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FOREWORD

A large number of local initiative earthwork projects like canals, roads
ombankments and tanks are being executed every year all over the country through the
Rural Works Proyramme. The magnitude of the work is staggering and the nature of
jts direct and immediate development impact on rural Bangladesh is obvious.

However, it is also obvious that many of the earthwork structures need re-
liable appurtenant structures such as culverts, bridges and sluice gates, to achieve
maximum benefit from thoso efforts. For these reasons a ‘‘Design Manual for the
Construction of Culverts, Bridges ane Sluices:- has been developed in a handy
guide book format. The manual incorporates technical instructions related to all
phases of project execution, and will enable thana level officers and the peoples-
representatives to better understand and properly deal with the technical aspects
of planning and execution of their construction projects.

This is an improved and up-dated version of --Hand Book of Construction~
published under Rural works Programme of this Ministry.

( A. M. Anisuzzaman )
Secretary,
Ministry of Local Government,
Rural Development and Co-operatives.
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" SECTION |
INTRODUCTION TO THE MANUAL

1. Purpose of the Manual

The primary purpose of the Manual is to provide a guide and a source of reference to thana level
staff in planning, constructing and maintaining culverts, small bridges and sluiceways of masonry
and reinforced concrete construction. A secondary purpose is to provide a training syllabus for
local government officials involved in managing rural work project construction.

The contents of the Manual are prepared and presented in such a manner that theyconform to
fundamental sound engineering principles and practices. The emphasis, however, has been on
providing Circle Officers, Chairman, Thana Dev. Committee, Thana Sub-assistant engineer
Supervisors, Overseer: and Work Assistants with an illustrated text which contains simplified and
practical techniques for good construction in rural Bangladesh. '

2. Scope of the Manual

The Manual presents guidelines for planning, designing, constructing and maintaining the follo-
wing types of appurtenant structures of masonry construction for field conditions as specified :

A. Culverts:

Channel Maxm, Height of Approach
Type - width Channel the bank Soil roadway

at HFL. depth from HFL | condition width

at HFL

Brick arch 3--0+ 5-6 2:-6 Satjsfactory 12:-0~
culverts 65--0- 5:-6 2:-6+ Satisfactory 12:-0~

8.-0+ 7:-6 2-6* Satisfactory 12:-0~
R. C. Pine 5.-0- 3--0 1,-6~ Satisfactory 24--0*
culvert with 5--0~ 3--0* 1.-6* Not so satisfactory | 24--0”
brick and walls
R.C. Box 8--0- 5--0* 2:-6 Satisfactory 20--0-
culvert with 8:-0~ 5:-0 2:-6~ Not so satisfactory | 20--0+
brick end 12--0~ 6°-0- 3--0~ Satisfactory 20--0*
walls 12:-0- 6:-0+ 3--0~ Not so satisfactory | 20°-0 .

12:-0* 7:-0* 3--0~ Satisfactory 20°-0-

Open foundation 16--0~ 7+-0 3--0~ Satisfactory 1 200
culvert with 16.-0 7°-0 3:-0~ Not so satisfactory | 20°-0-
brick abutments
and wingwalls

HFL : Highest Flood Level.




8. Bridges:

Channel Maxm. Helght " Soll Approach
Type width chanr.el of the condition roadway
' ot HFL depth bank from S width
‘ at HFL HFL
R.C. Slab type  20--0“ 7.6 3-6 Satisfactory 20--0+
with brick abut-  20--0- 7:-6+ -6 Not so -
ments and wing- satisfactory 20-0-
walls
R.C.T-beam 20--0- 7+-6 3/-6- Satisfactory 12--0+-
bridge 20--0- 7-6+ 3+-6- Not so satis. 12--0+
20--0-- 7:-6 3.6+ Satisfactory 20-0-
20--0-- 7+-6+ 3.-6 Not so satis. 20--0
25--0 8:-0~ 3+-6 Satisfactory 20--0~
25--0-- 8:-0- 3.-6 Not so satis. 20+-0-
30+-0 8+.-0 3-6 Satisfactory 20°-0
30--0- 8--0 3.6 Not so satis. 20--0~
35+-0 8.-0~ 36 Satisfactory 20°-0+
35-.-0 8:-0- 3:-6+ "Not so satis. 20--0--
40°-0-- 10--0+ 4--0- Satisfactory 20°-0--
40--0+- 10--0- 4.0 Not so satis. 20--0+-
@. Sluices:
Type Span Length Height Soil condition
R. C. Pipe 3--0- 10--0- Satisfactory
R. C. Box 4.0 10--0+ Satisfactory
R. C. Pipe 0.0 .0
Multiple Vent 6°-0 10-0 Satisfactory
5.0 12:-0° Satisfactory
3:-0~ 10--0 Satisfactory
R. C.: Reinforced Concrete.




3. How to use the Manual

[}

Step

Step

Step

Step

Step

Step

Step

Step

Step

1

Determine the type of structure ( culvert, bridge or sluiceway ) that is required to be
built from the conslderations of the given conditions and requirements.

Study the fundamental planning, designing and engineering principies applicable to
the structure as presented in Section Il of the Manual and establish a suitable site
and aiignment for the structure.

Study the common practices and uses in simple construction works as presented in
Section ill of the Manual and undertake soil exploration, site surveying and
measurements following the procedures laid down in this section.

Assess and synthesize the field data following the procedure presented in Section IV
of the Manual leading to selection of an appropriate design example from Section

V of the Manuai.

Prepare the necessary contract documents for the projects following the insntructions
presented in Section V| of the Manual.

Follow the procedures for contract negotiations and awarding the job as described
in the same Section VI of the Manual.

Having awarded the job, explain to the contractor the relevant contents of the
Manual including the technical details and recommended practices and make it clear
to him that job supervision will be done as per the guidelines and instructions given

in the Manual.

Follow the Manual for job supervision and record keeping at every stage of the
work upto finishing of the project and commissioning of the structure.

Ensure regular maintenance of the structure as per the guidelines and instructions
given in the Manual.




SECTION II-

FUNDAMENTAL PLANNING, DESIGN AND ENGINEERING PRINCIPLES APPLICABLE TO
THE STRUCTURES INCLUDED IN THE MANUAL

1. CULVERTS:

A culvert is a8 drainage structure built across an artificiel or natural watercourse to carny the
roadway over it across the drainage way. Culverts may also be defined as structures used for
purposes similar to that of a bridge but having a total lineal opening of 16 feet or less. When
the span is 3/ and less, it is normally called a ventway.

A. Location:

Culverts are usually built across small streams or Khals’. In choosing the location for 8 proposed
culvert, the following points should be taken into consideration :

(i) The location should provide a narrow channel width rather than wide one.

Preferable Location.

(ii) The locatlen should have a straight stretch of the stream instead of a curve where the
stream Is likely to cause erosion of the bank along the outside of the curve.

8.



(i1 ) Alignment of the croislng should be at right angles to the flow of the stmt“,lo':"l,ﬁl&_
__additional risk of scouring and difficulty in construction and malntenance.

( iv) The approach road on either side of the structure should provide'a straight stretch immedi-
ate to the structure to reduce risk of traffic hazards.

Stream

3‘;Road

Preferable approach road.

B. Waterway:

The waterway or drainage opening of a culvert should be sufficient to pass the maximum flow in
the stream. The maximum flow, expressed in cubic feet per second (cusec) across e saction of the
stream will naturaily correspond to the highest flood level (HFL) for the section and the corres-
ponding mean velocity of the stream. This maximum flow will dictate the size of the'culvert ope-
ning which in turn will govern the level of the finishud roadway above. R

The highest flood discharge (Q) may be estimated by the ‘Slops-area method’. Fiold procedures
required tc obtain the neccessary data for the siope-area method include : )

an



(1) determination of the mean area ‘a’ of the channsl cross-section st the site: upto thezHFL!

() computation of the mean hydraulic radius ‘1’ given:

by area (a)
= welted perimeter (p)

(ili) dotermination of the slope (s) of the water surface.
(v) selection of an appropriate roughness factor ‘n’,

The data are used in Manning’s equation given below to determine the mean velocity of flow.

V= S—=

1486 2 (1
n *""3° " 2°

Multiplying this value of V¢ with the mean arfea ‘a’, we obtain Q, the highest flood discharge
rate in cusec,

Now the required culvert waterway in square feet cen be estimated on the basis of the following
considerations :

(1) Consider the surface of the stream for the maximum dischargs to be upto 1/2 of the height
of the culvert opening when the approach channel is wide and shallow.

(il) Consider the surface of the stream for the maximum discharge to be upto 3/4 of the height of
the culvert opening when the banks are steep and the channel Is narrow.

(1) Assume a maximum allowable velocity ot 5 feet per sacond through the culvert opening.

Needless to say that the procedure mentioned above for determining the required sectional area
of the culvert opening often too complex to be used In the field and perhaps unnacessary for the
small structures discussed in this Manual. Instead the following simplified procedures can be found

convenient and appropriate enough for the purpose of this Manual :

The sectional waterways required for cuiverts and small bridges may be foundout from the folio-
wing formula :

g—CAY

Where S=area of the opening required in square feet.
A=araa of the drainage basin in acres.

C=—co-efficient varying with slope of the ground, character of the soil and character of
vegetation on the basin and may be taken from 1 t0 2/3 for steep and rocky ground,
1/3 for roliing agricultural country, 1 /5., to 118 where the length of the valley is several
times its width,

Again, for a fiat country like Bangladesh, some engineers suggest the following practical ruies :
Provide 50 sq. ft. per square mile when the catchment area is under 1 sq. mile.
45 sq. ft. per mile when the catchment erea is under 2 sq. miles.

38 sq. ft. per square mile when the catchment area is between 2 t0 5 3q. miles.
35.5 3q. [t. psr square mile when the catchment area is between 8 to 10 5q. mliles.

For sreas over 15 square miles, the waterway is to be found by elsborate snd complicated.
calculations, . S Y



Culverts are .monlv'vd'm following four types :

— Brick arch culverts

" — Reinforced concrete pipe culverts

—_ llolnfomod concrete box culvom o

— Open foundation culverts
Brick Arch Culverts :—This typs of culvert iz appropriate when the watercourse is lees than sbout
10-12 feet in wldth Arched culverts are more economical than sny other bun dthough thov uquln
highly skilled brick masons snd are difficult to bulid.

In this type of culverts, the main eompomnts are
(i) Brick arch spanning the waterway
(if) Brick sbutments supporting the arch
(lit) Splayed wingwalls in brick masonry

The strongest form of arch is that In which ths rise is between 1/3rd to 1/4th of the span. Arches
with rise from 1/2 to 1/6 of the span are in gencral use. The springs of asches should be kent
atleast 1 foot ebove the highest roeordod flood level and sfflux, if any. The thickness of arch rings
may be taken as foliows :

Span, Upto 6-0 : 10~
Span, 6 to 10 feet : 16~

There should be a cushion of atleast 1'-6'* above the arch ring.

The minimum top thickness of the abutments will be 18. Thickness at springing In foet when
the height does not axceed 11 times the width at the bass i3 givon by : Ts~ Radius/6+Risa/1(Q+4-2.

Thickness of the abutment at G.L. ( ground levei ) in feet is given by :
(1) For light type i $/341

(i) For heavy type : S/3+1 where S=span
The front face of the abutments should ba vertical and ths back face should have a batter of 1 in 4,

Splayed wing walls in culverts are proferable to straight return walis, as the former reducs the
velocity at the exit and thus prevent eorosion or scouring of tho ground there. The length of the
return walls, measured from thoe face f tha ebutment, should gensrally be made 13 timsz the height
of the roadway from the bed or ground level so that ths front sicpo of the earth bznk spiling wlong
the face of these walls may remain ata slope not steeper than 13 : 1. This stops should be
protectad by pitching. The splay of a wing wall should ba around 1 : 1. Deslgn ex&mplo is given
on page V-1 For a small culvert (e.g. a 3* watorway opening ) where the flow of water is not

very fast, straight return walls may be conveniently used without any advarce effect as
End wail

shown below : Chennet Biod .
) Channel Sce Slope Firished roocmay
ofh 2,18
o e -,%

' . ) H o o’ ¢
Bt o Plem E i .- Cross-anction: Peey

Fig. 11-1  : Brick Arch Culvert

12



L : This tyne of cujvert is-approprists when the walemcourso is. & NaITow. SWDaIY,
with 3 meen width, of 8- orleus ;. when the pe.x tiow Is small and when sullebIR. €. AN,
tions ata readily svaliable. , . ‘

in this type of culvert, the main componinls are:

(1) R.C. pipe sections

( i1) Concrete base slsb (when soil conditions are poor)

(il ) Straight endwalls of brick masonry.
The pipe sactions are normally 3° - 0+ in the inside dismeter and 4-0"iIn Io’nglﬁ with standerd
bell and spigot jointing system. The lenyth of the pipaway wili not be ess than the r ormal width

of the road at the top. The pipeway should be lald on a firm base snd to » careful grade, commonly
1 in 30 In plains and 1 in 12 in hilly reglons.

The concrete base sisb will be cast on the channe! bad ( when the soll conditlon is poor) to a pro-
per grade and with a mesn thickness of sbout 1‘=0‘, one side being thicker than the other for
maintenancs of the grade. The width of the baseslsb will be about 1°~ 0/ wider than the outside
diameter of ihe pipe. '

Channel Bed
Channel Side Slope

Parapet of the
end wall.

. Cross-section

Fig, 12 : Pipe Culvert

Tho atraight ond walls of brick mssonry should extend high. enough to cany the fill .and, should
be carried down far enough to prevent the water from following_along the cutside of the.pipe-
The énd wa'ls caa be of 10+ brick masanry on brick footing. Over the pipe, thers should be -a
cushion of minimum 170+ sand. fil which showd :be. cerciully eompeciesbafers building: the
flolshed. road.surfaci Tho 11l halps distsibutien-of 1he, laed Inueend; en | the esdwar:. Usuelly. the
. depth of the 11} Js.equal 1o Nali of the giameins of the pipa withie sminawm of 340,

8
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8:C. Box Cylvprti ¢ * This'iype of cutvert’ Is sultable for spend” frm ‘2°-02' X! hioh#. 10 e -
piiticularly when' m soll conditlon I rather Unsatistactory with ‘6" degrée’ ot /sbikirtivg (el o
due 10 flow of water) problem.. The top of the culvert is sometimes used’ li‘tho &MFM[ :
shallow fill on the top of the culvartis slso a common pmctlco '

In this type of culvert, the main compononts are:

(i) R.C. floor slab.
(;it) R.C. wvertical walls,
() R.C. covering slab.

(v) Sttolght endwalls of brick masonry.

Channel. Bed
Channel. Side Slope
fetoF)‘he end

wal

End wall |
Finished road way

Cross-section

‘Fig. I1-3 : Box Culvert .

‘The R. C. floor slab Is cast on the channel.bed to 8 proper gndo ( slope from one side to the
_ other ) 1in 30 In plainsand 1 in 12 - in the hilly regions. The Iongth ot the ﬂoot slab wlll be

atleast equal to the normal width of tho roadwav at the top The wldth of ‘the slab wlll eonlonn '
to the width of the channel bod ' :

The R. c. vortlcal walls will be: monollthlc wlth tho lloov club and wlll bo ol such' thcht u td
gononto o squro box uctlon ovov tho ﬂoor oln 4

E The smm and wolb can: bo ol bllok mnomv tnd should oxuhd hlgh ehougiv i to icarry o dhallow

. fi1(3%:10 4+ maximum).  The end walls should b continied. dnboth sldes atiesst! -2 lat gl

~ond the points where the rosd: lnvolfhmu un nmmﬁ uumwmm?

W



Qpen Foiindation Culverts :— These fypes of culveris are infact short bridges.. These, will.be:
appropriate when the mean channel width is between 10 and 20 feet. '

" The main components of this type of culverts are :

() Brick abutments
(it) Brick wingwalls
(1)) R. C. stab deck

The abutments will support the R. C. Siab Dack. The top width of the abutment should provide.
snough space for the slab deck seat and for the construction of a dwarf wall for protection of the
deck edge. For small structures, this top width of the abutment should be atieast 26+~ ( 16 for
deck seat 10+ for dwarf wall). For large structures (over 40’ spans and 20° helghts), the thickness
of the top of the abutment can be estimated using Trautwine‘s formula : ' '

'
T = —+ 2 (infeet)
10 o

where, T= thickness of the top of the abutment in feet.
r==rise of the abutment above footing.

The length of the abutment will be equal to the normal width of the roadway at the top and it
will have a vertical or battered (inclined) front face with the rear face always battered. Trautwine

recommends a batter of 1 in 24; 1188 for masonry abutments. Waeepholes are to be kept at places
pan
at different levels to provide a free passage for the rainwater to escape from the ambankment.

The foundation shouid be taken down to a depth below the maximum high flood level, one-third

greater than the calculated depth of the maximum scour, subject to a minimum depth below the
scour line of 4-.

The maximum depth of scour in a stream can be computed using the formula :
0-0.473 ()}

where, D —normal depth of scour below HFL (highest flood level).
Q =the design discharge in cusec (which can be determined es explained in page |1-4)

F —Lacey’s silt factor which, for medium silt as at Ganges Canal distributeries,
will have a value of 0.85 and this may be used as an approximate value for our pur-
poses.

After obtaining the normal scour depth as discussed above, the maximum depth of scour is to be
taken as follows :

(1) In a straigh* veach : 127D

" (li) Atamoderate bend : 150D
(fii) At a severe bend : 1,716 D
(iv) Ata right angled bend 1 200D
(v) Atnoses of piers , : 200D
(vi) At upstream noses of guide banks : 278D

ol .._Fof’t'ho small structure covered within the scope of this Maiual, the following thumd ruies

2 for determining the maximum depth.of scour can be found 10 bé adequate snough Most dften:

Rl



- Contraction "~ | " of scour’
Bed Current o ) , ‘
Average Straight Slight 1.8 D’ or 2.6 R
1.3 d.v‘fv or 2.1R.v'jv
Bad site Diagonal Contracted 2.1D0r 4R
1.6dv//vor2.9R.v:/v .

Here, D-‘=depth of scour { level ) below the average bad level.
R =hydraulic mean radius.
v =average velocity of the stream during floods.
v’ =—average velocity below the culvert or bridge.
d =maximum depth of flood in the stream (without the culvert or bridge).

Wingwalls will commence from abutment ends with a splay of 46° in general. This affects smooth
entry and exit of the current. The splay may he changed studying the contour of the country,
sometimes even curved to suit the requirenents. The front face of the wing wall may be
vertical or battered with the rear face always battered in conformity with the abutment faces.
The footings of the wing walls shouid go to the level of the abutment footing. .

The R.C. slab deck is simply supported on the abutment at the two ends. The calculation of the
required thickness for a R. C. slab deck will involve estimation of total dead weight, equivalent
lane loading and impact factor and these data will be used to compute the maximum shear and
bending moment for the proposed span which, in turn, will dictato the depth of the slab deck.
The detailed calculation procedure is outside the scope of this Manual. Some guidelines, however
are given in a tabular form as below which, it is believed, will be helpful for the purposes of this

Road way 1 Span in feet Thickness of the
slab deck in inches

20 feot wide 8 8.0

12 10.6

16 13.0

22 17.0
24 feot wide 6 7.0

14 12.0

20 . 16.56

24. 1 ‘ j9.0

The slab ; deck.is normally-provided witiv railings on the two laterai. SiGes. -

1d!



Cross-section

Fig. 1-4 : Open Foundation Culvert

2 IRIDGES

A brldgo may bo doﬂmd ss e dnlmo muctuu with s totsl linesl opening of . more than- wtm
ond cihying n roadway across the channel. -

Mm:nlv atso:-be’ overhesd -structures L“ﬂ"ﬂ'u“‘“‘c acTONs obotmmm,p tdmn
. tracks. sether roadways etc.
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i.pcitlon :

Being bigger and more important structures than culverts, bridges will deimand more elaborate
locational considerations which can be listed as balow :

(i)  The location should provide for the cantral line of the bridge to coincide with the central
line of the roadway which, as far as practicable, should be at right angles, to the flow of
water of the channel.

(i)  The location should be at a straight stretch of the channel.

(ili) The location should ensure high permanent banks i. e. the banks should not slip nor should
the flood water overflow the same. :

(iv) The soil of the location must offer adequate security to the foundation. Aiso the approaches
to the bridge should be formed on hard and dry soil which should be capable of taking the
waeight of the earthwork embankmaent over it without excessive settlement.

(v) At the approach to the bridge, sharp curves and steep gradients should be avoided.

(vi) The velocity of the stream at the location should be moderate because a high velocity will
cause scours arid a low velocity will induce deposit of silt. Also there should be no serious
cross currents or whirls.

(vii) The location should provide a minimum of work under water to allow construction of the
foundation.

(viii) Width of the waterways at the location is also an important point of consideration but the
shortest possible crossing should not be given over emphasis because for an important struc-
ture like a bridge other factors may be of more importance and sianificance.

Waterway :

The waterway of a bridge should be sufficient to pass the maximum discharge of the channel. As
the area of the natural waterway is restricted, a higher velocity of water flow is produced at the
bridge site and this should not endanger the structure. Usually, the maximum allowable velocity
ie about 8 fest per second.

For determining the required size of tha bridge opening for the waterway, tiie simplified formula
or the practical rules discussed in connection with the watorway of culverts may be used.

Having determined the area of the opening, the dimensioning of the bridge opening can be worked
out on tho basis of the fact that for small bridges, the economic span normasily follows the relation-
ship ‘S$=1.6'H where S is the clear ‘span ( distance between supports.) in-feet and. H. Is.tho height
of the lbutmem from the bottom of the footing. The cleatance.of the bridge deck fros, \ho HRL.
of the channol water should also be checked while dimensioning the opening on a trial and ofor
methdd. For'e bridge overa: chlmdmdd ‘for ‘navigation,;: :the: mialummlm requilrement:
: d:ovo HFL is about 12+-0+-.



Tyoes'of Bridges and dooign conelderations : -

In conformity with the stated scope, this Msnual includes ondy the following two types of brldon
for consideration :

R. C. simply supported slab bridge
A. C. simply supported T-beam bridge

Tho Ioadlm nqulumonu for these structures can be spacified as follows :

Dud I.ond The dead load shall include the weight of the structure comploto, including pave-
ment and other wearing surface. In computing dead load, the following unit weights shall be usad :
Steel, 490 Ibjcft. ; Concrete (plain or reinforced), 150 Ib/cft. ; Earth fill, 100 Ibjeft.; Gravel,

126 Ibjcft. ; Brick, 160 Ib/cft.

Live Loads : For the floor and its supports, a load of 100 Ib/sq. ft. of total fioor surface or a
15-ton motor truck with axies spaced 10, wheels 6 centres, with 10 tons on the rear axie and 6
tons on the front axle is to be considered. The truck is to occupy a space, 10° wide and 30’ long.
The rear wheels are t0 have a width of 16/ each. Girders are to be designed for a uniform load of

100 Ib/sq. f1.
impact Stress : Provision for the incremint of stress that may be expected in the members due

to dynamic action shall be made by an impact allowance expressed as a frection of the live load
stress. This frection can be determined by the following formula which is applicable for spans

between 10° and 160-.

16
Impact Factor Fraction= 70+L
where, L Is the length of the span in feet.

R. C. Slab Bridge : R. C. simply supported slab bridges are well adapted for spans of from 10
feet to about 20 feet. They are simple in design and easy to construct. Slab bridges of spans
upto about 20 feat are found to be economical although the thickness of the slab deck is consi-
derable and the amount of steel and concrete required are generally more than girder decks.

The malin components of a siab bridge and the désign considerations invoived are very much the
same as those for an open foundation culvert. As already mentioned, and open foundation culvert
is a smaller version of a slab bridge or vice versa. ’

R. C. T-beam Bridge. This is the most common type of bridge. This type of bridge is economical
for spans from 20 feet to 40 feet. A T-beam bridge is-well adapted whers headroom is not limited
and where a wide roadway is required.

The main components of a simply supported T-beam bridge are :-

() Brick or R. C. abutments and wing walis
(i) R.C. T-beams
(iii) R. C. floor Slab

A bridge abutment must be stable against :-. .

(I) ov.rtumlng
(ll) slidina
and (Ill) crushing the matotlols on which the sbutment rests or the mesonsy: ia e abstmint.

R} o



When the abutment is made of biick mesonry, the top width should provide snoughspade for th
bridge seat and a sitort back wall for protecting the edge of the bridge deck snd maintaining @
940 in between for tomperature expansion of ihe deck, if sny. The front and the rear faces of the
sbutment mey be appropriately bettered to get wider sections towsrds the base for structursl and:
stability ressons. The wingwalls should be splayed, gensrally at 45 degrees, having faces batterect
in conformity with the abutment faces and the ¢nds of the wingwalls should be returned parallel

to the road and built to a height of about 3-. :

The Length of the wingwall depends upon the configuration of the country, the object being to
protect the earth work in the slope of the embankment. A rough rule sometimes adopted to arrive
at the length of the wingwall is that it should be 13 times the height of the road way abova the
bed of the river. ' .

an LA /
PL ////////
ELewation

Fig. 11-5 : Brick Abutments and Wingwalis for T-beam Bridg

When R. C. abutments are used. the deck beams rest directly on the bridge seat with transverss
disphregm walls between the beams to hold back the earth above the bridgs 2es1. The diaphragms
&8 thin walls, 6 or 8 n thickness with & nominal smount of reinforcemsnt.  The abutment snd

wingwalls are constructcd monolithically for small structures and can ha of rsnif s Sadiihn dawn
torthe:top of the footing. < - i -



Cross-section : Slab deck

Fig. 11-6 : R. C deck with R. C. adutments and wingwalls.

3. SLUICES

Sluices are drainage structures hormally built through or underneath embankments and with or
without control gates. Aithough discharge through a sluice vent is similar to culvert discharge,
the structure forms an unique type of construction with rather ccmplicated flow characteristics
because the flow is controlled by many variables such as inlet geometry. size, roughness, head-
water and tailwater levels etc. Depending on these variables the sluice may act as an orifice,

a pipe, a weir or an open channel.

A. Location

If the purpose of the sluice is to drain a basin, it must obviously be located at or near the bottom
level of the basin. However, the intake end of the conduit should not be so placed that there
will be a tendency for silt and submerged debris to collect in front of it. Thus locations in deep
pockets should be avoided in fovour of open level areas, wherever possible. ’

8. Waterway :

Flow through a sluice may be classified into two general types depending upon the existing head
water and tailwater levels. If the inlet and outlet are submerged, the sluice vent will flow full
like a pipe. If the inlet and the outlet are not submerged, the vent will flow partially full and wiil
act as an open channel. For practical purposes, the two general types can be broken down into

four specific types of flow as follows :

Type | : Inlet and outlet submerged
Tyye 1 : Inlet submerged,cutiet not submerged, vent hydraulically short.

Type il : Inletnot submerged, high tail water.
Type IV : Inlet not submerged, low tail water..

2
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Fig. 11-7 : Conditions of Flow through Slulces:



To illustrate how slulce discharge may pass thiough the four conditions of flow' fisted “above, let
us ‘sdsufne @ basin with one sluice discharging to an sdjecent river. Also seiume’ that:it is near
the end of the monsoon season and the basin is flooded from the cetchment of monsoon reins.
Until now, thera has been no release of water because the river flood stage has been higher than
the basin Storage level which is sssumed. to be above 1.6 times the vent height.

When the river stage falls to slightly below the basin storage level, the gates are ‘opened and
discharge begins. Since the river stage in higher than the vent soffit, Type | flow will take place

and the vent flows full.

