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(R LTV D HAfE, A HA L 45,

#934 WEFEEE

o EXEEAM] EEE [BAA Y RILE]
A= [ ks B BE ) zm) | pae | sis BIER| aw | mun | wmen |BTER| oy
 AEBEE
2.75kr_n
B ﬁflgégfg (6 H4R m? 121,000 334.9 40,528 1,622 3,648 45,798 26,663 1,067 2,400 30,130
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MEEEER |B)
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1 KB AR - BRIEIR MRS - HRAE
F941 KBEEFFR
Traffic Volume Count at B lore

SNo| Station N Direction 1 reen] T P 2 Axle[3 A Tmmc Voliucrn\j/P T Cycl Total (In | Total (I
.No| tation Name . ar/Jee WO Auto . assenger xle xle i ractor cle otal (In | Total (In
from Junction| (privateI)’ Wheeler[Rickshaw Mini Bus| Bus vamg Truck | Truck MAV ck Up Tractor with Trolley Cycle Ricli/shaw Others Vchic(lc) PCU(S)

1 Bellary Road Away 13864 9819 3567 972 4845 198 1303 | 103 0 0 2 9 13 0 0 34695 42954
(Ganganagar Side) | Towards 12929 9594 2844 733 2656 622 1331 ] 120 16 2 10 18 248 0 1 31124 35092

5 Bellary Road Away 13745 | 11753 3918 961 2400 | 420 579 18 1 1 14 0 34 0 0 33844 | 34463
(Guttahalli side) Towards 10291 8342 1976 590 2130 299 601 72 2 0 9 0 58 0 0 24370 26191

3 |cV Raman Road Away 8810 | 10796 | 2121 499 | 430 171 61 3 0 0 0 0 125 0 1 23017 | 18801
Towards 9700 8773 3474 588 538 157 125 56 0 0 1 2 254 0 0 23668 20978

4 Jayamahal Main  |[Away 9007 9989 3066 162 484 173 583 | 384 10 0 4 0 47 0 0 23909 22487
Road Towards 9799 9026 4067 337 674 39 15171 95 11 0 3 3 98 1 0 25670 26043

5 Cantonment Road |Away 2700 2683 2592 231 732 113 486 9 0 0 51 8 41 0 0 9646 10921
Miller One way | Towards 7384 6898 5566 864 2741 235 662 158 | 195 0 19 18 338 4 45 25127 30149

6 Jayamahal Main  |Away 4808 7204 4123 181 774 82 333 95 23 0 3 0 178 9 2 18025 17801
Road Towards 5097 8802 2489 265 980 87 715 17 1 0 4 2 190 2 0 18651 17752

7 |Miller Two way Away 4045 4451 2503 163 169 12 134 9 1 0 0 0 89 0 0 11576 10029
Towards 3772 | 4135 3285 82 84 313 58 3 0 0 0 0 13 4 0 11567 | 9832.5

8 |MV Jayram Road Away 4587 5908 2791 154 79 78 290 72 33 7 0 0 72 9 14 14094 12348
Towards 4570 5783 3979 259 230 13 249 90 11 11 2 0 106 23 2 15328 13861

N —_-
(2) FREEBOEREVE—Y R

HEZ LD 1 B4V GEREORMZEIIZOWT, AEIORT, F/o, ZUHRICB T 58 mED

B RGO — 7 RS EIZ OV TR 9.4.2
DB T v 2RFITRAELTWD Z L2

AKINCEB T D — 2 e —27 Fix, 7%

NEERBETHL EEZBND,

#0.

AL‘/(

CIIEES

4.2

(24 K¢

RN

E— 7 RREE

Traffic Count at Bangalore

. Traf'ﬁc Peal'( Peak Hour Observed Peak Traffic l?eak Peak Hour Observed Peak
Survey Locations Hour in Morning Percentage Hour hour in Percentage Hour
(Nos) (Morning) Evening (Nos) [  (Evening)

Mekhri Bellary Road (Ganganagar Side) 4357 6.65 7:00 to 8:00 3870 5.91 18:00 to 19:00
Circle Bellary Road (Guttahalli side) 3898 6.71 11:00 to 12:00 3824 6.58 16:00 to 17:00
(Junction CV Raman Road 3057 6.6 9:00 to 10:00 3344 7.23 17:00 to 18:00
A) Jayamahal main Road 3035 6.14 8:00 to 9:00 3668 7.42 20:00 to 21:00
MV Jayram Raod 1880 7.09 9:00 to 10:00 2489 9.39 16:00 to 17:00
Cantonment| Miller Two Way 1851 8.04 9:00 to 10:00 1531 6.65 15:00 to 16:00
Station Cantonment Road 707 7.41 10:00 to 11:00 623 6.53 16:00 t017:00
(Junction B) Millar One Way 1184 4.79 10:00 to 11:00 1930 7.81 18:00 to 19:00
Jayamahal main Road 3124 8.66 9:00 to 10:00 2454 6.8 18:00 to 19:00

WZFE LD, £942 50, BBeht — 7 FRIFg4
WD, F2, BRI 6~9%EEEZRLTWVWAD,
—REEOHAR) THhHZE L, ]
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(3) EMDIERL

RBEFAEOKRICESx, N o —cBIFAHEBERIZOWVWTK 943 12737, Zh Xy,
HEER D 70~90%F2E N, FHE, HEI 2L OA— M) T ¥ THDH I ENHER TS, Axf
G, FICRERICHE L TV AR THDH Z LRI D,
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12 FE BR- 8RB 1%6'?5%&42% Eﬁwuﬂﬁ

943 RERRRMOBRIZESR

NeHu—LilimfEER 7 v Y =7 M, AHA TN L7 20l AR R 2 Tz,

AR RXE ORZBELY, 94317,
#943 BEXEE (AXER) Q06FE. N Ho—/HEalEERkrad =7 h)
1B RARZBEE AR EE it
BT =y PCU & PCU & PCU
FEHE 6,142 6,142 8,430 8,430 14,572 14,572
INR 863 2,590 1,929 5,788 2,793 8,379
k2w 994 4,472 1,209 5,441 2,203 9,912
5 7,999 13,204 11,569 19,659 19,568 32,863

ML - JICA 21T Erk

944 FXRZEE

F 943 R T HMABEEIZK LT, 73 2HITR LR @EMOROHE 2@ H L, AIHRE2e
BB DI mEE TR (FEPYHEE (AADT) ) ZHEL-, HEHERE# 9.4.4
uﬂ?j_o

Noin—LHEEEER 7T 27 ML COIBEFORBEICBWCIIRRBEEHH P Em I T
WV, ZO, FEINTVWD mﬁui‘ﬁ’\{)lu)\@"éiﬂ/\ IOWVWTIET VU —HEZEEHR e U=
7 MIWEREL, FBHE - N2« RT7 v 7 ZNENOREED 60% & LT,
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BEHEE

* 9.4.4 RBEETH Q017~, X lu—WHEaEEER 7 a7 M)
(Bf{z : PCU/RH)

FR=E INR vy &t
2020 12,297 7,070 8,364 27,731
2021 13,391 7,700 9,109 30,199
2022 14,583 8,385 9,919 32,887
2023 15,881 9,131 10,802 35,814
2024 17,294 9,944 11,764 39,001
2025 18,833 10,829 12,810 42,473
2026 20,509 11,792 13,951 46,253
2027 22,335 12,842 15,192 50,369
2028 24,323 13,985 16,544 54,852
2029 26,487 15,230 18,017 59,734
2030 28,845 16,585 19,620 65,050
2031 31,412 18,061 21,366 70,839
2032 34,208 19,669 23,268 77,144
2033 37,252 21,419 25,339 84,010
2034 40,567 23,325 27,594 91,487
2035 44178 25,401 30,050 99,629
2036 48,110 27,662 32,724 108,496
2037 52,392 30,124 35,637 118,152
2038 57,054 32,805 38,809 128,668
2039 62,132 35,725 42,263 140,119
2040 67,662 38,904 46,024 152,590
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(1) XBEEHER
R EFREM R ER 10411277,
#1041 RBEEFER

Traffic Volume Count at Chennai
Directi Traffic Volume
irection
SNo| LocationName . |Car/Jeep| Two Auto - Passenger|2 Axle|3 Axle LCV/Pi Tractor Cycle Total (In | Total (In
from Junction (private)| Wheeler|Rickshaw| Mini Bus | Bus van Truck | Truck Mav ck Up Tractor with Trolley Cycle Rickshaw]| Others Vehicle) | PCUs)
North T
(S): th © | 13016 | 19030 | 5920 492 997 481 338 | 59 13 | 1036 0 0 163 44 0 41589 | 35723
1 Chhenai Suutg To
North 12484 | 18788 | 5654 471 941 451 185 | 25 15 | 1135 0 0 101 18 0 40274 | 34055
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ZE BB THDLEEZBND,

