Prarup.Com

Design of an Anchor Block — Type 3

GREAT Nepal Consultants

Model of Type 3 Anchor Block:
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Width of Block =w

Example: Anchor block of Ghatta
Khola MHP, Lamjung

Hy =1.6m L =12m
w =09m Z =03m
hy =0.8m h, =0.3m
X =0.6m i =36°

[ =05m he =05m
a =35° b =29°
Pipe Diameter,d = 170 mm
Pipe Thickness,t = 5mm
Discharge, Q =40 Ips

Gross Head, hgross = 97 M
Surge Head, hayrge = 111 m
Distance to u/s support pier, Lo, =4m

Ly, =2m

Distance to d/s support pier, Log = 4m
Lig =2m

Distance to u/s expansion joint = 30m
Lsyy, =30m

Number of piers at upstream = 7

Relation Used for Area Calculation:

A1 ho(H1 — ho) tana 0.43m°
A, % (H1 —ho)? tana 0.14 m?
As Ho[L — (H1—ho) tana ] 0.82 m’

1
Ay 5 (Hi=H2) [L = (H:—hojtana | 0.19 m?

Relation Used for Centre of Gravity Calculation:

X1 %(Hl—ho) tana 0.22m

2
X 5 (Hl - ho) tana 0.30m
X % [L+ (Hy—ho) tana ] 0.82m

1 2
X4 5L + 5(Hl—ho) tana 0.70 m

Relation Used for Calculating Deduction V olume Occupied by Penstock:
Vp %Iu(du + 22+ %Id(dd + 2t)? 0.03m®
Where
ho= H; —(2Z + d + 2t)cosa ho= 0.96 m
Y= hO + 22+—d+2t_Xtana
2cosa Y=1.02m
_ d+2t
Hp=Y—(L-Xtanb + _ -+ Z H,= 1.09 m
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ly = X —(Z+1d+ t)tana
cosa 2

L- X
cosb

[,=0.46m

lg= 0.69 m

Further Design Procedure for the Block,
TOtal head, h’[otaj = hgro$+ hg_jrge = 97 + 111
=208 m

Block volume excluding pipe volume, (V) =w A1+ A+ As+As—Ichy) -V,
=0.9(043+0.14+0.82+0.19-05 " 0.5)-0.03m°

=117 m°
Unit weight of concrete, (9o, qee) =22 kN/m®
Weight of block, Wg =V Onorete
=117 22
=25.74 kKN
Unit weight of concrete, (g ) =77 kN/m®
Weight of pipe, Wp = p(d +t)t0 e

0.21 kN/m
Unit weight of concrete, (g, .. ) =9.81 kN/m®
2
Weight of water, Wy = pj " Oyater
. 2
p~ 0.17 9.81
4
=0.22 kN/m
Wp + Wy =0.43 kN/m
Calculation for relevant forces:
1. Fu =W, +W,)L,, cosa
=043 2  cos35° =0.70 kN
2. Fu =MW, +W,, )L, cosb
=043 2 cos29° =0.75kN

3. Frictional force per support pier:
=+ f(W, +W,)L,, cosa
Where f = 0.6 for steel on concrete

p = 0175 0.005

77

=+06" 043 4 cos35°== 0.85KkN per support pier

Since there are 4 support piers then,
Fou =x2085" 7 =+ 595kN

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

anchor block.
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d*> . ab-ao
4. F3 = 2gwater htotal P S'n(} -
4 e 2 g
- 2 .
-2 o081 208 P 017 - @3- 350
4 e 2 g
=—4.85kN
5. Fa =W,L, sina =021 30 sin35° = 3.61kN

Faqis negligible since an expansion joint is placed immediately downstream of the anchor
block, i.e., Lsg~ 0 and therefore F4q~ O

6. Fs = EaDTp (d +1)t
Since the expansion joint is installed between the blocks,
F5 =0
7. Fs = +100d =+100" 0.17 =+ 17 kN
8. F7 = gwater htotal p (d + t)t
F.w =9.81" (208-30sna)” p ~ 0.175° 0.005
=5.15kN
F¢ =9.81" 208" p "~ 0135  0.005
=5.61 kN

Note that as discussed earlier the resultant of these forces isinsignificant.
2 L.
0. Fg = 8Q2 Sn§) a 9
pd® & 2 g
’ 2 ..
_ 8, 0.042 singzg 359
p” 017 e 2 g
Note that as discussed earlier, thisforce isinsignificant.

