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"}_1Qj'6U?L|ﬁE OF SURVEY | |
o ?i ;_ I Background of the Study

) technical study of the Koror-Bahelthuap Bridge in the Republic of Palay vas
réQQesteﬁ: The Repuhilc_bF_Palau fs comprised of about 200 islands and about
'.35,600:peépie. _The two main is!and§ are Koror lsiand and Babeithuap Island,
 the_se¢oﬁd largest istand iﬁ Micronesia. Koror Is the center of economy and
polftics, while Babelthuap has the_oﬁiy commercial airport operations in the area.
The KorofrBabelthUap:Brfdge is the only link between the isiands of Koror and
Babe | thuap.

- The bridge was desginéd by Alfred A. Yee & Assoc., Inc. of Honolulu, Hawaii.
._koreah ¢omp#niés as well as the Socio Construction Co;,Guam, constructed the

‘bridge. .Construction stérted in 1975 and was completed in June, 1977. The main

 shan_is.?90'ft. ( 241'm'). The 1264 ft. bridge is the second longest concreté hox
girdeh.bridge in the vorld. The Palgy Istands Bridge is of the balanced cantiiever,
| ‘prestressed concrete ﬁype structure with a midspan hinge.

Siﬁcé_compietion the bridge has somehow deflected. 1% has an irregular deforma-
tion caﬁslng_a_sevefe depression in the riding surface of the bridge at the midspan
| hinge. This alﬁo detracts from its appearance. '_ |
: For_this'reas§n, in May, 1989; the Republic of Palah,.repreéented_by President
| Ngifatkel Etpison, requésted to.the'gﬁvéfnmént of Japah for assistance in surveying
: tﬁe Kﬁﬁ Bridge to discover the specific céﬁses of the midspan sagging and the con-

sequences of the sazging.



1+ 2 . Purpose of Survey

“Thirteen years have passed since the bridge was constructed. The bridge at midspan

has séggéd’Q,ﬁ\feét more than was originally anticipated in the design dravings.

n QCCObdance_with the goVerhment of Palau’s'requeét, the survey development project

was conducted as follows ; -

*

(1) To examine the cause of deflectiqn'at the midspan

'(2) To estimate the future damages in case of being left

© ( without any rehabliitaion )

I » 3  Operation Schedule

The study consists of twe parts, site survey and home analysis in Japan.

. In Palau, the survey was cohductéd for 14 days from January 15 to January 28

in-the follewing areas 2'( See page 6, atiached, for detailed list )

e
(2)
'_(3'>

@

(5)

©

- Structural elevations were studied. '

- Concretle compressibility strength was studied.

Damage was assessed,

Pegradation was studied.

A simplified movable foad test was conducted.

Others ( Materials, labor and project costs were estimated.)

*  In Japan, survey measurements, collected data and documents were examined.



SURVEY SCHEDULE

ACTIVITIES

"DATE PLACE
: ~ { Tokyo | Depart Tokyo at 11:30 ,
1} Janary 15 (Hon) | Guam | Arrive Guan at 15100 Depart Guam ab 18125
_ - | Keror {Arrlve Koror al 19120 ' ' Amj
| 2 o Visit the Government of Palay
» 16 {Tue) | Roror | Visit the Bureau of Public Works
' : ' and discuss the survey schedule
3 # 17 (Ved) | Koror Study of bridge ( Measurement of elevation on the bridge )
4 v 18 (Thu) Keror { Study of brldge { Concrele soundness )
5 » 19 (Fri) | Koror | Consult with the Palau Government
Study of bridge ( Hovable load test)
| | depart Koror at 14:15 Arrive Guam at 1710
6 ” 20 {(Sat) Guam ) ( Kanazawa, Hikaml, Matsushima )
Report to the Consulate General
Koror Study_of traffic amount
ki ” 21 (Sun) | Guam ( Public Offlcers go home )
S Koror { Collection and siudy of data
‘t Study of bridge { Degradation )
.8 4 22 (Mon) | Koror | Collection and study of additional information
Study of traffic amount '
9 ” 23 (Tue) | Koror | Study of bridge ( Damage at midspén
' and above the water level )
0} 24 (Med) | Koror | Study of bridge { bamage Inside the hox )
wl # 25 () | Koror | Study of bridge ( Damage )
12 ” 96 (Fri) i Koror | Collection and check!ng supplementary data and information
{ Study of machines and unit costs )
13 7 27 (Sat) | Koror | Depart Koror at 14115
Guam Arrive Guam at 17010
14| # 28 (Sun) | Guam | Depart Guam ai 06:00
Tokyo | Arrive Tokyo at 08:30
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2. SURVEY

2 + L Areas of Survey ::'
" The Survey consists of two parts : Part one of the survey is to collect data
thcerning the Koror-Babelthuap Bridge. The second part is to gather necessary

technlcal data on the present condition of the bridge.