#1042 VP—IRXEE

Traffic Count at Chennai
_ Traf_ﬁc Peal_( Peak Hour Observed Peak Traffic ?eak Peak Hour Observed Peak
Survey Locations Hour in Morning Percentage Hour hour in Percentage Hour
(Nos) (Morning) Evening (Nos) |  (Evening)
Chennai |Bellary Road (Ganganagar Side) 5956 7.3 8:00 to 9:00 5547 6.8 19:00 to 20:00

X 1042 FxrFAIZBITAREMYZYREEOHS
(3) EMEDEM

RIBEREDORERICHESE, T2 FAICBT D HEmMERICOWVWTK 1043 12-T, 2Lk, #H
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AR IR ERICHE L TV ARB TH A Z LRSS,
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1043 FRENZRBORKZEE
F = A RS D BABER T e Y =7 MiE, ARRECEME LK@ EREREREE A
Y
TR X R X DA W E A3 10.4.3 (TR T,
#1043 ﬁﬁ&ﬁ%(ﬁ*ﬁﬁ)(mmﬁ F =T A HIRIEBREEY BV
EERER e 7 )
1B EARRES tAARES it
By & PCU & PCU & PCU
FHE 14,533 14,533 14,070 14,070 28,603 28,603
NR 1,489 4,467 1,412 4,236 2,901 8,703
SV 410 1,845 225 1,013 635 2,858
5 16,432 15,707 15,707 19,319 32,139 40,164

ML - JICA 21T Erk

1044 F[EXREBE

F 1043 1R THAGERICH LT, 7.3 2 HITR LIk EM OROHEF 28 H L, x5
ZEICB T Dk M E TR R (Y AREE (AADT) ) Z2H#E L7, #HE/KREER

10.4.4 1277,
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#1044 ZSEBETH 2017~, F= T A HRBEEY RVERBER R V=7 B)
(Bfs - PCU/E)

RRA= AV vy &t
2020 35,955 10,940 3,592 50,486
2021 39,535 12,029 3,950 55,514
2022 43,434 13,216 4,339 60,988
2023 47,680 14,507 4,763 66,950
2024 52,303 15,914 5,225 73,443
2025 57,339 17,446 5,728 80,513
2026 62,822 19,115 6,276 88,213
2027 68,794 20,932 6,873 96,598
2028 75,296 22,910 7,522 105,729
2029 82,378 25,065 8,230 115,673
2030 90,090 27,412 9,000 126,502
2031 98,488 29,967 9,839 138,294
2032 107,634 32,750 10,753 151,137
2033 117,594 35,780 11,748 165,122
2034 128,440 39,080 12,831 180,352
2035 140,251 42,674 14,011 196,937
2036 153,114 46,588 15,296 214,998
2037 167,122 50,850 16,696 234,667
2038 182,376 55,491 18,220 256,087
2039 198,987 60,546 19,879 279,412
2040 217,078 66,050 21,687 304,814
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Trafﬁc Volume Count at Mumbal
Traffic Volume

. Car/Jeep LCV/ Tractor Cycle Animal

S-No  Location Name ROB /Van Two .Auto Mini Bus | Bus 2Axle |3 Axle MAYV | Pick |Tractor| with Cycle Ricks Hand /Hand | Total PCUs
. Wheeler|Rickshaw Truck | Truck Cart

(private) up Trolley haw Drawn
1] Frerere 12330 | 6974 53 64 839 69 1 0 557 4 0 431 20 51 12 21405 | 20029
2] Belasis 18047 | 8625 55 86 1011 332 37 5 919 0 0 245 14 36 2 29414 | 28419
| 3] Mahalaxmi 35187 | 15006 104 168 | 1215 648 78 12 1943 0 0 107 19 4 1 54492 | 49509
| 4 | Mumbai Delise 10463 | 8265 0 363 1129 1136 530 83 4908 0 0 527 24 159 18 27605 | 31516
| 5| Tilak 12940 | 10412 13 916 2772 891 17 0 |2662 1 0 669 8 10 6 31317 | 34417
| 6 | Mahim 9198 8390 0 256 382 1230 472 16 [ 2337 2 0 369 62 123 25 22862 | 24720
7 Goregaon 15378 | 12660 | 12557 677 632 1734 124 14 [ 5896 1 28 558 52 23 3 50337 | 49422
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B BROE— 7 BB EICONWT, £ 1142 12F 0D, £ 1142 X0, BBt — 7 Fit,
WA DRZET v 2RI AEL TWDL Z ERERIND, £/o, =7 KT 5~9%RBRELRL T
Do ARIUTBIT D — 72— 27 L 1%rith (24 RefFHEL, —REEORS) ThoHZ L LY,
BhZU R BETHLEEZZBND,

#1142 PbP—J7EEE

Traffic Count at Mumbai
. Trafﬁc Peal'( Peak Hour Observed Peak Traffic I?eak Peak Hour Observed Peak
Survey Locations Hour in Morning Percentage Hour hour in Percentage Hour
(Nos) (Morning) Evening (Nos) |  (Evening)
Frerere ROB 1718 8.59 08:00 to 09:00 1221 6.11 18:15 to 19:15
Belasis ROB 1959 9.64 13:00 to 14:00 1650 5.84 18:15 to 19:15
Malalaxmi ROB 2514 4.93 09:30 to 10:30 4117 8.07 19:30 to 20:30
Mumbai Delise ROB 1713 5.62 08:15 to 09:15 2358 7.73 19:30 to 20:30
Tilak ROB 1944 5.77 08:30 to 09:30 2706 8.03 21:00 to 22:00
Mahim ROB 1134 4.74 05:15 to 06:15 1761 7.36 21:45 to 22:45
Goregaon ROB 2431 4.92 06:45 to 07:45 2542 5.14 21:15 to 22:15
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K 11.4.1 AU AALIZBIT RN RBEOHE
(3) EMmMDEM

RBEFWEORKE RIS E | FRAMUCRT D, W EFOHRIT VT, A3 ORI
DWT, K 114217 F, ZRE D HEHERO 70~90% L2, FHE, B8 2HER A — b
VXY ThHD I LERHRTE, ARGEBITIEICRERICEL TV IEHETH D 2 L AR
ns,
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4> KE

R -

BREICRARHRINE - #HERE

REHEE

11.4.3

11.4.2

REANREEORRZABE

DUNAITBIT D HEEHERK

DA TERIEAIE A 7 0 Y = 7 M IATRA TN U 7o 52 B A R 2 e,

A RX B O WEE, £ 1143177,

#1143 HAXEER (ARBR) Q0164F, AV HBERBREREX 027 M)
(B H)
. JIL—L | NSYR | RNFVRI Tt T45% TEL JuLAty
EEHRAE PEHRAE BEHRAE BIRE BIRIE ISHRAE BEHRAE
RA=E 12,887 18,966 37,130 15,371 15,602 11,535 21,274
INR 903 1,097 1,383 1,492 3,688 638 1,309
rSws 74 374 738 1,749 909 1,720 1,901
5 13,864 20,437 39,251 18,612 20,199 13,893 24,484
(BfL: PCU)
15 JIL—L | NSV R TINTYRE Tt TATY TEL Vs b
EEARAE PEHRAE EEIRIE BIRE BIRIE IBHRAE EEIRIE
RA=E 12,887 18,966 37,130 15,371 15,602 11,535 21,274
INR 2,709 3,291 4,149 4,476 11,064 1,914 3,927
rSws 333 1,683 3,321 7,871 4,091 7,740 8,555
5 15,929 23,940 44,600 27,718 30,757 21,189 33,756

M JICA FHEHIERE
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(Y FE B2

m A<

BREICRARHRINE - #HERE

REHEE

11.4.4

RRZEE

F 1143 R TENASREICH LT, 732 ISR L@ EMOROHREE 28 L, JRE%E

BICB T DR ETE T HRIR (FE P A @i (AADT) ) ZH#EE L7,

TR G I TEHE S LTV D A5 7 D ATOSE ERME D2 BHEE TR R 2 L T ORIZRT,
#1144 FEEETH Q017~, Lo A HBHRBEEELZ 0P =7 |k 1/4)
(Bifr : PCU/H)
JTL—L BB NS REERNE
FER=E INR kv i ZERE INR (2% i

