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Cost. and Economics of Bench Terracine

. by
S NARAYVANASWAMY and C. R, SHANMUGHAM

« Introduction : * Bench terracing is the process by which a series
nf platforms is cnnstructed a.cmas the slope of . a land, at suitable
mtarva.], separated by :“risers” or nearly vertmal cut faces. These,
in cﬁgct break up, the long s]c-pe 11.'1{:0 a seb of steps or platfnrmﬂ "
n.:mi as. suuh funcmcm eﬂ‘eutwely as a meanure to control erosion and
aﬂnserve sml a,nd moisture. T]:us method is: ganera]ly adopted for
:rr:gated ﬁelds sztua,teﬁ on slnpmg terram elsewhere i in hilly country,
on, slopes Eteeper thzm 15%  where .area avﬂ&blla for cultivation is
scarce.and soil conditions are favourable and where it is economieal
to have these measures for soil conservation.

~ ~While advocating adoption of bench'terracing among the ryots
dccording to’its suitability.to:local conditions; it will be necessary not
only to appraise the ryots of the advantages, constructional details
and -specifications of such work but also ‘to furnish them with ibs
estimated costand economics. ‘Normally ryots would like to know the
cost. of terracing per acre so that they can work out the economics
c;f such, a measure and decide whether_ such land improvement is
wmrthwhﬂe from the ‘economic, pﬂmﬁ of view as well. An accurate
estlmnte 13 pusslble nnl;f,r after an elabnrate contour and tnpugraphma!
survey of an area.. But it is not practzca,hle to conduct such survey
fnr the entire area, espaem]]y when it mvnlves ]arge tracts, before
launchmg extsnaw& propaganda among ryots. Tt is the aim of this
pu,perf therefore to Ia,y down ready methods of estimating cost of
hench terracing per acre.

Factors Involved i The actual cost ‘of bench ferracing depends
pnm:mly upon the follomng factors ;

Gnndltmus nf goil and sub-soil ;

2 “Land surface including vegetation cover on it, undulations,
-depressions; mnunds, etc.;
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3. Slope of the area ;

4. Specifications of bench terrace on deviation of its:
alignment ; and

5. Terrace outlets.

The principal item that affects cost of bench: terraces per acre
is the total quantity of earth work involved and the rate.

The coat of earth wmk per unit depends upcm the t}*pe ‘of sm]
it compact-nesa, nature of land surface, vegetation ¢over ‘on’ it ‘and”
local rates of wages for the labourers. It also depen&a upon’ whéther
the work is executed with manual labour or by ufahsmg earth’ muvmg
1mplaments and ' machinery - like - bractors, bull dczers, sorapers;
gruders, etic: The available horse power of the maﬂhmary, tj,rpe and’
size’ of Jmplements as also the eﬂimency of operators or' workers
determine the out turn of work ver unif tima and tharehv™ fha ansf
per unit work.

The quantity of earth work involved per acre depends upon the
physical undulations of land, presence of depressions requiring filling in,
mounds requiring additional:excavation: due to deviation in-alignment
there, type and specifications:of bench terraces. proposed-and slope of.
the area.. Physical .conditions of.land and slope of the terrain are.
rarely uniforni ‘and. therefore /it “would be necessary.to consider the
average or predominent slope for cnm}_mtatmn of tutalﬁarth work. -

The cost a}f terrace outlets adds to the ultimate cust nf hench
terr zwmg per acre. The typa and spemﬁeatmns of the outlat fmd the
number rﬁquned per acre will detarmma such &ddlﬁmnal -c0st per acre.
The total nimber of outlets per acre depends upon the ‘critical Iangth
of bench terrace and the’ ‘Fﬂll‘le'rﬂblﬂ pumts requu:mg safe drmn&ge of
excess water. From the axparmnca gained under candﬂ:.mns in' “the
Nilgiris (South Tndia), it is found economical and eﬁ'et:twa tu drain’
the excess water from bench terraces towards what are called
“ yerfical drains” which are the natural downhill drainage channels
or where they are too far u.pnrt. thrmlgh earthen channels excﬂ.vated
with suitable cross sections and protected by close grnwmg and soil
binding grasses or if necéssary by stone ‘pitching Along these
channels, drop pits or silt traps of suitable size are provided at
regular intervals so that the velocity of water is reduced to prevent
it from atitaining high erosive power. Wherever the area drained is
large and the volume and rate of flow of excess water is great, stone
paving along bottom and sides of channels may ‘have tobe adopted
in place of grass planting.”



