AMUUANITEUUUT AN 3 (B1SuduTn)

1399 “N1SAIBNAUNTRUNEYRTUTUBLNIAUTENBUIYIANIAINTIUAIUAY

FTAUANIYIAINT WATTZAUNIAIAINTNLAY §1U1IANTIULEFT AUNTDUAMUAINIIANTT

an
- U52naulv1dndaanssy (Competency Frameworks)” fnudadiannsatind(Cisco Webex)
® JFIDNS petency

Juan{il 10 waAIn1eu 2566 1281 09.00 - 12.00 U1

11.00 W. - 12.00 . A133UTENBUNTVBLABUTLAULNYINUULNAN
log wgaty Asgou AUNTIUNITNAFBUAINT Y SEAUATYIAINT

LAZSZAUNIAIAINSNLAY @1U10AINSSULEE



dN1eNnNsS

AN9USseNaIGLLILYAAANLLIU 2 aau
maui 1. NMsEIUIMaanuLIL WATER RESOURCES STRUCTURES
Mau 2. N1sNads19 WATER RESOURCES STRUCTURES

AsussanadgsiltanIzisadairaalluinatuiazautIail 60 vl






*

*

สภาวิศวกร














aauil 1. DESIGN OF WATER RESOURCES STRUCTURES

Asaanuuudautiudniin (Storage Dam Design)
Asaanuuudaunaiin(Diversion Dam Design)
n1saanuuuna(Weir Design)
A1saanuuuaasdsenauiiu(Appurtenant Work Design)
A1saanuuuduAuii (Dike Design)

A1saanuuuAaaddviii (Canal Design)
Asaanuuuidiausduads(Bank Protection Design)
Asaanuuutdausuiitviau(Flood Wall Design)
Asaanuuusanilguiin(Pumping Station Design)
n1saanutuunitsa(Harbor, Berth, and Jetty Design)
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mauﬁ 2. CONSTRUCTION OF WATER RESOURCES STRUCTURES

ANsAILANYIUNaAS v Idaufudnu (Storage Dam Construction)
ANsAILANVIUNAAS VI daunai(Diversion Dam Construction)
A1sAIunNvIunags YN a(Weir Construction)
ANSAILANYIUAAASIva1A1sUsEAauv U (Appurtenant Work Construction)
ANsAILANYIUNAASI9AUAUN (Dike Construction)
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ATSAILANVIUNAAS VI dausUadv(Bank Protection Construction)
ATSAILANVIUAAAS VI dausUinYiu(Flood Wall Construction)
ATSAILANVIUAAAS v Tiguin (Pumping Station Construction)
ANsAILAUVIUNad9vrintaa(Harbor, Berth, and Jetty Design)
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mam’/’i 1. n1sAuIaaNLiLIL RESOURCES STRUCTURES

%4 [ = | Qs 1 [ 74 Q/ - ol al =l [ - 74

MaanalsiaNnus(navzndauduniaitnatdavnnnaLilusiiai)
% 9 a A [ (- [ 4

LRNIZKRIAANLA LN 2AAVALINRAVIUZAAYN L2 &A1

1. dsemsyunenin dszanainudace (The hydraulic structures built to divert
water from a river, like a barrage or a weir) ¥3aa1asuAEAULKENINTAY

2. Fumauni1519TATING ANsaanwuuwaza1saadsy (The different steps to be
followed for planning, layout, design and construction of barrages)

3. AsdITALRLIIVTINAN AN AL THUTUA1519TAT9INT (The various aspects
of investigation necessary for planning a diversion structure)

4. NM5LRanNAYLALLUINIIUAIIRIIU (How to choose the location and
alignment of a proposed diversion structure)

5. NSANNUANTAANUIAMIAUIALAIRIUAIADIA1AI5TAIIU (How to
determine the characteristic dimensions of the different parts of a barrage)

6. fianAssznauazlsinetisafiviviieu (What are the appurtenant structures
that have to be provided with a barrage)




Two types of hydraulic structures(irrigation structures)

q; ~ w 3,’ . .
1. Lavtnunnw Storage structure, usually a dam, which acts like a

reservoir for storing excess runoff of a river during periods of high
flows (as during the monsoons) and releasing it according to a
regulated schedule.

2. launmU Diversion structure, which may be a weir or a barrage

that raises the water level of the river slightly, not for creating storage,
but for allowing the water to get diverted through a canal situated at
one or either of its banks. Since a diversion structure does not have
enough storage, it is called a run-of-the river scheme.

The diverted water passed through the canal may be used for
irrigation, industry, domestic water needs or power generation.



