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CONSTRUCTION OF BI-DIRECTIONAL TUNNEL AT “KM 83” OF LENGTH 495m APPROACHES ROAD OF 664M AND A MAJOR BRIDGE OF 110M

FROM KM 82+675 TO KM 82+925 ON NH-244 IN Jammu& Kashmir ON EPC MODE

Specification: Two Lane Two Way(2L2W)-Lane width : 3.5 m : Spacing of Contraction Joint : 4.5m
Design Parameters Value adopted with units Refrence

A. Modulus subgrade Reaction

CBR ( Compacted Subgrade) 15% Site Data

Modulus of subgrade-( strength of subgrade) 62MPa/m Table-2(IRC:58-2015)

Thicknness of granular base (I&II) 200mm Contract Document

DLC sub base thickness (adopted) (M-6.5 to M7.5) min strength 7N/mm after 7
days 150mm Contract Document

Effective Modulus of subgrade (subgrade+GSB+DLC) -Interploation 293MPa/m Table-4(IRC:58-2015)

B. Selection of Flexural Strength

28 days compressive strength of Cement concrete for PQC

> 40 Mpa ( Target strength after 90days
48MPa) Ft= Fck+1.65*5 IS:10262 (2009) &IS :456200

28 days flexural strength of Cement concrete for PQC 4.4 to 4.5 Mpa (4.84 Mpa after 90days) IS:10262 (2009) &IS :456200

C. Design Trafic criteria:

Design Period 30 years

IRC:58-2015/ Contract
document

Design Traffic 20msa Contract Document

D. Cumulative Fatigue Damage (CFD) analysis for Bottom-Up Cracking

(BUC)and Top-Down Cracking (TDC) and Selection of Slab Thickness

Effective modulus of subgrade reaction of foundation, k 62MPa/m

Elastic Modulus of concrete, E 28000 Mpa

Poisson’s ratio of concrete, μ 0.15

Unit weight of concrete, γ 25 kN/m3

Design flexural strength of concrete 4.8 Mpa

Max. day-time Temperature Differential in slab (for bottom-up cracking) 15.8 Degree C

Table-1(IRC:58-2015) for
thickness range of 300mm-

400mm (location : J&K)

Night-time Temperature Differential in slab (for top-down cracking) =day-time diff/2 + 512.9 Degree C

Lateral placement factor (0.25 for 2 lane 2 way) 0.25

Factor for selcetion of traffic for BUC analysis (for six hours period during day) 0.25

Other Details

Shoulders : Tied concrete shoulders Yes ( paved shoulders)

Criteria : Concrete pavement bounded with Dry lean concrete

Hence, design number of axle load repetitions for bottom-up cracking analysis = 20000000

IRC:58-2015 Guidlines of

Plain jointed Rigid Pavements for Highways

Design of Slab thicness for pavement
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4.4145 4.0
293 3.5

2.943E+04 2
0.15 Divided

1.00E-05 290

800 0.676
7.5% 103.40

30 0.75

0.34 0.54

Axle Load, t LF*Axle Load, t No. of Axles stress, kg/cm2 Expected No. Stress Ratio Allowable No. Damage Ratio

16 19 0 16.7 0 0.37 Unlimited 0.0
14 17 8 15.0 42891 0.33 Unlimited 0.0
12 14 21 13.4 111162 0.30 Unlimited 0.0

10 12 71 11.6 370668 0.26 Unlimited 0.0
8 10 501 9.8 2604818 0.22 Unlimited 0.0
6 7 1536 7.8 7982281 0.17 Unlimited 0.0

4 5 2093 5.7 10879141 0.13 Unlimited 0.0
2 2 274 3.3 1426296 0.07 Unlimited 0.0

24 28.8 2 24.73 12690 0.55 126167 0.101

22 26.4 2 23.26 12690 0.52 367648 0.035
20 24 158 21.72 819029 0.48 2004954 0.409
18 21.6 43 20.17 221403 0.45 90733912 0.002
16 19.2 184 18.45 956728 0.41 Unlimited 0

14 16.8 552 2869137 0.00 Unlimited 0
12 14.4 890 4627569 0.00 Unlimited 0
10 12 437 2273248 0.00 Unlimited 0

40 48 8 16.76 42891 0.37 Unlimited 0
36 43.2 86 15.53 446756 0.35 Unlimited 0
32 38.4 88 14.23 458984 0.32 Unlimited 0