Eeonomics of Bench Terracing 213

The cost of construction of such channel can be worked out as
per local Fates and if the approximate total length of such -channel
per acre is known, the cost of outlet per acre can be easily calculated.
A ready method to estimate the length of channel outlet per acre is
worked out later.

Computation of Earth Work For Bench Terracing: As already ex-
plained, among other factors the type and specifications of bench
terrace have great influence on the cost of work per .acre; and
therefore they need close consideration to determine the approximate
cost of terracing. The following are the various items to be
aomsidered to arrive at cost. -

-{i) - Critical length, number of outlets and total length per
o1 aerey
“(ii) " Vertical interval,
(l;n} _ Net width of terrace; and

i(iv) Cross sectional area of eutting.

(a) . Critical length and number .of lerrace outlets per. acre:
Under similar conditions., the longer the bench terrace the greater
will be the area drained and thereby the greater the rate and volume
of run‘off, Beyond a certain length called the critical length, the
volume of excess water will attain erosive power to cause soil erosion
on the terrace itself. This critical length and the number of outlets
required depend upon amount, intensity and incidence of rainfall, soil
characteristics, width of terrace, longitudinal gradient, erops to be
grown ete.

Assuming ‘N’ as the number of terrace outlets theoretically
needed per acre each of which receiving excess water from the
terraces on both sides and ¢ K * as the critical length of terrace, then

" .

‘N’='2—E— (1)

were * 1 * is the total length of terrace per acre.

(b) Total lenglh of terrace per acre: Total length of terrace
per acre is an important factor affecting total earth work involved
per acre and thereby the cost. The slope of the land and vertical
interval adopted to euit local conditions determine this length.
Tor convenience in caleulating the length of terrace per acre, the
following equation is worked out.
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Let ‘L’ be the total length of terrace per acre, D’ thaertical .
interval and ‘S’ the slope-of land in feet-per 100 feet: {See ﬁg,.lj,
then L = o LU A
P Hm:znnml spamug of .terrace in. fﬂet

* (1 acre = 43560 Sq. {t. )
Horizontal spacing of terrace for -
‘S* ft. perceﬁtagags]ﬂpe e T FO0D0 foeki

Horizontal spacing of teyrace for W lﬂﬂ D f t
D feet vertical interval - B OO S A~ T

- 4356 S
T D
Vertical Interval:  Selection of a suitablé vertical intérval between
terraces has to'be made considering the soil - conditions, - crops grown,
tillage convenience for economic agriculture and minimum possible
disturbance to the top productive soil. Therefore, no hard and fast rule
can be laid down in this regard for blanket H;Pphﬂ&ﬁlﬂll in all cnndwmus
Lakshmipathi and Narayanaswami 1956 have worked out an ‘equation
for the Nilgiris conditions by which it is possible to arrive at either the
vertical interval or the net width of bench terrace when one of them
is fixed according to local conditions. This equation which has been
worked out for a batter of 1 to 1 for the riser, runs as follows:

Therefore . ()

is vertical interval —— (3):°

“For harder soil’ cnnd1t1ﬂns, 1t'. “should be PDSEl]J]G tn provlde a
batter of to 1 to 1 for the embanhﬁenﬁ wﬂ:h nea,rly vertmal cuttmg
below. ~As such the average batter for tlie riser will be &+ tn i
For this batter, the equation can be derived as follows (Se¢ Fig. 2)

W+ % = lﬂﬂs D were * D7 18 the.rﬂrtmal. mtarva'.};
etorn Ty 2 W
Therefore D = (260-5) (4)