As the river stage continues to fall, the basin storage level wiil also drop, but . usually at a lesser
rate. When the river stage drops below the soffit level, the outlet is no longer submerged. Air
will enter from the outlet end at the soffit line and will push into the vent causing a separation
between the soffit and the water surface in the vent. At this point, one of two things may
happen. |f the headwater depth is still greater than 1.5 times the vent height, the inlet remains
sealed by water and flow Type Il takes place. If, however, the headwater depth has dropped to
less than 1.5 times the vent height. the air within the vent will be able to push past the entrance
breaking the water seal and the flow Type 11 will result.

As the riverstage continues to fall, the fall of the basin storage level may lag behind sufficiently
so that enough energy is available for the flow to pass through critical depth. Flow type IV then
takes place and hydraulic jump will occur down stream.

It may however be pointed out at this point that the above sequence of flow types may not
necessarily take place. The determining factor is the relationship between the head water and
the tailwater levels at any instant and they are not directly dependent on each other. The sluice
capacity Is the determirig factor.

Flow types | and Il ars similiar to discharge through an orifice. Mitis required to dotermine the
size of the conduit to give a known discharge under a known existing head, the chart given below
may be used in the manner explained :

T T
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Fig. 1i-8 : Flow - Velocity - Head loss Curves.

(source : LOW DAMS, A MANUAL OF DESIGN FOR SMALL WATER STORAGE PROJECTS.
U. S. Govt. Printing Office, Washington 1939 ; page 112)
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Snp 1.: .Deduct from the existing head ( height of water of the entrance ) sn spproximate vajus;

Step 2:

Step 3

(say 1 foot ) for the entrance {oss snd convert the nmclnlnn head into .velocity,,
using ve= VEH o

Enter the above diagram from the rlght wiih this velocity to find the nearest conduit
size that will give the required capacity.

Also find the entrance loss from the diagram and compare it with the originai
assumption. If the two values are not reasonably close, make & new assumption
guided by the first result and repeat the calculation. Tho conduit size which has the
required capacity and for which the sum of the ‘velocity head loss‘ and the ‘entrance
head loss’ (neglecting the friction head loss since the vents are rather short) does
not exceed the gross head available gives the desired answer.

Flow types Ill and IV are similar to open channel flow with vertical sides. The maximum discharge
capacity through such sluices will be given by the following formula. This formula-can also be
used for dimensioning a sluice for a given discharge :

Q=3.087¢c. b. 4 3/2

Where Q=rate of discharge in cusec.

b=width of the channel
H=depth of water above channel bottom at entrance

and C=Coefficient of discharge varying from 1.0 for the perfect entrance of smooth curves

gradual transition to 0.82 for the more abdrupt type such as a rectangular shaped
masonry structure with square corners.

Types sluices and design considerations :

Sluices can normally be of the following three types :

R. C. pipe type
R. C. box culvert type
Openchannel type

R. C. Pipe type : In this type, the sluice way is made of R. C. pipe sections with standard bell
and spigot joints. The main components of this cype of sluice will be the same as those fora R. C.
pipe culvert with a concrete base slabs along with the addition of R. C. guide frames for gates
at the two ends of the sluiceway. There will also be a concrete apron at the outiet end fo
energy dissipation as shown in the figure,



Plan °°<]|

End Elevation Section B-B

FiG. 11—9: Plan, Elevation and Section of a R. C. Pipe Sluice

R. C. Box Culvert Type: This type of sluice way will be very much the sanie as a box culvert
with the addition of R. C. guide frames for at the two ends of the sluice way along with concrete

apron at the outlet end for energy dissipation as shown in the figure 11— 10.

aq
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|  Section A-A
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End Elewation Section 8-®.
Fig. N-10 : Plan; Eievation and Section of a R. C. Box Culvert Sluice |

Open Channol Typ» : In this type, an open channel with vertical side walls and wnngwaiié of: -
brick masonry, on R. . base slab and R. C. guide frames for gates at the twio ends of the channel
are constructed. The base slab is extended well beyond the outlet end in the form of an apron

for energy dissipation as shown below :

.....

icmé/{;

Section A-A

Plan ‘.°q|

End
Ehwﬁkm

- Fig. 1-11 : Plan, Elevation and Section of an Open Channel Sluice
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" Control of the discharge threugh slulcewsys is an important fector for which aates:of SurJONGWME
- types My ba uged :

() Wooden Shutters : In this type, timber planks of at lssst 2+ thickness and ‘vpto about 12
dspth are placad one above the cther in the guiding vertical groves on the walls of the
slulceway spanning tho opaning. The timbers are pleced and removed lndlvlduolly by hond '

(1)) Wooaden Fall Boards : In this type, rectanguiar woodon HHt gates span Mmhﬁy?be\wom
guide grooves. The gates can be mads of layere of wooden planks held together. by.stiffeners
and through volts from top to bottom. and water tightness is increased by the use of spliced
joints. The pates should be from 2/ to 4+ thick depending on the height. For reising and
and lowering the gotes, simple ovarhead hoists may be adopted.: -

S ——

- e wb

Fig. 11112 : Wooden Shutters and Wooden Fall Board with simple dverhohd hoist .
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- SEBCTION 11}
COMMON PRACTICES IN CCNSTRUCTION OF 8TRUCTURES INCLUDED IN THE MANUAL

1. Materials collection and storing. .-

" ‘Proper care in the collection.snd storing of materials: must be given :due importanca #s:a pre-
requsite to progress and quslity of the sctual construction work. ‘For the type of -construction
work pressnted In this msnusl;' the materiais ‘required - may ‘be ‘broadly divided -into two
categoriss—structural. materisls. shuttering and: falsework: materials; and, for' the stke
- of convenience, those ;wo_catego‘rlés are discussed here ‘separately. Quality check zad

. sscurity against damage and theft conuti:ute the central theme of this aspect of the project.

“A. SRTUCTURAL MATERIALS.

_ a. Timber Pile: .= ' o

" +Shalballah piles are normally used. Piles shail be checked for defects such as crooks, knots
etc. as well -as for conformance with the requirements of tab_et, limiting sizes of buttand tip,
© ‘general soundness and treatment requirements, if any. -Timber piles are normally treated by
impregnating with Creosote Oil with not:less than 15:Ib. of oil per cubic foot of timber.
' Unsatisfactory piles shall be rejected and stacked seperately- while the . rest are stacked
conveniently in the work site. - '

o Standard Buﬁ.,‘dié.— 6”#08'
' Standard Tip dia—4 tos”
Standard Length —10-0" -

Fig. -1 ": Standsrd Timber Pile

Timber Piles are used : - :

(1) - To increase the bearing capacity of the soil by distributing the load on. pites which in
_ turn transfer the load to the soil through skin triction, .when there is no solid substratum
" at 8 resonable depth.- In this situation, piles. are: driven.into the .soft ground 3 feet to
4 feet apart centre'to centre ina grid fashion. Ceal T e

() To transfer the load to the hard bed below when the hard bed is within a }oj‘c_i_ig.b_l'q depth,
_say 10 feet to 30 feet. - ‘ B BRI

The number snd length of biios can be dotomiﬁéd by: test driving “slong with .thQ"'hflﬁ of. lh.
following two nppclflcat!ont :



(1) The meximum load on a rvile shall not exceed the [08d given bv the .TOMUNE <. -

P-zcw.h

where. P=allowable load- on pile in pounds; W==waeight of drop , hammer in PP,‘!',“"?
h==height of free fall of hammer in feet ; s==average penetration of the pile_ for ths fest six
_blows 9! the hammer. : S .

(ili Piles shall have a psnetration of not less than 10 feet in hard ground end not fess than 15
feet in soft ground.

For the structure cover Iﬁ this Manual and for the site conditions that are likely to be encoun-
tered, a standard specification of pile foundation consisting of 6+ to 8- diameter piles, 10 in
length and arranged in a grid pattern at 3--0‘* centres should meet most requirements. ‘

b. R.C. Piles:

The R. C. C. piles shall normally be cast at the job site although in some cases they may be
cast elsewhere and brought to the site, ready for driving.

When cast &t the job site, careful check must be maintained throughout their manufacture so that
the pile forms are properly founded, adequately tied and braced and straight ; that reinforcament
is properly tiad and correctly centered and that concrete is mixed, placed and cured as required.
To save, framework and materials, concrete piles may be cast in tiers provided that the founda-
tion can support the added weight of the tier construction and provided satisfactory means for
curing and inspecticn are provided. The pile casting area may be conveniently selected close
to the worksite. .

Fig. II1-2 : Concrete Pile Casting in Tiers

o, Bricks:
Bumnt clay bricks shall bs used. All bricks used shall be of first cless quality. 1.e. they sall
have the following ‘characteristics:: : = RN



()  Uniform éhape and size, ' 93+ rxd4-+x23~ : -
(i) Uniform colour anc degree of burn. Colour would be deep red.
(iii) Give matallic sound when struck egainst one another.
" (Iv)' Water absorbance not more than one-sixth {1/6) of their dty weight
" (v) Check the homogeneity of clay by breaking a brick. o - .
(vi) Will not break when dropped from a height of 4--0-- on top of another brick on a hard
ground. : :

Quality check shall be made for each sample lot. Good quality bricks shall be stacked convenien-
tly at the worksite while the unsatisfactory ones shall be separated and used in making Khoas.

d. Cement:

All cement used shall be portland cement. Bags of cement stamped or certified as pre-tested
should ideally be used. Bags of cement shall be closely field-inspected for damage and harde-
ning. Tampered sacks or fractional sacks shall not 'be accepted:

Cement stored at the cite shall bs well protected from moisture and weather conditions. When
storing cement on the ground, itis important that the bags do not touch the ground. Boards
placed on the ground with spaces between the boards to _allow for air circulation will help

prevent moisture from ,athering in the cement bags. If the pile is to be more than 7 or 8 bags
high, arrange the bags in header and stretcher fashion so ‘as to tie_the piles together and lessen

the dange_r of toppling over.

Cement shall be stored for a maximum of six months under good conditions and the storage shall
be so arranged that the cement longest on the job shall be used first. Cement with lumps may be
used only if the lumps can be easily crushed between the fingers.

Cement

-Wood Plank
Brick

= <SS
e ; :
Fig. ll-3 : Storing of Cement\Space'Forair ciicuLel:iqn.

e. Khoa/Stonechips :

Khoa are brick chips used as an aggregate in the concrete, and give the concrete its overhall
strength. It must be emphasised that the concrete will be no stronger than the khoa used. The
Khoa shall comprise 76% chips of Ist or 2nd clas bricks and 25%, chips of Jhama brickswill be 100
picked jhama (over burnt brioks). The fused over burnt bricks with pores should be avoided.

The khoa shall be prepared at the site, the sizes of the chips varying from “a minimum of }* to's
maximum of 1--, S

If sione chips are available, it shall be ensured that the chips are hard and varying In sizes between
a minimum of - to a maximum of 1--.

Khoa or stone chips may be convenientiy stored in heaps on the sita.in the.open.; i ctict ndt avei -



Sand is snother important component of concrete.. Sand shall. be.free.. from.organic impurities and
other foreign materials-and shall vary in sizes from a fina particls.t0.4" . maximmm, with 4.0f the

_total amount between these two sizes. Sand having ‘hese qualities would be a mixture of 60%
local sand and 507 Sylhet sand. The sand should be coarse and fres dust and finer materials.

The characteristic of a given speciman of sand is commonly specified in terme.of an smpirical
figure, fineness modulus (FM), obtained by totaling the cumulative percentsges of aggregates
retained on tha following different sieves and divided by. 100. The sieves are Nos, 100, 62, 25,
14,7, 3/16-, 3/8, 3/4-, 1}, 3-- and 6, There is no fixed fineness modulus for esch maximum
sggregate sizo, but values within a suitable range are likely tp give the best results. For the
purp ose of constructions covered in this Manual, FM-value for sand can be betwecn 2 and 3.

Like Khoa sand may be convenlently stored in heaps on the site in the open.

g. Steel :

Steel bars of the required sizes and quaritlﬂes’ shall bo fei:olvod ia‘t',si,to and staékod conveniently
on the site in the open.

h. Water:

Water which is fit to drink is good for mixing concrete. Itshall be free of oil, salt or other
contaminating materials. In the absence of any suitable surface water supply, sinking of a tube-
well may be the answer. Temporary masonry water reserviors may be.constructed at the site as
per requirement. The Contractor shall, prior to the start of construction, ensures himself that
sufficient quantity of water for both mixing and curing of the concrete, are available at the con-

struction site.

(B) Shuttering and Falsework Materials
a.” Bamboo Poles :

Strong and stout varieties of bamboo shall be used. 1ne bamboo poles shall be in an assortment
of sizes and lengths and shall be stacked conveniently on the site in the opén‘. ' ’
b. Wooden Bosrds/Sawed Timber Pieces : - ' o
Wooden boards need not be of first class quality or finished timber but must be.free . of
cracks and large holes through which water and concrete may run out, The boards. ghall
be in an assortment of sizes but generally with a uniform thickness and having ‘s.mllght
edges and square ends. The boards shall be conveniently stacked on the site in the bpbn‘
but above ground and away from moisture to avoid warping. ' '

Sawed timber pieces of rectangular cross-section with: an assortment of sizes shall be obtained
for uses as bracers, spacers etc. and shall be stacked separately. R



c. Corragated lron Shests/Plain Sheets :

C.|. Sheets or pisin shests may be used in lieu of shutteing boards fo; sieb work.
" The sheets shall be  free from large holes snd such other defects and’ snd  shell ‘prefariitly’
" be stacked in a dry place' under cover. :

d Bamboo Mats: }
These are used on top of the C. 1. Sheets in the form work sleb cssting and may be stosed
conveniently slong with the C. . Sheets. It should be noted, however, that bamboo mats
are not acco'pub'lo in the form work for the condult in a syphon or box culvert. The rough
concrete surface this materis! produces will increase the skin friction and thereby the head
loss through the syphon. ‘ ‘

2. Soll Exploration.

Information relating to foundation conditions are essential for any civil engineering construction
including drainage structures. The nature and scope of the structures that this Manual Is
concerned with, will limix soil exploration to field observation and testing only. For a systematic
presentation, soil exploration may be discussed in two parts, namely, surface exploration and
subsurface exploration.

(A) Surface Exploration.
Surface exploration consists of the following :

a. Identification of the soil types from the physical features with a view to form some under-
standing of the soil's behaviour.

b. Visual inspection of erosional features, boundaries of soil deposits and rock outcrops, location
of fault zones or other visible geologic irregularities with a view to identifying readily

apparent geological conditions which will require further investigation.
r—

Most soils have characteristics sufficiently apparent and weli enough understood so that use
of the terms, such as clay, silts, sand, etc. conveys some understanding of the soil's beha-
viour. The following table identifies the main types of soil with some readily recognisable
characteristics :



Table: W1 : 8oil Types and Churacteristics
Type | Particie size and ‘ Soll ribboned be- {Losd ' bexring
of |gmeral appes- | Squeezed in hand snd released tween thumb and | capecity ..+
soll | rance of the soil finger when e
When nearly When wet moist.
dry.

Rough appes- |Will notform a |Forms a bail [Cannot be rib- [Good when dry
Sand | rance, granuler, |bsll and will | which will cru- | boned and compact. .

free-flowing fall apart when | mble when lig-

when dry. prassure is re- | htly touched.

. leased

When dry itmay |Forms & ball Forms a ball | Has a tendency Satisfactory when

be cloudy ; rea- | which can be | which can be | to ribbon with |dry and compact
Silt | dily breaks up | handled without freely handled; | cracks ; feels

to powder with | breaking when wet it | smooth

2 soft fee! readily pud-

dles.

Cannot see each | Forms a stiff | Forms soft ball Forms long thin | Unsatisfactory.

soil particle, bre- | ball which can | which can be ribbons can be

aks into very |be freely hand- freely handled | worked into a
Clay | hard lumps when | led without bre- without brea- | compact ball ;

dry difficult to | aking. king. plastic like.

break into a soft

powder when

dry ; sticky when

wet.

The soil is made of what was once grass, leaves bushes and trees.
Org- | The plant remains or sometimes the woody structure can easily be
anic | seen. Soil colour ranges from brown to black. They occur in low Poor
Soils | lands or swamps. They have high shrinkage on drying.

Visual inspection of. the readil
sketch map of the site which should also mark the

proposed alignment.

(B) Sub Surface Exploration

Sub-surface explorations are for estimatin
of the structure,

for sub-surface exploration may consist of the following.

(8)
(b)
(¢)
(d)

Probing
Test pits.
Auger boring

Test rods or sounding rods

Probing : A pipe or §”or 1* in dlamoior, is ¢''sen Into the ground by means of

or a drop weight. The nature of the soil in t
by the effort required to drive as well

inspact

if the pipe is wet.
-1 con give some

the

3ol sticking to the end in order to se

. of the underground water level.

Y apparent geological conditions should be recorded on a
positions for subsurface explorations along the

g bearing capacities of the soil along the alignment
particularly at the locations of the sub-structures. Simplified field procedures

a sledge hammer
erms of looseness or compactness is estimated
a8 to twist. The rod is pulled up every few. feet
e if .the s0il s a send, siit or cley.end
The results of probing when matched with the informetion given in the Teble
idea sbout the bearing capacity of the soll strata. as well as in ladicatina




Test Pits : Test pitting is an effectivo means of exploring ‘and. sampiing - eerth foundetions.
The depth of a test pit is usually limited to a few feet below the underground water table,
and the recommended cross-section for & haiid-dug pitis 3-by 5. From the effort of digging
indicating the compactness or looseness of the soil as well as from the readily.. ncoonlu:lt
soli charactaristics including wetness or dryness, and estimste ss to the burlno eupodtln *of
the various strata can be made with the help of the Tabie Iil-1. ‘

Auger boring : Auger borings often provide the simplest method of soil investigation and
sampling. With a hand auger, one can dig a hole and lift out soil samples w hich may be inspected
as per the Table Il —1 to identify the soil type and its various characteristics. Also the
looseness or compaction of the soil can be estimated from the efforts required to turn the handle. .
The information when matched with the contents of the Table 111-2 which follows, can give
an indication of the strength of the soil. Hand operated augers, 4 to 12 inches in diameter
can be used for exploration upt . about 20 feet of depth.

— M ——
TR || AW
dry compact send
\ ground wetertable.
auger extension wet compact sand
L S

Fig. I11-4: Auger and Auger boring.

Test Rods or Sounding Rods:- This Type of exploration is similar to probing with a stes) rod or-
pipe. 3/4- to 1+ in diameter. The difference is that the rod or pipe consists of 4 or5 feetsections
which are connected togethar by recessed couplings and driven deep into the soil-to- imuﬂuw
80il resistance: They can be - useful in ‘estimating the length of & pHe or: the' depth-of s M‘
foundation that will be required before adequate soil resistance is obtained.



Teble 111-2: Safe Permissible Locds on Different Soils

' Description of Soll. : ?:n: P::.d S|: Feet. | :feqznl?o':%jd’lglop?m'
1, Sand: (a) Dry Compact 2.00 .| Satistactory
(b) Dry loose 1.00 ‘ ~ Satisfactory
() Wet Compact 1.00 | Satisfactory
(d) Woet loose 0.60 Unsatisfactory
2. Silt: (a) Dry Compact 1.50 ‘Satisfactory
(b) Dry loose 1.00 Satisfacfory
(¢) Wet compact 0.75 Not so satisfactory
(d) Waet loose 0.50 Unsatisfactory
3. Clay (a) Wet pastry, 0.25 Unsatisafctory
muddy or marshy
(b) Clay—sand 0.75 Not so satisfactory
loams with
about 309,
of sand.
(c) Moist clay, 1.00 Satisfactory
‘stiff but can
be indented
with thumb
4. Sandy
silt : (a) Dry compact 1.75 Satisfactory
(b) Wet compact 1.00 Satisfactory
6. Sandy 2.50 Satisfactory
graved or : '
kankar
6. Organic soil, - Not fit ofr
loose or spongy foundation

3. Layout Measurements and Marking

Layout measurements and markings precede the actual construction work in all civil enginee-
ring projects. Simplified field procedures for layout measurements and markings include
measurements and markings include measurement of distance, angie layout, leveling and
marking by batter boards.

A. Measurement of Distance :

Taping is the common means of measuring distances. Taping meansuring of distances bat-
ween two points in a horizontal straight line.

The more common instruments used in measuring distances are shown in the figure below.
The steel tapes are 66 ft. or 100 ft. long and are more accurate.. Woven (cloth) : Tepes
(2) are more common, but less accurate because they stretch ur:.er tension. *--Tha:_gkdll pins
(3) are used for marking the ands of the tape when measuring. The range poles (l') are
used to keep the tape on the line of measurement. The plump bob -(5) is used to transfer
the position of the end of tha horizontally held tape on to the ground where a steel pin is set
to mark the point. The hand level (6) is used for horizontat holding of the 18p8. ;. i1t i



™
sg
i Y
Woven Tape | |
Stee! pin x
6§ e '
Hand Level ' E‘ange pole

PLumb-bob.

For a taping operation over level ground, the party consists of 2 persons, a head and a rear
tapeperson. The equipment includes a tape, a set of taping pins, and two range poles. The
range poles are stuck in the ground at each end of the line to be measured as markers. The head
tapepersons moves with the zero end of the tape forward along the line and steps at the call of
the rear tapeman when the full length of the tape is out. He then quickly aligns himself with
the markers with the aid of right or left signals from the rear tapeman. Slight tension is applied
to the tape which is laid falt on ground, and the ends of the tapes are marked on the ground with
the taping pins and measurement proceeds.

Fig. l-8 : Téping on level Ground



For woping over slopping or uneven ground,the markers are-placed slong: the: line of meseuvement. !
If the slope is downhill. :the head tapeperson - eatimate the steepness: of the slops and holds his:
ond of the tape up checking the level of the tape with the hand level. It is not convenient or
good practice to hold the tape more than about 6 above ground, and hence if the slope is more
then 5 ft. per tape length, it is necessary to ~bresk‘- tape i. 8. measure in shorter lengths. With
the tape stretchad hcrizontally, the head tapeperson holds the plumb-bob cord and the tape
pinched together by the thumb and forefinger, and transfers the position of the end of the tape
to the ground where a pin is set and measurement proceeds.

Fig. IlI-7 : Taping down hill

For taping uphill, the rear tapeperson holds his end of the tape high enough while the head tape-
man holds his end of the tape close to ground. Necessary plumb-bobbing and marking are done as
before and the measurement proceeds.

Thus the points to ba carefully observed in taping can be summerised as follows :
(i)  Always hold the tape horizontally. '
(ii) Always hold the tape tight.
(iii) Always use the plumb-bob carefully for transferrifig the end point of the tape to the
ground. '
(iv) Always tape in a straight line.

8. Angle Layout:
It is frequently required to layout angles (90° and 45°) using only a tape in connection
with laying out of corners buildings, bridges, irrigation structures, roads etc. Two methods

are used.

Method 1 ( 3:4:5 Triangle Method)
Let XY be a line and let O be the point on the line where a 90° angle is to be laid with the

line XY.
o
$ 4
P LT L e S o-.‘- -------------- Y

faved prits o oditw prilisved R0 i



Lay-down: a:triangle OPQ with & tape 0 that OP : 0Q: PR == :3': 4:: 8. The sides of mmd
may_.also be any common muitiple of this retio. - The engle POQ will: be 909.

st

If we want to layout an angle of 45° at the point O, we can first set the triangle OPQ' as
already stated and then can layout the triangles 0QQ- or 0QQ-- as desired by simple tape
measures and thereby obtain POQ- or YOQ' as 45° as may be desired.

Method 2 ( Intersecting Lines Method )
Let XY be a line and O be a point on the line where a 90* angle is to be laid with the line XY.

X e -t S y

Measure equal distances OP and OQ on the two sides of the point O. Locate the points S
such that PS and QS measure equal. Then POS or QOS will be 90°.

Once the 90* angle is established atthe point 0, 450 angles at the point O can be established
as discussed in the method 1.

C. Levelling ) ‘

String line levelling is done using a string level. The string is stretched and the level is held
close to and parallel with the string. By adjustment of the level, the bubble in the level is brought
1o the centre and the corresponding alignment of the string gives a horizontal level.

Fig 11-8: Levelling with a sirlng Level.



Hoae leveling is done with a clear plestic hose full of water and two sticks on which to maik tho
water level heights. One end of the water filled hose is taken to one of the stakes while the
other end Is taken to the other stake. Since the water level in both ends of the hose wlll be
level, there will ba a level plane betwoon the two marked stakes.
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Fig. 1il-9 : Water Levelling

D, Site Layout Using the Method of Batter Boards :

Batter boards are used to preserve tha lines of a proposed structure during excavation and
construction. Right-angle batter boards are made by nailing iwo boards to three stakes to
form the angle. Straight batter boards are made with one board and two stakes.

To transter lines of a proposed structure to batter boards, hold two plumb-bobs over the nails
in the two layout stakes marking the line of a proposed structure. Stratch a string along this line
from the opposite batter boards and adjustit until it touches the two plumb bob Iinos Place
nails or mako saw cut msrks on the bottor boards where the strmg crossu -

I

Blttor boalds are uud only after the site lsyout has. been donoby the prwiouslv discuaud
mothods, viz, taping. angle layout and leveliing.

R



Fig. 11-10 : Use of Batter Boards for Site Layout

&. Excavation for Foundation Structure and Shoring.

Before excavation for foundation is allowed to begin, laying 2ut of the excavation lines by means
of batter boards must be checked once again by the supervicor. Then the supervisor should setup
an elevation stake near the edge of the excavation at a known height above the levsl of the
footing grate. The contractor can use this stake for checking the elevation cf the hole at any
time during the <igging.

It is very common for lobourers to take chances when they are doing excavation work. They
do not worry about the sides of an excavation collapsing until they sctually start to fail in. To
take precaution against this danger, the sides of the excavation should be scloped
back no less than a one-to-one slope. If wet send is encoimtered, it will
be necessary to build wooden shoring ( Figure IlI-10) to keep the sand from fzlling in on the
mean who are doing the digging. The soil that is removed from the excavation chould always be
placed back from the edge st a distance equal to the depih of the excavstion. Peopie should not
be allowed to stand near the excavation, for the weight of the people could csuso the rides of .
the excavation to collapse. At night, it is wise to put up some kind of barrier or fence to prevent .
people or animals from falling into the excavation. ' - ‘

When the sxcavation reaches the spproximate plon slevation ¢! the botiam of facting, it should
be made sure that the foundation bed is compoesd of a permenently. ciabia matosisd of considesss
blo depth. If at all questionable, the foundetion should - be expioicd Bolow. grade by mess 2t
a soll auger or driving rod. For finishing the excavation, all loose or cistushed matorisl below -
plery grade shell be removed #ndl the ‘holc chowld praseat’  bllondbily cvar citecieNbiy Yoced
surface. .
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Fig. 11-11 : Excavation and Shoring

6. Brick laying

Brick laying is the art of arranging bricks with mortar for construction of walls, abutment, piers

and other engineering structures. Brick laying has been one of the oldest crafts in the

history of human civilization and constitutes an important segment in almost any civil engineering

- construction in our country. The materials and workmanship required for a good quality brick-
work are specified below :

(a) Brick :
All bricks used for construction shall be of first class quality. First class bricks have a
uniform shape and sizes, measuring 93-'x43-x2}**, and they are of uniform colour and degree
of burn. They should ring clearly when struck apainst one another, and they should not
absorb water of more than one sixth ( 1/6) of their dry weight.

