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b LEF Example

- “h= standard axle weights for a standing-room-only loaded Metro articulated bus (60 ft. Flyer) are:
Axle Empty Full
Steering 13,000 Ib. 17,000 [b.
Middle 15,000 Ib. 20,000 Ib.
Rear 9,000 |b. 14,000 b.

usng the 4" power approximation, determine the total equivalent damage caused by this bus in terms of ESALs
B ween it is empty. How about when it is full?
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FPavement Design

Table 1 Axle Loa [
d Equivalency Factors for Flexible Pavements

Single Axles (Pt =2.5)

Load
Axle_ 1 Pavement Stuctural Number (SN)

(kips) 2 3 ; (M)

7 0.0004 0.0004 <
..................... g 0.0003 0.0002 00002| 00002
............ 4 : 0.004 0,004 0.003

6 0.011 0.017 : 0.002 0.002
L ; 0.017 0.013 0.01

; 0,000 Y j 0.009
: 047 0.051 0.041 0.034

= 078 = , 0.031
L. : . 102 0.118 0.102 0.088 0.08
L«-” @;zﬁg 0.198 0229 0213 0.189 0.175
& __,T.‘.gi J 0.358 0398 0388 0.36 0.342
16 0591 0613 0.656 0,645 0.623 0.606
| 18 1 1 1 1 1 1

20 1.61 157 1.49 1.47 151 155

22 248 2.38 217 2.09 218 23

24 3.69 3.49 3.09 2.89 3.03 327
| % 533 499 431 3.91 4.09 448

28 7.49 6.98 59 521 539 598

30 10.3 95 79 6.8 7 78

32 13.9 12.8 105 8.8 8.9 10

34 18.4 16.9 187 113 112 12.5

6 24 22 7 14.4 139 155
"""" 38 30.9 283 228 18.1 i 19

40 39.3 @b 285 225 244 23
4N 49.3 45 3.8 278 2586 277

44 613 559 a4l 34 31 3.1
® 755 688 5‘ 4 4 3712 39.3
i > ol 60 53 55

50 112 10 418
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Table 2 Axle Load Equivalency Factors for Flexible Pavements

Tandem Axles (Pt=235)
WF Pavement Skuctiral Number (SN)
ol — 2 3 4 (o]

T 0.0001 0.0001 ~ 0.0001 0 ST
L. 208 i Ouooodl  ooom3f  ooo03] 0002
I - e 0.002 oomt]  ooot| o001

8 S 0.004 0.006 0.005 0.004 0.003 '6303
" | .. 0008 RG] — 0,009 0007 0,008
=T e s e o T o
T4 |00l WL 0.042 0033 0027 0.024

16_ 0.044 0,065 0.08 0.057 0.017 0.043
w9 |00 0.097 0.109 0.092 0077 0.07
0 0.107 0.141 0.162 0.141 0121 011
T80 | 0D 0.198 0.669 0.207 018 0.166
ew | uoml 0.273 0315 0.282 0.26 0242
o6 0.327 037 0.42 0,401 0.364] 0.342
o5 | 0451 0,493 0.548 0,534 0.495 0.48
Y 0.611 0.648 0.703 0.695 0658 10633

T 0.813 0.843 0.889 0,887 0,857 0.834
34 1.08 1.08 111 1.11 1.09 108
3% 1.38 138 138 138 138 138

38 175 173 169 168 17 173
| 40 221 216 206 203 oos). . DA
{5 2.76 267 2.49 2.43 251 261

44 3.41 327 299 2.88 b 316
4 | 418 398 356 3.4 355 379

48 5.08 48 425 3.98 Rl 449
50 6.12 576 5.03 464 4.86) 528

52 733 6.87 5.93 538 563 P
) 6.47 115
L 54 872 8.14 6.95 622 - 18
|56 103 9.6 8.1 2 8'4‘ e
}- 58 12 11.3 9.4 gi —
S e o el 94 96 1

62 165 5ol om0 .

