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ABSTRACT

This investigation here gives us the analysis about the Retaining wall which is
presents a comprehensive analysis and design methodology for reinforced
concrete (RC) cantilever retaining walls subjected to earthquake conditions.
Retaining walls are essential for slope stability and earth retention, especially
in hilly or seismically active regions. The study integrates both manual and
software-based approaches for analyzing wall stability under combined static
and seismic loads.

A Review of Research paper related to the design of RC Cantilever Retaining
walls have been have also studied to get a deep insight analysis of the behavior
of walls and also how to identify their interaction during the earthquake
conditions.

The methodology includes use of Excel for design calculations and STAAD
Pro for finite element modeling. The wall design accounts for various load
combinations including self-weight, backfill pressure, surcharge, and seismic
forces as per IS 1893:2016. Earthquake effects are considered using
Mononobe-Okabe theory for lateral earth pressures.

There is also proper explanation of the staad file explaining the detailed
material properties and load combinations acting on the structure and the result
thereof.

Results indicate that appropriate detailing and design consideration for seismic
loads significantly improves performance. Every check has been performed for
the structure stability and the design is than performed.

The report concludes with recommendations for practical implementation and
highlights the potential for future research in soil-structure interaction and
time-history dynamic analysis and tells about the future scope which can be
taken into account for making retaining walls more secure and safe.

The references have also been attached for future references and studies to be

performed.
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CHAPTER 1
INTRODUCTION
1.1 GENERAL

Retaining walls are essential structures in civil engineering, designed to
support soil laterally and prevent slope failure. Among various types,
Reinforced concrete (RC) cantilever retaining walls are widely used due to
their cost-effectiveness, structural efficiency, and ease of construction.
However, in seismic-prone regions, these walls are subjected to significant
dynamic forces, making their design under earthquake conditions a critical
aspect of geotechnical and structural engineering.

The performance of RC cantilever retaining walls during earthquakes is
influenced by several factors, including seismic loading, wall geometry, soil-
structure interaction, and foundation stability. Traditional design methods
primarily focus on static conditions, but under seismic events, additional
considerations such as dynamic earth pressures, inertia forces, and potential
liquefaction effects must be addressed to ensure structural integrity and safety.
This thesis aims to analyze and optimize the design of RC cantilever retaining
walls under earthquake conditions. It explores various analytical approaches,
including pseudo-static and dynamic methods, to evaluate the impact of
seismic forces. Additionally, numerical modeling and design optimization
techniques will be utilized to enhance the performance and reliability of these
structures. The study seeks to develop a comprehensive design framework that
integrates seismic considerations, ensuring that RC cantilever retaining walls
can withstand earthquake-induced stresses while maintaining cost-

effectiveness and constructability



1.2 OBJECTIVES OF THE STUDY

Primary objectives of this study focus on:
e Studying various retaining wall and their behaviour under earthquake
conditions
e Developing an excel program for designing the retaining wall
e Working on Staadpro and analysing the earthquake effects on retaining
wall

e Providing a study analysis of retaining wall and its design.

1.3 OVERVIEW OF THESIS

CHAPTER 1- Provides the introduction of the topic and its approach.
CHAPTER 2- Discuss the literature review and the research gaps .

CHAPTER 3- Gives detailed explanation of the the methodology and the work
carried out

CHAPTER 4-Discuss the results related to the working and explains the
overall study.

CHAPTER 5- Provides the conclusion and future scope.



CHAPTER 2
LITERATURE REVIEW

The design of reinforced concrete (RC) cantilever retaining walls under
seismic conditions has been extensively studied due to their critical role in
infrastructure stability. Various researchers have explored analytical,
numerical, and experimental methods to enhance the seismic performance of
these structures. This section presents a review of ten significant studies on the

topic.

Sitar et al.(2013) investigated seismic earth pressures acting on retaining walls
using theories such as the Mononoke-Okabe method. This method provides a
pseudo-static approach to estimating active and passive earth pressures under
dynamic conditions. Recent studies have refined these models by incorporating

soil nonlinearity and dynamic soil-wall interaction effects.

Simonelli et al. (2020) carried out experimental studies using shake table tests
have revealed that the dynamic response of RC cantilever retaining walls
depends on wall flexibility, backfill properties, and seismic input
characteristics. Some studies have highlighted that rigid walls experience
higher seismic forces, whereas flexible walls may exhibit lower earth pressures

due to soil-structure interaction effects.

Cattoni et al. (2018) provided numerical simulations using finite element
methods (FEM) have been widely used to analyze the behavior of retaining
walls under earthquake loading. Studies have demonstrated that incorporating
advanced material models and boundary conditions improves the accuracy of

seismic response predictions, leading to better design recommendations.

Mylonakis et al. (2021) analyzed the role of soil-structure interaction (SSI) in
the seismic behavior of retaining walls has been extensively studied. Research
indicates that considering SSI leads to a more realistic estimation of seismic
forces and wall displacements. Some studies have suggested using coupled

soil-structure models to enhance seismic design accuracy.



Ahmed Mujtaba et al. (2017) provided that stability against sliding and
overturning is a critical factor in designing RC cantilever retaining walls under
seismic conditions. Research has shown that incorporating shear keys,
increasing base friction, and optimizing wall geometry can significantly

improve resistance against failure modes induced by seismic forces.

Hatami, K et al. (2007) has shown that the mechanical properties of both the
retaining wall and the backfill material significantly impact seismic
performance. Using lightweight backfill materials or geosynthetic
reinforcement has been proposed as an effective strategy to reduce seismic

forces acting on the wall.

Choi, J et al. (2017) showed that recent advancements in performance-based
seismic design have provided new insights into optimizing retaining walls
under earthquake conditions. Studies have suggested that designing for
controlled deformation rather than excessive strength can lead to more efficient

and economical solutions.

