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PREFACE

In response to the reguest of the Government of the Kiﬁgdom of
Thailand, the Government of Japan decidéd to conduct a study on the
Raza VI Bridge Rehabilftatfon Project in the Kingdom of Thailand and
entrusted it to the Japan Internatfonal Cooperation Agency {JICA).

The JICA sent to Thalland a survey team headed by Mr. Toshiyo Nobusawa
several times in the period from January to October, 1982, under the
guidancé of the Supervisory Cormittee chaired by Mr. Hiroshi Tsuboi

of the Ministry of Transport.

The team exchanged views with the officials conéerned of the
Governuent of Thailand and the State Railway of Thailand the Project,
and conducted a field survey, After the team returned to Japan,

further studies were made and the present report has been prepared.

I hope that this report will serve for the developient of the
Project and contribute to the promotion of friendly relations between

ouyr two countries.

I wish to express my deep appréciation to the officials concerned
of the Goverament of Thailand and the State Railway of Thailand for

their close cooperation extended to the tean.
Decermber, 1982

S,

Keisuke Arita
President

Japan International Cooperation Agency
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SUMMARY AND CONCLUSION

Mentloned hereunder are the surmary and conclusion on the result

of survey on the rehabflitation project for RAMA VI Bridge in Thailand.

1. Survey Purpose and Qutline
1-1 Background behind implementation of survey

RAMA VI Bridge is situated at the north of the city of Bangkok and
is the largest throughout the SRT's network with a maximum span of 120
and total length of 445 n as the bridge of corbined use for both raflway
(single track) and highway (two vehicle lanes).

In the railway network, it holds a position on the southeyn line
of the main route connecting the Metropolitan Area of Bangkok and the
southern patt of Thailand. As the vehicle traffic rmeans, the bridge is
used as a part of the ring road fn Bangkok, playing a very vital role
in the metropolitan traffic,

Thé bridge was constructed orxiginally in 1927 and fell into collapse
by borbing during the World War II (1939 ~ 1945). At the sare tice,

bridge piers and abutrents were damaged, and the bridge could no longer
be used,

The rehabilfitation work of this bridge continued for a period of
1948 ~ 1950. Only the truss of superstructure was reconstructed with

new bridge structure vhile pfers and abutmeants wevre rehabilitated with

enclosuvre of reinforced concrete,

- With a tive elapse of about 30 years sfuce its completion of reha-
bilitation, today Public Works Departreat of Thailand conteaplates new
-construction of the road bridge with six {6) lares as a part of the ring

road in Bangkok, in place of RAMA VI Bridge with the two (2)-lane road,



on the upstream side of the eéxisting bridge. After comﬁletion of the
new bridge constuction, the SRT will remove the present two (2)-lane
road out of the bridge and reconstruct Into a siangle track railway line,
. so that RAMA VI Bridge after reconstruction nay be used to serve as the

double-track railway bridge in its entirely.

The planning and designing servicés Ebrlihis'doublé track project
were requested by the Chief Civil Eongineer of SRT to'Hr.iTorigoe as the
JiCA-assigned expert for a period of 1980 to 1981 and detailed design
drawings were cotpleted. In the process of désigning, Mr. Torigoe pre-
suted some prbblens including Structural deterioration in the substruc-~

ture and pointed out necessity to go into detailed survey.

Later, this matter was taken over by HMr. Ohtaka as the succéssor
to Mr, Torigoe. Hence, for a perfod from June to July 1981 the survey
-was conducted uvnder the guidance of Mr. Ohtaka to assess the deteriorat-
ed conditions of RAMA VI Bridge.

As the result, the conditions required continvation of the deterio-
ration survey in further detafls and the latest suvrvey started in

February 1932 in accordance with the SRT's request.

1-2 Suwmary of deterforation and irmediate reasures before latest survey

The following are the summaries dealing with the result of surveys
conducted to check deteriovation of RAMA VI Bridge under thé guidance
of Xr. Ohtaka for a period of June to July, 1981 and irwediate reasures
taken to improve the deterforated conditions by due rYefereace to the

survey result,

RAMA VI Bridge presented such deteriorations that Abptcgﬂts A and
F on both sides were moved forward by about 50 to 60 ra and movable .
shoes 6f Plers B and D were tilted toward Bangkok by about 50 to 30 re

respectively as way be so detérmined froa relative displacenent belween



uppe# and lower shoes, The link (69 vm at movability) of the suspended
truss was moved already up to its maxinum possible 1imit toward Bangkok
and the central span appeared to have been wide épreading. Damage took
place over the end face of concréte pavement at the expansion jofnt on
the road side. 1In addition to those, vibrations were felt against
human bod{es at the crown of Pler C as if its amplitude would be 10 to
15 s,

As the result, the following fmrediate measures were taken actually

oxr reviewed in accordance with the advices given by Hr. Ohtaka.

(1) Restriction of train speed (20 km per hour for all trafns)

(2} Regulations of road traffic including traffic ban to large-size
vehicles: or their speed Muft (repair and improvewent of road pave-
rent faking advantage of the road belag closed temporarily to
traffic and traffic ban upon large vehicles after completion of

improverent works)
(3) Imrediate vepair of road expansion joint and track maintenance

{4) Study on traffic suspension and other necessary ceasures against

any case of emergency

1-3 Surmary of survey

Prior to start of the site survey, various studies were conducted
in Japan by due reference to the Report on Déterioration of RAMA VI
Bridge as presented by Mr. Ohtaka and necessary site survey items for

clarifi{catfon of the causes for deterforation of RAMA VI Bridge wexe

sumnarized for formulation.

_Accordiﬁg to the aforestated Report, it is noted that vibrations
arising_from Pier C are'extraordinatily laxge in amplitude with appear-

ance 6E.deterioration at shoes'and l1inks of the bridge superstructure,



The f6llowing 1cems were cited as the causes for deterioration of RAMA
VI Bridge as pfeSuméd in Japan:
(1) Due to structural defect of fler c
' (2) Due to tocalized scouring around Pler C
(35 Due fé unequal earth pressure
{(4) Due to compound causes
As ;pptoaches'to clarify the causes f¢r détefio?atioﬁ aﬁd to provide
necessary rmeasures for repair and maintenance, tﬁe following survey items
were proposed:
(l)‘;Sufvéy on geology and soil conditions 
(¥.3) SutveyIOn river-bed sc0utiﬁg |
(3) Vvibration reasurecent
(4) Subaqueous survey by divers
(5) Land surveying
(6) Excavation survey fn circomference of Pler B
(7) Survey related to design and construction

After surveys conducted at the site for one ronth period of Harch
in 1982 the clarified facts were surmarized as follows'

From the résult of survey oa geology and soil conditions it ap-
peared that no particular probless uouid be involved in the stability
of foundation because of deep re¢ach of Piers B thru E down to the
foundation assured of sufficient bearing power. Houever. abutesents A
and ¥ on both sides appeared to have been rooted to a relatively 1\1—~
sufficient depth as compated with Plers B thru E, and presented sope
problems in regafd to bearing poder in the horizontal direction,



The rYesult of suirvey on river-bed scouring revealed that there
appeared no such localized scouring as should, In partfcular, give rise

to any problems,

The result of vibration measuremént turned out to be a small figure
of 0,64 mm for maxiwum horizontal displacement at the crown of Pier C.
No particular problems were anticipated from this peasuréed result as
the horizontal displacement for the pler of this type. It shéuld be
noted, however, that this mattér should not be discussed only to seek
a general conc¢lusion bécause the site conditions ineluding roads and
others as of March in 1982, in which vibration was peasured, were
changed from thoseé correspondiung conditions in June 1981 when this
vibration was fnitially taken up as a problem by Mr, Ohtaka. - Thérefore,
the result of the study will be stated later in this Report mainly by
reference to the analysis result obtained from vibratfon simslation in

Japan,

From the result of subaqueous survey by divers it was revealed
that Piers C and D bad hollows and cracks near the boundary between the
upper and niddle stages and Pler € was eccentric by about 1 m at fits
upper ﬁnd niddle stages on the ﬁpstream side, Although those drawbacks
were not iemediately tnfluential to the growing deterioration, they

appeared with necessity to take any sultable means of repair and remedy.

The result of land surveying presented dicensional diffetence or
discrepancy at'some.parts by'compatative check with the original design
drawing. However, whether or not such difference or discrepancy was
deviated from the design drawing back at the early stage of construction
could nbt be traced clearly for lack of any recorded data in details
from the beglaning of construction,

Abutments A and F on both sides are moved forward under the unequal

earth pressure from the back of abutpeat.



Assuning that each pier would have been erected correctly as per
the design drawing available now, it would appear that Pters B thru D
should be tilted by about 19 4 55 mm toward Bangkok and Pler B, by

about 47 rm toward Haad Yai respectively as estimated on a calculated
basis.

Displacement of shoes and links was varied within a diversiffed
range of 15 to 76 vm depending upon where they were, This result was
nearly same as obtained from the result of survey in June 1981.
Although this extent of displacémént wmay not fmediately affect the
growing paces of deterioration, it would impede the normal functidning
inherent. to shoes and 1links and ft would be desirable that the present

_condition should be corrected mot later than the scheduled timing for

conversion into double track.,

As the result of excavation survey in circumference of Pier 8,
the workmanship near the boundary beiween upper and piddle stage of

Pier B was found satisfactorily good.

_ Gn the basis of results obtained from such vakious site surve}s as
_aforestated analysis on the cause for deterioration, along with analysis
on the forecast of such deterloration, was conducted to futther details

in Japaﬁ._

2. Causes for Deterioration of RAMA VI Bridge -

In an’'attempt to clarify thé causes for bridge stricture deterio-
ration,_such déterioration was assumed to be att¥ibutable to three
different causes such as the cause on a long-tera basis, on-a short-time
basis and from the initial :stage of construction, after due reference
to the results of site surveys and their subsequent analysis results

obtained later ia Japan,’



2-1 Deterioration due to causes over long term

(1)

(2)

(3)

Abutment ‘A on the Bangkok side began to show the moving phenomenon

‘to the front, immediately after completion of the rehabilitation

work in 1950, probably bécduse of unequal earth pressure vesulting
from banking on the rear side of the abutment. At the reach of its
horfzontal displacement up to 18 cm the repair work was done in

1965 by resetting of shoes. However, the movement was still noticed.
Therefore, the backfill on Bangkok side was veplaced by composite
girders at a distance about 500 m from the abutment. With further
development of detérioration another horizontal displacement of

about 7 cm was added to such an extent that the girder end of super-

structure has entevred into contact with the abutment parapet.

