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ABSTRACT: This study presents the structural assessment and performance evaluation of G+7 reinforced cement
concrete (RCC) building using STAAD.Pro to assess its safety, stability, and serviceability under present loading
conditions. An analytical model was developed in accordance with IS 456:2000, IS 875 (Parts 1, 2 & 3), and IS 1893
(Part 1):2016 by considering dead, live, wind, and seismic loads. The structural performance was evaluated through
bending moments, shear forces, axial forces, deflections, and demand-to-capacity (D/C) ratios. In addition, a
geotechnical investigation was carried out to determine the safe bearing capacity (SBC) of the founding strata using
laboratory tests and corrected uniaxial compressive strength (UCS) values. The stability of the existing isolated footing
was verified by comparing the applied foundation pressure with the allowable SBC. The analysis results indicated that
all structural members have D/C ratios less than 1. Foundation is safe against bearing failure and excessive settlement.
Minor deterioration due to dampness, leakage, and reinforcement corrosion was observed during the structural audit,
and suitable repair and rehabilitation measures have been recommended. The study concludes that the existing structure
is structurally stable and fit for continued service, while emphasizing the importance of timely maintenance and
preventive rehabilitation to enhance its durability and service life.

KEYWORDS: Structural Assessment, Staddpro, Non-destructive and Destructive Tests, Utilization Report, Wind and
Seismic Analysis. Foundation Stability Soil and Rock test.

L. INTRODUCTION

The strength and adequacy of an existing foundation can be evaluated by comparing the safe bearing capacity (SBC) of
soil and the load-carrying capacity of the foundation with the actual loads transferred from the structure. The
assessment is generally carried out through field investigation, structural calculations, and material testing.
Geotechnical Investigation- It is decided to carry out geotechnical investigation drilling 02 number of bore holes, it
covers data collected in field-work of two investigation bore holes, field tests and results of laboratory tests on selected
rock, soil and water samples and based on the same this investigation report and recommendations have been prepared
of 01 and 02 boreholes in the project area.
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Figure: - 1 Standard penetration test machine
II. LITERATURE REVIEW

B.H Chafekar, O.S Kadam, K.B Kale, S.R Mohite, P.A Shinde, V.P Koyle [1]: “Structural Audit” (2013) This
paper covers structural audit of overall structure. According to the authors, the frame is heart of building. It is designed
by structural engineer with the help of bye-laws provided for the structure.

A.B Mahadik, M.H. Jaiswal [2] “Structural audit of buildings” (2014) research India publication This paper deals
to create awareness amongst the civil engineers, residents, and owners of building towards the health examination of
existing concrete buildings called as Structural Audit.

Patil S.R, Professor Sayyed G.A. [3]: “Structural Audit” (2015) paper presents structural audit as a preliminary
technical survey aimed at assessing the general health and safety of civil engineering structures, particularly reinforced
concrete (RCC) buildings.

Malik Arooj and Gopendra Yadav [4]: “Comparison of Destructive and Non-Destructive Testing of Concrete”
(2017) The paper provides a review and comparative analysis of destructive (DT) and non-destructive testing (NDT)
methods used to evaluate the quality and compressive strength of concrete.

Ashwin Salunke, Dr. Santosh Patil [5]: “Structural Health Monitoring and Auditing of RCC Building” (2020)
ijert.org. In this paper, authors were tried to find out the faulty mechanism in structure to prevent the failure of
structure.

Gaps in literature review- To evaluate the stability and adequacy of the existing foundation system, a geotechnical
investigation report including various factor and test. Determine the Safe Bearing Capacity (SBC) of the supporting
soil/rock strata based on SPT investigation, rock core testing, and laboratory analysis, to verify the adequacy and
stability of the existing foundation system against applied structural loads, to evaluate the load carrying capacity of the
foundation and check safety against bearing failure and excessive settlement.

II1. OBJECTIVE
A detailed geotechnical investigation and foundation stability assessment were carried out for the existing G + 7 RCC

building. The investigation included borehole drilling, Rock Core Recovery, Laboratory Testing, Rock Mass Rating
(RMR) evaluation, and Foundation Stability Verification.
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To evaluate the stability and adequacy of the existing foundation system, a geotechnical investigation report including
various factor and test to evaluate the load carrying capacity of the foundation and check safety against bearing failure
and excessive settlement.

