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PREFACE

These proceedings contain papers presented at the PCI/FHWA/FIB International
Symposium on High Performance Concrete, held in Orlando, Florida, September 25-27,
2000. The Symposium, sponsored by the Federal Highway Administration and organized
by the Precast/Prestressed Concrete Institute, was conducted in conjunction with the 46th
PCI Annual Convention and Exhibition.

The International Symposium addresses research, design, construction, performance, and
benefits of high performance concrete, with special emphasis on bridges and transportation
structures. Although the concept of high performance concrete as a technology emerged
only about 20 years ago, world-wide interest in this subject area has grown dramatically
during the past decade. The potential economic advantages of high performance concrete
with high strength and improved durability for bridges and transportation structures are
very promising. Durability, and particularly chloride initiated reinforcement corrosion, is -
of major world-wide concern. Properly designed and executed high performance concrete
has the potential to delay deterioration processes and thereby prolong the service life of a
structure.

The purpose of the Symposium was to bring together experts in this specific field from
around the world to discuss the most recent developments. The Proceedings reflect this
collective knowledge by providing state-of-the-art information on research, concrete
design, construction, materials, and quality control. In addition, research programs
providing the background knowledge on code requirements and project histories are
included.

PCI, FHWA and FIB would like to thank all the authors for their participation and for their
cooperation in ensuring a high quality Symposium. We hope that the proceedings will

form a valuable basis for further developments in this important field of civil and structural
engineering, and in serving the public.

L. S. (Paul) Johal

Chicago, Illinois
August 2000
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Preface

The Third International PhD Symposium in Civil Engineering basically follows the same line as the First
and Second PhD Symposia which took place in Budapest in 1996 and 1998 with the exception that this
year's contributions cover all areas of Civil Engineering rather than focussing on Structural Engineering
only. The rationale behind this is to encourage an interdisciplinary way of thinking as well as the
respectful consideration of neighbouring disciplines, which is essential especially for young scientists.

Knowledge is the result of maturing and learning. Learning processes are based on the processing of

information and are triggered by the learner’s individual experience. This, however, does not yet result in

the enlargement of human knowledge which happens in three different ways:

1. Cognitive awareness: the processing of perceptions or the observation of experiments together with
the resulting conclusions lead to the formulation of a hypothesis.

2. Pre-scientific experience: certain findings make it possible to draw conclusions about their
development.

3. Scientific cognition: the aim of all sciences and of philosophy must be scientific cognition, which is
achieved by observation and experiment, the formation of concepts, the processing of data and the
formation and critical examination of hypotheses.

The PhD Symposium should be an opportunity for the discussion and critical examination of research
results in order to achieve scientific cognition as well as for an international exchange of ideas. All
contributions were reviewed by the Scientific Committee, which consists of 39 internationally recognised
scientists, to ensure a certain scientific level. In addition, the editor and his team corrected and prepared
papers for publication within the realms of possibility. Nevertheless, the quality of individual papers may
vary due to different university standards and different achievements of students. Moreover, a socio-
cultural divergence of opinions as to how papers should be reviewed exists.

The symposium, in which 106 students of 37 universities and institutions participate, should also serve
scientific research and development. Therefore, and for the sake of learning by constructive criticism, a
considerable amount of time will be devoted to discussion after the presentation of papers. For the young
scientists the PhD Symposium could thus be an important step toward internationally established
research and an opportunity for the critical investigation of topics of research. In the long run the
symposium should moreover be a place of discussion and rapprochment between professors with the
overall aim to make theses internationally comparable on a high level of scientific quality and to
encourage the exchange of PhD students. Therefore, a guest lecture about the education of civil
engineers (Prof. Gebbeken) is included in this publication.

Many thanks are due to the Scientific Committee, the sponsors, and, above all, the employees of the
Institute of Structural Engineering and the following members of the Organising Committee: Alexia
Sieberth, Heike Putz, Ulrike Raich and Luis Dorfmann. Special thanks are due to the main sponsors, the
“Universitat fur Bodenkultur Wien”, the “fischer Unternehmensgruppe* and the “Ernst & Sohn Verlag"
which also donated the ,Ernst & Sohn Award*. This award will be presented to the student whose paper,
way of presentation and discussion are outstanding in the course of the symposium. Last but not least,
we express our gratitude to the initiator of the PhD Symposium, Gyorgy Balazs, who was the chairman of
the First and Second PhD Symposia.

