~ PAPER No. 215,
RECONDITIONING OF MARALA WEIR.

A

By E.O. Cox, M. B. E., I. S. E.| SupERINTENDING ENGINEER,
anD R. B. L. Ganeat Ry, 1. S| E., Executive ENGINEER,

Marala was the last of three simfilar wide-shuttered weirs on sand
foundations constructed in the Punjab.| Like Khanki and Rasul, it con-
sisted of 8 bays of 500 feet with a set ¢f undersluices on the left flank
where the Upper Chenab Canal takes off. In order to show the need
for reconditioning this work before alfailure or partial failure actually
~ took place as in cases of similar works plsewhere, it is proposed to deal,
¢ somcwhat frankly, with the failure of| the latter, the reason for these
failures and the repairs and alterations carried out as a result of them .
as 1t was largely because of those failures that it was decided to under.
take the work at Marala last winter. Eefore doing so, it must be pointed
out that weirs on sand foundations are rhake-shifts at best and can never
be considered sound engineering strictures. They are seldom used
outside India and are only constructed at the Headworks of our canals
f[rom motives of economy and maintained intact by constant care and
expense. ~ Marala weir 1s, next to Khpnki, the most important in the
Province as on it depends the water sipply to the Upper Chenab and
Lower Bari Doab Canals, the combined net revenues from which are
ncarly a crore of rupees per vear. If this weir was gapped in July at
the beginming of the flood season, therg would be little or nothing left
of it by the end of August, and the hhar{f crops on the two Canals could
not be matured nor the succeeding rdoi sown, while a partial failure
in September would scriously damagp these crops.

b Khanki Weir.

This was originally a flimsy stricture constructed in 1891 with-
& out upstream and downstrcam cut-offs|, Part of the crest subsided in
- 1892, and a further partin 1895, In thelyears 1896 to 1898, the upstream
impervious floor was extended 42 feet|and protected at the upstream
. ond by a well line (20 feet deep) or wooden sheet pile line, but no down-
-~ Stream cut-off was put in then or later.| Subsequently up to 1932, the
work was only mamntained intact at heavy cost by constant repairs.
-t withstood two record floods of abotit 7,50,000 cusecs discharge in
.~ Successive years in 1928 and 1929, appdrently without serious damage,
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but 1n August, ]932, a }'e;ar of normal ﬂmds, part of the dOWHStr::am
glacis in bays 3 and 8 was undermined by “ piping”, and caved in, and
the weir had to be almost entirely reconstructed jn the next three working
seasons at a cost of 38 lacs of rupees. This dmount included the cos
of depressing and gating bays 4 and 8 and copstructing tunnels in the
undersluice pocket to exclude silt from the Lower Chenab Canal. Thi
weir, which is now provided with an impervidus steel sheet pile cut-of
downstream and arrows to turn up and dissipate the high velocity jet,
which was responsible for the damage to the Joose protection below i
the past, is now reasonably safe against failurés in future provided the
work 1s adequately maintained and cavities, if they occur, are detected
and filled in each winter, before they develop to such an extent a
to cause the glacis or floor to cave in above them resulting in the wer
being gapped. A full description of the failure of this work and the
alterations and repairs carried out, is given in Punjab Engineering Con.
gress Paper No. 195 (1935), * Reconstruction fof the Khanki Weir” by
R. B. A. N. Khosla, I. S. E. A cross section of the Weir before and

after reconstruction is shown in Plate L.

Rasul Weir.

As a result of a flood of 875 lacs cuse¢s in August, 1929, which

concentrated in the centre of the weir, parts bf bays 2,3 and 5 were &

washed away, while half of bay 4 completly disappeared. Repairsto
the damaged bays only took two years to confplete, and cost 35 lacs of
rupees. In one of the bays, No. 7, which had
in this flood an unsuspected cavity 275 feet by 50 feet was discovered
between the crest (A) line of wells and that (B) half way down the glacs.
This cavity is said to have formed when this|bay was damaged in 19
and when it was discovered and examined 14 years later, it was onl
covered with a flat arch of stone on end in lithe mortar 15 inches thick
This instance shows how long a large cavity can exist before the inew-
table and possibly disastrous collapse of the stricture overit. The damass
to Rasul Weir in 1929 was attributed at the time to swirls round 1?
upstream groynes, but ** piping” was far more likely to have been 1
root cause of the failure as it was the cause of the formation of the can®
in bay 7. The repairs to Rasul were carried out while Bligh's cre?

theory of weir design still l‘if.'ld sway, as it was not till three ]rears_latﬁ
that model experiments carried out in the Irfigation Research [nstitut® |
Lahore showed this theory was incorrect and dangerous. No dee?

downstream pile line or-other cut-off exists Helow this weir and unlest

one is put and adequate means provided to detect cavities in time, t**

F}cir may fail again. A typical cross section|of the weir is shown *
ate I,

Islam Weir.

parently escaped damage § |

In the early hours of the I?tll] September, 1929, when the discher® |
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in the river was low, six bays of Isldm, one of the modern gated weirs
on the Sutlej, cullapsec! and were rebuilt at a cost of 37 lacs of rupees.
This weir had a pile line 30°0 feet |deep under but not connected by an
impervios joint to the crest and no pile or other cut_—off up or d?wnstream
of the impervious floor. This work was also designed on Bligh and in
all probability the failure was due piping and_ not to t_he causes
given by the Islam Committee in their report. This committee dealt
with the necessity of a downstream ppile line in the following paragraph
extracted from their report. “ A line of sheet piles should always be
provided at the end of the imperviods floor. This is the most vulnerable
point in the work and failure to hold|it places the whole weir in danger.”

The words underlined above seem
that the sole function of a downstr
impermeable floor if and when the |

Lj,s how thatthe committee considered

m pile line was to buttress up the
hose protection below it was carried

away and a scour hole formed in consequence and not as well to dissipate
residual pressure at the end of this|floor. Unfortunately owing to the
difficulty of driving piles through bpulders, old gates and concrete de-
posited at this point during the failute, this pile line has not been driven
as yet and till this is done the work fannot be considered safe.

Deg Fall.

This was constructed on a sandy bed in the Deg Diversion channel,
Upper Chenab Canal in 1928. When the supply was first passed over
the work, violent springs blowing sand appeared in the joints in the block
area downstream which consisted of three lines of concrete blocks,
100°x 10°0’. These joints were grouted up to flatten the hydraulic
gradient but when the channel was apened and the head over the work
increased to 470 feet, violent springs dgain appeared below the block area
and shortly after a tunnel formed in the right half of the work under the
R. C. floor 135 feet thick, the lattef buckled and caved in and the fall
collapsed with a head of 570 feet anf a hydraulic gradient of over 1:20.
This was one of the first weirs on sahd foundations in the Punjab con-
structed without a deep downstreanj cut off and the first to fail. At a
subsequent inquiry, the failure waslattributed to the fact that the work
was constructed in a scour hole sulisequently hlled up with fine sand
but whatever doubt there may have been about the failure of other works
described in this paper, there can bg none whatever that in this case it
was due to “ piping’. The work abandoned and a new fall con-
structed 1,000 feet away seven vears later. This was designed on modern
lines, is surrounded with a box of sheet piles rigidly tied into the floor
and provided with arrows and blocks|to dissipate the energy of the falling
water and pressure pipes to indicate cavities. The new work is thus
as safe as it can possibly be. Plans|and photographs of both falls are
given in Punjab Engineering Congress paper No. 204 (1936), “The Deg

iversion and the Combined Fall |and Aqueduct,”” by B, K, Kapur,
Essuire, I. S. E., Executive Engineer. ;
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The following two failures that occurred

néxt described.
The Deoha Barrage—United Provinees.

This as originally constructed was a gatec
a well line 2070 feet deep under the crest but no u
cut-offs. This partially failed in 1928 in a simil
son Weir described in the next paragraph, vi

Weir.

" I ._\_\_\-\-'
outside the Puniah are

weir 500 feet long with
pstream or downstrean,
r manner to the Ander.
, the downstream floo;

cracked and a number of cavities were discoveréd below when the are;
round the cracks was dismantled. The damaged floor was replaced
and a 20°0 feet steel sheet pile line put upstrea Within a year later,
in September, when the work was again headéd up, violent spring;
burst out downstream and a considerable part offthe floor both upstream
and downstream collapsed suddenly, before the gates could be opened
to relieve the pressure. The hydraulic gradibnt at the time failure
occurred was | in 30 or half that considered by Bligh to be safe. The
floor was again repaired, a line of sheet pileg 1570 feet deep added
down-stream and the weir has given no further frouble. This work also

obviously failed through * piping”.

Anderson Weir—Bengal.