IV. METHODOLOGY

Methods- 1) Type of foundation RCC isolated footing. 2) Soil bearing capacity assessment- Standard penetration test
(SPT), Plate load test, Geotechnical investigation, Existing soil report review. 3) Concrete strength assessment of
foundation. 4) Load carrying capacity of footing. 5) Actual bearing pressure on soil. 6) Signs of weak foundation and
remediation measures if foundation is weak.

Table: - 1 Borehole details

Borehole Number Drilling Depth (meter) Ground Water Table
01 10 meters 3 meters
02 10 meters 2.50 meters

Standard Penetration Test (SPT) were conducted in soil and weathered rock samples at regular intervals using
standard split spoon sampler driven by as 63.5 kg hammer with free fall height of 750 mm as per IS 2131-1981.
Standard Penetration Test were carried out as per the provisions laid down in IS 2131- 1981 in the holes and disturbed
samples were collected through split spoon sampler at every 1.5meter interval. A standard split spoon sampler is driven
at the bottom of the hole. The penetration resistance in terms of blows for 300 mm penetration of the split spoon
sampler is measured as ‘N’ Value. The blows are imparted by a standard weight of 63.5 kg falling through a height of
750 mm. The resistance is measured for 150 mm, 300 mm and 450 mm penetrations. The resistance of first 150 mm is
ignored and the resistance of next 300 mm is recorded as standard penetration value ‘N". If the sampler is driven less
than 450 mm (total) then the penetration resistance is given for the last 300 mm of penetration. If the penetration depth
is less than 300 mm and the blows count is more than 50 then the ‘N’ value is considered as ‘Refusal’. ‘N’ values were
noted and the results were recorded in logs of bore holes. The samples in the split spoon assembly are treated as
disturbed samples. The ‘N’ values are correlated with the relative density of non-cohesive soils and consistency of
saturated cohesive soils. As undisturbed sampler were collected in plastic bags for visual inspection and classification
of strata from all the layers as recorded in log sheets of bore log. Undisturbed soil samples are collected in soft to stiff
clayey soils. Collection of undisturbed samples from the refusal strata is not possible.

Table: - 2 Laboratory rock test result summary

Serial Number Description of Test Unit Test Result

1 Crushing Load kN 152.70 - 199.60

2 Compressive Strength T/m? 5989.05 - 8718.63
3 Water Absorption % 0.29 - 0.65

4 Specific Gravity -- 2.81-2.89
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Figure: - 2 Core box of borehole 1 and 2

Borehole 1- The first stratum of the subsurface profile generally consists of filled up soil of yellowish-brown gravelly
soil and brownish murrum up to depth of 0.00 to 5.00meter. Between depths 5.00metre to 10.00meter is grey to brown
weathered rock / grey to brown basalt rock with patches of Amygdaloid rock. Core recovery % (CR) values are varying
from 23.3% to 60.00%. Rock quality designation (RQD) values are varying from 10.00 to 60.00%. Soaked UCS value
of rock cores are varying from 5989.05 T/m? to 8718.63 T/m? indicating medium strength rock. Total Rock Mass
Rating (RMR)- 43 to 53. As per IS 12070 Table 3 Safe Bearing Pressure- 155.63 to 228.78 T/m>.

Borehole 2- The first stratum of the subsurface profile generally consists of filling material. Brownish sandy gravel
depth of 0.00 to 2.00meter. Between depths 2.00 metre to 10.00meter is weathered rock and grey to brown basalt rock
with patches of Amygdaloid. Core recovery % (CR) values are 7.00 % to 61.00%. Rock quality designation (RQD)
values Nil to 60.00%. Soaked UCS value of rock cores are varying from 1572.00 T/m? to 8569.81 T/m? indicating
medium strength rock. Total Rock Mass Rating (RMR)- 53. As per IS 12070 Table 3 Safe Bearing Pressure- 228.78
T/m2.