All bricks shall be thoroughly cleaned of all foreign materials and well soacked in water
before using. Those bricks with grease, grit, earth, fungus etc. will not bond well with
the mortar, and the dry ones will absorb watur too readily from the mortar thereby
preventing the mortar from acquiring its proper strength.

(b) Mortar:
Mortar is a mixture of lime, sand and water. or lime, cement, sand and water, or cement,
sand and water. Mortar provides an even bed for the brick, unites the brickwork into one
unit, prevents the penetration weather and adds beauty to the structure. Mortar is
aiso used to cover walls in the form plaster. All mortar shall normally contain a generous
proportion of water setisfying the condition that the paste is stili workable with a
trowel. If the mortar becomes stiff before it is used, additional water shall be mixed to
keep the mortar workable. Water shall not be added to mortar after it'is placed on the
brickwork. Sprinkling water on the newly-laid brick work washos away the cemeént in the
mortar decreasing the strength of the stiucture. All mortar shall be used within thmy (30)
minutes after mixing, since by then the motar begun to take its ‘initial set’ or hgrdlng
Mortsr which has taken its initial set sha!l not be used or remixed with fresh mortav_snd

thould be discardad.

. All. coment used shell be Portiand cement. Any cement which has herdened should never
be uned AN hard lumps end foreign matter in cement shall be screened out end discartied -
becsitso these lumps maks week spots in the mortar end hence in the sWEMG Iwdld.-!" 0




" ANl sand must be thorouthv cluned and screened ot all foreign.matter- before use(tee mm No 8
under this section). Al sand shell be well graded with partrcle sizes renolng from_ fine t0a
rnexlmurn size of 3/32-, -

All water. uud for morter, for soaklng bricks or washrng send shall be clean and piire. enough for
drlnklng

'I.lmo rnorter is proportioned one pan lime to three parts und Only hydrated lime should
be used in the mortar. It hardens slowly and its- strength increases with age.. But it looses
strength and deteriorates when in contact wrth water and therefore 'should not be used for
outside structures o : T :

~ Lime- -cament mortar is proportroned one part Irmo to one part cement to six parts sand
" It is easily worked with the trowel and is suitable for almost any use.

Cement mortar is proportroned one part cement to three parts sand. According to laboratory
test this is the strongest mortar. However it is not easily workable wrth a trowel making it diffi-
cult for the bricklayer to construct good mortar joints. For this reason, a small amount of
lime may be added (about } of one part unit of the standard measurment).

Trowel Brick Hammer  Plumb-bob.

String

h o) m ' wn'r-"l--'r""l-ﬁ
Plumbrule (Level) ' Meastring Rule

Fig. 111-12 : Brick Laying Tools.

@ ) t. ESOIONN

concave pointing tool.

Fig. M-13.:.. Pointing,



To summarize, the points to be observed for good brick laying work are as follows :

() Always use first class bricks, 94-x4y°x23 which are uniform in size, shape. degree of
bum and produce, clear ringing sound when struck against one another.

(i) Always use thorough and uniform mortar joints, 3 to 3¢ thick.

(iii) Always use a strong mortar mix. A brickwall can be no stronger than tho}mo;l.g joints
which bond the brick together. S

(iv) Always insists on first class workmanship. This means that the walls ‘are plumb i.e.
perfectly vertical, corners are square. lines are straight, dimensions are exactly as called
for is the specifications and all joints are- completely filled with mortar and well compacted
and finished. S

(v) After the brick work is completed, take out all face joints td a depth of about 1} inches,
dampen the joints and finish them with a 1 : 2 cement mortar using concave pointing.

8. Shuttering and Falseworks.

For concrete casting works where specific surface patterns and finishes are not desired, the
shuttering boards need not be of first quality or finished timber but must be free of cracks
and flarge holes through which moisture and concrete may runout.

All shuttering work must be strong enough and sufficiently braced to eliminate any sagging of
bulging when the concrete is placed.

Shuttering should be used for all concrete walls over 1+ in height. Boards should have straight
edges and square ends to eliminate leakage. All shuttering works must have adequate bracing
to insure against bulging or slipping. All shuttering work should be done to ensure easy and
economical removal, since, if undamaged, the materials may be used again.

Shuttaring for footing slabs may require boards at the edges only because the casting is
done on the soil or on brick soling. Shuttering on the edges may be braced by wood, 2‘'x3°°
timber spaced approximately 2‘ apartor by earth fill ensuring straight lines and accurate mea-
surements. When the slab is only 3+ or 4« thick, bricks set on edge and supported by earth
fill may be used. This will eliminate the cost of laying wood and sawing it to sizes.

Earth filL.
Poard

Timber Bracing, 2%’
2 gpart.

Boorde . :
Concrete slab.

Concrete slab.

Fig. I1-16 : Shuttaring for
Footing Slab—Earth Fill Bracing

Fig. 1-14 :.;Shuttering for Footing Slab—~Wood Bracing ..
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/" ~Earth fill.
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Fig. 11l-16 ‘Shuttering for Footing Slab-‘-—Using Bricks on Edge ' »

Shuttering for Concrete Walls will require both horizontal and vertical braces of 2x3 tim-
bers spaced approximately 2‘ apart, the opposite horizontal braces being. tied together by wire
through the form work (Fig. I11-17). Always use wooden spacers to ensure accurate wall width
and remove them as the concrete placement progresses. No wood or waste material should
be left in the concrete. To Keep the shuttering up right, lateral braces are also needed on

Wooden Spacer
Vertical ®race

Horizontal BPrace

Lateral. Brace
wire

NN\ B A\N

N . . .
SO O SNNNNNNN ENNNNNNNNY

Fig. 11-17.: Shuttering for Concrete Wall

Shutt‘ori'ng for Concrete Beams is similar to that for walls excebt that there is added support
st the bottom in the form of upright supports of sawed timber, bamboo etc. spaced no more
than 2° apart. The bottoms of the uprights must rest:on-a solid base of:-brickor pletiks. {1} »i7



Fig. NI—18: Shuttering fgr Concrete Beams

Shuttering for Concrete Slabs : This requires boards on horizontal timbers supported by
vertical supports of sawed timber, bamboo, etc. spaced approximately 2’ appart, with the
edges formed by planks with braces. C. |. sheets may replace wood boards while the bracing
remains the same. ' < :

braces

Fig.-I-18 ;.. Shuttering for Concrete Slabs

-Fig. -19 i‘x%ﬁ”’uttering for Concrete Slabs



Shuttering removal demands proper care. Shuttering for all parts ‘of a structure is not
temoved at the same time. The location and loading of a structure determines the romoval
time of shuttering. Generally column and besm sides msy be removed after 3 days, the
bottom shuttering may be removed. in7 days and resupported with bamboo or wood uprights
for another 14 to 21 days. The full load for which the structure has been dssigned should not
be permitted until after 28 days. '

Shuttering should be removed catofuily" so that the edges or surfaces of the concrete are not
damaged. Steel tools should not be placed against the concrete to pull the shuttering loose.
Any neccessary wedging should be done with wooden wedges.

7. Bending. Joining and Placement of Reinforcement Steel :
Reinforcing bars are not to be heated for the purpose of bending since by so doing they.
are frequently burned and the steel is weakended.

Bends in reinforcing bars should show no sign of fractures. Bending for hooks should follow
standard specifications as per the table given below :

Rod . | Hook A | Length J | Length H

(inches ) (inches) | (inches) | (inches)

1/4 4 2 34

3/8 6 3 4

1/2 6 4 a4 ' 7

5/8 7 6 5 T h
3/4 8 6 6

7/8 10 7 7

1 13 10 9

When rods are not of the proper length, joining or splicing must be done. There are several
rules to follow when spllclng rods as shown in the following diagrams.

Rule 1 : Never splice in'the middle third & :: RPN
of the span. !‘75 '_’I vy |

Rule 2 : Never splice over supports




Rule 3 : Alwepseplicoinan C—Qup

sltemnate fashion. & —
: e i
. - ) :
——2
C
Rule 4 : Minm. lengths of  Lerth of splice |
splices must be ‘I

as per table VIll-19 | F‘F ﬁ

Rule 6 : All ends must be hookd. Incorrect

Fig. N1-20 : Splicing Rules for M. S. (mildsteel) Rods.

Reinforcing steel must be placed as indicated in the structural drawings. The effectiveness

:f :h bar usua::y depends on its position in the concrete and in some cases, unless steel is placed
S Shown on the structural drawings, it might just as well be omitted because it does

any useful purpose as illustrated below : ot serve
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Correct Method of Placement of Reinforcement

Wrong Method of Placement of Reinforcement

Fig. Mi-21 : Correct and Incorrect Placement of Steel.
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Reinforcing bers ‘must be accurstety pleced, wired at Intersections and secured epainet dieplaces'
ment ‘before the pouring of concrete begine. - Bars shall not be placed in’the: wet: concrete ee
:t_Mpoutlng progresses since this practice does not aliow the job supervisor to know the exact
position of the stesl. :

A’ common method of holding relnforcement from contact with the forms is by means of mortar
blocks. These blocks are cast of the same mixture of cement and sand the mixture of the concrete
in which they will become an integral part. They are to be of such thickness that they willl
provid the proper bar clearace shown on the drawings. Where used to hold the vertical stesl,.
each block should be cast with a double wire embedded in it, so thatitcan be tied In place
when used. Blocks should be water cured for several days before use, otherwise they will

not have sufficient strength to support the weight of the bars.

Mortar Block

NIl

Mortar Block with wire embeded

Figure lll-22 : Placement of Reinforcement

Where two layers of steel are required at a given distance apart, it is customary to maintain this
distance by means of ~spacer” bars. ~spacer bars are short pleces of small sized steel, bent
into a *Z* or into some other convenient shape of the proper dimensions. The layers of steel
are wired to the legs of the +Z+. The spreaders are spaced according to the stiffness of the

laye:s.

In summary, the following rules may be enumerated for reinforcement work In concrete :

) Never substitute for the proper sizes of rods required for the job.
(i) Al rods must be cleaned and free from rust, oil, gresse, mud or any other foreign matter.

(ii)) Al ends must be hooked when using smooth rod.
" (V) Rods must be straight andfor cranked as specified in the drawings.

»



(v) Splices in roda must be made with en overlap of & minimum of 30 rod 'diameters.

(vi) Rods muotbo ucuroly tied In podtlon with tylng wlu boforc _pouring concrete. . vaor,'

place rods while pouring concrete.

(vil) Rods must be placed so that it is completely surrounded by concrete. Coricrete should be

placed and vibrated in such a manner until it completely surrounded the reinforcment.

(viil) Rods must ba well supported In the form so that the pouring will not bond them out of

position.
Concrete Mixing, Placing, Finishing and Curing :

Concrete Mixing Is preceeded by screening of the sand and washing of the khoa. The most
common sand used, especially in the rural areas, is a fine sand. Although it is not the
most suitable, it is often used due to its ready availability and economy. Before using the

sand, i1 must be screened (Fig. 111-23) to eliminate mud lumps and other foreign matter by

using a wiremesh of maximum 3/16+ size.

| -

Fig. I1-23 : Typical Screen for Sand.

Silt Test. If there is a heavy concentration of silt, dust or dirt in the sand, it can notbe
used unless these are removed by washing. An easy method to use on thae site to check for
clean sand is the silt test (Fig. |11-24). The test can be made as follows :

Take a simple jar. Fill it to a depth of 2 with a sample of the dry send to be tested. Add
water until the jar is about 3/4th full. Shake vigorously for about a minute, the last few
shakes being merely horizontal movements of the container to level off the sand. Allow the
jar to stand for an hour, during which time any silt, dust or dirt will be deposited in a layer
above the sand. If this layer is more than 3~ thick, there is too much concentration of silt,
dust and dirt for use in concrete work, and you should not use the sand.

Step 1% Step:a Step 32
RLLwith 2"of dry sand & Shake vigorously Allowto settle; should conhaln
add water urtil Jthfull. for a minute. Less Than ' thick elit Layer.

Fig. 111-24 : Testing for Clean Sand by Silt Method.



For washing sand and khos, two types.of troughs may be used (Fig..111-26). Sand may: be placed
in the closed trough and water poured overit. On stirring the siit particles will come to be
suspended in the water and'may be drained out. Khoa may be placed in the open trough snd
water poured over it. Water will wash out the impurities through the stoping end of the trough
while the cleaned khoa may be coliected from the other end. L :

Fig. 11i-26 : Washing Aggregate

Large quantities of concrete mixing should always be done in concrete mixers. For small batches,
hand mixing is usually adopted. The simpie tools required for mixing and placing concrete are

shown in the fig. 111-26.

Pucket |

Fig. IN-26 : Simple Tools for Making and placing Concrete-



Metal Pan Tampep Float

Fig. 111-26 : Simple Tools for Making and placing Concrete

In the hand mixing method (Fig. 11-27.) concrete is mixed on a watertight pad with a flat
smooth surface. |t can be made of concrete, bricks or metal sheeting. The most common pad is
made of bricks with the joints filled with mortar. Care must bb taken so that not too much water
seriously decrease the strength of the concrete. A rule, generally used when adding water is the
following : Ifa man walks ona mix and sinks down to his ankles then there is too much
water in the mix ; if he sinks 1+ or 2, then the right amount of water is present. The measuring
of materials may be done by the wood box method (Fig. 111-27)

1 ramant

2 sand

7 ==

4 Khoa

" Fig. I1-27 : Wood Box Method for Measuring Materials. .-
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Step 1

Mezsure quartity of sand andsmooth
Top surface ;then measure quantity
of cement and smocth evenly over
top of sand.

step2:
Thonoubhly mix sand ond cement to
an even colourn
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stepag
Measure quantity of Khoa and
smooth top surface.

Step4s
Distribute sand and cement mixiure
evenly over top of Khoa.

-
'I. -~

S‘oep H
Thoroughly mix to an even colour.

stepé6:
Add water and mix toauniform
mixture.

Fig. 111-28 :

Procedure for Hand Mixing Concrete

Machine mixing of concrete is done in a standard concrete mixture where the concrete is mixed
in a revolving drum. The procedure for machine mixing is as tollows :

(i)
for a few seconds.

(ib)
mix for about 60-90 seconds.

(i)
the work place in meul pans.

Khoa and sand are measured and dumped into the turning drum and allowed to mix
Measured quantities of cernent and water are thon added and everything is aliowed to

The mixture is then poured out into whoel barrows or on a pad from which it is clnlod to

82



Concrete P cing : Must be done immediately after it is produced. It 'should be placed aid
compacted In its final position before setting has commenced' and should not be subsedquently
disturbed. If, atany time, it is considered necessary to add extra water to obtain the requ!aito
workablllty. it may be taken to mean that the cement has set.

Placing the concrete should be done in one continuous operation as far as possible to avoid the
necessity of cold joints in the concrete.Concrete should be deposited and never thrown or dumped
from a height, to prevent the segregation of the aggregates.

The concrete, after being deposited in the form-work, should be rodded so that it is forced round
the corners and edges to enable the spaces between the rainforcing bars to be completely filled.
While depositing tho concrete, water is likely to collect at the top which seriously interferes
with the hardening of concrete by slowing down the process of hardening. To avoid this stiffer
mixtures should bte used and the concrete deposited in shallow layers, about 6+ thick. Rodding
in concrete is normally done 25 times per square foot. Too much rodding. however, will cause
segregation of concrete.

Concreting should be carried-out continuously without pause upto the construction joints, the
position and arrungements of which should be pre-determined. Constructon joints are so posi-
tioned that the strangth of the member is not affected, and the most suitable place is normally
away from the middle-third of the span and close to the support but never over it.

Slump Test: No definite measure of consistency and workability of concrete has yet been
devised but the slump test affords a useful indication of both these properties. Equigment
for a slump test consists of a slump cone and a measuring cane as shown below :

Fig. 1H1—29 : Slump Test,

.. The detallod procedure for the test is as follows :



The mould should be placed on 8 emooth, fiat, non-sbecrbent surfsca end the opsmator sl
hoid the mauld-finsly in place while it Is being filiad. The mowid st be . flllod sheut end-
fourth of s height with the coacrsts which shall than bo puddied velng 26 strokes of @
b/8- rod, 2° long and builet pointed at the lower end. The filllng ehell be compictsd in
successive leyers similar to the first and the top struck off so that the mould Is exscily filled.
The mould shall then be romoved by reising It vertically immaediately efter filling. The mautded
concrete shail then be allowad to subside and the hsight of the specimen mucund eftor it
hes come to rast.

The following values of slump are gensrally adopted :

Allowakle Degree of
Slump, Inches. | workability Suitable works
0—1 Very low Precast and vibrated concrete works in roads and piles.
1-2 Low Road works ; mass concrete in foundation ; lightly reinforced
goctions.
24 Medium Slabs ; Normal reinforced concrete; Heavily rsinforced
sections.
4 High Unacceptable.

The following is a list to chack before starting to place concrete :
(i) Is asufficient quantity of concrete matarials availeble on the job site to finish the work ?
(ii) Is the weather satisfactory or rain is expected ?

(ili) Will the placement go on into the night ; if so, is sufficient lighting available ?

(lv) Are the M.S. rods in place. cleaned, and secured in final position ?
(v) Is the shuttering clean, wetted, tight and adequately supported ?

(vi) Is the earth on which concrete is to be placed dsmp so that the ground will not sosk water

from the concrete.

(vii) Is the earth properly prepared and of the correct elevation ?

(viii) Is sufficient manpower available to handle the rate of concrete mixing.

(ix) Is curing material on the site ?

As the concrete placing is progressing, the supervisor must keep these items in mind:
(i) Never ugse concrete that has been mixed end left standing for more then 10 minutes.
(i) Never add water to concretc efter it has been mixad.
(lii) Never sllow sarth, grass cr other foreign msisrial to fall into the concrets. For example,
do not allow walking on concrete with mud in shoes or feet.
(iv) Never place the concrete on muddy earth.
(v) Never drop concrete from a height of more than 3/,

When placing concrete on old concrete, special care snd specisi methods st be ﬁdopm[ ‘o .
produce a good bond. The steps are lilustrated In the Fig. I11—30.



step2: -
Moistent curfaces.

step 3 step4s
prepere b wetery1:2 mortarmix andcost | place new concrete immediatelly
the curface of the old concrete. after applyimgthe mortar.

Fig. 11—30 : Placing New Concrete on Old Concrete.

Placing concrete in water :- should be avoided If at all possible. Too much water in the concrete
decreases the strength and can cause a failure if precsutions are not taken. Often, under some
conditions, water continues to seep in to the. area where concrete is to be placed, snd connot be
removed. I this condition arises, the following placing method is advisable (Fig. 111-31.) avoiding:
tie- following : ‘

(i) Neovarspread s layer throughout thie water.
() Never rod therconcrete.
(iit) dever aliow waler to cover the top of the concrete.

i
‘“é«‘ |
[Eeataptich



Step1:

start ot one cornerand place concrete,
being careful mot to spread it.
‘Leave it in one pile.

step 2:
Contirwe to place comreie on 'l:op of
+hat already in position,

Slep a2

withatrowel, carefully spread the con-
crete, keeping a minimum of the sorface
in contact wilfr the water Yeep concrete
in agthick a layer as ie possibie.

As placement continves, bail cut the
water. Before placingthe last pans
of concrete, bail cut all ofthe water

Fig. l1i-31 : Steps for Placing Concrete in Water.




step1:
The concrete is leveled toa propergrade
by moving a straight edge of wood, 2’x=In

cross section,back and forth with a saw-

Like motion, arup and doun acrassthe
4op ofthe shuttering.

Slep2s .

After the concrete has been leveled, &t
s tamped cith aflat surface tampto
embed the lavge Khoa chipe just ben-
eath the curface, remave lLumps and
voicis and to bring mortartothe surfa.
ce for other finiching operations.

Some time aftertamping when all the
water has left the surface and the
concrete has started to set, it iv
smoothed aith a float to level, andthe
high spots are leveled and he holeg
are filled.

For finishingfloors, a steel trowel
should be used after floeting to
produce a hard, smooth svrface.

Fig. 111-32 : Steps _for Finishing Concrete ka.




It @ non-slip-surface is desired, steel trowelling is unnecessary after fioating. If further roughering .
" Is desired, a stiff broom or wire brush may be used. Finishing the surfaces after the concrets.
hes hardened is a bad practice. The mortar mix used for this purposs will not be strong enough
and wiil not bind to the concrete sufficiently. Also after some time, this type of fininished surface

may bresk up.

Curing concrete is one of the most important construction operations, but often oneidf the most
neglected. Concrete properly mixed, placed and finished will lack strength If proper curing
operations are not foliowed.

Concrete, after placing, should be protected during the first stages of hardening, from the harmful
effects of sun shine, drying winds, excessive cold and also from running waters or shocks.
Curing can be accomplished by any of the methods lilustrated in the figure. N1—33. The
minimum time for curing is seven (7) days. The surfaces being cured must be kept moist during
the entire period. '

For curing vertical surfaces, two layers of burlap ( gunny sacking or woven jute «chat ), kept
moist all through the curing period may be used.

Methods 23
Forming a shallow pool ofweter onthetopof | Coveringthe conhcrete with wet gunney bage.
concrete by building earth dikes. Ainimum Minimum seven days.
Seven days.

Methods 3¢
Coveringthe concrete with most water Coveringthe concrete with wet sand or
hyacinih, Minimum seven cays. sand. Minimum seven days.

Fig. 111-33 : Methods of Curing Concrete
9. Finishing Earthwork and Dress ng and Pitching the Sides.

For finishing, the eathwork should be evenly compacted using hand tampers or a roller. The earth
should be slightly damp which permits the best and easiest compaction. If the soils is too dry,
water should be added to obtain the sbove quality and if too wet, it should be allowed to dry
in the sun. Tho earth should be spread evenly in 6+ layers should be compacted to 4+

The sides of tho earthwork should be protocud from 'dumoo‘ dooto vnllhw actlon or oilh;'
sources by turfing or pitching with stones ( see Section Vil ). If turfing e %0 be done, the outer
layer of soll shouid consiet of good soil and sand %o promote the growth of gress..



@ECTION IV L ‘

- ASSESSMENT OF THE GIVEN FIELD CONDITIONS AND REQUIREMENTS AND
SYNTHESIS OF THE FIELD DATA LEADING TO THE SELECTION OF AN
APPROPRIATE DESIGN EXAMPLE. :

1. Preliminary Investigation

Preliminary investigation Involves the necessary project studies which witi permit a sound analysis
and conclusions with raspect to the specific socio-economic justifications. These are primarily :

(a) Studies ensuring that the services proposed to be performed through the project is justifiable
and the project is responsive to an urgent social and/or econcmic need.

(b) Studies ensuring that the project as proposed will adequately serve the intended purpose.

The st sies are to be done through reconnaissance work involving observations and enyuiries
concerning the problems and needs of the communities, the physical factors involved namely
geography of the terrain, the catchment area, its general slope, average and the lowest contours,
performance of similar structures in the surrounding localities, availability and accessibility of
construction materials and skills, the existing systems of transportation in the area and the present
and future transpdrtation requirements.

If the preliminary investigation shows that the project is justifiable and viable then detailed
studies should be undertaken for the collection and assessment of all the relevant data, leading to
the preparation of a programme for the project.

2. The detailed Study
The detailed study will concern the following :

(a) Establishing the location and alignment of the proposed structure.
‘ (b) Field investigations of the soil conditions and strengths and recording of the Information.
(c) Site surveying. measurements and recording of information.

(d) Synthesis of the field data leading to the selection of an appropriate design example
Manual.

Establishing the location and slignment : :

Step 1 : Procure a topographic map of the area showing the important featuree such as river-
course, roads, agricultural land, swamps and important landmarks. If no such map is
available, procure atlesst the thana or ‘mouza‘ map of the locality and mark the project
site on it. . ‘ -

Step 2 : In the light of the locational comldmtlom explained Intho Sntloq il of the Mnnual
solect a suitable location and allgnment for tho structure.

Step 3 : With spot measuraments of distances and |ovols by teping end levelling ss explained In
-Selection 1l of the manual, prepare a sketch map of the site as shawn.



Fig. V-1

Fig. IV-2
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Fleld investigsation of Soil Condition

Step1: Umhmko surfsce exploration es oxplalnod in Section 11l of the manuel and lﬂcm“v the
scil types slong the proposed alignment of the structure, pﬂﬁeuluiv at the likely
tocations of the foundations for the structure.

Step 2: From the visual detection of fault zones or geologic irreguliarities as well as from an
estimation of the probable iocations for foundations, mark on the sketch msp the
locations ss L,, L,, L;,and L, soon.

At the marked locations,
Step 3 : Undertake systematic sub-surface explorations as explained in Section |li of the manual :

Step 4 : Record the results of the field investigation of soil conditions in a tabular form as
shown belaw :

Nature Ceneral
Compact Dry/wet

Depth | Type of soil : Sand/Silt/Clay/gra assesment
Coarse from Table lI1—2

Locations | {'fast organic.

0
5
Ly 10
16
20

0
5
L, 10
16
20

0
6
L, 10

16
20

0
5
L 10

16
20

Site Surveying and Measurement :

Step 1 : If the project is a culvert or a bridage,measure the channel section along the alignment
by taping and levelling as explained on page 38 in Section (il of the Manual end draw
the section with measuraments of distances and leval as shown,




Area Amd (io+ L52)

Determine the area ‘A’ of the waterway at HFL by assuming an approximate trapezoidal
section as shown in the figure above. Find highest flood discharge ‘Q- by

Q = A x 4 ( for culverts)
and Q = A x 8 (for bridges )

4 and 8 being the assumed peak velocities of flow in feet/sec. during flooding.

If the project is a sluiceway, estimate the area of the corresponding basin in acres with
the help of the topo sheet and/or field observations and determine the peak runoff in
cusec using the formula :

Q =_C.iA.

where Q = the peak Runoff volume of water in cusec.
i = rainfall intensity in inches per hour

(These intensitias are not available for want of autographic rain gauges. At any rate, in the cons-
truction of various hydrological and hydraulic works, allowance should be made for intensities
greater than 5 to 8 inches per hour)

Step 2 :

A = estimated basin area in acres,
C = a runoff coefficient, 0.463 for the fiat plains of Bangladesh.

If the project is a culvertor a bridge, determine the required size of the cuivertor
bridge opening for the waterway using the simplified formula or the practical rules
discussed in the Section Il of the Manual.

If the project is a sluiceway, determine the required size for each vent by dividing the
value of ‘Q- from the step 1 by the numbers of vents anticipated (usually 4-5) and then
dividing this figure with 4, the assumed peak mean velocity through the vents. For
example, if Q is equal 500 cusec and if 5 vents are anticipated, then :

500

Bxd— 2bsq. 1. is the area of cross section of each vent.

3. Synthesis of the field data:

+

Case 1 :

When the project is a culvert.



T Step1: Toselecta suitable type of culvert, compare the estimeted hlohiot flooddhdum’o'

/(cusec) with the table below :

Recommended Type
of culvert

Estimated highest flood discharge
past the saction of the stream

1. Less than 30 cusec. 1. R. C. pipe culvert.
2. R. C. box culvert.

3. Open foundation culvert.

2. Between 30 and 150 cusec.

3. Between 150 and 300 cusec.

Having selected the type, compare the rest of the relevant field data with the
probable combinations as tabulated below and arrive at an exact or close match
leading to the selection of an appropriate design example from the Manual.

