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Acronyms and Abbreviations

A.C. Air Conditioner

BOD Biological Oxygen Demand

cCTV (AR fTM.) Closed-Circuit Television
CFL(iﬁ U%.Td.) Compact Fluorescent Lamp

CGlI Corrugated galvanised iron

DHM Department of Hydrology and Meteorology
EIA Environmental Impact Assessment
GoN Government of Nepal

LED (UA.38l.)  Light Emitting Diode

L.P.G. Liquified Petroleum Gas

NBC National Building Code

NO« Nitrogen Oxide

PPE Personal Protective Equipment
PM Particulate Matter

SO2 Sulphur Dioxide

STP Sewage Treatment Plant

TSP Total Suspended Particles
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.. | AUEISEE
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Turbidity NTU '3
pH &0 — T
Colour TCU '
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Conductivity
Total dissolved Solids Mg/L qo000
Iron Mg/L 0.3 (3)
Manganese Mg/L oR
Arsenic Mg/L 0.0Y
Fluoride Mg/L 0.9 — 9.4x
Ammonia Mg/L 9.4
Chloride Mg/L Y0
Sulphate Mg/L Y0
Nitrate Mg/L Y0
Copper Mg/L q
Zinc Mg/L 3

ARIREES Aluminium Mg/L o.R
Total Hardness Mg/L Y00
Residual Chloride Mg/L 0.9 — 0.3x (FANAIH)
Calcium Mg/L Q00
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Chromium Mg/L 0.0Y
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Mercury Mg/L 0.009
Nitrites Mg/L 3
E-Coli CFU/100ml | o
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TH T WIRG | Afpad | g &ty
ki) (e )
dew  wewyg | AME
T Y YU 30 High Volume Sampling and Gravimetric
(Tsp) Analysis
R R EURED
(PM,o) Y HUar q0 High Volume Sampling and Gravimetric
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¢ Method
SEAFES(S0,) | 3y guap | o Same as Annual
qgcd AFd3S a"‘%** ¥ O Chemiluminescence
(NO,) Y HUar zo Same as annual
FHTAT z HUar* 40,000 Non-dispersive Infrared Spectrophotometer
HHAFEES(CO)
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R (Lead) Atomic Absorption Spectrometry
I (Benzene) | AT+ Y Gas Chromatographic Technique
Tua.-3.Y Y Huart ¥ O PM, s Sampling Gravimetric Analysis
(PM,5)
A (Ozone ) z Huark QY UV Spectrophotometer
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TiegT Y famwe ardEfT sEe

Y BIeael 9 T QaTH o7 HedTgHAaH! N ATATSHT &3] ardravig
HATTH] ATIRAT THH AAYTH o | AETH qLAF TA GAe® AT
gasl FOa, A geiad wideaes 9o B Teaeesl deuuaae gagdd

RS 3 |

¥.q Wi aramE

¥.9.9 9RIer Sraedr, aaadid ST T SRS

TRATS Rl Bieel AN Y29, HIGHUST Fofedl, HISHTS WIS
T2 | I WETRUIIRT ¥&.¥Y¥ av 6./, -9RT ANeaHl § T SF 3% a0
ASTEEHT SIS TRUST ) | ANiiTers gEHIT Blee Toel 7y 3'9%.09" Il
HEATT T GU°RUIY.EE" Al SUAHT e W ITh T GHa dasee 1335
Rex ISl Haftdd g | Bied WHl A= T8 I I(e0ah Ml [ haH Wbl

*
P | HIEATS! FNiediehl H-STARTH! fF@or qa i ™1 Te&qd TRuET F |

DT 99: BIGATST NedTh! F-STIRT B

| — ¥ R0q0 ¥ 030 (F&NT)
> (Landuse type) W ézr W EQ %ﬁf
(i fEd @) | &7 %
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(H?Ff Wang.S.,et al, 2020)
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(b)

Land cover map
Kathmandu-2010

- Forest
B shrubland
B Grassland
[:] Agricultural
- Barren area
- Water body
- Built-up area
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B & T T ASHHT A TSFHT |99 RS @R § avar e

TNieRT qEATE

(G T T FGH @7 AT, FIEATET TARAE )

Wl qUT AGH TS BRI, BTEAmEl IR 99 R09C IR 3033 qEIHT
§ TP ALATF ATER T IO AT GoaT T A6l WUHT AT, T 9,5RU.4Q
faferfirex €1 o gerwear %w =t qust af g R0%0 B, T 9 FE q,%9.9Y

ffeifeeT A awt st =)

¥.9.391g T gAbT O
TIee ST AT TN Sa-Ish! HATITHN AN AT S0 Gheld TNUH TeqTF
T AABTAT JooTd TRUHT F |

TfIST R: ATAS EAB A TAqT €aqapl T

YD TOTEAT =8
fereror LigED AT A
BT AIETE, R0&R
Tua. 90 (ugm’) 14.5919 X0
AP o Y (pgm) 90.95Y Y0
ggeer | Carbondioxide CO2 (ppm) ¥RZG.q&0 -
Formalaldehyde HCHO 0.0052 )
pg/m’ '

(GIT: TITHTT qI7, [4.8. 27053,09,94 3@ v053,09,96)
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ERIET] Equivalent Noise Level SR Tl
e 9.3 SR &3 IREw Y Y SREa
(GIT: TJHIT 347, 3.4 2053,09,9%)

FIGHVET JTAHTHT AT YU TR A RS Hiaeeadl yq@ 9faH whl g

T IFHT 9 FEAR WEAEE IS g A T8I THE Wbl g | ANl T

AT UTEATH] AN ATASHT &A1 a1 O /9w T4 (Temtop MROOO Ind

Generation Multi-functional Air Quality Detector) TR ARl TOTEAL AT *IR'{OIOI
far) @i fE. 053709794 AWFE 1R W@ R053/09/9& AR
:RG WFH RY HUSH THAT el ARUHT T, FEHT PMgo, PMzy T COg
AT T ARATT TH TRAT T Ieh A(dSedls Agepl e geeredl AT /9L,
R0&% ATER W/TEH AHa TRUHI &7 | AUFaE YH AFHR AT
fTuw. q0 T UUH. 3.4 & Ry O 9T WSS AHHT ATHAT AIEIES

Heal hH Lokl Irgdl |

D! TTH TaXahT Meq AT TITHT € W9 I+ (Noise Meter — Lutron
SL-4023SD) WIhd AT ffd R053/09/9% A ESAET T 9R:99-9R:%9
o1 RGBT BT €A “ITAaH (Lmin), ATUHTH (Lmax) T AT (Leq) TR Y
AHISHT FaUeAT Qo fHeeass freus! fEr| calf dm=sT Afdererg dierdr
1R TEqA IRTHT G| ea GFarell AT AIGTE, R09R o SAMMNE &AHT AR
SAEl AT (Leq) TOX &Y SRET AFHT G| AAS TITHT caral Arad
(Leq) T AfHUHT ARHAH WUSTE W=l HH Wl IEAT| £afd HUT TEih!
TUIAT AN @hl TAFAT eaHdT e HaeeHl Teed!  HEREe,
HIeT@Tg e/ ME! TEaT ekt s, Ara Rfsia eaf iy wat g |

Y. 9. ¥
¥.9.¥.9 &

ﬁ‘Tﬁ? feamaer afFa (Tectonically active) T W@Sf JUTEHTH! TdAE  soft
quaternary deposits% EEEa E) T IS T ThTh %Wﬂ?ﬂ'& T HLHT
| SUCHBTH GUAAT F-SHICHT HIAHIE, ST, G AIET G Selie Wiar e
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g | T GEIE AT T HISHST aNTHST TEERT UM M 97U
T STAHT T 81| A A IR ST SIEEEAE ST o7 THHUT Areiebl
o PR Swar YU TRTHEE BT HISHUSIRT 9ae] aaeid TaeasHs! Il
@ Gfbrg T TRt WA Wb 9AX gl @ qdn sl BNl duR e
AATSTHTETT ATGATEHT ST FMF ToFar Fra @ g |

