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#8.12 NBC OEELFKE

HEYEE S HEEDRHE
NBC 000 Requirements for State of the Art Design

NBC 101 Materials Specifications

NBC 102 Unit Weight of Materials

NBC 103 Occupancy Load

NBC 104 Wind Load

NBC 105 Seismic Design of Buildings in Nepal

NBC 106 Snow Load

NBC 107 Provisional Recommendation on Fire Safety

NBC 108 Site Consideration for Seismic Hazards

NBC 109 Masonry: Unreinforced

NBC 110 Plain and Reinforced Concrete

NBC 111 Steel

NBC 112 Timber

NBC 113 Aluminum

NBC 114 Construction Safety

NBC 201 MRT: Reinforced Concrete Buildings with Masonry infill
NBC 202 MRT: Load Bearing Masonry

NBC 203 Guidelines for Earthquake Resistant Building Construction: Low Strength Masonry
NBC 204 Guidelines for Earthquake Resistant Building Construction: Earthen Building
NBC 205 MRT: Reinforce Concrete Buildings without Masonry Infill
NBC 206 Architectural Design Requirements

NBC 207 Electrical Design Requirements for Public Buildings

NBC 208 Sanitary and Plumbing Design Requirements
Hl : JICA 7 u =27 hF—L4

8.1.3 TWEREEDEE
2 NBC D 9 HINEMEIZET 2 E1E2 & 8.1.3 (IR T,

NBC105 (MHEEFRAE) (2B 2 MEHEH HiEE LI FIORT,

V = Cd*Wt
Cd = C*Z*I*K
V= HiES

C = EAH BRI

7 = ikt E (%18.1.1)
I = EEELRE

K = &R
oLy, BEGHEE (K-factot=4) OGS, OFAWHREIILITIC R 5,

Cd=0.08*1*1.0¥4 = 0.32

8-2



FoS— VEFR S VHEEIR - RS 0= s b
Ty A TR (R T~ 3) FSCER

Hillt : NBC105
B 8.1.1 HusfRE Z
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NBC 105 Seismic Design of Buildings in Nepal
NBC 202 MRT: Load Bearing Masonry
NBC 203 Guidelines for Earthquake Resistant Building Construction: Low Strength Masonry
NBC 204 Guidelines for Earthquake Resistant Building Construction: Earthen Building
NBC 205 MRT: Reinforce Concrete Buildings without Masonry Infill
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NBC200 #F 5 OEERBLUE O, EIAEEOKRFHIITEIZ NBC202, 203, 204, 205 2354247
Bo ZIOAEEREITFEI RN TR IN TRV IEFITON D LT VAN MTH D, M
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T&Te /) v v=7 RERICBIT 2K ITIEOMETIETH Y, ZLE TCOMERKED
REROIEITIREBIN TWDTETH D, L, 2L TIEIX, Z1E TO NBCI05
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ML, SROEHAEEOMBELEEL T 72O S— VBIFICIRE 217> T& T,

F D%, X8 — VT HREEREE ATV, NBC105 (ZH» - A B I ST, (EHL
FEOMELEL ERICHK —T 52L& o,
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HEEZENBCIS DL E 21—

=)V DGR D — I 7k LT D NBC000 Tk, B it EMEIC B LT,

['The return period for the onset of damage for a typical building of ordinary importance has been
chosen as 50 years. The return period for the strength of buildings has been chosen as 300 years.] &
RSN TRY ., BWoHRGIRAL, FERBE 50 FOHhHERIC, LR, FHRBIRH
300 FEDORMEICHIET D HDLEFEEL TV D,

F 72 NBC REDOBRICILMERFHIIR D HEMETH D NBC105 (X, “SESMIC HAZARD
MAPPING AND RISK ASSESSMENT FOR NEPAL (SHM)” &% L &N T\ 5, [RSCERD
PCIER AN S 50 4F, 300 4F, 500 FOHEMIF TRAET DHEITST D
HREINEE (Peak Ground Acceleration:PGA) 75, 3 FEIED MR = LIRS LT
Lo M, ZOBEMIIH > TE, JIE—ZROEEREXPAHON O TS Z & S
nNTns, 2o, Flz 1 ZH#E% Typell (Medium Soil Sites) THDH ERET D &

1 b= R KOS IR OPEKHIBIZ 31T 5 PGA 13K 8.14 DX H 1272 5,

7 8.1.4 WHEHR & REmINEE

HEHME (&F) PGA (gal)
50 130
300 320
500 360

Hidlt : SESMIC HAZARD MAPPING AND RISK ASSESSMENT FOR NEPAL

2015 44 H 25 BHIZHRA LT-HEOREIL M7.8, HEBNIFLEKII AT Y0 KantiPath T
? USGS T & Btk i KIEE 164gal & 72> TWb, AElOHIE CHE— R IE ) &
WENTNDH b~ XEHTIE, MR mIEE X, FBIR 300 £ THEL T2 HE
(320gal) % FlEl>TH Y, ARIOHEL Y b RERHE N ZHE L TCHAZLTHNA TS
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ELWIEERE L 725, LAl RC EEOBMMEOESOEEIZE L TiE, FIERMEWD
A v REHEEZTEIS, 20X 5 ITHEERER OENC XD BRIFEEEN R D720, ik
FEEAR UK facton) % S F 2 2GS LA TH 5,
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B. FufZ#HfHE1E (CM : Confined Masonry)
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C. 4784 F5E (URM : Un-reinforced Masonry)
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31 BRIC IV TR 755,549 FOEENEE LT T2, DI H 498,852 17 (66%) 734K,
256,697 77 (34%) DHREWSTZ, 755,549 FOWETIED 5 H 858%ICHT2 D 647,892
FH, 'S VRREEIC L DFRTH o7,

# 8.2.1 [FEHERKN (x—n£1)

TN EF )V BEAV FENZINV N
HERD o Rl TP PEAR 7
s 474,025 18,214 6,613 498,852
efl 173,867 65,859 16,971 256,697
3 647,892 84,073 23,584 755,549

Hi#f : Post Disaster Needs Assessment (Vol. A: Key Finding)

WITHE 822128 F K 912 2015 4F 8 AIZ TV HERCAF L HIEHER RIAARRICL D
& AR D FRIFHEIE O =1 7 #8 62VDC/Municipality Tk, 5% 72,075 50 5 5., 67,364
JF(93.5%) DMEFEZZIT L. NklE, BREZFREO 884%I2H 75 59,523 FRN L
HESNTWD, FTEBEFRE 67,364 7D 95 98.3%I2H 722 66,223 7 03 JeE /L X LVAHFE
WEThoT,

#8822 HEEHERI (W)

HREIRI JBE V& )VHFERE R v MEAFIVEEE &t
et 59,300 233 59,533
Yo 6,923 918 7,841
& FF 66,223 1,151 67,374
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FREEARTHY . HENERITRL-RE LTHTF NS,

IWESTOFEREEM (K8.2.1)
AEOHEE THED LR TH - IZIUFE, EVOIFPHEZZITEEL L,

I CoRAETIL, BB LA aoMBEmE e L, BfUZIEEAZ V2 Lo AiE
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T CGL ¥r— b (HEH A > W) MV, FLERARAL— 2B LIZLEREZ A
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DY S BL STz,

8-6



2)

FoS— VEFR S VHEEIR - RS 0= s b
TrAF LA GRS 1~ 3) FIorEgy

Sindhupalchok £ (A &R D) Sindhupalchok BR(f & &) DL FE)
Dolakha B (& @ OHE) Nuwakot Ff (A &S OHEE)
HLITRTER T DA FRALFE R ) IR K B RAE R
BERHIZ SRR NP RS E ED D aryy7V—h7uy 7EOEE

Hil : JICA ey = FF—A

X 8.2.1 [LFEIERCOHESEH

h R XEBME S VBN OEEHEEN (X8.2.2)

IR L7 & b 2 RCHEIEDRY) (% <13 3~5 ) DOEITES D 5 ITEK
THoHH, BHRMAEE Q~4BET) DX NEEPFEETH -7, MBEMEHT, AT
LB, HDWVIEAMBICHET D L ZADBRBER L o ANEM SN TR Y, HH#EHM I
RENANZNADRETH D, FHIAEIICHERR L > T2 L TO D@ T, BERNTOR
BEASBAZE (T Z o Tz, BEIRIE 2 B Tl BRI 15 M3 %< A bz, g
D TIE 3 HFEA DREEDOREE R S & - T,

8-7



3)

FoS— VEFR S VHEEIR - RS 0= s b
TrAF LA GRS 1~ 3) FIorEgy

T SRAL RS O 1 BT IRAEY), AR SRAR R ORI,
TR RS E SMEES - BERR LV, WEE: AL LT
FEAFRE D BEN O R & BED T il FEFERE & AHIR OHLY A0

H#  JICA 7r Y=/ FF—A

B 8.22 N b XAMI I UERRDEEEEEH]

BWEEPDEE

AEIOHE THR W EFE LW > 2B, MEESHM 2 28kx Th 52, HHUZEELZ v
ZHEAL TV HORKRFETHD, IBEALZ /LT, KBETHY . KIS ERE MRV
D, B ORBIRH M O EN 2 720 | MatEELs K Z T RAICZR>Tnbh LB X
LD, FRIZHEIM TH DA ERENAXILVOMNEFITIRNEE XD,

W Y O BN E O IR 2R 08 AWTRREE &L Z 47— R 1%, RC &7 K DR
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X 8.2.3 1ML EAEKE & 2 B EmIMEE

WIS, RN—=VHUEOYEEH 2 RIS, mAMERO T — N & HMREORERE Z5§

5o LATIZ

Case 1.

