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8.4

Design of Approach Bridge

8.4
8.4

o)

.1 Study on Structure of Approach Bridge
.1.1  Selection of Erection Method for Approach Bridge

Comparative Study

1) Conditions of Study

In this project, as discussed in the report of JICA’s Preparatory Survey (SAPROF Study), the
construction period is planned as short as 32 months for aiming at opening in 2015 and the
construction period of Approach Bridge which is approximately 5km long is critical. Therefore,
in this study, two alternatives of erection method, SBS and MSS, which are superior in
construction period, are introduced to be compared as summarized below. The other conventional
erection methods, such as cast-in-situ cantilever method and cast-in-situ all-staging method, are
not included because of their long construction period.

- Alternative-1: Span-by-Span Erection Method with
25 spans@60.0m x 3 erection girders = 4,500.0m

- Alternative-2: Moving Scaffolding System with
22 spans@50.0m x 2 erection girders + 23 spans @ 50m x 2 erection girders
=4,500.0m

The span length of SBS Method is defined as 60.0m as recommended by SAPROF Study.as
recommended in Chapter 8.2.2 and agreed in the Notice No. 107/TB-TCDBVN. The span length
of MSS Method is defined as 50.0m, which is the longest in the method

The number of the erection girders for SBS Method is defined as 3, by which 16 months of
erection period of 4.5km long bridge can be realized.

The number of the erection girders for MSS Method is defined as 4, by which equivalent erection
period can be realized for comparison of the construction cost with SBS method.

2) Results of Study

a) Results of Comparative Study

The table on the next page shows the result of the comparative study.

As shown in the table, results of comparison reveal that the SBS method is more preferable for
the following reasons;

-Segment preserved at the factory can have well-managed quality, which is favorable for
costal condition,

- Construction period is the shorter with 3 erection girders, while 4 erection girders are
introduced for comparison in MSS Method.

The detailed construction plan for the erection including SBS method is now under preparation
and will be presented later.

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-115



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM

FINAL REPORT

wea], Apnig : 99.M0Y

1 @anewto)[y o} Suredwos onuod Apenb pue porrad UCHONIISUOD UT TOLIDJUL ST 9AUIONE ST,

“spuewdes jseoaxd Jo uonezimn o) Swmo foxuos Aenb pue porrad tononnsuos ur otadns ST AT EIIAE ST

SL 6 001 uonen[eAs]
POPUAUILIOODT §5OT PIPUIWWOI Y ISOTA]
14 Joedug
v 10BdW] [BIUSUONAUL UT 90UIIAJIP 1ofetr ON Jordur] [eJUSUIIONAUL U SULISIJIP Iofeur oN| < [BIusUIIOTAUY
s (e8pug U, quey], u 2oustadxe SUO ST AI0T)) UTEWar \ U AZ0[0m[oa [, MON ST SSIN s (urewer \ wr sum JsIy) wrewarp ur Kopumoa], MoN St SES § | AdorouaLmon
£ 9ouereadde LreupiQ) 14 ueds uop ypm souereadde 1epusg s snemsey
ot (oyeumsy ATeumumarg) %8S 01 (ereumsyg Arewmuma1d) %95 OL [ oouswEeld dils
6 ¢ 4 IS aoURIUTERIY
To8re] 1 “syurof uorstredxko pue sSULIRaq SE oNS “douLIAjUTR [eoiporrad 10§ SWaN ATBSSO0aU JO TOqUINT L[], Jafews st “symof vorstredxa pue sguireaq se yons “eoueUauUIET [eorporrad 10J sura) ATRSSO0AN JO TOqUIN oYL,
“1opI3 vonjoara Aq paSuel JI0M UTI0J AT} U0 Pajioaxa ST a}a1o10d Jumor]J Jraw3as Jo 20)s Uk toneorqey 10J prek jraurdes jseo-ard sambar jy|
[eAOURL 10] 3 AP GF [eAOUR 0] 8 AP SF
skep 09y = €7 X ueds | 10y s ep 0T shep gL€ = ¢Tx ueds [ 10y s fep ¢1
Surgqussse 107 s A2p 09 SuquBSSE 107 5 A2 09
1 AW ey 195U0] St (SYJUOWt 6'g[) PoLred UoonysuoD o[, T QATJBWIONY UL} JLIOYS St (Syjuout ('91) poLed uononnsios oy,
s o1 i o pomad pue
ORI [BJ£02 B[ UOTINTSTO)
0PI 9)2IOU0D MJIS-UI-)SD O] IE[UNS ST UONEOLIqe) 19pas 10§ [onuoo Ajrenb o], 10 o[qerejaid st yonm ‘uonestqey juswsas A w pa[orjuoo [am st Aienb ) ‘sjuewdes jseoard Suzm )
‘pojnoaxe *$0[qEo|
aq [eys jrom Surssons-a1d pue Surmo ‘@9)a1ouoo Swoed 19y IOPIS 9)2I0U0D NJIS-UN-}SED [ENSN SB JUIES SE PIJIIIXD. Teurayxe £q ueArd st 90107 Surssens-a1d ‘sjuaurdas sjoym ueds ouo Funyy jo uonayduos 19)ye UeY, “ouo Aq|
2q [[EY[S SUOPUD} Hd PUe sTeq SUOIOJURI JO JUSULFUELE JIoM ULOJ [99]s FWPN[OUT TIP3 U001 SUQUILSSE 191) VY SUO oI pue 19px3 UONORIS A Iepun pajiodsuer oq [[eys Jueurdes 1ses-o1d “IopIS U019 SUUILSSE 1o]]y
“1eak [ sarmbar TopaI8 U0N0aIa JO UOYEILIqE] PUR I9PIO. “Teak | sammbar Topis UoN0aIS JO UOTEILIqe) PUe I9pIO)|
0T COLTSTE8LT (aNA 000D) TeoL 001 €VT080°6£9C (ONA 0000) TeOL
8TS'BLOGIY'T =06X000'6£S LIL'ST ANA ‘UOHEpUNO | 009'196°¢1€'T =SLX000'88F61S'LT ANA ‘uOIRRpUNO,{
OP0'TEETS =06X0009¢€'0LS (ANA PId SL9'6TS LY =ELX000°6TL €€ ANA ~RId
000°00§°LTH =6'0X X 000°000°0$L'8TT (INA *BPID UOIRITT 00$'ZILELT =6'0X £X000000°LE TOT (INA *BPID UOHITT
€ 000°000°ST aNA PRA Amiodus ], o 000°000°0ST CINA P& A TIOTRILIqe.{ o | 1500 vorpnnsuoy
PET'THE 098 = £§8'7S X 000°8LT'9T (INA “PPID We 89€'9L8'ESL =L69°9Y X 000" 7P T'9T ANA “PPID U N
Ero)[y ety 1o3uof os[e st potted TONONYSUO)) | AGRIIDY et 10331q ST UoYEpunoj pue amjonts-qus ‘sgureaq 10§ 1500 *Z PATRIIDYY (M Parediios paAes oq Ueo potiad UONONYSI0D PUR 1S00)
 1apTO TONIAIT JO JoqumN ATessadoN € LIOPIID TONOAIT Jo Taqumy A1essaoaN|
SOU 16 :06d ~ ['V UONEPUNO,] pue amonys-qng ‘sSuwreagy SOU 9/ G/ ~ 1V ‘SUONEpuno, pue smonys-qng ‘sSureog
(93 ST SUMIOA 9)2I0U0O PUB] SANBIIDY W) IOON]) SIUI00] QM JO UOISUIUIp ‘suopus) Dd Sundnos o) ancy) (T 2ANRWI9NNY 1M paTedwioo 931 0S JOU ST AUMOA 9)9I0UOD “9[qRO [BUII)XS FuIsn 0] onc])
(WOQS*p) EUIESRTS = 9 A [OUM[OA IO TP (WQOSp) EUILEYOp = O A [OUI[OA 9J2IIUOD IOPIID
(0$6+8 UTY = 00L+8 INI) % ey etour adoys pempnyrduof 1oy afqeordde joN| adoys rewrpnyisuoy 1of ajqeonddy| Kumqess pue
v (ueder ur Keamssaidxy] WO, PU00dS 0] 19JoI) U0} OG6 IOPAID) UOHOIH JO NSO A ot (uede w Keamssaidxs WO L, PU00sg 0] 19§31 U0] [ [§ : 19PID UONOAIH JO TSI AY Ol adsy Temyonng

(wpg wmurxepy) yysue] uedg 1040y

BJINOY = 390 :2)2I0U00 JO H3ULT)S [BUILIO N

(wp9) ySue] uedg 1e8uo]
uorso100-Tue pue yyduens 10§ Aqenb 1ehaq < BJNOS = 00 :2J210U00 Jo [H3ULTS [BUIION]|

Ty
AWiS =

GEOFANT

L. | .

(0005} - ¢ XWOSWEL + ¢ X WOSBCT) 06d — 1V
we)sAS BUP[OJJLOS AqBAOIN ‘T-PAUBWIANY

SONLUIAYOS PUL SO0

(WO'00S Y = SI10pa3 £ X WO 09WST ) SLd ~ 1V,

poweN wedg-Ag-wredg :-aaneuroyy

SUTA)] UOnEN[BAF]

abplg yoeouddy Joy poyiay uoioel3 uo uostiedwo) -1 '8 a|gel

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,

PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-116



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

(2) Comparative Study (2)
1) Conditions of Study

In this project, two (2) alternatives of erection method, SBS and MSS, which are superior in
construction period, were introduced to be compared as summarized below.

- Alternative-1: Span-by-Span Erection Method with
25 spans@60.0m x 3 erection girders = 4,500.0m
- Alternative-2: Moving Scaffolding System with

22 spans@50.0m x 2 erection girders + 23 spans @ 50m x 2 erection girders =
4,500.0m

The span length of SBS Method is defined as 60.0m as recommended by SAPROF Study.as
recommended in Chapter 8.2.2 and agreed in the Notice No. 107/TB-TCDBVN. The span length
of MSS Method is defined as 50.0m, which is the longest in the method

The number of the erection girders for SBS Method is defined as 3, by which 16 months of
erection period of 4.5km long bridge can be realized.

The number of the erection girders for MSS Method is defined as 4, by which equivalent erection
period can be realized for comparison of the construction cost with SBS method.

In addition to the above two (2) alternatives comparison, PMU-2 requested JICA Study Team to
study other alternatives, which are like cantilever method and something like this. Therefore, the
following two (2) alternatives were added for comparison study:

- 60m span length with P&Z
- 60m span length with ordinary cantilever method

2) Results of Comparative Study

The table on the next page shows the result of the comparative study.

As shown in the table, results of comparison reveal that the SBS method is still more preferable
for the following reasons;

- Segment preserved at the factory can have well-managed quality, which is favorable for
costal condition,

- Construction period is the shorter with 3 erection girders, while 4 erection girders are
introduced for comparison in MSS Method and other two (2) additional alternatives.

The detailed construction plan for the erection including SBS method is shown in Chapter 8.4.1.1 (3).

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-117



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM

FINAL REPORT

wea] Apnis : 99IN0S

L

“alqepusUALI0Ial

“3|npayas e 4 Buowe Kpuoaas st ameusaye aAJulaYY UeLp 210w yanu s1s0d1) pue Biq Asan s| 19pa6 uogose Js0L1 S| ANBUIAYE SIY 3500 pue juiod siLp Bulsapisuod oenen:
68 | jojuod main ayy o sjqepuswiosaijou s angeusaye sy g - | 06 si1p ‘quiod Maih paads uognasuoa g Juwouoss apwoid + | +L | 40 ofeds pue g p | ameusayy uey 1aBuojsi potsad uogangsuod« | L6 Jayy ‘sameusaye ¢ Buowe)saoys s poad uogangsuog-| 004 Jenlend
Papus Wwoo9Yy $597 Papus WwWooaYy ss97| papuaWW0oay $$37 P3pus WWo9aY JSo
G ¢ ‘SoMeuIaYe 12140 f Uelg sopnol| G OB USLUOIALT
b9 ') ABUIAY USIMGa] 2IUAJAYP OU S| LY | = "9 €'} AMBUIJY U3IM3] 20USIBYP OU S| 313l | « s13ui0] uoisuedxa Je asjou ‘Jaid Jo Jaguinu paseasoul o} ang "9 €'} AAJRUISJY U29M3Q BIUDIAYP OU S| BIaY | =
z ¥ g g ABojouydpa | maN
WBAIA Ul UL AJIYIE Auew 2l 310y |« WeLAIA U 958 IS4+ (aBpug 111 Yuey 1) “WewaIA UIjuaWaAdIYd. 3UO S| 313y L« WLl U 3seIJs )4
¢ Juswabuelte Juawafuelse ¢ “SIaL0 3L 0 Jowadns Jou s1 @ AR G Juawehueie G sapaygsay
Ueds awes g anp § 7 | IAJEUIAYY 0] Jejuds SISy L+ Ueds auwes o} anp 49 | IAJUIY 0} Jejuls Sisiy L+ ‘b ® '€ ‘| 9gewayY M patedod siaid o siaquiu a6ue) o o Ueds awes o} anp 49 § SAJRUISY 0 Jejus SISIyL -
20ueledD dILS
8 (sjewns3 Mieutwijaid) %y o (sjewigsg Areuiwijaid) % 19| 0l (s3e wipsy Meulwijaid) %8G o (eje ws3 Aeuiwijaid) %96 o A
owabue e Juawabueie “asealoul Juawabueie asueuauEN
5 Ueds awes a ap ¢ 7 | aneusay ) Jepus sy - | O ueds auwes o anp b p | anpeuseyy o sepus sisiy 1+ | & |soous Buea g seid o ssequnu ey (uigs) ueds sapous @ eang- | Ueds auies o anp g ¢ anpeusayy @ sepus sisiyL-| S i
*aInpayds aarangs-gns Buliopisuod saye ogsilealjou
s1angeusayfe sy *(sAep 1g6) siuow £°0g st pouiad [go | (“aw|
Aes aupJe PIINISUOD 9GJOUUED PUE J9PIO Ul PAINISUOD 3G 9 | angeusay uewy sabuof pue| (sAep!
[IM 81ran1s-gng) "sainongsiadns 10} SLUOL /g puE SINANYS. (sep 128) sypuow 67 s1 potsad pasnbai siy | “(skep gog) 1apab Spg)) anteusayy uey saBuoj s (sAep 0g6) poriad painbai siy) (sAep Gpg) sanpewaye  Buowr sajioys st potiad
-qns 1qj syyuowi g st poriad paanbai siy | “ueds jo siaqunu g}, 1oy o231 Jo uogelodsue] g Japio aNSNPXe Lieds Jo s1aguinu 6 1g) “(skep go¢) 1apB uomala Jo uogepiodsuEY § 19pI0 SNSN|X! paunbai siy | *(sAep Gog) Japub uogaaia o uopeniodsuey 3 1apio pouag
y | shep 06 sayel “pousad uogongsu0d woyjuawaINbaI Ay 1eaw sAep 90§ saye)| ‘poiad uojangsuod woyjuawainbal aypjeaw| g | sAep gog sayey)] posad uogaNASUd Woy juawanbas ayyyaawf (| | ansnjoxa shep ogy saye) ‘poiiad uogangsuos woyjuswaanbalf (| pUE UBlq UoRNISU0D
0) Kiessagau ale Jajaneq Jo “sou 2¢ ‘(WL 'eZh'y) GLd~ LY Ul= ) Alessadau a1e JapaB 79440 sou g ‘(WL Eeh'y) GLd~ LV Ul o) Kiessaoau ale 1apuf SN S0 ‘sou ¥ ‘WL Ezy'y) GLd~ LY Ul aljaaw g Aiessadau ale Japaib SGSJ0 "SoU £ ‘Gl d~ LY U]= .
opewos
dnoub 351y 1oy supuow g Jsea] e SaINbal AMANYS-GNS 1 ABMOH
{stuow §) awg Hoys ul waky 3invoid 0} Asea pue adA) skp o jo]
©ale aiay Ueder ) paunbal 5| 1ALy ajeas a6le] pIv 3piM o) anq. Jeak| soye)ays o je sopi Jo Uoeliisul o) sepif Uooa:e Jo Japio wiold ook | saE) & a2 Jopish Jo UogegesLl q) Japaf L0§oaI 40 Japio Wwoid Jeak ) 16 J0 UoBBIySUI 0} 1Bpil6 Uogoald o 12po Woly
00} oy oL ory L oy 133 oy
QNA 000'622'661%89°C oL QNA 000°6.2°658'€56°2 Pl QNA 000'895'598°%1'E BoL QNA 000°622°1281 16T BoL
QNA 000'52Z° 46198} anisng QNA 000°SLZ'L6Y'1OE"} aumngsang QNA 000°895°047'0LY'} aumonasns QNA 000°GLZ'H6Y'19E"L amngsang 1500 UONESUOD
o QNA 000°000'000'62 PieA uogeauqey 4 aNA 000°000'000°52 PR Uogeolce e aNA 000°000°000°52 Ple uogeuqey [ QNA 000°000°000°05 Pl Uogediqe o
QNA 000°000°000%€2 JopAeIL QNA 000°000°001 €0 Bpub uogoaly QNA 000°000°00§"LTh 19p16 uooa13 QNA 000°008°CHL°ELT opib uopsa13
NA 000°000'802°€90"} amnsiachs QNA 000000°892°€90°} arngssadng ANA 000°000'666°1.22'} arpngsads QNA 000°000°811°980°L aipngsidng
(woot 5 fuon) "
P p *1ap16 uogoasa Jo (uBlam) a[eas q anp wog s1 ueds Xepy -
"PHOM 3 1A [|e SJAWRNRIYIE JO]0] B 3JE 2I3Y) pue ‘(Wpg uew| s ueds Mms_v ueder :.«EENJEE.. EBE_U_ 2le 213yl G661 PAD ogoa1a 40 1505 & 2P L0g 1 W . J
a10w) ueds Buoj Joj poyjaw uogNAsuos ejndod sou st sy L+ U UBdEf G paligjsued pue AUBLLIS U padojanap Sem sl L« WEaI U JUAWaRIIYIE 3U0 Auo §1 aBplg 1L yuey ]« S2INGD 120 PUP UBCE UITULBNINIE 10301 B 818 212UL* fungas
0L 0L 0L 0l (U3 pue padsy |eimangg

“poyaw
UORINLSUOD MYS-UI4SEd UM PaLES S| U0GIaId 19AaJIueD paoueleq

ULy pue pajedliqe) 318 SIafanel ‘3|qg Jaid jo UagongsLIod Jagy -

‘POLJaLL UOJINISUOI 1AL AIBUIPIO SE AULES SE LES
M J3A3UED “3|qE) Jaid Jo Uogangsu0d Jayy (o) Xew)juswbas
Buol 1M SPOLoLU U0JI9.19 1A3JILED JO PUY BUO S POLGAW 29+

“POULL UOJINJSUOD NYS-UI4SED AQ PANISU0D 81
1ap1B ueds auo pue ‘Japub uogaals gSW Aq papoddns siwio«

“ueds auo Aq ueds auo 1apub uograla
58S Aq padeyd pue payy padeyd sijuswBag “ays uogIala ay o)

pajiodsuey ale Aay uay ‘piekie pajeatiqe; sijuawbas jses-aid -

| P

!
SN WAt (T AR

S0J0Ud pUE SIfe WayIg

W/EEY'y WLEEr'y w/ger'y WrEeh'y afpug o ybusy
uofININISUOY Jana|ues poyay uogaag 78d wajshg Buipjoyeog Bumoy poyja uonoaig ueds Aq ueds s wey uogenjerg
p-anjeulally ¢-angeusajy Z-onjeula)y |-angewajly

(52d-1V) ebpug yoeouddy 4o} uoyoai3 uo uosedwod Z-1 '8 alqel

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.

PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-118



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM

FINAL REPORT

wea], ApmS : 90M0Y

“Yed [203.0 2t U0 U s1 2y-/dJ0 Uomas al ‘Buoy st pouad pue yBiy s13s00 Uogongsuog «
68 | 1nq ‘|-onewsyy uey 1aBuo) st poiad uogangsuo) jsadeayg +| 98 ‘sangeusgye y Buowe sgfuol st pouad uogongsuog +| 6G 8 'sangewsyie  Buowe jsapoys st powiad uogpngsuoQ « uogenjeny
PapuBILIOBY JSO papL 008y 5587 psp H10N papu 4 5587
G G ¢ 'S9JELISe JOLJO S Uey Japna) S G Joedu] [EuauLoNg
TREL S NeLIS)y Usamjaq S0uRJaip ou sl atey | = YREL ANjeUIlyy UsaM}aq B0UdJaip ou si aJay| = m_«r_n& S_mr_mn_xw Je asiou ;m_n:o Jaquinu pasea.oul 0} an( = TREl SNjeul)y Usamjaq aouRJayp ou sl alay] «
z S v S S ABojoutpa) maN
WeLalA Ul SjUsLWaAsIyoe AUBW a.e aJay | WeUaIA Ul ase0jsid (aBpuig | Yuey |) WeLaiA Uljuswa AaILo. auo S| 313y « WeuaI/ U 9se9 sl *
¢ awabuele| G quawabuese, ¢ *siao a4 o) Jotiadns Jou s aARRUIAR S uawabueLe| G sopoysay
Ueds aWes 0} aNp £ B | SAJRUYY O} JEJIS SISIyL + Ueds awes 0} anp B | SMEUISly O} Jejuuss SISIy] + K b 9 ' ‘) dAjewa)y Yim pasedod sioKd o sisquiy abie] g ang Ueds awes o) anp  p ¢ SNJRUISHY O} JBuuS SISIy * i
20ueles)) 431S
¢ (djewns3 Areuiwiipld) %y o (3jewns3 Aeuiwiaid) %09 o (ajewys3 Aeunwiald) %89 o (sjewips3 Areuiwiald) %59 o
uawabuelie Juawsbue.e| *35B9.10Ul Juswwabue.ie|
st s 6 . Sl Gl ‘aoueuBURY|
Ueds awies 0} anp £ 9 | SAJRUAYY 0} JEJuUIS SISIy) + Ueds awes o} anp  § | SMEUIGNY O} Jejuuss SISIy] - s30ys Buiieaq 1 4ad jo s1aqunu 2y ‘(wipg) ueds Japoys 0yang Ueds awies o) anp  p ¢ SAUISYY 0} JBuuIS SISIy *
(leH12.O)I0) 89 = X U0} L1} S MBIoM Sgafanel - G a1 0 SIAQUINU [2)0} PUY VOJPUO?)
(UY RH)UQ 7pL'E = Z€ X Ua) L1} I 6aM s ojonel * 1AM AUE Ul g2 AC S| UOJINGSUOI PIPPE 32 A9E) JaLjo PLE ool JuswiBss Jo Uogepiodsuey U palapisLod >!28 9 mo,__:ce siyl-
0} 665 Ajpiewixoudde siBiam sapuib uogoas3 « 11 Whu2] ueds oG Joj Uciogg AEiew xoidde s 1BIaM Jopu UjoaI3 - 10} PUE U0} 618 Aaiewixoidde sijyBiam Jopaib uogoag «
("apis uy leH ui st a|npayos ul ssed eay)) “poliad LojoNsL0d, “potiad|
b [&30) Jo} sseed [eop Jou st pouad sity| s kep gy s1 poLiad| b (skep 90g) "saneusaye b '} aAjeUIay uey Jabuoj o L0JONYSU0 [E)0) AL Ui SaLiangul ou pue (sAep /) saneulaye o pold
UOINISU0D 3L 13 B8 SIINEFJ0 SISQUNU 4] 2Y ~ 6] = 1 Buowe jsabuo] st potad uogonsuod * (WZ'6LG) gv~61d Ul s13] 'skep gge si pouad uopngsuoo “ (WZ'61g) Z¥~6Ld ul*  Buowe 3pi0ys si pouad uopongsuod (Wz'61G) 2y ~6.d Ul Pue Ueld uogongsuod
“uogedwios
dnouf js1y Joy sypuoW g Jseafje Salnbal aINGSNS S8 AIMO H|
“(syuow G) 2wy poys Ui waLy ainaoid o) Asea pue ad A} si 4o 3]
© 2l ity Uedz( u] painbal s BpAR] afeas a6l pIM apIM g ang)| “1eak | sae) s a1 Bpib Jo UoYeUI 0) sapub U0YoR:a Jo Jopio Wold| oA | oY s 212 PG Jo UOREIRSU @ JapI LU0JRIR J0 1apI0 Lol “paA | 3y ayis o) J2 Japiih Jo UOREEISU ) JapAI U0GORIR Jo JopIo Lol
00°L oey 191 opey or'L ogey o0zl omey
(NA 8228962062 FoL (ANA 266'056'962'S0E FoL NA 966G *226'98€ oL ANA 89041 2IP'1EE lgoL
2 ANA 00009898 LY} anmpnisgns| ze QNA 000°09€'9€2 V¥ | anangsans| 9|, ANA000°0S¥'02)'2LL anngsqng 174 QNA 00009982 ML ainpnasgns /4 809 uogonisuod
(4sj2nes Buipnpouy) (4apu1B uogoasa Buipnpuy) (4apaB uogaasa Buipnjou]) (4apiB uogoass Bupnpuy)
(NN 822'809°991 V€1 arngsiadng| (NA 266065 095'€9} anngsiadng| (ONA 966 '566'9S€ 602 aupngsitns QNA /89'062'6/9°681 aunpngsiadng
(wool
PO 8Lp J8A0 2 SUiSLIBASIYIE J010] B 5.2 1ot PLE ‘(g ey sl ueds Xeyy) “uedep uljusLa ASIYO. JO SISQUINU dle 813 | GEB) *19paIB uooas Jo (jyBiam) ajeds o anp wigg si Ueds Xep =
. Ul ueder ) pausajsuies pue Auewisg Ul padojpnap semsiy L « '5910UN09 JaLJo pUE Uedep Ul UL ASIYOE 40 10] & 3Je aJay [ +
2J0w) ueds Buo| 1g. poyjew uoNIsu0d Jgndod jsow si siy | = WeLaiA Ul Juawa Asiyoe suo Ao st abpug L) yuey) « Angeis
oL ) (3 [ oL oL pue padsy [eanpnag
R o omaie IR mvu“_“om:_ ‘POLFELL UONSUOD J2ASIJUED AIBUIDIO SE SUIES SE JIES oL UORINSUOD MYS-UFsED A PaNISLO S| “Ueds auo Aq ueds suo Jopab uogpae
NISUG) MYIS-UFSED L PELIERS 51 uof " Gfjuied paduejeq I JanafjuED ‘9]qe} Jaid Jo UoRoNSU0D Jajy (o) Xew) juawBas J1apuB ueds auo pue ‘1o uojoale S Aq papoddns si o4 « s Aqpaoeyd pue pay) paoeyd sijuawibag “ays uogala aly a)
LaL pue pajestioe) a2 SIsfAe. ‘a|qe} Jaldjo UojongsLod Japy = paiodsues ale Ao Uty Iekje paEoLige) s auBas Jseo-oid

=t

v
o &

BUO| LM SPOLJALL UIOJI13 JOAS[JUED JO PUD| BUO S| POLAW 78 *

5 |
_ﬂ_.ﬁwﬁ._S.a_x%&r__r_ﬁz

S0J0Ud pUE SIJEWAYIS

WZ61G= WEHG+09DT+EHG ‘W pG+09DEg S

WZ6LG= WEYG09DTHE S WEYGH09DErEHS

WZIG= WETH+OGRErE Ty WETH+0GDY+ETy

WZ'6LG= WEYG+09DT+hG WEYG+H09REgHG

36pug jo ybua

UORONINSUOY Janajued)
p-onjewa)ly

poyle |\ Uuojaa[3 7:8d
S-Njeusd)y

wajshg Bulpjoyeas Buno
Z-anjeulsy

poya | uojoalg ueds Aq ueds
|-ojeuIs)y

Sway| uogeneng

(zv-6.d) bplg yoroiddy Joj uoijosi3 uo uosledwo) ¢-1 '8 a|qel

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,

PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-119



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

(3) BACK UP DATA

The basic concept was established as follows:

1. The priority first is to make the construction period shorter in order to meet the requirements
which has been described in SAPROF Study and the statement of Vice Minister of Ministry of
Transport at the kick off meeting in MOT on 23™ March 2011.