Thus, deterioration way bé considered to be attributable to the
causes over a long term settlement due to consolidation of the
embankment estimated at about 2 m, sliding failure of soil during.
construction and after completion of the embanksent, and unequatl

earth pressure arising from banking of soil on the rear side.

Abutzent F on the Haad Yai side is also moved to the front in a
horizontal displacemeat of about 7 cwm, though not so couspicuously
deformed as Abutment A was, because thée foundation of its upper soft

soil layer still provides favorable coanditions as compared with that
for Abutment A.

Since partial recoval of the rear side ecbankment for Abutment A,
the loading condition has been in unbalance over a long period

when viewed from the total structure of RAMA VI Bridge.

That is to say, the way of conception thalt the whole superstructure
would serve as if it were a strut agaiost unequal'earth pressure
from the rear side of Abutment F, in the judgezent of coamplexed

interaction between concrete slab, stringers and shoes, would be



)

(5)

closer to the reality as compared with the other way of couception,
that the shoe for Abutment F was actiog against unequal earth

pressure indiﬁiduaily becauvse of its movability.

Likewise, the phenomeénon of about 10 rem move of Abutment P after
improvement of road pavement can also be easily explained from the

above conception.

Meanwhile, the movable shoe is showing some degree of ability to
¢cateh up with displacement due to transitional load tike train

load during its passage.

With regard to the link, it is not necessarily in a condition to
give justifiable reason for this observed phénomenon. As stated

later, it may be attributable to the cause in a short term and the

- cause avising from the iaitial phase of construction.

As made clear from the result of dlver s exploltatlon, the upper
part of Pier C is eccentric on its upstrean side by about 1 m
toward Bangkok., It is further clarified that horizontal displace-
ment of about I c¢m will arise at the crown of Pier C from eccéntric
load resulting from such eccenttiéity. Although such dispiacement
is still limited to a small degree, it exists as long duration load

and is considered as a factor to deterioration of theé bridge.

The result of river-bed scouring survey reéveals that there exists
hardly any difference as compared with the condition at the initial

stage of construction. Nothing particular is contained in the

cause for deterloratlon to decxive from localized scouring avound

‘Pler c, contrary to the origlnal asquptlon in Japan.



{6)

(1)

{(2)

(3)

Except otherwise under such conditions as stated earlier, there is
not observed any possibility, in particular, for causing deteriora-

tion due to the ¢ause accumulated over a long period.

Deterioration due to causes within short term

As the cause for deterioration within a short term, there is to be
considered the extremely deteriorated road condition for the period
starting from asphalt removal from pavement in February 1981 till

graffic closure in October 1981.

-To further ekplain the reason for assumption, it may be well con-

ceivable that by exposure of the uneven surface of concrete slab
after vemoval of suvFace asphalt pavement, the end face of concrete

slab might have been smashed by direct impact from passing vehicles

of large size, though protected with steel plate covering, thus

acting against the link toward expansion by force of smashing im-

pact.

Ko accurate recorded data is available to determine the displace-
ment at the link. However, such displacement may be estimated at

10 to 15 mn from peel-off of paint recently coated.

Road vehicle traffic is featured by vehicles, mostly with load on
the up lane toward Bangkok and by empty vehicles on the 6pposite
lane toward Haad Yai. However, the vehicle loading ¢ondition still
resains unknown, although the data dealing with trip survey per unit
hotr is available. As a general tendency it appears that vehicles

are overloaded to a considerable extent. .

All those things conSJGered, it seens that vehlcles proceeding to
Bangxok are conspicuocus of their load, such as braking load, which

acts in the horizontal dtrect1on.



(4)

2-3

(1)

Fronm the result of field vibration meashrement in March, 1982

no vibration displacement to be considered as a matter of grave

concern was detected.  This may be mainly because of the improved
road pavement and the restrictive traffic to large vehicles. That
is to say, frono the result of vibration analysis on the assumed

basis of the road condition around Augu'st 1981, it is conceivable
that there might have been a possibility of causing the vibrating

phenomenon sensible to the human body under the specific condition.

In conclusion, therefore, it can be infetred that the vibration
sensible to the human body at Pier ¢, which led to the latest sur-

vey, should be a transieat pheéncrmenon arising from damage over the

‘end surface of road pavement.

It is furthermore estimated that the horizontal displacement degree
at the crown of Pier € during the large vehicle passage under the
deterviorated condition was limited only to about 1 to 2 e, even

in the worst case by combimation with both wheel base and running

speed of the large vehicle of most disadvantage to such displace-

cent.

Deterioration due to causes originating from initial stage of
construction
Difficulty experienced in the site survey was that detailed con-

struction records were not available.

Therefore, although theré should maturally exist some unknown
factors to determine the exact degrée of displacement for clarifi-
cation of the causes for détériotation it can be observed that the
largest discrépancy between the design drawings still available
and the actually éxiétiﬁg'structure-is thé'eccénfriéity at the

upper part of Pier € as referred to in the'forégéing item 2-1 (4).

- 10 -



(2) No accurate past record of construction for the link portion is
available in any way. Therefore, although any decisive comment
must be refrained as far as this portion goes, it can be assumed
from the fbllbuing pdints that those links might have not been set

correctly at their regular positions in all instances.

(:) The existing bridge structure does not always accord exactly

with the design drawings still available.

() Fhe notch of angle members used at the link does not fora
aormal curve, Besides, there exists a difference of 4 mm in
notch of angle memhers between railway side and highway side.
This seems to be the old mark of adjusteent which might have

been made at the initial time of bridge girder erection.

(3 Although coated paint is peeled off ta a length of 10 to 15 mn,

any coating before peel-off still rerains waclarified.

{3) From the result of neasurement made to see the tilted degree of
piers, it is estimated that Piers B~ D pay be tilted about 50 oo
to Bangkok. Although this point may be justifiable to soxe extent,
as observed in the foregoing item 2-1 (3}, by attribution to the
unequal earth pressure influence from the Haad Yai side, it wmay not
be proved with definite justification because of lack of detailed

construction records at the iaitial stage.

It should further be noted that the extent of such structural tilt
can in uo way be made definite im all cases ian relation to the

accuracy of reasurenent.

(4) The tesult of survey by divers revealed that the subagueous por-
tions of both Pier € and Pier D had hollows which were assuzed to

be éxisting from the initial stage of construction. Rowever, no

- 11 -~



particular phenomenon worthy of serious considevation was observed
after vibration tests.

That is to say, deterioration is not attributable to any cause due

to the structural defect of Pier C which was assumed as one of the

deterioration causes as the initial stage of work in Japan.

3. Safety of RAMA VI Bridge

In view of the causes for deterioration, the problems related to

the safety of the bridge must be réviewed séparately by a short-term

vision and by a long-ternm visien.

3-1.

1)y

(2)

(3)

Safety from a short-term vision

To meet ismediate needs for saféty of RAMA VI Bridge the interim
report pointed out that earliest repair of stringers and brackets
should be needed, in particular, near the link of the suspend
span. As of this date, the répair work has been completed and

the problem in this regard has beea dissolved accordingly.

Vibrations arising at Pier C from damage on the pavéd_surface of
road and also ftom:traffic of large-size vehicles have been dis-
solved to this date by restriction on the large-vehicle traffic

and repair of the road surface.

With repard to the'saféty'fof the bridge substructure, it appears
that the future structure after doubling of the track as well as
the existing structure would not pose any safety problem, as esti-
mated fronm the large safety factor which is obtained after calcu-
lation of stability of the caisson foundation, even though no

icprovezent may be made any pore,

- 12 -



(%)

(5)

1)

(2)

(3)

The conversion plan into the long-rail system on the bridge for
the purpose of diminishing the vibration would be of less signifi-
cance as may be noted from the results of vibration test and

analysis,

For further reference, this Report includes details on necessary

conditions for conversion into the long-rail system on the bridge.

In the judgement from various survey results, it is not feared
that RAMA VI Bridge would be jeopardized by deterioration at a

rapid tempo.

Safety from a long-term vision

After subaqueous check by divers it was found that the underwater
portion of Piers C and D had hollows.

From the results of vibration test and analysis it appeared that
there were no problens to be considered as the cauvse for deterio-
ration, probably due to structural defects of Piers C and D as

originally anticipated.

However, it is considered desirable in a long run that repair work

should be done for the underwater portions of Piers € and D.

The vibration phenozenon as a trigger to the latest deteriorvation
survey was attributable mainly to the deteriorated paving condition
of the road. No particular problem is, however, contained in the
improved condition of road pavement as of March 1982. Full main-
tenance care of roads will.be required in the future as well as at

present.

From the overall view of the wvhole RAMA VI Bridge, it is conceiv-

able that the total bridge stvucture is put under the unbalanced

-13 -



(4)

{5)

G.

load condition by embankment at the rear of Abutment F on the Haad

vai sfde. It 1s therefore desired that same as was terated for

‘Abutment A on the Bangkok side embankment soil at the vear should

be removed.

The removal section shovld be of about 40 m extension in the longi-
tudinal direction by the desired tining of such removal not later

than schedvled conversion into the souble track systen.

The tining for construction may be left to the=potibnal'judgement
by due reference to the result of follow-up studies after deterio-

ration.

Shoes and links show displacement of 15 to 76 r#i to hteir normal
positions. Since such shoes are placed at their undesirable posi-
tions with their declined normal function, resetting of shoes and

links is recocmended.

Froa the present status, however, there seems to be no danger of

going into further deterforation at raped paces.

The suitable tinfing for resétting of shoes may be detersined frem
the result of follow-up studies as later informed, prqbably'not
later than the scheduled cozmpletion of the double track system but

after repair of Piers € and D.

Thexre are observed no other points which shoule require serious

consideration, besides all those aforestated.

Iczedfiate Measures to be Taken

1t seeas that the vibration problea under the latest survey may be

a transient phenomenon which took place because of special circuiastances

- 14 -



on the voad side in the historical process over 30 years after recon-
struction of the existing RAMA VI Bridge.