Case 2.

Case 3.

X 8.2.4

ZH HIGREE MRV R B S . BHURE D & < R DIZON TOREEE— Ra2rTd,

HHIGREE 237370 0 ORERE Th 5 7, Eh £ 721X E M o#RENZ K v B H5H
MofdE (5 KB, BH#IM OR b)) (& X0 FBEBENOZERE N SHEL . AR
HMOETICE D, Z OB 2RISR O S 37, BEfFREE LIS
MEEAATE L TV D,

HHIFREE DS Case 1 KV BRWGE . H D WITENMDE & L BRED HIRE O%6 ., M
IR R EANVRIEDN R O D, Case 1 & O AHAEERAS D3 R SRR ISRET 27—
ARG, FCAMBENRH D70, BEAHKT DAL LTo® 7 A
v & UTEE BRI DRI D,

H M58 S LEE LR SN TV DA, BE R OEIM REZ L =9, BEITREL
OB OHBEC L2 D03 < | A ORI O 515E D MNP TR
éE—g‘ZDO

(2, T — N &K —2AD0FbIZRT,
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15
Case 1 Case 2

Case 3

Hih ;. JICA 7 a7 FF—A
X 8.2.4 BEHBEE L RREEE— FOEEH

BEFERFZES O3 6 | RERHAEEE — RITRI L C. B HUBREE DB WS D BEN 0 I (Delamination)
ZX 825, BEN—RKMEL TCWALAETOHEIZ X DX 8.2.5 7712777, Casel
TlX. Delamination DN Z > 7-% . #HEEOEM P BEHEIZIVETRTLTWA,

EEPNFIEE (Delamination) PR e
H{# . GUIDELINES FOR EARTHQUAKE RESISTANT NON-ENGINEERED CONSTRUCTION
Hi# : Planning and Engineering Guidelines for the Seismic Retrofitting of Historic Adobe Structure

8.2.5 Casel DRAEENNZ —

8.2.5 (H). 8.2.6, E.Leroy Tolles,et al., Planning and Engineering Guidelines for the Seismic Retrofitting of Historic

Adobe Structure/E.Leroy Tolles,et. P55,P57
8.2.5 (%£). IAEE, Anand S. Arya, Teddy Boen, Yuji Ishiyama, et al., GUIDELINES FOR EARTHQUAKE RESISTANT

NON-ENGINEERED CONSTRUCTION, 1986, P1
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F 72 Case2 725 Case3 ~DZA kI, HHIGREE D AT L0 MR E U TORBEREE NI 2
ETCEEN—RIL LI RNM ET 5, TOWRDREE— RE LT, BWOMBEIIZIG I NE
Hg D2 LRV, S HOBATE & OESIICHBES K Z 0 | BEAK CHIMVREAE Z
7 (% 8.2.6) .

B £ 8 2 1 3 7\ R B £ F8 2 e i

Hi#lL : Planning and Engineering Guidelines for the Seismic Retrofitting of Historic Adobe Structure

X 8.2.6 MAHAENF—

ZOXIICHEMBEIC L > THEE— FAEDL OO, HAMVRENBEEICTE Z > TRV,
FREL7ZE 51T 1 BEEEICE AT I DME 2 LIRNZBENEROBEEN KL Z > T o Z &M B A
HIBRE AR IC AR E L TWD Z ENBEZXBRD,

PR
FROMIR - EEEZEIT, ADB, JICA, DOE @ 3 #lfii CHDO LN TE TV 5,

ARIOEF TEICHKE LT 14 BROT T, JICAIZ 6 RS (FAh, XF 4>, FAT, XU
ay b, I TTN TURT—)) BIEEL, ADBIZ8EN (I h~U X NI ZT—
IV, YU RRNLVFa—T ATV IFa—r, KIhH, FAFyv S, YU Rw U,
A Ry ) OREAL B (ECD: Early Childhood Development) & /)N FH 22 4% %
(Gradel-12) #3ZHETHZ Lo Tz,

PHRERRAEZ LY A MRE

7% 8.2.3 1%, EHEZIZ DOE IZ LV i SN 7= Wi E IR E DR R CTH 5, JICA 7 34E
T 5 6 BRICIE, 2,419 B D/INHZERE (IAST « RANE O J5) MFEAE LEEHUL 25,503 TH D,
ZHD OREFEIRDUE, 9,058 H=E (36%) NEMRITHIZ D85, 2,819 #H=E (11%) 2N KM
gl E . 3,969 #E (16%) /MR ETH Y . 6 BIOHKENMI OO ELZITT-
ZElThh B,

6 BRDOHFCTRIRICHI=HHE (BEL2ET) 22T -HELNRLZVOX IV D TED
WXV ay b, TLTHET 48, — I TRIRICOIE AW ELZ T - HEDEEN
BbEmWDIZT AT TH D,
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# 8.2.3 JICA XBXIE 6 RO /NP2 EIRTL

BN oYY RBUR 72 NIRRT

£B 2R | sy | FERUHE TR H=E TR BE=E

HEE % HEL % HEEK %
Sy 495 5375 2975 | 55% 99 2% 1187 | 22%
ar Ve 608 5894 2140 | 36% 946 | 16% 908 15%
52U 98 1020 635 | 62% 13 1% 98 |  10%
XUz b 485 5188 2622 | 51% 823 | 16% 807 | 16%
<~ U TN 533 5572 383 7% 461 8% 969 | 17%
U FF— 200 2454 303 | 12% 477 | 19% 0 0%
/N 2,419 25,503 9,058 | 36% 2,819 | 11% 3,969 16%

Hi8f : Education Cluster 3W analysis, 2015 45 7 A 14 HJR

4 8.2.7 1, 2015 4 7 HIZ 5 L 72 FAR DL AR OB ZERE R (F/1 U #F Palungtar VDC 73
1, v> K7L F 2 — 27 Pipaldada VDC 728 1§, 1 b~V AN 2D 41) Th D,
Y A, C. D OREEIL T834 7O 7 L— A LA L HMRERE] T, 37X TOEY CTHE
BE\CHRE DS HER SN, A ITRREES S D OB OHRYE. C IFIEEE XV EOBERR AT ()
Wk OAITEEICE SN TWD) (XL, D IZREBICERT X THAMEL TS, &Y B
OREIEIT LT X HARFERE ) C 8 A L RIEROAREGH 53 JE3 D 7T D R D3RS S 4172,

HY A, C.D T LEENEITA->TERLEZLO TR ERERDAI 2257 4« _—
AL X DHHTH D, EARICHIBERPSHAEREO T2 9 5720, WMEN—ETRVA
BEERNER SN D, 2O T X TOEYOMIEREICIBWT, TR (B0 x9) O (F
CE) | RREOMMM NN L, [EMELOBMMATRTREALZILTHD Z LD,
FREICRES EEBEL TS EBEZDLND, FICIRENAL X VT ACHMEOMERENMEL
RENRFICMEM R 2 Z TR 2 b0 EEZ X bND, Fo, RBEERKET VWD IZD
Wi, BEICEFRSN TWEZ L B EEL TWAAREMENR S 5,

B b~ RFNICEFRSNZEY E, FOEEL a7 ) —r07 b—AEBEREIC X
HHFERE ) TH D, TR TIE T L—A LREF O T & b E TR S Ao T,
NS TEFICLVERINL TS,

BT SV HERIIL L H L VDC

B2 Shree Bhawani Higher Secondary School

3 ::::
= A @) B

s BRoSA T T L— A HHHFERE (F) FHAEEE (BREL)

NLHH RIAE| S

Wi T I a=F g e N—R il L
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SEHE R A
BT B b= XM
T Ratna Rajya Secondary School
5

W E (481 BYE (EN)
& P 7 U— b« 7 L— AR ()
SLHH S
i T ey
At A b= X
TR Sharada Secondary School
3%

EMF (S8 W F (W)
Mg g2V — b - 7 L— A HHAFERE (R
SLHA SEH
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2) PRMERETM

TR OFEMPEF AL RERITIC L 0 Eha SN, EROARPYHOTE LY BT
W, EORERDN 2016 4F 4 HIZ TeersE g7l (SIDA (Structural Integrity and Damage
Assessment) ) | HEF L L TR SNz, LNICHEFICET S Bk, HEmEsEAmas &
DER AL,

a) SIDASEEDNBER
SIDA #EEITEERTEEMNSLZ2YD, BRIILLTTHD, (F£8.24)

# 824 SIDA HEEDBK

Title: SIDA: Structural Integrity and Damage Assessment of Educational Infrastructure in Nepal, phase 1

Chapter Main Contents

1 Scope and objectives

2 Public school infrastructure portfolio
3 School Access
4

Structural characterization and vulnerability

4-1 Overall School Infrastructure

4-2 Masonry School Buildings

4-3 Reinforced concrete framed school buildings
4-4 Steel framed school buildings

4-5 Timber school buildings

5 Damage assessment after the April 25th 2015 earthquake
5-1 Affected vs unaffected school buildings

5-2 Overall damage state of school buildings

5-3 Re-occupancy of school buildings after the earthquake
5-4 Masonry School Buildings

5-5 RC Framed Structure

5-6 Steel Framed Structure

5-7 Timber Framed Structure

Functional needs assessment

Emergency planning

Principal conclusions of Phase 1 of SIDA

Hidlt : SIDA: Structural Integrity and Damage Assessment of Educational Infrastructure in Nepal, phase 1,
results and findings

b) SIDAHEENER

SIDA G EOMEEW EFMAE R OB SIZLL FTh D,  (F8.2.5)
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%825 SIDALVAR— R DXF—T 7T 407

Key Findings

1. School Infrastructure

There are altogether 3,115 schools, 9,259 school buildings, 24,984 classrooms and 9,256 additional rooms in
8 districts. Approximately three fourth of the total rooms in the school infrastructures are used as classrooms.
The average school facility in all districts have an average of 3 buildings per school.