.2 s 1 -1 Collectlon of Pata
Only initial des:gn drawings were avas!ahle. The essential data such as dcsign
documents,-executaon cf-scheme drawlngs, records of execution or maintenance
records were not avallable as they weren’t retained by the Paiau Government.
2+ 12 Study of the Bridge
a. Heasurement of br:dge elavation
Bridge elevation was measured at 15 m tntervals aiong the center line to
determine any brldge elevation changes between cempletton and the present
:_ B Study of concrete soundness
Concrete compressrhlllty strength of the brldge was measured using a Schmldt
- Hammer. Core samples from the bridge were ‘extracted using a core sampling
: _mechlee. Four cores each { ¢ 100 x 200 ) were extracied from the piers,
abuttments and girders. The samples were used $o determine coﬁcrete com-

 pressibility strength, modulus of static elasticity, as well as the amount

of percolating satt.



6 :_s)a'm'a.'ge study
':-Cifder daﬁage and.cracks'were assessed with the naked eye or with a crack
| gﬁagé;‘ruidth,=leﬁgth and jocatlon'of érécks were recorded. Abutiment damage
gaéjaséessed:ﬁ#iﬁg bfnbculars. | | | |
d, Stgdy'of degradation |
Sahples from_areas of greatest damage were tested &ith phenolphtaleln_solutidn
to;determine changes in concfeté pH over time.. Concrete core samples were taken
to Japan to examine_ie?els of salt in the concrete. |
Fiﬁdings Qere used_to determine concrete'durdbility.
‘e, Simplified movable load test
.(1) Four.lz.s'ton.dump'trucks vere stopped al the center of the bridge tb test
elevation changes. |
(2)  Actual bridge deflection were gbﬁpared with original theoretical estimates
in the plan.
f. Traffic survey

A traffic sﬁrvey was conducted. Types and numbers of vehicles using the bridge

was connted.
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-;::2 V2 Findings of Survey
_‘Fihdihgs fflesurVey and data Qoilection in Paiau as vell as sample testing
o Jé#an oo - _ _ .
| a. Brfdge_elevation measurement

Bridge midspan elevations were measured as follows :

Pate o ° " Elevation . Difference

July, 1977  year of completion )  67.11 ft
> 2,84 ft ( 86 cm )

November, 1985 _ 64.27 ft

, _ > 0.25ft ( 8cm)
 May, 1986 o ea.02
| > 0.30 ft ( 9cm)
January, 1990 63.72 f1

Total 3.39 ft ( 103 cm )

January, 1880
( weight of loading : 12.5 ton x 4 trucks ) I 63.64 i
January, 1990 - ' _ ' > 0.10 ft

( after the removal of load ) IV 63.74 ft ( 3.0 cm )

- The bridge has defiecied 0.06 ~ 0.09 ft at the central hing.

Bridge elevation changes over time are shown in the following diagram :

=1 -
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- b.‘Sthy Of.cbncrete soundness
' .Coﬂcrete soﬁndnéss.was'studied USing alSchmidt Test Hammer to measure'éohcrete
l“ cdmpressibiiity:stfength'h& taking core samples. The Modulus of elasticity as
well aé thé.unit volume weight and salt amounts were determined.
'_i:) _Méasurement of stfehéth using § Schmidﬁ Hamter
o _ -.Rebound Numbér of concréte w#s measuréd using a Schmidt Hammer Type N
" wade by PROCEQ of Switzeriand. |

Concrete'compressibiIity strength was measured using a table of conversion.