28 33.6 237 1231501 0.00 Unlimited 0
24 28.8 638 3317578 0.00 Unlimited 0
20 24 745 3870601 0.00 Unlimited 0
16 19.2 291 1514834 0.00 Unlimited 0

48 57.6 15 21.54 78871 0.48 2646545 0.030
44 52.8 207 20.06 1073331 0.45 151766641 0.007

40 48 45 18.55 235089 0.41 Unlimited 0.000

0.58

Proportion of trucks plying along edge Directional Distribution Factor

Trial Thickness of PQC, mm
Radius of relative stiffness, m

Design Life, Years
Growth Factor
Lane Distribution Factor

Poisson's ratio Type of carriageway

Growth rate of traffic

Flextural strength of Concrete, Mpa

Elastic Modulus of Concrete, MPa

Width of slab, m

No of lanes in both directions

Effective modulus of subgrade reaction of DLC subbase, MN/m3
Spacing of Contraction Joints, m

Coefficient of thermal expansion of concrete, / 0C
Tyre pressure, kPa

Tridem Axle

Single Axle With Single Wheel

Single Axle with Dual Wheels

Tandem Axle
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Since summation CFD is less than 1, i.e 0.58, Hence safe n ok

I. Thickness Design:

Considering pavement option as Concrete bound pavement bounded to Dry lean concrete layer (DLC), 7days 9-10

MPa strength, DLC is imperative for the said case of Rigid pavement.Cement content in Dry lean concrete must not

be less than 170 kg/cum. Separation membrane is recommended to be placed between the base and the concrete

slab (PQC) to make the interface condition smooth. A de-bonding interlayer ofpolythene sheet white or transparent or

any other colour having a minimum thickness of 125 micron isrecommended as per the current practice in India.

Granular sub base of 200mm thickness above sub grade is recommended.

Assuming that doweled transverse joints and tied concrete shoulders will be provided, the thickness of slab required

for the given traffic conditions and other design data = 0.30m

E(Concrete)=30000MPa E(DLC)= 13600 MPa ; Poisson's ratio(con)= 0.15; Poisson's Ration (sub)= 0.20

Provide DLC thickness of 0.15m (DLC of 9-10 MPa strength at 7days is considered)

Depth of neutral axis (computed using equation11 of IRC:58-2015) d= 0.19m

Flexural Stiffness of slab proposed to be placed over DLC (Equation 12 of IRC:58-2015)= 83.78MN.m

Flexural Stiffness of DLC (Equation 13 of IRC:58-2015) =34.77 MN.m
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Combined stiffness of Slab and DLC = 118.55 MN.m

Stiffness of design slab of 0.3m thickness (Equation 10 of IRC:58-2015) =69.05MN.m

Combined stiffness is more than Design Stiffness requirement. Hence Ok :

Conclusion: Adopt 300mm thickness of PQC with 150 mm DLC and 200mm GSB

II. Design of Dowel bars:

Slab thickness : 300mm

Joint width = 20mm

Radius of Relative stiffness = 1035.3 mm

E for dowel bar = 2 x 105MPa

Modulus of dowel support, kmds= 415000 MPa/m
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Since Bearing stress in dowel bar is less than permissible bearing stress in concrete computed using e.15 IRC:58-

2015.

Dowel bars of dia 32 mm, with length 500 mm and spacing 300mm is recommended for the current rigid pavement .

32 mm
500 mm

5.14719E-08 m4

400000 Mpa
200000 Mpa

88.29 kN 88.29 kN

0.15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.15

1 0.712644 0.425287 0.137931 0 0

15.52 kN

29.23 Mpa

23.61 m-1

28.31 MpaBearing Stress in Dowel

Diameter of Dowel
Length of Dowel

Moment of Inertia

Relative Stiffness of Dowel

Modulus of Dowel Support
Modulus of Elasticity of Dowel Steel

Load by each Dowel

Max load by one dowel

Permissible bearing stress
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III. Check for Corner stresses:

Corner stresses have been computed The maximum stress (bending tension) σc and deflection δ c due to the load at 

corner of a rigid slab is given by Westergaard as:

The above equation for sc as modified by Kelly is being used byIRC for computing the wheel load stress at corner
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Axle Load, t 24
Wheel Load, t 12
Radius of contact, cm 30.59
Corner Stress, kg/cm2 17.30

Check for Corner Stress

And is worked out as : Computed using Excel program

:

