it is preferable to’sup-
press shedding of large scale vortex by changing the longitudinal cross
sectional shape around the windward edge.' Some of examples arg to I
chapge the solidity ratio of handra1l end to attach trlangular or trape—

A

zoidal blocks arolnd the edge.

Some of the examples are given in Fig. 5. It is 1mp0551b1e to say
vhat method is the best ‘beceuse the éffects ‘vary accordlng ‘to' the b551c
configuration of the pirder. For example, in case of Suehlro Brxdge,
the fairing vas found to be the most effective after ‘the comprehensxve
wind tunnel test on section .models.in which .the effects of the' discrete
closure of hand rail, the.installation of sharp.plate and fairing in both

sides of the girder, ‘and decrease of curb height were investigated. The

‘aeolian oscillation was completely suppressed within the wind. inclination

angle between -6° and 6% by installing the fairing in both edge of the: -
girder, and at the same time the critical wind velocity was increased: :-

from 75 m/s in the original’'design to some.100 m/s.

The good consideration is nécessary for such accompanylng effects

of installation of the device mentioned above as the reduction’ of
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serviceability by wind conversion over the bridge ' deck and the defile-
ment of appearance. 'The wind conversion at the center of outer lane due

to installation of fairing was 5 percent.

(b) Prevention of flutter

The torsional rigidity is the most important factor as the

"useillation in the flutter is torsiondl, and it is preferable to’ select

the box girder for basic configuration to ‘ensure the safficient torsion-
alirigidity.:. The effective height-width ratio.of a boxegirder with {.

cantilever on both sides is so small that it may not happen galloping :

_oscillation, o P . o ; Tt

Otherrgroblems . . : R . ,h4;'='ﬂ

The aerodynamlc problems and the countermeasures to them 1n the .

cable stayed brxdge have so far been dxscussed. The deep cons1derat10n

should also be pald to the stablllty of the towers and brldge glrders
o
dur;ng thelr constructlon stage. ' '
. i H . i AT B ]
‘The final mentxon 1s to the v1nd tunnel test. Usually a wxnd tunnel

4

test is carrled out in the smooth flow so that the turbulence effects

dre neglected. “hé effects of air v1scos1ty is not sxmulated
The separation and reattachment of air Flows uay be’ essentlal 'in''the’

stability of a stresmlined sitructure similar to a-aircraft wing. There-
fore it is necessary to establish the similitude law which is-ébﬁiiégﬁie

to this.type of structures.: - . 7.1 . ol ried s ocercride orad (7

The brldge is orxg;nally desxgned to have sufflclent wlnd reslstl—
bllxty up Yo the des1gn irind’ velocxty, and it'is very dxfflcult to A
reproduce and record accurately the dynamlc behav1or 11ke aeollan osc11—

lation in a’veal structure.

whxch enable the comparlson betveen the wlnd tunnel test results and
thosé ik’ the real structures. o ‘ et

{
H

In. order to overcome the s1tuatlon the Honshu-Shlkoku Brldge Author—_

. 1ty started a fxeld test by usxng a sectlonal mudel xn response to the

proposal by the Spec1a1 Commlttee on Aerodynnmlc Effects set up 1n the
Japan Society of Civil Engineers with the request of the Authorxty.
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The test started in the last January, and is expected to give us the
broard information about the aerodynamic behavior of bridge structures

under wind action.

Conclusion

The present status of aerodynamic Jdesign of cable-stayed bridge has

been explained and from the discussion the following may be concluded.

(a) ‘The due consideration shall be paid on the aerodynamic design of a

cable~stayed- bridge.

(b) The wind load on a box-girder is smaller than that on a +truss girder,
but much attention shall be given to the box-girder because it may cause

the aeolian oscillation or the flutter,

(c) The characteristics of unsteady aerbdynemit force gives good inform-

ation when ve study the aercdynamic behavxor of a cable-stayed brldge.

(a) The supplementary device for suppress1ng the aeol1an oscxllatlon

shall be chnsen not to harm the orlgxnal serv1ceab111ty.

(e) It is f1rst1y necessary to collect data of fleld observatlon in order
to enhance the rellablllty of wlnd tunnel testlug, end ) f;eld test for
the _purpese’ has recently been started 1n Jepan.,
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INTRODUCTION

Earth {ills are divided into a numbér of types according to their
applications such as fill dam, levee, road embankment, railroad em-
bankment, ete., each being constructed in different size.

These vanous types of earth f111 may have sxmxlar confxguratmns
but are mtended d:fferently 'I‘he f111 dam or levee 1s assxgned a func-
tion to stop water, while the road or railroad embankment has a role
to carry the load of traffic traveling thereon, From the difference in
the role or configuration_al dimensions of earth fill, it follows that
should the earth fills be undergone a failure in the event of an earth-
quake, there is also a difference in the extent of damage or easiness
of repair work., This leads to a variety of methods or principles of
design of earth fills with respect to the earthquake engineering.

This report describes earthquake engineering designs in practice
of earth fills and discusses concepts and problems concerned with the
earthquake engineering design aldng with the results of failure tests
of earth fills carried out by'use of &'large vibraling table as they re-

 late to the slip calculatmns. Petsed B

s

It must be noted that at the flrst and second .joint panel meetings,
Dr. Fukuoka reported{_the_garthquke engineering design of soil siruc-
tures in general so that the present report is limited to the earth fills

only and particularly to those matiers which have not been reported,

1. Fill Dam

As a standard for study of the stability of a dam at the time of an
earthquake, a "Revised Dam Design Standard" 1) of the Japan Large
Dam Council is presently available, The standard was established in
1971 through révision made recently of the Dam Design standard estab-
lished in 1957 and used until the revision,
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(1) Safety Factor against Slip Do
The revised standard pravides that the dam and foundation should
have'a re'qt':.i'red degree of safety é"gainst'sl‘ip failure, It also provides
that the safety should be tested, as a rule, with i‘espec;t to the eirdilar
shp surfaces under the slice method and glves the safety factor as
bemg expressed by the equanon ‘ o ’
o - TF (e 1UH(N=U=Ny) tand) (1)
- FLTHTg ) - i b

where " n: o Sa'fety; factor,
‘ “ N and T; Vertlcal and tangentxal componerits of the load -
e ‘ workmg upon the shp surface of the respecuve

[ Poteaen

» sllces, '
e Ut Pore pressure acting upon the sllp surface of the

respecnve ‘slices, K

Ne and Te a Vertical and tangennal components of the sei

Y mie load workmg upon the shp surface of the
: respectwe shces, ' ’ e
“fande:”

surface material of the respectlve shces,

1: Length of the shp surface of the respectlve
‘ T e 1 D f‘lll" i ll..“

T

shces.

ST R D AP N PR Y A TR IPENL IoN T3 FUAS FLNN N ERR S RETR RS S DU SOTLE SIS SR TON PTTE o
“The' valué of safety factgr'is givén by 1.1 plus‘a specified vhlie
for allowance, The value of allowanee should be determined"pi"df)gi"i? :
in consideration of the' property,i.quality .control and method' of applica-

tion of the material, but a value of 0. 1'is -given as:a recommended
value, st ol e vl L
Doavery g g T T N TP T P P SO DO PR P BRI TP
(2) Seismic Force - . ST el aes e gy ek ()
The selsmic force is assumed to act horlzontally upon the dam in

a value ot the weight mulhplied by a seismic coefhcient given in the

Table 1

et : N R
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However, when the reservoir is empty or of a surcharge level, the
seismic coefficient is taken to be 50 percent of the value shown in. the
table, and in the event of an unusual flood, no seismic coefficient is
taken into consideration, . - ' ‘ , .

The values of seismic coefﬂcient glven in the table have a certain
range, and thus any value to be used in des;gn__ val]:l have.to be vchois,en .
appropriately within such range with cqnsidve“ration given to fhe'dist:rict,
soil condition and importance of the dam concerned,

What is different from the table under the previous standard is the
shift of Aomori and Iwate from the fiéht column f;o the, left ;I‘his change
was made in con51deration of the Tokachi Ok1 and other earthquakes oc-
curred in thls district durmg the past several years. '

rI'able 2 shows desxgn selsmic coefﬁments used for rock fill dams
in uur country agamst probable selsmic coeffic:.ents obtained from the
data of past earthquakes._ As seen relatively small values are employ-

. Thv value@ represents the

ed for the desxgn sezsmlc coeft'u;lent

probable seismxc cneff1c1ent obtamed_

om the data since 1605, and the

value @ represents the probable selsmlc coeff1c1ent obtamed from the

map of Dr. Kawasuml. .

(3) Conditions for Calculating Safety against Slip
The safety agamst sllp is to be calculated under the folluwmg five

conditwns.; } , , .

HE SN SR O RN L o iy [T NATPES PRI 3 T L

~+i(a). .\When the'resérvoir.is at a high water level while the:seepage

Loiflow is in a steady.state, ... oo FER B S ST TS UEATE TR I

(b) Immediately after the completion with the pore water pres-:
sure developed during the construction work still remaining,

(c) When the reservoir is at an intermediate level while the:

i _Beepage flow isina steady state, - SR

‘(d) For darns where rapid and extenslve changes of lhe level are

. carried out usually, when the head declmes sharply from the

high water level to a low water level while the pore water
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pressure is still remaining,

{e) . . At a level of surcharging is carried out.

In the ‘cases of (d) and (e), the seismic coefficient value should

be reduced by 50 percent as ‘deseribed in the foregoing.,

2. Levee

Destgn of the cross section of a levee is made generally in ac-
cordance with the Ordmance for Structures of River Control Faclli-
ties, Etc. (drait)Z) _ ,

g Factors to be consuiered in makmg a de51gn are the river level
dlscharge, flow, topography, soil conditlon, flood continuation time,
etc. s ‘and the seismic force is not constdered normally . :

It is prov;ded that the levee should have a gentle slope gradlent
less than 1 to 2 w1th berms provxded at every 2 to 5 meters of height,
Each mver has a standard section provided S0 that it is not m
practice to test the stabihty of a levee at respectwe points by calcu-
lations but 8 levee accordmg to the standard cross sectlon 1s desxgned

and constructed Smce the s011' ’e‘ngmeermg con51derat10ns are not
given sufﬁciently, there are variations in the stablhty of levees. o
Particularly, as the past record rmdicates where the 5011 conditlon ,
is not .good, earthquake damage is extensive,

Conventionally, earthquake engineering considerations were.
scarcely given to earth structures such as levee, because 1f damaged

they could be relatwely readily restored and also because of a very

"' gmall’ possibllity of a flood and &@n eartnquake occurrmg 51mu1taneous-

ly ‘However, ‘with recent remarkable development of land along rivers
and high level of utilization of low land around estuaries, the earth-

quake re51stance of levees particularly thhln city boundaries has been
called for urgently. B ’ b
- For tmprovmg ‘the earthquake proofness of levee, ‘varjous process-

es have been tested, and some of them have been executed actually,
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They include enlarging the free board.or. crown of levee, providing a
counterweight in front of levee in order to,increase the resistance to
slip and compacting the foundation with sand compaction piles. o

. Besides, a compound levee and its'quake.rey_s_istance_ will be d‘??
scribed briefly, ‘ - | . o | ‘

The compound levee is a name given against the earth levee and
includes a retaining wall constructed with concrete or other _‘mat‘erials
as an integral part of the levee. o

.—;ccordmg to the Stracture’ Ordmance, ‘the compound levee lS an
exceptlon the earth levee bemg a normal procedure. It is stated in’
the Ordinance that a maJor reason for making the earth levee as’ ‘a "
rule is'to’ prevent damage owmg to an earthquake. For example, in . {:)
the instance ‘of Niigata Earthquake, the compound levee along the -

Agano River had ‘the’ Jomts of retammg wall d1splaced greatly and per-

S S VAR R R ST I RRY SO T

mltted water to flow into the land

In the case ot' an earth levee, 1f it had a settlement or s11p caused
it w111 never break or collapse completely. Moreover, it can be
readlly repatred m ‘the’ event ‘of damage. Such advanta'g-es ot‘ the earth
Ueves were' strongly recogmzed Thus, the Structure Ordmance makes

it compulsory to bulld earth up to the estlmated lugh water level for 'a

compound levee and allows a reta1 g wall for the portmn of t‘ree ‘béard

seannihy Ll R D
only. (Flg Ly o :
Cieeehan b el e na e ey e ol

T S T N L B FOL 307 TTTE L PR PR S FPUPRY BTV YR

3, ﬁallrbad l".‘mbankment"
RS T P S AT LR I Bavizons -od e ol

PRI PRI

o The rallroa embankment 15 constructed w1th a slope of a gradlent .

at 1 to 1, B as u standard 3) It had no earthquake engmeermg aspect
taken into account et B

At the tlme of the Tokacm Okt Earthquake, an number ot‘ embank-

- )‘ fori ‘.‘\' N . PEEEE
I NI I v i g

Pt
[

ment collapses occurred along the rl'ohoku Line and other local lmes,
and it took a consxderable period for the fallures to be repalred With

this damage as an opportunity, the Japan National Raxlway organized
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a committee on earthquake engineering of the railroad embankment
and started a concentrative study on the earthquake resistance of em-
bankment on soft ground, :

The study covered many aspects including classification of the
types of failure of embankment and vibratory analysis. But, ‘what
must be noted particularly was the model experiments using a large
vibrating table. Although the results of the study are not yet summa-
rized in the form of design criteria, they are highly valuable, Here,
among. other achievements, the stability analysis and earth fill earth-

quake engineering countermeasures 4) .will be introduced briefly.

(1) Method of Calculatlon for Shp i
The followmg two analyt:.cal processes were presented for the slip

h

failure of earth ﬁll

“(a) The lower end of slip passes apprommately the toe of slope

A slip comprising a slip surface along the bottom of the em-
bankient ‘and that'passmg'through thé embarnkimient was assumed.
%I the caletlation; the Coulomb's éarth pressiteis first ob-""
tained with the angle of slip surfa¢é within'the embankiment ag’ f
ds shown in Fig'2." The total of this earth préssure and the
weight Wi of the limp of earth in thé wedge 'portion multiplied™ =%
“by the' seismic ‘coefficient ‘Wi k, - being {akén 'as 4 seismic’earth ™
pressure, the valué of ‘g is changed variously to give a makimum”
"yalue' P of 'seismi¢ edrth pressuré,” When "U“repré's’ent's"th"e‘tbtal
Lie

of the ' ‘pore” pressure acts along thé bottorr surface. the' safety

factor ‘of the lump of ‘earth CBOD agamsl slip is expressed by the -

[T sl LN BN il sy oo

.equatlon
: LW ED ) an R e POD T e e
F = c+Wk
T - T s . Pk e R T T
NS P PEINT w;¢' N S N I ; . '
where = P—tan(f—9¢"' )W — 4wk . (2) )

cos(A—¢')

-191—




¢ = ¢ OB,
U= ¢ a),'
u : Pore pressure,

(b) The slip surface crosses the foundation soil .

This is a case where the earth fill and foundation soil are’
subjected together to a slip failure; v '
Assuming that the slip occurs along an'are K'KK' about the
" center O, the safety factor against sliding is expressed as:follows
from thé equilibrium of moments. { Fig. 13 ). :
-y T~ —_——
p . Ntangr4k CK%e')r N:an¢'+x'ck' - ¢! (3)

s .
Tr O Pt
where R : Resultant of four forces Wl, Wlk Wz and U

N, T: Forces of two components of the resultant R
W : Submerged weight of KCK!,
U :. Total of dynamic pore water pressure along the

Sllp surface.

. The foregomg two. analytical methods are used to, descrlbe the
results of experiments by means of the large vibrating table, .and
each of them explains the phenomena well o T

The features of these analytical methods are ‘that. the dynamlc
pore; water :pressure are introduced into the calculation and, inthe
case of the method (b),  that the force developed by, horlzontal to the
earth mass in the portion of foundatlons is neglected Gy

‘The dynamic pore pressure may be produced by v1brat10n if the
soil is saturated, While its value depends on the soil prpperty and
vibratory characteristic, the results of experiments ir\;jieete=tltet it
is produced at a value about 0, 5 of the overburden preseure. It is
stated that the seismic force upon the foundation soil is neglected.
because the acceleration in the foundation:soil at the time of an earth-
quake is small when compared with the acceleration in the earth fill,

The study also points out that for the horizontal acceleratioii to
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be used in the calculation, the maximum acceleration at the time of
an earthquake should not be employed and that it is necessary to use a
reduced or modified seismic coefficient through introduction of the
concept of average acceleration (or effective acceleration) and the cycle
of v1bratlon.

It seems that further study will be requ1red for the way of applymg

the values of horlzontal seismic coefﬁcxent and dynamlc pore pressure,

(é) EE:‘a‘.rthyquel‘{evProof Measures_; for the Embar*rnent
... For protecting or reinfércing the railroad embankment against an
earthquake,. various methods are conceivable, and it is one of such '~
methods to design so that the embankment may not have the pore water
pressure increased. - This will be achieved by constructing the embank-
ment with coarse materials.such as debris or providing a drain layer .
of coarse materials between the ground surface and the embankment:.. .

- There are also measures designed to restrain the embankment:to.
prevent it from moving should it tend to fail owing to the rise of pore- .
water, pressure or shortage in the strength of the foundation soil., Such
measures include installation, of el)eet,piies in {womows at:the locatione_,
of both toes: of slope of the erobank_ment or reinforcing the'embankment i
by reinforcing materials installed at the bottom of, or inside,- the em-
bankment, Ty e

" A process of reinforcing the soil for preventing liquefaction or
laterul flow of the soil is also considered to be an effective measuree.
As belonging to such process, the sand.compaction-pile method may, .
be llsted ) ‘ .

Some of such works were chosen, and they were subJected to
vnbratwn tests by means of large modele for comparison of the methods.
Through comparlson of the results of v1brat10n tests w1th the earthqoake
damages recorded m the past, the protectlve works shown in Table 3
were proposed for the respectwe soil condihons. , 'I‘he proposnlon is A

lughly evaluated because the effects of the protective works are com-
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parable with one another,

4. Road Embankment - o

Similar in the scale to the ra1lroad embankment 1s the road em- )
bankment but it has no consideratmn made of protectmn against damage
from ‘an earthquake. Accordmg to the "Road Earth Work Manual® ) and
"Design Manual" 6) the gradxent of the slope is determmed by the type '
of soils in the case of ordmary embankments (less than 10 - 15 m) For
exceptionally high 'embankments, ‘it is provided t6 ¢aleuldte the 8lip, but
this test is intended for examination'of the strength of soils and seepage
water within the embankment, = '/ o ' St e

'+ Ag-the past record-indicateés, ' thé embankment built on the sofi "
ground is vulnerable to damage by an earthquaké; * But,”it'is relatively "
easily repaired ‘should'it'be damaged; and'the secondary damage brought
about'by the embankment ‘failuré is not §6 great gererally, ’ This,” with
respect to the earthquake préofness)inb ¢onsideration'is given normally,

+ However, where an ‘6il pifié lirié' 18 Histalled nider the road sibank-
ment as'is carriéd out récently, it'is fiecessary'to investigats the 'stabil-
ity of embankment at the'time of an'earthquake,’and ‘aiconsidération is"
being'made of making it a requirement'to 1nvest1gate and'test the ‘garthe

quake proofness.

