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CONCRETE TEST (STRENGTH AND NEUTRALIZATION)

REBOUND (R) by Schmidt Hammer Concrete Concrete
Gate No. 1 2 3 A Strength Neutralization Remark
verage
R N/mm2 R N/mm2 R N/mm?2 (N/mm2) (mm)
9 35.5 27.1 36.0 27.7 35.0 26.5 35.5 27.09 8
10 37.0 29.0 35.5 27.1 35.0 26.5 35.8 27.51 10
11 35.0 26.5 36.0 27.7 38.0 30.3 36.3 28.14 7
12 37.0 29.0 38.5 30.9 40.5 334 38.7 31.11 12
13 34.0 25.2 37.0 29.0 35.0 26.5 35.3 26.87 10 Conc. St. : min
14 36.0 27.7 40.5 334 37.0 29.0 37.8 30.05 5
15 38.0 30.3 35.0 26.5 35.5 27.1 36.2 27.93 8
16 375 29.6 37.0 29.0 35.0 26.5 36.5 28.36 5
17 38.0 30.3 36.5 28.4 38.5 30.9 37.7 29.84 6
18 35.0 26.5 35.5 27.1 35.5 27.1 35.3 26.87 6 Conc. St. : min
19 40.5 33.4 37.5 29.6 38.0 30.3 38.7 31.11 6
20 39.5 32.2 38.5 30.9 38.5 30.9 38.8 31.32 11
21 38.0 30.3 36.5 28.4 36.0 27.7 36.8 28.78 13
22 36.5 28.4 35.0 26.5 375 29.6 36.3 28.14 10
23 39.0 31.5 38.0 30.3 40.0 32.8 39.0 31.53 7
24 40.5 334 38.0 30.3 39.5 32.2 39.3 31.95 8
25 38.0 30.3 38.5 30.9 40.0 32.8 38.8 31.32 11
26 41.0 34.1 35.5 27.1 37.0 29.0 37.8 30.05 15
27 375 29.6 40.5 33.4 39.5 32.2 39.2 31.74 12
28 38.0 30.3 36.0 27.7 38.0 30.3 37.3 29.41 8
29 375 29.6 37.5 29.6 38.0 30.3 37.7 29.84 8
30 40.5 334 39.5 32.2 40.0 32.8 40.0 32.80 7 Conc. St. : max
31 41.0 34.1 39.5 32.2 38.0 30.3 39.5 32.17 8
32 38.0 30.3 39.5 32.2 39.5 32.2 39.0 31.53 5
33 38.5 30.9 36.0 27.7 37.0 29.0 37.2 29.20 5
34 375 29.6 38.0 30.3 40.5 334 38.7 31.11 5
35 39.0 31.5 36.0 27.7 375 29.6 375 29.63 8
36 385 30.9 37.0 29.0 355 27.1 37.0 28.99 5
37 35.5 27.1 38.0 30.3 36.0 27.7 36.5 28.36 10
38 36.5 28.4 40.5 334 40.0 32.8 39.0 31.53 8
39 36.0 27.7 37.5 29.6 38.5 30.9 37.3 29.41 7
40 39.5 32.2 38.0 30.3 40.5 334 39.3 31.95 7
41 40.0 32.8 39.5 32.2 39.5 32.2 39.7 32.38 5
42 355 27.1 37.0 29.0 37.0 29.0 36.5 28.36 6
43 36.5 28.4 40.0 32.8 38.0 30.3 38.2 30.47 5
44 38.0 30.3 36.0 27.7 385 30.9 375 29.63 5
45 375 29.6 40.0 32.8 40.5 33.4 39.3 31.95 8
46 36.0 27.7 38.5 30.9 38.0 30.3 375 29.63 8
47 40.5 33.4 39.0 31.5 39.5 32.2 39.7 32.38 8
48 39.0 31.5 39.5 32.2 38.0 30.3 38.8 31.32 12
49 35.0 26.5 37.5 29.6 35.5 27.1 36.0 27.72 8
50 39.0 31.5 40.5 334 40.0 32.8 39.8 32.59 13
51 37.0 29.0 37.5 29.6 39.0 31.5 37.8 30.05 5
52 38.5 30.9 38.0 30.3 36.0 27.7 375 29.63 11
53 39.5 32.2 36.0 27.7 375 29.6 37.7 29.84 8
54 385 30.9 38.5 30.9 375 29.6 38.2 30.47 7
55 375 29.6 37.0 29.0 38.0 30.3 375 29.63 8
56 40.5 334 40.0 32.8 38.0 30.3 39.5 32.17 8
57 37.0 29.0 38.5 30.9 375 29.6 37.7 29.84 8
58 35.5 27.1 375 29.6 35.0 26.5 36.0 27.72 12
59 37.0 29.0 36.0 27.7 38.0 30.3 37.0 28.99 8
60 38.0 30.3 38.5 30.9 40.0 32.8 38.8 31.32 15 Neutr. : max
61 40.0 32.8 38.0 30.3 40.5 33.4 39.5 32.17 8
62 39.0 31.5 38.0 30.3 385 30.9 385 30.90 5
63 38.0 30.3 40.5 33.4 40.0 32.8 39.5 32.17 6
64 35.0 26.5 38.0 30.3 385 30.9 37.2 29.20 8
65 39.0 31.5 38.5 30.9 40.5 33.4 39.3 31.95 10
Average 30.14 8.2
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Concrete Diagnosis Report