In accordance with the supporting spirit of the fib (fédération internationale du béton), we would like to
wish all PhD students a successful scientific career, many opportunities for human contact and especially
the joy and success providing the basis for fruitful work as future civil engineers!

Konrad Bergmeister, Joost Walraven,

Chairman of the Third PhD Symposium President of fib

Vienna Lausanne
October 2000
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Preface of the organiser of the First and Second PhD Symposia

To be a PhD student is an extremly difficult, however, very exciting activity. A PhD candidate is supposed
to become one of the best prepared researcher in his or her field of research in a couple of years. This
knowledge may open the doors for a very valuable academic or professional carrier.

PhD activity is finished by a thesis after a hard period of research. Why is this period so hard? Because
PhD students don' t believe that they will ever reach the end of the research. On the other hand they
continuously feel themsleves overloaded by the research work and sometimes by teaching.

Most difficult is for a PhD student to find the way to scientifically new research results — which is the
requirement in most universities to receive a PhD — as well as to present the results in a consistent way.

The International PhD Symposium was initiated in 1996 by realizing that PhD stucdents really need help
in these respects. The PhD Symposium was therefore developed to provide a special forum for PhD
students (in addition to their PhD programmes at the home universities) to present the results of their
ongoing research, to discuss them and hopefully to receive advices how to proceed and finish.

In this special symposium only PhD students (and young researchers) are allowed to make presentations.
Their supervisors are invited to participate in the discussions which are scheduled as important part of the
Symposium as the presentations themselves.

A PhD Symposium always gives a good chance to have a view on research topics at various universities
and to establish scientific contacts by colleagues working on the same fields.

The idea of the International PhD Symposium received more and more interest world-wide and is
decided to be organized every second year. '

Many thanks to fib (fédération international du béton = International Federation for Structural Concrete)
for accepting and supporting the idea of the PhD Symposium. Special thanks to the PhD supervisors for
understanding this initiative and sending their PhD students to the Symposium. And last but not least
many thanks to the PhD students who made this series of Symposium possible by their huge efforts
preparing their contributions.

Prof. Gybrgy L. Balazs

Budapest

August 2000

International PhD Symposia in Civil Engineering

1. 28 — 31 May 1996; Budapest University of Technology and Economics; G. L. Balazs
2. 26 — 28 Aug. 1998; Budapest University of Technology and Economics; G. L. Balazs
3. 05—-07 Oct. 2000; University of A. Sciences, Vienna; K. Bergmeister
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HENTWER, RIEEFE-3DEICOHPETORENELL, BRETEITOXE (L, BKX
BI110m, 19974F) MEABET, WEHE NS AV I TZ2HAL TW5,

—7., BOBEIEMIR<ERBPREVA Y- Mt BREHEGTZHBMIMCEALES
HEYTRBENSBEC. COBOBREIEAIHIENTH S, RHIEB TR/ IV T BULA X
18561 . 19934F) % # i £ X MI890m D % 4 #& K #E (1999F) BREBTH 5. TV AKFTF R—XR
BTt RRAROE 248 « RE)IHE (BARZH276m) & #EE)IHE (F271.5m) BWEERF TH S,

1.2.5 JLFEvALEIAVMEE
BLEBENEDS, MK TREABRR TV Fr X T A FIEMRAINTEL, BT o<1



BCRIPLEBUL) BTN —TNEHALLEERNEBEERBETH S, TOB, ££12.91
km (250mX43£5[, 19974E) OXKEBLEHEREEDTUY AL RU—-RESB (L FHIT L Fv X b
) . B2ENEBT7 TO0—F TV —MIVME (Fo<—2, 19964) i EMN5ERERL 2,
N> AV EHE R EEE (25K55kn, EHXMEEAS2Zm, 7 A2 ME2.56m) BRSSP aA >
rDAISNINA AN T GRE URKRRESI O N — TV SN —TIb) THREX ., 2000
FlZeBBNEA ST, ZHIZ19964FE L5 A ETOMBNEE CTE N,
ODRETIRITEL T L F Y AT A FARICH T —TNVEHAL., AN A T8
WE2MIUEBHEE - ERINERBATRL., GV THROE -4 - FERREE (2E1500m)
MER LU, TOLHEORFHCE T HIEBRERZ IR A MVEERCERASI N, REBREE
T80 t., HIRDORBIE - BLEJNBERELIV AT E—XRE)TIE00t ETEXREL TS,