Although from the present condition of consolidation over the
upper soft soil foundation, thé paces of progress into future detpfio~
ration would be very slow, it is recomrended that follow-up studies as
ftemized hereuwnder should be conducted for the peried starting from the
present stage uatil tﬁe scheduled completion of the double-track systen

$0 as to make the result of studies available as the referential data.

(1) To measure the progressed degree of inclination by use of the in-

clinometer installed at each crown of Piers C and D.
(2) To measure horizoatal displacement of shoes and link.
(3) To measure the gap between parapet of Abutcent F and girder edge.

(4) To repeat measuresents of (1) thru (3) zbove at a specified day

and hour, about once every other eonth.

4-1 Train speed restriction

No particular phenomenon containing serious problems was pbserved

from the vibration tests conducted at the speed of 20 to 80 km/h.

From actual conditions of deteriération of the underwater portion
of Piers C and D, deterioration on Abutwents A and ¥ and povezeat of
shoes, it is cbnsideréd desirable that speed restriction should be
lifted after vehabilitation of the bridge. In case of eascment of épeed
restriction before rehabilitation, it is advisable that careful judge-
ment should be made by due reference to the result of follow-up studies
of future developrent of deterioration and the maintenance conditions

and that such restrietion should be eased on a step-by-step basis.
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4-2 Traffic restriction on large vehicles

With regard to traffic restrictlon on large vehicles on the road,
it is considered desirable that careful judgememt should be used, same

as on the railvay side, by due reference to the follow-up study result
on deterioration.

5. Repair and Improvement

The basic conception for repair and improverent is as stated

hereunder.

5-1 Repair for Piers C and D

According to the result of visual check by divers on the underwater
portion of Piers C and D it was revealed that there existed many hollows

and cracks near the boundary between the upper and niddle parts of piers.

Therefore,; particular emphasis is placed upon reinforcecent near
the boundary between the upper and middle parts in the planning for

repair of piers,

(1) Piers C and D will be reiaforced with reinforced concrete covering

of about 50 co thickness around the pier structure,

{2} Piers will not be influenced by any horizental force of extraordi-
nary magnitude like earthquake. Therefore, it is estimated that
" the sectional area of the existing pier will be fully resistible .

agafnst horizontal force at a transitional loading {such as braking
load). '

(3) Reinforcing bar will therefore be restrained to possible nianimim

voluze.
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(4)

5-2

The repair work is planned for maximum possible saving of manpower

bocause of its operational difficulty under the water.

For placing of reinforced concrete it is planﬁEd that the under-
water portion will be enclosed with.pre-packed concrete whilte the
structure above the water will be enclosed with ordinary concrete.
Reinforcing bars will be prefabricated on the ground and be set up

in place. The mold of concrete will be built with a panel of about
15 m?.

Resetting of shoes

The result of measurement reveals that movable shoes and Yink

have been moved largely, some beyond the possible linit of displacement.

As some of those shoes far out of their normal positions may not

serve well with their functional role, it has been planned that those

shoes should be reset aright roward normal position.

(1)

2)

O}

" in such a way that the upper half of each movable shoe will be

(4)

Those movable shoes at Abutcents A and F, Pier B and the link should

be reset inteo their noraal positions.

The shoe only at Pler E is woved less than all the rest, haviog

poteatial to further displacezent. Resetting is not necessary.

For resetting of shoes at Abutoents A and F, the work will be done

moved to set at the center of the lower half by taking apart set
bolts of the upper half of shoe from the lower chord of truss and

jacking up lateral girder of truss.

For re&ettiﬁg of shoes at Pier B and link, the givder will be

jacked up by the lower chord after cuttiag the welded joliat between
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the lower half of the fixed shoe at Pier C and the base plate.
Then, the movable shoes at Pler B and link will be reset into their
correct positions by siu-iultanébus transfer of both anchor truss
and suspend truss in a loagitudinal dfrection toward the Haad Yat
side.
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CHAPTER I SITE SURVEY

t. Genersal Summary

This surQey was conducted extensively on and from March 1, 1982,
fdllowing after the preliminary survey previouély conducted at the site
for about a week starting Erom January 31, 1982 with the object to
summarizé required contents of survey into items, vhich were drafted
under the‘decision to clétify the causes for deterioration of RAMA VI
Bridge as well as to seek the way of repair and maintenaﬁce, after
various pre~iuvestigations in Japan by due reference to the 'Report on
Deterioration of RAMA VI:Bridgé' preﬁated by Mr. Ohtaka who had been
assigned as the expert to the State Railway of Thailand by JICA.

_According to the aforestated Report, it is reported that vibrations
arising from Pier C are extraordinarily large in amplitude and, besides,
deterioration appears at shoes and link of the bridge superstructure.
Cited as follows were the causes for deterioration of the bridge as
previously assumed in Japan,

(1) DPue to defect on the structure of Pier C
{2) Due to localized scouring around Pier C
{3) Due to unequal earth pressure

(4) Due to compound causes

In order to clavify the causes for deterioration the following

itens of site survey were proposed as necessary approach to repair and

maintenance,

(1} Survey on geology and soil conditions

{2) Survey on river-bed scouring
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(3) vVibration measurement
(4) Subaqueous survey by divers
(5} Land surveying
(6) Excavation survey in circumference of Pier B
(7) Survey on design and construction

Explanations are given as stated hereunder im the sequential order
of those survey activities. | '
2. 'Survey_On Geology énd Soil Conditions

Prior to clarification of the cause for deterforation of RAMA VI
Bridge it is basically iwmportant to know correctly the foundation con-
ditions bearing both piers and abutments of the bridge. With this view
in mind, geological and soil tests of various types were conducted under

the criteria of either ASTM or JIS.

{1) Boring and standard penetration tests for each pier and abuteent
{2) Laboratory soil tests

1) Unit weight test 7

2) Unconfianed compreséion test
3) Natural water content test
4) Liquid limit test

5) Plastic limit test

6) specific gravity test

7) Consolidation test

Full partic¢vlars of these outcomes obtained from tests as cited

above are annexed as a vreport to Appendix 1-1.
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Here, the soil profile is shown in Pig. 1-3 as a part of repre-
sentative data. From Fig. 1-3 it is made clear that Piers B through
E stretch down to such a depth that the bearing stténgth of sufficiency
can be fully assured as mentioned in CHAPTER IT of this Report,

At each of Abutments A and F, it appears that piers extend their
basés to a sufficient depth assuring the bearing streagth in the verti-
cal directién but to an insufficient depth in respect of the beafing
strength wbrking in the horizontal direction. Thexéfbre, this is evi-
deatly a cause of deterioration for each abutment because of unequal

earth pressure in rear side soil of Abutrments A and F.

3. Survey on River-bed Scouring

On the assumption that the localized scour in the river-bed may be
one of the causes for detérioration of RAMA VI Bridge, survey on the
river-bed scouring around Piers C and D were conducted by plumbing from
the boat or by divers. Howevef, tﬁe resulf revealed that nothing par-

ticuwlar was observed as shown in Fig; 1-4 and 1-5 respectively.

Froo this proven result it was made clear that such locatized

scouring should net be considered as a cause of deterioration.

Detailed data, together with the result of soil survey, are included

in Appendix 1-1.

4. Vibration Measurecent

The latest particular ‘attention to deterioration of RAMA VI Bridge
was drawn initially by vibrations perceived to the huzan body at Pier G,
To probe into the problem, vibration measurement was made mainly at Pier

C and other piers, abutments and superstructures.
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Main features for vibration measurements are as follows:

(1) Train speed: _
Four (4) different speeds of 20, 40, 60 and 80 km per hour
(2) Train c¢lassification and number:
Eight (8) passenger trains, three (3) freight trains
(3) Road traffic: _ _ _
When the bridge is closed to traffic, and vhen the bridge is open
for traffic (80 km/h only)
(4) Measured portions: _
Superstructure and substructure of RAMA VI Bridge

(5) YMeasuring point:
Twenty-one {21) points

 Typical results of vibration measurement are shéwn in Fig. 1-6 and

Table 1-1. Details are as shown in Abpendix 1-2,

As noted from Table 1-1, the maximum among all the measured values
was no more than 0.64 rm in amplitude at the horizontal displacement,
as measured at the crown of Pier D. The result of observation after

these measurecents is stated in details in CHAPTER 11.

5. Subaqueous Survey by Divers

All the subaqueous survey on Piérs C and D and the river-bed con-
dition was conducted by uvse of the underwater TV damera and the moni-

toring TV as well as by employment of divers.

.Resulgs are partly shown in Figs. 1-7 and 1-8.

- 22 -



From Fig. 1-7 it is noted that an eccentricity of about 1 m exists
on the upstream side of Pier € and Fig. 1-8 shows existence of hollows

in some portions of Pier D.

Those results of observation suggest necessity of repair works on
the underwater structure of Piers € and D. However, as mentioned in
CHAPIER 11, it appeavs that those existing hollows are of no grave c¢on-

cern in particular with regard to the vibration problem.

The report in details on this matter is shown in Appendix 1-3.

6. Land Surveying

‘Total extension of land surveylng reached a length of about 850 m
by inclusfon of RAMA VI Bridge and its connected access sections of

exbankoent, The result is as shown in Appendix 1-4.

Notwithstanding the nécessity to refer back to the original detail-
‘ed data available at the initial stage of construction in order to check
and examine the result of surveying, the Bridge under this project lacks
its relevant data,  Even the design drawings still in survival would be
only those prepared at the early designing stage, which may apparently
remain partiaily unrevised or uncorrected though some points should have

requived revision or correction from the site conditions during con-

struction.

Therefore, the measured data herein are no other else than the
result of measurecent made in March 1982, for which there is no definite
evidence to deternine if those data reflect different conditions from

those at the tiwe of construction.

(1) Levél surveying

The vesult of level surveylng is as shown in Fig. 1-9 and reveals
that Abutrents A and F on both sides are sagged down in a shape of
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(2)

CONveEX.