T prvsevrrerTe Y| PRI E A 122 122
Lo 19.4 176 145 L i 0

6 | 24| 203 16.6 ! : = -
e B _ 758 233 189 1?{6 s oy
....... 10 291 - aeE (il ol 192 13
i . | 30.3 24.4 _2 2' ; 2..1.3 .......... N “”236
''''' 74 375 34.4 276 2 - -
76 425 38.9 3 o e %38
i 78 48 hi ﬁ_g 3‘5.: m{;gg ............................... ég ERT i s 517

80 Sl 49.4] 82 ' 2 348
.......................... : 344

82 606l . sl B 382 353 381

84 67.8 = ,._.§l.9- [ o ¥ 43 s, 18.8 4.7

55 1o .- 4 48 426 4

88 843 B e 517 468 9.7
L 90 937 85.4] -
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Pr == /sz,,
L | Forcasted
| i B Forcited | ESAL | fom
(A) (9) (B) (O @) aE
i 0+)y-1 | AxBx365 e xD
&
- y 1 ) 42
PW@’MW 5935 2/ 243 HR65|F88 |0-0003 41:20_7
Smadl Buses 2395 243 2084333 |ooos8! [16833
37 75 |06806 |2FI6H62
Lorge Busn 450 24:3  |399/R75 |0630¢ 62
Pk Trtiohs wibtl . 99.78. |12337F110 00122 150513
2;ﬂ276%m@1% 376 | 4k 2938 |H076138 |0767° 2673947
i : 8646 319530
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@ bg;§1ﬁn \q’ﬂi}zxib& Fawemm? Ecj AASHTO method fm’» L ‘
t"j‘?V‘c“”A‘*h below - (Rive ore ’b’”a& and Put- FOUr sl
£

[ Mo rowd drial Ahickness (% aﬁﬁ)

wg bd‘ag

i Esh mddzd OQQ/SlCCIY\ ESAL = R3.3 i flion

Omaﬂ(jmwihfm‘w =0

49l Charocteristies ¢
( not needed io—v Fhis vath )

frvegnd Dadko

Tutiad Serviconbiliby » o = 46
Terminad 6'wvioe_a'0‘lb‘+g i = 48

| Considar Fao Aege- comstruchion

E be)fgn Roricd = <0 Speors

| ; = 415 yeors
|  Tnitiad pervice A of the. pawerart = 154
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AASHTO Winrksheed For Fieiile Paversent Design

e T [T 3 Braege | Roqured 5N Caicusions T ;
| e | U | Mg | Lok Conso|_aomtaiem | Loy Thckvssed Do
- . : D,=5Nifa,m, - =784
s.meo:use s Exc=| -400000f &= 0.168'UN(Exc) - 1.764 = 0-112 m=| 101 - '* : 8.0
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D=3
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o115
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5Ny % @Mmbg,%% '/ 5020'35; Wysg = 23-3 mullion 'E,35: Mé:gOOODPﬁi',
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From No'mognaph —> SNAE=ES

SN2% Egp= Mp= 11000psi = |1 kat
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AASHTO Design Nomograph for Flexible Pavemert

NOMOGRARH SOINES: : Y
SR ‘ . Aogg
1031316 = TpiSyt 9.:36%0g; (8841) - 0,20 + ~ ol ¥ 23, - .07
‘ e 0.40 ¢ ———== :
s>
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' ‘Esiimoted Total 18- kip. Equivaiants,
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1) Conerele el 79 m/aﬂw’e ( MR)

Q) Modudus l’f ng«aﬂe beétU?’lD‘n( k) [P5'z/inch]
j) beign Araffie volume

LD Axle Load /S»PGCW

b@»‘gn Tna%g@ Vslume
= 365 (ADT) (T) (D) (LD e ) G
N g i — )
ADT = Averege beidy Trafjre ( w“ﬁ’
T = ferconk Lruchs .
et e ok
= ‘A’-nilou:wmk
| = Lane i Cﬁmf;ﬁ; wing (Ao (DR) & lane o)
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o
D =2—Nj
No. Aoeeds

D:PWML‘/@WWM% ,
n; = adlual number %MJ@W in el 4
N; = oo lgads nzeded #o FW /&um

b procedure.
9 Choose o Awiad b thicknawn ()
D) Fop ench axle load  elows
&) Dedgrmine.  Ni fm@}m,ﬁw&
) Divide 1z by N %WM@
e focter] 4,

O)delermire. Ni for [ erosiom feilune

A) Divide ; [’cj N; 4o dederming

2rvsion o\mag& }&C}Tm\ di
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5.5 inch