2. In order to make the construction period shorter, there are various construction methods can be
considered. However, most appropriate way is utilization of innovated construction method in
large scale bridge such as this project with same span & repeated construction method. Under
this condition, SAPROF Study has selected two alternatives, which were SBS and MSS. In both
construction methods, extra size erection girder is required. This extra erection girder and other
facilities require numbers of span from economic view point due to a huge amount of initial cost.

The difference between SBS and MSS is mainly applied span length and fabrication yard. In
Japan, SBS is adopted up to 70m, and MSS is adopted in from 25m to 35m span length for PC
Hollow slab and PC Double-T girder mainly. However, in some case of MSS, maximum span
length is 50m as shown below. (“Nanairo Viaduct” with usage of external tendons in Japan) SBS
needs fabrication & stock yard for segments, but construction speed is faster than MSS. MSS
required heavier erection girder than SBS because erection girder and steel form are in one unit.

3. Another important aspect for selection of optimized construction method is how to harmonize
with site conditions like span arrangement at intersection and etc. If any span arrangement with
same span length does not fit to the site conditions, it shall be disqualified. Therefore, the
following two 2) numbers of standard span lengths were selected:

- 60m span length with SBS
- 50m span length with MSS

4. In addition to the above, PMU-2 requested JICA Study Team to study another possibilities, which
are like cantilever method and something like his. Therefore, the following two (2) alternatives
were added for comparison study:

- 60m span length with P&Z
- 60m span length with ordinary cantilever method

As the results, the three 3) alternatives technical data were re-edited for reference in the next
pages.
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1) SBS
a) Results of reviewing technical samples

In this Design Study, the following reference papers were prepared as a part of Discussion Paper
No.8:

- Construction record
- DVD: Second Tomei Expressway Furukawa Viaduct constructed by SBS

- DVD: Second Tomei Expressway Kiso & Ibi River construction by segmental method
& steel pipe sheet pile foundation

- Project outline of Second Tomei Expressway Kiso & Ibi River construction (super &
sub-structure pamphlet)

- Some Construction Project Reports on Segmental Construction Method (Viethamese)
- Yatomi Viaduct at Second Tomei Expressway
- Shigenobu Viaduct at East Matsuyama Expressway
- Bangkok Second Ring Road Viaduct in Thai Land
- Kawagoe Viaduct at Second Tomei Expressway

- Erection girder photos
- Japanese fabricator catalogue
- Example in Korea: max span is 50m

b) Construction sequence of SBS

- Fabrication of segment by short line match cast method
- Fabrication yard layout

- Detail of form work

- Detail of crane at stock yard

- Construction method statement of Pre-cast Segment

c) Feature of SBS

- High quality control by proper and sufficient utilities like factory

- By using external cables, the thickness of girder member can be decreased.

(Concrete volume is smaller than MSS.)

- Shortening construction period by semi-automatic fabrication and work (labor) saving machine
- Improvement safety by decreasing site works and labor saving

- Economical construction due to repeated usage of facilities in large scale project

Connection between each segment can be secured by shear key and bond with longitudinal
prestress (full prestress is considered in the design of main girder). And a lot of achievement
shows the safety of this construction method as described in the above
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d) Main material quantities

In the calculation of cost estimation, P79 ~A2 part was selected as typical section. The quantity
calculation is shown in Chapter 4 of Discussion Paper No.8. And the main material quantity for
Hai An side was estimated based on the above said calculation results.

2) MSS
a) Results of reviewing technical samples

In this Design Study, the following reference papers were prepared as a part of Discussion Paper
No.8:

- Construction record
- Thanh Tri Bridge constructed by MSS
- Construction report on Nanairo Viaduct in Japan
- Project outline of Second Tomei Expressway Ano Viaduct
- Outline of MSS
- Erection girder photos
- Japanese fabricator catalogue

b) Construction sequence of MSS
- As shown in the above paper (Ano Viaduct)

c) Feature of MSS

- Quality control is not so significant compared with SBS because of cast-in-situ concrete
construction method.

- Due to construction joint at the point of 0.2L (L is span length) after passing intermediate
support, web thickness becomes bigger than standard section in center of span. (Concrete volume
increased compared with SBS.)

- Scaffolding works can be omitted compared with normal scaffolding construction method, but
it takes longer time of construction than SBS.

- Erection girder weight is heavier than SBS due to inclusive steel form work for main girder and
other devices.

- Site works and labor savings are not so much expected compared with SBS, so safety level at
the site is lower than SBS.

- From economical view point, if the project scale is not so big, this construction method is most
appropriate because it does not require a huge area for fabrication & segment stock yard.
However, in this project, the priority first is to save construction period and furthermore project
scale is remarkably big. Therefore, this method is not superior to SBS in total aspects.

d) Main material quantities

In the calculation of cost estimation, P79 ~A2 part was selected as typical section. The quantity
calculation is shown in Chapter 4 of Discussion Paper No.8. And the main material quantity for
Hai An side was estimated based on the above said calculation results.
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3) P&Z
a) Results of reviewing technical samples

In this Design Study, the following reference papers were prepared as a part of Discussion Paper
No.8:

- Construction record

- Construction report on Yoshimine Viaduct in Japan
- Erection girder photos

- Japanese P&Z Association catalogue

b) Feature of P&Z

- Quality control is not so significant compared with SBS because of cast-in-situ concrete
construction method.

- Scaffolding works can be omitted compared with normal scaffolding construction method, but
it takes longer time of construction than SBS.

- Erection girder weight is lighter than SBS due to cantilever erection with maximum segment
length of 10m.

- Site works and labor savings are not so much expected compared with SBS, so safety level at
the site is lower than SBS.

- From economical view point, if the project scale is not so big, this construction method is most
appropriate because it does not require a huge area for fabrication & segment stock yard.
However, in this project, the priority first is to save construction period and furthermore project
scale is remarkably big. Therefore, this method is not superior to SBS in total aspects.

4)  Main material quantities

In the calculation of cost estimation, P79 ~A2 part was selected as typical section. And the main
material quantity for Hai An side was estimated based on the above said calculation results.
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8.4.1.2 Design of Approach Bridge on Hai An Side
(1) Arrangement of Members of Main Girder

Dimension of each member for main girder shall be determined as follows:
As for the basic conditions to determine each member's dimension, the followings are considered:

1) Basic Condition of Arrangement of Members

a) The following PC tendons shall be considered to determine member thickness.

- PC tendon for longitudinal direction

*19S15.2mm (arranged in box girder as external cable)

*12S15.2mm (arranged in upper & lower slab)
- PC tendon for transversal direction
*1528.6mm (arranged in upper slab)

b) Reinforcing bars to be used are as follows:

- Reinforcing bars in upper slab:

*Reinforcing bars to be arranged shall be D12 to D14, because upper deck slab i

designed as PC members.
- Reinforcing bars in lower slab:

*Reinforcing bars to be arranged shall be D14 to D19, because lower deck slab is
designed as RC members.

¢) Concrete covering for reinforcing bars is as follows: (for salt damage area)

Table 8.4.1-4 Concrete covering for reinforcing bars (22TCN-272-05)

Upper Under
Region Remark
(Inside) (Outside)
Cantilever 40mm 60mm Fc=50Mpa
*1 Upper Slab
Inside of Box 40mm 40mm
*2 Lower Slab 40mm 60mm
*3  Web 40mm 60mm

Source : Study Team
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d) Approximate dimension of each member is as follows from achievements.
(by "PC Bridge Planning Manual™)

Table 8.4.1-5 Approximate dimension of each member
*1 Upper Slab

Main Girder
Shape Structure | D1(m) D2(m) D3(m) D4(m)
RC 0.24-0.30 | 0.30-0.50 {0.30-0.50| 0.25
Upper .
Slab 1Box girder
a PC 0.25-0.35 | 0.35-0.65 [0.35-0.65| 0.25
*2 Lower Slab
MainhGirder Structure Span Center Middle Support
Shape T1(m) T2(m)
'-gl‘g’gr 1Box girder RC 0.21-0.30 0.40-1.50
*3 Web
Malsr;]Gwder Structure Span Center Middle Support
ape T1(m) T2(m)
Web 1Box girder RC 0.35-0.50 0.50-0.70

Source : Study Team

2)  Thickness of Upper Slab
Determination of thickness of upper slab shall be done by considering the below:
a) Minimum thickness considering the fatigue because live load is on directly.
b) Necessary thickness for arrangement of PC tendon and reinforcing bars.

a) Minimum thickness of upper slab which supports live load directly.
The thickness shall be determined in accordance with JSHB.
*1. Minimum thickness of prestressed concrete slab, t>160mm
*2. Minimum thickness of tip of the cantilever deck slab,  t>200mm
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b) Necessary thickness for arrangement of tendon

Table 8.4.1-6 Necessary thickness for arrangement of tendon

Transverse tendon

1S28.6mm
=
q .
o g - - - -
tg ha Q_ b u]
N ey g = . Q Q .
Al 5 \ Longitudinal tendon
F \ 12515.2mm @=78mm
Cover 40mm+40mm 80mm

Reinforcement Bar (D12+D14)x2 52mm

Transverse Tendon Sheath @45 45mm
Longitudinal Tendon Sheathp78 78mm (#1075)
Total 255mm

Source : Study Team
Therefore, minimum thickness of upper slab shall be 260mm considering any margin.

¢) Thickness of Lower Slab

Lower slab shall be determined generally thicker around the intermediate support point,
considering the negative bending moment comparing to section of span center.

Thicker slab shall be around the place which has negative bending moment.
General thickness of lower slab at span center shall be determined in this clause.

Table 8.4.1-7 Thickness of Lower Slab

¥ =
.‘N_ [
ﬁ E =0 O Q -
w Ix o1
~— \ Longitudinal tendon
= \ 12515.2mm @=78mm
Cover 40mm-+60mm 100mm
Reinforcement Bar D19+D12x2+D16 59mm
Longitudinal Tendon Sheath78 78mm (#1075)
Total 237mm

Source : Study Team

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-126



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

d) Thickness of Web

Thickness of web shall be determined considering the following particulars.
- Necessary thickness against shearing force of the main girder
- Necessary thickness against flexural capacity as transversal members
- Necessary thickness for arrangement of PC tendons

The approach bridge is constructed by span-by-span construction method which doesn't have PC
tendon in the web, so that necessary thickness of the member cannot be determined from this
view point. Therefore minimum thickness shall be determined from the achievement of actual
constructions.

Table 8.4.1-8 Thickness of Web

Main Girder Structure Span Center Middle Support
Shape T1(m) T2(m)
Web 1Box girder RC 0.35 0.50

Source : Study Team
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(2) Design of Longitudinal Direction of Main Girder
1)  Outline of Design

This approach bridge shall be constructed with Span by Span method by using precast segment
aiming introduction of advance foreign technology and rapidity construction and improvement of
qualities

In the design, we do considering the following item so that it may improve the efficiency of the
girder production and construction.

*Decentralized arrangement of deviator and standardization of segment shape.
*Simplification of web thickness and minimization of section change.

*Using together of internal & external PC cable for main girder’s tendons and making of
the external cable a large capacity

*Simplification by straight line arrangement of cable arranged in upper slab and lower
slab.

*No arrangement of PC cable in web.

The tensile stress is not caused as full prestress in the service load working state because the
reinforced concrete is not arranged in the block seam part and it is integrated by the PC tendon in
the precast segment

2) Design condition
a) Dead Load

*Concrete self weight: ve = 24.50kN/m3
*Asphalt pavement (Thickness t=75mm) : vs = 22.50kN/m3
*Curb : Concrete high column weight w = 7.575%2 = 15.15kN/m
: Hand Rail weight wh = 0.600x2 = 1.200kN/m
*water service tube 400 (Article 2) : W = 2.250%2 = 4.40kN/m

b) Live Load and Impact Load

*Live Load : Vehicular live loading (HL-93) 4 Lanes
*Dynamic Load : Impact factor IM=0.25

¢) Temperature

*Uniform Temperature : 40 °C (For Bearing and expansion design)

%20 °C (For Girder design) § .
*Temperature Gradient : As shown in following Table. E -
E
Table 8.4.1-9 Temperature Gradient ‘L;.’.
[Tl T2 T3 S| 2 :
e i al S
Positive +23 +6 +3 Ay N 1 T3
Negative -7 -1 0

Source : Study Team

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-128




THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

d) Earthquake Load
*Design horizontal seismic intensity : Kh=0.18

e) Load Factor and Load Combination
Table 8.4.1-10 Load Factor and Load Combination

DC  LL Use One of
Load
o DD | IM These
Combination )
D CE Tu At a Time
W BR TL WA WS WL FR CR TG SE
L EH ' PL SH
Limit State EQ CT CV
EV LS
ES EL
Strength-1 Yo 1.75 175 1.00 : - - 1.00  0.50/1.20  yTG ' vSE - - -
Strength-11 Yp - - 1.00  1.40 1.00  0.50/1.20 yTG +SE - - -
Strength-111 Vp 135 135 1.00 040:1.00 100 050120 TG +vSE - - -
Extreme Vp 0.50 050 1.00 - - 1.00 | - - - 1.00 | 1.00 © 1.00
Service 1.00 : 1.00 ' 1.00  1.00 030 1.00  1.00 | 1.00/1.20  yTG | vSE | - - -
Fatigue — LL,
st - 075 075 - - - - - - - - - -
IM & CE only

Source : Study Team

3) Material
a) Concrete
Table 8.4.1-11 Properties of Concrete (Main Girder)

Item unit Girder Remark
Specified Compression Strength fc Mpa 50.0 Cylinder
Compressive Strength at Pre-stressing ~ fci Mpa 36.0
Modulus of Elasticity Ec Mpa 33000
Allowable Stress
Compressive Stress Before Losses Mpa 21.0
D.LW.S Mpa 17.0
Service Limit State Mpa 17.0
Tensile Stress Before Losses Mpa 1.8
D.L.W.S Mpa | No tension
Service Limit State Mpa | No tension
Modulus Rupture Mpa 14348

Source : Study Team
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b) Prestressing Steel

Table 8.4.1-12 Properties of Prestressing Steel (PC Strand Cable)

Item unit | 12S15.2L | 19S15.2L | 1S28.6
Tensile Strength  fpu Mpa 1850 1850 1800
Yield Strength  fpy Mpa 1600 1600 1500
Modulus of Elasticity Ep Mpa 200000 200000 200000
During pre-stressing. Mpa 1440 1440 1350
Allowable
tensile After pre-stressing. Mpa 1295 1295 1260
strength )
At design load. Mpa 1110 1110 1080

Source : Study Team

Table 8.4.1-13 Properties of Prestressing Steel (PC Bar - SBPR930/1180)

Item unit 032 Remark
Tensile Strength  fpu Mpa 1180

Yield Strength  fpy Mpa 930

Modulus of Elasticity Ep Mpa 200000

Allowable During pre-stressing. Mpa 837 0.9fpy
tensile After pre-stressing. Mpa 790 0.85fpy
strength At design load. Mpa 697 0.75fpy

Source : Study Team
Table 8.4.1-14 Reinforcing Bars

Item unit SD345 Remark
Tensile Strength  fpu Mpa 490
Yield Strength  fpy Mpa 345

Modulus of Elasticity Ep Mpa 200000
Allowable tensile strength at design Mpa 180

load.

Source : Study Team
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4)  Model for structural analysis

The analysis as a frame structure by linear theory shall be carried out by modelling the structure
in the following way.

1. The structure model shall consist of the lines connecting the centroid axes of the
members, with the axis of the girder made to coincide with the design profile alignment
of the completed system.

2. The zones of junction between the towers, girder and piers shall be considered as rigid
zones. The rigidity of these rigid zones shall be assumed as 1000 times that of the
adjacent members.

3. Supports shall be modelled to correspond with the function of the type of rubber
bearing actually used.

4. The foundation structure and ground shall be modelled as elastic springs having
equivalent behaviour. Also, the effect of variation shall be considered corresponding
with the ground and the foundation

bbb bblbobbbblobbbbbbbblhbbbbbbbbhbbbhbhbbbbhbhb]
o 6 o
1@ 0] ©
C] (0] ©
o g ©
P10 P11 P12

P14 P15
Source :Study Team

Figure 8.4.1-1 Analysis Model
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Table 8.4.1-15 Spring Constants of Pile

Ratation spring (A rr)

i

ol
I._JI

ill\\"'

WLL

Yertical spring (Avv)

AWl Horizontal spring (Ass)

| G

P10-P15 unit Service state Earthquake

Horizontal (Ass) kN/m 4.35286E+005 | 2.263068E+006
Compound spring  (Asr=Ars) kN/rad -1.12780E+006 | -3.65098E+006
Rotational angle  (Arr) kNm/rad 4.022810E+007 | 4.540677E+007
Vertical (Awv) kN/m 3.59054E+006 | 3.590544E+006

Source :Study Team
Table 8.4.1-16 Spring Constants of Shoe

Fh:Horizontal spring

v
K t Vertical spring :_
unit End Support Middle Support
Vertical direction kN/m 2858000 8860000
Horizontal direction kN/m 10314 27000

Source :Study Team

5)  Structural analysis
The structural analysis shall be performed with consideration to the following items.

a) The procedure and time schedule for completing the structural system shall be determined, and
the structural analysis performed accordingly.

b) The following loads shall be considered as the loads which will work during the construction
stage.

- Primary loads
e Dead load of girder
o Pre-stressing force (inner tendons and external tendons)
e Creep and shrinkage of concrete

¢) The points of time when superimposed dead load and live load will be applied shall be
assumed, and analysis performed for the stress resultants acting at such times.

The process and the schedule of the structure analysis are as following figure.
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Step 1.Construction of Pier and Foundation (360 days)

s

Il I I AL

Step 2. Construction of Pier Table (60 days)

f }
f 1 1 1 11

Step3. Construction of First Span (30 days)

(It is assumed that concrete age at erection time is 120 days.)

L

Step4. Construction of Second Span (15 days)

1
1

Step5. Construction of third Span (15 days)

e T T T T e

Source : Study Team

Figure 8.4.1-2 Process and the schedule of the structure analysis
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6) Arrangement of PC Tendon in main Girder
We show the arrangement of the outer cable and inner cable in following Figure.

Span Center section Middle Support section
15600
2032 428372,
1660 372
i g _QQQL 4
ol 118 I
| 8 \n 3 g ~ ::’]
: T e @@
I 1L
Eq 3
2 ] N
DGR
@DQD [ 253®
1700 1600 888 1100 32 1512 2820 900 1600 1700
3300 780 7440 780 3300

Source : Study Team
Figure 8.4.1-3 Arrangement of External PC Tendon
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Source : Study Team
Figure 8.4.1-4 Arrangement of Inner PC Tendon
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7) Design result of Main Girder
a) Approach Bridge P35-P40 ( 5@60.0m=300m)
The approach bridge of same to P10-P15(5@60.0m=300m) are the following eight bridges.
Al1-P5, P5-P10, P15-P20, P20-P25, P25-P30, P30-P35, P40-P45, P50-P55
<1>Bending Moment of Main Girder

ALL
ALL T

=215TThNm
Sk

—238s Lk

=2200

x/\/K/\J\J/

|
kNm |

119344 kXm

20:3501Nm
1B YTLENm
120701kNm
120035

Source : Study Team
Figure 8.4.1-5 Bending Moment caused by Dead Load
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Figure 8.4.1-6 Bending Moment in Service state
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<2>Fiber Stress of Main Girder
< Dead Load State >
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Figure 8.4.1-4 Stress of Top Fiber (Dead Load)
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Figure 8.4.1-5 Stress of Bottom Fiber (Dead Load)
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Figure 8.4.1-6 Stress of Top Fiber (Service Limit State)
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Figure 8.4.1-7 Stress of Bottom Fiber (Service Limit State)

The tensile stress doesn't occur in all sections.
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<3> Ultimate Bending Moment of Main Girder
<Strength Limit State>
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Figure 8.4.1-8 Bending Moment of Main Girder (Strength Limit State)

<4> Shear stress of Main Girder at service limit state
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Figure 8.4.1-9 Diagonal tensile stress
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Figure 8.4.1-10 Maximum Shear stress
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b) Approach Bridge P10-P15 (51.5m+4@60.0m=291.50m)
<1>Bending Moment of Main Girder
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Figure 8.4.1-5 Bending Moment caused by Dead Load
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Figure 8.4.1-6 Bending Moment in Service
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<2>Fiber Stress of Main Girder
< Dead Load State >
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Figure 8.4.1-12 Stress of Bottom Fiber (Dead Load)
<Service Limit State>
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Figure 8.4.1-13 Stress of Top Fiber (Service Limit State)
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Figure 8.4.1-14 Stress of Bottom Fiber (Service Limit State)

The tensile stress doesn't occur in all sections.
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<3> Ultimate Bending Moment of Main Girder
<Strength Limit State>
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Figure 8.4.1-15 Bending Moment of Main Girder (Strength Limit State)
<4> Shear stress of Main Girder at service limit state
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Figure 8.4.1-16 Diagonal tensile stress
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Figure 8.4.1-17 Maximum Shear stress

¢) Approach Bridge P45-P50 (4@60.0m+58.36m=298.36m)
<1> Bending Moment of Main Girder
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Figure 8.4.1-5 Bending Moment caused by Dead Load
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Figure 8.4.1-6 Bending Moment in Service
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<2> Fiber Stress of Main Girder
< Dead Load State >
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Figure 8.4.1-18 Stress of Top Fiber (Dead Load)
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Figure 8.4.1-19 Stress of Bottom Fiber (Dead Load)
<Service Limit State>
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Figure 8.4.1-20 Stress of Top Fiber (Service Limit State)
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Figure 8.4.1-21 Stress of Bottom Fiber (Service Limit State)

The tensile stress doesn't occur in all sections.
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<3> Ultimate Bending Moment of Main Girder
<Strength Limit State>

SETTRATE WEAT
T RESISTANT MMIANT

kxm

3

21 149kNm

Lo

= -u2030:

PN A

> -2216 149k Nm

\N\ e \N/\/\/1

— = z E =
= - = = =
= = ~ = =
= t._".‘; o ™~ F:
= - o e
- o £ = o
= pui 14 -
& [ = =
= ™~ ] N =

<4> Shear stress of Main Girder at service limit state
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Figure 8.4.1-23 Diagonal tensile stress
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Figure 8.4.1-24 Maximum Shear stress
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d) Approach Bridge P60-P65 (52.98m+3@60.0m+52.98m=285.96m)

The approach bridge of same to P60-P65(52.98m+3@60.0m+52.98m=285.96m) are the
following three bridges. (P55-P60, P65-P70, P70-P75)

<1> Bending Moment of Main Girder
*All dead load state
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Figure 8.4.1-5 Bending Moment caused by Dead Load

*Service load state
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Figure 8.4.1-6 Bending Moment in Service
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< 2 >Fiber Stress of Main Girder

* Dead Load State ( Top fiber stress )
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Figure 8.4.1-25 Stress of Top Fiber (Dead Load)

* Dead Load State ( Bottom fiber stress )
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Figure 8.4.1-26 Stress of Bottom Fiber (Dead Load)
*Service Limit State ( Top fiber stress)
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Figure 8.4.1-27 Stress of Top Fiber (Service Limit State)

*Service Limit State ( Bottom fiber stress )
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Figure 8.4.1-28 Stress of Bottom Fiber (Service Limit State)

The tensile stress doesn't occur in all sections.
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<3> Ultimate Bending Moment of Main Girder
* Strenath Limit State
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Figure 8.4.1-29 Bending Moment of Main Girder (Strength Limit State)
<4> Shear stress of Main Girder at service limit state
* Diagonal tensile stress
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Figure 8.4.1-30 Diagonal tensile stress
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Figure 8.4.1-31 Maximum Shear stress
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(3) Design of Transversal Direction of Main Girder
1) General

This is a design report for transversal direction of main girder of approach bridge at Hai An side
which leads to the main bridge planned in connecting road to Lach Huyen Port. Superstructure of
the approach bridge is PC structure with transversal pre-stressing tendon of 1S28.6mm
(SWPR19L). Each member (upper deck, web, and lower deck) of the main girder shall be
shown in following Table. Construction shall be carried out by precast segment construction
method. PC transversal tendon is arranged at a stage of segment production and after that,
pre-stressing shall be executed at casting yard, and the segment shall be transferred and erected.