Abutménts A and P aré rooted into a rélatively shallow depth as
compared with Piers B thru E, Revertheless, it may be generally
difficuit;'judging from the existiag foundation conditions beneath
Abutrents A and P, to infer that the difference in elevation be-
tween Piers C and D and Abutiénts A and F denotes the settlement
of Abutrents A and F. That i{s t6 say, it is inferable that the
present difference between Abutments A and ¥ and Piexs € and D
should constitute a total sum of the original difference at the
tire of constrxuction plus the difference arisén from consolidation

and settlement of epbankemént at a later date after cémpletion.

wWhilst the land subsidence OVer a uide city area due to punping-up

of gtound Hater has becone a serlous problem now ia Bangkok it
may not be a patter of so grave concern to RAMA VI Bridge concerned.
Even though problems may arise easily In Sections A+ B and E &~ F,
vhen viewed from such differences as may be observed in the depth
of foundation and in the load acting upon the foundation, those
sections form the simple spanning structure fully endurable against

any possible uneven setilement.

Span surveying

Fig. 1-10 shows poiats of span surveying and Table 1-2 Includes its

result.

 Froa what are shown in Table 1-2-it is {nferable that aqy design

changes might have been fncorporated into the design drawings
available even today prior to start of construction since there
exists considerable degree of difference between the- originally

designed value and the actually measured result, No detailed data

" to explain this rerain still unknown,
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(3

(4)

Inclination surveying

On assunptfon that each pler would have been erected correctly as
perx design'draﬁings furnished for construction at its early stage,
because all the relevant data at the original time of construction
rermain unavailable as of this date, the degree of tiles lately
reasured for each Pier B to E, that is to say, horizontal displace-

rent at cach crown of Plers B A E could be calculated as follows:

. ¢ B3 m ¢ 41lom ¢« 55 m > 47 pa
Bangkoke c D E > Haad Yai

Now, the movezent of Piers B thru D may be well understandable
when considered in connection with the movecents Of upper shoes

and links of those Piers. The only one thlug beyond a nermal level
of understanding is that Pier E alone is poved in the opposite
direction. The reason behind this irregularity recains unknown as
to whetﬁer it is caused by aﬁy effect fron boﬁbing during the Horld

War 11 or by any workmanship fros the beginning of construction.

Details on shows and links

The résult of detailed surveying on shoes and 1links is as shown in
Fig. 1-11, showing no large difference from the result measured in
June 1981, 1t is featured by an existing gap between the parapet
and the girder end of Abutweat F. It is narrowed by 10 wn from
the easured date in Juné 1981 to the date in March 1982, This
phenorenon may be éxplained justifiably by such inference that
with dissolution of strutted condition of superatructure because
of recovery of both construction and expansidn.joiﬁts to the re-
quired conditions after repair and lmprovercat of the road section
on the bridge, Abutmeat F might have been moved foward by unequal
earth pressure arising froa back soil of that Abuteent.
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7. Excavation Survey in Circumference of Pier B

The surrounding area allovable for visual check around Piér B was
excavated to look into the boundary between the upper and middle parts
of the pier, with the object to draw an analdgy of the structural con-
dition at corresponding elevations of Piers € and D. -

The result of analogy reveals good marks of the work perforﬂanco.
1t should be noted however, that the syrvey result by such analogy
should be used only for refereatial purpose and superseded,las a matter

of fact, by the data obtained from the subagueous survey by divers.

8. - Design and Construction Survey '

The survey was conducted together with collection of varinus data

on necessary design, construction and cost estiuate for rehabilitation
of RAMA VI Bridge.

This Report does not specifically indlcate each individual iten
of such data. ‘However, the rehabilitation plan was uorked out by due

reference to those data,
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Table 1-1 Results of Vibration Test of Rama VI dridge

* Brake Down

Position . ' ﬁier o - . Pier C pier D Suspended Remarks |
T Pier € (top) (Eirst step) | (second step) Pier D (top) (first step) { span [centre) _ _
' _ N i - . . Py [ y : - : lassifi-
. : : - Measurement |displa-{ . . [aispla-| Hispla~| - . displa- displa-] . . .ldispla iod v €
Speed 7'1'4117 Actual — cement | PETIOAL it perio't;i ement [PEYI09 | oane PETicd cezent per.l.od cement' | P€T yee catfion
. _ Deeg ¥ {wm) 17 (sec) Y (5T (secM v (mamd IT (secly €owm) [T (secd |y (rea) 17 (seck = (mm} 1% _{secl
20 18 0.09 lo.a7 | 0.05 | 0.47 | 0.04 | 0.47 | 0.14 |0.47 |o.06 0.47 | 1.72 | 0.47 | passenger |Up train
20 kn/h ; 0 / - | 0.49 | 1.20 | 0.49 Passenger [bown train
closed to traffic 43 25 0.12 - |o.48 0.06 | 0.48 | 0.04 0.43 0.12 | 0.49 0.05 : 9 _
758 15 0.3 |o0.79 0.18 | ' 0.79 | 0.09 1 0.79 | o35 fo0.48 | 0.09 fo.48 | 4.95 | 0.79 |rreigne Up train
20+ 2% 0.09 |o0.45 0.05 1 0.45 0.04 ]| 0.45 ©.13 | 0.46 0.05 |0.45 1.51 0.52 | Passenger lUp train
40 ka/h 43 21 0.10 16.47 0.05 0.42 | 0.02 | 0.47 0.i2 | o0.47 0.06 6.47 1.15 0.47 | Passenger |[Down train
closed to traffic i : . * E . . '
730 42 0.1S |06.33 0.13 0.33 0.68 | 0.33 0.22 [0.82 0.13 0.82 3.50 | 0.82 }Freight Up train
éo* 56 0.23 ]o.%0 0.11 0.50 0.04 { 0.50 0.29 {o0.s50 0.13 0.50 | 2.33 | o0.77 Passenger {Up train
%o 43 56 0.18 Jo0.56 0.08 0.56 0 05 Q.56 6.18 | o0.58 0.07 0.58 | 2.16 0.55 {Passenger |Down train
closed to traffic w7 : ‘ - ) *
729 30 0.57 lo.48 [0.29 ] 0.48 [ 0.10 fo.43 | 0.6s Jo.av [0.33 | 0.47 | s5.00 | 0.47 {ereiont Down train
752 4s 0.28 }o0.76 0.15 | 0,76 0.07 | 0.76 0.23 |o.76 0.07 0.76 | 4.08 0.76 | Freight Up train
20+ 77 0.25 |0.47 0.15 | 6.47 | 06.05 | 0.47 | 0.30 |o0.47 0.18 0.47 | 2.69 | 0.45 |Passenger -lup train
.80 ke/h - o E ' ' 0.24 0.49 | 3.00 '0.43 | Passenger [pown trai
closed to traffic 43 62 0.35 |o.49 0.17 0.49 0.07 | 0.49 0.46 | 0.49 24 eng rain
. - \» .
752 39 G.28 0.49 0.15% 0.49 0.07 | 0.49 0,35 }0.49 0.19 0.49 3.10 0.50 Freight Up train
20+ 81 0.29 lo.4a fo0.17 | 0.46 | 0.05 | 0.45 | o.m 0.50 | 0.18 | 0.50 [2.76 | 0.47 |Passenger {Up train
© 80 km/h _ _ = | | | -
ogen for traffic 43¢ 75 0,36 0.49 0.18 0.49 ] €.08 0.49 0.32 ]0.49 0.18 0.49 | 2.45 0.49 Passenger |Down train
N e
9 0.9 7 |« 0. 03 | 0.47 - 0.25 | 049 {4 00 loao |rresan e
741 24 .39 0.47 0.20 0.47 0. - Q.46 0.‘9 - -4 reignt IDOH‘n train
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COLUMN A, D-PIER,ISOMETIC

VIEH FROM THONBURI SIDE OF

RIVER: GEKERAL DETERIORATION

AT POINT OF JUNCTION OF 0P AND ,

MIDDLE PORTION OF COLUMN. ESTIFATED

SIZES OF DAMAGE SHOWN IN DRANING 31,

a2,B-B* and a3. (pPortion shown as

appears to bé crumbling the full width -
of the junction and vp to 1 M in heigth. 7
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-~ a1 {See détail)_

Féo ooy
e b
:' 80 ca
y : .

- —I-*’_/—\\__

T k- 1.00a 4

PIER — b/A | " DETAIL * al *
o . _

Fig. 1-8 O Pier

Bl

C - 40 -



RAMA VI BRIDGE

EL11.709  EL11.841

£L 11.977

LY
\ :

\ \ | i \

—_— A \‘ - X 4 _ . 1 X

\
__ N . : ‘. . N » \'5‘ . . \i F__
o - e TN - A —
®\ ®\ ©\ -0\ &\ ®
E_L'ﬂ-596_ tL11.739 EL 11.840 | EL 13,917 \EL 11725
L  RAIL

-~ BANG KOK : HAAD YAl
LaJ

O

=z o

Le b4 ) ) 4 — o g 53 i~ o
b, = ¢ & 0§ = S T S
0 e} o, o O (@) o o O Ke) Ko
¢« 8§ @ 3 Q ~ = R L& 3 =
A 2 i~ o0 a0 i i) o0 ~ 5~ v
- _3

1aJ

‘@ -

ias

Fig. 1-9 Elevation of Top of Rail for Longl. Section

- 4] -

(™



- - —

g Tt AT KRR _ | e : 4 <Q A K Ty
! _ “ . e ¥ e % g .
. _ v AR AN A A AT -.-— 5}. - ol ’ Ky Lo, o . . Y ._ ]

Spe

S A s 81
x 0 0. - 0
X e o — o 8 SN
: B . " : ﬁ a LN T vovonve e
_x NVAS QIONGSNS ﬁ NS HOHONY “ Nvgh u_é:_n |
=3 = ] I o ™ .

n.o S .._o.

| NYTd HdOM
TH30910 SSNEL 40 AIONI1 904 ASAUNS FONVISIA  0l-L *Bid




“ACTUAL LENGTH ORIGINAL
(R) 1 an LENGTH
L1 | 78.0s1 Ly 78.056 78.029
L2 | 104.672 L2"| 104,701 105.199
L3 | 77.873 L3 77.838 77.267
L4 | 105.204 L4 | 105.180 1105.224
Ls 78.024 s |  78.062 78.029
Le | 20.602 |L& | 20.708 21. 354
Lz | 21.351 LY 21.337 21. 379
D1 0.026 | D1 0.032
D2 0.230 - | D2 0.217 0.307
D3" 0.319 D3| 0.314 0. 307
1 D4 0.147 D4} o0.143
ACTUAL

TOTAL LE NGTH (R)

(H)

Li~Ls +D2 + D3 =~ 444" 373

L1~Ls +D2'+ D3 = 444 . 368

(RY —~(H)

ORIGINAL TOTAL LENGTH
- (A)Y —(B)

= 0.01t ~ 0.006

(R) <H>

R : Railway side
H : Highvay side

(A)

0.005
444,362 (B)

Table 1-2 Distance Survey for Length of Truss Givder
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CHAPTER IT ANALYSIS OF CAUSE FOR DETERIORATION AND FORECAST ANALYSES

1. Summary

In order to clarify.the cause for structural deteriorétion, it is
the basic practice to seize accurately and correctly the real circum-
stance of deterioration appearing on the structure at present, after
full comprehension of the historical background on the existing struc-
ture tracing back to the original start of construction. Despite such
established rule, however, since the histerical process of bridge struc-
ture cdnstrﬁétibn remained unknown, the main approach to clérification
of the cause for deterioration of RAMA VI Bridge had ineﬁitably to be

concentrated solely to analysis of the present deterioration status.