GEOLOGICAL MAP OF CENTRAL NEPAL

HES R

F&"tjd ﬁ‘T% feareet yEaifad ST & Mt YT (Gokarna Formation) T
AT EATHT (Kalimati Formation) et R q?z;l Gokarna Formation
FHISATS ITAHN T FHYL Soelrhl Ao qa ITC-AT AN T | T T
finely laminated, poorly graded silty sand that ranges from pale to brownish grey rar
RIERER eI Kalimati Formation HTSHIVS! JUCHHIHT WEASHT TIEH T 31?53@%
FE ARG a-ﬁ%'l@ g1 g AT grey to dark silty clay and clayey silt, at places

calcareous nature and phosphate mineral 9+ |
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¥.9.¥.] S &

T BeAH! TEASd Medl a2 ST AIeH! 0T TRUEST | Fo parameters
TED] TUEAD] ATIRAT ATASTATS] AT R T FHHAT ATASTI [ ATHATIEE
U ATST AT FAAeTH Jooi@ TRUHT | THED] HHAT ATS qT ARBIAHT
GO AT NUHT AT, TEHT a0 e il Jeoid RUHT 3 |

qx | e (Frew) et far Water
A | Ry | e Table

0 & Filling materials including silty sand with gravels &
Brick
g o gray to white medium to corse sand with trace of
’ gravels
9 ©.% Q gray clayey silt of low plasticity ©.u fiex

Q 93 gray to white corse sand with traces of gravels
93 qY gray clayey silt of medium plasticity
QY- gray to white gravel mix coarse sand
o Filling materials including silty sand with gravels &

R4 Brick
.Y 3.9 gray to white course sand
3.9 ¥.% Gray sandy clayey silt of low plasticity © fiex
Y1 c.v Brown to white silty course sand with traces of gravel

3 o Q.9 Dark gray clayey silt of medium plasticity

Q. 9 gray to white coarse sand

93 qYy.4 | Dark gray clayee silt of medium plasticity
qY¥.% | Q. | gray to white coarse sand

v.c | qL Gray clayey silt of low plasticity

Q0 R0 gray to white gravel mix coarse sand

1) 0.3 Top Soil

0.3 .1 Brown sandy silt

.Y 3 Dark gray clayey silt of medium plasticity
3 ¥.% Brown to gray sand mixed clayey

2. Y. % ¥.® Gray sandy clayey silt g4 faex
w9 qo0 gray to white silty coarse sand with races of gravels
q0 99 Aagray clayey silt of medium plasticity
99 R0 gray to white cosrce sand with traces of gravel

(| Final report on geotechnical investigation works of proposed proposed building site
at bauddha, Kathmandu. (Taragaon Regency Hotel 2024))
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Faults) EIMEE: 1) HTRT G | = W I (Main Central Thrust), = El'lG'Uéj
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Legend
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- Streams
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Earthquake hazard |
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B Low
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(&I Piya, B., etal. Y00&)
(GI: Khatakho R., et al. 2021)
Sfeated s few FFET ATER FEET AT S PIGHITS! STCPTHN TFFIT G 5 FTP T FTTT Non
T 2y 5= v Siew g T T SAET AT engineered masonry  construction, Hraren Liquefaction
Liquefaction susceptibility o weaw ¥ 9=w wEr FI susceptibility, fea @ ﬁ?ﬁ'q, loose soil deposit, dense built-up

AT SFF! HET IO YieeT AaR M@vaH GHaw area ¥ T € WHN G (HFIT: Khatakho R., et al. 079 /]
prler liquefaction Bl AT Gag-eiier Wl a_"fl
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T F8Ta e T AT Aot Giediet G0 @H gl Bled &l A
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e SfHT F g T |

Y.9.0TI®T FId T TR
HICHS JTAHIH G&A T FHBTE Jorell sWradt 7€t T aaT e Tdee
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g_"U Acdliad SAldlvldl el UL PIOHIVST SUYR] WYl [cdlHCs gl [A4dY]

TRUDT @I T SHHTHART G @I Hed Hdahl ®IH el g1 KUKL
I T ATl ATATEAT TTgT T ST A WART T DT S JTH 9l
Y AT & G- 1 G T Hde® TEHT Tgar | eieeer q fafor

| o
A&l qAledqdhl 2p HHI WQWﬁ‘TI‘-ﬁT PIOHIVsST SHCUDR] EIHYIHI i-(\dmdswﬂ adiul

U @I T Wl fadieeare Agfd Weded! ¥ BT ARy o 9 g |

TTAIRT TR UfeTsh! TN BTeerd T AT TR ITiehT AT ey TRusmT
AT | @A [UEARDT AR T GBI Abehl AIEUE ATET I THAT
AT T GOAUHT AN TANL GET3UHT (927 | FEEEe GIeueEe we
AfreTars 2ef WIEvEer AT U8 HTHEE qNhUH! GHINA edh! wear | !
TUETR. GEE ATIRIT AeATgars qd QcisT il T MRUHT § 9 TARTarare
W Yidagadrs AT & A GHEL TR F |

TferT §3: FCAA TART TRA THIB! TUEAL

*+.49. LiED g T A | NDQS Nepal
q. pH oY &.%-5.%
. Turbidity (NTU) q Y
3. Electrical Conductivity (uS/cm) UG Q¥ 00 (Max)
. Total Alkalinity (mg/l as CaCO3) qY¥3 .
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4. FAsE (mg/L as Cl) & %0 (Max)
&. THIAT (mg/1 as NH3) 0.4 9.4 (Max)

©. Nitrate (mg/L as NO3) - Y0 (Max)

. FeTTH (mg/1 as Ca) Y R00 (Max)
R. HEAREH (mg/l as Mg) <9 -

0. AT (mg/l as Fe) 0.3 0.3 (Max)

19. TS (mg/L as Mn) <9 0.R0 (Max)
qx. Total Coliform Nill Nill

q3. E-coli Nill Nill

(GI: FHA GFTT T FINWIA TIE7, 7074 )
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Bled IREHT e HE qTediie® ¥ [ S0 daedr T qlerdr GRiEe
TRUH! | BICAMA GEaEHT AN TR Indoor Plants B& U Blaelel AT
YRETAT Nursery 1 cIa€d TEH T |

qfetT 9 Y: Bl HAFAAT T ACEAEdRE

. EEIEC ) EDEIEI] T | e | 0 e
q. |TH - (IUCN)
q | = Acorus calamus Sweet Flag kbl Outdoor | LC
i FHicTe Alnus nepalensis Alder tree SRkt Outdoor | LC
Himalayan
3 |TER Cedrus deodara cedar Skl Outdoor | LC
Chrysojasminum | common yellow
Y | W fruticans Jjasmine Sakll Outdoor
Cinnamomum
SRR camphora Camphor tree | ¥ il Outdoor | LC
Drepanostachyum
& | e sp. Sakll Outdoor
o | FerepteT Duranta plumieri Duranta SRkbil Outdoor
c | @l Ficus benjamina Benjamina fig | ¥ il Outdoor | LC
2 gtﬁ Juniperus indica Black Juniper | ¥4 il Outdoor | LC
Mangnolia
10 | ®9 ®HA grandiflora Magnolia Sakll Outdoor
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Nephrolepi Indoor/
ephrolepis ndoor/o
19 | A cordifolia fishbone fern | ¥4 il utdoor
Wild
. Himalayan che
1R ﬁ&i{ Prunus cerasoides rry Sakkil Outdoor | LC
13 | 9% Prunus persica Common Peach | ¥4 il Outdoor | LC
[EREE _
Araucaria
1Y | =< columnaris Christmas Tree | & Outdoor | LC
. Beaucarnea
1Y | e et recurvata Ponytail palm | & Outdoor | CR
cAUIE o
Bougainvillea
1& | %o glabra Bougainvillea | & Outdoor | LC
Buxus
1 | e sempervirens Buxus orel Outdoor | LC
1 | Th Camellia japonica Camellia orel Outdoor | LC
1% Caryota mitis Fishtail palm | & Outdoor | LC
RO Cycas revoluta Sago Palm orel Outdoor | LC
R Dracaena braunii Dracaena orel Outdoor
R g/\lii L Dracaena reflexa song of India &l Indoor LC
Epipremnum
R3 | HATArS aureum Money Plant | & Indoor
Euphorbia
RY | 5\! “E pulcherrima Poinsettia el Outdoor | LC
Indoor/
R4 | T Monstera deliciosa Monstera orel outdoor
Pygmy date
R& | A Phoenix roebelenii palm orel Outdoor
Rhododendron
R | Tstferar indicum Azelia &l | Outdoor
Rg \,] [T Rosa sp. Rose el Outdoor | LC
<R Schefflera sp. Umbrella plant orel Outdoor
ES] ,
Birds of Indoor/
30 | VUSRS | Srelitzia reginae paradise orel Outdoor
EREEEC) ,
P Oriental
29 §“ﬁ Thuja orientalis Arborvitae el Outdoor | NT
Yucca gigantea
3R W 'Variegata' Yucca el Outdoor | DD