1.2.6 Z0ft

DLTBRBADOEMNS, TLFr A MNKNA T TPCHEORY FAE (LEIIN T
HE. PRZM137.5m, 19994) EbEHIND., P CHENBEIZ2000E68ICT L5 a >
DITPCHMBMAEZES: MHMBERER) PREIN, VI TERMLSHAIN TN S,

*—-3 BWERRILTP CHE
B 4 B B8 % R 2 (m) 2 &% %) M T

PP FRIR | BT 30.0 |ZFv RE&EEHY) |ZXEL

SRILAHISERS AR | 5 BT 45,5 | A&y R(—HE®R [#HL

BAKE AAEL | SEMEGET— A | 97.2 | E5AS (—THEER) EHL

SR 2eAE HATEZS | 3 BT EgeHT 9L.5 |HAA(ZESDY) /S AN
RHELETE | BN | SEMER T — A2 |125.0 |V (THEEEE [REL. 258 —T
PEPEZAE (1) | BRAHER | 4 BEHIEGeHT 85.5 |CTHH A9y k (—HEE) |BRHL
FREFELEAE(2) | PR | 4 BRHIEGHT 83.0 |CTHH: 25y k(T HHIEHD) | TR T

IESY HASELY | 2 BRREgHT 84.3 |7V (—mEEE)  RIHL, @8 —T)
B I48 AL | SEMER T — A2 | 96.5 |7V (—EEE)  |ERHEL, 2844 —T)
KNIIE—HE | AAEA| 78EERET— X (120.0 |7 7NV (THRER |[BHL, @8 —T)L
INASUNIHE HAEL | 6 BEEg T — A > | 8.0 |7V (THBERE |REL., 258045 —T)
HFIRAE HRIR | 2 BRRTEHT 47.8 | A&y R(THAEE) |HRI. MU0

) FRERKYLTEaAC7 Y- bEOERE [(

2.

PCRBENDODSHEMHDER

BT, SR, BiCEMREa 2~ U — b (High Performance Concrete : HP C) ~MBE LAY

YREEERY T TBMOBEA K]

EERMICEE D, &I TIE20004£98 12 PCI/FHVA/fibd EBR £ (Orland) 2SBEEINTWS,
HPCiZ, mT¥. BE, MAY, BEREOBETEHEELFEEZAL., EORETRR S,
W Bz I E DStrategic Highway Research Program T RD kS icEzma g 27,
K& b [w/ (ctm) ]=0. 35
@ASTM C 666D ATEIC X DTHA TS B =80%

QFEMHMmAE T, a) fTE44 4 BRI LANIC3000psi (21MPa) . b) 248 I LA 12 5000ps i (34MPa) 35 &

8. ¢)28H LA IZ 10000psi (69MPa) D W h i D L |k




AC Tk, 19984E1c THP Cid, B¥EDOME LIEM, TR, BEETHENICERINS LERS
RS- %EEBELEZI U —b] EEBLTWD, Thbb, HREOHBPRHEICHEL
HEITH. ERE. aRA, BE, BRAR WUHLEZEIATIHBOZED.

PCHEBICHRICAED sRmEREAEELILT THRE) & TBRE) ¥ TFohd, 2ITR, BHE
aAYZY—hEERBIADV7U—RERD LT, PCRBEHLIBRADOEHHIZDVTRRS,

2.1 S®WEIVUVU-F
2.1.1 EH

PCHEL. TOREMSELCERTREICHD, RCEBEBICEXNTREDGWI VY - 48
FAWHBhTEE, TNTH, —MRICIIRGTEEBRE ' =60PalBEEETTH-o 2,

EREIA U —bOERE, HECEASETRERZD, FRTHBEELTVS, DAEO LA
AT, 19804E1IC60~80MPaz mi&E I > 7 U — M EMBEM T TREHBIESH (R) 2T L. 1996
ERa> 7 U — MERERFECHD TE0~80MPaZz D AN TS, BESH TIHI90FEHBREAR
BEMBR Oz 8B 7Y - FEREYORBER BRBELENOMAE] T, 60MPax
TZESBREA 27U —F, 60~120Pa2BEREO VY —REEEL TNV S,