2020 18,124 3,810 468 22,403 26,674 4,628 2,367 33,669
2021 19,737 4,149 510 24,397 29,048 5,040 2,578 36,666
2022 21,494 4,518 555 26,568 31,633 5,489 2,807 39,929
2023 23,407 4,920 605 28,932 34,449 5,978 3,057 43,483
2024 25,490 5,358 659 31,507 37,514 6,510 3,329 47,353
2025 27,759 5,835 717 34,311 40,853 7,089 3,625 51,567
2026 30,229 6,355 781 37,365 44,489 7,720 3,948 56,157
2027 32,920 6,920 851 40,691 48,449 8,407 4,299 61,155
2028 35,850 7,536 926 44,312 52,761 9,155 4,682 66,598
2029 39,040 8,207 1,009 48,256 57,456 9,970 5,099 72,525
2030 42,515 8,937 1,099 52,551 62,570 10,857 5,552 78,980
2031 46,299 9,733 1,196 57,228 68,139 11,824 6,046 86,009
2032 50,419 10,599 1,303 62,321 74,203 12,876 6,585 93,663
2033 54,907 11,542 1,419 67,868 80,807 14,022 7,171 102,000
2034 59,793 12,569 1,545 73,908 87,999 15,270 7,809 111,077
2035 65,115 13,688 1,683 80,486 95,831 16,629 8,504 120,963
2036 70,910 14,906 1,832 87,649 104,360 18,109 9,261 131,729
2037 77,221 16,233 1,995 95,450 113,648 19,720 10,085 143,453
2038 84,094 17,678 2,173 103,945 123,763 21,475 10,982 156,220
2039 91,578 19,251 2,366 113,196 134,777 23,387 11,960 170,124
2040 99,729 20,964 2,577 123,270 146,773 25,468 13,024 185,265

M1 JICA FHEHERE
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(Y RE B2

BEREICRARHRINE - HERE

B A<
BRREE
#1145 KEEETH Q017~. LA HBGBEEZ 07 b 2/4)
(B : PCUH)
TNSH ARG T EESHE
ERE INR cSwy =t ERE INR cSwo it
2020 52,220 5,835 4,671 62,726 21,618 6,295 11,069 38,982
2021 56,868 6,355 5,086 68,308 23,542 6,855 12,054 42,452
2022 61,929 6,920 5,539 74,388 25,637 7,465 13,127 46,230
2023 67,440 7,536 6,032 81,008 27,919 8,130 14,295 50,344
2024 73,443 8,207 6,569 88,218 30,404 8,853 15,568 54,825
2025 79,979 8,937 7,154 96,070 33,110 9,641 16,953 59,704
2026 87,097 9,732 7,790 104,620 36,056 10,500 18,462 65,018
2027 94,849 10,599 8,484 113,931 39,265 11,434 20,105 70,804
2028 103,290 11,542 9,239 124,071 42,760 12,452 21,895 77,106
2029 112,483 12,569 10,061 135,113 46,566 13,560 23,843 83,969
2030 122,494 13,688 10,956 147,138 50,710 14,767 25,965 91,442
2031 133,396 14,906 11,931 160,233 55,223 16,081 28,276 99,580
2032 145,268 16,233 12,993 174,494 60,138 17,512 30,793 108,443
2033 158,197 17,677 14,150 190,024 65,490 19,071 33,533 118,094
2034 172,277 19,251 15,409 206,936 71,319 20,768 36,518 128,604
2035 187,609 20,964 16,780 225,354 77,666 22,616 39,768 140,050
2036 204,307 22,830 18,274 245,410 84,578 24,629 43,307 152,515
2037 222,490 24,862 19,900 267,252 92,106 26,821 47,162 166,088
2038 242,292 27,074 21,671 291,037 100,303 29,208 51,359 180,870
2039 263,856 29,484 23,600 316,939 109,230 31,808 55,930 196,968
2040 287,339 32,108 25,700 345,147 118,952 34,639 60,908 214,498
ML JICA GHE B
#11.4.6 KEEETH 2017~. AU A HEBERBEZEZ 2Py b 3/4)
(Bfr : PCUSRH)
FAS DG <ELEEE
RAE N S it RAE N rSws it

2020 21,943 15,561 5,753 43,256 16,223 2,692 10,886 29,800
2021 23,896 16,945 6,265 47,106 17,667 2,931 11,854 32,453
2022 26,022 18,454 6,823 51,298 19,239 3,192 12,909 35,341
2023 28,338 20,096 7,430 55,864 20,951 3,476 14,058 38,486
2024 30,861 21,884 8,091 60,836 22,816 3,786 15,310 41,912
2025 33,607 23,832 8,811 66,250 24,847 4,123 16,672 45,642
2026 36,598 25,953 9,595 72,147 27,058 4,490 18,156 49,704
2027 39,855 28,263 10,449 78,568 29,466 4,889 19,772 54,127
2028 43,403 30,778 11,379 85,560 32,089 5,324 21,532 58,945
2029 47,265 33,518 12,392 93,175 34,945 5,798 23,448 64,191
2030 51,472 36,501 13,495 101,468 38,055 6,314 25,535 69,904
2031 56,053 39,749 14,696 110,498 41,442 6,876 27,807 76,125
2032 61,042 43,287 16,004 120,333 45,130 7,488 30,282 82,900
2033 66,474 47,140 17,428 131,042 49,146 8,155 32,977 90,279
2034 72,391 51,335 18,979 142,705 53,520 8,881 35,912 98,313
2035 78,833 55,904 20,668 155,406 58,284 9,671 39,108 107,063
2036 85,850 60,879 22,508 169,237 63,471 10,532 42,589 116,592
2037 93,490 66,298 24,511 184,299 69,120 11,469 46,380 126,968
2038 101,811 72,198 26,693 200,701 75,272 12,490 50,507 138,269
2039 110,872 78,624 29,068 218,564 81,971 13,601 55,002 150,575
2040 120,740 85,621 31,655 238,016 89,266 14,812 59,898 163,976

1 : JICA 2T Ek
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AV FE B2 - BREICESHRINE - RRHAE
BEHEE

#1147 ZEEETH (017~. Ao HERBEESL 2y b 4/4)
(B : PCU/H)

JLAAERE
EHE INR koo &t
2020 29,920 5,523 12,031 47 474
2021 32,583 6,015 13,102 51,699
2022 35,483 6,550 14,268 56,300
2023 38,641 7,133 15,538 61,311
2024 42,080 7,768 16,921 66,768
2025 45,825 8,459 18,427 72,710
2026 49,903 9,212 20,067 79,181
2027 54,345 10,032 21,853 86,229
2028 59,181 10,924 23,797 93,903
2029 64,448 11,897 25,915 102,260
2030 70,184 12,955 28,222 111,361
2031 76,431 14,108 30,734 121,273
2032 83,233 15,364 33,469 132,066
2033 90,641 16,731 36,448 143,820
2034 98,708 18,221 39,691 156,620
2035 107,493 19,842 43,224 170,559
2036 117,060 21,608 47,071 185,739
2037 127,478 23,531 51,260 202,269
2038 138,823 25,626 55,822 220,271
2039 151,179 27,906 60,791 239,875
2040 164,634 30,390 66,201 261,224
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BRpEE
115 BESH
1151 (L &Iz

T INATETROIE-ZEEFEETAGERZHNT, AU HBREEEZ 7Y =7 hothe
PSR 5, SmERIL. Wl e -7 NEER LSS (With 7 —R) & Elif
Lo =84 (Without 77— R) TR0 E Ao L Uz,

11.5.2 HEBXNHFRT—X

LU THBEBRIEREZ 70 Y =7 N TIEL N R BALIZIED, 72 % 7 — MH~D 7220
LA T RBOBBEORITEZNEFEENTWDS, BEHICBITEZ DA% With 77— A
BIERZE L CBRITIEDIZ 72 > TR BR T 2 5856 % Without 77— A & L TR T %,

#F11.5.1 HERIR I — 2 (AU, HEBBRBEEZ a7 )