52% of the overall school facilities are located in lands owned by the school.

The primary funders of school infrastructure are: DoE/MoE, local community and school, JICA, EAARRP.
70% of school buildings are constructed by local craftsmen provided by the community.

90% of school infrastructure is located in rural areas. The majority of urban schools are located in the
Kathmandu valley.

The condition of the roads that provide access to school facilities are in general poor.

About 20% of the total toilet facilities are non-functional. Only half the total functioning toilets have good
conditioned wash facilities.

Most of the schools have safe space available to assemble in case of an emergency event. Also there are
two or more exit points from the school premises in most of the schools.

2. Basic structural categorization

52% of school buildings are made of masonry, followed by 29% of steel framed buildings and 12% of
reinforced concrete buildings.

Masonry has been the structural typology most used on the construction of schools since it is based on
locally available materials and construction technologies well known by the local community.

About 63% of masonry school buildings are made of stone masonry. Among these stone masonry
buildings, the majority is laid on mud mortar and more than a half are made of rubble stone.

Almost all of the steel framed structures from all the eight districts are single storied except Lalitpur where
two of the steel framed buildings are two storied. Most of these buildings are regular in plan and have
rectangular shape.

Stones are mainly used as the infill masonry for the steel framed buildings. About 72% of the used stone in
the masonry are rubble stone.

The infill walls in RC buildings are normally made of brick masonry laid in cement mortar, except in some
remote districts of Okhaldhunga and Ramechhap.

3. Vulnerability Assessment

About 50% of masonry school buildings are irregular in plan. Almost 90% of multi-story masonry school
buildings are irregular in elevation.

The majority of masonry school buildings have large openings. The presence of large openings makes the
building vulnerable to earthquake. Also, the majority of masonry school buildings have unbraced roof
structures that are not properly anchored to the walls.

The inclusion of seismic enhancements in the design and construction of masonry school buildings is not a
common practice till now. It is recommended to have such practice in future.

Only 6% of masonry school buildings have been retrofitted, being the majority of them located in
Kathmandu valley.

e About 68% of RC school buildings are non-engineered making them vulnerable to earthquake.

Most of the steel framed buildings in all districts have large openings in walls making it vulnerable during
earthquakes.

4. Damage Assessment

There are about 57% of the buildings (5,157) and about 56% (13,644) class rooms affected during
earthquake. There are either structural damage or major nonstructural damages in these buildings.

54% of single storied and 39% of the multi-storied buildings are affected. Multi storied timber framed
buildings are more affected.

In RC buildings, the damage for non- engineered buildings as compared with engineered buildings are
more in number. The cracks around the openings are found in most of the buildings.

In masonry buildings, limited number of walls (up to 49%) are collapsed in out of plane. About 40% of the
gable walls are damaged fully or partially.

In general, there is no damage to the steel frame structures of the buildings. Though some of the frames are
suffered from corrosion. Cracks around the openings were found in most of the walls. 13% of the walls are
collapsed completely or partially and 12% of the walls have major in-plane failure.

More than half of timber framed buildings are damaged to some extent.

g

SIDA: Structural Integrity and Damage Assessment of Educational Infrastructure in Nepal, phase 1,
results and findings
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Hi# : Design Catalogue for Reconstruction of Earthquake Resistant houses, Vol.1
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Hi# : Design Catalogue for Reconstruction of Earthquake Resistant houses, Vol.1

8-22



F8— JVE A= )V HRIEH - BBl e =7 b
Ty A TR — b (RS T~ 3) FsUER

Hi# : Design Catalogue for Reconstruction of Earthquake Resistant houses, Vol.1

8.2.12 JICA E5 /L (SMC-1.1 and BMC-1.1)
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Hi# : Design Catalogue for Reconstruction of Earthquake Resistant houses, Vol.1

8.2.13 JICA E5 /L (SMC-1.2 and BMC-1.2)
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Hi# : Design Catalogue for Reconstruction of Earthquake Resistant houses, Vol.1

8.2.14 JICA &5/ (SMC-2.1 and BMC-2.1)
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@ WEHEHKR (BRER (ReX))

SMC-1.1, SMC-2.1 DO EFHHEDOFEFR, NBCI0OS 27 U T L TWAZ XML~ &M
b, /o7 FERICBWT, bAREREER TAEMEFL/ZE LTHHES
LRMTHHEEZBND, 82912 SMC-1.1, % 8.2.10 |Z SMC-2.1 DWMEH.—EZ T,

#8.2.9 SMC-1.1BEH (LX)

item direction safetylratiol
Working stress method Limit state method

Shear strength of masonry X 3.31 4
wall Y 5.11 6.18
Y1 W1 2.05 2.01
X W2 2.33 2.25
Y2 W1 2.17 2.12
Flexural strength in plane of W2 2.38 2.34
X1 W1 5.79 5.82
Y X2 W1 2.21 2.16
W2 2:31 2.08
Ratio of designed horizontal X 3.54 3.41
band Y 5.5 5:3)
Strength of out-of-plane X X1 2.17 2.33
flexural Y Y1 5.79 5.59

Strength of out-of-plane X X1 1.82 2.2
Shear Y Y1 2.81 3.37
X long time 1.9 1.88
bearing capacity Shon: tlime 2199 Y,
v long time 1.62 1.6
short time 2.24 3.09

Hh : JICA ey NF—L

# 8.2.10 SMC-2.1 BEH (&Z4LR)

] o safety ratio
e Srectn Working stress method Limit state method
% 2 2.85 3.43
Shear strength of masonry 1 1.73 2.09
wall Y 2 4.50 5.31
1 2.68 3.24
2 2.04 2.73
Y1 i 1 1.14 1.32
W2 2 4.99 5.63
X 1 2.22 2.09
w1 2 2.17 2.88
Y2 1 1.21 1.41
Flexural strength in plane of w2 2 p a0 298
9 P! 1 2.36 2.63
X1 WA 2 5.68 6.27
1 2.68 2.84
v WA 2 2.75 3.14
1 1.32 1.54
x 2 3.47 3.99
w2 = =
1 1.68 1.96
X 2 2.16 2.58
Ratio of designed horizontal 1 1.32 1.40
band v 2 3.36 4.10
1 2.04 2.44
Strength of out-of-plane X X1 1.49 1.79
flexural Y Y1 3.05 3.64
Strength of out-of-plane X X1 1.47 1.75
Shear Y Y1 211 2.53
X i long time 1.28 1.03
short time 1.33 1.35
. X long time 1.03 1.07
(e e Y A short time 1.13 1.36
long time 1.07 1.07
X short time 1.02 1.64

HEh . JICA 7 uo=27 hF—»4
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b) REMT (ARERE FEN
ATERIC T, AEERALCORANE AW, AT o i B U COie & 9266 L7,

-
—

TR, BICEm AR (BOXE) TOHERIOIG OB F 7206 OB FEFT O E %
179 T2 OICHRERZE 2 H L OIS 217 - 7=,

ZDATIC XV BN OMaFZ 25y DR A2+ 25 2 N TE D, ERAERTZ 325 2
LIZE D MERFOEMOFEN ZHERT 2 Z ENARETH D, (EEHI X B TNE 1T ET L
(2B LT FEM fi#ffr & 9k L 7=,

@ BAHE
o Y7 hU =7 : SAP2000 Ultimate v18 33 L O}
o EEMLEL . BEAHARE
o AEZEHHI /7 : 150 KN/m® (soft to medium soil)

Q@ ANMEHE LVCERMmH

e NBC 105 : National Building Code of Nepal - Seismic Design of Buildings

e NBC 202 : National Building Code of Nepal - MRT Load Bearing Masonry

e [S456 : Indian Standard — Plain and Reinforced Concrete - Code of Practice

e [S 1893 : Indian Standard — Criteria for Earthquake Resistant Design of Structures
e [BC 2015 : International Building Code 2015

Gable wall from timber or

Gable wall from timber or
galvanized iron sheet . .
galvanized iron sheet

T— RC band

SMC-1.1 SMC-2.1
Hil : JICA ez FhF—A

L RC band

X 8.2.15 &N (FEM) €5V 7 (SMC-1.1 and SMC-2.1)
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Q HMEMITHER