Cylinder Compressive Strength {n psi
- plotted against the Rebound Number

Type N Test Hammer

20 25 30 35 40 45 50 55 1000
8560 ; //
. /]
' * BOOO % A
& 7848724 =
¢ E 7000 /7" /i;g /AJ(';?
3 : AP AR 27
'5. a " 7 )
"5 6000 f 74D 40 4% 800} &
5 @9 17, 4 a4 35
2§ // 1 // z
ga - L4 LA &
58 AN WA ”
g &% 5000 ¥ 4] L4,
=] .
£8y A
Ewy P72V //?A" - 4
289 4000 g 4 ' 900/
§d8 s AT a
£ G AT A o s H
r v46210%%d CET T '
2N 750
3000 AT T TEd It
L1 LA ” A,A Hammer rebound
<t rape ol : -{-- Dureld au choc
, /;;1/[ A LA //:‘ . Pralihtrio _ 700
QW /;",/,7 ::, B l .
oot 1 LAl LA 600]
20 25 30 38 - 40 45 50 55



Rebound | Compressinii |ty strongth |
| Ho. | Number — - “Survey Location
(R _.Ib /b '.kg / cm
| l_ 1 34 | 3;?50‘ ' : 263 - Abuttment on the Koror side in the south
ﬁj : ' 36 - 4,200'. . 295 Pier on the Koror side in the south
3 | 38 Hi 4,800 323’ | Girdef'at midspan
| 38 | 4,600 323 Girder at midspan.
5 | 41 | 5,250 - 369 : Gjrder segment 5 on the Babelthuap side
6 3% | 3;900 | 274 Pier wing on the Babelthuap side
.G!_rders 4,600 ~ 5,250 psi

Abutiments, piers 3,750 ~ 4,200 psi
Note . Cylinder concrete compressibility strengtih
Measurihg angle o = 0° ( horizdntal)

Average value 20 poinls per place

Cit)  Compressibility strength using a core-sampter, MNodulus of elasticity,
‘test of the amount of salt, unit volume weight, were determined.

Eleven core samples ( ¢ 10 cm x 30 cm ) were taken. Fndings of the test

*

©are as follows
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f  . ‘Findings of Bxperiment at Test Loc atilon

Test {ocation

Gi r.d.ers '

0.032

Paved parts are excluded.

0.023

Piers

0.214

~—0

T Test ltems | Compressibllity todulus of Unlt Volume Welght
Test ’ ~v Strength Elasticily Comments
Location Cpsl ) Cpsi ) ( 1h / Inch® ) '
:c: 1 N | : Short of height
i 3 ¢ 403 ) ¢ 2.26 x 10° ) ¢ 2.31 B
5' 5,730 3.21 x {0 83.5 )
e. 3 ¢ 360 ) C2.20 % 10° ) ( 2.29 ) S
r 5,120 3,19 x t0° 82.17
'8 . : R
|  Average { 381) 2,25 x 107 ) ( 2.30 )
| e 5,425 3.20 ¥ 10° 83.1
q ——r —
p P
5 e { 2,31 )
i 83.5
Q¢ 6 .____,.m ,._u____.,q ( 2'.26 )
' 8.6
r -
st ’ - 82.1
' Average e ( 2.29 )
| | 82.7
8 ( 442 ) ( 2.39 x 10° ) { 2.30 )
N | 6,280 3.0 x 10° 83.1
b o ¢ 154 ) (2.0 x 10° ) ( 2.28 ) T
% _ 8,460 3.47 x 10° 82.4
! 10 (212 ) {188 x10° ) ¢ 2.31) -
m 020 2,40 x 1o 83.5 .
2] - )
n i1 ¢ 198 ) C13tx 1) ¢ 2.31 ) ;
t 2,790 1.95 x 10° 83.5 :
$ e BN :
T Average o ¢ 1.97 x 10° ) (2,30 ) !
- o 1,640 2.80 x (0¢ 83.1
:ké / ol or t / m are shown in brackets
Results of Salt Penetltra L:i on Tests
“Test |lens Test depths (e ) | Linit of €1° in concrete Z"i } Others

0.085

0,011

Abutirent

11

0.048

L= S A 1 ]

0.008




| C.  Survey of damage
1  SurVey'of bridge appearanée showed the'fc!lowihg damage .
i) 0¢cuhanc§_of éfgcké
Crapks on the majn beaw at midspan were observed onty from inside the
girder box as shown In.the following drawing.
'.The features of the cracks are as follows :
Coe 'Cracks-weré 6bsérVed beiweén'tﬁe_mid#pah and segments 7 ~ 8 on both
sides.. o |
. .The cracks'were observed on both sides of the main beam, the Koror
Iéland side and the_Babelthuap Isiand side, and on the webs on.boih the
nofth side and the #outh side,

+ The cracks-start-from.where the upper slab and web meet and finish in
the center df the web. The cracks run at an angle of 45° in opposite
directions from the central segments.

