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DFSIGN OF PIER (P1) L e

Casel: Water is empty + 146 33 ( NORMAL CONDIT!ON )
Parameler of soil : "d = 36  degree
Y= 20  Um*3
o C= 18 tf m~2
Height of Pier H= 60 m
Width of footing Pier B= 35 m
* ' L= 35 m

Compute overtuming stability :
Set up table and refer to figure :

parl 7 Weight of part

A ' flon) ~ R
-1 lis042527= o 4.3200
C 2 K16+09Y2'0.4' 25 (2.7+2)2= - 2.9375
"3 lo7aazszo= ©19.3500
"4 - |(35109)2'04' 25 (350 2)/2= 6.0500
"5 135'05'25'35= : 15.3125
-6 _jPi : L - 46.000)
-7 P2 46.000

~ | Teotal : TFhy= L} 139270

" Ghecking of éean'ng Cabaciiy on soil -

CQu= A'*[a kool Nc+k a*Ng 0.5 %y ® B""B Ny

.A.

where & 4 o

Qu = ultimate bearing capacity

= effective loading arca on footing

o, = coefficient depending on shape of fooung

" ¢ = cohesion of foundation ground (ton/m"2)

q = ground surface surcharge (YmA2) - S o q=+*Df
12 . _" uml weight of soil on front ofabuunculs ([!m"s) ={. “§ Um‘3
=1 = unit weight of soil of grouud foundauon (u’m‘ﬁ) 10 L/m""

B' L' = width and Iength of effective loadmg area

. ¢ . =distance from entrance of I‘oolmg 1o acting point of rcsulhnl force on l‘oo[mg {m)

k Df = depth from ground surfacc on front of abuimu:l to bottom of fooling (m)
D= henpht oflcc {m) =03m L Co

Sk = coefﬁmem ‘-ffe- k= (1 +0,3" Df‘IB')

.:Nq Nc Ny bcdnngcapaul\ ﬁclors

L‘*B’—(B 2eb) (L 2e]) _ S
A =(8- 2*eb) * (L- 2el)—' 1225 m*2
(:f(l—rUTB'/L)w S 130
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BE(L-4BYL)= 0 -3
q=y*Df= 642¢m*2 ..
k=(1+0,3*(OfB)= 1.0429 -~

For tan 0 =EFlV XFv=0 Ne= 50

- ' =36 Ng= 33

. Ny = 40
Qu= - 10170.70 ton

o FS=3 _

- Qsafe=Qu/FS= 3390.232 ton
gqmax=LFv/B= : 39.991 t/m' B
amax=LFv/A= . 146timt2
Qmax = qmax * A = . 139.970 ton R

Checking the beéring capacity is: BRI T TR PS R
Qmax= "~ 139.97 ton < Qsafe= - 3390.23ton ° . -
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DESIGN OF PIER (P1)

Fie:Pierl}

| Case il: Water is fuil at elevation MWL + 163,60 ( NORMAL CONDITION )

Parameter of 50il :
Height of Pier
Width of footing Pier

Compute oﬁérturning slabitity :
Set up table and refer to figure : .

parl Welghl of part‘.;'-}_;-:'.j:-? .
1 16'04'2527= . C o 4,3200
2 [(1.6+00912°0.4'25(2.T+2)2= i 29375
3 07432520 = ¢ 19.3500
4 . |3sw09r0425(35:2)02 ¢ 6.0500
5 |35052535= . - - . .15.3125
6 {{(6.77+6372)'1.4'35'10 C 32,1930
7 [{(6.77+637)2)"1 43510 ¢ 32.1930
8 |m , ¢ 46.0000
9 |p2 ' . : : 46.0000
Total : ~ EFv= : 204,356

T

$' =2/3¢ = .24 degree -
Cysuh = 1.0 t/m*3
C'=2/3C = M2 timh2
H= 6.0m
B=- -35m

L= 35m

The total buoyancy (uplift) aciing_oh the structure is calculated as follows : -

U= UIEU2Y B
" where : S
U= total uplift (ton/m)

Ut = buoyancy at upstrearn side UL = W *hl (ton/m)
U2 = buovancy at do“nsiream side U2 =yw ¥ h2 (lonvm)

B =  boitom width of structure (m)
W = unil weight of water  (Ym™3) : _
' U1 =U2=1,0*1536-146.33)= - 71.27 .-
U= o 25.445
U= e - 89.0575

: Tot_élVeriicalForce: I EFV—LFV -U"

- Checking of Beéring Cabacily dn sml ;

ton /m

ton /m
ton e
115.2985 ton

Qu:_A;f[U—*k*C*Né r+k*q'*.Nq'+ 0_5;:;.:,1 %-Bi:# B'.*.NY. .

uhc re .

Qu = ultnnalc bczmng capacm

A = cffective loading arca on {ooting

w14 = coeflicient depending ol shapc'bf footing
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¢ = = cohesion of foundation ground (lon/m"‘Z) :

q = ground surface surchargc vm*2) = - _ q=y*Df

12 = unil weight of soil on front of abutments (Vmy*3) = 0. 8 UmA3

y1 = unit weight of soil of ground foundation (Um™3) = 1,0 tYm"3

B'.L' = width and length of effective loading area

e = = distance from entrance of footing to acling point of resultant force on footing (m)
Df = depth from ground su_r!"lcc on front of abutment to bottom of fooling (m)

Dr = height of toc (m) = 0.5m o

k = coefficient ————>»  k={1+ 03 Df‘IB')

Nq Nc, Ny b\.zmng mpacuy factors

A= L'*B‘"(B 2eb)*(L* 20!)

A =(B-2%b)r(L-2%l)= o . 1225 mA2
: a=(1+03BL)= - . . 130
PB=(1-4*BUL')= c-3
, q=ysub2*Df=C ¢ 2936 Um*2
k=(1+03*(DM/BY) = L 1.0429
For tan0 =2Fh/ 2Fv =0 P 1 Ne=50
$=3 . - - Ng=33
o Ng=4o
Qu=8629.74 ton -
. FS8=3 ;
‘ Qsafe—Qu/Fs - 2876.58 . lbn
qmax=szfB: L 3294’7Um _
gmax=EFv/A= . - g4121/m"2

Qmax:qmax*A: o 115299l0n

' Checkmg the hearmg capamty is

Qmax= 11530 ton <~ Qsafe=  2876.58 lon
' OK
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DESIGN OF PIER (P1) - Fito:Pieril

Case il : Water is full at elevation NWL + 148.90 { EARTHQUAKE CONDITION )

Parameter of scil : . S §'=23)= 24 degree
Cqsub = 1.0 Ym*3

: : C=2/3C= .12 t/ mh2

Helght of Pier e : H= 60  m

Width of footing Pier _ . B= 3.5 m
: L= 35 - m

* Compute overlurning stability :
- Setup table and refer tofigure 1 ..........

L pa Welght of part T A “Moment
S (fon) e ey ] o m)
1. 15’04 25°27= : " 4.320 1.750 7.560
2 (1.6409)2:04'2.5'(2.7+2)2= 2.038 1.750] 5141
3 [o9'432520= - 19.350) - 1.750] - 33.863
4 ' |(a5r09)y2'04°25'(3.5+2)2= 5.05Q 1.750 10.588
5 [35052535= - 15.313 1.750 26.797
6 [(RO7T+157¥2)1.4735°400 - : 9.163| . 0.700 6.414]
7 HRo7ris7y2)'1.4'3510 - T 9,163 2.800] - 25656
8 |pi : : . . 46.000 - 1.400 64.400
g Je2 . .- 46.000] - 2.100 95.600
Total : T Fv = : -158296]  EMr= 277.018

The total buoyancy (uphﬂ) auting on the structure is ca!cu!ated as follows
U= (1!2)‘{U1+U2} 12 B : ST

where |
U= tola) uphil { ton Im) Chen
. U1= buovaney atupstream side Ul = yw T hl (on/m)
U2 =  buovases ot downstream side U2 =yw* 12 {ton/m)
B= bottom width of structure (m)
C = unil weight of water  {tm”3) S _ :
ui=uz=10 *(148. 9 146. 33) = 257  tonim
U= .7 $995  ton/m
T T 31.4825 ton ' :
' Totai Vertical Force : . YFv=SFY -U= '_ ' o+ 1268135 ton

Struclures surrounded by water such as pter which suﬂ’er hydrod/namlc force wused

" by canhquase is ca'culated by usmg following formulas :

' P - (314)-Kh~wo-Ao-W(bra) (- (bt40)] __ incasebfh < 20

where .
© P = total Imhodumm:c p:eﬂme dmmg &mhqrmie fronj : _
" Kh=E = design horizontol seismic c‘oqﬂrcwur . CKh=E=015 . _
- = waterdepth fm) ¢ " SRR . h=257 - m
T Wo = mntuwghtofnmw w3 Wo= 100 ~  tm*3
" b = column width perpendicutar to the acting o b=200 m
o direction of hydy odyriantic pr .,Mme during mnhqnale () - R A T
a = column widih in acting direction of It ulroimamrc presmn' (m)a = 09 - . m
Ao = cross sectional wrea of a pier (w2 i Ao= 18 T mt2