3)

HiEmaoREE, SMC-1.1, SMC-2.1 %0t X FEAX VEMHEH L7ZTT /ViZ. NBC105
MEEEOHEENICRT L Th, FREOZFESH), IS MEITHRMEAN Th HERPH TS,

—J7. SMM-1.1 HEDRENZ NVEMHEH LIZET VL, IBENALZIVOMEBBEEORE, B
MO EREDOHENRETH D720, HDHWEIC OV THEERTT LR RTH 508,
1 BT (Attic &e) OFE, RCANY REFEITHE NBCI0OS 227 VT, —FH, KX FD
GAIREISIDNEREE A — =T DR L 2o T,

2
23 kg/cm27 2.87 kg/cm

) [ Ultimate stress (kg/cmz)
Working stress (kg/cm®)

RARISE GRS EERGE) BRIGE (BRAm J)R%GT)

L JICA 7u¥=-y FF—A
8.2.16 FEM fEHTHER SMC-1.1

SZRANVIIA4NY AL (R)

MR (ZLL T O 4 FEHRIC 72 5, IRFTEEL 8-1 1T MR %, IR(TEEL 8-2 ITE DR A Z — 2 ixfT
ERAR

e SMC : Stone masonry in cement mortar
e BMC : Brick masonry in cement mortar
e SMM : Stone masonry in mud mortar

e BMM : Brick masonry in mud mortar

FEHZa ZHITRENTZ MR &SI OFERICE S TEE SN MR & T, BA Y
NE/LZ LD SMC, BMC [ZRKZ 2fHiE AT 72V, L2 L SMM, BMM DOJEE /L X LET
VOREERFTORE R, FEHERFHCTO 2 BEETUIBMTH D LA ST, Zhbid, RCA
Y RERWEGAIE, 1B+ Attic, A REFAWESEIX, | BOARERAREE o7,

MR /&, £ 8211 IR T X DT, 1. Bigeff, 2. @ik, 3. MBk 4. gk 5.0 wEDS
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No Category T"pg:f'g‘ Desaription NZE(%
1 1C(5) 1 small room : Kitchen&Store 56.90
2 2C(S) 2 small rooms : Kitchen&Store, Head&T eacher 110.36
3 3C(S) 3 small rooms | ECD, 2 Classrooms 16375
4 3C(S)-A 3 small Classrooms 163.75
5 3C(S)-B 3 small rooms : Library, Music&Draming8PC, Head&T eacher 163.75
6 4C(S) 4 small Classrooms 21715
7 4C(S)-A 4 small rooms: Library, Music, Drawing&PC, Head&T eacher, Kitchen&Store 217.15
8 . . 2-4C(S) 2 storey 4 small rooms 28550
9 Primary & Academic Block 157 = o) A T2 storey 1Cilassioom, ECD, Library, Music, Diawing&PC 285,50

10 2-6C(S) 2 storey 6 small Classrooms 392 90

11 36C(S) 3 storey 6 small Classrooms 42825

12 2-4C(M) 2 storey 4 medium Qlassrooms 3571.20

13 2-6C(M) 2 storey 6 medium Classrooms 496 50

14 3-6C(M) 3 storey 6 medium Classrooms 535.80

15 39C(S) 3 storey 9 small Classrooms 616.20

16 39C(M) 3 storey 9 medium Qlassrooms 77997

17 Lali Laboratory, Library 18215

18 EMC ECD, Computer, Music&Drawing 167.30

19 . 2-LaliEMC 2 storey Laboratory, Library, ECD, Music&Drawing, Computer 436.80

20 Pradtical Classroom Block 157 Hel T |2 storey Laboratory. Library £CD, Music&Drawing 436,80

21 2- Lali2CM 2 storey Laboratory, Library, Computer, Music&Drawing 55620

2 3 3Lali2CM |3 storey 3 Laboratories, Library, 2 Computers, Music&Drawing 870.00

p] AS) Small Administration 181.55

24 AM) Medium Administration 199.36

25 Admin. Block AL) Large Administration 24156

26 2-AlL) 2 story Large Administration 516.40

v 2-AC 2 story Administration with PC 436.80

28 ) M(S) Small Multipurpose hall 140.82

30 T(S) 2 small Toilet blocks for male and female 68.06

3 Toilet Block T(M) 2 medum T oilet blocks for male and female 79.38

32 T(L) 2 large Toilet blocks for male and femmale 109.02

33 T(X) 2 extra large Toilet blocks for male and female 124.02

34 ToS) 1 combine small Toilet blocks for male and female 64.89

35 : : ToM) 1 combine medium T ollet blocks for male and female 77.48

» Tollet Block Combine 71 1 combine large Toilet blocks for male and femele 10586

37 To(XL) 1 combine extra large T oilet blocks for male and female 119.26

i : JICA e ¥ =2 R F—A
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941 BFXRBUFTTONET —4

Collected Items
. . Annual
SN.| StationName | District | Log (X) | Lat. (Y) Ele(vrz;“’“ ES‘?’ihed Monthly ;4‘;‘;:@ Monthly | Monthly | Monthly | Dally | Maximum | Remarks
Temperature | " | \Wind Speed|Evaporation| Rainfall | Rainfall | Daily
Humidity .
Rainfall
118[Jagat (Setibas) Gorkha 84.90000 | 28.36667 1334 Jul-57 - - - - 1985-2014 | 1995-2014 | 1990-2014
125(Gorkha Gorkha 84.61667 | 28.00000 | 1097 Jun-56 - - - - 1985-2014 | 1995-2014 | 1990-2014
136{Gharedhunga Lamjung | 84.61667 | 28.20000 1120 Jul-76 - - - - 1985-2010,12,14] 11993-2014 |1990-2010,12,14
167|Arughat D. Bazar [Dhading | 84.81667 | 28.05000 518 Jun-57 - - - - 1985-2008 | 1991-2008 | 1990-2008
146(Rampur Chitawan | 84.41667 | 27.61667 256 Jan-67 1985-2014 | 1985-2014 | 1968-2012 | 2001-2010 | 1985-2014 | 1995-2014 | 1990-2014
i : DHM
£ 942 FHAIXBHEFTTORET —F
Collected Items
Monthly Annual
Stati . . Elevation | Established | Instru- i .
SN. | > | River Name | Station Name Log. (X) | Lat. (Y) cvation | Bstablshe nstru Dls,charge Daily Maximum Remarks
No. (m) Date ments | (Minimum, Discharge | Disch
p— g ischarge
Maximum) (Extreme)
Marsandi . Cable
17 439 . Bimalnagar 84.43000 | 27.95000 354 Mar-87 1987-2010 | 1988-2010 | 1988-2010
River Way
Chepe . Cable
18 440 Garambesi 84.48972 | 28.06139 442 Nov-63 1964-2010 | 1964-2010 | 1964-2010
Khola Way
Hidl . DHM

i : JICA 7r =2 FF—2A
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T, FARHBED % — & LT, MEOE WD, £ZF& 3 A-5 H) #BFRW TG L.
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c) &

1968 4E7> 5 2012 42D H S EGE 2[4 9.4.5 1ZRd . H EHEOHEIT 0.4 m/Fb0a 5 1.4 m/s £ T
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2001 4E72 5 2010 4E0D H EHIRFE B2 £ 9.4.3 £ [X 9.4.6 1277, H VR FE B AEIL 32 mm
N5 160mm £TEL L, BAKBOEY—27126 HnDb 9 HE TITHRAET N, BREOE—
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# 9.4.3 Rampur BHIFTTO A BEHARHE (2001-2010)

Annual Annual Remarks
Year Jan | Feb | Mar [ Apr | May | Jun Jul Aug | Sep [ Oct | Nov | Dec |Evaporatioon| Rainfall (Evapo./Rain.)
(mm) (mm)
2001| (gap) | (gap) | (gap) | (zap) | (gap) [171.0 | 127.1 [ 102.3 | 96.0 | 74.4 |45.0 | 27.9 (643.7) 2340.1 -
2002| 37.2 | 61.6 |102.3 [129.0 | 127.1 | 123.0 | 120.9 {133.3 | 111.0 | 86.8 |51.0 |37.2 1120.4 2643.9 42.4%
2003 31.0 | 53.2 | 86.8 |129.0 [148.8 [ 114.0 [ 117.8 | 99.2 | 81.0 | 77.5 |45.0 |34.1 1017.4 2693.5 37.8%
2004| 31.0 [ 522 | 93.0 [117.0 [173.6 [ 111.0 | 55.8 | 1209 | 87.0 | 713 |42.0 |3L.0 985.8 2042.0 48.3%
2005| 31.0 | 50.4 | 114.7 | 150.0 |186.0 | 150.0 | 111.6 | 89.9 | 99.0 | 71.3 |42.0 |37.2 1133.1 1732.0 65.4%
2006 31.0 | 53.2 | 114.7 | 135.0 [151.9 | 144.0 [ 139.5 | 124.0 [ 129.0 | 96.1 |51.0 |27.9 1197.3 1997.2 59.9%
2007 27.9 | 47.6 | 96.1 |144.0 | 145.7 [198.0 | 155.0 | 124.0 | 150.0 | 102.3 | 63.0 | 34.1 1287.7 2742.6 47.0%
2008| 43.4 [ 58.0 |114.7 [150.0 | 186.0 [ 171.0 [198.4 | 161.2 | 138.0 | 96.1 |60.0 |49.6 1426.4 1786.0 79.9%
2010| 24.8 | 50.4 | 99.2 |159.0 [164.3 [ 135.0 | 117.8 | 127.1 | 132.0 | 86.8 |39.0 |15.5 1150.9 2399.5 48.0%
I\/g’ggxzﬁ“ 322 | 53.3 | 1027 | 139.1 |160.4 | 146.3 | 127.1 [ 1202 | 113.7 | 84.7 |48.7 | 32.7 1161.2 2023.6 57.4%
Moﬁ:ﬂfﬁea“ 141 | 180 | 213 | 592 | 1764 |355.0 |525.4 |457.0 | 2959 | 81.6 | 5.7 |14.0 . 2023.6 |1985-2014
Evf:;?:;n/ 228.8%| 295.9%(482.0%(235.1%| 91.0%| 41.2%| 24.2%| 26.3%| 38.4%|103.8%(850.3%|234.1% - -

