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1.0 PREAMBLE

The commercial butlding -Mantri mall, is a conventional RC framed structure with two
basements, ground and three upper floors. The building is reported to be built during 2006-
2008 and is in operation since 2008, It was reported that part of this commercial building
[Mantri square mali} located at Malleshwaram, Bengaluru was collapsed at about 1.30 PM
on Monday, 16" lan 2017. In view of this, an expert committee was constituted by
Commissioner, BEMP to investigate the causes of failure and to suggest suitable remedial
measures wide ref no. Heniniyo/PR/ 1341/2016-17 dated: 17-01-2017 [Annexure-IV]. The
team carried out the study consisting of detailed physical examination, collection of
samples, testing and review of structural drawings. Based on the study, the inferences and

recammendations were made. This report gives details of the study carried out.

The scope of this study is limited to examination of the collapsed region of the structure,
review of structural details of the collapsed region, arriving at reasons for collapse and
recommending strengthening measures. In view of constraints of time and resources the

study is limited only to collapsed region.
2.0 TEAM
The members of the committee are as follows.

1. Commissionar, BEMP, Chairman

2. Additional Director (Uran), Convener

3. Dr. Radhakrishna, Associate professor, R ¥V College of Engineering, Member
Dr. ¥ 5 Jayasimha, Head, Civil Aid Techno clinic Pyt Ltd, Member

Dr. R. Nagendra, Technical Director, Civil Aid Techno clinic Pvt Ltd, Member

=S I

Dr. M.S. Sudarshan, Senior Director, Civil Aid Technao clinic Pyt Ltd, Member.

The commitiee had its first meeting at office of BBMP (West), Malleshwaram on
Wednesday, 18" Jan 2017. later the committee visited the site and had preliminary
inspection. The fractured portion was inspected from roof, intermediate floors and ground

level, It was found that cantilever portions of the slab were collapsed from roof and Il floar
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{ph 1-6 of Annexure-1). Since it was not possible to closely inspect the fractured part, the
inspection commiitee requested for providing a suitable platform/scaffolding. Other
facilitics such as videography, photography, relevant structural drawings, provision for core

cutting with accessories etc. were aiso requested to carry out detailed inspection.
After providing the platform and other facilities the committee visited the site on Saturday,

21 Jan 2017 for a detailed inspection and sample collection,

3.0 DATES OF INSPECTION
The team inspected the site for inspection and collection of samples on the following dates:

Wednesday, 18.1.2017
Saturday, 21.1.20%7
Monday, 23.1.2017

Cal R e

Maonday, 30.1.2017

4.0 OBSERVATIONS

The following obscrvations were made during the inspection:

1. The cantilever slabs of span 2 m are provided in the second, third and roof slab levels
at the rear portion of the huilding. They intend to serve as fire exit pathway and
access to services,

2. The collapse of a portion of cantilever roof slab and a portion of second fioar balcony
slab had occurred at the northwest corner of Mantri iMali Building,

3. The debris had failen on ground at rear region of the building. Some portions of the
slab, along with service cables were hanging in the collapsed region.

4. In the cantilever portion of the roof, two chiller pipes of 600mm diameter are placed
onh regular pedastal, carrying water.

5. Inthe northwest region, cantilever roof slab to a tength of about 17 m had collapsed,
along with the R.C. parapet. The collapse had created distress in the form of cracks in
the remaining cantilever slab ta a length of about 8m. These cracks were along the

cantilever support.
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. Cracks were also observed in the RCC parapet wall which is existing near to the
collapsed region.

7. I appears that the failure is first triggered in the roof and the debris fell on the third
floor cantilever slah. This gave way due to the impact of the falling debris. However,
the second floor cantilever slab suffered only the damage to the parapet and no
visible distress was observed in the cantilever stab region.

9. The fractured section of the cantilevered roof siab shows the top layer of membrane
waterproofing followed by screed concrete layer. A bituminous water proof layer
was seen between the screed and RCC slab. The thickness of RCC slab was measured
as 200mm and the thickness of sereed concrete was measured as 250-275mm,

9, The fractured surface indicated brownish stain in the upper portion of RCC slah. The
reinforcement at the bottom was found ta be hanging down. In order to see the top
reinforcement, the fractured surface was gently chipped to expose the top bars. The
top bars were snapped at the fractured surface. They were found to be positioned at
about 100mm {Mid depth) from top of the RCC slab.

10. The left over bars in the fractured region and the snapped bars indicate that the bars
are corroded exhibiting brown patches and formation of scales.

11. Wide cracks were observed in the peripheral wall in the third floor of Scary room

area of the building.

The photographs 1-30 of Annexure- |. depict the distress regions and observations made

above.

Aftor getting few results of the tests, the committee met on Monday, 30.1.2017 and visited
the site. It was found that the water pipes which were hanging at the fractured portion got
removed and majority of debris were cleared, The cracks observed in the third floor wall

hehind Scary room were observed to be sealed with cement mortar.
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5.0 SAMPLES COLLECTED

In order to assess the guality of materials used in collapsed region, following representative

samples were collected:

e Three core of concrete from roof slab near to the fractured portion.
= Steel rods from the fractured part and from debris.

¢ Congrete sample from the debris of siab.

« Mortar samples from the block masonry parapet wall.

& Water samples from chiller plant

The samples were tested at Civil Aid Tachno Clinic Pyt Itd, Bengaluru as per relevant Indian

standards. The details of sampling and testing are shown in Ph31-40 of Annexure-1.

6.0 TESTING

The following tests were conducted on the sampies collected from the site:

1. Steel Reinforcement:
a. Tensile test
b. Bend and Re-bend test
c. Chemical Analysis
2. Concrete:
a. Compressive strength
k. Density
¢. Cement content
3. Mortar:
a. Chermical analysis for proportion
4. Water:

a. Chemical Analysis for sulphates and chlorides

The test resuits are appended in Annexure -



The following are the ohservations on test results:
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1. The strength of concrete as mentioned in the drawing was 25 MPa, whereas the
strength of concrete strength was 15 MPa which is less than design requirement. The
density of concrete was found to be 2100 kg{mg, which is comparatively less for
normatl structural concrete.

2. The screed concrete layer provided on the roof slab was 250-275mm thick with a
density of 2098 kgfoum.

3. Caement content of concrete was found o be 200kg/m”, which may be considered
for mix design, if supplementary cementitious materiat like fly ash or GGBS is used in
the mix. However, the reguired strength is not achieved, as seen from the core test
resubts.

4. The reinforcement tested confirms to the strength, % elongation, bend and re-bend
reguirements. The sulghur and phosphorus content in the steed rod was in the range
of 0.070 — 0.073 as against maximum value of 0.065 as per 15 1786 - 2008, which may
not cantribute to the failure.

5. The propaortion of masonry mortar obtained from the test is oblained as 1:3 by
volume, which is adequate for concrete biock masonry parapet.

6. The chemical analysis of chiller water indicates that the water is alkaline in nature

and the chlorides and sulphates are within permissible limits.

7.0 REVIEW OF STRUCTURAL DETAILS

The structural drawings pertaining to the collapsed cantilever slab indicate the thickness of
slab as 200mm and reinforcement of 12mm @150mm ¢/c at top and 10mm @150mm c/fc at
bottom. The concrete strength considered in the design is 25MPa, whereas the in-situ
strength of concrete in 15 MPa. As observed at site, in the collapsed region, the top bars are
provided at 100mm from top, reducing the effective depth to less than 100mm {Ref
Annesxure- 111). The reinforcement diameter and spacing was found to be as per the drawing,
Alsa, the screed concrete on tap has contributed to the superimposed load by 5.25kN/5q.m,

considering the thickness of 250mm (which appears to be more than the normally adopted
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thickness). The calculations for the adequacy of the section, as provided at site, are
appended in Annexure-ll. The calculations clearly show that the cantilever section, as
provided at site is structurally inadequate even for the dead load and superimposed load

from the screed.

3.0 INFERENCES

The following are the inferences based on the detailed observations, test results and review

of structura! details:

1. The tests on materials infer that the in-situ strength of concrete in the tested regions
of the roof near to the failure region exhibits lower strength as compared to the
strength considered in the design.

2. The failure of cantilever portion of roof slab is essentially due to the structural
inadequacy of the section as provided at site. The disposition of top bars to the
middle of the section, reduced in — situ concrete strength and increased
superimposed load due to unduc thickness of screed has made the cantilever section
unsafe.

3. The increased thickness of screed provided at site and load due to chiller pipes
running in the cantilever portion have added to the overall loading on the roaof slab.

4. The calculations imply that the cantilever slab must have undergone excessive
deflection and cracking before failure. The bituminous water proofing layer above
the slab also, must have cracked. It is likely that the stagnated leakage water from
the chiller had seeped intoc the crack, carrying the brown stain from the
waterproofing layer. This could be the reason for occurrenca of brown stain on the
top portion of the fractured surface at failure location.

5. The failure of cantilever slab in the third floor slab is mainly due to the impact of the
falling dekbris from roof. Further, the cantilever section in third floor also has reduced
structural capacity due to disposition of top reinforcement towards the middle of the
section, as observed at site.

6. The corrosion of bars in the coliapsed region show that the cracks in the slab might

have atlowed the ingress of water and air inte the re section triggering corrosion.
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7. The wall crack in the scary room region is mainly due to deflection of cantilever slab

9.0

10.0

resulting from the loading of 5m height wall at the periphery.