HNE., Bz 1E, KETIH19504 /R T3bMPa, 19604 T42~53MPa, 19704 X8R T63MPa, 19804F
RT77~98MPazxEmmMEI> 7 U—bEL., F VT T — OREHHBENS3473 Tid100MPaE TH &1L
L. 60MPak TR L ERE. 60MPall L2 E®RE L L TH->TWS,

Zhohs, HIRTIIKE 60~100MPaZz EAMNT®EEEI > U — b, 100MPaf2ELL LD b Tl
mBEaA I U—-—rEEZXSND,

PCHEIBELAEEKEA FEOFEREA VY — NI, BREFHEEARCEN AL
T2, —FlEL T, B— 1icKkEDFederal Highway Administration(FWHA) OREER ! 2R
TH, EHERERKA A WEN/C=0.280 0> 7 U — MI44BEAKGEBRE LY A VIV BEOEHRA A
B (FX25miLE) 3W/C=0.51X0DB%EELEL, BhEBERKEEEZRT.

2.1.2 BEBH
BIEAC U —FOPCREBADOEAICET ZREDHIT, TORELZHNICKT RENZD
DIZDVWTHUTIRIBND,
BROBMEBEIICEL., HEidkF—, os
MR EME (6ft.) BLEDKHET _w/e - ost
FTHEZHRIDIHLENEL, LT
Pva ARBEMTENRICERED
> h—hroBAMKREIhE M,
TV v a M & U TAASHTOE
(I~IV) &ENU® (Nebraska XK= B8
) NBEEIhL(—HER-2).
TOWE, BBEa7Y—bE 1

KEZ b5 ROYETHED ST [we = oz 1 !
MelBETH B, B2, AASHTOREHEMT CHLORIDE SAMPLE DEPTH, in
HOBPE, A2y U— EEE .=
6ksi(41MPa) 7 5 14ksi(96MPa) iZ LT, B—1 REAAERE

o©
>

o
[
T

o
[N

W/C = 0.40

CHLORIDE 10N
| { THRESHOLD

AVERAGE ACID—SOLUBLE CHLORIDE
ION CONTENT AFTER 44 WEEKS
e

PERCENT by MASS OF CONCRETE

o




FRARIKBCTA ST > BEED=0.5in. " 50.6in. 122 EXMEL 220~45%ESTE3, Ly
L. D=0.6in. TILf . >13ksi(90MPa) L L TH L Z2IF EWMMTE ARV —3)., D LS. %
KWICEXEEO AR 7 U — FPREREIBL XA CEBRAENELET S (E—4),
—F., FA—ALSUTORENTLF+ A P C Super-THREAHBE % : M- 404X
Super-THEBR) ~OEBEA 7 U —FORMAKERARLZH D bH 5, ' .=40~1004Pa, X
MEL=17~38m, MM BZEREL, - RIBAOEBEHE2HET LOEEZRD TN S,
Z-5056, WEMAR—OK, {’ .=50MPaicxtd 2XME ¢ OHAKRIZ0MPaTIISXBETH S
25, 100MPaTIH30% S KET D, £/, LAFE—DOR.,  .=80~100MPaTRHE DBz LD
S50MPaFf X W EHEZMBROVEAPATES(H—5).,

- O - NU1350 D=0.6" GS=11"
— = Type IVD=0.6" GS=11"

—@— NU1350 D=0.5"Mod GS=11"

—#—Type IV D=0.5"Mod GS=11"

— - NU1350 D=0.6" GS=T7" —4— NU1350 D=0.5"Mod GS=7*

—0 - Type IV D=0.6" GS=7" —a—Type IV D=0.5"Mod GS=7*
Girder Concrete Strength (MPa)

200 492

180

41 48 55 62 69 75 82 89 96 103 110

54

54.0 8.0
170 51
160 148
150 . 45
26.0 140 a2
TYPE IV
£ 130 3% E
M—2 JULF>a o 3120 % &
E & 1§
100 | 30
v 8m v 3
7 A 90 {27
4 K 80 - { 2
7 6.6 m 7
70 2t
60 18

[EATRVANE

Super-T
beams

8 9 10 11 12 13 14 15 16
Girder Concrete Strength (ksi)