Net widih of terrace: TFrom equations (3) and (4) it .is possible
to derive the net width of terrace when the batter provided for riser
isltol and 4 to1 rESPectlvely as follows :

For batler 1 to 1-of riser :

W D(lgﬂ-S) )
Tor batter % to 1 of riser :
W = .D-(E[?G—S) . (6)

28
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. Cross sectional area of cutting: -As shown in figure:l or 2, bench
terraces can be economically constructed by the process of balanced
cutting . (half cutting and half embankment), where, earhh work
excavated on the upper half of slope is deposited on the lower half
to conform to the required specification of the terrace. . The cross
sectional area of cutting depends upon the vertical interval of bench
terrace and the corresponding net width of terrace which in turn
depends on the slope of land. As could be seen in figure 1 or 2, the
hatched triangular portion denotes the cross sectional area of
‘exuﬂ,vatmn The recomniended process of constriction. of terrace
being ha.lf cuttmg and half embankment, the base of this triangle is

tf, Whereaa the height is E

2
ila ' v e ' e W D
Therefore Cross secﬁmnal area of cutting = & X 5 X 35
ioe; 0:8, = WD S
3
' The lead for earth work thus depends upon the width of
W

1;?1:_1:'&-::3, _- it being TR

Earth work per -acre: The "major item affecting cost of
construction of bench terrace is the earth work involved. To this,
the cost of establishing grasses or constructing stone retaining walls
along vertical face of terrace, disposal drain and other worls like
diversion chanmels, gully control, stream protection etc., will have
to be added on to obtain the total cost of bench terracing and other
protective worlks proposed in the area. -

Bench terraces can be constructed with either constant
vertical interval or uniform net width available for cultivation.
The former method is easy for execution whereas the latter ml] help
minimising disturbance of productive soil.

(a) Bench terrace with constant vértical interval :  Let *E’ be

the total quantity of earth work expressed in terms of units required
Length of terrace per

acre X C.S. area of

per acre, each unit being 1000 ¢ft. Then B = cutting in 8. ft,

1000
Substituting values of ‘L’ and C. S. area in equations 2 & 7,
L _ 43568 WD 1 PR LTy T B
E = —p - X 75 X {566 where ‘W' and ‘D "arein Ft.

i. e, = 005445 WS (8)
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| Substituting value of ‘W ': given dn- cquations (5) dnd (G} -
reslmcti?ely,

B [V I} (fm batter 1 to 1 ﬂf rmer} ﬂ 03445 D. {--m-n"s:'x S

e )
= 5445 D — 0105445 DS| ———st  (9):
E (V.1) (for batber 3 to1 6f riser) = = ”5445. %E?E‘ﬁl
— 5445 D — 002728 ‘DS e (10)

. From the equations (9) and {1()] above, Lhe va.lue nf E *in
_umts of 1000 oft can be worked out for any cansta.nt va,lue of D 3
the slope of land ‘B’ in feet per 100 feet, being known It cnu.!d b&
seen that for a constant vertical interval, the greater “the” slope ﬁhe

leaser will be the quantmy nf earth work { —_ ne:gatwe m eguu.tmns

(9) s.md ( lﬂ} ahove). HEﬂﬂE the cost c:-f henchu _te;.:ramng with any
constant vertical interval per acre will deerease with increase-in slope.
The graphs shown in figure (3) will illustrate this point.

Bench terraces with constant width: As wmked aui; earlier in
equation (8), E (w) = 005445 WS which denotes that the earth work
involyed in .construction of :bench -terraces, with constant width;
depends upon the width . seleuﬁed {w} and, slupa Trnm the above
equation it shuuld be, possible tc: ﬂa.lcularte the total aa,rt.h work
inyolved in units of lﬂﬂi} cfti per acre for any constant w1dt]1 tham&d
It could be seen also from this. equation that for cﬂnstanti w1dth of

bench terraca, the greater the slope, the greater will be the . qua,nttt-y

of earth work (E) and thereby the 'cost per acre { gg is: positive)

Vide graph-in Figure 4

‘Terrace outlet: As mentioned earlier the, number of, autlets
needed per acre dapenda upon the critical. length of tarraca _and
vulnerable points requiring drainage. If the appr-:ﬁumata l&ngth of
vertical drains (i. e. transverse channels to dlspose eXcess’ water}
per acre is known, the cost of its construction can be worked out as
per local rates per unit length.