Step 2 :

Type of Channel Maxm. Approach | Soil Reqd. area of|Corresponding
culvert with at channel roadway condition opening for |Design Example
HFL depth a width for the in the
HFL foundation waterway Manual
Brick Arch 3:-0+ 5.6 12:-Q-¢ Satisfactory 10 sq. ft. c1
Culvert 5--0-/ 5.6 12--0- Satisfactory 20 sq. ft. c2
8--0- 7°-6+ 12:-0- Satisfactory 45 sq. ft. c3
R. C. Pipe 5--0-- 3:-0¢ | 24--0+ Satisfactory 8 sq. ft. Cc4
Culvert 5.-0- 30 | 24-.0- Not so Satisfactory, 8 sq. ft. C5
R. C. Box 8--0- 501 | 20-0- Satisfactory 15 sq. ff. C6
Culvert 8+-0-- 5:-0 20--0- Notso Satisfactory| 15 sq. ft. c7
12:-0°- 50 20--0-- Satisfactory 35 sq. ft. C8
12:-0+« 50 20--0 Not so Satisfactory| 35 sq. ft. C9
12--0-- 7°-0° 20+-0-- Satisfacrory 55 sq. ft. C10
Open 15°-0-- 7+-0-- 20--0- Satisfactory 120 sq. ft. Cc11
Foundation | 15--0-- 7--0¢ | 20--0- Not so Satisfactory| 120 sq. ft. c12
Culvert
Case Il : When the project is a bridge.
Step 1 : Toselecta suitable type of bridge, compare the estimated highest flood discharge
‘Q- ( cusec ) with the table below :
Estimated highest flood discharge past the section of Recommended Type of
the stream. bridge
1. Between 300 and 760 cusec. 1. R. C. slab bridge
2. Be'ween 760 and 1700 cusec. 2. R. C. T-beam bridge.
Step 2 : Having selected the type, compare the rest of the relevant ﬂild dets with Mo

combination as tabulated below and arrivo at sh exact or clon mu:ﬂ lddm 0 the
selection of an appropriste design examiple from the Manual. Gt s

by



Tpe | Cheonel Mamm. | approsch | g0 Reqd. ares Corresponding
width depth roadway | .. dition of opaning Design
bridge st HFL at HEL width for waterway Example
R.C. Slab | 200~ 7:-8° 20+-0 Satisfacy. 150 eq. ft. B
bridge 200~ | 7.6+ | 200 | Notso 150 oq. ft. 82
Satisfacy.
R.C. 20--0- 7--6-- 12:-0~ Satisfacy. 200 sq. ft. 83
T-beam 20--0,, 7---8+ 12--0~ Not so 200 sq. ft. B84
bridge Satisfacy.
20--0- 7:-6- 20--0- Satisfacy. 200 sq. ft. B5
20--0+ 7--6 20°-0 Not so 200 sq. ft. B6
Satisfacy. .
25-0 8:-0~ 20--0- Satisfacy. 300 sq. ft. B7
25--0 8:-0'- 20--0 Not so 300 sq. ft. B8
Satisfacy.
30-0~ 8:-0- 20--0- Satisfacy. 400 sq. ft. B9
30--0* 8:-0- 2¢+-0 Not so 400 sq. ft. B10
Satisfacy.
36--0 8:-0- 20--0~ Satisfacy. 650 sq. ft. B11
36--0- 8:-0 20:-0 Not so 550 sq. ft. B12
Satisfacy.
Satisfacy.
40.0* 10--0- 20+-0- Not so 700 sq. ft. B13
40-0- 10:-0~ 20°-0° Satisfacy. 700 sq. ft. B14

Case I :-When the project is a sluice way,

Step 1 : To select asuitable type of sluicé, compare the estimated peak flow rate ‘Q’ (cusec)
with the table helow :

Estimated peak flow trhough Recommended type

each sluiceway for the sluiceway

1. Upto 30 cusec 1. R.C. Pipe vents

2. Between 30 and 60 cusec 2. R.C. box culvert type
é. Between 60 and 150 cusec 3. Open channel type

., . Note: Fora totsl flow much higher than 30 cusec, upto 4 or5R. c.fplpqycnuvcln,
o L b,uudln paraitel, the required number of vents being obtained by divididg the given
pesk fiow by 30 and rounding off the resulting figure approplately. . '




Sup 2 ;. ﬂavlno sslected. the -type of the sluice, compare the rest. of the ulwmtﬂdn'lfdln».w
with the probable combinations tabulated below and arrive at an exact or close match
leading to the selection of an appropriate design example from the Manual.

: Soil condition| Correspond design

Type of Stuice Span Length Height | 0 foundation |example in the Manual
R.C. Pipe Type 3+-0+ 10/-0- —_ Satisfactory . s 1
R.C. box culvert type | 4:-0- 10--0- — | satisfactory s 2

6.-0- 10/-0- 8-0 Satistactory S 3

5.-0 10--0~ 9:-6 Satisfactory S 4
Multiple ventR.C.
Pipe Type 3-.0- 10--0+ S - Satisfactory S 6
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DEsian EXAMPLE [C - |

r

BRICK ARCH CULVERT

@ IST. CLASS DRICKS.

SPAN. 20" @ 1:4 MORTAR Mix FOR BRICKWONK. |
SPECIFICATIONS. | ROAD WIDTH. i2t0" © 1:3:6 MIX.FOR CEMMKT CONCRETE. h
SOIL CORDITION. @ 112 MORTAR MIX, FOR Pomﬂm
SATISFACTORY. @ PROVIDE 8°X3"WEEPNOLES BVERY el
CNANNEL oERTH. 8-0'
HORIZONTALLYAND VERTICALLY.
T
BRICK CEMENT | BRICK smex | eriex BRICK FLUSH
SOLING ARCH WORKIN | WORKIN | WORKIN | POINTING
MASONRY | ASUTMENT| WINSWALL| RAILING
MATERIALS.
490 oft. | 243 ¢ft. |06 ctt. [1440 oft. | 840ctt. | 4D ott. | 770800
==
NO OF BRICKS SAND CEMENT KNOA
32368 Nos. s4r ofr. 180 Segs. 22 0 oft.

ﬁ
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| Bllch ARCH CULVERT @ 5T c,u‘o’_ SRICKS ’ 1
- | | sPAN_ &-0O @ 1:4 MORTAR MiX FOR BRICKWORK
SPECIFICATIONS. | ROAD WIDTH. 12-0" © 1:3:6 MIX FOR CTMENT CONCARTS]
SO | SOIL ‘CONDITION- @ 1:2 MORTAR MIX FOR POINTING-
SATISFACTORY. '

© PROVIDE 83" WEEP HOLES tvl.mJ

: § : (] (]
. CHANNEL DEPTH. 8-0 @-0" HORIZONTALLY AND

VERTICALLY.

BRICK CEMENT |BRICK BRICK BRICK BRICK FLUSH
SOLING CONCRETE ARCH WORK IN | WORK IN | WORKIN | POINTING
NASONRY | ABUTMENT] WINGWALL RAILING

MATERIALS. s ofr. | 264ctt | 208 ctr. | 1884 crt. | 1B90ch. | 83crt. | 910 sft.

NO OF BRICKS. SAND CEMENT. " KHOA,

4802 4 Nqs. 1300 cft. 259 Bags. 2506 cit.
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DESIGN EXAMPLE.

C-3

SPAN.

e-0o

BRICK ARCH CULVERT.

@ ISTCLASS BRICKS.

@ 1:4 MORTAR MIX FOR BRICKWORK,

SPECIFICATIONS. | ROAD WIDTN-1Z-0" @ 1:3:0MIX FOR CEMENT CONCRETE.
SOIL CONDITION. @ 1:2 MORTAR MIX FOR POINTING :
SATISFACTORY @ PROVIDE 8"X3"WEEPHOLES EVERY 5-0"
CHANNEL DEPTH .10~0"
HORIZONTALLY AND VERTICALLY.
—
BRICK CEMENT | BRICK BRICK | BRICK BRICK FLUSH
SOLING | CONCRETE| ARCH WORK IN | WORKIN | WORK IN | POINTING
MASONRY | ABUTMENT| WINGWALL| RAILING
MATERIALS
eo2sfr. | 3460ctt. | 362cft. 2128 ctt. |i9620fr. | 92 ¢cfr. | 12800t
L_._—_.._..____u-————_.._——L—-———-‘
#—_——_——.__r_—
NO OF BRICKS SAND CEMENT KHOA.
60,324 B30 oft. 323 Beps 312 oft.

i
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DESIGN EXAMPLE
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DESION EXAMPLE
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pEsieN ExAMPLE [C- 9]
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DESIGN EXAMPLE [C- 0]
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Table VIII-10 (Contd)

T )

Conc. Cement Sand |Khos/st. Conc. +Coment | -Sand [Khoe/st.

cft. ot Bags cft. [chip cft. cft. cft: Bags | cit ~[chipoft.
67. 8.586 6.84 26.65 F1.30 84. 12.60 | 10.08 37.80 765.60
58. 8.70 6.96 26.10 62.20 '86. 12.76 10.20 37.28 76.860
59. 8.86 7.08 26.56 63.10 86. 12.90 10.32 38.70 77.40
60. 9.00 7.20 27.00 654.00 87. 13.08 10.44 39.16 78.30
61. 9.16 7.32 27.45 54.90 88. 13.20 10.66 39.60 79.20
62. 9.30 7.44 27.90 66.80 89. 13.35 10.68 40.05 80.10
63. 9.45 7.66 28.36 66.70 90. 13.50 10.80 40.50 81.00
64. 9.60 7.68 26.80 67.60 91. 13.66 10.92 40.95 81.90
66. 9.76 7.80 29.25 68.50 92. 13.80 11.04 41.40 82.80
66. 9.90 7.92 29.70 69.40 93. 13.95 11.16 | 41.85 83.70
67. 10.06 8.04 30.16 60.30 94, 14.10 11.28 42.30 84.60
68. 10.20 8.16 30.60 61.20 96. 14.25 11.40 42,75 86.50
69. 10.36 8.28 31.06 62.10 96. 14.40 11.62 43.20 86.40
70. 10.60 8.40 31.60 63.00 97. 14.55 11.64 43.66 87.30
7. 10.66 8.52 31.96 63.90 98. 14.70 11.76 44,10 88.20
72. 10.80 8.64 32.40 64.80 99. 14.86 11.88 44,55 89.10
73. 10.96 8.76 32.86 66.70 100. 16.00 12.00 45.00 90.00
74. 11.10 8.88 33.30 66.60 200. 30 24 €0 180
76. 11.25 9.00 33.76 67.50 300. 45 36 136 270
76. 11.40 9.12 34.20 68.40 400. 60 48 180 360
77. 11.66 9.24 34.66 69.30 500. 76 60 226 450
78. 11.70 9.36 356.10 70.20 600. 90 72 270 540
79. 11.86 9.48 36.55 71.10 700. 105 84 316 630
8. 12.00 9.60 36.00 72.00 800. 120 96 360 720
81. 12.16 9.72 36.45 72.90 900. 136 108 406 810
82. 12.30 9.84 36.90 73.80 1000. 160 120 4560 900
83. 12.45 9.96 37.36 74.70




x) Ouantmu of Matotlall required for Muonry Construction with 1: & Mortar Mlu
‘ and § Inch Joint Between ltlcks -

Table VIII-11

Brick | 6 wall - 10 wall Mass wall. .
Masonry | Bricks | Cement Sand Cement Sand. Cement Sand
“eft. cft. Bags | cft. cft. | Bags cft. clt. TR cft. .
10 113 0.5 0.4 2 0.6 0.6 3 0.8 0.6 3
20 226 0.9 0.8 4 1.2 1.0 5 1.6 1.2 8
30 339 1.4 1.1 6 1.8 1.6 8 2.3 1.8 9
40 452 1.8 1.6 8 2.4 2.0 10 3.0 2.4 12
50 565 2.3 1.8 9 3.0 2.4 12 3.8 3.0 16
60 678 2.7 2.2 1" 3.6 2.9 15 4.5 3.6 18
70 791 3.2 2.6 13 4.2 34 17 6.3 4.2 21
80 904 3.7 2.9 156 4.8 3.9 20 6.0 4.8 24
80 1017 4.1 33 17 6.4 4.4 22 6.8 6.4 27 |
100 1130 4.5 3.6 18 6.0 4.8 24 7.6 6.0 30
110 1243 5.0 4.0 20 6.6 63 27 8.3 6.6 33
120 13656 6.4 4.4 22 7.2 6.8 29 9.0 7.2 36
130 1469 5.9 4.7 24 7.8 6.3 32 9.8 7.8 39
140 1682 6.3 6.1 26 8.4 6.8 34 10.6 8.4 42
160 16956 6.8 5.4 27 9.0 7.2 36 1.3 9.0 45
160 1808 7.2 5.7 29 9.6 1.7 39 12.0 9.6 48
170 1921 7.7 6.2 3 10.2 8.2 4 12.8 10.2 61
180 2034 8.1 8.5 33 10.8 8.7 44 13.6 10.8 b4
190 2147 8.6 6.9 35 1.4 9.2 46 14.3 11.4 57
200 2260 9.0 7.2 36 12.0 9.6 48 16.0 12.0 60
210 2393 9.5 7.6 38 12.6 10.1 61 16.8 12.6 63
220 2486 9.9 7.9 40 13.2 10.6 63 16.5 13.2 66
230 25699 [10.4 8.3 42 13.8 1.1 66 17.3 13.8 69
1240 2712 ]10.8 8.7 44 144 1156 68 18.0 14.4 72
250 2826 |11.3 9.0 45 16.0 12.0 60 18.8 15.0 75
260 2938 |11.7 9.4 47 15.6 12.5 63.5 1956 16.6 78
270 3061 |12.2 9.8 49 16.2 13.0 65 20.3 16.2 81
280 3164 |12.6 10.1 51 16.8 13.56 68 20.0 16.8 84
290 3277 131 10.56 53 17.4 14.0 70 21.8 17.4 87
300 3390 (13.8 10.8 54 18.0 14.4 72 22.5 18.0 90
310 3603 [14.0 1.2 56 18.6 14.9 75 23.3 18.6 93
320 3616 [14.4 11.6 68 19.2 16.4 77 24.4 19.2 86
330 3727 (149 11.9 60 19.8 16.9 80 24.8 19.8 99
340 3842 1156.3 12.3 62 20.4 164 82 25.6 20.4 102
350 3956 [165.8 12.6 63 21.0 16.8 84 20.3 21.0 108
360 4068 [16.2 13.0 65 21.6 17.3 87 27.0 21.6 1”
370 4181 (167 | 134 | ©7 22 178 | 89 | s | 222 1
380 4284 |17.1 13.7 69 22.8 18.3 82 208 228 114
2390 4407 178 | 141 | M | 234 |188 | 94 | 203 |234- | iWF
w00 {4520 1180 | 144 | 72 [ 240 |192 | 96 | 0 |20 | 80




Table VIil-11 (Contd.)

Brick 5 wall 10’ wall Mass wall_
Masonry| Bricks Cement Sand Cement Sand Cement ‘Sand
cft. cfi. |Bags | cft. cft. | Bags cft. cft. Bags cft.
410 4633 186 | 144 74 24.6 19.7 99 30.8 246 | 123
420 4746 189 | 15.2 76 26.2 20.2 101 31.6 26.2 | 126
430 4859 194 | 1656 78 26.8 20.6 104 32.3 25.8 | 129
440 4972 19.8 | 16.9 80 26.4 21.2 106 33.0| 264 | 132
450 5068 20.3 | 16.2 81 27.0 21.6 108 33.8| 27.0 | 135
1) 5198 20,7 | 16.6 83 27.6 22.1 111 346| 27.6 | 138
470 65311 21.2 | 16.9 86 28.2 22.6 113 36.3 28.2 | 141
480 5424 216 | 17.3 87 28.8 23.1 116 36.0| 28.8 | 144
490 5637 22.1 17.7 89 29.4 23.4 118 36.8 29.4 | 147
500 5650 225 | 18.0 90 30.0 24.0 120 37.6 | 30.0 | 160
510 5763 23.0 | 18.4 92 30.6 24.5 123 38.3| 30.6 | 1563
520 5876 234 | 188 94 31.2 26.0 | 125 390 | 31.2 | 166
630 5989 239 | 191 96 31.8 25.6 128 39.8 | 31.8 | 169
540 6102 243 | 1956 a8 32.4 260 | 130 405| 324 | 162
560 6216 248 | 198 99 33.0 264 | 132 41.3| 33.0.| 166
560 6328 26.2 | 20.2 101 33.6 26.9 135 | 420 | 336 | 168
670 6441 26.7 | 20.6 103 |  34.2 274 137 428 | 342 | 17
680 6664 26.1 20.9 106 34.8 27.9 140] 435 | 348 | 174
690 6667 26.6 | 21.3 107 35.4 28.4 142 443 | 354 | 177
600 6780 270 | 21.6 708 | 36.0 28.8 144| 450 36.0 | 180
610 6893 27.6 | 22.0 110 | 36.6 29.3 147| 458 | 36.6 | 183
620 7006 279 | 223 12| 37.2 29.8 149! 485 | 37.2 | 188
630 7116 28.4 | 22.7 114 | 378 30.3 162 473 | 378 | 189
640 7232 28.8 | 231 196 | 38.4 30.7 164| 48.0| 38.4 | 192
660 7345 203 | 234 17| 39.0 31.2 166| 488 | 390 | 195
660 7458 209 | 23.8 19| 39.6 31.7 159 495| 39.6 | 198
670 757 30.2 | 241 121 40.2 32.3 161 60.3| 40.2 | 201
680 7684 30.6 | 24.5 123 | 408 32.7 164| 51.0| 408 | z04
680 7797 3.1 24.9 126| #41.4 33.2 166 51.8| 41.4 | 207
700 7910 31.5 | 26.2 126 | 42.0 33.6 168 62.6| 420 | 210
710 8023 32.0 | 26.6 128 | 426 34.1 17 63.3| 426 | 213
720 8136 324 | 269 130 | 43.2 34.7 173 640| 43.2 | 210
730 8249 32.9 26.3 132 | 43.8 35.1 176 648 | 438 | 219 |
740 8262 33.3 26.7 134 | 444 35.5 178 566 | 444 | 222
750 8476 33.8 27.0 136 | 45.0 36.0 180 66.3| 48.¢c | 2285
760 8588 34.2 27.4 137 45.6 36.5 183 570 | 45.6 | 228
770 - |8701 34.7 27.8 139 46.2 37.0 186 578 | 48.2 | 231
780 8814 36.1 28.1 141 46.8 376 188 68| 468 | 2%
790 8927 45.6 28.8 142 47.4 38.0 185 %93 | 4.4 | 231
1900 looso. | 380 | 288 | 144 w0 | 384 | 92| 000/ 460 | 240:




Table VIiI-11 (Contd.)

Brick 65 wall 10°* wall Mass well . _|
Masoniy| Bricks Cement Sand Cement Sand Cement _ Sand
cft. cht. ags cft. ctt. ags cft. cft. Bags -cft.
810 9163 | 36.5 29.2 | 146 48.¢ 389 | 196 60.8 48.6 243
820 9266 | 36.9 29.6 | 148 49.2 39.4 | 197 61.5 49.2 246
830 9379 | 37.4 29.9 | 160 49.8 39.9 | 200 62.3 49.8 249
840 9492 | 37.8 30.3 | 161 60.4 40.4 | 202 63.0 60.4 262
850 9606 | 38.3 30.6 | 162 61.0 40.8 | 204 63.8 61.0 256
860 9718 | 38.7 31.0 | 164 61.6 41.3 | 207 64.5 61.6 268
870 9831 | 39.2 31.4 | 167 52.2 41.8 | 209 66.3 62.2 261
880 9944 | 39.6 | 31.7 | 168 52.8 42,3 | 212 66.0 52.8 264
890 10057 | 401 32.0 | 160 53.4 428 | 214 66.8 63.4 267
900 10170| 40.6 32.4 | 162 54.0 43.2 | 2186 67.5 54.0 270
910 10283 | 41.0 32.8 | 164 64.6 437 | 219 68.3 654.6 273
920 10396 | 41.4 33.1 | 166 56.2 44,2 | 221 69.0 65.2 276
930 10609 | 41.9 33.56 | 168 55.8 44,7 | 224 69.8 55.8 279
940 10622 | 42.3 339 (170 56.4 45,2 | 226 70.5 56.4 282
950 10736 | 42.8 342 1 1M 57.0 45.6 | 228 71.3 57.0 285
960 10848 | 43.2 346 | 173 57.6 46.1 | 230 72.0 67.6 288
970 10961 | 43.7 35.0 {175 58.2 46.6 | 233 72.8 58.2 291
980 10074 | 4441 35.3 |177 58.8 47.1 | 236 73.5 58.8 294
990 11187 | 44.6 35.7 | 179 59.5 47.5 | 238 74.3 58.4 297
1000 11300| 45.0 | 36.0 |180 60.0 48.0 | 240 75.0 60.0 300
2000 22600 90.0 | 72.0 |360 120.0 96.0 | 480 150.0 | 120.0 600
3000 33900 | 135.0 |108.0 |540 '180.0 | 144.0 | 720 225.0 | 180.0 900
4000 45200 | 180.0 [144.0 |720 240.0 |192.0 | 960 300.0 | 240.0 1200
6000 56500 |225.0 |180.0 |900 300.0 |240.0 [1200 376.0 | 390.0 1500

97




(o) Quantities of Materials Required for Masonry Construction with 1 : 6 Mortar Mix and § Inch

Joint Between Bricks.

Table ViiI-12
Brick 6 wall 10 wall Mass wall
Masoniy] Bricks Cement Sand Cement Sand Cement Sand
cft. cft. [Bags | cft. cft. | Bags cft. cft. - [Bags eft.
10 13 0.3 0.3 2 0.4 0.3 4 05| 03 3
20 226 0.6 0.6 4 0.8 0.7 5 1.0 | 08 6
30 339 0.9 0.8 6 1.2 1.0 8 1.5 | 1.2 9
40 462 1.2 1.0 8 ‘| 16 1.3 10 20 | 1.6 | 12
50 565 1.5 1.2 9 20| 1.8 12 26 | 20 | 185
60 678 1.8 16| 1" 2.4 2.0 16 30 | 24 | 18
70 791 2.1 1.7 13 2.3 2.3 17 36 | 28 | 21
80 904 2.4 20| 15 3.2 2.6 20 40 | 3.2 | 24
90 (1017 2.7 22 | 17 3.6 29 22 45 | 36 | 27
100 [1130 3.0 24| 18 4.0 3.z 24 50 | 40 | 30
110 [1243 3.3 27| 20 4.4 3.6 27 655 | 4.4 33
120 |1356 3.6 29 | 22 4.8 3.9 29 60 | 48 | 38
130  [1469 3.9 32 24 5.2 4.2 32 66 | 52 | 39
140  [15682 4.2 34| 26 5.6 4.6 34 70 | 56 | 42
160  |1685 4.5 36| 27 6.0 48 36 76 | 60 | 46
160  [1868 4.8 39| 29 6.4 5.2 39 80 | 64 | 48
170  [1921 5.1 4.1 31 6.8 5.5 4 85 | 6.8 51
180  [2034 5.4 44 | 33 7.2 5.8 44 9.0 | 7.2 | 54
190 [2147 5.7 46 | 36 7.8 6.1 46 96 | 7.6 | &7
200 |2260 6.0 48 | 36 -| 8.0 6.4 48 100 | 80 | 60
210  [2373 6.3 5.1 38 8.4 6.8 51 105 | 84 63
220  [2486 6.6 53| 40 8.8 7.1 53 1.0 | 88 66
230  [2699 6.9 56 | 42 9.2 7.4 56 115 | 9.2 69
240 p72 7.2 58 | 44 9.6 7.7 58 120 | 9.6 72
260 [2825 7.6 60 | 45 |100 8.0 60 126 | 10.0 75
260 2938 7.8 6.3 47 | 10.4 8.4 63 130 | 104 | 78
270 3051 8.1 66 | 49 10.8 8.7 65 136 [ 108 | 81
280 |3164 8.4 68 | 61 11.2 9.0 68 140 | 11.2 | 84
290 |3277 8.7 70| 63 | 11.6 9.3 70 146 | 11.6 | 87
300 3390 9.0 7.2 54 12.0 9.6 72 150 | 12.0 | 90
310  |3603 9.3 75 | 56 | 124 | 100 76 166 | 124 | 93
320 3616 9.6 7.7 58 128 | 103 77 16.0 | 12.8 96
330 3729 9.9 8.0 60 | 13.2 | 108 80 16.6 | 13.2 | o9
340 3gs2 | 10.2 8.2 62 136 | 109 82 17.0 | 13.6 | 102
350 3966 10.56 2.4 63 14.0 11.2 84 17.6 | 140 | 1086
360 4068 | 108 8.7 66 144 | 1.8 87 18.0 | 144 | 108
370 4181 | 111 89 | - 67 |148 | 119 89 185 | 148 | 111
380 4204 |11.4 9.2 69 16.2 | 12.2 92 19.0 | 162 | 114
390 4407 1.7 9.4 7 1686 | 125 84 195 | 16.6 | 117
400 4520 | 120 9.6 72 | 160 | 128 96 200 | 160 | 120




Table Vill-12 (Contd.)

Brick 5 wall 10+ wall - Mass wall
Masoniy| Bricks Cement Sand Cement Sand Cement an
cft. cft. [Bags | cft. cft. Bags cft. cft. Bags et

410 4633 12.3 9.9 74 16.4 13.2 99 205 | 16.4 | 123
420 4746 12.6 101 76 16.8 13.56 101 21.0| 168 | 126
430 48569 12.9 10.4 78 17.2 | 13.8 104 21.6| 17.2 ] 129
440 4972 13.2 10.6 80 17.6 14.1 108 220 17.6 | 132
460 6068 136 10.8 81 18.0 14.4 108 226| 180} 135
460 5198 13.8 141 83 18.4 14.8 11 23.0| 184} 138
470 65311 141 11.3 86 18.8 15.1 113 23.6| 188 | 14
480 5424 14.4 11.6 87 19.2 15.4 116 240 19.2 | 144
490 6637 14.7 11.8 89 19.6 16.7 118 245| 19.6 | 147
600 65650 16.0 12.0 90 20.0 16.0 120 26.0| 200 | 150
610 6763 15.3 123 92 20.4 16.4 123 256| 204 163
620 5876 15.6 12.6 94 20.8 16.7 126 26.0| 20.8 166
530 5989 16.9 128 96 21.2 17.0 128 266 | 21.2 169
640 6102 16.2 13.0 98 21.8 17.3 130 270 21.8 162
550 62156 16.6 13.2 99 22.0 17.6 132 276} 220 166
660 6328 16.8 13.6 101 22.4 17.9 136 280 | 224 168
670 6441 171 13.7 103 22.8 183 137 286 | 228 1m
680 65564 17.4 13.9 106 23.2 18.6 140 29.0| 23.2 174
6590 6667 |177 14.2 107 23.8 18.9 142 2956| 236 177
600 6780 18.0 144 108 24.0 19.2 144 30.0] 24.0 180
610 6893 18.3 14.7 110 | 244 19.6 147 30.6| 244 183
620 7006 18.6 14.9 112 24.8 19.9 149 31.0| 248 186
630 7116 18.9 16.2 114 25.2 20.2 162 31.6| 262 189
640 7232 19.2 16.4 116 25.6 20.5 164 320| 26.6 192
660 73456 196 16.6 117 26.0 20.8 166 325 260 196
660 7468 19.8 1569 119 26.4 21.1 169 33.0| 264 198
870 7671 20.1 16.1 121 26.8 21.6 161 3365| 268 201
680 7684 20.4 16.4 123 27.2 21.8 164 340 27.2 204
690 7797 20.7 16.6 126 27.6 221 166 346 276 207
700 7910 21.0 16.8 126 28.0 224 168 30| 280 | 210
710 8023 21.3 171 128 28.4 22.8 m 366| 284 | 213
720 8136 21.6 17.3 130 28.8 23.1 173 360 | 288 21¢
730 8249 21.9 17.6 132 29.2 23.4 176 36.6| 29.2 | 219
740 8262 22.2 17.8 134 29.6 23.7 178 37.0| 296 222
760 8476 22.56 18.0 136 30.0 24.0 180 376 30.0 225
760 86588 22.8 18.2 137 30.4 24.3 183 380 | 30.4 228
770 8701 231 18.6 139 30.8 24.7 186 385 | 30.8 | 231
780 8814 23.4 18.7 141 31.2 26.0 188 39.0| 31.2 234
790 8927 23.7 19.0 142 31.6 26.3 190 39.6| 31.6 | 237
800 9040 24.0 19.2 144 32.0 25.6 192 400 | 320 240




Table VIii- 12 (Contd.)