Coar e et s e e ey

5. Artificial Island for-Transverse Road across Tokyo Bay = "' "'
RITIREI NI

Although a spec1a1 type ot‘ earth flll an art1f1cial island and 1ts

T o THi

stabilization now bemg contemplated as one of the mtlestlgations t‘or

the Tokyo Bay transversal road construction project 7) will be descrtb-

ed briefly. N o
The artlhcial 1sland program is still flowing, but 1t ts designed to

" R
i

construct an artificlal island through earth ﬁlling in water over the soft

soil at the central part of ’I‘okyo Bay.
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Where the earth {ill is to be made, the water has a depth of about
30 meters, while only sand is available as a material for earth fill,
Thus,. the program involves many problems with respect to earthquake
engineering, With no experience for'such a large scale earth fill, there
are a number of unknown factors which have to -be clarifiecll such as
liquefaction or deformation of the earth fill,

It is intended to prevent the liquefaction of earth fill by thorough
compaction of sand and covering the surface of earth fill with rocks,
and the stab111ty of earth f111 as well as ground soil is being examined
also. . i i

For testlng the stability at the tlme of an earthquake, the shce
method is employed but the slices are p051t10ned obhquely as shown
in Flg 4 ) o
The safety factor is obtamed by the equation B

B

e, 1, +2( /1 }-k’Wl. cos(a,+a)+w” cusa,—u,l,)lan¢|.

Ez
o s(./1+k=w..sm(a,+0)+w,, sinaj) i

Sc i 1 +2-'((W,.+W,, )cosa,k—kwl. s:na,—u,l.)tan?‘. )

v F( (Wi 1Wiri) sinaitk W, cosajd o, r .i-,:'
where. . k.. Desxgn seismic coeff1c1ent in.the homzontal directmn,
8: . Angle of the seismic force w1th the vertlcal lme. 8=,
T e 1:1 Ko e gl e b
e Wige Wexght of the earth fill in the divided: slice. i (total
_ weight including water), . .0 0 oo o st
W,p +.; Weight of the ground in the divided slice i (total

weight 1nc1ud1ng waier) I IRE RO RRAS TR

4

‘In the sludy of the artificial island,’ it is’ assumed that only’ the
eerlh f111 portion is subJect to the horizontal acceleration, with no con~
sideration given to the acceleration acting upon the"glr'diind soil, ‘It is -
:also assiimed that the earth strength and pure water! pressure are‘the
same with thoge where no seismic force is’ present, ' !

No horizontal acceleration is applied to the soil, becaiise as de-
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scribed previously, the vibration of the fill portion is'far-:greater 'than

that of the ‘ground soil and from the consideration that in'the case of a -
large earth fill as the present artificial island, :the 'whole earth will: -’
not'have a uniform acceleration ‘applied so that a-reduced seismic co-:"

efficierit may be used, - e Eevonl pow b Anopa o e

ELE R P M A RS I RS PN AR

6. - Earth Fill Failure Tests by. Means of Large:Vibrating Table: .., =

T N R NN AT TR T P OO P RTE AL SRC N YOI S Y S1 THNIN LA S PLE BRI SO
Now the model tests carried out to reproducej the phenomenon of

failure of an earth fi11 buxlt ona loose sandy soil by an earthquake will”

P ST [T O R T R ATE BT

be reported brlefly
' The model 1s an earth f111 constructed m a helght of 1 5 mete-rs“"‘"”
over a soil of a thxckness of 1.5 meters as shown in Fig. 5. The 5011
and fill are of the sand hghtly compacted ' sl el ag
'I‘he fallure tests were carmed out under two' conditions, that’ 1s,
the ground water level corresponds to the surface of the s‘ollws—o that
the whole 5011 1s saturated wnth water and the ground water is up to a
height one half of the thtckness of the soxlh S o :
The instruments installed’té {he model are as”sh'o‘\'m in Fig, 5,
~YAn'ineredsing accelération -was applied-to each’of-these:two models
until'failure of the earthifill took place; 'and thé pricess was observed.
With the model having the soil saturated with watei up‘to one half of
the thickiess; failure:of the fill occuFred at a'vibrating accelération
of 400 gal, whereas the model having the soil saturated wholly with

water ¢ollapsed at 200 gal) “The'acceleration referred totherd is that

nbanl frdniag

of the vibrating table. S gt
Excessive pore pressures produced,during,the tests,were measur-
ed,  As an example, the values measured at,a _\'{‘i,b_r;_at_i‘nglgcqete‘r,_a.ti‘o!n,_'og
200 gel are shown.in Fig 6. . ..oy s aa s g B g
The.slip calc.ulat:on was made with.the circularxslxp method apphed
and the values of measurement of the pore pressures, mtroduced oo

A part of the results is represented in Fig, /7., .Inthe ngure, the
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results of calculations are given with two values taken for the cohesion
of the earth fill, )

- 'As séén from the figure, if the dynamic excessive pore pressures .
are taken into consideration, ‘the failure of the earth fill in the tests

can be well explained.’

Conclusive Remarks .. .- - I e

In this report "how the stabilxty agamst earthquake is considered
1n the respectlve types of earth fills has been d1scussed “As descrlb-‘ :
ed, the earthquake proofness is scarcely taken into accoint In most
of them. If any consideration is given; it is limited to such an extent
as to apply a simple method of taking the seismic coefficient and
circular slip into consideration. The circular slip is surely a practi-
cal method and will be used in the future, but careful examination is
pérticularly required as to what value of seismic coefficient is to be
chosen.

Upon review o’fthe! hl'ethoéléof "-s‘tr:"ibi.'lit)“" 'éihfél}sis:nd'\:v' ‘darried out
for the various types of earth fills, this much can be said that a reduced

mod:.ned selsmlc coeffxment rather than the estlmated maximum seis-....

HRISEIT

mlc coeffu:ient may be used in the calcula lon ann:that if the dynamlc

sult
i G b i L e R R U I R TN
Compa‘ratlve'experllllexlts of the-effects of earthgquake préqf.‘;h'e,a'é‘-

! Sl ey

ures for ea: th f:ll wxll be useful as, valuable data. But, for this, ac-

ul“..
cumulatlou of mure data is ueeded
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Seismic Coefﬁciems for Districts )

H T ] Pt S . N
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: .Typev'of dam .,

R SRS I R

Concrete dam and
rock fiil dam e

Tohoku (Aomorl, Iwate
Akifa,” Yamagata ‘and

Chubu, Kinki and

‘ Minami' Shikoku ' !

~Fukushima), Kanto,, ., ...

T Hokkaldo, Tohoka
‘(Miyagi), Hokuriku,

. Chugoku, Kita Shikoku

‘ and Kyushu

[ R PR TN
I

10,12 -,0.20 -,

]

EO A

0,10 - 0,15
s deettEn g

Earth dam

0.15- 0.25

ToTe T 6 50
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Table 2 Design Seismic Coeéfficient and Probable Seismic'Acceleration ' -

Probable seismic| Probable seismic|. -
| Max. acceléra- Design "acqeleration@ acceleration. (@) -
Name of dam | tion recorded | seismic’ “1007 °| 200 100 YagQ-t o~ Remarks
since 1605 (gal) | coefficient | years | years years | years [
C (gal) | (gal) (gal)’ [ (gal)
Mthoro ' .. 300 012 | 165 | 275 170 | s00 completed in 1960, 131m in height
Makio ‘ 216' 0,15 120 170 180 500 completed in 1961, 105m in height
Oshirakswa | 300 0:12 175 | 245 .| 170 500 completed in 1963, 95m in height
Yanase © - 200 0.12 140 175 130 300 completed in 1965, 115m in height
Honzawa .39 0.15 | 245 | 330 500 | 1000 completed in 1965, 73m in height
Kuzurys o430 | .0.12 185 255 170 500 ‘completed in 1968, 128m in height
Misakubo . L. :-190: 012 | 75 | 110 380 800 | completed in 1968,' 105m in height
Kisenydxx_x_;). ) 230 0.12 '18_07 230 320 7500 ‘completed in 1969, 95m- in height
Shirakawa - .140.- 15 90 i25 “ 50 150 under construction, 69m in height
Daisets;u_’i‘ - .90 40 65 50 100 .- ['under construction; 92m in height
leose: I 2,180 150 '180. 400 1000 under consfx;uctibn, 75m in height
Takase 210 140 1150 500 ' | under constructiozi, 176m in height
Nanakura o 2105 - 1a0E ) | 150 | 500 - - | under construction, 125m in height
Shimokotori 260 | 140 170 © | 500" " |‘under construction, 119m in height

77 "{by Fill Dam Section, Public Works Research Institute)
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Table 3 Earthquake Proof Measures for Embankment
Ground | Diluvial soil <
or fair alluvial sofl | -Soft -ground Extremely soft ground
N>>10 in sandy ground - 10>N>4 in sandy ground | N<4 in sandy ground
Embankmen N> .5 in clayey ground- 5>N>>2 {n clayey ground. N <2 in clayey ground
b= - “a,b, ¢
g 3| Debris .. -
& g . '
£ B
£g -
Q ) -
§ o Cloveysoll 3,(1,2,5) 3.(1,2.5) 3,(1,2,5) -
< : — i - b,e,d -
Sandy sofl 1,4/5,(2) 1.4,5.(2) -1,4;5,(2) :
- E ~— T:v' . < ;fa(a-)
g Debris .
g - - -
’:,I: E R e, f, (@) [ T
@ 5| Clayey soil
»x s
Ao
. Sandy soil T o @ f,(a) L T e, f, (a)
a mey 59, 1,5,6 : S 1,5,6

1

2 Net method Lo

3~ Sand mat-method-+ -~~~ :
4 Interception of ground water
5

6

Installation of reinforcing material .

Toe dramage ‘lanket method =

: Méasuré§ t}:i g'rmind

- Measures are not necessary -

@ Counterwelght

4bes ---Sand compaction pile method

- e----Caustic lime.pile method . . . . _ __
d
g
£

Partial displacement

Installation of sheet pile
“Stabilization ‘of’ ground at toe of slope
(Sand compaction pile for sandy soil)
(Caustic lime pile for clayey soil )

(2) Measures shown in parentheses are necessary for the embankment composed of voleanic soils
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Fig. 1 Cross Section of D";a.,m:z‘\\'ge-d and reconstructed
Compound Levees at the:Agano River
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1. Introduction

-There are two types of underground ,structures:
isolated linelike subsurface structures such as tunnels and
pipelines, and foundation structures which support various
engineering structuree. in this paper proposed earthquake
design crlterla for plpellnes and tunnels embedded into soft
s0il deposits are summarized briefly.

: HEREIPI U P T3 SU
2. Farthquake Resistant Design Criterid for Petroleum Pipe-
lines

Utility Act For Petroleum Pipelines has become

effective since December, 1972 in Japan. It is expected

that the Aot w111 ratlonallze energy supply systems and

provide a safer wa_ : “1n Japan.

Since the lend Of. Jepan belodés to;one of the most
active seismic zéhée’iﬁ'thefwor1d~éﬁd”the population con-
centrates in coastal areas developed,lln establishing tech-

nical criteria of: petroleum pipelines :a. special attention

was given to~ preserve’ safetyfagainst ‘earthquake disasters.

(A

As for technlcal crlterla for petroleum plpellnes, Ministry

of International Trade and Industry, Ministry of Transport,
Ministry of Construction and Ministry of Autonomy jointly
have enforced the ordinance which provides fundamental
matters including provisions on structural design method of
pipelines and their equipments, procedures for examinations,
and apparatuses’ for preservatlon of safety ‘6Ff "overall pipe-
line systems. A notlficatlon (draft) on detailed regula-

tions is also provided jointly by the four Ministries.
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Main parts of the technical criteria of petroleum pipe~
lines are related to earthquake design. The following
_summarizes principal pqints of tye earthquake design_. _
criteria specified in the ordinance and the notification
(draft). . _ . B
(A) Loads in Earthguake Design
The following loads shall be taken into account
in tyé ea?ghqugke‘design. ,
1. Internal Petroleum Pressures
2, Earth\?;e;su?es
3. Vehicle Loads
4.  Weight of Petroleum’
:;_5{VW§i9ht of Pipes _
6. Seismic Effects S et enal s
7. Effects of Differential Settlement of Ground
8. Hydraulic Pressures
9. Bouyancy.
10. Other Loads ’
Appropriate loads shall 'be'selécted from the
above list. The loads f;qm_lAﬁpﬁﬁfgnvthg;aQOYQ shall
be generallyfqgnsidgggd ;g“ga:thguakg Qggigq,ggnd the
loads from 7 to 10 shall be considered on the basis of .,
thg ;qga#ion, thg_type and #he arrangement of the .
stfucéure. R il e
The following seismic forces shall be, taken into .
account to determine seismic effects in design of the ,
pipeline.. . S :
1. Ingrtia.forces'due to the dead weight of the

structure and petroleum Lo

v
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2. Earth pressures during earthquakes *

3. Hydfodynimic' pressures during earthquakes - v

4. Groind-displdcement during earthiuakes = 1 T

(B) Dedign Condiions on Beariny Capacities of §6ild * ' %
Bearing capacities of specified saturated sandy ' ' %

soils which are very vulnerdble to ‘liquifictioh shall
ve negléctéd indesign. “'Bearify Gapacitisd of ‘spaci-
fied cohesive soils and silty soild which ‘dre “very soft' .
shall be alsc neglected ' ;dé"s"ii"gxizf‘wf":'l;ﬁ'e: ‘i;éi{t_fﬁi:“b;fm.“sdijl

layers whose bearing capacities are ‘negledted shail ** . O
have surcharge effects on the lower gfound' EARERTENEE |

(C) Design Seismic Coefficient - "'+t PO Hiuis s

The horizontal seismic coefficient af bedfodk’ shall
be determined by BERES BN BRI KR TR
st 'k h 2 xi‘l’ V-2 ko Pl AfeaT Yl G ?3.7‘;v11$i*f)‘:1§‘ Y
where RTINS STEE T { B
Koh: Horizontal seismic coefficidént a2t "
bedrock

sham! o

..+ Xo :. The standard ‘horlzontal seismic rag
viE e cogfficient at ‘bédréck” ( ='0.15)

rmod ot da kil osvands

* §ai'enil 2ohe ‘Factor

Sniog e ey e Ay e ey R B R iy U Do
va ¥ ‘Faictor on utiiization '&f “{hag ¥/ tewnnrte i ( )
Sty e G- i mgs Buasaekanci o f{ i, BF o 8 et sl
The ‘miAimin valud of ¥y shall ‘be 'dondidéred as 0o ™ !
A Ve Fafle ey et Do saepes sl gadaese ! s
The value'of y; ‘shall ke ‘obtained by Tabie'l dhd Fig. 1%

g gia b
FERES P SR I

and that of py2 shall be by Table 2.
eRdiL e

TRty niudbew cairaro S ol pAROLTR

be ond"half 'sf ki, 7+ eIt

The vertical ‘sefsmic ‘codfficiént 'at bad¥ock, |

Pl
ER

The horizontal design seismic coefficient shall be'

f PR cuntpal ol L)

determined by~ P77

kh = y3 * kon TV (2)
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where

kh : Horizontal design seismic coefficient

Vs :_ Ground condltlon factor )

R Poeenir oo i vide 12 X

The minimum value of kn shall be '0.10. fThe value of ¥s

shall be obtalned by Table 3‘

i)

The vertical de51gn Selsmlc coefflclent, kv shall be

PR TR SP P U B AR SR -

one half of Kyp.

' (D) Ground bisplacement in Earthquake DéSigni

The horizontal displacement of -ground surface

-

which is taken .into:account’in-the ‘earthquake design

shall be given‘hy .-:iii =0 3o pivfis

A
Y

=:0:202

Sy Tikpynt o mus

AR P

where

Un : Amplitude ofr dlsplacements ‘ath'ground
surface (cm) '\7 f)

Standard value of response veloc;ty
spectrum (cm/se¢)i : °

.

Sy

2

T : Natural period of surface layer (sec)

Koh: Egq (1)

‘ru

be one half of Uh.

by Fig. 2qi Fhe _value. oE Uh is glvenrby Fig. 3 when

'i taking ko as 0.1. Similar values of Uh proposed by

bty
Nt

#3

W DuRastidd D D

C Fig. 3.
(E) Stress Calculation (Refer to Fig. 4)

Axial stress in straight;eipesﬁbqr;gd~into the

soil layer shall be calculated‘;§f: k )

gy, =/ @120k + op ST “ 4') i

e D

wolee
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where

Ox,

(23

a

H Resultant axial stress in the pipe,
- kg/cm2

: Axial stress due to longltudlnal
deformation of the plpe, kg/cm2

: Axial stress due to flexural deformation
of the pipe, kg/cm? )

Eq. (3), em

Eq. (8),. cm
: Outsxde dlameter of the pipe, cm

Young s modulus of the pipe, kg/cmz_,

Coefficient on 1ongltud1na1 displace-
ment of the pipe. «, is expressed by

1 .
a, = - ——
1 S 27!'.)2
2,2
QRGN B R

K 't Longitudinal Displacérent Co-
’ efflclent of subgrade reactlon
of the 'layer; kg/cm

A g Crgss-sectlonal area of ‘the plpe,'é"

_ cm .
COefflclent on transverse dlsplacement
‘nf the pipe .

a, is expressed by

_x
PR X AR _ L.
1+ ____4 P A I 1%
( l,L) )

5 o o
Ay = =g - ,l(cm4

Ky : Transverse Displacement Coeffi-
- cient of subgrade reaction of the
layer, kg/cm
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I : Moment inertia of the pipe, cmi

(F) Determination of Constants of Soil Layers

Shear wave velocities of soil layers shall be
generally determined by the field measurements or labo-
ratory experiments.

in’ﬁeésﬁfindméhéar wavé yéibcifieé'ih the' surface
layer, strains devéloped in the laye# shall be appro-
ximatély'equal to sfréinslexPécEed during strong earth-
quakes. When dtiiiZﬁﬁg-tﬁé results of measurements for
a small: amplitude like an-artificial seismic survey,
shear veiocities in design may be considered as one
half of the measured values. When no measﬁiements can
be done, shear velocitiés may be determinéd in terms of
N-valge obtained by a standard penetration test.

The. following empiridal forrulas may be employed.