WFsvavdan-Aaideaaseanazilsenssunai

Weir ¢l

Barrage ﬂeg@%uﬁﬂﬁ’\

Low cost 91 ﬂ’]Qﬂ

High cost $9ALLAN

Low control on flow
AouANTHNN T A

Relatively high control on flow and water levels by, .
operation of gates paUANTNUNLAZIZALIUN A

No provision for transport
%)mrlnunicl ti99n across the river
Fanulyle

Usually, a road or a rail bridge can be
conveniently and economically combined with a
barrage wherever necessary 54114506194 16

Chanceg of silting on the upitream
IS MorelpeNAUNIEANANLNUAUININ

Silting may be controlled by judicial %g/eration of gates
mﬂﬂummlﬁlﬂmmuﬂ?z@i:mﬂm i

Afflux created is high due to
relatively high weir crests

FLALUNUUAUNAZININTL

Due to low crest of the weirs (the ponding being done
mostly by gate operation), the afflux during high
floods is low. Since the gates may be lifted up fully,
even above the high flood level.
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Tasomszalssmunminade wihauuasdnasseiiadedufiaiudnin uazaruauiliuna
ihhinganlunmannzlan avddssnavaasssundalssmuazdsznavieoy

1.5.1 wia9in (Source of water supply) aul,:l.luﬂsmmmmumumuu'ﬂﬂ‘lﬁ‘mLfm

1se 11211 LLauLﬂuﬂ?.iulIG?i'J'I Wurdadsymuazainelugifiaels mwaomua Lﬂuaaﬂﬂsvnanuuam
aumaowmuwum‘luaamﬂaaannamwmﬂsuma Nﬁ’a’aEIM&']EIBEI'\\‘]MQW\B\‘JWQ'\‘SN'\ desaavidanay
”lmnmma”h.lLnmm.lLsaaﬂsmmmLtauﬂmmwwaam

1.5.2 Wuiduwazia (Land & Crops) Audidu wanady vauaaRUNAAMUG
1TiNaglasulssiamianniasenisuadsemu 1 nsunuay Liflushﬂ"muﬂms‘tﬁﬁwaa'iﬂsams?jaﬂsvmu
LLauLﬂummuummmwamammumaimoms mLﬂumaasumeﬂuwmjumm Uanusiale Wuiwinle
Aniauladofaula Lwaavvlmwmsmwnmummsmumjumavmsammsm“lmanmaa

1.5.3 ulasenisdalssniu (Head Work) nnafvussandnassraionuati
Aa&s19l3iluain Lwaﬂnszmnm‘mawu uazdnsainldladlsslamilunsralssmuie d9anaay
WHunuunfiag W Wauszuneih WauAudnii wiadlunisguingle

1.5.4 szuud9iin (Delivery System) fluszuuiiagiintinanuvacinldgiuiinnzlgn
deanaazilussuunuuraaailaniassuuviade s le szuumainilagruluginnsgetinazardause iy
a9uadlan (Gravity) ‘l',m;lmﬁﬂmsﬂnsumwaom‘maamumnmsaswmmumnmﬂﬂ,umwa 1.5.3
§IUTTUUVIAALAUIIAUFINIA Wil fuasfuszasnioiasaiinninluée

1.5.5 szuunisluitinwana (Irrigation System) fussuuni1svitinilalundag )

winlanity fag 4 szuulug 9 l6ud svuuastitiuaRduuuldfidu svuunstiiiuaRaneflGiu
smnms‘lwmunnamﬂaﬂ syuunshithuuunae

1.5.6 'iu‘l.n.l'sumﬂm (Drainage System) \flussuuiidrdainviunniiuainy

siavn1suadiy deanaaslludusrauazinanssnusaiale
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FIGURE 1. Structures for harnessing water resources potential of a river
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Plan:Canal Head Regulator
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The design of any hydraulic structure comprises of two steps:

e Hydraulic design, to fix the overall dimensions and profiles of the structure, and

e Structural design, where the various sections are analysed for stresses under different loads
and reinforcement or other structural details are worked out.

The dimensions fixed by hydraulic design through available empirical formulae are further
refined by testing a scale model of the structure in a hydraulic model testing laboratory.
The structural design uses the hydraulic forces expected from the given hydraulic parameters

(evolved through the hydraulic design) and produces a detailing that will keep the structure safe
against those forces and loadings.



For barrages, there are two different sets of hydraulic conditions.

The first is due to subsurface or seepage flow conditions that occurs due to a water level
difference on the upstream and down stream of a barrage and is the maximum when the gates
of a barrage are mostly closed as during the low flow period of the river.

The other is due to surface flow conditions which occur while the barrage gates are open during

floods.

The hydraulic conditions of canal head regulators are also quite similar, with seepage flow
dominating during gate closed condition and free flow during gate open condition.
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Hydraulic design for sub-surface flow

The sub-surface flow below a barrage causes two definite instability problems, as listed below
and illustrated in Figure 1.

1. Uplift forces due to the sub soil pressure that tends to lift up the barrage raft floor, and

2. Upward rising seepage forces through the river bed just down stream of the solid apron
causes sand particles to erupt upwards and tends to ‘piping’ failure of the foundation.
Seepage forces would be the most dominating for gates closed condition, but would also exist

during some cases of full flow conditions, as shown in Figure 2.
3.Sub-surface soil for foundation consideration

(a) (b) (c)

FIGURE 2. Seepage line gradient changes (a) steepest during no flow ; (b) Average during medium flood ; and (c) Almost none during high floods.
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(A) (B)

Figure 17. Downstream riverbed uplift and its prevention. (A) Differential pressure head causing sand uplift ;
(B) Cutoffs to reduce uplift pressure by increasing the seepage path.