The Preparatory Study (2)
The Project for Rehabilitation of Gates of Taunsa Barrage

Concrete Diagnosis Report

1 Introduction

Taunsa Barrage, which is located over Indus River in Punjab province, is one of major barrages for
Indus Irrigation Systems and serves about 1,100,000 ha of the irrigation areas in the both sides of
Indus River.

Taunsa Barrage was constructed in 1958 by Government of
Pakistan and has worked for 45 years until now. Due to the long
usage since its construction, its gates with facilities as well as
hydraulic structure have been seriously deteriorated. This
deterioration has caused difficulty for proper operation and
maintenance of the barrage.

Considering this situation, JICA conducted “Feasibility Study on Taunsa Barrage Irrigation System
Rehabilitation in Islamic Republic of Pakistan” from August 1997 to August 1998, based on the
request of Government of Pakistan, and proposed rehabilitation programs of Taunsa Barrage. Based
on the F/S, Government of Punjab Province with Government of Pakistan once requested 6 sets of
bulkhead gates for Japan’s Grant Aid Scheme in September 2001 in order to rehabilitate the most
deteriorated parts of Taunsa Barrage and to improve the operation and maintenance conditions of the
barrage.

Based on the former request for Japan’s Grant Aid Scheme and recent information on the problems
relating with the deterioration of Taunsa Barrage from Pakistan side, Government of Japan conducted
“Preparatory Study for Project for Rehabilitation of Gates of Taunsa Barrage” from August to
September 2003 through JICA. Based on the result of Preparatory Study, Government of Japan
entrusted JICA is going to conduct Preparatory Study (2) to collect additional information and data,
which are necessary for Basic Design Study, in the annual closure period of January 2004.

2 Obijective of the Study

The objectives of the study are to observe the condition of deterioration, to conduct concrete diagnosis
and to conduct the topographic survey taking the occasion of the annual closure period, when water
level becomes lowest.

3 Contents of the Study
1) Observation and study on the conditions of concrete structure, apron and abutment of Taunsa
Barrage.

(1) Observation on the concrete structure, apron and abutment of Taunsa Barrage.

(2) Observation on the repair work conducted by Pakistan side.

3) Preliminary study on the repair work and other measures which should be taken by Pakistan
side in the future.



2) Diagnosis of concrete structure of Taunsa Barrage.

(1) Investigation of the concrete strength and durability with a Hammer and a Schmidt Hammer.

3) Topographic survey for Taunsa Barrage.

(1) Topographic survey.

(2) Cross sectional profiles.

3) Longitudinal profiles.

4) Damage condition survey.

4) Study on the location for the pore water pressure meter.

(1) Study on the proper location of the pore water pressure meter, which should be set up by
Pakistan side in the future, to monitor the piping of the foundation of Taunsa Barrage.

4 Flood Discharge in the Indus River

The flood discharge in Indus River upto 2003 is as follows;

Annual Discharge of the Indus River

< 25,000

£ 20,000

& 15,000 _ 0 o o ol m . en e 0be. U Blean

< 10,000

wn

2 s N1 TR il
\w\ \o\ \N\ \ﬁ-\ \o\ \w\ \o\ \N\ \v\ \\o\ \OO\ \o\ \N\ \v\ \\o\ \OO\ \o\ \N\ \w\ \o\ \w\ \o\ \N\\
v O O O O O Lol Lol Lo o~ Lol o0 o0 o0 o0 o0 N N N N N S S
R F 2R REH 2SS EHH S A RS ]

Year

The maximum discharge upto 2003 is 21,585 m3/s in 1958, and the minimum discharge is 5,941 m3/s
in 2000. The average discharge is estimated around 13,000 m3/s.
The longitudinal profile for Indus River around Taunsa Barrage is observed 1/5,000 gentle slope.