Nimbalkar, S et al. (2006) have compared pseudo-static and dynamic analysis
methods for designing retaining walls under seismic conditions. Findings
suggest that pseudo-static methods provide conservative estimates, whereas
dynamic analyses offer a more realistic representation of wall behavior under

earthquake loading.

Federal Emergency Management Agency (FEMA). (2006) made research and has
also focused on retrofitting techniques for existing retaining walls in seismic
regions. Strengthening strategies such as the addition of tie-backs, soil nailing,

and base isolation have been proposed to enhance seismic resilience.



MDPI. (2023) carried out studies on past earthquake-induced retaining wall
failures which have provided valuable insights into common failure
mechanisms, including excessive displacement, cracking, and overturning.
These case studies have contributed to the development of improved seismic
design guidelines and construction practices.

This literature review highlights the significant contributions of past research in
understanding and improving the seismic performance of RC cantilever
retaining walls. The findings from these studies provide a foundation for
further research into optimizing design methodologies to enhance safety and

efficiency in seismic-prone region.

2.1 RESEARCH GAP

Research Gaps in the Design of RC Cantilever Retaining Walls Under
Earthquake Conditions
Based on the reviewed literature, several research gaps exist in the seismic
design of RC cantilever retaining walls. Identifying these gaps is essential for
advancing current design methodologies and improving the seismic resilience

of such structures.

Despite significant progress in geotechnical and structural engineering, there
are still a number of unsolved issues with the seismic design of reinforced
concrete (RC) cantilever retaining walls. The extensive use of the Mononobe-
Okabe (M-0O) method, a pseudo-static technique that calculates seismic ground
pressures using oversimplified assumptions, is a notable drawback of
contemporary design techniques. Although the M-O technique offers a useful
approximation, it ignores how earthquake loading is dynamic and time-
dependent. It can result in erroneous estimates of seismic demands because it
ignores important factors including wall deformations, seismic wave
propagation, and transient soil behaviour. The creation of more precise
dynamic analysis models that can replicate real-time earthquake effects is
therefore urgently needed.

The problem of soil-structure interaction (SSI), which has a big impact on how
well retaining walls function under seismic loads, is closely tied to this.

Although the literature acknowledges the influence of SSI, it is frequently



addressed using too simplistic models that disregard the coupled interaction
between the wall and backfill or assume linear behaviour. Predicting
displacement patterns, the distribution of ground pressure, and possible
collapse processes can all be inaccurately affected by such simplifications. In
order to guarantee model correctness and practicality, future studies should
concentrate on sophisticated numerical modelling approaches that reflect
nonlinear SSI behaviour and are backed by experimental validation.

Climate change may alter soil properties and groundwater levels, which can
affect seismic responses. However, most studies do not consider these
evolving environmental factors. Future research should explore the impact of
climate change on soil behaviour, pore water pressure changes, and their
influence on seismic retaining wall performance.

Analytical and numerical models must be experimentally validated in order for
design techniques to be considered credible. However, small-scale shake table
or centrifuge models—which are limited by scaling effects and might not
adequately represent behaviour in the actual world—are used in the majority of
current experimental studies on retaining walls. These restrictions include
differences in boundary conditions, material nonlinearity, and stress
distribution. To test and calibrate numerical models and improve the reliability
of seismic design methodologies, full-scale practical research under seismic
circumstances is desperately needed.

In conclusion, there are a number of important research gaps in the areas of
modelling, experimentation, materials, and design philosophy related to the
seismic design of RC cantilever retaining walls. It will be crucial to address
these problems through thorough, multidisciplinary research in order to
improve design procedures and guarantee the long-term safety and resilience

of these vital infrastructure elements.



CHAPTER 3
METHODOLOGY

3.1 DESIGNING THROUGH EXCEL PROGRAMMING

The Design of a Reinforced Concrete (RC) cantilever retaining wall under
earthquake conditions involves a systematic approach that integrates
geotechnical, structural, seismic design principles, details the logic and
structure of the Excel-based program developed to design RC cantilever
retaining walls under seismic conditions. The tool integrates geotechnical
inputs, stability checks, and structural design of the wall components in a step-
by-step format.

e Sliding,

e Overturning

e Bearing

Determining structural detailing for various wall components

e Heel
e Toe
e Key
e Stem

3.1.1 DATA COLLECTION AND ASSUMPTIONS

Input parameters used in the design were gathered from project-specific site
conditions and standard design codes (IS 456:2000, IS 1893:2016, IS 3370,
etc.). The following assumptions and parameters were used
e Soil unit weight: 20 kN/m?
e Angle of internal friction (¢): 30°
e Concrete grade: M30
e Steel grade: Fe500
e Coefficient of friction at base: 0.5
e FEarthquake parameters derived from IS 1893:2016 using response
spectra for site location
= Seismic zone: Zone IV (Z =0.24)
» - Importance factor (I): 1.5

= - Response reduction factor (R): 3



o Wall types: Type 1 to Type 10 (based on height and backfill configurations)
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Figure 3.1 DATA AND WALL TYPES



3.1.2

EARTH PRESSURE AND LOAD CONSIDERATION

The earth pressure behind the wall is computed using:

- Rankine theory for static conditions

- Mononobe-Okabe method for seismic conditions

Active earth pressure coefficient, Ka (Rankine): Ka = tan?(45 - ¢/2) = 0.33
Seismic increment, AKae = (Kh * (1 - Ka)) (simplified)