Since , Corner stress is less than Flexural strength of concrete and the pavement thickness of 300mm assumed is

Safe

IV. Design of Tie Bars

Area of steel required per metre length of joint has been computed using the following equation:

As per the provisions of IRC:58-2015, The length of any tie bar should be at least twice that required to develop a

bondstrength equal to the working stress of the steel. The formula for estimating the length of tiebar is given as

equation 17.
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Deformed bars
Area of tie bar steel, cm2 3.024 1.89
Area of 12 mm tie bar 1.131 1.131
Perimeter of tie bar 3.770 3.770
Spacing, cm 37.400 59.840
Length of tie bar, cm 57.857 63.780

Tie bar design

(i).Slab thickness =0.30 m (v). Allowable Tensile stress in deformed bar, Sst (MPa)= 200 (IRC:15-2011)

(ii).Lane width (b) = 3.5 m (vi).Allowable bond stress in deformed bar(B*) =2.46

(iiii).Coefficient of Friction (f) =1.5 (vii).Dia of tie bar = 12 mm

(iv).Density of concrete( KN/m3)= 24 (viii). Area of Tie bar= 113.1 mm2

Spacing and Length of Deformed bars:Using Excel developed programme using above equations and

parameters
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Design Conclusion:

I. Provide pavement thickness of 300mm Pavement Quality Concrete ( PQC ) having 28-days Flexural and

Compressive Strengths 4.5 MPa and 40 MPa respectively over 150 mm Dry Lean Concrete Subbase with a

minimum 7-Day Compressive Strength of 7 MPa with 32 mm diameter Dowel bars of length 500 mm at a spacing

of 300mm and deformed Tiebars of 12 mm diameter, 640 mm length at a spacing of 600 mm (c/c).

II. Provide a drainage layer (GSB) of 200 mm thickness with a drainage coefficient of min. 350 m per day.
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S. No
DESIGN CHAINAGE

LENGTH DRAIN TCS TYPE
From To

01 0+000 0+065 65 Both Sides TCS-1

02 0+065 0+128 63 Both Sides TCS-1

03 0+733 0+745 12 One Side TCS-3

04 0+745 0+780 35 Both Sides TCS-1

05 0+780 0+845 65 One Side TCS-2

06 0+845 0+880 35 One Side TCS-3

07 0+880 0+935 55 One Side TCS-3

08 0+935 0+975 40 One Side TCS-3

09 0+975 1+015 40 One Side TCS-2

10 1+015 1+080 65 One Side TCS-3

11 1+080 1+155 75 One Side TCS-2

12 1+155 1+215 60 One Side TCS-1

13 1+215 1+240 25 Both Sides TCS-2

14 1+240 1+269 29 One Side TCS-3

Roadside Drainage
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III.
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Pavement Quality Concrete (PQC)300 mm

Dry lean concrete (DLC)150mm

GSB -I - 100 mm

GSB -II - 100 mm

Sub grade
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lYPICAL SECTION - 1
FOR  RR.  DRY  MASCINRY  RETAINING

WALL OF HEIGHT 2.5M

TYPICAL SECTION -3
FOF` F`R. DFiy MASONRY  F`ETAINING

WALL OF HEIGliT 3.5M

¢R.   W`S   ON   ROCK   STRATA

lYPICAL SECTION -2
FOR  F`R.  DRY  MASONRy  RETAINING

WALL OF  HEIGHT 3.OM

lYPICAL SECTION -4
FOR RR.  DRY  MASONRY  RETAINING

WALL OF  HEIGHT 4.OM

NOTES:-

1     Au.   DiMENsior`i  Aft   IN  I.iLLiMETErs.  LEVEis  N  MfiTR£S
AND  CiiAir`IAOEs  IN i<iLciMETERs uNifss  oTHER`^/isE  MEr\iTioNED

2     n+E  ORAwi^io  si+ALL BE F`eAO IN CON.UNCTION  win+  RELEVANT
AFPFmrEt)  H icrM/Ay  DRAwlhlos  FOR  sTRucTURE  oRiENT^TloN.
6t<Ew ^NGi£ ,  FRL  a  c^iiBERrsii peReLE\r^Tio^i  ETc

3     15o   0iA  \^rEEP   }+OiES   Wr"   SLOPE    I    lN   2o  SHALL   BE
PROVIDED  AT  SPAclllc   Cf   lcoo  OC  BOTH   HOQIZONtALT  AND
vEf`Tic`ALLy  (STAGGERED) IN  F`jLL HEiaHT  oF THE  aETAiNit`ic
w^LL  wlTri  BOTioM  wc>sT Row  isoMM  ^Bo\/E  QL