' hg = h)vfral'n artie fa:a, aflmg depfh ﬁrom the t n’mm !m) hg —3[? h= 11014~ m

: Pf(3l4)'Kh‘Wo‘Ao'h (bla)[i-(bldh}]: SR 093150 - to_n
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_The horizontal Ioad (K) is determmed using followmg formu!a

© P1 = 46.000 ton

P2 = 46.000 ton

: . W= 47970 ton

KP = 0.15 * Ptotal = 13.800 ton

T KW=0156"W =7.196 ton

Total horizontal force L Fh= 21.927 ton

Sum of Oveﬂurnlng Moments _
' LEMo=pP"* hg+KP'h1+KWh2- 1003785tonm R

Sum of Moments to Ressst Overturnmg : o L
' EMf EMr U BI2 221.9236 tonm -

TheOvertummgsafelyfactorls Co s B i L R
- F§= $‘M:’ILMo = oo 2086212 OK -

Compute Sildlng Force : 7 Use basesoalpammeler
Fr-C”B‘L +EFy tan¢ O Rs 2034612 ton

Theslldmg safelyfactor is : ER
8= Frlth- 82790512 . Ok

Located lhe resultant on the base ot foo!mg From ngtd body slaluc and moment
summalion can be taken at any locatton Usmg the toe, as we already have most
" of the moments computed :

AM=YEMC-EMo= R 115545t0nrn )
x=AMITFvE . 091114m(ﬁomroe) :
o e:{BIQ}_X T = o 0839m T
R Te<(8R) . OK
BI3= ' e 167 m B L. 0830 < 11467
AR : . - oK
Compute soil pressure :
qmax={EFv/B}*(1¢(6%eyB} = . . 88.3362ton{m :
- qmin = {LFV!B} {i-{6*e)B} = T . -158713 tonfm
Qmax=qmax *L = . 300477 ton

© Qmin=gmin*L= - o "o o -55.550 ton

o Checking of Bearing Capacity on soil 1 .

Qu=A'*[a._*k*c*Nc + 0.[43“k*q tFNg + 05y *B'"*[I'* Ny
. .‘he"‘,. ’ ) T - B e - ‘ - - : - .
Qu “uIllmatL.bumngcu]mul) S L LT o R ' 4 é
T A =ellective loading arca on lootmg ' - C : co - - :
u, 8 = coeflicicul depending on shape of Tooling
¢ - = cohesion of foundation ground (ton/n"2) _ I
q -ground surface surcharge (Vm™2) . - S q '( Df
T4 = umt \\ughl of sotl on fronl of dbulmcnls (Um"}) 0% b‘m"‘
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1 = = unit \\ughl of soil of ground foundation (Um”3) = 1.0 Um"3
B',L' = width and tength of eftective loading arca
‘e = distance [rom entrance of fooling to acting point of resullant foree on laolmg (m)
Of = depth from ground surface on front of abuiment to bottem of footing (n)
. Df=height of toe (m) = 0.5m
k  =coeflicient —-—-—>k=(1403°0r/8")
Nq Nc, Ny = buanng capacity faclors

¢ ; L'*B“'(B 2eb)* (L- 2el) S
’ h(B 2%b)* (L-2%l)= _ 6.378 mA2
Cas=(1+03BA)= . 118
B=(1-4'BiL')= .. 108
q=ysub2 * Of = S 2936 . Ym™2
{1+03°(DFBY) = 1.0823
For tan 0 =SFHY IFv = 0173 . Ne=13
g= . Ng=7
S [ N=3
Qu__=_12_29.:106 ton
_ F6=2 | :
_ Qsafe = Qu/FS = 614553 ton
Checking the bearing capacityis:, | L S
T Qmax = : 309 18 ton< Qsafe= - 61455 ton

OK

a2
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'DESIGNOI-PIER(PU | S ey

Case IV : Water is full at eleval:on SWL + 151 80 ( tARTHQUAKE CONDITION } -

Parameler of 501l: hy =2I3¢= 24  degree
' v R S "+ ysub = 1.0 © Ym*3
- : C=23C= 12 1/m"2
Height of Pier . o o ' : H= 60 m
Width of footing Pier o B= 35 m
g e ks 35 m

'Compute overturning stability :
Setup table and refer {o figure :

paﬂ A Welghl ofpar{' - Arm Momenl'
T S _' ~.{ton) - L (m) '(to:im)
1 |1.6042527= " - - - _4.320 1. 75 - 1.560
-2 |[(1.6400§2°0.4' 25 (2. 722 : 2.938 -4.95}) 5141
3 09432520 = ' - 19.350] -  1.75]  33.863
"4 |(35+09)2°04' 253522 S 6.050] - - 175 10.588] - .
5  [35052535= . . . 15313~ 1.75 26.797 s
B |((4.97+457/2)'1.4'35'1.0 - 23.373 0.70] - - 16.361) - -~
~ 7 |uao7vasn2r1.4350 23373 - 280 65.444
8 pi o 46.000] - 1.40] 64400
g |e2 .- . Co 46,000F -0 2.40| © 96.600
Tolal : ZFv— : - 186.718] - ZTMr= 326.753

- The total buoyancy (up!lﬁ) actmg on lhe structure is calculaled as follows

U= (1!2){U1+U2} 8* fW -

' where
U= o lolaluphl'{lon my L o

Uf = buovancy at upstrcammdu CCUL=yw rh) (lonfm) .
U2 = buoyancy al déwnstream side U2 = yw* h2 (lon/m)

B= bottom width of struclure (m) o

= - unit weight of water  (/m~3) _ :

Ut=U2=10 (151 8- 146 33) = 5.47 fon /m
: = 19.145  ton/m

U= . - 67.008  ton

B Slructures surrounded by waler such as pler which sufler hydrodynam:c force caused
- by earlhquake is ca!culated by using followmg formulas : :

. P (314) Kh‘Wo*Ao‘h*(bla) [1 (bl4h)] o - incasebh <20 "
where :
P = fotal huh odummrc pressure dmme eal .‘hqrmle (mn) _
: (h =£ = dem{n Izonz.onml .semmc coeﬂlaem o Kh =E = - 0. 15 ‘
' h= \m!c’rdz‘p!h (m) T e o h_ 547 m
-~ Wo = unit weight ofna!er fr‘?n"‘3) SRR o : "__WO =100 . ¥m*3
'1_ b == column width perpendiculor to the acting~ "7 7 b=200 - m
_ direction of hvdrodynamiic pressure during earlhqzmlle (m) ' R
a= cohmm width in a(‘lmc: dfreclm:; nf averodviamic prevszrre (m}a = 08 - m
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A0 = cross seclional area of a pier (m"2) . - Ao=138

hg = fiy droctvnmmc ﬁ)rce acting dep!b ﬁ'om the bottom (m) hg =37 h = 2.3443

m"2
m -

P (3/4)*Kh"Wo*Ao‘h (bfa) [1 (th)] ' , - 2.23650 ton -
~ The honzon{al Ioad (K) is determined using following formula :
: P1 = 46.000 - ton
P2 = 46.000 ton
W = 47.970 ~ ton
KP 0.15*Ptotal = 6.900 ton _
KW =0.15*W = 3.508 cdon o
Total horizontal force 5 Fh= - oL 0 1273425 ton
Total Verticat Force : . EFv= ZFv' -U =: S 119 7085 ton

Sum of Overlummg Moments : : _
: > Mo P* hg + KP*h1+KW*h2 = 57 91925 tonm :

Sum of Moments to Res:st Overlurnmg B BT
: : EMr‘—TMr U BIZ = 2094899 lonm

The Overiurnlng safely factor is

FS= NMr/EMo _— S 3ei7r 2
Compute Shdlng Force -'j B _Dise base.soii p&r(;n':eter .
'_Fr=c-*B*L+sz*tan¢ =__- C . Fr= 20020782 ton

The sltdlng safety factor is: - ' ' T TR
: : FS- FrIS‘Fh 157291 >12 . Ok

Localed the resullanl on lhe base of foollng Frorn ngld body slattc and moment

surnmation can be laken al any Iocailon Usmg the toe as we aIready have mosl o

of the momenis computed :

AM=EMF-ZMo= | . 151.57 lonrn
—AMIZFV— _ 7 S 127m (ﬁam!oe)
Le= {BIZ} x = 04338m——-
T T PUR o _>e < (Bf3) o
'513:_ e j____':_'_._1_.1‘657_:;1_;_ . 0484 <

: Compute sonl pressure

oK
1167
oK

qmax={TFvIB}* {1+ (@e)B) = . e25710ton/m
gmin={IZFv/B}* {1- (G'e)IB} = et 58338ton/m .
Qmax = qmax *L= R - 218.99863 ton .