“Let ‘1’ be the:a.liljrozilﬁaﬁe length of vertical drain per acre -

k. -, Horizonal spacing of terrace,
Then, 1 = N'X Ghere N is the No. of outlets per acre.

Substituting value of N in equation (1),
L 100D

=9 X 5
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Sﬁhgﬁit}ﬁﬁng'mlua of fT.” in equation  (2),

435:6 87, 100D . ¢l
1 :""‘ DR < 7§ .

YR1T80 v e
. 1 = 215 i
- K = _ (11}

7+In this Eq_llﬂ.‘l‘-lﬂ-ll the critical lenth of bench terrace i. e, ‘K’
will have to be detérmm&t‘! t&l;mg info consideration t]:le local factor,
if possible by actual expanmehﬁahmn* '

g o Enunum:a of bench terracing :. .+Equations (8),. (9) -and (10) and
graphs in I‘1g111&s (3) and (4] will shr.:tw that bench terracing is a
fau!y costly measure. for conserving “8oil *and ‘‘moisture. While
recammandmg such measure thare.fnra, it 13 1mport&nt to take mto
aéctﬁ'unii its Ecnnmumﬂ ‘and eﬂ‘&ctwaness m the a.pprnprmte Tand use.
T]m cost 68 land, 11;5. pmductwe eapamty, or upa grown and area logt
fnr {:nltlvatmn due tu hench terracing ° &1& ‘thé impurt&nt aspeats:
requurmg “eareful E‘t-'l.ldj." If the land tﬂ he tacl:led is cheap, hadly
ex‘cuded *.ferjf steap and the sml ccmdltmn 15 such that it does ‘not
réuouperate rapxd]y, ity “wcmld u{}t be Ed?lﬂ&h]& or acunamtcal to banch
termcﬁ 115 fo.i: cultwatmn, s,s ﬁhe dlatufhad aml mll r&uder the Ia,url

Such areas cﬂu]d bé hesﬁ put unde:r pa.stures or forests

Ev&u though the cqndmmys of soil are f&vourable_aud the degree
of erosion is not severe,.it should be further examined if the crops
grown and the subsequent increase in. yield expected after effective
conservation of soil. and moisture will be sustained as to feteh
economic return.which will:not only offset the heavy initial layout on
such works but-also improve the'economic status of the cultivator, -

Next aspect but not the least to be considered carefully is the
area lost for cultivation due to bench ferracing. If by terracing
considerable portion of land is lost; the net yield of crops may get
adversely reduced, and affect the agricultural  economy of the
cultivator. The principal factors affecting this luss in arca is the
batter or back slope provided for risers:of bench -terraces and .the
slope of land. Assuming a ha.tt_m of 1 to 1 for the risers it could be
seen, as shown below, that the percentage area lost due to térrm:iug
is more or ]e.sa the. same as the percenmga of sinpe of lnru:l s

‘%t- aren mfmlahla for cultivation after bench? |
terracing 1 acrc of land _J (T4 W) 8q. 14,

where T, is the total length of terrace in feet per acre and ¢ W' the
net width of terrace available for cultivation in feet.
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Substituting value of L’ and ‘W from equatmnﬁ 2 dndi5’
4%3:?[} 68 ., D (100-5) - Sqi £t

respeclively, this will be

S5 |
i. e. percentage of area available | _ 43568 - I) (100-8) %
for cultivation, after terracing ] ~ ~— D S 3
100
Therefore percentage of area lost due to _ ) {12} :