Total pressure =y * H * Ka + q * Ka + seismic increment

o Self-weight of wall

o Earth pressure (static and seismic)

e Live load surcharge (uniform)

o Backfill pressure
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L L 2415 B0.37S 2.1 126. 7575 0.25 2265 4423, 005333 2635, 056!
TRAIMNGULAR
PAORTION OF
wBLL 2EB1625] B5.40625| 2 4BE6EEE6T 1613354167 0.312
SOIL OMHEEL
TRAINGULAR
SIDE 2. 7395 559 Z683333333  149.9383333
TOE BACKFILL 258375 51675 0.30754717 453375
SOIL OMHEEL
TRAPEZOIDAL
SIDE 34.965 633.3] S5.023123123 351267
FOOTINGITRARPE
ZOIDAL PART
LEFT) 131625 3290625 1107407407 36440625
FOOTINGITRAPE
ZOIDAL PART
RIGHT] 2.835 TOETS| 4714514515 3341625
FOOTINGISQUAR
EFPART] 0.3025 22 5625 2425 S4. 7140625
LL SURCHARGE 3.024 6043 4.5 27216
SLM= 053 4423005333

Figure 3.2 LOAD CALULATION




3.1.3

STRUCTURAL ANALYSIS AND STABILITY CHECK

10

Design moments and shear forces were computed for stem, heel, toe, and base

slab. Structural checks included:

The following checks are performed:

e Overturning check: Moment of resisting forces > 1.5 x moment of

driving forces

e Sliding check: Fs = Resisting force / Driving force; Fs > 1.5 (safe)

e Bearing pressure check: Must be less than SBC (Allowable bearing

pressure)

> Overturning stability

Figure 3.4 SLIDING CHECK

Infactored Factored
PARTIAL
Eigﬁ.—é\; Prnax ML due to bl sbout the toe | kAL dus o P Prnax kAL due to HL il due ta P
kM kM-m keM-m kM kM- kM-
Earth Pressure |1 a 2422 836 a a 2422 836 1]
LL Surcharge |1 0 27216 0 0 27216 0
Wweight of Subst|1 1257813 |0 2881229167 [125.78125 0 2881229167
Weight of fdn |1 126.3438 |0 426 3171875 [126.34375 0 425 3171875
Backfill ‘wit, 1 BOE.875 |0 3709565533 |806.875 0 3709.565533
1053 2635.056 4423.005335
STABLIZNGMOMENT = | ddzs. 00|
OVERTURMNG MOVMENT = | 2595.056)|
CHECK FOR OWERTURNING = ‘ 1.541155485‘
Figure 3.3 OVERTURNING CHECK
> Sliding stability
UMNFACTORED( | FARTIAL PARTIAL
HL | ABOUT SAFETY Factared UNFACFTDHED SAFETY F'ﬁ'l:g[?_?nE]DD
TOE FACTOR FACTOR

Earth Pressure 226.8 1 226.8 0 1.5 u]

LL Surcharge E0.43 1 E0.45 0 0.35 u]

‘weight of Substr. |0 1 u] 125.75125 1 125.78125

‘weight of fdn u] 1 u] 126.34375 1 126.343573

Backfill ''t. 1] 1 1] 806.875 1 06.875

287.28 1053
CHECK FOR SLIOING = [ 154315




Bearing capacity check

11

Combination for Base Presure

Urfactared FACTORED
Fé’ﬁ;'# . ML due taHL ML dueta P P MLduetoHL | ML duetaP
FACTOR
W o Hm W Hm o
Earth Pressure 1 u] 2422 836 o] o] 2422 836 u]
LL Surchaige 1 0 7216 0 0 EFA 0
Weight of Substr, i e [0 66,2217 1257812 0 EERFEH]
Weight of fdn i 2654375 | 0 4253171675 [126.343975 0 47531719
Bkl i BOE. 575 i I705.E655  |BOB.ETE i 70,5658
1053 695 056 44230053
BASE BASE
PRESSURE | PRESSUR
ECCENTRICITY Max_ | E MKMW
T aHeze] 390.9521955] -Gz.ede

Figure 3.5 BASE PRESSURE
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3.14 DESIGN OF STRUCTURAL COMPONENTS
Each component of the retaining wall was designed individually:

> Stem: Designed as a vertical cantilever subjected to triangular earth pressure
distribution. Reinforcement was provided accordingly.

DESIGHOF STEM

UNFACGTORED Faztored
FARTIAL SAFETY
F HL ML FACTOR F HL ML
Earth 0 FTEREED) %5 GEIAETE 15 o FIEETET 10z FTEAE
LL Surcharqge |0 hi.de Ed5.d5z 1z o TEETE Az 1164
Weidhtaf e ez [a 0 135 fh9 E0digs 0 0
Subrtr.
169 E0ARETE FTEEEIT  131V.4935d
DEZIGH FOF; FLESURE
DEFTHOF SECTION- 0,95
CONSIDERING SECTION WIDTH A5 1
DESIGH MOMENT FER WIDTH 131749354z | & 5T REGUIRED. 4z
COYEF; 0.075
SFACING
FROVIDING STEEL OF Dl - 0,025 FROVDED - 10
dprovided 08625
A5TPROVDED 4464285714
DIZTRIELUTION REIHFORCEMENT
FERUIFED sdz2
ZFACING
FROVIDING STEEL OF DA .01 PROVIDED - i
ASTFROVIDED STRIERTE
FAIH Aok Tz1z8 Tm 15
TMamenk of Ferirtanse of TARE. 14595 o 05T
[0 1337Fck"bmd"Z) Fed 134
Lewer arm TN OZATES
A4 ATy AP (Fck"R"d)
Mamenk of Ferirkanze of 1534 z095E
(84T Fr=As"Z)
CHECK FOF SHEAF: |
UL TIFATE VED 3758517
ETRENGTH REDUGTIONFACTOR 0541935454
Ml ZHE AR B, TI9ETT,
= .
ARIAL FORCE u
SIGHA CF ]
2 0 00EITESEE
Wred 1