S Qmin=qmin*L= _' S 20418366 ton -

' Cijecking of Bearing Capacily on soil ;
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“QueA*[a*k*c*Ne + 0.143%k* q* Ng +'0.S*71‘fB'*B'*Ny__J "

where :
Qu = ultimate beanug capacily
A = cffective loading area on fooling
a, P = cocflicient depending on shape of footing
¢ = cohesion of foundation ground (ton/m”2) )
q = ground surface surcharge (Vm*2) L q=y*Df
42 = unit weight of soil on front of abulmenls t'm”*3)=0.8 t/m"3
= = unit weight of soil of gmund foundalmn (Um"‘:'u) = 1.0 Ym"3
8' L' = widih and length of effective loading area
e = distance from entrance of fooling to actmg pomt of resultant forcc on foolin g {m)
Df = depth from ground su rface on front of abutment to bottom of footing (m)
Df = height of toe (m) = 0.5m
k - = coefficient ——> Cok=(d +03 Df‘IB')
. Nq, Nc Ny = bcarmo capacuv. faclors

A=L1B "—(B Zeb) (L- 2e1)

A=(B-2'%eb) (L-2%1)= 8.8632 m*2

Ca=(1H03BILY) = po 1.22
Cp=(h-aB)= T 189
. q=ysub2*Df= ©.. 2936 Umt2
K=(1+03*©FBY)Y= ~ 1.0592
For lanO =3Fh TFv = 0106 7 Ne=15 -
' =24 .. Ng=8
Qu= _' 7197068 ton
FS=200 S
Qsafe = QuiFs= . 98534 lon
Checkmgthebearmgcauacuyus _ : S :
Qmax= - ~ 219.00 lon< - Qsafe = 985.34 lon

OK
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DESIGN OF PIER (P1) Coe . _ Fie:PlerY

Case V Water is empty at elevation + 146.33 { EARTHQUAKE CONDITION )

Par_ameterofsoil: $= 36  degree
' - 1= 20 tUm'3
- o C= 18 . t/m"2
Height of Pier H= 60 m
Width of fooling Pier B= . 35 m
B L= 35 m
Compute overturning stability : o
Setup tabte and referto figure @ ....eens o o
part o Welghl of part ] A Moment
LT C-fton) . o) (m} {tonm)
1 1604 2527- 5 : . 4.320 1.75] - 7.560
2 |(.61092'04'25'(27+2)2= - .. 2938 175 - 5141
-3 lograzes20= o L , 193501 . 175 33.863
4 |35y 04'25(35+2)r2- . . 6.050 1.75 10.588
5 |35052535+- ' 15.313 <495 - 26797} . .
6 le ‘ T46.000| . 1.40] 64.400]
7 |p2 ' e - 46.000] -~ 2.10] . 96.600
" [Total : - ZFv= ' 139 970 > Mr: . 244 948
The honzontal Ioad (K) is delermlned usmg followmg formula
. 0 P 46.000 ton
CP2=46.000 .o ton
W=47970 . - ton . -
KP = 0.15*Plotal = 13.800 . fon
: .. Kw=015" W—7190_' Coton T
Tolal horizontal force £ Fh= Sl 209855 ton
Total Vedical Fosce : -~ ZFv=ZFv' = C T 139 9700 ton
Sum of Qverlurning Moments L N
' L Mo= KP h1+KW h2 = 105 3525 ton m
Sum of Momenls lo ROSISIOJEﬂumIﬂg S
EME=EMr = 244948 tlonm
The Ovellummg safety fac[or is : : - T
' : Fs;s‘wleo: T 2326>12 COK
Compute Slldmg FOECe ' l,.se f)u.‘i‘f: soil parameler
: Fr—C B*L+},Fv*lan¢ = - ' O Fr= . 322.194 lon

' The sltdmg sa{ely faclor i5:

FS= Fr/NFh - ,%_,:1534'631'2’ ok

- B Located 1he resullanl on the base of foolmg From rigid body slalu, and momenl

summation can be laken at any location. Using lhe {oe, as we already have mosl

. of the momenls computed
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AM=XMr-EZMo= 139.60 tonm

x=AM/EFy= 0 0 0 1.00m (fromitoe)

e={BR}-x = 07527 m o

o _ R >e < (BA3) - OK

BI3= 14667m__ | 0753 < 1.167
o K . 0K

Compute soil pressure : e ©

“qmax={TFv/B}*{1+(6*e})B} = _ 91.5927 ton/m’ '

qmin={LFv/B)* {1- @B} = o -11.6098lon/m
Qmax = qmax * L = , e 320.57429 ton

Qmm qmtn*L— R _' S -40.63429 ton

Checklng of Bearmg Capacuty on sml

- Qu A'*[a*l\* *Nc + 0143"‘k* *Nq + 05*y1 *B *f' * Ny J :
Cowhere: RO L . ‘
.~ Qu = ultimate hanng capacu:) _
A" = éffective loading area on foolmg
N cocHiicient dependmgcn shape of footing
¢ = = cohesion of foundation ground (tom’m"z) T I
- q = prounds surf"ce surchqrge W2y o =yt Of
S 42 = unit weight of soil on front of abulmems (Um"‘3) =18 vy
2 I uml weight of soil of ground foundation (U‘m"}) =20 Um“3 ' _ o .
- B'L' = width and lcuglhofcifecu\cIoad.mg‘m,a ST ‘ EERE o : (}
e = dJStdlle (rom entrance of footing to acting poml of rcsu!tam forcc on I'ootmg (m)
© Df = dcpth from ground surfacc on fronl of abutmcnl to boltom of fooimg (m)
' Dl‘wheighlofloc (m) = 0.5 m . L
k = coefficient SRR k= (1+03 DI‘IB')'
" Nq, Nc, Ny = bearing capacily factors : :
CA'=LtB=(8-2eb)* (L -2el)

A= =(B-2%b)*(L-2%el)=_ . . 89BIm2
a=(1+03B)= o AT
p=Q1- B ) = e -1.28
R ysub7*Df" 2.936 UmA2 -
k=(1+03°@©MBY)= - 10752 B
For tan 0 = SFW/IFv = 0150 | . - " Ne= 32
Lo $=36 . Nq 25 -
©Qu= - 448500ton R S
- FS=200 1 R R T I R '. %3
Qsafe = Qust—'s 224250mn"' e o
.'.Checkmg the bearing capaclty ls oL e
Qmax= 320. 57 ton< " ‘Qsafe= -2242.50 lon

5}4QJOZ<Af
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DESIGN OF PIER (P2) L HePeR2

Case |- Water is emply + 142. 33 ( NORMAL CONDIT[ON )

36 degree

Parameler of soil : b=
= 20 tUm*3
_ c= 18 t/m2
Height of Pier H= 100 m
Width of fooling Pier B= 45 m
L=

Compulé 6vbdurning stabiity :

455 m

Set up table and refer to f‘gure

part Weight of part
R {ton)
1 [16042527= S g 4.320
2 (16413270425 (2.7+2)2= : 3.408
3 |i382s520= - : C 0 52,000
4 |(455+1302°0.4°25(4.55+2)12= : 9.579
5 [455'08'25%455= : : 7 41,405
6 |pt - - - 46.000
N ' R o 46.000

Tolal : ~ ETFv= B D 202712

Checking of Bearing Capaciiy onsoil:

Qu = ultimate bcarmgcapacm R

Qu=A*[u*k*c *\Ic+01661"‘k q’:‘NquOS vl*B'*B'*Nv

b="4.5 ' : Cm

R=60

B=455 m
_ b - o . -
P = 0.1667

uh( re :

A" =eflcctive loading arca on fooling - .
o, B = coefficient depending on shape of l'ooun;__
¢ = cohcsmn of foundauon ground (lonfm"?)

- g = ground surface surchargc Umh2) [ T2 Al * | R

4 = unit “mghl of soil on fronl ofabuum.nls (fm™3)= 1.8 lfm"3 _
yl . = unit weight of soit of gmund fOUllddllOll (tlm“‘3) 2 0 U’m"3 _
B'.L" = width and tength of cffccu\c loading area S .
e - =distance from cnlrancc of fooling to acting pomt of rcwliant l‘orcc on foolmg (m)
Df = depth from ground surface on front of 'lbutmcnl to bottom of foouug (m)

= height of toe (m) =08m :

4—2-52 | .