Table: - 3 Test report net safe bearing capacity

Net Safe Bearing Capacity
Empirical .
Corrected Cogﬂ' : Saf_e Allowable Bearing Pressure (T/m2)
Unconfined ¢ KK\ Bearing | Allowance for
; n
Bore Compressive (seE_‘Nlls} Pressure| submergence | y,confined  |From Total K-Value
SN o Depth Strength 12070 (92) = |[See IS 12070 | compressive |RMRRating| Recommended
: (42 Tablea | % XN, Clause Strength (T/m2) |value (Tim?
o 9.2,i),b)]
T/né Fig.1) T/ T/ n? T/n? T/ kg/cm3
1 BH-1 5.00-6.00 5989 0.1 598.9 0.5 250 155.00 155.00 12.9
2 BH-1 6.00-7.50 8426 0.1 B842.6 0.5 300 155.00 155.00 129
3 BH-1 7.50-9.00 8542 0.1 854.2 0.5 300 190.00 190.00 15.8
4 BH-1 9.00-10.00 8344 0.1 834.4 0.5 300 225.00 225.00 18.8
5 BH-2 6.00-7.50 8424 0.1 B42.4 0.5 300 225.00 225.00 18.8
6 BH-2 7.50-9.00 7872 0.1 787.2 0.5 300 225.00 225.00 18.8
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Table: - 4 Laboratory test report of rock sample

Discipline: Mechanical Group: Rocks Sub Group: Stones / Rock
s Debth s | c hi Compressive Corrected D . P .
r BH No ep ample rushing strength Compressive ensity orosity Specific Gravity
No. (Meter) No Load (kN) > N (g/cc) (26)
(T/m") strength (T/m")
1 BH-1 5.00-6.00 152.70 6609.02 5985.05 2.77 1.35 2.81
2 BH-1 6.00-7.50 199.40 8558.19 8426.01 2.84 0.86 2.86
3 BH-1 7.50-9.00 198.90 8652.80 8542.30 2.87 0.83 2.89
4 BH-1 9.00-10.00 12 199.60 8782.68 8718.63 2.84 0.82 2.86
5 BH-2 6.00-7.50 4 198.90 8511.94 8423.52 2.78 1.36 2.82
6 BH-2 7.50-9.00 8 198.80 8569.81 7871.99 2.83 1.84 2.89
Table: - 5 Laboratory test report of rock core
POINT LOAD INDEX
Point Load | Point Load | Compre Water
Sr. ) Failure | Index I Index ssive SBC |Density| Porosity | Absorp| Specific
No. Bore Hole No. Depth (m) Load (kN) (50) L (50) strength | (T/m2) [(T/m?) (%) tion Gravity
(T/m?) (MPa) (T/m?) (%)
IS: 1121
s . L (Part 4)
Test method followed IS 8764 : 1998 IS o143 12070 I5: 13030_(pa't 1) 1.991 12013
1979 | Reaffirmed-2016 )
11987 Reaffirmed-
2017
1 BH-2 3.00-4.50 2.3 101.83 1.00 1527 76 2.74 2.30 0.84 2.80
2 BH-2 4.50-6.00 2.8 119.18 1.17 1788 89 2.77 1.23 0.44 2.81
3 BH-2 9.00-10.00 5.8 252.69 2.48 3790 190 2.74 2.28 0.83 2.80

Determine Existing Foundation Size: - Through trial pits- Measure foundation dimensions, identify footing type,
check foundation depth, inspect concrete condition. Note: - Trial pits are commonly used in structural audits when

drawings are unavailable.

SECTION A-A
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Figure: - 3 Plan and section view of footing
Calculation for Foundation Stability-
Table: - 6 Structural parameter and values

Number Parameter Value
1 Structure Type G + 7 RCC Building
2 Footing Type RCC Isolated Footing
3 Footing Size 25mx25m
4 Footing Area 6.25 m?
5 Foundation Depth 4.5 m Below GL
6 Column Size 600 mm % 600 mm
7 Column Load 1285 kKN
8 Ultimate Load Carrying Capacity 4273 kN
9 Recommended SBC 75 T/m?
10 Maximum SBC from Rock Test 225 T/m?
11 Strata Weathered to Hard Basalt Rock
12 Concrete Grade M25
13 Steel Grade Fe415
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Table: - 7 Recommended safe bearing capacity

Serial Number Borehole Number Description
1 1 and 2 Suggested Safe Bearing Capacity 75 T/m?
2 1 and 2 Maximum SBC from Rock Test 225 T/m?

a) Footing Area- [A] =2.5x2.5=6.25m?