The distress observed in the existing cantilever portion of roof slab near the
collapsed region is mainly due to the combined effects of collapse of the adjacent
slab and structural inadeguacy of the cantilever section in carrying the existing

loading. This portion of the slab is structurally unsafe.

RECOMMENDATIONS

1. Since study on the collapse of the portion of the cantilever slab has shown that
the slab is structurally unsafe, it is essential to support all the cantilever slabs at
all levels through an appropriately designed supporting system 1o avoid
recurrence of similar situation.

2. As the in situ strength of concrete in the tested region of the rocf has shown
lesser strength than the design requirements and loading on the roof is increased
due to screed and other equipment, it is essential to verify the structural
adeguacy of the entire roof.

3. The cantilever portion in the scary room area shall be suitably supported to
withstand the loading due to 5.5 m high peripheral wall. Alternatively, the wall
can be replaced with 75mm thick rc wall, if the cantilever section provided can

poermit the same.

CONCLUDEING REMARKS

Based on the study carried out, it can be concluded that the collapse of a portion of
cantilever slah is due to inadequate section {resulting from wrong disposition of top
reinforcing bars) ot the cantilever at site, leading to formation of crack in the slab
and finally collapse of the slab itself. Unduly thick screed concrete on top of the slab

and reduced concrete strength have further aided the collapse.

Suitable measures are recommended to render the collapsed region serviceable.
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This study is limited to examination of the collapsed region and not the structural

stability of the whole building. In view of the present distress and considering the

nature of usage of building, the structural stability of the whole building needs to be

examined.

QL“BQW;’/ 2

Additional Director, Town planning
BBMP

Convener

o

N

Dr. K. 5. JAYASIMHA
Member

(B
Dr. RA ISHMNA

Member

b o

o

Commissioner, BBMVP

Chairman

010 £S5, X

prt

L
“ Dr, M. 5. SUDARSHAN

Member

Dr. R. NAGENDRA

Member
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ANNEXURE — |
PHOTOGRAPHS



General views of the
collapsed region

Page 12 of 47




Top view of collapsed cantilever roof slab

Page 13 of 47




Ph. 06

View of collapsed portion

from third floor

Ph. 07

Crack in the cantilever
(Cantilever portion of roof slab
near collapsed region)
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Ph. 08

Crack in the cantilever
(Cantilever portion of roof slab near collapsed region}

Ph. 09

Crack in peripheral wall of scary room
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Ph. 10

Inspection of cracks

Measurement of distressed portion
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Fractured cantilever slab surface with brown stains
(Typical views)

Page 17 of 47




Ph. 14

Corroded bottom reinforcement at the fractured surface

Ph. 15

Chipping of fractured surface at roof level to expose top bars
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Ph. 16

Exposed top bars of collapsed cantilever roof slab
(Typical views)

Ph. 17
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Snapped top bars of cantilever
(Typical views)

Ph. 19
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Section at fractured slab with measurement

Ph. 21

View of debris of roof slab showing disposition of top bars

Page 21 of A7




Ph. 22

Snapped top bar of cantilever
from dehbris

Ph. 23

Corroded snapped top rebar

of cantilever
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Corroded bars seen
in debris

Disposition of bars in
fractured surface of
cantilever slab of
third floor
(top bars in mid region)

Cracks in cantilever
portion of roof slab

Ph. 26
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Ph. 28

Patched up cracks in the wall of scary room
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Ph. 29

Cracks in RCC parapet wall

View of debris
{partly cleared)
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Ph. 31

Collection of bottom reinforcement of
cantilever slab for testing

Top bars of collapsed cantilever roof slab
collected from debris
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Ph. 33

Extraction of concrete core sample from RC slab in progress

Ph. 34

View of extracted concrete core samples from screed and slab
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Ph. 35

Core from screed

Ph. 36

Samples for testing
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Ph. 37

Views of core compressive strength
test in progress

Ph. 38
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Ph. 39

Tensile testing of reinforcing steel

Ph. 40

Bend and Rebend test
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ANNEXURE - I
TEST RESULTS




Ref:CIVILANYSTEEL/BL2025/0 2007
Test Order dated: 24.1.2017

Nate:

The Commissioner
Bruhat Bangalore Mahanagara Palike
Commissioner Otfice
NLR. Sguare
Bangalore —
Py SICAL l'EhT REPORT ON REINFORCING STEEL

Sonce of sample
Customer’s Relerence

31,0207

AT IADAT £ S,
TR, TN L TN e

Sample collected by Expert Technical Team Members
Letter No, HNNIYPRA341/2016-17 dated 17.1.2017

UTN LTOD2187T

Lrate of test 25.1.2M7

Project® Spot Inspection on Quality of Commercial Building at Ward
Mo, 26 (01d), 25 (New), No. 1, 2™ Main, Sarnpire Boad,
Malleswaram, Bangalore

Cirade™ Mal [urnished

Condition of samples
Test Method

Satisfactory

15:1786-2008 (Reaffimmed 2013)

IS: 1608 — 2005 (Reallirmed 2011}, 18, 1599 - 2012 and

Tensile Test
SI | Tdengii. | Nowinal |- Mass 1 9.2% Proof | Ultimate Bend | Rebend
Ho | catian Dia™ (WE) | Stress/Yield Tensile | Elongation | . Test
(mm} (kg/m}) Sitress Strength ("o}
(N/mm®) (N/mm?’)
Bottom : .
1 Bur &Y (1.567 015 727 16.0 Passes Passes
2 lop Bar 12 0,895 525 624 217 "asses Passes
Reguirements as per IS 1786 — 2008
] 2% I'ront
Dia HEESJ,E::'] Dia M{Tg .IE:;‘} Grade Stress ! Yield Lltimate Tensile Strength Elongation
(o} ( ﬁi“ ) () (ﬁ;u ) Stress {NAmm (Wi {For (Min)
i =tmt = (M) (Min.)
2 3 166 Fedls 115 485 or (15 rore than .ﬁ.c?ual 145
g 03463 ES 3'69? Propl Siress whichever is higher ks
n 0.547 9y 4:&.33 Fe500 200 545. or 8% moTY {han .:"-"-l.ﬂl;lﬂl (2.0
12 T 1 6 058 Proot Stress whichever is higher
16 1.483 40 0 d6s Fe.5i0D 50l 563 or 10% move than Actual 164
N === Proel Sivess whighever 15 higher
* Ax [umished by the customer
Note: 1. The resulls relate only to the samples tested.
2. Report shall nol be reproduced, except in Tull, without the writien approval of the lab,
3. Any correction invalidates this report.
for CIVIL A]I‘C{ECHNDCLH‘HC PV, LTI,
L;@L} d SANJEEV PATGAT. (Bl
— Cluality Manager Page -
4 nge 320
U 1 [\ 102 S IO . o b
Civil-Aid Technoclinie Py, TTH Wegil, O Wlarwals Ceunre, il Flaos Bavpalore (Corp, QfF) Tel: 9L 852600200
(A Baveipn Veritay Groug Clamgany | 12, Marwal: Mg, Savdliedd (I), Mombai - Chennai (T al) Tkl +97 44 63334060
(3,45, 46 & 47, Pere Chermppa Tuds, Bsuae el +91 22 6R956300 aw: +91 22 f“'"-n‘iu' Cachin 20 -’ u{. ek 41 404 3320700
Groned & st 1oor, ber Main, Magadl Road bargalire Sabi@in bureauversas eon Helerbad PO el 51 40 42601132
[arnakshipalyva, Hangalore - 3600079, bmdia WWH u\jh[-lﬁu i [ Iverabad (Lah) Telin 191 40 64584552
Tl U1 HC 23011800 Taxe 19180 26716833 CIN: LI28120M H 19971 1C 260040 Mangalors (O Lab) Tel: +91 524 221357



CERTIFICATE kil
1, Tz, TR

Ret:CIVILAIRSTRET/BL/2025(a)/1/2017 Dgles 31.1.2017
Test Order daied: 24.1.2017

The Commissioner
Bruhat Bangalore Mahanagara Palike
Commissioner Offce
M.R. Square
Bungalore — 2
CHEMTCAL 'Il:.bl REFORT ON REINFORCING STEEL

Sowrce of sample : Sample collecied by Expert Teehmical Team Members
Cuslomer’s Reference : Letter No. HNNIVPRA 34 12016-17 dated 17.1.2017
LITN : LTO02IRT

Dale: of lest ; 25.1.2017

Project® : Spol Tnspection on Ouality of Commercial Buoilding at

Ward No. 26 (Old), 95 (New), No. 1, 2™ Muin, Sampige
Road, Malleswarain, Bangalore

Grade® : Not furnished
Condition of samples . satislaclory
Test Method : [5:8811 — 1998 {Reallinmed 2012)
51 P Nominal Dia* | Carbon | Phosphorus | Sulphur | Suolphur +
Mo Taaiification {(mm) (%) {Efn] ('*:f:} Phosphorus
1 B Ths 10 0.186 0.074 [ 0070 0144
= 2 10 0.197 0.074 LobaTl (.145
3 T T 12 (.200 0.075 0.071 0.146
4 12 {1.207 (L0735 . 0073 0,144
Requirements as per 15:1786-2008 (% Max) with tolerance
Grade IFe-415 Fe-500 _ Fe-500D
| Carbon (C) 0.320 0.320 0.270
Phosphorus {I*) 0.065 {3.0360) 0.045
Sulphur (8) 0.065 01,060 0.045 ]
54+P 0120 0.115 _ 0.085

*  As furnished by the customer,

Note: 1. The resulls relate only to the flems Lested.