With 7 —2X

Without o — X

LUNAEYA Y FERVICHIZEVUSBBREEC.
BEDOHLWERE 7 BERTBA L. BUBALE
REIIHZEEMREL. BIERBEDEFER/MET K

BEFHBLCEHLRTEATIC, ERA/ABITTELZL
KRIZHEDET, BRROFTEFEWEIT S, BITLEDIC
Bo=RIZ, BITEZ D, BRUBZASBREUMEDE

BREMEFRALEZLOTHS, BEHELEZLOTHY ., THLRBEERBE~NDOF

BEHAKEL,

M JICA FHE/TER%
1153 BFHSWRIOS Y FRBRSYPa—)L

LUNRNAHBBRERRZ 7oy 27 NI, BEOBMLWERIBORTEZ 7nY =7 N THD,
With 77— 2 Tl&, EHIZHFEFEMIZIY #7525, Without 77— A TlX 2026 FITKHETHD THRD
EERE 3 AZ @ Em DI, Hl O KA 6ok 2115 - S OEITICI 2 Bl @B TIEDIZZR Y |
BATHE L CTHELFERT 5 EIUET 5, Without 7 — A TIIMEIER N BITIEDIT /R D720,
WIT 52T 23R D 25, With 47— A CIE Wi T4 Fhi 95 72, BEF2G@IcIZE R
AL,

#1152 TuPzl MEHRRYVa—n (AUAALTHEBERBEREZ 7 aVzs )
With 7 —2X Without 7 — X e
2019 E3 RS BROFEF
2020 i BROFEF With 7 —X : FHEHET
2021 BT BROEE BITIEDHE L
2022 AR BROFEF
l l l
2026 | BITLESD, BEIEBIT | without ¥ —R : BRTE.
2027 1 I ITEZETETETLED
2029 l G ARG
2030 l l
l l l
2048 BEHMRT BEHMRT

M1 : JICA 2T Ek
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1UKE R - BREICRDERIE - RRBE

REHEE

1154 ZEEaX}+
1135HEED, A=V bOE=2 A MILLTOLEEY TH D,
#1153 FTEaXb

(Bfi : BAILE-)
With 47 —2X Without 7—2Z

ST IXE | HFE | IR &t IFE HEE | IR ‘&t
é){é\‘/{?ﬁﬁ%{ﬁi*ﬁ%‘é%i 5,510 220 496 6,226 3,673 147 331 4,151
aozyhk

ML JICA GHE B
11.5.5 EBERERSH
TA3I IR T RO T, BHMER T 2550 L=, fEREROFICET,
#1154 ERERISTER

LA
1512 FEIREREZ
Jaszyk
EE PR ]
(EIRR. %) 20.9%
BEMIREME 2211
(ENPV. BFAVRILE—) ’
HEERESL
(B/C) 1.72

- RFHARER (ERR) = (BFMNMREMEOCENEAIIZELE S BEIGIRDE)
- BREMMRAEME (ENPV) = (FXEZOREME — (FXFkIR FORAE(MIE)
- #HRERERE B/C) = (EXEROREME) ~ (FXREREIR ~OBREME)

—clz.
EXEX=FTEMIR FEIRIZ &K 2 FHE+HRITEFB X FEIRIC K HERE
EEORM=FBXE+HHFTHE

i : JICA 2T Ek

F 1154 1RT LI, DAL TBEREIRZEZ 72y =7 O EIRRMEIT 2% 2B 2 TEBY, K
Tl NOBEPHER STV D,
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11.6.1 JICABRBEHESEEHA FSA VICEIKBEFRAZTLR V-V ITHR

LU NATHBRERBR 2 70V =7 MBI DAY U —= T8GR % TRITRT,
#1161 LUNATBRBEBA 2V NIBITEH RS ) —= IXIREER

BRDEHR & BROBH]

(1) 7 = L— L EE#R4E (No. 1)
(2) 185 L REEHRAE (No. 2)
LN T (3) ¥/N\5 4 R I EETE (No. 3)
PEHRIE SREEBZ | (4) TV BB (No. 4)
(
(
(

Favzi bk | (B) T4 T ERE (No.5)
6) ¥ £ LEE#R#5 (No. 6)
7) I LHA U EERE (No. 7)

M1 PIABEE D & DK E

TRIZICAREMHSBENT A RT A ANZESSBEBETHAAE L 27 U —=V FRERE R T,

L. HGRICIB N TIE, BEE & KRGO E TR A Th o7z, I #HRBEEICHE W TE, FEA
FERBEOEH TRl A Tholz, M. BARBREICBW T, vt AB#HE Nob6) T, v
7ua—T7HROEHET B Tholo, JICA #7 3V —IZHB\ T, JICA BREMDEET A K71 >
(2010) IZEASWR T U —= 7FEROIEE TR A Th -7,
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1 ] I nt rod u ct i o n ORIENTAL CONSULTANTS GLOBAL CO., LTD.
Objectives of the Survey

1. To grasp current situation of Road / Railway bridges
and Viaducts in India.

2. To identify bridge / Viaducts wherein consideration
of the application of the Japanese advanced
technologies such as rapid construction method in
urban area and latest bridge rehabilitation and
reinforcement method could be explored.

¥

Further development on bridge construction and
rehabilitation field in India will be achieved by
incorporating advanced technology.

I [] I nt rod uction ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Based on aiscussion with PwD, velni, on April
14, June 2-3 and August 16
Study on Planned Elevated Corridor and JCT
were proposed.

\

Structure of Planned Elevated Corridor and JCT
were studied by JICA Study Team

\

Draft Final Study Result is presented
by this meeting.

A1-2




H [} Scope of Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. List of Planned Elevated Corridors

No Name of Planned Corridor Length ll\.l:r.l:sf Type
1 |Elevated Road along Najafgarh Nallah 16.4km - Elevated
2 ELE;V:;OC: ;?:i(:l)along supplementary drain 16.0km i Elevated
East — West Corridor 29.0km 6 Elevated
3 East — West Corridor Extension 13.0km 6 Elevated
4 |North —South Corridor 24.0km 6 Elevated
5 |Barahpullah Extension 10.0km - Elevated
6 [U-G Tunnel 3.0km - Tunnel
7 |Mehrauli Badarpur Road Extension 7.0km - Elevated
8 |Khazuri Khas to Bhopura Border 3.2km - Elevated
9 | Kalindi Kunj Byepass 13.2km - Elevated
10 | Azadpur to Rani Jhansi Road 6.0km - Elevated
11 |Marginal Bundh Road 7.5km - At Grade

Source: Presentation documents by Delhi PWD 5

H ) Scope of Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
2. Location of Planned Elevated Corridors

= East-West Corridor

=== North-South Corridor

Source: Presentation documents by Delhi PWD




H ] Scope of Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Location of Studied Elevated Corridors and JCT

North-South Corridor

JCT
Overlap Section
(Double Deck
Structure)
East-West Corridor

7

m ° study on Standa rd Section ORIENTAL CONSULTANTS GLOBAL CO., LTD.

1. Feature of Standard Section

Precondition Required

Construction period needs to
be shorten.

Bridges is in the ﬁ>
congested area Minimum negative impact
on social environment.

(Construction in the minimum space)

A1-4




IIl. Study on Standard Section
2. Bridge Foundation

Construction

v" To reduce the space
v’ To save the time

~~—

Advanced Technology to be considered

@ PC Well
@ Rotary Penetration Steel Pile
@ Steel Pipe Socket Connection Method

9

. Study on Standard Section ORIENTAL CONSULTANTS GLOBAL CO. LTD.
2. Bridge Foundation
2.1 PC Well

PC Well foundation is comprised of precast concrete block (Circular or Oval shape).

Each precast concrete blocks is connected by Post-tension method after they placed

at site. After placing precast concrete block and connection each other, excavation

work is carried out and compressed into ground.

10
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Il. Study on Standard Section
2. Bridge Foundation
2.2 Rotary Penetration Steel Pile

Image of rotary penetration

It is Steel Pipe Foundation which is welded a spiral processed steel plate (Wing) to the
tip of steel pipe together. The pile penetrates/screws into the ground with propulsion of
wing.

It is obtained large bearing force by the base enlarging effect of Wing. And, due to
penetration method, there is no excavated soil at site. Therefore, it will be possible to be
eco-friendly construction with non-emission, low-vibration and reducing pile number. 4,

IIl. Study on Standard Section
2. Bridge Foundation
2.3 Steel Pipe Socket Connection Method

Construction of Caison Structure
Connection part at tip of pier column

Steel Pipe Socket Connection Method is the jointing technique of inserting a Steel
Column into Steel Pipe Socket which is constructed at the top of foundation, and
filling up a concrete inside the gap of it. It is possible to reduce construction period by
omitting Pile Cap and Anchor Frame used in conventional method.