Table 8.4.1-17 Structure clarification of Main girder

Member Structure clarification Remark
Upper slab PC structure 1S28.6mm
Web RC structure
Lower slab RC structure

Source : Study Team

As for design bending moment, safety for transversal direction shall be confirmed by formula of
bending moment of live load (T load) instructed in JSHB (Japanese Specifications for Highway
Bridges Il 7.4.2) and bending moment calculated by FEM analysis of slab structure which is
directly loaded wheel load P (=145/2*1.25=91kN=100 k N).

a) Upper slab

As for design live load, flexural stress by bending moment of each for formula instructed in
JSHB (Japanese Specifications for Highway Bridges) and direct wheel load (100kN) shall be set

as follows:
Table 8.4.1-18 Direct wheel load on Upper slab
JSHB FEM analysis
Under Dead load working state Full pre-stressed
Under service loads(Live load) Limit state for cracking Full pre-stressed

Source : Study Team
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b) Web and Lower slab
Web and Lower slab shall be designed as follows:

- For JSHB  : stress of reinforcing bar when use shall be
less than osa = 180N/mm2
-For FEM  : stress of reinforcing bar when use shall be
less than osa = 140N/mm?2
- For JSHB  : stress of reinforcing bar under service load
working state shall be less than osa = 180N/mm2
-For FEM  : stress of reinforcing bar under service load
working state shall be less than csa = 140N/mm2
Comparison on bending moment due to live load

¢) Standard Cross Section [Upper slab] - [A]

Table 8.4.1-19 Bending moment (Live load) [A]

FEM Analysis
. . JSHB
Designed point (P=100kN) JSHB/FEM
M (KN-m)
M(KN-m)
*1 Connected part
i -150.150 -125.500 1.196
for cantilever slab
*2 Connected part
. . -165.713 -134.174 1.235
in box girder
*3 Middle of box girder 103.002 43.001 2.395

Source : Study Team

Table 8.4.1-20 Designed Bending moment (D+LL+IM+Ps+Cr+SH) [A]

JSHB FEM Analysis
Designed point M (kN (P=100kN) JSHB/FEM
(kN-m) M (KN~ m)
*1 Connected part
i -223.388 -198.738 1.124
for cantilever slab
*2 Connected part
. . -240.909 -209.370 1.151
in box girder
*3 Middle of box girder 91.044 31.043 2.933

Source : Study Team
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Table 8.4.1-21 Composite bending fiber stress  [A]

JSHB FEM Analysis
cCo oCu cCo ocu
(N/mm2) | (N/mm2) | (N/mm2) (N/mm2)

*1 3.84 0.55 3.84 0.55
Dead

*2 3.88 -0.11 3.88 -0.11
Load

*3 1.12 6.98 1.12 6.980

*1 -0.42 4.81 0.28 411
Load *3 10.26 -2.16 4.94 3.17

>-3.0 >0.0

Source : Study Team

Transversal PC tendon shall be 1S28.6mm and arranged with interval of ctc500mm shown in
following Figure.
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Figure 8.4.1-32 General Section for Arrangement of Transversal PC Tendon (ctc500)
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Table 8.4.1-22 Safety factor for ultimate load working state [A]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.2 or 0.5*(CR+SH)  [P=100kN]

FEM Analysis
. . JSHB _
Designed point . (P=100kN) Mr (kN - m)
(kN-m) (kN-m)
*1 Connected part for
. 452.710 320.288 < 598.847
cantilever slab
*2 Connected part
. . 415.729 330.379 < 736.402
in box girder
*3 Middle of box girder 194.238 79.445 < 220.590

Here, Mr is a bending fracture resistance.
Source : Study Team
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Standard Cross Section [Web and Lower slab] - [B]

Table 8.4.1-23 Bending moment (live load) [B]

ISHB FEM Analysis
Designed cross section () (P=100kN) JSHB/FEM
(KN-m)
*6 Upper end of web 107.277 23.912 4.486
*7 Lower end of web 48.798 7.581 6.437
*10 Connected area of lower slab 45.852 6.508 7.045
*11 Middle of lower slab 4.638 0.454 10.216
Source : Study Team
Table 8.4.1-24 Designed Bending moment (D+LL+IM+Ps+Cr+SH) [B]
Designed point JSHB F(EF',\:SB?(KS;S JSHB/FEM
*6 Upper end of web 110.654 55.221 2.004
*7 Lower end of web 65.291 39.825 1.639
*10 Connected area of lower slab 63.739 34.157 1.866
*11 Middle of lower slab 18.291 18.019 1.015

Source : Study Team
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Arrangement of reinforcing bars at web and lower slab shall be as follows:

Table 8.4.1-25 Arrangement of reinforced bars

Arrangement of .

reinforcing bars Quantity (mm2/m)

Upper end D19ctc125 2292.0

Web

Lower end D19ctc125 2292.0

Lower Connected area D19ctc125 2292.0

Slab middle D13ctc125 1013.6

Source : Study Team
Table 8.4.1-26 Stress of reinforcing bars
JSHB FEM Analysis
Restricted
oC oS cC oS Value
(N/mm2) | (N/mm2) | (N/mm2) [ (N/mm2)

*6 0.2 4.6 0.2 4.6 65 <100
Dead *7 1.5 34.4 15 34.4 os <100
Load *10 2.5 47.0 2.5 47.0 05 <100
*11 2.6 79.6 2.6 79.6 05 < 100
*6 5.4 150.4 1.3 37.1 65 <180
Service *7 5.4 123.7 2.1 48.8 65 <180
Load | =19 9.3 172.0 35 645 | o5<180
*11 3.5 106.6 2.7 82.2 05 <180

Source : Study Team
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Table 8.4.1-27 Safety factor under ultimate load working state [B]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.20r0.5*(Cr+SH) [P=100KkN]

FEM Analysis
Designed cross JSHB (P=100kN) Mr
section Mu (kN - m) (kN-m)
Mu(kN - m)
*6 232.306 55.221 <280.116
Web
*7 130.308 39.825 < 202573
Lower | *10 122.012 34.157 < 142.964
Slab | upq 30.211 18.019 < 65.044

Here, Mr is a bending fracture resistance.
Source : Study Team
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d) Cross section of Intermediate support section [Upper Slab] - [C]

Table 8.4.1-28 Bending moment (live load) [C]

1SHB FEM Analysis
Designed point (P=100kN) JSHB/FEM
(kN -m) ()
‘m
*1 Connected part -150.150 -122.736 1.223
for cantilever slab
*2 Connected part -153.666 -137.552 1.117
in box
*3 Middle of box girder 95.338 39.243 2.429

Source : Study Team

Table 8.4.1-29 Designed bending moment (D+LL+IM+Ps+Cr+SH) [C]

JSHB FEM Analysis
Designed point (N-m) (P=100kN) JSHB/FEM
(kN -m)
*1 Connected part -223.388 -195.974 1.140
for cantilever slab
*2 Connected part -212.814 -196.700 1.082
in box
*3 Middle of box girder 91.689 35.594 2.576

Source : Study Team

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-154



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

Table 8.4.1-30 Composite bending stress [C]

JSHB FEM Analysis
6Co ocu 6Co ocu Remarks
(N/mm2) | (N/mm2) | (N/mm2) (N/mm2)
*1 3.57 0.83 3.57 0.83
Dead
*2 4.00 -0.23 4.00 -0.23
Load
*3 0.92 7.15 0.92 7.15
*1 -0.68 5.09 0.10 4.31
Load *3 9.38 -1.32 4.40 3.66
>-3.0 >0.0 >0.0

Source : Study Team

Transversal PC tendon shall be 1S28.6mm and arrange with interval of ctc500mm shown in
following Figure.
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Source : Study Team

Figure 8.4.1-33 Arrangement of Transversal PC Tendon
(intermediate support cross section) ctc500mm
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Table 8.4.1-31 Safety factor under ultimate load working state [C]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.20r0.5*(Cr+SH) [P=100KkN]

FEM Analysis
JSHB Mr
Designed point (kN-m) (P=100kN) (kN-m)
(KN-m)
*1 Connected part 452.710 315.451 < 581.201
for cantilever slab
*2 Connected part 378.664 316.161 < 718.755
in box girder
*3 Middle of box girder 190.122 76.445 < 239.144

Here, Mr is a bending fracture resistance.
Source : Study Team
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e) Cross section of Intermediate support section [Web and Lower deck slab] - [D]

Table 8.4.1-32 Bending moment (live load) [D]

ISHB FEM Analysis
Designed point N (P=100kN) JSHB/FEM
(kN-m) (kN-m)
*6 Upper end of web 104.673 35.027 2.988
*7 Lower end of web 57.292 13.132 4.363
*10 Connected part 51.612 3.844 13.427
of lower slab
*11 Middle of 1.057 0.157 6.732
lower slab

Source : Study Team

Table 8.4.1-33 Designed bending moment (D+LL+IM+Ps+Cr+SH) [D]

JSHB FEM Analysis
Designed point . (P=100kN) JSHB/FEM
(kN-m) (kN-m)
*6 Upper end of web 109.496 29.952 3.656
*7 Lower end of web 76.602 32.913 2.327
*10 Connected part
of lower slab 66.694 18.925 3.524
*11 Middle of 12.388 11.488 1.078
lower slab

Source : Study Team
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Arrangement of reinforcing bars at web and lower slab shall be as follows:

Table 8.4.1-34 Arrangement of reinforced bars

feinforeng bars | QuEnIY(m2/m)
Upper end D19ctc125 2292.0
Web
Lower end D19ctc125 2292.0
Lower Conne?ted D19ctc125 2292.0
Slab Middle D13ctc125 1013.6
Source : Study Team
Table 8.4.1-35 Stress of reinforcing bars
JSHB FEM Analysis
Restricted
oC GS oC oS value
(N/mm2) | (N/mm2) | (N/mm2) | (N/mm2)
*6 0.1 5.6 0.1 5.6 0s <100
Dead | *7 0.5 185 0.5 18.5 65 < 100
Load | =19 2.2 40.7 2.2 40.7 os < 100
*11 2.1 66.1 2.1 66.1 cs <100
*6 2.2 85.6 0.6 23.4 05 <180
Service | *7 2.1 71.7 0.9 311 os < 180
Load | «19 9.7 180.0 2.8 511 | o5<180
*11 2.4 72.2 2.2 67.0 0s <180
Source : Study Team
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Table 8.4.1-36 Safety factor under ultimate load working state [D]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.20r0.5*(Cr+SH) [P=100KkN]

FEM Analysis
JSHB Mr
Designed point . (P=100kN) "
(kN-m) (KN-m) (kN-m)
*6 256.314 63.292 < 480.253
Web
*7 154.896 51.320 < 402.764
Lower *10 132.654 26.828 < 142.964
Slab | xy 19.908 14.407 < 65044

Here, Mr is a bending fracture resistance.
Source : Study Team
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8.4.1.3 Design Result of Approach Bridge on Cat Hai Island Side
(1) Arrangement of Members of Main Girder

The study shall be carried out to determine minimum thickness of each member of main girder.
As for the basic conditions to determine each member's dimension, the followings are considered:

1) Basic Condition of Arrangement of Members
a) The following PC tendons shall be considered to determine member thickness.

- PC tendon for longitudinal direction

*12S12.7mm (arranged in upper & lower slab and web)
- PC tendon for transversal direction

*1528.6mm (arranged in upper slab)

b) Reinforcing bars to be used are as follows:

- Reinforcing bars in upper slab:

*Reinforcing bars to be arranged shall be D12 to D14, because upper slab is designed as PC
members.

- Reinforcing bars in lower slab:

*Reinforcing bars to be arranged shall be D14 to D19, because lower slab is designed as RC
members.

¢) Concrete covering for reinforcing bars is as follows: (for salt damage area)

Table 8.4.1-37 Concrete covering for reinforcing bars (TCXDVN327: 2004)

Region Upper Under Remark
(Inside) (Outside)
Cantilever 40mm 60mm Fc=40Mpa
*1 Upper Slab
Inside of Box 40mm 40mm
*2 Lower Slab 40mm 60mm
*3 Web 40mm 60mm

Source : Study Team
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d) Approximate dimension of each member is as follows from achievements.
(by "PC Bridge Planning Manual™)

Table 8.4.1-38 Approximate dimension of each member
*1 Upper Slab

Main Girder
Shape Structure | D1(m) D2(m) D3(m) D4(m)
RC 0.24-0.30 | 0.30-0.50 {0.30-0.50| 0.25
Upper .
Slab 1Box girder
a PC 0.25-0.35 | 0.35-0.65 [0.35-0.65| 0.25
*2 Lower Slab
MainhGirder Structure Span Center Middle Support
Shape T1(m) T2(m)
'-gl‘g’sr 1Box girder RC 0.21-0.30 0.40-1.50
*3 Web
Malsr;]Gwder Structure Span Center Middle Support
ape T1(m) T2(m)
Web 1Box girder RC 0.35-0.50 0.50-0.70

Source : Study Team
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2) Thickness of Upper Slab

Determination of thickness of upper slab shall be done by considering the below:
a) Minimum thickness considering the fatigue because live load is on directly.
b) Necessary thickness for arrangement of PC tendon and reinforcing bars.

a) Minimum thickness of upper slab which supports live load directly.

The thickness shall be determined in accordance with JSHB.
*1. Minimum thickness of pre-stressed concrete slab, t>160mm
*2. Minimum thickness of tip of the cantilever deck slab,  t>200mm

b) Necessary thickness for arrangement of tendon

Table 8.4.1-39 Necessary thickness for arrangement of tendon

Transverse tendon

o 1S28.6mm @=45mm
= |
o
- -— ﬁ_t OE* = = = 0
Lo M~
N o= QO 0O,
D § : \ ‘
- Longitudinal tendon
= 12s12.7mm @=77mm
Cover 40mm-+40mm 80mm
Reinforcement Bar (D12+D14)x2 52mm
Transvers Tendon Sheath @45 45mm
Longitudinal Tendon Sheathp77 77mm (#1075)
Total 254mm

Source : Study Team

Therefore, minimum thickness of upper slab shall be 260mm considering any margin.
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¢) Thickness of Lower Slab

Thickness of lower slab is normally determined even thicker around intermediate support point
comparing to span center, due to its compression force by negative bending moment in
longitudinal direction and its serviceability of the road.

Table 8.4.1-40 Thickness of Lower Slab

o
~+ >
~t o .
D ‘_r-\._ ] Q o
g Rl . 0 o .
~— \ Longitudinal tendon
= \ 12512.7mm, ¢=77mm
Cover 40mm+60mm 100mm
Reinforcement Bar D19+D14x2+D16 63mm
Longitudinal Tendon Sheathe77 77mm (#1075)
Total 240mm

Source : Study Team

d) Thickness of Web
Thickness of web shall be determined considering the following particulars.
- Necessary thickness against shearing force of the main girder
- Necessary thickness against flexural capacity as transversal members
- Necessary thickness for arrangement of PC tendons

Necessary thickness against shear capacity of main girder shall be adjusted at the detailed design
stage, and necessary thickness for arrangement of tendon shall be determined.

¢ Necessary thickness for arrangement of tendon
PC tendon for longitudinal direction shall be arranged for 2 line in the web

Table 8.4.1-41 Necessary thickness for arrangement of cable

390

9 2 Cover 60mm-+40mm 100mm

60 .16 16, |40 -
T 240 1] Reinforcement Bar | (D22+D16)x2 76mm
7_‘(60_[_! Longitudinal Tendon| Sheath ¢77 77mm
Longitudinal Tendon| Sheath ¢77 77mm
60mm
Total 390mm

Source : Study Team
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o Necessary thickness for anchorage of PC Tendon

1 line arrangement 2 lines arrangement
416 686
22 22 22 22
60| .16 16, |40 60 16 0 16| 40
I 240 |l 11 240 || 240 |
210
416mm > 2x180mm=360mm 686mm > 2x180mm+270mm=630mm

Source : Study Team
Figure 8.4.1-34 Necessary thickness for anchorage of PC Tendon
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(2)  Main girder segment arrangement

Approach bridges at Cat Hai side is constructed by free cantilever method, it is necessary to decided

segment arrangement.

a) Traveler

In selection of traveler, main aspect is span length and bridge width.
The standard classification of traveler is as follows:
Table 8.4.1-42 Standard classification of traveler

unit Common Traveler Large Traveler
Number of girder nos 2 3 4 2
Width m 14 17 20 14
Capacity KNm 2000 3000 4000 3500
Maximum Length m 4 4 4 5
Total Weight of Traveler kN 850 1050 1300 1200

Source : Study Team

After considering span length (60m) and space of pier table, bridge width and limited schedule,
Large size traveler with adjustment of its width was selected.

b) Pier table

Length of pier table is decided depending on traveler's size. The following table shows standard
required pier table length for each size of traveler..

Table 8.4.1-43 Length of Pier Table

unit | Common Traveler Large Traveler
Length of Pier Table m 12.00 15.00
Source : Study Team
c) Segment length in cantilever erection
_ld, Here,
| : M(kNm) =W=* L1 < 3500kNm (Capacity)
Li(m) =(L/2)+d
W(kN) =V*245
d(m) =0.50m
W L(m) = Block Length <5.00m

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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If capacity of traveler is 3500kNm, segment length in this design can be determined as follows:

Table 8.4.1-44 Relation between segment length and area of main girder

Segment length Reach Capacity Moment | Maximum section area
L (m) L1(m) M(KNm) A(m2)
3.00 2.00 23.810
3.50 2.250 18.141
4.00 2.50 3500 14.286
4.50 2.75 11.544
5.00 3.00 9.524

Source : Study Team

Based on the above said table, it is necessary to check the segment length as follows:

Pier Head

® L=3.50m
1 L=4.00m
14 Gk * * E el + = = —
ua\.\ L=4.50m
10 * k
8 L=5.00m
. |

0 5 10 15 20 > 0

== Girder Sectin Area(2) [=85M =—A—l=40m —%—L=50m

Source : Study Team

Figure 8.4.1-35 Segment length-section area
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As conclusion, selection of segment length (3.5 & 4.5m in this design) is proper.

587600

50000
I
v 3 D0
- R
®

Source : Study Team

Figure 8.4.1-36 Segment arrangement

Design of Longitudinal Direction of Main Girder
1)  Outline of Design

It was decided to design as continuous girder by free cantilever erection method based on the
comparison study of construction methods at Cat Hai Island side. This construction method is
popular in Vietnam. In this design, it was assumed that large size traveler should be used dut to
wide bridge width (16m). Pier table segment and other segment’s length was decided by this
traveler’s capacity (M = 3500kNm).

2) Design condition
a) Dead Load

*Concrete self weight: vc = 24.50kN/m3
*Asphalt pavement (Thickness t=75mm) : vs = 22.50kN/m3
*Curb : Concrete high column weight w = 7.575%2 = 15.15kN/m
: Hand Rail weight wh = 0.600x2 = 1.200kN/m
*water service tube @400 (Article 2) : W = 2.250%2 = 4.500kN/m

b) Live Load and Impact Load

*Live Load : Vehicular live loading (HL-93) 4 Lanes
*Dynamic Load : Impact factor IM=0.25

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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c) Temperature
*Uniform Temperature: 40 °C (For Bearing and Expansion design)
+20°C (For Girder Design)

*Temperature Gradient: As shown in following Table. = LI
o
IRy
< [/
Table 8.4.1-45Temperature Gradient % , | : Steel
R
T1 T2 T3 2 I
o
Positive +23 +6 +3 =l J N
i V& [\iT3
Negative -7 -1 0 A
Source : Study Team
d) Earthquake Load
*Design horizontal seismic intensity : Kh=0.18

e) Load Factor and Load Combination

Table 8.4.1-46 Load Factor and Load Combination

DC LL Use One of

Load
o DD IM These

Combination )

D CE TU At a Time

W BR TL WA WS WL FR CR TG | SE
o EH PL SH
Limit State EQ CT CV

EV LS

ES EL
Strength-1I v o L75 175 100 - - 1.00 0.50/1.20 yIG vSE - - -
Strength-11 Yp - - 1.00 | 1.40 1.00  0.50/1.20 yTG | ySE - - -
Strength-I11 Vp 1.35 135 1.00  040:1.00 100 0.50/1.20 vTG +SE - - -
Extreme Vp 0.50 1 0.50 1.00 | - - 1.00 : - - - 1.00 '+ 1.00 : 1.00
Service 1.00 . 1.00  1.00 . 1.00 ; 0.30 i 1.00 . 1.00  1.00/1.20 vTG : ySE | - - -
Fati — LL
aHsue - 0.75 075 | - - - - - - - - - -
IM & CE only

Source : Study Team
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3) Material
a) Concrete
Table 8.4.1-47 Properties of Concrete (Main Girder)

Item unit Girder Remark
Specified Compression Strength fc Mpa 40
Compressive Strength at Pre-stressing  fci Mpa 33
Modulus of Elasticity Ec Mpa 31000
Allowable Stress
Compressive Stress Before Losses Mpa 19.0
D.L.W.S Mpa 15.0
Service Limit State Mpa 15.0
Tensile Stress Before Losses Mpa 1.50
D.L.WS Mpa 0.00
Service Limit State Mpa 1.50
Modulus of Rupture Mpa 13478

Source : Study Team

b) Pre-stressing Steel
Table 8.4.1-48 Properties of Pre stressing Steel (PC Strand Cable)

Item unit 12S12.7L 1528.6
Tensile Strength fpu Mpa 1850 1800
Yield Strength fpy Mpa 1600 1500
Modulus of Elasticity Ep Mpa 200000 200000
During pre-stressing Mpa 1440 1350
Allowable
tensile After pre-stressing Mpa 1295 1260
strength
At design load Mpa 1110 1080

Source : Study Team
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Table 8.4.1-49 Properties of Pre-stressing Steel (PC Bar - SBPR930/1180)

Item unit 032 Remark
Tensile Strength  fpu Mpa 1180
Yield Strength  fpy Mpa 930 0.9fpu
Modulus of Elasticity Ep Mpa 200000

During pre-stressing Mpa 837 0.9fpy
Allowable
tensile After pre-stressing Mpa 790 0.85fpy
strength

At design load Mpa 697 0.75fpy

Source : Study Team

Table 8.4.1-50 Properties of Pre-stressing Steel (Reinforcement Bar)

Item unit SD345 Remark
Tensile Strength  fpu Mpa 490

Yield Strength  fpy Mpa 345

Modulus of Elasticity Ep Mpa 200000

Allowable tensile strength at design load Mpa 180

Source : Study Team

4)  Model for structural analysis

The analysis as a frame structure by linear theory shall be carried out by modelling the structure

in the following way.

1. The structure model shall consist of the lines connecting the centroid axes of the
members, with the axis of the girder made to coincide with the design profile alignment

of the completed system.

2. The zones of junction between the towers, girder and piers shall be considered as rigid
zones. The rigidity of these rigid zones shall be assumed as 1000 times that of the

adjacent members.

3. Supports shall be modelled to correspond with the function of the type of bearing

actually used.

4. The foundation structure and ground shall be modelled as elastic springs having
equivalent behaviour. Also, the effect of variation shall be considered corresponding with

the ground and the foundation

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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Source : Study Team
Figure 8.4.1-37 Analysis Model
Table 8.4.1-51 Spring Constants of Pile
Horizontal spring (Ass)
Rotation spring (A rr)
Vertical spring (Awv)

P79-P84 unit Service state Earthquake
Horizontal (Ass) kKN/m 3.169339E+05 1.043346E+05
Compound spring  (Asr=Ars) kN/rad -2.013796E+06 | -4.520726E+06
Rotational angle  (Arr) KNm/rad 1.736875E+08 1.831579E+08
Vertical (Avv) KN/m 8.807076+006 8.807076E+06

Source : Study Team
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Table 8.4.1-52 Spring Constants of Shoe

L | Kh : Horizontal spring

=
=
Kv : Vertical spring -
P79-P84 unit End Support Middle Support
Vertical direction kKN/m 2518000 15018000
Horizontal direction KN/m 10838 42250

Source : Study Team

5)  Structural analysis
The structural analysis shall be performed with consideration to the following items.

a) The procedure and time schedule for completing the structural system shall be determined, and
the structural analysis performed accordingly.

b) The following loads shall be considered as the loads which will work during the construction
stage.

c) Primary loads

o Dead load of girder
e Pre-stressing force ( internal cables )
o Creep and shrinkage of concrete

d) Construction loads

e Dead load of the travellers for cantilever construction (including formwork)
¢ Dead load of scaffolding for stay cable installation (when necessary)
o Dead load of false works for closing segments (including formwork)

e) The points of time when superimposed dead load and live load will be applied shall be
assumed, and analysis performed for the stress resultants acting at such times.