+ The yidth of cracks is about 0.04 ~ 0.1 inches.

Occurance of cracks on the main beam at sidespan is shown in the drawing.

Thére are hoth vertical and obllgque cracké with the foltowing featurés .

Yertical cracks

* Vertical cracks were qbservéd on the main bean on hoth the Koror Istand
side and the Babelthuap Island side, also on the webs of the north and
the south sides.

+  They were observed where the lower slab and the web neet,

+ The width of cracks is about 0.08 inches.

-7 =



- le,;“e  r?§k§'- | |
e fﬂbllque'cracks were ohserved on the main beam of hoth the Koror island
slde ahd-the.Babelthuap.lsland side, and on the webs of the north and the
south Sides. |
+ The craé%ﬁ'start from'whefé the upper siah.and the web mcet and finish
a£ the cenﬂré of the web. fhey run an angle of 45° in opposite directions
ffoﬁ the ceniral‘segmenfs. | o

+  Measurement of the width of cracks was not conducted.

- 18 -
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f”J-ii-Sl_Sufﬁey'of ufdenihg of crﬁcks in the pier caused by the midspan deflections
' | fhé-ﬁgaéutément of:the bridﬁé elevations indicates that the cehtrai 7T~ 8
midSpah'éegments_havé sagged.  The mjdsbén expansion gap is partly closed
at the top anﬂ opeﬁ at the.bottém. At the midspan expansion gap or cover
_ plate,.thé'curved:angle of the gap ié about 0.04 to 0.05 radians,
iii)_?Deieridration of_the concrete Qearihg surface at the joint connecting
abutiments and girders |
+ Deflections in the pier on the Koror side are not obvious because of
mortar repairs. Also, 0.2 em cracks are in evidence.
e 3 to _3,5'in. of surface has vorn away exposing the reinforcing meshing
on the sodth side of the.Babeithuap side. |
iv)) Other defects |

About 0.6 in. diagonal shear stress was found at central midspan in

<

all end pier rubber shoes.

.+ There is no gap in the rubber shoes.

»

Deflections were found ih the vinyl chloride pipe which-covers tie;down
sieel rods in the end pier5 Corrosion of the steel rdds wvas observed.

+  The concrete wearing surface of tﬁe bridge deck is in poor éondition
uifh numerous pot holes exposing the reinforcing mesh. Some have been
poorly patched. |

+  The handrai!s are irregular, and'in éome cases thé handrail standards

have broken away from the bridge.



'd;';Sﬁﬁd&_of.degrédation
..'Saﬁpling‘;ests with_phenoiphthalein-so!ution to determine changes in concrete

_'pH'uéré_bérfofméd.Qith a cére”sampler.

"f Neﬁtralization of the concrete coated section was complete in core-sample
_Mos; 1, 2, 3. Due to the pbotection of.concrete the slab was neutralized to
0.2 inéhes deehf

+ Pier-Nos., 4, 5, 6, 7 wefe observed t¢ be neutralized to a depth of 2.5~

3.0 inches. |

B Neutralfzed'depfhs of abuttment Nos. 8, 9, 10, 11 were 2.0~2.5 inches deep.
i .To measure'thg.ahbunt'of salt, cores were sliced. Each slice was then
measured after powdering. The amount of CI- varied according to the depth of
the concrete core sample. Findings are shown in the core-test table.
Re¢ent research indicates that concrete durability is high when chloride Ievelé
are below 9.0258.
.- Test samples vere taken from the 3~ 4 cm depth.
‘ Cl‘ peréolationluas found at a depth where it is apt to cause rusting of steel.
e. Traffic survey
- A traffic survey was conducted considering thé following factors ¢
l). One half of the popﬁlation lives in the Koror island. The other half lives
in Babel thuap. | |
2) The capitol of Palau is on Koror. The airport is located on Babel thuap,
The traffic survey was conducted on both Saturday and Monday; The aifport is

busiest on Saturday. On Monday, it was assumed that a greater number of people

" would be going to school or work than on any other day.