RAISED POSITION OF GATE DURING HIGH FLOOD

HYDRAULIC JUMP

SHEETPILE SAND BED SCOURED BELOW NORMAL LEVEL

FiGure 18. Riverbed scour resisted by sheet pile protects the foundation barrage floor.
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Fixing the site of dam: While fixing the
sitc of a dam, the following general considerations are
kept in view:

(a) Suitable foundation-bed should be available
at the site for cheap construction of dam.

(b) Matenals of construction should be avai-
lable at dam site or near it.

(c) Dam site should be connected with neigh-
bouring towns by good lines of communication so
that the construction may be cheap and may not
present difficulties.

(d) Bed and the sides of lake basin should be
fairly watertight and the basin should be preferably
cup-shaped with flat bed and steep sides.

(¢) The cost of dam to give the required storage
should be minimum.



(f) The site should entail minimum overall cost
of construction and minimum cost of subsequent
maintenance.

(g) Spillway (i.e, the device for disposing off
surplus water to downstream side of dam) should be

safely and cheaply located in the dam or it may be
separate from it.

(h) The site should ensure adequate capacity
of lake created by 1t.

(1)  The site should ensurc less length of dam.

In the casc of various types of dams, there will
be some particular considerations also.
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Simplified explanation of typical retaining walls

Gravity wall

///////;;,,,{

-

Earth pressure vector
Gravity vector (of wall)
Reactive force vector
(not all shown)
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L1

Piling wall

e

-
-

Earth pressure vector

Grav

ity vector (of wall)
Reactive force vector
(not all shown)
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T

eI

Earth pressure vector
Gravity vector (of wall)
Reactive force vector
(not all shown)

Cantilever wall

x;/////;/,,,/

g

LT

Earth pressure vector
Gravity vector (of wall)
Reactive force vector
(not all shown)

Anchored wall

f/////;,,,,w —

| N/ Lrrrenry

Standard wall type holding the earth mainty through its own weight. Will topple

relatively easily, as the internal lev

erage of the carth pressure is very high.

Using long piles, this wall is fixed by soil on both s
piles themselves can resist the bending forces, this wall can take high loads,

ides of its lower length. If the

The cantilever wall {which may also extend in the other vertical direction) uses the

same earth pressure irying 1o topple it 1o stabilize iself with a second lever am.

“This wall keeps itself from toppling by ha

wving cables driven into the soil or rock,

fixed by expancling anchors (can be combined with other types of walls).

AMUNIARIDIANFTALTENIY AsHNINTIAUAUIASITIA LU AduANUll+Uuln surcharge




1.98 Coulomb Active Earth Pressure

’Qj A5UARY Coulomb 145uaunsraviniu

409 Pressure, Pp_ = Oa = Ovtan’(45-@/2) = OvKa= Y HKa
\Na O,=YH O,= O, Ka=Y HKa
Ka= (Coefficient of active earth pressure)

= tan’(45-@/2)

Lateral force, Pa= > K,0, H
=12 K, v H?
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130 Failure Y9904 anzsuisen Rankine Active Earth Pressure, O .

. Yo A Aa = a =
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gas Py = O, =0 tan’(45-0/2) - 2¢ tan(45-0/2)

=0 VKa-Zc\]E

19 Ka= (Coefficient of Rankine earth pressure)
= tan’(45-0/2)
4 tﬂ' U A A % 2 o I
VZNUINITAUNINY ﬂﬂﬁﬂl Surcharge,q H1NITNIANVD
Py= 0 =-2c \]Ka “N!‘IJ‘L! Tensile Stress
?i‘jﬂ ﬂ"IN Surcharge,q ﬂsv‘nmmwu !!ﬂﬂ"lﬁllﬂx‘i qKa ‘H@ﬂﬂ’)"l 20'\/Ka NOZINA Tensile
Stress 1AA® Py = 0, =-2c\Kat+ qKa

Pa=% OvHKa— cH\/Ka auMS (5.9) ¥ 226
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N19NANTUIAN Passive Earth Pressure

fl 2 ?ﬁj ﬁ@ 1.Coulomb Passive Earth Pressure LLAS

2.Rankine Passive Earth Pressure

.95 Coulomb Passive Earth Pressure
gns P, = 6, = o tan’us+On2) = ¢ Kp =y HKp

' B

Kp = Coefficient of passive earth pressure
= tan’4s+On)

Pp=Y%ovH Kp =% vy H? Kp



2.9% Rankine Passive Earth Pressure
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muws a1 Horizontal fmwmmumﬁmwmmmﬂ( Failure

Condition ) nannusuiliseni Passive Earth Pressure 0,

qag | O' G tan’(45+0/2) + 2¢ tan(45+0/2)

=0 Kp+20\/Kp YHKp+2c VK
gie  Kp = tanus+on)

Pp=I/ZGVHKp+CH\/E[)=1/2’YH2Kp+CH\/K_p
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. Active Pressure Diagram
Submerge weight Y, = Y'= Ysat-Yw

Pa=P1+P2+P3+P4+P5
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B aKa (YHI+ Y H2) K, Yo H2
Surcharge Pressure  Earth Pressure Water Pressure