=-0.01kN

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

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

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

Since, @ = 30° islessthani = 36°, then K, will beimaginary. So take K,=1
gsoilhlz
2

Fio =K,w COSi

But in this example,
h; —h, =0.8-0.3=0.5<1, So Fyisinsignificant, therefore F;p=0
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Resolution of forces:
a =35° b =29°
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Forces (kN) X —component (kKN) ® + Y —component (KN) ~ +
Fw=0.70 —Fupsina =-0.40 + Fyycosa =+ 0.57
Fig=0.75 —Fusinb =-0.36 + Fy,cosb =+ 0.66
+Fyycosa =+ 4.87 +Fysna =+ 341
Fou=+5.95 Negative during ‘expansion Negative during *expansion
Positive during “contraction Positive during “contraction
F;=-4.85 +F3sin§:aEb +a9:—2.57 —Fg,cosgEb *a 9:+4.11
e 2 g e 2 g
Fs =3.61 + F4,cosa =+ 2.96 + Fgsina =+ 2.07
+ Fg(cosa —cosb ) =+ (—0.94) tFs(sinb —sina ) =+ (- 1.51)
Fe=+17 Positive during “expansion Positive during ‘expansion
Negative during “contraction Negative during “contraction
F=5.15 + Fp,cosa =+4.22 +Fysna =+295
Fq = 5.61 —Fcosb =-491 —Fgsinb =-272
Fg=-0.01 +F88ingb +ag~ 0 —Fgcongb *a 9= +0.01
e 2 g e 2 g
Wg =25.74 0 +25.74
SUM 4 H =-6.87 'Expansion a4V =+ 28.47 'Expansion
& H =+ 4.75*Contraction 4V =+ 38.31 *Contraction

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

Sum of horizontal forcesthat act at thebend, =aH - F,
'Expansion case =-6.87-0 =—6.87kN -
“Contraction case =+475-0 =+475kN ®
Sum of vertical forcesthat act at the bend, =aV- Fy, - W,

=+2847-0-2574 =+2.73kN
=+3831-0-2574 =+ 1257kN

'Expansion case
2Contraction case

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 calculated.

Y — é- AXI » W oncrete
é. A WI concrete
043 0.22+0.14" 0.30+0.82" 0.82+0.19" 0.70- 0.5 0.5" 0.25
0.43+0.14+0.82+0.19- 05" 0.5

=0.66 m

\ The weight of the block Wz acts 0.66 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:
1. Checking safety against overturning

'Expansion Case

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

&M at O,
= 2574 0.66+2.73" 0.60—6.87" 1.02
= 11.62 kN-m
M _ 1162 _ o
&V 2847
e=lt. M\ h60-0.411 =019
2 aV
L. 120
e, = == 0o
allowable 6 6

\ e< eaJIowabIe OK

Contraction Case
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(&0m

/

Penstock
Centre Line /0. _ Dy 75N
™
ey,
>3, 73kN
066m T12.57KN
1.02m
25 74kN [,
=5
1

0

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

aMatO,
= 2574 0.66 +12.57° 0.60 + 4.75 1.02
= 29.38 kN-m
M _ 2038 _ o
aV 3831
e=lt. Ml h60-077 =017
2 aV
L. _ 120
€. = 22 = 222 =020
allowable 6 6

\ €< €nmae 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

AV & 0 ’ 0

p_=2aV i+ e 2_ 2847 .6 0190_g 40/
A& L. 120 090& 120 4

Pbase < I:)allowable OK
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Contraction Case

. 5 . )
P.. = av + be T= 3?'31 + 6 017 9= 65.62 kKN/m?
A.. Lewe g 1207 0.90& 120 g

Poe < Piowae  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

6.87 kN <0.5" 28.47 kN
6.87 kN < 14.24 kN OK

Contraction Case

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

4.75kN < 0.5 38.31 kN
4.75kN < 19.16 kN OK

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