The process and the schedule of the structure analysis are as following Figures.
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Step 1.Construction of Pier and Foundation (360 days)
€ (&
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Step 2. Construction of Pier Table (60 days)
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Step3. Construction of First Segment (12 days)
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Step4.~ Step7 Construction of Second Segment from 5" Segment (cycle timel2 days)
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Step8. Construction of Side span (60 days)
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Step9. Construction of center closer (20 days) (Completion of Structure)
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Step10. Construction of Surfacing (60days)
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Source : Study Team
Figure 8.4.1-38 Process and the schedule of the structure analysis
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6) Arrangement of PC Tendon in main Girder
We show the arrangement of the outer cable and inner cable in following Figures.
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Figure 8.4.1-39 Arrangement of PC Tendon
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7)  Design result of Main girder
a) Approach Bridge P79-P84 (52.98m+3@60.0m+52.98m=285.96m)

<1> Bendina Moment of Main Girder
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Figure 8.4.1-40 Bending Moment in all Dead load state
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Figure 8.4.1-41 Bending Moment in Service load state

<2> Fiber Stress of Main Girder

*Dead Load State (Top fiber stress)
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Figure 8.4.1-43 Stress of Top Fiber (Dead Load)
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Figure 8.4.1-44 Stress of Bottom Fiber (Dead Load)

Source : Study Team
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*Service Limit State (Top fiber stress )
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Figure 8.4.1-46 Stress of Bottom Fiber (Service Limit State)
<3> Ultimate Bending Moment of Main Girder
*Strength Limit State
CETIMATE AT
— RIISTAWE WREAT
= z =
= : =
S El E
B B N

[

R/\/\ﬂ

1Y
Yo 13hkim

N
(

1193 149k xm (
A

T
9-‘12‘!-[2]{\[{1

T3 LTRNm
9nd |

Source : Study Team
Figure 8.4.1-47 Bending Moment of Main Girder (Strength Limit State)
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<4> Shear Stress
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Figure 8.4.1-48 Diagonal tensile stress

BN "mm2
1. GUN - mm2

Y
=
.
j
A’(_L’_ - =1, G8Y Smm?
’//

—a — L BEN im2

Source : Study Team

- e

e N TR A T AR |

AKX

FAREIRN

RELEEIN

IR

381 1kY
ARGk £

. . ~3
- ] . e
fc' \7/: g = Faiain, st sl =gl Pl
z \ 2 = 7
pr = = =1 =
o = = B o~
P - = Z 7
- . . -
/ " — /
- —_—
. T —— T — / e— . — _{/“\
T T T

Source : Study Team

Figure 8.4.1-49 Maximum Shear stress
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b) Approach Bridge P84-A2 (52.98m+2@60.0m+52.98m=285.96m)

<1> Bending Moment of Main Girder
*Dead load state

—

st
AL i

=1 20655k Nm

—120188kkm

ﬁ\“‘"-— _ -._}3._—/ ‘-\-\_—E— ! H"""——_ —F"Jjﬂ
Figure 8.4.1-50 Bending Moment caused by Dead Load
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Figure 8.4.1-51 Bending Moment in Service

<2> Fiber Stress of Main Girder
*Dead Load State (Top fiber)
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Figure 8.4.1-53 Stress of Bottom Fiber (Dead Load)

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-178




THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

*Service Limit State ( Top fiber)
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Figure 8.4.1-54 Stress of Top Fiber (Service Limit State)
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Figure 8.4.1-55 Stress of Bottom Fiber (Service Limit State)
<3> Ultimate Bending Moment of Main Girder
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Figure 8.4.1-56 Bending Moment of Main Girder (Strength Limit State)
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<4> Shear Stress

Sl Toarsion tmaad
sl o Torsion tmind

B R TS

915 mm

AS

- o
TN T

Source : Study Team
Figure 8.4.1-57 Diagonal tensile stress
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Figure 8.4.1-58 Maximum Shear stress
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Design of Transversal Direction of Main Girder
1) General

This is a design report for transversal direction of approach bridge at Cat Hai side planned in
connecting road to the Lach Huyen Port. Upper slab deck of the approach bridge is PC
structure with transversal prestressing tendon of 1S28.6mm (SWPR19L) as the same as the
bridge to Tan Vu side approach bridges. Structural features of each member (upper slab , web and
lower slab ) for the main girder is shown in following Table. Cantilevering construction method
with cast-in-situ concrete shall be adopted for this bridge.

Table 8.4.1-53 Structure clarification of Main girder

Member Structure Clarification Remarks
Upper slab PC structure 1S528.6mm
Web RC structure
Lower slab RC structure

Source : Study Team

As for design bending moment, safety for transversal direction shall be confirmed by formula of
bending moment of live load (T load) instructed in JSHB (Japanese Specifications for Highway
Bridges 111 7.4.2) and bending moment calculated by FEM analysis of slab structure which is
directly loaded wheel load P (=145/2*1.25=91kN =100 k N).

a) Upper deck slab

As for design live load, flexural stress by bending moment of each for formula instructed in

JSHB (Japanese Specifications for Highway Bridges) and direct wheel load (100kN) shall be set
as follows:

Table 8.4.1-54 Direct wheel load on Upper deck slab

JSHB FEM analysis
Under Dead load working state Full prestressed
Under service loads(Live load) Limit state for cracking Full prestressed

Source : Study Team
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b) Web and Bottom slab
Web and Lower slab shall be designed as follows:

- For JSHB  : stress of reinforcing bar under service load

working state shall be less than osa = 180N/mm2
-For FEM  : stress of reinforcing bar under service load

working state shall be less than csa = 140N/mm2

2) Comparison on bending moment due to live load

Bending moment for live load by each formula (JSHB 111.7.4.2 and FEM analysis: (P=100kN))
shall be compared.

a) Standard Cross Section [Upper slab] - [A]

Table 8.4.1-55 Bending moment (Live load) [A]

FEM Analysis
) ) JSHB
Designed point (kN-m) (P=100kN) JSHB/FEM
(KN+m)
*1 Connected part
. -150.150 -126.076 1.191
for cantilever slab
*2 Connected part
. . -158.000 -122.827 1.286
in box girder
*3 Middle of box
. 98.095 40.811 2.404
girder

Source : Study Team

Table 8.4.1-56 Designed Bending moment (D+LL+IM+Ps+Cr+SH) [A]

FEM Analysis
) ) JSHB
Designed point (kN-m) (P=100kN) JSHB/FEM
°m
(kKN-m)
*1 Connected part
i -223.806 -199.732 1.122
for cantilever slab
*2 Connected part
) ) -261.957 -226.784 1.155
in box girder
*3 Middle of box
i 60.170 2.886 20.849
girder

Source : Study Team
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Table 8.4.1-57 Composite bending stress  [A]
JSHB FEM Analysis
©Co ocu oCo oCu
(N/mm2) | (N/mm2) | (N/mm2) (N/mmz2)
*1 4.01 -0.05 4.01 -0.05
Dead
*2 3.36 0.65 3.36 0.65
Load
*3 0.27 6.73 0.27 6.73
*1 0.42 3.55 0.98 2.97
Service *2 -0.44 4.43 0.41 3.60
Load *3 6.81 0.19 2.99 4.00
>-3.0 >0.0 >0.0
Source : Study Team

Transversal PC tendon shall be 1S28.6mm and arranged with interval of less than ctc500mm as
shown in following Figure.
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Figure 8.4.1-59 General Section for Arrangement of Transversal PC Tendon (ctc550)
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Table 8.4.1-58 Safety factor for ultimate load working state [A]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.2 or 0.5*(CR+SH)  [P=100kN]

FEM Analysis
. . JSHB Mr
Designed point (P=100kN)
(KN-m) (KN-m)
(KN-m)

*1 Connected part for

. L 453.253kN-m 321.819 kN-m < 677.837
cantilever direction

*2 Connected part

) . 432.934 kKN-m 344.841 KN-m <677.837
in box girder

*3 Middle of box girder 160.828 kN-m 63.396 KN-m < 225.587

Source : Study Team

b) Standard Cross Section [Web and Lower slab] - [B]
Table 8.4.1-59 Bending moment (live load) [B]

ISHB FEM Analysis
Designed cross section Nem (P=100kN) JSHB/FEM
( ) (KN-m)
*6 Upper end of web 104.742 30.379 3.448
*7 Bottom end of web 42.832 6.921 6.189
*10 Connected area of deck slab 39.806 5.205 7.648
*11 Middle of deck slab 1.483 0.215 6.898

Source : Study Team

Table 8.4.1-60 Designed Bending moment (D+LL+IM+Ps+Cr+SH) [B]

FEM Analysis
. . JSHB
Designed point (kN-m) (P=100kN) JSHB/FEM
‘m
(KN-m)
*6 Upper end of web 131.410 57.046 2.304
*7 Bottom end of web 54.656 19.765 2.765
*10 Connected area of lower slab 55.359 20.741 2.669
*11 Middle of lower slab 12.074 10.805 1.117

Source : Study Team
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Arrangement of reinforcing bars at web and lower slab shall be as follows:

Table 8.4.1-61 Arrangement of reinforced bars

feinforeing bars | Quantity (mm2im)
*6 Upper end D16ctc125 1588.8
Wb *7 Lower end D16ctc125 1588.8
Lower |10 Connected area D19ctc125 2292.0
Slab 1«11 middle D13ctc125 1013.6

Source : Study Team

Table 8.4.1-62 Stress of reinforcing bars

JSHB FEM Analysis
Restricted
ocC oS cC oS Value
(N/mm2) | (N/mm2) | (N/mm2) [ (N/mm2)

*6 0.8 35.9 0.8 35.9 65 <100

Dead *7 0.4 17.3 0.4 17.3 os < 100
Load | =19 2.3 42.0 2.3 420 s < 100
*11 2.0 61.7 2.0 61.7 oS <100

*6 4.2 176.8 1.8 76.7 65 < 180

Load | =19 8.1 149.4 3.0 56.0 s < 180
*11 2.3 70.4 2.0 63.0 65 < 180

Source : Study Team
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Table 8.4.1-63 Safety factor under ultimate load working state [B]

Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.20r0.5*(Cr+SH) [P=100kN]
FEM Analysis
) ) JSHB Mr
Designed point (P=100kN)
(kN+m) (KN+m)
(KN-m)
*6 231.571 95.305 < 276.952
Web
*7 114.165 35.199 < 276.952
Lower | 10 106.848 29.340 <141.089
Slab | g 19.773 13.230 < 64.666
Source : Study Team
¢) Cross section of Intermediate support section [Upper slab] - [C]
Table 8.4.1-64 Bending moment (live load) [C]
FEM Analysis
JSHB
(P=100kN) JSHB/FEM
(KN+m)
(KN+m)
*1 Connected part -150.150 1123194 1.219
for cantilever slab
*2 Connected part 1148.601 125,844 1.181
in box
*3 Middle of box girder 92.116 38.113 2.417

Source : Study Team

Table 8.4.1-65 Designed bending moment (D+LL+IM+Ps+Cr+SH) [C]

ISHB FEM Analysis
Designed point (kN+m) (P=100kN) JSHB/FEM
(KN-m)

*1 Connected part -223.806 -196.850 1.139

for cantilever slab
*2 Connected part -248.012 -225.255 1.101

in box

*3 Middle of box girder 52.117 -1.886 -

Source : Study Team
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Table 8.4.1-66 Composite bending stress [C]
JSHB FEM Analysis
6COo ocu 6Co oCu
(N/mm2) | (N/mm2) | (N/mm2) (N/mm2)
*1 4.00 -0.05 4.01 -0.05
Dead
*2 3.46 0.54 3.46 0.54
Load
*3 0.13 6.86 0.13 6.86
*1 0.40 3.55 1.05 291
E;(E r\/i ce ":2 '() .:L() ‘1 .:L:L () .lel :3 .ES(S
Load *3 6.27 0.72 2.67 4.32
>-3.0 >0.0 >0.0
Source : Study Team

Transversal PC tendon shall be 1S28.6mm and arranged with interval of less than ctc500mm as

shown in following Figure.
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Figure 8.4.1-60 Arrangement of Transversal PC Tendon (intermediate support cross section)
ctc500mm
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Table 8.4.1-67 Safety factor under ultimate load working state [C]
Mu=1.3*D+2.5*(LL+IM)+Ps+Cr+SH [JSHB-16]
Mu=1.25*DC+1.5*DW+1.75*(LL+IM)+1.20r0.5*(Cr+SH) [P=100KkN]

FEM Analysis
JSHB Mr
Designed point (P=100kN)
(KN-m) (kN-m) (KN-m)
‘m

*1 Connected part 453253 316.775 < 677.837
for cantilever slab

*2 Connected part 411.865 344.058 < 677.837
in box

*3 Middle of box girder 148.692 56.524 < 225.587

Source : Study Team
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d) Cross section of Intermediate support section [Web and Lower slab] - [D]

Table 8.4.1-68 Bending moment (live load) [D]

ISHB FEM Analysis
Designed point (P=100kN) JSHB/FEM
(KN-m) (KN-m)

*6 Upper end of web 100.135 36.884 2.715
*7 Lower end of web 100.501 25.012 4,018
*10 Connected part 86.331 9228 9.355

of lower deck slab ' ' '
. .

11 Middle of 4.688 0.555 8.447
lower deck slab

Source : Study Team

Table 8.4.1-69 Designed bending moment (D+LL+IM+Ps+Cr+SH) [D]

JSHB FEM Analysis
Designed point (N1} (P=100kN) JSHB/FEM
(kN-m)
*6 Upper end of web 118.092 51.862 2.198
*7 Lower end of web 120.982 47.225 2.598
*10 Connected part 104.206 28.000 3.753
of lower slab
*11 Middle of 36.762 31.769 1.129
lower slab

Source : Study Team
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Arrangement of reinforcing bars at web and lower slab shall be as follows:

Table 8.4.1-70 Arrangement of reinforced bars

Arrangement of

reinforcing bars Quantity(mm2/m)
Upper end D16ctc125 1588.8
Wb Lower end D16ctcl125 1588.8
Lower Connected part D16ctc125 1588.8
Slab Middle D13ctc125 1013.6

Source : Study Team

Table 8.4.1-71 Stress of reinforcing bars

JSHB FEM Analysis
Restricted
cC GS cC oS Value
(N/mm2) | (N/mm2) | (N/mm2) | (N/mm2)
*6 0.4 18.4 0.3 145 05 < 100
Dead *7 0.4 19.8 0.4 215 0s <100
Load | =10 0.7 276 0.7 28.9 os < 100
*11 1.5 76.1 15 74.1 05 < 100
*6 2.3 114.2 1.0 50.1 cs <180
Service | *7 2.3 116.9 0.9 45.7 65 < 180
Load *10 4.1 160.6 11 43.1 6s <180
*11 1.7 87.2 15 75.4 cs <180
Source : Study Team
Safety factor under ultimate load working state [D]
FEM Analysis
i . JSHB Mr
Designed point (P=100kN)
(KN+m) (KN+m)
(KN+m)
*6 225.558 81.515 < 382.529
Web

*7 257.642 84.856 < 382.529

Lower *10 251.088 47.071 < 242.548

Slab | «gq 54.564 40.713 < 155.848

PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.
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8.4.2 FEM analysis of Cross Beam
8.4.2.1 Outline of Design
(1) Design Principle

Because external cables are going through cross beam, it generates complicated local stress on
the transverse direction and vertical direction. As for the local stress, it is needed to reinforce in a
suitable manner so that all their structure can fulfill the function.

When this bridge is designed, the local stress is calculated by 3D FEM analysis that can simulate
almost truly, accordingly the stress, the amount of reinforcing bar shall be calculated.

FEM Analysis and calculation of tensile force
[

Calculation of reinforcing steel

Source: Study Team

Figure 8.4.2-1 Flowchart of Designing Cross beam

8.4.2.2  Analysis model and condition for FEM
(1) End cross beam (A1)

1)  Analysis model

In this analysis, the girder model is produced in the range that some impact of the tensile force
could make small, and local stress is calculated by the adding tensile force.

Source: Study Team

Figure 8.4.2-2 End cross beam Al in FEM mesh
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2) Restraint Condition

Because box girder between Al and P1 has been completed before prestressing force is given,
displacement of longitudinal direction is fixed on end of P1 side.

P1 side

Al End
Cross Beam

A

Source: Study Team

Figure 8.4.2-3 Restraint Condition of End cross beam Al

3) Loading Condition

The component force of external cable that
enters the FEM is working on surface of
cross beam with distribution load as same
size as anchorage and nodal load in cross
beam.

|

distribution load

Figure 8.4.2-4 Loading Condition in FEM [A1]
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(2) Intermediate support cross beam (P1)

Cross beam (P1) has two construction steps to be completed building it. Therefore, 3D FEM
analysis has to be run two times with different type of models.

1)  Analysis model
a) Model -1

Model 1 is modeled on “Construction Step-1”. Construction Step-1 means that girder between
Al and P1 and P1 cross beam has been completed and external cables between Al and P1 are
given prestressed force.

Source: Study Team
Figure 8.4.2-5 Cross beam P1 [Model-1] in FEM mesh

Al side P2 side

[Restraint Condition] |

Because girder of P2 side has not ||
constructed yet, end of P2 side on
FEM model is free on restraint P

condition. I
P1
M Cross
[ Beam
| ~

Figure 8.4.2-6 Restraint Condition of P1 [Model-1]

[Load Condition]

The component force of external cable that
enters the FEM is working on surface of
cross beam with distribution load as same
size as anchorage and nodal load in cross
beam.

T
distribution load
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Figure 8.4.2-7 Load Condition in P1 [Model-1]
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b) Model 2

Model 2 is modeled on “Construction Step-2”. Construction Step-2 means that after “Step-1”.
Girder between P1 and P2 has been completed. Two types of external cable have added. One is
external cable between P1 and P2, the other is continuous external cable, and all cables are given
prestressed force in this condition.

Source: Study Team

Figure 8.4.2-8 Cross beam P1 [Model-2] in FEM mesh

[Restraint Condition]
Because girder between P1 and P2 has constructed, end of P2 side on FEM model is also fixed.

| Al side P2 side |
[ > <
[ D <
| cable-1 cable - 2 K|
P1
| > cable -1 Cross cable - 2 < |
[ D Beam <
I 7~ I

Figure 8.4.2-9 Restraint Condition of P1 [Model-2]
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[Load Condition]
Cable-1 cable-2

The component force of external cable that ‘
enters the FEM is working on surface of = ﬂ
cross beam with distribution load as same - ]S }
size as anchorage and nodal load in cross = Li
=i

|

|

|

|

1

t;
b

beam.

cable -1 cable - 2

Cable-3

The component force of external cable that
enters the FEM is working with nodal load
in cross beam.

e T e
e T e

| —— S e e

S X e

10t i

Figure 8.4.2-10 Load Condition in FEM [A1]

(3) Tensile Force of External Cable

As for the cross beam examination, it is need to study in Pre-stressing stage, Design stage and
Ultimate load stage.

The relationship between each stage is the following.

Table 8.4.2-1 Stress of external cable and reinforcing bar

Stress of external cable AHO.W able. stress Stress Ratio
Stage o (N/mm2) of reinforcing bar ob / G5
P oS (N/mm2) P
Pre-stressing 1440 180 8.0
Design load 1110 180 6.2
Ultimate load 1600 345 4.6

Source: Study Team

Above table shows that the pre-stressing stage is the highest risk condition and the condition
would be need to study.

1) Calculation of Tensile Force

The way to calculate for the tensile force is shown as below.

At first, the stress in each nodal point is calculated based on FEM and the stress multiplied by the
area, and then sum all the values on studied cross section.
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8.4.2.3 Result of study

Following study has to examine about cross beams surface.
The tensile stress is caused on opposite surface to the PC anchor side. The stress distribution on an
Opposite side is shown in the figure below.

(1) Reinforcing bar of Al end cross beam
1) Calculation of vertical reinforcement bar

< viewpoint-1 Vertical reinforcing bar >

a [N/mm2] B [mm] H [mm] A [mm2] T[N]
8.99 235 140 32900 295771
6.95 250 140 35000 243250
02z 6.37 175 140 24500 156065
6.37 175 140 24500 156065
-- 835 - -- 851151
oa= 180 N/mm2
S.Aeq= T/oa= 4729 mm2
Steel bar : D22
interval = 125 mm layer = 2 number of bar= 134
SO 2ZA= 5079 mm2 > Areq ok

< viewpoint-2 Vertical reinforcing bar >

a [N/mm2] B [mm] H [mm] A [mm2] T[N]
556 220 140 30800 171248
5.35 175 140 24500 131075
5.35 175 140 24500 131075
0zz 4.80 220 140 30800 147840
4.57 175 140 24500 111965
4.57 175 140 24500 111965
- 1140 - -- 805168
oa= 180 N/mm2
. Areq= T/oa= 4473 mm2
Steel bar : D22
interval = 125 mm layer = 2 number of bar =  18.2
SO 2ZA= 6934 mm2 > Areq ok
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2) Calculation of horizontal reinforcement bar

< viewpoint-3 Horizontal reinforcing bar >

a [N/mm2] B [mm] H [mm] A [mm2] T[N]
3.93 175 140 24500 96285
4.13 175 140 24500 101185
4.13 95 140 13300 54929
4.06 200 140 28000 113680
ayy 4.03 160 140 22400 90272
3.95 95 140 13300 52535
3.79 175 140 24500 92855
3.67 175 140 24500 89915
-- 1250 -- - 691656
ga= 180 N/mm2
S.Areq= T/oca= 3843 mm2
Steel bar : D22
interval = 200 mm layer = 2 number of bar= 125
SO ZA= 4752 mm2 > Areq ok
18 101 -008) 100 | 168 | 224 | 21 |2a3|asa| an |an 26| 387 5Bhi°“rm
e T4y
|-052] 04 | 080 | 133 | 178 | 236 | 207 830 7 265 220 | 2e0) viewpoint-3
|“083 -0.73| 111|188 | 217 | 252 | 308 |a54 148 .n.mi_z.:m' -2
Fettet o T3 a - zer 306 (e _‘t!ﬂ" T "
W e )
| 282 | 283 _ 88k 750 | 200 | 248 /
T4 2 (T 0 e | T |Jr.1m
i | ziz 277|988 3 850406 | zo1 | 218 [-168]
074 | 189 |250 |208] 240 |4 .ul n_muu 205 l.1f
OIS0 (20 T2z Es R .'urw'gm‘—m! ’ 97
085 | 174 (226275 L | 320 1928 | 828 1410 286|249 | 198 Jluyé
222 . 229 ;mlzel 285 1290 200 253 27?‘2.53532.2&. m"j"‘

295 21 263 |243 | 249 | 258 |200 260| 2563 | 237 204|182 | 109 |
- !

U507 096 | 160 | 268 .175 275 | 283 (243237 238 (235230 | 220 [202 177|155 1Li4 1
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107 [ 124 [ 144|178 | 226 | 240 | 240 (235|226 221 [215207| 194 | 174 140|120 1y

152182 LT | L5E |u.?‘-ﬂ’r'

1AZ | 148 | 155 | 164 [ LO1 | 212 | a4 (294 (208 | 20

=

3) Reinforce Arrangement on surface of end cross beam
The reinforcement bar arrangement by FEM analysis is as follows.
<Vertical reinforcement bar>

D22 reinforcement bar is arranged on the opposite surface of cross beam in two rows at
intervals of 125 mm.

<Horizontal reinforcement bar>

D22 reinforcement bar is arranged on the opposite surface of cross beam in two rows at
intervals of 200 mm.
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(2) Reinforcing bar of P1 cross beam
1) Calculation of vertical reinforcement bar
a) Alside

< Al-SIDE Vertical reinforcing bar viewpoint-1>

g [N/mm2] B [mm] H [mm] A [mm2] T[N]
7.91 165 100 16500 130515
62z 6.60 123 100 12300 81180
-- 288 -- -- 211695
oa= 180 N/mm2
. Areq= T/oa= 1176 mm2
Steel bar : D22
interval = 150 mm layer = 2 number ofbar= 3.8
SO ZA= 1460 mm2 > Areq ok

< Al1-SIDE Vertical reinforcing bar viewpoint-2 >

a [N/mm2] B [mm] H [mm] A [mm2] T[N]
6.16 197 100 19700 121352
571 175 100 17500 99925
5.40 175 100 17500 94500
5.18 195 100 19500 101010
o2z 4.93 155 100 15500 76415
4,70 100 100 10000 47000
4.53 175 100 17500 79275
4.21 175 100 17500 73675
3.85 195 100 19500 75075
-- 1542 -- -- 768227
oa= 180 N/'mm2
. Areg= T/oa= 4268 mm2
Steel bar : D22
interval = 200 mm layer = 2 number of bar= 154
SO ZA= 5862 mm2 > Areq ok

[ Al side of P3 cross beam ]

viewpoint-2  viewpoint-1

STEP1 prestressing one side STEP2 prestressing both sides
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b) P2 side
< P2-SIDE Vertical reinforcing bar viewpoint-1 >
a [N/mm2] B [mm] H [mm] A [mm?2] T[N]
231 175 200 35000 80850
231 175 200 35000 80850
1.87 195 200 39000 72930
azz 1.49 155 200 31000 46190
1.84 100 200 20000 36800
2.65 175 200 35000 92750
2.65 175 200 35000 92750
-- 1150 -- -- 503120
oa= 180 N/'mma2
J.Aeq= T/oa= 2795 mm2
Steel bar : D22
interval = 200 mm layer = 2 number of bar= 115
SOZA= 4372 mm2 > Areq ok
[ P2 side of P3 cross beam ] viewpoint-1

T i T
“SRFI m,zﬁ:#i-'v‘;:??mm

e -
I S S vl

STEP1 prestressing one side STEP2 prestressing both sides
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2) Calculation of horizontal reinforcement bar
a) Alside

< Al1-SIDE Horizontal reinforcing bar viewpoint-3 >

o [N/mm2] B [mm] H [mm] A [mm2] T[N]
3.41 175 100 17500 59675
341 175 100 17500 59675
oYy 2.84 220 100 22000 62480
3.04 175 100 17500 53200
3.04 175 100 17500 53200
-- 920 -- -- 288230
oa= 180 N/mm2
.Areq= T/oa= 1601 mm2
Steel bar : D22
interval = 250 mm layer = 2 number of bar = 7.4
S ZA= 2798 mm2 > Areq ok

[ Al side of P3 cross beam ]

viewpoint-3

STEP1 prestressing one side STEP2 prestressing both sides
b) P2 side
< P2-SIDE Horizontal reinforcing bar viewpoint-2 >
o [N/mm2] B [mm] H [mm] A [mm2] T[N]
3.67 175 100 17500 64225
3.67 175 100 17500 64225
ayy 3.49 95 100 9500 33155
3.68 200 100 20000 73600
3.68 200 100 20000 73600
- 845 - -- 308805
oa= 180 N/mm2
. Areq= T/oa= 1716 mm2
Steel bar : D22
interval = 250 mm layer = 2 number of bar= 6.8
L ZA= 2570 mm?2 > Areq ok
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STEP1 prestressing one side STEP2 prestressing both sides

(3) Reinforce Arrangement on surface of intermediate support cross beam (P2, P3, P4)
The reinforcement bar arrangement by FEM analysis is as follows.
1)  Vertical reinforcement bar

D22 reinforcement bar is arranged on the opposite surface of cross beam in two rows at
intervals of 200 mm.