To further explain the above, for instance, because of many dis-
‘crepancies observed in the dicensional elements betweea the original
design drawings and the actual existing structures, such design drawings
can no longer help application of various analysis methods for analogy
of the process of deterioration subsequent to the original design. For
this reason, actions were taken to clarify the cause for deterioration

through vibration survey and its analysis result.

Therefore, any further action for static analysis to be based upon
the historical background of the existing bridge structure did not go

beyond the scope of study only to forecast the possibility of deteriora-

tion.

2. Vibration Analysis

Vibration analysis was conducted for the purpose of obtaining the
basic design data for rechabilitation of the bridge afker comprehension
of vibration characteristics, assuraace of safety for the existing
bridge structure and study oa the possible variation of vibration

characteristics resulting froam rehabilitation of the bridge.
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Analysis was divided largely‘into the Following three iteas,
(1) Phenomenal analysis

This is to clarify vibration characteristics of the bridge by
' analys:s of frequency characteristics and response varlatlons to

result from the change of train speed by due refereace to the

recorded data on survey results.

{2) Heodel analysis
This is to sinulate the train ruoning by formation the vibration
model, on the basis of the result obtained from phenomenal analysis.
(3) Study for bridge rehabilitation

This is to calculate the basic data for rehabilitation design of
the bridge by forecasting of probable change of vibration charac-
teristics, by use of the vibration rmodel, after doubling of the

track and renewal of shoes.

~ 2-1 Phenomenal anélysis

Phenomenal analysis is purposed to examine safety of the existing
bridge structure after full grasp of vibration characteristics of the
bridge by veprodiuction of the wave form, reading-out of the maximum
value and z2analysis of the freéquency from the recorded data on vibration
test results. This analysis study covered the following four (4) items.

{1) Check to see any crack or gap on piers

(2) Variation of frequency characteristics in connection with train

speed
(3) Estimation of noreal vibration frequency of structure

{(4) Variation of response values im connection with train speed
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2-1-1 Crack check oﬁ‘piers

VOfiginélly, one of the causes for deterloratfon as assumed in
Japan was attributed to the structural defect of Pier C. On this
assuried basis, study was made for-clarlficatibn, from the following
three different viewpoints, as to if there is any crack or gap at upper,

middle and lower parts of the pier.

(1)  Comparison by wave forms

If thére weére any gap or crack at epper, nmiddle and loweér parts of
the pier, the test results would reveal any difference or discre-
pancy- in the normal vibration, thus obtaining tesponse waves of
different characteristics at each measured point of the pler. 1In
the‘reality of test results, however, no difference or discrepancy

was observed as shown in Fig. 2-1.

(2) Vibration mode

If there were any gap or crack at upper, niddle and lower pérts of
the pier, the wode of vibration would not indicate any form of
rigidity rocking {which means the linear shape of wode). The real

result shows, however, the linear line as shown in Fig. 2-2.

(3) Comparison by Fourier Sﬁectrua

- 1f there were any gap or crack at upper, middle and lower parts of
the pier, the peak in prominence should be cbserved at a different
frequéacy. In the reality, however, such peak is seen at any phase

of sace fregquency as shown in Fig. 2-3.

After 511, therefcre, it is finally concluded that as referred to
in the foregoing ttems (1) thru (3) the study result does not indicate
any such characteristics as nay be identifiable for any gap or crack:
Hﬁicﬁ would exist at upper niddle and lower parts of the pier. Accord-
ingly, any deterioration attributable to the structural defect of the

pier is not conceivable In any event.
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The train for this study was freight train No, 729 (operated at a

speed of 30 ko per hour on March 10) with the largest amplitude of dis-
placerent.

2-1-2 Variation of frequency characteristics in comnection with train
speed
Frequeoncy characteristics o6f train load can be deterwined from both

train speed and axial constitution.

¥hilst the concrete method of analysis is shown in Appeadix 2-3,

" this Section deals with only the outcone of analysis as shown in Fig.'ZF&

and Fig. 2-5 respectively.-

At measuring points 2P-1 (Hy) and 3P-1 (Hy) the fcak was observed
cogﬂﬂnly.at or near a freguency of 2 Hz irrespective of train speed. ‘This
" tendency is also recognized as a cozmon phenozenon to both paésenger '
and freight trains which are of different design structure in wheels
and axles. Those results reveal evidently that normal vibration fre-

quency arises froo the structure at and avround a freguency of 2 Hz.

'2-1-3 Estimation for normal vibration frequency of the structure

Behaviors of the structure at train running may be influenced
largely by the predoninant Erequency from train load as aforestated.
For the superstrdcturg, it can be estimated that because of its struc-
tural difference normal #ibration'frequency should naturally differ

between the central span and the side span.

In line with the above assumption, the whole bridge structure was
divided into three (3) blocks and e;amined on vibration during passage
of traiﬁ, reverberation and constant nicrbvibra(ion. The result of .this
comparative check is, és shown in Figs. 2-6 thru 2—8,'conspicuoué of
1.4 Hz for the central span,rin addifion to predominance at and near
2 H=z, . .
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After all with other results of study, normal vibration frequency

may be summarized as follows:

(1) Normal vibratibn frequency for the ceatral span {C- D) is at and

near 1.4 Hz.

(2) Normal vibration frequency for both side spans (A~ B and E~F) is

at and near 2,2 Hz.

{3) Normal vibration frequency is arovand 1.9 Hz between B and C aad

between D and E.

(4) No crack or gap exists at Piers C and D, which are largely influ-
enced by vibration characteristics of the bridge superstructure

without self—pfeddminance of normal vibration frequency.

Froma the eigenvalue obtained in the model analysis, as stated
later, it is conceivable that the frequencies of 1.4 Hz and 1.9 Hz
referred to in {1) and (3) should be deemed as primary and secondary
norcmal vibration frequency respectively for the 3-span continuous

girder between B and E.

2-1-4 Variation of response value in connection with train speed

Normally, the predoainant frequency of wvibration for train load
may be varied depending the speed. However, in the case of the freight
train, it is not suited for following up the variation of response to
train speed because of lack of uaity in the train make-up and the wheel
base, though résponse emerges conspicuously. For this reason, twelve
{12) passenger trains with a speed range of 20 kn to 80 km per hour
were selected as the objects for measurezent of lengitudinal displace-
cent at each crown of Piers C and D durxing passage of trains. Results
are as shown in.Fig. 2-9 and Table 2-1, which indicate, in recponse to

train speed, the predominant fregquency of vibration for each train load.
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Obviously, there is a growing tendency toward larger respons¢ with
cioser approach to the normal vibration frequency of the superstructure,
though it does not go up to the ¢xtent of resonance. This result re-
veals that for wodel analysis train lead is replaccable by distributed

load of sine wave.
2-2 Model analysis
2-2-1 Vibration model

The vibration medel as shown ia Fig. 2-10 vas'formulated'by die
reference to the result of phenomenal analysis. The required conditions

for setting of the vibration model are detailed in Appendix 2-1.

2-2-2 'Eigenvalue analysis

As the result of eigenvalue analysis by use of the vibration

rodel as shown in Fig. 2-10, the .following values were attaimed:

fy

= 1.425 Hz: Behavior of Ist. mode {1.4 Hz at

éctual eeasurezent) as the 3-span
continuous girder

£, = 1.910 He: Behavior between B -~C énd D~E
piers, corresponding to Znd. rode be-
havior of the 3-span coatinuous girder
(1.9 Hz at actual ceasuresent)

fi = 2,250 Yz, Behavior between Abutwent A and Pier B

£y = 2.245 Hz:

and between Pier E and Abutment F

‘(2.1 Hz at actual ceasvrezent)

The normal vibration rmode is shown in Fig. 2-11.
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2-2-3 Train running simulation

The result of elgenvalue analysis by use of the vibration model
was of close proximity to the normal vibration frequency as actually

neasured.

Now then; train load was regarded as the sine wave external force
of uniform disttibufion an& acted fo the section of Piers B~ E, so that
magn{tude of such external force could be determined so as to justify
the horizontal displécement at each crown of Piers C and D as actually

measured.

_ The result of train running simulation is shown in Fig. 2-12.
Although the maximum response value could hardly be assessed strictly
because the train Spéed was limited up to 80 km per hour, it was certain
that response characteristics of actual weasurement could almost be

justified by the sirmulation test result.

2-3 Study for bridge rehabilitation

By ceans of the model analysis, the vibration model which can ex-—
plain the result of actual measurecent could be formed up and the magni-

tude of train load for replacement with the sine wave external of uniforo

distribution could bé estimated.

In this section, study was made to see, by use of this vibration
wodel, the possible change of vibration chavacteristics in connection
with the changing situations by conversion into doubling of the track
‘6r improvement of shoes and to calculate the horizontal force to act
upon the crown of each pier in the event of rehabilitation desigoning

- for the bridge substructure.
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2~-3-1 Changes in vibration characteristics resulting from doubl;ng of
track
The constants variable of the bridge after conversion into doubling
of the track may be both rigidity and weight of the bridge superstruc-
ture. Howeﬁer, on assumption that weight would be far less vériable,
the increased rigidity of the sﬂpététruétﬁré was put into the sole focus.
Movable shoes, }ink and pin wefe assumed without any change or modifi-

cation, and further.study were made in the following 2-3-2.