Brick 5 wal 10 wall Mass wall
Masonty | Bricks Cement Sand Cement Sand Cement Sand
cft. cft. Bags cft. cft. Bags cft. cft. Bags cft.
810 91563 | 24.3 19.6 | 146 324 26.0 | 186 40.5 32.4 243
820 8266 | 24.6 19.7 | 148 328 26.3 | 197 41.0 328 248
830 9379 | 24.9 19.9 | 160 33.2 26.6 | 200 41.5 33.2 248
840 9492 | 26.2 20.2 | 161 336 26.9 | 202 42.0 33.6 252
860 9606 | 26.5 20.4 | 1562 340 27.2 | 204 42.6 34.C 266
860 9718 | 26.8 20.7 | 1564 344 27.6 | 207 43.0 344 268
870 9831 | 26.1 20.9 | 167 348 27.9 | 209 43.5 348 261
880 9944 | 26.4 21.2 | 168 35.2 28.2 | 212 44.0 35.2 264
890 10067 | 27.7 21.4 | 160 35.6 286 | 214 44.5 35.6 267
900 10170 | 27.0 21.6 | 162 36.0 288 | 216 456.0 38.0 270
910 10283 | 27.3 21.9 | 164 36.4 292 | 219 45.6 38.4 273
920 10396 | 27.6 221 166 36.8 29.5 | 221 46.0 36.8 276
930 10609 | 27.9 22.3 | 168 37.2 29.8 | 224 46.5 37.2 279
940 10622 28.2 | 226 | 170 37.6 30.1 226 47.0 376 282
960 107356 | 28.5 228 | 1M 38.0 30.4 | 228 47.5 38.0 285
960 10848} 28.8 | 23.1 | 173 38.4 30.8 | 230 48.0 38.4 288
970 10961 | 29.1 23.3 | 176 38.8 31.0 | 233 48.5 38.8 291
980 10074 29.4 | 236 | 177 39.2 31.4 | 236 49.0 39.2 294
990 11187 | 29.7 238 | 179 39.6 31.7 | 238 49.5 39.6 297
1000 11300| 30.0 | 24.0 | 180 40.0 320 | 240 60.0 40.0 300
2000 22600| 60.0 | 48.0 | 360 80.0 64.0 | 480 100.0 80.0 600
3000 33900| 90.0 | 72.0 | 540 120.0 96.0 | 720 160.0 | 120.0 900
4000 45200 |120.0 | 96.0 | 720 160.0 | 128.0 | 960 200.0 | 160.0 1200
5000 56500 |160.0 | 120.0 | 800 200.0 | 160.0 |1200 260.0 | 200.0 1 50()J




(m) Quantities of Materials for 100 sq. ft. of plaster. -
Table VIlI-13

Mortar Mix Thickness Cement Sand
Inch. Bags cft.
1:3 ¥ 1.24 6.0
3 1.88 7.03
1:4 y | 10 5.0
P 1.5 7.5

(n) Quantities of Materials for Brick Road Surface, 10°.0-- wide with soling, 3+ and bed,
herringbone, brick edming and bituininus carpeting

Table VIII-14
Brick Bituminous Carpeting
Length
o? Soling Hb::"":g Edging | Total Bitumen Graded Sylhet s:":')’
Road (Nos) (Nos) (Nos) (Nos) (pounds) single (cft) (
1 mile 1568400 264000 | 44880 | 467280 31680 5544 28778

(o) Quantities of Materials for water Bound Macadam Road, 10'-0‘- wide with soling, 3 sand
bed, 6/ water bound Macadam and bituminous carpeting.

Table VIil-15.

Lergth | Brick W. B. Macadam Total Bituminous carpeting Sand

of Soling Graded A Bricks
ggregate | Bricks Bitumen | Graded Syihet cft)
Road (Nos) (cft) (Nos) (Nos) (Pounds) | Single (cft) (

1 mile | 168400 36960 314160 | 472560 31680 5544 27720

(P) Water. Cement Ratio (gals, per bags of cement) Strenath of Concrte.
Table Viil-16

Water/Comemt Water In gallons Water/Cement Water In gallions

Ratlo Per bag of cement Ratlo Per beg of cement,
0.1 1.12 11 12.32
0.2 2.24 1.2 13.44
0.3 3.38 1.3 14.56
0.4 4.48 14 15.68
0.6 5.60 1.8 16.80
0.6 6.72 1.6 17.92
0.7 7.84 1.7 19.04
08 . 8.96 1.8 20.18
0.9 10.08 1.9 21.28
1.0 11.20 2.0 244




@ Allowable slump for different works

Table VIII-17
Allowable Stump Degres of
(inches ) workability Suitable works
0-1 4 Very low Precast and vibrated concrete works in roads and piles
1.2 Low Road Works
Mass Concrete in Foundation
Lightly reinforced sections
2-4 Medium Stiabs
Normal reinforced concrete
Heavily reinforced Sections
4-7 High Sections with conjested reinforcement
8000
© 7000 [
6000
N
5000 N\
4000 (\ \
3000 ™~ \\
\ \
2(;00 \ \
\ w‘
1000

0.3 0.4 0.5 0.6 0.7 08 0.9

W/C Ratio g;-g;g after 1 year
QZ— g! after 28 days
@-@ after 8 days

Water/Cement ratio vs Strength of Concrete (1:2:4) Fig. Vill-1



(v) Allowable bearing Capacity of soil of various physical descriptions.
“Table VIII-18

Description of Soil

Safe Load in tons/sq. ft.

Soft wet pasty or muddy clay, and marshy clay 0,26-0.23
Alluvial deposits of modarate depths in river beds 0.20~—0.35
Dituvial clay in beds of rivar 0.35—1.00
Black cotton soil 0.60—0.75
Alluvial earth loams 0.756-1.60
Moist clay 1.00—1.25
Compact clay, nearly dry - 2.00

Solid clay, mixed with very fine sand 3.00

Dry compact clay of considerable Thickness 3.00—-6.00
Compact sand 2.00-3.00
Compact sand prevented from spreading 5.00—7.50
Sandy gravel or kankar 2.00—3.00
Compact grave! 7.00—9.00
Red earth 3.00

Murram 4.00

(s) Splicing Length ‘and Development Lenth of Various denominations of M. S. bars,

Table VilI-19
Dia. of M. . bars in inch Minm. Splicing length in inches
In tension in compression
1/4 ‘ 24 10
38 24 16
1/2 : 24 26
5/8 30 25
38 36 30
7/8 42 © 36
1 ' 48 40 -



http:7.00-9.00
http:2.00-3.00
http:5.00-7.50
http:2.00-3.00
http:3.00-6.00
http:1.00-1.25
http:0.75-1.50
http:0.50-0.75
http:0.35-1.00
http:0.20-0.35
http:0,25-0.23

Appendix - 1 .
RURAL WORKS PROGRAMME PROJECT PRO-FORMA

Thena H
Subdivision :
District

1. Project No.

2. Name and location of the proposed
project.

3. Name and designation of the officer
responsible for the technical
preparation of the project.

4. Name and designation of the officer
responsible for the execution of
the project,

5. Type of project

New Construction,

culvert
bridge
sluice
Reconstruction/repair
culvert
bridge
sluice
6. A full description of what is pro-
posed to be done under the scheme :
7. Nature of benefit that is sougt
to be derived for the people
through the project
8. Specification of the project to be Length :-
executed. Breadth :-
Height :-
Depth :-

9. If the project is ona of reconstruc-
tion or improvement, specification
of the project as existing now :




10.

Yotal quantum of work proposed
to be done. ( difference between
items8and 9) :

11.

Whether any work was done on
this project in previous years. It so
full specification and description
of such works and year wise ex-
penditure and total of previous
expenditure

12,

Total allocation for the project
required during the current finan-

cial year : Tk.

13.

Whether land required will be
voluntarily contributed and if so,

whether the owners signified in
writing their consent to contribute

14.

Monetary value of voluntary con-

tribution in land : TKk.

15.

Estimated expenditure on the following :—

(a) Purchase of cement ; Quantity..........
(b) Purchase of bricks ; Quantity...........
(c) M.S.Rods; Quantity..........
(d) Sand; Quantity..........
(e) Bitumen H Quantity...........

(f) Expenditure on wages of unskilled labour ;
(g) Expenditure on wages of skilled labour ;
(h) Contingency ;

() Remuneration to Project Secretary ;

Rato.....ccoeeenree Cos\
Rate........coe... Cost
Rate......ccccuenns Cost
Rate............... Cost
Rate..........c.es Cost
TKevereerearerrnenns
| 1 SPP
| 1 SO
| 1 OO

. Describe in physical and financial terms

the works proposed to be done year by
year in the future :

17.

Include a detailed estimate in the form given below :

St. No. Name of item Physical description, grade,
specifications etc.

1 2 3

Unit | Rate/unit

4 5

Remark




Appendix - Il
RECORD KEEPING DUMMY TABLES ETC.

Construction Schedule Chart :

1.
Project
Union {———1 Estimated progress
Thana —— Actual progress
. Sub-division :
District
Item Operation Month/dates Month/dates
14 21 28 7 14 2 28

2. Checklist For Materials :

Project

Union

Thana :
Sub-division :

District

Date :

Materials

Quantity reqd.

Quantity ordered

Quantity on hand




3. PROFORMA for Revised Estimate for Completion of Incoﬁiploto Work :

Preject
Union
Thana
Subdivision
District
Work done as per original
Original estimate estimate
Item |Description | Qty. of work | No. of such | Rate per | Amount | Qty. of work, | Rate per | Amount
of work sft/cft item unit Tk. sft/cft unit Tk.
1 2 3 4 5 6 7 8 9

Incomplete work according
to original estimate

Revised estimate for incomplete
constructinn work

Qty. of
work,
sft/cft

10

No. of
such
item

1

Rate per | Qty. of | No. of
unit work, such
sft/cft item
12 13 14

(a) Additional amount read.
for incomplete work as
per revised estimats,

(b) Total amount already

Rate per | Amount
unit Tk.
spent,
156 16

17
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'DESISN EXAMPLE[C-1I

" R.C.C SLAS BRIDSE @ ST CLASS BRKK.
"CHANNEL WIDTH= 180" @ !:4 MORTAR MIX. FOR BRICK WORK.
CHANNEL DEPTH — 7.0" @ 133 MORTAR MIX. FOR ALL ExPoseD |

PLASTER WORKX.
ROAD WAY WITH —20-0" ol

$OIL CONDITION SATISFACTORY ® ':!%:3 mix. FOR REINFORCED

CONCRETE WORK.

@ 1:3:6 MIX. FOR CEMENT CONCRETE. |
WORK . ¥

BRICK . | CEMENT | BRICKS | cEMENT| sanD KHOA | STONE | M.S.RODS
WORK | CONCRETE CHIPS
P y—
3 0 —sae0%
MATERIALS 3436crr. [C-C 663CF] 399000 | 421 BAG. [1630 CFT. |1095 CFY. | 50 CFT. | | g — aso®
RCCHS)«|  NOS. .
% 0 — 260"
3 0 —1i687"
7 0 —-837T%
MARK D!A NOS. |LENGTH FINAL SHAPE
ROD
mo'“c sl “' ° 30 8'-4" JL 7. a" -:
SCHEDULE 1 f
A 17'- ¢° 1
T ?
S2 %0 3Q 19'. 2" < \Ef /S =
1 e TSR 1 «-3"]
T T 1 | 1
i
S3 Py o |eoe| [ _{] i
l 21'- " 1
T T
Se n0 2x2 | 18-2" -
1A% i
: T
Ss B 2xe | 222" - =
1 . an'- ¢" 1
T T
Se B 2x48 | 3'-4" =

&
e

R) 2xaxs | 7-o"

R2 WNe |xpws| -0

"



-DESIGN EXAMPLE

C-1l

SPECIFICATIONS

ABUTMENT AND WINGWALLS ARE BRICK MASONRY. BED BLOCKS AND »
FOUNDATIONS ARE CONCRETE AOUTMENTS AND WINGWALLS ARE BUILT
AS ONE UNIT.

2°IRON PIPE MAY BE SUBST!TUTED FOR CONCRETE RAILS BETWEEN THE
CONCRETE POSTS.

PROVIDE WEEP HOLES 3"X3"IN Asumenr AND WINGWALLS EVERY 8. 0% %
VERTICALLY AND HORIZONTALY.

",x

SLAB TO BE POURED AT ONE TIME, PROVIDE DRAINAGE HOLES IN CURB EVERY
5~ 0%, BARS FOR RAILING POSTS SHALL BE PLACED BE FORE THE SLAB
IS POURED

E

ROD
2ENDING
SCHEDULE

MARK

pia | -nos. |LENGTH FINAL SHAPE

R3

Bo |[mxsx2 | 2-6" | B)
a2

%e |2x2xe | ie-2° ;' et

1b

Rg -

4 0 axel | 2- ¢ -F-'E#:




DESIGN EXAMPLE [C-12]
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DESIGN EXAMPLE [C=12)
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DESIGN EXAMPLE |
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 DESION EXAMPLE [C-12]
B T

R.C.C ‘SLAB BRIDGE

CHANNEL WIDTH - 18-0"
CHANNEL DEPTH- 7:0"
ROADWAY WITH — 200"

@ !ST. CLASS BRICK.

@ 1.4 MORTAR MIX.FOR BRICK WORK

‘Q 1:3 MORTAR MIX. FOR ALL EXPOSED |
PLASTER WORK.

SPECIFICATIONS @ 1:115:3 MIX.FOR Rt  CED
SOIL CONDITION : NOT SO CONGRETE WoRk. -
SATISFACTORY.
, @ !:3:6 MIX. FOR CEMENT CONCRETE
WORK. o
BRICK | CEMENT | BRICKS |CEMENT | sano | kHoa | sToNe | M. s.roDS.
WORK | CONCRETE : CHIPS
% o —— sst
c.c 3 86— 3ot
MATERIALS  [s410 CFT.[773 CFT. [62210 NOS| 352 BAG.|2302CFT. [1196 CFT.| 30 CFT. | k¥ g — gs0*
RCC
851 CFT. % 0 — 260"
3 0— 1687
% 0—e3rit
MARK DiA NOS. |LENGTH FINAL SHAPE
ROD
BENDING s, X 0 30 8~ e vy —
SCHEDULE .
17t 4" +
Sz ‘%o 30 13'- 2" Vs
- 1g 1 a.23"]
. } {
s iYe a3 | 20-6" ﬂi
3 2
21'- 4" 1
1
Se g8 2x2 | 18-2' —
ss 3¢ 2xs | 22-2" , =
2 ¢’ 1
T
S¢ ¥ 2xe4s | 3'- 4"
R, a0 28 | 7'-0"
Rz Tse |2xaxaxs| e'- 9" ' . J
PR S OO NP STE Fr P Ve . dn_‘ O e " ST RO --vm.m't‘
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DESIGN EXAMPLE

€13 .

i ]

; @ ABUTMENT AND WING #ALLS ARE BRICK MASONRY. BED BLOCKS AND
i FOUNDATIONS ARE (/NCRETE ABUTMENTS AND WINGWALLS ARE BUILT
. AS ONE UNIT. , ,
© SLAB YO BE POURED AT ONE TIME , PROVIOE ORAINAGE HOLES IN CURD.
EVERY 3-0, BARS FCR RAILING POSTS LHALL OF FLACED BEFOHE THE
ISPECIFICATIONS SLAB IS POURED .
© 2"IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BETWEEN THE
CONCRETE POSTS.
@ PROVIDE WEEP HOLES S'X3" IN ABUTMENT AND WINGWALLS EVERY 5 0"
VERTICALLY AND HORIZONTALY.
. MARK | DIA NOS. | LENGTH ~ FINAL SHAPE
ROD
BENDING Ra e |i3xsx2 | 2- 6 _B_Ipt
SCHEDULE
[ ' . [ —
Re 30 2x2x4 | 18-2° [ = Toat 1
1 T
Rs Va @ axel | 2'- 0" g_jt
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DES%GN EXAMPLE [B-| R.C. Slib Bridges
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DESIGN EXAMPLE I B-1
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DESIGN EXAMPLE [B-I
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DESIGN EXAMPLE

R.C.C SLAS BRIDSE
CHANNEL WIDTH - 20- 0"
CHANNEL DEPTH - 7. 6"

@ IST. CLASS BRICK.

@ ). 4 MORTAR MIX. FOR BRICK WORX,
© 1:3 MORTAR MIX. FOR ALL EXPOSED

PLASTER WORK. ‘
ROAD WAY WITH - 20'-0" i 4
|STECIFICATIONS SOIL CONDITION SATISPACTORY @ !:1/2:3 MIX. FOR REINFORCED
CONCRETE WORK.
@ 1:3:6 MIX. FOR CEMENT CONCRETE
WORK.
BRICK cemsn;J BRICKS | CEMENT | SAND | KHOA | STONE | M.S.RODS
WORK | CONCR CHIPS
Vs 0 ——t04"
e . g 0o—216¥
MATERIALS 6190 CFT |1041 CFT.|71300 NO§ 675 BAG.| 2770CFT.| 1615 CFT. [ 64 CFT. | 35 g ——1540%
R.CC . £
744 CFT. % 0 —2980
o —1122*
MARK DIA NOS. {LENGTH FINAL SHAPE .
ROD
BEND'NG s' w; 6 38 23!_ 4. : 22'- 4" J\L
SCHEDULE f _ ¥
J\ C_22-4 s
I 1
S2 %o 37 24'- 4" \‘!T /
L 50_.- N I “.- ry T ’u-.n
v T T 1
S3 % e 31 a0-6| [
L ‘- 4"
T
Sq %0 2xa | 23%- 4" &=
| 22'. o°
T
5 . M [ -
Ss /8 © 2x4 | 22-2 ; T e |
i )
Sg Bo | 2xes | 3.4 ?i
by
R 750 |2xx2xs | 7'-0" M
+i
'!\ i
Ry | 7o |axaxaxs| e'-9° h
rres e i o v ar . T, s 4 o A A UL v, e € iy aPe




" DESIGN EXAMPLE [B-1
r_i

@ ABUTMENT AND WINGWALLS ARE BRICK MASONRY. BED BLOCKS AND
FOUNDATIONS ARE CONCRETE ABUTMENTS AND WING WALLS ARE BUILT
AS ONE UNIT,

@ 2"IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BETWEEN THE
CONCRETE POSTS A

SPECIFICATIONS @ PROVIDE WEEP HOLES 5°X3"IN ABUTMENT AND WINGWALLS EVERY 3'-0"

: VERTICALLY AND HORIZONTALY.

MARK DIA NOS. | LENGTH FINAL SHAPE
ROD ’
BENDING R3 ¥e |i3xsx2 | 2.6 | €D -J‘?#
SCHEDULE ~+4-

Rq Y90 |axaxe |23.20 | T pr

Rs e | axmwe | 2. 0" E_It
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DESIGN EXAMPLE |B-2

® CHANNEL WIDTH :20-0"
CHANNEL DEPTH : 7'- 6"
ROAD WAY WIDTH :@ 20- 0"
SOIL CONDITION : NOT SO SATISFACTORY

©® SAME AS DESIGN EXAMPLE B; WITH THE ADDITION SAL BALLAN PIES
6" TO 8" IN DIAMETER AND LENGTH 8-0".

©® [2° CEMENT CONCRETE WILL BE PUT ON TOP OF THE PILES. BEFORE
GRICK WORK (S DONE . '
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" DESIGN EXAMPLE [B-3) . c:T-boam bridges

SECTION A-A

SCALE: Yg=1'- 0

6,,;5*( '

AN
EAFTANKMENT
SIVE SLOPE ~

. . Ve — )
R iy T
! | | $ | L. $
JapPROACH rmoi : E E a6 : | |1 approack roo L ‘°i
| I _fq_.| : o l,,_ﬂ?_. i :n‘
N . { 1t ] II I 1L H [ . ;_’.;_;t
i LR
i a \ !
el B
' WING WALL ~ y i

EMBANKMENT
SI0E SWPE

SECYIGN C-C

SCALE: I «1-0"

110



DESIEN EXAMPLE
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DESIGN EXAMPLE [B-3]
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DESIGN

ExAMPLE B-3
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DESIGN EXAMPLE

') 4
| R.C.C. T-BEAM BRIDGE @ IST. CLASS GRIEK.
CHANMNEL WIDTH — 200" @ 1:.e MORTAR MIX, FOR GRICK WORK
CHANNEL DEPTH — 7% ¢ © 113 MORTAR MIX. FOR ALL EXPOSED
_ _ PLASTER WORK.,
" [} 0 '
SPECIFICATIONS ROADWAY WIRTH -—12- G @ 1:115:3 MIX. FOR REINFORCED
SOIL CONDITION SATISFACTCRY CONCRETE WORK,
@ 1:3:6 MIX. FOR CEMENT CONCRETE
WORK. . :
BRICK | CEMENT | BRICKS | CEMENT | SAND | XHO& | STONE | M.S.-RODS.
WORK | CONCRETE| - CHIPS
MATERIALS | o — 108"
'|4420 CFT.|C.C T30CFY5I000 NOS.| 431 BAGS | 1780 CFT.| 830 CFT.| a0 ¢FT. |35 0 —— 800"
RCL. 298CF. b6 — 2220%
%0 —— 390"
780 — 040"
"o —1025"
MARK DA NOS. |LENGTH FINAL SHAPE
ROD — -
B "o 2x3 231" T3
BENDING : + 22 4
SCHEDULE B, 1" 0 2x3 | e3st | Ty -
——d—
83 " o 2x2 | 240" \ad . /
e 19. 4" -
T ZE'- 3‘. T
B4 3% 0 2x2 2t | F Py
Bs o 2x33 | s'.a" ;I
l.i
S, wo 78 14- 0" 'J' 15 4 il
T T
S» Wo 39 18- 8 ; = +¢
” “ [ S |
53 Vgo 39 9'.4 oy
Sa 2o 50 2.0" | T .
‘ Ss Y50 ax2 12’ 10° 1 |
: % 330 25X2 3. 4"
) 4
iy )
!i | Ry LA X e = !
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BESIGN EXAMPLE [B-3
@ ;

@ ADUTMENT AND WINGWALLS ARE BRICK MASONRY. BED BLOCKS AND
FOUNDATIONS ARE CONCRETE ADUTMENTS AND WINGWALLS ARE BUILY
AS ONE UNIT. ' o
@ SLAB AND BEAMS TO BE PUURE. AY ONE TIME, PROVIDE ORAINAGE IN
CURB EVERY $'-0°. BARS FOR RAILING POSTS SHALL QE PLACED
g@t‘ﬁggac&trw&;s BEFORE THE SLAB IS POURED. ‘ ‘
. @ 2'IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BETWEEN THE
CONCRETE POSTS. v .
@ PROVIDE WEEP HOLES 53"X3" IN ABUTMENT AND WINGWALLS EVERY 5'-0"
VERTICALLY AND HORIZONTALY.
MARK-| DIA NOS. | LENGTH FINAL SHAPE
K08 -
B0 R2 A @ axio 6'x1" -g—'w
BEMNDING | e
REOAB LS §p ¢ .
53@%%!.&3&.5&.& R3 % L) 10X11 2'. 6" E-‘i
)
Re | %o | axe | 232| EPTOVY 3
Ry Yo ax7e | 2'-0" _E_:'t

1:1@:'




Ls

DESIGN EXAMPLE |B- 4]

SRR

»

® CHANNEL WIDTH :@ 20-0"
CHANNEL DEPTH :@ 7-6"
ROAD WAY WIDTH : 12°- 0"
SOI. CONDITION : NOT SO SATISFACTORY

@ SAME AS DESIGN EXAMPLE O) WITH THE ADDITION SAL BALLAH PILES
6° TO 8" IN DIAMETER AND LENGTH 8-0°

@ 12" CEMENT CONCRETE WILL BE PUT ON TOP OF THE PILES. BEFORE
BRICK WORK i3S DONE.
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psiGN ExaMPLE [B-5)
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DESIGN EXAMPLE
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DESIGN EXAMPLE [B-5]
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DESIGN EXAMPLE
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!

DESIGN EXAMPLE

" IST CLASS BHICK.