\

Lot us amsume 5 & Ariak Hhickner
For
/,ubépo.d& < =66 FCE

Modulus of Subgrade Reaction

Desigh k Values for Untreated Subbases
Subgrade l o Subbase k value, pcl &

9in

k value,
ool |Cdiw) || Bin

76

12 1.
S0, 4" urdveide d Aubbor

?u:} 65 S
@ | 140 190
200 i 220 230 320
300 320 330 430
,&abbajre_- ﬂyubgr’w&q_ K
Design k Values for Cement-Treated Subbases =
< = 4130 pex
Subgrade Subbase k value, pc! :
k value, X : > g
pei 4.in. 6 in. 8 in. 10 in
50 170 230 310 380
100 280 400 520 640
200 470 640 830 i

Load Safety Factor (Multiplication factor for axle loads)

ST

High oo 12

(interstates, multilane highways :
Moderate 44

(highways and arterials) '
Low 10

(collectors, residential streets)

Shamsul Hoque, BUET 105

For inferiales , pulhlane L‘ﬁh“mﬁ”’

Lsad 5%@)9/ /ﬁwh’r’ ’

|
|

| There o clgweled éo%

!
|
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Concrete Shoulder

Z Equivalent Stress — CONEIEER
Equivalent Stress — No Concrete Shoulder (Single Axle | Tandem Axie)
(Single Axle / Tandem Axle) —Sb i 6! subgrade-subbase, poi
ckness. =
£ olsl '_)ﬂauu subbasy, el = 130 P&L Lt 50 100 150, 200 300 500 5 ‘
100 150 200 ’—‘""‘W 500 ——— G034 55a/468 517/430  489/422 452/403  40%/3ss |
e e e =P S "““ 4 wﬂw‘i—m&i\ =
8 ¢5 | 099/586 616/500  §71/460 S40/435 4907400  MAB/3TA izl == [hazElacs A1/aee B67/a20) 0ET/N08, L SAlER0 3117274 s
3 et St es. AEAme) TGO SR 680807 5 SBEaDD  B9/300 ARG IPNET 302/254 278/ 26\'23
55 sasneer P« L i FAIETE N . | SHE A4 wup/eN  210/225 24710 oay \
s =5 g P P &5 soamDE  TBRS)  TAESD TEV/ZVE  243/203 223188 oy |
et 0 S moess 3 2887207 s = Ny ;
s R o Seioes  3paro87  d00/244 2730 ———1"Go2270  26k/230 2487210 256/108  220/1B4 203070 1goiy |
B 7 e SR soe ) cE R 23‘/‘3 7.5 276250 2431211 226/193 215/182  201/168 1851155 \75;12 \
5 aepr2s 300288 270241  266/224 2487203 224 1, S ® po e T I i nEP/I68  185/155 170142 1gg; \
¥ [ 3rato  Zioes  SSEOI 40208 T=nes TSR :ﬁ:ﬁ B Taoooie  Z0S/NER  WOMIER TEZS6  170/144 1873y “*“’1‘3255 |
— meam o e sy | NeWe TSR » 7 THINES  vEaras 158/
T - phas B iy (') PSR LEe A e WTRINES e 1 34 1481122 1ag
: | eoaes 2were 5 3 ne g 1630153 164/146  187/137  147/126 Mg
@ | 2457248 2;’5’.’;\12 22;3/::33 ;‘?.:,,:53 :79;':;3 :Z;IAJA 151/124 9.5 2007190 ‘7522 T ‘.361“4 1294108
> 258/235 ‘>v*u'_-' — == —— s 17 10 1867179 164 oo “30 7 V2IN0T 134Gy
. / Lt x:j 1867173 177/160 164/1;; :‘53{”9 1324110 10.8 1744170 154/143 144/ 107/321 1207190 M19401 1134 =
13/222 18741 a6 1664151 15371 / - i 35
[ 200zis  175n74  teans  1sena3 14429 1317113 123/104 i 1847161 “‘2"22 :gﬁg ‘\;?/::); “ﬁgﬂ?}g 112795 10emg
RS | wsamor  Mesanss \oaiis 4S8 1ssaz2 123007 116/08 el ) 1547169 1561 10590 voorss
e - . 5 ey 12 s aenzz 12011 1WA 107/5 096 eny :
A 1 He% e 125 aisy  dau1e7 106 10893 IOV M2 wm n
- 1367135 r12 111 /87 X
| = 7112 107/101  102/95 06/85 80778
f 2 = - = 07/85. 13 130/133 118/ pe
L/ 5 | oyl s e 135 I iay 10p07 10287 S SUBd s R
1227178 7/ e
‘ | 1447182 126/333  116/138  110/109 102788 93/85 86/78 14 118/122  104/103 97,98 93787 87/78 21071 e
.
0
Single. ole