2. Report shall not be reproduced, except in full, withoul the written approval of the lab,
3. Any correetion invalidates this reporl.

for CIVIL-AID TECHNOCLINIC PVT. LTD.

Bivil—ﬂid Technoclinic Pvt. Ltd.
{A Bureau Veritaz Group Company)

# 43,4546 & 47, Ground, 1=t Floor, 18t Main,
Pete Ghannappa Indl, Eslate, Magadi Road,

Kamakshipalya, BANGALORE-560 079,
Phone: 080-23011800, Fax: 080-267168833

il

Page =3 nr‘,q:-‘.i

Civil-Add Technodinic Pyt, Lid, Rega, OH1: Marwah Centre, Bl Floog Bangabore (Covge OF 15k 491 80 2698020
tA J‘i.'.'l'sr. Ve Cloup ( AR Fo Mlarwah Marvg, Sncdber OF fombal - 22 Clhenuai 10} B Tel: +01 44 A3354060
4 ¢ A7, D Chenn 'Pl a Inds, Esiale Pl 9L 72 GOUEALI0N Fax: 4-91 22 66056305 Coehar )5 1-::-..: [<4] 484 3320700
I'd

L

: -.-11m| f st Ploor
Foarmalksh |11 a0, Rareahore - 560 " Tuudia
Tl 471 g0 23001 ':I.Jl:' P -F51 "f[] JETIHRAS

st Mlaan, “lrl sl Maand hangalors l'l:l'u'i pbircauveritiz. cai [ Ivdlerabad (ORI Tel: +91 404200115
Hyelerabd Pl el -1 40 al5HEEE2
r TZE120N iH YFTTC 260040 Mangalore (O Lab) Tel: +%1 574221357
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Ref:CIVILAIDSPL: BL/2025/172007 Dyt 3112017
Test Order dated: 241,17

The Commissionct

Bruhal Bangalore Mahanagara Palike
Commissioner Office
NRL Square
Bangalore —2

TEST REPORT ON CONCRETE CORE. SAMPLE [ SCREED]

Source of sample : Sample collecled by Tixpert Technical Team Members
Customer’s Reference 2 Letier No. HINNIYPR/1341/2016-17 dated 17,1.2017
UTN ; 17002187

Project® : Spot Tnspection on Quality of Commercial Building at

Ward No. 26 (Old), 95 (New), No, 1, 2" Main, Sampige Road,
Malleswaram, Bangalore

Diaie of Test : 27117
Cendition of sample : Satislaetory
Tuest Method 2 Lahoratory Developed Method
SL No Dia of the core Height of the core Density
e (nm) {(1m) (kg/nr’) |
1 142 249 2098 J
e As furnished by the custommer -

Note: |, The results relate only Lo (he ilems tested.
2. Report shall not be reproduced excepl in [ul], without the writlen approval of the lab,
3. Any cormections invalidate this report,

for CIVIL AID TECHNOCLINIC PV, LTI,

bl
\, “—"}g‘i\tf-f___x
Yo statal F____?:. lt—t\'ﬁ o\7 .
- ANJEEV PATGAR
Quality Managay

Fage 35 0FL
Civil-Aid Technoclinic Pvt. Ltd. Begd, OfL: Marwah Centre, 01l Floos Bangalure {Corp. Q) Tel: +91 80 26980203
S Masvean Vit Growy Compani ) 15, Maraeab Mare, Andhei (E) Mumbai - 72 Chewnar (O ab) Tk 010 05354060
43,45, théc 47, Pete Chennappa Trcls, Friae (lele +91 22 GRU56500 Uaxy 191 22 6H250300 Cochin (O Lab) Tels |91 484 3320700
Cround & Tet Ploor, fse Main, Magadi Road Langalore labgin bursuverias.con Hyderabad FOIE el 01 0242601133
Farmakeshipalya, Bangalore - 260 679, Inda wrwneivilatd com Hoaterikiad fLale) Dol =01 40 pd384582

Tl 491 803 2301 1800 Faxy 491 B0 20716835 O TI26 1 20M T L9 7 P60 Aangalare (UM Fal) Tels 191 824 2213570




RelCIVILAID:ILIC: BL/2025/1/2017 Drate: 31.1.2017
Test Order dated: 24.1.2017

The Commissioner
Bruhat Bengaluru Mahanagara Palike
Commissioncr Office
MR Square
Bangalore — 2
TEST REPORT (}I\ HARDENED CONCRETE SAMPLE

Source ol sample : Sample colleeled by Expert Technical Team Members
No. of samples lested : 1 {One)
UIN : 1702188
Customer’s Relerence : Letter No. IHINNP/PR/1341/2016-17
dated 17.1.2017
Project® ! Inspection and Quality assessment of Existing

Commercial Building at Ward No. 26 (Old), 95
(New), No. |, 2nd Main, Sampige Road,
Malleswaram, Bangalore

Perind of test - 25.1.2017 to 30.1.2017
Condition of sample : Satisfactory
'Technical Reference - ASTM : C 1324-2005 and ASTM : C 1084-10 and
IS 4032 — 1985 (Reaffinmed 2009)

TEST RESULTS:

<l. ) ) Cement Content

No, Tngatifiksion (% by Mass) (kg/Cu.m)#

1 Concrele sa_mplc cul‘lccted from 9 41 503.0
_ Embedded Steel

* Az furnished by the customer,
o Cement content is caleulated by taking density ol hardened conerete of 2152 kg/cum.

The density was calculated in the concrete core samples collected from the site,

Remarks: 1. The above calculation of cement content is hased on the assumption that CaQ
content in Ordinary Portland Cement used for the conerele contains 63.50 percent
by mass.
2. In the absence of original ingredicnts of conerete used, estimated cement content may
be in error by 10 to 20 percent from the actual cement used.
3. The above test results are strictly applicable for the tested sample of conerete madc
oul of 100% Ordinary Portland Cement only.

: 1. The results relate only to the items tested.
2. Report shall not be reproduced, except in full, without written approval ol the laboratory.
3. Auny cotrection invalidates this report

for CTIVIL-ATD TECH oc INIC Pvt, Ltd.

D Pl DINESH H.T [
- 3 ml 2oLy Manager - Lab

Page 3aofl

Civil-Add Technochinge Myl Tad, Ry, O Warwah Cenvee, Gl Blio  Bangalore (o O el +91 80 20980200
{4 Busvare Venitas Crony Comperiny] 15, Marwak Marg, Arcdben (B), Mumbai - 22 Chenna |[z"r" Fabd Tel: 491 44 6564060
43, 45,46 & 47, Meee Chennappa Tnds, Fstare Tel: 491 22 66956300 P 91 22 66556309 Cochin (C4F Lab) Lol 91 484 3320700
Crrnuned 80 151 Floog, Let Mala, Magadi Bead bavgalore labiinbureauveri tascinn Flyilerabad (O Tels =41 40 42601183
Eamalshipalya, Bangalore - 360 079 I weenctvilaidcnin 1 Iyderabad () 1l =91 40 6458582

Tely =91 20 23T ERCO Fax: +1F1 6D 20716833 O U248 1200 T 0y T 260040 Manpalore (CHF Ll Tels 51 824 2213571




RelCIVILALID:C: BLA2025/1/2017
Test Order dated: 24.1.2017

Drate: 31.1.2017

The Commissioner
Bruhat Benpaluru Mahanagara Palike
Commissioner Office
N.R. Square
Bangalore — 2
TEST REPORT UN HABRDENED MORTAR SAMPLE

Source ol sample : Sample collected by Tixpert Technical Team Members
Nao, of samples tested : 1 (One)
UIN 3 17002188
Customer’s Reference : Letter No, HNNP/PR/1341/2016-17
dated 17.1.2017
Projeet* : Inspection and Quality assessment ot Existing

Commercial Building at Ward No. 26 (Old), 95
{Now), Mo, 1, 2nd Main, Sampige Road,
Mallcswaram, Bangalore

Period of test - 251.2017 1o 30.1.2017
Condition of sample : Satistactory
Technical Reference : ASTM ¢ € 1324-2005 and ASTM : C 1084-10 am:l

IS8 4032 — 1985 (Reaffirmed 2009)

TEST RESULTS:
| | Cement Content Estimated proportion of
3 b Identification - c 4 ) ecment : sand
o, | ) (% by Mass) (kg/Cu.m) (by volume)
l -- 23.65 492,00 1:3.10
* As furnished by the customer.
H Cement conlent is caleulated based on density of hardened mortar of 2080 kgfcu.m as

per IS:875 (Puart 1)-1987 {(Reaffirmed in 2008)

Remarks: 1. The above calculation of cement content is based on the assumption that CaO
content in Ordinary Portland Cement used fir the mortar contamns 63.50 pereent
by mass.
2. In the abscnce of original ingredients of mortar used, estimated cement content may
bein error by 10 to 20 pereent from the actual cement used,
3, The above test resulls ave strictly applicable for the tested sample of mortar made -
out of 100% Ordinary Portland Cement only.