LC — Least Concern
NT — Near Threatened
DD — Data Deficient
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PR ED AREA CALCULATION
INDIVIDUAL BLOCK TOTAL BLOCK
SN |DESCRIFTION TYPE NDS FAR AREA TOTAL FAR AREA NON FAR AREA TOTAL NON FAR SUPER BUILT UP
SM_ |SF [5F1 S5M SF AREA [SF]  [SM SF
1[ViLa 1AE 5| 102.78]  1105.28 sse6.23| 0,32  828.20 1631.00] 865.17|  7157.23
1AW i 8833 1057.98 1057.98] e8.es|  304.42 30442 126.62] 1362400
wARNEN SUITE 2 106,66 1147.69 2295.38 12.00 129.13 258.26 237.33 2553.64/
GAW 3] ibbus| 178400 baball]l 4471  HUb.A4s (1934 8109  A®734N
[FIINESS FIINESS-LL LVL 1] 67038 7223.83 7223.83| 5511 38298| 59e.90)  7e0.47]  7018.00
FITNESS - L2 LVL 2U4.64 2191.17) 2191.17 203.84 £191.17|
3] BUTLER BUTLER 2| 4.8 254.84 585.67) 51,98 989.67]
TOTAL AREA 14.00 | 1,394.56 | 15,005.45 24,636.36 | 163.49 | 1,759.16 4,005.99 | 2,662.11 | 28,644.35
M SF
ACHIEVED GC 2,086.17 22,447,198
ACHIEVED FAR 2,288.H1 24,638.36
SITEAREA  SM 74,536.30 EXISTING BLOCK AREA AS PER EIA DOCUMENT
SF 602,323.55 HOTEL BLOCK
T SFT
UNIT ALLOWABLE EXISTING REMAINING FROPOSED ACHIEVED BASEMENT 1 1150.3 12,381.73
GC (40%)  SM 29,815.32 11,330.00 18,485.32 2,086.17 13,416.17 BASEMENT 2 847.8 8,663.84
SF 320,929.42 121,855.10 198,974.32 22,455.35 144,410.45 Vi1 10411 112,063.07
FAR(3.5) SM 260,884.05 37,170.80 223,713.25 2,289.81 39,460.51] wLa 5350.7 57,594.46
SF 2,808,132.43 400,103.16 2,408,029.27 24,647.31 424,750.48 LvL3 8370.4 50,088.24
VL4 3435 36,974.03
SITE AREA SM SF wLs 3402.5 36,624.21
74,538.30 802,323.55 LVLE 22315 24,019.67
RENIING COVFRARF 7 1nn?.A 10,781.97
PARTICULARS MAPDANDA PERMISSIBLE BUILT UP TOTAL AREA 36251.8 390,211.13
Sid SF SM SF
PERMISSIBLE COVERAGE 0.40 29,815.32 320,929.42 13,416.19 144,410.67 |LESS |SAFE
PERMISSIBLE FAR 3.50 260,884.05 400,103.16 | 39,460.63 424,750.69 [LESS [SAFE MUSEUM BLOCK
M SFT
BLOCK A 89 957.93
BLOCK B 108 1,173.27
BLOCK C 264 2,841.67
—— EXISTING HOTEL BLOCK et BLOCK 0 S8 BOE:78
e N - § ‘f/" A BLOCK E 102 1,087.52
————¢ BLOCK F 215 2,314.24
— - — BLOCK B B4 50417
= }' TOTAL AREA 919 5,852.03 |
| [ToTALGE | 11330 121,855.10
} [TOTAL BUILTUF AREA 37170.8| 400,103.18 |
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WLLA TYPE 1AW

PROPDSED BUILDING AREA CALCULATION
INDIVIDUAL BLOCK TOTAL BLOCK
SN |DESCRIPTION TYPE NOS FAR AREA TOTALFAR AREA NON FAR AREA TOTAL NON FAR SUPER BUILT UP
aM sF {sF] M 5F AREA[5F)  [5M SF
1[ViLLA 1AE ] 102.72| 1105.25 5528.23 30.32] 326.20 1631.00 BE5.17 7157.23
1A w 1 98.33 1057.98 1057.98 28.29 304.42 304.42] 126,68 1362.40
GARDEN SUITE 2 106.68 1147.69 2295.38] 12.00 129.13 25878 237.33 2553.64
AW 3 165.86 1784.70 5354.11 37.77 40B.45 1219.34 610,92 5573.4?|
]
2|FITNESS FITNESS-L1 LVL 1 671.36 7223.83 7223.83 55.11 592.96 592.96 726.47| 7915.?0"
FITNESS - L2 LVL. 203.64] 2191.17 2191.17] 203.64) 2191,17]
3] BUTLER BUTLER 2 45.95 494.84 BAS.67 91.98 989,67]
TOTAL AREA 14.00 | 1,394.56 | 15,005.45 24,638.36 | 163.49 | 1,759.16 4,005.98 | 2,662.11 | 28,644.35
M SF
ACHIEVED GC 2,086.17 22,447.18
ACHIEVED FAR 2,288.81 24,638.36
SITEAREA  SM 74,538.30 EXISTING BLOCK AREA AS PER EIA DDCUMENT
SF 802,323.55 HOTEL BLOCK
SM SFT
UNIT  ALLOWABLE EXISTING REMAINING PROPOSED ACHIEVED BASEMENT 1 1150.3 12,381.73
GC [40%) 5M 29,815.32  11,330.00 18,4B5.32 2,086.17  13,416.17] BASEMENT 2 897.8 9,663.84
SF 320,929.42 121,955.10 198,974.32 22,455.35 144,410.45] il 10411 112,063.07
FAR [3.5) SM 260,884.05 37,170.80 223,713.25 2,289,681 39,4B0.61] iz 5350.7 57,594.45
SF 2,808,132.43 400,103.16 2,408,029.27 24,647.31 424,750.48] vLa BI70.4 90,098.24
VL4 3435 16,874.03
SITE AREA SM SF VLS 3402.5 36,624.21
74,538.30 B02,323.55 NLE 22315 24,019.67
LRUUNL LUVERAGE W7 1] 4 y 1
PARTICULARS MAPDOANDA PERMISSIBLE BUILT UP [ToTAL AREA 36251.8 390,211.13 |
5M SF SM SF
PERMISSIBLE COVERAGE 0.40 29,815.32 320,929.42 | 13,416.19 144,410.67 |LESS |SAFE
|PERMISSIBLE FAR 3.50 260,894.05 400,103.16 | 39,460.63 424,750.69 |LESS |SAFE MUSEUM BLOCK
SM SFT
EXISTING HOTEL BLOCK BLOCK A =L} 957.99
BLOCK B 108 1,173.27
% s BLOCKC 264 2,841.67
=== s 1 ¢ e BLOCK D SE 602.78
% T BLOCK E 102 1,097.92
e BLOCK F 215 2,314.24
BLOCKG o B4 80417
K & ,‘I [ToTALAREA 919 9,892.03
= v, [
| [ToTaLse I 11330] 121,855.10
- } [TOTAL BUILTUP AREA 37170.8] 400,103.18 |
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PLOT NO.: AREA:
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TARAGANN RFGFNCY HOTFISITN

BUILDING TYPE:
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BOUDHA, KATHMANDU

PLOT NO.:
10,11,12,13,14,15,16,80,93,
94,143,144,145,146,147,182,
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802,320.65 SQ.FT.

DETAILS:

JUNGLE VILLA
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KMC Reg No: 1994
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01.] VILLA TYPE 2A E

02.| VILLA TYPE 1A & 2A (LOCKOFF)

KMC Reg No: 1994
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Viathenha + Partners

OWNER: SIGNATURE:

TARAGAON REGENCY HOTELS LTD

BUILDING TYPE: LOCATION:
HOTEL BOUDHA, KATHMANDU
PLOT NO.: AREA:

10,11,12,13,14,15,16,80,93, | 145.8-1-1.46 R-A-P-D
94,143,144,145,146,147,182,
183.1821,185 802,320.65 50.FT.