Earth Retaining Wall Y =Ysat-Yy,

Pressure Diagram

ADINND WD,
0=? K=" or K="
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Coulomb, Pa= Yo ovHKa=Y Y H Ka e GV= YH

Pp="2 OvH Kp="2YH Kp

Rankine, Pa= /2 O _H Ka - cH VKa =YY B Ka - (2)eH VKa
p= /2 p+2c p=/2 p+2c Y
Pp= "5 G H Kp+2¢H VKp = V27 B Kp + 2¢H VK
A —
Twie 6,=Y H
Rankine, d1)31fa tension zone azlisiau)n anms Pa fe

Pa="% ovH Ka - cH VKa =%y H? Ka — cH VKa

od surcharge s Pa szasauinais qHKAa #an Coulomb, 118z Rankine,
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lumssmawm Lateral earth pressure dassauyigiiii usaduaudmdradunuy
anzauga wieannzegiui (Lateral earth pressure at Rest) ndnde iief
wsasuMuivesdunsgidesume viemisvesTaseadeiudu Taehiinsindouiives

funarsenis a1 Ka dldeeiudsil
K,=Ka=1-sin¢ 4wiu Normally consolidated granular soil

K,= Ka=0.95-sin¢ 4w Normally consolidated clay
wan1sAuIunaly azldAn Ka vee Coulomb 150 Rankine duines
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MUNINS oW 71D

Ka= tan(45-(/2)



iRaumniaua  Ka= (Coefficient of active earth pressure)

YUY Ka = tan2(45-@/2) AU Ka = 1-sin ¢

TABLE OF VALUES OF K, =tan’45-0/2)

o @ IN DEGREES
DEC SLOPE | 40 15 |20 |25 |30 35 40 |45
1] ‘ 0 i, T4 ‘ 0.559 | 0,450 | 0 40 0333 0.2 ‘ 0217 ‘ 0172

TABLE OF VALUES OF K, = 1-sing

vl @ IN DEGREES

0 ‘a 0.826 ‘ 0.741 |D.658 | 0.577|| 0.500 |[0.426 ‘ma? ‘n.293




mauﬁ 2. CONSTRUCTION OF WATER RESOURCES STRUCTURES

ANsAILANYIUNaAS v Idaufudnu (Storage Dam Construction)
ANsAILANVIUNAAS VI daunai(Diversion Dam Construction)
A1sAIunNvIunags YN a(Weir Construction)
ANSAILANYIUAAASIva1A1sUsEAauv U (Appurtenant Work Construction)
ANsAILANYIUNAASI9AUAUN (Dike Construction)
ANSAILANYIUADASIvAARYRYUN (Canal Construction)
ATSAILANVIUNAAS VI dausUadv(Bank Protection Construction)
ATSAILANVIUAAAS VI dausUinYiu(Flood Wall Construction)
ATSAILANVIUAAAS v Tiguin (Pumping Station Construction)
ANsAILAUVIUNad9vrintaa(Harbor, Berth, and Jetty Design)

way anasavgniAenasAuyl  (Vdu drvin vruuau Unlaau 1a4)
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Sequence of construction of Diversion Dam (Barrage and Weir)

This important activity has to be planned perfectly, since mistakes at this stage
would be difficult to be rectified later. The major items under the sequence of
construction are as follows:

. ® Layout of the barrage axis as per the approved plan by constructing short
pillars called axis pillars at suitable locations along the line of the axis across
the river.

. ® Benchmark location has to be established the entire project area to help site
the various components like floor, crest, piers, etc. at proper elevation.

- @ Temporary access bridge has to be constructed for transporting men, material
and equipment from one bank of the river to the other.

- ® Layout of cofferdams have to be decided on the site conditions, nature of river

course, and program of works for the season. Coffer dams are temporary
structures constructed in the riverbed to provide an enclosed area where the
actual construction might be executed. Details of the design of a cofferdam may
be had from Bureau of Indian Standards Code 1S:10084-1982(Part1) “Criteria for
design of diversion works: Coffer dams”.
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® Once the coffer dams are constructed, the water within the enclosure has to
be dewatered. The Bureau of Indian Standards Code 1S:9759-1981 “Guidelines
for dewatering during construction” may be referred for details, but the main
points are noted below:

1. After completion of the excavation above the water table, dewatering of the
foundations have to be commenced by well points or open pumps and the
water table progressively lowered. Well point systems may be suitable for
sandy soils but in silty clay foundations strata open pumps and/or deep well
pump may be preferred. If an impermeable compact shingles-coffle layer is
sand witched between sandy layers in the depth to be excavated, then deepwell pumps with
strainer throughout its depth has to be used.

2. The preliminary requirements of dewatering pumps should be bored on the
inflow to the work area, calculated on the basis of permeability of the strata
and closeness of the water source.

3. During dewatering operation, care should be taken to ensure that there is no
removal of fines from the sub-strata that may weaken the foundation.

4. Any seepage of water from the foundation at local points or springs have to
be taken care of properly so that there is no piping of the foundation

material.