12




IIl. Study on Standard Section
3. Bridge Pier Column

3.1 Concrete Type (Conventional)

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

13

IIl. Study on Standard Section
3. Bridge Pier Column
3.2 Steel Type

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

14
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IIl. Study on Standard Section
3. Bridge Pier Column

Concrete Type Steel Type
General View
v" Due to heavy weight structure, cross v There are a lot of steel pier column applied
section of column and foundation becomes in urban area in Japan, despite of high cost.
R, much larger than Steel Type. v’ Easy to apply steel pier column for
v’ Difficult to secure enough carriageway complicated structure.
width during pile cap construction (2x5m v’ Possible to secure enough carriageway
only. width (18.5m)
Construction Cost Superior Inferior
Cost Considered Social Inferior Superion
I I
Effect ( Due to large width of foundation and longer | (Due to narrow width of foundation and shorter
construction period by cast in-site) construction period by prefabrication)
Estimate Recommended

IIl. Study on Standard Section
4. Comparison of Foundation Type

4.1 (Type-1) Cast-in-place Concrete Pile

16




IIl. Study on Standard Section
4. Comparison of Foundation Type
4.2 (Type-2) PC Well

17

IIl. Study on Standard Section
4. Comparison of Foundation Type

4.3 (Type-3) Rotary Penetration Steel Pile

18
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IIl. Study on Standard Section
4. Comparison of Foundation Type

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Type-1
Cast-in-place Concrete Pile

Type-2
PC Well

Type-3
Rotary Penetration Steel Pile

General View

Comment

v" Common foundation type

has many past records and
most economical

v" Widest width of pile cap,

cause negative impact to
existing traffic during
construction

v Width of foundation is
narrow not cause negative
impact to existing traffic
during construction.

v' Shortest construction period

due to unified structure with
pier column

v" Narrower width of pile cap
than Type-1 cause better
impact to existing traffic
during construction.

v Due to no excavation
required, less impact to
residence during
construction.

Construction

pariod Long Very Short Short
Consé:;ftio" Superior Inferior Moderate
Cosséé;:ln;fi?eirfd Inferior Moderate Superior
Estimate Recommended Recommended

IIl. Study on Standard Section
5. Type of Superstructure

Due to construction work

in very congested area,

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

steel

superstructure with composite slab is recommended since this
type can minimize social impact.

What is Composite Slab??

Bottom steel plate serves as rebar, formwork, working platform and scaffoldings

1. Higher durability (more than double for conventional RC slab)
2. Shorter construction period by 2months due to less rebar arrangements, form
works and scaffoldings.

w

Better working conditions on site

4. No fear of leak of wet concrete and cement milk to the existing traffic 20
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IV. Study on ch Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Alternatives

Following 2 alternatives are studying.

Alternative @

> WITHOUT consideration of Land Constraints

» High Service Level

Alternative

> With consideration of Land Constraints

> Realistic (Lower Service Level)

21

IV. Study on JCT Structure
2. Land Use Status around JCT Point

Central
Government
Quarters

Red Color: Private Land (Difficult for Land Acquisition)
Blue Color: School Land (Possible for Land Acquisition, but, take long time for procedure)
Yellow Color: Government Land (Possible for Land Acquisition) 22
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IV. Study on JCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Study Result of Alternative @
3.1 Plan View

N

23

IV. Study on JCT Structure
3. Study Result of AIternative@
3.2 Structure of JCT

Design Speed

€ Main Alignment: 50km/h
€ Ramp: 40km/h

24
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IV. Study on JCT Structure
3. Study Result of AIternative@
3.2 Structure of JCT (Explanation)

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

2F 3F

from 4F

to 3F

4F

to 4F

from 2F

25
Iv. study on jCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Study Result of AIternative@
3.3 Cross Section for 1)
L g
:
<« Steel Column :
| I
26
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IV. Study on JCT Structure
3. Study Result of AIternative@
3.3 Cross Section for @

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

I Existing Building : : Existing
: | : Building
: i «— Steel Column :
: ! :
27
Iv. stUdy on jCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
4. Study Result of Alternative
4.1 Plan View
3
@\
28
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IV. Study on JCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
4. Study Result of Alternative

4.2 Structure of JCT
Design Speed
€ Main Alignment: 50km/h
(30km/h applied at 1 section)
4 Ramp: 30km/h
(3)
@\
29
N. study on ch Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
4. Study Result of Alternative
4.2 Structure of JCT (Explanation)
2F 3F
to 3F tOAF' .
4F
From3F‘

From 3F

30
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IV. Study on JCT Structure
4. Study Result of Alternative
4.3 Cross Section for @

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

1
1 Existing I
1 Building I
| |
1 |
| |
1 |
<€— Steel Column 1 1
1 |
| 1
31
N. study on ch Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
4. Study Result of Alternative
4.3 Cross Section for @
-t == -; - T T T T
I Existing Building | I Existing
: I : Building
| ! |
| ! |
|
: 1 <€— Steel Column :
| ! |
|
|
32
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IV. Study on JCT Structure
5. Comparison of JCT

AIternative@ AIternative

Plan View
v" No restriction of land use, to be compactsize | v* Consideration of actual land use situation, to
Feature R
of JCT be larger size of JCT
Access v Possible to access for all direction (6 number) | v Possible to access for all direction (6 number)
v Due to most compact size of JCT, length of o
Advantage P g v" No land acquisition in “Red Color” area

ramp becomes shortest.

v In order to avoid land acquisition in “Red
Color” area, very steep curve is applied.
(R=30m)

v Problem of usage of land where surrounded
by Ramp and E-W line.

v' Additional land acquisition will be necessary

Disadvantage
g at “Red Color” area.

33

Iv. study on ch Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
6. Recommendation of Steel Structure

In order to achieve these complicated structure,
followings advanced technologies will be required.

<

€ Application of thick steel (more than 50mm)

€ Application of high tension steel (oy=700
N/mm?2)

€ Consideration of details for prevention of fatigue
damage, such as welding and shape of scallop.

@ Experience of erection method for complicated

structure at congested area.
34
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V . Summa ry Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Rough Cost Estimation

& Condition for Estimation

® Length of Viaduct = 1.55km (JCT to JCT, excluding JCT)

@ Superstructure: Steel Box Girder with Composite Deck
Slab

® Substructure: Steel Pier Column (double deck)
® Foundation: PC Well

Construction Supervision
Design Cost Total
Cost Cost -

15,122 1,361 17,088

Unit : Million Rs
35

V . Summary Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
2. Construction Schedule

Since no critical path, construction schedule will be
decided by number of construction team.

<

Appropriate Construction Schedule (total 3 years)

First Year Third Year

Detailed Design

Fabrication of Steel

Foundation

Steel Pier Column

Steel Superstructure
Deck Slab

Miscellaneous ——
6
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V . Summary Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Economic Analysis Result

With Case => Construction by Steel Superstructure and
Steel Pier Column
Without Case => Construction by PC Superstructure and
RC Pier Column (partially, PC)

Although construction cost becomes higher,
but, social benefit can increase
EIRR =>20.7% > 12.0%

Because of enough number of EIRR, implementation by
Steel Structure will have better EIRR number than PC
Structure

VI. Introduction of Japanese Support

* Risk of BOT Scheme ORIENTAL CONSULTANTS GLOBAL CO., LTD.

v' Reliability of Project Implementation
= Risk for suspension of the project, depending on their

financial status

Recommend to handle the Project by the Government

Since, the Project is implemented inside Delhi Center and
acts very important role for decongestion of Delhi City.

<

Japanese Government can support by YEN Loan

38
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VI. Recommendation

After studying of Proposed Elevated Corridor and JCT,
following structures are recommended.

v’ Superstructure
= Steel Box Girder with Composite Deck Slab

v' Substructure
= Steel Pier Column

v" Foundation
= PC Well or Rotary Steel Penetration Pile

<

Although construction cost becomes higher, but, due to
increment of social benefit, EIRR value becomes higher.

39

Tokyo Metropolitan
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ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Data Collection Survey
on Road/Railway Bridge Sector

Explanatory Material of
Viaduct Construction Project in Bangalore

October 2016
Bangalore

JAPAN INTERNATIONAL COOPERATION AGENCY
Oriental Consultants Global Co., Ltd.

Conte nts ORIENTAL CONSULTANTS GLOBAL CO., LTD.

I. Introduction

Il. Scope of Study

lll. Study on Standard Section
IV. Study on JCT Structure

V. Summary of Structural Study

VI. Recommendation
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I ] I nt rOd uction ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Based on discussion with KRDA and AECOM,
on April 13, May 31 and August 24
Study on Planned Elevated Corridor and 2 JCTs

were proposed.