M—3 ‘AXHEE

M—4 FUF5>23a>Super-THREOHE £—4 WAL VU— bDBERKED®RE MP)

Strands D=0. 6in. D=0.5in. modified
2480 7 7 [ W |11ft| Oft| 7ft| 5ft|11ft| oft| 7ft| 5ft
- 3.4m|2.7n|2. In|1.5n|3. 4n|2. 7m|2. 1n| 1. 5m
250 1 50 MPa e
= 2250 P AASHTO(IV) |82.7(82.7|82.7/82.7|75.8|68.9(68.9/68.9
E] TP NUI350 |82.7|75.8(68.9/68.9(62.0(62.0(62.0/55. 1
= 2150 1 5
(%21
s
2050 ¢ £-5 BATHEZME (m)
1950 : A7y —hiRE (MPa)
| e
1850 100 MPa (mm) | 50 60 | 80 | 100
‘7501 ’ i . - 750 | 22.4 | 23.6 | 25.7 | 27.8
7 2 2 2 1000 | 25.9 | 27.3 | 30.4 | 33.2
Span (m) 1200 | 32.2 | 33.8 | 37.0 | 39.6
1500 | 36.2 | 37.9 | 41.3 | 43.8
B—5 WEimonE&




Bif. BRATEBECERSEERBRAERER., RYOSRED > 7 U — b (f 7 =80MPa)
OP CHEBMER. XM14.5m)BBRIN, HiEid {7 =b0MPaRF D#KI70% ICEE = hiz.

2.1.3 8BFH

f'.=100MPa BEF TOEREI 7)) — FE2PCHEBICHEALLESORKEZRBERET
TR LEEENHE ) SNTWs, ZOBMERFT L Fv XA P CERE I BHICR CKRRZE S
TELEPCAREGMBRZSREL, TUVA RNV ZEAR & FEHAMER ORRENTFRILNE
EHAT. WENEROWENARHHMANFEE2E>RIINTHS, - KEAERZSL
Fv Z MNP CHBIHKCETS, —FH. BHLELCEEHAT A CHH MBI AEREITHT
HEE—AMEHERBLTKRKRZITRL, ARBOEMNEICIIERS KT TENLEIE S,
AT HF P CREDEE I BHEZHL, JUAMNVAH, @MRELE,. EH2>7U—F
REE, RREZEKREL, KOZA MEKC (KBBEAEESZVOIX ) 2HEALTHS,

C={neCce+C.V.+Ci[mi+n,(Msn+ms,) +m,]} WL

I, Co:RRRaA>Z7U—brOBAEESZODAZL, Co: EMf1ADIX M (MF, &
X, B, BEREBESD) . CoSHOMMEESLZODDOIAN, L BE, m,: EH
EgGE (EE—ACMAD) . m.: KRSHE, m..: EBEWLOKRAHKDE (A
E— AL NHEBEESH) . M. EBHWLELOEE—AC NAEKSHE, n.: EHE
B, n,: 2B ELTOERBK. V.: KRa>2U—rO&EHE, W: BRROE

BHMBPRIOEIAAN (BFY) 2RELLE, RFTEAZHEL, BRLEBTOOZA NS
BCEBN-TOERBREZIBEMFETRDTNVS, b, 40MPaa>7J—r21.0&L7ROO
ZREARTEZTWS BIZIE, {’.=100MPad 2 X Mid 40MPadd 1. 94£%).

aZ R E=0.936+ (£’ ./100MPa)®

EFIBIEERI2m,. SEMO 2 AN EESRHTEL., KRA> 7Y — MR FFHEDOH
B/ NRESSHPaZ A L T 5,

B OENTEERNS, EEMERLEPCHAZU—RBE(’)EPCHiE(h) - AR
DOBtR, . EEWBM - A MOBEFEEER—6. Z—TIKRT.