5. Excavation of the foundation to the barrage profile is to be made either
manually or by machines in reasonably dry conditions . During excavation,
water table should be maintained at a lower level at which the excavation is
being done. The excavated soil should be disposed- off either manually or by
machines, to suite the site requirements . In case machinery is employed, the
final excavation of the lowest layer should be done manually to the specified
depth.

6. Cutoff walls may be steel sheet -piles driven from riverbed in case of nonbouldery strata
of riverbed but in bouldery strata, either concrete or steel

sheet pile cut-offs have to be constructed, both by excavating a trench and then
back filling with sand. For a discussion of the details of steel sheet pile driving
or construction of cutoff walls in trenches the code 1S:11150-1993 “Construction
of concrete barrages - code of practice” may be referred to.

7. Once the cut-off walls on the upstream and downstream sides of the barrage
are installed and partially covered with pile caps, the foundation surface of

the raft floor has to be properly leveled, dressed and consolidated. The
foundation should not contain loose pockets or materials and they should be
watered and compacted to the specified relative density. Clay pockets should be
treated as specified by the designer. It has to be ensured that proper drainage
arrangements in the foundation according to the designs including inverted
filter, wherever indicated, are provided and concreting work is taken up.



8. Instruments like piezometers, pressure cells, soil stress meters, tilt meters as
specified should be installed carefully such that the electric or mechanical
connections to a central control panel is least disturbed during construction.

9. The batching, mixing, placing and protection of concrete has to be done in
accordance with 1S:456-1978 “Code of practice for plain and reinforced
concrete”.

10. Where mechanical parts like gate guiding rails, gate seals are to be
installed, block outs should be left out so that the parts may be embedded
later.

11. Dowel bars, or if necessary, metal sealing strips should be provided for the
joints between the pile caps and barrage floor.

12. The sequence of construction of barrage bays, silt excluder and piers have
to be done in lifts, starting from the downstream end of the barrage and with
continuous pour in suitable layers, or as specified by the designer.

13. Abutment and flared out walls may be constructed on pile foundations or on
well foundations.

14. Divide walls have to be constructed on well foundations and the wells have
to be sunk to the founding levels and the work of barrage bays on either

side of the divide wall should be taken up after construction of well caps.

15. The cement concrete blocks in the flexible apron on the upstream and
downstream of the solid aprons of the barrage floor may be cast in-situ with
alternate blocks cast at a time. These may be constructed with form work that
should be so designed that when it is stripped off, the required gap is formed
for filling the filler material to facilitate speedy construction, pre-cast blocks
may be used.
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CONCRETE SLUMP TEST — PROCEDURE AND RESULTS

Concrete slump test is to determine the workability or consistency of concrete mix
prepared at the laboratory or the construction site during the progress of the work.
Concrete slump test is carried out from batch to batch to check the uniform quality of
concrete during construction.

The slump test is the most simple workability test for concrete, involves low cost and
provides immediate results. Due to this fact, it has been widely used for workability tests
since 1922. The slump is carried out as per procedures mentioned in ASTM C143 in the
United States, IS: 1199 — 1959 in India and EN 12350-2 in Europe.

Generally concrete slump value is used to find the workability, which indicates water-
cement ratio, but there are various factors including properties of materials, mixing
methods, dosage, admixtures etc. also affect the concrete slump value.



Factors which influence the concrete slump test:

1. Material properties like chemistry, fineness, particle size distribution, moisture
content and temperature of cementitious materials. Size, texture, combined
grading, cleanliness and moisture content of the aggregates,

2. Chemical admixtures dosage, type, combination, interaction, sequence of
addition and its effectiveness,

3. Air content of concrete,

4. Concrete batching, mixing and transporting methods and equipment,

5. Temperature of the concrete,

6. Sampling of concrete, slump-testing technique and the condition of test
equipment,

7. The amount of free water in the concrete, and

8. Time since mixing of concrete at the time of testing.



Equipments Required for Concrete Slump Test:

Mould for slump test, non porous base plate, measuring scale, temping rod. The mould for
the test is in the form of the frustum of a cone having height 30 cm, bottom diameter 20
cm and top diameter 10 cm. The tamping rod is of steel 16 mm diameter and 60cm long

and rounded at one end.

Sampling of Materials for Slump Test:
A concrete mix (M15 or other) by weight with suitable water/ cement ratio is prepaid in
the laboratory similar to that explained in 5.9 and required for casting 6 cubes after

conducting Slump test.

Measuring

Figure-1: Measuring Slump of Concrete



PROCEDURE FOR CONCRETE SLUMP TEST:

1. Clean the internal surface of the mould and apply oil.

2. Place the mould on a smooth horizontal non- porous base plate.

3. Fill the mould with the prepared concrete mix in 4 approximately equal layers.

4. Tamp each layer with 25 strokes of the rounded end of the tamping rod in a uniform
manner over the cross section of the mould. For the subsequent layers, the tamping
should penetrate into the underlying layer.

5. Remove the excess concrete and level the surface with a trowel.

6. Clean away the mortar or water leaked out between the mould and the base plate.
7. Raise the mould from the concrete immediately and slowly in vertical direction.

8. Measure the slump as the difference between the height of the mould and that of
height point of the specimen being tested.

Figure-2: Concrete Slump Test Procedure



NOTE:

The above operation should be carried out at a place free from Vibrations or shock and
within a period of 2 minutes after sampling.