G alab Hhicknom s 95 inch
K fﬂ"’ Aagjnaﬁpz—/wkba/»e = [lg1 Pcl

o EWVM Apes

1

i ’5 X 30 :zo/é

i »
o Stress m)"io/fazﬁw = wﬁ;ﬂ* Zths .

206
650

Gr 3
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Erosion Factor

Erosion Factor - No Dowels, Concrete Shoulder
(Single Axle / Tandem Axle)

Erosion Factor — Doweled Joints, Concrete Shoulder
(Single Axle / Tandem Axle)

L ¥ of suvgrade-suobaze Pt 'Hf.:g“ X 0f subgrade-sunoase, poi
= 00 20 300 500 700 i 50 100 200 300 500 700

a3 324820 22/313 319310 315308 812308 P 3iea4s 342339 308A32 338329 3IRA6 2283

¢ Amis  i05M08 30600 104296  30i/285 29629 <5 | 332239 328/228 324319 32218 319412 11488
Z9i288 290284 2877276 288217 5 170530 316318 312800 310A08 A07/300 204297

281278 279274 276268 273289 58 Jj0mz2 305310 301000 293295 2967280 293236

270271 268265 265236 262254 - [ 300215 205302 200/292 288287 285281 283277

2E1262  2S87ST 2550260 252245 &5 291/308 - 286/296 2817285 279279 276273 274268

S52256 240250 2467242 24323 7 PEyva0z  277/290 273278 2l0272 2887286 263261

2347250 24V244 2387238 232N 7.5 27e207 270284 2657272 262268 260259 257254

236745 233238 23023 2872 8 S G907 264279 2577261 258261 250253 250243

279238 220232 222/224 2207218 55 | 263zen 256274 2517262 248/285 245243 243/243

2227234 219227 218218 213213 3 1[ 2577280 250/270 2447257 242251 220743 23623

Sayo4s 216229 213272  208/214 2017208 25 2517279 2447265 2387253 235246 233238 230233

ooz 2125 207218 203208 201203 10 2467275 200/201 233249 200242 277234 242

Soe2a7 20220 201214 1.§7/205 185199 105 D4l/272  233/258 BZI/2AS 242 LNZW  2ieu

204228 100/216 195208 92201 186465 1" 23268 2280254 222241 - 219234 216226 214220

Low224 193212 190205 L&T/19T 1A H %5 232/065 2024/251 217/238 214231 211/222 2087218

» Toa220 188708 89202 1A219% 178 12 228260  219/248 213234 210227 206218 204213
25 | 1 i Bz 16 184205 1BV1L98 177188 74084 125 224/2.59 215245 209231 208224 202215 196210
: o228 185213 LTwz0t 16195 L7188 170480 13 2207256 D11/242 2047228 201221 198212 195206
35 80220 1817200 175188 17191 1081 83 185177 135 216253 208/239 200225 197218 193208 1817203
TE27 17 L/e206  ATU/LES  16I/LBS  1.64/780 1.BUI T4 4 210261 204236 197/223 1983215 180208 1.87/200

Erosion Factor — No Dowels, No Concrete Shoulder
(Single Axle / Tandem Axle)

4 v~
Ssion Factor — Doweled Joints, No Concrete Shoulder
(Single Axle / Tandem Axle)