Z
o
=
o

The results relate only to the items tested.
Report shall not be reproduced, except in full, without written approval of the laboratory,
Any corrcetion invalidates this report

for CIVIL-ATD TF{(}:FD\IE(I IEI{‘ Pvt. Lid. DINESH H.T.
___,.L?\"/m[ 2 0l¥F  Maonager- Lab

- Paqe 3H0F L
Civil-Add Technoclinic Twi, Tad, Rewd, OLL: Marwab Conm, 6th Bloor Bargrabore {Coge 00 Tel: H31 80 26980207
'.('.I' fnrean Vernlay T erj’.‘.'rllﬂ?.'JIJ ¥, Marmah Mﬂl;_‘ Arclhen rl"] Ml - Cheimal :'f_]f.?;"_:"'.r)' Lol 491 44 65354060
43,48, 40 8 A7, Pere Chenoappa Tods, Tstate Tel: +91 22 06%56300 Fas: 191 22 66%'5-*”") Cockin (O Lab]l Tele 91 484 3320700
Grouad 8 st Uloor st Main, Magadi Koad bangalocelabiim bureauveritas.com ITederabad (iE Lels F 140 42601133
[amakshipalya, Banglore - 560 079, Trdia wennw oty It o Hyilerabasd {Fab) Tel: +Y1 20 64354552

Telz +91 80 23011800 ax: | 91 8026716833 CTN: L2R120MH 1997 P TC260040 Mangalore 7O b 1els =51 824 221357



Manager - Lab
Civil-Aid 'lechnooclinis l"n Lid. Regd. Off.: 'p,_. sealt Centre, 6l Tloot Bangalare ( Crp O 'J Tl
(A Bivenn Veritas Grassp Gompan) Te. e v Sl LuL Jivmbaz A § sl (N Lal) Tal
43, &5 468047, Pore € |1 snmapp bodss Fhiane Tel: 91 K: 1f 300 bawy 51 212008 ‘:fu b Corlia (O Lat), el
Crompel B s |'| soty 45t Wao, Magadi Road |1r|n;.',-"|n:'c-.|||l Arclareauy erias com Hyderatad O Tels
f\_u ul shipalva, Bangalore - 360 079, India wiwiivizid coum | Lyeedezrabac { fuatla)

RebCIVILAID W ATER/BL/ 202500 1’201? Date: 31.1.2017
Test Order dated: 24,1 2017

The Commissioner
Bruhal Bengaluru Mahanagara Palike
Commmissioner Ollice
NI Square
Bangalore — 2
TEST REPORT ON ANATLYSIS OF WATER SAMPLE

source ol sample Tor testing Sample m]lacted by Expert Technical TLdtm

Members
Customer’s Relerence : Letter No, HNNP/PR/ 341/2016-17
dated 17.1.2017
UIN : 17002189
Project® : Tnspection and Quality assessment of Existing

Comumercial Building at Ward No. 26 (Old), 95
(New), No. 1, 2" Main, Sampige Road,

_ Malleswuram, Bangalore

Sample Tdentification /

Location of sample collected * : From Circular
Sample colleeted on : 2112007 (@ 4.00 p.m.
Condition of sample : Natistactory
Period ol test ; 25.1.2017 10 30.1.2017
Test Method : 15:456 — 2008 (Reaffirmed 2011)
T5:3025-1983 (Parl 11, 24 & 32)
51 = Sipulalions of TS:456-2000
. Particulars Resulls e 7 .
No {water for constiuction purpose)
r T " S00 mg/l max, for RCC
1 | Chlorides as €1 40278 mg/ 2000 mg/l max, for PCC
2 | Sulphates as 50, 254.99 my/l 400 mg'l max,
3 | pll Value Q.00 Shall not be less than 6

* Ag furnished by the cuslomer

MNote: 1. The results relate only to the items tested.

2. Reporl shall not be reproduced, excepl in [ull, without the written approval of the lab.

3. Anycorrection invalidates this repent.

lor CTVIL AID TIRCIING
A AY S
—— 3h( o\ I JT6LY

DINESH H.T.

ANIC PYVT. LTD.

o 5 -4 6535
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Ref-CTVILAID:WATER/BL/2025(b)/1/208 AL

Test Order dated: 24.1.2017

The Clommissionce

Bruhat Bengalhuru Mahanagara Palike

Commissioner Oftice
M.R. Square
Bangalore - 2

CATE HOE.
TN, TR T-00Es

Date; 31.1.2017

TEST REPORT ON ANALYSTS OF WATER SAMPLE

Sowree of sample for testing
Customer’s Reference
UIN

Projeet®

Sample Tdentification /

Sample collected by Experl Technical Team
MMembery

Tetter No. HINNP/PRA34120016-17

dated 17.1.2017

L7002 185

Inspeetion and Quality assessment of Existing
Commercial Building at Ward No, 26 (O1d), 95
{New), No. 1, 2" Main, Sampige Road,
Malleswaram, Bangalore

Location of sample colleeted * From Raw Water
Sample collected on 21.1.2017 (@ 4.00 pan.
Condition of sample Salislfactory

Period of test

25.1.2017 to 30.1.2017

Test Method IS:456 — 2000 (Reatfirmed 2011}
15:3025-1983 (Parl 11, 24 & 32)
sl S de g e Stipulations ol 1S:456-2000
No Particulars Rosults (water for construction purpose)
I \ _ S00 myl max, [or RCC
1 | Chlorides as Cl #2.26 my/l 2000 ma/l max. for PCC
2 | Sulphatcs as S0, 11.84 mefT A0 myf] max,
3 | pH Valuu T.30 Shall not be less (han 6

# Asg furnished by the eustomer.

Note: 1. The results relate only to the items tested,
2. Repart shall not be reproduced, cxcept in [ull, without the written approval of the Lab,
3. Any corrcction invalidates this report.

C PVT.I.TD.

|

afor| 200}
DINESH H.T.
Manager - Lah

for CIVIL AID TE Uﬁ
AL
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Civil-fael technoclinic Pvt, Lid.

8

Tel.: 49

RefiCTVILATRD:WATER/BL2025(¢) 172017

Test Order dated:; 24.1.2017

The Commissioner

Bruhat Bengaluru Mahanagara Palike

Clommissioner Cfice
MR, Square
Bangalore — 2

LI, TR T0eEs

CIVIL-AID

Date: 31.1.2017

TEST REFORT ON ANALYSIS OF WATER SAMPLIE

source of sample for lesting
Customer™s Reference

LN
Project™

Sumple ldentification /
Location of sample collected *
Sample collecied on
Condition of sample

Period of test

sample colleeted by Expert 'l'echnical Team
Members

Letler Mo, HNNP/PRA1341/2016-17

dated 17.1. 2017

17002189

Inspection and Ouality assessimenl o Existing
Commercial Building at Ward No, 26 ((31d), 95
{New), No. 1, 2% Main, Sampiee Roud,
Malleswaram, Bangalore

IFrom Softner Plant
21.1.2017 @@ 4.00 p.m,
Satisfactory

25.1.2017 10 30.1.2017

T'est Method 15:456 — 2000 (Reaffirmed 2011)
[5:3025-1983 (Part 11, 24 & 32)
Sl ) TORMEY TS50,
Particulars Results E-tlpu]"ltmnﬁ of T‘-"s:aliﬁ 2000
Mo {waler [or consiruclion purpose)

1| Chlorvides as C1

500 mg/l max. tor RCC

90.77 mgil

2000 myy'l max, for PCC

-
=

Sulphates as 53,

061 mefl

400 mgd max,

3

pH Value

733

Shall not he less than &

* As Tumished by Lhe customer

Note;

for CIVIL AID TECIINOCI.

b
e 31{ ol [ ol

1. The results relate only to the items tested,
2. Report shall not be reproduced, except in full, without the written approval of the lab.
3. Any correction invalidates this reporl.

202554

IC PVT. LTD.

DINESH H.T.
Manager - Lahb

f Vot Croon Clatindahv)

AR 46 B A7, Pere Chinnappa Tnds, Lseate
Grownd B 15t Flooy, 150 Maie, Magadi Rowl
,

Famalshipalin, Bang

Beped, O Blurwabh Centree, fith Floo

B Barwad iaeg, Andbent (T, Buaba - 72
[al: =91 22 ARF3GI0C Vax: 491 22 pa%Hniig
Langalure lalafin, bhureauve oo
wwwecivilaid.com

C: L2281 200 199710 Caann4o

o 5R0078, India
RO 3RO Faz +90 B0 26716800

Cheanat (LG
Cinchn (L L] 3
Irdeabad PO el 90 a0 42681153
Hyderabad ikt el 491 40 (4584582

Iangalore (OF7Lald Teliy 191 824 221357

[ R



ANNEXURE - 1l
CALCULATION & SKETCH



CALCULATIONS FOR STRUCTURAL ADEGUACY OF CANTILEVER SLAB
biffective depth as at site - 200-100-12/2 - 94 mm

Arca of steel provided per meter of width

af skab (12 mm @15 ofc ) - 1000113 — 753.3mme
150
Moment of resistance of section M = {LB7 f, xAxd {1-Astx o
bd x La)
Grade of stool -Fe 415
Crade of concrete - M15 {as obtained from results of

core fost)

1000x94 x 15)
M= 199 x 10° N-mm

=199 kIN-m

Theorvetical Verification of the design:

The Joadings on the slab

Self Weight of the slab (lhickness of the slab) =0.2x 25 5.0 kIN/m?

Weight of screed of concrete
(250 mm thick as measured atsite )= 0253 x 21*
{(*density as determined [rom the core  oxtracted from screcd)
R.25 KN/m2

Tota! uniform dead Joad _10,25 L™ fm?

Point load af the tip due to r ¢ parapet wall of height 1.3 m and 200 mum thick
02x13x2> - &.5 kN

Urdaclored bending moment 102R x 252 ephx 2

=33.5 kN-m
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Factored bending momaent =335 x 1.5 =50.25 kINm

homenl of resistance of the section as exisl al site = 19.9kN-m whiclt i3 less than the
Actual moment.