Fad -

k = coefficient ——>
Ngq . N¢ , Ny = bearing capacity factors

A=L B =(8-2¢b)* (L-2el)
A'=(B-2%b) * (L-2%!) =
a=(1+03B/L")=
B=(1-4¥BYL") =
| q=7v*Df=
k=(1+0,3*(DIBY)) =
For tan@=2Fh/EFv =0

b= 36

Qu = 16178.587
FS= 3

Qsafe = Qu/ FS = 5302.862

. gmax=ELFv/A=
Qmax = qmax *A =

- Checking the bearing capacily is :
' CoQmax = -

9792
202,712

k=(i+0,3*Dr/B)

207025 m*2

1.30
-3
4.806 mh2
1.0527
- Ne= 50
Nq = 33
Ny= 35
ton
lon
t/mt2

ton

' __2{)2.71 lon< - Qsafe=

5392.86 ton
T OK
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DFSIGN OF PIER (P2) S _ . Flepier2l

Casell: Water is fuII at e!evatlon MWL + 153 60 ( NORMAL CONDIT ION )

Checklng of Beanng Capaculy on soni

degree

Paramelerofsml. o Co ¢ "2/3¢= 24
: ' ' o ysub = -~ 1.0  Um*3
_ : A C=23C= . 12 1/ m*2
Height of Pier _ . .. . H=_ 100 m
Width of fooling Pier : - B= 455 m
: B : L= - 455 m
Compute overturning stability : - P
. Selup table and referto figure : ...
part . Weight of part
L : - {ton)
1 lé&042527= . e 4.320
2 (16+1.32'04'2 5‘(2.7+2)f2= _ - 3.408
1 [1382520= - 52.000
' H4 {45541 .3)2'0.4° 25‘(455»2)& e - 9,579
5 145508'25'455= R S 41.405
6 (10474100721 675°45571.0 o1 18210
7 {10.47+1007)2'1.675'455°1 .0 S . 78.270} -
I L - .o |- 46.000
| 9 le2 . T 3 46.0@
' Total - Z Fv = o b 359202
The total buoyancy (uphll) acung on ihe slructure is calculaied as fo!lows
S :(112){U1+U2} B W
 ' vihere - 2 :,1 B :: '_, e N R
S U= total upliﬁ(tohlm) _ —_— R )
Ui = buoyancy al.ui)stmam side Ul =yw * hl (to/m)
U2 = buoyancy al downstrcam side U2 =yw * h2 (lon/m)
- B= - boltom width of structure (m)
= unit weight of water (Ym™3) - . . ) o P
' Ut =uU2=1,0%(1536- 142 33) = 11.27 ton /m
‘U= 7 51278 ~ lon/m
_ . U= o ) ' 1233317 lon - N
Toial Vemcal Force S R > _Fv'——- TPy -U= ' 125.935 ton

Qu = '*[a k*e *Ne -+ 01667*‘1\ q \‘q FOSEY B’*W*N«; |

Qu ulumatc bc tr m;, ¢ 1p ml\
A _' = cﬂcclnc loading area on footing - 7
. o, P = cocm(:lcnl dcpcndmg on shape of fooung s

e = cohcsxon of foundation gmund (lonhu"Z) o . _ o _
. q = grmmd Surﬁce Surclmrbc Um*2) S q .—3_.',* Df -

w2 = unit \\cnghlol' soﬂon l‘mnlof 'lbum ents (llm s)-—l!h Um"!

;1:.GFj  :  .7;: ::4;2-55_ ;.:.- L



41 = unit weight of soil of ground foundation (Um~3) = 1.0 Ym3
B'.Ll'= mdlh and Icngth of eflective loading arca
e = distance from entrance of fooling to acting point of resultant force on fooung (m)

- Of = depth from ground surface on front of abutment to bottom of footing (M)

Df = height of toe (m) = 0.8m

k = coefficient————>»  k=(1+03*Df/8")

'Nq NG , Ny = bearing capacity factors

A =L'*B'=(B-Zeb)*(L-2el) '
A =(B-2'eb)*{L-2%l)=
a=(1+03B/L")=
B=(1- 4B )=
q=ysub2*Of=
k=(1+0,3*(DM8)) =

' For tan 9 =XF/EFv =0 "
=24

C!uf=

'qméx_ =LFVIA=
"Qmax=qmax* A=

Checking the bearing cap'acity is:

Qmax =

. 6037.452 ton
| FS=3 =
Qsafe = Qu/FS= !

©20.7025 mA2
1.30

- 2936 Umt2
1.0527

Ne=20 7

" Ng=8

2012484 ton

6.083 1/ mA2

. 125.935 ten

12594ton<  Qsafex

L4256

Ny= 6_‘ S

' 2012.48 ton
L OK
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DESIGN OF PIER (P2 ) | | oozl

Case Il : Water is full at elevatlon NWL +148.90 ( EARTHQUAKE CONDITION )

Parameter of soil : ' _ &' =230 = 24
: ' . ' ysub = 1.0
, . C'=2/3C = 12
~ Height of Pier . H= 100 -
Width of fooling Pier . T B= 455

- L L= 455
Compute overturning slability : :

. Set uplab!e and referto figure :_ C : :
oo ' TAm | Moment. |

parl

: : - - fm) . §-(tonm).
"1 [16'0425'20= : 4320 - 2275] - - 9.828
-2 - lasniaroas e ©. 3408 2275 7.752
-3 ha3soes520 = - 52000 - 2.275)  118.300
. 4 H455+1.3)2'0.4'25' (4564 2)2= Co- 9579 2275 21.793

5 . |ass'0825'455= = 41.405| - 2.275] = 94.196{
-6 [53TSTITHIT0456M1.0 . 42,450 0.838 35:552
- T |(537+5.77)/2*1.70°455'10 1 42,450 3.713] 157.597
8 [ C . .. 46.000 1.925]  88.550
9 |p2 " : T 46.000] 0 2.625]  120.750
Tolal © ‘.E:Fv— 287613 EMr: 654.319

~The tolai buoyancy (uplift) achng on the structure is calculated as follows
B U= (1/2)*{ Ui+ U2} B* 7w : - .
where :

U= lolal uphﬂ(loulm) R
v buovancy at upstream side -~ Ul = yw * hl . (ton/in)

"~ U2 = buovancy at downstream 51dc U2 =yw * h2 (lonfm)
B= * botlom width of structurc {m) |
Cyw = unit weight of water (t/m"3) S
‘ U1wU2—101M89hQ3$— . 657 © - tonim
EE Vs _ . 29.8935 lon/m

U= .__]f Lo “136015 ton

T Siruclures surrounded by water such as prer which suffer hydrodynamsc [orce caused

by earthquake is ca!cmated by usmg foltowmg formulas: -

. _P (3/4)‘Kh’W0‘*Ao h‘(bla) [1 (bl4h)] . . incasebh < 20
where o :
P = total Indmdummrc ;}recsure durmg earlhquafre (Ion} _ e T
 Kh=E= desigi horizonial seismic cueﬂ'uem - Lo . Kh=E=0.15
- h = water depth (m) T S n=86.57
Wo = unit weight ofnarer (r’m J) e s Wo=1.00
b = column width perpendicular 1o the acting ¢ 0 b=200

' d’n ection of h;.drarlmam:c pre SSUre a’unnq earthqrmh (m}

4258

degree
t/m*3

Simt2

m

' - Um*3




. a = colwnn width in acting direction of }n'drm{ynamic pressure (m)a= 1.3 m

Ao = cross sectional area of a pier (in*2) : T A0=26 .. m*2
hg = indrodmamrc force acting depth from the bonom (m} ' g =3/Th= 28157 o
"P= (3!4)’ h*WO‘AO*h‘(b!a) [1- (b!4h)] ' C 273150 -_lori
The horizontal load (K) is determined vsing fo[lowmg formula :
Pi = 46.00 fon
P2 = 46.00 . ton
. w=11071 - . ton
. KP=015"Plolal = 1380 .. ton
_ ©KW=045"W = 1661 . ton -
Total horizontal force % Fh= . 73313828 ton
Total Vertical Force : -~ .= =~ . Fv ZFv -Ui " ' 151 5972 ton

Sum of Overurning Momenls _
B ' EMO P hg + KP h1+KW*h2 = 226 3697 tonm - -

- Sum ofMomemsto ResssiOverturmng ' RN
LM = }"Mr u* B2 = 3448836 lonm T

The Ovenurnmg safetyfaclons S e o
FS= LMr'Iz‘M():_ ST 1524 >12' OK

| Compute Slldmg Force o ', - L\e bme co:lpammelet <
Ff“c”BL*iFV tang = ST rr~ 258._59561{5:1

' The slldmg safely factor is : : _ R
: : £S = Fr!):Fh = . 7.8035 > 1 2 - Ok

Localed the fesuuant on the base of foolmg From ngld body slaiic and momenl
_ summalion can be taken at any 10cat|0n Usmg the loe aswe already have most
of the momenis computed

AM=EMr-EMo= R 113.5_14 ton m
XFAMIZFV# _ . T 0.7818 m (ﬂ’um!mz) :
Ce={BR)-x = EE 1493 m L
S S o _>e<(B.'3) : oK
: BI3= SRR - 1.517 mj 1493 <. 1517
B, g E o TOK
' Computeso;l pressure © . o L ' BT
' qmax={ZFv/B}* {1+(6*e)IB} : © 98.9245 lon/m
qmmﬂ{ZFle} {1-(6'e)B} = T -32.2884 ton/m
C Qmax = qmax L= S 0 45010663 ton '
Qmm qmm L= 1 D -146.9123 ton

- 4_2-59 i :



Cheékin'g of Béarihg Capacity on soil :

Qu=A *[a*k*o*No + 01667 ¥ q * Nq + 0.5 71+ B * ' ¥ Ny

where :
Qu =ullimate bcarmg capacnt)
A' = cflective loading area on footing :
o, B = coeflicient depending on shape of footing
¢ = cohesion of foundation ground (ton/m"2) - SR
q . = ground surface surcharge (Um*2) - e e gEytDE
42 = unil weight of soil on front of abutments (Um"‘%) 0.8 /"3 ' _
1]'—umhm@MOHmhﬁymmdﬁmﬂanUmﬂﬂ—lOUmﬂ coT
B'.L" = width and length of effective loading arca :
e = = distance l'rom entrance of footing to 1clmg point of rcsul!am foree on footmg (m)
Dt dcplh from gmund surface on front of abulmeul lo bottom of fooimg (m) K '
- Df = heightof to¢ (m) = 0.3 m - : =
-k =coefficient ———> k= (1+03 DFIB')
Nq Nc, Nv = bearing capacity faclors :