Slump Value Observation:

The slump (Vertical settlement) measured shall be recorded in terms of millimeters of
subsidence of the specimen during the test.

RESULT OF CONCRETE SLUMP TEST:

Slump for the given sample= mm

When the slump test is carried out, following are the shape of the concrete slump that can
be observed:



Suitability of Slump Test:

The slump test is suitable only for the concrete of high or medium workability.

Recommended Values of Concrete Slump Tests for Various
Purposes:

No. Types of concrete Slump

1 Concrete for road construction 20 to 40 mm
2 Concrete for tops of curbs, parapets, piers, slabs and wall 40 to 50 mm
3 Concrete for canal lining 70 to 80 mm
4 Mormal RCC work 80 to 150 mm
] Mass concrete 20 to 50 mm
(i} Concrete to be vibrated 10 to 25 mm
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the right way and the wrong way to place concrete
WRONG

X

To pour concrete in a column right approach is as

m I follows;
r' ﬂ[ 1.If it is a large column, place it through the tremie
L pipe and raise the tremie pipe upward.
HpeN | 2.Due to congestion of steel if tremie pipe is not
t A 'r[:i[ _ : Al possible to .keep. I_Dour about_ 15 to 20 Itr. of rich
¥ | ‘ ;.éi.: il mortar 1:3 just prior to pouring of concrete
{ g H e s through bucket to minimize the segregation of
| &2 A4l concrete at the base.
=i o = = l’*‘* = 3.Create a window at suitable depth in the shutter
when?ﬁeﬁigﬁt of columns more than imleter to place needle vibrators if columns are long to
make opening in side formwork at 3 meters to avoid the segregation vibrate placed concrete.
R s ":;Ew . 4.You may use the windows to pour concrete using
i - thansas a suitable trough to facilitate concrete to restrict
= = = =3 drop heights, .
: o e «—— Tremie concrete refers to placement by gravity
=T = |_,_*FW feed from a hopper through a vertical pipe
| f 4 — — extending for above the surface
| |
A 1- § = I
- l!l — = f Form tie
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Why do we test concrete compressive strength after 28 days?

Concrete gains strength with time after casting. It takes much time for concrete to gain
100% strength and the time for same is still unknown. The rate of gain of concrete
compressive strength in higher during the first 28 days of casting and then it slows down.

The table below shows the compressive strength gained by concrete after 1, 3, 7, 14 and 28
days with respect to the grade of concrete we use.

Age Strength per cent

1 day 16%

3days 40%

7 days 65%

14 days 90%

28 days 99%

From above table, we see that, concrete gains 16 percent strength in one day, 40 percent in
3 days, 65% in 7 days, 90% in 14 days and 99% strength in 28 days.

Thus, it is clear that concrete gains its strength rapidly in the initial days after casting, i.e.
90% in only 14 days. When, its strength have reached 99% in 28 days, still concrete
continues to gain strength after that period, but that rate of gain in compressive strength is
very less compared to that in 28 days.



After 14 days of casting concrete, concrete gains only 9% in next 14 days. So, rate of gain
of strength decreases. We have no clear idea up to when the concrete gains the strength,
1 year or 2 year, but it is assumed that concrete may gain its final strength after 1 year.

So, since the concrete strength is 99% at 28 days, it’s almost close to its final strength,
thus we rely upon the results of compressive strength test after 28 days and use this
strength as the base for our design and evaluation.

Though there are also some rapid method of testing concrete compressive strength which
gives relation between rapid test methods and 28 day strength. This rapid test is done
where time is limited for construction and strength of structural member must be known
to carry out further construction work.
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The Proctor compaction test is a laboratory method of experimentally
determining the optimal moisture content at which a given soil type will
become most dense and achieve its maximum dry density.
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Moisture Content, OMC”
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Standard Proctor Compaction Test

-The standard was originally developed to
simulate field compaction in the lab

-Purpose: Find the optimum moisture content at
which the maximum dry unit weight is attained
-ASTM D 698

-Equipments;

Standard Proctor

-1/30 ft3 mold

-5.5 Ib hammer

-12" drop

-3 layers of soil

-25 blows / layer




Modified Proctor Test

e The modified was developed to simulate
larger compaction effort for more serious
loads and bigger equipment

e ASTM D 698

* Modified Proctor

-1/30 ft3 mold

—10 Ib hammer

—18"drop

-5 layers of soil

—25 blows / layer




a =) o Q/ p=| L%
nsnvn1stdsawnaualnsaiuaznavorunlaliunisnasgau
Standard Proctor waz Modified Proctor

Mold size Wi, Of No. of  height of No. of energy / vol.
hammer  layer drop blow per It — Ib/Rt°
{1h.) {in) layer
Standard a0 x 4.8 5.5 3 12 25 12,400
Proctor 3 6.0" x 507 .0 3 12 56 12,400
Modified ) 60" x 5.0° 10 5 18 | 56 56,000
Proctor .E:[ 4.0" x 4 6" 10 5 16 29 a6, 300




siluaavauduus5211219 Dry Density () wazilunlasidusinnudu
(Percent water content) aav (1) Standard Proctor uaz
(2) Modified Proctor

i_Optimum moisture content
HHHHHHHHH =

@%PROCTOR COMPACTION TEST, SPCT.