5 Design Condition of the Taunsa Barrage

The design condition for Taunsa Barrage is estimated as followings;

Barrage Width 1,325.53 m (4,346 ft)

Design Discharge 28,344 m3/s

Crest Width (one gate) 18.29 m (60 ft)

Gate Number Nos. 65 (with one Navigation lock / two Fish ways)
Crest Elevation RL+428 ft (EL+130.54 m)

U/S Apron Elevation RL+419 ft (EL+127.80 m)

D/S Apron Elevation
Flood water level

Flood Velocity
Longitudinal profile

RL+416 ft (EL+126.88 m)
U/S  RL+447 ft (EL+136.34 m)
D/S  RL+444 ft (EL+135.95 m)
Max. 6.0 m to 7.0 m / sec.
Taunsa Barrage level:
160,000 ft (48.8 km) U/S:
River bed Slope:

RL+419 ft (EL+127.80 m)
RL+449 ft (EL+136.95 m)
1/5,333



6 Hydraulic Structure

The hydraulic structures for the barrage are as follows;
Upstream Side

Loose stone length 80.00 ft (24.40 m)
C.C. Block 11.83 ft (3.61 m)
Apron 80.00 ft (24.40 m)
Crest 24.00 ft (7.32m)
Downstream Side
Crest 40.00 ft (12.20 m)
Apron 80.00 ft (24.40 m)
C.C. Block 56.80 ft (17.32 m)
Loose stone 80.00 ft (24.40 m)

Total length of the hydraulic structure is 140 m (Upstream side:57 m and Downstream side:84 m)

7 Pier Structure

The pier between gates are not only supporting of the sluice gate but the bridge including the railway,
pipeline and gate structures. The size of the pier is as follows;
Top elevation for the Road and Railway RL+452 ft (EL+137.86 m)

Top elevation for the Gate structure RL+457 ft (EL+139.39 m)

Pier length (Road and Railway) L=63.0 ft (19.82 m)

Pier length (Gate structure) L=27.6 ft ( 8.42 m)
Loading condition of the road, railway and gate structures is as follows;

Loading of the Road

Dead load: 20 t / Live load: 120 t / Impact coefficient 1.3 =182t
Loading for one beam = 36.4 t

Loading of the Rail way
Dead load: 10t/ L load: 80 t / Impact coefficient 1.3 =117t
Loading for one beam = 58.5 t

Loading of the Gate
Total weight = 30t

8 The result of the site investigation

The deterioration of the crest on the skin concrete

(1) The crest under the gate and its both sides of pier wall is getting abraded and the exfoliated and
its surface lost the mortal ingredient in the skin concrete.

(2) All crests are exposed aggregate due to the abrasion.

(3) The walls besides the friction blocks are getting corroded by the shot water
during the flood discharge, and being exposed the aggregate.

(4) The friction blocks are worn the corner away due to the shot discharge
including the enormous sedimentation ingredients, and their surface
exposed the aggregate.

The enormous abrasions on the crest surface are especially from Gate No. 16 to 20, Gate No. 24 to

28, Gate No. 44 to 46, Gate No. 50 to 51 and Gate No. 62 to 65.




The deterioration of the Pier

(1) The cracking on the pier wall occurs at some place; however, the cracks .
are the horizontal around the construction joint without the mortal y i
ingredients. Therefore, the crackings are not the influence of the structural | F
problems because the replacement of the superstructure as a beam of the ! !
road bridge has not been found.

(2) The vertical crack and the deviation of the each block around the both abutments are
considered by the settlement of the foundation at the beginning of the construction; for now,
the progress of cracking have almost stopped when it seen from the top of the both abutments.

(3) The exfoliation at the downstream side is exposed its finishing concrete by the cavitations due
to the shot discharge, however the thickness is less than 10mm, this has no influence to the
pier structure.

The horizontal crackings on the pier wall are Gate No.10, 33 and 34, and the exfoliation due to the
cavitations of the shot stream is Gate No. 11 and 24.