.
” fn:-',g ’ ¥ of subgrade-subbase, pel = lBD pct oo k ot subgrads-aubbase, pci ——
i £ 330 700 200 500 in. 50 100 200 300 400 700
P | @ 3 AT3a78 372375 A1%/2373 3704378 2.68/367 4 194403 391/385 3B8ABY 384088 382/383 377/380
 «s | 3msro 3svaes 3sener  hssase 354/356 L88/383 45 A79/301 A76@AS2  37ATS  ATWAT2Z  388O6R  LEADBES
| zasm56 sazasz 3 A/BAB  BAV/AAS DAOAA42 138340 5 306A81 364372 60364 350280 355/A55 352052
56 | 33 47 331341 320/336 178/333 227330 32678 55 A54/372  35V/382 348/3.53 3484349 343/344 3417340
£ 272338 3167331 118326 317323 41523720 24047 L} A 14266 A40/A53 337/A44  AIWI40 B3I 3.30/3.30
__ &5 3117329 309322 107/916 306313 305310 303307 05 134256 330/348 326/336 32531 3221025 3200
10932 Z9wAi4 2971308 296305 295301 284/2 08 7 A200340 321239 317228 315/324 313717 311433
f JULLtA  2UNA0E  28BA00  2RT2Q7 286203 28420 75 A1pA43 313332 309222 307/317  3.043.10 302306
4 2501 B2 < 280093 219288 2717285 276282 8 311/337 304326 20VAI6 299310 296203 294299
B | 27301 214293 2712286 271/282 2697278 288275 85 304332 293721 293/310 29304 2BA207 2871293
b [ 27026  2Bi2br 286280 263276 264271 2628 ] 298m 27 291310 206205 284/290 281282 27972 ar
(O | w2 zepd 250244 236270 288288 2 a5 | 20pm22 288311  2B80A00 277284 2757288 27328
14 756265 2bA/276. 28V/288  250/264  24R/259 10 2060018 27%0068 2747285 271280 226828 266276
105 250281 24772 T1 24203 1A42%%  242/264 106 2817314  274/3.02 268/291 21AS2A AN LRRAIN
3 raasza. o00as  UAROS USRS AR » 2TIBA0 260208 263/288 200280 2.87/272 254267
o gty 2INLER 2 33/2 54 252249 2.30/2.44 115 2712306 2.64/2.04 2.5872 82 285/2768 2™/268 24922 33
12 T2 68 200288 L20/249 216/244 222N 2 2687303 200/290 2507270 2507272  248/204 2441250
128 228264 225254 223745 221/240 219235 125 | 2647298 255287 248275 245268 2417260 220065
13 7201 220280 2189241 216236 214230 260/2.08 2.51/283 244271 240266
s | zwesr 2iszer 219287 21128 200228 | 28629 247200 2407208 23824 i:n'?-: immm“
i ZiiiA 211/24) 206204 207/228 208228 283290 1407277 2367205 23225 2120280 1A

Fgrr T
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!' ’ Axle Load Spectrum