5

3

Dry density a

Moisture content
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THE WALL FORM DESIGN

NMSATUITLLSIARADIADUNIANTEINGD bal LI L
Lateral Pressures on Wall Forms

The pressure imposed by concrete on a wall form is a function of the
following primary factors:

1

2.
3.
4.

Density of concrete

Temperature (7) of the concrete at the time of placing (degree Celcius)
Rate (R) of concrete placing (meter of height per hour)

Height (/) of concrete placement (in meter)

What determines the pressure on concrete forms?

The effective lateral pressure is influenced by the weight, rate of placement,
temperature of concrete mix, use of retardant admixtures, and vibration.

Internal vibration leads to an increase in lateral pressure temporarily by 10 to 20%. This
is because it makes fresh concrete to behave like a liquid for the full depth of vibration.
Therefore, forms should be designed to withstand the greater pressure and depth of
vibration must be controlled during concrete placement. Re-vibration and external
vibration generate greater loads on forms compare with internal vibration.




NMI9ATUINILIIAUATUT I 2IABUNIA

diosoniaduitiinanousesusudugasnaunsniisuaunan Ja
HamnslunisAua aiuanerenulundandasfinrsanfetasaladeda
usazansezliAuseruzasAsun3auanawnuly eauusatoduiitiaun
a1 lmsdassuan 1 lunisiionsou laun
- ARSINISMMADUNSA
- ATHUWUILUUIDIASUNSA Las

- AT luNISIMAaUNSR

LU WSIAUUIUTDADUNTHALIARD

P=vyH

P — wsuAuatgasAauNsaal kg./m.-

Y — ArauuILiuzasAawnIaual waluld 2400 kg./m.”
- = H11u§ﬂununnun%'ﬂﬁlﬂ (31.)

AN1IAINSG 2558



AATUTIAUARIADUNTANSLYINGED balLILl
dnsainnisuAaag lagWwaismwidatune ansin1siv ansuni

Slump dudsssuaniinasz:nunausuaulavuandansAaiNanyozaag
Tasusas

nedluvundoainoiidoulassil ussrunounsnbitiu 15,000

I-cg}'m.E
P =800 +80,000R
T+20
uvunsorituwinviidoulasil ussaunaundaliiiu 10,000
=2
kg/m |
e ; 18 R=1.52 m/hr. T=26.67 °
nact ans1d N 2 u./du. bR R=1. . 1=20.

P=800+((80000(1.52)/(26.67+20))
|  =800+(2605.53)

=3405.53 kg./m?

=3.405 t/m? gmnsaa9aniIAIng

465 ACI 15 = 3.48 t/m?

P =800 +80,000R
T+20

NSlaRsINISWMIEINI1 2 was/ daluae

P=800+(12,000+25000R)
T+20

wr = 2
= uwsuAuADUADUNsIALal kg./ m.

= ans1nsw QacduAaraaslunism/daTuolu. /g,

= aniunizavAaunin (C)

I 413710

= ArNgdvzasAaunInanmaluuuu (3.)

AN1IAINSG 2558



ACl 347

NARAIATUIUUTIAU(pressure)uadnaunInLnaINTLVinga laduuy

| 1 psf.= 0.004882 tsm. = 4.88241 ksm.

DESIGN OF CONCRETE FORMWORKS n1saanuuuladuuu(vsanuuivan)lusiunarnas

THE WALL FORM DESIGN

Lateral Pressures on Wall Forms

A. The pressure imposed by concrete on a wall form is a function of the
following primary factors:

1. Density of concrete

2. Temperature (7)) of the concrete at the time of placing (degree Fahrenheit)
3. Rate (R) of concrete placing (feet of height per hour)

4. Height (A) of concrete placement (in feet)

FasNARFAIFAT Pressure p=wxh
JuNAImAaun3nge 3.00 u.(=3x3.28 ft.)lu 1 FrTuy

1 psi.= 0.07031 ksc.

u.u.aa9Aaunda = 150 Ib./cu.ft. (dszunan 2400 nn./au.u.)

38vin: 150x3x3.28 = 1476 psf. (convert = 1476x4.88 = 7202.88 nn./as.u. )
2400x3 = 7200 nn./a5.4. (LLsomumamLLwoﬂaunsmm 3.00 u.)
1000x3 = 3000 nn./65.4. (Lsoduiialingn 3.00 u.)




ACl 347  Diagram of Lateral Pressure on Wall Form

A
A A

Hydrostatic Load Zone:

4°-9” 712.5 pst
= =475 ft=4"-9"
145 M. 50 ot

Y o %I ~ =]
¥ Y ﬂ“ﬂﬂllﬁﬂﬂﬂ%@\‘luwcﬂﬂjnmaﬂ 1.45 U.
=3.48 t/m?

ZUAT = 1.45x1.0=1.45 t/m?
= 3.86 .

7’-11"
=2.41m.