H# . DHM OF — % ZFEZ JICA 71y = 7 b F — MMERK

Hil : DHM
X 9.4.6 Rampur BRIFTTO A FFEHAFEHE (mm)
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F8— JVE A= )V HRIEH - BBl e =7 b
Ty A TR — b (RS T~ 3) FsUER

e) [/

@® B - AM. FMBRKE

X5 5 BUIET T H FHIE K EA K 9.4.4 L 9.4.7 12777, AFHEREKEIL S mm 225 769
mm/H T L. ZOE—27136 A5 9 AICRET 5, SEBRFT CTOHEFEREK R Jagat
Setibas @ 1,347 mm 7> 5 Gharedhunga BLHIFTD 3,096 mm * TZE(LT 5,

#9.4.4 AL 5 BRFTO A FEHREAKE

Station Name Observed Year| Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec Annual
Jagat (Setibas) 1985-2014 269| 454] 689| 655]| 93.9]| 191.7|333.2| 268.0| 178.8| 53.8 7.6 129 1347
Gorkha 1985-2014 20.3| 26.6| 40.1| 83.2] 171.1| 322.2|414.5| 353.5| 183.4| 41.6 53| 139 1676
Gharedhunga 1985-2010,2012,2014 | 187 | 329 55.8| 80.0| 254.9| 559.4|769.2 [ 758.1 | 445.6 | 92.0 9.0 21.0 3096
Arughat D. Bazar |1985-2008 20.7( 31.0| 53.7| 67.6] 198.1| 422.7(629.6 | 581.3 | 332.1| 59.6| 10.7| 19.2 2426
Rampur 1985-2014 14.1| 18.0| 21.3| 59.2| 176.4| 355.0|525.4| 457.0| 295.9| 81.6 57| 14.0 2024

Average 20.1| 30.8| 48.0| 71.1] 178.9| 370.2 (534.3 | 483.6| 287.2| 65.7 77| 16.2 2114

Hill : DHM OF —# ZFEICJICA 7Y = 7 b F— LERK

H# . DHM

9.4.7 5 BLRIFTTO A FEHREK RS

fin LR EOSEF &R E LT, ABE A2 10 mm LD A BKE & 722 54RO B I
DERDLND, 5SBRIPT TOWED HEKED BROI-HEER R &% 9.4.5 1577,

#9.4.5 S5EBPIFTFTO 10mm/H L EORER B

Station Name Collected iiirrlz :11:: Rate of Rainy Remarks
Records iy Days
a b=a/365
Jagat (Setibas) 1995-2014 65.5 0.179
Gorkha 1995-2014 51.4 0.141
Gharedhunga 1993-2014 82.5 0.226
Arughat D. Bazar |1991-2008 72.7 0.199
Rampur 1995-2014 55.2 0.151

Note. Unworkable days assume that daily rainfall is higher than 10mm.
HEl : DHM OF — 4 % B2 JICA 71 Y= 7 b F— LEK
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@ FHEMKEOEHRLH

5 BN COEMBEKEDOEMEZE 2 X 9.4.8 |27, 5 BT COFERFEKEIL 728 mm
5 3573 mm £ T T D, 2D EnD, MERIERL 2 RE - SO JkEEIT I 7S
FL7R0N,

Hi#t : DHM

X 9.4.8 5ERBFT COERBAREDOREHES)

@ BAMTORMEBHEES L URERR

#£94.6 L1} 949 | ZRrTEY . 5 BRI COMRBEREIL, INE SN -BEDOFEM R KK
KE (i) NHEFREEIND, MERBRKEIL, LTI TR EIND -

o HFEFIENOHERSAMICHE LTIV - F880A0, 7 v ~ViAh, SR i
KBS, —MACRE AR, e TV RS (EER RO Bz ) | &
Hik, A5 - EEE, S BOER S 3 R + v Z A ViER Slade 1T 1) 72 &

o SLSC (FE#Ef/ " IHUE) EF 7 ITMERMELR EOZYMEESIRTH 2 LIk » Tk
WEN=5MAET/L (004 L FD SLSC BNEEND, )

e 2,3,5,10, 20,25, 30,50, 80, 100, 150, 200, 300, 400 =33 2 T* 500 =R D FHL
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F8— JVE A= )V HRIEH - BBl e =7 b
Ty A TR — b (RS T~ 3) FsUER

#9.4.6 SHBHFTCOMEERABKE

Station Name ( St:ﬁ::s) Gorkha Ghax;dhun ADn];S:: Rampur
River Name Buri Gandaki Daraudi Chepe Buri Gandaki [ Narayani
Remarks
Station S.N. 118 125 136 167 146
Long. (X) of Location 84.9000 | 84.6167 | 84.6167 | 84.8167 | 84.4167
Lat. (Y) of Location 28.3667 28.0000 28.2000 28.0500 27.6167
Elevation of Station (m) 1,334 1,097 1,120 518 256
Data No. of Extreme Value 25 25 23 19 25
(Year) (%)
2[ 50% 62.4 95.6 134.6 93.1 138.1
3| 33.3% 76.6 107.1 152.0 100.3 167.3
51 20% 91.3 118.7 167.3 108.3 199.7
10  10% 108.4 132.0 181.9 118.4 240.6
20[ 5.0% 123.3 143.6 192.3 128.1 279.7
Probable | 25| 4.0% 127.8 147.1 195.0 1312 2921
Daily 30 3.33% 131.3 149.9 197.0 133.7 302.3
Rainfall 50| 2.0% 140.7 157.4 202.0 140.7 330.4
(mun/day) [ go| 1.25% 1489 1640] 2058 1470|3562
100 1.0% 152.6 167.1 207.3 150.1 368.4
150] 0.667% 159.0 172.5 209.9 155.5 390.5
200 0.5% 163.4 176.3 211.4 159.4 406.2
300[ 0.333% 169.3 181.5 213.4 164.9 428.3
400] 0.25% 173.3 185.1 214.6 168.8 444.0
500[ 0.2% 176.3 187.9 215.5 171.8 456.2
X-COR(99%) 0.981 0.993 0.976 0.945 0.984
P-COR(99%) 0.983 0.997 0.319 0.961 0.990
SLSC(99%) 0.040 0.024 0.039 0.069 0.035
Generalized Lotgylgzaﬁ;on

Probabilistic Distributed model | ™ fwals ) iciribution | | Gumbel | Gumbel

value method distribution | distribution
distribution (Real space
method)

H : DHM OF —# 2 FEIZ JICA 7 ¥ =7 b F— AE/K

Hi# . DHM

9.4.9 SEHFTTORRABKE
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FAR—VER S VHIERER - HE T e Y = b
T A FA L= (R T~ 3) RIS

@ FERUETORRNEBERES L VEEHR

—fl & LT, £ 9.4.6 D 100 FEHERFENEDOZERNA 2K 9.4.10 10T, BAELD 2 HENS
100 FEfERPENEIX, GIS Y 7 b =7 O TIN (RRAI=ZAEME) F oK Gk fE o B O
& COMRIEZ IS Z Lk e L,

Jagat (Setibas)

‘Aru Ghat D.Bazar

Hih : JICA ey = FF—LA
X 9.4.10 HEEREKEDOZEM S (100 ErEREAKD T —R)

T, R RN Ak OB IREE & 24 FFIfERIEN R L DM Z R 7201
Pz, WAL, (Zohd, xAA—ETL KRS S, )

B G AT T ORERENIREE 23 9.4.7 |27, 27k o IDF #ifi 44 9.4.11 127777,
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100-yrs Probability Rainfall Intensity

#94.7

TR

Z

Fo S VER S VR IR - [T 0 V= ) ]
T ATV AR— b (RS T~ 3) FisUER

(LB T ORERBERNRE

100-yrs Probable

Catchmen| Dairy Rainfall: Ro4

100-years Probable Rainfall Intensity each rainfall duration (mmvhr): It = R24/24*(24/t)", m=2/3