f i 1,837,000 m
1.800,000 i

1 600,000
1.400.000
1.200,000

1,000,000
I 500,000
,:f 800,000 |
I 400,000

| 200,000

Frequency

/ 12 14 18 LG 22 24 28 28 30

1,800,000
| 1,600,000

/ 400,000 |1.355.000

1,227,000
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Calculation of Pavement Thickness Y
Project —
9:5 i Doweled joints yes no >
;“Z’b‘h'd‘”e;: d#ki j:_@_(j,— pci Concrete shoulder ’Zyoes no
-“ UTL:S::U (:i::u:; -TL‘:QQ* = = esign Peno: ——_ Yyears
[‘:):i saletl/inctor L‘S": ﬂi',?: — e i :
f‘ Fatigue analysis Erosion Analysis
Axle ‘ Multipled Expecled L i
Load oy repetilions Allowable Fatigue Allowable Damage
kips LSF l repetilions Percent repetitions iﬁe:“k
NS f 3 4 5 6 ¥
iv S Q.Dé . Erosion factor _'?_'é ,9__
: z:‘r:s:':;losf‘:?or 0-3TF i B 2
Single Axles "—'—I—Tﬁm Mﬁmz X100
26 |35 63l D HOPIE 234 |1760,000 |0-37
28 [ 336 14690 55000 [7.3_| 2500,000 | 0.6
26 | 32| 30140 250,000 | JR-1 | 3900,000 |p-FF
24 | 288 ] 64400 500,000 | 4-3 | 6500,000 | 4-0O
[ 22 [ 264 ] 166900 urlimited | O |11000,000 | 0'97
[ 20 [ 24 | 235800 T-57.1|24000,000 | 0-98
[18 | 916 | 307200 70000,000 | 0-44 |
| 16 | 19-2] 422500 unkimited | o |
11. Equivalent stress 192 13. Erosion factor 2 1 9
Tandem Axles - , 12. Stress ratio factorcw,.g'_2_15~ C.O'?mg
el 4 X100 o™ & X100
| 52 [82.4] 2]322 1660,000 [2132 [1606.000 |2.75 ]
48 | 57-0] 47790 wlimited | 0 | 1700,006 | 2:52
44 | 628 | 124900 5-2132| 2500,0600 | 5.0
40 | 45 | J9 0 4700,000 | 7-93
36 [432| 385300 10000,000 | 8- 9
| 32 [284] 930700 254000,006 | 3-9
| 28 [ 336 | 14696000 50000,000 .35
| 24283 935900 [mited -
Total= 59232 Total= 3 .35
106|Page
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Commerts
First Foiad with £ = 9:5 inch
Toted Fa;’%ju& & Damage. = Fa%‘gm‘% + Damage 7,
= 59232+ 3735
= 966827 , which s cecoptably
S0, ijn Phickrars = £ = 9:5 inch

Ntz

:ffw f&d@uz and damege £<L 1007/ |
csumed thickness wask oVer estimate A
2nd +riad  heeded with reduced Thidwess

o ol Aamadﬁ,o, > 160/

2nd il maiaol i Th ﬁnmeouyeoi Hokedenarr

Scanned by CamScanner




a Keaction., K

Scanned by CamScanner



Scanned by CamScanner



——__ﬁ

@ As Lo= b\ff x L

= el et of P b
W = WM&% sab (Fel )

— _eMlicient 7 pw%ﬁ%
i ¢ #(Wi@ wpmad bo be23)

s of. stedl
fﬁz/’wmjﬂj)& W%zfsf)

| = Lagfh 7? Alabh
**il_: 17/& (Mg}M‘hd direchin)

= ({mMWS&&Q}PQCHM)
condition

£ (inch) = 0.5;5 & LIPS
) & 2

d, = dia of Ioéuo Cmch\
%b: BJTW, /S‘)Wefgﬁ’)
(Wﬂ% 104 % ao""f”’m"

Scanned by CamScanner



Problom-3

| pa—126

Example
Design reinforcement for the following:

Thickness of rigid pavt., t = 12 inch

No of lanes = 2
Width of pavement, w= 24 ft
Spacing of transverse joint = 45 ft (Contraction Joint @ 22.5ft)
Aflowable strengih of:
Shrinkage steel(bar-mat) = 33000 psi
Tie bars = 27000 psi
Bond = 350 psi (10% of comp. strength of concrete)

Draw reinforcement and joint details.

W
A5 (l)’ﬁ’fﬁ) = Tf’sﬁ’ L.
ke h-hf wlobo W1 = 160{%} X thickrer”
: (Zb/#) = i‘éox%—
= 150 ,Lb/ffz'

\ o4
Co-officient of pemAAanee f - gi5 | (mened)

lioble wmergti o A2l
f

émk,%@md , f, = 33000 p5!
fs _ Q7000 fsi



1 450X 15 4 22.5
I 509 As = 23000
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= width O}FW/Q

f = 24'/9
“ = 19’

4y A L ABORAE o - 9082 InHE
GG 22000

ngLw:)mQ) # 4 bor

R = % . Q'qq/}%:zﬁc/c

[#4.@ 2pt cle]

il
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Reinforcement Details

Direction
of Travel

hm) cle

Transwerse Joing -
7 (S0 Jomg #30 (22vom) @ B~ [200rmm) cic
Dowed
Contraclion Soin
2 (600mm) Yong #2 (25mm) @ 127 (200mm) cre

Transverse Igint

Side View

)wc/co—-, e e

- #4(12mm) @ 12" (3h0smm
RS T ~ Base / Subba

©2003 Steve Muench

Jointed Reinforced Concrete Pavement {JRCP)

Doweled transverse joints

/ (expansion or contrarctien)\\\
JE : o5

_ Longitudinal joint \ F 8

b Al S TR e o "

A S R EE
Bistbited /

temperature steel (First place short then long directional reinforcement)

Ad. Shamsul Hogue, BUET

1 |
!