However, it is arranged at intervals of 150mm in manhole neighborhood.
2) Horizontal reinforcement bar

D22 reinforcement bar is arranged on the opposite surface of cross beam in two rows at
intervals of 250 mm.
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8.4.3  Design of Deviator
8.4.3.1 Outline of Design

Though deviator is the specific device for external cable, it generates complicated local stress on
the longitudinal direction, transverse direction and vertical direction. As for the local stress, it is
needed to reinforce in a suitable manner so that all their structure can fulfill the function.

When this bridge is designed, the local stress is calculated by 3D FEM analysis that can simulate
almost truly, accordingly the stress, the amount of reinforcing bar shall be calculated.

Selection of deviator type

FEM Analysis and calculation of tensile force
[

Calculation of reinforcing steel

Figure 8.4.3-1 Flowchart of Designing Deviator

Source: Study Team

8.4.3.2  Selection of Deviator Type

Because the type of the deviator shall be a projection
type that is easy to use in construction, basically one
external cable is arranged per one deviation on one
side (L1/L3/L4/L6). But in this model, there is a
type deviating 2 external cables at L2 and L5 at the VT T T T ]
same time.

Source: Study Team

Figure 8.4.3-2 Number of deviators

8.4.3.3 Calculation of Tensile Force by FEM
(1) Analysis model

In this analysis, the girder model is produced in the range that some impact of the tensile force
could make small, and local stress is calculated by the adding tensile force.

Analysis model is shown as next page.
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Source: Study Team

Figure 8.4.3-3 Deviator Examination in FEM mesh
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8.4.3.4 Restraint Condition

*Stress on longitudinal and transverse direction
According to the analysis model above mentioned, both edges of displacements are restrained.

Deviator

\ / \
2 1 \
= \
Q
= | |
©opx Al
| |
5 \ _ \ §
= Web center line 154
o | | 2
8 \ &
~ e
\ \ &}
‘ Center of beam ‘
1 I

Source: Study Team

Figure 8.4.3-4 Analysis model for calculation of Stress on longitudinal and transverse direction

8.4.3.5 Tensile Force of External Cable

As for the deviator examination, it is need to study in Pre-stressing stage, Design stage and
Ultimate load stage.

(1)Ultimate load
The relationship between each stage is the following.

Table 8.4.3-1 Stress of external cable and reinforcing bar

Stress of external cable AHO.W able. stress Stress Ratio
Stage (N/mm2) of reinforcing bar on / oS
op 6s (N/mm2) P
Pre-stressing 1440 180 8.0
Design load 1110 180 6.2
Ultimate load 1600 345 4.6
Source:

Above table shows that the pre-stressing stage is the highest risk condition and the condition
would be need to study.
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8.4.3.6 Load Condition

The component force of external cable that enters the FEM is divided horizontal direction and
vertical direction, and then loaded as the nodal points as shown below.

123456 7 / /

Source: Study Team

Figure 8.4.3-5 The component force of external cable in FEM analysis

8.4.3.7 Calculation of Tensile Force

The way to calculate for the tensile force is shown as below.

At first, the stress in each nodal point is calculated based on FEM and the stress multiplied by the
area, and then sum all the values on studied cross section.

(1) Reinforcing Method
The result of FEM analysis and reinforcing method is shown to next page.
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8.4.3.8 Result of study

As stated above, one external cable is arranged per a deviation on one side. But, at some deviators,
two external cables are arranged per a deviator on one side. In the case, stronger tensile force is added
to the deviator than others arranged one external cable.

Therefore, following study has to examine about deviator that has one or two external cables deviated
on one side. Deviators with one external cable are deviator R1 (L1), R6 (L6) and R4 (L4). .

Cases: - Typel: Two external cables are deviated at L2 and L5 (R2 and R5) at the same time
- Type2: One external cable is deviated at R1 (L1), R6 (L6) and R4 (L4).

Study for upper side of Deviator

Study for lower side of Bottom Slab

Study for upper side of Bottom Slab
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(1) Reinforcing bar of bottom slab around deviator
1)  Lower side of bottom slab

& <compression
< tension
< tension

upper block
lower block

2@ ‘
300 | 2@150 | 100 | 2@150 | 300

\ *1)Considering stress distribution,
area tensile stress is generated in is effective in calculation.

; - - 2)Because there have been reinforcing bars near upper side of bottom
Deviator R6 Rl(LG Ll) slab, upper half of upper blocks are excluded from area of 1)

Source: Study Team

Figure 8.4.3-7 FEM mesh for examination of bottom slab

SOLID STRESS
SIG-YY

== 3. 1253364000
— B 5 450036000
e 1. 75653e+000
B L i 17 072126+000
R . 3.877216-00]

+ 0. 00000e+000
-9. 81085e-001
t R : -1. 66549e+000
S -2’ 34989¢+000
| 75 03429¢+000
\ -3. 71870e+000
B Z4 403106+000

[Typel]
Source: Study Team

Figure 8.4.3-8 Result of FEM analysis in Lower side of bottom slab

Results of examination about Reinforcing bar is shown following,
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a) Typel: Two external cables are deviated at L2 and L5 (R2 and R5) at the same time

< Typel : Two external cables are daviated >

case2 o [N/mm?2] B [mm] H [mm] A [mm2] T[N]
2.92 150 120 18000 52560
3.07 150 120 18000 55260
3.13 100 120 12000 37560
3.13 100 120 12000 37560
3.07 150 120 18000 55260
Deviator 2.92 150 120 18000 52560
R2+R5 1.22 150 60 9000 10980
(L2+L5) 1.34 150 60 9000 12060
1.37 100 60 6000 8220
1.37 100 60 6000 8220
1.34 150 60 9000 12060
1.22 150 60 9000 10980
-- 800 -- -- 353280
oa= 180 N/mm2
S Areg= T/oca= 1963 mm2
Steel bar : D22 interval= 125 mm number = 6.4
SO ZA= 2433 mm2 > Areq ok

b) Type2: One external cable is deviated at R1 (L1), R6 (L6) and R4 (L4).

< Type2 : One external cable is daviated >

o [N/mm2] B [mm] H [mm] A [mm2] T [N]
0.00 150 120 18000 0
0.00 150 120 18000 0
0.00 100 120 12000 0
0.00 100 120 12000 0
0.00 150 120 18000 0
Deviator 0.00 150 120 18000 0
R1 0.00 150 60 9000 0
(L1) 0.00 150 60 9000 0
0.00 100 60 6000 0
0.00 100 60 6000 0
0.00 150 60 9000 0
0.00 150 60 9000 0
-- 800 -- -- 0
2.53 150 120 18000 45540
2.65 150 120 18000 47700
2.68 100 120 12000 32160
2.68 100 120 12000 32160
2.65 150 120 18000 47700
Deviator 2.53 150 120 18000 45540
R6 1.20 150 60 9000 10800
(L6) 1.31 150 60 9000 11790
1.33 100 60 6000 7980
1.33 100 60 6000 7980
1.31 150 60 9000 11790
1.20 150 60 9000 10800
800 -- -- 311940
Tmax = 311940 N ca= 180 N/mm2
.. Areq = Tmax/oca= 1733 mm2
Steel bar : D19 interval = 125 mm number = 6.4
SO ZA= 1815 mm2 > Areq ok

* In the results of Type2 (External cable is going through deviator R1 (L1)), tensile force
doesn’t generate. Therefore R1 (L1) is excluded from study of reinforcing steel bars.
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2)  Upper side of bottom slab

L1(R1)
tension > =)
compression >
compression >
2@ B
300 | 2@150 | 100 | 2@150 | 300 Ty N O

\
|
|
|
|
L6(R6) |
|
|
|
|
|
\

*Considering stress distribution,

area that tensile stress is generated in is effective in calculation. .
Deviator L1 ~ L6(R1~R6)

Source: Study Team

Figure 8.4.3-9 FEM mesh for examination of bottom slab

SOLID STRESS
W SIG-YY

4.09222e+000

R Lt W 5 5504704000

il e o > 2. 60871e+000

| b « — TS 1. 86696e+000

- B |ow 1.12521e+000

T 3. 83461e-001

e 0. 00000e+000

-1. 10004e+000

g -1. 84179e+000

e 3. 398290+000
j —o. [-3

B 4 067046+000

[Type2 (L6) ]
Source: Study Team
Figure 8.4.3-10 Result of FEM analysis in Upper side of bottom slab

Results of examination about Reinforcing bar is shown following tables,

a) Typel: Two external cables are deviated at L2 and L5 (R2 and R5) at the same time

< Typel : Two external cables are daviated >

case2 a [N/mm2] B [mm] H [mm] A [mm2] T[N]

3.97 150 100 15000 59550
3.81 150 100 15000 57150
Deviator 3.52 100 100 10000 35200
L2+L5 3.52 100 100 10000 35200
(R2+R5) 3.81 150 100 15000 57150
3.97 150 100 15000 59550
-- 800 -- -- 303800

oa= 180 N/mm2

J.Areq= T/oa= 1688 mm2
Steel bar : D19 interval = 125 mm number = 6.4
SO ZA= 1815 mm2 > Areq ok
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b) Type2: One external cable is deviated at R1 (L1), R6 (L6) and R4 (L4).

< Type2 : One external cable is daviated >

o [N/mm2] B [mm] H [mm] A [mm2] T[N]
1.17 150 100 15000 17550
1.11 150 100 15000 16650
Deviator 1.04 100 100 10000 10400
L1 1.04 100 100 10000 10400
(R1) 1.11 150 100 15000 16650
1.17 150 100 15000 17550
-- 800 -- -- 89200
4.09 150 100 15000 61350
3.98 150 100 15000 59700
Deviator 3.71 100 100 10000 37100
L6 3.71 100 100 10000 37100
(R6) 3.98 150 100 15000 59700
4.09 150 100 15000 61350
-- 800 -- -- 316300
Tmax = 316300 N oa= 180 N/mm2
s Areq = Tmax/oca= 1757 mm2
Steel bar : D22 interval= 125 mm number = 6.4
SO ZA= 2433 mm2 > Areq ok

< Type2 : One external cable is daviated >

case2 o [N/mm?2] B [mm] H [mm] A [mm2] T[N]
2.62 150 100 15000 39300
2.52 150 100 15000 37800
Deviator 2.35 100 100 10000 23500
R4 2.35 100 100 10000 23500
(L4) 2.52 150 100 15000 37800
2.62 150 100 15000 39300
-- 800 -- -- 201200

ca= 180 N/mm2
J.Areg= T/oa= 1118 mm2
Steel bar : D16 interval= 125 mm number = 6.4
SO ZA= 1287 mm2 > Areq ok
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3)  Upper side of Deviator

tension > [0
tension > CCCCECEEEEECEE /&

2@
‘ 300 ‘2@150‘100‘2@150‘ 300 ‘

*Considering stress distribution,
area that tensile stress is generated is effective in calculation.

Source: Study Team
Figure 8.4.3-11 FEM mesh for examination of deviator

SOLID STRESS

SIG-YY

< . 2. 33603e+000

S B 534460+000

1 332896-+000

8. 313176001

= 3. 297476001

0. 00000¢+000

-6, 73394001

-1. 17496e+000

~1 676546+000

e By
e =L, e+

yP B 73 181250+000

Source: Study Team
Figure 8.4.3-12 Result of FEM analysis in Upper side of deviator

a) Typel: Two external cables are deviated at L2 and L5 (R2 and R5) at the same time

< Typel : Two external cables are daviated >

case2 | o [N/mm2] B [mm] H [mm] A [mm2] T[N]
2.27 150 100 15000 34050
2.32 150 100 15000 34800
2.34 100 100 10000 23400
2.34 100 100 10000 23400
2.32 150 100 15000 34800
Deviator 2.27 150 100 15000 34050
L2+L5 0.90 150 60 9000 8100
(R2+R5) 0.90 150 60 9000 8100
0.90 100 60 6000 5400
0.90 100 60 6000 5400
0.90 150 60 9000 8100
0.90 150 60 9000 8100
-- 800 -- -- 227700

ca= 180 N/mm2
J.Areq= T/oa=  1265mm2
Steel bar : D16 number = 7.0
SO ZA= 1407 mm2 > Areq ok
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b) Type2: One external cable is deviated at R1 (L1), R6 (L6) and R4 (L4).

< Type2 : One external cable is daviated >

(2) Reinforcement arrangement around Deviator

1) Lower side reinforcement bar of bottom slab

o [N/mm2] B [mm] H [mm] A [mm2] TI[N]
2.39 150 100 15000 35850
2.40 150 100 15000 36000
2.44 100 100 10000 24400
2.44 100 100 10000 24400
2.40 150 100 15000 36000
Deviator 2.39 150 100 15000 35850
L1 1.13 150 60 9000 10170
(R1) 0.96 150 60 9000 8640
0.88 100 60 6000 5280
0.88 100 60 6000 5280
0.96 150 60 9000 8640
1.13 150 60 9000 10170
-- 800 -- -- 240680
1.08 150 100 15000 16200
1.08 150 100 15000 16200
1.10 100 100 10000 11000
1.10 100 100 10000 11000
1.08 150 100 15000 16200
Deviator 1.08 150 100 15000 16200
L6 0.38 150 60 9000 3420
(R6) 0.35 150 60 9000 3150
0.33 100 60 6000 1980
0.33 100 60 6000 1980
0.35 150 60 9000 3150
0.38 150 60 9000 3420
-- 800 -- -- 103900
Tmax = 240680 N ca= 180 N/mm2
.. Areq = Tmax/oca= 1337 mm2
Steel bar : D16 number = 7.0
SO ZA= 1407 mm2 > Areq

ok

a) When two external tendons are deviated, D22 is arranged as lower side reinforcement bar at
intervals of 125mm.

b) When one external tendon is deviated, D19 is arranged as lower side reinforcement bar at
intervals of 125mm.

2)  Upper side reinforcement bar of bottom slab

a) When two external tendons are deviated, D19 is arranged as upper side reinforcement bar at
intervals of 125mm.

b) When one external tendon is deviated at the position of L6, D22 is arranged as upper side
reinforcement bar at intervals of 125mm.

c) D19 is arranged as upper side reinforcement bar at intervals of 125mm in other cases.

3)  Upper side reinforcement bar of deviator

a) When two external tendons are deviated, 7-D19 is arranged in the upper side of deviator.

b) When one external tendon is deviated, 7-D16 is arranged in the upper side of deviator.

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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8.4.3.9
8.4.3.10 Abutment

o))

Substructure of Approach Bridge

Abutment with large width

Abutment with large width shall be designed in consideration of temperature changes, vertical cracks
due to drying shrinkage and vertical loads, and uneven settlement in the lateral direction. For body
width exceeding about 15m, it is good to install vertical joints having a V-groove in the body surface
or the expansion joint. In this project adopt the expansion joint.

8500
: - < - DETAIL OF JOINT FILLER
3 11500 050 00 500 200
T 5750 _ o750 1TL 7500 N 7500 JOINT FILLER t=30mem ol
-
A e
i Ea i o B 'y +
s e = ot - ]
—_ I = : = ') 7 i
| ol sutolf pals{wabes op)
JCINT FHAER =20mm |
| T sl siop)].
. ‘ i - JOXT FILLER k=20mm
| o Eaiting lave 0005 - A . - I . — Ml
) st LT T T P e I SHTE SR o BT IEEL T

I

Source : Study Team

Figure 8.4.3-13 Joint Filler

Rear side of abutment

)

The backfill behind an abutment may be deformed not only by settlement due to consolidation or the
like but also by settlement accompanying abutment vibration or liquefaction during earthquakes.
Therefore, it is desirable to install an approach cushion in order to ensure smooth road traffic after the
earthquake in addition consideration for not imparting shocks to running vehicles or the abutment.

The length of approach cushion slab adopt 8.0m based on JSHB.

Table 8.4.3-2 Length of approach cushion slab

Ggroy
3 nd co”dition orrdinary ground soft ground
9k g,
////'n
sy, unscreened gravel except for left g .
; (7
Heightof abutment 9 hard rock column material AICIE AT
H<6.0m - 5.0m 8.0m
6.0m = H< 15.0m 5.0m 5.0m 8.0m
150m<H 8.0m 5.0m 8.0m

Source : Study Team
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8.4.3.11 Pier
(1) Study on Shape of Pier
The study was implemented by comparing the following alternatives:

@ (1) Alternative-1:Rectangle shape column(SAPROF)

@®(2) Alternative-2:Rectangle shape column smoothing angle between column and Pier head.
@ (3) Alternative-3:0val shape column

®(4) Alternative-4:Round shape column

8.4.3.12 Results of Comparative Study

As shown in the Table 13.5.2-4, Alternative-2 Rectangle shape column smoothing angle between
column and Pier head is recommended because of its advantage in aesthetics and construction cost.

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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(1) Design of Beam
a) Analysis

Components in which “av”, as shown in following Figure, is less than “d” shall be considered to
be corbels. Strut-and-tie models to analysis the corbels.

7800
av=570 av=570

=3525
3500
=3355

d
d

1620 4500 1650

Source : Study Team

Figure 8.4.3-14 Sectional view of Beam

b) Arrangement of reinforcement

‘Q? @ I db (Development Length)

4744444
Standard Hook
—
StandJri Hook

=

b+h/2 or b+0.8- Idb Ah (=2x ZB:) = 0.5 As (=2B:)

Source : Study Team

Figure 8.4.3-15 Arrangement of reinforcement at beam
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(2)  Width of bridge seats

The width of bridge seats is decided by bearings edge distance based on Japanese Standard of
Highway Bridge or the arrangement of temporary shoes which is used to erect the superstructure by

cantilever construction.

Table 8.4.3-4 Width of bridge seats

Erection method of superstructure

Erection method of superstructure

Erection method of superstructure

Span by span Erection
| . F pi

Span by span Erection
Cantilever Construction

Cantilever Construction
: f pi

Intermediate Pier location of Pier Intermediate Pier
End Pier
i 7700 7700
20.2+0. 005 1 S20. B A 520, L 005 A
{'= 9. 500m ) { = 0. 500m ) (= 0.500m )

1700
| \
!
= it LSS RSP
R 2
!
2500
§20.2:0. 0054
I~ (=0500m)

N

0. 500m )

{

1
[ S20.2+0. 005 2

§=0.240,0054
( = 0.500m )

¥

/

\ ;
bl
=%, o

a
g

mﬁ

Temporary shoes ] |

Al
PG Bar 32 /lii

Source : Study Team
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Table 8.4.3-5 Refer from JSHB

2) -The distance,3(m), between the edge of bearings and the edge of the top of
the substructure {or bearing support edge distance) shall be equal to or

larger than the following value:

5=0.2+0.005xr (8.6.1)

where,

S: bearings edge distance (m)

A span length (m)

{a) Fubber Bearing (b Steel Bearing

Fig.-C.B.6.4 Bearing Support Edge Distance §

Source : Study Team
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8.4.4  Study on Foundation
8.4.4.1 General
(1) Obijectives of Condition

In the SAPROF Study, steel pipe pile foundation was selected for approach bridge and steel pipe sheet
pile for main bridge substructures in terms of its rapid construction speed comparing with Cast in
place pile foundation. This study aimed to carry out verifies the foundation type of SAPROF Study by
comprehensive evaluation in terms of structural stability, construction cost, construction planning, and
aesthetic point of view including re-evaluation of construction conditions for foundation of approach
bridge and main bridge.

(2) Scope of Study

This study consists of two (2) sub-studies; the study on steel pipe sheet pile foundation, and the study
on selection of bridge foundation. In the study on steel pipe sheet pile foundation, design principal
and design elevation of pile cap is the key discussion. In the study on selection of bridge foundation,
study of site conditions for selecting an appropriate foundation type is a key discussion.

Approach Bridge Main  Approach
Bridge

Bridge‘

Source: Study Team
Figure 8.4.4-1 Plan Layout for Approach Bridge and Main Bridge

8.4.4.2  Condition of Study
(1) Soil Condition
Refer to Chapter 3 “Subsoil Conditions”.
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(2)  Structure Height and Seawater Depth

Following Table is summary for the pier height and seawater depth with classification of study type
for approach bridge and main bridge.

Table 8.4.4-1 Pier Height and Seawater Depth

. Pier Height* |Column Height] Water depth . Pier Height* |Column Height| Water depth
Type | Pier No. Type Pier No.
v m (m) m v m (m) m)
P1 6.0 35 254 P45 10.0 7.5 3.48
P2 75 5.0 2.67 P46 10.5 8.0 3.50
P3 85 6.0 2.65 P47 10.5 8.0 351
P4 85 6.0 270 P48 10.5 8.0 342
P5 85 6.0 258 P49 105 8.0 331
P6 85 6.0 2,60 P50 15.0 125 7.51
P7 9.0 6.5 2,66 — P51 15.0 125 7.51
P8 9.5 7.0 2.69 g P52 155 13.0 751
P9 10.0 75 271 = P53 155 13.0 751
P10 10.0 75 281 P54 15.0 125 751
P11 105 80 292 P55 15.0 125 7.51
P12 10.5 8.0 318 P56 15.0 125 751
P13 10.5 8.0 328 P57 15.0 125 751
P14 10.5 8.0 325 P58 145 12.0 751
P15 10.0 75 315 P59 14.5 12.0 2.55
P16 10.0 75 316 P60 14.0 115 2.55
P17 10.0 75 319 P61 14.0 115 751
P18 10.0 75 325 P62 14.0 115 751
P19 9.5 7.0 3.27 P63 14.0 11.5 751
P20 9.5 7.0 3.27 P64 135 11.0 751
. P21 9.5 7.0 329 P65 135 110 7.51
é_ P22 9.0 6.5 332 P66 135 11.0 751
= P23 9.0 6.5 337 QA P67 13.0 10.5 751
P24 9.0 6.5 339 § P68 13.0 10.5 751
P25 85 6.0 346 = P69 130 105 751
P26 85 6.0 350 P70 14.0 115 7.51
P27 85 6.0 3.46 P71 15.0 125 751
P28 85 6.0 348 P72 16.5 14.0 751
P29 8.5 6.0 344 P73 18.5 16.0 751
P30 85 6.0 361 P74 20.0 175 7.51
P31 85 6.0 364 P 215 19.0 7.51
P32 85 6.0 371 '3 P76 235 21.0 6.94
P33 85 6.0 378 & P77 27.0 245 8.67
P34 8.5 6.0 379 = P78 28.0 255 10.80
P35 85 6.0 377 < P79 20.0 175 11.53
P36 9.0 6.5 3.82 g P80 19.0 16.5 11.13
P37 9.0 6.5 371 = P81 17.0 145 9.98
P38 9.0 6.5 3.65 P82 17.0 14.5 7.87
P39 9.5 7.0 3.65 P83 135 11.0 375
P40 9.5 70 364 in P84 105 8.0 242
P41 9.5 7.0 3.62 é P85 85 6.0 211
P42 9.5 7.0 3.58 = P86 7.5 5.0 1.84
P43 10.0 75 351 P87 6.0 35 1.46
P44 10.0 75 3.50

*pier Height : Column + Pile Cap Height

Source: Study Team
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8.4.4.3
@

As the first step, the foundations to be studied are classified into four (4) main types as shown in
below table based on study conditions. In the study of Type-1, the downdrag effect for piles due to
consolidation of clay layer needs to be examined in detail. In the study of Type-2, there is less number
of piers; the point of this study is that the construction costs are needed to be focused on the detail. In
the study of Type-3, there is planning to steel pipe sheet pile (SPSP) foundation of critical for
construction period at deep water. The point to be focused in detail for this type is construction period
and safe construction at the deep water. In the study of Type-4, there is planning closed the navigation
channel with Cat Hai Island at deep water. The point of this study is the structural aesthetics which
shall be harmonized with scenery of Cat Hai Island and safe construction at the deep water.

Principle of Study

Classification of Foundation based on Study Conditions

Table 8.4.4-2Foundation Study Type for Approach Bridge and Main Bridge

Study Type Type-1., Tupe-2 Type-3 Type-4 Type-1.,
Bridge Type Approach Approach Main Br. Approach Approach
Station Km +561.3 | Km +561.3 | Km +561.3 | Km +561.3 | Km +561.3
~8+77.12 ~8+77.12 ~8+77.12 ~8+77.12 ~8+77.12
Pier No. Al ~ P60 P61~ P75 | P76 ~P78 | P70~P82 | P84 ~ P87
. . . planning for
Reclamation Plan in operation No No No the future
Bridge Span length (m) 60.0 60.0 150.0 60.0 60.0
Estimated Corrosion
Thickness of Steel Pile 2" 7° 7 7 2"
(mm)
Water depth (m) 2.5~3.8 3.2~6.5 7.1~11.0 8.3~11.5 1.63~3.8
. Variation Variation |E.L.-5.0 (Top L .
E.L. of Pile Cap 2 20or3 of Pile Cap) Variation 4 | Variation 1

Note, *1; protected due to reclamation by filling up
*2; according to report of Refer No PMU2/110422-1

Source: Study Team

|

T

Source : Study Team

=

R

Figure 8.4.4-2 Plan Layout for Approach Bridge and Main Bridge
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(2) Classification on Elevation of Pile Cap

After due consideration of site conditions, pile caps for approach bride are classified into four (4)
alternatives (refer to below figures). In the Variation 1, top of pile cap is seated below the seabed
when the sea is shallow and pier height is low. Variation 2, bottom of pile cap is seated on the sea bed
of deepwater. The construction of pile cap at below the sea bed is difficult in terms of structure of
cofferdam. Furthermore, the pile cap is backfilled by reclamation in the future. In the Variation 3, top
of pile cap shall be set below Mean Low Water Level (EL-1.670) in order to comply with the

regulation which prohibits exposure of pile cap body above Mean Low Water Level. In the Variation 4,

top of pile cap is seated below the Mean Low Water Level (EL-1.670) as same as Variation 3. In
addition to the condition, bottom of pile cap does not contact onto seabed due the deepwater;

construction of pile cap at seabed is difficult in terms of structure of cofferdam.