This work 3750 feet long which was also designed according to

Bligh and completed and opened only five yeads ago was similar to the
Khanki and Marala Weirs, the main difference peing that it had a high
crest instead of shutters, no divide groynes and no deep downsteam
cut-offs. It is interesting to note that in the des{gn of this work in the
1914 project, up and downstream cut-offs were provided but these were
omitted in the final sanctioned estimates as thefy would have caused an
excess in the project and were not essential accdrding to Bligh.  Afters

record flood of 6°5 lacs cusecs in August, 1935,
discovered extending across 4/5ths of the weir

stream glacis into approximately three equal rﬂr‘ts

the loose stone protection below the cracks re
tion it is obvious that the damage was due to *
since been reconditioned on modern lines with
lines (the latter are Franki concrete sheet pil
the form of staggered blocks downstream and

two parallel eracks were
and dividing the do‘hﬂ
As a g-:md deal of
ined intact and in pos-
piping”’. The weir hs
hp and downstream pile
), energy dissipators "
essure pipes to indicate

cavities in future (to a limited exten). The discharge of the Damod:!
River drops'to a trickle for six months in the yedr during which time th
canal is closed so unlike the Punjab weirs it is plways possible to m g
a thorough examination of the work in this pefiod. A cross section &
the weir before and after reconstruction is shown in Plate [. The up”
stream pile line is necessary because  the river|approaches the work 1?
flood at an angle from the right and owing to the flimsy upstream 1

protection and the absencp of groynes, the upstrdam apron may be un et
mined and carried away in floods nwmg to créss Hnw
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In a fairly recent paper befo
Engineers entitled * Security from
on earth foundations,” by Lane, th
weirs out of which 24 had failed by °
ure had not occurred in a single cas
cut-offs had been provided. Four ¥
ted Provinces and one in Bengal on
according to Bligh, had failed unex

re the American Society of Civil

under seepage In masonry dams

> author analysed the designs of 72

"

piping”’. He pointed out that fail-
e where deep up and downstream

veirs in the Punjab, one in the Uni-

sand, all designed or remodelled
pectedly through ‘piping’ between

the vears 1928 and 1935 and because of these failures and the History

of Marala since 1t opened in 1912, d
latter might also fail without any w
two canals depending on it for the

Comparison between the designs
Anderson Weirs.

[t is instructive at this stag
of these similar weirs, Khanki, Ras
respects, | hese weirs were designes
of 10°0 feet.. A cross section of eacl
discharges and up and downstream
that have so far passed over them are :
the position and shape of the stand
August 1929 with a discharge of 130
wave as measured was 102 feet high|
the (B) line of wells, The depth of th
was not measured but did not exce
wellup the glacis. The Marala We
on those of Khanki and Rasul, has 3
deep on the upstream end, another
the glacis and a third (C) 1670 feet
impervious floor. Khanki had only
(or wooden sheet pile line) upstrean

the years 1896 to 1898 after the cr

.seribed later, 1t was felt that the
arning with disastrous results to the
ir supplies.

of Khanki, Rasul, Marala and

. to compare the designs of four
ul, Marala and Anderson in some
] to stand the same maximum head
 is shown in Plate I on which the
water levels in the greatest floods
lso shown. Inthe case of Marala,
ng wave in bay 5 in the flood of
cusecs per foot run is given. [his
and its trough extended well below
e wave in the same flood at Khanki
~d 5°0 feet and this wave formed
r, the design of which was based
well lines, well line (A) 24.0 feet
(B) 185 feet deep hall way down
deep at the downstream end of the
one cut-off—a 20.0 feet deep well
1 put in as already pointed out in
:st had settled. Rasul had a deep

well line under the crest, and another half way down the glacis while

the Anderson Weir had no cutoffs
floor (or creep paths) in the case of

K_hanki
Rasul.

18370
13470

The upstream depth on the f
than in corresponding floodsin the ¢
bably accounted for the swirls that
and underminzd the apron in the 1
main defects at Marala were the fiat

t all. The lengths of impervious
each work are :—

14070
114°0

Marala
Anderson

loor 1n floods at Rasul is much less
ase of the other three and this pro-
carried away the upstream groynes

ecord flood of August 1929. The

slope of the downstream glacis and
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the comparatively high lej:.i.rel at which the dm;nstream loose protectio
was laid. This latter is shown by the fu‘]owing table :-

Flood discharge. pprox : Downstrean
discharge Depth
per foot

run.
Khanki et .. 1,50,000 .. = N .. 19.9
Rasul - .o 3,000 .. - 200 ... oA
Marala .. 6,86,000 T 5 | L1 .+ 16.6
Anderson .. .. 6,50,000 .. - 155 .. .. 22.3

There is nothing on record to show why the downstream floor
at Marala was kept 370 feet to 470 feet higher than those at Khanki and
Rasul. The sand at Marala is much coarser than at the site of the other
two weirs-and the amount of pumping required during construction
consequently many times as great and with the |pumping plant available
it may have been impossible to lay the floor at a|lower level. The slope
of the downstream glacis—I in 15—was the sam¢ as at Khanki and Rasul.
Model experiments in recent years have shown that a slope of | in 4 or
even | in 3 ending in a flat floor gives the best fesults as it keeps the
standing wave under all conditions well up the work. As a result of the
enormous standing waves that form in flood owing to this defect the semi-
pervious glacis between the B and C lines of vells, the downstream
groynes and the blocks and pitching stone beydnd have been damaged
or partly washed ouit over and over again and dince 1912 have cost 5}
lacs of rupees to repair or replace. During the work carried out last winter,
it was found that over half of the original con¢rete blocks had been
washed away in the last 25 years and replaced by cement concrete.

Plate 11 gives a cross section of the weir a} originally constructed
and also shows the crest raised 2'0 feet to R. L. 8)2°0 in 1924 and 1925.
The weir was designed before Bligh's theory whs recognised and used.
The total length of the work was 3200 feet out df which th= impervious
floor was 140°0 feet and the upstream and dowristream loose protection
70°0 feet and 110°0 feet, respectively. @ The hydraulic gradient
was | in 14 as against | in 15, recommended by Bligh. During the
dismantling of the downstream glacis last winter gaps 3" to 12710
width were found in all the spaces between the wells in the B and C lines
and the wooden piling. (Photo No. I). The 4o-called semi-pervious
glacis between the B and C lines of wells which was copied from
Khanki and Rasul was also a source of weakness| There is nothing on
record to show why this peculiar form of construction was adopted In
these three weirs. The designers probably had |a vague idea that this
would release any residual pressure I‘i_.:%-i:t below thj B line without blow:

ing sand and at the same time the glacis would be dtrong enough to stan
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yp to the dynamic action. It did neithpr. The section was 175 feet
" of rubble masonry in lime mortar on | "5 feet of dry stone and as pointed
out in the previous paragraph it was cpnstantly damaged or rerpcwed
in floods even as low as 2% lacs cusecs. hen this part of the glacis was
£ Jdismantled last winter it was found to |be hollow from end to end.
£ Photo No. 2 is typical of its state. If the gaps between the downstream
¢ ells had been properly closed off, the semi-pervious method of
. construction omitted and the downstream floor kept 30 feet to 4°0
© {ect lower the work would have been the soundest of any weir in the
Punjab constructed before or since and given little trouble.

—

History of Marala Weir.

It is now proposed to deal with imhportant points in the construc-
tion of the weir and 1ts subsequent history as there is a good deal to learn
" from these and the history shows the stfain a river weir has to stand.
" (Construction started in the winter of 1908-09and was completed in May,
© 1910, Marala was one of the few weird built in the actual bed of the
river and the work was accomplished unlder great difficulties, one of the
greatest of which was unwatering. In February, 1909, a record winter
freshet of 1,50,000 cusecs carried away all bunds and work was stopped
till the succeeding November. In the glacis above the B line of wells,
the bottom (flat) layer of masonry was dpparently laid dry and a weak
grout of lime surkhi and sand poured oyer it which did not completely
il the joints between the stone. This was evident from an examination
of this part of the weir during dismantling last winter. The state of
these open joints showed that water had Been flowing freely throughthem
over the sand below. In order to keep|down the upstream water level
and facilitate pumping and the subsequent diversion of the river over
them while the remainmg bays were beig constructed the glacis in bays
& | to 6 was first built to a reduced section, the crest being kept at R, L.
© 7975, i.e., 2°5 feet below the final cresf. In June 1909, while raising
. the reduced section to full height the Hxecutive Engineer reported the
existence of a number of transverse cracks in bay 3 one along the crest
line and two between the crest and the B line of wells—and that the
rubble masonry had settled 2” to 3" in some places below the crest.
The Superintending Engineer in forwdrding the Executive Engineer's
report did not think those cracks and sublsidences were of any importance
" as they occurred in what may be called #he soling coat of the weir or in
- other words work which would not have bten done if the work had been
L compleied to the full section of the weir” (dt first). It was evidently con-
sidered at the time that the glacis althohigh in lime mortar need not be
more than 2°5 feet thick. This shows the rudimentary knowledge of
pressure condition under a weir on sand when Marala was constructed.