terracing = S which is the slope of land in %

Similarly for'a h&tﬁar of to 1 af riser, it can !m Ehuwn ’c-hat

the: parnen‘harge nf aréa lost due to- termcmg is --% — : {1 3}

Stlmma'rjf' Bench tarramng h&s heen renogmsed as 8, smtahle.,
mechanical, measure of conserving smI and mmstur&, thuugh 11;3'
adoption is restrmted to irrigated lands smd elsewhere on- ataep slopes
Whera soil conditions are good and lanrl suitable for nultwﬂ.tmn is
scarce a,ud its economics permlt such a measure. Smce the farmera‘
would require not only the consﬁruetmnal details of . such bench
terraces but also the cast of cnnstructmn of such’ terraﬂes, thaa
fnl]m‘ung aquat‘-mns have been derived for I'E&dj" use  in calculahmg,
approximate cost of construction of beneh terraces W".lt-h terrace
outlets. For other items of work prﬂpﬂsed in the area, a Iump sum
provision on a pro-rata - basis ‘may be- assumed ‘based on local
conditions after personal inspection of the area.

1. - ..Equation applicable ;- o

& "Description of work ! Batter 1to'l of . Equa- - Batter'd to 1 of- - 'Equa
q q
@3 . riser of Bench  tion riser of Benech . . tion
"' Terrace No. Terrace No.
L ST R 3 R 6
1.  Total ‘h‘mgt-h of turmcn per - ‘43568 ' T 4366 S : =
.+ aere. L) . L= D g ! 2, L= D = 2.
Y £ . i ie ::.' i _ wﬂ } I:.. e ..:-._._._.E_.—WE
2‘ Vﬂ:;hutflr mta:ﬁml ﬂ?) § D_-—'—_[-IQBu,S} ’ | 3 D‘.. o= :l
3.1 Net.width of teriace (W) ' W= %-- 5 w—ﬂgg:m 6
4. Crose-secbional urun uE o - wD - . wp
ventting (C.8.) igat om GeBes TR 7. C.B.=- 8 i
5. BEarth work in units of = - - ; : : o oy e '
1000 eft. per acre for bench E (V. I}=5 !HE D— E(V.I)=5445 D_lﬂ

terrace of constrant vertical . 0005445 DS. - = S0 0.02723 DS,
“ interval (E. V. L) . .
6., Earthwork in units of 1000 T e
* " oft, per acro for bench Ter- ‘E I:W] o ﬂﬁi-ﬂi WS 's It (w)=0 06445 W& &
race of constant width (I5W) - _ e e peite e b

r'-. s
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" Continued
N Equation applicable
S .
“ Description of work Batter 1 to 1 of Equa- Batter 4 tolof FEqua-
] _ riser of Boneh , tion  riser of Bench tion
Terrace No. Terrace : No.
1 2 - 3 4 6 8
7. No.of terrace outleb (N) . N=— 1 N=—2% 1
2K . 2K
8. Length of vertical drain 1 = 21780 11 1 — 21780 11
(Outlet) per acre (1) K =K
9. Percentage aren lost under 8
terracing 5 % 12 ) % 13

As an illustration, the cost of constructing bench terrace and
outlets on sloping lands as actually incurred in a representative area
in the Nilgiris and as per 'calculation using the above equations are
worked out in the table furnished below :

as per calculation using formulac

1172 units,

8. No. Description.
1. Situation of the land . Marlimund lake area, Survey
B - No. 4492 and 4489
2. Area bench terraced 5'75 9 acres
3. Slope of the land (S) - - 32°5 9% average
4, - Vertical intérval followeéd b feet
" 5. Batter or back slope for riser . 4 to 1 average
6. Average length of terrace »
followed (K) 300 feet
7. Mode of execution ‘Manual labour
8. Total Earth work - as per a,utua.ls 132:712 units
9. do. as per
equation (10) i.e., ¥ (per acre)
= 5445 D — 002723 DS 130-50 units
10. Total length ‘of outlet (disposal
. drain) — as per actuals 437 ft.
11. do. do. as
per equation (11), 1.
= EITEG
" per acre} K 417 ft.
12. Cross section of disposal ‘drain 3'—6"+1'—0". ., g
adopted 3
. = 92-81 Sgq. ft.
13. Barthwork for disposal drain as
per.actuals 1:228 units.
14, do. do. .
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Continued

5. No.

Description

15.