Figure 3.6 STEM CALCULATION



ATSTEMEQTTOMLEVEL (STRESS CHECK)

UHFACTORED Fastared
FARTIALSAFETY
F HL ML FAGTOR F HL ML
i [l 20z 153% E53.FETAETE 1 [ 20z 1833 EE3.5334ETE
LL Sur<harge [0 548 FERES [ [ d%.384 194.745E
Weiahtof e dees [o 0 1 125.74125 0 0
Substr.
12574125 ZENLEETE ETHFZMETE
ATSTEM EOTTOM LEVEL{CRACK GHECK]
UNHFACTORED Factarsd
FARTIAL SAFETY
F HL ML FAGTOR F HL ML
Earth 0 Z0Z.153% E53.EETAETE 1 [ 201833 E53.E334ETE
LL Sur<harqe [0 5045 EEER [ [ [ [
Woiqht of 125. 74125 0 o 1 125.74125 0 o
Subrtr.
125.74125 20z 83 EE3.FEEAZTE
STRESS CHEGK ]
DEZIGH MOMENT FTEIZIOETE
SIGHMAST A
riqma <k’ 1d.4
madular ratia 645151481
reeel persenkagqe 0.5175953dd
Diepth af neutr al axir
196 3dZF9EE
[ 7470522012
eFFezkivge zover provided
1z a 0,925
eFfeftice depth provided
05625 o 0ONE0ETT
Frovided AST
Ak d.2FET1d o u
STRESSIMSTEEL
Ak EAETTE o 0LONE0ETT
STRESS M GOMCRETE
11.22494357
CRACK CHECE ]
DESIGH MOMEHT E5E.5EEAETE 3 4]
STRESSIMSTEEL 19z, 1112414 h= 21£.75
STRESS IH GOMCRETE & TIENTESY o WAZO0EES
AVERAGE STRAIH AT THE LEVEL 0LOMOENET kt 0.5
DIAMETER GHEGK
25 Pzt 2.5
SFACING GHECK
250 srmax 46325
=R MAY 463,25 Er T
E:z i
WE 0.EEddZTa1E a 19z 1112414
ALLOWAELE CRAGH WIDTH
0.3 Of M= Sm 00006195 d)

Figure 3.7 STEM DESIGN AT BOTTOM LEVEL

13



DESIGHOF STEM CURTAILMEHT

14

HMARIMUM HEIGHT OF FILL AEOYE CURTAILMENT LEVEL 5.4
UNFACTORED Fackored
FARTIAL ZAFETY
P HL ML FACTOR P HL ML
EARTHFREZ3 0 909798 206 3405258 15 0 1z dess F09.5112 384
LL
SURCHARGE d0.5T0d3ATE 109 5401739 1z ] dE EE521Td [131.dd2208T
Weightaf
0 L] L] 1.35 L] a L]
Subrkr.
] 1254522217 440.9594471
DESIGHFOR FLEXURE |
DEFTHOF SECTION- 069
CONSIDERING SECTION WIDTH &5 1
DEZIGH MOHENT FEF WIDTH 440.4954447| AT REQLUIRED- 165%
COVER 0075
FROVIDING STEEL OF DilfA - .0Z5| FROVIDED - 50
dprovided 0.ENZE
ASTFROVIDED 1964.23571d
DISTRIEUTION REIMFORGEMENT REQUIRED FFLE
SFACING
FROVIDING STEEL OF DIA- .01 FROVIDED - 00
ASTEROVIDED T4 6Tz
PAIH Ak T#3.25 m 15
Momenk of Rierirtanze of 1445 39495% =] 0ET
[ AZT"Fck"R"4°2] Fzd 134
Lewerarm ST0LEZ0G5E
A" (1-0 3 TA"Fy"Ard [Fck"k" 4]
Momenk of Rierirtanze of AT EEEE0F
[ FT"Fr"Rs=Z])
CGHECK FOR SHEAR
ULTIMATEYED 1451533217,
STREMGTHREDUGCTION FACTOR 0.5419254%4
MAR SHEAR
21FT.E5E0EG)
E 1ETeE 20z
ARIAL FORGE a
SIGMACF a
il DONZZENZZE
Wrzd 22d. EFEE1%5)
FOFSTRESS GHEGH |
UHFACTORED Fackored
FARTIAL SAFETY
FACTOR
F HL ML F HL ML
EARTHFREZ3 0 909798 206 3405258 1 0 90,9798 206 30258
LL
SURCHARGE n d0.5T0d3ATE 109 5401739 0 ] ZZ.45E25 ETEIZIZ9Z
Weiqhk af
0 L] L] 1 L] a L]
Subrkr.
] 123.435547% T9E.ATEIEdT

Figure 3.8 STEM CURTAILMENT CALCULATION
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> Heel Slab: Designed for upward soil reaction and downward weight of backfill