<

Structure of Planned Elevated Corridor and JCTs
were studied by JICA Study Team

<

Draft Final Study Result is presented
by this meeting.

3
H o scope of Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. List of Planned Elevated Corridors
No Name of Proposed Corridor Length AEb ] Type
Lanes
North-South Corridor connecting central Silk
1 |Board to Cantonment (i.e., NH7 towards Hosur to | 10.60km 6 Elevated
NH towards Bellary)
East-West Corridor-1 connecting K.R.Puram to
2 | Gorguntepalya (i.e., NH-4 towards old Madras 19.70km 6 Elevated
Road and NH-4 Bangalore — Pune Road)
East-West Corridor-2 connecting SH-17 to SH-35
3 |from Jnanagharathi on SH-17 to Varthur Kodi on | 27.70km 6 Elevated
SH-35.
Connecting Corridor-1; Connecting North-South
4 |Corridor & East —West Corridor-2 from Agra to 9.20km 4 Elevated
Kalasipalya.
Connectiong Corridor-2; Connecting East-West
5 |Corridor-1 & East-West Corridor-2 from 2.30km 4 Elevated
Richmond Road to Ulsoor.
Connecting Corridor-3; Connecting Corridor from
6 |Kalyan Nagar Junection at Outer Rind Road to St. | 5.70km 4 Elevated
Johns Church Road and Wheelers Road Junection. 4
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H [] Scope of Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
2. List Map of Planned Elevated Corridors

m ('] study on Standa rd Section ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Feature of Standard Section

Precondition Required

Construction period needs to
be shorten.

Bridges is in the ﬁ>
congested area Minimum negative impact
on social environment.

(Construction in the minimum space)
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IIl. Study on Standard Section
2. Bridge Foundation

Construction

v" To reduce the space
v’ To save the time

~~—

Advanced Technology can be considered

@ PC Well
@ Rotary Penetration Steel Pile
@ Steel Pipe Socket Connection Method

IIl. Study on Standard Section
2. Bridge Foundation
2.1 PC Well

PC Well foundation is comprised of precast concrete block (Circular or Oval shape).
Each precast concrete blocks is connected by Post-tension method after they placed
at site. After placing precast concrete block and connection each other, excavation
work is carried out and compressed into ground.
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m o StUdy On Standa rd Section ORIENTAL CONSULTANTS GLOBAL CO., LTD.

2. Bridge Foundation
2.2 Rotary Penetration Steel Pile

Image of rotary penetration

It is Steel Pipe Foundation which is welded a spiral processed steel plate (Wing) to the
tip of steel pipe together. The pile penetrates/screws into the ground with propulsion of
wing.

It is obtained large bearing force by the base enlarging effect of Wing. And, due to
penetration method, there is no excavated soil at site. Therefore, it will be possible to be
eco-friendly construction with non-emission, low-vibration and reducing pile number.

. Study on Standard Section ORIENTAL CONSULTANTS GLOBAL CO. LTD.

2. Bridge Foundation
2.3 Steel Pipe Socket Connection Method

Construction of Caison Structure
Connection part at tip of pier column

Steel Pipe Socket Connection Method is the jointing technique of inserting a Steel
Column into Steel Pipe Socket which is constructed at the top of foundation, and
filling up a concrete inside the gap of it. It is possible to reduce construction period by
omitting Pile Cap and Anchor Frame used in conventional method.

10
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IIl. Study on Standard Section
3. Bridge Pier Column

3.1 Concrete Type (Conventional)

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

1

IIl. Study on Standard Section
3. Bridge Pier Column
3.2 Steel Type

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

12
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IIl. Study on Standard Section
3. Bridge Pier Column

Concrete Type Steel Type
General View
v" Due to heavy weight structure, cross v There are a lot of steel pier column applied
section of column and foundation becomes in urban area in Japan, despite of high cost.
R, much larger than Steel Type. v’ Easy to apply steel pier column for
v’ Difficult to secure enough carriageway complicated structure.
width during pile cap construction (2x5m v’ Possible to secure enough carriageway
only. width (18.5m)
Construction Cost Superior Inferior
Cost Considered Social Inferior Superion
I I
Effect ( Due to large width of foundation and longer | (Due to narrow width of foundation and shorter
construction period by cast in-site) construction period by prefabrication)
Estimate Recommended

IIl. Study on Standard Section
4. Comparison of Foundation Type

4.1 (Type-1) Cast-in-place Concrete Pile

14
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IIl. Study on Standard Section
4. Comparison of Foundation Type
4.2 (Type-2) PC Well

15

IIl. Study on Standard Section
4. Comparison of Foundation Type

4.3 (Type-3) Rotary Penetration Steel Pile

16
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IIl. Study on Standard Section
4. Comparison of Foundation

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Type-1
Cast-in-place Concrete Pile

Type-2
PC Well

Type-3
Rotary Penetration Steel Pile

General View

Comment

v" Common foundation type

has many past records and
most economical

v" Widest width of pile cap,

cause negative impact to
existing traffic during
construction

v" Width of foundation is

narrow not cause negative
impact to existing traffic
during construction.
Shortest construction period
due to unified structure with
pier column

v" Narrower width of pile cap
than Type-1 cause better
impact to existing traffic
during construction.

v Due to no excavation
required, less impact to
residence during
construction.

Construction

Period Long Very Short Short
Con%;t:tion Superior Inferior Moderate
CO;;cci:ln;geirted Inferior Moderate Superior
Estimate Recommended Recommended

IIl. Study on Standard Section

5. Type of Superstructure
Due to construction work

in very congested area,

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

steel

superstructure with composite slab is recommended since this
type can minimize social impact.

What is Composite Slab??

Bottom steel plate serves as rebar, formwork, working platform and scaffoldings

1. Higher durability (more than double for conventional RC slab)
2. Shorter construction period by 2months due to less rebar arrangements, form
works and scaffoldings.

w

Better working conditions on site

4. No fear of leak of wet concrete and cement milk to the existing traffic 18
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Iv [ Stu dy Res u It Of j CT ORIENTAL CONSULTANTS GLOBAL CO., LTD.

1. Location of Studied Elevated Corridors

Intersection B

Intersection A

19

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

IV. Study on JCT Structure
2. Land Use Status around Intersection A

20
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IV. StUdy On JCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Alternatives Intersection A

Following 2 alternatives are studying.

Alternatives' 1
» WITHOUT consideration of Land Acquisition

» High Service Level

Alternatives ( 2
» With consideration of Land Acquisition

» Realistic (Lower Service Level)

21

IV. Study on JCT Structure
4. Study Result of Alternative | 1 Intersection A
4.1 Plan View
’ H
(b)

22
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IV. Study on JCT Structure

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

4. Study Result of Alternative ' 1 Intersection A
4.2 Structure of JCT
(@) —n
(b)
23
IV. Study on JCT Structure
4. Study Result of Alternative ' 1 Intersection A

4.3 Cross Section for @

24
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IV [] St u dy o n j CT St ru ct u re ORIENTAL CONSULTANTS GLOBAL CO., LTD.

4. Study Result of Alternative ' 1 Intersection A
4.4 Cross Section for @
25
IV. Study on JCT Structure
5. Study Result of Alternative | 2 Intersection A
5.1 Plan View
(o)

(@) —

26
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IV [] St u dy o n j CT St ru ct u re ORIENTAL CONSULTANTS GLOBAL CO., LTD.

5. Study Result of Alternative( 2 Intersection A
5.2 Structure of JCT
T
(&) —
27
IV. Study on JCT Structure
5. Study Result of Alternative( 2 Intersection A
5.3 Cross Section for@

28
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IV. Study on JCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
5. Study Result of Alternative( 2 Intersection A

5.4 Cross Section for @

I Existing Building
I

29

IV. Study on JCT Structure
6. Comparison of JCT for Intersection A

Alternative | 1 Alternative | 2

Plan View

v" No restriction of land use, to be compactsize | v* Consideration of actual land use situation, to

LR of JICT be larger size of JCT

v" 9 accesses out of 12 accesses can be
accommodated. (South — East, South — West
and West — South direction cannot be
accommodated)

v 10 accesses out of 12 accesses can be
Access accommodated. (2 more accesses can be
accommodated, if layer number increase)

v" There are not many points to be overlapped.
Advantage v’ Size of JCT becomes small. v’ Possible to apply simple structure compared
with Alternative 1.

v Due to 5 stories JCT, pier column shape v

Disadvantage .
g becomes very complicated.

Required land area becomes large.