2 % '103/N.. env/sec

Next, elastic constants of soil layers shall be

For bedrock . - i'Vgs = 4 x 103(N. ém/seé}
: : (5)

" "For surface layer: Vis

obtained by SN
: Ty 2

Gg = 72;-v052 or - Gg = *gfﬁvis .
Es = 3 Gg (8

where . - ... . - : ENE
Gs Shear modulus of tﬁg soil,vkg/qu 4 . v}vq;
Es : Young's modulus of the soil, ké/cm? -
"HTt : Total unit weight of the soil;.kéfam3'
Acceleration of gravity (= 9.8 x ioz cm/sec?)',

g
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Coefficients of subgrade reaction of the soil layer shall
be obtained by '

Ky = Eg

K2 = Eg |
where

K1 : Longitudinal dlsplacement coefflclent of the
subgrade reactlon, kg/cm o

K2 : Transverse displacerent coefflclent of the -~
: subgrade reactlon, kg/cm ’

Eg : Young s modulus, of the 5011, kg/cm2 f,

‘Natural period of the surfage layer'shall‘he givéﬁf .
by R R DRSS PV S

ro= R LT

5_,:; VDepth of the surface 1ayer, cm

: s~ For: cohes1ve 5011, V1s denotes average shear

R veloc1ty of the surface layer whose ‘shear

s yelocities given by Vi An Eq. (5) are

“japproxlmately unlform among tHe surface "

- layer-and for sandy ‘soil Vig is the shear
velocity at the base of the surface layer

= 4,0 for cohe51ve 5011

c
‘¢ = 5,23 for sandy soil St “f
Design wave length of the seismic wave propagated in the )

surface layer shall be glven by

v [ e

L —f.li'—f.j L (8)
where : .7‘ . L :
"L ¢ wave length iﬁ dé#ign
Ly ¢ TVig
Lz ¢+ TVos
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Vis : Shear velocity in bedrock
Bedrock shall be derined as a soil layer which is con-
siderably stiffer than the surface layer. #hen it is
hard to clearly define a bedrock, bedrock shall be
defined as a layer which has a shear veloclty of 300 s

m/sec or more or a 1ayer whlch has a' standard penetratlon

value of 50 or more.’

(G) Allowable Stresses and Safety Factor

Mater1al and mlnlmum thlckness of plpes employed in
petroleum plpellnes shall be satlsfactory 1n the llght

of the notlflcatlon (draft) speclfled. Hoop and axlal

"'stresses developed 1n pxpes durlng earthquakes shall be

'Wlthln the respectlve ‘allowable’ stresses. Hoop stress

‘shall be W1th1n 90 percent of the mlnlmum value of thei

due to 1nterna1 petroleum pressures shall ‘be’ w1th1n 40 per—

cent of the minimum value of- the standard yleldlng p01nts.

’Also, ‘the resultant stress due to ‘hoop stress, axlal

stress and shearlng stress perpendlcular to the plpe axls

- standard ylelding polnts.-

'stress.

‘of the mlnlmum value of" the standard yield1ng p01nts and‘.

Four kinds- of alloWable stresses are spec1f1ed"'The

allowable tensile stress, the allowable compressive stress,

. the allowable shearlng stress, and the allowable bearlng -k

Both of ‘the allowable tens11e stresses and the allow—

"y

able compre551ve stress shall be one half of the product
'iu

the ‘efficiency’ of connections.i The' allowable shearing s

stress shall be 0.6 times the allowable tensile stress;
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and the allowable bearing stress shall be 1.4 times the
tensile stress.
Increases in allowable stresses for combination of
various loads are tabulated in Table 4.
(H) Measures for Preventing Seismic Disasters
- In addition to the 2arthquake design specifiedminA

‘the preceding items (A) to (G), measures fpr»preventing
seismic disasters shall be considered to cover destruc-

. tive earthquakea stronger than those considered in the
earthquake design. To thls aim numerous equlpments
1nc1ud1ng a superv151ng devices of operatlon, safety
controlllng devices, pressure gages,; 1eakage meters, cut—
off values, removal systems of leaked‘petroleum,‘selsma—

.meters, dlspatch1nq systems, alarmlng systems, etc. shall

“be 1nsta11ed in the plpellne system.‘ :hil' s Eeooy

;o Selsmometers shall be. two klnds.; Selsmlc alarmlng

'meters whlch 1nform the outbreak of an earthquake Whlch
has an acceleratlon of 80 gals or. more, and: strong motlon
accelerometers which are capab;e\qf;reegrd;ng time hietory

., of acceleration.ranging_lo:to'loop‘ge;s. SR

3, Draft of Earthquake-Resistant Specxflcatlons for Submerged
Tunnels (JSCE) . e
.8ince 1971 the Japan Society of Civil Engineers (JSCE)
has been making up uniform standards for the aseismic desiqn
of prefabricatea:tunnels embedded under the bottom.of the sea
consisting of soft soil layers, with.a joint commission .from

the Ministry of Construction and the Ministry of Transport.
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It is expected that the JSCE standards will be completed in
March, 1974. A interim draft of earthquake-resistant specifi-
cations for prefabricated submerged tunnels which wéré re-
ported in March, 1973 are briefly described hereafter. The
dréft includes five chapters including general, éu;ﬁe}s,
aseismic design, dynamic analysis and méasures.foi piébent; :
ing seismic disastérs. It'téntatively épecifies'ways of
various surveys neéded in aseismic design, design calculatioh
method, methods 6f dynamic experiménts and dynamic anaiyseéfl
and counterméasures to prevent the safety against unexpected

strong earthquakes.
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acceleration at bedrock)

Surface Displacement,y(Per 100 gals of input

cm
10,0 r

Provided for Design Criteria
of Petroleum Pipelines also
in Design Criteria of

Undersea Tunnels across
the Tokyo Bay

Proposéd By'PWRI (ﬁ = 1.63T)

Proposed by CRI EPI
C = 1.11m1)

1Proposed. by: PHRI
Provided for Design
Criteria of Kawasaki

Fig, 3

/ Harbor Tunnel
: 1 ! ’ L 4
0.9 0.5 1.0 2.0 5.0 100
sec
Period, T

Relationship between Periods and
Surface Displacements
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Table 1 Seismic Zone Factor ¥,
Zone Value of ¥
A ‘Lo
B . a8s
c ' a7
Table 2  Factor on Uscg"e o‘f Land, ¥
Land i Vlluie of ¥,
Forest or Widerness '|| ﬂ 80
Other than above !’ 100

|
i
i
i
]
i
‘

. PEe
Tabléﬁ3&”Soil Condition Facéor vy

P .
. 1

Group

4

B Definitionsf; b

H |

Value%of

. {
\(1) Ground of the Tertlary eralor

(2) D11uV1a1 layer with depth 1ess

older (defined as bedrock here-
: after)

than 10 meters above bedrock

1.20

¢ '

(1) ‘Diluvial layer with depth {
greater than 10 meters above
bedruck i

{(2) Alluvial layer w1th depth less
‘r_than 10° meters above ! bedrock

1.33° -

Alluv1al 1ayer3) with ﬂeoth less
than 25 meters, which has soft,
layer4) with depth less than 5
meters

1.47

Other .than. the above

1.60
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Tehle 4 Increases in Allowable Stresses

Combination of Loads

Increases in Allowable

Stresses (%)

Construction Works of Other

Structures

Principal Lvads +Wind Loads 25%
Principal Loads + Snow Leads 26%
Principal Loads + Effects of

25%
Temperature Change
Principal Loads + Seismic Loads T0%
‘Principal Loads + Effects of Own 8 0%
Construction Works
Principal Loads + Effects of 50%




Research Project on New Criteria
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1. Five-Years Plan on Development for Construction Technology

It is an important problem to cause the national land to
be redeveloped in accordance with various,desires of people,
so-it is largely’ expécted 'to'devéiop’ the’ Fufdamental technology
of construction:” iﬁ;%héﬁﬁreEéhfhsiéﬁééieﬂf ﬂeﬁévgéiwfhebfatio
of investment on development for construction technology to
total investment on construction works has been smaller with

compared to that of other industires. Moreover, it has become

difficult that the syste”;of Ene” development for construction

LS TALVIR PN A

technology responds to the rapld cﬂang Vthe social situation

of Japan because of obstructions: (1) slowdown of the promotion
of the development in response to needs of social and administ-
‘ration basis, (2) thin bodys of the gystem to evaluate and
effectively utilize those of results.

Aceordingly Five-Years Plan on Development for Construc—
tion Technology has been carried out since 1972. The invest-
ments for this plan amount to about twenty biilion yens
(eighty million dollars). This plan was decided to make up
for the ratios of annual research expenditure in Ministry of
Construction to total investments on construction works or
to total investments gg;E;gmogiggiogjgeqhnology developments
from the presént level to’that!of teniyearsragoi- .In"order to
promote the develeﬁﬁentjéiéﬂ,?Eglla§£ﬁg thies methods have been
selected.

(1) Establishment of Project for Systematic Development

of Technology,

(2) " Promotion, for Development of Technology in private

organizations related and efficient utilization of

these results
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:(3) Promotion of special subjects of the Development

2. Service System of Project for Systematic Development of '

Technology i

For the purpose of inguirying the fundamental direction

of the technology development, the way that the selection of
important research theme.and the system of the techndlogy

. development in cooperation with the private organization,

Board of Consultants on Development for Construction-Téch-

y

P
N ¥

% nology was' established 'as an advisory organization ‘of-Ministry
k: ) of Constructions in September, 1971.  This'board consists of
; twenty five of academic and sophisticated membexrs and 'of five
members.-from Ministry of ‘Construction,iand is able to
organize: the Sub-Committee for the purpose ‘of ‘the ‘reseéarch and
investigation. "'As one of 'the Sub-Committees’ ‘Sub-Committee
on Earthquak§~Resistaht Resistant' Technology “(Chairman:  Dr.
Kiyoshi Muto) has' been: organized to’ survey and discuss” the
‘fundamental: direction:of: development' for-'earthquake  ¥ésistant
technology-as‘bne:bf the dis’ast‘}.a:r:-‘‘p'rev’eni:i.'m;x*'1'36.1:'.‘c':i.t"a''s:'.‘-‘T

on the basis of the resolution:6f this Sub-Coimittee,
qw Construction Minister makes decision of the fundaméntal

direction concerning' the selection' of' research'fields and

subjects; management of the'system and the financial basis.

Executive COmmitteelon Development for'Construction
Technology -has been capable to prombte»thé”reééarch and in-
vestigation of three Auxiliary Institutes of Ministiy of

" Cconstruction: . Géographical Survey Instituteé; Public Works

Research Institute and Building Institute.
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Based on the decision, Bureaus of Ministry of Construc-
tion, that is, Minister's Secretariat, Planning Bureau, City
Bureau, River Bureau, Road Bureau and Housing Bureau and
three Auxiliary Institutions serve thé developments of tech-
nology under the system shown in figure 1.

3. Project for Development of Earthgquake Reéistant Technology
~As one of the major research objectives in the Project
for Systematic Development of Technology, Development .of New
- Criteria of Earthguake Resistant Design has been included.
In this project, following six large themes are selected.
(1) .Research for Seismic Ground Motions
.~.Forvestabiishing the rational earthquake resistant:
:.-design, it is important to obtain thé seismic intensity.
...-classified by regions; and. kinds of. ground conditions.
. Aceordingly,. seismic ‘activity levels classified: by
- regions,, vibration, characteristics. of: bed-rocks; ;.
dynamic behaviors, of: surface layers- and finally standard
seismic intensitiés, for design. are classified..-.
- (2), .Research fp£ Dynamic Properties of Soils..:
.. Dynamic strepgth,vdeformation and characteristics
of soil. and foundation grounds are researched.
.(3) - Research for Dynamic Properties:and Dynamie - ...,
Strength of Structural-members
Dynamic: strength and deformation of structural
members- and materials are researched..
-(4) Research.for Vibrational Characteristics and Earth-

quake Response Analysis of Structures
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Dynamic behavior of structures which‘take:account
of the inter-action between grounds and structures and
earthquake response analysis considering the.ground con-
dltlons are researched. ' :

(51 Establlshment of New Crlteria of Earthquake Resit~

i ant Des;gn for Structures ; )

" New crlterla of practlcal and rational earthquake
resistant deelgn based on the concept of dynamlc desxgn
are developed. :

(5) Research for Countermeasures agalnst Earthquake

Dlsasters _' :

B ThlS suhject con51sts of two 1tems- (l) develop-‘
ment of methodology of evaluatlon and relnforcement for
earthquake re51st1b111t1es of ex1st1ng bu1ldlngs and
structures to preserve much re51st1b1e functlon of 1arge

v -

c1t1es in which collapse of prlnc;pal fac111t1es located

1n the populated areas has to prevent durlng earthquakes,

'

i H
v

(2) research ion methodology of! plannlng earthquake ai;

aster preventlon. ! : i

i
'

%.. ! : 5 ‘
H

Under these six research themes, Sthy subjects of nlne-

teen sub-themes are prepared . The Expendlture for .the re-

'

search project ls estlmated as a thousand and elghtghundred

million yen ! (seven milllon dollars) as shown 1n Table 1.

{
. The research have | been carrled out for flve subjects in 1972

and twelve added 1n 1973. The proJect w111 prov;de new

knowledges and crlteria near future. ?

i

1}
‘ i
t
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Table 1  Expenditure’ foi Development of New Criteria

of Earthquake Resistant Design (Yen)

‘Fiscal Year.:

. WA an

Theme . . cae72 D| 19737 1974 1975 1976 Total
roggarch®for Seismic Ground 14,780,000 | 12,859,000 |- 79,569,000 | 70,000,000 64,000,000 241,208,000
of Soiys. or Pynamic Properties | a1 a5h | 5 334,00 43,690,000 [ 62,500,000 | 33,400,000 148,625,000
Research for Dynamic Properties A e < L
and Dynamic Strength of © 018,948,000 120,000,000 | 101,000,000 51,000,000 290,948,000
Structural Members- . SR R : <l e
Research-for- Vibrational - - R Soor S ‘
Characteristics and Earthquake +0 | 27,561,000 |117,000,000 | 148,000,000 | 150,000,000| 442,561,000
Response.Analysis of Structure R R g e o
Establishment of New Criteria S T | , L e :
of Barthquake ResisStant Design P 0 |:°3,607,000 |249,747,000 165,618,000 | 124,020,000| 542,392,000
for Structures . . B T A T s

* Research-for: Co:untérme""asures I R I A SN B o
against Tarthguke Pressios 21,756,000 | - 4,333,000 |' 54,739,000 | 39,000,000 25,000,000 | 144,828,000
Total | 40,237,000 | 72,082,000 | 664,745,000 | 586, 118, 000 | 447,420,000 |1, 820,562,000
e o

)
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Overseas Technical Cooperation

..Preliminary Survey on Seismology and

Ly

‘ ..: Barthquake Engineering in the tUnion of Burma .

*
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1. INTRODUCTION

Objective of the. Mission

An earthquake shook the area of Rangoon, the Capital
of the Union of Burma in September 9 1970, causing
damage to the golden rod at the top part of the most res-
pected pagoda of the Shwe Dagon and féﬁsévéfaiﬂbﬁildinqs
including the ‘State House of His Exteileéncy Mr. Ne ‘Win,
the Chairman of the Revolutional Council of the Union of
Burna. .

Impressed with ;bisﬁqFrghquake;apd weighed with
several other earthquakes’of~the~slightervintenSityxwhich

were also felt''in' the saine’ Yeh successively, the" Govern-

g l .

RYR I Tey e REN

ment of the Unloﬁ of ﬁurma eétended a request to the
Government of Japan for dispatch of a mission composed of
well qualified experts on seismology and earthquake
engineering so that the scientific and‘technical level of
Burma in the field of seismology and earthquake engineer-
ing could be improved quite urgently.

According to the request, the Burmese Government in-
quired dispatch of experts from Japan who can serve for
longer period, san,?P%fFWO,YQEFSI,bY which such materi-
alized fruits: as drafting: of earthquake; resistant ‘design
code and regul&ﬁibhs'fbf building -and civii engineering
structures, presenting guide line for building construc-
tions and seismic zoning map of Burma, etc.

Careful and friendly examination on the request

raised by the Government of Burma was made by the Japanese
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authorities concerned which made it clear that, currently,

they have too little information on the present status on

.seismology and earthquake engineering in Burma to send a

full scale team of experts in the above fields. It came out
consequently to send firstly a preliminary survey mission

of short term for carrying out thorough investigacion on
the.present status of Burma in these fields as a part of. -
the long term.oooperation of Japan which could be extended

to Burma most.effeetirely.

Upon the hearty acceptance of the Government of Burma

,on the above view of Japanese authorrtles rt was agreed

upon to send flrstly a prellmlnary survey mission composed

by four:experts in .the- short perlod of -two weeks. = i
The ma1n objectlves of the mission were (1) to in-

vestlgate the present status of the selsmologlcal observa—

tron network 1n Burma and to flnd the way for‘1 prov1ng

"the statlon, network and selsmology, (2) to investigate

the present status on the design and construction works
on houses, buildings and civil engineering structures
then to give_pertinent advices -for establishing code and
regulations for earthquake resistant design, (3) to find
the way of ralsing urgently the 1level of the fleié'ééél-
neering in these field, (4) to give suggestions for the
training of young researchers and engineers, (5) to en-
force the currlcula in the unlver51ties and 1nst1tut10ns

in,the field of seismology and earthquake engineering.

LIPS S I |
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Members of the Mission

The composition of the Japanese Mission to Burma on

Seismology and Earthquake Engineering under Colombo Plan’ for

follows:

Chief

Member
Member

Member

Eightggn days:

Syun'ichiro OMOTE,

Eiichi KURIBAYASHI,

Masaji ‘ICHIKAWA,

TsuneoVOKADA,

‘1. Period of the Survey in Burma

2. Summary of Survey,of‘thekmissipn )

Technical Cooperation in South and Souty-East Asia was as

International ' ‘General
Institute of Seis-
mology and Earth-

. quake Engineering,

Building Research
Instltute

i

Publlc Works Civil

"Research Institute, Engineerlng

Ministry of Const— structures

‘ruction -

'+ Meteorolégical seismology

Research Institute,
Japan Meteorological

Agency . .
Institute of Indus- Bulldlng
“tridl-Seience, 7 "“construction
University of .englneer;qg
Tokyo ' ' SR

from January 13 to 30, 1971

Problems on seismology and earthquake engineeringin

Burma were first investigated in 1960, when a UNESCO Seis-

mological Survey Mission of 5 members headed by Prof. V. V.
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Beloussov, of USSR visited this country. The composition of
the Mission was:
Prof. V. V. Beloussov, Head, USSR, President of Inter-.
national Union of Geodesy and Geophysics
Dr. K. Takeyama, Japan, Director, Building Research
Institute, Ministry of Construction
Dr. G. A. Eiby, Newzealand, Research Staff, Seismolo-
gical Observatory,, Wellington
Dr E. V. Karous, USSR, Institute of Physics of the
Earth,. Moscow
Rer. Daniel Linehan S. J., USA, Weston Seismological -
Ovservatory,lWeston,‘ﬁass.
" Though it was only four ‘days in which ‘the “UNESCO Mission
stayed in Burma, the Mission carried out’thdrOUQhuiﬁQéstiﬁé-
tions onthe Situation of seismology éhd'éarﬁhdﬁéié'éﬁgiﬁégr-

ing in Burma, compiling the result of their sutvey ‘in'd ‘form

' of 'a ‘report ehtiflea'"ﬁNESCO'Séismbiﬁgidélysuivéy Misgions,

Part‘l, Report of the Miséioh'tqlSduth¥EéS£EAsiériMbhégrEbh
Wo. '15, Jandary, 1962, International Union of Geodesy and |°
Geophysics, UNESCO." ‘in'the'repbrt,Lbéﬁéﬁ”ﬁboﬂ”ﬁhézaﬁéifgié
of their inspections, the Miséion‘§EVé‘ﬁﬁité:péf%&héht“féL”'
commendations for imprbVinguthe situations on'seismology and
earthguake engingering in Burma and suggesting ‘the' future
plan' to be carried out by Ehe 1ccal people under the “inters
natibnal cooperations. ‘ j
At that moment, the building of the seéismological '

observatory of Rangoon was under construction and no
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seismological observation was in operation in Burma. At
this present time, however, when our Mission visited Burma,
it was observed a conspicuous improvemgnt in the situation on
seismology and. earthquake engineering, For example, in the
field of seismology  there were existing. two seismological
stations in Rangoon and Mandalay equipped with seismographs
in each of them, though the maintenance of these seismo-
graphs were problematic when the earthquake of Sept. 9, 1970
occurred. In the field of earthquake engineering,” the
Government of the Union of Burma had sent’ twWo trainees
abroad, one to Bergamo Earthquake Engineering Center:in Italy,
in 1962, and the other to the ':International ‘Institute of
iuﬁeismplogy,and Earthquakg quineg;ingk Tokyo,_in‘q§ggp,in
.%?63!_§Y which the Government expressed her definite desire
. for improving the situation in the field of earthquake engi-
RReEng A BUINE. il
. j‘lf‘it shouldibe a}lqweq_ﬁg;usebthe most’stra;ghgfforward
egpggs;?op{‘howeve:, we, cannot help recognizing that the, .
spégé qf”p;ogress_in this depadeknin tﬁeuﬁie;d qﬁ:seigmplpgy
qnqxgqfthguake enginee:iggﬂin_aqgma;w;s egcgssiye}ylslqw as
compargdeith the wonde;ful}y‘rapid prnggss:qa;;igd'pqtvin
[many .other countries in the same period. .
The mission, hovever, found it thg_most,égl;ghtﬁqlzagdj
took it the best fruits of the Present visit to Burma that ,
the definite desire was expressed by the people:in‘the‘posts
of high authority as well as responsible personnel  in the
Government and by the practical engineers and adm;nistraéion

officers engaging in the field works.
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In. the case of the present Mission to Burma, though it
was just only a short visit of about two weeks, making full.
use of the time, we visited as many organizations and sta-
tions as possible to meet almost all key persons who were .
carrying on important activity in the respective work; by.
which we were able to be provided guite a complete informa-
tion to realize the current status of Burma in the field of
seismology and earthquake enginearing.