" R L R s Vq-‘,,:»{
SPECIFICATIONS, CHANNEL WIDTH- 20'-0" @ 124 MORTAR MIX.FOR BRICKWORK :
- . @ !!3 MORTAR MIX .FORALL EXPOSED
CH‘”“EL DEPTN"' 7‘6 PLASTER WORK. ‘
ROADWAY WIDTN- 20-0" @ 11¥2:3 MIX.FOR REINFORCED
CONCRETE WORK,
SOIL. CONDITION - SATISFACTORY '
‘ @ 1!3:6 MIX.FOR CEMENT CONCRETE
WORK.
BRICK [ CEMENT | BRICKS | CEMENT| SAND | KHGA | STONE | M. RUDS
v : .
4416 cft, [C.C.730.¢cft.| SLOOC | 431 Bags.[IT80CI] 930¢ctt, | 40ctt. | 34" 0 04 *
\
RC.C.295 cft 3/6°0 700%
72" 0. 2020%
5/8'0 1020#
7/8"0 1620 &
MARK. DIA, NOS. | LENGTH. FINAL SHAPE,
ROD ,
B 78"0 | 3x4 23-5" = = =
BENDING. ! 22-3
[ . -~
SCHEDULE. B2 78" @ | 3x4 | 22-n" 219"
JL Y
83 g Lg" /"g_L
8o 2X4 24=0 j,z-( 17t 6" g_i:
B4 /89 1X4 Hn-g" - 6"
83 5/8"a@ | 2x4 23" = 2 243" =
Be g'p | axas | s-6" Da"
9"
5) " Y] [ =2
B? 8"¢ | ex2 20-7 o
'7ll
‘Pg 3e"0 | 7x3X2 | 46" D
7.
S I2"g | a3 22t2 | 21-8" - !
] 20__9u ' 3'2.| ‘
S2 12vg | 3 a3 | & " o—" \._./"-"l
h g t
Sy 129 | 31 210" 0 .
2f-6" l
s 1/2* v & =]
q 2' @ 3XI0 230 YOS
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DESISN EXAMPLE

B- B
By -

; , . ABUTMENT AND WINGWAL LS ARE BRICK MASONRY. BED BLOCKS AND
i FOUNDATIONS ARE CONCRETE.ABUTMENTS AND WING WALLS ARE BUILT
QPEGFICNNOB” AS ONE UVIT. R
Do SLAB ANO BEAMS TO BE POURE AT ONE TIME, PROVIOE DRAINAGE IN"
‘ CURS EVERY 5-0". BARS FOR RAILING POSTS SHALL BE PLACED
BEFORE THE SLAB IS POURED.
2°IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BETWBEN
THE CONCRETE P OSTS.
PROVIDE WE EPHOLE S 553" IN ABUTMENT AND WINGWALLS EVERY AL0O"
VERTICALLY AND HORIZONTALY.
MARK. | DIA. NOS. | LENGTH FINAL SHAPE,
ROD
" " [ )
BENDING . S5 72" 8 2X4 230 PYpT
SCHEDULE. Sg $/8" g 4X2 20-8" o PR —
N
S? Ye @ 2x40 | 3-4" ORY
0
4-0"
R| 8" 2 2X10 7-8"
’ [ ~S—
2.‘6“
4
3-6"
R 7 u. v
2 /78 2x10 | 72
2t 6"
N
3'_9"
Ra 7/8"0 2xi0 | 73" 2-6"
P——l
n
f3-3"
Ry 78" 0 2x10 | e=n" 2t¢
c——
Rg 390 | 14x10 | 2-6" t: &
7.
R 8/av c -
6 8" 0 axax2 224"
]
Ry Vg g 78X4 | 2%0° Q“
6
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DESION EXAMPLE [B-6]

® CHANNEL WIDTH . 20-0"
CHANNEL DEPTH . 7.6"
ROAD WAY WIDTH & 20-0" .
SOl CONDITION . NOT SO SATISFACTORY

©® SAME AS DESION EXAMPLE Bs WITH THE ADDITION SAL BALLAH PILES
6" TO 8" IN DIAMETER AND LENGTH 8'-0"

@ 12" CEMENT CONCRETE WILL BE PUT ON TOP OF THE PILES. BEFORE
BRICK WORK IS DONE. '
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DESIBN EXAMPLE (B 7
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oesion Exaupie [B-7
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ozsmn EXAMPLE [B- 7]
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P

DESIGHi - EXAMPLE [B- 7

GIF;GATO : & ST CLASS BRiCK, e
' CHANNEL WIOTH- 25-0" @ 114 MORTAR MIX.FOR BRICKWAI, T
CHANNEL DEPTN- 8- 0" @ 1:3 MORTAR MIX.FOR ALL EXPOSED ||
‘ . PLASTER WORK. 3
ROADWAY WIDTH- 20" ' ® 1:1Y2:3 MIX. FOR REINFORCED .
SOIL CONDITION. SATISFACTORY CONCRETE WORK, ;
@ 1:3:6 MIX.FOR CEMENT CONCRETE|
WORK.
‘BRICK CEMENT] BRICKS | CEMENT| SAND | KHOA | STONE | MSRODS.
WORK [CONCRE CHIPS ;
MATERIALS. 1 . 14> @ 130 #}°
3480ctt. |CL. 910t 68,700 |620Bags|2480¢11.!1490¢cft. | BOcft. | 34 0 92 4 :
RCC 742 Nas. | vzt g 2sred |
ot | e/9" o 1262.4 |
; t e o 1428 §
! " 2 284 %
MARK. | DA’ | Nos. |LENGTH. FINAL SHAPE,
ROD
BENDING | 8 g |3xexa |2e-r | F ppr =
SCHEDULE. 5 p 2xa | - =
2 "9 I5-1 =
B3 5/6" o | 2x4 28-I" | © — -
: 2743
By 330 | 51xa | 6-10"
By S54"g | 6x3 2d-m"
Be 3gg | a1x3 5'-10"
Sy 'v | 38 22-2"
32 lsn® Int
et | 38 23'-2
$3 1o g | 38 27 10"




DESIBN CHAMPLE

B-7

. : © ABUTMENT AND WINGWALLS ARE BRICK MASONRY. SED ALOCHS AND ‘
SCECIFICATIONS FOUNDATIONS ARE CONCRE TE, ABUTMENTS AND wmcmus KRE
1 BUILT AS ONE UNIT. '
@ SLAB AND BEAMS VO BE POUAED AT ONE TIME. PROVIDE DRAINAGE 1t}
CURS EVERY 50 BARS FOR RAILING POSTS SHALLBE PLACED
BEFORE THE SLAB 1S POURED.
® 2" IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BCETWEEN
THE CONCRETE POSTS
@ PROVIDE WEEPHOLES 3°X3" IN Auuwznr AND ‘WINGWALL EVERY
82" VERTICALLY AND HORIZONTALY. _
MARK. | DIA NOS LENGTH FINAL SHAPE.
ROD . -
Sq V2" o 3X10 28t0” | © 27-4"
BENDING -
i s i f . Y
SCHEDULE. i V8 2"o 2x4 26-0° 27! ¢"
[}
| Se %" 4x2 208" | & -
% 4 19-10"
: 87 ¥s"g | 2x40 | ¥-< D‘"
"
f
40"
- Ry L/ of 2XI12 7-8"
. [ A
Z-¢"
: . m
R2 78" g | 2xi2 | 72" 36
2' "
 Rg 7e*g | 2xi2 | 78" I 9
! ' ‘ ' 2'-‘"
-
!
i'Ra 78 g | 2XI2 eti" 3-3"
| 2'e"
| -
: Rg 380 | 1ax12 | 2-6" I 5
; ) '7-
R , ol ..
8/8" L] " o
[ /8”9 | axaxz | 282 arte
o R7  |a"g |esxaxz| 2to" ',Df’
g | o E R . i




DESIGN BXAMRLE [B-8]

® CHANNEL WIDTH . 25'.0"
" CHANNEL DEPTH . @'- 0"
ROAD WAY WIDTH . 20-0"
'SOIi. CONDITION - : NOT SO SATISFACTORY

® SAME AS DESIGN EXAMPLE 07 WITH THE AODITION fAL BALLAH PILES
6" TO 8" IN DIAMETER AND LENGTH 10'-0°

® 12" CEMENT CONCRETE ‘WILL BE PUT ON TOP OF THE PILES. OEFORE
BRICK WORK IS DONE .
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DESION EXAMPLE [B- 9]
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DESIGH EXAMPLE |
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DESIGN EXAMPLE B- 9
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b o

 DESIGN EXAMPLE |

. @ 13T CLASS BRICK,
SPECIFICATIONS CHANNEL WIDTH~ 30'- 0" @ ;4 MORTAR MIX.FOR BRICKVIRK.
' L e @ !:3MORTAR MIX.FOR ALL EXPOSED
CHANNEL DEPTH- 8-0 PLASTER WORK.
ROADWAY WIDTH = 20' - 0" @ :1V2":3 MIX.FOR REINFORCED
CONCRETE WORK. '
SOIL CONDITION — SATISFACT CRY
@ 1:3:6 MIX. FOR CEME NT CONCRETE
WORK.
‘ BRICK CEMENT | BRIckS [ cEMeNT] sanD | kHoA | sToNE | M. RODS.
WORK. | €UCNCRETE CHIPS .
MATERIALS. var poas #
8830¢ft.|CCO937ctt| 67,100 ssoacﬂ 2610ctt. [1660ctt. |90ctt. |a/80 o 925 #
R.C:c.cgf":j Nos. I/a‘ a 295*
5/8" @ 13904
78" @ 1690%
1" @ 300H
MARK. | DIA. NOS. | LENGTH FINAL SHAPE..
ROD : -
B, 1 " g 3x2x4 | 33-7" & =
BENDING : | 32 8"
SCHEDULE. o
' By | IO axa | 3s-4 | N\ Vi
; 1 2r-¢ i ol
" s ANl [ wned -
B3 "o x4 17-4 eior
B 5/g° . (L =
4 /8" O 2X4 334 e -
85 34" |asxa4 | 7-6! D 33
9"
Bg S5h"o axax3 | 207 | € . —
9“9
By 3g'g | 18x3 | 66 29"
‘ =
= -
8y Vo g | ae 22"-2" 2r-e”
: PV
s2 Vo' |44 &2 | SN__/\J F‘;;';a:\_f'b
gila-i 3, 30k a2, 44
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'DESIGN EXAMPLE

B-9 |

@ ABUTMENT AND WINGWALLS ARE BRICK MASONRY, BEDBLOCKS AND
FOUNDATIONS ARE CONCRETE, ABUTMENTS AND WINGWALLS AR(

SPECIFICATIONS
) : BUILT AS ONE UNIT.
@ 5LAB AND BEAMS TO BE POURED AT ONE TIME. PROVIDZ DRAINAGE IN
CURB EVERY 510", BARS FOR RAILING POSTS SHALL BE PLACED
BEFORE THE SLAB IS POURED,
@ 2°IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS BETWEEN
THE CONCRETE .POSTS.
@ PROVIDE WEEPHOLES 58" IN ABUTMENT AND WINGWALLS EVERY -
B-Q" VERTICALLY AND HORIZONTALY,
MARK | DA NOS |LENGTH FINAL SHAPE.
ROD ,
BEND'NG 83 |/2u g 4.4 270_'00. B D
. L
SCHEDULE. 2te
S4 2y |axio |33-0" | © —" 2
. [ -3
Ss i72"g |2xe4 |33-0" 32-4" -
’ [ -
Se 8/g"@ - | AX2 208" 19-10"
S; /gy | 2xe0 |3te” ) 4
15
f
Ri 'y |2x14 |7-8" 40
2"
f
R2 7/8" 2x14 |7t2° 36’
Ll e
26"
1 .
R3 78"y | 2x14 | 7ts 39"
—
2'6"
N
L)
Ra ey | 2xa4 |6-u". 3=3
) 2L¢"
Rs ¥e"s |r1exia |2%-6" q!" :
7
. c -
Re 5/8" g 4x2x2 | 332" 32t 4"
Ry Va"g |usx2xa| 2o E:J“'
. .. 6
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o

DEMGH EXAMPLE [B =

© CHANNEL WIDTH . 30-0"
CHANNEL DEPTH © 8% 0
ROAD W&Y WIDTH . 20'-0"
SOIL CONDITION : NOT SO SATISFACTORY

® SAME AS DESIGN EXAMPLE B89 WIT{d THE ADDITION SAL BALLAM PILES
6" T0 8° IN DIAMETER AND LENGTH 10'-0*

® 12" CEMENT CONCRETE WILL BE PUT ON TOP OF THE PILES BIFOR!
BRICK WORIK 1S DONE,
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DESIBN EXAMPLE [B- 1
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DESIGN EXAMPLE
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DESIGN EXAMPLE [B-I1]
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DESIGN EXAMPLE [B- 11}
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 DESIGN EXAMPLE

; S & wr ct.nss 8RICK.
' - @ 14 MORTAR MIX.FOR BRICKWORM.
S«°EC1FICATIONS CHANNEL WIDTH 35\ ' ou @ 113 MORTAR HIX. FOR ALL EXPO sm
: CHANNﬁL DEPTH - b‘o PLASTERWOF\K Lo ‘.‘;l- S
ROADWAY WIDTH 20 o" & 11v2:3 MIX.FOR Rl:-INFORCED ‘
: c concP:7: WURK. ' -
SOIL CONDITION — SATISFACTGRY g 1. 3.6 MIX, FOR GEMENT SONCRETE -
woax.'
| . .
s ]emcxwo | CENENT | BRICK. | CEMENT] SAND | XKHOA | STONE M.5.RODS..
CONCRETE| ’ 1 - -CHIPS
MATERIALS - , 1T B 174" LR
| 5771ctt, | CL-B90cH 65000 |714Bage.[2680cfr 1910 ctt. | 31 cft. ¥g"o es $
| IRce1i20 | Nos. 1 15" g 3and
' cft. = .Y : '
i 8”0 13 ¥|
g ¢ 910 #|
i " 2 3456¥].
MARK, |D1A. NOS. |LENGTH. " 'FINAL SHAPE.
ROD :
BENDING B, " 2 axzxq, 138-7" | € 7 =
SCHEDULE. : -
Ba Ill ﬂ . |x4 '8"4" [ . - - i |
170 .
B3 ] 2X4 ad-10" \ - j_zf"_a
! hn_l oF— 3..0_ 6" } _
e . -
Bg ' S0 2X4 g | - 3753"
N (]
By 38" 2  |esxq  |ete" i 3¢
9“
. : S - : =
Be 58" o 6X3 237 199" :
B7 38"0 . axs |76 U"“"
' . . 7n
%s, v2"e Sl 222" | ~ pl-6" =
[ | |4'/," ' aly
3 S2 2" 9 51 23-2 c—\_/mT
i' ‘ . LU { ] ' :
i :
1s3 2*s Ea‘c 2740" & ﬂ ‘
C ' 216" e |
. - - LY
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_ DESIGN EXAMPLE

sPECRICATIONS |

. ‘ ANTM&.NT AND WII‘IGWAI S ARE BRICK MASONR! ltDBLOCKS AND
n FOUND;\TIO\IS ARE CONCRETE ABUTMEMTS AND WINGWALLS ARE

BUILT AS ONE UNIT, §
© SLAB AND BEAMS TOBE POURED AT ONE TIME, PROVIDE DRAINAGE. E
"IN CURB EVERY 840 ‘, BARS FOR RAILING POSTS SHALL DE Pz.acen 1
BEFORE THE SLAB :s POURED. :
@ 2"IRON PIPE MAY BE su-sm'uren FOR coucnn'e RMLS BETWEEN
THE CONCRETE POSTS, ;
@ FPROVIDE WEEPHOLES 5"X3"IN ABUTMENT AND #INGWALL 8C° VERTICA-
-LLY AND HORIZQHTALLY. :
———"]
"ROD MARK. | DIA. NOS. LENGTH. FINAL SMAPE,
- BENDING . P e
‘ Sq 2" g 3xt0 | 38-0" a7-a"
SCHEDULE.
. [ o
Ss. v2' o 2x4 |3eto" 274"
i | e =
Se &8 axz ;20-8" ~ 1t0"
i ’ "
S7 3¢'g |2x40 34 E:; 4
! =
1 ;
! i
Ry | 78"¢ | 2xi6 | 7-8" 4-0
: 2L6"
. I I an
Rz ve'e | 2xie | 72" |3 e
']
. ’ . L an
Ry wB'g |2xe | 7is® l’"‘
' 2-6"
Rg Te"e |2xi6 [e-1" 3-3"
2'¢"
Rs d's |1axie |2ve g"'
- R 5 [ ] ¢ [ ] = ’
-] /8" g 4X2X2 | 38 374" }
‘ | | e
Ry o i3oxex2| 2-o0" @ -
b6 rapor gs pon 1 penmie e e e am » il liiﬁ. kit __




DESIGN EXAMPLE [B-12

® CHANNEL ‘WIDTH : 3%'.0"
CHANNEL DEPTH . 8- 0"
ROAD WAY WIDTH : 20- 0"
SOIL CONDITION : NOT SO SATISFACTORY

® SAMC AS DESIGN EXAMPLE 8 WITH THE ADDITION SAL BALLAH PILES
6" TO 8° IN DIAMETER. AND LENGTH 10'-0".

® 12" CEMENT CONCRETE WILL BE PUT ON TOP OF THE PILES. BEFORE
BRICK WORK IS DONE. -



DESIGN EXAMPLE

SECTION A-A

SCALE: ke 1'- 0"

sr . 20'- 0" CENTRE
CENTRE LINE OF THE aow-fﬁll . ) . . .. .
| N
1| | ! @—- o |
- g | — S
APPROACH ROAD | : ‘ o .
t 18 ' I
}K I I '
, | b I I II ;T; It -
AL ) :

1 K

| sft !

Lol L
Y EREEH
I!' :
R

EMBANKM
SIDE SLOFE
_; Z -.' -
SCALE: s I-C" 4 — .
b il p— -
'——ﬁll—
: Ov 7 -.———ﬁi:
-t 7 7
-8 % ‘,?'f 'l?\ " ‘:g;—-
e [
SECTION C-C
SCALE : Vg I-0°
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SCALE: Vo= 110"

SCALE : % =1-0" .

SEC. E-E

-~

RAILING POSTS

L

:

!

|

!
g

I

11

.|7-

—— e v anm —--—--——-r—-———-‘—_-—

- mm— . - — e 4 e wmmes G fam G- —— - -

I
!
|
|
-’
)

L

SECTION B-B
SCALE B = 1'-0
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UPETE D) DIs s e s feire

DESIGN EXAWPLE [B- |

LO.

42-

-

'. LI .I

Koei2’ck

42'- 8"

11

By

PLAN : SLAS
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2

-

l.fi‘o

G
4

b— e e e e e e e — e e -
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SCALE: g = I'- 0"
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DESISN EXAMPLE

PLAN

SCALE : ljg = I'-0"

7-n" m]J' 6'- 8"

20- 0"

|
4-0" u{ 4'-0"
1T

lé%%%%%@ LA R

23'- 6°

ELEVATION

" SCALE: Wy» i'-0"

20°- 0"

—e

——
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DESIGN EXAMPLE

_@:1,.  [heesec oot .,_-..,__*"9'1,..

b g@alsC/C —14 s

. L] 83 '
s-ko— 10 @aV2cc & Vo orc/c : 4-Vo0

9" |z']!_ 5'- 4" __Jri__z‘ s'. 4" ‘1’51 ' 5'- 4" 'LIZ'LQ':

-1

SECTION G-G

SCALE : Vg = 1'-0"

, )
A ]
DO Q) s
© <+
LY iy
-
wk_ _____ [ep——
————————————————— np————— =
ELEVATION : RAILING ) o |
SCALE: ' = 1'-0" ‘ny &8 sm.oaere
s-Tasmr r Jé} N
~+) i ng 4-%4'8 sans
"m':‘\ ull o i
—= T__%'d sc/c-rg Ry V3@ ,“_',‘w T:ﬁ
SEC.J-J -90¢ sars —4n|
. SCALE - B = 1-0° M Wl
— lbnes”ce S
Waosals c/c Q!
3\-‘7“—— v =y /"7 '\ ) ]
© | ) s ) 4;5 g
\_ -] Cse
V5 63 4¥%C/C . — 15087 C/C

SCALE: Van1'-0" o )
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DESIGN EXAMPLE B-13

. R.C.C. T-SEAM BRIDGE. @ ST CLASS BRiCK.
SPECIFICATIONS CHANNEL WIDTH~- ‘o‘.o" @ (1 4MORTAR Mlx.FOR BRICK“O'K:
PLASTER WORK,
ROADWAY WIDTH~ 20-C"
: @ :172:3 MIX.FOR REINFORCED
smL com'T'mc SAT'SFACTORYO couca ETE woqx. ‘
@ 1:3:6 MIX.FOR CEMENT CONCRETE
WCRK,
BRICK CEMENT BRicks| cement | sanp i KHOA! sroual M.S. RODS
WORK. | CONCRETE ‘ CHIPS
MATERIALS. ~ ! : 780 196
13,156 cft.| C.C.1833ctt.| 151860 l340809754800n 2815¢it. 120¢ft. © 3/8"p (1442 #
Nos. : : "
172" ¢ 3871 #
RCLC.I1378 . "o o
cft. : 8/8" g 098 #
. 378" @ %61
| . /8" J 2852 &
! 1 "
o SRS IO P T P L ol
L B e e L e
MARK, DIA. _NOs, LENGTH " .FNAL SHAPE.
Roo —— . c; L N e em e e ._.....,__..__-’ ]
By " g 3X4 43-7" o .
BENDING ‘ 42-3
SCHEDULE. Be. "o axa | a=r | © a-9" —
=
3 .
B3 r o 2xq | 45-4" f\ l /1
a-d 35-6't %3—0’4—
B " Lot | & -
q (I 4 1X4 29-10 286" )
By 78" 2X4 q3-8" | & 42:3" =
45"
Be e g 59%4 o-6" D
9"
- e )
B 3" 6X3 209" oL9"
4"
Bg 3ty 27X3 s 6" ﬂ
s /2" 57 22-2 i
| /2 & ‘ ! | = 2r-8" -
|
S2 14 g 87 232" L 4 " e W o
S3 1. 57 2110 l Q - )
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DESIGN EXAMPLE B-IY

] -

@ ABUTMENT AND WINGVALLS ARE BRICK MASONRY, SEUBLOCKS AND
FOUNDATIONS ARE CONCRETE. ABUTMENTS AND WINGWALLS ARE
SPECFICATIONS BUILT AS ONE UNIT.
@ SLAD AND PEAMS TO BE POURED AT ONE TIME, PROVIDE CRAINAGE
IN CURB EVERY 5'(". BARS FOR RAILING POSTS SHALL BE PLACED
BEFORE THE SLAB IS POURED.
@ 2" IRON PIPE MAY BE SUBSTITUTED FOR CONCRETE RAILS ‘BETWEEN
THE CONCRETE POSTS.
@ PROVIDE WEEPHOLES 8°X3"IN ABUTMENT AND WINGWALL EVERY
5:0" VERTICALLY AND HORIZON TALY.
ROD MARK- | DIA 'NOS | LENGTH FINAL SHAPE.
BENDING ‘
S 10 (] = =]
SCHEDULE 49 " g 3 XI0 4310 42 4"
5 2" p 2xe | 332" 374"
S B /a" —Aa'" o ' - |
6 8"p | ax2 |20-8 gy
: "
$7 3g"g | 2x40 | 34" - |"4
0
t ]
R T4's |2xi8 |7-e 4o
' Cod
re'
. f
R2 g'p 2xi18 | 72" 3-6"
h
2‘0“
n
Lg"
R3 erg | 2xi8 |78 3*9
[ J—
2Lg"
N
Rs gy | 2x8 | &-u* 133
. =2L4'
Rs S/ag | 1ex1a | 2te" D 8"
7.'
' - . —
Re " S/a g o2x2 | e3-2° 42'- 4"
. "
Ry arg | 1arxaa| 2to" ["___:] 4
.
J
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DESIGN EXAMELE [B - 14

@ CHANNEL WIDTH : 40- 0"
CHANNEL DEPTH :10'- O"

ROAD WAY WIDTH . 20'- 0"
SOIL._CONDITION . NOT SO SATISFACTORY

@ SAME AS DESIGN EXAMPLE O 3 WITH THE ADDITION SAL BALLAH PILES
6" TO B" IN DIAMETER AND LENGTH 10- 0"

© 12° CEMENT CGNCRETE WILL BE PUT ON TOP OF THE PILES. BEFORE
" BRICK WORK IS DONE. ‘

15¢



'353'@“ EXAMPLE S"‘ | R. C. Pipe Typo Sluice

1 IQ‘- 8" | 100" # -0 "

| [
-+ P =T =111 =N -
— | T
SECTION-A.A.
SCALE- 1/8" 1-0" STORAGE BASIN SIDE.
; T
Ll L
o Z ENBANKMENT TOP .
° EMAANKHMENY SIDE SLOPES.
® ! i st i
S
Wi illllml I l‘h ll i ! | ”h:s'j:!g*

 DISCHARGE SIDE.

$CALE- |/e'l:|!o

—
[}

v
t

1 -

M unLLL .L - ——y—

L——GUIDE FRAME.

==l

>

|
|
I
1
I
|
_+.-..___ R.C. C. PIPE,

!l

-4
i
| rl!: i i ii l g
I '"—f:-jj“li,u_t!'- B . |
T e
| e e w-“__(:gé) | - ——




- BESIGR’ EXAMFLE| S- |

r -
. i rz  SOf &4 W6 g | I
STONE RIPRA -
‘ \ -
1 -
! 3/8°9@10c/c. 8,
SECTION-CC 3/8°998ck S|
SCALE- /8% '-0*
- 1 10"
?4-'—' T | s
L l ]
”“W | TR -,
| i R T N A
. !‘ | Lse [} . Lt .‘
k il | VU ‘-."-..'_..t.
° “, | e e U S
] i t . '- . . ] vt ] ., I
L | | ! sttt Do ("]
| Sy, o
| - o B
] R Sy -
e G o - g VRPN T s b
Ll : 1 %
[} | s === 1
55— SECTION-DD
END_ELEVATION. I SCAL E— Vami-¢
_ DEx f2)
- remw GAJON WOOD PLANK.
Y m ' g s | 4-0789 53
| H . _| 3/89 ?‘w
L .| ’a 4.
) © i
o -! N
e - P
3 '| ) ‘
| l-] . ]
4 ; POy T CROSS SECT.OF BUIDE
\ ? 11— gpc-E.E scaLe-visiic  FRAME.
, LU DET.OF CATE. | , 5,18 rLar saR ‘
& scALE~ M=1-0 SCALE- ¥ s —0" COMNECTED WITH PLANK BY ys sot.
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DEGIZN EXAMPLE|S -

, REINFORC!D CONCRETE = @ 15T cLAss BsRicks.
. MPE TYPE, ‘ .
SPECIFICATIONS! " @ 1:4 MORTAR MIX FOR GRICKWORK.
| SPAN — 3=0 @ 1:3 MORTAR MIX FOR PLASTERING
LENGTH —10%0" - ALL EXPO3ED BRICKWORK.
_ @ 112 :3 MIX FOR REINFORCED
SOIL CONDITION. CONCRETE WORK. .
= SATISFACTORY. @ 1:3:6MIX FOR CEMENT CONCRETE
' : WORK.
BRICK [CEMENTIBRICKS|CEMENT|SAND |kHOA. |STONE [WooD. |PIPE M.S.ROD.’
WORK.|CONC. CHIPS,
MATERIALS.
53 - [ccavqerro 1ol (378 | 4N di%q(:"i'tm /'y 218 4
» R:"c 08, ags. cft. . . | oft, s Pi'.c' 5,..’ 180 *
150¢tt, : '
—
MARK. | DIA NOS | LENGTH "~ FINAL SHAPE,
ROD i'e”
BENDING 1
5y 3/8" 9 |uxz |7rte" s
SCHEDULE.
!l. !n v
82 3/8"¢ | 12x12 | 6-10"
N
sy 8/8°¢0 | axa | 10=10" o-q] R
-
M.
| ite”
Sq 3/8"9 | 12xe | g-2" ,.,.1 'I.-..-
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D!S;]CNIXAMPLE S = 2] R. . BoxCulvert Type Siulos

, - |
¥ t
~ z
SECTION-AA
SCALE- 1/8"= (- O" f
STORAGE BASIN SIDE. :

o-0"|

N [

EMBANKMENT TOR

- m mmm m /

fit
- DISCHARGE SIDE-

‘PLAN '

TCALE- 1716 ltd‘ :

| 10-6] 100"

! J
| "
| | P
I | r
l | .
A !
JL“JJL ' 4 LA i
:l i' l—n.cn.amoe- FRAME. .
o
0 eccao s
:: ' . -
Al :I
H l .
L —
. ol
%
e we

1 a-a" 2
BhAN o &
E-|/8'W -0 v

bbbl i

Li< g



'DESIGN' EXAMPLE

gts"

0

¢ ¢

I\
i

y-o"

A

10 . 5
’ SV FRLRNG. A1

*O]

R.C.C. BOX.

QE

o .
»
@
xQ

3/6°9 Q8% /c Sy

“}3" BK. SOLING.

CROS3S SEC.GUIDE FRAMJ
§CALE-3/18a1-0"

A

F
i i ,,,,, 4-5/68'9S
| |
! | “l “s/w@s'm
[} { . 38
= |
| | Lol
' !
| AR — § .

: | o _12'=¢ 1
SCALE- 3/16"s1-0" 115} "'?.]l ]1 i-e* Ile",f
2. . Caavd
1720 6" cfc |[ 1|12 e08¢cic S5l
2 3/8°p "k
‘ (] U]
3/6"0 69"*6 172 ¢6l0 Clc._
12"9 ng"g"c—*# L
' 3
RCCROX. Il irza @izrere
SCALE- 3/8%a(-0" iy v
‘ 4."0“ J‘]
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| amsl
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it

. .
0
’
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AR
L
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X

i-e" c.c.

SECTION-E.E

. SCALE- 3/8% I~d'
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DES!GN EXAMPLE |S- 2!