The Sedimentation around the Gate
(1) The enormous sedimentation in front of the gate is estimated as 2 to 5 m,
and the friction blocks and C.C blocks are silted in front of the apron at the
downstream. Therefore, the effect for eased shot water has been declined
and the loosed stone after the apron has been scoured.

The Neutralization of the pier wall
(1) The neutralization of the pier concrete is progressing around 8 mm, the maximum
neutralization is estimated as 15 mm for 45 years, and the ratio of the neutralization progress
in the concrete surface is estimated to be 0.3 mm par year. Therefore, all hydraulic structures
are not especially showing the influence due to the neutralization and the reinforcement bar.

The concrete strength of the hydraulic structure
(1) The strength of the concrete in hydraulic structure is checked by a
Schmidt hammer, the average strength is confirmed 30.1 N/mm2, ’? !
the maximum strength is 32.4 N/mm?2 and the minimum strength 4.1 -
1s 26.8 N/mm?2 respectively. P o=
(2) The concrete of the compressive strength passed 45 years is not oY o I
decaying and the deterioration. L

The damage of the hydraulic structure has been mainly caused by the shot and high velocity estimated
6.0 m/s to 7.0 m/s including the sedimentation ingredient. Especially, the skin concrete on the mass
concrete suffers the enormous abrasion. Also, the sand material have silted the downstream structure
as a friction and concrete block after the crest, and the affect for the eased shot water occurred the
scoring at the loosed stone downstream.

9 Measuring

The measuring for the hydraulic structure against the abrasion and corrosion are considered as
followings;

(1) To protect the skin concrete using by the high strength specification

(2) To use the skin concrete less than 50 % water cement ratio

(3) To protect the pier wall with the coating in order to avoid the corrosion

(4) To protect the exfoliation around the bottom gate with the steel plate



(5) To modify the crest length at the downstream side in order to avoid the shot sandy water

10 Recommendation

The main damage of Taunsa barrage’s hydraulic structure is the result of the enormous sedimentation
and the shot discharge from the gate which occur the enormous abrasion and the exfoliation against
the hydraulic structure because of oblique flow.

The problems of the present repairing work of the crest are as follows;
(1) The concrete repairing will come off due to the sandy shot discharge because the concrete
which carried out the repairing on the skin concrete is very thin as a part of covering from 30
mm to 50 mm on the existing reinforcement bar.
(2) The abrasion will soon be very poor because the coarse aggregate; the restoring concrete is too
small size (around 20 mm diameter including Limestone and the fine aggregate including dust
ingredient).

In case of the sandy shot discharge, it is very important to consider the abrasion and the exfoliation.
The improvements of the repairing method are as follows;
(1) Before the pouring concrete, the chipping work on the surface concrete should be carried out at
least 10 cm up to the existing reinforcement bar.
(2) Concrete using the hard aggregate such as granite stone and less than 50 % of water cement
ratio in order to resist abrasion and exfoliation.
(3) Anchorage and bonding between the restoring concrete and the skin concrete are necessary in
order to keep surface of concrete.
(4) The maximum size of the coarse aggregate is 40 mm according to ACI specification.

Under the present situation, the repair work is not enough because the closure period is only one
month in dry season. However, the maintain work for the gate starting from 2005 will use the bulk
head gate as a temporary gate to close the water discharge, so the crest rehabilitation for the abrasion
will improve and will have enough curing for the concrete as well.

11 Pore Water Pressure Gage for Piping

The stratum under the foundation of Taunsa Barrage is loosed sand as 0.2 mm of average diameter
with the seepage coefficient of 1.0x1.07% also the N value of SPT test is less than 15.

These stratums are likely to be damaged by the piping because the seepage water develops the
enlargement and occurs the roofing phenomenon under the hydraulic structure. The foundation will
be getting the displacement and settlement due to the collapse.

Taunsa Barrage, as a floating type barrage, need to be reinforced the monitoring for the water pressure
under the structure with the water pressure gage in order to avoid the uplift forced from the ground
water.

From the point of maintenance of Taunsa Barrage, the pipes for the water pressure observation are
installed under the crest and apron of the hydraulic structure around 17 Nos. and 9 Nos. for the
upstream and 7 Nos. for the downstream, however, these pipes are not observed due to fillings of the
sediment problem.

Moreover, these pipes for monitoring for the water pressure are very simple and old for observations
because the floating level is measured by the string with weight, and only at upstream.