30
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IV.. Study on JCT Structure ORIENTAL CONSULTANTS GLOBAL CO., LTD.
7. Land Use Status around Intersection B

‘ North-South Corridor ‘

East-West Corridor

Red Color: Private Land (Difficult for Land Acquisition)
Blue Color: School Land (Possible for Land Acquisition, but, take long time for procedure) 31
Yellow Color: Government Land (Possible for Land Acquisition)

N [ ] St u dy o n j CT St r u ct u re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
8. Study Result Intersection B

8.1 Plan View

32
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IV. Study on ch Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
8. Study Result Intersection B
8.2 Structure of JCT

v' 6 access can be accommodated

(e)

()
33
Iv. Study on jCT Structu re ORIENTAL CONSULTANTS GLOBAL CO., LTD.
8. Study Result Intersection B

8.3 Cross Section for @
I—=—=—=-- 1
______ | Existing |
I Existing | 1 Building |
I Building 1 1 1
| I 1 |
! I 1 1
I _a - _ |
34
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IV. Study on JCT Structure
8. Study Result
8.4 Cross Section for @

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Intersection B

SZ GL=0.00

Existing !
| Building I

35

IV. Study on JCT Structure

9. Recommendation of Steel Structure

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

In order to achieve these complicated structure,
followings advanced technologies will be required.

<

€ Application of thick steel (more than 50mm)
€ Application of high tension steel (oy=700

N/mm?2)

€ Consideration of details for prevention of fatigue
damage, such as welding and shape of scallop.

@ Experience of erection method for complicated

structure at congested area.

36
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V . Summa ry Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Rough Cost Estimation

& Condition for Estimation

® Length of Viaduct = 2.75km (JCT to JCT, excluding JCT)

@ Superstructure: Steel Box Girder with Composite Deck
Slab

® Substructure: Steel Pier Column (double deck)
® Foundation: PC Well

Construction . Supervision
26,663 1,067 2,400 30,130

Unit : Million Rs
37

V . Summary Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
2. Construction Schedule

Since no critical path, construction schedule will be
decided by number of construction team.

<

Appropriate Construction Schedule (total 3 years)

First Year Third Year

Detailed Design

Fabrication of Steel

Foundation

Steel Pier Column

Steel Superstructure
Deck Slab

Miscellaneous ——
8
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V . Summary Of Structu ral StUdy ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Economic Analysis Result

With Case => Construction by Steel Superstructure and
Steel Pier Column
Without Case => Construction by PC Superstructure and
RC Pier Column (partially, PC)

Although construction cost becomes higher,

but, social benefit can increase
EIRR => 14.0% > 12.0%

Because of enough number of EIRR, implementation by
Steel Structure will have better EIRR number than PC

Structure

VI [ ] Re co m m e n d atio n ORIENTAL CONSULTANTS GLOBAL CO., LTD.

After studying of Proposed Elevated Corridor and JCT,
following structures are recommended.

v’ Superstructure
= Steel Box Girder with Composite Deck Slab

v' Substructure
= Steel Pier Column

v Foundation
= PC Well or Rotary Steel Penetration Pile

Although construction cost becomes higher, but, due to

increment of social benefit, EIRR value becomes higher.
40
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ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Data Collection Survey
on Road/Railway Bridge Sector

Explanatory Material of
Viaduct Construction Project in Chennai

October 2016
Chennai

JAPAN INTERNATIONAL COOPERATION AGENCY
Oriental Consultants Global Co., Ltd.

Conte nts ORIENTAL CONSULTANTS GLOBAL CO., LTD.

I. Introduction

Il. Results of Site Inspection

lll. Study Result on East Coast Road Viaduct
IV. Summary of Structural Study

V. Scheme of Japanese Support

VI. Recommendation
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1 ] I nt rod u ct i o n ORIENTAL CONSULTANTS GLOBAL CO., LTD.
Objectives of the Survey

1. To grasp current situation of Road / Railway bridges
and Viaducts in India.

2. To identify bridge / Viaducts wherein consideration
of the application of the Japanese advanced
technologies such as rapid construction method in
urban area and latest bridge rehabilitation and
reinforcement method could be explored.

¥

Further development on bridge construction and
rehabilitation field in India will be achieved by
incorporating advanced technology.

I [] I nt rod uction ORIENTAL CONSULTANTS GLOBAL CO., LTD.

Based on discussion with Highway & Minor
Ports Department, Tamil Nadu Government,
on June 21
Study on Planned Elevated Corridor
were proposed.

Structure of Planned Elevated Corridor was studied
by JICA Study Team

\

Draft Final Study Result is presented
by this meeting.
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I . Results of Site Inspection
1. Location of Proposed IT Corridors

Chennai Center of
International Chennai City
Airport O
NH45 East Coast
Road
IT Corridor

(Viaduct Plan)

7 Mamallapuram
Village

ORIENTAL CONSULTANTS GLOBAL CO., LTD.

I . Results of Site Inspection
2. Width of Existing Road

East Coast
Road

L

15m

ORIENTAL CONSULTANTS GLOBAL CO., LTD.
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]I[ . StUdy On Standa rd Section ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Feature of Standard Section

Precondition Required

Construction period needs to

. . . be shorten.
Viaduct is in the
congested area.
(Existing road width is only Minimum negative impact
15m, including sidewalk) on social environment.

(Construction in the minimum space)

. Study Result on East Coast Road Viaduct
2. Advanced Technology can be Adopted

Construction

v" To reduce the space
v’ To save the time

~~—

Type of Viaduct Foundation

D PC Well
@ Rotary Penetration Steel Pile
@ Steel Pipe Socket Connection Method
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IIl. Study Result on East Coast Road Viaduct
3. Viaduct Foundation
3.1 PC Well

PC Well foundation is comprised of precast concrete block (Circular or Oval shape).
Each precast concrete blocks is connected by Post-tension method after they placed
at site. After placing precast concrete block and connection each other, excavation
work is carried out and compressed into ground.

IIl. Study Result on East Coast Road Viaduct
3. Viaduct Foundation
3.2 Rotary Penetration Steel Pile

Image of rotary penetration

It is Steel Pipe Foundation which is welded a spiral processed steel plate (Wing) to the
tip of steel pipe together. The pile penetrates/screws into the ground with propulsion of
wing.

It is obtained large bearing force by the base enlarging effect of Wing. And, due to

penetration method, there is no excavated soil at site. Therefore, it will be possible to be
eco-friendly construction with non-emission, low-vibration and reducing pile number. 4
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IIl. Study Result on East Coast Road Viaduct
3. Viaduct Foundation
3.3 Steel Pipe Socket Connection Method

Construction of Caison Structure
Connection part at tip of pier column

Steel Pipe Socket Connection Method is the jointing technique of inserting a Steel
Column into Steel Pipe Socket which is constructed at the top of foundation, and
filling up a concrete inside the gap of it. It is possible to reduce construction period by
omitting Pile Cap and Anchor Frame used in conventional method.

1

IIl. Study Result of East Coast Road Viaduct
4. Proposed Carriageway Width

In consideration of existing road width (15m), following cross
section is proposed if land acquisition is not considered.

12
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IIT. Study Result on East Coast Road Viaduct

5. Comparison of Viaduct Foundation (Cast in Site Concrete
Pile)

v’ Traffic Lane: only 2500mm
v’ Side Walk: Not secured

et

——————— ‘ Traffic lane will be narrow
and no space to construct
the side walk.

-
,,,,,

13

. Study Result on East Coast Road Viaduct
5. Comparison of Foundation (PC Well)

v’ Traffic Lane: 3500mm
v" Side Walk: 1500mm

( ) :

—————
-
, ~,

_______

Enough space to construct
both of traffic lane and side
walk.

14
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IIT. Study Result on East Coast Road Viaduct
5. Comparison of Foundation (Rotary Penetration Steel Pile)

v’ Traffic Lane: 3000mm
v" Side Walk: 900mm

<

_____ A Enough space for traffic
_____ A lane but side walk will be
narrow.
15

. Study Result on East Coast Road Viaduct
6. Comparison of Foundation

Type-1
CCP Pile

Type-2
PC Well

Type C-1
Rotary Penetration Steel Pile

General View

Comment

v

Common foundation type
has many past records and
most economical

Widest width of pile cap,
cause negative impact to
existing traffic during
construction

v' Width of foundation is
narrow not cause negative
impact to existing traffic
during construction.

v Shortest construction period

due to unified structure with
pier column

v" Narrower width of pile cap

than Type-1 cause better
impact to existing traffic
during construction.

v" Due to no excavation required,

less impact to residence
during construction.

