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Design of an Anchor Block - Type 1

Model of Type 1 Anchor Block:

Example: Anchor block of Chandra

—L—-‘ Jyoti MHP, Kavre

i Hy=18m L =10m
L,T-"“‘--._Z w =08m Z =03m
h, =0.6m h, =0.3m

. X =05m i =51°
a _ @ lc =05m he =0.4m

RN a =35 b =35

S

Pipe Diameter,d = 130 mm
Pipe Thickness,t = 4 mm
Discharge, Q =201Ips
Gross Head, hgross = 155 m
Surge Head, hgyrge = 95 m

hy r ™ Distance to u/s support pier, Lo, =4m

Distance to d/s support pier, Log = 4m

he _q__lf_-.. llz“ &5;\‘ Lig =2m
Y ¥ L ¥ ¥ /
0] . Distance to u/s expansion joint = 30m
I Ly =30m

Width of Blodk = Number of piers at upstream =7

Relation Used for Area Calculation:

A; H,L 1.10 m?
A 1
2 5 L(Hy —Hy) 0.35m?
Relation Used for Centre of Gravity Calculation:
X
' 1 0.50 m
2
X
2 %L 0.33m
Relation Used for Calculating Deduction Volume Occupied by Penstock:
Vv
P %Iu(du + 22+ %Id(dd + 2t)? 0.02 m?
Where _ d+2t
Y=H,-7Z- 2cosa_Xtana Y = 107m
H,=Y—-(L-X)tanb + Ol+2t+Z H, = 1.01m
2cosb
— I, = 06lm
cosa
I:L-X lg = 0.61m
cosb
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Further Design Procedure for the Block,

Total head, hiota = Ngross+ Naurge

Block volume excluding pipe volume, (V)

Unit weight of concrete, (9.yee)
Weight of block, Wg

Unit weight of concrete, (9. )
Weight of pipe, Wp

Unit weight of concrete, (g, )

Weight of water, Wy,

Wp + Wy
Calculation for relevant forces:
1. Fu =W, +W,)L,, cosa
=026 " 2  cos35°
2. Fig =W, +W,)L,, cosb
=026 " 2 cos35°

3. Frictional force per support pier:

=+ f(W, +W,,)L,, cosa
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=155+ 95
=250 m

=W (Al + A2_ IC hc)_Vp
=0.8(1.10+0.35-0.5" 0.4)-0.02m°
=0.98m?

=22 kN/m®

= V gconcrete
=0.98" 22
=21.56 kN

=77 KN/m°

= p(d +1)t0ge
=p  0134° 0.004 77
=0.13 kN/m

=9.81 kN/m®
_pd?,

- gwater

4

_ p(0.13)?* .
4
=0.13 kN/m

9.81

=0.26 KN/m

=0.43kN

=0.43kN

Where f = 0.6 for steel on concrete
=206 026 4  cos35°==0.51KN per support pier

Since there are 7 support piers then,

Fou =+051" 7

Note that F,q iS zero since an expansion joint is located immediately downstream of the

anchor block.
_ pd® . ab-a
4. F3 - 2gwaterhtotal Tsng 2
Since,a = b =35° F3=0
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5. Faw =W,L, sna
=013" 30" sin3%5° =2.24 kN
Note that F4, isinsignificant since a is less than 20° and could have been ignored. F4, has
been calculated here only to show how it is done. F4qis negligible since an expansion joint is
placed immediately downstream of the anchor block, i.e., L4y~ O and therefore Faq™ O.

6. Fs = EaDTp (d +1)t
Since the expansion joint is installed between the blocks,
F5 =0
7. Fes = +100d
=+100" 0.13 =+ 13 kN
8. F = Ouater htotalp (d +t)t
Fw =981" (250-30sna)” p = 0.134° 0.004
=3.85kN
F¢ =981" 250" p " 0134  0.004
=4.13kN
Note that as discussed earlier the resultant of these forces isinsignificant.
2 L.
9 K =8stin§)_a9
pd e 2 g
Since,a = b =35°,
Fg =0

Note that as discussed earlier, thisforce isinsignificant.