I
|
|
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Appendix 2:Example of Pavement Degiqn

al Road that is located on an embankment

Bac!(gro::d: An existing W — and the existing foad
suﬁceistﬂmabamﬂieWFbodLmIﬁwaﬁﬁywmmmpenod, |
Accordingly the embankment does not require to be raised. \
A number of trial pits were undertaken and the CBR of the sub-grade beneath the

g 6.2m Region

existing road was found to be 3%. b
A 24 hour classified traffic count was carried out on a typical weekday. '_‘
: N S A =

| S ———

Vehicle Categories

Heavy truck

Medium truck 2 £
Light truck

Large bus

e

4 Equivalence Factor
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. Vekicle Bose Jeor
| &dymeja Faro-wayp }%”/dﬁg/
| flrjday 05X H0 oy
| Flow
! (@) ()
Hm/g ka ; 40 ,20“_
Méﬂfmm Trouclk ; 300 1510
Wﬂ 1400 | 50
U%&bm 200 / 100
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ESA /o\r‘:fzr‘r’ Em%ng/ Arrwa) EShs
EﬁAA/ﬂ‘ag/

Jablo-3

ey jw B)XE | (Bx(D* 365
aEr L 96 350640
4.62 | 693 259945
1.0 | s0 | js20
10 | 00 | 36800

I




National Road

57.3

——
Regional Road wJ

(somebimar notgiven)

e a&fﬂfﬁr‘ S A
B Lol Wn&i%&“f/pm? /Z

)o%}m) rrad

)

o the. mon)
Comidedive  EAS 5 aver Hhe Az L}Qfﬁ

o TZ‘MWA [R5 & X

3492735 X 44:0

{1

14062135 EASs

—

= 44 mllion EAS <

—

WV&W

foctan

ﬂ’*K For new roads and the full dep

standards are to be adopted:

f‘dﬂ” s L Pavement Design Life | Traftic Growth Rate
/ LNational Road 20 years 10% pa

Begional Road | 20 vears 7% pa

Table 2: Pavement Design Lif
-M .

If foblo-4 2 m%aivﬁeﬂ,

ba M)ng 7@&19[2-.2

Reglonal rond %%Cgmm/{acw =

b 5 : | (14041) = |
Juioned red? Traffic gpeuth foct -

ssign Lifé and Traffic Growth Rates

(}—rh)n—l

th reconstruction of existing roads the following design mhl’

1

= l,l-o

= 79

;

Comudative growth facton can be datgrmined

20
03) -
_ (oo
5 O»Oq'

—
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L

CBR Compacted Thickness of additional layer to provide required CBER |
S CBR of Underlying layer
L ) 40 50
2% 3% o 5%
5% 450 mm 300 mm 250 mm 200 mm

Table 6: Improved Sub-grade Requirement
In all cases. sub-grade material with a CBR of less than 2% should be removed and replaced
with fill material complying with Section 2.6 of the RHD Specification

_ﬁw/ Mcbéwaob/ pZ 3Z/
am&ing —%p %ﬂbﬂ@"é 2

300mm o} improved pobgree

TR T M%MAL AW(;% % 5% CBR -

Determination of Pavement Layers
ated cumulative ESAs are then used to determine the various pavement layers from

As CBRo,fL

il be_regeired to

The estim
the following design chart:

mm Surfacing (mm) Roadbases (mm)* Sub-bases (mm)**
(Select one type) Subgrade CBR %
Asphalt  Asphalt Cement- Granular Base W
Traffic ~ Wearing Base- bound N @ 8-25 > 25
ESA (mill) _Gourse Course Granular m Type Ii
——
60- 80 40 1686 N/A N/A 300 150 0
40- 60 140 8
30-40 1256 .5
25-30 110 N 250 300 250
17-25 106 &
4 16-17 95 6 200 D
4 40 5o = . S0 2020
million 9-11 80 & 200 250
7-9 70
6-7 65 5
5-6 60 m
4-5 55 S &
3-4 il 45 & 175 200 175 $ 4'
<
3 35 & v 180 178 150
* CBR of granular base type | is min. 80% N/A. = not applicable
* CBR of granular base type Il |s min. 50%
** CBR of sub-base material is 26%