A= *B'=(B-2eb)* (L- 2e) o
A8t (L-2%)= 744 mt2 R

Ca=(1+03BML)= 1103
TR (4B = o - -0.375 _
- g=ysub2*Df= 2936 Um'2 .
k=(1+03*@MBY)=~ " 11536 -
.. For tan0=EFW/ EFv=0219 - . Ne= 17
¢,=24 . Nq=17
Qu = 1847.081 ton -
FS=2 o :
_ Qsafe Qu/FS=923541  ton -
Checklng the bearmg capacity is : o P T
Qmax— S+ 45011 ton< - Qsafe= . - 923.54 ton

OK .
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DESlGN OF PIER (P2) - Fle:Plor2-V
Case IV : Water is full at elevatlon SWL +151.80 (EARTHQUAKE CONDITION)

Parameter of soil 3 : o' =234 = 24 degree

ysub = 10  t/m*3
_ : _ C=213C= 12 U/mr2
Height of Pier _ j H= 100 m '
Width of fooling Pier o ' : S = 455 m

. = 455 m
Compute overturning stablhty : :
Setup lable and refer lo figure :

~Moment.

part R Weight of parl i \
E _ L (ton) SO L Sl onm)
{0 1804252l = el o - 4320 22751 . 9.828|
-2 1svaoA25(2.74)2= oo 3,408 2275 7.752
"3 hasoes20=" o - 52,000 2275 118.300
4 |(as5+1.3y2'04 25(455+2‘|f2— T 9579 - 2275  21.793
5 lass08'25456= - : - 41.405 2.275] - 94.196
8 . |panoon21.7045510 - - - 70.649] - 0.838 59.169
-7 (947+907)m70‘45510 . 70649] - 3.713] 262.284
8 |, - ~ : © 46.000 1.925] - 88.550
g9 :jp2 . 1 7 46.000]  2.625]  120.750
| Tolal ¥ Fv = 344 00985 pX Mr = 782.622
The total I:mog,rancyr (upllﬂ) actlng on the struclure is calculaled as fol!ows : S : -
o u= (1.'2){u1+u2) B*w FER R €3
where R : o o : :
U= lolal upliﬂ ( ton Im) R AR -
Ui= buoyancy al ubslrcam side Ul =pv*hi (ton/m)
U2 =  buoyancy al downstream side U2=yw* l12 (tonlm)
B= bottom width of structure {m) ;
W= unit weight of water  (Ym*3) - " : S S
S Ul"U2~10*(1518 142 33)—, <947 . tonim
U= o 43.0885 ton/m

U= S 196053"(00

‘Slruclures surrounded by water such as pler Wthh sufler hydrodynamlc fofce caused
_ by earlhquake lS calculated by usmg followmg formulas ’ S

(3!4)*Kh‘W0‘A0*h*(bfa)*[l (bldh)] o o in case b/h < 2.0 -
‘where : o : .
b= - 1otal Indmdummrc pressure durmq earthrmke (mn) RN AR S, e o o
Kh=E= design horizontal seismic caej]‘ctem B AR S Kh=E=045 " . . ¢ éj
: h= water depth fuy . v NI I _‘ o © h=947 m R
- Wo = unit weight of water (!zm"3) ST Lo We=1.00 UmA3
b = colunn width pcrpend:cm'ar to fhe ucnng .o - b=200 omo

rim(lmn uf in dr adviranic pressm e dur.rm: mrihq:mke (m) ‘

© 4262
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" The Ovesturning safely factor is:

== column widih in acting direction of hydror{wmmic'pressure ma= - 13

: ..-Ao = cross seclional area’of a pler (n*2) . Ao=286
hg = Indrod}narmc Jforce aclmg dep!h Sfrom the batmm (m) hg =3/7 h = 4.0586
p= (214)"Kh*Wo*Ao*h*(bfa)* [1-(bl4h)1 = 403650 ton
The horizontal load (K) is delermmed using followmg formula :
P1= 46.00 Cooton
p2=46.00 . lon
w= 11071 . lon
KP = 0.15'Plotal = 13.80 - ton
KW =0.15"W = 1661 . lon R
Tolal horizontai force £ Fh= o I 1 34.443 ton
_Tolal Vertical Force : % Fv=1% Fv' U = ¢ 147.957 ton

Sum of Overlurning Moments : _ o
> Mo P hg + KP‘h1+KW h2 = 235 061 ton m .

- Sum of Momenls to Res;st Overlummg

S Mr =S ME-U*BR2 = 336.602616“&7"

Fs = sz'IzMo R KRR Y

' _Compute Shdmg Force . _ U\e base mrlpnrmm’hr

Fr=C B‘L+2Fv*lan¢ L Fe= 256975mn |
The sisdmg safely [actor is: : o C L
Fs= FrlEFh 7408312 Ok

Locéled the reéuilanl on the base of footing. From ngld body static and momenl
summation can be laken at any Iocal:on Usmg lhe loe as we already have most
of the moments computed : .

AM=EMr-EMo= - . - 10L 542l0nm-
.xwxwszn;, R 06863m(ﬁwnme) L
'e {8!2} x = o §.5087 - B
.' o >e < (B3
BI3E e 1.5167m | - 1.5087 <
.Compute soil pressure i - o B
“qmax={EFv/B}* {1+(6'e)!8} | | . Sgr2126ten/m
: qmm—{EFyIB} {1 (6 e)iB} oo .32.1764 lon/m
.Qmax=gmax*L=. " g S © 44231716 ton
< Qmin=gmin*L= I R -146.4028 ton

: _; . 4-2-53

m

©omh2

m

oK

oK
15167
oK



Checkmg of Beanng Capacity on sml

l Q A‘*[a*k* *Nc+01667*k*q*Nq4OS*yl*B'*B’*Ny

where :
Qu = ultimate bearing capacity
A" = ellective loading area on footing -
a, fp = coefficient depending on shape of footing
¢ = cohesion of foundation ground (ton/m"2) -
q = pround surface surcharge (Um*™2) e, q=yt D
y2 = unit weight of soil on front of abutments (Vm"3} = 0. 8 Vmh3 ‘ :
71 = unit weight of soil of ground foundation {Vm"3) = 1.0 Um‘3
B' L' = width and length of effective loading arw B T S
e = distance from catrance of footing o aclmg pomt of rusu!laul l‘orce on fooung (m) e
Df = depth from ground surface on front of abutment (o bollom of footing (m)
DI = heightof toe (m) = G8m .
k = coefficiest ——>» k= (1+03 Df‘lB)
Nq Nc N{ = bearing, capacm f‘lCIOIS

_A':L“B'=(B-2eb) (L-zel) S RRUR
A =(B-2%b)t(L-2%¢l)= 4.804 mA2

Ca=(1+03BUL) = - §.418
CR=(1-#BAYY=E ' 05688
. g=ysub2Df= S 2836 vmA2 - L
S k={1+03*(DfBY)= BRI B YL R R @
For tan@ =SFW/XFv= 0233 . Nc=15 R
b=24  Nq=7 .
S ye2s
Qu=1139.248' “ton L
FS=2 - - ,
Qsafe = Qu/ FS = 569.624 ton
Checkmgthebearlng capacﬂyts e _ S
: Qmax~ 45793 ton< Qsafe= .~ 569.62 ton

: oK
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-' DFSIGNOFPIER (p2) ey

Case V ; Water is empty + 146.33 ( EARTHQUAKE CONDITION }

(o]

Parameter of soil : b= degree
' q = 20 - Ym"3
C= 18 - tim*2
Helght of Pler H= 100 m -
Width of footing Pier B= 455 m
L= 455 m
Compule overturnlng stab:llty :
Seluplable and refer to figure : . ' ©o
dpart | oo nght of part LT A Moment
s s e T i ten) e | tenm)ss
-1 jieoa2s2?= e 4.320 2275 - 9.828
‘2 |(psa 3):2’04‘25-(2.7+2)rz= - 3408 22715 0 - 1.952]
3 1 {13'8'25'20 = ‘ : - 52000 2.275] - 118.300
4 . |{455+1 2);204*25(445»2)0- . 95791 @ 2275 21.793
-5 |485'08'25°456 = . 41.405] - 2.275 94,196
B M S : .- 46,000] - 1.925 88.550
-7 ez - o S - 46.000 2625  120.750
Total : ZFv= o 202.?12 ’z‘,Mr= 461.170
- The honzonlal load (K) is determmed us:ng followmg formu!a
P1"46000 . lon
'P2=46000 | lon Lo L
S __W#110712'% ton S s Q\%
KP = 0.15'Ptotal = 13.800 ' - - lon R .
U KW=015*W = 16607 - ten. oo
Tolalhorizontal force ® Fh= . . T - 30.407 ton
Total Vertical Force : - . . ZFv= }:Fv'= 202,712 lon _f
" Sum of Overturnmg Momnents © ‘ f
~ ZMo=KpP* h1+Kw*h2= 218 679 lonm ;
Sum of Moments to Resm Overturning : .
I M= zMr = 461.170 tonm :
TheOvenurnmg safety faclorls S - E .
: - Fs= zMr’fLMo;_ w T 2109>12 oK
Compute Sliding Force : o Use bqse soil parameler ;
Fr=C'B*L+>;Fv*t’an¢ = S T Fr= 43392820 ton
—The s!:dmg safely facior is: T oo _ o
: FS = Fr!):Fh BT 14271>12 o0k

v :