I'rom the above, itis clear that the oxisting section is not capable of withstandmg its
own self weight along with the screed and parapet wall (without considering any

live load on the roof)

Lk XL T
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1.0 PREAMBLE

The commercial butlding -Mantri mall, is a conventional RC framed structure with two
basements, ground and three upper floors. The building is reported to be built during 2006-
2008 and is in operation since 2008, It was reported that part of this commercial building
[Mantri square mali} located at Malleshwaram, Bengaluru was collapsed at about 1.30 PM
on Monday, 16" lan 2017. In view of this, an expert committee was constituted by
Commissioner, BEMP to investigate the causes of failure and to suggest suitable remedial
measures wide ref no. Heniniyo/PR/ 1341/2016-17 dated: 17-01-2017 [Annexure-IV]. The
team carried out the study consisting of detailed physical examination, collection of
samples, testing and review of structural drawings. Based on the study, the inferences and

recammendations were made. This report gives details of the study carried out.

The scope of this study is limited to examination of the collapsed region of the structure,
review of structural details of the collapsed region, arriving at reasons for collapse and
recommending strengthening measures. In view of constraints of time and resources the

study is limited only to collapsed region.
2.0 TEAM
The members of the committee are as follows.

1. Commissionar, BEMP, Chairman

2. Additional Director (Uran), Convener

3. Dr. Radhakrishna, Associate professor, R ¥V College of Engineering, Member
Dr. ¥ 5 Jayasimha, Head, Civil Aid Techno clinic Pyt Ltd, Member

Dr. R. Nagendra, Technical Director, Civil Aid Techno clinic Pvt Ltd, Member

=S I

Dr. M.S. Sudarshan, Senior Director, Civil Aid Technao clinic Pyt Ltd, Member.

The commitiee had its first meeting at office of BBMP (West), Malleshwaram on
Wednesday, 18" Jan 2017. later the committee visited the site and had preliminary
inspection. The fractured portion was inspected from roof, intermediate floors and ground

level, It was found that cantilever portions of the slab were collapsed from roof and Il floar
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{ph 1-6 of Annexure-1). Since it was not possible to closely inspect the fractured part, the
inspection commiitee requested for providing a suitable platform/scaffolding. Other
facilitics such as videography, photography, relevant structural drawings, provision for core

cutting with accessories etc. were aiso requested to carry out detailed inspection.
After providing the platform and other facilities the committee visited the site on Saturday,

21 Jan 2017 for a detailed inspection and sample collection,

3.0 DATES OF INSPECTION
The team inspected the site for inspection and collection of samples on the following dates:

Wednesday, 18.1.2017
Saturday, 21.1.20%7
Monday, 23.1.2017

Cal R e

Maonday, 30.1.2017

4.0 OBSERVATIONS

The following obscrvations were made during the inspection:

1. The cantilever slabs of span 2 m are provided in the second, third and roof slab levels
at the rear portion of the huilding. They intend to serve as fire exit pathway and
access to services,

2. The collapse of a portion of cantilever roof slab and a portion of second fioar balcony
slab had occurred at the northwest corner of Mantri iMali Building,

3. The debris had failen on ground at rear region of the building. Some portions of the
slab, along with service cables were hanging in the collapsed region.

4. In the cantilever portion of the roof, two chiller pipes of 600mm diameter are placed
onh regular pedastal, carrying water.

5. Inthe northwest region, cantilever roof slab to a tength of about 17 m had collapsed,
along with the R.C. parapet. The collapse had created distress in the form of cracks in
the remaining cantilever slab ta a length of about 8m. These cracks were along the

cantilever support.
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. Cracks were also observed in the RCC parapet wall which is existing near to the
collapsed region.

7. I appears that the failure is first triggered in the roof and the debris fell on the third
floor cantilever slah. This gave way due to the impact of the falling debris. However,
the second floor cantilever slab suffered only the damage to the parapet and no
visible distress was observed in the cantilever stab region.

9. The fractured section of the cantilevered roof siab shows the top layer of membrane
waterproofing followed by screed concrete layer. A bituminous water proof layer
was seen between the screed and RCC slab. The thickness of RCC slab was measured
as 200mm and the thickness of sereed concrete was measured as 250-275mm,

9, The fractured surface indicated brownish stain in the upper portion of RCC slah. The
reinforcement at the bottom was found ta be hanging down. In order to see the top
reinforcement, the fractured surface was gently chipped to expose the top bars. The
top bars were snapped at the fractured surface. They were found to be positioned at
about 100mm {Mid depth) from top of the RCC slab.

10. The left over bars in the fractured region and the snapped bars indicate that the bars
are corroded exhibiting brown patches and formation of scales.

11. Wide cracks were observed in the peripheral wall in the third floor of Scary room

area of the building.

The photographs 1-30 of Annexure- |. depict the distress regions and observations made

above.

Aftor getting few results of the tests, the committee met on Monday, 30.1.2017 and visited
the site. It was found that the water pipes which were hanging at the fractured portion got
removed and majority of debris were cleared, The cracks observed in the third floor wall

hehind Scary room were observed to be sealed with cement mortar.
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5.0 SAMPLES COLLECTED

In order to assess the guality of materials used in collapsed region, following representative

samples were collected:

e Three core of concrete from roof slab near to the fractured portion.
= Steel rods from the fractured part and from debris.

¢ Congrete sample from the debris of siab.

« Mortar samples from the block masonry parapet wall.

& Water samples from chiller plant

The samples were tested at Civil Aid Tachno Clinic Pyt Itd, Bengaluru as per relevant Indian

standards. The details of sampling and testing are shown in Ph31-40 of Annexure-1.

6.0 TESTING

The following tests were conducted on the sampies collected from the site:

1. Steel Reinforcement:
a. Tensile test
b. Bend and Re-bend test
c. Chemical Analysis
2. Concrete:
a. Compressive strength
k. Density
¢. Cement content
3. Mortar:
a. Chermical analysis for proportion
4. Water:

a. Chemical Analysis for sulphates and chlorides

The test resuits are appended in Annexure -



The following are the ohservations on test results:

Page b of 47

1. The strength of concrete as mentioned in the drawing was 25 MPa, whereas the
strength of concrete strength was 15 MPa which is less than design requirement. The
density of concrete was found to be 2100 kg{mg, which is comparatively less for
normatl structural concrete.

2. The screed concrete layer provided on the roof slab was 250-275mm thick with a
density of 2098 kgfoum.

3. Caement content of concrete was found o be 200kg/m”, which may be considered
for mix design, if supplementary cementitious materiat like fly ash or GGBS is used in
the mix. However, the reguired strength is not achieved, as seen from the core test
resubts.

4. The reinforcement tested confirms to the strength, % elongation, bend and re-bend
reguirements. The sulghur and phosphorus content in the steed rod was in the range
of 0.070 — 0.073 as against maximum value of 0.065 as per 15 1786 - 2008, which may
not cantribute to the failure.

5. The propaortion of masonry mortar obtained from the test is oblained as 1:3 by
volume, which is adequate for concrete biock masonry parapet.

6. The chemical analysis of chiller water indicates that the water is alkaline in nature

and the chlorides and sulphates are within permissible limits.

7.0 REVIEW OF STRUCTURAL DETAILS

The structural drawings pertaining to the collapsed cantilever slab indicate the thickness of
slab as 200mm and reinforcement of 12mm @150mm ¢/c at top and 10mm @150mm c/fc at
bottom. The concrete strength considered in the design is 25MPa, whereas the in-situ
strength of concrete in 15 MPa. As observed at site, in the collapsed region, the top bars are
provided at 100mm from top, reducing the effective depth to less than 100mm {Ref
Annesxure- 111). The reinforcement diameter and spacing was found to be as per the drawing,
Alsa, the screed concrete on tap has contributed to the superimposed load by 5.25kN/5q.m,

considering the thickness of 250mm (which appears to be more than the normally adopted
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thickness). The calculations for the adequacy of the section, as provided at site, are
appended in Annexure-ll. The calculations clearly show that the cantilever section, as
provided at site is structurally inadequate even for the dead load and superimposed load

from the screed.

3.0 INFERENCES

The following are the inferences based on the detailed observations, test results and review

of structura! details:

1. The tests on materials infer that the in-situ strength of concrete in the tested regions
of the roof near to the failure region exhibits lower strength as compared to the
strength considered in the design.

2. The failure of cantilever portion of roof slab is essentially due to the structural
inadequacy of the section as provided at site. The disposition of top bars to the
middle of the section, reduced in — situ concrete strength and increased
superimposed load due to unduc thickness of screed has made the cantilever section
unsafe.

3. The increased thickness of screed provided at site and load due to chiller pipes
running in the cantilever portion have added to the overall loading on the roaof slab.

4. The calculations imply that the cantilever slab must have undergone excessive
deflection and cracking before failure. The bituminous water proofing layer above
the slab also, must have cracked. It is likely that the stagnated leakage water from
the chiller had seeped intoc the crack, carrying the brown stain from the
waterproofing layer. This could be the reason for occurrenca of brown stain on the
top portion of the fractured surface at failure location.

5. The failure of cantilever slab in the third floor slab is mainly due to the impact of the
falling dekbris from roof. Further, the cantilever section in third floor also has reduced
structural capacity due to disposition of top reinforcement towards the middle of the
section, as observed at site.

6. The corrosion of bars in the coliapsed region show that the cracks in the slab might

have atlowed the ingress of water and air inte the re section triggering corrosion.
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7. The wall crack in the scary room region is mainly due to deflection of cantilever slab

9.0

10.0

resulting from the loading of 5m height wall at the periphery.