10. Fo = Ovater htotaJ pZ(du2 - ddz)
Since the pipe diameter does not change,
Fg =0

11. Soil force, Fro
Unit weight of concrete, (2i) =20 kN/m®
For stiff clay and stiff sandy clay (&) =30°

COoSi - 4/cos?i - cos*f
Ka =
cosi ++/cos?i - cos*f

Since, @ = 30° islessthani = 51°, then K, will be imaginary. So take K,=1

2
Fo = Kaw%cosi

But in this example,
h;—h, =0.6-0.3=0.3<1, So Fypisinsignificant, therefore F1p=0
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Resolution of forces:
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a =>b =3
Forces (kN) X —component (kKN) ® + Y —component (KN) ~ +
F1,=0.43 —Fiysina =-0.25 + Fyycosa =+ 0.35
Fiq=0.43 —Fwsinb =-0.25 + Fiycosb =+ 0.35
+Fycosa =+ 2.93 +Fysna =+ 205
Fou =+ 3.58 Negative during ‘expansion Negative during *expansion
Positive during “contraction Positive during “contraction
Fay=2.24 + F4,cosa =+ 1.83 + FySina =+ 1.28
+ Fg(cosa —cosb)=0 tFs(sinb —sina ) =0
Fe=+13 Positive during “expansion Positive during ‘expansion
Negative during “contraction Negative during “contraction
F,=3.85 + F7,cosa =+ 3.15 +Fysna =+221
Fqa=4.13 —F7qcosb =-3.38 —Fsinb =—-2.37
W5g = 21.56 0 + 21.56
SUM 4 H =-1.83'Expansion 4V =+ 21.33'Expansion
& H =+ 4.03 °Contraction 4V =+ 25.43 °Contraction

Note that forces are positive in X-direction is towards the right and Y -direction downwards.

Sum of horizontal forcesthat act at thebend, =4&H - F,
'Expansion case =-1.83-0 =—1.83kN -
“Contraction case =+4.03-0 =+4.03kN ®
Sum of vertical forces that act at the bend, =aVv- Fy, - W,

'Expansion case
2Contraction case

=+21.33-0-21.56 =—0.23kN -
=+2543-0-21.56 =+3.87kN

Calculate for the centre of gravity of the block from the upstream face of the block taking the
moment of mass. The effect of the pipe passing through the block is considered negligible, so need
not be cal cul ated.

Y é A Xi » W concrete
X ==
a A WI concrete
_ 1.10" 0.50+0.35" 0.33- 0.50" 0.40" 0.25
1.10+0.35- 0.50" 0.40

=049 m

\ Theweight of the block Wg acts 0.49 m from point O.
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A force diagram on the block is as shown in Figure;

Checking for Safety of the Block: j 023N

1. Checking safety against overturning J!’r

[ _ 050m
'Expansion Case Penstock

Centie Lne

i
Taking sum of moment about point O with - fﬂﬁ—ﬁ
clockwise moments as positive: =% a S
a M atO, Y387KN
=2156 049-1.83 1.07-0.23" 0.50 o U.4avm
= 8.49 KN-m
aM_ 849 _4aom -
avVv 21.33 e

aM ‘ = 0.50-0.40=0.1 R,

av| T Y

Lb;ase = 1 =0.17
6

Callowable = 6

Y21 56kN 1. 07Tm

(¢

|k
2

\ e< eaJIowabIe OK

Contraction Case

Taking sum of moment about point O with clockwise moments as positive:

aMatO,
=21.56" 0.49+4.03° 1.07 +3.87" 0.50
= 16.81 kN-m
aM 1681 _ oo
A&V 2543
e:‘ﬁ- a M‘ = 0.50—0.66 = 0.16
2 av
L. 1
e, =t -2 =017
allowable 6 6

\ e< eallowable OK
Since e<_,ane FOr both cases, the structure is safe against overturning.

2. Checking safety on bearing capacity
For stiff clay allowable bearing pressure is 200 kN/m?
'Expansion Case

e e o
p - AV g 6e 9_ 21335 6 0.10_ 4 g6 kN
ALS L.g 1086 1 o

OK

P

base < I:)allowable
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Contraction Case

: 5 a1ee
P = V&, 00 24885, 6 0160 g 3 knm?
Awd Lep 1086 1 g

Poe < Paowae  OK

In both cases P, < Pyme = 200 KN/m? \ the structure is safe against sinking.
3. Checking safety against sliding

'Expansion Case

aH<nav
n = 0.5 for concrete/masonry on soil

1.83kN <0.5" 21.33kN
1.83 kN < 10.67 kN OK

Contraction Case

aH<nav
n = 0.5 for concrete/masonry on soil

4.03kN <0.5" 25.43 kN
4.03 kN < 12.72 kN OK

Since, & H <maV in both cases the structure is safe against diding.
\ The anchor block is stable.
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