X—605. [ . B2RKELTRE, BER—OIAMTh2HATES, HIZE T .270, 90,
121MPa ¥ hiE. h #53MPaks D83%., 70%. 61%ICHI/INTE, LHTHEOHAS THEEDOM L
R FEHTIAZ NOMBNAEERS. —H., Z-7r5, XEEM)ELA—&E, BFIZITL=30m"
h=1600mnD %S, ' .=48, 62, 90MPa RO MHLBERMKIE 4, 3. 2EH LS. 4EHBEDD
ZFE1L0ETHIT3 EH., 2EHMBTIE 0.87, 0.78L74a0, . 2RELTDHLEEHKDOEAIK
FoOTAALEIARBOEHTES, XHPELARD L (L=40m), f’.=49MPa (4 EH : A+
1.0) ~92MPa (2 E#i: A A HR0.71) DI, TONRE—EEE LS,

E—6 O rZU—RERE. WS, 2AMEE  £-7 A ZU-—MEERE. B 2 A NBMR
(L=30m. 2FHDES)
A8 |BREE-TI AN | A XHT| 3 M| 2 M

f’.(MPa)| 53 70 0 | 121
L=30m | f’.(MPa) 48 | 62 90
P CHi® | 2300 | 1900 | 1600 | 1400 (h= aAk 142|124 111
h (mm) |(1.0) |(0.83)](0.70) | (0.61) 1600mm) | ($Cdn/m*) | (1.0) [(0.87)|(0.78)
dX b 112 110 | 111 113 L=40m | f’.(MPa) 49 | 63 92
($Cdn/m?) (h= aA b 190 |159 |135
2300mm) | ($Cdn/m®) | (1.0) |(0.84) | (0.7D)




—J. 2.1.2 TRRETLF v A P C Super 6500
-THRZRAHMOBRGFFER S 2~ 6ICRT. O
> — bOEERBEME (FF A AT U 6000 +
7) &, f’.=40MPa %1.00&£F % & °.=50,
60, 80. 100MPa {X1.03, 1.07, 1.22, 1.46 T&
5, INTHRAETZ L, 7 .=60~80MPa TIX50
MPa Bk D BRBEHOETHAER LD, /.=
100MPa DA S0MPakf & F% (£ >30m 0 BF)
HBLLIFPLELED (L<30mODE),

HMED 7Y — Ok, ESMEL )V E
TENRBD, LT 2B/XPEFRBEIND LI, 3500 , 4 , ;
DA MEEADRIIBRBEACREL AN ETE i 22 2 32 37
B, G, Fx OWEIR - ik, BRERIC Span (m)

NI B —AZAZTF4RA 7Y — FRERIEL M—6 #EFEtER
EEEBTVANVABRBEORNBEENS,

EREICU-ME, b, iR, NZHABREOHNAZER LSS, NI EE TF

KOCHIEEZRES TE2/ME, MEOBESHERSNOEDERABHZEINS,

5500 T+

5000 +

4500 +

Unit cost per m

4000 +°

2.2 30— F
2.2.1 E=

L, AU —FEOEXRt, LR TEREOBREICI2BBHMBTORTOTRLOWMEHD
mERENS, BHERABEO 7Y - FOFABTFHIN TV S,

BEOAIVU—MOP CHEENDFIANEA BN T, Eurocodes DWETIEXNED STV
%, Eurocodes EC-21a 2 U — h#E OF L WHWETHR (First Draft. 20004E18) DFE10Z 8
EEMOAC7U—FEE T TE. BEEMOC 7 U—- R, BHOSE LT —MIcg B EN
2000ke/m* L FOANTEL R KRBEEBEMEZAWCENAEEE L RE) 572000ke/n* L FDH
DEERLTWD, BEBMO 7Y —FORESKE L TIE, LC12/15~1LC80/95 (B 1MF : [
B REE, 55 280F - SIAHRRHERE, BAL: MPa ) OLREBEOHONEFEIHTNS,

2.2.2 EEsE
(1) # R 5514
LREOFHLUVWEGETR T, BE2O2 7 - bOMRRER, ¥EaA 27— bECRD LS
REFREZRAWVWTEHT S,
nNe: VOUREA. n.: 5UEREM. n.: ZU—7HEA. n,:: LRNEH. o : BE
A2 — FOMEREOHEMNEEER (ke/n®)
Q)REIIV-EEORBWEH
BEIO Y- MEEOKRRBWMAIOHRTH, BANEHKZBANIRKRICEETHS, ZhiTo
CHNBRREMEEEEL, @820 — MR TOCENEAT®IC S DT. OKEh
HMTOVANBEEEINKTTS520DTH 5,
20004F1ARD E 5 7 b, BABHRBOFRITAKRE L TEMA NSy MERATILE 5 A
£7 )1 (variable angle truss model) DAMEFREINTWS,