BIr\;c‘ife Cha:lag Bridl%]eairlliver) p Aria i) Remarks
(km”) 24 hour 24 12 8 6 3 2 1.5 1 0.75 0.5 0.333 0.167 = AR
1,440 min. 1,440 720 480 360 180 120 90 60 45 30 20 10
1 kml6 |Khahare Khola 5.72 178.94 7.5 11.8 15.5 18.8 29.8 39.1 473 62.0 75.2 98.5 129.0 204.8 | A=62.035
2 km27 |Jhayalla Khola 13.94 190.17 7.9 12.6 16.5 20.0 31.7 41.5 50.3 65.9 79.9 104.7 137.1 217.7 | A=65.927
3 km31 |Ghatte Khola 7.43 188.86 7.9 12.5 16.4 19.8 315 41.2 50.0 65.5 79.3 103.9 136.2 216.2 | A=65.474
4 km37 |Rungrung Khola 34.43 171.27 7.1 113 14.8 18.0 28.5 374 45.3 59.4 71.9 94.3 123.5 196.1 | A=59.377
5 km29 |Daraudi Khola 214.5 184.26 7.7 12.2 16.0 19.3 30.7 40.2 48.7 63.9 774 101.4 132.9 210.9 [ A=63.880
- km16 |Daraudi Khola 347.9 185.09 7.7 12.2 16.0 19.4 30.8 40.4 49.0 64.2 71.7 101.9 133.5 211.9 [ A=64.167
50-yrs Probability Rainfall Intensity
50-yrs Probable
Bridge |Chainag| Bridge (River) Catchmen| Dairy Rainfall: R24 50-years Probable Rainfall Intensity each rainfall duration (mm/hr): It = Ro/24*(24/t)", m=2/3
No. e Name ¢ An—z:a | neday) Remars
(km”) 24 hour 24 12 8 6 3 2 1 1 0.75 0.5 0.333 0.167 1= A®
1,440 min. 1,440 720 480 360 180 120 90 60 45 30 20 10
1 km16 |Khahare Khola 5.72 170.73 7.1 11.3 14.8 17.9 28.5 37.3 45.2 59.2 71.7 94.0 123.1 195.4 | A=59.188
2 km27 |Jhayalla Khola 13.94 183.56 7.6 12.1 15.9 19.3 30.6 40.1 48.6 63.6 77.1 101.0 132.4 210.1 | A=63.637
3 km31 |Ghatte Khola 7.43 181.99 7.6 12.0 15.8 19.1 30.3 39.7 48.1 63.1 76.4 100.2 131.2 208.3 | A=63.094
4 km37 |Rungrung Khola 34.43 162.77 6.8 10.8 14.1 17.1 27.1 35.5 43.1 56.4 68.4 89.6 117.4 186.3 | A=56.430
5 km29 |Daraudi Khola 214.5 176.45 7.4 11.7 15.3 18.5 29.4 38.5 46.7 61.2 74.1 97.1 127.2 202.0 | A=61.170
- km16 |Daraudi Khola 347.9 177.81 7.4 11.8 15.4 18.7 29.6 38.8 47.0 61.6 74.7 97.9 128.2 203.5 | A=61.644
10-yrs Probability Rainfall Intensity
10-yrs Probable
Bridge |Chainag| Bridge (River) Catchmen| Dairy Rainfall: Ro 10-years Probable Rainfall Intensity each rainfall duration (mmv/hr): It = Ry4/24%(24/t)", m=2/3
No. & Name ! Aria | (mm/day) Remarks
(km") 24 hour 24 12 8 6 3 2 1.5 1 0.75 0.5 0.333 0.167 = AR
1,440 min. 1,440 720 480 360 180 120 90 60 45 30 20 10
1 km16 |Khahare Khola 5.72 147.36 6.1 9.7 12.8 15.5 24.6 32.2 39.0 511 61.9 81.1 106.3 168.7 | A=51.088
2 km27 |Jhayalla Khola 13.94 162.61 6.8 10.8 14.1 17.1 27.1 35.5 43.0 56.4 68.3 89.5 117.3 186.1 | A=56.374
3 km31 |Ghatte Khola 7.43 160.27 6.7 10.6 13.9 16.8 26.7 35.0 42.4 55.6 67.3 88.2 115.6 183.5| A=55.561
4 km37 |Rungrung Khola 34.43 138.95 5.8 9.2 12.0 14.6 23.2 30.3 36.8 48.2 58.4 76.5 100.2 159.1 | A=48.172
5 km29 |Daraudi Khola 2145 152.20 6.3 10.1 13.2 16.0 25.4 33.2 40.3 52.8 63.9 83.8 109.8 174.2 | A=52.766
- kml6 |Daraudi Khola 3479 155.40 6.5 10.3 13.5 16.3 25.9 33.9 41.1 53.9 65.3 85.5 112.1 177.9 | A=53.874
2-yrs Probability Rainfall Intensity
2-yrs Probable Dairy|
Bridge |Chainag| Bridge (River) Catchmen| Rainfall: R4 2-years Probable Rainfall Intensity each rainfall duration (mmvhr): It = Ra4/24%(24/t)", m=2/3
No. e Name ¢ Aria | (mm/day) Remarks
(km’) 24 hour 24 12 8 6 3 2 1.5 1 0.75 0.5 0.333 0.167 1= AR
1,440 min. 1,440 720 480 360 180 120 90 60 45 30 20 10
1 kml6 |Khahare Khola 5.72 108.33 4.5 7.2 9.4 11.4 18.1 23.7 28.7 37.6 45.5 59.6 78.1 124.0 | A=37.555
2 km27 |Jhayalla Khola 13.94 121.67 5.1 8.0 10.5 12.8 20.3 26.6 322 42.2 S11 67.0 87.7 139.3 | A=42.180
3 km31 |Ghatte Khola 7.43 118.26 4.9 7.8 10.2 12.4 19.7 25.8 313 41.0 49.7 65.1 85.3 135.4 | A=41.000
4 km37 |Rungrung Khola 34.43 100.94 4.2 6.7 8.7 10.6 16.8 22.0 26.7 35.0 42.4 55.6 72.8 115.6 | A=34.995
5 km29 | Daraudi Khola 214.5 107.39 4.5 7.1 9.3 113 17.9 23.5 28.4 372 45.1 59.1 774 122.9 | A=37.232
- kml6 |Daraudi Khola 347.9 113.79 4.7 7.5 9.9 11.9 19.0 24.9 30.1 39.4 47.8 62.6 82.1 130.3 | A=39.449

H# : DHM OF — % ZFEIZ JICA 71y = 7 M F — MMERK
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7 9.4.19 Garambesi BRIFT TOLEFEIRHE (Chepe JI])

Am'lual Plentiful Ordinary . Drought A‘n‘nual Coefficient of

Year Maxnnmn Discharge Discharge Low Discharge Discharge Mlmmum River Rregime Remarks

Discharge Discharge
1-day 95-day 185-day 275-day 355-day 365-day Max/Min

1991 127.00 24.20 7.06 5.06 4.06 3.80 33.42
1992 260.00 20.90 7.40 4.06 2.55 2.22 117.12
1993 194.00 25.00 8.40 4.81 3.80 3.30 58.79

1994 128.00 30.30 7.06 4.81 - - - 89days missing

1995 201.00 24.20 7.73 4.56 - - - 31days missing
1996 217.00 41.00 7.74 5.67 4.36 4.14 52.42
1997 180.00 27.90 8.60 4.90 3.59 3.15 57.14
1998 255.00 35.00 9.04 6.21 4.57 4.25 60.00
1999 164.00 39.40 6.87 4.57 3.37 3.15 52.06
2000 263.00 62.00 10.80 5.56 4.57 4.57 57.55
2001 223.00 40.70 10.80 5.56 1.37 1.37 162.77
2002 490.00 41.30 12.80 5.23 3.44 2.26 216.81
2003 919.00 48.80 9.47 7.40 5.23 3.06 300.33
2004 148.00 47.30 14.40 8.52 2.79 2.79 53.05
2005 213.00 20.50 8.14 5.16 3.84 3.06 69.61
2006 172.00 28.90 9.13 4.37 1.87 1.87 91.98
2007 345.00 29.20 8.38 4.20 3.51 3.28 105.18

2008 899.00 30.10 7.54 5.14 3.08 2.57 349.81 |lday missing

2009 143.00 17.90 5.92 4.10 2.74 2.40 59.58
2010 629.00 43.20 6.63 4.79 1.84 1.28 491.41
Average 308.50 33.89 8.70 5.23 3.37 2.92 105.73
Maximum 919.00 62.00 14.40 8.52 5.23 4.57 491.41
Minimum 127.00 17.90 5.92 4.06 1.37 1.28 33.42

Hl : DHM 5 —# 2T JICA 7 u ¥ = 7 FF— AMER

HL : DHM 5 —# 232 JICA Y1 P = 7 FF— AR

X 9.4.21 Garambesi BHEIFT TOWRIEAR (Chepe JIl)
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% 9.4.20 Bimalnagar BHIFT COKERMHE (Marshyangdi)ll)