Above all it was extremely valuable ror us that we
could exchange mutual views and opinions on all the important

1tems Wlth the top 1eve1 persons in the Government in an at-

'moaphere of most openhearted and frlendly. Through such dis-

ou551ons and talks we could make them clear, in the fleld of

i »

selsmology and earthquake englneerlng.

i

The EOIIOW1ng Sectlon glves the recommendatlons on such

..... et

1tems as (1) Establlshlng code and regulatlon for earthquake

[ Iy

re31stant desxgn, (2) sending traznees on selsmology and

T st
earthquake englneerlng abroad, (3) 1nv1t1ng forelgn experts

4 %

‘ by whlch the 1ncrease of the number of trained experts and '

englneers 1n Burma could be done, (4) brlngxng up of the o
hlgher level field englneers on the speclfled construction
project, (5) establishing new seismological observation sta-
tions.in order to provide basic data for minimizing earth-'!
quake desasters, (6) enforcement of: the curricula in the
universities on'seiemology and earthquake engineering.

All the member of the Mission are prepared’ to continue

their cooperation to Burma as much as they can but at the

same time it is our sincere desire that upon receiving the
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report of the Mission to Burma in the field of seismology
and earthquake engineering, the Government of Japan will
commence, from a higher view point, for extending most
effective technical cooperations to Burma in this field
through the practical channel of the Overseas Technical, Co-
operation Agency of Japan in the close contact with the

diplomatic offices of Japan in Burma.

3. Recommendations :

Restricting to.the’probleme‘on seismoiogy and earthquake
engineerlng as mentloned above, after conductlng as much .
1nvestlgat10n on the spots as p0551bie and exchanging views
vand opln1ons w1th the 1oca1 authorltles and personnel as most
thoroughly and frlendly as p0551b1e and f1na11y, after flnlah-

1ng necessary arrangement w1th the Government of the Unlon of
ke

Burma and the aiplomatlc offxces of Japan 1n Rangoon, the
m;es;on presented the follow;ng recommendatlons to the Govern-

ment of Japan and to the Government of the Union of Burma

o

through the Overseas Technlcal Cooperation Agency of Japan.‘

Recommendations: ol 4

1) : Advice for the establishment of a draft:on ‘earthquake -
resistant design regulation for: structures and.on design
code of practice for specific structures with different
materials
Taking into considerations on the general technical

level of the construction engineering in Burma, presently,
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it seems too difficult in Burma to build up a com-
plete: and well balanced earthquake resistant design

regulation and design- code of pradtice within a very .

short time. . The establishment of such a code should be .

started with the accumulation.of the specifications of . :
respective construction project in Burma, then in the .,
processi of such an accumulation, good efforts;will-be

born:out for improving such specifications into more

harmonized form. .In such-a way, after several years, it .

will’'become practicable for drafting somewhat a more... .. :

simple designimanual for different structures and. for,

making: out a-design.code of practice with respect to,;: .:
respective construction.. Finally. earthqguake-resistant .. :

design regulations shouid be:included in:the design;code::

of practice.. - . Craled oo CLIBYT a0 LE

S N R S S O AT RSB LIRS T SR SLE IS L SRS TH S EY FE R R A S RO
2) Overseas training of experts in the field of seis-

..~mology and ea:thquake‘engineeriggli. C. ey o

Needless to say one of the most effective and rapid

way -for .building.up the higher level.experts is,to .send

ingenious persons abroad in-a definite period of time, to: .

be trained at the most pertinent institutions or; schools,:

etc.:in the advanced countries. ..Very careful examination,

will be most.important. for the selection of training: ..:

institutions abroad as:well as the selection of the in-

dividuals. to be sent. to foreign countries., There are . -..
several famous tralnlng institutions provxdlng facilities
for the tralnees from other countr1e5 such as Earthquake.

Engineering Research Center, UC, Berkeley, USA,
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Earthquake Engineering Center, Bergand, Italy, and iuter-
national Institute of Seismology and Earthquake Engineer-

ing (IISEE), Tokye. ‘It is greatly advantageous to send

trainees to such training.facilities following the sched=:

ule prepared under the long term planning of’the. Govern-

ment.

The' IISEE, ‘Tokyo, is providing'a course of full.one. .

year under the well organized curriculum- both for seis-

molégy‘and-eérthquake‘éngineering\fields, inra very high

international reputation:. The participants:of the IISEE::

are supported by the“fellbwship including.tuitions,

living and: flight'expencées which' are sponsored by either -

the Government'of Japan'or/ UNESCO.. It'is:recomrended: : -:

that’the Government' of Buima!will" send  at:.least.two -

trainees to the IISEE every year, one to the seismology :

course and the other to earthquake engineering course.
i B T N SE) SR R NI FE B PR PO P IR ER T

3) Inviting foreign’ ¥perts to Butma for the ¢raining

R
Al

~of engineers’

In order to improve the ‘géneral technical level:of/:

engineers in Burma it'will provide: an éffective way of i’

inviting suitable ‘experts :in ‘that field’ f£xom abroad -
asking: them to give' lectures to the young engineérs: in -

the GoVefnment organizations: or to guide'-the way of

applying new method of design and construction: for .some . : -

more qualified persons or to give practical training. -

. .-
] AR

4) = Advice for the construction practices on the speci~-
T (IR . : Lo B E ' M S L . te

fied construction project

f .
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In the case of a big construction project, to which
high level Japanese experts should be invited, it could
be so arranged as to work a group of well qualified. :
yound engineers in the Burmese Government or other semi- ;.:-
official or private organizations, under the Japanese .:;
experts throughout the whole period of construction::w: ol
project,: by which local young engineers will be.able to
absorb:completely all technics, knowledges, and at ‘the :;.:!
same time all the experiences in that field....It is only.. .-
through.this way ‘of ‘contact and 'guidance that young. i ::uxi
engineers could be trained. and brought up into.a real :: -y
technical expert in ‘specified construction project. i:i:-.urn

/It -will be some merit to attend-a.class to receiverq i
lectures -on-a training course but the most effective:and::;
shortest ‘way:of bringing up:a practically useful expert'! .i:
will ‘be attained only through the direct absorption:of::

the experiences of foreign experts by the-young.localic'sﬁi

engineers when .the fdreign:expert is enthusiastically::t :is
willing and actively devotioning to educate. young.:?: . tiiis
Burmese ‘engineers.. .. o iuoe oo NI

ity ! R R TR IR TPV (). F g S 4101

5) Urgent setting up of an effective sgigpqlggigal‘

IR TN

observation network and promotion of the develop-

mént Of seismology in Burma SUSEREEE
It is strongly recommended to ‘establish’six'new""

seismoiogical ‘stations along with the definite ‘séhedile

- e
7oL

upon year marked programme so that together with tha'"

two existing stations, 8-station network can be expected’”
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to run into operation within a very near future.

It should be emphasized that successful -ompletion
of the new B-station network system could only be
attained with the setting up of the new attractive .posts
in the organization of the ‘Meteorological Department of
the Government of Burma.

It is also recommended here that in ‘case when a
destructive earthquake ‘should take: place somewhere in.
Burma,:the Governrnient should ‘organize an -emergency

investigation tean and should send it to the site in::.

‘order to investigationed record all:the data including-

causalties, damage statistics, destruction of houses and:.: :

buildings, etc. : Upon:such a:site investigation, seismic

inténsity map will be drawn. up “and-:detailed-descriptions:;.:
on theldeétructionsJéausedvin each individual building.....i:

or house.will be retained in records. ‘Suchia.report of i

the site-investigations.will be .greately valuable :for .
the future development of seismology and earthquake -+,

engineering in-Burma.: .. & Luinorioos CEoe v B g

It is also recommended at least two sets of:Strong-::::

Motion Seismographs should be settled in Burma, one in
Rangoon ‘and ‘thé other in Mandalay. = o B
b, SR PSP B ; o L Sand
6) Establishing the new gur;iqu;um‘oqueismplogy and
earthquake engineering universigies?z‘J

e

The most foundamental way for improving the situa- .

tion of one specific field in one country should be .

found in the education of students at the universities.
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Presently there is no curriculum giving lectures on

- earthquake engineering or seismology at any university

in Burma.

"It is quite important, seeing from the long range
programme, to create chairs on earthquake engineering in
the department of construction engineering and on seis-
mology in the department of geology or physics or else-

where. However, as a first step it is advised that the

- lectures on earthquake ergineering and/or seismology: !

should be newly added in the curriculum of engineering

and/or science "as sdon as pbssible. For this purpose it

~ might be ‘advisable for the very beginning years ‘experts

‘from foreign’ ‘countries would be-invited for 'giving ¢o-

‘operations ‘and after several years main part of the: ¢

“Jecture should be given by ‘local professor ‘trained in '

‘some way or other.

" !In-'some case such lectures in ‘the University will''

‘be ‘opened also for'the yoﬁng énginéers;inffhe‘vaernéh'

‘" méntal and other organizations having good interest in‘

‘that ‘field for some limited péiiod.‘iSﬁchrlec5ﬁrés‘wi11

! be greatly valuable not only for broadening and deeping

‘the knowledge level of engineers ‘but also for'calling’’

‘ upon the special interest in the higher level construc~

+ion engineers and administration officers. . "' ¢

In order to bring all these items as mentioned above

into realization, it is needless to say but should be strongly
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it

requested that the Government of the Union of Burma should
wrestle with these important problems with enthusiasm, en-
suring the financial necessities for all facilities and equip-

ment, electing new posts for the effective and powerful run-

-ning of these new projects, . encouraging and guiding the

official personnel for devoting themselves to their respec-
tive sublime job. -

It was . the highest pleasure for the Mission to.learn
that the Mission could find through the .present visit.that
the respoﬁsible persons-in the Government were well .aware of
this situation and completely were.determined .to make their
best effort along this line. However it should also be necs-
sary to :mention that these targets, herewith itemized are too
large .to be-attained by;the_only‘effqgt.oﬁ‘the=Goye;nm§nt of
Burma herself but_also)be,cal{ediupon the ;cooperation . from
outside. The Mission feels happily tq~§xpress{here;that the
Government‘of_Japan;ig'deeply;solicitous=soﬁmuch;in the rapid-
progress of the seismology and earthquake engineering. in
Burma .that the Government will .be pleased. to extend its maxi-
mum, cooperation in supplying:equipment and materials-and in
sending experts. to Burma upon, the. requests raised.from.the
Government of the Union of Burma, through the.channel . of the
Overseas Technical Copperation Agency of Japan in so much as

practicable. , . L T S
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AMENDMENTS

= A Draft of Earthquake Resistant Design Regulations -

A mission of five members headed by V. Tha Nyunt dis-
patched from the Government of the Union of Burma visited

Japan in September 1972. One of the purposes of the mission

was of framing a draft of Earthquake Resistant Design regula-

tions proposed to the Government of the Union of Burma.
In cooperation with the mission and Oversea Technical
Cooperation Agency, ex-members of the Japanese ﬁission worked

for ‘drafting the Code Shown as Follows:

Earthquake Resistant Design Regulations (Draft)
1. Design Seismic Coéfficient '

1.1 The horizéntal'désign seismic ‘coefficient shall be de-

“termined by the following ‘Formula: -

5

TR S ke
where

kp Horizontal design seismic coefficiént,

.

ko : The standard horizontal design'seismic coefficient
(= 0.1), : :

Co

vy : Seismic zone factor,

Vs Ground condition factor, and

Vs Importance factor.

S

1.2 The vertical des1gn selsmlc coeff1c1ent, kv hay generally

be con51dered as zero.

2, Factors for Modifying tﬂe-standard Horizontal Design Séis-

Coefficient
— 245~




2.1 Seismic Zone Factor
Seismic zone factor shall be determined in accordance
with Table 1, in which the zone classification shall be

determined from Fig. 1.

2.2 Ground Condition Factor
Ground condition factor shall be determined in accord-

ance with Table 2.

-2.3 -Importance Factor.

Importance. factor shall‘bexdetermined in aqcprdénce'
with Table 3.
3. Design Loads in EarthquakehResigtanﬁﬁDgsith»

.-The following loads shall be taken into account in
earthquake resistant design.‘ﬂTheiggpropriape loads shall. be
selected from this list on the basis of the_locaﬁiqq;and the
type of the: structure.

(1) Dead Loads

(2) Earth Pressures ...
(2) Hydraulic Pressures
(4) Seismic Effects

{(6) Other Ldads‘

4. Allowable Stress andISafety Factor
4.1 ‘WOrking streéses in eéch part of structural membefs )
subject to the loads specified in Article 3 shall not exceed

the allowable stress specified below:
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Allowable stress: Yielding stresses of materials or
two third of breaking stresses of

materials.,
: |

54.2 Axial compressive forces of structural members subject
'to the 1oéds specified in Article 3 shall not exceed two’

:third of bukling loads of the members.
f4 3 Inten=1t1es of reactlons 1n foundatlon ground subject
to the 1oads speclfled in Artlcle 3. shall not exceed two

fthxrd of ultlmate bearing capacltles.

_Tablé_l Seismic'Zoné.factor'm.:;

Zone - - Value of W\ '
A 1.0
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Table 2 Ground Condition Factor v;

Group Definitionsl) g?lue of

{1) Ground.of the Tertiary era or. older-
(defined as bedrock hereafter)

- {2) Diluvial layer2) with depth less

‘than 10 meters above bedrock . o

(1) piluvial layer?) with depth greater
. than 10 meters above bedrock. }
{(2) Alluvial layer3) with depth less
©+ - than 10 meters-above bedrock. <. -

ii0 -

' Alluvial 1ayer35 Qith éepth-lésé théﬁ 25
3 meters, which has soft layex4) with 4 1.1
depth less than 5 wmeters

PR RSN i STt

4 Other than the above . . . . . 1.2.

IS i

i

G :

(Notes) 1) Since these;éefinitﬁons are not ver§_comprehen-
éiGEZ'Eﬁé'éiaééi%iéEEI&ﬁ'Sf"éiaﬁﬁa”éonditions
shall be made with adequate consideration of the
bridge site. =~ .

Depth of layer indicated here shall be measured
from the actual ground surface.

2) Diluvial layer implies a dense alluvial layer
such as a dense s;ndy layer, gravel layer, or
cobble layer.-

3) Alluvial layer implies a new sedimentary layer
made by a landslide.

4) Soft layer is defined in Section 3.7 "Soil Layer

Whose Bearing Capacities are Neglected in Earth-

quake Resistant Design."
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Table 3 Importance Factor W

Value of n

Publie buildings 1.5
| Reinforced coﬁcrete 1;0
Other buildings Brick 0.5
Wood 0
Dams 1.5
Bridges 1.0
Harbour sgruétures 1.6

}
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Fig. E Distribution of Seismic Intensities and
Isoseismals for the 1970 Rangoon Earthquake
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1. Introduction

A% 00:29 on December 23rd, 1972, Managua City, the capital of Nicaragua,
wag subjected to a strong earthquake. The gentral area of the City suffered
deatructive damages and numbers of deaths ‘and injuries a.moﬁnted to about
10,000 and 20,000 persons, respectively.

For surveying the aspects of damage of urban area caused by shallow
earthquake just bensath the city and for finding the way of enginsering
cooperation with Nicaraguan people, the Japanese Government sent a survey
team on damages of‘Managua. Barthquake 1972, consisted of five members
including a‘seismologist' a'.né.va fire 6ﬁief othér’fhan the authers from
March 15 to April lst 1973,

The survey team stayed in San Francisco on March 15 and 16, and

carried out preliminary survey at Barthquake Research Center of U.S Ceological

Survey in Menlopark, Seismological Field Survey NOAA, Department of
Civil Enginsering of the Uni.versit& of ‘Caiifornia in Berkeley and other
organi.za.tions, then surveyed to actual earthquake d.a.!?age in Fanagua from
Mareh 17 to March 29.

In Managﬁé, ’Ehé .vs\‘u"vmy’ éea.m hé.d, contacts with both; of; éoncex;rte&
govermmental and pr.wate sectors ;a).nd‘.‘c‘:pllected valuable dats:. However,
because mmbéré of the;teéxﬁ and period of stay were limited, the survey
was carried out on a part of damage.

) One of the impc;zli':‘.ant‘ hafvest of.‘ t}'lte 'survey was that we obtained records
of strong motion accelervgraph in Managua. Using the strong motion record,

the authors are now analyzing structural damages, so they present here a

preliminary report introducing the outline of earthquake damages.
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2. Brief Description of Managua Earthquake in 1972 and its Damages
2.1 Description of Earthquake
Origin time (G}.ﬂ‘) 06:29:42, December 23rd, 1972
" (Local time) 00:29:42, December 23rd, 1972

Epicenter 12.4° N 86.1°#
. ' Depth of hypocenter about 5 knm
Hagnitude - 6l4in Richter scale

The location of epicenter mentionsd above is announced oxi the basis

of instrumental estimation, but the damage pattern in Managua and loca=-

ey
Na¥

tions of epicenters of aftershocks observed by Peter L. Vard et al
of USGS suggest that the epicenter was actually located in the Lake of

Managua near the Managua City, around 12°10' N and 86°15' W.