- The weir was first put into comnjission in April, 1912 and in the
~ following October, after a monsoon of few and moderate floods, the
glacis was found to be full of cracks anl springs. Most of these were
In the so-called semi-pervious section below the B line of wells but some
Were aboveit and even above the crest. I[h commenting on the damage in
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a report to the Chief Engineer the Superinter
that “the excess depth of wells (A line) upstre
piping because the spans belween the wells parti
piling to some extent prevent sand washed out be
amazing comment passed unchallenged and
the engineers at the time knew about the corre
foundations. In dealing with the  Superin

Weir.
1ding Engineer considered
am is an encouragemen; ;,
dly closed off by i,
ng at once replaced.” T},
further shows how [y,
ct design of weirs on g3,
tending Engineer’s repon

the Chief Engineer (Mr. Bennett) who was
in charge during construction stated that in hi
due to the interstices in the rubble masonry n
filled up with mortar during construction.

Superintending Engine:,
opinion the springs we,
t having been completels
he cracks must he dy.

to subsidence caused by piping or sand being blown through the inter.
stices of the masonry. In a paper read beforé the Puniab Engineerine

Congress in 1913, Mr. Colyer the Sub-Divisional Officer in charge of

Marala Headworks stated that in the winter
16,722 springs and 9,133 fect of cracks. Th

springs was over a cusec and many of them w

ming up the discussion on this paper the Pre
stated that it showed that the present kn

Gradient in Canal Works was in its infancy

was 1n a thoroughly unsound condition in Oc
of the fact that only the year before the Insp
had stated it was of strong design and exc

In the following year fresh cracks an
1917 after a flood of 5% lacs cusecs the stone o
15" thick in bay 6 was found to be upli
90 feetX 15 feet above the B line of wells. A
sion this was finally attributed to the back p
wave acting under the kharwaenju course whi
with the lower masonry. In subsequent vear:

f 1912-13 he grouted uy
discharge of one of the:
re blowing sand. In sum.
dent (Mr. R E. Purver)
vledge of _the Hydraul
and moreover * the wr
ber 1912, This in spite
ctor General of [rrigation
lent workmanship.

e

springs appeared and
1 edge course (hharwanju!
ed or bulged in an ares
ter a good deal of discus-
sssure from  the standing
h had an imperfect joir
this bulging or " blister-

ing” as it was called occurred almost all ovef the glacis between the
crest and the C line of wells. After trying various methods of repa
between the years 1932-36 almost half the Hharwanja course betweesn
the crest and the B line of wells was removell and replaced in cement
mortar after all open joints below had been griouted up under pressure
Moreover in order to try and stop the back ptessure from the standinz
wave from acting back, a cut-off well of cemenlt concrate 3°25 feet dﬂ:—r
was put in the centre of the B line of wells in same of the bays. In H'I'f
the Executive Engineer drew attention to a sefious depression that hiZ
existed for some yearsin bay8 between the B arid C lines of wells pear the
right flank where springs were very active. |He concluded that tho=
well lines were not arresting flow from under the weir and recommende .
a downstream steel sheet pile line. - Next yedr he pointed out th#
most of the joints in the weir were open and that there were numerov?
springs in bay | from which he concluded that there were large caviti®
in this bay. In the winters of 1924-25, 1925{26 the crest of the we!f
was raised 270 feet to R, .. 802" 0'and the opportunity was taken at the
‘same time to examine and Tepair the upstream|apron. This was foun




Reconditioning o]

[ Marala Weir. 161

——

to be full of hollows and_open joi
of rupees was spent in filling thes

In the record flood of 6,86,0

ite 6" to 9" deep and over half a lac
e joints alone.

00 cusecs on Ist September 1928 and

one almost equally great of 6,60,0

0 in the following year on the 20th

August 1929 a good deal of damage was done below the weir. In the
first flood, a good deal of the blocks and loose stone in bays 4,5,6 and 7
were carried away and groynes 4 knd 6 overturned. In the following
year, groyne 4 was again damaged, royne 7 ﬂvertumed and parts of the
loose protection in bays 4, 5, 7 and B washed away. The damge in bay
4 in both years was particularly severe. In addition to the removal of the
the loose protection in this bay the glacis between the B and C
lines was carried away in a length of 15070 feet. The repairs downstream
of the weir in these two years cost dver 34 lacs of rupees. Subsequently

ina medium flood of 2,50,000 cus
25 feetx 15 feet below the B line
length of the loose protection bela
This shows serious damage was n

As a result of the damage in
for a report on the fﬂl]uwmg Bl

(a) Will the standmg wave
tions ?

(6)

c)

As regards these points it
certain conditions the wave formec
section in this area was unsafe. Cs
part of the glacis would have to b
extended by 30 feet to make it safe
year, tests were made at Poona on
described in Punjab Engineering
this paper Mr. Inglis advocated thd
high on the B line and a deflector 1
his recommendations were not

i
|5

Is the

veloaity over th

A detailed examination of t
its condition was far from satisfac
line parts of bayz I, 3, 4 and 5 and
Pits were dug in every bay throug}

ccs on the 15th July, 1930 an area
was washed out as well as 250 feet

w. The repairs cost Rs. 90,000,
ot confined to high floods.

this year, the Chief Engineer called
nts i —

form on the glacis under all condi-

Is the latter safe against uplift?

> loose stone excessive 2

vas pointed out in reply that under
| between the B and C lines and the
leulations made in 1931 showed this
- thickened to 61 feet and the glacis
for Aoods over 3 lacs cusecs. Next
a model of Marala Weir which are

Congress Paper No. 170 {1933). In
construction of a baffle wall 40 feet

|* 68 feet at the end of the bloeks hut

accepted.

ne weirr in October 1934 showed
tory. Between the crest and the B
the whole of bay 2 was ™ blistered”.
\ the kharwanja course and fine sand

was found packed between this cdurse and the lower masonry and

springs were working mevery pit. {
g in bay 2 where there were two
springs above the B line, An exam
where as already stated above the |

londitions were particularly disquiet-
ongitudinal cracks and 1nnumerab!=
ination of the glacis below the B line,
rough of the wave formed in floods,
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showed that there were cavities almost from end to end. The same winter
in order to try and determine whether these cavities also existed aboy.
the B line as suspected for many years, three hples at equal intervals iy,
each bay were made by means of a Calyx dnll just downstream of the
crest block. The centre hole in bay 2 disclosed h cavity 75" deep which
a pump discharging about a fifth of a cusec coyld not fill, while in one
hole in bay 3, in three in bay 4 and in one in baly 7 there were cavities
2" to 3" deep. These cavities were however ndthing like as great or as
serious as those found in the same position at| Khanki. During the
reconditioning of Marala Weir last winter, presdure grouting was done
at close intervals on either side of the crest block hnd comparatively little
cement grout could be forced in. Also when thé¢ glacis above the B line
was dismantled on[y one cavity 8 feet h}r 8 feet|near the centre of ba};
8 and just below the crest line was discovered.| A pressure pipe close
by did not reveal the presence of this cavity. Pumjab Engineering Con-
gress Paper No. 195 (1936) shows that cavities at| Khanki were large and
numerous and required enormous gquantities of cement grout to fill
them. The reason why there were not more and greater cavities at Marala
between the crest and the B line of wells is not dlear. One explanation
is that the sand at Marala was too coarse to be froved by the residual

pressure at the B line.

In view of the state of the weir in 1934, ekperiments were then
carried out on a model in the Hydraulic Laborgtory, Lahore. It was
impossible to determine exactly what would be & fair representation of
the conditions at Marala in the model but the following assumptions
were made :—

(a) The well lines were leaking, (5) the top|1°5 feet of sand below
the weir was coarse, (c) there was a hollow between the bharwanja course
and the loose stone below between the B and C lihes. Of these (a) and
(c) were subsequently found to be correct.

As regards (a), observations in pressure p|pes put in above and
below the B line in 1934-35 showed that with a heAd of 8°0 feet over the
weir, the drop in pressure across the B line was|0"54 feet (=7%) and
this low drop indicated that this well line was not imperyious. During
the year 1935-36, three lines of observation piped were put in in each
bay of the weir at distances of 125, 250 and 375 feet from the left of each
bay, the pipes in each line being just below the drest block and above
and below the B line. Three more lines were put in, one in bay 6, 50
feet from the right, another in bay 7, 50 feet from the left and the third
in bay 8, 50 feet from the left. The pipes in these lines were put in above
and below the A line, the crest and the B line. Obbervations were made
on a number of occasions, care being taken to see tHat the head over the
weir had been steady for a considerable period before the observations.
The two diagrams on Plate 111 show the results ¢f observations made
on the 10th February, 1936 and 22nd March, 1936 infbays 2 and 6, respec-
tively. As the silt deposits upstream of the weit increase, under the
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resent conditions, from left to right, the two sets of observations may
l];e considered typical of the left anid right halves of the weir. These
observations showed that there was gither no drop from the crest to the
B line or that its extent was negligible, and that in bay 2, where a pipe
had been put in above the Cline also| the drop betweenthe B and Cline
was small and there was a residual gressure of 26 per cent above the C

line.