a) TANMBRTEEULRVOEEI VY - VOB AT
20004E1 B MR TliL. &4, BANHBRDZE LAV ORABHARE LU TARRRRE N,
Virae=10[0.127 k(1000 1fcx)*"*—0.150 cal bwd
TN feox s BEOA VU — b OMEAREEBRE. ko SFERAE=1+(200/d)**=2.0
01 ARSI =A/(bwd)<0.02, 0.q: BEOFEEART L A N LA (B - AfE)
n.:WEASZU— OSBRI — bAOEBERKT, KRk 3,
7n.:=0.40+0.600 /2400 (p : BB > 7 U — MO BEMNAEER. ke/n°)
BEIL7U— MIHT3E0HRDOEREREDLBEORHETORFOKE., EXPD0. 121
0. 10ICBIET HHENDH D ENRENT,

b) BAMBEEBHEZE I 3O AEREH
BE, LEACVU— P TOCENEHOMENREZD, EMANT Y NORKEASHRET 508
BB, 2000E1B R TIERBLRFOBRMSHFIIN L CTRMKBERESLEIN TV S,
MEZAY—Sw T2ETHHE. TAKHMAIZRDO2RONEWHTOEET S,
Ve sy=Acw/S)Zfywacot 8 (A¥ —F v TDOEAR)
Vid. max=DbwzV f.a/(cot +tand) (A7 U —bOERZA T v ~DEHE)
727U, Aswfywa/(bws)<0.5V feu
ZTH. Aww: LHOAY—Fw THHEME, s: AF¥—Fy THR., z: E—AMHEE. fywa:
2 — Ty TREBREBE, 6 : EMA NIy MERA(21.8°=0=45%, v : a2/
J—FrZA Iy hOEEREICHTH2HEIMRET,. XKL B,
WFAHZ U —1 1 v (=Vwoe )=0.7-T.+/200>0.5
BBV U —bF v (=V.wac)=0.6-T./235>>0.425
FERERLORKBLID, BEOAD 77U —FTIEEDV lwack DRROLF A EISIBN TN S,
Viwac=0.85701Vwoe FERZWE  Viwac=0.85n:(0.7-1.+/200)>0.425n ,
BEABEEI 7Y — MI—#8IC 0=1600~1800keg/m* TH 5 DT, BIHDEZHIT,
V iwea=0. 75(0. 7— f.+/200) >0. 375

c)BEIVIVU—FASTOHKRECAEWA (KD)
BFA U — P THIERRIC, ELa)DViwe EEBRICEBERE N . Z2BH L TEET 5,
Vea, .=0. 12k (100 o 1Tex)3—0.150 ca (0 ca: ViracDEFH & EIEE, Eﬁg : AfH)

2.2.3 #EH

BEIOC/U—F2BALE, CTNETORRTHRORELP CHBOBHZE - 8ITRT,

EF—8DX3IT, BT/ ITUT—THINBOFELUKRE, BRI 7Y —FOFMANEALTD 2 DITH
UWEREHBEOEERRZ WV Y, ZORMDKHIE1987H DEndreste # (GZM15mfik#E. LC60)
ThHD, FERstHETEIREGEIEE, BE2 7Y — M T&4105MPa(C105), 85MPa(LC85)
IEXIH, SRERBI 27U MOEANEIN L., BRELIEA S FREOHRE, SR
BARIR U AL a—L0MH, REEHEOREREKRKLD., BED > 7 U — b Bergsgysundet
K& (1992, SEEMIXZMI104.4m DA ~ 7 AiFk) DR Y — >, Nordhordaland®g (1994, £ 5K1246
mORERE - FB) OWMEMPB/BHEOR Y - ERBEAIN TS,