and wall.
DEZIGH OF HEEL SLAE
GROZE
FRESSURE |HEEL EMD TOEEHD A8 E-E Ak deFF From &-5& At deFFFromE-E  |MUAT &S MUATEE
COMEd -163.dE55d]| SEe 4$3E606) zéii5E0dzd ZEE TETEEE AT E0ETETE 456, TEedd14 TR TAETERY 4d4. dEEELNE
COMEZ AT ASTITS| dTT.dETOSEE] Z09.2654135 2aT. zEREE T 127.d215931 STEAT40EE -d35.1950515) TAZ 49343
FARE
COMEINATI
aH -EEAEZEEGE] TEd.dT345d9] 192 2414256 Z55. 2139965 - - 53.5d7ETIEE Ed9. 0620126
aLAs]
COMEINATI
aH CEOLEQETETE| 3556586263 137.d96 451 ed 3. GEd0E0T) - - 196 9Ted1de E0EE12TTO)
DEFTH OF HEEL AT EDNSE 04| TOTAL WEISHT T55.2
DEFTH OF HEEL &T STEM 0.95| TOTAL FACTORED WEIGHT 101952
WEIGTH OF HEEL 0875
GEOFLOAD FROMSTEM 1.81d#144145)
CORRESFOHDING STEM 12$.625
WEIGTH OF EACEFILL 755.2]
CORRESFOHDING MOMENTS T2 555333
TOTAL MOMENTS h L By )
TOTALFACTORED MOMENHTS C1E1E3E
DEZIGHFOF FLERURE |
DEFTHOF SECTION- 0.95
CONSIDERING SECTION WIDTH &2 1
DESIGHMDMEHTP‘EHWIDTHI 233d. 430733 | ASTREQUIRED- et k-]
COVEFR 0075
ZFACIHNG
FROWDING STEEL OF DIA- .02 | FROVIDED - 125
dprovided 05355
ASTFROVIDED Z514.257T1d
DISTRIEUTION REIMFORCEMENT REGUIRED 59,8
SFACING
FROVIDING STEEL OF DA - .01 FROVIDED - 1E0
ASTFROVIDED 4910714256
HMIN Are 1150.5 m 1.5
Momenk af Rerirkanzc of FEENETTE a nET
(8 A33"Fck™k"d"2) Fzd 124
Leuwer arm EZEREENI L]
AT(1-8 3TA"Fr" ArF[Fck"k"d)
Moment of Fierirkance of HEIEIEGEIY
(2T Fr=Ar"Z)
GHEGHE FOF SHEAR ]
ULTIMATEVED 409517264
STREHGTHREDUCTIONFACTOR 0.5419254%4
HMARSHEAR s2ix.doedse
K 1.4T53E26 59
ARIAL FORCE 0
SIGHMACF 0
all 000EF 1
Wred 952191039
STRESS CHECK ]
DESIGH MOMEHT 1542 6E5EEE
SIGMAST 400
ma k' 1d.4
maodular ratin EdE1dEidad
Iteel persentagqe e ioin
Dopthof neutral axir 154320273
lewer arm £23.659909
cFFective cover provided 0105 a 093
cFfeftice dopth provided 0,445 el 0.003E5E4%
Frovide dAST 251d. 255714 o 0
STRESSIHSTEEL TIEOTENES o' Q.003E5Ed:
STRESSIHGOMCRETE 2395512614
CRAGK CHECK |
DESIGH MOMENT 1404226519 3 Z5
STRESSIMETEEL ETO0Z1EZ05 hs 1E2.5
STREZS M COHCRETE 2183285133 p 1.547E-02
AVYERAGE STRAIHATTHE LEVEL 0003555 ET kt 0.5
DIAMETER GHECK 25 Fot 2.5
SFACING CHECE 50 Irmax S.24TE+0Z
SE9.EE039TT Er 00000
SR HAH Ez oo
WE 159168479 ] ET00Z1EZ05
ALLOWAELE CRACK WIDTH 0% ermegem 000 Za05Edd

Figure 3.9 HEEL SLAB DESIGN




> Toe Slab: Designed mainly for bearing and bending due to soil pressure

DESIGH OF TOE SLAE

JEFTHOF HEEL ATEDIGE n.d
JEFTHOF HEEL AT STEM 0.95
JEISTHOFHEEL | 290625
JEOFLOAD FROMSTEM 0. 5d26azE

CORRESFONDIMNG MOMEMTS ET.TZEGES
‘OTALFACTORED MOMENTS ST.AZ0E59

DESIGHFOR FLEXURE ]

DEFTHOF SECTIOM-

0.95]

CONSIDERIMG SECTIONWIDTH &S

1

DEZISH MOMEHT FEFR 'WIDTH

Q6 FEEE19E

CONER 0075 AST REQUIRED- 133d
FROVIDING STEEL OF D& - 0.01E
SPACING
dprovided 0322 PROVIDED - 1di
ASTFROVIDED 143673469
DISTRIEUTION REIMFORCEMENT RERQUIRED ZEE.E
FROVIDIMNG STEEL OF DA - o)
SFACING
ASTFROVIDED Sd1.64d4906:5] FROVIDED - Fd]

AIH At Hd7.4

Aament of Ferirkan<e of Cansreke #110.95911 m 1.5
[* 133 Fck"R"d72) [<] nET
SMErarm SEAETTO0NES  |Fod 1.4

1710 3T Fr " ArdFck™k"d])

Aament of Fierirtan<ce of Steel
[# ET"Fr fr"Z)

S3T.28055dE

HECK FOR SHEAR ]
ULTIMATE VED 555.5150924| TOTAL WEIGTH I 13|
STREMGTH REDUCTION FACTOR 0.5d193542d| TOTAL FACTORED WEISHT 1$|
MAH SHEAR FE0E. 1dd54E
E 1475920756
ARIALFORCE a
SIGMACE a
ol 0.00E2T10E
Vrzd 245 {E5EE 2]
STRESE CHECK |
DESIGH MOMEHT B2l 35450
SIGMA ST 400
rigma k! 1d.4
muodular ratio E.d21d21d
steclperzentage o AeET0E ]
Diepthof neutral axir 119.2646351
leverarm 5d3.245105
wfFective cover provided a 0,06 T
cFFefrize depkh provided
[R:3-x] el 00509z T
Frowided 85T
143673694 oS a
STRESSINETEEL 51z.35E235E e 000509z T
STRESS INCOMCRETE 12.35625EE]
CRACK CHECK |
DEZIGHMOMENT 5056207 F 1
STREZSIHSTEEL dTa.E3de g hz 167.5)
STRESS IH COHCRETE 1155592491 ] .5TTEE-03
AYERAGE STRAIMAT THELEVEL 00005353 kt 0.5
DIAMETER CHECEK z5 Fzt Z.5
SPACING GHECE 250 srmax 2ATHE+0Z
SRMAR 271074545 Er 0000
WE 05166319 Ez ea L
ALLOWAELE CRACK WIDTH 0.3 -] AT E3dEig
r Mt Sm 0.001Ezaz

Figure 3.10 TOE SLAB DESIGN

£}
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3.15 REINFORCEMENT DETAILING

Steel reinforcement was provided based on ultimate design moments. Development
lengths, anchorage, and lap splicing were also accounted for. Main bars are provided in

the stem and base slabs.