Vanation1

Varigtion2

Variation3

0T

Source : Study Team

(3) Pile arrangement and type of pile connection

I

e

= LA B

Figure 8.4.4-3 Variations for Pile Cap Elevation

1) Pile arrangement of Steel pipe pile and cast in place pile

Pile arrangement of steel pipe pile and cast in place based on following table.

Table 8.4.4-3Pile arrangement

Variationd

Steel Pipe Pile

Cast in Place Pile

Li=1.25D

5]

12=2.

5D

L1=1.25D

1222.50 j

i

L1=1.0D

5]

1222.5D

L1=1.0D

12=2.5D j

3000

L3=

I
T
J

bearing layer

Al
@
pii|

bearing layer

Source : Study Team
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2) Connections between pile and pile cap

Connections between pile and pile cap shall be designed as rigid connections, and shall be
verified against all forces acting at the pile head including push-in forces, pull-out forces, lateral
forces, and bending moments. When reinforcing bars are used to reinforce pile heads, the stresses
in the concrete and reinforcing bars in the footing is reviewed by assuming a virtual RC pile
section in the pile cap.

Table 8.4.4-4Connections between pile and pile cap

Borehole piles Steel Pile Piles

Pwrtraret Rartrre—wt

[ I

B foreemwet of i (i Bar it of [l (a5

BOTTOM OF PLE (AP ' BOTTOM OF PLE (AP

Ve CoTe
Y mmaten,

o

Source : Study Team

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.

8-224



THE DETAILED DESIGN STUDY FOR LACH HUYEN PORT INFRASTRUCTURE CONSTRUCTION PROJET IN VIET NAM
FINAL REPORT

3) Pile diameter for comparison

The results of review of SAPROF study by B/D design condition are shown in Table.13.5.3-7. In
this comparative study, the following alternatives are studied.

Steel pipe pile(Pier)
®SAPROF study : D=0.8m, 4x4-2=14nos
®Altanative-1  : D=0.8m, 5x5 =25n0s
®Altanative-2  : D=1.1m, 4x4 =16n0s
®Altanative-3  : D=1.4m, 3X4 =12nos
Steel pipe pile(Abutment)
®Altanative-1  : D=0.8m, 4x11 =44nos
®Altanative-2  : D=1.1m, 4x10 =40nos
®Altanative-3  : D=1.4m,4X 9 =36n0s
Cast in place pile;
®Altanative-1  : D=1.2m, 3x4 =12nos
®Altanative-2  : D=1.5m, 3x3 =9nos
®Altanative-3  : D=2.0m, 2X3 =6nos

As theses table indicates, the changing condition design of SAPROF study, D=0.8m for 14nos
steel pipe pile is not enough bearing capacity, Altenative-2, D=1.1m for 16nos steel pipe pile is
the most recommendable for approach bridge because of its advantages in lowest construction
cost. Therefore, the B/D study is applied D=1.1m for 16nos steel pipe pile as modified
“SAPROF study”.
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Table 8.4.4-5 Comparison for pile diameter of steel pipe pile at Pier

Alternative SAPROF study Altrenative-1 Altrenative-2 Altrenative-3
Pile Type Steel pile pipe D=0.8m Steel pile pipe D=0.8m Steel pile pipe D=1.1m Steel pile pipe D=1.4m
2200 T s275158750 750 3eaa00e 0800 178
482400=7200 o £000=8000 157F T57F [ = ‘
DL qo 1P 0 o =
=l & & @ B R R R N <sY
Plan of Pile Cap D% & & El D% D H Do o | , | )
gg |, b g = I TR o
(; & & = H; 9o g ~§
Mo ls 4 ¢ @ el d & @ D ) *gﬁ 7\4} D w—Pr
L=46.0m | n=14nos 1=46.0m_| n=25n0s L=46.0m | n=16n0s L=46.0m | n=12nos
Displacement mm ox=1.8=%a=15__(OK) ox=1.0=8a=15 (OK) ox=1.7=%a=15_(OK) ox=1.4=8a=15 (OK)
Pile Reaction kN Prmax =3120 > Ra=2050 (NG) Prmax =1850 < Ra=2050 Pnmax =3000 < Ra=3160 Prmax =4370 < Ra=4530
hickne mm t=11mm(SKK400) t=11mm(SKK400) t=11mm(SKK400) t=11mm(SKK400)
Mu kN.m 483.2 280.1 575.2 762.2
. Mn kN.m 1193.8 1556.9 25125 4024.8
Pile body ™o - 2.47 5.56 4.37 5.28
ft | N/mm? 86.7 < 140.0 50.9 < 140.0 72.1 < 140.0 76.1 < 140.0
"' ft | Nmm’ 101.0 < 140.0 59.0 < 140.0 80.0 < 140.0 83.0 < 140.0
Cost Estimate Onit cost Material Cost Material Cost Material Cost Material Cost
Item unit-l (VND) Quantities (VND) Quantities (VND) Quantities (VND) Quantities (VND)
Pile cap
Concrete 28MPa | m® | 5,867,864 250.0 1,466,966,000 302.5 1,775,028,860 367.5 2,156,440,020
Lean Concrete | m® 1,723,811 10.0 17,238,110 12.0 20,685,732 15.0 25,857,165
Blinding stone | m® 696,000 20.0 13,920,000 24.0 16,704,000 29.0 20,184,000
Excavation m® 318,066 113.0 35,941,458 128.0 40,712,448 147.0 46,755,702
Cofferdam ton | 24,798,638 87.0 2,157,481,506 93.0 2,306,273,334; 101.0 2,504,662,438
Sub total 3,691,547,074 4,159,404,374 4,753,899,325
Foundation N
Steel Pile 08m | m 0 15,063,501,667
(Diameter) 1lm| m 0 12,923,273,000
14m | m 0 14,980,518,000
Sub total 15,063,501,667 12,923,273,000 14,980,518,000
Total 18,755,048,741 17,082,677,374 10,734,417,325
ratio 1.098 1.000 1.155
Evaliation Most Recommended
Source: Study Team
Table 8.4.4-6 Comparison for pile diameter of steel pipe pile at abutment
Altemative Altrenative-1 Altrenative-2 Altrenative-3
Pile Type Steel pile pipe D=038m Steel pile pipe D=1 1m Steel pile pipe D=14m
T T
ed e T I
— bt eeeeee
B s e
Bk g ow bl e R R
Plan of Pile Cap et gl e e e
LR R i il R
g Rt YEEESEEEE S
=43 6m n=44nos L=43 &m | n=40nos =43 5m | n=36nos
Displacement mm Gx=7 8 = 8a=15 (OK) Gx=0.5 28a=15 [OK] =57 28a=15  [OK)
Lateral resistance Kk Qr=5530 = N=5577 Qr=5530 < N=G116 Qr=5975 < N=6039
File Reaction ki 66109 < Ra=83512 Prm=-=82279 = Ra=120116 P 110930 = Ra=160088
thicknesz mm t=12mmiSKk400) t=12mm(SKK400) t=12mm{SKK400}
Mu ki m 732.8 1208.5 1858 7
Mn kMm 1687 7 3328.3 51801
Pilebody g : 226 276 279
v it \ Wimm? 56 = 1400 1.4 < 140.0 214 < 1400
PR T 960 < 1400 B0 = 1400 810 = 1400
Cast EBtII'ﬂ.EltE Mitens I'u’late.r\al Caost MET.E.H.E\ Cost Maleri.al Cost
Iterm unit (VD) Quantities (VND) Quantities (WND) Quantitigs (VND)
Pile cap
Cancrete 28MPa | m 5,667 664 762.3 4.580.576.704 9961 5.844.832.634 1314.8 7.716.214.284
Lean Concrate m 1.723.811 235 40,568 168 321 55410 181 450 77595 628
Blinding stane | m° 596000 471 32,759,328 643 44 744 448 500 62 659 488
Excavaticn m 315.066 3724 116.435 056 468.7 1450684 612 617.8 196 468 452
Cofferdam tan 24,795,638 78.6 1855 124 620 1264 3.133.555.698 1426 3.535.293.633
Sub total B 737 463 876 9227 B07 972 11 587 251 686
Foundation
. 3 08m | m ] T340 26.611.762 933
Stzel Pils =
(Diarnter) 1im [ m ] 17400 32.308 182,500
14m [ m 0 1 566.0 54 828 566.000
Sub total 26511 762 933 32 308 182 500 54 5928 566 (00
Total 33 249,226 609 41,635 790472 B6.515.817 686
ratio 1.000 1249 2.001
Evaliation Most Recommended

Source: Study Team
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Table 8.4.4-7 Comparison for pile diameter of cast in place pile

Alternative Altrenative-1 Altrenative-2 Altrenative-3
Pile Type Cast-in-place pile D=1.2m Cast-in-place pile D=1.5m Cast-in-place pile D=2.0m
[ T |
[ T [ LBV
o i
3 I i
Plan of Pile Cap A o
i 7
5 H
o i
L=465m | n=12nos L=46.5m | n=9nos L=46.5m | n=6nos
Displacement mm dx=13=0a=15 (OK) 0x=1.2 =%a=15 (OK) 0x=1.5 =%a=15 (OK)
Pile Reaction kN Pomax =43003 = Ra=43812 Pomax =43005 = Ra=44005 Pomax =43003 = Ra=43469
As nos D25-24nos(minimum) D28-24nos(minimum) D32-32n0s
Mu kN.m 1050.2 1587.1 33204
X Mn kN.m 21246 3464.2 8904.2
Pile body | - 202 218 268
fc N/mm? 26 < 11.2 23 <112 19 <112
Extrem
fs N/mm’ 30 < 202 26 < 202 21 < 182
Cost Estimate Unitcost Material Cost Material Cost Material Cost
Item | unitl (VND) Quantities (VND) Quantities (VND) Quantities (VND)
Pile cap
Concrete 28MPa | m® 5,867,864 239.4 1,404,766,642 275.6 1,617,183,318 315.0 1,848,377,160
Lean Concrete m’ 1,723,811 10.0 17,238,110 11.0 18,961,921 13.0 22,409,543
Blinding stone m 696,000 19.0 13,224,000 22.0 15,312,000 25.0 17,400,000
Excavation m 318,066 110.0 34,987,260 120.0 38,167,920 133.0 42,302,778
Cofferdam ton 24,798,638 86.0 2,132,682,868 90.0 2,231,877,420 97.0 2,405,467,886
Sub total 3,602,898,880 3,921,502,579 4,335,957,367
Foundation
Bord pile |-1:2m | m 14,553,000 576.0 8,382,528,000
(Diameter) 15m [ m 17,423,000 432.0 7,526,736,000
2.0m | m 27,343,000 288.0 7,874,784,000
Sub total 8,382,528,000 7,526,736,000 7,874,784,000
Total 11,985,426,880! 11,448,238,579 12,210,741,367
ratio 1.047 1.000 1.067
Evaliation Most Recommended

Source: Study Team
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Downdrag load
1)  Analysis of downdrag by consolidation

For clay, the drainage time after the application of a load is long because the permeability of clay
is small thus consolidation occurs over a long period of time. In contrast, sand and gravel have
large permeability’s and after the application of a load, the water drains rapidly. Consolidation
occurs quickly because water in sand or gravel moves easily through the pores. Also, the amount
of compression is small in sand and gravel. For this reason, consolidation is usually used for fine
grained soil, such as clay and silt. In the case of a pile driving into the ground where
consolidation will occur by reclamation, the foundation should be designed so that the available
factored geotechnical resistance is greater than the factored loads applied to the pile, including
the downdrag (DD), as following drawing.

Qi P gyn + 7DDy s
Nominal Pile Driving Resistance Raquired, R, .L

Raﬁ

Dy Qg+ DD, .
» > l l Downdrag
Static gkin friction . co Zone
compeanent of driving )
retislance

Rndr

Tolal pile

epth

resistance during
driving

Bearing
Zohe

Source: Study Team

Figure 8.4.4-4Design of pile foundations for downdrag

2) Countermeasure to downdrag

Conventional measures against negative friction, such friction was reduced by increasing the
strength of piles or forming a pile group new techniques have recently been utilized , where
reduction in negative friction is achieved by use of piles covered with the special asphalt called
“Slip layer compound”-SL piles. In this project, countermeasure to downdrag adopts the SL piles
due to its economical efficiency.
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3) Principles of Reducing Negative Friction on SL pile and standard section

The slip layer material, that is, special asphalt is one of the typical viscoelastic materials, of
which physical properties depend on the velocity of shearing. When instantaneous load acts on a
pile, especially at the time of pile driving, the velocity of shearing developed on the pile surface
increases and thus, asphalt applied on the pile surface present an elastic property. In this case, a
great shear resistance attributable to the elastic property enables the pile to be driven without any
slippage of the slip layer. On the other hand, where a pile is subject to a slow ground movement
such as land subsidence, the velocity of shearing developed on the pile surface is very low;
asphalt applied on the pile surface presents a viscous property. In this case, slippage occurring in
the slip layer due to the subsidence serves to prevent shearing force from being transmitted to the
pile, thus permitting negative friction to be reduced.

Surfacclaye;  Stiplayer Prirvier Steel pipe Surfacelayer

Sliplayer

Primer

Steel pipe

Source: Study Team
Figure 8.4.4-5Standard Sections of a SL piles

4) Load combination take account of downdrag

Downdrag is not combined with transient loads because transient loads caused downdrag
movement of the pile or pier relative to the ground, causing temporary reduction or elimination
of downdrag loads. Therefore, only permanent loads need be included with the drag loads as
follows:

Load combination and load factor.

Table 8.4.4-8Load combination and load factor
Load combination and Load factor for Abutment
Load Combination Permanent Transient
Limit State DC|[DD|DW|EH[EV|ES|EL|[LL| M]|CE|IBR|PL]|LS WA|WS | WL | FR TU | CR | SH TC|SE[EQ|CT]CV
max | 1.25]1.80 [1.50 | 1.50 [1.35 [1.50 [1.75 | - - - - - - - - - - - - -
min ]0.90 [0.45 |0.65 | 0.9 |0.90 [0.75 |1.75
max |1.25 [1.80 [1.50 [1.50 [1.35 [1.50 | -
min ]0.90 [0.45 | 0.65 [0.90 |0.90 | 0.75 =
max |1.25 [1.80 [1.50 [1.50 [1.35 [1.50 [1.35
min ]0.90 [0.45 [0.65 | 0.9 Jo.90 [0.75 [1.35
max | 125] - [150 ] 1.5 [1.35]1.50 [0.50
mini | 0.90 - |0.65 | 0.9 |0.90 |0.75 [0.50
SERVICE 1.00 [1.00 [1.00 |1.00 [1.00 [1.00 |1.00

STRENGTH- I

STRENGTH-II

STRENGTH-II

EXTREME

Load combination and Load factor for Pier

Load Combination Permanent Transient
Limit State DC|DD|[DW|EH|EV|ES|EL]| LL|{IM|CE|BR|PL]JLS WA|WS [ WL | FR TU | CR | SH TG | SE[EQ|CT]CV
max | 1.25[1.80 [1.50 | - - - |15 - - B B B B B N N . . N N
STRENGTH- 1

min ]0.90 |0.45 | 0.65 - - - |1.75
max |1.25 [1.80 |1.50 -

STRENGTH-I [ 51650 [0.45 [0.65 -
max [1.25 [1.80 [1.50 | - - - [135
STRENGTH-IT 15750 T0.45 [o.65 | - - - 135
max [125] - [150] - - - |00
EXTREME mini ] 0.90 - |0.65 = = - |0.50
SERVICE 1.00 [1.00 [1.00 | - - - [1.00
DC : Component and Attachment BR : Vehicular braking force IM: Vehicular dynamic load allowance
DD : Downdrag CE : Vehichlar centrifugal forth LL: Vehicular live load
DW : Wearing Surfaces and Utilities CR: Creep LS : Live load surcharge ~ TU: Uniform temperature
EH : Horizontal Earth Pressure CT: Vehicular collision force PL: Pedestrianliveload ~ WA: Water load and stream pressure
EL: Locked-in Erection Stress CV: Vessel collision force SE : Settlement WL : Wind on live load
EV: Vertical Earth Pressure EQ : Earthquake SH : Shrinkage WS : Wind load on structure
ES : Earth surcharge load FR : Friction TG : Temperature gradient

Source: Study Team
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5) Downdrag load and the range of SL pile

SL piles should be used as middle pile at a level above neutral point on which a greater negative
friction acts. Downdrag loads can be estimated in a similar way to calculation of positive shaft
resistance. Pile shaft resistance to calculate the downdrag loads shows as follows:

Load Combination

Combined with only

permanent load Combined with transient loads

. ; ¢
Negative shaft resistance Take no account of shaft resistance S_ @
Downdrag loads : estimate calculation Downdrag loads : — g = =
(i) of shaft resistance = 3 = &
gs : -2 kNim' gs | OkNim’ B2 S
: o 2 N
‘ ?138 &
Meyalive shaft resistance Positive shaft resistance =
Downdrag loads : estimate calculation Downdrag loads | — e _g
{ ii ‘] of shaft resistance =1 1= (o]
7 |
qs :Using & or A method. qs :Using @ or A method. EI- 5
A=
=
4 .g - | '
=R /
Positive shaft resistance Positive shaft resistance g )
Downdrag loads : — Downdrag loads | — 7= 2.
{HI) qs - Using @ or A method. gs - Using @ or A method. 5 =
-

1

neutral plane
bearing stratum

Source: Study Team
Figure 8.4.4-6 Downdrag load and the range of SL pile
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Conclusions of Study

Results of Study for Foundation Type

The results of study of foundation type for Approach bridge and main bride are shown in the
following table. The underlined parts indicate the changes from the results in JICA’s Preparatory
Study (SAPROF Study).

Table 8.4.4-9 The results of Study of Foundation Type
Study Type Type-1, Tupe-2 Type-3 Type-4 Type-1,
Bridge Type Approach Approach Main Br. Approach Approach
Station STA.4+501.3~ STA.8+130.1~ STA.9+30.0~ STA.9+425.0~ | STA.9+659.8~
STA.8+77.12 STA.8+935.0 STA.9+330.0 STA.9+599.8 STA.9+944.2
Pier No. Al ~ P60 P61~ P75 P76 ~ P78 P79 ~ P82 P83~ A2
lanni
Reclamation Plan in operation No No No planning
for the future
Bridge Span length (m) 60.0 60.0 150.0 60.0 60.0
Estimated Corrosion
2 7 7 7 2
Thickness of Steel Pile (mm)
Water depth (m) 2.5~3.8 3.2~6.5 7.1~11.0 8.3~11.5 1.63~3.8
. * - Variation E.L.-5.0 (Top e .
1
E.L. of Pile Cap Variation 2 20r3 of Pile Cap) Variation 4 Variation 2
Temp. Cofferdam Sheet Pile Sheet Pile Pipe Pile Sheet Pile Sheet Pile
Spsp™t Multi
Type of Foundation Pile Foundation | Pile Foundation Foundation Column Pile Pile Foundation
(Separate Type) | (under water)
Steel Pipe pile . . Steel Pipe pile
Type of Pile with suprf;)ce Castin SHzE [FIEe 2Es] Castin with suprf;)ce
- Place Pile Pile Place Pile R
treating treating
Determining Factor Countermeasure Construction Construction Constructability | Countermeasure
g to Downdrag Cost Period and Aesthetics to Downdrag
SAPROF Study Steel Steel SPSP Steel Steel
for Type of Pile Pipe Pile Pipe Pile Integrated Type Pipe Pile Pipe Pile
Note, *1: Steel Pipe Sheet Pile,*2: consider countermeasure to Downdrag.
Source: Study Team
Type 2 Type 3 T)g 12

e

| 1\\:\7\[ o o | |

Al |
Source: Study Team

Figure 8.4.4-7 Grouping for Foundation Study
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8.4.5  Study on Type of Bridge Foundation
8.4.5.1 General

This study consists of two (2) sub-studies; the study on selection of approach bridge foundation, and
the study on selection of main bridge foundation. In the study on selection of approach bridge
foundation, study of site conditions for selecting an appropriate foundation type is a key discussion. In
the study on selection of main bridge foundation, study of an appropriate foundation type and
comparison of structure (integrated type and separate type) are the key discussions.

8.4.5.2  Study on Approach Bridge Foundation
(1) Selection of Foundation Type for Approach Bridge (Type-1)
1) General

In the study of Type-1, there is reclamation planning with large number of pier. Therefore, the
downdrag effect for pile by the definition of consolidation of clay layer and construction period
needs to be examined in detail.

2) Site Condition

The site conditions are shown in below table. In the Variation 1, top of pile cap is seated below
the seabed when the sea is shallow and pier height is low. Variation 2, bottom of pile cap is
seated on the sea bed of deepwater. The construction of pile cap at below the sea bed is difficult
in terms of structure of cofferdam. Furthermore, the pile cap is backfilled by reclamation in the

future.
Table 8.4.5-1 Site Condition for Study of Type-1
Study Type Type-1, Type-1,,
Bridge Type Approach Approach
Station STA.4+561.3 ~8+77.12 STA.9+561.3~9+944.2 -
Pier No. Al ~ P60 P84 ~ A2 -
Reclamation Plan Have a project Have a plan
Bridge Span length (m) 60.0 60.0
Estimated Corrosion ) 5
Thickness of Steel Pile (mm)
Water depth (m) 2.5~3.8 1.63~3.8
E.L. of Pile Cap Variation 2 Variation 2
Vaniation2
\
|
Source: Study Team I } [ )

Figure 8.4.5-1 Pile Cap Elevation of Variations 2
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3) Comparative Study
a) Foundation Types for Comparison

In this comparative study, the following three (3) alternatives are studied.

Altenative-1: Steel pipe pile foundation

(Without countermeasures against downdrag)
Altenative-2: Steel pipe pile foundation

(With countermeasures against downdrag by pile surface treatment)
Altenative-3: Cast in place pile foundation

(Countermeasure against downdrag is increasing the number of piles.
Surface treatment can’t be applied to this pile type)

b) Result of Comparative Study

The result of comparative study is shown in the Table 13.5.5-2. As this table indicates,
Altenative-2, Steel pipe pile foundation with treatment of pile surface for downdrag, is the most
recommendable foundation type for Type-1 of approach bridge because of its advantages in low
construction cost and shortest construction period on account of consider countermeasure to
downdrag.
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(2) Selection of Foundation Type for Approach Bridge (Type-2)
1) General

In the study of Type-2, there is less number of piers; the point of this study is the construction
costs need to focus on the detail.

2) Site Condition

The site conditions indicate as following. In the Alternative 3, top of pile cap shall be set below
Mean Low Water Level (EL.0.000) in order to comply with the regulation which prohibits
exposure of pile cap body above Mean Low Water Level.

Table 8.4.5-3 Site Condition for Study of Type-2

Study Type Tupe-2
Bridge Type Approach
Station STA.4+561.3 ~8+77.12
Pier No. P61 ~ P75
Reclamation Plan No
Bridge Span length (m) 60.0
Estimated Corrosion Thickness of Steel Pile (mm) 7
Water depth (m) 3.2~6.5
E.L. of Pile Cap Variation 2 or 3
Source: Study Team

Variation2 Variation3

L Lic

I
|
-
T
|
|
|
[ Yl Y
|

Source: Study Team
Figure 8.4.5-2 Pile Cap Elevation of Variation 2 or 3

3) Comparative Study
a) Foundation Types for Comparison
In this comparative study, the following three alternatives are studied.

Altenative-1: Steel Pipe Pile Foundation
Altenative-2: Cast in Place Pile Foundation
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b) Result of Comparative Study

The result of comparative study is shown in following Table. As this table indicates, Altenative-2,
cast in place pile foundation, is the most recommendable foundation type for Type-2 of approach
bridge because of its advantages in lowest construction cost.