The distress observed in the existing cantilever portion of roof slab near the
collapsed region is mainly due to the combined effects of collapse of the adjacent
slab and structural inadeguacy of the cantilever section in carrying the existing

loading. This portion of the slab is structurally unsafe.

RECOMMENDATIONS

1. Since study on the collapse of the portion of the cantilever slab has shown that
the slab is structurally unsafe, it is essential to support all the cantilever slabs at
all levels through an appropriately designed supporting system 1o avoid
recurrence of similar situation.

2. As the in situ strength of concrete in the tested region of the rocf has shown
lesser strength than the design requirements and loading on the roof is increased
due to screed and other equipment, it is essential to verify the structural
adeguacy of the entire roof.

3. The cantilever portion in the scary room area shall be suitably supported to
withstand the loading due to 5.5 m high peripheral wall. Alternatively, the wall
can be replaced with 75mm thick rc wall, if the cantilever section provided can

poermit the same.

CONCLUDEING REMARKS

Based on the study carried out, it can be concluded that the collapse of a portion of
cantilever slah is due to inadequate section {resulting from wrong disposition of top
reinforcing bars) ot the cantilever at site, leading to formation of crack in the slab
and finally collapse of the slab itself. Unduly thick screed concrete on top of the slab

and reduced concrete strength have further aided the collapse.

Suitable measures are recommended to render the collapsed region serviceable.
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This study is limited to examination of the collapsed region and not the structural

stability of the whole building. In view of the present distress and considering the

nature of usage of building, the structural stability of the whole building needs to be

examined.

QL“BQW;’/ 2

Additional Director, Town planning
BBMP

Convener

o

N

Dr. K. 5. JAYASIMHA
Member

(B
Dr. RA ISHMNA

Member

b o

o

Commissioner, BBMVP

Chairman

010 £S5, X

prt

L
“ Dr, M. 5. SUDARSHAN

Member

Dr. R. NAGENDRA

Member
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ANNEXURE — |
PHOTOGRAPHS



General views of the
collapsed region

Page 12 of 47




Top view of collapsed cantilever roof slab
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Ph. 06

View of collapsed portion

from third floor

Ph. 07

Crack in the cantilever
(Cantilever portion of roof slab
near collapsed region)
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Ph. 08

Crack in the cantilever
(Cantilever portion of roof slab near collapsed region}

Ph. 09

Crack in peripheral wall of scary room
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Ph. 10

Inspection of cracks

Measurement of distressed portion
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Fractured cantilever slab surface with brown stains
(Typical views)
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Ph. 14

Corroded bottom reinforcement at the fractured surface

Ph. 15

Chipping of fractured surface at roof level to expose top bars
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Ph. 16

Exposed top bars of collapsed cantilever roof slab
(Typical views)

Ph. 17
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Snapped top bars of cantilever
(Typical views)

Ph. 19
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Section at fractured slab with measurement

Ph. 21

View of debris of roof slab showing disposition of top bars
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Ph. 22

Snapped top bar of cantilever
from dehbris

Ph. 23

Corroded snapped top rebar

of cantilever
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Corroded bars seen
in debris

Disposition of bars in
fractured surface of
cantilever slab of
third floor
(top bars in mid region)

Cracks in cantilever
portion of roof slab

Ph. 26
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Ph. 28

Patched up cracks in the wall of scary room
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Ph. 29

Cracks in RCC parapet wall

View of debris
{partly cleared)
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Ph. 31

Collection of bottom reinforcement of
cantilever slab for testing

Top bars of collapsed cantilever roof slab
collected from debris
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Ph. 33

Extraction of concrete core sample from RC slab in progress

Ph. 34

View of extracted concrete core samples from screed and slab
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Ph. 35

Core from screed

Ph. 36

Samples for testing
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Ph. 37

Views of core compressive strength
test in progress

Ph. 38
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Ph. 39

Tensile testing of reinforcing steel

Ph. 40

Bend and Rebend test
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ANNEXURE - I
TEST RESULTS




Ref:CIVILANYSTEEL/BL2025/0 2007
Test Order dated: 24.1.2017

Nate:

The Commissioner
Bruhat Bangalore Mahanagara Palike
Commissioner Otfice
NLR. Sguare
Bangalore —
Py SICAL l'EhT REPORT ON REINFORCING STEEL

Sonce of sample
Customer’s Relerence

31,0207

AT IADAT £ S,
TR, TN L TN e

Sample collected by Expert Technical Team Members
Letter No, HNNIYPRA341/2016-17 dated 17.1.2017

UTN LTOD2187T

Lrate of test 25.1.2M7

Project® Spot Inspection on Quality of Commercial Building at Ward
Mo, 26 (01d), 25 (New), No. 1, 2™ Main, Sarnpire Boad,
Malleswaram, Bangalore

Cirade™ Mal [urnished

Condition of samples
Test Method

Satisfactory

15:1786-2008 (Reaffimmed 2013)

IS: 1608 — 2005 (Reallirmed 2011}, 18, 1599 - 2012 and

Tensile Test
SI | Tdengii. | Nowinal |- Mass 1 9.2% Proof | Ultimate Bend | Rebend
Ho | catian Dia™ (WE) | Stress/Yield Tensile | Elongation | . Test
(mm} (kg/m}) Sitress Strength ("o}
(N/mm®) (N/mm?’)
Bottom : .
1 Bur &Y (1.567 015 727 16.0 Passes Passes
2 lop Bar 12 0,895 525 624 217 "asses Passes
Reguirements as per IS 1786 — 2008
] 2% I'ront
Dia HEESJ,E::'] Dia M{Tg .IE:;‘} Grade Stress ! Yield Lltimate Tensile Strength Elongation
(o} ( ﬁi“ ) () (ﬁ;u ) Stress {NAmm (Wi {For (Min)
i =tmt = (M) (Min.)
2 3 166 Fedls 115 485 or (15 rore than .ﬁ.c?ual 145
g 03463 ES 3'69? Propl Siress whichever is higher ks
n 0.547 9y 4:&.33 Fe500 200 545. or 8% moTY {han .:"-"-l.ﬂl;lﬂl (2.0
12 T 1 6 058 Proot Stress whichever is higher
16 1.483 40 0 d6s Fe.5i0D 50l 563 or 10% move than Actual 164
N === Proel Sivess whighever 15 higher
* Ax [umished by the customer
Note: 1. The resulls relate only to the samples tested.
2. Report shall nol be reproduced, except in Tull, without the writien approval of the lab,
3. Any correction invalidates this report.
for CIVIL A]I‘C{ECHNDCLH‘HC PV, LTI,
L;@L} d SANJEEV PATGAT. (Bl
— Cluality Manager Page -
4 nge 320
U 1 [\ 102 S IO . o b
Civil-Aid Technoclinie Py, TTH Wegil, O Wlarwals Ceunre, il Flaos Bavpalore (Corp, QfF) Tel: 9L 852600200
(A Baveipn Veritay Groug Clamgany | 12, Marwal: Mg, Savdliedd (I), Mombai - Chennai (T al) Tkl +97 44 63334060
(3,45, 46 & 47, Pere Chermppa Tuds, Bsuae el +91 22 6R956300 aw: +91 22 f“'"-n‘iu' Cachin 20 -’ u{. ek 41 404 3320700
Groned & st 1oor, ber Main, Magadl Road bargalire Sabi@in bureauversas eon Helerbad PO el 51 40 42601132
[arnakshipalyva, Hangalore - 3600079, bmdia WWH u\jh[-lﬁu i [ Iverabad (Lah) Telin 191 40 64584552
Tl U1 HC 23011800 Taxe 19180 26716833 CIN: LI28120M H 19971 1C 260040 Mangalors (O Lab) Tel: +91 524 221357



CERTIFICATE kil
1, Tz, TR

Ret:CIVILAIRSTRET/BL/2025(a)/1/2017 Dgles 31.1.2017
Test Order daied: 24.1.2017

The Commissioner
Bruhat Bangalore Mahanagara Palike
Commissioner Offce
M.R. Square
Bungalore — 2
CHEMTCAL 'Il:.bl REFORT ON REINFORCING STEEL

Sowrce of sample : Sample collecied by Expert Teehmical Team Members
Cuslomer’s Reference : Letter No. HNNIVPRA 34 12016-17 dated 17.1.2017
LITN : LTO02IRT

Dale: of lest ; 25.1.2017

Project® : Spol Tnspection on Ouality of Commercial Buoilding at

Ward No. 26 (Old), 95 (New), No. 1, 2™ Muin, Sampige
Road, Malleswarain, Bangalore

Grade® : Not furnished
Condition of samples . satislaclory
Test Method : [5:8811 — 1998 {Reallinmed 2012)
51 P Nominal Dia* | Carbon | Phosphorus | Sulphur | Suolphur +
Mo Taaiification {(mm) (%) {Efn] ('*:f:} Phosphorus
1 B Ths 10 0.186 0.074 [ 0070 0144
= 2 10 0.197 0.074 LobaTl (.145
3 T T 12 (.200 0.075 0.071 0.146
4 12 {1.207 (L0735 . 0073 0,144
Requirements as per 15:1786-2008 (% Max) with tolerance
Grade IFe-415 Fe-500 _ Fe-500D
| Carbon (C) 0.320 0.320 0.270
Phosphorus {I*) 0.065 {3.0360) 0.045
Sulphur (8) 0.065 01,060 0.045 ]
54+P 0120 0.115 _ 0.085

*  As furnished by the customer,

Note: 1. The resulls relate only to the flems Lested.