Actual Bearing Pressure on Soil- [q] = P/A = 1285/6.25 = 205.643 kN/m?
Convert into T/m? [q] = 205.643/9.81 = 20.96 T/m?.

Thus, Actual Bearing Pressure on Soil is [q] = 205.643 kN/m? or 20.96 T/m?.
Safety check: - 20.96 T/m? < 75 T/m? or 205.643 kN/m? < 735.75 kN/m?.
Ultimate Capacity: - Factor Load 1.5%1285 =1927.5 kN.

Factored Bearing Pressure: - 1927.5/6.25 = 308.4 kN/m?.

Convert into T/m? [q] = 308.4/9.81 = 31.44 T/m?.

Even under Factored Load: - 31.44 T/m? <75 T/m?.

b) Self-Weight of Footing-

Thickness (t) = 0.60 m

Volume of Footing: [V]=2.5x2.5x 0.60 =3.75 m*
Unit Weight of RCC [yc] = 25 kN/m?

Self-Weight of Footing [W{] =3.75 x 25 =93.75 kN

¢) Weight of Soil Above Footing-

Depth of Foundation: [Df] =4.5m

Effective depth Above Footing: [d] =4.5 — 0.60 = 3.9m
Soil Density: 18 kN/m?

Volume: [V]=2.5x2.5x3.9=24.375m3

Soil Weight: [Ws] =24.375 x 18 =438.75 kN

d) Total Load on Foundation: [Pt] = P+ Wf+ Ws = 1285 + 93.75 + 438.75 = 1817.5 kN

e) Gross Contact Pressure: [qg] = 1817.5/6.25 = 290.8 kN/m?
Convert into T/m? [qg] = 290.8/9.81 = 29.64 T/m?
Gross Pressure [qg] = 29.64 T/m?

) SBC Verification: [SBC] = 75 T/m?

Actual Bearing Pressure on Soil- [q] = 20.96 T/m?.
20.96 T/m? < 75 T/m? Safe

Gross Pressure [qg] = 29.64 T/m?

29.64 T/m? < 75 T/m? Safe

g) Available Factor of Safety: FOS available = 75/20.96 = 3.58
FOS =75/29.64=2.53

h) Settlement Assessment: Rock Parameters Property IS: 13030 (Part 1)-1991 Reaffirmed-2016 and IS: 1121 (Part 4)
:2013 Reaffirmed-2017.

Specific Gravity- 2.80 — 2.81

Density- 2.74 — 2.77 T/m?

Porosity- 1.23 —2.30 %

Water Absorption- 0.44 — 0.84 %

These values indicate: Dense basalt rock, low porosity, low compressibility, high stiffness. Negligible Settlement
Potential.
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V. CONCLUSION

Based on the geotechnical investigation, Standard Penetration Test (SPT) results and subsurface exploration revealed
weathered to hard basalt rock with good engineering properties. Rock core laboratory testing indicated density values
ranging from 2.74 to 2.77 T/m?, specific gravity between 2.80 and 2.81, porosity between 1.23 % and 2.30 %, and
water absorption between 0.44 % and 0.84 %, confirming the presence of dense and competent rock strata. Based on
the Corrected Uniaxial Compressive Strength, Rock Mass Rating (RMR) values ranging from 43 to 53, fair to good
quality rock. Safe Bearing Capacity derived from IS 12070 recommendations ranged from approximately 155 T/m? to
229 T/m?. However, for foundation assessment, a conservative allowable SBC of 75 T/m? was adopted. The calculated
gross foundation pressure was found to be approximately 29.64 T/m? which is significantly lower than the adopted
allowable SBC of 75 T/m?, the existing foundation system is found to be stable and the bearing capacity of the soil/rock strata
is structurally adequate for the applied loading conditions and to verify compliance with IS codes and ensure long term safety
and serviceability.

VI. REMEDIAL MEASURES

The seepages or leakages from plumbing lines, and surrounding areas should be controlled to avoid deterioration of
foundation concrete and reduction in soil strength. The vegetation growth should be removed. If localized settlement is
observed in future, suitable strengthening methods such as underpinning, pressure grouting, RCC jacketing, or micro
piling may be adopted based on site conditions. Periodically structural audit and maintenance should be conducted as
per standard engineering practice to ensure continued safety and serviceability of the building.
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