2,2 Jcceleration of Earthquake Ground liotion end Isoseismal

At the time of ear’bhquake! three units of stmhg motion accelero-

L

graph vere installed in Managua but onl‘yvon'e located at 8550 0il. Refinery

recorded the ear{:,hquaké gmund motion. -According to ‘the record, maximum -

accelerations were 0.39 g, 0,34 g-and O, 33 g in the east-west, north-

south and up-dovm d:.xect:.on, rnspectively.l)

Taking into account the fact that the epicentral distances of
O center of ¥anagua and ESSO 011 Refmary are about 3knand 8 km (the
focus distances are about 6 kn and 9.5 k:n, respcctively) vased on the
location of epicenter suggested in pamgzaph 2 1., together with the
value of transmission function at both sites; the maximin acceleration
at the city center is estimated for beyond the recorded maxigum at

ESS0.
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The euthors are now analysing the degree of damage by air-photos taken

before and 10 hours after the earthquake for getting the isoseismal map

and they coneider that the isoseismal map shown by T. Natsumoto et a1.2)

glves a general tendency. (Pig,-1) .-

2.3 Outline of ‘Damage

The outline of damage was as foildws:

Dead

Injured

' Refﬁgées'
Affected area

Damaged House

Shops and Factories. '

PR
).

8,000 ~ 10,000

" about 20,000

220,000 ~ 250,000

" 57 kn? with totally destroyed
irea of 13 kn? and damaged
Crenof 1412
53,000 units:

,95%.0f small shops and factories

~and 11 large factories lost or

seriously damaged.: :

... Commercial tuildings and warehouses . 40{),000,m2-destroyed

Public end private. offices -

Hospital
School

. .Total loss

2,4 Some Features of E‘.}arthciuake' '

340,000 m2 destroyed

4 hospitals with 1,650 beds lost

. or seriously damaged.

740 classrooms lost or seriously

: damaged

More than $1 billjon,

The Managua Zarthquake 1972 has following features.
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(1) There were foreshocks of at least 4 times since 2 hours
before the main shock.
(ii) There were symptoms of earthguake.
(iii) Faults were found on the ground suxface.
(iv) Damages were severe compared with the magnitudé of earth~
' quake because the hypocenter was shallow and was loca.ted‘

in the vicinity of urban area.

At -least, three foreshocks of intensities V to VII in Liodif;led
Mercalli scale with sounds took place at abot;t 22: 30 q!‘ December 22 and
one shock of intensity V at 23:10 of the same day. It was said that
many people frightened by these shocks went out of doors and sta.yed

outside, resulted in the decrease of casualty by the m_a.i.n shocke.

Several tens minntes afte:r: the main shock, two comparatively strong
aftershocks of magnitudes 5.0 and 5.2 success:.vely took place and .

destroyed bulld:.ngs damaged by the main shock but still standing.

As symptomatic phenomena, it was reported that sma_a,ll animals showed
vun«ha.rdinaxy behavior since 10 days beforz the earthquake, an@ that two
&ays before the earthq\-lake steam arose from a part of Lake Tiscapa,.
Also, sew}éral people reported that they saw 1ightvin the direction of .

epicenter at the time of earthquake.

According to our survey, seven faults caused .by the earthquake
were found in the urban area of Managua and the location of them are
shown in Figure-1. The faults were left lateral faults with ‘some amount
of vertical displacement and the maxirum r_ela’ci.ve Flisplacement along fault
line was 38 cm. In the vicinity of theée faults, buildings suffered more
severe damages than other area and taquezal buildings suffered destmoctive

damage.
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3. Faults and Ground Failure

‘3.1 Fanits ‘
Seven faults shown in F.lgu*e-l mamly. caused the ground failures

by the earthquake. "‘hese faults are 1eft-1atera.1 and strike approximately

N20°E to N40°E more eastly in the '10r’them par’c. The movement of Fault ,

C was laz-gest and maximim horlzontal e.nd vertmal relatlve displacement

were 38 cm and 6 em, mspectz.vely. Fault C has already existed before

the ‘earthquake and is noted in the geologicsl dap of 1/250,000 published

by Catastro E Inventario de’ Recursos Naturales. S O
Remarkable gmund fallures are caused by zau.lt C (themal pover

plant Lake ‘I‘J.scapa), Fault D (customs oi‘flce bu11d1ng, south of La.ke

Tiacapa), Fault E (Amer:l.can College), Fault E (Banco Central de N:.caragua)

“and’ Pault’ A’ (Somoza Stadiiun, Western nver) A.mong these fJ.ve I‘aults,

the 1ocat10n of F‘ault A appronmately comcldes thh that of a fault

reportéd ‘by D.E. Sultand) at the decadion of the earthquake in 1931.

:*‘ Damages of Thezmal Power Pla.nt Customs Off.\.ce Bulld.mg ‘and U S,

Embassy Bu:.ld.:.ng can' be ‘Gonsideréd ag exa.mples of bu:.ldlntr damage caused

by failt movemnt. Béside “these, it can te obser‘ved‘by air photos that

! taquezal Houges re’more gaverely céllaj;sed éioxig faults. Oth;i- than .
above, road cracks, slope failures,breaking of ‘\"‘lat-e‘r sﬁppljr pipes, éollal::se (')

of retaining walls were also severe along the faults,

3.2 Liquefaction of Sandy Ground and Settlemsnt of Ground

- 7 ‘Ho evidence of liquefaction of sandy ground was found and the follow-

m.gs fay by the reason:
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a) The sandy groumd mainly consists of sand with gravel and sand
with hard silt and the grain size is well distributed beyond

the liguefaction limits.

b) %here was a long drought before the earthquake resulted in loW

ground water surface.

¢) In most part of Managua City, H-valus at the ground surface
exceeds 10 and that at the depth of 4 to 5 meters exceeds

50 and there weére :cemented strata ‘containing lava.

Settlements of ground are found in filled-back soil and reclamated.

land but had caused no structural damage except oil tanks,

3.3 Land Slide and Slope Failure

“band slide and slope failure were found slopes ingide of crater
and steep slope near mountains. Slope failures along road surrounding
Lake Tiscapa, at the entrance of Army Hospital and at the site of U.S. -
Embassy took place at sbee_ﬁ natural slope of 60° to 75° surface dip and
caused damages of retaining wall along road, cr;cking of pavement a.nd.

collapse of Hospital zate and U.S. Embassy building.

Hillside failures are also found on the slope inside of crater of
Lake Asososca. The slope is steeper than 70° and damage or surmundmg
road, 1ntake facilities and. their a')pmach road and of ‘bulldmgs at cliff

top wag caused ‘by hil lside fallure.

A big scale slope failure and sliding of filled soil are réund on

Pan-Americ_an Highway, passing through the hillside of Lake Nejapa.
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At this site, one side of highway consists of untreated cut slope of 6
meters high and ‘45° steep airl the other side consists of filled bank

overlying on natural slope oi.‘ 50 meters high and 50° steep and covered
by yegetatio_n. Failms of cut slope and rip of filled soil took place

in the distance of 1 km,

Bes:.de above, failures of natura.l slopes along river had taken

place at many places. !

Iin spite_ of wide, occurrence of slope failures described above, these
slope failures did not related to the disastrous damages including loss O
of 1ives. The reason can be atbtributed to the facts that 1. The groud
soil mainly cohsisted of cemented s8ilt cﬁ:- gi-avei. foimétionsi and ﬁas
stable, 2. ground water level was low by the long drought preceeding the
earthquake, 3. the slope failures took place only during éﬁd:imiediately
after the earthquake and had no progressive or ‘successi.ve failure after
the. quake.and 4. the wide s@plus ‘spaces were provided at both sides of

highways.

Outline of Building Damage .
4,1 Damage of Residénﬁal Houses (,-.,)
It is sald that about 54,000 houses suffered sevare damages hy
the earthquake and about 70 pcrcent of these houses were taquezal
constmction. in the taquezal houses, the roof system is supported on
vertical wooden posts placed at the opemngs of wall and all corners

and between the vertical pos_ts wooden studs are located at the spacing

of about 60 centimeters é:id wooden laths aie héiled on both sides of 'the
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posts and the studding, The shelves thus formed by the studs and the
laths are filled with stones or balls of mud and both sides of the .

wall are coated by lime plaster.

According to the survey report on the damage of 1931 ¥anagua Earth-
quake, the taquezal tuildings ocoupied about 85 percen—t of imildings in
the city and the newer taquezal buildinés suffered minor démages such
as the shaking off of roof tiles and wall plaster in comparison with
‘that most of the above buildings suffered severe damages including
entire collapse. As the reasons that the taquezal buildings‘ suffered
severe damages by 1972 earthgquake, it is cons'idexéd that the wooden
posts enclosed in the thick wall were eated by termites or rotted by

high humidity and temperature.

When c;ur survey team arrived at the city;. daﬁaged taqﬁezal .‘m;l.i.ldings
viere a.lnaady demolished and the tean could not survey a.nd mspect the
aspects of damage. But, the team fouxﬂ ﬂxat taquezal buﬂ.dmgs wene
consisted of stzess members of 1J.ght welght and many of stmss members

stood after the earthqugke without zema.rkaule honzontal dlsplacement.

4,2 Damages of Reinforced Concrete Buildings

Before the lanagia Earthquake of 1972, thers was wilding iééala—
tions concerning the city pla.nh.ing but nb'earthquaké Iési.si:é.ht“ileliiding
code and regulations in Hiciragua and the safety of buildirg against
earthquake completely depended on the judgment and’ choice ‘c;.f"dé‘s'iguer.
Therefore, various types of reinforced concrete ‘buildings existed in the
City of lanagua and the behavior of these tuildings were tested by the

earthquake,
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The characteristic aspects are chown in the damage of reinforced

concrete buildinge depending on their structural types and sizes as

follows:

(1) Momeﬁt resisting frame structure with‘shear wall

The lower part of Lang_ Bv_.:zilding, Telecommumecation Building
.and Na.tienal Palace are exam?lee of buildings of moment resisting
fra.me struc_tu're. wj.th sufficient shear wall. 411 of these buildings
are, 2 to 3 stories building and the fundamental natural perivds
of them are estimated about 0.2 seconds.. Figure-2 shows the
acceleration Tesponse. spectra _cé;culated from the strong motion
accelerograms recorded at ESSO 0il Refinery Plant, which has a
sharp peak at about 0, 2 seconds natural period and the a.mphﬂca—
‘ tion factor in the assumed dampmg ratlo of‘ 5% is about
.Accordlngly, 1'& 15 cons:.dered tha.t, uur.mg the ear’chqualre, this
type of Imild1ngs wena sub,]ected to the comparat vely strong
acceleratmn. In fa.ct, a.ll the shear walls suffered extensive
shear cracklng. However, because the rigld:.ty of bulldlng was
'deozeased by cracking of shéar walls, moment resisting frames
_ jeuf.f.‘ered minor demages and ‘also, by the confinement effects of
defomatl.on by shear walls, damages of sncordary membzrs, interior.
coat:mg and equlpments were slight, so ai‘ter repairing shear walls,

these buildings can again be used. ‘
f (2) Hotent resisting frae structure

The typical examples of high rise building of moment resisting

frame structure are the Telecol Building (floor area of about 360 w2,
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7 stories), National Insurance Company Building (floor area of
about 400 ma, 5 stories) and the .mai.n tuilding of INSS Building
(floor area of about 460 n®, 8 stories). In these tuildings;
damager of structural members were comparatively slight but
damages of partition walls made of concrete blocks and hollow
ceramic blocks, interipr construction such_ as basewall aﬁd‘ .

equipments were destructive and the btuildings lost their functions.

(3) Moment resisting frame structure with core wall

The ’cyp:.cal exa.mples of ’chis type of’ buildmg are the main
bu:.ldmg of Supreme Court Bu:.ldmg (floor area of.‘ 045 m2 5 storles),
the Banco de America Building (17 ‘stories) and the Banco Central
de Nmaragua (15 stories) In these b\uldlngs, structural cembers
suffered comparatlvaly slight da.mage but secondary membars such '
as p:u:tltmn wall and basewall, interior cons+mctlon and equip-

ments ‘suffered severe damagés.' In the case of Supreme “Couit

“Building, the low rise tuilding surrounding the maih building

suffered more severe damages. In the 'cv',ase‘ ‘of Banco de Améric'a
Buiiding, the beams connécting each independeﬂt core walls
suffered local damage-, because these beams had mctéhgﬁlaf hbies
provided for piping ducts. In the case of Banco éentra'l de
Nicaragua Building, the core walls locatad eccentrically and .
connecting portions between core walls and moment resisting rrame
structure suffered severe dé.mges together with the severe damage
of secondary members, interior construétion, equipments and

penthouse on the roof.
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(4) Buildings with long dimension

Many of ‘school "and hocpitél buildihgs r;efe of 10 to 20 meters
wide, 50 to 70 meters long and 3 to 4 stories high. Host of these
mndings.sof.fez.ed-sé\;e.re délnage of structural’ niembei-s ‘ana
collapsec.. Ac a‘s‘tmctu'ra.l fvpe,' these buildingé .belong .to the
moment res:.stmg .f.‘mme stmcbure tnt they ha.ve ample of part:.tmn
walls made of concrete block or brlck. Bacause the flexural
deformation of .these buildings was restricted by the acove mentioned
secondary members, the rigidity of columns became various and

‘,'s__t;zje_gse's ca\;sed by _’ohe ga;t_ht;ual%_e apiged to _looally concentrape.
On th° other hand, the dlstance bet"!een columns in these hulld.mgs
was so large ’cha.t Then one column lost the beanng capacity to
vertical force applled to J.t by the sheur i‘allure, t‘nen fa.llures
of other columns successurely took pla.ce untll the total collapse
of building. Also, in many of the collapsed bu.lldlngs, _the i‘loor
system was ,concx:stcd of conc‘mﬁer or Ac_eramm block masonry work
spanr}ctl between the stringers of precast or pou;ed-ic-place

_concrete, thus the floor system was easy to totally collapse by
the local fa:.lure of members f'upportmg the floor. me the k
v1ewpo:mt of eart‘nquakc eng.meermg it can be concluded. that ’c.he
floor s_ystem of this type has a poor res:.shvrby agamst earth-
e, . . Lo
Summarizing the damage of reinforced concrete buildings, it is

concluded that buildings severely dameged by .the 1972 lanugua Earth-

quake had following problems in designing of them:
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5. Damage of Bridges and Other Siructures . . VAN

a. Mixed use of different structural types in the same building.
b. Abrupt change of rigidity of tuilding in the vertical direction.

¢, Adoption of insufficient floor system.

5.1 Bridges

At the time of the 1972 ianagua Earthquake, 17 road bridges a.nd
3 ra:.lwa.y brldges were located in the region of seismic m‘benmty VII
and VIIX m Modified Mercalli scale and two pedestrim ovemrossing
bridges in the region of intensity IV in M.M, scale. These road brldges
are smzll bridges of 2.6 m to 7.6 m in span length and 12mto 18. 2m ‘
in width and suffered no damage except slight damages of masonry works

at the zbutments.

Two railway bridges out of three were a Very pr:.mt:.ve structure

putting sleepers on the two beams composed oi‘ .f.‘:.ve used mlls, 'I:hree -
of them in the nommal position and two interlayed émong former three ..
in the up side dowm position.and suffered damages at the abutments.

The remaining one bridge was consisted of I beanm and suffered no damage.

Two pedestrian bridges were located in front of the National:i ..t
Theater and were six spans continuous concrete 'slab girder brl&'ge‘-‘bi‘l-' :
6 m in width and 3.4 m + 4@12.5 m + 2.6 n in span length. The direction
of bridé'e axis is north to south and the bridge was subjected to the
severe east-west ground motion vwhich was strongest mnong-the grourd
moticn in three direction. The damage of the bridges were the separa-

tion of bridge girder from the abuiments, crashing of concrete posts
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‘the bassing faﬁlts, failure of cuib stof)es', xétaining walls and pa.wiing

between the parapet walls of girder and the abutments and horizontal
crackings at the east and west ends of bridge piers. On a contact
face of bri:i@ girder and the abutment, the trace of scratching, 100
ma in westward, 55 mm in edstward and 85 mm in dovnward direction was
found, vhich showed the violent relative displacement of girder and

the atutment.

Because of the uncertainty of the ground conditions at the site .
and the construction of bridge piers, the earthquake response of the
bridges is not yet analyzed, hovever, from the. pseudo-static analysis {‘)
applying the xiza.xiﬁmm acceleration observed at the'E550‘011 Refiner,‘y' -
as a static load it is clearly recognized that the bridge piers were
subjecfed to tensile stresses exceeding far beyond the tensile strength

of concrete.

It should be noticed tha'b the damage of bridges was slight com-

pared vu.th the b.uldmg damages surrounding the 'brldges.

5.2 HRoad and Highway .

The damages of road and highway were cracking of pavement by

stones on sidewalks, breaking and interruption of road by slope C)
failures and slides and the blocking of road by the collapsed build-

ings .and electric poles but it can be said that the damage of road

ard highway was slight compared with the damage of other structurss

and facilities,

The most prominent highway damage took place near the Lake lejapa

on Pan Agerican Highway 2 southwest of Hanagua. A part of Highway of
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about one kilometer long was blocked by slope slides in cuts and embank-

ments and it took 2bout one day to reopen the Highway to the traffic.

5.3 ESS0 0il Refinery

.The ESS0 0il Refinery is located west of Lake Asososca about
eight kilometerg apart from the estimated location of epicenter.
The Refinery was completed in 1962 and the design of facilities was
carried out based on APT Standard including the earthquake loading. _
Crude 0il is transported through the pipeline of 56 km long, 15 cm
in diameter and 70 kg/cm? of design pressure (at the time of earthquake
operating pressure was 38 kg/en?) from the Puerto Somoza located at the
Pacific Coast of Nicaragua, Crude oil is stored in the materizl tanks
and after processed at the refinery, oil pmducts are stored in the
pmduét .’cank and transported to the consumers by tank lorries and

railway trains.

The crude oil pipeline is embeded 0.9 m under the ground surface

and gets on the groud at the pig treatment yard then again is enbeded

to the ﬁatérial tanks. The survey team found that the pipeline was
warped at the upstream‘portion of .the pig treatment yard. Hovwever, -
the warping of pipeline did not effect the operation and the trans-
portation of 0il was contimued during apd after the earthquake without:
interruption, Whole area the bipelim was embedgad vias inspected by

the employee of the Refinery and no abnommality was found,

The most pmxﬁinent damage in the Refinery vwas the settlement of
foundation of two cylinmdrical product tanks. about 4.5 en and the

associated cracking of asphalt pavement about 10 cm in width around
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the tanks, These two tanks were full at the time of earthquake and
others were not and the reason that the foundation settlement took
place only at the two tanks was attributed to this tact. The pipes
connected to these two tanks had flexible joints sufficiently bearable

to the amount of settlement occurred and suffered no damage.

In the Refinery, a spherical pszane gas tank supported by six
steel posts was equipped. The diameter and the stomge capa.cify of
the tank were 14.6 m and 160 m3, respectively., The six posts rest on

the monolithic concrets foundation and the tank suffered no damage.