01.] FITNESS BLOCK

02.] BUTLER

DETAILS:
JUNGLE VILLA
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Y
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SHUSHANTA BHAILA &
AADARSH DANGOL DHRESH 5“““2"
DATE: SCALE: 1:200
NEC Reg No: 573 'A' SHEET NO: A 05

KMC Reg No: 1994
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HYATT
REGENCY

ZATHMANDGY

12 Nov 2025

To
Blue Waste to Value Pvt. Ltd
Lal Durbar, Kathmandu, Nepal

Subject: - Renewal of Service Extension of Solid Waste Management at Hyatt Regency Kathmandu

We are pleased to renew the service of Waste Management for a further period of one year fram the date of
expiry at an amount of NRS 50,000 + VAT per month. The Validity of the contract waould be from 15.09.2025 to
31.10.2026 or till the hotels starts the operation {whichever is earlier)

Keeping all other terms & conditions remain unchanged.

Payment Tenns: - Will be paid within 30 working days on submission of approved Invoice along with the
renewal agreement.

Thanking You
For Hyatt Regency Kathmandu

Materials Manager : Securi{y Manager

V&R k004

General Manager

Supplier Code of Conduet: At Hyatt we view our Suppliers as business partners who are committed to legal compliance
and ethical conduct. By executing this PO or Contract, you acknowledge that your coinpany abides by Hyatt's Supplier
Code of Conduct available at_Hyau.com/SupplierCodeOfConduct. Please contact your point person should you require
this Code in your local language.

HYATT REGENCY Boudha T+97715171234
KATHMANDY Kathmandu, Nepat ) hyattregencykathmandu.com
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

1.

2.1

INTRODUCTION

This report on proposed building in Hyatt Regency Kathmandu premises at Taragaun, Bouddha
discusses the details of soil investigation works and foundation recommendations for its proposed
site at various locations. The investigation work included literature review, percussion drilling,
SPT Test, Laboratory Tests and Analysis of various test results to predict the allowable bearing
capacity of sub-soil at the proposed Foundation and recommendation of the most suitable
foundation compatible to the prevailing soil conditions. The details of the investigation work as
well as that of findings of the analysis carried out are presented in the following paragraphs.

LITERATURE REVIEW
Seismicity

It has now been well understood that the Himalaya was formed by the most recent mountain
building activity (tectonic activity) in the Earth's history and therefore it is called the youngest
mountain on the earth. The origin of the Himalayas began around 70 million years ago at the time
when the north moving Indian plate first collided with the Asian plate. Even after the collision the
Indian plate continued pushing the Asian plate to the north. In the process Indian plate's leading
edge was sliced, broken, folded and uplifted to form the youngest and the highest mountain range
on our planet. The Indian plate is constantly moving to the north even at present and COnverges on
Tibet by 50 mm annually (Patriat and Achache, 1984). This convergence builds up a very large
storage of energy in the Himalayan region over a period of time. The energy is stored by building up
elastic strain or deformation in the rock of the Himalayas and adjoining areas. When the
accumulated energy exceeds the ultimate strength of the rock, the rock breaks and suddenly releases
the accomulated energy as slip on faults giving rise to earthquakes. Since, as already mentioned
above, the mountain building process is still under progress, the Himalayan and surrounding
region are seismically one of the most active parts of the earth. The earthquake occurrence data of
the last century shows that on an average Nepal was hit by a big earthquake in every 12 years

(Nakarmi, 1997).

The Characteristics of seismic ground vibration expected at any locations depends upon the
magnitude of earthquake, its depth of focus, distance from the epicenter, characteristics of path
through the seismic waves travel and the soil strata on which the structure stand. The random
earthquake ground motions, which cause structures to vibrate, can be resolved into three mutually
perpendicular directions. The predominant direction of ground vibration is usually horizontal.
Nepal lies in the zone which is highly vulnerable in the event earthquake.

FIELD WORK
General

The fieldwork included Percussion drilling, Sampling, SPT Test and Water Table Monitoring. The
details of the field works carried out at the building site are presented in Table 1.
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3.2

Table 1: Summary of Field Works
s No Boring BH No Started Completed Depth
Type On On On
1 Percussion BH-1 3-1-2024 4-1-2024 20
2% Percussion BH-2 4-1-2024 5-1-2024 20
3 Percussion BH-3 21-12-2023 22-12-2023 20
4 Percussion BH-4 26-12-2023 27-12-2023 12
5 Percussion BH-5 28-12-2023 29-12-2023 12
6 Percussion BH-6 31-12-2023 1-1-2024 17
7 Percussion BH-7 22-12-2023 23-12-2023 12
8 Percussion BH-8§ 23-12-2023 24-12-2023 12
Boring

The drilling work was carried out using percussion drilling. The boreholes were logged
continuously in the field for the all boreholes. The borehole logs included visual classification of
soil, records of SPT values at every 150 mm intervals of penctration till a total depth of
penetration of 450mm and records position of water table. The field boreholes records were
updated after completion of laboraiory investigation works. The updated logs for the tower
foundation sites are presented in Appendix A. The location of boreholes is shown in Fig 1.
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3.3

3.5

Photographs

A set of color photographs was taken to show the record of ground investigation work. The
photographs cover the location of borehole, sample recovery and soil samples. The photographs
are presented in Appendix B.

Sampling

Before any disturbed samples were taken, the bore holes were washed clean to flush any loose
disturbed soil particles deposited during the boring operation. The samples obtained during tests
were preserved as representative disturbed samples. The disturbed samples recovered were placed
in airtight doubled 0.5 mm thick transparent plastic bags, labeled properly for identification and
finally sealed to avoid any loss of moisture. Only then the samples were transportation to the
laboratory for further investigation.

Field Test.
Standard Penetration Test (SPT)

The field test conducted at the site consisted of Standard Penetration Test (SPT). This is most
commonly used in-situ test, especially for cohesionless soil which cannot be easily sampled. This
test is extremely useful for determining the bearing capacity of cohesionless soil, carrying out
liquefaction susceptibility and slope stability analysis.

The test consists of driving into the soil a standard split barrel having 50.8 mm outside diameter,
35 mm inside diameter and of length around 650 mm. The sampler is connected to the end of
boring rods. The sampler is driven into the soil at the bottom of a cased borehole by means of a
65 kg hammer falling freely through a height of 760 mm onto the top of the SPT rods. A guide
assembly is used for the falling hammer and an anvil is used to transmit the blows of the hammer
to the SPT rod. The bore hole must be cleaned up to the depth at which the test is to be conducted
such that the test is conducted into the undisturbed material. The casing must not be driven below
the level at which the test is to begin.

At first the sampler is driven 150 mm into the soil to seat the sampler and to bypass any disturbed
material at the bottom of the borehole. The number of blows required for this depth of
penetration is recorded. The sampler is further driven through 150 mm and the number of blows
recorded. Likewise, the sampler is once again driven by another 150 mm and the number of
blows recorded. The number of blows recorded for the first 150 mm of penetration is
disregarded. The number of blows recorded for the last two 150 mm intervals are added. This
added value is known as Standard Penetration Number. This is also called as SPT N-Value. If the
number of blows reaches 50 before a penetration of 300 mm, no further blows are applied but the
actual penetration is recorded. At the end of a test the sampler is withdrawn and the scil is taken
out from the sampler. This sample is the best quality disturbed representative sample and is used
to carry out tests for the classification of soil. The records of the SPT values obtained are
presented in borehole logs in the Appendix A.
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3.6

The recorded SPT values are without any correction of overburden and water table. The test was
conducted without using liner. The maximum rod length used was 21.5m. The overburden
correction has been carried out as per the IS: 2131 - 1981 charts. The SPT value obtained in the
field are corrected for overburden pressure. The SPT was originally developed for cohesionless

soils so that undisturbed samples would not have to be taken as it is difficult and costly procedure
in such soils.

Ground Water Table Monitoring

The position of ground water table was measured at each borehole. The water level observed in
the bore holes at the end of a 24 hours long period after completion of boring work was taken as
the position of ground water table. The depth to ground water table from ground level after 24

hours of completion of boring work for all the boreholes are given in the borehole logs presented
in the Appendix A.