A@ual Plentiful Ordinary . . A.n.nual Coefﬁcient
Year Maxxmum D Feafe el Low Discharge | Drought Discharge Mlmmum of le/er Remarks
Discharge Discharge | Rregime
1-day 95-day 185-day 275-day 355-day 365-day | Max/Min
1987 1960.00 280.00 96.00 51.70 - - - 89days missing
1988 1700.00 302.00 93.70 62.00 47.90 46.30 36.72
1989 1010.00 367.00 102.00 62.00 51.70 50.20 20.12
1990 1030.00 320.00 96.00 52.60 41.20 39.00 26.41
1991 1060.00 288.00 87.90 50.90 40.50 39.70 26.70
1992 1090.00 197.00 74.40 50.70 42.60 40.70 26.78
1993 1010.00 269.00 86.90 47.90 36.30 34.40 29.36
1994 1110.00 291.00 73.40 47.90 39.00 38.30 28.98
1995 1200.00 419.00 114.00 47.90 38.30 36.90 32.52
1996 1210.00 272.00 68.90 49.90 - - - 13days missing
1997 832.00 226.00 73.00 47.20 38.30 - - 4days missing
1998 1390.00 307.00 99.80 55.60 43.30 42.10 33.02
1999 1820.00 57.90 39.70 - - - - 161days missing
2000 2230.00 380.00 76.60 52.40 - - - 88days missing
2001 1520.00 316.00 78.70 44.30 - - - 30days missing
2002 1370.00 314.00 99.30 56.10 - - - 30days missing
2003 2270.00 325.00 90.40 49.60 40.00 37.50 60.53
2004 855.00 364.00 89.80 44.10 33.70 30.40 28.13
2005 1070.00 207.00 71.70 49.00 35.90 34.90 30.66
2006 679.00 261.00 56.60 - - - - 146days missing
2007 1220.00 352.00 85.20 56.90 42.30 39.20 31.12
2008 1150.00 361.00 83.60 48.90 37.00 35.30 32.58
2009 1130.00 305.00 106.00 63.80 42.00 37.30 30.29
2010 1220.00 46.10 - - - - - 200days missing
Average 1297.33 284.46 84.50 51.97 40.63 38.81 31.59
Maximum 2270.00 419.00 114.00 63.80 51.70 50.20 60.53
Minimum 679.00 46.10 39.70 44.10 33.70 30.40 20.12

Hilll : DHM 5 —# %I JICA 7 u ¥ = 7 b F— AfER

HE : DHM 5 —Z # LT JICA a2 =7 hF— LBk

X 9.4.22 Bimalnagar BAIFT COFBLEKR (Marshyangdi)Il)
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#9.4.21 FEBEME CORBO LHEESE

. No.1 Khahare Khola No.2 Jhayalla Khola No.3 Ghatte Khola No.4 Rungrung Khola No.5 Daraudi Khola  |Low Point of Daraudi Khola
Land Cover Classification 3 3 3 3 3 2 Remarks
Area (km’) (%) Area (km") (%) Area (km') (%) Area (km") (%) Area (km') (%) Area (km') (%)
Cultivated Area 1.90 9.38 222 6.72 31.46 98.79
Cultivation |Glacier 0.00 1.92]33.62%| 0.00| 9.49|68.07%| 0.00| 230|31.03%| 0.00| 6.80]19.76%| 0.09| 32.86|15.32%| 0.09| 102.17 | 29.37%
Sand 0.02 0.11 0.08 0.08 1.31 3.30
Barren Land 0.00 0.00 0.00 0.03 21.89 21.90
G Built Up Area 0.00 0.00 0.00 0.00 0.00 0.00
Ba:l::r’l Bush 1.30 1.32{ 23.01% 2.25 2.28 | 16.33% 1.80 2.71 | 36.44%| 2.52 2.69| 7.82%| 9.74| 65.09|30.35%| 22.05| 78.13|22.46%
Embankment or Cutting 0.00 0.00 0.01 0.00 0.54 0.64
Grass 0.01 0.03 0.89 0.15 3292 33.54
248 248|43.37%| 2.18| 2.18|15.60%| 242| 2.42|32.53%| 24.94| 24.94| 72.42%]| 116.24 | 116.24 | 54.20%| 166.79 | 166.79 | 47.94%
0.00 0.00 0.00 0.00 0.04 0.06
0.00| 0.00% 0.00 | 0.00% 0.00 | 0.00% 0.00| 0.00% 0.27] 0.13% 0.80| 0.23%
0.00 0.00 0.00 0.00 0.23 0.74
Total Area (km2) 572 5.72(100.0%| 13.94| 13.94|100.0%| 7.43| 7.43]100.0%| 34.43| 34.43|100.0%| 214.5| 214.5|100.0%| 347.9| 347.9|100.0%

HEl . GIS T —# ZRICJICA V¥ =7 b F—A1ERKL

HBL : JICA a3z hF—A
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R L7,
o B
e WECS (R \—/VKZR VX —FEEEEF) /DHM OKXREGR) &
e {&1F Dicken £
e (PCJ : Prem Chandra Jha %)
e (Sharma, Adhikari %) 72 &
9.42(4)2) IR LBV, Daraudi B (No.5) ZFRE ., HJEAKIENICIZZ < OE8 A
HLTOI, AP EET DY ZA7IEEm, L7eh> T, Btz T, 4 B3It
LTk, TAMDOMEEZ BARAOEELZER L ET2b0 L L,
ETMROTEIAROFE LR 9423 1057 L, FHERORFEHREE 0422 10F &0
%, Pk MEKEBKEIL, Garambesi BLHIFTOM EOFELEHER L D . BALHE Y 72
0 WEH L 0 EE LTz, )
£ 9.4.22 FHEBREOAERRLKE
Bridge Chainace Bridge (River) Drainage Design Discharge Remarks
No. E Name Area (]q'nZ) Debris 100yrs 100yrs 50yrs 10yrs 2yrs Ordinary Dis.| [ow Dis. | Drought Dis.
Barakilo - Barpak Road 0.0282321| 0.0169935| 0.0109271|Chepe Khola
1 kml6 |Khahare Khola 572 98.81 52.66 47.14 40.69 29.91 0.162 0.097 0.063
2 km27 |Jhayalla Khola 13.94| 186.61 101.26 90.06 79.78 59.70 0.394 0.237 0.152
3 km31 |Ghatte Khola 743| 170.42 85.21 82.11 7231 53.36 0.210 0.126 0.081
4 km37 |Rungrung Khola 3443 | 356.45| 19530| 16938 144.59|  105.04 0.972 0.585 0.376
District Road to Saurpani
5 km29  |Daraudi Khola 2145 17644 950.5 844.8 728.7 514.2 6.055 3.644 2.343
km29  |Daraudi Khola 3479 2007.5| 15418 964.3 842.7 617.1 9.822 5.912 3.801

Note. Numerical values listed in boldface shows the design discharge.

HBL : JICA 7a ¥z hF—A
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i i i i Water Level with Bridge (existin

Bridge No.| Chainage Bndlg\leafrli:v ) W]ia(;tlgg(fn) ]Zrlﬂgufa[gjep Debris 100yrs  10Qyrs 50yrs 10yrs 251-5( Orjr)!ary Dis.| Low Dis. |Drought Dis.
Barakilo - Barpak Road| Oth days| Oth days| Oth days

1 kml6 [Khahare Khola 8.45]0+129.218 504.84 504.78 504.64 503.86 503.84 503.83

2 km27  [Jhayalla Khola 8.4510+099.731 638.05 637.93 638.00 636.20 636.17 636.13

3 km31  [Ghatte Khola 8.45 [ 0+108.095 765.45 765.41 765.29 764.15 764.12 764.10

4 km37  [Rungrung Khola 8.45 | 0+124.905 880.89 880.76 880.53 879.31 879.27 879.24
District Road to Saurpani

5 km29  |Daraudi Khola 7.20 | 0+180.033 667.75 667.59 667.28 665.11 665.01 664.92

km29  |Daraudi Khola
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o FN—/URGREREHELYE, 2010 @ Nepal Bridge Standard — 2067 (DOR (2 X ¥ 2010 4R
il )

o R — LB KRR, 2013 (FELERKIZEI T 5 HHE - 55 3 i) : Nepal Road Standards
2070, Design Standards for Feeder Roads (Third Revision) (DOR (Z X Y 2013 42l &)
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Ghatte Khola Bridge
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of Earthquake)

AN

Daraudi Khola Bridge
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#9.4.39 BRUEHEBOERBEKER

No.1 No.2 No.3 No.4 No.5
Location Scouring Items Khahare Jhayalla Ghatte Rungrung | Daraudi
Khola Khola Khola Khola Khola
Abutment-1 Contraction Scour 0.01 1.14 0.06 0.60 0.50
(Left Bank) Local Scour - 1.55 - - 5.07
Total Scour 0.01 2.69 0.06 0.60 5.57
Contraction Scour - - - - 0.50
Pier-1  |Local Scour - - - - 2.57
Total Scour - - - - 3.07
Contraction Scour - - - - 0.50
Pier-2  |Local Scour - - - - 2.84
Total Scour - - - - 3.34
Contraction Scour - - - - 0.50
Pier-3  |Local Scour - - - - 2.18
Total Scour - - - - 2.68
Abutment-2 [Contraction Scour 0.01 1.14 0.06 0.60 0.50
(Right |Local Scour 4.87 5.31 - 6.96 6.61
Bank) |Total Scour 4.88 6.45 0.06 7.56 7.11
Remarks with RTW