Development length: Ld = (¢ * os) / (4 * tbd)
Lap splicing is considered for long bars exceeding 12 m.
REINFORCEMENT DETAIL FOR STEM

> MAIN BAR

STEM

DESCRIFTION TYFE 10 TYFES TYFE# TYFET TYFEE TVFES TYFEd TYFEZ TYFEZ TYFEA

LEHETH
OF BAR
QUTER

WALL %35 T.375 7.5 T E.ED E.2 5.75 5.25 d.55 q4.35
LEHETH
OF EAR
INHER:

WALL #.35 T.375 1.5 T4 E.E5 E.2 5.15 5.z5 455 4.35

LEHGTH
aF
SUFFOR
TING
LEHGTH |EARIN
QFEAR |STEM d.EE 5.0 4.225 992 d4.292 592 FEEZ 356D 2ETE 0

Ho aF
EARIN
QUTER
WALL .50 10 i i bl 10 T ] 5 3
HoaF
EARIN
IHEF:
WALL 5.7z ] E ] ] ] ] ] ] iz
HiOF

EARZIN
SUFFOR
HOOF  [TIHG

EARS [LEMGTH 5.7z ] E ) ] ] ] ) ] L]

QUTER
WALL T9.23 75 ral ET B3 59 ki ki Z5) 15

INHEF:
WALL q47.7% 47 45 q43 i) 37 35 2 Fa) 13
SUFFOR
TOTAL |TIHG

LEHGTH |LEMSTH 2E.ED 0 ki 2d 2k 22 19 21 1% L]
QUTEFR
WALL 0.5 1 1 1 1 1 1 1 1 1

INHER:
WALL EX:1) | 2 Z | | | 1

SUFFOR
WEIGTH | TIHG
JMETRE |LEMGTH .47 z 2 2 z z z 2

MAIN
E&F | WEIGHT |TOTAL FEOEE 257 23T z2d 123 164 119 k) TE 59

Figure 3.11 STEM MAIN BAR REINFORCEMENT



» DISTRIBUTION BAR

DISTRIE
UTIoN
EAF

HOOF
EAF

TOF
FART

325

18

EOTTOM
FART

9.75

LEHGTH
QFEAR

ToF
FART

FE0.0

FE0.0

FE0.0

FE0.0

FE0.0

FE0.0

FE0.0

FE0.0 FE0.0

FE0.0

EOTTOM
F&aRT

£50.1

£50.1

£50.1

£50.1

£50.1

£50.1

£50.1

£50.1 £50.1

50.0

TOTAL
LEHGTH

ToF
FaRT

2%

2%

2%

2%

2%

2%

|

EOTTOM
FaRT

.3

L |

T.0)

E.Z)

.5

Z.4) Z.d|

WEIGHT?
HMETRE

TOF
FART

0.9

0.5

0.5

0.5

0.5

0.5 0.5

0.E

EQTTOM
FaRT

0.4

0.E|

0.E|

0.E|

0.E|

0.E|

0.E|

0.E| 0.E|

0.E

TOTAL
WEIGHT

TOTAL

9.8

E.T

E.0

5.5

5.2

5.0

5

2.9 2.5

gure 3. 12 STEM DISTRIBUTION BAR REINFORCEMENT

REINFORCEMENT DETAIL FOR BASE
> MAIN BAR

EASE

DESCRIETION

TYEE 10

TYFES

TYEE

TYEET

TYFEE

TVFES

TYFEA

TYEE:

TYFEZ TYEEA

LEHGTH
OFEAR

o

o

o

oo

o

a0

Mo OF
EARS

LEMGTH

o

o

o

o0

o

N

EQTTOM
EDGE

N-r3

N-r3

.53

5%

29

T3

N-T3

N-T3

.52

5=

N-T3

29

RT3

RT3

=T

zal

2o

za

WEIGTH
PHETRE

ez

2

ez

==.00]

zE.

za.aol

EERT

EQ

A1.27)

EER

75|

.17

z0.

50|

=5,

=517

zz.21

21,

7=

=373

EEX

@z

=771

za.

=3

==

z14z

EERTY

15

as

TOTAL
LEMGTH

19.00]

1010

50

MEIN
EaR

TOTAL
WEIGHT

zdz 50

1za.

on

17z

az

16z

T al

157 an

126 02

az.