187;

.L 8" C.C.
S— na"atLa®

SECTION-FE.F .
'Y.Y V]

— lo_ 6" g, e
SECTION=-D.D




 DESIGN EXAMPLE |S - e
: ; s |
REINFORCED CONCRETE 80X - - P!ST CLASS BRicks. ,
- CULVERT TYR @ 1:4 MORTAR MiX FOR BRICKWORK.
§PECF£ATION3 SPAN. 4-0" @ !:3 NORTAR MIX FOR PLASTERING
i LENGTH-10-0" ALL EXPOSED BRICKWORK,
- . @ L2 :3MIX FOR REINFORCED
HEIGHT . 7-0 CONCRETE WORK,
SOIL CONDITION. SATISFACTORY. @ ):3:6 MIX FOR CEMENT CONCRETE
' WORK.
BRICK T:;_émmr BRICKS|CEMENT | SAND | KHOA |GARJON | M.S. RODS.
| work. |concReTE| . WOO0D
MATERIALS. - ' e
- | 347, |cesigett | 3340 [1a4Bog.lsoBett.[703 ctr. [2X8) | 3/8" ¢ 480 #
RCC 238 Nos ' s2'7en|VZ @ 462 3
cft. ' B/8" ¢ 147.%
. mu
MARK. | DIA NOS . | LENGTH FINAL SHAPE.
ROD 20
BENDING S) we" 9 I 19-8" s-0"
SCHEDULE 5t
=0
[ .
2 V7] 2xi -g" -é.db
“ 2-f
S3 2" g | 2xu | 4-8° =
Zo
P 9. ..
34 w2'e |13 14to" (4
4-4
Sg wa2'g | 8-10° B
ss 3/e"9g | 40 n+10° c —
-4
(&
Sy 5/8" ¢ 4x4 ' | 8-10" 3'0[
' . 12
ss '3/8°d | 60 ate" I:L'Jm ;
j
= |
Soe |3/0'p |2xe | 7o gs kg
;
S0 ssep |2x9 | urc" e ‘
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' DESIGN EXAMPLE [S- 3

I

120"

13-6"

I
|

'CAL; - V. "W lo_on

O EMBANKMENT
' SIDE SLOPE, =
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I d
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' a
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3
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1 . 181
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DESIGN EXAMPLE

+_g:o“ F' | 2;'-0"6‘.0. .

SCALE-I/8%1-0"

_pipigdg

1
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END ELEVATION
SCALE-1/6"s'—0"
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R.C.C. BOX.
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SECTION.B.B  3/FP0&ciasy et 3/8"908%/c.8g

g
BT He -
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W
CROSS SEC. GUIDE FRAME.

SCALE- 1/72% 1~0"

2% o"l
T
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SECTION_C.C'
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http:908'e/c.so

DESIGH EXAMPLE [s-3

REINFORCED CONCRETE 8ox @ 57 CLASS BRiCKS. ?
CULVERT TYPE. @ !4 MORTAR MiX FOR BAICKWORK.. -
QPECFIOATION% . —n . @ !:3 MORTAR MiX FOR PLASTERING
' SPAN-  8-0 ALL EXPOSED BRICKWORK,
LENGTN- 10- 0" @ 1:1)2:3 MIX FOR REINFORCED
HEIGHT. 8- O' CONCRETE WORK.
. @ 3.6 MIX FOR CEMENT CONCRETE
BRICK | CEMENT | BRICKS [CEMENT | SAND . | KHOA M.S. RODS ;
MATERIALS. WORK. | CONCRETE ! -
892 cft, | C.C.881 ctr.|10270 Nos| 192 Bage| 695 ctr. | 830¢ctr. | 3/8° 9 490 #*
" |RcC 3B cft. 2" g 805 #
_‘ ' s/8" ¢ 75 *
MARK. | DIA. NOS. |LENe™M FINAL SHAPE. :
RO_D' - g” 48
BENDING $ 2" ¢ 9 274 a's’
SCHEDULE —~
S2 12" 9 | ox2 5-2" 2'9
f
. . ) o ‘
S3 2" 0 9x2 5-2" 2-3
g
N
Se "¢ | 12 20-0" |7' 6
| T 5'q”
Ss 172" ¢ 12 . e'-lf' e
Ss | ameo |78 |02 —— 2
a 7
. .
Sy 5/8" 0 ax4 - | 10-6" . 9-8
. A , ]
. » 'UD
Se e ¢ | 1sxa | 32 ol I
, "
se we"o | 2xn | evo T3
810 3/6°¢ | 2xi0 ‘| ete" h-—g:-p-’ ' ]
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DESIGN EXAMPLE [S- 4

STORAGE BASIN SIDE. ' 1 1 ]

1 T ”
3 il iy
| GG e

ENBANKMENT TOP. SECTION.A.A.
2 EMBANKMENT SIDE SEOPES.__7‘ SCALE- IN6"s 10" -
R | . -
K . EMBANKMENT SIDE SLOPES —-
—+ ' . wmﬁﬁwm'*

DISCHARGE SIDE.

PLAN, Q
SCALE-I[16%-0"

sto"

‘GUIDE FRAME.

1
L

N
2
©
4
4

?

L)

-




DESIGN EXAMPLE [S- 4

|
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DESIGN EXAMPLE

S-4

JRIINI'ORC!D CONCRETE BOX @ 57 CLASS BRICKS.
SPECIFICATION CULVEAT TYPE. @ !:4 MORTAR MIX FOR BRICKWONK.
SPAN. 8'-0" @ !: 3 MORTARMIX FOR PLnflmm
ALL EXPOSED BRICKWORK.
LENGTN-|2~0" @ !:1¥2:3 Mix FOR REINFORCED
HEIGHT"_9-@8" CONCRETE WORK.
S0IL CONDITION.SATISFACTORY. @ !:3:6MIX FOR CEMENT CONCRETE
WORK. _
BRICK | CEMENT |.BRicxa| cEMENT [SAND | KHOA | GARION| M.8. RODS
MATERIALS WORK. cme1q _ w000
894 cft. C.C.777c11.0280 |209 Baga|768 cir.  982cfr.| 2°X8°XE" 3/8" ¢ eeo #.
RC.C.292 LTTH =10’ Teft " T2 H
1,
¢ 8/6° 0 Ri4 %
MARK | DIA NOS | LENOT™ FINAL SHAPE.
ROI_) B o
BENDING 8 2" ¢ T 304" "~Il”
SCHEDULE. e,
m'
Sg 2" ¢ lx2 5-3" 2-
83 2" g | uxz2 | s=-3" 2 5
1-10'
: 9-4
Sa 172" 9 le 24-8" '
5-4"
Sy v2'e |18 Lo" e
s 3/8" 77 12-2* e
s s/6'9 | axa | 1210 .é‘{
l‘
8, /8" @ | 154 | 3-3" W
T
ey ‘
8¢ lsm o | 2xs | oo sle ]
|
"M [ S
| » Y ,'lxao 12-2 "To J
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DESIGH EXAMPLE [S-%5|
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DESION EXAMPLE
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PREPARATION OF THE CONTRACT DOCUMENTS AND PROCEDUWES FOR conmm
 NEQOTIATIONS, JOB AWARDING AND CONSTRUCTION SUPERVIBION -

1. Pnpoutlon of the contract documonts

For an engineering construction work, contract documents usually combt of the followlng

®
(i
(i)
(v)
(v)
(i)

Tender notice

Genersi rules and directions tor use of the contractors.
Form and conditions of contract.

Specifications and bill of quantities.

Project drawings.

Tender notice :-Tender notice is usually given in daily news papers for publication fora
specified number of days. A tender notice should contain the following information :

(8) . Name of the inviting authority, nature of tho work and its location.
(b) Mode of submitting tendor - sealed cover shouid be mentioned to maintain secrecy.

(c) Form in which tender is to be submitted - it is convenient if ail the quatativns ere
obtained in the same form.

(d) Estimated cost of the work and the time limit within which the work is to bs compieted.

(e) information regarding the time and place and at what coat drawings, specifications and
blank tender forms etc. may be obtalned.

(f) The earnest money required and the last date, place and time of receipt of sealed bids.

(9) The date, time, place and procedure of opening of tenders.

A Specimen tender notice can be as follows :
NOTICE INVITING TENDER
OFFICE OF THE.........c.coovuurrren

1. Tenders in sesled covers are hereby invited in the form no. ( : ) from
bonafide contractors for the under mentioned work and will be received by the undersigned
upto ( ) and will be opened on the ssme day at........... veresresssancane ..Hours
2. Name of the work ............ seesraersisansansintenens

3. The smount of the estimate of work put to tender Tk.......... veovesssases

4. Esch tender to be sccompeined by Tk............. reesrensesit CTOSS0d cheque, Bank Dseft,
Govt. securitiss or Poste! certificates in favour of the undersigned ss semaest money.

5. The rates should be quoted both in words snd figures snd should be inclusive of &
texes now in force.



. Time allowed for completion of the work from the date of lesta of WOrK OFB.......puee;

7. ‘nu tender form together with the schedule of items, specificationaterme snd cnnditiona
"I-lm can be obtained from the office of the undersigned dulhooﬂluhwucnmt
- of ususl dm‘n L

8. The undersigned is not bound to sccept the lowest tender and reserves tho r!ght to
reject -ny or all tenders recsived without sssigning any resson.

9. Thls tondor notice along with the special terms and conditions will form a part of the
oontract and will be binding upon the contractor.

Supervisor of work

(ii) Generel rules and directions for use of the contractor :-

It is necessary to insert general instructions to the competing contractors at the Beginning
of the contract documents which include clauses like issue rate (rate at which cost of
materials will be deducted from the contractors bill if materials are supplied by the autho-

rity) and use of materials supplied by the authority, correction of tender, withdrawal of
tender otc.

(1) Form end condition of contract: Form 2911 of the Publc Works Department of the
Govemment of Bangladesh Is a standard form for contract and should be used. Itis rather

an elsborate form. A specimen Memorandum of contract with neadings for conditions of
contract can be as follows :

Memorandum
(a) General description
(b) Estimated cost....... corveresessrrrterssrnenassns Tk
(c) EBrmest money........cocesisicarssncssancrens wes TK.
(d) Security deposit including earnest money Tk.
(e) Percentsgs if any to bs deducted from bills Tk.

(f) Time allowed for the work from the date of written order to commence the work
{ i moniinG j

“ftem _ Description Quantity | Unit Unit rate Amount
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Diraction :

1. 'w- undarioke, If our tender Io-nécoptod. to commence tha work wlehhdwl of
the smployer's written order 1o commence end to complete the whole wurk compiiesd in the
contract within........c.ccuenns days. '

2. We sclemnly deciare that we heve noted the conditions of contracito the effect that there shall
be no change whatsoever in the liem rate entered in tha bill of quantities under the contract.

3. We undersiand thai the authority is not bound to sccept the loweuvt or ey tender you may
recelve,

4, We are sumbittieg herewlith the earnest mony of TK....ccccnereeene ss requirsd by the notice
inviting tender.

5. We are submitting herewith the complete set of Tender Documents, all duely filled in end
slgned,

Signature of Tenderar with Seeal.

Tha usual sections of conditions of contracts are
1. Award and execution of contract
Scope of work

Control of work

Legal relations and Responsibility to the Public

2

3

4. Control of Material
6

6. Prosecution and Progress
7

Measuremont and Payment.

(vl) Specifications and bill of quantities : Specifications are written instructions distinguishing
or limiting and describing In detall the various trade sections’ of the construction work
proposed to be undertaken. In the following paregraphs, samplo specifications for a few
items are given as an illustration. 1tshould be noted that thess examples cre subject to
variation according to actual circumstances.

Earth work

This item shali consist of tho necessary excavation for foundations of the structure/structures under
the project.

Excavation shall include rsmoval of ali materials frorn within the excavation limits as shown on the
drawings, all clecring and grubbing of the site of the propossad work, the construction and subee-
quent removal of sll necessaty biscing, shoring, sheetings oll pumoing, Lelling. dreining and
back filling and disposal of surplus or unsuitsble materisl and the neccsssry sxcavotion of
strexn chenns! 88 may be directed by the job supstvisur. . ce



All faundations shail bo constructed by open excavation und the foundstion opcnmg snan e
shored, braced i occordenze with spproved methods.

Pumping or balling of water from the interior of any foundation enclosure shall be dcno n wch ]
marmer 8s to preciude the posibility of any portion of the construction materials being carriedaway.

Foundation pits shail be cncavated to permit the placing of the full widthe and lengths cf fontings
shown on drawings with horizontal beds. Rounded or undercut corners and edges of footings witl
not be nermitled.

The elevation of the bottom of footings, as shown on the drawings, shall be considered as
spproximate only and the supervisor may order, in writing, such changes in dlmonsions or eleva-
tions of footings 8s may be necessary to secure a satisfactory foundation.

After such exacavation is completed, the contractor shall notify the supetvisor and no masonry
shall be placed until the supervisor has approved the depth of the excavation and the character
of foundation materials and has given premission to procead.

Ail materials used for backfill shall be of a quality acceptable to the supervisor and shaill be
free from organic materials. Ail backfiil shall be placed in 6 ( six) inches layers and thorouhly
compacted by approved methods. The top surface of the backfill shall be neatly graded.

Adaquate provision shall be made for thorough drainage of all backfilling by the provision of
weapholes or other approved methods.

All excavated materials not used for backfilling shall be disposed of as directed by the supervisor.

Unless otherwise specified, no excavation shall be made outside of the specified limit of founda-
tion and the natura! streambed adjacent to the structure shall not be disturbsd unless shown
on the drainage or permitted by tha supervisor.

The vertical limits for excavation shall include all oxcavation made between the existing ground
surface and the elevation of the bottom of footing as shown on drawings. The measurement
shall be based on the actual volume of earthwork done in conformity with the specification and
true to drawing.

Brickwork

All bricks shall be of first class quality. Brickwork shall be built plumb, curvad or battered as
shown in the drawings or as may be required by the supervisor. Brick shnlt b3 cleenad and if
necessary, they shall ba scrubbed. Bricks shall be soaked in water for at least 8 hours in a
reservoir bofore work, at the contractor's cost. No brick wcrks shall be acceptsble unless the
bricks are properly soaked.

Verticel joints in alternate courses shall come directly over one another. Joint thickness shall
be 3:~. The height of four courses inciuding 4 Led joints shall rise 12:. Tho mascnry shall
be cured for atleast 7 days.

Plastoring:

Plastering shall be dono with cement plaster of specified proportions, pllod to closn rough
stiifaces In & éingle coat of spacified thickness znd {hotouglity émoothed. Ali blhior plwll be -
kept moist throughout the prograss of the. work and for dtibéut 10 days - et isr.” Y
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This item shall consist of concreate compossd of cousse sggregete, fino aggregats, portissd
cement and water proportioned and mixed as provided in the specifications and 3 par sprovel of

the supervisor, ‘ o

The coarse aggragate shall be from 1st class picked jhema broken into ¢ inch down graded
scresned, washed, cleaned, up to the satisfaction of the supervisor. The fine aggregete shall
be of Sylhet sand, screened, cleaned and washed. The cement to be used on tha job shell
be of the brand approved by the supervisor. The supsrvisor may ask the contractor if the deems
it necessary for the performances of any test to thc determine suitability of different meterials
at contractor's own cost. The ultimate strength of concrete to be used on tha job shall be
between 2000 to 2500 p.s.i. The proportion of the mix shall in no case be less then 1:2:4,

The form work shall be substantial, rigid, unyielding snd watertight. The maximum deflection
-d in inches in the longitudinal formwork members shall not be more than thet given by the

formula ( but not exeeding {°) :

g S+100
= "1000

where ‘S¢ is the distance in inches between bents or supports.

in all cases the formwork for the girders, slabs etc. shall be supported on ballah piling driven to
sufficient panetration to carry the superimposed loads. The supervisor may ask the contractor for
performing load tests on the shuttering to dstermine the adequacy of the shuttering at the con-

tractor’s cost.

After all these specifications are met and written approval is taken from the supervisor, the
contractor will go ahead with reinforcement arrangemont. The reinforcement being checked and
approved by the supervisor, the contractor will start ccncreting operation as par approved progra-
mme and method. The concrete shall be mixed in approved methods ensuring specified slump.
Curing shall be done with care. All surfaces not covered by forms shall be protected with wetted
gunny bags or any other approved means and kept wet by sprinkling water for a period of not less

than 28 days.

Reinforcement steel

Reinforcing stee! shall be of plain hars and shall meet the requirements of ASTM Designation
A-15-86 Intermediate or Hard Grades, unless otherwise called for in the drawings.

When placed in concrete, all reinforcing steel shali be clean and free from all scales end injurious
rusts. Steel shall be placed in position as per drawings and kept in position while the concrete
is being placed. Reinforcement shall be placed in position before concrete is deposited. In no
case shali reinforcing stesl be driven or forced into the coiicrete after it has taken its initia) set.

Afl hooks, bends and splicing shall be standard unless otherwise indicated on the drawings.

Reinforcement steel shsll bein place and approved by the supervisor before eny concrete is placed.

Salballah Piling ®i

This Item shall consist of furnishing, driving upto the specified depth and levsiiing the top at the
tequired position as per the drawings. . v Cna

AT}



The materists shail consist of Selbailsh, straight of diameter re specifiod in the sohedule of lism.
The length of Selbeiiah shall be atlesst two fest Greater than that shown in the drewings. The
balieh shall be creosoted to atieast 15 Ib rotension es per atanderd sgacltications of BFIDC.

The bellah shali be driven by monkey cep and guiding poats as per approvel of the supewvicor . The
vreight of the monkey shall not be less than the weight of the pile. if the pile dode not penstrato
10 the required depth, it shail be 7eported to the supervicor who wili exercise his judgemant os
to the adjustibitity of the iength of the pites, after driving the pile the top level of tha pile ghall
be levelled off.

Situminous Surface Treatment

‘This Item shail consist of a bituminous surface treatment composed of bituminous material and
aggregate constructed on prepared base course, It shall be construc tad in sccordance with the
typical cross-section shown oa the drawings and with lines and grades established by the super-
visor.

Aggregates for bituminous surface treatment shall consist of hard, strong, Sylhet shingles of
specifiad size, free from adherent coatings and excess of flat, elongated, thinly laminated, soft
or disintegrated pieces.

Bituminous materials shai. be uniform in character, appearance and viscosity and its measurament
shall be taken when tive materiai is of a uniform temperature and free from alr bubbles.

Bituminous matc/ial shall not be applied until the basecourse is clean, dry, compacted and bonded
to the satisfaction of the supervisor and conforms to the typical cross-section shown on the
drawings, and the lines and grades astablished by the supervisor. Bituminous material shall be
applied uniformly for the full width to be treated. When the bituminous material is applied for
less than the full width of the treatment, a suitable joint shall be provided by overiapping the
application approximately 3 inches to ensure complete coverage.

For appiication, bituminous materiat shall be heated to 360-376°F and appliéd to the road surface
when the tamperature is not less than 360°F. The bitumen siall be applied at the rate of 45 |bs
per 100 sq. feet of surface.

immediately after the application of the bitumen, Sylhets shingles (passing through §** square
mesh and retained on § square mesh) in perfectly clean and dry condilion shall be epplled uni-
formiy at the rate of 6 cft per 100 square feet over the whole surface in which the bitumen is
applied.

As soon as the stone chips have been spread over the who'a area, itshall beroiled bya heavy
roller. The rolling shall be done in longitudinal direction beginning at the outer edges of the
trestment and working towards tha centre. Each strip of the roller shall overiap the prior one by
one haif width of roller.

v) Project Drawings : Drawings for supplying to the bidders and also for carrying out the
construction work have to be preparad in proper scales with the help of a competent drafts-
man. The drawings for the ditferent design exsmples included in the Manusl mey be redrawn
on tracing paper sheets of 20° x 30* /40 stendard dimensions et an spproptiete enlarged
scale with all the dimensions and notes given therein. The draf*smen shall sign the drawings
end these shali be counter signed by a technically competent person after thorough chesking
The drawings can then be reproduced in the required number of coples by ammanie ptinting

process.
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3. Contract negetistions and awarding the job.
For construction purposes. the usual typas of contracts aro ss follows :
1. Lump sum contract.
2. (tem rate or unit price contract.
3. Cost plus fee contract,
4. Labour contract.

Lump sum Contract: In a lump sum contract the contractor agrees to carry out the entire work

8s shown in drawings and described in specifications. supplying labour and materiels, all complete
for a specified lump sum. .

In some cases provisions may be made for the cost of extra work changes and omissions. Paymonts
are made to the contractor after a completion certificate is obtained from the Suporvisor. Usually
no part payment is made to the Contractor but provisions for part payment may also ba made.

This type of contract is less complecated for the executing authority and less supervisory steff
is necessary. The authortiy may also know the exact sum of money needed for the project.
However all the detaiis involving cost of the projoct have to be found out before hand which
may be difficult. Projects having uncertainities and for which a compiete sat of contrect
ducumens thave not been prepared are never given as lump sum contract.

item rate or Unit Price contract : This is the most widely used type of contract. In this
contract the contractor agrees to carry out the work as per drawings, bili of quantitics and
specicifications in consideration of a payment to be made entirely on measurements taken as the
work proceeds, and at the unit prices tendered by the contractor in the bill of quantities.

The work may be tendered before all the details have basn worked ou t,uncertginities are taken
carg of. The agreement is very fair to both the parties.

Both owner and the contractor must do a lot of computation and book keeping. As the quantities
ars likely to vary it is possibie for the contractor to submit an unbalanced tender on the basis of
shrewd anticipation or perhaps outside infocrmation. The ‘extra item* or -‘non.tendered items’
often causes a lot of trouble and in most cases the owner has to pay slightly highor rates then he
would have payed if these were included in the begining.

So contracts of this nature needs careful scrunity by the Supervisor before being entered into.

Cost plus fee contract : In this tha ownar agrees to pay to the contractor the actual cost of the
work plus an agrued fee. The fce may be fixed, fluctuating or a percentage of the cost.

This type of contract is suitable only for specialized work when exceptional quality of work is
required and when the contractor is very reliable. In public works this is not done except in.

emergencies.

Labour Contract : In this type of contract the owner agrees to supply all the requisite matarials
to the contractor and the contractor agrees to supply all the labour and workmanship nacessary
for completion of work according to drawings and specifications.

This form Is suitable for those cases where materials are obtained free or at a subsidised rate.

Limited or 8elective tender : In this method the owner invites tenders from a fow contrators
who are knowrn to have specialiead in the special type of work or who have besn previously pre-
qualified or enlistcd, This Is elsv adopted when there is such an urgency that time for ¢laborate
advartisanients and notices is not avallabie. Spot tenders, where tonders cre published in a few
spots unly mey siso be Included in this group. In public works limited or saldctive tendérs éfe not
adopted in usual circumstances. ‘
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Open tender : In this method tenders are invited through public advon!umom.' "'Tﬁﬁéh in the :
usuel precties for public werks :  Advertising is ususily done through newspapers under the heid-
ing ~Tender Notice::. Advertisements sheuld sppear 2 to 3 weeks in advence of the expected
quotation.

Lowsest tender may be rejected on following grounds.

(1) Improper offer (ii) Inadequate finances (iii) lack of experience in the particulsr type of
works (iv) unsatisfactory reputetion (v) Inadaquate staft and equipment.

All tenders received may be rejected, if—

(1) There exists a well grounded suspicion of collusion between Tenderers or some othur form
of fraud.

(1) The lowest tenderer has quoted a figure which is higher than the funds available.

(iif) The number of tenders are too low to ensure proper competition.

3. Construction Scheduling, job supervision and Record Keeping.

For successfui performance of a construction project, the work should be carefully planned and
scheduled. Factors which contribute to good pianning are :

(1) Understanding the job to be done.
(i) Understanding the pians anc specifications.

(lil) Acquainting onself with the local condition the worksite, iabour, materials, transpor-
tation, etc.

(iv) Ability to pian ahead for coming construction operdtions.
(v) Purchasing, transporting and properly storing materiais ahead of time for use on the project.
(vi) Obtaining the supervisory staff to properiy execute the work.

(vii) Obtaining and maintaining a good labour force.

(1 is 8 common practice to setup a chart of construction schedule by breaking down the project
into appropriate divisions and activities and assigning appropriate time period for the completion
of each of these. On the same chart, the actual progress of the work can also be recorded giving 8
clear visual picture of the progress of the work. An iliustrative example of a construction
schedule for a cultvert is given,
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Froject 0 Estimaied progress,
‘Location : EEEPE  Actusl progress
| March April |
ltem  Operation IR ETEE? 2 | 7 | 4| 2 [ 2
1. - Stake out —
2. Excavation [
3. Foundation S
4, Abutments and T s
wingwalis
b. Shuttering and
slab deck [~ - ]
6. Approach roads [ v
7. Finishing earth work,
dressing & pitching L
the side

Before and during construction, materials must be brought to the site. A constant check should be
made on the quality of materials at the site so that they may be ordered well in advance to avold
work delays. A check list for materials can be prepared as follows :

Example
Project ; Date
Location :
Materials Required Ordered On hand.
1. -Bricks, 43000 13,000 ~ 30.000
2. Cement 137 bags 67 bags 80 bags
3. Sand 343 cft 143 cft 200 cft
4. Khoa. 660 cft 150 cft 500 cft
6. Stone Chips 36 cft 38 cft -

| 6. M.S.Rods 36 cwt 24 cwt 10 cwt

Job supervision will be done as ner the preject documents ( contracts) snd In accordence
with ths common and good practices ditcussed in the Section 11l of the manusl.
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itis & good practice for the supervisor to keep a ‘Tour Disry: (dey o dey record). In itshould
be recorded In rough snd compact form, all the information. he needs to makeup the weekly
ed/or monthly progress report/reports. In addition, he should record sny disputes, varbel
Instructions, personal comments o workers, weathar, work progress and so on.

This diary is a personal record and not an official document. But it may be of great importance
a3 a reicrence or as a defence for the supervisor if a project dispute or faiiure arises. A ssmple
page from a ‘tour diary’ can be as foliows ;

March 1, 1978

Weather : Clear, hot visited Gazipur Culvert site.

Excavation for foundation complete, footings for abutment and wingwalis to be laid. Told the
contractor to order more bricks. Excavation work done weli.

March 2, 1978
Weather : Ciear, hot. Checked piacement of reinforcement in footings. Instructed head
mistri to ensure tying of the bars firmiy with wire. Concreting can begin tomorrow.

March 3, 1978
Weather : Ciear, hot dry, Concreting of foundation sterted after a final check of the reinfor-
cements. Remained on site whole day. Concreting completed just before sun set. No undue

probiems.

For any sizable construction job, a ‘project iog’ must be kept atthe job site by the Project
Committee. The project log is the official record of the daily progress on the site. Each entry in
it should be signed by one of the Committee members.

When visiting a worksite, the Supervisor ( Circle Officer, Overseer, Union Council Chairman,
Project Supervisor ) should aiways consult the Project log to dotermine what progress has been
made and to note the work being done, materials on hand, iabourers on hand and their jobs and to
note any suggestions made as to different work methods and quality control. A sample project

log can be as follows :

GAZIPUR CULVERT SITE

Date Woeather | No. of Men | Progress Materials Remarks Singture
on Hand
March 1, | Ciear, 2 Mistris Abutment and Told contractor
1978 Hot 6 Masons wing walis Bricks-short to order more
3 Mixers foundation bricks.
10 Labourers | excavation
compieted,
rod bending in
progress.
March 3, | Ciear, 2 Mistries Concreting of Told rod mistri
1978 Hot 6 Masons footing com- to start rod
3 Mixers lete. bending for stab
10 Labourers deck.
March 8, | Cloudy. | 3 Mistries Abutments Sufficient, Bricks arrived
1978 Hot 8 Masons and wing walls
3 Mixers progressing as
10 Lsbourers | per schedule
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4. Messurement of Works, Preparation of Bills and Payments.
Carthwork shsll be measured in cubic feet (cft) based on the actual volume of earthwoik
done in conformity with the specification and true to drawings. Rate is given In Teka per 1000 cft.