Wall Design — Pressure Determined

Given or assumed values: density of Concrete = 150 pcf = 2400 ksc.
Height of Wall (k) = 12°-8” =3.86 m.
Rate of Placement (R) =5 ft/hr = 1.52 m/hr.
Concrete Temperature (7) = 80°F = 26.67° c.

Determine maximum wall pressurp (Per ACI 347)

B
L 712.5 psf Y o . T
-3 t/m?2 mgﬂummmmummmaﬂ 3.86 U.

ressure Diagram
LSIAUUARIABUNSAAANTSIINED LAl L LA

=~ 1

UM = 3.86x1.0=3.86 t/m?




ACI347 4

The pressure (P) that concrete will impose on a wall form is determined as

follows:

1.

=2.134 m.
If the placement rate (R) does not exceed 7 feet per hour, the pressure (P —

measured in psf) is the least of the following; yet never less than 600 psf:

=42.186 ksc
a. P=150+ P000R
b. P=150h
c. P=2000 psf

=2.134 to 3.049 m.

If the placement rate (R) is from 7 to 10 feet per hour, the least of the
following values apply; yet never less than 600 psf:

=42.186 ksc

W P=1504 43,400 N 2800R
T T

b. P=150h
c. P=2000 psf

If the placement rate exceeds 10 feet per hour, assume the lateral pressure
is equal to 150A. (=----- psf. when hin ft.) or (=2400h ---- ksm. when h in m.)



ACl 347

C. The wall form pressure calculations apply only if additional assumptions
are satisfied.CM 420 — TEMPORARY STRUCTURES LESSON 1:
INTRODUCTION AND CONCRETE FORMWORK

Page 20 of 35

1. Concrete density is 150 pcf.(=2400 ksc. approx.)

2. Concrete is vibrated at the time of placement and not more than 4 feet
below the top of the concrete surface.

3. Concrete slump does not exceed 4 inches.

4. Concrete is made of Type I cement and contains no pozzolans or
admixtures.

5. Concrete temperature is in the range of 40 to 90 degrees F



Wall Design — Pressure Determined

Given or assumed values: density of Concrete = 150 pcf = 2400 ksc.
Height of Wall (h) = 12°-8” =3.86m.
Rate of Placement (R) =5 ft/hr = 1.52 m/hr.
Concrete Temperature (7)) = 80°F = 26.67° c.

Determine maximum wall pressure (Per ACI 347)

Since R <7 ft/hr, the maximum pressure is the least of the following:

P =150+ 000K _ 150+ 9000(5) =712.5 psf =3478.72 ksm.
T 80 = 3.48 t/m?
P=150h = 150(12.67°) = 1900 psf =9276.58 ksm.
=9.28 t/m?
P =2000 psf =9764.82 ksm.
=9.76 t/m?
Using the smallest value: Use P=712.5 psf =3478.72ksm.
Verify with Table 5-4 =3.48 t/m?

P =712 psf




ACIS47 TABLE 5-4: MAXIMUM LATERAL PRESSURE
FOR DESIGN OF WALL FORMS

Applies only for normal weight concrete made with Type |
cement, no admixtures or pozzolans, slump no more than 4
in., and vibration depth limited to 4 ft or less.

Rate of placement, p, maximum lateral pressure, psf, for
R, [t per hr temperature indicated

mF|ﬂﬂF1mF|ﬁﬂF|5ﬂFl4ﬂF

600 psf minimum
gﬂ"-’E]’l’lE
690 | 825
664 | TH0 | 870 | 1050
6500 793 | 900 | 1050 | 1275
75l 921 | 1050 | 1230 | 1500

850 | 938 | 1050 | 1200 | 1410 | 1725
881 | 973 | 1090 | 1246 | 1466 | 1795
912 | 1008 | 1130 | 1293 | 1522 | 1865
943 | 1043 | 1170 | 1340 | 1578 | 1935

oW O0 =] S U ok L3 B

el

NOTE: Do not use design pressures in excess of 150 x height of
fresh concrete in forms.



ACl 347 Diagram of Lateral Pressure on Wall Form

A A

Hydrostatic Load Zone:

4’-9” 712.5 pst

=475 ft=4"-9"
=1.45m,. 150 pCf

12°-8”
=3.86m

L 712.5 pst .
=3.48 t/m?

Pressure Diagram
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Frame Wall formwork

Description

Use plywood embed in steel frame to build a steel
frame formwork panel.


http://www.ez-formwork.com/comm/upimage/p_151102_01659.jpg
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1. msAurni(lnagns)waznisnaaas(luauin,plate bearing
test) iilamAfasLunyY 189U lAFIUTINAIANS

2. nMgA1uIn (Inagns) wazn1snaaaa(luguiy) NaMANRAIILLIN
UL LEIN LAgIusINaNANg

3. Seismic test, Dynamic load test, Static load testlu
NULANTNFIUTIN

3. nsisziuLiia AN AILLNNY 1AL LAFIUTINAIANT LAEUN
AMAILUNNUTAREDN TAgIUsINa1AT a1nA1 SPT-N a1nsansis
HANI5LIA12AN1999AURAEAINNITATUIL LGRS
4.nsAuaninazidew Hydraulic Grade Line #iavansaadans
wazAuruman Uplift Pressure
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