Table 8.4.5-4 Comparison on Foundation Type-2 for Approach Bridge

Area to take no account of negative friction
Evaluation Items STATION :STA.8+77~~STA.9+944, Pier number : P61~P75
Alternative-1 Alternative-2
Steel Pipe Pile Foundation with Sheet Pile Cofferdam Cast In Place Pile Foundation with Cofferdam
Diameter of pile :1100 mm Diameter of pile 1500 mm
Total number of pile 116 Total number of pile 19
Total length of pile :435m Total length of pile :420m
Thickness 119.0 mm
16000
_d4o0 15000 b_
of
— &
Sﬁfo 2 e
N — ﬁ 0 3300 3300 su 7440 3300
En = o 15600 20
o 24
ke EE
57 £
< x
L gt:"“’“ Bul il Attt [ AT P | R,
Side View il 4
Pile arrangement E g
& e ——— LS [———
378 3@2750=8250 37! -
o s0d__2@G750=7500 s
11000 10500
375 3@2750=8250 137 00 2@3750-7500 |150
4 |¢ ¢S 4
- Pile Bearing Ratio (Pile Reaction/Pile Bearing) is 0.91. - Pile Bearing Ratio (Pile Reaction/Pile Bearing) is 0.91.
- Tenporary cofferdamwork for foundation construction is necessary. - Temporary cofferdamwork for foundation construction is necessary.
Structural Aspect and Stabilit " P " .
uet P iy L Large number of Steel Sheet Piles and steel pipe piles. 68| Small number of Steel Sheet Piles and C.1.P. piles. U
" Unit Cost Total B Unit Cost Total
Quantity (VND) (1OOOVND) Quantity (VND) (1,00OVND)
Pile Cap Concrete 303m3; 5,867,864 1,775,029 Pile Cap Concrete 276m3; 5,867,864 1,617,183
Pile 696m! 15,728,273 10,946,878 Pile 378m 17,514,043 6,620,308
Lean Concrete 12m3; 1,723,811 20,686 Lean Concrete 11m3 1,723,811 18,962
Construction Cost (for Foundation) | 40 |Blinding stone 24m3; 696,000 16,704 | 16 |Blinding stone 22m3 696,000 15312 | 40
{ 128ma3: 318,066 40,712 120m3: 318,066 38,168
Cofferdam 93ton: 24,798,638 2,306,273 Cofferdam 90ton; 24,798,638 2,231,877
Driving | 702m:; 622,237 436,810 Driving 4 678m 622,237 421,877
Total 15,543,003 Total 10,963,688
Ratio 1418 Ratio 1.000
- Workability is inferior due to large temporary cofferdamwork in the sea. L B
- Workability is inferior due to large terporary cofferdamwork in the sea.
CofferdamWork 9days Cofferdam Work 9days
Construction Plan and Period 10 Pile work 13days 8 Pile work 20days 6
Pile Cap 29 days Pile Cap 29days
Column & Column Beam 23 days Column & Column Beam 23days
Total 74 days Total 81 days
Maintenance 15 | Superior in Maintenance with small number of maintenance points. 9 | Superior in Maintenance with small number of maintenance points. 9
89%(preliminary Estimate) - 27% (Preliminary Estimate)
STEP Clearance 10 |- Large number of steel pipe pile acceptance a contribution 10 |- small number of Cast in place pile acceptance a contribution 8
- Slender appearance of Pier - Slender appearance of Pier
Aesthetics 5 |- Pile cap not to be exposed above water level. 3 . . 3
- Pile cap not to be exposed most of time above water level.
- Steel Pipe Pile Foundation is new technology in Vietnam. « Cast in pile (D=1.5m) is no special technology in Vietnam.
New Technology 5 5] 3
. - Superior in Environmental aspect with small number of excavated soil & bentonite - Environmental measures for surplus soil and discharging water is necessary.
Environmental Aspect 5
water. 5 2
- Superior in Environmental aspect with small number of excavated soil & bentonite - Environmental measures for surplus soil and discharging water is necessary.
water.
. - Minimum Construction period with efficient workability. - Construction cost is lowest in area to take no account of negative friction.
Evaluation 100 62 77
Not Recommended Most Recommended
Note)  *1. Including for Pile top treatment *2.Including for Pile top treatment

Source : Study Team
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(3) Selection of Foundation Type for Approach Bridge (Type-4)
1) General

In the study of Type-4, there is planning closed the navigation channel with Cat Hai Island at
deep water. The point of this study is the structural aesthetics which shall be harmonize with
scenery of Cut Hai Island and safe construction at the deep water.

2) Site Condition

The site conditions indicate as following. In the Alternative 4, top of pile cap is seated below the
Mean Low Water Level (EL-1.670) as same as Alternative 3. In addition to the condition, bottom
of pile cap is not contact onto seabed due the deepwater; construction of pile cap at riverbed is
difficult in terms of structure of cofferdam.

Table 8.4.5-5 Site Conditions for Study of Type-4

Study Type Type-4
Bridge Type Approach
Station STA.9+425.0
~9+599.8
Pier No. P79 ~ P82
Reclamation Plan No
Bridge Span length (m) 60.0
Estimated Corrosion ;
Thickness of Steel Pile (mm)
Water depth (m) 8.3~11.5
E.L. of Pile Cap” Variation 4

Source: Study Team

Variationd

Source: Study Team
Figure 8.4.5-3Pile Cap Elevation of Variation 4
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3) Comparative Study
a) Foundation Types for Comparison

In this comparative study, the following three (3) alternatives are studied. In the Alternative-1
and 2, due to the deepwater, cofferdam work by steel sheet pile is risky work. Therefore, steel
sheet pipe pile is selected for the cofferdam work for Alternative-1 and 2. For this reason, in the
Alternative-3 is selected multi column foundation by cast in place pile. However, Alternative-3,
the portion of pile cap to be exposed above water level is large. The Alternative-4 can be cootch
the pile cap to below the mean low water level (refer to following construction drawing).

Alternative-1: Steel Pipe Pile Foundation with Steel Pipe Sheet Pile Cofferdam
Alternative-2: Cast in Place Pile Foundation with Steel Pipe Sheet Pile Cofferdam
Alternative-3: Multi Column Foundation by Cast in Place Pile

Alternative-4: Multi Column Foundation by Cast in Place Pile with Steel Sheet Pile

Cofferdam
A
Stes| Sheed Pile Temporary Sl =
Typel =
Precast Form
30
il | - A5 |
g
g
CLP. Pie E
D=1 30012 =)
—_— e LA

Source: Study Team

Figure 8.4.5-4 Construction Plan of Alternative-4

b) Result of Comparative Study

The result of comparative study is shown in following Table. As the table indicates, Altenative-4,
Multi Column Foundation by Cast in Place pile with Steel Sheet Pile Cofferdam, is the most
recommendable foundation type for Type-4 of approach bridge because of its advantages in
construction cost, construction period and aesthetics.
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8.4.6
8.4.6.1
(1) Abutment

1) Material to be used

a) Concrete
Concrete ock
b) Reinforcement
Reinforcement

Detailed Design of Approach Bridge

28N/mm2

SD345

¢) Back filling material

Density

19kN/m3
Internal friction angle : 30°

2) Reclamation plan

There is reclamation plan from Al to P60 and P83 toA2.
In case of analyze the stability and sectional force to take account of the cover soil weight due

to reclamation plan as follow;

Design of Substructure of Approach Bridge

Table 8.4.6-1 Elevation and Reclamation thickness from bottom of pile cap

Elavation of Elavation of Reclamation thickness Elavation of Elavation of Reclamation thickness
Design Level bottom of pilecap fram bottom of pile cap Design Level bottom of pilecap fram bottom of pile cap

(m} (m} (m) (m) (m} (m)
Al 310 -0.68 38 P43 310 -1.86 50
P1 310 -1.48 51 P44 310 -1.68 438
P2 310 =277 59 P45 310 -1.63 47
P3 310 -3.05 62 P46 310 -182 49
P4 310 -2.33 54 P47 310 164 47
P& 310 -1.78 438 P45 310 -1.46 46
P& 310 -0.89 4.0 P43 310 -1.28 44
P7 310 -0.77 39 P50 310 -574 33
P& 310 -0.78 39 P51 310 -6.50 46
P4 310 -0.92 4.0 P52 310 -5.94 9.0
P10 310 -0.82 39 Pa3 310 -5.43 9.0
P11 310 11 42 Pa4 310 548 46
P12 310 -1.14 42 Pas 310 -6.70 G.38
P13 310 -1.30 44 P56 310 -5 [iRs]
P14 310 -148 46 Pa7 310 -5.89 9.0
P15 310 -128 4.4 Pag 310 -6.87 a7
P16 310 -1.34 44 P&y 310 -5.75 §9
P17 310 -142 46 P60 310 -5.54 46
P18 310 -1.70 48 P&1 - -5.587 -
P19 310 -1.38 448 P62 -6.78
P20 310 -1.68 43 P63 -5.493
P21 310 -1.74 438 P64 -5.61
P22 310 -142 45 PGS -5.490
P23 310 -1.60 47 P66 -6.493
P24 310 -1.78 49 P67 -5.61
P25 310 -158 47 P63 -5.76
P26 310 164 47 P&Y 548
P27 310 -1.82 49 P70 -6.92
P23 310 -2.00 51 P71 -5.64
P29 310 217 53 P72 -5.48
P30 310 -2.40 55 P73 -6.80
P31 310 -2.30 54 P74 -6.62
P32 310 -2.26 54 P75 -5.78
P33 310 -2.15 53 P79 -4.18
P34 310 -1.48 51 P&0 463
P35 310 -143 50 P& -4.31
P36 310 -2.12 52 Pa2 - -5.499 -
P37 310 -1.94 50 Pa3 310 417 73
P33 310 -1.76 49 P4 310 -2.78 59
P33 310 -2.08 52 P35 310 224 53
P40 310 -2.03 51 P& 310 -2 67 58
P41 310 -1.72 438 P&7 310 -2.13 52
P42 310 -1.54 46 A2 310 -0.61 37

Source: Study Team
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3) Blockout at parapet

Detail of blockout at parapet for the Affixed articles.are as below
2-1. Detail of blockout

28500
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500 11500 500500 15000 0
L 5750 5750 1TL 7500 7500 ]
T 5000 5000
I ’): ;_PH_:.- iz _Blackoul for waler pi
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Figure 8.4.6-1 Blockout at A1 abutment
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Figure 8.4.6-2 Blockout at A2 abutment

2-2. Affixed articles
a) Electrical cable
(Technical parameter from THE NORTHERN ELECTRIC CORPORATION)
External diameter : 93mm
Cable weight : 16.690kg/m
Number of cable  : 2nos
b) Optical cable
(Technical parameter from THE NORTHERN ELECTRIC CORPORATION)
External diameter : 13-14.2mm
Cable weight : 125-145kg/m
Number of cable  : 1nos
¢) Water pipe
Diameter . 400mm
Number of cable  : 2nos
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4)  Arrangement of reinforcement

Arrangement of reinforcement at A1l abutment shows as below.(A2 abutment is same as Al)

032e16125

DH&cicz50
C22otcl2h
e
DG
D20 .
L22ctc2E0
D22clc280 D22C12s DZecte125

DI

w3 15)

D22e46125

Dadctcizd
D22cich2s

D22cic128
{inside)

Source: Study Team

8] 1]
= DHAGCEc 250
D2Zolc2sn
........... 3
oo oG
. D20
D22l 125
D20cte250  D20cic2 50 DZctc250
Diticke 250,

D200

D20c1c2a0

(outside)

Figure 8.4.6-3 Arrangement of Reinforcement at Abutment
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(2) Pier

1) Material to be used

a) Concrete
Concrete . ock=28N/mm?2

b) Reinforcement
Reinforcement :SD345

2) Reclamation plan
Refer to Section 8.1.4.1
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3) Dimension of Substructure

Table 8.4.6-2 Dimension list of Substructure(1/2)

Column Pile ) Thickness of
Thickness of lidation

Span length of Number of Total height Dimensions of reclamation ConSI:;er

Superstructure | Substructure of Pier Type of pile | Diameter | (From bottom of
column ] (From bottom of
pile cap) ;
pile cap)

Al 8.0m 285m x 2.5m 0.8m 3.8m 24.7m

P1 6.0m 7.8m x  2.5m 5.1m 23.8m

5@60.0 P2 7.5m 45m__x_ 2.5m 5.9m 30.7m

=300.0m P3 8.5m 45m _x_25m 6.2m 25.9m

P4 8.5m 45m x 2.5m 5.4m 23.4m

P5 8.5m 45m x  4.0m 4.8m 26.8m

P6 8.5m 45m x_2.5m 4.0m 29.7m

5@60.0 P7 9.0m 45m x 2.5m 3.9m 26.1m

=300.0m P8 9.5m 45m x  2.5m 3.9m 23.1m

P9 10.0m 4.5m x  2.5m 4.0m 23.1m

P10 10.0m 45m x  4.0m 3.9m 23.9m

P11 10.5m 45m x  2.5m 4.2m 23.9m

51.5+4@60.0 P12 10.5m 45m  x  2.5m 4.2m 28.9m

=291.5m P13 10.5m 45m x  2.5m 4.4m 28.0m

P14 10.5m 45m x  2.5m 4.6m 26.2m

P15 10.0m 4.5m x  4.0m 4.4m 30.8m

P16 10.0m 4.5m x  2.5m 4.4m 35.7m

5@60.0 P17 10.0m 4.5m x_ 2.5m 4.6m 37.6m

=300.0m P18 10.0m 45m x  2.5m 4.8m 36.0m

P19 9.5m 45m x  2.5m 4.5m 36.9m

P20 9.5m 4.5m x 4.0m 4.8m 35.8m

P21 9.5m 45m x  2.5m 4.8m 34.4m

5@60.0 P22 9.0m 45m x  2.5m 4.5m 29.9m

=300.0m P23 9.0m 45m x  2.5m 4.7m 27.6m

P24 9.0m 45m x  2.5m 4.9m 26.7m

P25 8.5m 4.5m x_4.0m | Steel pipe pile 11m 4.7m 27.0m

P26 8.5m 45m x  2.5m ' 4.7m 27.4m

5@60.0 P27 8.5m 45m x 2.5m 4.9m 25.2m

=300.0m P28 8.5m 45m x  2.5m 5.1m 27.8m

P29 8.5m 45m x_ 2.5m 5.3m 28.7m

P30 8.5m 45m x 4.0m 5.5m 32.4m

P31 8.5m 45m x  2.5m 5.4m 23.7m

5@60.0 P32 8.5m 45m x  2.5m 5.4m 25.7m

=300.0m P33 8.5m 45m x  2.5m 5.3m 20.9m

P34 8.5m 45m x_ 2.5m 5.1m 22.8m

P35 8.5m 45m x  4.0m 5.0m 34.1m

P36 9.0m 45m x _ 2.5m 5.2m 27.8m

P37 9.0m 45m x 2.5m 5.0m 29.1m

5@60.0=300.0m P38 9.0m 45m_ x_2.5m 4.9m 24.1m

P39 9.5m 45m  x_ 2.5m 5.2m 22.6m

P40 9.5m 45m x  4.0m 5.1m 33.0m

P41 9.5m 4.5m x _ 2.5m 4.8m 28.0m

5@60.0 P42 9.5m 45m x  2.5m 4.6m 29.0m

=300.0m P43 10.0m 45m  x  2.5m 5.0m 22.1m

P44 10.0m 45m x  2.5m 4.8m 21.8m

P45 10.0m 45m x  4.0m 4.7m 23.3m

P46 10.5m 4.5m x  2.5m 4.9m 25.6m

4@60.0+58.36 P47 10.5m 45m x  2.5m 4.7m 34.8m

=298.36m P48 10.5m 45m x 2.5m 4.6m 28.0m

P49 10.5m 45m  x  2.5m 4.4m 28.1m

P50 15.0m 4.5m x  2.5m 8.8m 22.6m

Source: Study Team
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Table 8.4.6-3 Dimension list of Substructure(2/2)

Pile Thickness of Thlckn.ess. of
X consolidation
Span of Number of . . reclamation
Column Dimensions of . . layer
Superstructure | Substructure Type of pile | Diameter | (From bottom of
column ] (From bottom of
pile cap) .
pile cap)
P50 15.0m 45m x  4.0m 8.8m 22.6m
P51 15.0m 45m x 2.5m 8.6m 22.9m
5@60.0 P52 15.5m 45m _x_25m 9.0m 23.4m
=300.0m P53 15.5m 45m__x_2.5m 9.0m 23.4m
P54 15.0m 4.5m x  2.5m 8.6m 23.8m
P55 15.0m 45m x 4.0m | Steel pipe pile| 1.1m 8.8m 27.5m
P56 15.0m 45m x  2.5m 8.8m 28.6m
52.98+3@60.0 P57 15.0m 45m x 2.5m 9.0m 20.5m
+52.98=285.96m P58 14.5m 45m x 2.5m 8.7m 11.9m
P59 14.5m 4.5m x  2.5m 8.9m 13.6m
P60 14.0m 4.5m  x  4.0m 8.6m 22.0m
P61 14.0m 45m x  2.5m
52.98+3@60.0 P62 14.0m 45m x 2.5m
+52.98=285.96m P63 14.0m 4.5m x 2.5m
P64 13.5m 45m x 2.5m
P65 13.5m 4.5m  x  4.0m
P66 13.5m 45m x  2.5m
52.98+3@60.0 P67 13.0m 45m x 2.5m
+52.98=285.96m P68 13.0m 4.5m x 2.5m Bored Pile 1.5m - -
P69 13.0m 45m x 2.5m
P70 14.0m 4.5m  x  4.0m
P71 15.0m 45m x 2.5m
52.98+3@60.0 P72 16.5m 45m x 2.5m
+52.98=285.96m P73 18.5m 4.5m x 3.5m
P74 20.0m 45m x 3.5m
P75 21.5m 4.5m x  4.0m
Main Bridge B
P79 20.0m 4.5m  x  4.0m
P80 19.0m 45m x 3.5m .
54.8+3@60.0 P81 17.0m 45m  x asm | DoredPie o 1.5m ; :
+54.8=289.6m P82 17.0m 45m x 3.5m
P83 13.5m 45m x  3.5m 7.3m 7.3m
P84 10.5m 4.5m  x  4.0m 5.9m 5.9m
P85 8.5m 4.5m x  3.5m . . 1.1m 5.3m 5.3m
54.8+2@60.0 P86 7.5m 45m  x_35m | el Pipe pile 5.8m 5.8m
+54.8=229.6m P87 6.0m 45m _ x_35m 5.2m 5.2m
A2 8.0m 4.5m  x  4.0m 0.8m 3.7m 3.7m

Source: Study Team
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8.4.6.2  Grouping of Pier
Table 8.4.6-4 Grouping of Pier

Tietto | TALIE | DI 7 g

Typel 5.0m T8=25 P P1

Type2 §.0m 78=35 PaT P&T7

Type3 10.5m P11 P12P13.P14 P46.P4T P48 P49 P14

Typed 7.5m P2 2

Types 8.5m P3 P4 P6 P26 P27 P28 P29 P31 P32 P32.P34 P4 P29.P31

Types 9.0m P7 P22 P23 P24 P36.P37 P38 P36

Type? 9.5m 45=2.5 PE P19.P30 P41 P42 P41

Typed 10.0m P8 P16 P17 P1B.P21 P43 P44 P9.P16 P21

Typed 14.5m P58 P59 Pag
Typei0 15.0m P51 .P54.P56 P57 P54 P56
Typeti 15.5m SERkipe e P52 P53 P&2
Typei2 7.8m P86 PBa
Typeld 8.5m 4.5=3.5 P85 PB5
Typeld 13.5m Pa3 Pes
Typels 8.5m P5 P25 P30 P35 P5,P25 P30 P35
Typelg 95m P20.P40 PZ0,P40
Typel7 10.0m XFRa P15 P10.P45 P10P15.P45
Typeld 10.5m Pa4 a4
Type1d 14.0m PE0 PED
Type20 15.0m P50.P55 P&0,P55
Type21 13.0m P&7 PB8 P59 P6g
Type22 13.5m & it PG4 PaE Pé&6
Type23 14.0m PE1 PB2.PE3 PE1
Type24 15.0m P71 P71
Type2s 18.5m P72 P72
Type26 17.0m P81 Pa2 P81 Pa2
Type27 18.5m 46235 Bored Pile P73 P73
Type28 19.0m FB0 FBO
Type2d 20 0m P74 P74
Typed0 13.5m PE5 PE5
Typedl 14.0m B P70 P70
Type32 20.0m P79 P79
Typed3d 21.56m P75 P75

Source: Study Team
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8.4.6.3

Reinforcement arrangement for each type of pier

Table 8.4.6-5 List of reinforcement for each type of Pier(1/2)

Typel Type2 Type3 Type4 Type5 Type6 Type7
Thickness at joint - - 3.5 35 3.5 3.5 35
Dimension | Length of overhanging - - 1.65 1.65 1.65 1.65 1.65
width - - 2.5 25 25 2.5 2.5
Beam Upper side - - D32-12nos D32-12nos D32-12nos D32-12nos D32-12nos
Lower side - - D20-12nos D20-12nos D20-12nos D20-12nos D20-12nos
Side - - D22-13n0s D22-13nos D22-13nos D22-13nos D22-13n0s
Reinforcement for shear - - D20-4nos-ctc200 D20-4nos-ctc200 D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200
Dimension Plane 7.8x2.5 7.8x3.5 4.5x2.5 4.5x2.5 4.5x2.5 4.5x2.5 4.5x2.5
Height 3.5 35 8.0 5.0 6.0 6.5 7.0
Column Reinforcement Longitudinal D16 ctc250 D16 ctc250 D22 ctc125 D16 ctc125 D16 ctc125 D16 ctc125 D20 ctc125
for bending Transverse D16 ctc250 D16 ctc250 D22 ctc250 D16 ctc250 D16 ctc250 D16 ctc250 D20 ctc250
Reinforcement Longitudinal D16-10nos D16-10nos D16-10nos D16-7nos D16-7nos D16-7nos D16-7nos
for shear Transverse D16-4nos D16-5no0s D16-4nos D16-4nos D16-4nos D16-4nos D16-4nos
Dimension Plane 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0
Thickness 2.5 25 2.5 25 25 25 25
. 1 D25¢tc250 D25¢ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250
Upper side 2 = = = = = ~ =
Longitudinal Lower side 1 D30ctc125 D30ctc125 D35ctc125 D35ctc125 D35ctc125 D35ctc125 D35ctc125
2 N N N B N _ B
Pile cap Reinforcement for shear | D16-10n0s-Ctc500 | D16-10n0s-Ctc500 | D16-10n0s-ctc500 | D16-10n0s-CIc500 | D16-10n0s-cteb00 | D16-10n0s-cte500 | D16-10n0s-Cc500
. 1 D16ctc250 D16ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250
Upper side > = = = = = ~ -
Transverse 1 D20ctc125 D20ctc125 D35ctc125 D35ctc125 D35ctc125 D35ctc125 D35ctc125
Lower side > = = = = = — -
Reinforcement for shear | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10no0s-ctc500 | D16-10nos-ctc500
Types Typed Typel0 Typell Typel2 Typel3 Typeld
Thickness at joint 35 35 3.5 35 35 3.5 35
Dimension Length of overhanging 1.65 1.65 1.65 1.65 1.65 1.65 1.65
width 25 25 2.5 25 35 3.5 35
Beam Upper side D32-12nos D32-12nos D32-12nos D32-12nos D32-18nos D32-18nos D32-18nos
Lower side D20-12nos D20-12nos D20-12nos D20-12nos D20-18nos D20-18nos D20-18nos
Side D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos
Reinforcement for shear D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200
Dimension Plz.\ne 4.5x2.5 4.5x2.5 4.5x2.5 4.5x2.5 4.5x3.5 4.5x3.5 4.5x3.5
Height 75 120 125 13.0 5.0 6.0 11.0
Column Reinforcement Longitudinal D20 ctc125 D35 ctc125 D35 ctcl125 D35 ctc125 D16 ctc125 D16 ctc125 D16 ctc125
for bending Transverse D20 ctc250 D35 ctc250 D35 ctc250 D35 ctc250 D16 ctc250 D16 ctc250 D16 ctc250
Reinforcement Longitudinal D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos
for shear Transverse D16-4nos D16-4nos D16-4nos D16-4nos D16-5nos D16-5nos D16-5nos
Dimension F’Iane 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0
Thickness 25 25 2.5 25 25 2.5 25
Upper side ; D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250
Longitudinal Lower side 1 D35ctc125 D38ctc125 D38ctc125 D38ctc125 D35ctc125 D35¢ctc125 D38ctc125
Pile cap Reinforcement for shear | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10nos-cte500 | D16-10nos-ctc500
Upper side ; D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250
Transverse Lower side 1 D35ctc125 D35ctc125 D35ctc125 D35¢ctc125 D35ctc125 D35ctc125 D35ctc125
Reinforcement for shear | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10n0s-ctc500
Typels Typel6 Typel? Typels Typel9 Type20 Type2l
Thickness at joint 35 35 3.5 35 35 3.5 35
Dimension Length of overhanging 1.65 1.65 1.65 1.65 1.65 1.65 1.65
width 4 4 4 4 4 4 2.5
Beam Upper side D32-19nos D32-19nos D32-19n0s D32-19nos D32-19nos D32-19nos D32-12nos
Lower side D20-19nos D20-19nos D20-19nos D20-19nos D20-19nos D20-19nos D20-12nos
Side D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos
Reinforcement for shear D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200 D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200
Dimension Plz.\ne 4.5x4.0 4.5x4.0 4.5x4.0 4.5x4.0 4.5x4.0 4.5x4.0 4.5x2.5
Height 6.0 7.0 7.5 8.0 115 125 10.5
Column Reinforcement. Longitudinal D16 ctc125 D16 ctc125 D16 ctc125 D16 ctc125 D16 ctc125 D16 ctc125 D32 ctc125
for bending Transverse D16 ctc250 D16 ctc250 D16 ctc250 D16 ctc250 D16 ctc250 D16 ctc250 D32 ctc250
Reinforcement. Longitudinal D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos
for shear Transverse D16-5nos D16-5nos D16-5nos D16-5nos D16-5nos D16-5no0s D16-4nos
Dimension F’|al‘le 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 11.0x11.0 10.5x10.5
Thickness 25 25 2.5 25 25 2.5 25
Upper side ; D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D28ctc125
Longitudinal Lower side 1 D35ctc125 D35ctc125 D35ctc125 D35ctc125 D38ctc125 D38ctc125 D32ctc125
Pile cap 2 - - - - - - D32ctc125
Reinforcement for shear | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10nos-ctc500 | D16-10n0s-cte500 | D25-21nos-ctc500
Upper side ; D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D30ctc250 D25¢ctc125
Transverse Lower side 1 D35ctc125 D35ctc125 D35ctc125 D35ctc125 D35ctc125 D35¢ctc125 D32ctc125
2 - - - - - - D32ctc250
Reinforcement for shear | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10n0s-ctc500 | D16-10nos-ctc500 | D16-10n0s-ctc500 | D25-21n0s-ctc500