LABORATORY TESTS AND RESULTS
The following laboratory tests were conducted:

a)  Grain Size Analysis (Sieve)

b)  Grain Size Analysis (Hydrometer)
C)  Atterberg’s Limits

d)  Bulk Density

e)  Unconfined Compression Test

f)  Specific Gravity

g  Natural water content

h)  Consolidation Test

i)  Direct Shear Test

The above laboratory tests were performed s per the specification laid down in the IS standard
codes. The above tests were conducted at the Geotechnical Laboratory of MULTI Lab (P) Ltd. at
Kopundole, Lalitpur. The results of laboratory tests were compiled in the form of Test Results
Summary Sheet and are presented in Table 2. The test result sheets of individual tests are given
in Appendix C.
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

5,

6.1

6.2

6.3

6. 3.1

SOIL DESCRIPTION

The surface as well as sub-surface geological features existing at the building site is shown in the
borehole logs presented in Appendix A.

FOUNDATION ANALYSIS

General

Before selecting a given type of foundation vis-a-vis the particular set of conditions prevailing at
a site, the probable performance of the foundation must be judged with respect to two types of
potentially unsatisfactory behavior. In the first place, the bearing capacity of the foundation soil
must be sufficient enough to ensure that the induced total or differential settlement is not
detrimental. Secondly, the bearing capacity should be such that excessive shear strain, which
could lead to shear failure, does not occur.

Depth of Foundation

The depth of foundation is governed mainly factors such as scour depth and the nature of the
subsoil strata to place the foundation, basement requirement and other environmental factors.
Isolated and pile foundation are the type of foundaticn analyzed for the proposed building. The
depths taken for the analysis are 2.0m, 2.5m and 3.0m for isolated for general and as per the
structural requirement at various borehole locations.

Cowmputation of Bearing Capacity
General

At the proposed site the soil is granular to clayey at the different foundation level hence the
bearing capacity analysis has been carried out using shear failure criteria as well as settlement
criteria. The dimensions of foundation have been taken as 2.0m by 2.0m, 2.5m by 2.5m and 3.0m
by 3.0m for isolated foundation with respect to the presented depth above. The detail is provided
in the computation table. The bearing capacity analysis is carried out based on the results of
corrected SPT value based on drained shear parameter for granular and undrained parameter for
clayey soil respectively. IS 6403:1981 method has been used to determine the bearing capacity
from shear failure criteria as well as the settlement criteria and to check the probable allowable
settlement the consolidation test data has been used. The detail is provided in the computation
table. The bearing capacity analysis is carricd out based on the results of SPT Value. The
corrected SPT value is shown in Table 3. The minimum value obtained from shear failure
criteria and settlement criteria has been recommended as the allowable bearing capacity. The
details of the relation are presented below;

=TT
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

6.32  Sandy/Clayey Soil (IS 6403:1981)

Shear failure Criteria — The net ultimate bearing capacity of the foundation in terms of shear
failure is given by the following equation.

a) In case of general shear failure, i.e. for ¢ > 36°

g

G = NS doi, + (N, — 1)s,d i, + 0.5ByN,s,d,i R,

b) In case of local shear failure, i.e. for ¢ <29°

Qo = Y3 eNlsod i, + q(N) - 1)s,d, 1, + 0.5ByN;s,d i R,

The general, local shear failure and intermediate condition are interpolated as per the and F ig: 1
of IS 6403:1981. '

And, the net safe bearing capacity is given by the following equation.

Where,
Gnu = Net ultimate bearing capacity
dns = Net safe bearing capacity
q = Effective pore pressure at the base of foundation
¢ = Cohesion of soil
¢ = Angle of shearing resistance
q = Effective pressure at base of foundation (q=Y.Dy)
B = Width of foundation
L = Length of foundation
D¢ = Depth of foundation
Y = Unit weight of soil
Ne, Ng, Ny, N, N°g, N’y = Bearing capacity factors
Ses Sq, Sy = Shape factors
dc, dq, dy = Depth factors
ic, ig, iv = Ground inclination factors
Rwi, Rwz = Water table correction factors
F.S = Factor of safety

The bearing capacity factors Ne, Ng, Ny depends on the angle of shearing resistance of the soil 1)
(in degrees) as in the table given below:

MULTI Lab (P). Ltd.
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Table 4: Bearing capacity factors

o Ne Nq Ny

0 5.14 1 0

5 6.49 1,57 0.45
10 8.35 247 1.22
15 10.98 3.94 2.65
20 14.83 6.4 5.39
25 20.72 10.66 10.88
30 30.14 18.4 22.4
35 46.12 33.3 48.03
40 75.31 64.2 109.41
45 138.88 134.88 271.76
50 266.89 319.07 762.89

For obtaining values of N’c, N°q and Ny, calculate ¢" = tan™*(2/, tan ¢ ) and read Ne, Ng, Ny
frorn the table above corresponding to the value of ¢’ instead of ¢ which are the values of N,
N’q and N’y respectively.

The shape factors s, sq, Sy depends on the type of the base of foundation as in the table given

below:
Talbie 5: Shape factors
. Shape Factors
S.No. | Shape Of Base
_ Sc Sq SY
i) Continugus stirip 1.00 1.00 1.00
i) Rectangle 1+0.2 B/L 1+0.2B/L | 1-04B/L
iti) | Square 1.3 1.2 08 |
iv) Circle 1.3 1.2 0.6

The depth factors de, dg, dy depends on the angle of shearing resistanice of the soil ¢, base width
B and the depth of foundation Dr as given below:

d =1+02D,/8 /N,

d, =d,=1+01D,/5 (N, for g < 10°

d, =d, = 1+01D/5 /N, for ¢ > 10°
Where,

Ny = tar’{z/4 + /2)

The ground inclination factors ic, iq, iy depends on the inclination of load with vertical a and
given as below:

Where,

o= a1 a)
e T TS T

MULTI Lab (P) . Ltd.
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

a’ = inclination of the load with vertical

The effect of water table is considered as follows:
a) Ifthe water table is likely to remain at or below a depth of (D + B) beneath the ground
level surrounding the footing then W’ = 1.
b) If the water table is located at a depth Dr or likely to rise above the base of footing then
the value of W’ shall be taken as 0.5. )
¢) If the water table is likely to remain at depth Dr < Dy, < (D + B), then the value of W’ be
obtained by linear interpolation.

The bearing capacity computation has been done for the worst water table condition in line with
the saturation of base of the shallow foundation during the monsoon.

Settleneent Criteria (IS: 8009 (Part I) —1976)

Granular soil

To check bearing capacity of granular soil on the basis of settlement criteria for the probable
allowable settlement for different sizes based on standard penetration test is carried out.

Clayey soil
To check bearing capacity on the basis of settlement criteria of clayey soil the following relation

can be used. To determine probable allowable settlement for different sizes based on
consolidation test the relation presented below is to be used.

o=m,*Ap*D,

Where,
o = Expected Settlement
my = Coefficient of volume compressibility
Ap = Increase in Pressure
Ds = Significant Depth

Using the appropriate relationships suggested above the analyses was carried out for 40mm and
50mm allowable settlement for sandy and cohesive soil respectively for isolated fonting. The

bearing capacity is computed for the worst condition. The details of the analysis are shown in
Table 6.

ST TR
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- B

6.3.3 Coclficient of sub-grade reaction )

For the design of foundation the sub-grade modulus can be used which is defined as the unit
pressure required to produce a unit settlement. This can be determined through plate load test
directly which is both costly and time consuming hence indirectly through empirical relation
proposed by Bowles or standard charts proposed by different designers it can be easily

determined. The detail of the calculation based on the relation presented below and the computed
values are presented in table 7 below.

i) Bowle’s equation as:

y K =25%(SF)*q,

Where,
K = Modulus of subgrade rxn KN/m?
qall = allowable bearing capacity KN/m?
FS = Factor of safety
ii) Design chart:
Table 7: Coefficient of Sub-grade Reaction i
Seil Type Ks(MN/m?)
Loecse 8-25
Sand(dry or moist) Medium 25-125
Dense 125-375
Loose 10-15
Sand Submerged Medium 35-40
Dense 130-150
Stiff(qu=100-200KN/im?) 12-15
Clay Very Stiff(qu=200-400KN/m?) 25-50
Hard(qu>400KN/m?) >50

A Summary of bearing capacity is given in Table 8 below.