212 0]

=z 24

Figure 3.13 BASE SLAB MAH\ REINFORCEMENT



DISTRIBUTION BAR

DISTRIE
UTION
EAR

19

TOE
FART 0.5 o L 575 575 A5 N I.5% Tz e
ZRUARE
FART 2.50 213 2.50 2.50 213 Ak 213 190 140 175
HOOF  |HEEL
EAF |FART 2350 1958 d.83 .17 .5 1662 1563 1.7 140 575
TOE
FART £50.00 £50.00 A50.00 50,00 £50.00 A50.00 £50.00 £50.00 50,00 £50.00
ZRUARE
FART £50.00 £50.00 £50.00 £50.00 £50.00 250,00 £50.00 £50.00 £50.00 £50.00
LEMGTH |HEEL
QFEAR |FART 50,00 50,00 F50.00 50,00 50,00 250,00 50,00 50,00 50,00 50,00
TOE
FART DEE e LEE EE e LEE DLEE 0EE 0Ez e
ZRUARE
FART 0E2 Qe 0EZ fEZ 0LEZ Qe 0.2 fEZ 0E2 Qe
WEIGHT! |HEEL
METRE |FART e D& 0EE k2 L& DLES 0.6 k2 D2 D&
TOE
FART e B0 5.45 4.9 4.39 4.1% =149 205 280 Z.TE
TOTAL [SQUARER kA K 1.3 z.ix kA K 1.3 1.3 181 1EE 1EE 1.4
LEHGTH |HEEL FAR d.i¥ 1647 11 2054 14.77 1443 1523 4.85 244 T.dd
TOTAL
WEIGHT 211 15.00 i v 125 1z.de .23 a0z .61 121

Figure 3.14 BASE SLAB DISTRIBUTION REINFORCEMENT
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3.2 SOFTWARE ANALYSIS OF RETAINING WALL

STAAD. Pro model simulates the wall as a vertical slab with base and lateral
loads. Pressure loads are applied as surface loads using element load
commands. Seismic forces are included using lateral pressure values calculated

from pseudo-static methods.

Load combinations used:

- Dead Load (DL)

- Earth Pressure (EP)

- Seismic Load (EQ)

- DL + EP

_DL + EP + EQ

The output includes displacement, base reactions, and stress contours which

are validated against the manual Excel design.
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32.1 RETAINING WALL DESIGN
Figure 3.15 RETAINING WALL VIEW
N " x bl el

i rm rm
1 o000 0. 000 0. 000
2 | 2azs: o.000: 0.000 |
= | ¥.io0i o.ooo0i 0.000 |
ST — Tl W— it —
s | o.000: o.0o00;: 1.000
s | Zazs: o.oo0i 1.000 |
¥ | ¥.A00:i o.oo00: 1.000
B | UZiaze shos ) iinoo
S

Figure 3.16 NODE DETAILS
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322 STAAD COMMAND FILE AND ITS ANALYSIS

In order to verify the design of the RC cantilever retaining wall under seismic
conditions, STAAD. Pro was used to model and analyze the structure. The STAAD
input file was created using standard IS codes and engineering judgment to simulate

actual site conditions. Below is a detailed explanation of the STAAD command file

STAAD SPACE

START JOB INFORMATION
ENGINEER DATE 19-May-2025
END JOB INFORMATION

UNIT METER KN
INPUT WIDTH 79

+ This initializes the STAAD project in space frame mode, suitable for 3D
structural analysis. Job metadata such as date and engineer information are
specified.

* 1. DEFINE MATERIALS
st st st she she sfe sk ske ske sk sk sk sk sk sk sk st she sk sfe she she sk ske sk sk sk sk sk sk sk st st she sk she sk ske sk ske sk s sk sk sk sk sk ste sk sk skeoskoskoskoskoskoskok sk ok skokok
DEFINE MATERIAL START

ISOTROPIC CONCRETE

E 2.17185e+07

POISSON 0.17

DENSITY 25

ALPHA 1¢-05

DAMP 0.05

END DEFINE MATERIAL

+ Defines the properties for M30 concrete:

* 2. DEFINE SECTION PROPERTIES
sk sk sk sk ske sk sk sk sk sk ske sk sk sk sk sk sk sk sk skeoske sk skeosk sk sk sk sk skeosk sk skeosk skeoskeosk sk skeosk skeoskeosk sk skosk skeoskeosk skeoskok skokok skokok skokok skokok
DEFINE

SLAB PROPERTY 0.25

MEMBER PROPERTY CONCRETE

END DEFINE

+ Assigns a thickness of 0.25 m (25 cm) for the retaining wall, modeled as a slab
using plate elements.
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* 3. NODE & ELEMENT GENERATION (EXAMPLE FOR 6m HIGH WALL)
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk sk sk sk sk sk skeoske sk sk sk skeoske sk sk sk sk sk skeoske sk sk sk skt sk sk skoskeosk skt sk sk sk skosksk skk

* Define wall height (H), base width (B), and thickness (t)

* Wall modelled as vertical slab with base slab

NODE1000

NODE2005

NODE3060

NODE4065

ELEMENT PLATE 11243

+ This section creates the wall geometry:
o Four nodes define a rectangular wall: 6 m tall and 5 m wide
o A single plate element is created using these nodes to simulate the wall

body.

* 4, SUPPORT CONDITIONS

sk o R R KR R R SRR R R SR SR R R SR SRR R RS KRR R SRR R R R SRRk
SUPPORTS

1 FIXED

3 FIXED

+ Nodes 1 and 3 (bottom corners) are fixed in all directions. This simulates the
wall being fully embedded at the base into a rigid foundation, restricting all
degrees of freedom.

* 5. LOAD DEFINITIONS

st st sk s s sfe sk sk sk sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ste st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skoskokokoskoskoskoskokokokok

DEFINE LOAD COMBINATION
LOAD 1 DEAD LOAD
SELFWEIGHT Y -1

LOAD 2 EARTH PRESSURE
ELEMENT LOAD
1 PR GY -30 * (Apply as pressure on wall — adjust based on soil)

LOAD 3 SEISMIC LOAD (LATERAL EQ)
ELEMENT LOAD
1 PR GX 10 * (Adjust based on Mononobe-Okabe Pe value)

* Applies self-weight of the concrete wall in the negative Y direction
(downward).
+ Simulates vertical pressure (possibly due to surcharge or soil weight above heel

slab) acting downward on the wall.