Since the degree of increase in rigidity can hardly be made definite,
calculation.was-made for each case.of increase vp to 1. 2, 1.5 and 2.0
tizes as compared with the present level of rlgldlty. Fig. 2-13 shous
the changing trend ‘of normal vibration frequency and the change io the

first mode noreal frequency may be denoted by the following formula:

£/fo0 = d1/1, ¥here,

lo, £5: Rigidity of superstructure and
1st. mode noreal frequency at

the present status

i, f: Rigidity and lst. wmode normal
frequency after conversion into double

track

The changing trend of longitudinal displacement at the pier crown
during passage of the running train is shown in Fig. 2-14. However,
the value for train load was esticated up to double as emch as the value

used for odel analysls in anticipation of the future conversion into
. doubllng of the track. If maxluua tesponse alone is put inte the focus,
the calculated result was 0 83 times of present one for 1.2 Iy, 0.67

times for 1.5 Yo and 0.49 times for 2.0 1p.
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2-3-2 Changes in vibration characteristics resulting from renewal of
shoes

Study wasrmade to foresee the probable chaage of vibration.charac-
teristics after renewal of movable shoes, pin and link in parallel
with doubling of the track.

The model conditions were to use the value of 1.2 I for rigidity
as shown ia the foregoing 2-3-1 in anticipatioﬁ of the increased rigidity
resulting from doubl:ng of the track and to treat the conditions for
renewal of shoes, pin and llnk as the change of connection at each

joint in Fig. 2-10 as shown in Table 2-2.

Iab]e' 2-2 Chénged Conditions due to Renewal of Shoes
Model
joint

Ttem Changed condition

Change in horizontal spring

1

H0véb1e shoe

1

YERER

Change in rotary spring

Pin

062808

Link - - Q) ¢H | Change in horizontal spring

The probable change of normal vibraiion frequency was as shown in
Table 2-3. No remarkable change was observed in respect of the change
in normal vibration frequency in the vertical direction of the bridge
superstructure. However, as showa in Fig. 2-15, normal vibration fre-

quency of horizontal behaviors appeared at the low vibration zome.
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Table 2-3 Change of Normal Yibration Frequency
Resulting from Renewal of Shoes

Not reneved Renewed Vibration configuration
~ D.8é5 tH;) P;Qd;;}ﬁance of ho:izontal bcﬁaviors
- 0.930 o "
‘fh““‘:‘"'"‘"' 1,02;“—_(ff " o
- 1.035 ) - no )
1-557(“2) 1.541 ?ggzzsggzgture_3-span cﬁntinudu; bean,
2.063 - 1.940 ggggzgt;gsguré 3-span caﬁtin#oué bean,
.2.360 2.361 Superstructufé side span, first mode
2.370. -é.36? Supérstrhcture side span, second mode

Variation of response value measured during passage of train load

are shown in Fig. 2-16. Although résponse at the first wode frequency of

superstructure was most prevailing as expected, it was declined to a

certain extent as the result of renewal with shoes.

2-3-3 Calculated horizontal force for substructural design

Horizontal force to arise at each pier crown from passage of the

running train pay be varied more or less depending upon the correlation

between predominant frequency of vibration from train load and norral

vibration frequency of the superstructure.

(1) Non-resonance: H

]

(2) Resonance: H =

HTA

Hys + Hgp

- 55 -
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Where, H: Total horizontal force to act upon pier

Hyg: Horizontal force to arise from static action by train
load

Hyp: MHorizental force to arise from vibration due to train

running

Hpa: Hovizontal force to arise from cycling action by total

train load

'Therefore, the value for HTD is zero at the time of train stoppage.
Hyg denotes horizontal force in the event that total train load may take

its static actien.

Row, by use of the §alue_of K = 57.05 t/co for the spring constant
as equivélenf conversion of ihe-pier inte the horizontal spring to act
uvpon the pier crown,'the'valué for H as horizontal force to act upon
the pier crown during passage of the running train was calculated from
horizental displacement at the pier crown as obtained from response

calculation.

Firstly, horizontal forece in the state of non-resonance on the

existing track (single track) is calculated as follows:

Froa the result meationed in the preceding item 2-3-3,

Hyp = 57.05 X-—>- x 0.048 = 1.369 tons

N o P P i e

To convert max. full amplltude
to half amplitude

Hig = 57.05 x L 0.015 = 2.0 - 0.5 = 1,284 tons
2 S
Static dis- Static load
placement at except cyclie
loading of fovce of

0.5t perm 0.5 t per

.. H= Rip f "IS = 2.653 tons
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Secondly, horizontal force is sought as follows in anticipation of
falling into the state of resonance (wost dangerous conditien) after
completion of the double track {however, rigidity would rvemain unchanged

at the present level):

Maxicum displacenent may be estimsted at 3.16 om {full amplitude)
 as against load of 1.0 ton per m {as cyclic force in the state of non-

resonance with the double track) as per Fig. 2-14. ‘Therefore,

1

Horizontal force H = 57.05 X o5 % 0.316 X 4.9

1.0

4.0 tons per m if acted
upon by total train load
as eyclic force

= 36,056 tons

Nanely, from the result obtained above any horizontal force to act
upon the pier crown, as may arise out of the running train, may be esti-

pated at about 36 tons even at the ceiling maximum.
2-4  Vibration analysis and future forecast
The outcoze of future predi¢tion from the result of vibration

analysis, as stated earlier, may be considered as one of iwportant

matters.

With this view in mind, study has been madé to clarify résponses
at each crown of Pieté C and D on assumption that cyclic external force
in the horizontal direction would act upon the link pﬁsition, vhich was
taken up partiéularly as a matter of grave concern around August 1981.
Study was based on such assumed tohdftions:that'the read condition should
be traced back to arquﬁd August, 1981 or the expaﬁsion joint at the liok
would be deteriorated, and the link would.be affected horizbhtally by
repeated impact load during pa§ségé of heavy vehicles on the road #ide.

This repeated impact load is of a cyclic nature svbject to variations
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depending upon the wheel base and running speed of the vehicle and vait
exte¥rnal force of horizontal cyclic would act upon the link toward
Bangkok in consideratfon of load difference between the trutk_ﬁith ioad

procéeding t@ Bangkok and the truck without load proceeding to Haad Yai.

Horizontal response displacement at each crown of Piers € and D is
shown id.kig. 2-17. Pier C is showing larger response than Pier D as
noted from FPig. 2-17; the response displacement at the time of resonance
being about double as much as from Pier D. This is because, as noted
from the vibration mode shown in Fig. 2-15 Pier C tends to show larger
behavior than Pier D in the primary vibration mode domiﬁating all res-
ponses. Furthermore, Pier D does not show any such clear-cut peak as
can be seen at Pier C, since the seCondary.vibratiOn mode for Pier D is

also predominant.

The values of vheel base and load of the large-size vehicle which
are used for this study are taken from the AASHIO or the road bridge
construction'spééifications enforced in Japan. As for the large-
size vehicle with wheel base of 9 n, a peék value as the resonance

phenomenon can be assumed at a running speed close to 26 ka per hour.

For'instaﬁce,.iﬁ the event that on #he road conditions as of
August, 1981 iarge'vehicles vith vheel base of ¢ n'passed through the
section at a sﬁeed of 26 ko per hour by continuous series of 4 to 5
units, there would have been horizontal displacecent of aSout 2 ma
(within a range of 5 to 10 tices as large as this figure when bodily
felt by individuals). Paradoxically speaking, if the voad mainte-
nance service level would decline to the same level as in August
1981,'there would be possibility of causing the similar degree

of vibrations to the feeling of human bodies.
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3. Static Analysis of Deterioration

Static analysis of deterforation should absolutely require such’
recorded data as past censtruction record and secular change of dete-
rioration. In fact, however, since those recorded data‘are'not avail-

able, various studies were nade from possibilities of deterioration and

the results as stated hereunder were obtained.
3-1 ' Review on consolidation and settlement of erﬁankrént

Ecbankment on both Bangkok side (partially removed at present)
and Haad Yai sade, forming respectively an approach to RAHA Vi Bridge,
is laid on top of the Bangkok soft clayey soil layer hhlth ray be

considered as the noraal consolidation layer. The clayey soil layer of that

kind may be affected by a pretty large degree of c¢onsolidation and settle-

menkt,

Since such settlezent was considered as the cause for ooving of
Abutements A and F toward the front, an attempt was made to seek the ex-

teat of influence from such settlement.

Shown in Fig. 2-18 is the relatxon between the crltical enbankment
height (Hc) and the cohes:on (Cu) of clayey 5011 foundation. The results
of soil test conducted near abutments of RAMA VI Bridge were Cux1.75t
per o’ and He = 3 6 4.9 o,

Incidentally, sincé the critical height of exmbankeent with' full
assurance of safety from slide failure during construction is He = 3.6~
4.9 n, it is easily imagined that at the time of original construction
people took much trouble for banking of 3011 6n a step—by—step basis
to build up the present embankzent, especiall) when the preceding
figures of critical height are Eompated with the actual height of embank-
eent to the value h = 10~ 12.5 a.
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Fig. 2-19 shows the relation between settlement and cmbankment
height. Pig. 2~20 shows the relation of construction embankment height
(h = 12.20 m) versus embankment height (h' = 10.45 m) after 80% and
160% consolidation. Although the construction embankment height can
haydly be made définite with its accurate height for lack of the original
construction records, the settlement at the fost probablc cabankrent hgight
can be estimated at 8 = 1.75 m at 80% consolidation and S = 2.2 m at 100%

consollidation.

Fig. 2-21 shows the settlement curve of embankment on the assumption
that embankeent would havé'heen completed on a step-by-step basis in
a construction period of-about one (1) year. As wnoted from Pig. 2-21, it
shows about 90 percent cozpletion of consolidation after elapse of 55
years counting from 1927 as the year of work cormencement for const-
ruction of RAMA VI Bridge up to this date (in 1982). Although consoli-
dation may be 100 percéent completed mathematically, the calculated values
do not reflect any correction in particular because of no supporting data
for such coémpletion being available in hands. The normal pracfiCe of
consolidation calculation can allow for this minor degree of calculated

eYror as a marginal tolerance.