MULTI Lab (P). Ltd.
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

6.4  Computation of a pile Capacity

The pile capacity has been computed using IS: 2911 method for sandy soil. The pile type
analyzed is a bored and cast in place pile of 0.4m, 0.5m, and 0.6m dia.

6.4.1 Cohesive Soil Single Pile Action

Piles in cohesive soil generally carry most of the load on pile shaft. The ultimate resistance of pile
is given by the relation:
Qults = Qb + st

Qult::NC *Ap*e,+ate, *Ag
Where,

Oyt = Ultimate pile resistance

()p = Base Resistance
Qs = Shaft Resistance
N, = Bearing Capacity Factor
a = Adhesion Factor
gy o Area of Base

o Undrained Shear strength at pile tip

a = Average Undrained Shear Strength over Embedded Length of Pile

As = Area of Shaft
6.4.2 Cohesionless Soil Single Pile Action

The ultimate resistance of single pile in cohesionless soil IS: 2%11is given by:

Oult=0p + Qs
!‘uli=Ab ADy N, + PN+ D 0 KPp, tan M
Where,

Oyir = Ultimate pile resistance

Op =Base Resistance

Qs = Shaft Resistance
Ng Ny = Bearing Capacity Factor
4y, =Areaof Base
As = Area of Shaft

P = Effective overburden pressure at base of pile

Pave' =Average effective overburden pressure over the embedded Iength

of pile and at base of pile
K = Earth pressure Coefficient
8 = Angle of wall friction

Using the relationships suggested above the analysis was carried out. The results of analysis
are summarized in Tables 9 and 10.
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PROPOSED Propesed Building Complex
Pile Foundation With Different Sizes And Depths

Location:Taragaun, Boudha

Table 9

COMPUTATION OF PILE CAPACITY

Description Unit |Symbol Data Remarks
BH no - . BHI FL=3.0m
Soil Type Cohesive Cohesive
Total Length of Pile m L 10.0 12.0
Diameter of Pile Shaft m D 0.4 0.5 0.6 0.4 0.5 0.6
Diameter of Pile Bult at Bise m Dy, 0.4 0.5 0.6 0.4 0.5 0.6
Base Area m' | A, 01 0.2 0.3 0.1 02 0.3
Shaft Area per Meter Length of Pile m Ay 1.3 1.6 19 1.3 1.6 1.9
Unit Weight of Soil kN/m®| ¥ 18.0 18.0 18.0 18.0 18.0 18.0
Saturated Unit Weight of Soil N/m® | e 18.0 18.0 18.0 18.0 18.0 18.0
Submerged Unit Weight of Soil KN/ | Yo 82 82 82 32 8.2 8.2
Depth to Water Tablg m Dw 7.5 15 75 7.5 75 7.5
Thickness of Cohesive Soil Layer m H, 0.5 0.5 0.5 25 25 25
Adhesion Factor ¥ o 0.8 0.8 0.8 0.8 0.8 0.8
Undrained shear strength &N/m®| Cu 59.0 59.0 59.0 59.0 59.0 59.0
Shaft Resistance of Cohesive Layer kN Q 27.9 34.8 418 1393 | 1741 | 2089
First Granular Soil Layer
Thickness of Granular Soil Layer m H, 5.0 5.0 5.0 5.0 5.0 5.0
Average SPT KN Value - N 21.0 21.0 21.0 21.0 21.0 21.0
Average Angle of Tnierisal Friction degrees| o 33.0 33.0 330 23.0 330 33.0
Critical Depth m d 6.0 73 9.0 6.0 75 9.0
Effective Overburden of Layer KN/m® | Py 20.6 20.6 20.6 206 206 206
Earth Pressure Coefficient - K 0.3 03 03 0.3 03 0.3
Soil-Pile Friction Angle degrees| 6 21,0 22.0 22.0 220 22.0 220
Shaft Resistance of Granular layer kN Q1 16.6 20.8 249 16.6 20,8 249
Second Granular Soil Layer
Thickness of Granular Suil Layer m H, 4.5 45 45 45 45 4.5
Average SPTN Value - N 26.0 26.0 26.0 26.0 26.0 26.0
Average Angle of Internal Friction degrees| 4 35.0 5.0 35.0 350 350 350
Critical Depth m dy 6.0 15 9.0 6.0 7.5 9.0
Lffective Overburden of Layer W/m®| Pa 411 41.1 41.1 41,1 41.1 41.1
Earth Pressure Cozfficient - K; 0.3 03 03 0.3 0.3 0.3
Soil-Pile Friction Angle degrees| & 23.3 233 233 233 233 23.3
Shaft Resistance of Granular layer kN Qz 209 374 449 299 374 44.9
Total Shaft Resistance of Granular layer kN Q 46.6 582 69.9 46.6 58.2 699
Average SPTN Value = N 26.0 26.0 26.0 31.0 31.0 31.0
Average Angle of Internal Friction degrees| ¢ 35.0 35.0 35.0 36.0 36.0 36.0
Effective Overburden at Pile Tip KN/m? | Py 493 61.7 74.0 493 61.7 74.0
Undrained shear strength kN/m*) Cu | s00 | 590 59.0 59.0 59.0 59.0
Bearing Capacity Factor = Ng 48.9 489 48.9 59.1 59.1 59.1
= Ny 48.0 48.0 48.0 56.3 56.3 56.3
Base Resistance of Granular Layer KN Q 3256 | 6331 | 1097.0 | 3928 | 7638 | 13234
Total Negative Skin Friction kN Qe 0.0 0.0 0.0 0.0 0.0 0.0
Total Shaft Resistance kN Q, 74.4 93.0 111.6 185.9 2323 2788
Total Base Resistance kN o 325.6 633.1 1097.0 | 3928 763.8 | 13234
Ultimate Pile Capacity kN Q 400.1 726.2 | 12086 | 5787 | 996.1 | 16021
Factor Of Safety - FS 2.5 2.5 2.5 2.5 25 2.5
Safe Pile Capacity kN q 160 290 483 231 398 641
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COMPUTATION OF PILE CAPACITY
Iescription Unit [Symbol Data Remsrks
BH no - s BHS
Soil Type Cohesive Cohesive
Total Length of Pile m i 10.0 12.0
Diameter of Pile Shaft m D 0.4 0.5 0.6 0.4 0.5 0.6
Diameter of Pile Bulb at Base m Dy 0.4 0.5 0.6 0.4 0.5 0.6
Base Area m’ Ay 0.1 0.2 0.3 0.1 0.2 0.3
Shaft Area per Meter Length of Pile m? A, 1.3 1.6 1.9 13 1.6 1.9
Unit Weight of Soil KN/m'| ¥ 18.0 18.0 18.0 18.0 18.0 18.0
Saturated Unit Weight of Soil KN/m' | Yt 18.3 183 18.3 183 18.3 18.3
Submerged Unit Weight of Soil KN/ | Y 8.5 85 8.5 8.5 8.5 8.5
Depth to Water Table m Dw 50 5.0 5.0 5.0 5.0 5.0
Thickness of Cohesive Soil Laver m H, 7.5 7.5 7.5 9.5 9.5 9.5
Adhesion Factor - 13 0.9 09 0.9 0.9 0.9 0.9
Undrained shear strengith kN/m®| Cu 49.0 49.0 49.0 49.0 49.0 49.0
Shaft Resistance of Cohesive Layer kN Q 409.3 511.5 613.8 518.4 648.0 715
First Granular Soil Layer
Thickness of Granular Soil Layer m H, 2.5 25 25 2.5 25 25 =,
Average SPT N Value - N 11.0 11.0 11.0 11.0 11.0 11.0 Al
Average Angle of Internal Friction degrees| o 30.0 300 300 0.0 30.0 30.0
Critical Depth m d. 6.0 7.5 9.0 6.0 7.5 9.0
Effective Overburden of Layer KN/m?| P 10.6 10.6 10.6 10.6 10.6 10.6
Earth Pressure Coefficient - K 0.4 04 0.4 0.4 0.4 0.4
Sail-Pile Friction Angle degrees [ 20.0 20.0 20.0 200 20.0 20.0
Shaft Resistance of Granulsr layer kN Q1 4.2 5.3 6.3 42 5.3 6.3
Total Shaft Resistance of Granular layer kN Q 4.2 53 6.3 4.2 53 6.3
Undrained shear strength kN/im® | Cu 49.0 49.0 49.0 49.0 49.0 49.0
Bearing Capacity Factor - Ne 9.0 9.0 9.0 9.0 9.0 4.0
Base Resistance of Cohesive Layer kN Q 54.6 86.4 124.8 556 86.4 124.8
Total Shaft Resistance kN Q, 413.5 516.8 620.1 5237 653.2 FEER ]
Total Base Resistance kN 0[. 55.6 864 1248 556 86.4 124.8
Ultimate Pile Capacity kN Q 469.1 603.3 744.9 5782 739.7 Q08.6
Factor Of Safety - F5 2.5 2.5 2.5 2.5 2.5 2.5
Safe Pile Capacity kN q 188 241 298 431 296 363
MULTI Lab {P) Ltd, [
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PROPOSED Proposed Building Complex Table 9
Pile Foundation With Different Sizes And Depths