Brickwork is measured in two-ways. For 6, 10 or 16+ walls, work is messured in squsre feet
and rate is given in Taka per 100 7ii. For Mass masonry work, brickwork is measured in cubic fest
ond the rate is given in Taka pe: 100 2ft.

Plastering is measured in square fuet and the rate is given in taka per 100 sft.

Concretework is measured in cubic feet and the rate is given in taka per cft. Retes for R.CC. '
is about 30% higher than the rate for plain mass concrete wall.

Piling is measured on the basis of actua! footage of pile driven in conformity with the specification
and true to drawings and the rate is given in taka per foot.

Bituminous surface treatment is measured in square foe of surface treated as per specification
and true to drawings and the rate is given in taka per 100 sft.

The contractor has to take measurements of the work carried-out and submit the bill periodically,
generally every month. The Supervisor accompanies the Contractor or his representativte where
measurements are being taken. If the Supervisor is satistied, he recommends the bill for payment,
The amount recommended by the Supervisor is the the cost of the work less the reten..on money
(security, deduction of part of mobilization fee etc.) and the cost of materials supplied to
the contractor by the authority which has been used on the work during the period under
consideration.

If any item occurs during execution of the work which is not included in the bill of quantities,
itis usually possible to construct that item by a combination of other items already In the
bill ; otherwise it is paid for as an ‘extra’ item at a specially analysed rate.

A completion certificate from the Supervisor and a no claim certificate from the contractor ls
necessary before final bilis are paid.

Security monery is paid back to the contractor after a stipuisted period of time as mentioned
In the contract.
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SECTION VN
POST CORSTRUCTION 'NSPECTION AND MAINTEMANCE OF THE STRUCTURES.

1. Goners! Insuactions !

Gonarel inspection of ithe structure should form a regular practice after the comploticn ot the
project for propcr maintenance. The inspection should include some or all of the following
polnts deponding on the type and dascription of the structure :

(1) An axsmination of roadway surface for signs of excessive scaling or unevennass In
tha surfaca.

(i) An examination of the approaches to tho structure for erosion of the sides of the
embankmant.

(ill) An oxamination of the masonry work for cracked, disintcgrated, spalled or honeycombed
areas which may exposa the reinforcing steel ; growth of vines or brush in the crucks and
joints.

(iv) An examination of the face of abutmeni for molsture in dry weather which will be an indica-
tion of accomulution of water behind the abutment which can seriously affect the structure
over a period of time.

(v) An examination of the foundation of abutments and piers for indication of scour or under-
cutting.

2. Testing for Deflection.

Deflection is elastic deformation. It depends on the length of the span, loading oi the structure
and the properties cf the mnaterials. The strength of the structure is given by the load corres-
ponding to the allowable deflextion.

Defloction can be measured by a daflectometer mounted on a platform erected on a timber trestle,
constructed centrally at mid-span. Adjacent to this, on an entiraly independent trestle, and
ohservers platform Is erected. This is to avoid any effect on the instrument trestle through

vibration.

I\
AVAN

Flg. Vil-1 : ?Messuting Deflection of a Bricge
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Fig. Vil—1 : Measuring Deflection of a Bridge.

The measured deflection is to be compared with the maximum allowzhle dific tion under Icadiv.g."

3. Road Surfacses :—If a crack in a concrete surface is to be repelred, tha &vea should be
roughened to give the ew concretu a holding surface. The 10sc paiticlac should bo Lirushed
out to make the area clean, then grouted with a neat cement grout against whicli *ha now
concrete shali be placed before the grout has attained its iaitial cet. 'f a hole Is o bo voralied,
it should be chiseled out to a square or rectangular shape with: vertical sidcs v meke &n unlfoim
patch. Before adding the concrete, ail ioose particles shouid b3 brusiied cut nnd the aras
watered down. Sand should be placed in the hole and tamped, if nacessary. Then the concrete
is added, tamped and cured. '

Fig. Vil-2 : Incorroctly and Correctly Installed patches

}'oy brick surfaced roads, the most commen form of repair s roplacamant of broxen hricks. Whe
yiplacing broken bricks In a rogd, the bad bricks shouid be removed and tha metwicis henaath cm
¥.p bricks remnved down to the ecrth below. Nextsand shauld bs added to servo s & bes
tds the new bricks, If toling is to be addad, it ciould now he pluced and levellsd. Then tlu
10op lyyer of bricks should be addod aid sand placsd between ¢ bricko. -
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For bituminous or asphalt surfacad rosde, weeting, cracks end holes sre tihe moét cemdncily found
feul’s. The axlest and probobly the mmat economics! wey of making thesd réjirs is to
apply 8 39s1coet wiiich Is a thir mixture ot bituminous or asphett compouiil hietod fo ¢ liguld and
sppliad with esnd. The area should be thoroughly cleanad betors apilying the seal ccat, ¥or
repeiring big holes, axcavaiion skould be made at least ons foot outsids of the edge of the
faulty aras in ordar {0 tie the patch to solid matericls all sround. In oxiavating materisls from
the ares to be rapalicd, the faces should be vertical. The hote sheuld se fifled with sand ond
compactad In fayers. if neccessary. After spreading a primer, the naw surface should be epplied.

& Approaches to the Structure :—Approaches to the cuiverts and bridgse should be
maintained with proper slops avoiding too staep and dengerously uieven surfeces and exposure
of the end of tha slab or sbutment making It difficult for vehicles to pass. Tha siope should
be repaired by dressing. fiiling and surfacing to a gradual slope.

Al

O

Properly aintalned approach

Fig. Vil-3: Approaches to structures.

The maintenance oi the emba:ikment and road sideslopes agazst ercsion can be done by riprap,
turfing or svading as follows :

Riprap Is storas, concrote blocks or bricks placed on the sidesiope cf an embankment or rcadwaey.

It is used! to etabilize ombenkments that are subjected to high velocities of water flow. It is siso
weed t tinferce the smbenkments around bridge wingwaslis to protect againet scouring.
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Fig. VIl 4 : Riprap on the embankment slopes.

6. Turfing and Seeding are two of the most economical methods of protecting a siope. If
a slope has become eroded and is to be turfed or seeded, it should be first scraped to a depth
of about 3->. The soil should then be compacted after which new top soil consisting of good soll
and sand which will promote growth of grass is added. The new top should also be compacted
and then scarified ( scratched ). The seed or turf should then be added and compacted lightly.
It seed is used, jute sacks or dead grass and vegetation should be placed over the seeded

area and anchored with bamboo stakes for protection during germination. '



Fig. VIl 6: Protection of Newly Seeded ground.

When turf is to be used, the joints should be staggered. The turf should then be tamped and
achored to the slope with bamboo stakes.

7/

Fig. VII-6 : Staggered placement of Turf with Anchoring

6. Masonry Work :-If a crack is to be repaired, it should be roughened cleaned and wetted
before sealing it with a rich mortar. Disintegreted, spalled or honey combed concrete surfacas
should similarly be roughaned, clenned, wetted and patched with sich cament-sand mortas. Any
growth of vihes or brush should bs immediately cleandd on detoction and the cracke repeired
otherwiso these will tend to enlarge the cracks to a point of broskage.



I the old tneconry in the substructuro shows slgns of disintegration, it should ba protectud by
renoving ail looso meterlels sil sround the structure and thorouphly clesning the meeonty to find
out tho defacte. f thero are any large cavitics, they should iy fliled with pood comant conerdto
altar which a wire netting should bie stratched around ths sntira masonry and fastened theraty
with spikes. A final coating of cument morter is then to be applisd.

7. Molst Abutmont :-If thora is some sign that water has accumulated at the back of tha abut-
ment, it muat be drained out otherwise, over a period of time, it may result in disintearation to
the extent that the abutment may be materlally damsged. In such a case, provision chould be
made 1o provido an outiet for this accumulated water, either by providing a proper drain around
the back of the sbutment or by drilling weep holes through the abutment.

8. Foundaton Scouring or Erosion :-if the action of the water current hes under scoured the
footings of plers or abutments, repalr works must be carried out immediately on dotection. But
it may be necessery first to divert water from the piar or abutment whick can ba done by bullding
a dyke as shown in the figure below :

Fig VIII-7 : Dykes for Diverting Water Flow.

On diverting the watsr, remedial measures as illustrated bolow may bo used to correot the cﬁat
of the underscouring and thereby preserve the usefulness of the plers or sbutments. :

4
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SECTION Vil
TABLES OF INFORMATION
1. Weight and Mcesures

(®) Waeights : Table Vill-1

8.00 tolas = 1 Chatteck
4.00 Chattacks = 1 poa

16.00 Chattacks = 1 seer
4,00 Poa = 1 seor
40.00 sger = 1 maund
27.20 maunds = 1 iong ton
2.06 pounds = 1 seer
82.28 pounds = 1 maund
2000.00 pounds == 1 short ton
2240.00 pounds = 1 long ton

112.00 pounds = 1 cwt ( hondar)
20.00 cwt = 1 long ton
(b) Linear Measure : Table VIII-2
12.00 inches = 1 foot
3.00 feet = 1 yard
5.00 yards = 1 rod
6.00 yards = 1 pole
4.00 rods = 1 chain
10.00 chains = 1 furlong
8.00 furlongs = 1 mile
7.92 inches = 1 link
100.00 finks = 1 chain
80.00 chains = 1 mile
6280.00 feet = 1 mile
1760.00 yards = 1 mile

2.54 centimaters = 1 inch
30.48 centimetors = 1 foot

0.91 meter = 1 yard

1.61 kilometers = 1 mile
100.00 centimoters = 1 meter
1000.00 meters = 1 kilometer

Ade



(c) Bquare and Lend Measure :

\wy =IYUIY IVIOGOUITIVUIVHIG 111I0auuiv.,.

144.00 square inches
9.00 squaro feot
30.25 squaro yord
160.00 square rods
4840.00 square yards

43660.00 squuro faen

640.00 acres
484.00 square yards
16.00 square rods
10.00 square chains
720.00 square feet
80.00 square yards
20.00 cottahs
3.05 bighas
1936.00 bighas

4,00 gills
2,00 pints
4.00 quarts

7.48 gallons (U. S.)

1728.00 cubic inches
27.00 cubic feut
1.06 quarts
3.80 liters
4.54 liters

1.20 gallons (U.S.)

L]
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Table VIll-3

1 square foot
1 aquare yard
1 square rod

1 acre

1 acre

1 acre

1 square mile

1 square chain
1 square chein
1 acre

1 cottah

1 cottah

1 bigha

1 acre

1 square mile

Table VIiI-4

1

-t ed e b b ad dh =D =

pint

quart

gallon (U. S.)
cublc foot

cubic foot

cubic yard

liter

getlon (U. S.)
gallon (Imperial)
gallon (imperlel)
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(9) Unit weights of materials :

Table VIII-6

Matericis Unit Waelght

— Cerment cublc foot 90,00 pounds
Sand cubic foot 110-120.00 pounds
Clay cubic foot 116-130.00 pounis
Lime cublc foot 40.00 pounds
Surki cubic foot 80.00 pounds
Asphait cubic foot 90.00 poundis
Ter cubic foot 6C.00 pounds
Brick work cubic foot 120.00 pounds
Lime concrete cubic foot 115-135.00 pounds
Cement concrete cubic foot 140.00 pounds
R. C. concrete cubic feot 150.00 pounds
Shingies cubic foot 90.00 pounds
Brick baiiast cublc foot 60-70.00 pounds
Cast iron cubic foot 450.00 pounda
Steel cubic foot 490.00 pounds
C. i. Sheet square foot 1.8-3.60 pounds
Asbestos sheat square foot 3.00 pounds
Sal wood cubic foot 60-66.00 pounds
Teek wood cubic foot 50-66.00 pnunds
Water cubic foot £..60 pounds

(f) Measures for reinforcing round bars :

Table VilI-6
Dia. in Area In Perimeter Weight in Length In feet
inches. sq. inches. in inches. poupds making 1 cwt
per foot. approximately
1 0.049 0.786 0.168 672
5/16 0.077 0.982 0.261 238
3 0.110 1.178 0.376 168
77116 0.160 1.376 0.611 107
3 0.196 1.670 0.668 7%
] 0.307 1.860 1.043 66
3 0.442 2.360 1.502 42
1 0.601 2.750 2.040 33
1 0.786 3.140 2.670 27
14 0.994 3.630 3.380 22 |




(w) Stenderd Dimensions and Weight of M. S. Rod :
Table VINN:7

¥

Numerels Diameters, in. Cross-section, sq. in. Welght, 1b/it.
2 } 0.08 0.167
3 1 0.1 0.387
4 3 0.20 0.666
B i 0.31 1.043
] 3 0.44 1.802
7 } 0.60 2044
8 1 0.79 2.670
9 15 1.00 3.400
10 13 1.27 - 4,303
(h) Quentities of Materials Required for Concrete Mixof 1 : 14 :3
Table VIII-8
Conc. Cement Sand slt(hg:l/ Conc. Cement Sand sthg:{p
cft. cfts. | Bags. cft. ;:ft. P cft. cft. Bags cft. cft.
1. .27 .22 .22 .84 29. 7.97 6.38 12.18 | 24.38
2. .66 .44 .84 1.68 30. 8.26 6.60 12.60 | 26.20
3. .82 .66 1.26 2.62 . £.52 6.82 13.02 26.04
4, 1.10 .88 1.68 3.36 32. 8.80 7.04 13.44 26.88
5. 1.37 1.10 210 4.20 33 9.07 7.26 13.86 27.72
6. 1.66 1.32 2.52 5.04 34 9.36 7.48 14.28 28.56
7. 1.92 1.64 2.94 5.88 36. 9.62 7.7 14.70 29.40
8. 2.20 1.76 3.36 6.72 36. 9.9 7.92 156.12 30.24
9. 2.47 1.98 3.78 7.56 37. 10.17 8.14 16.54 31.08
10. 2.76 2.20 4,20 8.40 38. 10.45 8.36 15.96 31.92
1. 3.02 2.42 4.62 9.24 39. 10.72 8.48 16.38 32.76
12. 3.30 | 2.64 6.04 10.08 40. 11.00 8.80 16.80 33.60
13. 3.67 2.86 5.46 10.92 41, 11.27 9.02 17.22 34.44
14, 3.85 3.08 5.88 11.76 42, 11.66 9.24 17.64 35.28
15. 4.12 3.30 5.30 12.60 43. 11.82 9.46 17.06 36.12
16. 4.40 3.562 6.62 13.44 44, 12.10 9.68 18.48 36.96
17. 4.67 374 7.14 14.28 45. 12.37 9.90 18.90 37.80
18. 4,95 3.96 7.66 16.12 46. 12.65 10.12 19.32 28.64
19. 5.22 418 7.98 15.96 47. 12.92 10.34 19.74 39.48
20. 5.60 4.40 8.40 16.80 48. 13.2 10.66 20.16 40.32
21. 5.77 4.62 8.82 17.64 49, 13.47 10.78 20.58 41.16
22. 6.06 4,84 9.24 18.48 50. 13.76 11.00 21.00 42.00
23. 8.32 5.00 9.66 19.32 51. 14.02 11.22 21.42 42.84
24, 6.60 5.28 10.08 20.16 52, 14.30 11.44 21.84 43.08
25. 6.87 5.60 10.50 21.00 63. 14.67 11.66 32.28 44.562
26. 7.16 | 5.72 | 1092 | 21.84 B4. 14.85 | 11.88 228 | 45.36
27. 7.42 | 694 [ 1134 | 2263 B5. 16.12 |12.10 2310 | 48.20
28. 7.76 | 616 | 11.76 | 23.62 66. 15.40 | 12.32 23.52 | 472.04




Table VII-8 (Contd)

Cong. Cement Send |Khoa/st. Conc. Cement Sand [Khoe/st.
cit. cft. Bags cft. |chip cft. cit, cft: Bags cft. [chip oft.
87. 18.67 12.54 23.94 47.88 8b6. 23.37 18.70 35.70| 71.40
88, 16.85 12.76 24.36 48.72 86. 23.656 18.92 36.12 72.24
59. 16.22 12.98 24.78 49.56 87, 23.92 19.14 36.64 73.08
60. 16.50 13.20 25.20 50.40 88. 24.20 19.36 36.96 73.38
61. 16.77 13.42 25.62 51.24 89. 24.47 19.58 37.38 74.76
62. 17.05 13.64 26.04 52.08 90. 24.75 19.08 37 80 75.60 |
63. 17.32 13.86 26.48 62.92 91. 25.02 20.02 38.22 76.44
64. 17.60 14.08 26.88 63.76 92. 26.30 20.24 33.64 77.28
66. 17.87 14.30 26.30 64.60 93. 25.67 20.46 39.06 78.12
66. 18.16 14.52 27.72 556.566 94, 25.85 20.68 39.48 78.96
67. 18.42 14.74 27.14 56.28 95, 26.12 20.90 39.90 79.80
68. 18.70 14.96 28.56 67.12 96. 26.40 21.12 40.32 80.64
69. 18.97 15.18 28.98 67.96 97. 26.67 21.34 40.74 81.48
70. 19.25 16.40 29.40 68.80 98. 26.95 21.566 41.16 82.32
71. 19.26 16.40 29.40 58.80 99, 27.22 21.78 41.58 83.16
72. 19.08 15.84 30.24 60.48 100. 27.50 22.00] ‘42.00 84.00
73. 20.75 16.06 30.66 61.32 200. 119 44 84 168
74. 20.35 16.28 31.08 62.16 300. 82.5 66 126 252
75. 20.62 16.50 31.60 63.00 400. 110 88 168 336
76. 20.90 16.72 31.92 63.84 500. 137.6 110 210 420
77. 21.17 16.94 32.34 64.68 600. 166 132 252 404
78. 21.45 17.16 32.76 65.62 700. 192.5 164 294 588
79. 21.72 17.38 33.18 66.36 800. 220 176 3368 672
80. 22.00 17.60 33.60 67.20 900. 247.5 198 378 756
81. 22.27 17.82 31.02 68.04 1000. 276 220 420 840
82. 22.55 18.04 34.44 68.88
83. 22.82 18.26 34.86 69.72
84. 23.10 1843 .35.28 70.66
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() Quantities of Materials Required for Concrete Mix uf 1:2:4
Table Vilt-9

Cone. Cement Sand '::f‘:,":‘/‘p Conc. Cement Sand Egﬁ:i"‘
cft. cit. | Bags cit. cft. cft. cit. Bags. cft. cft.
1. .225 .180 .45 .90 29. 6.53 5.22 13.08 286.1
2. 450 .360 .90 1.80 30. 6.70 5.36 13.50 27.00
3. .876 .640 1.36 2.70 . 6.98 5.58 |.13.96 27.9
4. .90 720 1.80 3.80 32. 7.20 6.76 14.40 28.8
5. 1.13 .900 2.25 4.5 33. 7.43 5.94 14.85 29.7
8. 1.35 1.08 2.70 5.40 34. 7.66 6.12 18.30 30.6
7. 1.68 1.26 3.16 6.30 35. 7.88 6.30 16.75 31.6
8. 1.8 1.44 3.60 7.20 36. 8.10 6.48 16.20 324
9, 2.03 1.62 4.06 8.10 37. 8.33 6.66 16.65 33.3
10. 2.25 1.80 4.50 9.00 38. 8.56 6.84 17.10 34.2
1. 2.48 1.98 4.95 9.90 39. 8.78 7.02 17.65 36.1
12. 2.70 2.16 5.40 10.80 40. 9.00 1.2 18.00 36.00
13. 2.93 2.34 5.84 11.70 41. 9.23 7.38 18.46 38.9
14, 3.16 2.52 6.30 12.60 42. 9.46 7.66 18.90 37.8
16. 3.38 2.70 6.75 13.59 43. 9.68 7.74 19.36 38.7
16. 3.60 2.88 7.20 14.40 44, 9.91 7.92 19.8 39.6
17. 3.83 306 7.65 156.30 45. 10.18 8.10 20.26 40.5
18. 4.05 3.24 8.10 16.20 46. 10.38 8.28 20.70 4.4
19. 4.28 3.42 8.66 17.10 47. 10.58 8.46 21.1% 42.3
20. 4.50 3.60 9.00 18.00 48. 10.81 8.64 21.60 43.2
21. 4.73 3.78 9.46 18.90 49, 11.04 8.82 22.06 44 .1
22. 4.95 3.96 9.9 19.80 50. 11.26 9.00 22.60 45.00
23. 6.17 4.14 10.36 20.70 51. 11.48 9.18 22.95 45.20
24, 6.40 4.32 10.80 21.60 62. 11.70 9.36 23.40 46.80
25. 65.63 4.50 11.26 22.50 63. 11.93 9.54 23.86 47.70
26. 65.85 4,68 11.70 23.40 64. 12.16 9.72 24.30 48.6
27. 6.08 4.86 12.156 24.30 55. 12.38 9.9 24.75 49.50
28. 6.30 6.04 12.60 25.2 66. 12.61 10.08 25.20 650.40
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Table VIN-9 (Cpntd.)

Conc. Coment sand | Xhod/ | cop-. Coment Sand [ "op)
cit. cits. | Bags. cft. | 8 c'c' P cft. cft. Bags cft. oft.

67. | 1283 [10.26 2565 | 61.30 g6. | 1914 | 1330 | 3825 76.60
68. | 13.08 | 10.44 | 26.10 | 62.20 g6, | 19.37 | 1550 | 3870 | 77.40
§9. | 1328 | 10.62 | 26.56 | 63.10 87. | 1960 | 1570 | 39.20 | 78.30
0. | 1351 |10.80 |27.00 | 54.00 g8, | 19.81 | 1580 | 39.66 | 79.20
61. | 1373 |10.98 | 27.46 | 54.90 89. | 20.00 | 16.00 | 40.00 | 80.00
82. | 13.96 | 11.16 | 27.90 | 66.80 90. | 2030 | 16.20 | 40.45 | 80.90
63. | 1418 |[11.34 | 28.35 | 56.70 of. | 2050 | 16.40 | 40.90 | 81.60
6s. | 1440 | 1152|2880 | 57.60 92. | 2070 | 16.60 | 41.35 [ 8270
65. | 1463 | 11.70 | 29.26 | 585 93. | 2090 | 1670 | 41.00| 83.60
66. | 1486 | 11.58 | 29.70 | 59.40 94, | 2110 | 1690 | 42.25| 8450
67. | 1608 |12.08 | 30.16 | 60.30 95. | 2140 | 17.10| 4270 86.40
68. | 1631 | 12.24 | 30.60 | 61.20 96. | 21.60 | 17.30 | 43.16| 86.30
69. | 1553 | 12.42 | 31.06 | 62.10 o7. | 2180 | 17.40 | 4280| 87.20
70. | 1676 | 12.60 | 31.50 | 63.00 98. | 2200 | 17.60 | 44.06| 88.10
71. | 1699 | 1278 | 31.95 | 63.90 99. | 2230 | 17.80| 445 | 89.00
72. | 1621 | 12.98 | 324c | 6480 | 100. | 2250 | 18.00 | 46.00| 90.00
73. | 1644 | 13.14 | 3285 | 6570 | 200 | 45.00 | 36.00 |  90.00| 180.00
78, | 1686 | 1332|3330 | 6660 | 300. | 67.50 | 54.00 [ 136.00| 270.06
75. | 1689 | 1360 | 33.76 | 67.60 | 400. | 90.00 | 72.00 | 180.00| 360.00
76. | 1711 | 1368|3420 | 6840 | 500. | 1125 | 90.00| 226.00| 450.00
77. | 1734 | 1386 | 3465 | 69.30 | 600. | 1360 |108. 270 | 640

78. | 17.56 | 14.04 | 35.10 | 7020 | 700. | 167.5 | 126 315 | 630

79. | 1779 | 1422 | 3686 | 7110 | 800. | 180.0 | 144 360 | 720

80. | 18.01 | 14.40| 36.00 | 7200 | g00. | 2025 | 162 405 | 810

81. | 1824 | 14.60 | 36.45 | 7290 | 1000. | 226 | 180 450 | 900

82. | 18.46 | 14.80 | 36.90 | 73.80

83. | 18.69 | 1490 | 37.35 | 74.70

g4 | 1891 | 15.10 37.80 | 76.60




()) Quantities of Materials Requircd for Concrete Mix of 1:3:6

‘Table Vill-10
Cone. Cement S‘lnd rth?:?tllp Conc. Cemant Send ‘gaﬁ?/ »l.
cft. ctt. [ Bags cit. oft. ctt. c't. Bags. eft. | ot
1. 0.16 | 0.12 0.45 0.90 29. 4.36 3.48 12,08 | 28.10
2. 0.20 | 0.24 0.90 1.80 30. 4.50 3.60 13.60 | 27.00
3 0.45 | 0.36 1.36 2.70 31. 4.65 8.72 13.86 27.80
4, 0.60 0.48 1.80 3.60 32. 4.80 3.84 | 14.40 | 26.80
5. 0.76 | 0.60 2.25 4.50 33. 4,96 3.96 14.86 23.70
6. 0.90 | 0.72 2.70 5.40 34, 5.10 4,08 16.30 30.69
7. 1.06 | 0.84 3.16 6.30 35. 6.26 4.20 156.76 31.60
8. 1.20 | 0.90 3.60 7.20 36. 6.40 4.32 16.20 | 32.40
9. 1.36 1.08 4,05 81 | 37. 6.56 4.44 1€.66 | 33.30
10. 1.60 | 1.20 4.60 9.00 38. 6.70 4.66 17.10 | 34.20
1. 1.66 1.32 4.95 9.90 39, 5.86 4.68 17.66 35.10
12. 1.80 | 1.44 5.40 10.80 40. 6.00 4.80 18.60 | 36.00
13. 1.95 1.66 5.85 11.70 41, 6.156 492 18.46 36.96
14. 2.10 1.68 6.30 12.60 42, 6.30 5.04 18.80 | 37.80
15. 2.25 1.80 6.75 13.60 43. 6.46 5.16 19.35 38.70
16. 2.40 1.92 7.20 14.40 44, 6.60 65.28 19.080 39.60
17. 2.65 204 7.65 15.30 45. 6.75 5.40 20.25 40.50
18. 2.70 | 216 £.10 16.20 46. 6.90 5.62 | 20.70 | 41.40
19. 2.85 2.26 8.55 17.10 47. 6.06 5.64 21.15 42.30
20. 2.00 | 2.40 5.00 18.00 48, 6.30 5.76 | 21.60 | 43.20
21. 3.16 | 2.52 9.45 18.90 49, 6.46 5.8 22.06 44.10
22, 3.30 | 2.64 9.90 19.80 50. 7.50 6.00 | 22.50 | 45.00
23. 3.45 2.76 10.35 20.70 51. 7.65 6.12 22.95 46.90
24, 3.60 | 2.88 10.80 21.60 52, 7.10 6.24 | 23.%0 46.80
26. 3.75 | 3.00 11.26 22.50 53. 7.956 7.36 | 23.86 | 47.70
26. 3.90 | 3.12 11.70 23.40 54, 8.10 €.48 | 24.30 | 48.60
27. 405 | 3.24 12.16 . 24.30 65. 8.25 6.60 24,76 | 49.60
28. 420 | 3.36 12.60 25.20 66. 8.40 6.72 | 26.20 60.40
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