Source: Study Team
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Table 8.4.6-6 List of reinforcement for each type of Pier(1/2)

Source: Study Team

Type22 Type23 Type24 Type2s Type26 Type27 Type28
Thickness at joint 3.5 3.5 35 3.5 3.5 3.5 35
Dimension Length of overhanging 1.65 1.65 1.65 1.65 1.65 1.65 1.65
width 25 25 25 35 35 3.5 3.5
Beam Upper side D32-12nos D32-12nos D32-12nos D32-18nos D32-18nos D32-18nos D32-19n0s
Lower side D20-12nos D20-12nos D20-12nos D20-18nos D20-18nos D20-18nos D20-19n0s
Side D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos D22-13nos
Reinforcement for shear D20-4nos-ctc200 D20-4nos-ctc200 | D20-4nos-ctc200 D20-4nos-ctc200 D20-4nos-ctc200 | D20-4nos-ctc200 | D20-4nos-ctc200
Dimension Plane 4.5x2.5 4.5x2.5 4.5x2.5 45x3.5 4.5x3.5 4.5x3.5 4.5x3.5
Height 11.0 115 125 14.0 14.5 16.0 16.5
Column Reinforcement Longitudinal D32 ctc125 D35 ctc125 D35 ctc125 D25 ctc125 D25 ctc125 D32 ctc125 D32 ctc125
for bending Transverse D32 ctc250 D35 ctc250 D35 ctc250 D25 ctc250 D25 ctc250 D32 ctc125 D32 ctc125
Reinforcement Longitudinal D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos
for shear Transverse D16-4nos D16-4nos D16-4nos D16-5nos D16-5nos D16-5nos D16-5n0s
Dimension Plane 10.5%x10.5 10.5x10.5 10.5x10.5 10.5x14.25 10.5%14.25 10.5x14.25 10.5%x14.25
Thickness 25 25 2.5 25 25 25 25
. 1 D28ctc125 D28ctc125 D28ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125
Upper side > = = = = = ~ -
Longitudinal Lower side 1 D32ctc125 D32ctc125 D32ctc125 D38ctc125 D38ctc125 D38ctc125 D38ctc125
Pile cap 2 D32ctc125 D32ctc125 D32ctc125 D38ctc125 D38ctc125 D38ctc125 D38ctc125
Reinforcement for shear | D25-21n0s-ctc500 | D25-21n0s-ctc500 | D25-21nos-ctc500 | D25-10n0s-ctc250 | D25-10nos-ctc250 [ D25-10nos-ctc250 | D25-10nos-ctc250
. 1 D25ctc125 D25ctc125 D25ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125
Upper side > = = = = = ~ -
Transverse Lower side 1 D32ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125
2 D32ctc250 D32ctc250 D32ctc250 D32ctc125 D32ctc125 D32ctc125 D32ctc125
Reinforcement for shear | D25-21n0s-ctc500 | D25-21n0s-ctc500 | D25-21nos-ctc500 | D25-14n0s-ctc500 | D25-14nos-ctc500 [ D25-14nos-ctc500 | D25-14nos-ctc500
Type29 Type30 Type31 Type32 Type33
Thickness at joint 35 35 35 35 3.5
Dimension Length of overhanging 1.65 1.65 1.65 1.65 1.65
width 3.5 4 4 4 4
Beam Upper side D32-19no0s D32-19nos D32-19n0s D32-19nos D32-19nos
Lower side D20-19nos D20-19nos D20-19no0s D20-19n0s D20-19nos
Side D22-13nos D22-13nos D22-13n0s D22-13nos D22-13nos
Reinforcement for shear D20-4nos-ctc200 D20-4nos-ctc200 | D20-4nos-ctc200 D20-4nos-ctc200 D20-4nos-ctc200
Dimension Plane 4.5x3.5 4.5x4.0 4.5x4.0 45x4.0 4.5x4.0
Height 175 110 115 175 19.0
Column Reinforcement Longitudinal D32 ctc125 D16 ctc125 D16 ctc125 D32 ctc125 D32 ctc125
for bending Transverse D32 ctc125 D16 ctc125 D16 ctc125 D32 ctc125 D32 ctc125
Reinforcement Longitudinal D16-7nos D16-7nos D16-7nos D16-7nos D16-7nos
for shear Transverse D16-5nos D16-5nos D16-5nos D16-5no0s D16-5nos
Dimension Plane 10.5%x14.25 10.5x10.5 10.5x10.5 10.5x14.25 10.5x14.25
Thickness 25 25 2.5 25 25
. 1 D32ctc125 D28ctc125 D28ctc125 D32ctc125 D32ctc125
Upper side 2 = = = = =
Longitudinal Lower side 1 D38ctc125 D32ctc125 D32ctc125 D38ctc125 D38ctc125
Pile cap 2 D38ctc125 D32ctc125 D32ctc125 D38ctc125 D38ctc125
Reinforcement for shear | D25-10n0s-ctc250 | D25-21n0s-ctc500 | D25-21nos-ctc500 | D25-10n0s-ctc250 | D25-10nos-ctc250
1 D32ctc125 D25ctc125 D25ctc125 D32ctc125 D32ctc125
Upper side > = = = = =
Transverse Lower side 1 D32ctc125 D32ctc125 D32ctc125 D32ctc125 D32ctc125
2 D32ctc125 D32ctc250 D32ctc250 D32ctc125 D32ctc125
Reinforcement for shear | D25-14n0s-ctc500 | D25-21n0s-ctc500 | D25-21n0s-ctcS00 | D25-14n0s-ctc500 | D25-14nos-ctc500
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8.4.6.4

Steel pipe pile (A1~P60,P83~A2)

1) Material to be used
1-1. Steel Pipe Pile

a) Properties and Stress Limit of Steel Pipe
Table 8.4.6-7 Properties and Stress Limit and used Steel Pipe

Design of Foundation of Approach Bridge

Yield Strength fy Tensile Strength fu | Modulus of Elasticity
Type ) ) i used
(Mpa) (Mpa) (Mpa)
Grade SKK400 235 400 200000 o
Grade SKK490 315 490 200000

Source: Study Team

b) Thickness of Steel pipe pile
Table 8.4.6-8 Range of thickness and used thickness

Diameter{mm) thickness{mm) Used thickness{mm)
400 §—12
a00 §—14
600~ 800 9~18 12
800~1100 1219 12
1200~1400 1422
1500~ 1800 16~25
1800~2000 19~25

Source: Study Team

¢) Design of Estimated Corrosion Thicknesses
Table 8.4.6-9 Design of Estimated Corrosion Thicknesses

Cast against earth Direct exposure to selt water

2mm 7mm

Estimated Corrosion Thickness

Source: Study Team

1-2. Fill Concrete for pile head

Concrete ;o ck=28N/mm?2

1-3. Reinforcement

Reinforcement : SD345

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
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2) Site condition
2-1. Soil Condition
Refer to Section 8.1.4.1

2-2. Layer to take account of downdrag

Oriental Consultants Co., Ltd., Nippon Koei Co., Ltd.,
PADECO Co., Ltd. and Japan Bridge & Structure Institute Inc.
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3) Result of Steel pipe pile
a) Type of Steel pipe

Steel pipe piles classified as follows;

Table 8.4.6-10 Type of Steel pipe pile

(myj (myj (m) mmnj}
Typel-1 P5g 12.0
Typel-2 P&7 1100 37.0 210 12.0
Typel-3 P3 26.0
Type2 o5 1100 36.0 27.0 12.0
Typed-1 P5g 14.0
Typed-2 Pad 22.0
Typeda B4 . o 23.0 ]
Type3d P&5 100 90 270 120
Typed-& Pa 300
Typed-6 o2 310
P&O 220
Typed-1 P53 1100 400 570 12.0
Typed-2 F&7 250
Pl 23.0
Types-5 P51 23.0
P52 230
P31 240
F1 . i 240 ]
Type6-1 =] 1100 42.0 S0 12.0
P33 240
Typeb-2 P46 26.0
Typeb-a P36 28.0
Typeb-4 P35 340
N Pa4 22.0
Tvpel-t P43 22.0
EEE] 23.0
TypeT-2 P34 23.0
P45 23.0
Type7-3 P24 1100 430 270 12.0
TypeT-4 P9 20 e
’ P41 28.0
- PG 29.0
Typel-& Fio 550
Typel-6 P40 33.0
Typel-7 P20 36.0
Types-1 P11 240
Typed-2 P27 250
Typed-a P23 28.0
P29 1100 44.0 29.0 12.0
Typed-4 P37 29.0
Typed-6 P21 340
Typed-7 Fia 36.0
EE] 23.0
Typed-1 Pg 23.0
P53 230
Typed-2 P10 240
Iy P32 1100 45.0 260 12.0
Typed-3 P4 26.0
Typed-4 P25 27.0
Typeds P28 28.0
Typed-7 P47 350
Typel10-1 [REE] 210
Typet0-2 7 26.0
Typell-3 P26 27.0
P13 28.0
Typel10-4 P43 25.0
P49 1100 46.0 25.0 12.0
Typells Pi2 29.0
Typell-a P22 30.0
Typel0-d Pal 32.0
Typel10-6 P19 370
Typell-7 P17 38.0
Typeli-d Fi5 - o 30 )
Typell2 P16 1100 470 3.0 120
Typei2-1 P86 1100 49.0 24.0 12.0
Typel3-1 Al 500 36.0 250 12.0
Typeld-d A2 500 41.0 250 12.0

Source: Study Team
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b) Length of Steel pipe pile
Table 8.4.6-11 List of Steel pipe pile(1/2)

Number of substructure A | Pr| P2 | P3| Pa| P5s | P | P7| P8 | Po | P10| Pia|Pi2| Pi3| pPia| Pis| P16 | P17 | Pis
Diameter of pile (m) 08 | 21|22 |22 | 21|22 | 21| 22|22 |22 |22 | 22| 22|21 21| 22|21 11|12
Thikness of pile (mm) 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Length of pile (m) 360 | 420 | 400 | 37.0 | 390 | 380 | 390 | 460 | 450 | 450 | 45.0 | 440 | 460 | 46.0 | 450 | 47.0 | 47.0 | 460 | 440
T“‘j}ﬁ:::h‘;‘tf;:s;f“s::i’;:’;y"“ 247 | 238 [ 307 [ 259 [ 234 | 268 | 297 | 26.1 | 231 | 231 | 239 | 239 | 289 | 280 | 26.2 | 30.8 | 35.7 | 37.6 | 36.0
Range of SL pile (m) 250 | 240 | 3.0 | 260 | 230 | 27.0 | 300 | 260 | 230 | 230 | 240 | 240 | 200 [ 280 [ 260 | 310 | 360 | 380 [ 36.0
Number of pile (nos) 44 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 [ 16 | 16 | 16 | 16 | 16 | 16
Top of the pile -0.53 | -1.84 | -262 | -2.90 | 218 | -1.60 | -0.74 | -0.62 | -0.63 | -0.77 | -0.67 | -0.96 | -099 | -1.15 | -1.33 | -1.13 | -1.19 | -1.37 | -1.55
Bottom of pilecap 068 [-1.99 | -277 | -3.05 | 233 | -1.75 | -0.89 | -0.77 | -0.78 | -0.92 | -0.82 | -1.11 | -1.14 | -1.30 | -1.48 | -1.28 | -1.34 | -1.52 | -1.70
Bottom of pile -36.53 |-43.84 |-42.62 |-39.90 [-41.18 | -39.60 |-39.74 |-46.62 |-45.63 |-45.77 | -45.67 |-44.96 |-46.99 |-47.15 |-46.33 |-48.13 |-48.19 |-47.37 |-45.55
Bor.No BP-1 | BP-2 | BP-3 | BP-4 | BP-5 | BP-6 | BP-7 | BP-8 | BP-9 | BP-10| BP-11 | BP-12| BP-13| BP-14| BP-15| BP-16 | BP-17 | BP-18| BP-19
Neme of bearing layer 108 | 128 | 108 | 108 | 108 | 108 | 108 | 128 | 128 | 128 | 128 | 128 | 12B | 128 | 12B | 128 | 128 | 128 | 12B
Depth of bearing layer (m) -29.0 | -400 | -34.0 | -29.0 | -30.0 | -34.0 | -31.0 | -380 | -37.0 | -41.8 | -42.0 | -41.9 | -432 | -433 | -432 | -45.1 | -447 | -441 | -a2.4
Erg;’:ﬁf;":y”é’:'zn‘{;m 75 | 38 [ 86 | 109 |112 [ 56 |87 |86 |86 |40 [ 37 |31 |38 |38 |31 |30 |35 |32]31
plf’eef::;':'”‘;f,"r::‘fn‘;'er"', ‘ bed| ab | b b b | b b b b | ab | ab | ab | ab | ab | ab | ab | ab | ab | ab
Number of substructure P19 | P20 | P21 | P22 | P23 | P2a | P25 | P26 | P27 | P28 | P29 | P30 | P31 | P32 | P33 | P34 | P35 | P36 | P37
Diameter of pile (m) 11|12 |21 | 21|22 |21 |22 2221|2221 22|21 21| 22| 21|21 | 11| 11
Thikness of pile (mm) 22 12|12 1212121212 12|1212]122|12]122|12|12]12]12]I12
Length of pile (m) 460 | 43.0 | 440 | 460 | 440 | 430 | 450 | 460 | 440 | 450 | 440 | 460 | 420 [ 450 [ 460 | 430 | 420 | 420 [ 440
T“ijﬁ:"“h"‘tf"“f“dj“"" 'jye' 369 | 358 | 344 | 209 | 276 | 267 | 270 | 274 | 252 | 278 | 287 | 324 | 237 | 257 | 209 | 228 | 341 | 278 | 201
‘om bottom of pile cap,
Range of SL pile (m) 37.0 | 360 | 340 | 300 | 280 | 270 | 270 | 270 | 250 | 280 | 29.0 | 320 | 240 | 260 | 21.0 | 230 | 340 | 280 | 290
Number of pile (nos) 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Top of the pile -1.23 [ -153 | -159 | -1.27 | -1.45 | -1.63 | -1.43 | -1.49 | -1.67 |-1.85 | -2.02 | -2.25 | -215 | -2.11 | -2.00 | -1.83 | -1.78 | -1.97 | -1.79
Bottom of pilecap -1.38 | -1.68 | -1.74 | -1.42 | -1.60 | -1.78 | -1.58 | -1.64 | -1.82 | -2.00 | -2.17 | -2.40 | -2.30 | -2.26 | -2.15 | -1.98 | -1.93 | 212 | -1.94
Bottom of pile -47.23 |-44.53 |-45.50 |-47.27 | -45.45 | -44.63 |-46.43 |-47.49 |-45.67 |-46.85 | -46.02 |-48.25 |-44.15 |-47.11 |-48.00 |-44.83 |-43.78 |-43.97 |-45.79
Bor.No BP-20 | BP-21 | BP-22 | BP-23 | BP-24 | BP-25 | BP-26 | BP-27| BP-28 | BP-29| BP-30 | BP-31 | BP-32 | BP-33 | BP-34 | BP-35 | BP-36 | BP-37| BP-38
Nate of bearing layer 128 | 12B | 128 | 128 | 12B | 12B | 128 | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 128 | 12B | 128 | 12B
Depth of bearing layer (m) -433 | -415 | -422 | -430 | -41.9 | -409 | -425 | -436 | -42.1 | -436 | -42.1 | -428 | -40.4 | -434 | -442 | -409 | -403 | -403 | -41.9
Ergé’:;’:;":;g:'(‘%”)‘° 390 |30 |34 | 43 [ 35 |37 |40 |30 |36 |33 |39 |54 |38 |37 |38 |39 |34 |36]30
Determination factor of
pile length and number ab ab ab b ab ab b ab ab ab ab b ab ab ab ab ab ab ab

Source: Study Team
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Table 8.4.6-12 List of Steel pipe pile(2/2)

Number of substructure P38 | P39 | P40 | P41 | P42 | P43 | P44 | P45 | P46 | PA7 | P48 | P49 | P50 | P51 | P52 | P53 | P54 | P55 | P56
Diameter of pile (m) 11 11 11 11 11 11 11 11 11 11 11 1.1 11 11 11 11 11 11 11
Thikness of pile (mm) 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Length of pile (m) 42.0 | 430 | 430 | 43.0 | 430 | 430 [ 430 | 43.0 | 420 | 450 | 46.0 | 46.0 | 420 | 42.0 | 420 | 450 | 42.0 | 430 | 430

Thickness of consolication laver | 541 | 226 | 330 | 280 | 200 [ 221 | 218 | 233 | 256 [ 348 | 280 | 281 | 226 | 229 | 234 | 234 | 238 | 275 | 286
(From bottom of pile cap)

Range of SL pile (m) 24.0 | 230 | 330 | 280 | 290 | 220 | 220 | 230 [ 260 | 350 | 280 | 28.0 | 230 | 23.0 | 230 | 23.0 | 240 | 28.0 | 29.0

Number of pile (nos) 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
Top of the pile -161 | -1.93 | -1.88 | -1.57 | -1.39 | -1.71 | -1.53 | -1.48 | -1.67 |-1.49 |-1.31 |-113 | -5.59 [-5.35 | -5.79 | -5.78 | -5.33 | -5.55 | -5.56
Bottom of pilecap -1.76 | -2.08 | -2.03 | -1.72 | -154 | -1.86 | -1.68 | -1.63 | -1.82 | -1.64 | -1.46 |-1.28 | -5.74 [ -5.50 | -5.94 | -5.93 | -5.48 | -5.70 | -5.71
Bottom of pile -43.61 | -44.93 |-44.88 |-44.57 |-44.39 |-44.71 | -44.53 |-44.48 |-43.67 |-46.49 |-47.31 |-47.13 | -47.59 |-47.35 | -47.79 |-50.78 | -47.33 | -48.55 |-48.56
Bor.No BP-39 | BP-40 | BP-41 | BP-42 | BP-43 [ BP-44 | BP-45 | BP-46 | BP-47 | BP-48 | BP-49 [ BP-50| BP-51 | BP-52 [ BP-53 | BP-54 | BP-55 | BP-56 | BP-57

Name of bearing layer 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12A | 12A | 12B | 12B | 12B

Depth of bearing layer (m) -40.5 | -41.1 | -41.8 | -41.3 | -404 | -41.0 | -41.0 | -40.8 | -39.7 | -43.5 | -43.7 | -43.4 | -433 | -430 | -42.7 | -47.0 | -43.8 | -43.9 | -42.9

Embeded length into

bearing layer (m) 31 39 31 33 40 3.7 35 37 39 3.0 3.6 38 43 4.4 51 38 35 4.6 57

Determination factor of

pile length and number © ab ab ab ab b ab ab ab ab ab ab ab b b b ab ab ab ab
Number of substructure P57 P58 P59 P60 | P83 P84 P85 P86 P87 A2
Diameter of pile (m) 11 11 11 11 11 11 11 11 11 0.8
Thikness of pile (mm) 12 12 12 12 12 12 12 12 12 12
Length of pile (m) 37.0 | 37.0 | 39.0 | 40.0 | 400 | 39.0 | 39.0 | 49.0 | 40.0 | 41.0

Thickness of consolidation laver | s 5 | 179 [ 136 | 220 | 224 | 221 | 268 | 242 | 250 | 2833
(From bottom of pile cap)

Range of SL pile (m) 21.0 | 120 | 140 | 220 | 220 | 220 | 27.0 | 240 | 250 | 28.0

Number of pile (nos) 16 16 16 16 16 16 16 16 16 44

Top of the pile -5.74 | -5.42 | -5.60 | -5.39 | -4.02 | -2.63 | -2.09 | -2.52 | -1.98 | -0.46

Bottom of pilecap -589 | -557 | -5.75 | -5.54 | -4.17 | -2.78 | -2.24 | -2.67 | -2.13 | -0.61
Bottom of pile -42.74 | -42.42 | -44.60 |-45.39 |-44.02 |-41.63 | -41.09 |-51.52 |-41.98 (-41.46
Bor.No BP-58 | BP-59 | BP-60 | BP-61 | BP-87 | BP-88 | BP-89 | BP-90 | BP-91 | BP-92

Name of bearing layer 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B | 12B

Depth of bearing layer (m) -39.4 | -39.4 | -41.2 | -40.5 | -395 | -37.7 | -38.0 | -47.8 | -38.3 | -37.6

Embeded length into

bearing layer (m) 33 3.0 34 4.9 45 3.9 31 37 37 39

Determination factor of
pile length and number )

Source: Study Team
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c¢) Pile arrangement
1. Pile arrangement for Pier
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Figure 8.4.6-4 Pile arrangement for Pier
2. Pile arrangement for Abutment
| ‘ 28500
17 Joog 10@2850=26500 ood
b o N ] . “
il ; 3 o i ot I, - . - - S o
: | i Fan e PRES s ER +sk +st R it el
SE o3 £ SR o S
ap :
. Lleed
r - B I S S S N T S
] | ;] - = “? e Ry e e LA “pf e Ry o Ry e
. (n=y
' . — o
|_2’ G - - - . e — . - - b
& T ek 0 hvie v i v 7 o hues i
falds 3@NBT=RE00 1000 i ’ ’
140 2500 190 . B
> o - -, ol b by - -+ o = -
i 1 = N ~ TN ~ S v S S S < S o S v v S S <

Source: Study Team

Figure 8.4.6-5 Pile arrangement for Abutment
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d) Detail of Steel pipe pile
1. Steel pipe pile D=800mm (A2 abutment)

pile details <1150 shear details s1:10 section A details  pile head rebar details s-1/20
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Figure 8.4.6-6 Steel Pipe Pile D=800mm (A2 abutment)
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2. Steel pipe pile D=1100mm (P8,P9,P53)

pile details s=1:150
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Figure 8.4.6-7 Steel Pipe Pile D=1100mm (P8,P9,P53)
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(2) Bored Pile (P61~P75,P79~P82)
1) Material to be used
1-1. Concrete
Concrete : o ck=30N/mm2
1-2. Reinforcement
Reinforcement : SD345
2) Soil Condition
Refer to Section 8.1.4.1
3) Scour Depth
Refer to Section 8.1.5.3
4) Result of Bored pile
a) Type of Bored pile
Bored piles classified as follows;
Table 8.4.6-13 Type of Bored pile

TYPE Pier Length le pile r'-JumI_Jer |::f pile
() {nos)
Typel PG3.P6T,PEE.PEY 35.0 g
Typed PG61.PB2. P64, PES. PEE.PTI 39.0 g
Type3 P70 400 g
Typed P2 35.0 12
Types P72,P73.P74,P79.P50.PE1 39.0 12
Typet P74 40.0 12
Source: Study Team
b) Pile arrangement
i 10500 ) ) 10500 .
1500_ 2@3750=7500 1500 A500_ 2@3750=7500 _1500
Tl i
8 25
= 95 -
9 E
DI I ?
a . transverse direction
T . transverse direction
Pile arrangement for Typel,2,3 Pile arrangement for Type4,5,6

Source: Study Team
Figure 8.4.6-8 Pile Arrangement
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¢) Length of Bored pile

Table 8.4.6-14 List of Bored pile

Number of substructure P61 | P62 | Pe3 | Pea | P65 | Pe6 | P67 | Pes | Peo | P7o | P71 | P72 | P73 | P74 | P75 | P79 | P80 | P81 | P82
Diameter of pile (m) 15| 15| 15| 15| 15 | 15| 15| 15 | 15| 15 | 15 | 15| 15 | 15 | 15 | 15 | 15 | 15 | 15
Length of pile (m) 39.0 | 390 | 380 | 39.0 [ 390 [ 390 [ 380 [ 380 [380 | 400 | 390 | 390 | 390 | 39.0 | 400 | 39.0 | 39.0 | 390 | 380
Number of pile (nos) 9 9 9 9 9 9 9 9 9 9 9 | 2| ||| 1|1
Top of the pile 542 | -560 | -5.78 | -5.46 | -5.75 | 5.78 | 5.46 | 561 | -533 | 577 | -5.49 | -5.33 | -5.65 | -5.47 | 5.63 | -4.03 | -4.48 | -a.16 | -5.84
Bottom of pilecap 557 | -575 | -5.93 | -5.61 | 590 | 5.93 | 561 | 5.76 | -5.48 | 5.92 | -5.64 | -5.48 | -5.80 | -5.62 | 5.78 | -4.18 | -4.63 | -4.31 | -5.99
Bottom of pile 44,42 |-44.60 |-43.78 | -44.46 |-44.75 | -44.78 | -43.46 | -43.61 | -43.33 | -45.77 | -44.49 |-44.33 | -44.65 |-44.47 | -45.63 | -43.03 |-43.48 |-43.16 |-43.84
Bor.No BP-62 | BP-63| BP-64| BP-65 | BP-66 | BP-67 | BP-68 | BP-69 | BP-70| BP-71 | BP-72 | BP-73| BP-74 | BP-75 | BP-76 | BP-83 | BP-84 | BP-85 | BP-86
Natie of bearing luyer 128 | 128 | 128 | 128 | 128 | 128 | 128 | 128 | 128 | 128 | 12B | 12B | 12B | 12B | 12B | 128 | 128 | 12B | 128
Depth of bearing layer () -41.0 | -40.4 | -40.0 | -40.4 | -422 | -42.9 | -40.0 | 396 | -40.3 | -42.2 | -407 | -41.1 | 415 | -403 | -41.0 | -38.6 | -405 | -402 | -39.5
E'S:;‘f:;':;g:r(‘n:;"’ 34 |42 | 37 |40 | 25 | 19 | 35 | 40 | 30 | 35 | 38 [ 33 | 32 |41 | 46 | 44 | 30 | 30 | 44
et e e b | b | b | b | b | b | b |b| b ]| b ]| b |be|be]|bec]|be|bel|bel|be|bed

X Note

(1)Determination factor

a: Minimum penetration length into bearing layer (Steel pipe pile:3.0m,Bored pile:1.5m)

b : Bearing resistance

¢ : Horizontal displacement

d : Lateral movement identifying index

Source: Study Team
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