1t was‘fouﬁd'thai thejmbét_freqﬁent users 6f the bridge were small sized cars

"'which*numbéred ﬁhout 200 per'h0ur,. This Qas about 80% of all traffic.
The;remaihder of ihe_traffic-consiéted of Iargé'or med ium siéed cars as well
as trucks and buses.

Reéults are shown in the table.

January 20 ( Sat ), 1980

_ tDlrectfon _. e From Koror to Babelthuap From Babelthuap to Koror

Time ~Type | Sedan | - Van | Truck or Bus | Sedan | Van | Truck or Bus
6:00 ~ 700 | 130 | 1 2 34 i 2
- 7:00 ~ 8i00 34 3 0 120 | 17 0
12:00 ~ 13100 | 82 | 0 0 58 | 2 0
13:00 ~ 14:00. | 77 9 2 58 | 3 3
14100 ~ 15200 | 51 | 1 ! 120 | 15 3
15100 ~ 16:00 40 | 5 1 35 0 2
. 18100 ~ 18:00 8 | 0 ! 68 f 0 | 1
| . 18:00 ~ 20000 | 70 1 0 68 3 o

. January 22 ( Mon ), 1990

Birection | From Koror to Babelthuap From Babelthuap to Koror
Time : Type | Sedan Van Truck or Bus | Sedan Van Truck or Bus
7:30 ~ 8:30 51 2 T 86 9 2
8:30 ~ 9:30 | 61 | 2 1 50 | 3 5
8130 ~ 10:30 _ 54 0 5 44 3 9
16:00 ~ 17:00 % | 10 2 45 | 3 5
17:00 ~ 1800 98 5 9 38 3 0




2 3. Evaluation
'%hé'esiimatipn made from the investigation are as folliows { The original blue-
bfints_were not aVailabfé ) |
#a  Causes.of main beam sagginé in the centeb of the bridge
) Infiuence of def}ectioﬁs_on the'bridge
| 'Thé elevation survey of major girderé shows that bridge defiection
"haSn’i changed since completidﬂ of the bridge except the major girders
at midspan, The bridge fherefore'héé not sagged or subsided. This is
supported by.fo}loﬁihg three.poiﬁts :
. Thefe is no verticaf movement hetween abuttments and main beams,_
. fhefe is no gap in the end pler rubber shoes. |
5' fhere is no evidence of sagging or defiectfon in the ba§ements of
the endpiers.
The‘defléction of the major glrder at.midspan is caused hy
an irregulah deforﬁation of the bridge.
i) Modulus of elasticity of concreﬁe
Sample coreé taken from the main beam at midspan have a compressibility"
stfength of about.380 kg / cof . The original theoretical strength was
350 kg / cof.  The unit volume weight is about 2.3 t / n® , which is
considered to be # norma i figufe; |
Theoretically, the moduius of elasticity is about 3.0 x 10° kg / cwf when
<cohcrete'compressibility_strength is 380'kg / ¢ uf . Actual strength is 2.25
| x 10° kg / em'. This figure is very lov.

it is an appropriate figure because the measurement of deflections made
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.'_hy the éarxloading on the centrél méin béam ha§ a theoreticai modu lus

~ of elasticity value of 2.20 x 10° Kg / cuf.

' ifi) ﬁinferncé of diagonal shear stress.

In-tcrms_af-the-defiéction curve with vehicle loading at the central main

_beaﬁ, tﬁeoretiéal‘figufes and actual measurements correspond well.
Théqréticdl values do not take diagonal shear stress into consideration,
"but do consider the'hending ir.regular d'eformation. Because of fhe corre-
spondence between theoretic#l figures and actual measurements, main bean
shéar'stress near thé.midspan sﬂould not affect the sagging.

v )"inference of the éoeficient of creep
-‘Assuﬁing that the sagging and deformation of the main beam are due to -

piastic creep, coefficient creep is measured as follows ¢

. The modu lus of elasticity is measured based on the following assumptions ;

‘Uniﬂ veight of the main beam _ 2.5t/ mé
Weight of the superstructure ' 2,047
Modulus of elastiéity of the main bean 2.25 x 10° kg./ cm
Pre-stress tendon of Prestressed Concrete steel rod 55 t / rod