—

It appeared from these results that there were cavities under the
floor in many of the bays. This combihed with the high residual pressure
ahove the C line and the recorded fact which was verified during the
dismantling of the weir floor in bay B last winter that some of the wells
in this line were only 4 to 5 feet deep led to the conclusion that the weir
was In serious danger of collapse.

It also shows that pressure pipe observations on a weir which
are the only practical method so far devised for detecting cavities with-
out dismantling the work down to the sand, are not altogether reliable
in a varying or coarse sand stratum like that at Marala, also unless these
pipes are closely spaced, cavities between these may remain undetected,
It is vitally important to the safety of| these weirs to devise an instrument
which can conveniently and speej:'fy etect cavities under them. The
Irrigation Research Institute are working on the design of such an
instrument at present.

It has been shown that the weirl was designed on wrong principles
due to the elementary knowledge of hydraulic conditions. It was con-
structed with unsuitable mortar undpr very great difficulties, one bay
“partially subsided under no head dufing construction and since it was
brought into operation in 1912, it had only been maintained intact at
considerable expense. The whole off the impervious section from the
crest to the B line of wells was full of cracks and open joints through
which innumerable springs were working under small heads and the
pressure pipe observations gave evenly indication that cavities existed
below. Below the B line which had |te stand the terrific pounding
action of the standing wave, the glaci§ was too thin and cavities existed
along it almost from end to end. Thul this weir appeared in immediate
need of reconditioning to prevent an fearly collapse similar to those

already described.

Purpose of Reconditioning.

stream and as close to the crest block 3s possible and tie it into the latter
with an R. C. cap as at Khanki. Downstream, in view of the fact that
the standing wave under flood conditipns formed between the B and C
lines of wells, the existing glacis was to{be replaced by a cement concrete
slah, ending in and tied to a 15°0 feetsheet pile line above and as close
to the C line of wells as possible. THe hharwanja course between the

[t was first propased to drive a{heet pile line 30°0 feet deep up-




- flter was fitted into the pipe above cock A.
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and relayed in cement mortar after open
joints and cavities below had been grouted up
where this method of repair had not been
carried out already. The usual energy dissipa-
tors, arrows and blocks and pressure pipes were
to be provided. On further consideration, the
upstream pile line and R.C. cap provided at
Khanki were omitted as it was considered that
the upstream well line 2470 feet deep was
sufhicient to buttress up the apron and prevent
it being undermined and carried away in floods
and an impervious cut-off at this point was
unnecessary as the maximum head allowed over
the weir—10"0 feet—was small. In view of the
fact that the masonry glacis 1.75 feet thick
between the B and Cline of wells had not blown
up under the heads caused by the standing
waves of 1070 feet high or over in the flood of
Avgust, 1929, 1t was considered that a cement
concrete slab 470 feet thick in this area would be
ample but as an added precaution, the top 170
foot of this was to be proportioned at 1:2:4 and
in this a reinforcement grid of 1" bars 9" apart
provided and tied well down to the new pile
line as well as the two well lines B and C.

Early in the year 1936, an experiment was
performed at Marala to determine "the exit
gradient of the river sand. The apparatus used
which is sketched in the margin was erected
against weir grovne No. 1. Xand Y were the
two arms of a 2”7 diameter pipe, fitted with
two stopcocks A and B. A fine wire-gauze

Cock B was simply a drain cock by manipulating
which it was possible to adjust the level of water
in the arm X of the pipe. The sand to be experi-
mented upon was flled in the pipe YV, rods
being used to ensure compactness. Except in
one case, a column of sand 8 feet long was
used and a head of water up to 17 feet could
be brought to act on this column. The head
was 1ncreased gradually and when pouring
water into pipe X, Cock A was kept ¢losed 1o
eliminate water hammer. Just before blowing
started the surface was noticed to- heave up
a little. Infiltration commenced with heads
of 4 to Oinches only which showed™ that the

B line of wells and the crest was to be removed

Weir.
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frictional resistance of an cﬁht—hut column of sand  was
overcome with only this much headl Blowing was allowed to continue
for 15 minutes in each case and the head when blowing ceased was also
observed. It was found that this hdad was 2 to 5°5 feet lower than the
head at which blowing had conjmenced,

Three grades of sand, fine, mpdium and coarse, having mean dia-
meters 0722, 0728 and 0°43 of a millimeter, respectively, were tested.
The results which are the mean of & number of observations are given

kelow :-

| Hepd in|Head ini1 Length | Exit
Description of et feet of lgradient
S. No. sample, hen | when |column | Col. 3
. blojving |[blowing jof sand, ————
l started. |stopped. B !
1 2 3 4 5 6

1 | Fine sand nN77 | 703 &' 1-22
| Mean Dia_. 0°22 mm. 1

2 | Medium sand
Mean Dia, 0°28 mm.

—

40 12°03 g 175

3 | Coarse sand 1§:3 169 | 67 2°73
Mean Dia. 0743 mm.

{

The experiment thus showed fthat 172 to 2°7 feet head of water
was required for every foot depth off sand hefore the latter started
moving. Assuming a factor of safety ¢f 2 and the percentage of residual
head above well line C to be 30 or 3'|of head with 10" over the weir, a
6" curtain wall would be sufhcient to|prevent springs at this peint. In

order, however, to provide for possiblg scoura 15" pile line was pre-
vided.

The profile of the standing waye personally observed by the Exe-
cutive Engineer (R. B. A. N. Khosla) in bay 5 with a discharge of 130
cusecs per foot-run is shown in plate [I. In addition to its great height
of 10°2 feet it has an abnormally long flat trough extending from just
above the C line to well above the Blige. The wave under similar con-
ditions of head and discharge in the médel was sharper, only 7} feet high
and formed much further up the glaci although in the model the glacis
was practically frictionless and on the prototype fairly rough. The rea-
sons for these differences could not bd explained at the time and have
not been understood since although the matter is all important for
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future weir design and, in view of this difference
on the weir had to be accepted and a gravity ses

appeared to be necessary not alone 1n the area batween the B and C

but up to the crest. This entailed dismantling
rebuilding it 80 feet thick at enormous exy

The matter was considered at a confereng
Considerable doubt was thrown on the accura
observations made in August, 1929, in view of tl
shape but Mr. Khosla who was present and had
that they had been made correctly. The next a
was why the thin glacis between the B and C
under unbalanced heads caused by waves in floc

> the actual observations
tion /% to 80 feet thick
lines
the whole glacis ang
ense,

e at Simla in July, 1935,
'y of the standing wave
eir abnormalheight and
made them was positive
hd main point discussed
lines had not blown up
ds of over 3 lacs cusecs,

The results of the discussion on this important pint were not conclusive.

It was agreed thatthe pressure acted simultaneq
of the waves. The following opinions were

=

(i) As the glacis below the B line was
at the B line falls to zero. This was not accep
tions showed residual pressure below the C

(i) The pressure was reduced as it pass
stices of the sand. This was also rejected as tl

(1i/) The waves causing the unbalanced
time to blow up the glacs.
and if the recent theory that subsoeil flow 1s simil
or semi-viscous fluid is correct, it is reasonable
sure would not act till the peak of the flood ha

_of water on the glacis had increased sufficientls
It was decided to take no risks and in order to r
standing waves in flood and cause them to forr
it was decided to test-the following proposals on
one which gave the best results.

(@) Baffles 2,3 0r 40 high.c’m the B Iit
C line in accordance with Punjab Enginees

No. 170 (1933). :
() A subsidiary Weir 2°0 feet or 30 f

above the B line and a steep downstream glacis

i
ne.

usly with the formation
expressed —

emi~pervious, pressure
d as pressure observa-
ed through the inter-

lc pressure 1s static.

head lasted too short a

These waves only last six hours at the most

ar to that of a viscous
to assume that the pres-
d passed and the dEpth
' to resist the pressure.
»duce the height of the
n further up the glacis.
a model and accept the

e and deflectors on the
g Congress Papef

cet high with its t:rc_ﬁé
ending in a cistern 3L

feet deep. Calculations showed that the latter would form a sharp well-

defined wave onor just below the B'line with dis
162 cusecs per foot run.  The shape of this weir
culated waves with the crest kept2 0 feet high a
1335 cusecs per foot run are shown on plate

In the model tests no wave formed at all

abandoned,

charges between 40 an
and the actual and cal-
'11% discharges of 40 and

and the pmposaTs were
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Finally it was decided to adopt the bold course of dismantling
et below the crest where the 1 in
slope of | in 4 ending in a floor |
low the existing floor so as to give |

the existing glacis from a line, a few f
4 meetsthe 1 1n 15 slope, rebuild itto
4°0 feet thick with its top 470 feet :
a depth in high flood about 1°0 feet| greater than at Khanki. This
necessitated the whole of the loose blocks and stonebeing removed and
lowered 4.0 feet, the former being Yeplaced where necessary. The
standing waves caused at Khanki by the record floods in 1928 and 1929
which passed over Marala a few hours jearlier were not actually measured
but were not more than 5°0 feet high and it was reasonable to assume
that with the extra depth at Mardla after it was reconditioned, the
waves in high flood in future would|not be dangerously high.