The ground of the Refinery consisis of cemented sand with gravel
or silt with sand, the ground water surface is 13 meters below the

ground surface and H-value (standard penetration test) near the sur-

face exceeds ten. The reason that the damage at the Refinery was very

slight in spite of the severe ground motion of 0.39 g as shown on the
strong motion accelerograms recorded at the Refinery can b: attributed
to tl:xe fé'.ctshthat ‘the g'mumi of 1‘:he Refinery was in such a géod condi-
tio:l-y'.l‘:xell“i;iohed above and the structures and facilities were designed
agains;t;.‘the earthquake load as séme as fhose in the ‘*l';hird zona of .thé

State of California.

5.4 Thermoelectric Power Plant

The total poﬁer generated in Nicaragua is 192 MW (ega wa."cts)
consisted of 100 MV from two hydroelectric power plants located in the
northen mountainous arca, 77 I from a thermal power plant in Mansgua
including 2 M7 by two diesel generators and 15 MV from a gas turbine

power plant in the City of Chinandega.
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The thermal power plant in Managua is located on the shore of
Lake Managua nortﬁeast of the city. A fault caused by the earthquake
passed through the yard of power plant and ;.he dapages in the plant
were consisted of failure of boiler foundation,dislocation of transformer,
tilting of 2 transmission tower, breaking of cooling tower and steel
stacks, cracking of warchouse walls and falling of overhead crane
girder in the machine shop. As a result of these damages, three
(whole) generators were out of work after the earthquake. Besides
above mentioned damages, settlement of filled soil around the fuel
storage tanks, tilting of sheet piled retaining walls and crushing of

concrete at the intersection of retaining walls took place.

The power failure at the thermal plant caused the.shorvtage of
electric power in Nicg.ragua and resulited in the power £ailuze inp’;her i
regions. Among three gencrators, the first one was repaired and
reopensd the operation after 18 days. The second_one after 32_»daya

and the last one more than 100 days.

5.5 Sewage System

The sewage trunk lines and the terminal ‘tmatz'neni.: yéici aréjﬁdfr{ ‘
under the investigation and not yet established so suffered no damage - .
by the earthquake. A“l'. present, the damage survey on tye sewage p_ipeg,
total length of which is 500 L:m‘and‘on‘-the- man-holes of 6!60(). 1-1n.i‘ts am ’

partially carrisd out.

Among the surveyed sewage pipes of 153 km long, dislocation of
Joints anrd cracking of pipes were found on pipes of 31 km and among the .
surveyed man~holes of 1912 units, dislocation of joints was found on
man-holes of 387 units. Ho buoying of man-holes caused by the liguefaction

of sand layer was found.
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5.6 Water Supply Systenm

The source of the municipal water supply for 420,000 citizens is
the Lake Asososca and the purification plant is located on the top of
crater cliff. The water supply system suffered the damages such as
the breaking of supply pipes in the city, toppling of a pumping unit
" among five into the crater lake, slope failure surrounding intake pipe
line, pulling out of anchoring bolts at the foundation of storage tanks
and cracking of muts of anchoring bolts and break of water supply head

tanks in the city.

The damage of supply p:.pellnes ma:.nly conss.sted of dislocation at
the joint of main and supply pipe and dominated on the pipes in the
east west direction. Where the pipes of asbastos were used; shearing
off of piped took place. Thesa damages mainly took place in the region -

where the ground failure associated with the faults.

& zelnforced concrebe head ’cank of 40 meters of diameter and 6
heters high located in the city suffered the unequal settlement of
foundation, the maximm settlement was 30 centimeters and eracking of

wall covering two-thirds of totzl height.

5.7 River

Two small rivers are 1oc...ted in the east and west part of the city
and the average depth is about 3 meters and vidth of river bed is 3 to
5 meters. In the dry season no water flows the rivers and no river dyke
exists. The design discharge of west river is 90 m3/sec and that of -
east river 80 m3/sec and the gradient of river bed is 0.54. The both
sides of west river were consisted of natural slope of 1:0.6 and a.l'ong

the river, slope failures took place at many sites,
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For preparing to the rainy season, protection viork of river bed
and slopes using concrete slates was carried out when the survey team

visited the city.

6, Conclusion

The Managua Earthquake of 1972 showed an aspect of. earthquake damge
of modern city and offered us various problems which sould be considered

in the future. The problems zre as follows:

<. }‘ a., Considering the géotéctonical movements é.ni‘irolba-xl‘z‘.c activities
" near Mah-agua, it is expected that there is high poss:.b:.lity

of occurrence of earthquake of similar magnj‘.tudé and ¥iolence
near Managua in the futura. Especially, A and ¢ Faults in
Figure-1 are existing faults and these faults will be actuated
by the future earthquakes resulting in the increase, of_fdz‘amage. !
Fo).lowin_g'ly, the site‘ of reconstruction o_f‘capite.l city should

carefully be selected.

b. In the past, there was no earthquake observatory in Niczragua

and the 1nvestlg='b10n of mechanism of earthquake and of

N reglonal seismicity hc.s been hindered by the la.ck oi‘ observed
(M) data. WJ.th the lanagua uarthquake as a ’cummg pomt, :.t ig
¢ deslmd to estahhsh a network of selsmolorucal and volcanologlcal

’observatlon in Nicaragua and to pariod:.cally observe ths

geote.ctom.cal movenents of ground.

c. At present, there is no earthquake resistant tuilding code

and regulations except the regulation bascd on the city
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plapning in Nicaragua. It is necessary to establish a system
of earthquazke resistant building code, regulations and
standards of practice satisfying the local condition in

the country.

By the Managua Earthquake of 1972, the key point buildings,
such as fire stations, schoole and hospitals for refuge and
emergency activities were damaged and nindered these activi-
ties, especially the operation of fire engines and ambulance
cars. It is necessary to keep the sufficient earthguakg i
msisﬁivity of these key point btuildings and to arra.hge thei;r:

locaﬁions efficiently dispersed in the ecity.

In the tropicel and subbropical région, thick earthén walls

‘and roofs are frequently used in residential houses fop

" insulating heat resulting in the increase’ of huilding damdges

and loss of lives. I% is necessary to develop thermal insula-

tion materials of low cost and 1ight weight for residential

_houses,

Blockihg of cit& streets by collapséd buildin.gs and electric
posts hindered the fire fighting, 1'éfuging and emergency

activities. It is desired to estallish the city planning

pmventiﬁg the blocking of strect even in the residential area,

together with to enforce the earthquake resistant design of

buildings and to embed the electric supply lines.,
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g. Untreated steep natural slopes are liable to cause ‘sliding by
the earthquake resulting in loss of lives, blocking of road
and damage of structures. It is necessary to improve the
steepness of natural slopes and to construct failure pmveht-—

ing works.

h. It should be deemed that the municipal water supply systems -
! loose their function by earthquake damages a.nd. it is necessary
to keep-water for fire fighting by means of adoption of
4. independent water supply system or bconstmction_of underground

water tanks.

i, When the earthquake da.méges are viblent, not only the residen{:é
but members of enmergency activities in the damaged area ‘

fmquently loose their a.ctlvz.’cles. Tt is desiré.ble‘ to estabij.sh

rescue orgaxuza.tmns in each region wh:.ch éan :Lmiependently

carry out their activity when they are despa‘bched to ‘_the

damaged area and to train them preliminary.
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EFFECTS OF SEISMIC AND SUBSOIL CONDITIONS
ON EARTHQUAKE RESPONSE SPECTRA

Eiichi Kuribaxash'l) Toshio Iwasakil),
Yutaka Tidal’ and Katunari Tuji'l

-

_ABSTRACT : ‘f.;“

by
N

Gharacterxstlcs of earthquake response spectra of 44 strong—motlon
records observed recently in Japan are studied.. Response spectra are
classified .into several groups in four ways, eccording . to magnltudes,
maximum ground accelerations, epicentral distances and subsoil condltion,
and consequently the spectra are averaged respectively in each group.

From this investigation the following conclusions ars dféwn;

- 1) The average response acceleratlon faetors (the averages of the
ratios of the maximum response accelerations. to.the maxlmum ground .
‘acceleratlons) for the records observed during earthquakes wlth large
magnitudes show comparatively high level in the range of relatively long

natural perlods.

2) The factors, however, for the records with acceleratlons of
200 gals or more show comparatlvely low level..

... 3) The factors for the records with great epicentral distances
show comparatlvely high level.

: 4) The factors for the records obtained on stiff su‘Bsoil layers
are lower than the ones on soft subsoil layers.

I) Publio Yorks Research Institute, Ministry of Gonstruction, Japan

II) Kinki Regional Construction Bureau, Hinistry of Construotion, ‘Japan
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1. Introduction

Barthquake response spectra have been served to evaluate seismic
effects on structures with relatively long natural periods.

The response spectrum technique was first proposed in 1942 by M.A.
Biot(1l) and it was the clue to development of reasonable earthquake
resistant design for flexible structures. Later, in 1953, G.¥W. Housner
et al.(g) calculated earthquake response spectra with consideration for
the effect of demping. In 1959 G.W.Housner(3) proposed average spectra.

In Jepan, T. Tekata et al.(&) celculated earthquake response spen-
tra of strong-motion records observed in that country and proposed
average spectra from 20 horizontal acceleration records in 1964. The
average spectra have been used in earthquake response analyses of
public works such as highway bridges(i) and were adopted to the Japan
Society of Civil Engineer's Specifications for Earthquake Resistant
Design of the Honshu-Shikoku Bridges (1967)(§).

Recently T. Katayama(l) and S, Haysshi et’al.(g) discussed effects
of seismic and subsoil conditions on earthquake response spectra,

In this paper charadteristics of earthquake response spectra of 44

strong—mqtion records observed recently in Japan are studied.

2, Earthquake Response Spectra’

) _¥hen a vibrational system of single-degree-of-freedom, consisting of
"a mass'm with spring coefficient i -and damping coefficient ' is sub-
Jected to earthquake ‘ground motion - ‘at its reference axis, the rela-
tive displacemént y will beé produced. The equation of motion for the

" Bystem-is-

my +eythy=-ms Nil}
The solution of equation(1) is given by the following integral.
e ol g e —ph(t-T), L _
o ——— 1—=A i - sevensierasasmeniasans
y 7 '__——l-I.‘Io’(r)e sta pv/ ¢ r)dr’ ’...(2)
whera ’ ‘ ’

p=VEkrn ¢ natural circular frequency -
(natural period r=zz/p g

h=c/2/mk ¢ damping ratio.
.The meximum response displacement|ylmasconpuied for earthquake.
. ground acceleration :  in equation (2) is a funetion of natural period

‘T with daoping ratio & as a parameter. This function defines the
response displacement spectrum(Sp). '
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Equation (2) may be written as

Sp=|]|mcz=l,‘/—-:-_———",lj:;(r)g—P"(‘—r)mF\/l—h‘ (t=r)dt|max - (3)

The response velocity spectrum (Sy) and the response acceleration
spectrum (S4) are defined respectively a:

2x
Sy -—;:—Sn - )

2
S4= (5 So o)
The ratio of the response acceleration spectrum to the maximum
ground acceleration | : [mex means the magnification of the response
acceleration of the vibrational system to the earthquake ground accelera-
tion. This ratio defines the response acceleration factor g .
S kS, :
B =t = — D . ®

12) max m| 2| max

In this paper response spectra are represented by the f -—spectra.
The p -spectra of different earthquakes can be directly compared and
averaged since the spectra are nondimentional values and they are normale
ized to the maxipum ground accelerations.

3. Strong-Motion Earthquake Records(ﬂ)-—(lﬁ)

For the study 44 digitized accelerograph records are selected.
All of the records are observed recently during comparatively large
earthquakes in Japan. The accelerographs srethe SMAC and the DC atrong-
motion accelerographs. ;

The records are selected so that the magnitudes and the maximum /
accelerations may-be over about five and 20 gals respectively and
groups may, be -practically equal in the number of records in case of clag=
sification, .

The records on sub5011 layers where liguefaction or faults were
observed nearby are excluded.

4. Classification of Records

The kinds of classification are shown in Table I. The‘44‘r§dords,
are classified into several groups in four ways, according to magnitudes,
maximum ground accelerations, epicentral distances and subsoil condition
in order to examine the effects of these conditions on earthquake response

 spectra.

Furthermove in order to examine whether the 44 recordsare- enough to
take the average in each group, the 44 records are classified randomly
into three groups.
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The classification of subsoil conditiop is as follows.

GR 1: Bedrock or Diluvial or Alluvial layers with depth less-
than about three meters (10 feet) above bedrock.

GR 2: Diluvial layers.
GR 3: Alluvial layers which are stiffer than GR 4.

GR 4: Alluvial layers which have standard penmetration test
H-value of 10 or less extending from the surface to the
depth of 10 meters (30 feet) or more.

5. Totally Average Speotra

The totally average spectra for the 44 records are shown in Fig. 1.
The average spectra (1964 proposed by T. Takata et al.(4) are shown in
Fig. 2. The average spectra in Fig., 1 and Fig.2 are very similar +to
each other. However, the former spectra are lower than the latters.
This decrease probably results from following three reasons. First, the
‘number of records of the mverage spectra (1970) are more than double of
the average spectra {1964). Secondly, the 44 records include all kinds
of records more equally. Thirdly, the 44 records include more records
with large acceleration.

6. Classified Average Spectra.

' Réspdnse spéctra are' classified into: several groups in five ways
and consequently they are averaged respectively in each 'group.: o

Four average spectra with damping ratio of 5% corresponding to four
groups of récords classified by magnitutes are shown in Fig. 3. It may
"*be remarked that the average p - -specira for records observed during .
earthquakes with large magnitudes tend to show comparatively high level
in the rangeof relatively long riatural periods. For example, ihe aver-
age f -spectra with damping ratio of 5% for the groups with magnitude
of 4.8 to 5.5 and of 7.5 to 7.9 are about 0.46 and 1.9, respectively,
at 1 sec. of the natural period. '

Three average spectra with damping ratio of 5% corresponding to
three groups of records classified by maximum ground accelerations are
shown in Fig. 4, It is difficult to find distinot difference hetween
‘these spectra. However, it may be remarked that the g -speotrum for

“the group of records with accelerations of 200 gals or more shows
‘comparativély low level in the period range around 1 sec. For example,
_the average g -spectra with damping ratio of 5% for the groups with
‘maximum ground .acceleration of 20 to 50 gals and of 200 to 438 gals are
about 1.4 and 0.74, respectively, at 1 sec. of the natural period,
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Three average spectra with damping ratio of 5% corresponding to
three groups of records classified by epicentral distances are shown
in Fig.5. It may be remarked that the average g -spectra for the group
of records with great epicentral distances tend to show comparatively
high level in the range of relatively long natural periods. For example,
the average £ -spectra with demping ratio of 5% for the groups with
epicentral distance of 5 to 20 kilometers (3 to 13 milesﬁrand of 120 to
322 kilometers (75 to 201 miles) are about 0.83 and 2.0, respectively,

‘at 1 sec. of the natural period.

Five average spectra with demping ratio of 5% corresponding to five
groups of records classified by subsoil condition s&re shown in Fig. 6.
The fifth group is the union between the third and the fourth shown in
Table II. It may be remarked that the average g -spectra for the
records obtained on stiff subsoil layers tend to be lower than the ones

 on soft subsoil layers in the relatively long natural periods. For

example, the average f —spectra with demping ratio of 54 on rocky
grounds and on soft alluvial grounds are sbout 1.0 and 1.8, respectively,
at 1 sec. of natural period. The average spectra for rock, diluvium and
stiff alluvium do not show much difference from one another in the period
range around 1 sec. However, the average spectrum for soft alluviun
show high level and much differ from the ‘others in the same period range.

Three average spectra with damping ratio of -5% corresponding to three
groups of randomly classified records are shown in Fig.7. Since the
three average spectra are practically agree with one another, it can be
said that the amount of records are enough to examine effects of seismic
and subsoil conditions on earthquake response spectra.

An example of the deviation of spectra is shown in Fig.8. It may be
remarked that earthquake response spectra deviate considerably from one
another. h

7. ©Conclusion
From above investigation the fdllouing conclusion may be drawn.
1) The average § —spectra for the records observed during earth-
 quakes with large magnitutes show comparatively high level in

the range of relatively long natural periods.

2) The spectra for the records with accelerations of 200 gals or
more show comparatively low level.

3) The spectra for the records with great epicentral distances
show comparatively high level,

4) The’spectra for the recordé obtained on stiff subsoil layers
are lower than the ones on soft subsoil layers.
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The spectra sere adopted with some simplification to "Specifica-
tions for Earthquake Resistunt Design of Highway Bridges", issued in
January 1972, by the Japan Road Association.(ll)
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Table I

Data of 44 Records -

Epice'nterai - Maximum Length of ~ R " Subsoil
No. Record E Dn:f °l€ “:821' (h’;;p:!; ) Distance _|Acceleration | Records Used Statlon condi-
erthquaks | tude )| “(in/mite)| " (ga2). (sec) - tionl)
T0KY0 -5 .25 T Earthouake Research
1 : | 7025 so | Brthume faeey
2 | TOKY0 | BY | jos6. 2.14| 6.0 | so0/31 34/21 36.00 okyo MAC-A 2
3 TOKYO NaS o 66.63 10.0 ?u.rgg%u%ka %}e;earct;
4_| Tokvo E% [T Ts0a3 — Toitya o' patve o
=S A E . N
g gj_ggxgg g-w 1962. 4.23 | 7.0 | 60/38 96/60 " |— 2‘35,? 39.0 Kushiro 2
SHIOYA | =S — N
. w/ey [ ¢ 4 Shioya 1
9 | TWAYR ":SS 1963, 3.27 | 6.9 o/o 153/96 22.38 9.0 Twayn T ]
10 AKASHI N. - .
TS B , L46/91 |18 1.0 Aknshd
12 901-GR=4 | N-S i .. 76.78 Public Works Kesearch
1963. 8. 4 |- 5.1 | 40/25 163/102 8.0
13 | 901-GR-4 | E-W . > / 3102, | | goatitute, Chiba 2
14 904-GR-1 | TH . 2 41.50° . Shintenryugava
15| 904=6R-I | It . 46/29 55735 w200 | Bidge : 3
; SHIZUORA | 15 1965. 4.20 | 6.1 | 20/13 0830 - -
i SHIZUOKA | B=W 9/6 - &7.00 . 10,0 - | Shizucka 3
B_| 905-B-18 | TR : - -
1T oreie i of5; - —200=13 20.0 . | Ochiai Bridgs 3
50| 90567 T E-v 1966. 4. 5] 5.4 | ofe |— — i -
ST o0smeT— Vs 0/7: =gty 25.0 Hagano 4
22 | 605-GR~2 | u-3 : K :
e 1966. 5.28 | 5.3 | 2/1 12/8" 2Zal2 10.0 -
24__| 605-CR=26 | ' . - o 5a - Suacbana Dan
= e ot o 1966. 8.20 | 4.9 o/o W =5t 10,0 . _
26| 202-GR-11| TR 1066. 9. 8 | 4.8 | 1076 573 45.00 10.0 Uonuna Bridge - 1
'27_| 901-GR-17| E-W . T 89.40 |- ublic 1r¥s fenearch
1965.10. 8 4.9 | 40/25 55/34 .. 15.0 t e 2
28 | 901-CR-17| FS 96s.10. . / 5/3¢ 25.50 : pootituta htb
29__| BOI-GR=1 | 140%E - 117.60 20.6 Ariske-Sea
36| B01cR-1 | WEoor| 1966-11.12 | 6.0 | 10/6 1/7: R 504 Enbanknent 4
1 ~GR-2 LG v .B8. - -
2 Ao 1o 1968. 4. 1| 7.5 | 30/19 106/65 | igg.gg 40.0 Itajime Bridge 4
303~-GR-1 | N=S .
SIS . 322/201 [—35%-25 50.0 Shin-Tshikeri Bridge | 4
W R 1%68. 5.16 | 7.9 o/o 750
36 | 1305-GR-1| TR 156/98 W 30.0 Horomar Bridge 3
-
. 0o -
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Table I Data of 44 Records {continued)
B - Epicenteral] Maximum length of Subseil
e, Record Eag:;;u::a Migs: (k:;s;;e) Distance |kcceleration | Records Used Station condie
- {tem/mile) (ga1) " (sec tionl
1303-GR=2 | N-§ ‘ .
R , ( 223/139 5.0 50.0 Shin-Ishikari Bridge 4
39T L505CRs T I5 1968. 5.16| 7.5 40/25 =760
40| 1305-GR=3 | TR | : T4/46 o635 30.0 Horoman Bridge 3
41 310-CR=15 [ IT T 58,1 -
23 | S10-CR-Io-TF 1968. 7. 1| 6.1| s0/31 89/56 —Li_m.ﬁ 25.0 Birei Bridge R
43 308-GR-4 | IG . 437.50
74 [ 308-GR4 TR ) | 1968: 8. 6| 6.6 40/25 19/12 52055 15.0 Ttajima Bridge 4

1) Classificatiéﬁ of Subseil Condition

Bedrock or Diluﬁi

(10 feet) above' bedrock.