Note. Flow condition is under 100-years flood with debris-flow for 4 bridges except Daraudi and 100-
years flood for Daraudi Bridge.
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%o (HEh A v XD E=— AR OBMBEHAINTH, ok, kT8 nbbHoH L, fHx
DFEN TIAEINZY | @R OMERHEME T THEIOENEE T 2801 5, LoT, f
RELTEEER DN, EMWIICHAHEO A T F U AR EET 5 ,)
Rangrung JIIFGZIZDONWT O A, EOHEITEREZ2EFTHY | E bR bEHN b, =
Y7V —brlERTEHEH L,

HEEHATIL, REESNDIEIC L > T3 F A TITHITOND, EEOERERN 21X 9.4.41
51X 9.4.43 2R T,

#9440 #FBADOFYRIE (D50) OHEI A X (B5)

Installation slope of riprap=1: 2
SopelofSteamibed . Average Bank angle [Riprap material's . Correction M,e &
Upstream | Downstream | - Velocity Lo with horizontal | angle of repose Ceefiicery factor R‘lprap‘
No. Location 200m 100m Depth particle size Remarks
tanf tanf v davg 0 (H: L) ¢ K c Dso
(m/m) (m/m) (m/s) (m) (1:m) (deg.) (m)
Barakilo - Barpak Road 41.0 1.00
1 |Khahare Khola 0+000.355 0.07142 0.07012 5.44 0.61 2.0 41.0 0.73 1.00 1.96
2 |Jhayalla Khola 0+000.866 0.03831 0.06485 5.03 1.41 2.0 41.0 0.73 1.00 1.02
3 [Ghatte Khola 0+000.461 0.08615 0.11851 4.90 0.69 2.0 41.0 0.73 1.00 1.34
4 |Rungrung Khola 0+002.138 0.06689 0.10219 7.04 1.06 2.0 41.0 0.73 1.00 3.22
District Road to Saurpani
5 |Daraudi Khola | 0+013.313 0.01396 0.02565 5.76 1.31 2.0 41.0 0.73 1.00 1.58
Installation slope of riprap=1: 0 (0 deg.)
Slope of Stream Bed . Average Drulend | o | Correction Mfedian
Upstream | Downstream | - Velocity Lo with horizontal | angle of repose Ceefiicery factor R‘lprap‘
No. Location 200m 100m Depth particle size Remarks
tanf tanf v davg 0 (H: L) ¢ K c Dso
(m/m) (m/m) (m/s) (m) (1:m) (deg.) (m)
Barakilo - Barpak Road 41.0 1.00
1 |Khahare Khola 0+000.355 0.07142 0.07012 5.44 0.61 99999.0 41.0 1.00 1.00 1.22
2 |Jhayalla Khola 0+000.866 0.03831 0.06485 5.03 1.41 99999.0 41.0 1.00 1.00 0.64
3 [Ghatte Khola 0+000.461 0.08615 0.11851 4.90 0.69 99999.0 41.0 1.00 1.00 0.84
4 |Rungrung Khola 0+002.138 0.06689 0.10219 7.04 1.06 99999.0 41.0 1.00 1.00 2.01
District Road to Saurpani
5 |Daraudi Khola | 0+013.313 0.01396 0.02565 5.76 1.31 99999.0 41.0 1.00 1.00 0.99

H#h : JICA ey hF—L4
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#9.4.41 REKETOKEGFE & WHE

125th 125th
Bridge Name / Items d [PERRAEEE [PEf e @ during 20 yrs e during 20 yrs Remarks
uring 20 yrs records | during 20 yrs records
records records
No.1 Khahare Khola Bridge
= Circular section item
Total flow rate =] 0.355 0.355 0.591 0.591 (m3/s)
Cell No. N=| 2 1 2 1
flow rate: =] 0.178 0.355 0.295 0.591 (m3/s)
Diameter: D= 0.60 0.60 0.60 0.60 (m)
Roughness coefficient : n=| 0.024 0.024 0.024 0.024 Coorrugated-metal pipe
Gradient of channel: 1= 70.12 70.12 70.12 70.12 (%0) Existing slope
+ Calculation result
neutral  depth : h=| 0.183 30.5% 0.265 44.2% 0.239 39.9% 0.360 59.9% [(m)
Area : A= 0.073 0.121 0.105 0.177 (m2)
hydraulic  radius : R=| 0.104 0.138 0.128 0.166 (m)
Water Velocity : V= 2.437 2.948 2.807 3.339 (m/s)
full bobbin flow rate Qm=| 0.881 0.881 0.881 0.881 (m3/s)
Frude No.: Fr=| 2.144 2.094 2.118 1.945
surface width : =] 0.552 0.596 0.588 0.588 (m)
No.2 Jhayalla Khola Bridge
- Circular section item
Total flow rate Q= 0.866 0.866 1.440 1.440 (m3/s)
Cell No. = 2 1 2 1
flow rate: Q= 0.433 0.866 0.720 1.440 (m3/s)
Diameter: =] 0.60 0.80 0.80 1.00 (m)
Roughness coefficient : n= 0.024 0.024 0.024 0.024 Coorrugated-metal pipe
Gradient of channel: 1= 38.31 38.31 38.31 38.31 (%o0) Existing slope
= Calculation result
neutral depth : h=| 0.358 59.6% 0.455 56.9% 0.406 50.8% 0.539 53.9% |(m)
Area : A= 0.176 0.295 0.256 0.432 (m2)
hydraulic  radius : R= 0.166 0.216 0.202 0.262 (m)
‘Water Velocity : V= 2.463 2.935 2.807 3.337 (m/s)
full bobbin flow rate Qm~| 0.651 1.402 1.402 2.542 (m3/s)
Frude No.: Fr=| 1.441 1.536 1.584 1.620
surface width : T=| 0.589 0.792 0.800 0.997 (m)
No.3 Ghatte Khola Bridge
- Circular section item
Total flow rate Q= 0.461 0.461 0.767 0.767 (m3/s)
Cell No. N=| 2 1 2 1
flow rate: =] 0.231 0.461 0.383 0.767 (m3/s)
Diameter: D= 0.60 0.60 0.60 0.70 (m)
Roughness coefficient : n=| 0.024 0.024 0.024 0.024 Coorrugated-metal pipe
Gradient of channel: 1=| 86.15 86.15 86.15 86.15 (%o) Existing slope
- Calculation result
neutral depth : h=| 0.198 33.1% 0.290 48.3% 0.261 43.5% 0.359 51.2% [(m)
Area : A= 0.082 0.135 0.118 0.198 (m2)
hydraulic radius : R=]| 0.111 0.147 0.137 0.178 (m)
Water Velocity : V= 2.824 3.403 3.245 3.865 (m/s)
full bobbin flow rate Qm=| 0.976 0.976 0.976 1.473 (m3/s)
Frude No.: Fr= 2.373 2.288 2.326 2.319
surface width : =] 0.564 0.600 0.595 0.700 (m)
No.4 Rangrung Khola Bridge
= Circular section item
Total flow rate =] 2.138 2.138 3.555 3.555 (m3/s)
Cell No. N= 2 1 2 1
flow rate: =] 1.069 2.138 1.778 3.555 (m3/s)
Diameter: D= 0.80 1.00 1.00 1.20 (m)
Roughness coefficient : n=| 0.024 0.024 0.024 0.024 Coorrugated-metal pipe
Gradient of channel: 1=| 66.89 66.89 66.89 66.89 (%o0) Existing slope
+ Calculation result
neutral depth : h=| 0.436 54.5% 0.579 57.9% 0.517 51.7% 0.705 58.8% [(m)
Area : A= 0.280 0.472 0.410 0.691 (m2)
hydraulic radius : R=| 0.211 0.273 0.255 0.330 (m)
Water Velocity : V= 3.816 4.531 4.337 5.143 (m/s)
full bobbin flow rate Qm—| 1.852 3.359 3.359 5.462 (m3/s)
Frude No.: Fr= 2.057 2.094 2.163 2.148
surface width : T= 0.797 0.987 0.999 1.181 (m)
No.5 Daraudi Khola Bridge
+ Trapezoid section item
flow rate : Q= 13.313 13.313 22.142 22.142 (m3/s)
Bottom width : =] 3 8 5 13 (m)
Side gradient : l:n= 2.000 2.000 2.000 2.000
Roughness coefficient : n =| 0.03 0.03 0.03 0.03 Riprap
Gradient of channel : 1= 1.396 1.396 1.396 1.396 (%) Existing Slope
channel height : H =| 1.60 1.20 1.60 1.20 (m)
Upper width : B2= 9.40 12.80 11.40 17.80 (m)
= Calculation result
neutral depth : H 0.938 58.6% 0.583 48.6% 0.991 61.9% 0.597 49.8% [(m)
Area : A = 4.574 5.344 6.919 8.474 (m2)
hydraulic radius : R = 0.636 0.504 0.734 0.541 (m)
Water Velocity : V = 2911 2.493 3.203 2.614 (m/s)
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