’ Located the resullanl on the base of footmg From ngld body static and momenl

'_ summation can be taken at any locauon Usmg the toe, as we already have most
of the moments compuled: = = .. . ,
AM=EIMr-%Mo= - . 242491lonm:

L4266



x=AM/SFy=

e={BR}-x - =

B/3=

Compute soii pressure : :
' qmax={XLFv/B}*{1+®%%)B} =

qmin={EZFv/B}* {1-(6'e)B} =
“Qmax = qmax t =
len qmin L =

Checkmg of Bearmg Capacnty on sml

1 19623 m ( Srom toe )
1.079 m =7

> e < (B13) OK
1.517 m 1.079 < 1.517
OK

107.928 tlon/m
-18.825 ton/ m
491.079 ton
-85.655 ton

Qu A'*[a*k C*Nc+01667*k q° Nq +0SEyLE BH‘B.XNY

uhere
Qu = ultimate bearing c;ip:lcity :
A' = effective loading area on footing
a, P = coeflicient depending on shape of footing
¢ - = cohesion of foundation ground (tlon/m*2) _ ’
qQ = ground surface surch‘lrgc (U’m"‘l) : : q=v*Df
S92 =unil \\mghl of soil on fn:ml of abulmculs (Ym"3) = 18 tlm"’s 5

'yl = unil \\mghl of soil of ground found"!uon (Vm"3) = 2.0 Um"3

B'.L' = widith and length of effective loadm_g, arca ,

'e = dlsl'mce from cntrance of fooling to acting pomt of rcsull'lm forcc on foolmg (m)
Df = depth i rom ground surface on front ol abulmcnl to bottom of foounu {m) -

Df = height of loc (m) = 08m
K = COB"IC!GH! ———

- Ng,Nc,Ny= bcmngcapacu) faclors

.'A”‘L'*B'—(B 26b) (L ?Ll)

A =(B-2%b)* (L-2'el) ¥
o= (1+03BM )=
TR =(1-4BAL) =
q—-(sub"*[)f" _
k= (1+03 oY) = -
- For tan 0 =EFh/ 3Fv = 0.150

$=136
- Qu- 6593_22 _,
FS =2

- Qsafe = Qu/FS = 3296. 61 .

' Checkmg the bearmg capacny |s

Qmax 491 08

“ton .-

o< asates

L k= (1+03 DFIB')

108857 mA2

1.16
-4.10327
6.606 Um*2 - .
11003
 Ne= 30
Nq= 15
‘Ny=20

ton =
3296.61 ton
T OK
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DESIGNOF PIER (P3) O teespeRa

Case i : Water IS empty + 144 33 (NORMAL CONDETION H

parameter of soil : 4= 36
- vy= - 20

: .C~= 18

Height of Pier H= 80

Width of footing Pier B= 40

© —
H

4.0

Compule overiurning stability :
Set up table and refer to figure !

pari R Welght of part

e o C(ton) - .

1 ls042527= . : 4.320

2 s Ayz04'25'Q.7+2)02= ' 3.055

3 11612520 = - : © 33.550

4 - |(4s14)y2°04'25°(4+2)2= 7.650

5 {4'072540= S o 28.000

6 “tp1- - s 46.000

7 ez S - 46.000) _
___M_@lal ZFV“ 168.575]

Checkmg of Bearmg Capacnly on sonl

- degree

t/m*3 -
1/ m*2

m
m
m

,'Qu#— /.\'.*[a x| EgE Nc?i- O_l(ﬂ*k*q*Nq + .O_S "| *B % * Ny

b= 4.0 m
R=60 '
y . B=40 . 0m
b _
. Rx B — 0.167
where : .
Qu = uilmntc bamng capaul\
.Y -,“ cliective lmdmg arca on footing
B cocﬂ'lcu,m dependmu on shape of fooling
c L= colus:ou of foundalmn ground uonln-’\l) _ ‘ .
q = ground surface surcharge (Ym*™2) - _ q=y*DIf
2N U1 \\Clg,hl of soit on front of abutments (Um"3) = l 8 i
© ] = unit weight of soil of ground found'mon {mn3) = 2 O U3

B' L' = widlh and leng_,lh of effective loading arca ’

S-S dist.mc:, from cmrancc ol’foolmo (o acting poml of rcsulldnl ferce on foalmg (m)

.. Di-= dq)=h [ rom "round surﬁco ot from of abutment to bottont of footing (m)
oDr= lmght ol' loc (m) =07m

269



K = coefficient ———> k= (1+03 DF/8')
Nq. NG, Ny bcanngcapacity ﬁctors

L"B"(B 28b) {L- 20|)

A (8 2*eb)* (L-2%l) = 16 - mh2
" a=(1+03BYL)= - 1.30
p= '(1 BBIL') = -3
o q=y*Df= 6.606 ymr2
k= (1 +03 (DI/BY) = . 1.0525 '
- For tan 0 =XFWV/ EFv =0 : - Ne= 50 SRTTPR
¢ 36 L oNg=33
. ”_Ny'"-'"--io
1263587 ton - .
: FS 3 SR
Qsafe QuIFS 421196 . ton |
: qmax LFVIA= 10.536.. ooy
 Qmax = qmax *A= 168575 - ton-
Checkmg the beanng capacny is : : ; RIS MU
: o QITIBX"' i68.575ton<  Qsafe= - 4211.961on .
S , oK. _
&
¢
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DESIGN OF PIER (P3}

File: Reﬁi—ﬂ

Case Il : Water is full at e[evatlon MWL + 153. 60 ( NORMAL CONDIT[ON )

Paramefer of soil :
Height of Pier
Width of footing Pier

'Compule overluming siability .
Set up table and referto figure ; ..........

part Weight of part
: o {ton) s
1 16042527 = N 4.320
2 (18 1.1y2'04'25' (2. 1+ 2)2= : - 3,055
3 |ri'ev2520 = : : - 33.550
T4 |(4e1.412'04'25 (44 2)2= : 7.650
5 j4'072540= - ... 28.000
-6 (02748871 1.50°40'1 0 P 54.42
7 (92788721 50°40'1 0 : -~ 54 42
g | 1 46.000
g9 [p2 .- . S ' 46.000
Total :  %Fv= . : 271.415

The lbtai bubyancy (upliﬂ) ac{ing on the slruclure is calculated as follows :

U= (1!2){U1+U2} B ]rw
.. where :
U= total uplift ( ton /m) : o N
U1 = buoyancy at upsteeam side UL = yw * hl (ton/m)
U2 = buoyancy at downstream side U2 = yw * h2 (ton/m)

B =  boliom width of struciure {m} -
YW= unit weight of water {(/m"3) - X .
U1—U2—10*(153614233)- 2927
U= : ' 37.08
U= : 148.32

' Tolal VemcaE Force : o sz % Fv' -U—

C_hebkihg qi Bearing Capaciiy bn soil 3

Qu A'*[a*k* "‘\'c+ 0167*k*q*Nq

' Qu = ultimate bcaﬁng éapdcils’

A' = cffective foading area on footing
i, [} cocflicient depending on shape of fooung _
G = cohesion of foundation ground (tow/m"2)

a2

FOSTR TR ENy

& =234 = 24 degree
sub = 1.0- . t/m"3
C'=2/3C= 12 timM?
H= 80 m )
B= 40 m )
L= 40 m '
)
fonfm
ton /m
. lon S
' -129.095 ton



q = ground surface surcharge (Vm"2) : q=7*Df
2 = unitweight of soil on front of abutments (Um~3) =08 t/m"3
1 = unit weight of soil of ground foundation (Um"3) = 1.0 m"3
Bl = width and Ichglh of effective loading area
e = distance from entrance of footing to acting point of resultant force on footing (m)
Df = depth from ground surface on front of abutrment to bottom of footing (m)
DI = height 'o_f toe (m) =07m o
k =coefficient ——3» = ‘k=(1+03*Df/B")
Ng, Nc, Ny = bearing capacity factors

A=U*B=(B-2b)*(L-2el)
As(B-2%b)t (L-2%e)= 16w

a=(1+03B7.) )= . 130
B=(1-4*B/L")= 3
q = ysub2 * Df = T 2936  Um*2
k={(1+03*(OfBY)= 1.0525
For tan0=SF/EFv=0 -  +  HNc=18
: b= 24 . . Ng=9
L =68
CQu=422698 . ton
COFS=3
Qsafe = Qu/FS = 14088 | ton
gmax=ZLFv/A= . 80681/ m"2
Qmax = qmax*A= - 129.10 ton

Checking the bearing capacily IS : L L
S Qmax= . 129.40 ten< Qsafe =  1408.99 lon
- ST R OK

aam
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- DESIGN OF PIER - 3 ( P-3 ) o -
Case Il : \\a[er is full at elevation + 152.33 (\1WL)
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Set up table and refer to figure : ..........