Scheme of Reconditioning.

It has been stated above that |n the original construction of the
weir one of the greatest difficulties et with was unwatering. Owing
to the coarseness of sand in the river bed pumping is heavy even under
normal conditions. Winter freshets gre another factor to be reckoned
with. In a normal year, after the middle of December freshets in the
Chenab river are fairly frequent and at times large and in planning a
work of any magnitude in the river bed the manner of escaping these
freshets over the weir and through the undersluices has to be given
serious consideration, as not only dd they throw an enormous strain on
the pumping plant by increasing the|head against which it has to work
but by causing a breach in the ring buhds they may delay the work con-
siderably if not stop it altogether for the rest of the working season (as
in 1909). Another item which had|to be considered was that during
the period the work of reconditioning would be on, not only would the
Uppf:r Chenab Canal have to run but some water would have to be
escaped below the weir for feeding|the Lower Chenab Canal, And
finally the question of time was of vital importance. The object aimed
at was the completion of the work infone working season as spreading
the work over two seasons meant an dditional expcnditure of three to
four lacs ot rupees on works and establishment.

Three alternative proposals weye considered, viz., (i) starting the
work from bay 8 (right flank of the |weir) and proceeding towards the
left, (i) starting from both ends and| meeting in the centre, and (i)
s@aﬂ:ing from bay | (left flank of the|weir) and proceeding towards the
right. i

All information available from|the records regarding winter fre-
shets was collected and studied with{the object of arriving at a conclu-
sion as regards their nature, frequepcy and incidence. This study
showed that generally speaking, freshets were rare in the months of
October and November, that they started about the middle of Decem-
ber and continued during the mdnths of January, February and
March with increasing frequency arld size. It was found that whereas

1
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a freshet of 40,000 cusecs in December and of 80,000 cusecs in January
was about the maximum that could be expected,|discharges of 150,000
cusecs had actually passed down the river in Felruary and March and
that in the latter months, freshets of over 100,000 cusecs were fairly
common. It was also noticed that these big freshits generally occurred
as a result of prolonged spells of rainfall in the hills and thata freshet
attained its peak at Marala about three days aftet rain had started at

Riasi, 40 miles up the river.

Adverting to the three alternatives mentionpd above, No. (i1) was
ruled out on a numberof considerations. It mchnt the splitting up of
the available plant and the supervising staff. The jplant wazs old and none
too efficient and in case of a breakdown work in the section in which it
was employed would have come to a standsull. [It also meant working
in the centre of the river during the freshet seasorf and being surrounded
by water on all sides during a freshet, a contingenkcy which could not be
viewed with equanimity. The choice thus lay bgtween proposals Nos.
(1) and (ir1). It was realized that work in the left|half of th> weir would
be more difficult than in the right. “The left halfl of the weir is subject
to direct attack from the Jammu Tawi, an affluent of the Chenab which
joins the latter on the left bank above the weir and which is subject to
sudden spates which come down with great veldcity. This part of the
weir 1s also subject to parallel flow on the upstieam side because the
main siream of the river is on the right at presenf and the canal has to
be fed from it by means of a channel flowing parallel to the weir. Agan
lowering the water level in bays | and 2 would pfesent more than ordi-
nary difficulty because of the high head from the water level in the pocket
against which work close to the left flank of the jve:
done. On the other hand, the right two bays ¢f the weir occupy a
sheltered position on account of being masked by the right upstream
guide bund and are not exposed to much action| even during freshets.
Also the silt blanket which forms on the upstrear of these bays renders
unwatering a comparatively casy affair in these bays. Taking all this
into consideration it was decided to start work from the left and proceed
towards the right. Work would thus be done Under the most benign
conditions as the more difficult part of the worlf would be taken up
during the earlier part of the working season when the worry insepar-
able from a river freshet in a work of this jnature would be non-

existent.

Another factor which led to this decision being arrived at was
the existence of high shoals in the river both upstfeam and downstream
of bays | and 2 at the end of September, 1936.| Photo No. 3 which
shows an aerial view of the Head works taken about the middle of October,
1936 gives a good idea of the shoals downstrean] of the weir. These
shoals unless utilized in the beginning of the seajon were liable to be
carried away if there was an earlsjr freshet, and in particular the upstream
shoal was going to be eroded in any case by the stream running paralle
to the weir and feeding the canal. Thus the conditions which existe
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;n the beginning of the season could not
or January when the ring bunds in the
if work were started from the‘nght.
then would be a much more difficult a
have to be taken up from much lower le
-7 the shape of river freshets.

A programme was accerdingly d
work would be started from the left fla
programme is given as Plate V. [t wil
that work in the left half of the weir w:
or in other words, hefore the freshet se
work would be finished in the beginni
assumption that nothing untoward ha
and bavs | to 4 available for passing fres
right half of the weir could be carried
as bunds on one side of the river can be
casily than in the centre. Floods in th
posed of in that case without causing 3

!h{.‘ bunds.

Another advantage in this arra
vntoward happened resulting i work
and 8 could continue till even late in

expected to last till December
bays would be taken in hand
he construction of these bunds
expensive task as they would
Is and built against heavy odds

awn up on the assumption that
k of the weir. A copy of this
be seen that it was anticipated
uld be com plet&d b]r December
son started, and thatthe whole
1¢ of March. This was on the
ened. With the undersluices
ets down the river, work in the
n practically without any risk,
rotected and strengthened more
Jammu Tawi could also be dis-
ny undue heading up against

igement was that if something
being delayed, work in bays 7
the season because, as stated

above, of the sheltered position of thede bays. This would not be the

case 1n the other proposal.

Taking all the pros and cons of t
therefore realised that the proposal of]
undoubtedly the better of the two and
of this scheme that the ambitious aim k

e case into consideration it was
starting work from the left was_
that it was only by the adoption
»pt in view of completing in one

working season a work which would n¢rmally take two to complete
could be achieved.

Layout of the work.

__ Plate VI shows the layout of the work. It shows the railway
siding for unloading and its extension over the Regulator bridge, the
temporary workshops, a small cement godown, the coal bins and the
shingle and bajri stacks on the left and |right flanks. The length of the
unloading siding was about 300 feet arld the site provided for it was
very suitable and allowed of cement, cdal, etc., being unloaded as these
Ir{mtenals were received. For cement the main godown was in the old
ime shed in the station area but a smal]l godown was provided along
side the siding to serve as a reserve t¢ be drawn upon in case of
tinergency.

The width of roadway of the bridge over the undersluices was




170 Reconditioning of Marala | Weir.

increascd from 10 feet to 14 feet by temporarily widening it on the yp.
stream side in order to allow two strings of logded camels to pass e},
other. Most of the materials, e.g., sheet piles, reinforcement bars
cement, steam coal, crude oil, etc., had to be carried to the work frop
theleft bankand the w1denmg of this bridge helped in relieving cop.
gestion and carriage being done smoothly.

hittle under 200,000 cubic feet and of this about 300,000 cubic feet
were stacked on the left bank and the remaindér on the right, or rough.
ly the quantity required for 3 bays was stored pn the left and for five
bays on the right. This was because there was more storage space
available on the right bank.

As recards shingle, the total anticipal!ifd requirements were 3

Plate VI also shows the ring bunds up|and downstream of the
weir. Work was done in three stages, bays |, 2 and part of 3 being
taken up first, the remainder of bay 3, bay 4 arfd part of bay 5 next and
the remainder of bay 5 and bays 6, 7 and 8 lajt of all. The object ol
splitting up the work in the left half of the wdir into two parts was to
start work in bays | and 2 at the earliest ,oPpo rtunity. As stated above
work in these bays was expected to be the mgst troublesome and it

was considered essential to make an early start|so as to be out of this

part of the weir before the freshet season co

Principal items of work.
The work of

following items :—

reconditioning. consiste

(1) Driving of a 15 feet deep mnhnnus h
the C line of wells.