2. Report shall not be reproduced, except in full, withoul the written approval of the lab,
3. Any correetion invalidates this reporl.

for CIVIL-AID TECHNOCLINIC PVT. LTD.

Bivil—ﬂid Technoclinic Pvt. Ltd.
{A Bureau Veritaz Group Company)

# 43,4546 & 47, Ground, 1=t Floor, 18t Main,
Pete Ghannappa Indl, Eslate, Magadi Road,

Kamakshipalya, BANGALORE-560 079,
Phone: 080-23011800, Fax: 080-267168833

il

Page =3 nr‘,q:-‘.i

Civil-Add Technodinic Pyt, Lid, Rega, OH1: Marwah Centre, Bl Floog Bangabore (Covge OF 15k 491 80 2698020
tA J‘i.'.'l'sr. Ve Cloup ( AR Fo Mlarwah Marvg, Sncdber OF fombal - 22 Clhenuai 10} B Tel: +01 44 A3354060
4 ¢ A7, D Chenn 'Pl a Inds, Esiale Pl 9L 72 GOUEALI0N Fax: 4-91 22 66056305 Coehar )5 1-::-..: [<4] 484 3320700
I'd

L

: -.-11m| f st Ploor
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st Mlaan, “lrl sl Maand hangalors l'l:l'u'i pbircauveritiz. cai [ Ivdlerabad (ORI Tel: +91 404200115
Hyelerabd Pl el -1 40 al5HEEE2
r TZE120N iH YFTTC 260040 Mangalore (O Lab) Tel: +%1 574221357
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Ref:CIVILAIDSPL: BL/2025/172007 Dyt 3112017
Test Order dated: 241,17

The Commissionct

Bruhal Bangalore Mahanagara Palike
Commissioner Office
NRL Square
Bangalore —2

TEST REPORT ON CONCRETE CORE. SAMPLE [ SCREED]

Source of sample : Sample collecled by Tixpert Technical Team Members
Customer’s Reference 2 Letier No. HINNIYPR/1341/2016-17 dated 17,1.2017
UTN ; 17002187

Project® : Spot Tnspection on Quality of Commercial Building at

Ward No. 26 (Old), 95 (New), No, 1, 2" Main, Sampige Road,
Malleswaram, Bangalore

Diaie of Test : 27117
Cendition of sample : Satislaetory
Tuest Method 2 Lahoratory Developed Method
SL No Dia of the core Height of the core Density
e (nm) {(1m) (kg/nr’) |
1 142 249 2098 J
e As furnished by the custommer -

Note: |, The results relate only Lo (he ilems tested.
2. Report shall not be reproduced excepl in [ul], without the writlen approval of the lab,
3. Any cormections invalidate this report,

for CIVIL AID TECHNOCLINIC PV, LTI,

bl
\, “—"}g‘i\tf-f___x
Yo statal F____?:. lt—t\'ﬁ o\7 .
- ANJEEV PATGAR
Quality Managay

Fage 35 0FL
Civil-Aid Technoclinic Pvt. Ltd. Begd, OfL: Marwah Centre, 01l Floos Bangalure {Corp. Q) Tel: +91 80 26980203
S Masvean Vit Growy Compani ) 15, Maraeab Mare, Andhei (E) Mumbai - 72 Chewnar (O ab) Tk 010 05354060
43,45, théc 47, Pete Chennappa Trcls, Friae (lele +91 22 GRU56500 Uaxy 191 22 6H250300 Cochin (O Lab) Tels |91 484 3320700
Cround & Tet Ploor, fse Main, Magadi Road Langalore labgin bursuverias.con Hyderabad FOIE el 01 0242601133
Farmakeshipalya, Bangalore - 260 679, Inda wrwneivilatd com Hoaterikiad fLale) Dol =01 40 pd384582

Tl 491 803 2301 1800 Faxy 491 B0 20716835 O TI26 1 20M T L9 7 P60 Aangalare (UM Fal) Tels 191 824 2213570




RelCIVILAID:ILIC: BL/2025/1/2017 Drate: 31.1.2017
Test Order dated: 24.1.2017

The Commissioner
Bruhat Bengaluru Mahanagara Palike
Commissioncr Office
MR Square
Bangalore — 2
TEST REPORT (}I\ HARDENED CONCRETE SAMPLE

Source ol sample : Sample colleeled by Expert Technical Team Members
No. of samples lested : 1 {One)
UIN : 1702188
Customer’s Relerence : Letter No. IHINNP/PR/1341/2016-17
dated 17.1.2017
Project® ! Inspection and Quality assessment of Existing

Commercial Building at Ward No. 26 (Old), 95
(New), No. |, 2nd Main, Sampige Road,
Malleswaram, Bangalore

Perind of test - 25.1.2017 to 30.1.2017
Condition of sample : Satisfactory
'Technical Reference - ASTM : C 1324-2005 and ASTM : C 1084-10 and
IS 4032 — 1985 (Reaffinmed 2009)

TEST RESULTS:

<l. ) ) Cement Content

No, Tngatifiksion (% by Mass) (kg/Cu.m)#

1 Concrele sa_mplc cul‘lccted from 9 41 503.0
_ Embedded Steel

* Az furnished by the customer,
o Cement content is caleulated by taking density ol hardened conerete of 2152 kg/cum.

The density was calculated in the concrete core samples collected from the site,

Remarks: 1. The above calculation of cement content is hased on the assumption that CaQ
content in Ordinary Portland Cement used for the conerele contains 63.50 percent
by mass.
2. In the absence of original ingredicnts of conerete used, estimated cement content may
be in error by 10 to 20 percent from the actual cement used.
3. The above test results are strictly applicable for the tested sample of conerete madc
oul of 100% Ordinary Portland Cement only.

: 1. The results relate only to the items tested.
2. Report shall not be reproduced, except in full, without written approval ol the laboratory.
3. Auny cotrection invalidates this report

for CTIVIL-ATD TECH oc INIC Pvt, Ltd.

D Pl DINESH H.T [
- 3 ml 2oLy Manager - Lab

Page 3aofl

Civil-Add Technochinge Myl Tad, Ry, O Warwah Cenvee, Gl Blio  Bangalore (o O el +91 80 20980200
{4 Busvare Venitas Crony Comperiny] 15, Marwak Marg, Arcdben (B), Mumbai - 22 Chenna |[z"r" Fabd Tel: 491 44 6564060
43, 45,46 & 47, Meee Chennappa Tnds, Fstare Tel: 491 22 66956300 P 91 22 66556309 Cochin (C4F Lab) Lol 91 484 3320700
Crrnuned 80 151 Floog, Let Mala, Magadi Bead bavgalore labiinbureauveri tascinn Flyilerabad (O Tels =41 40 42601183
Eamalshipalya, Bangalore - 360 079 I weenctvilaidcnin 1 Iyderabad () 1l =91 40 6458582

Tely =91 20 23T ERCO Fax: +1F1 6D 20716833 O U248 1200 T 0y T 260040 Manpalore (CHF Ll Tels 51 824 2213571




RelCIVILALID:C: BLA2025/1/2017
Test Order dated: 24.1.2017

Drate: 31.1.2017

The Commissioner
Bruhat Benpaluru Mahanagara Palike
Commissioner Office
N.R. Square
Bangalore — 2
TEST REPORT UN HABRDENED MORTAR SAMPLE

Source ol sample : Sample collected by Tixpert Technical Team Members
Nao, of samples tested : 1 (One)
UIN 3 17002188
Customer’s Reference : Letter No, HNNP/PR/1341/2016-17
dated 17.1.2017
Projeet* : Inspection and Quality assessment ot Existing

Commercial Building at Ward No. 26 (Old), 95
{Now), Mo, 1, 2nd Main, Sampige Road,
Mallcswaram, Bangalore

Period of test - 251.2017 1o 30.1.2017
Condition of sample : Satistactory
Technical Reference : ASTM ¢ € 1324-2005 and ASTM : C 1084-10 am:l

IS8 4032 — 1985 (Reaffirmed 2009)

TEST RESULTS:
| | Cement Content Estimated proportion of
3 b Identification - c 4 ) ecment : sand
o, | ) (% by Mass) (kg/Cu.m) (by volume)
l -- 23.65 492,00 1:3.10
* As furnished by the customer.
H Cement conlent is caleulated based on density of hardened mortar of 2080 kgfcu.m as

per IS:875 (Puart 1)-1987 {(Reaffirmed in 2008)

Remarks: 1. The above calculation of cement content is based on the assumption that CaO
content in Ordinary Portland Cement used fir the mortar contamns 63.50 pereent
by mass.
2. In the abscnce of original ingredients of mortar used, estimated cement content may
bein error by 10 to 20 pereent from the actual cement used,
3, The above test resulls ave strictly applicable for the tested sample of mortar made -
out of 100% Ordinary Portland Cement only.