Location:Taragaun, Boudha

COMPUTATION OF PILE CAPACITY
Dexcription Unit |Symbaol Data Remarks
BH no - - BH6
Soil Type Cohesive Cohesive Cohesive
Total Length of Pile m L 80 10.0 12.0
Diameter of Pile Shaft m D 0.4 0.5 0.6 0.4 0.5 0.6 0.4 0.5 0.6
Diameter of Pile Bulb at Base m D, 0.4 0.5 0.6 0.4 0.5 0.6 0.4 0.5 0.6
Base Area m’ Ay 0.1 02 0.3 0.1 0.2 0.3 0.1 02 0.3
Shaft Area per Meter Length of Pile m’ A, 1.3 1.6 1.9 1.3 1.6 1.9 1.3 1.6 1.9
Unit Weight of Soil kN/m® Y 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9
Saturated Unit Weight of Soil KNm® | Yo 18.0 18.0 18.0 18.0 18,0 18.0 18.0 18.0 18.0
Submerged Unit Weight of Soil N | Yo 82 82 8.2 8.2 82 8.2 8.2 8.2 82
Depth to Water Table m Dw 5.5 5.5 55 5.5 5.5 5.5 5.5 5.5 5.5
Thickness of Cohesive Soil Layer m H, 4.0 4.0 4.0 5.0 5.0 5.0 5.0 5.0 5.0
Adhesion Factor = o 0.9 0.9 0.9 0.9 0.9 0.9 0.9 09 0.9
Undrained shear sirength kN/m* | Cu 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0 47.0
Shaft Resistance of Cohesive Layer KN Q 2172 | 2714 | 3257 | 2715 | 3393 | 407.1 | 2715 | 3393 | 4071
First Granular Soil Layer
Thickness of Granular Seil Layer m H, 3.0 30 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Average SPT N Value - N 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0
Average Angle of Internal Friction degrees| ¢ 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 25.0
Critical Depih m der 6.0 7.5 5.0 3 7 5.0 6.0 7.5 3.0
Effective Oveiburden of Layer kNfm? | Py 12.3 12.3 123 123 12.3 12.3 12.3 143 12.3
Earth Pressure Cocfficient - K 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Soil-Pile Friction Angle degizes| & 233 23.3 233 233 23.3 23.3 233 23.3 233
Shaft Resistance of Granular laver N Ql 6.0 7.5 9.0 6.0 7.5 9.0 6.0 7.5 9.0
Second Granular Seil Layer
Thickness of Granular Soil Layer m H, 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Average SPT N Value - N 30.0 30.0 30.0 30.0 300 30.0 30.0 30,0 0.0
Average Angle of Intemal Friction degrees| ¢ 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 260 |FL=30m
Critical Depth m d; 6.0 7.5 9.0 6.0 7.5 9.0 6.0 o 5.0
Effective Overburden of Layer Nim* | Py 22.5 225 22,5 25 225 22.5 225 22,5 22.5
Earth Pressure Coefficient - K, 0.3 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Soil-Pile Friction Angle degiees|  § 24.0 24.0 24.0 24,0 24.0 24.0 24.0 24.0 24.0
Shaft Resistance of Granular layer kM Q2 3.6 4.5 5.5 36 4.5 5.5 3.6 45 5.5
Third Granular Soil Layer
Thickness of Granular Seil Layer m H, 1.0 1.0 1.0 3.0 3.0 3.0
Average SPTN Value - N 26,0 26.0 26.0 26,0 26.0 26.0
Average Angle of' Internal Friction degrees ] - - - 350 35.0 35.0 350 350 5.0
Critical Depth m d, - - - 6.0 7.5 9.0 6.0 7.5 9.0
Effective Overburden of Layer KN/m Py 779 77.9 77.9 86.1 86.1 §6.1
Earth Pressure Coefficient - K; » 5 = 0.3 0.3 0.3 0.3 0.3 0.3
Soil-Pile Friction Angle degrees [ - - - 23.3 233 23.3 233 23.3 233
Shafi Resistance of Granular layer kN Q3 0.0 0.0 0.0 12.6 15.8 18.2 41.8 52.2 62.7
Total Shaft Resistance of Granular layer kN Q 9.6 12.0 14.4 222 27.8 333 514 64,2 77.1
Average 3PT N Value - N 26.0 26.0 26.0 26.0 26.0 26.0
Average Angle of Intemal Friction degrees| o b “ - 35.0 35.0 350 35.0 35,0 35.0
Effective Overburden at Pile Tip kN/m? Py = - 492 61.5 73.8 49.2 61.5 73.8
Bearing Capacity Factor = Ng - - - 489 | 489 | 489 | 439 | 489 | 430

- Ny - - - 48.0 48.0 48.0 48.0 480 | 480
Base Resistance of Granular Layer kN Q - - - 324.6 6312 | 10936 | 3246 6312 | 10936
Base Resistance of Cohesive Layer kN Q 533 82.9 119.7 - - - - - -
Total Shaft Resistance kN Q, 220.8 2834 340,1 293.7 367.0 440.4 3229 403.5 454.2
Total Base Resistance kN Qp 533 82.9 119.7 | 3246 631.2 | 1093.6 | 3246 631.2 | 10936
Ultimate Pile Capacity kM Q 2801 366.3 4598 | 6183 09982 | 15340 | 6475 1034.7 | 1577.8
Factor Of Safety - FS 2.5 2.5 2.5 2.5 2.5 2.5 2.5 25 2.5
Safe Pile Capacity kN q 112 147 184 247 399 614 259 414 631

= B
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu
7. Evaluation of Peak Ground Acceleration and Probable EQ Magnitude
A strong (7.8), 2015 April 25 earthquake hit Nepal in the area near Barpak, a mountain village
between capital Kathmandu and tourist town Pokhara. The earthquake was followed by many
powerful aftershocks and a new earthquake (6.7) hit Nepal on Sunday April 26. The earthquakes
caused extensive damage to buildings and thousands of deaths and injuries and were even felt in
Pakistan, India and Bangladesh. Many (historic) buildings collapsed, temples have been ruined,
roads destroyed. Nearly 8000 deaths in Nepal and tens of deaths in India & Tibet. The quake was
followed by more than 200 aftershocks and another huge earthquake (7.3) on May 12.
.The Seismic Hazard Map of Nepal as suggested by (NBC 105:2019)) shows that the Peak
Ground Acceleration of study area is around 350 gal (0.35g). The Map is shown in Figure 2.
H Legend :
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AL [ "5 e | '::J J %
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Figure 2: Seismic Zoning Map of Nepal
{ Source: (NBC 105:2019) National Building Code of Nepal
The Seismic Zoning Map of Nepal as presented in fig 2 and table 10 as suggested by Nepal
| National building code (WBC 105:2019) shows that the Peak Ground Acceleration of area is 350
gal (0.35g). The table is shown in Table11.
|
|
=
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

8.1

Table 11: Seismic Zoning factors for selected cities and municipalities
. (NBC105:2019)

| Cities/Municipalities ~ PGA  Citiss/Municipalities

PGA
. Bagiung 0.3 Janakpur 031}
. Beni 0.3 Jomsom 0.25
. Basishar 0.3 Jumila 0.3}
! Bharatpur 04 Kalaiva 0.3
1 Bhimdatia 0.3 Kamalama 0.4 |
. Bhimsshwar 0.3 Kapilbasty 0.3}
: Bhojpur 0.35 Kathmandu 0.35 ;
© Bidur 0.2 Khalanga 0.3 ¢
| Biratnagar 0.3 Khandbari 0.3 |
¢ Birendranagar 0.35 Kusma 0.31
¢ Birgunj 0.3 Lahan 0.3 'J
. Butwal 0.3 Libang 0.35 |

Where,
PHA = Peak Horizontal Acceleration in cm/sec?
Using M = 7.6 (assumed for the site), we get, PHA =350 cm/sec? = 0.35¢
As per the above references the PHA value is 0.35g hence, due to the site specific importance
0.35g is used in the analysis.