From the foregoing point of view, it can be said in many instances
that about 10 percent of total settlement, that is S = 216 ca as shown
in Fig. 2-21, may be represented by horizontatl displacément, though more
or less varied depending on foundation type of each abutment. It can
therefore be inferred that any horizontal displacement produced at e¢ach

abutment should reach 10~ 20 cs.
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3-2 Review on slide failure of eabankment

‘Although there remains none of construction records for embankment,
review has been made to examine the pOSSibility.Of causing stide failure
of ecbankcent, on such assuped éondition'thét'coﬁstfuctibﬁ of embankment
on the similar scale would be performed for a period of about one tl)
year as stated in the foregoing 3-1. The results are shown in Figs. 2-22
thru 2-24.

There is a case where the value of Fs (the safety factor) falls
down below 1 at those steps of embankment as shown in Figs. 2-23 and 2-24.
It appears that this declined value may implicate outbreak of slide
failure on the exzbankment, thereby providing difficult jobs done for

such embankwent at sacrifice of hunan effort.

Fig. 2-25 shows the status of ecbankment with time elapse of 10
_years after its construction.

3-3 Study on bridge displacezent by influence of unequal earth
pressure
Abutzment A on the Bangkok side began to show the maving phe-
nozenon to the front, immediately after completion of the rehabilitation
work in 1950, probably becausé of unequal earth pressure resulting
froa banking on the rear side of the abutment. At thé reach of its )
horizontal'diépiaceeent vp to 18 ca the repair work was done im 1967 by
]pdftial recoval aed Yeplacement of the rear side soil esbankmént with
coaposite girders.  Hith further developzént of deterioration another
horizontal displacement of about 7 cm was added to such an extent that

the girder end of superstructure has entered into contact with the

abutwent parapet.
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Thus, deterioratioﬂ may be considered to be attributable to the
cavses over a long term due to consolidation and settlement of the em-
bankment estnmated at about 2 m sliding failure of soil doring ¢onst—
ruct:on and after completlon of the embankment, and unequal earth

pressure arlsxng ‘from banklng of soil on the rear side.

Abutment F on the Haad Yai side is also moved to the front in a
horlzontal displacement of about 7 cm, though not so consp:cuously
deformed as Abutment A was because the foundation of its upper soft soil
layer still prov;des the ‘favorable conditions as cozpared with that for

Abutment A,

Slnce partxal reﬂovél of the rear side ecbankment for Abutzent A
in 1967, the loading ¢ondition has been in unbalance over a long perlod

when viewed from the total structure of RAMA Vi Brldge.

That is £0'say, the bridge structure was in 2 stabilized status 3s
a whole, prior to 1967, with existence of the rear exzbankment of both
Abutgents A and F, though the ground condition may differ more or less.
Nevet;heless.in and after 1967 the balancing condition has been uader-

going changes.

Then, on assumption that the whole bridge structure might be forced
out toward Bangkok by the rear soil embanksent of Abutmeat F, study was
madé to check displacement as influenced apainst the bridge by unequal
earth pressure to act upon Abuteent F, on the supposition that the whole

stiucture of bridge would work as a strut as shown below.
To neglect axial deformation of girder
Yo assuzme no gap between joints of girders

To assuze the joint between girder and pier (abutcent) as pin

®0006

To neglect beading deéformation of pier
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Firstly the RAMA VI Bridge shown in Fig. 2-26 wjll be coaverted
into the CalcuiatiOn model as shown in Fig. 2-21. HThen,.by substitution
of the horlzontal d;splaceuent factor of Piers A~E in hor1zontal spring
constants Ky thru Kg at each crown of piers f[ron the relationship between
load and displacerment of each crown of piers, the model can be simpli—
fied as shown in Fig. 2-28,

The result is as shown in Fig. 2-29. That is to say, horizontal
displacement at Abutment F may be calculated at 8, = 5 co at the top of

pier and 82 = 16 ¢ at the bottom of caisson.

Meanwhile, since the shoe on Abutment ¥ is movable, the displace-
ment on assumption that Abutmeatj?_along should bear ﬁnequél earth
préssure may be calculated at 61 = 122 ¢nm at the top of Abutmént F and
82 = 3 ca at the botton of caisson. Therefore, the shoe at Abutmgent F

may be conspic¢uous of its large move.

However, as a matter of fact, the govézent of the upper shoe at
Abutment F was measured at 7 ca. Therefore, it was rather closer to the
réality'to assuze that the whole bridge stxucture was in the sia;e of
strut., The conditions as the strut may be atiributable to concrete
slab on the highway side, cozplex interaction between longitudinal
girders and shoes and difference in the main truss section on both

“-railway and highway sides. c

As an evidence to justify:thoée:conditions, the vovement of'upper
shoe at Abutzent F vas observed under the following conditions. Nagely,
the result of comparison in horizontal displacement of upper shoe at
Abutment F between the worst time of road condltlons in Aupgust 1981 and
the improved tnme of road pave"ent in Harch 1982 reveals that there is
observed dlsplacehent vhich may ‘be assuzed to be a roverent of Abutment

F by about 10 mm further to the front.
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Meanwhile, the shoe at Abutwment F has a certain degree of function
as the movable shoe for train load, thus showing its movemeat to catch

up with train running at its passage.

This makés us feel that it would be téther closer to the reality to
consider that the whole bridge structure would have been in a state of
strut to lohg duration load like unequal earth pressure as influenced
by road conerete slab, though it may indicate response, to some extent,

to any transitional load like train load.

Incidentally, the condition at the link is such that the said phe-
nomenon can not be explained by the above idea in all instances. The

reason for that may be assumed as follows:

The preseﬁt position of pin at the link has been rostly moved
toward Bangkok, soze being woved by 10 to 15 mm as estimated from the

paint peel-off at the link.

SuppoSe‘if the vhole bridge structure would have been moved toward
Bangkok by'influéhCe of unequal earth pressure from the Haad Yai side,
pin at the link should have been moved toward Maad Yai in the link holes.
This is indeed the point of contradiction with the assuced basis that

_the deterioration would come from the unequal earth pressure of Haad Yai

side.

'Although any conclusive assumption rmust be refrained at the present
tize for lack of detailed records from the start of cdnstruction, such

contradictory poiat may‘beiansweréd by the following explanations:

(1) It is wondered that the pin might have been uabiased irregularly

to Bangkok. The reasons for this assuaption may be as follows.

- 63 -



(:) The existing design drawings does not accord always with the

dinensional factors of the bridge structure.

(:)' The angle notch at the 1link does not form a regular curve,
thh a dlfference of 4 e in the notch of angle between both
railway side and highway side. It is conceived that this
pight be the mark of adjustment made at the time of girder

erection.

(:) Despile paint peel-off to the extent of 10 to 15 rm, nothing
' still remains clarified with regard to the painted condition

before.

{(2) As stated in 345, Pier C tends to he tilted towards Bangkok because

of eccentricity of Pier C at the initial time of erection.

(3) 1t can be estimated that from the worst tice of road condition in
1981 after removal of asphalt pavement the rugged concrete siab
surface was exposed and both end surface of concrete slab omight

'have been smashed by lmpact from large vehicles during passage,

though protected by steel plate covering, thus acting toward
gradual expansion of the liek.

fn addition to the condition stated above, the joints of concrete
slab on the highway side might have beeén plugged up with concrete frag-
ments, and it is assused that the whole br1dge structuré work as a
styut and mlght have been moved toward Bangkok by unequal earth pres-
sure at rearv soil of Abutnent F inclination of Pier C due to eccea-

tricity apd iﬁpact from vehicle load on the highway side.
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3-4 FPoundation stability caléulation at present and future conversion
into double track
Study was made by stability calculation of Pier C at the present
status and for future conversion into doubling of track by due refer-
ence to soil test and scour survey results.. This study was purposed
to check if the caisson base was supported by the stabilized soil -~
' fouﬁdation.' Because there wés similarity betwcen Piers C and D with
regard to configuration and geological condition, calculation was

conducted solely on Pier C alone. The result is as shown in Table 2-4.

fable 2-4° Stébility Calculation of Caisson
(Safety Factor)

Safgty,factor Safety factor (Fs2) , .
{Frsl) at " | after doubling of gzgtiieipjifEty
present track
| vertical bearing 7.98 ‘ 7.10 2.0

strength

Horizontal 60.50 60,50 2.0

bearing strength

Overturn morient 8.64 © 8.64 2.0

The vesult reveals, as noted fron the above Table, that they all
appear to be pretty high safety factors and can fully ensure safety as

the fundamental structure even after conversion into doubling of the

" track,
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3-5 Review on effect fron eccentricity of Pier C

As the result of suBéQueOus.check by divers, it ?aé made clear
that as shown in Fig. 1-5"Pier C on its upstreanm side is eccentric
toward Bangkok by about 1.0 m. Since superstructéral and pier load
of the bridge act aé eccéntric ‘load constantly, an attempt was made

to seek its efféct upon the caisson base.

As noted from Pig. 2-31, if the upper part of Pier C 1s ecccentric
by 1.0 m on the upstream, the value of eccentric moment to act upon
the top face of caisson base would be M = 906 t'm and’ displacewent to

arise therefrom at the crown of pier would be y = 0.9 cm.

. 3-6 Displacenent of Pier C due to temperature variations
Since the bridge éuperSEructure is now of tight cooplex to the
link, it can be easily éstimated that any expansion or shrinkage of

the superstructure by temperature variations would give its divect

influénce to piers.

For this reason, study was nade by use of a siople pattern of
eodel so as to check how much displacerent would be brought to the
bridge substructure by éxpansion or shrinkage resulting from tesper- -
ature variations on the superstructure betweén Plers € and D distanced

‘120 @ apart . from each other,

The preoises ior calculation were based on such aSSuuption that,
as shown in Fig. 2- 32, the superstructure would form up a bar perber
consisting of upper and lower main girders and both of Plers C and D

would be supported solidly by the soil foundation.

The calculated vresult is as shown ia Table 2-5. (P, 88)
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3-2

Static enalysis and forecast_of structural deterioration

The future forecast based upon the result of statfc analysis of

deterforation as stated in the preceding sections may be summarized

as follows.

(1)

()

(3)

Settlement due to consolidation as shown in Fig. 2-21 show

the fact that there exist some amount of unfinished consolidation

_in the bec layer aiter aloost completion of consolidation in the

Ac layer as showm in Fig. 1-1.

Howevér, it may possibly be conseivable that consolidation and

séttlement have been alwost completed in general as a catter of

fact and, therefore, therve may hardly be any possibility of
causing such deterioration as may be attributable to consolida-

tion and settlement.