4     BACK  FiiLir`iG AND  oEo  coMpcisiTE   MEroqANE    8EtimD  THE
RETAniit\io  WALL  sH^LL  coNFiRMiNo  To  lRcr7o€oi4  HAviNa
Pf`cipERTiE§  o= ae .c =o    CONTRACTOR  wiu  ENsuf`E  cAREfuL
piACEMENT  Of  BAci<FiLL AND  pROpER  pAci<INO.  FraopER  BONoiNO
oF  MLsoNRv  couRSEs rs  pEF`  spEciFicAnc)Ns  or  iRc:sp:  48-`090

5\    CEMEr`rT   in:RTAF`  u®)   rs  ro   BE  GI\/EN   FOR  CoPING,

6       THE  REQumED  SAFE   BEARING  c^pAciTy   is  20  T;sow.  wiicti
sHouLD   BE  cHEa<Eo  A^ro  \/ERiFIED  AT  siTE  BEFORE  E>ecuiioN  oF
WORK.   If  AI`IY  VARIATION  NOTICED,  IT  SllouLD   BE  INFOROu:O  TO  THE
DES +ON C OhsuLTANT

7     ^iiNiMUM   EDGE  AT  Tc€   END  sHALi   ee   Mit`iiMUM  9OOMM   FBOM  TOE
As    PER    rs    i904

RR       MASONRy     SPE.C`lH(.ATlous      (AS     PER      IS      15W(l)   1992
1      SIZE:TllE  IENCTll   Cf   STONE   Sl+ALL  NOT  EXCEED  THREE   TIMES  THE   HEIOHT

AhcoREADTH   c>N  aASE   st`ALI.  NOT  BE   GREATER   THAN   THREE   FOuRTH  OF
Tmct{NESS   OF  WAu   r`iof\   LESS  TliAN    is00rm`.  THE   HEIGHT  0F  STor`lE   FOR
R\JBBLE    MASot`IF{y    hu`V   6E   UP   TO    30t)in.T`.

2     ||^TERl^L     ALL   STO^lES  USED  SllALL   BE  OF   STRONO   llAID  MD   DURABLE.
ALsO  iF  sHOuD  BE  FREE  FF®ciM  OeFECTs  Li.tE c^vmEscf`Acrs fLA\^/s.
SAND  HOLES, "E  PERcfhITACE  Cif  WAIEF`  ABSOBPTIDN NOT  EXCEED  6  PEBCENT.

3     f:oNsiRl lc"f`^l  apERATio^i8:    THE   STONE   siiAii   e€   LAID   so  T+iAI
THE   pRessLreE   is ALWAvs  pERPENDicuiAa  To  THE  NATURAL  OED   sITor`iEs  SHALL
Bt suFFiciE NrLy WETTED BEFOFiE LAImre TO PBEVENT ABsOFtpT.ON  OF wATeFi
FRc"  MCFTAR,vERiroAL  ioINTs  sHALi  BE  STACRIREO  A8  FAFt As  pOssiBiE.
BELL SHAPEO  BohiD sTONEs  As   HEADErs   siiALL  ^ioT  BE   USEO
AT All_ ANGULAR  j\.NCTioNs  THE  sTONEs  AT EActi  ALTERNATE  cO\nsE
SHALL  BE  wELi  BONrm D  INTo  REsPECTivE  couRSEs  oF THE ADJACENT  wAiL.
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TYPICAL SECTION -5
FOR  RR. DRY MASONRY RETAINING

WALL OF  HEIGHT 4.5M lYPICAL SECTION  -6
FOR RR. DRY  MASONRY RETAINING

WALL  OF  HEIGHT 5.OM 1YPICAL SECTION  - 7
FOR  RR.  DRY  MASONRY RETAINING

WALL OF HEIGHT 5.5M
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lYPICAL SECTION -8
FOF` RR.  DRY  MASC)NRY  RETAINING

WALL 0F HEIGHT 6.6M
lYPICAL SECTION -9

FOR  RR.  DRY  MASONRY  RETAINING
WALL OF  HEIGHT 6.OM

TYPICAL SECTION -10
FOR RR.  DRY  MASONF`Y  RETAINING

WALL 0F  HEIGHT 7 0M
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