Diluvial layers.

al or Alluvial layers with depth less thau

‘AMlluvial layers which are stiffer than the following 4.

2bour three meters

;Alluvialflayers which have staudérd pgnétration test N-value of 10 or less
‘extending from the suxface to the depth of 10 meters (30 feet) or more.
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Table II Clagsification of 44 Récords
5 oo !
°3 Average Values
Classification Definition 48— g8
'5 g .z.max M a %E
EX (aa) (kn/m'le) RS
TOTAL . ol4s 1168 | 6.3 safs3 | 2
= MAGL 4.8~5.5 13 | 111.5 | 5.1 40/25
Ma,;(ai*)&ude HAG2 5.5~6.5 1 | 2.6 | 6.1 37/25
¢ 3
a }AC3 6.5~7.5 ' 9 | 178.3 | 6.9)107/67
MAG4 7.5~7.9 LY 121,35 | 7.7 | 176/110
Ac01 20~150 gals = |10 | 38.4. | 6.2 86/54
= lacea 50~175 : {10.| 60.1.] 6.2| 64/40
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DYNAMIC PROPERTIES OF HIGHWAY BRIDGES
. ) by
Eiichi Kuribayashil and Toshio Iwasakil

SYNOPSIS

This paper presents the results of dynamic tests on some thirty
highway bridges constructed in Japan during this decade, and sum-
marijzes their dynamice properties such as mode shapes, resonant fre-
quencies, damping characteristics, The tests were conducted on
foundations, pier columns, or complete bridge structures at various
stages of construction, by applying lateral forces due to harmonic
excitors or other equipments. From the study a relation between
natural periods and damping ratios is evaluated for bridge structures.
Also relations Lziween heights of substructures above crests of founda-
tions and natural periods, and between orders of natural modes and
damping ratios are investigated. _

INTRODUCTION

In the study of siructural behavior to seismic excitation it is
essential to evaluate structural dynamic properties, such as mode
shapes, natural periods, and damping characteristics. To this aim
numerous dynamic tests were performied on actual bridge structures.

In the following the resulls of the dynamic tests are described.

RESULTS OF DYNAMIC TESTS ON HIGHWAY BRIDGES

Between 1858 and 1969, some thirty highway bridges were tested
dynamically. Most bridges experimented are common ones in Japan
and designed in taking into account lateral seismic coefficients of
0.15 to 0.3 (average 0.2). The tests were conducted usually with
excitation small in comparison with those expected during major
earthquakes, by applying lateral forces caused by centrifugal-type
excitors. For some bridges several experiments were carried out
at various stages of construction (foundations, pier columns or com-
plete bridges). . ’

Fig. 1 indicates a relationship between natural periods and cor- }
responding damping ratios (fraction of critical) for all meaningtul
data. .In the figure Group A denotes results of fundamental modes for
ordinary bridges, while Group B denotes those of 1st to 3rd modes for
bridges with pier columns higher than 25 m above the crests of founda-
tions. Data in Fig. 1 are classified on the basis of structural type
(foupdation, substructure, overall structure), and also data in Group
A are classified into two on the basis of foundation type (pile, caisson).

The natural period-damping ratio relation for only Group B is
shown in Fig. 2, in which numerals indicate orders of natural modes

1 Public Works Research Institute, Ministry of Construction, Japan.
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CLASSIFICATION OF RECORDS AND AVERAGE SPECTRA

The 44 records are classified into several groups in four ways,
+ccording to magnitudes, maximum ground accelerations, epicentral
distances and subsoil conditions in order to examine the effects of these
conditions on earthquake response spectra. Definition of subsoil condi-
tions is shown in Table 1. ‘

In this paper response spectra {represented by # -spectra) are
defined to be the ratio of the response accelerations to the maximum
ground acceleration, which means the magnification of the response
accelerations of the wbratlonal systems to the earthquake ground ac-
celeration.

Response spectra are classified into several groups in four ways
and consequently they are averaged respectively in each group.

Four average spectra with damping ratio of 5% correspondmg to
four groups of records classified by magnitudes are shown in Fig. 1.

It may be remarked that the average £ -spectra for records observed
during earthquakes with large magnitudes tend to show comparatively
high level in the range of relatively long natural periods. For example,
the average £ -spectra with damping ratio of 5% for the groups with
magnitude of 4.8 to 5.5 and of 7.5 to 7.9 are about 0.46 and 1.9, re-
spectively, at 1 sec. of the natural period.

Five average spectra with damping ratio of 5% corresponding to
five groups of records classified by maximum ground accelerations
are shown in Fig. 2. It is difficult to find distinct difference between
these spectra. However, it may be remarked that the £ -spectra for
the group of records with accelerations of 200 gals or more show
camparatively low level in the period range around 1 sec.

Three average spectra with damping ratio of 5% corresponding to
three groups of Tecords classified by epicentral distances are shown
in Fig. 3. It may be remarked that the average ﬂ spectra for the
group of records with great epicentral distances tend to show com-
paratively high level in the range of relatively long natural perlods.

Five average spectra with damping ratio of 5% correspondmg to
five groups of records classified by subsoil condition are shown in
Fig. 4. The fifth group is the union between the third and the fourth
shown in Table 1. It may be remarked that the average 2 -spectra for
the records obtained on stiff subsoil layers tend to be lower than the
ones on soft subsoil layers in the relatively long natural periods. For
example, the average £ -spectra with damping ratio of 5% on rocky
grounds and on soft alluvial grounds are about 1,0 and 1, 8, respective-

.ly, at 1 sec. of natural period. The average spectra for rock, dilu-

vium and stiff alluvium do not show much difference from one another
in the period range around 1 sec. However, the average spectrum for
soft alluvium show high level and much differ from the others in the
same period range.
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(4) Since rigid foundations embedded into deep soils have short
natural periods and large damping capacities, deep foundations seem
effective in provxdmg bridge structures with appropriate structural
resistance to seismic disturbances.

REFERENCE

(1) E. Kuribayashi, T. Iwasaki: Experimental Studiés on Vibrational
Damping of Bridges, Report of PWRI No. 139, May 1970.
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EFFECTS OF SOIL DEPOSITS ON SEISMIC BEHAVIOR
OF PREFABRICATED HIGHWAY TUNNELS

by
Eiichi KuribayashiI and Toshio Iwasakil

- SYNOPSIS

This paper deals with a comprehensive ‘study on earthquake-resist-
ance of prefabricated highway tunnels embedded into soft sail deposits
undersea. The principal purpose of the study is to establish design
methodology in providing adequate structural resistance to seismic dis-
turbances. For evaluating dynamic behavior of soft soil deposits during
earthquakes, measurements of seismic motions are carried out employ-
ing downhole accelerometers at three sites around Tokyo Bay, and
dynamic analyses are conducted by utilizing seismic records obtained
and applying the multi-reflection theory. Furthermore, model experi-
ments and dynamic analyses on dynamic response of a highway tunnel
embedded into soft soil deposits are conducted.

INTRODUCTION

Shirley Gut Slphon, whlch was constructed in 1894 as a part of the
dramage system in Boston, U.S5.A., is the first tunnel of prefabricated
sukbaqueous tubes. A portion with length of 96 m among the total 457 m
of the Siphon, was built by prefabricated work. The portion was made
of elements with length of 14.6 m and 20.0 m, and with circular cross
section of diameter of 2. 6 m. The number of submerged tunnels {or
prefabricated subaqueous tunnels) completed afterward or under con-
struction at the present registers fifty one in the world for some eighty
years.

It is expected that construction of tunnels of this type will become
more frequent in Japan for the future, in view of considerable extension

" of demands for social investment as transportatlon facilities and sewage
systems. A typical example of the demalids is prefabricated undersea
tunnels across the Tokyo Bay, proposed as a portion of the Tokyo Bay
Loop Highways.

The land of Japan belongs to one of the most active seismic zones
in the world. Particularly, major earthquakes have occurred frequent-
ly in the past around the Tokyo Bay. Accordingly, specific attention
shall be given to the design and the construction of the submerged tun-
nels, for prov1dmg adequate structural re51stance to seismic disturban-
ces. Sl

In order to make up a reasonable earthquake regulation by sum-
marizing the various investigations, PWRI has requested to JSCE to es-
tablish "Committee on Earthquake-Resistant Design of Sybmerged
Tunnels." The committee (chairman is Professor Shunzo Okamoto) was
organized in July, 1871 by participants from universities and govern-

I

Public Works Research Institute, Ministry of Construction, .Japan
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mental institutions concerned. The committee presented the first
interim reportl) in March, 1972, as a result of the activities in the
beginning year.

Also, comprehensive studies on earthguake resistance of submerget
tunnels have been conducted at the Public Works Research Institute
(PWRI), Ministry.of Construction. In the present report interim resulls
of the investigations at PWRI are briefly described2)-4)

MEASUREMENTS OF SEISMIC RESPONSE OF SOIL DEPOSITS
USING DOWNHOLE SEISMOMETERS

Downhole seismometers are installed at three sites around the
Tokyo Bay, as shown in Fig. 1. These were set up in 1970 and 1971 by
the Ministry of Construction, to measure dynamic behavior of the sur-
face soil layers during actual earthquakes.

At the site of the Futtsu Cape, indicating a comparatively uniform
sand layer, three-component downhole seismometers (acceleration
transducers) are equipped at three levels; surface, -70 m and -110 m.
At the Ukishima Park, consisting of reclaimed soils, silts and sands
from the surface, four seismometers are installed at surface, <27 m,
-67 m and -127 m. At Kannonzaki, indicating a rocky layer with a
surface soil layer of 2 m deep, three seismometers are set up at sur-
face, -80 m and -120 m. Furthermore, a SMAC-type strong-motion
accelerograph is also equipped on the ground surface at each of these
sues, in order to surely obtain ground acceleration records durmg
strong earthquakes.

Fig. 2 shows a set of seismic records obtamed at the Uk:sh1ma

. Park during a moderate earthquake (Richter magnitude of 4.8 and hypo-

center at 40 km dxrectly underneath the observation site) on September
30, 1970. Fig. 3 indicates relations between maximum accelerations
measured at various levels underground and depth, takmg accelerations
at'the surface as units. It seems obvious that the results from the mea-

surements will give valuable information in evaluating seismic effects on

underground structures like prefabricated subaqueous tunnels,
ANALYSIS ON SEISMIC RESPONSES OF SUBSOILS "

To analytically evaluate seismic motions in soil layers, dynamic re-
sponses of surface layers were computed by means of -the Kanai's multi-
reflection method, which is to numerically analyze seismic response of
grounds considering the propaganon of shear waves in multi- layered
dep051ts. .

Analysis was conducted for the ground at the kashxma Park ‘where
meaningful seismic records are available as mentioned above. ‘Since
shear velocities at the site are not clarified, twelve models with various
shear modull, shown in Fig. 4, were analyzed Fig. 5 shows some of
the results obtained. Fig. 5 (a) indicates the resulis for Model 1 sub-
jected to an incident wave measured at the ground surface, and (b) is
those for Model 1 subjected to an incident wave measured at the lowest
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(-127 m). Fig. 6 compares the results analyzed with measured ones.
From these the degree of discrepancies between analyses and measure-
ments may be known for the case. It seems essentialto adequately es-
timate analytical models in these analyses.

' DYNAMIC ANALYSI5 OF /A SUBMERGED TUNNEL

Dynamic analysis was conducted for a submerged tunnel proposed
across the Yokohama Bay, shown in Fig. 7. Dynamic behavior of sec-
tions of grounds and of sections of tunnel together with the surrounding
soils was analyzed at three various transverse sections, Fig. 8 indi-
cates finite element models for the three sections, A, B and C.

The following briefly describes the results for Section B (tunnel and
surrounding soils). - Assuming that the section is in plane strain and
has a damping ratio.of 10%, and that a shear wave velocity is 50 m/sec
for the surrounding soil, the fundamental period of about 2. 6 seconds
is obtained. Fig. 9 indicates the maximum responses of displacements,

-and accelerations obtained for Section B subjected to the average re-

sponse spectra proposed in 1964 by PWRI, when considered the maxi-
mum incident acceleration of 200 gals.

. MODEL EXPERIMENTS ON DYNAMIC BEHAVIOR
OF A SUBMERGED TUNNEL -

Model experi_ments on dynarhi(’: behavior of a prefabricaf;ed sub-
merged tunnel were performed.3) The prototype is shown in Fig. 7.
Three models consisting of soil layers and a tunnel were fabricated on

. a larger-size shaking table.” In the expériments similarity relations

between the prototype and the models were considered. To statisfy the
similitude gelatin was employed as ground soils, and rubber as the tun-
nel which will be actually made of reinforced concrete. ‘

"It is noted that gelatin can be advantageously used for soft soil
layers' in model experiments, ‘die to the fact that its Young's modulus
varies from about 0.04 to 2 kg/cm?2 according to the content of gelatin
in water and the temperature. 'Prior to the dynamic ‘experiments,
elastic properties of gelatin were examined through static compression
tests. It is noted that Young's modulus changes considerably with the
temperature. Therefore it is-essential in the experimenls to control
the temperature of the gelafin models.

_Three models (shown in Fig. 10) were fabricated in consideration
of model to prototype ratios of 1/500 in length and 1/5 in time. Model
1 is a model of two-layered ground with the upper layer with shear ’
velocity of 100 m/sec and uniform depth of 25 m, and the lower layer
with 300 m/sec and uniform depth of 95 m. Model 2 is of two-layered
ground with varying depths. Model 3 includes a tunnel in the ground of
Model 2. Table 1 summarizes the outline of the prototype and the
models, ‘ ‘

Dynamic experiments were conducted using a large-size shaking
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table possessed by the National Research Center for Disaster Preven-
tion,Science and Technology Agency. The following three steps of ex-

periments were performed, respectively, for the three models in two
horizontal directions.

a) Harmonic Excitation

b) Free Damped Vibration

c) Seismic Excitation

Deformation of the models was measured using an optical displace-
ment meter unbonded to the models, and two 16-mm moving cameras.

Fig. 11 illustrates mode shapes during resonant states. From
these it is found that the fundamental mode shapes are of shear defor-
mation of the ground and that for Model 2 and Model 3 there are two
predominant natural periods which are corresponding to the resonances
of the two different sections. It is found that the corners tend to
vibrate with greater amplitudes than other portions. Since this seems
different from actual behavior for the prototype without any particular
corners, it is advised that the effects of the corners are removed.

‘For Model 1 that has uniform soil layers, damping ratio seems.
almost constant regardless of amplitude, but for Model 2 and Model 3
that have varying soil layers, damping ratio varies slightly with ampli-
tude... The damping ratio was generally found to be 1% of critical for
the most cases, the damping ratio, however, for longitudinal oscilla-
tion of the sections with the deeper soft layer, was about 2.5%.

~'Fig. 12 shows typical examples of responses of Model 3 when sub-
jected to seismic excitation in the longitudinal directions. Time-ac-
celeration records employed for the model are adjusted from seismic
acceleration records obtained at'El Centro during the Imperial Valley
Earthquake of 1940 and at Hachinoe during the Tokachi-oki Earthquake
of 1968, White noise oscillations that are roughly flat between 5 and
25 for the models, was also employed. In adjusting the seismic records
and the white noise, a model-to-prototype ratio of 1/5 was taken for
time from the similarity requirements, and maximum table accelera-
tions were decided about 50 gals and 100 gals, in consideration of ac-
curacy of measuring instruments and model strength. . -

. For_the three models, displacement responses to the Tokach1 ok1
record are greater than those to the E1 Centro record. Thls seems
due to the fact that response spectra of the Tokach1 oki record are .
more predommant for structures with longer permds, than those of the
E1 Centro record.

CONC LUSIO NS

) From the extensive studnes through the field measuremenls. the
laboratory dynamic experiments and the analyses described above
briefly, the following conclusions can be drawn.

{1) Accelerations at deeper locations of soft soil deposits are
small in comparison with the surface accelerations. Shapes of vertical

¢
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distribution of maximum accelerations are different among various
earthguakes.

(2) The multi-reflection theory may be employed satisfactorily in
estimating seismic response of multi-layered subsoils, provided that
soils properties, primarily elastic moduli, are appropriately evaluated.

(3) For estimating three-dimensional behavior of long structures
embedded into soft 'subsoils during earthquakes; model experiments
would be an effective way.' In model experiments gelatin can be ad-
vantageously used as soft soils.

(4) - Dynamic analyses by means of the finite element method would
be also effective in obtaining seismic response of underground strue-
tures. .
(5} It is found that deformation of soft soil deposits has significant
effects on the dynamic behavior of the embedded structures, and that
soil deposits in resonance to seismic motions might exert the struc-
tures into critical state. Furthermore, the structures would be affected
extensively in- the vicinity of a site where depth of soft soil deposits
varies steeply,  This seems due to the fact that the deformation of
deeper soil deposiis is larger than that of the other section.