(2) Replacement of the semi-pervious s
B and C lines of wells by a horizontal concret
floor being depressed 4 feet below the origin

(3) Reconstruction of the glacis above t
siope of | in 4 until it met the old glazis about 1
stream edge of the crest.

(4) Lowering of the block and loose stong
C line by 4 feet.

TII'I'!'EHCEd.

d principally of the

ine of sheet piles above

ping floor between the
flcor 4" thick, the new
al level,

he B line of wellstoa
feet below the down-

» protection below the

and (5) Provision of two rows of raised and Jtaggered blocks of size

5% 2"% 2" on the horizontal floor between the

B and C lines of wells

and of three rows of such blocks in the block arka downstream of the

C line.

ling

crel

stol
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= Pl VI sk the e oF & wiar bay (No; 4) & teconditiotied

and Plate Il the cross-sections of the pweir before and after recondi-

tioning.

Stated briefly, the following précedure wasadopted in carrying
out the work. After the ring bunds up dnd downstream had been linked
and sufficiently strengthened, pumping jwas startqd folln:m:d b;,r dismant-
ling of the weir floor, excavation of thg foundations, pile driving, con-
creting and stone masonry, in the order mentioned. Also as soon as
the water level had been lowered sufficiently, dismantling of the loose
stone apron was taken up followed by|removal of the concrete blocks
with the object of relaying the apron fand the blocks 4 feet below
the original level. The labour was so organised that the lowering of the
block and loose stone protection precdded concreting, as it was found
that work could go on most smoothly in this manner and at the same
time the large amount of labour collectel for the work (about 4,000 men
and 1300 donkeys) could be kept constqntly occupied. The loose stone
apron after it had been lowered facilitated the work of removing and
replacing the blocks as the latter could|be stacked over the apron till
the excavation and the foundation had been completed and they could
be relaid. Again, after the stoneapronandthe blocks had been lowered,
tramway tracks could be laid over their surface, thus enabling concrete
from the mixers to be dumped near thq site where it had to be finally
deposited and reducing the lead by baskets to a minimum,

It is now proposed to describe in|detail some of the items of work.
The description will be confined to cohditions peculiar to Marala as
information of a general nature has aﬁ‘ready‘ been included in two
papers on more or less similar works rgcently read before this Con-
gress, viz,, Paper No. 193, Reconstrugtion of the Khanki Weir, and
No. 204, The Deg Diversion and Conjbined Fall and Aqueduct.

Ring Bunds,

[t has been stated above that the work was done in three stages.
[n the construction of ring bunds the following three points were kept
In view :—
(a) that the bunds in the part|of the weir enclosed should be

strong enough to enable work in it to 2¢ on under conditions of reason-

able security,
() that the bunds in the part pf the weir to be next enclosed

should be started well in time so as to ehable work to progress, as far as
possible, uninterruptedly,

and (c) that at all times sufficient | escapage capacity should be
available over the weir and through the undersluices for the passing

of freshets in the river.

Bunds downstream of bays | and 2 were started in the last week
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of September 1936 and by the end of ' the follpwing month, bunds up.

stream and downstream of these bays had b
round bays 3, 4 and 5 were in progress.

“were completed to full section and revetted by
During January, bunds were started up and

and 8 in the first week and bunds up and dow

were cut in the second week and those in bays

of the month on completion of workin these b
6 to 8 had been sufficiently strengthened by the ¢

a freshet of 70,000 cusecs and were completed
ted by the middle of February.

The upstream bunds were located 300
bunds 650 feet from the shutter line.
as while affording sufhicient space for working
they did not make the pumping unduly hea

Asr
plete ring was formed by the third week of N

Thest

zen completed and those
egards the latter, a com.
ovember and the bunds
ithe middleof December.
lownstream of bays 6, 7
nstream of bays 1 and ?
3 and 4 towards the end
ays. | he bunds in bays
nd of the month to stand
to full section and revet.

fect and the downstream
- distances were suitable
and stacking of materials
v,

As regards the section, all bunds were fade 15 feet wide at top

and given a slope of 1 in 5 on the inside and 11

n 3 on the outside, addi-

tional pushias being provided at low places so as to allow for a hydraulic

gradient of | in 7 against floods. A freeboard

ted flood level was provided both upstream anc
On the upstream side, the lower part of the s

pilchi mattress loaded with spawls, theremaind
level having a cross pilchi revetment. Above
pitched with 1 foot of spawls with the object
against wave action. On the downstreamside,
with 1 foot of spawls or rubbish obtained fr
floor, ete.

In fixing the top R.L.’s of bunds the pi

ation were the time of the season when work
be in progress and the size of the bhiggest fres

of 3 feet above anticipa-
downstream of the war,
lope was pitched with @
er of the slopeup to flood
flood level the slope was
of affording protection
the wholeslope was lined
bm dismantling the wei

Jints taken into consider-
in different bays wmtit_
et that could then be

expected in the river. From this and the waterway availablefor passi®¥

the freshet the corresponding R.L.’s of water siyrface up and downstre

am

of the weir were estimated and an addition of B feet for freel::aarcl gurs
the R. L.’sof topof bunds. Duringthe first stdge of the work, 1. €., whern

work was in progress in bays | and 2, a freshet greater than 40,000 cus
in discharge wasnot anticipated because, as alteady stated above,
ets in October and November are rare and those in December sel do

ever exceed 40,000 cusecs in discharge. There
closure from the 20th of November but as the

and gearing in the Head Regulator which had been

time before had to be completed during it, an
undersluices would have interfered with this
made for passing a freshet, if any, over bays 6
It was considered that under these conditions,

cusecs, water level upstream and downstream| would be about

ecs
fresh-
m t!l
was tobe a 24 days can®
work of fitting new gate
going on for som¢’
d as the opening of ti‘:
vork, provision h_ﬂd T
to 8 of the weir oMY

with a freshet D%ﬁ? o
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3}_-}? _r:s pectively, and the top of the bugds was therefore kept at R.L’s
810 and 804.

As regards bays 3,4 and left halflof 5, work in these bays was to
be carried on in January when freshets of the order of 80,000 cusecs
n the river had been experienced befor¢, and although the undersluices
were then available for taking part of the freshet, bays 6 to 8 were en-
closed by ring bunds. However, before this was done, work in bays |
and 2 was completed and bunds cut. [The following table will give an
idea of the conditions then obtaining. | The table has been framed on
the assumption that both undersluiced and weir bays will be discharg-
ing under free fall conditions but that dnly six out of the eight bays of
the former will be effective. This is t¢ provide for the obliquity of the
current in the approach channel :—

|

Pond level |

Hach weir :
i(g:is;f ~ Undersluices | bay. |[ Remarks
weir 802) i
w0 ‘ Cilgaac;j Csu;i:]s In adlditiot;d
¥ J canal cou
805 22,000 9,000 take 6000
806 26,000 14,000 cusecs.
807 30,000 19,000
808 34,000 25,000 '
809 38,000 31,000
810 43,000 38,000
811 47,000 46,000 |
812 52,000 54,000 "

With a pond level of 509 and 1
open, a freshet capacity of 100,000
was however a shoal downstream of |
this had been scoured, free fall cond
velocity of 5 feet persecond overt
of 807 would give 40 cusecs per foot

-

he undersluices and bays 1 and 2
usecs would bhe available. There

ays | and 2at R. L. 799 and ull

tions could not obtain. An initial

His shoal witha downstream level

un or 40,000 cusecs in bavs | and

hr the undersluices the combined

2 and adding to this 38,000 cusecs f
discharging capacity would be 78,00

cusecs or say 80,000 cusecs. On

these considerations a pond level of|809 was considered sufficient and
the fop of the bunds upstream and Hownstream was therefore kEpt at
R.L.’s 812and 806, thecross bund rjear grovne 2 being however kept at

R.L. 809 on the downstream side. | On the upstream side its top
R. L. was 812.