DESIGNOFPIE:R(PS) - ot C Frepesi

. lCa_se Ill Water |s fuil at elevation NWL + 148 90 { EARTHQUAKE CONDITION )

Parameter of soil © . *2I3¢—‘ 24 . degree
- N - g Coysub = 1.0 . Ymt3
C'=2/3C = 12 t/fm"2
Height of Pier - R SR . H= 80 m.
~ Width of footing Pier oo C B= 40 m
. : m

: L= 40
Compule overlurning stabilily : '

pari R Welghl ofpat - - | Am 1 Moment
N I Cqon) o | fm) | flonm)- |, .
1 [is042527= 4320] 200 . 8.640]
2 (64204252 7+2312— 3.055] - 200| .. 6110
3 hasves20= . 33850 . 200! 67.100
4 |(4+1.402'0.4'2. 5'(4&2)2- . - 71.650 2.00 15.300 _
5 |4a0r2s40= - -~ 28.000] -.. 2.00] -- 56.000f . ..
6 lipsm3annyisaio - S 22021 0 - 075 -16.515
7 HEST34AT 15400 22021 0 325 71.565
8 e s o © o 46.000f - 1.65] - . 75.900
9 e2 "7 T ' 46.000] - - 2.35] - 108.100
Tolal _EFv= . - 212615 ¥ Mr = 425 230

The total buoyancy (uphft) aclrng on the structure.is celculaled as follows
U-—(112){U1+U2} B*yw - -

whete -

U= - otal uphﬂ ( {on Im) _ : =
Ui= buoyancy al upsireamsidé - “Ul=qwEhi (lon!m)
uz = bumancs at downstream side Uzﬁ w ¥ h2_ (_lonfm)

B= " bottom widih of structure (m}
Vit umluerghlof\\alcr (Um"3) . I SR
U1~U2—10‘(1489144 33) . 457 - tonfm o
U= ' - 18.28 - lon/m
: o U - 73.142 ton -~ . o _
Total Vertical Force : . LFV ZFv ~u= o ' 139.4950 ton

Slru-*lures surrounded by waler such as pler wh:ch suffer hydrodynamic force caused

- _by earlhquake IS oalcmated by usmg folfowmg formulas

' P (3!4) Kh‘Wo*Ao*h*(b!a) [1 (th)] i ' - . incasebh < 2.0 N
where -
P= mmf Indrodmannc premfrc during earrhqrm!.e nmu ST T e
Kl‘l E— design Ironzonml seismic ror']ﬂcrem e i RKh=E= 0015
= vater depth (m) o oo k=451 0 omo
- Wo = it quhf of water (m"3) . : o P We=1.00 o Umt3
- b = column urr!!h perpendrcu!ar to the aclmg . Lo b=200 om :

4275



 direction of hydrodynantic pressure during earthquake (m) o

a = column width in acting direction of lndmdt aamic pressnre (m)a = 11 m
A0 = cross sectional area of a pier (n*2) - IR cA0=22 . mA2

~hg = hydrodvnaniic force acting depth ﬁom the bottom (i} hg “3!7 h=19586 m

P=(3!4)‘Kh‘Wo‘Ao‘h*(bla)‘{1-(bl4h)]= o - 1.83150  ton
The honzontal load K)is delermmed using following formula :
P1 = 46.000 ton
P2 = 46.000 ton
S . W= 176575 ton
KP 0.15 * Plotal = 13.800 fon S
' KW =0.15* W = 11.486 ton .- .
Total honzonlal force z Fh" Lo 21,118 - ton -

Sum of Oveﬂummg Momenls e .
E Mo Pt hg + KP*h1+KW‘h2 = 160 8981 ton m

SumofMomentsto Res:leve:turmng R
\ EMr=RMe-UtBR2 = __2?8.99_l0nm

The Ove:tummg safety faclor is: RS ' T L
' - Fs= zmrrzMos_" 17312 oK
Compute Sltd[ng Force N  Use base s_orl pariyﬂa_:eter S
CFr=CUBLAIFy tan¢ = 7 Fr= U 23010736tn L

The sliding sa[ely factons , S s T
FS= Fr/LFh _=- :-;;, 8.4855 > 1.2 N ok

Localed he resultant on lhe base of footmg From ﬂgld body stalsc and moment
- summalion can be taken al any location. Usmg the toe as we a[read y have most ‘ f
of the moments computed : S

 AM=IMr-zMo= .- . 118.092l0nm SRR
)(_—“—AM_IEFV? - L 0847m(ﬁomloe)

Ce={BR2}-x = 1153m———- SR S
L e e L Pe<®ly oK.
BI3= A , 1.333m_"_.-_ SUU1A83 T > 1333
B T T : e e . OK
Compule soil pressure : ' ‘
amax={EFv/B)*(1+(@e¥B) = . 952105tnfm ¢
qmin={TFv/B}* {1- (Se)IB} L. -254630t0n/m oo

Qmax qmax L= = o 33323691 ton

: 'checking of Béafing Capacity on soif : )

4276



Qu=A'.*[a*k*c*Nc + 0.167%k *q*Ng + 0.5*y1 *B' *f§'* Ny ]

 where :
. Qu = ullimate bcarmg capacily
A" =cffective loading arca on footing
a, B = coefficicnt depending on shape of footing
¢ = cohesion of foundation ground (ton/m"2) . :
: q = ground surface surcharge (Um*2) q=v"Df
i ' T2 = unit weight ofsonl on front of abutments (Um"3) 0. 8 Um3
_ ¢l = unit weight of soil of ground foundation (Vm"3) = l 0t/m~3
B' L' = width and length of eficctive loading area
e = d1stancc from entrance of fooling to acting point of resultant forcc on roolmg {m)
Df = depth from ground surfacc on front of abu!mcnt (o bottom of foolmo ()
Df = height of loc (m) = 0.7 m
k = coefficient —> | k= (1 +03"DF 8)
“Nag, Nc., N{ = bearing capacm l‘aclors

A=l B = (B-2eb)” (L 2e|)

CA=(B-2%eb) *(L-2'%l) = j L8713 m*2
Le=(l+o3By= o 13 _
pe(1-4BY= - -069313
; . : Cqeqsub2*Df= T 20936 Um*2
& . k (1+03 ors)= . 11240
'1 ' For tan0=3Fh/EFv = 0194 . No= 14
b= 24 . Ng=65"
T =25
Qu— 1442.10 ~ ton
Fs=2
_ Qsafe Qu/FS=72105 - . ton
Checkmg the bearing capacuty is: ' o o
- Qmax = . 333 24 l0n< Qsafe= - 721.051on

oK

o ;4'—257
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DESIGNOF PIER (P3) . FRPe

Case IV Waler is full al elevation SWL + 151.80 (EARTHQUAK(: CONDITION)

parameter of soit 1 : B ) L  degree
qsub = 1.0 - Um"3
' S . _ C'=2/3C= . 12 . _lllm“2
- Height of Pier i H= 80 m
Width of footing Pier L . B= 40 m

- _ ‘ S L= 4.0 m
Compule ovedurning slabilily : '
Set up lable and refer to figure ;

pail | ... . Welghl of part ) Arm Moment
: C C fton) - (m) (ton m)

1 les042527= - - : 4320 2.000] . 8.640] .

2 |uerieroa2s52.142)2= T 3055 - 2.000f - - 6.110

3 |[1.4'6.4'25'20 = e - 33.550) - - 2.000 67.100
T4 |(rrayros2sarns 7650 2.000| . 15.300}

5 l40725'40= ' B 28.000] - 2.000 56.000

6 |(e.71+637)2)'154010 Co 3942 0.750 29.565]
- 7 |lue77+637/2)' 154010 . 3942] - 3.250 128115 S
8 et . _-__H _ 46.000f - 1.650) - 75.900
9 e co e - 46.000 2.350| 108.100
T ltota: xfv= 1 547415] . v Mr=| 494830

) The lolal buoyancy (uphﬂ) actmg on the slruclure is calculated as follows : -

~(112)*{u1+u2} B8 * ™

- where :
U= total llpllfl { lon !m) R
Ut = bum ancy at upslream side - Ul w ¥ hl (on/m)
U2 = buoyancy al downstream 51dc UZ W ¥ h" {lonlm} B
B= boitom width of struclure (m) :
4= unit weight of water Wm*3) N R AR APTE
' Ut=uz=1, 0 *(151.8- 144 )= 7.47 S tondm
U= . ... - -2988 - tonfm

u=. . ' 119.520 ton

Struclures surrounded by waler, such as pief which suffer hydrodynamic force caused

g by eaﬂhquake is calculated by usmg foﬂowmg (ormu!as

P = (3!4)‘Kh‘W0*A0_*h‘(b,a) [1-(bl4h)] o - .. incaseb/h <20 -
where Sh - :
PR= lala”ndmchnmmc pre\mre a'mmg mrlhq.ml.a (lan} R IR AL
<h = = destgn horizomial seismic copﬂ:c:enl B . Kh=E=0145 .
L= \mterdepth mj _ C o T p=T4T 0 m
© " Wo = unit weight of water o’ 2} T S Wo=100  ¥m*3
b= cm’mrm width pe rpwnllcufm to the aclme S ' bh=200 m

direction of hvdrodvramic pmmlre d:mmg mrthqmm ()



a = colunn width in acting direction of liydrodynamic pressure (m) a = 11
A0 = crass sectional area of a pier (m"2) T Ao= 22 ¢

hg = h;dmdwmrmc force acting depth from the bottom ﬂn) _hg=3fT h= 3.2014

P = (3!4)‘Kh*Wo*Ao h‘(bla) {i-(brdh)} = 3.13650 ton
The honzon!a! Ioad {K) is determined using fo![owmg formula : ,
Pi=46 ton L
P2 =46 _ ~ton - .
W= 76.575 ton
KP=0. 15‘0 5*Plotal = 6.8 - _ ton
KW = 0.15%0.5° W = 5.743 ton . T
Total horizontal force = Fh= - 7. 15780ton