The Séfety'facfor to prevent slide failure of esbankment as shown
in Fig. 2-25 is FPs = 1,13,

“Although no circular slide failure would occur from the calculated

result, it is difficult to make definite judgement that has it
would in no case take place. Rather, it is suggested that there
would be ample.potentiality to cause slide failure at such a low
safety factor. In other words, it is‘likely that there is to be
anticipated danger of causing collapse of embanksent or slope of
ecbankment if the safety factor falls down below 1 because the
water level inside embankmeat rises due to rainfalls.

Slope surface collapse as observed on a part of embankment toward

Haad Yai may be justified for the reason mentioned above.

Displacerent of Abutcent F due to unequal earth pressure
toward Bangkok as shown in Fig. 2-29 is nearly same as horizontal

displacement on aSsumptidn that the whole superstructure would
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(4)

5)

work as a strut. After improvement of road pavement and released
from strut condition, Abutment F was moved by about 10 mm_in the

horizontal divection.

This may be considered as an influential factor to make Abutment

P move toward its front becausé of unequal earth pressﬁre,‘tﬁough
such displééement may go on at a very slo# pace.

For this reason, careful monitoring will be réquired to watch the

 future progress of deterforation on Abutment P.

Althdugh fnfluence upon eccentric load by Pier € as shown {n
Fig., 2-3% ﬁaj be relatively small, utmost care should still be

required because it is duration load.

In respeét-of temperature variation as shown in Fig. 2-32,
horizOntalrdisplaceaent of about 1 to 2'cm‘ma§ take place at

the crowa of Pier C due to temperature variatidns near the Bridge.
However, this may not be so seriocus problea in particular. It
seems that paint peel-off at the link to 10 v 15 em may be

attributable mainly to such temperature variations.
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4. Study for Conversion into Long.Rail on the Bridge
4-1 Conversion into long'réil over the Bridge and vibration of piers

In the judgement of the result of preceding vibration analysis,
it is expected that if the rail is converted into long rail vibrations
on the piers will be reduced to some extent because each girder end
will form up tight joint to the other end with fail,-thbugh slightly,
by friction between the rail and the fastening device, thus caising
vibrations nearly in solid unity for horizontal exciting force which

may arise at passage of the motor-vehicle over the broken link.

Howeveér, it is concelvable that vibrations on the piers would
remain almost unchanged agalnst vettlcal exciting force from running

of the train in so far as the train runs at its normal speed.

All those above thlngs taken into cons1derat10n, along with the
result of measurement that vibrations of the piers arising from run-
ning of the train still remain at a low level, the long rail coaversion
of the existing railway would be of less sigmificance with the objective

to reduce vibrations even at the time for doubling of the track.

4-2 Track structure for long rail conversion

Truck structure was taken up for study in anticipation of the
conversion into long rail as may be mormally planned for the purpose
of reducing maintenance workload at rail joints and improving the

riding quality.
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4-2-1 Potential condirions for long rail conéersion .

- In view of the relationships with arrangewent of f;x and movable
shoes of glrder, gxrder lengch, p051t10n of expansion JOlnt and tem-
perature variation, either one of the followlng ‘altetnative cases can

accept conversion into long vail:

(1} Axial force to yield on the rail shall not exceed the permissible
limit. ' '

(2) Opening size at breakdown of Iong rail shall not excéed the _
permissible lioit.

In the case of conversion into long rail of the existlng track on
the RAMA VI Bridge, the required conditions for track structure are

specifled as follows after studies.

(1) Rail shall be welded with brand new of 50 N Rail now being used

by the JNR for long rail or its equivalent or above.

(2) Ties shall be newly made of wood and laid in a number of tvo (2)

per m at average.

(3) Rail fastening shall be so devised as to enable rail to slide
éver ties at expansien contraction of girder due to temperature
variation. Rail shall be fasteaed up with longitudinal resistance

stréngth of 0.25 ton per 1 m in rail length.

(4) Ties shall be bolted up tightly to the bridge and shall be

assured of safety against any lateral force of 1 ton and over per
1 @ in track length.

(5) Designéd temperature variation from the time of long rail con-

version shall be limited to 35°C.
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4-2-2 Axial force to yleld on IOng—raiL

In the case thét the track before or after the bridge is laid on
the soft soil foundation and not suited fbr conversion into long rail
or axlal forcée of long rail en the bridge nmust be.reduced, cither the
expénsion joint or the butfer rail will be inserted before or after

the iong rail section.

In the meantime, if the section before or after the bridge s
suited for conversion into long rafl, long rail may often be 1aid over

a long span including the track on the bridge.

The following are the results of calculation made on the alter-

pative cases as aforestated.

(1) Use of expansioa joint or buffer rail -

Axial force of rail in the section where either expansion joint

or buffer rail has been inserted will theoretically be zero
value.

Fig. 2-33 shows distribution of rail axial force.

(2) Laying'of'long rail over a long span including bridge

If there is no insertion of expansion joint or buffer rail to the

bridge girder end, axial force of rail will not be zero at the

t

girder end theoretically, often very great in excess of the allow
able limit.

Fig. 2-34 shows distribution of rail axial force.

(3) Allowable limit for axial force of long rail

The allowable limit For axial force of long rail on the bridge

is determined subject to the type of tail and the tjpe énd
arrangerent of rail fastening device, That is to say; the limit
is set below axial force of rail at buckling as may be deteramiuned

from both longitudinal and lateral resistance force of the track.
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Ratl axial force at.buckling under the conditlons of (1) thru
{5) in the foregoing item 4- 2;1 iS'QStimated at 82 tons. This can
‘theoretically assure safety unless axial force to yield on the long
rail exceeds that "1imit,

4-2-3 Openfng size at'breakdoﬁn of long rail
At shrinkage of long rail by teéperature fall, rail wiil produce
large tensile strength, thus yxeldlng a large gap between two rails by

breakdown of vail.

Since the track wonld be jeopardized by increased opening, chéck
zust be made so as to assure that the opening would not exceed a limit

at aany tize of long rail breakdown. -

The calculated slze of opening is shown in Flgs. 2 33 and 2-34 at
long rail breakdown on the bridge, '

£-2-4 'Allowable'limit for opening at rail breakdown -
Although there is no definite basis of justificatidn:iheﬁretiéally
to explain to what extent safety can be assured if gap is created

between two rails at rail breakdoun, the JNR'S nornal practice is to

consider about 50 m as the most appropriate linit of allowance.

4-2-5 Sumnary

Axial force of rail does not exceed the allowable limit in case
of track condition of itea 4-2-1, Yegardless of whether both ends of rait

are equipped with expansion joint or not.

However, in anticipation of the opening at breakdown of long rail
the track structure should require insextion of either expansion joiat or

bufier rail
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If buffer rail is used, it 1is recormended that the joint gap for
the buffer rail should follow as shown by Fig, 2-35. '

The JNR makes it its established practice to use rail above
the level of 50 N taking the safety into consideration and, in line
with this standard, wooden ties each of 20 cmX 20 cm size are laid at
a;sbacé of 50 ¢m between the two. The féstening device is of combined
use of Typé 50 1II (with longifﬁdinal resistance force of 0.25 ton) as
shﬁwn in FPig. 2-36 and Type 50 IV:(ﬁith longitudinél resistance force
of 0 ton) as shown in Fig. 2-37 so as to attain the required sfrength

of longitudinal résistance.

From the study result as aforestated and the operating experience
in the JNR's system, required truck structure and maintenance for con-

version into loag rail on the RAMA VI Bridge may be summarized as

follows:

Rafil : Equivalent to 50 % rail (for the J.N.R.) or
above

?astening device = : Fasteaning device applicable to long rail on the
bridge (by alternate use of Type 50 T and
Type 50 IV)

Tie : Kooden tie of 20 ¢a X 20 cp section area at
space of SO cm between two ties

Tié*fixing bolt : Diaceter of 25 ma

Rail expansion joint: To install buffer rail at both ends of bridge

Track maintenance : Careful paintenance to be required for rail
fastening device, tie-fixing bolt and gaps on

buffer rail
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4-3 Problens related to long rail conversion on RAMA VI Bridge

The track conditfons to accept conversion fnto long rafl on the
RAHA VI BRIDGE should be as previously stated in 4~2, This oatter
was taken up for further study with regard to the present status of
the Bridge and the future Bridge after completion of thé double track:
.system. After stﬁdy, the problems rélated to conVersioﬁ into leng
rail are specified as follows separately for the superstructure and

the substructure.

4-3-1 Proble=ms on superstructure

Since the original design for the bridge superstructure is based
on the ﬁritish Standards Specificatibns (equivalent to DL-18), con—
siderably larger train toad than the ?résent load of DL-14 is incoxpo-
rated into the design. Furthéréore, the original design for shoe does
not reflect horizontal lead (for braking force) but does reflect ohly

vertical load.

The latest study was made with due consideration to both braking
force and longitudinal force of long rail in addition to vertical load.
Then, the result bf7study assures that there is wo problen involved in.
shoe itself, concrete bearing stress of shoe seats and connection
between main structure of girder and upper shoe because they are all with-
in the allowable linit of étress. However, only the brake-truss sust be
reinforced since its stress exceeds the allowable limit {f the S.R. T.
specification applies to it.

As for conversion into long rail at doubling of the track shoe
itself, concrete bearing ‘stress of shoe seats and connéction botveen
cain structure of girder and upper'shoe can be restrained within the
allowable stress. However, the brake truss and a part of main truss

structure should reqeire reinféorcecent.
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If the tirack has been converted into the long rafl system after
consideration to the aforestated problems, utmost care must be paid

to the patntenance conditions,

4-3-2 Problems on substructure

It appears that the substructure after conversion into long rail
would have no particular problems with regard to foundatfon stability

and stress of the pier structure.
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Table 2-1 Variation of Response due to Change in Train Speed

Date firain No.| speed | 2P-10i)| P11 Prack
38| 20 | 26| 0.09mm 0.13 mm Up
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Table 2-5 Displacement of Pier € due to
Teaperature Variations

Temperature variatibn' e -
4 t°0) 10 - 15 35 60

Horizontal displacement ‘ _
at the top end of Pier € | 0.68 | 1,01 | 2.37 } 4.06

(cn)
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