As for work in the final stage,|i.e., in bays 5 to 8, this had to be
done in February and March, the period of large and frequent
freshets. Th= bunds were therefdre designed to stand up salely
against a freshet of 150,000 cusecs.| Atthe end of January, bunds
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in bays 3 and 4 had also been cut so that the 1
of the weir and the undersluices were availab
In the bund upstream of bays | and 2, three gay
600 feet had been provided, the bed R. L, of th
the spawl and pilchi pitching on the upstre
of these gaps had been completely removed, '
of bayNo. | andina part of bay No.2 hadb
R.L. 797, which was the general level of t
gaps of a total length of 600 fﬂct were made bothli
the downstream bunds i in bays 3 and 4, as dorx
| and 2. With the gapping of thf: bunds describ
sidered that on the arrival of a big fres het, bays
50 per cent effective to start mth or m othet
level of 809 and the undersluices open the initial
would be 100,000 cusecs. A freshet of 100,000 ¢
to 3 days to reach its peak by which time it was
down stream of bays | and 2 would have scoured

CUSECS OF over

eir.

n.rlmfe csf the }cft half

e for taking freshets
s ofa total length of
e gaps being 801, and
am slope at the site
'he bund  downstream
ren removed down to
he bed here. Three
in the upstream and
e upstream ol hays
~d above it was con-
to 4 would be at least
words, with a pond
discharging capacity
takes 2

anticipated the shoal

out and the remaining

bunds above and below bays | to 4 washed away, IHDWIH“ these bavs to

become fully effective when the total dischargi

increase to over 160,000 cusecs. Thus for the la
also a provision against a pond level of 809 was
the corresponding level downstream being 805,
slope from the right to the left of the weir,
surface level was taken as 810, and the top o
upstream R. L. 813

dewnstream R. L. 808

o]

ﬁ}i{".‘d as

One of the factors which governed this prog
of the bunds was the mishap which occurred to t}
in April, 1930 during the course of repairs to tha
damage done by the record flood of August, 19294
No. 155 read before this Congress inits 1932 sessi
of the Proceedings for that year deal withexpected
asconstructed and pages 125 and 126 with the abno
cusecs which passed down the river on the 8th
when the work was within a week of completion. A
8 were open while hunds were still existing in bays
and downstream. As the river rose, the bunds in |
this bay into action. Owing to a high wind half t
apsteam of bays | and 2 was eroded. As the river s
and downstream bunds in bays | and 2 were cut.
however, developed much faster than the down
which the water level between the crést and the d
to a considerable height, overtopped the downstr

-

¢ ring bunds at Rasul

ng capacity  would

st stage of the work
considered sufficient,
To allow

for cross
the upstream water
the bunds was thus

amme and the design

t weir following the

nd described in Papﬁr
1.
res hets andthebunds
rmal freshet of 250,000

Pages [12to 117

and 9th Apnil, 1930,
t the time bays 7 and
Ito 6, both upstream
ay 6 were cut to bring
e width of the bund
il rose, the upstream
The upstream cuts,
stream, as a result of
Dwnstream bund rose
=am groyne and cross

bund which was at R. L.. 716—15 feet above the floor—and flooded the

working area. As the river rose still further, the b
‘was overtopped and breached and the breach spr

the entire upstream and downstream bunds in ba;

nd upstream of ba}’5
cad - rapidly, eroding
r 4 and most of them
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};_I-;—a,y 3. The flood caused considerable damage in bays 7 and 8 and
resulted in heavy loss of stock, plant and machinery.

116 and 117 that observations
g less than one foot of spawls or
d as adequate protection for a
river, and that the unprotected
le anxiety during freshets due

It is also mentioned on page
during the flood showed that anythi
ballast or shingle cannot be conside
bund against wave action in the op
downstream bunds caused consider

to erosion by waves.

ing area at Marala got flooded as
bunds brea hing there would be
d not be completed in one work-
ained at Rasul, every precaution
ntingency. 1 he main bunds up
ough to stand safely the highest
ce, could be expected. The cross
the weir floor were kept two to
bunds to provide against the
d and the working area being
in the left half of the weir were
weir enclosed by them was com-
ross bunds were extended beyond
ains in the form of spurs heayily
he object of these spurs was to
amace to the bunds downstream
hannel. The spur in continua-
royne No. 2 also enabled bays |
h enough to scour out the shoal
ns, and the levelling off of the
her step in the same direction.

It was realised that if the wor
a result either of the main or the cros
such a set-back to the work that it cou
ing season. In view of the experience
was taken at Marala to avoid such a
ancl downstream were ma&a strong
freshet that, judged from past experie
bunds in bays 3 and 5 downstream o
threc feet higher than the downstrea
danger of the former being over-to
flooded during a freshet. The bund
cut as soon as work in the part of the
pleted. The downstream ends of the
the downstream bunds by about two ¢
armoured with malba and spawls.
prevent cross flow along and possible
of bays 3 and 4 which lay in the deep
tion of the cross bund to the nght of
and 2 to be run with a discharge hi
below and establish free fall conditi
bund downstream of bay | was a fu

m of bays 3,4 and 5 had to he
ar from favourable. The deep
ays and thebunds had therefore

The bunds up and downstre
pushed on in conditions which were

channel of the river lay through these
to be advanced in long reaches whert the depths were considerable,

Again the direction of the current wad also unfavourable and sal ball:
spurs had to be thrown out about a chin apart to divert the flow and
enable the bunds to progress. For the fipstream bunds a large number of
boats was employed as the nearest sitbs for borrowing earth were the
belas 1000 to 1200 feet above the weir. |It was however found that boats
alone did not give sufficient progress and they had to be supplemented
by donkeys although the lead for the latter was about half a mile. The
construction of the cross bund to the right of groyne 4 was also a difficult
task as its alignment crossed the deep cHannel of the river where the bund
ha_d to be 50 feet high, and as the side slopes were | in 3 outside and
| in5inside, the base of the bund in this reach was over 400 feet and
the earthwork required enormous. Harth had to be obtained in the
early part of the work fromthe shoal below bay 7—a lead of 20 to 25
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chains—but latﬁr on when xmrk was complete
earth was obtamed from the upstream and do1
bays. :
Pumping.

Plate VI shows the position ﬂf the main
both up and downstream of the weir. These
pumps of sizes varying from 10" t6 14", worke
gines. For local pumping, the plant was either P
sets or electric Sttb working eithering PEn Sumps
ments for pumping had to be varied in the di
conditions. T hese will now be briefly describe

Bays 1 and 2.—In bays | and 2 there w¢
stream and downstream of the weir. There
with bottom R. L. 783 below groyne No.
sump and a battery of pumps was installed on
found however, that with four big pumps goi
upstream and discharging about 25 cusecs on
level could not be lowered below R. .. 787 ag

hottom of concrete between the B and C lines of
{:In the re
deep curtain wall was eliminated by raising thé
foot as model observations made in the Reseas

the curtain wall over the pile line.

showed that this could be done safely)., Local p
be resorted to and in the lelt quarter of bay |

above conditions were particularly difficult ov
the undersluices, as many as 6 pumps—three ¢
4" and three 6" Petters—had to be installed be
A refere

unwater down to the correct level.

Photo No. 5

For local pumping, open sumps were use

on tube wells. The latter consisted of Esshee

nlit (Photo No.

:1 in bays 3 and 4, f]'-f:
pnstream bunds in thes,

pumping | Jnita Instdlled
consisted of c:ﬂnlnrugal
1 by portable steam ep.
etter crude o1l pumping
or tube wells.  Arrange.

Herent bays to suit local
d.

re large shoals both up.
was a deep scour hole
This was utilized asa
4). It was
12 downstream and one
he aggregate, the water
uast a level of 785°8 of
- wells and of 784°8 in
maining -weir bays this
top of the piles by one
ch Labﬂrator}r, Lahore
imping had therefore to
where as already stated
iing to the proximity of
:lectric, one 8" and two
fore it was possible to
nce is here invited

d to start with and later
coir strainers 6" inside

diameter and each 8} feet long. Tests were made with 3, 2 and cne

length of strainers with a five feet length of bl
[t was found that for attaining the ohject in vie
surface of the foundation pit with the tube w

apart, the use of two lengths of strainers was the
wells with two lengths of strainers, spaced 50

ing about # of a cusec each with a'4” pump, we

_ In view of the trouble that local pumping
in these ba}q it was not used in the'}rést of the ¥
it was confined to tube wells, the same stralner

'Df i ] IIies.

—-Condltmns 1 these ba

‘Unliké the latter,

Bays 5 fo
from those in bays T and 2,

nd pipe in each case.
w, viz., dewatering the
.ls spaced reasonably
most economical. Tube
feet apart and discharg-
re quite effective.

from open sumps Zave
berir. W here necessary
s being used a number

s differed matm‘ial_l:r'_

\
here were no shoals 11

i
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Battery of pumps downstream of| Groyne No 1. Nov. 1935.

Photo No. /5.

hats

o
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B

Starting concrete in Bay No. | Igft flank. Mark concentration
of local pumping. |Date 17-11-36.




Photo Neo, 6.

. : Panoramic view of Bays
to pump before work could be commenced.  Dec. 1936,

3, 4 and 5 showing the large and dzep pool which it was necessary

L ey O t..lﬂlﬂm..ﬂ.__.ldoun_l___.
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bays 3, 4 and 5. On the other hand, due to the fact that the deep
channel of the river passed through|these bays, there were deep scour
holes both upstream and downstreath—the deepest hole downstream in
bay 4 being 34 feet deep below low river level (R. L. 760). It was
therefore realised that pumping these bays although difficult to
start with would give no trouble orjce the water level had been de-
pressed sufficiently. Photo No. 6|shows a panoramic view of these
bays at the time pumping was starteld in them. Five big pumps were
installed downstream of bays 3 to 5 &nd after intensive pumping lasting
for three weeks during which the maximum discharge pumped was as
much as 27 cusecs, the water level wis lowered from R. L. 794 to R. L.
785°2 and to R. L. 784 after anpther week. As the level of the
foundation for the concrete between the B and C lines of wells was
7858, by having a cross drain in . p centreof each bay it was possible
to work in the dry from both ends of a bay and to do away entirely with
local pumping except for the completion of the concrete in the centre
of the bay where the two working fhces were joined.