In this case, the moduius of elasticity of the main beam at the midspan
hinge is as follpws y | |
Eiasticity deformation produced by_

Weight of main beanm 8l em -

" Weight of superstructure - 9 cm

Weight of prestressed tendons - 64 ca

Total elasticity 26 cin



Jf s6méprés of'prestréSs elastiéity occurred due to plastic creep or
5 shiinkage relaxétion of lS%;occurréd, elastic deformation would be as
'fOIiéws':._
64 x 0.15 & 19 on
"The amount of plastic deformatioh that has occurred since completion of
| the_bridée is.102 cm."Cqéfficient of creep calculated as fellows !
| © (102 - 10 )% 26 = 8.5
This is an approprlate figure. The reasons for this conclusion are
as.follous': |
l).“Coefficiént of Creeﬁ in normal air is 2.0. In very dry air, it is 3.0.
The softer the concrete is mixed, the higher the modulus will be.
2). The bridge is in a hbt country wheré drying out of concrete.easily
occurs. |
" 3) There are many examples of'coid joints at the main beam al sidespans.
Therefore, it is likely that soft mixed concrete with a higher water
cement ratio was used.
v ) Eyaluatioﬁ of deflection ai,midspan hinge
I fhe central hinge were horizontal, deflection at mfdspan hinge due to
elastic deformation after completion would be 0.05 rad, vhich can be
"inférréd from the gap at midspan hinge or the concrete at cover plate.
Deflection_at midspan is 0.03 rad. This is a measure of the change in
elevation between completion of the main beam and this survey.

Assuming that the elevation measurements under present sufvey conditions

vere obtained in the same manner as after completion, the elasticity angle
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. of the widénéd'gap at the end of the main beam which is half of the angie
of deflection at midspan is as follows !
:_ ﬁaih 5eam elastl¢ity angle o 0.013 rad.
- Bridge suherstructuré elasticity ahgie 0.001 rad

- . Presiress elasticidy angle .=0,010 rad

Total  0.004 rad
The angle formeﬁ by fhe loss bf prestress due to creep or shrinkage
o~ 0.010 % 0.15 = — 0.0015
Therefore, if coefficient of Creep is 3.5, the anglé of defiection at
 midspén hfnge'by elastic deformation hetﬁéen'completion and now, shduld
be as follows :
( 0.004 x 3.5 4 0.0015 ) x 2 = 0.03 rad o
- Therefore, it can be concluded that a ¢oefficieﬁt of creep of 3.5 is
not an.inappropriafe figure, |
~vi ) Conclusion
.The_cause of the sagging of the main beam at the central pari of the
bridge can be considered to he the creep deformation of the main heam at
midspan ftself. | |
| Creeb deformation is_measured'thearetically by muitiplying elasticity
-déflections and coefficient of Creep. The moduius of elasticity of this
bridge is much lower than average. The coefficient of Creep is hisgh,
}[ndicating.creep deformation. | | |
Creep deformation is said to finish in 10 years but with this bridge

it is increasing.
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b, The cause of cracks
. i) Cracks around the central hinge of the bridge
¢ The greatest'ldad on the maln beam |
E Judginé from preseni traffic volumés_the greatest foad was put on the
main beaﬁﬂat iidspan #hile the cantiiever section of the maln beam was
béing cohstruétéd, just'aftép newly-inétailed hlocks on the wagon were
COndreted;
. ,Estimate.of the degree of diagonal tensile siress
~Under the loading situation mentioned above, the degree of diagonal
tensile siress is estimated by taking the 4th block from the centrai
hinge)
Hith.the Qeight of the wagon and introducing the power of pre-stress
~ as a paraﬁeter, the measurement of the degree of diagonal tensile siress
is as shown in a diagram.
As the degree of diagonal tensile stress on bridges of this size is
~ about 16 kg / .cnf, stress due to dry shrinkage or thermostatic stréss
'_ shouid be considered; |
ii ) Cracks at the sidespans
+ Inference of cause and occurance.of vertical cracks
Judging from the tie beams of the concrete, the web must have been
buitt on the main beam at sidespans after the lower slab.
As-there'are no vertical cracké on the lower slab, the cracks on spans

are caused by the therma! siress.
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_y;.Possible causes of diagonal tensile cracks