" TotaiVertical Force: -~ .+ EFv=EFv -U= - | 127.895ton -
Sum of Overturning Moments " e
. ZMo= P * hg + KP*h1+KW‘h2 = 88697tonm

_SumofMomenlsto RessstOveﬂummg Ce L e
c LM;’ i‘,Mr U BI2— 255.790t0nm7

~ The Ovenurmng safely factor is :

s LMHSMO -0 agsas12

Compule Sladmg Force f S l_;xe bqse soil pérafueler :

Fr“C‘*BL+2Fv*lan¢. = Fr:'_," 224.943.l0n R

" The shdlng safely factoris : . s T
FS = Fl’fEFh 14255>12 0k

Localed the resuliant on the base or footmg From ngld body static and moment l

summalion can be taken al any location. Using the toe aswe already have most -
of the moments computed : e

AM=EMr-TMo= . .. - 167093t0nm

XTAMIEFv= S 1306 m (ﬁo:rr!ue)

e={BR2Y-x = L o - 0.694_m_"~*—- T

| L e (B3
BI3= 1333 T 0694 <

Cornpule soul pressme

7 qmax { FviB } { 1 + (S‘G)IB } = : R 65.2350 ton/ m
o qmin={ZFv/B}" {1- (B‘e)IB} = e - «1.2875ton/m
. Qmax= qmax L= _ R T 260.94017 ton -
~ Qmin=qmin*L= - S -54501 71 ton

4280

- OK

m2
m
i1
oK
1333

- OK



Checking of Bearing Capécily on .soi_l :

Qu=A*[a*k*c*Nec + 0.167%k *q *Ng + 0.5*y1 *B'* p' * Ny

where : .
Qu = uitimate bcarmg capacily
"A'  =effective loading arca on footing
a, b = cocflicient depending on shape of footing
¢ = cohesion of foundation ground (ton/m*2) o
S q = ground surface surcharge (Um"2) . - gq=y*0Of
72 " = ynit weight of soil on front of abutments (Um“3) 0.3 thu™3

yI = unit weight of soil of ground foundauon (llm"‘3) = |. () U’m’?
gLt = - width and lcnglh of effective loading afrea -
e = d:slancc from entrance of foouno to acting point of resultant force ou footing (M)
Df = dcplh from ground surface on fron of.lbulmem lo boltom of foolmu (m)
l){‘ = hcughl of toe (m) = (.7 m
k= coefficient —_m——fy; k= (1 + 0 3*DF/ 8 )
' Nq Nc , Ny = bearing capacu\ l'aclors

A= L'*B'—(B . 2eb)* (L 2e:) . :
A=(B-2%h) r(L-2tel)= D 1045192

a=(1403BLY= {20
=B = e T £ < I .
R QH;SLID”*DIH 2936 tmf2
k=(1t03-(OM8)= ! . 10804
For tan0 -2FW/3Fv=0.123 . Ne=15
¢?4‘ . Ngq=8
T e a

Qu= 2340.289 “fon
Ce - FS= 2 '
_ Qsale = Qu I FS= 1170.144 ion
~ Checking the bearing capacdy is: R S
_ QmaA = 260.94 ton< ~ Qsafe= 1170.14 ton

) :.':_47-2"-81. e )
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- DESIGN OF PIER (P3) : o - _ Fdespfer}v

Case V Water |s emply + 144.33 ( EARTHQUAKE CONDITION)

* Parameter of soil 1 é= 36  degree
= 20 Um*3
‘ .C= 18 t/m"2
"Height of Pier - " H=_ 80 m_
W:dlh of foohng Pier B= 40 m
: L= 40 m
Compute oveﬂurmng slabﬂny
Sel up tab!e and refer to figure : .
pari Weight of parl Arm ¢ | Moment
1 ' {ton) {m) (ton m)
1  Jis042527= - - 4320 2.00} - 8.640
2 - {(1.641.1)2:0.4'25°(2.7+2)02= C 0 3.055) 0 0 2.00 © 6110
3 - j[1iei2s20 = : 33.550 - 2.00 67.100
4 lar1ay204'25(412)2= : 7.650 2.00] *  15.300
5 |4'0.7'2540= : - 28.000 2.00] © 56.000
| 6 | : o Lo S 48.000] - 1.65]  75.900
___z_” P2 : : C T 46.000] - 2.35] 108100
- (Total : }:FV“ S 168.575 }ZMr~ . 3371450
_ The honzonial ioad (K) is determmed usmg followmg formula :
‘ P1=46 - o tom 2
SP2=46 0 e lon
_\1\::_76_575 Sodten L
- KP = 0.15'Plotal =138 .. ton..
‘ _ KW=015*W = 1148625 .. ton .~ . .
Tolal hosizontal force £ Fh= - ... . .~ -25286 ton.
Total Verlicat Force : . TFV=LFV'= R 168 575 ton
. Sum of Overturning Morments :
¥ Mo KP h1+KW‘h2 = 157 311 ton m
Sum of Momenls to Reasl Ovenurmng : 2
SO EMr=EMr = 33715010nm
The Overlurnmg safply fagloris: .- B TR : _
R Fs= LMrIFMo = .. 2i43>12 0 OK
_Compule S!Idlng Force SR U\e base smipnramehr L
‘ Fr”(, BL+LFv*lanb = © o iUFpE T 374.476 ton

The shd:ng safely factor is : 7 : : - -
FS= FrIEFh . 1481>12 SOk

: Localed ihe resullant on lne base of footmg From rlgid body stal;c and momenl

summation can be taken at any location. Usmg lhe toe as we alrcady have mosl '

. of the moments computed : . - _ '
AM = ZMr—IMO~ o 79_839_lonm :

‘:’"2?33‘. o



x=AM/ZFv= 1.067 m ( from toe )

e'"'_{BI2}-*'x e

0933 m—7 - . o
_ | e < (B3 OK
B/3= - 1.333 m 0933< . 1333

o Compule soil pressuve :

101.1354 ton/m

-16.8479 ton/m.
353.97381 ton _
-58.96756 ton .

qmax={LFviB}* {1+(6*e)IB}=
qmin={TFv/B}* {1- B'e)BY =
Qmax=qmax*L=

. Qmin =qmin * L =

Checking of B:ean"n'g C.apéscily on soil :

Qu A'*[OL*!\* *Nc+016’i*k*q \Iq + 05 *{l*B'*B'*Ny
' |1here L I
~Qu = ulimate beanng capacu) TR
- A" = effective loading area on foolmg _
o,B= - coefficient depending on shapc, of foolmg
C = cohcsmn of foundatien ground (ton/m"2) SR B
q = ground surface surclnrgc Wm2) - - .. o gqEytDb
~¥2 = unitweight of soil on fronl of abulmcnls (lfm N3) = l 8 Um"‘3 _ '
¥yl = unit weight of soil of ground l'oundauan (Um"3) = 2 0 Um"‘3 o
' B'.L" = width and knglh ofe[l”ecll\e loading area . _
e = dssl.ma. from enlrance of fooling to acting point of rcsullanl force on footing (n)
DI = depth from grou nd surlacc on ront of abulmcm o bouom of foolmg (m) '
DI = heightof toc (m) = 0.7 m
k = coefficient ey k= (1+0, 3 DI‘IB )
Ng,Nc,Ny= b'.anng capac;t\ faclors

T
o

.A'“L"B'"(B 2eb) (L 29!)

Cessae

L OK

4084

A'=(B-2%b)*(L-2%)=
' a=(1+03BUL )= 116
CPE(L-ABL ) = RS BT
q=7'0Df= 6606 Ymr2
k= {1+03 (Of1BY) = 1.0984 ‘
For lan9 = =LF/ IFv = 0.150 Ne= 32 o
$=36 “Ng=24 :
L Ny = 22 o
"Qu= 5660 624 . ton y
CFS=2 0 g %
BT Qsafe—ou/rs 2330312 - ten -
'-_Checkmg the bpanng capamty fsr e S e P LT
Qmaw—353 9? ~ fon< - Qsafe= . 2830.31 ton
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Name of
Structure

l Categnryof ) ‘ ) l
l caleulation

040
0.40
610
0.40
0.70

Ly

KW ——

b

P s

L4 1 R

' DESIGN OF PIER -3 (P-3)

- Case V Iwater is cimpty al clevation 4 14433

{ Earthquake Condition )

EEE -
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