Owing to the absence of shodls, the portables and pumps down-
stream 1n bays 3 to 5 had to be erectfd quite close to the ring bunds to
start with and then gradually advahced away from the bunds and
installed over the deepest contours. [As the water level downstream
of the weir went down it was necespary to depress the water level up-
stream also in order to limit the heafl across the weir to a maximum of
10 feet as heads bigger than this ard not considered safe. At this stage
of the work pumping plant available was not sufficient and as a good
working head was available over the| weir, two 8” siphons were installed
in bay 5 and one in bay 6 for lowering the water level upstream
of the crest. These siphons workdd very satisfactorily and resulted
in a saving of about Rs. 75 per warking day in cost of pumping.

The procedure adopted in bays 6 and 7 was similar, as scour holes
existed below these bays also and 1t was possible to lower the water sur-
face sufficiently, thus doing away wjith the necessity of local pumping
above the C line of wells when putfing in the concrete.

Bay 8. Below bay 8 there |was a shoal and as local pump-
ing was found to be troubleso expensive and a hindrance to
progress, 1t was decided to sink two masonry wells in the shoal on one
of which a portable and on the othef a pump was mounted. The shoal
was excavated for a considerable distince round the wells to create an
artificial pond the water level in which was kept low enough to do
without local pumping above the (J lines of wells when the concrete
was being placed. This pond is cl¢arly visible in Photo No. 13.  The
arrangement worked quite satisfactor|ly and it was possible to lay concrete
in this bay in the dry without any l¢cal pumping except in the portion
close to the right flank where a fev tube wells had to be sunk to deal
with the heavy infiltration. c]w

¥
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In the right half of the weir the delivery pipes from the mg,
pumps were taken over the top of the downstrehm bunds. (The pipes
for the two pumps in bay 6 can be seen in Photo No. 13) This wy,
because during the time work in this part of the weir was in progres
large and frequent freshets in the river were expected and if a leakag
occurred round a delivery pipe resulting in a bteach i the bund, the
work could not have been completed during the femainder of the season,
In February, 1909 a breach from this cause ﬂctuaﬂly occurred 1n the bund
upstream of bay 6 during a 150,000 cusecs freshef and work was stopped
till the following November. In the left half of| the weir, the delivery
pipes had heen kept a little above the normal winter water level in the
river and taken through the downstream bundg because high freshets

were not likely then.

To prevent excessive inflow and sloughihg of the downstream
bunds which choked up the drains and sumps, fnalba bars were added
at the inner toe of the bunds to act as filters. This was very successful,

In Plate [ X isgiven a diagram showing the fiumber of main pumps
working and the discharge pumped on each day during the months of
- January, February and March, -1937: The maxinjum discharge pumped -
was 33 cusecs on the 19th and 20th January and the minimum 16 cusecs
on the Z8th and 29th of the same month. [t vafied of course with the
extent of the area enclosed and the downstream| water level which in
turn was affected by freshets in the river and the programme of distribu-
tion of the river supplies between the Upper afid Lower . Chenab Canals.
As a rough approximation it may be stated that with an area 1000 fect
by 1000 fect enclosed by ring bunds and conditians normal, a discharge
of 25 cusecs had to be pumped out to keep the water level inside the ring
downstream of the weir depressed 10 to 12 feet below the downstream
river level, or that a discharge of | cusec had to be pumped per acre of
area enclosed. '

Pile Driving.
‘ As already stated, the driving of a 15 fedt deep line of sheet
piles above the C line of wells was an important item in the recondi-
tioning of the weir. [t was originally proposed tp have the piles four
feet above the upstream edge of the wells in the IC line but in view of
the extent of the overhang of the hammer of the pile driver beyond the
track over which the pile driver moved on the C line, it was decided that
two feet would be a more convenient distance, |Plate VII shows the
position of the pile line in a weir bay. = Near the [left flank the line was
given a right angle turn downstream and was taken just past the fish
ladder so as to abut against the foundation wells under the right flank wall
of the undersluices, (Plate No. VIII).. On the right flank of the weir
it abutted against a well under the right flank wall. |In addition, as shown
in Plate VII, a line of piles was driven under groyne No. 4. This
groyne had failed in both the record floods of 1928 hnd 1929. On disman-
tling the block and loose stone protection on eithér side, it was foun
that the foundations of the groyne had been undermined. (Photo No. 7).




Photo No, 7.

Six feet cavity under Groyne No, 4. |
Date of photograph. 10-12-36. - | _
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I.t__‘r‘r'ﬂs* decided to rebuild it on a conkrete slab 2°0 feet thick resting on

4 line of piles 15°0 feet deep.

The type generally used was| Ransome uniform (D) as used in
the reconstruction of the Khanki Weir and at the Deg Fall, but where
it was necessary to drive piles through stone, the type known as ** Uni-
versal’ was used as it is considerably heavier in ssction.  Stone was
generally met in those reaches where damage had been done in previous
vears to the glacis between the B and| C lines of wells. With the aid of
3 water Jet borings were made about five feet apart in the line in which
the piles had to be driven and the reaches in which stone was lying
huried thus determined, Where stone| was found within three feet of the
foundation level even Universal piles|got bent in the process of driving,
At such places arrangements were made to dig out the stone so as to
ensure that the pile was driven through sand for a depth of at least 3 feet,
A bull-headed rail driven by the harhmer of the pile driver was a great
help in loosening and breaking the stgne. It was found that this depth
in sand gave the pile the necessary grip to enable it to pierce through
stone if met further down. In view of the risk of disengagement of
clutches in such reaches the excavati was completed and the piles
were then driven to the final level 1 one operation, no dolleying being

done subsequently.

For the reasons mentioned aboye, Universal piles had to be driven
ina length of about 150 feet in the right half of bay4 where the glacis
hetween the Band Clines of wells hdd been completely washed away in
the record flood of 1929 and where sgme wells in the C line had become
tilted. (Photo No. 8). As already statdd, groyne No. 4 had been damaged
twice before and here also in a length f about 50 feet at the downstream
end, Universal piles had to be driven. Again on dismantling the weir
floor in bay 5 it was found that three|wells m the B line on which the
safety of the old weir depended were mnissing.  These wells, it appeared,
were omitted originally owing to the presence of stone, the remnant of
an old construction bund, in the river bed, and for the same reason new
wells could not be sunk here. As there was considerable sloughing of
wet sand between the crest and this dap which might have undermined
the crest, it was decided to put in a life of Universal piles across the gap
a little below the downstream edge of the B line and join it to the latter.

(Photo No. 12).

In bays | to 3, the pile drivers|had been erected on the C line
of wells, In the rest of the weir thed machines were tracked over the
fnished excavation between the B and C lines of wells.  This not only
allowed uninterrupted dismantling over the C line but also expedited
progress by facilitating the laying of thi track for the pile driver to move
on. The maximum progress on any|one day was 207 Nos, 15" deep
Ransom= piles driven, which is proBably a record.
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LGWE;'illg of Block Aréa',' and Stc;r;e Apm_n.

In the old weir the block area consisted

longitudinally and transversally. As already n
the flat slope of the old glacis and the compar:
block and loose stone apron below, some part o
was damaged in each flood, the subsequent repa
ment by lime or cement concrete blocks of e
concrete laid en masse or by stone confined in w
with a raft of cement concrete. The lowering d
as a vart of the reconditioning of the weir the
interesting problems. The old concrete hlock
tons each and removing and relaying them at {
problem in itself, the extent of which can be ju

about 17,000 tons of concrete blocks had to b#

made with a pair of sheer legs (Photo No. 10) !
and expensive as it was found that with 20 to
pair of sheer legs less than 5 blocks could be
one day ata cost of Rs. 4 each and as there wer
the work could not have been completed in or
method. It was then proposed to construct 4 ga
but thistoo was rejected as too slow and exps
Munro, Executive Engineer, Dragline and Pumj|
to do this work with two old Dragline Excavatc
wheels. (Photo No. 11). This greatly expedited
organization each machine could easily handle
working cost was also brought down very cons
worked for over four months without a break-doi
a difficulty which at one time appeared wel
considering that from the very beginning the ai
m one working season. :
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Lifting 3-ton block by sheer legs. November, 1936