When the pore water pressure gage which will be prepared next time is used, it has to be installed
around the downstream of the hydraulic structure at least 3 Nos. under the structure each gate because
the uplift damage is likely to occur at the downstream.

These observations with the pore water pressure gage have to be installed to keep the accurate data for
the uplift.
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Minutes of Meeting on the Preparatory
Study for the Taunsa Barrage



Jan. 2004

Minutes of Meeting on the Preparatory Study for the Taunsa Barrage
Concrete diagnosis of the Hydraulic Structure

07 Jan. ’04  Irrigation and Power Department (IPD ion Lahore)
11:00 Mr. Asrar ul Haq (Additional Secretary)

Mr. Zaka Ullah Bhatti (Chief Engineer: Irrigation Development Zone)

Mr. Quzi Anwar Ali (Chief Engineer: Irrigation Lahore Zone)
We explained the inception report on Taunsa Barrage and the schedule for the site
investigation. Also, we confirmed the current problem on the concrete structure with
Irrigation and Power Department. The main problem was the sedimentation on the
river and the deterioration on the surface of the skin concrete, where the repair work
is in progress. In this time, we explained that we would check especially the concrete
diagnosis of the Hydraulic structure such as the damage of the structure, the concrete
strength due to the deterioration and the neutralization caused by the salinity water.

07 Jan. 04  National Development Consultants (NDC)
15:00 Mr. Ghulam Hussain

Mr. Ali Zaidi
We arranged the schedule for the topographical survey carried out by NDC and
discussed about the coordination point for the survey at the site. NDC will start from
12™ Jan.’04 and now preparing the team.
The current problem of Taunsa Barrage was only the abrasion caused by the sandy
shot stream on the concrete surface and the hydraulic structure such as the settlement
and displacements had no problem.

08 Jan.’04  Taunsa Division Office (IPD)
13:00 Mr.Mehr Muhammad Amin (Executive Engineer)

Mr. Muhammad Muneer Anjum (Workshop sub Division)
We met Mr. Amin, the executive engineer of Taunsa Division Office, and were
introduced as a counterpart of Mr. Asrar ul Haq of the Irrigation and Power
Department (IPD) Lahore. And we went to the site in the afternoon, and he explained
that the repair work of the concrete structure at Taunsa Barrage had already started
and will have finished by 17" Jan.’04.
We explained that the topographic survey would be started from 12™ Jan.’04 around
the site.

19 Jan. 04  TIrrigation and Power Department (IPD in Lahore)
10:00 Mr. Asrar ul Haq (Additional Secretary)

Mr. Abdul Ullah Sheokh (Deputy Secretary)

Mr. Zaka Ullah Batti



We reported that the investigation of the concrete diagnosis on the hydraulic structure
was done by Schmidt hammer test and the neutralization using by the phenolphthalein
for the concrete deterioration. The both testing indicated the normal results, however,
there were damages of the concrete surface such as the abrasion and exfoliation on
the crest and the pier. These damages caused by the shot water including the
sedimentation material from upstream had not much influence to the hydraulic
structure but needed repairing as soon as possible.

19 Jan. 04  National Development Consultants (NDC)

Mr. Ali Zaidi (a secretary in charge of Taunsa Barrage)
We discussed on the repairing work of the concrete structure at Taunsa Barrage,
where we found no serious damages such as the settlement and the displacement of
the structure and only the abrasion and the exfoliation caused by the shot discharge
including the sedimentation material.
In this time, however, the repairing work for the skin concrete had done in such a
short term to meet the close period, we recommended to have more time to repair the
concrete and the gate with the bulk head gate at same time.

24 Jan.’04  Irrigation and Power Department (IPD)

Mr. Javed Majid (Secretary)

Mr. Asrar ul Haq (Additional Secretary)

Mr. Abdul Ali Sheikh (Deputy Secretary)
We explained that the site investigation had been done, and we had made the report to
JICA on the concrete diagnosis and the topographic survey. On the concrete
diagnosis, the damage found on the abrasion and exfoliation such as the settlements
or the displacements of the barrage were not so serious and only the deterioration of
the concrete surface was. Therefore, we recommended that the concrete work to be
spent enough time and to repair the gate at same time when Taunsa Barrage will be
repaired.
On the specification for the concrete, the aggregate was not adopted the abrasion
because the course aggregate was such small as 20 mm and contained Limestone, so
we recommended the aggregate to be used 40mm at top and the hard stone against the
abrasion. We also confirmed the water ratio to be kept less than 50% for the adequate
quality.
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