Construction

Py Superior Inferior Moderate
Cost Considered Inferi S . S .
Sl B nferior uperior uperior
Estimate Recommended Recommended
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IIT. Study Result on East Coast Road Viaduct

7. Type of Superstructure
Due to construction work in very congested area, steel
superstructure with composite slab is recommended since this
type can minimize social impact.

What is Composite Slab??

Bottom steel plate serves as rebar, formwork, working platform and scaffoldings

1. Higher durability (more than double for conventional RC slab)

2. Shorter construction period by 2months due to less rebar arrangements, form
works and scaffoldings.

3. Better working conditions on site

4. No fear of leak of wet concrete and cement milk to the existing traffic 17

IIl. Study Result on East Coast Road Viaduct oo
8. Recommendation of Steel Structure

In order to achieve these complicated structure,
followings advanced technologies will be required.

<

€ Application of thick steel (more than 50mm)

€ Application of high tension steel (oy=700
N/mm?2)

€ Consideration of details for prevention of fatigue
damage, such as welding and shape of scallop.

@ Experience of erection method for complicated

structure at congested area.
18
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IV. Summa ry of Structu ral Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
1. Rough Cost Estimation
€ Condition for Estimation

® Length of Viaduct = 7.55km (B. P from Center of
Chennai City side to Injanbakkam)

@ Superstructure: Steel Box Girder with Composite Deck
Slab

® Substructure: Steel Pier Column (double deck)
® Foundation: PC Well
Construction Supervnsmn
31,663 1,267 2,850 35,780
Unit : Million Rs
19
V. Summary of Structural Study ORIENTAL CONSULTANTS GLOBALCO, LTD.

2. Construction Schedule

Since no critical path, construction schedule will be
decided by number of construction team.

<

Appropriate Construction Schedule (total 3 years)

First Year Third Year

Detailed Design

Fabrication of Steel

Foundation

Steel Pier Column

Steel Superstructure
Deck Slab

Miscellaneous _0

A3-10




IV. Summary of Structu ral Study ORIENTAL CONSULTANTS GLOBAL CO., LTD.
3. Economic Analysis Result

With Case => Construction by Steel Superstructure and
Steel Pier Column
Without Case => No Construction of Viaduct

<

Although construction cost is high, but, due to
large social benefit
EIRR =>28.1% > 12.0%

21

VI. Introduction of Japanese Support

* R i s k of BOT Sc h e m e ORIENTAL CONSULTANTS GLOBAL CO., LTD.

v' Reliability of Project Implementation
= Risk for suspension of the project, depending on their

financial status

Recommend to handle the Project by the Government

Since, the Project is implemented inside Chennai and
acts very important role for decongestion of Chennai.

<

Japanese Government can support by YEN Loan

22

A3-11




VI. Recommendation

After studying of Proposed Elevated Corridor, following
structures are recommended.

v’ Superstructure
= Steel Box Girder with Composite Deck Slab

v' Substructure
= Steel Pier Column

v" Foundation
= PC Well

<

Although construction cost becomes high, but, due to

increment of social benefit, EIRR value becomes higher.
23

Tokyo Metropolitan
Expressway
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Data Collection Survey
on Road / Railway Bridge Sect_qr
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August 30, 2016

JAPAN International Cooperation Agency

Oriental Consultants Global Co., Ltd.

(1) Objective

B To propose most feasible structure for New Mahatma
Gandhi Setu

B For the future JICA feasibility study

(2) Positioning of the Study

Flow of Japanese ODA Loan Project

Assisted by Appraisal\
the Feasibility - Detailed Constructi
Government Stud Agreement . onstruction
ot Japan [. \ (E/N. L/A Design
- 2
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(3) Study Schedule
- Duration: from April to November 2016
- Interim Meeting: Aug. 2016
- Draft Final Meeting: Oct. 2016

- Submission of Final Report: Nov. 2016

2. Significance and Necessity of New MG Setu

(1) Connectivity of Roads to Outside the Bihar State

Export Nepal: 69% of exports to India in 2012

- Bhutan: 76% of exports to India in 2012
DP

Prediction of GDP increasing about 3 times in Bihar State, 1.8
times in Nepal and 2.6 times in Bhutan. (Source: JICA Survey in2014)

)

(2012) (2030)

When inter-regional logistics networks will be further developed,
- More than 150% economic growth

- More than 350% growth of inter-regional logistics
(Predicted by JICA Survey in2014)
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2. Significance and Necessity of New MG Setu

(1) Connectivity of Roads to Outside the Bihar State

e

Mahatma Gandhi Setu

o

2. Significance and Necessity of New MG Setu

(2) Roles in Local Traffic

» Rapidly increasing
traffic volume.

» Expansion of trade
with Nepal and
Bhutan.

-

Continue to play
an important
role as before.
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2. Significance and Necessity of New MG Setu

(3) Traffic assignment after completion of 4 new Bridge
chedule
R e

508% 355%  28.7%

Koilwa- Ara-

2016 171%  144%
Digha Bridge
Reilway 2015 492% 336% 27.3%
Kacchi- Dargah 2017 18.6 %

Bidupur Bridge

2016 138% 11.0%

Note: Traffic Volume is from “Development of Six Lane Suspension Cable Green Field Bridge
over river Ganga from Kacchi Dargah on NH-30 to Bidupur in Dist Vaishali on NH-103, 2013”
and forecasted in METI Study in 2014.

2. Significance and Necessity of New MG Setu

(5) Necessity of New MG Setu

According to Highway Capacity Manual (AASHTO)

2 Lanes < 20,000

20,000 < 4 Lanes < 80,000

80,000 < 6 Lanes

unit [PCU/DAY]

According to Traffic Demand Forecast,

Year 2022 =>4 Lanes Required

Year 2027 => 8 Lanes Required

New MG Setu is required
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3. Location of New MG Setu and Connection to existing road
(1) Location of New MG Setu

Hajipur Side

New MG Setu

Existing MG Setu

Patna City

Location of New MG Setu will be decided by Scouring
and Construction near existing bridge => 50~100 m ,

3. Location of New MG Setu and Connection to existing road

(2) Land Status at Patna City Side

Some space for New MG Setu is secured

10
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3. Location of New MG Setu and Connection to existing road

(3) Land Status at Hajipur Side

. Existing
Most of area is for farm Abutment

land, but, there is some
houses beside existing
road.

11

4. Introduction of Applicable Bridge Types for New MG Setu

(1) Foundation
Steel Pipe Sheet Pile (SPSP) Foundation
SPSP foundation can be adopted for New MG Setu.
€ Not required Temporary Cofferdam separately
@ Large bearing capacity and compact foundation
€ Fast and safe construction after driving steel pipes
€ Advantageous for scouring and seismic force

12
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4. Introduction of Applicable Bridge Types for New MG Setu

(2) Superstructure
Span length of Existing MG Setu : 121m (47 spans)
1) In case of same span length (121m),

Continuous Steel Truss with Composite Slab

» Existing MG Setu will be replaced by Steel Truss
- Unify of Bridge Type (Steel Truss Bridge)
» Passing of many overloaded trucks
- Required high durability > Composite slab
» Required shorter construction period
- Steel Truss + Composite slab

aeares w030
121065 _ 1o s

4. Introduction of Applicable Bridge Types for New MG Setu

Composite Slab

Steel-concrete
composite slab is
applied to steel truss
bridge

Bottom steel plate serves as rebar, formwork, working platform and scaffoldings

1. Higher durability (more than double for conventional RC slab)
2. Shorter construction period by 2months due to less rebar
arrangements, form works and scaffoldings.

Better working conditions on site

4. No fear of leak of wet concrete and cement milk to the river

14
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4. Introduction of Applicable Bridge Types for New MG Setu

(2) Superstructure
2) In case of double span, Span Length will be 242m

Hybrid Extra-dosed Bridge
Conventional PC ED Bridge : 100-200m (max. 220m)
—> Hybrid ED Bridge 200-270 (max. 275m)

Image of New ED Bridge (Span Length : 242m)

15

4. Introduction of Applicable Bridge Types for New MG Setu

Weathering Steel

Weathering steel is a high

strength steel to resist corrosion.

- Initial Cost is almost same as
Ordinary Painting Steel

- It can reduce a Life Cycle Cost
= painting material and works
and scaffolding etc.

V\Fle‘ﬂ?igzg/?)m) It is adopted in

approximately 25-30%
and 40-50% of all steel
bridges in Japan and
United States respectively.

16
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5. Next Step

Recommended Bridge Type of New MG Setu will be
proposed in October.

17
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