16.
17.

18.

.1'9'. .

20.

21. .

Total earth work.for Bench:

terracing’ and ouflets (disposal
drains) = as per actuals (8+13) 133 94 mntﬂ

do. do.
as per equaﬁmng (9 4 14)

Cost per unit of 1000 eft nf
earth work

Total cost of bench terracing
outlet..- {d1spusal c'[ramﬂ) as

.actuals .

do: - --du; -
as per calmﬂntmn

Average cost per acre:of Bench

Terracing and mltieta -a8 per
actuals

- do: - .. do.
as per equation

131 672 unibs.
Ra. 1700°
and

PE-T
Bis. 3,3? 7:}’.-};,.

Re, 2,238-

Ris. 396/-

Rs. 389:25

preparation of: this' article.

Acknowledgment: “The authors are . very much grateful: to
Shri M. 8. V. Rama Rao, Director of Soil-Conservation, (Engineering),
Dr. R. M. Gorrie, F. A: 0. Expert and Slivi €~ P. Bhimayya, Chief
Research Officer, Desert Afforestation & Soil Conservation: Résearch
Station, Jodhpur for their valuable suggestions and- ghﬁ'&’n’ce* in the

They acknowledgs = with ' thaks the

services rendered by Shri E. Vi Jamies, Drauglitsinan-of thig Centre.

Chambers, T. I, 1935

_ REFERENCES!

Lakshmipathi, B. M. dn¢ I_E'EE ‘‘Bench Tﬂrrnmng in t-ha E‘:Iglnﬂ“ J. Soil

Narayanaswamy S, - Walar ﬂimmr Indid &

Ramser, C. E. 1045 Developments in’ térracs dpscing Aprl’.
Eng., 26..

Clerk, Marian, W., 1945 A tﬁ:tamdg ahnl]aﬁgﬁ tat En];maarn .
Agrl. Eng., 26

Tempany, Herald, A., — “Practice bf Seil Conservation, in the
-Bnt-mh Golonial Emplre“ [Gommun-
wealth *Buseas Soil Emh}, Tan'hl Com-
mnmcht.mn No. 45,

‘T, W. My 1831 Irrigation Uoumz nf Eng. Mnnuuh

Anorn 11 a‘ruamﬁ. itd prauarﬂiﬂrrd& Contral ™,

Ayres, Q. C. —— " 8ail erosion end its cnnt“r‘n! L

The Br '0. 8. Erosion cﬁn‘brol programﬂm

L Agrl. Enga 16!



oy o p gl S R e e
oy F (S QYR 4 ————

pafay
(QIOVINADAAG ® Adoas

Lk £ . o

TR

.....

H

503 Y0V Udd WHOMALYYI ONIMOHS HAVED

1

— e — e e e

IJ.-:::-"‘-"

s

e

Ll

L e ST e

e

L



222 The Madras Agricultural Journal

pFia.4] , Ry A .

GRAPH _SHOWING FEARTHWORK PER ACKRE FOm

EORMING _BENCH TERRACES OF CONSTANT WIDTH .
ON_LANDS__OF DIFFERENT SLOPES. ~ .

JA5=~0
~
% c ‘.
| 20 z oAy
§| E HHHA
- b= o =
- :) - 10500
:° ‘o AN 3 S ——
¢ : & 4
E i o & e =
5
L -
S| B H 20ko
=|l 32 A4=t0- -
: Vv L4 - r
g 'QO-
. ke
< : . A & 5 JL—
1 2o FHEEEEE I AT T
&l * ’ T
ZaTaREIT ey
% 7 7 T = .
%, . i - :!" - :
= r. LIy
RS :
.m P - 4]
a -’ [ * Y
< Jats : s
= i HEEH
¥ . . -«
- - -
o ¥ ui: ALLE .
] 0w 20 S0

SLOPE  PERCENTAGE(5)
m x

=N