+ Applies lateral pressure on the wall in the X direction to simulate earthquake-
induced active earth pressure. Value is based on the Mononobe-Okabe method.

* 6. LOAD COMBINATIONS

sk ok s sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk

LOAD COMB 10 DL + EP

11.0

21.0

LOAD COMB 11 DL + EP + EQ
11.0
21.0
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31.0

+ Combines dead load, earth pressure, and seismic forces

+ Load Combination 11 represents the worst-case scenario for design under
seismic loading

*7. DESIGN (OPTIONAL: RCDC OR MANUAL)

st ok st sk sk ok sk sk sk ok st sk sk ok ot sk sk ok st sk sk ok st sk sk ok ot sk sk ok ot sk sk sk st sk sk ok ot sk sk ok ok sk sk sk ok sk sk ok ok stk sk ok sk skosk keskosk sk ok
* Commands for concrete design (optional)
* Design wall reinforcement manually or export to RCDC

* 8. FINISH

st st st she sfe sfe sk ske ske sk sk sk sk sk sk sk st she sk she she she sk ske sk sk sk sk sk sk st st st she sk sk sk ske sk ske sk s sk sk sk sk sk ste sk sk skeoskoskoskoskoskoskokosk ok kokok
PERFORM ANALYSIS

PRINT ANALYSIS RESULTS

FINISH

+ 0 Executes the structural analysis for all defined load cases and combinations
+ [J Outputs displacements, moments, and reactions for further interpretation

The results from this STAAD analysis were compared with hand calculations and
used to fine-tune the final structural design for safety and efficiency
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CHAPTER 4
RESULT AND DISCUSSION

4.1 STABILITY CHECK SUMMARY

Table 4. 1 Stability checks

Check Value | Status
Factor of Safety (Sliding) >1.5 Safe
Factor of Safety (Overturning)|>1.5 Safe
Base Pressure (Max) <SBC| Safe

This table provides us the summary of stability of the retaining wall by

providing us the details of various checks

4.2 STRUCTURAL MEMBER DESIGN AND REINFORCEMNET

Design and reinforcement detailing based on Excel and STAAD output are

summarized below:

Table 4. 2 Reinforcement Details

Member | Bar Diameter (mm) | Spacing (mm) | Ast Provided (mm?)
Stem 12 110 4464.3

Heel Slab | 10 90 873.0

Toe Slab | 10 140 1436.7

The results from STAAD closely match the manual design, with maximum

bending moments in the stem and heel matching within 10% error range.
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4.3 SESIMIC EFFECTS

The inclusion of seismic loading led to an increase of approximately 35% in
the lateral earth pressure on the wall.
Key observations from STAAD analysis:
e Maximum displacement at the top of the wall: 8.2 mm.
e Maximum stress concentration: At stem-base junction
e No signs of instability or failure in any load combination
The Mononobe-Okabe method used in the Excel design and STAAD loading

assumptions were consistent and effective for estimating seismic impact.

4.4 PERFORMANCE OF WALL TYPES

The study examined 10 types of retaining walls by varying:
e Height (3 mto 8 m)
e Backfill slope (horizontal to 30°)
Findings:
e Taller walls required broader base and more steel in heel and toe
e Inclined backfills increased horizontal pressure significantly
e Walls with compacted and lightweight backfill performed better under

seismic loading

4.5 PRACTICAL CONSIDERATIONS

e Construction feasibility:  Steel detailing ensured practical
constructability for ease of bending and placement

e Durability: Use of M30 concrete and adequate cover ensured long-term
durability.

e Cost efficiency: Balanced use of concrete and steel and optimized
geometry helped reduce concrete and steel quantities without

compromising safety
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4.6 LIMITATIONS

e The current analysis assumes uniform backfill and dry conditions;
water table effects can be incorporated in future work.

e Nonlinear and time-history dynamic analyses can offer more precise
results for critical projects. Which could provide deeper insights into
dynamic performance

e Soil-structure interaction was not explicitly modelled; could be added
through FEM tools

e Use of smart materials and real-time sensors could be explored for

future designs
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CHAPTER 5
CONCLUSION

This thesis demonstrates an integrated approach to designing reinforced
concrete cantilever retaining walls under seismic conditions. It successfully
combines manual calculations through Excel with detailed finite element
modelling using STAAD.PRO.

Key conclusions:

e The wall designed is stable under all critical combinations of static and
seismic loads.

e According to the Mononobe-Okabe approach, seismic loading
considerably raised the lateral earth pressure (by around 35%),
demonstrating the significance of seismic considerations in wall design.

e Using Excel programming to increase design efficiency and Rapid
analysis and structural inspections for various wall configurations were
made possible by a specially created Excel design tool. With a high
degree of correlation in moment and shear predictions, the tool was
verified against STAAD output and demonstrated utility for design

iterations.

STAAD Input File Explained for Practical Use:

e The model setup, including material definitions, element generation,
supports, load applications, and analysis commands, was explained in
detail. This helps in understanding STAAD usage for similar structural
problems

e Validation of Finite Element Using STAAD.Pro:
The STAAD results gave important information on the wall's
displacement patterns and stress distribution under actual loading
circumstances.

e Seismic loading increases the design demand, but can be safely
managed through proper detailing.

e Reinforcement design confirmed the adequacy of both manual and

software-aided analysis.
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FUTURE SCOPE OF WORK

Future directions could include more advanced numerical modelling, inclusion
of hydrostatic pressures, climate-related changes in soil behaviour, and
implementation of smart sensing technology for real-time monitoring. The
developed Excel tool can be expanded into a GUI-based software for quick parametric
design. Sustainability and Cost Optimization, Green materials like recycled

aggregates and geogrid backfill can reduce costs and environmental impact
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