' The weight on a main beam at midspan ﬁroduces negative reactions in the
mainfbier.dnd positive reaétions'in the ehd'pier. The diagona] tensile
-cfacks on this bridge were produced by diagonal tensile stress on the
.méin:heam thch is produced by upward stress in the main pier and

down-ward stress in the end pier,
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: é.'lCohélUSion
- i ) :The sagging of tﬁe main beam
: Tﬁe‘cuhfent-Condition of the_bfidge Is_structuraily no probl e
_bécauée the sagging is not caused by rotation or deflection of the
vhole bridge, but by creep deformation of the main beam. Although
ihé.sagging fs increasing.slightiy; the bridge is_dﬁrable and
~ structural by séfe considering présent tfaffic conditions.
1t Is bertain that driving comfort is one of the hasic functions.
of'tﬁe bridge. _In addition?.aesthetics of the bridge must be
.Considered. However, such problems.are secondary and have hothing to
do with the structural durabflity of the bridge. |
Consequenily, it is considered that immediate rehabilitation is not
necessary and should not be planned without essential data such as
original deéigh docunents. It is desfred therefore to determine the
most suitable repair plan after checking these essential data and
the progress of the deflection. |

ii ) Main beam_crﬁcks

Both oblique and vertical cracks on the main beam were probably created
during construcion. .Sihce the main beam with cracks already experienced
extreme loading conditions when the wagons uefé at midépan during the
cantilever ercction, the bridge would be strucfurally safe without any
.repairs considering the present traffic volume.

 However because this bridge has no protection from oceanic winds,

1t is possible that reinforcing rods may be corroded and concrete
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: weakened by_salt.hearing windslthrough fhe cracks. Cracks will certainty

- _'becéme a céuse of Iowér.bridge durabitity and should be repéired in
the future. |

_.lil) Gthers

Other defects except the deflection of the main beam and cracks are
”as fol!owslt
. Concrete cracks on the front side of abuttments
Corresson of relnforced concrete
K '_Defects in the protective tubing ( vinyl chloride pipe ) of PC steel

_ rods used for tie-down

‘-

Exposure of reinforcing mesh on the concrete pavement

{rregular alignment §f handrails
These should be improved in the near future. Before the survey there
had been fear of scoring and sagging of the pier. No underwater examina-
tlon of the brldge couid be made.
The bridge will be safe without repairment because no large cracks or
slanting of the piers were observed.
iv > Maintenance
‘Routine as well as periodical inspections should be conducted
in order to preserve the present level of safety, functional structure
and durability.
. Rodtine inspections
The folloﬁing areas should be checked regular}y;:

@ Bridge surface



- Jolnt expansion
Joining parts of the bridge

‘Curbs and hahdrails

® & O ©

Other_hridgé equipment
;_ :Periodic inspeétions
Periodic biannual inspections shoutd be conducted to locate any bridge.
- defects or abnormalities in the following areas :.
@ Bridge elevation
@ Progress of cracks
@ Widening of the gap at the central hinge
@ Pier defects or m@Qement
_;' Preservation of the durability and functional structure of the bridge
1t is {ecbmmended that the_follouing measufes be implemented o reduce
traffic damage to the brfdge f

D . A distance between vehicles of more than 50 meters

@ A speed limit of 30 kn / hr on the bridge
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1 } .Ngifatkel ET?ISON f_President Republic.of Palau
é ) Kéichi L. HONG.; National Planner

3 .) Regls A:K!TAYA:': Energy Program. Manager

é) Ma&ennoﬂmmlmlton@cwr,BJH%

5 ) Valerio A. CUETO . Puhiic Works, Surveyer



&, ~ PHOTOS

Bridge central hinge part

( Soulh side )

Bridge central hinge part

( North side )
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Yiew of the central hinge parl

R from underncath the bridge

Close-up of the ceniral hinge

from underneath the bridge



Loading lest

Loading test
{ On the bridge on the

“Koror Island side )

Loading test

{ On the bridge on the

Babeltihuap Island side )




Core-sampl ing

{ On the pier )

ph test by horing

o

-

pil depth test
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Koror south side

{ Sidespan )

Pefective hand rails

Exposure of reinforcing

mwesh on the bridge




Tie-down sieel rod

( defective cover )

Abultwent and

retaining wall joint

retaining wall joint
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