EREREOC VY- REXZPCHBOMERERDRICHET Z2OAEOREDOREH ! 2F
—9ITFET., BIE, DAETHEZHMPCHBAORED VY —FOBHANEE Y 2N TS,



®—8 FEEEOACVU—FPCH

mARX BEa> 1y—hk
w T B 4 E 4 |BEdm) ® K f’cx (MPa)
1972 |Mass-Wall Canal |45 >4 |11 2| 3EMELH 38 (HRR A 8 105m)
1972 |Kalle 7R 10 5| 3RMZFIVN—H7 27 (EET 280
1973 |Rio Higuamo Kx= 190 |3BMBEIYTI—RX 2|41 (EETLER)
1973 |Koln-Fiihlingen |#H R |1 3 6 | 3 BREEGH 27 (PO rpEk84m)
1976 |Ijssel River F75 12 6| 3 FRRHEGHT M (EET 2
1977 |Arnhem *5 5 1 37| 3ERIE M (EET2E)
1979 |Koln-Deutz TR |185|3RMEsH 69 (HFREER HRER62m)
1979 |Tricastin VATV 14 3| 3EMEGH 30 (H R HRER08m)
1979 |Parott’s Ferry |7 AUN |19 5| 3ERMEKET— R > 41 (EET 2
1979 |Ottmarsheim ATV S 17 2| b RREEGH 30 (R HREE100m)
1981 |Nieuwegeinse |FF >4 |15 5| 3E[EGH (H AR 2 5E6)
1981 |Avelengo A&7 |125|38BWA > HEGH (P REE R A RE8115m)
1986 |Koningspley F5 >4 |13 3| ZREEGH 37 (k- FERT2E8)
1989 |Sandhorneya IV — |15 4| 3FEHEGH 55 (I 110meER)
1990 |Boknasundet NV x—|19 0| 3BRiEsH 60 (WEHO7. Smo—HEB0E HET2E)
1992 |Sund (Eidsvoll) | /v xz—| 4 0| 8&ERIEGH 55 (LEBT2%8)
1993 |Stovset v x—| 2 20| 3EREGHT 55 (FHAREER P 5R146m)
1999 |Raftsundet IV x—| 2 9 8| 4R EGHT 60 (B A [IH5E8224m)
1999 |Stolma v —|30 1| 3FREEsH 60 (FpoRfEfmH fEk184m)
2000 |Rugsund WV x—|19 0| 3REESH 60 (FhRfEm2E)

£—9 BEICIVU-MELEEIZIY— MEOLRFKSH
(1) APRHEstE (2) P CHME (B 11E) (3) BIEHR T LT P CREGRRR 1) *

MOBHR % BB BREX | LE BE=E EREX | TH ESR

f7cx P2) | B0 | B0 Bt (£=60m) | 1.00 | 0.70 Bifl (£=60m) | 0.76 | 0.57
7. (t/0®) (2.5 |1.8 | | 3EM (L=60m) | 1.00 | 0.69 | | 3% (£=60m) | 0.74 | 0.54
E. &kWm?® | 33 | 21 3EM (£=30m) | 1.00 | 0.69 | | 3% (£=30m) | 0.88 | 0.64

KNEEI Y- P CHMBGEDIL

2.2.4 EHEH

—FlEL, T T—DSundeys (FFFHRE UK, 120+298+120=538m., EFM D k8224
mEXE=LC60[E], TDM=C65[L@B]) DREHER ' 2RY. XHBNLERIE, BEREREL
S5HKINTHS, 2B, COBRBZALFTHLIPERTEL Yy NTLEIEHINTHS,

(BET—5 (19994 4ii#) ]
%3 : NDC C65(2400kg/m*) =1800 NOK/m®  #H : LFAC LC60(1900keg/m®) =2400 NOK/m®
g/ =7600 NOK/t P CH## =100 NOK/MNm U1 2 7 > 51 —S,,=4440kN=58000 NOK/each

(ZEMZELTEEIZ YU — FONDC 651 LB ADREEEE]
CHERESZFYy >FUN—E— A FOMNKE 0 ZEBOREMEDOHEM
BMBIRMAAR—ZD DI, EEREOBERERE DM
« FEFBARH URERIF O 1 D& & S D 5 i <[ D Wi T < ik D 8K
-HEOHEMICED, BRI oOy Y7 > —KiZED>
c FOMOZEBEFE NSO T, BH




INHICETE, 2RWE2EBA 7Y —bELABOIZ MNEROHERREZUTIRRT,
a) LWACHHNDCADEHE

FUDFIS OER ;- 2330n° X (1800-2400) = —1, 398, 000
b) NDCOFRERDHEM :

EEME126n%, WEEMT20®, 24 @ 827n°X1800= +1, 488, 600
c) BEMEDWM :  +17320MNm X 100= +1, 732, 000

d) #HmED®Em
EEBOEMEEH=115ton. T AN REH=12ton

127ton X 7600= + 965, 200
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