‘ -(6) It is expected in the near future to complete resonable speci-
fications for the earthquake-resistant design of prefabricated subaque-
ous tunnels, through continuing research activities and summarizing-
various results. It is obvious, ‘however, that liquefaction and failure
of soils during earthquakes is a crucial factor affecting the aseismic .
stability of underground structures. . Although the topic is not discuss-
ed in the present report, investigations:.on the effects on submerged
tunnels have been carried out at PWRI and the other 1nst1fut1ons con-
cemed
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Table 1 Comparison of Prototype and Model

Model Model
Prototype or Model Pratotype (Required from Stilitude) [Actual)
L First Secord First Second First Second
ayer
e Layer Layer Layer . Layer Layer Layer
Material Clayey ailt | Sillstone Gelatin Gelatin Gelatin Gelatin
Dimensicn (plan) T50m x1,350m 1.50mx2.70m 1.50mx2.70m
Depth 0-5%m |95-T0m 0.06-0.11m |0.19-0.14m [0.06-0.11m] 0.19-0.14 ]
.
w.
;’,’:l::u’"' 100 mfsec | 300 mfsec | 1,0 mfaee Lomfeee | Liimfsec | 3.0m/uec
2
H Shear Modulus | 153 kg/em?®| 1,830 kg/em?®0. 0103 kg/cm?| 0. 0917 xgl/em?|0. 013 kg/em? | 0.09 kglem?
13
O] Young's Modulus | 459 xglem?| 5,220 kglem?[0.0308 kg/em?] 0. 268 kg/cm? |0.040 kglem? | 0.27 kglem?
Unit Weight Litm? | 2.04m? 1.0 t/m® BRITEY 1.0 ¢/m? 1.0t/m?
¢ Poisscn's Ratio 0.5 0 0,45 0.5 0.45 [X 1] n.cis
: . .
ii‘\t Fundamental Period 2.0 sec . 0.4 sec 0.7 sec
Material Reinforced Concrete Rutber Rubber
2 4 Dimenslon {plan) MAmx1,¥0m 2075 mXxX2ZTm 0.015mx2.Tm
2 Depth 8.45m 0.017 m 0.017Tm
3
¥ Young's Modulus 270, 000 kglem? 15xglem? 12 kglem?
Unit Welght 2.5 t/m? (Net 1.0t/m?) | 1,25 t/m® (Net 1.0 t/m?) 1,35 t/m? (Ket 1.0 t/m")
Similitude
‘ Length a=L,/L. =50 Time t=T, /T. =5
i Deasity m=p, /Pe = 1.5 3{first layer) .
i =20 ${second layer) Velocity v=V,/Ya=n/t=10
Acceleration L amA, A, wn/1?=2g '
Yourg's Modalus e=E, 7E, ama* /13 =1.5x10% (tirst layer)
) =201 0* (second layer)
i Poisson's Ratio yrN/Ne =1
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1. INTRODUCTION .

Multi-purpose dams in Japan are often constructed at locations which
are comparatively near to populated areas. Therefore, complete dissi-
pation is required of such dams. To achieve this objective, a hydraulic
jump type dissipator consisting of a vertical sill is usually employed. In

the hydraulic jump type dissipator, the length of the dissipator and the
height of the end sill become important quantities. The length of the -

dissipator poses no problem, if it is sét to a value 4.0 to 4.5 times as long
as the ‘conjugate depth of hydraulic jump h,. Consequently, this: paper

deals with the design procedure and the method of experiments regarding -

the sill height of the dissipator.

2, FORMULAE FOR DESIGNING SILL HEIGHT - . ..}

concepts have been widely adopted :

1) The '{néthod of making the lenglh of the stil_li'ng basin considerably
shorter than that of hydraulic jump, and of considering the water pressure
applied to the sill. In this method, analysis is made by means of momentum.

In calculating the sill height, the following two broa'dly differentiated

p IS') Profets et recherches sur Ie.f dissipateurs du modéle hydrauligue du type saut
le ski. '
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2) The method of making the length of the stilling basin more than
about 80 percent of the length of the hydraulic jump, and of consxdermg
the sill to be a device for ensuring the conjugate depth of hydraulic jump.
The analysis is made by means of energy.

In the following pages, previously adopted formulae for caleulating
the helght of sill will be reviewed, laying special emphasis on the assumptions
taken in order to derive the respective formulae and on their characteristics
features.

1) Doeringsfeld and Barker’s Formula [1] :

(““‘”"‘ h.) _3(/ixsR—1)

(\/1+8F=—1+2/’) 64 12 @

The formula shown above has been derived from the results of the
experlment on the broad crested weir carried out by Doeringsfeld ef al.
and is based on the following assumption; namely, in Figure 1 below :

i) The momentum is continuous in respect of Cross-sections I, II,
and III. (The condition of the fluid naturally exists. Therefore, m the
formulas below, the:mention of this fact.will be omitted.)

Ix,__'\/_l+8F=—l
P ge h’- g h; (leg—d)d
b glz2 2 glx L 2

! n) The relatlonshlp among 7y, d and Iy which has been- obtamed by
Doeringsfeld et al. from experiment is:

hy —d—-2h,

(2h2—d)d:

I

V

.mﬂ“\:

k

i

Fig. 1
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As can be clearly seen from the above relationship, the formula is

applicable when the sill is a broad crested weir and takes charge of water

pressure corresponding to h,.

2) Forster and Sknnde’s Formula [2] :

d ﬁ_w_—l_\/”m JWTTERLD. @

This formula has been derived from the research on the sill by Forster
et al. In Figure 2 below, this formula is based on the following assumption :

" i) The momentum is commuous in respect “of Cross-sectmns I II

and III. .
hh=VI+8F—1,
n 2z
Ba*  M_Be M2, Qhy—d)d
eh T2 % h+_ S N
(2hz - d)d
2 ———
7‘}' T
e
I I

Fig. 2

ii) The water depth /; at Cross-section LIl becomes the critical depth :
v '

g I’a
As can be clearly seen from the above relahonshlp, the formula is

applicable when the critical depth occurs above the abrupt rise which
takes charge of hydrostatic pressure.
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3) PWRI (The Public Works Research Institute) No. I. Formula
(Mura){3] : ’ i

() (5 2 + T (20

K
@I —em o) onf o

[ ,ll
h' )
c : : h)
+ This formula has, in its derivation process, a characteristic feature

that the water pressure applied to the sill is handled in the general form
of P, and has been derived in th«_a following way :

i) The momentum is continuous in respect of Cross-section I, II
and IIL :

hy AVTT8FR-1_

n 2 ’
Po* 1§ _Bq , 1§, Pa
gh,+ = +5

I I

Fig. 3

From this assumption and the continuation equation, the following
formula can be obtained :

o= (%*)a_"-(z Py l—2 P’)'(’ﬁ)‘+ 2F =0,
: (

o i) \h
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Now, if we assume that :

(AN

et

)—(11==+1)( )-1 2 P

1296.837

(22 (Q'z_) +252

|

ol B ‘““’F =-14.65|

Super critlcal

-10

Solution

~500

Subcritica
Solution

N PR
Critical
SOlution

896.837

-1000

A

Fig. 4
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then @ = 9y —@, = 0, and the solution-of o = 0 is obtained at a point
of intersection of ¢, and 9, When F = 10, 9, and o, will be as shown in
Figure 4. o : :

The procedure of calculating the necessary sill height using Figure 4
will be as follows : . :

1) From the requirements for the stilling basin, the value of by, By
and F are given; 2) when F is determined, a graph of ¢, as shown in
Figure 4 is obtained; 3) a point P on ¢, which corresponds to the given
Itofhy is determined; 4) a straight line connecting P and the origin becomesg,;
5)P; is obtained, from this g,, and 6) to obtain a sill to. which a water
pressure of P is applied become necessary. As can be clearly seen in Figure 4,
P, may become positive or negative with Ipfhy = (‘\/ 14+ 8F—1)2as
boundary. P, >0 is considered to correspond to obstacles such as a sill,
whereas P, < 0 is considered to correspond to abrupt drop, etc. The
most important problem in application of the formula is how to correlate
P, with the sill height. I :

. ii) A’ coefficient of drag Cp [= D/(p v d/2)] is introduced and the
velocity of flow near. the 1ill v is represented by v = v 1JK (K : @ constant).
The!formula can 'be derived in the, orthodox way, but the estimation

of Cp and K'Wwill pose difficulties. As can be seen in Figure 4, ¢ has gene-
rally three roots, but the supercritical flow solution and the negative solu-
tion are meaningless, and only the maximum solution is physically feasible.
Also, when @ gives multiple roots, namely, when g, . is; contacted by ¢y,
the roots show the solution of the ciitical.depth ‘and aré also meaningless.

:¢1. The formulas mentioned ‘ifi Items D, 2 ap_d‘ -3) above belong to

3 Classification I mentioned “earlie

! [ ! R ; . o
i 4) Iwaégki’s Formula [4] : S R

4 QL2 /TE8P—5P 1 3 o
— = _ — = P8, “@
el 14 4P LA TR SR 2 o

Ly

 This formula is baséd c'):f}"’thé Tolléwing assumption : -

i i) The momeritum is continuous in respect of Cross-sections I to 1I,

as follows : . FARPEET I
‘ Lk _VIEBF—1
‘i Sy T2

. i) The energ)f is continuous’in respect of Cross-sections II to I1I,

as follows : ;

V—§+/ N +d
zq ‘2:—',2',71 i3 .
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Fig. 5

iii) At Cross-section 111, a critical depth is formed, as follows :

By = F23 by,

.. The above-mentioned formula applies to a sharp crested weir at
which no energy loss occurs in respect of Cross-sections II to I

5) PWRI No. II. Formula (Kawamura, Fﬁjimot_o etal) (5] :

111

"The above-mentioned formula exﬁploj‘rs the discharge coeﬁ‘ic‘i,é'nt» of

d_(+2P)V/IF8P—3F—1 _( Py

1+4F— /T8 F 2Ky -

weir K obtained by the studies made by Homma and - Nabeoka on - the

S e i l
~Energy_|_-n.e__iL Vi
Q
= ,
~ ' -2
P -
= - ©
I I I
Fig. 6
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discharge coefficient of a broad crested weir, and is based on the following
assumption :

i) The continuation of nomentum exists in respect of Cross-section I

to 11, as follows : _
A o

T 2

ii) Discharge Formula of Broad Crested Weir ©), (M :
. - g = K'\/Z_g HD:{IE;
where :

2
Ho?i%'f”z—d-:. e e

The above-mentioned formula is a generalized form of Iwasaki’s

farmula mentioned: jn’ Item’4) above; dnd the second ‘term’ of the’'right

side of the formula’ may slightly change depending upon ‘what equation is’

employed as a discharge formula of the sill. ’

The formulas mentioned in Tiem 4) and 3) belong to Classification II
mentioned éarlier, To design’this type of sills, the formula mentioned in
5) is most desirablé, because. in :this:formula, calculation can be made
by including the factor ofs ill shapes, but the drawback of this for-
mula lies in that by employing the Homma’s and Nabeoka’s experiments
only,' the ‘scope ‘wherethe”dischargé ‘coefficient of Weir can be obtajned
will be' limited. In actual practice, ‘therefore, the formila in Ttem 4) is
used for simpler calculations.

L

TN - * e - : H : !

3. EVALUATION OF "HYDRAULIC | JUMP. TYPE DISSIPATORS
IN HYDRAULIC MODEL INVEST{GATIONS

v

When hydraulic experiments of shydraulic jump type dissipators. are
cartied"out, the writér mainly uses’ the ‘following three factors in-eva-
luating draft designs, namely, the longitudinai allignment of water depth,
water pressure applied to the sill and stream regimen (still photo). First,
let us consider the * evaluation ranks:® shown in Table 1.
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o

TABLE }
Rank Evaluation
A Excellent (too good cjualily)
B Good (proper quality)
C Fair (sometimes pérmissible)
D No good (having no function as hydraulic jump type dissipator)

5

3.1. THE RELATIONSHIP BETWEEN THE LONGITUDINAL ALIGNMENT OF WATER
DEPTH AND THE RANK IS SHOWN IN TABLE 2 AND FIGURE 7.

TABLE 2
. Rank .. Longltudmal alllgnment of water depth Lol
A Honzonlal water surface at the end of hydraulic jump can be seen from
the upper stream of point P*
B Horizontal water surface at the end of hydraulic jump can be seen from
a pomt between point P and the upstream surface of the sill
C Maximum depth is scen at the upstream surt‘ace of !he sill, and no hon-
zomal water surface exists i :
D Maximum depth occurs at the lower stream of the upsirea.m surface of
- the sill , ) N i
(*) Point P means a point lymg upstream from the upslream surf'ace of the Slll ata
distance equal to the height of the sill.

AR
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Fig. 7

3.2, THE RANKING OF THE VARIOUS KINDS OF WATER PRESSURE WHICH IS
APPLIED TO THE UPSTREAM SURFACE OF THE SILL IS SHOWN IN TABLE 3 :
AND FIGURE 8.

//////////Il/////l//

Fig. 8
i
" [TABLE 3
Rank State of water pressure applied to upstream surface of sill
A A bulge of water pressure occurs above the center height of sill, but it
does not constitute the maximum value '
B A bulge of water pressure occurs around the center helght of sxll, but it
dm not constifute the, ma;umum value .
C A bulge of the maximal value occurs around the center he:ght of sill,
but it does not constitute the maximum water pressure
D The maximum water pressure occurs around the center of the sill height.
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3.3, THE RANKING OF THE VARIOUS KINDS OF STREAM REGIMEN OF THE STILL-
ING BASIN IS SHOWN IN TABLE 4 AND FIGURE 9.

TABLE 4

Stream regimen of stilling basin

Rank (scale : Approx. 1/50)

A Turbulence of hydraulic jump does not reach the sill; the transparent
portion (which does not contain air bubbles) of the flow exists from |.
s point P* to the upper stream and the depth of water that overflows |
the sill does not show time variation

B Turbulence of hydraulic jump reaches the sill, but the flow befween

¢ point P and the upstream surface of sill is more or less transparent,
and the depth of water that overfows the sill shows only slight time
variation o
< C A part of tucbulent flow overflows the sill; the region of the rectangular
ey equilateral triangle connecting point P and the upstream crown of
~r the sill is transparent; and the stream which overflows the sill shows

time varjation

D The flows has excessive turbulence, overflowing the sill; the transparent
region at the upstream surface of the sill barely exists; and the stream
which overflows the sill scatters and falls on the rivet bed downstream

(*) The definition of the point P is the same as that mentioned in Item 3.1 earlier.

@
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4. SILL-HEIGHT CALCULATION FORMULAS AND RESULTS
OF HYDRAULIC MODEL INVESTIGATIONS

At PWRI, more than 100 cases of hydraulic model experiments of
hydraulic jump type dissipators have been carried out since 1953. Figure 10

is obtained by summarizing the dfhy and F in order to study the relationship.

between the ranking in each case of these experiments and the sill-height
calculation formula. As can be seen in Figure 10, the value of K = 0.4 in
the PWRI No. IT Formuia was adopted in these experiments in order to
achive the ranking A or B. It is quite clear that the formula mentioned in
Item 5) of Chapter 2 if the optimium formula. The specifications of the
dissipator which constitutes the basis of the abovementioned data are shown

An Table 5. To use the formula proposed by Forster and Skrinde will bring

out the sill height which is considered to be on the dangerous side according
to the writer’s opinion.
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5. A NEW EXPEFIMENT PROCEDURE
OF HYDRAULIC JUMP DISSIPATOR

The experiment procedure mentioned above is a procedure of expe-
riments carried out according to the classic depth measuring method
(point gauge). Now a new expriment procedure which has been used as
a tria] in the writer’s laboratory will be reviewed below. This procedure
will be materialized by the block diagram illustrated in Figure 11.

Varlation

w}u}er Level A ] Mean Level
Trarfsduur ——‘{A‘D c°""""l ~ I' pUier Coefficlent of

Fig. 11

I the classic method, only an inaccurate average value of water depth
was obfained, but if the above-mentioned new experiment procedure is
adopted, a considerably accurate time average value and fluctuation of
water depth can be measured. Accordingly, the stream regimen shown
in Figure 12 can be expressed by the diagram shown in Figure 13, Here,
it is empirically known that if a hydraulic jump dissipator of a scale of
about 1/50 can perform perfect dissipation, the coefficient of variation
(C.V.) in the flow directry above the end sill is less than 5 percent.
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This new experiment procedure can be widely used for the quantitative
expression of stream regimen obtained in the experiment using a hydraulic
model which has a plane expansion (for instance, a model having a com-
pleted plane shape such as the environs of a water gate, diversion point
and confluence point).

Then an experiment using as apparatus as shown in Figure 14 was
carried out to check how C.V. could vary with the difference in the scale.
Nanmely, in Figure 14, all the lengths are determined by F and /,; therefore,
if F is assumed to be constant, 4, will be the representative value showing
the magnitude of the apparetus. When C.V. (*) is measured by employing
a model, keeping that F is constant and changing /&, we obtain Figure 15,

(*). The representative value of C. V. of the entire hydraulic jump is obtaine das
follows : The jump length is divided into 10 equal paris and the C. V.'s of the ten parts
have been measured, and then the average value of C. Y.’s of five measureung points at
the lower strecam from the center point has been teken &s the representative C, V. of the
experiment case.
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- ‘Mean D"epth‘(cm) . Profondeur Moyenne (cm)
—— C.V. (%) ., C.V.(%.

Fig. 13
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Fig. 14
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From Figure 15, it is observed that as a' rough figure of f;, > 2 cm
is obtained, C.V. will decrease. This may be attributable to viscosity and
surface tension. In the model experiment, therefore, it is desirable that the
septh of supercritical inflow be made about 2 cm or more.

CV —h &F = 7
10 |m AF = 10!
HmF| =20
cVv Al o & e °
61— Ay & ®
(%) P
4wt ol
% ] 2 3 4 5 6 T =

 h| (cm)

Fig. 15 . . RO

CONCLUSION

By employing the above méhtioned‘experiment procedure, it has
become possible fo establish objective critaria for hydraulic jump dissi-
pators whose evaluation in the past was mingled with'a great: deal of

subjective judgement. In future the measuring method mentioned in Chap- {'

ter 5. will be further developed, .
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- SUMMARY

. . A number of methods are known for calculating the height of an
end sill in hydraulic jump type dissipator work. However, such methods
provide a sill height which is actually in shortage for complete dissipation
required in most of the damis in Japan, :

In this paper, a formula for calculation of the correct sill height
allowing complete dissipation is derived from the data obtained through
experiments with hydraulic models. In the pracess of producing the for-
mula, a concept of ranking the flow is proposed for representing the extent
of dissipation in the experiments of hydraulic jump type dissipator models.
In the last, experiments using electric methods for measurement of the
water level are introduced. .

RESUME

.. Il existe un grand nombre de méthodes. pour calculer la hauteur du
seuil aval pour un dissipateur d’énergie hydraulique du type i saut de ski.
Toutefois, ces méthodes déterminent une hauteur de seuil qui ne convient
pas pour une dissipation compléte telle qu'elle est requise dans la plupart
des barrages an Japon. : ’

Dans ce rapport on déterming une formule pour calculer la hauteur
de seuil correcte qui permet une dissipation compléte, & partir de données
obtenues dans des expériences sur modéles 1éduits. Pour établir cette formule
OR propose, pour représenter le degré ‘de dissipation dans les expériences
sur des modéles réduits hydrauliques de dissipateurs & sauts de ski un sys-
téme de classement des débits. Enfin, on présente dés expériences utilisant
des méthodes électriques pour mesurer les niveaux d’ean.
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