Z
o
=
o

The results relate only to the items tested.
Report shall not be reproduced, except in full, without written approval of the laboratory,
Any corrcetion invalidates this report

for CIVIL-ATD TF{(}:FD\IE(I IEI{‘ Pvt. Lid. DINESH H.T.
___,.L?\"/m[ 2 0l¥F  Maonager- Lab

- Paqe 3H0F L
Civil-Add Technoclinic Twi, Tad, Rewd, OLL: Marwab Conm, 6th Bloor Bargrabore {Coge 00 Tel: H31 80 26980207
'.('.I' fnrean Vernlay T erj’.‘.'rllﬂ?.'JIJ ¥, Marmah Mﬂl;_‘ Arclhen rl"] Ml - Cheimal :'f_]f.?;"_:"'.r)' Lol 491 44 65354060
43,48, 40 8 A7, Pere Chenoappa Tods, Tstate Tel: +91 22 06%56300 Fas: 191 22 66%'5-*”") Cockin (O Lab]l Tele 91 484 3320700
Grouad 8 st Uloor st Main, Magadi Koad bangalocelabiim bureauveritas.com ITederabad (iE Lels F 140 42601133
[amakshipalya, Banglore - 560 079, Trdia wennw oty It o Hyilerabasd {Fab) Tel: +Y1 20 64354552

Telz +91 80 23011800 ax: | 91 8026716833 CTN: L2R120MH 1997 P TC260040 Mangalore 7O b 1els =51 824 221357



Manager - Lab
Civil-Aid 'lechnooclinis l"n Lid. Regd. Off.: 'p,_. sealt Centre, 6l Tloot Bangalare ( Crp O 'J Tl
(A Bivenn Veritas Grassp Gompan) Te. e v Sl LuL Jivmbaz A § sl (N Lal) Tal
43, &5 468047, Pore € |1 snmapp bodss Fhiane Tel: 91 K: 1f 300 bawy 51 212008 ‘:fu b Corlia (O Lat), el
Crompel B s |'| soty 45t Wao, Magadi Road |1r|n;.',-"|n:'c-.|||l Arclareauy erias com Hyderatad O Tels
f\_u ul shipalva, Bangalore - 360 079, India wiwiivizid coum | Lyeedezrabac { fuatla)

RebCIVILAID W ATER/BL/ 202500 1’201? Date: 31.1.2017
Test Order dated: 24,1 2017

The Commissioner
Bruhal Bengaluru Mahanagara Palike
Commmissioner Ollice
NI Square
Bangalore — 2
TEST REPORT ON ANATLYSIS OF WATER SAMPLE

source ol sample Tor testing Sample m]lacted by Expert Technical TLdtm

Members
Customer’s Relerence : Letter No, HNNP/PR/ 341/2016-17
dated 17.1.2017
UIN : 17002189
Project® : Tnspection and Quality assessment of Existing

Comumercial Building at Ward No. 26 (Old), 95
(New), No. 1, 2" Main, Sampige Road,

_ Malleswuram, Bangalore

Sample Tdentification /

Location of sample collected * : From Circular
Sample colleeted on : 2112007 (@ 4.00 p.m.
Condition of sample : Natistactory
Period ol test ; 25.1.2017 10 30.1.2017
Test Method : 15:456 — 2008 (Reaffirmed 2011)
T5:3025-1983 (Parl 11, 24 & 32)
51 = Sipulalions of TS:456-2000
. Particulars Resulls e 7 .
No {water for constiuction purpose)
r T " S00 mg/l max, for RCC
1 | Chlorides as €1 40278 mg/ 2000 mg/l max, for PCC
2 | Sulphates as 50, 254.99 my/l 400 mg'l max,
3 | pll Value Q.00 Shall not be less than 6

* Ag furnished by the cuslomer

MNote: 1. The results relate only to the items tested.

2. Reporl shall not be reproduced, excepl in [ull, without the written approval of the lab.

3. Anycorrection invalidates this repent.
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Ref-CTVILAID:WATER/BL/2025(b)/1/208 AL

Test Order dated: 24.1.2017

The Clommissionce

Bruhat Bengalhuru Mahanagara Palike

Commissioner Oftice
M.R. Square
Bangalore - 2

CATE HOE.
TN, TR T-00Es

Date; 31.1.2017

TEST REPORT ON ANALYSTS OF WATER SAMPLE

Sowree of sample for testing
Customer’s Reference
UIN

Projeet®

Sample Tdentification /

Sample collected by Experl Technical Team
MMembery

Tetter No. HINNP/PRA34120016-17

dated 17.1.2017

L7002 185

Inspeetion and Quality assessment of Existing
Commercial Building at Ward No, 26 (O1d), 95
{New), No. 1, 2" Main, Sampige Road,
Malleswaram, Bangalore

Location of sample colleeted * From Raw Water
Sample collected on 21.1.2017 (@ 4.00 pan.
Condition of sample Salislfactory

Period of test

25.1.2017 to 30.1.2017

Test Method IS:456 — 2000 (Reatfirmed 2011}
15:3025-1983 (Parl 11, 24 & 32)
sl S de g e Stipulations ol 1S:456-2000
No Particulars Rosults (water for construction purpose)
I \ _ S00 myl max, [or RCC
1 | Chlorides as Cl #2.26 my/l 2000 ma/l max. for PCC
2 | Sulphatcs as S0, 11.84 mefT A0 myf] max,
3 | pH Valuu T.30 Shall not be less (han 6

# Asg furnished by the eustomer.

Note: 1. The results relate only to the items tested,
2. Repart shall not be reproduced, cxcept in [ull, without the written approval of the Lab,
3. Any corrcction invalidates this report.

C PVT.I.TD.

|

afor| 200}
DINESH H.T.
Manager - Lah

for CIVIL AID TE Uﬁ
AL

Page 39 of k-5

e B T P cTE AT TR e e
Civil-Mid Techoochome Py, Lid

Repd, 030F; Marwal Ceulce, brh Voo |
B Wlarwend Barp, Andhert (1], Mamba: - 72

Bangalore (T

Verdfoy Sropy Conghing) Chenmn )Ll R 0535
AL

13, 45, 46 8 47, Prre Chennappa bads, Vot Tl 191 22 6956300 bax: =41 224695630 Cochim CON L) Tl ) b 3520700

Gironnd & Tar Floo, Do Main, Magadi Roac |1.'.I'I§_E-'.ic:-.'-' Jabfm bureauves as. com Hyderabad :"j-‘?ﬁl et =91 4042601133

I amalishipalya, Bangaloss 560 079, Lodiz wewainvi ind. cor H v liaral el (Laf) Tel: ¢ 91 40 645545587
| Sy ] )

Tels 491 $0 23011800 L +91 40267 (6833 CIN: LZEL20M1 119071 (T200040 Mangalove (O Lab) Tel: +11 824 321357




Civil-fael technoclinic Pvt, Lid.

8

Tel.: 49

RefiCTVILATRD:WATER/BL2025(¢) 172017

Test Order dated:; 24.1.2017

The Commissioner

Bruhat Bengaluru Mahanagara Palike

Clommissioner Cfice
MR, Square
Bangalore — 2

LI, TR T0eEs

CIVIL-AID

Date: 31.1.2017

TEST REFORT ON ANALYSIS OF WATER SAMPLIE

source of sample for lesting
Customer™s Reference

LN
Project™

Sumple ldentification /
Location of sample collected *
Sample collecied on
Condition of sample

Period of test

sample colleeted by Expert 'l'echnical Team
Members

Letler Mo, HNNP/PRA1341/2016-17

dated 17.1. 2017

17002189

Inspection and Ouality assessimenl o Existing
Commercial Building at Ward No, 26 ((31d), 95
{New), No. 1, 2% Main, Sampiee Roud,
Malleswaram, Bangalore

IFrom Softner Plant
21.1.2017 @@ 4.00 p.m,
Satisfactory

25.1.2017 10 30.1.2017

T'est Method 15:456 — 2000 (Reaffirmed 2011)
[5:3025-1983 (Part 11, 24 & 32)
Sl ) TORMEY TS50,
Particulars Results E-tlpu]"ltmnﬁ of T‘-"s:aliﬁ 2000
Mo {waler [or consiruclion purpose)

1| Chlorvides as C1

500 mg/l max. tor RCC

90.77 mgil

2000 myy'l max, for PCC

-
=

Sulphates as 53,

061 mefl

400 mgd max,

3

pH Value

733

Shall not he less than &

* As Tumished by Lhe customer

Note;

for CIVIL AID TECIINOCI.

b
e 31{ ol [ ol

1. The results relate only to the items tested,
2. Report shall not be reproduced, except in full, without the written approval of the lab.
3. Any correction invalidates this reporl.
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ANNEXURE - 1l
CALCULATION & SKETCH



CALCULATIONS FOR STRUCTURAL ADEGUACY OF CANTILEVER SLAB
biffective depth as at site - 200-100-12/2 - 94 mm

Arca of steel provided per meter of width

af skab (12 mm @15 ofc ) - 1000113 — 753.3mme
150
Moment of resistance of section M = {LB7 f, xAxd {1-Astx o
bd x La)
Grade of stool -Fe 415
Crade of concrete - M15 {as obtained from results of

core fost)

1000x94 x 15)
M= 199 x 10° N-mm

=199 kIN-m

Theorvetical Verification of the design:

The Joadings on the slab

Self Weight of the slab (lhickness of the slab) =0.2x 25 5.0 kIN/m?

Weight of screed of concrete
(250 mm thick as measured atsite )= 0253 x 21*
{(*density as determined [rom the core  oxtracted from screcd)
R.25 KN/m2

Tota! uniform dead Joad _10,25 L™ fm?

Point load af the tip due to r ¢ parapet wall of height 1.3 m and 200 mum thick
02x13x2> - &.5 kN

Urdaclored bending moment 102R x 252 ephx 2

=33.5 kN-m

Pape 42 of 47



Factored bending momaent =335 x 1.5 =50.25 kINm

homenl of resistance of the section as exisl al site = 19.9kN-m whiclt i3 less than the
Actual moment.

I'rom the above, itis clear that the oxisting section is not capable of withstandmg its
own self weight along with the screed and parapet wall (without considering any

live load on the roof)

Lk XL T
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