LIQUEFACTION/BENSIFICATION SUCEPTABILETY
General

The liquefaction phenomena occur in saturated cohesionless soil. The generation of excess pore
pressure below water table under undrained condition is a hall mark of liquefaction phenomena.
Under earthquake a rapid dynamic loading takes place. As a result there is tendency of saturated
sandy soil for densification but it cannot. This trend increases excess pore water pressure in
saturated sand to rise and the effective stress to decrease. If the effective stress of soil becomes
zero, the soil behaves as a liquid and any weight lying above it sinks in a level ground or soil
flows like water in sloppy areas.

In Nepal Laboratory Testing facility for liquefaction analysis is not available. As liquefaction
occurs in sands and non-plastic silty sands, simulation of field condition in the laboratory is very
much difficult. Thus results of field test is much preferred and widely used.

Over the years a number of approaches to evaluation for potential for initiation of liquefaction
haven developed. Out of these, the most common is the ¢yelic stress approach developed H B
Seed between 1960s and 1970s at the University of California, Berkley. Liquefaction occurs
when cyclic shear stress induced by a certain earthquake exceeds the shear strength of soil.

The cyclic stress approach is conceptually is quite simple. In this approach the earthquake
induced loading is expressed in terms of cyclic shear stresses. It is then compared with the
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Geotechnical Investigation of Proposed Building Site of Hyatt Regency at Bouddha, Kathmandu

8.2

8.3

liquefaction resistance of the soil which is also expressed in terms of cyclic shear stresses. If the
loading exceeds the soil resistance liquefaction is expected to occur.

Seed and Idriss (1971) has given a simplified procedure to obtain uniform cyclic shear stress for
level ground or gently sloping sites using SPT test. Since, then a lot of advancement in the
liquefaction study has taken place. Accordingly in this report, simplified procedure for evaluation
of liquefaction potential suggested by IS 1893 (Part 1) : 2016 has been used.

Load Characterization

Seed and Idriss (1971) have given a simplified procedure to obtain uniform cyclic shear stress for
level ground or gently sloping sites. The su ggested relation is:

Emgr ., v
“Thare = x-__IX)i‘.":
g [
<= Sinax A VI
Tepe = 0.65 X X—=X1y,
g Dn

Where,
Tae = Maximum shear stress
&, = Peak ground surface acceleration
& = Aceeleration due to gravity
¢, = Total vertical stress
g, = Effective vertical stress
"'y = Stress reduction factor at the depth of interest

The stress reduction factor is evaluated as:

rd='§ O.00748
4 — 5l

Vg = 217

.I "

Wz for O« z<£915 m
oo & .

7 K T for

i
CJ
[\_l

Resistance Characterization

The cyclic resistance ratio CRR is obtained by correcting standard cyclic resistance ratio CRA- .
for earthquake magnitude, high overburden stress level and hi gh initial static shear stress using:

Where,

J]

CRA- ; =standard cyclic resistance ratio for a 7.5 magnitude earthquake
MSF = magnitude scaling factor glven by following equation:
MSF = 10+ "1,"’12,;,“
£, = correction for high overburden stress (required for depth > 15m)
&, = correction for static shear stresses (only required for sloping ground)

In most of the countries the Standard Penetration test (SPT) has been the most commonly used
in-situ test for characterization of liquefaction resistance. The SPT blow count Neo for a hammer
efficiency of 60 percent is evaluated and normalized to an effective overburden pressure using:

(NiJso = CuVep
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Geotechnical Investigation of Proposed Building Site of Hyatt Regeney at Bouddha, Kathmandu

Where, .
{N{) e = Corrected SPT value
C;; = Overburden Correction Factor given by:

. T
A o -
Cpw= -+ €17
‘f 4\i &y

P, = Atmospheric pressure
o, = Effective vertical stress
Ny = Standard penetration test blow count for a hammer efficiency of 60 percent given
as:
Nep = NCyg

C,o = Correction for hammer efficiency given by:

Iy
—_ ol

Coo = 0.6xEfs
E,, = Actual hammer efficiency
E; ¢ = Theoritical free fall hammer efficiency

Y =Measured SPT blow count

The effect of fines content FC (in percent) can be rationally accounted by correcting {Ny) ¢ and

finding (Ny)ese: as follows:
(Nidsoes = @ + F(N )so

Where,
a=0 B'=1 for FC £ S percent
o f1me-) 2= ga . FE2 5« FC < 35
a=e FCE B =099+ Fr for 5 < FC < 35 percent
|_;Lll
& =05 =12 for FC = 3% percent

Hence, Standard Cyclic Resistance Ratio CRR-; is given by:

i ST e 4 50
ORR- - = s A Ch BT Bl o
P ok = s A AT O ~
3——‘L3\‘1 SOCE 133 [113?‘;”"'-.1.\"1.}&!3(5?*‘” 200

This equation is valid for (¥{)se< 30. For [Iy)eq 2 30, clean granular soils are too dense to
liguefy and are classed as non-liquefiable

8.4  Factor of Safety
The factor of safety is given by:

Cyclic shear stress required for liquefaction
cquivalent cyclic shear stress induced by earthquake

Using the above-mentioned relationships, the analysis is to be carried out. The detailed
calculations are presenied in Table 12.
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9.

10.

DISCISSIONS

the bearing capacity analysis has been carried gut using shear failyre criteria as wel] gg settlement
criteria for the soil based on the results of corrected averaged corrected SPT valye and
unconfined strength, For the granular soil IS 6403:198] method has been uged to determine the
bearing capacity from shear failure whereas IS: 8009 (Part 1) ~1976 has been ysed to
determination bearing capacity from the settlement criteria ang from the two methods least valye
has been Tecommended as the allowable bearing capacity of the sojl. The dimensions of

foundation have been taken according to the different sizes with respect to their sub-structural
requirement,

RECOMMEN BATIONS

On the basis of foundation analysis, the following recommendations haye been made,

® A detailed description of soj] types existing at the site is shown in BH Log and provided in
Appendix A,

® The depths adopted for isolated footing are 2.0m, 2.5m and 3.0m for genera] locations,
® The recommended bearing Capacities with the foundation classification are given in Table §
above.

¢ 'The bearing capacity is computed for the maximum expected allowable settlement of 40mm and

50mm allowsble settlement for sandy and cohesjve soil respectively for isolated footing within
IS: 8009 (Payt D).

¢ Since, the site comprises filling at BH1, BHS and BHG6 with 6.5m,5.5m and 3.5m from the
ground level hence in such locations pile foundation is better choice,

¢ For the selection of a suijtable Carrying capacity of the pile type analyzed as a bored and cast in
place pile of 0.4m, 0.5m and 0.6m dia for length of 8m and 10m and 12m,

® The recommended safe pile capacities with above mention dimension are given Table 11
above.

Measure shall have to he adopted,

* The pile capacity is to be confirmed by pile loading test. Initial load testing is suggested. The

¢ The foundation depth of the site jg to be located taking the proper set back ag prescribed in the
18: 1904-1986 presented below selecting the appropriate depth as prescribed in this report,
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‘THESE SURFACES
5 HOULD NGy
INTERSECT

e The soil at the site is not susceptible to liquefaction at the time of major earthquake.

e MULTI Lab will provide its every assistance in this regard as and when requested at the cost of
the employer.

e The foundation designer need not follow strictly the depth and dimensions adopted in the
analysis presented in this report. He is free to select any other dimensions for depth and width
depending upon the actual loads and moments to be transmitted to the foundation soil. At this
juncture it is worth mentioning that the allowable bearing capacity depends on many variables

such as allowable settlement, type of foundation, size and depth of foundation, importance of
structure, cost of project etc. Therefore, on the basis of soil index properties data and
engineering properties data provided in this report (i.e. data furnished in test result summary
sheet Tabie 2 and bore hole logs presented in Appendix A), the foundation designer is free to
refine the calculations wherever he fecls necessary.
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