Table 5: Thickness Design Table for Flexible Paver

il
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gy ool A

includer —
@W
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Totad Cumulative ESAL in bsth diredhion
= 5 Cumuledive ESAL

Tl Comulative. ESAL in ome direction
 Divechional distribudion X Teted
cumuloive ESAL in beth dir”
. o
= 050K Totnl eumulnive E5ALin bethda =
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%D&Wumac%m 7/7 the Channelisation /a

czr —

meaw-{:r m zf non-muedorised Araplic, 4o ‘Amv/hrf V‘QJ’LE(‘J{I ;

i

B eye lo Lapgja, ek
Ri clewhewd S mall Fruck
Cort™ Lafdc;@ b us

5/;1;(,(,{ buk

S AADT Of non motorised %na#ia
S AADT z;p hoowy vehiele

P =

fﬁm%ﬂaa )
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Problem-— 1D

ke 3
c

Design flexible pavement for an undivided rural highway by usin

Method for the following data.

Given:

The forecast AADT for 2003 the year of opening, is assessed as:

g Catalogue of Pavement Structures

Vehicles Two-way AADT
Types ( vpd
Large Truck I _ 104
Small Truck ] — 116 . Assume:
Large Bus ] 500 Growth rate, r = 8 % perannum
Smaill Bus 50 Design period, m = 15 year
Car 300 CBR of Sulbgrade = 12 %
Autorickshaw 100 i
Motor Cycle 150
éicycle 100
Ecihel S
Cait 10

Table 1: PCU Factors for Rural Road"

Vehicle Types PCU Factors

Large Truck 0

5 Small Truck 20

Large Bus 25

o B 15

) Car/Tempo - ’ A

. Autorickshaw "
... Molor Cycle i
e 0.3
Rickshaw s
2 40
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Wui&a’?\gf:n&, | PeU/dey ab 2005
Sl Teble 1 | Teepfic vol xPebfuckns
Lange. Truck 104 o T =
Small Truek 145 2.0 e
lorge Bus 500 25 1250
Srall. B 50 15 75
Qar e 60 | 300
Nodo rickshoa 100 05 50
Motor cycle 180 03 G
Bx%dﬂ 100 03 Bl 1
s 500 20 1000
et 10 0 4o
Totad = 3339 :

' Foreasted desgn Pl in 2013 (offer 45geer)
_ 3332% (1+7)
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e

e LT —
—  ———————— g - — - wmn Capacitles.— . -
National Roads- Cros2 =~ piication
= Ty Year e Wwidening w.r.t.
: | pp sassm ‘Mim'r%;:;gg S OE?)Q” New Constl"’:t’i;;r’
p Section Dﬁﬂign r(),npnc (pcuU/tiours 52
Cross~5ec Hou
(PCU e e FT
I 1icable.(No widening necesgar '
I 00 ot _ 2PP_ i dard|{if demand Tlows  las
e "*J."’—’looo L. “ﬁn;émhgsaa than 1000 PCU/hours
RHD paily = 14000 Better overall ==
! 6.7m (Da (%otﬂ 3$ .co"OmiU pnrf()r
mance . _—
; e Aard new|1f traffic demand i i "
| —1 1 to 1900 The o width for|above 1000 ' :
e (New Construction) ﬂ,r.io"ﬂl road u:‘%eréi
i 4.7m 1900 wirh _ the Dignia o
|pre~widening
! (f:}'L embarkment on the existin
11 m nkment crest w

to =
| standard

ble aslNot applicable due to

|
i
llm,,ly = 27,000) 10?3"33“}?‘3? mobility functica|rry
,5
!
!
|

L E—
! G - 2200 Not °§plicn ign|narrow optimal
| (1900 - 220 } wla final design ptima Flow
1im (2200) But, ”Ec’,é“'{ﬁrou gtandard but usacirange —and . due to
, + range oPil, [full as part ofjpractic feul-
| pre-widening to BTSN astage cosgtrugo 6 grsr'l otowf{?eg;‘ng faon
Edes i bha”  f0gn"*fevel | tragrscking. " MO . \
3 ‘ 4 % 3.7m section.

’ atandard

I . L yw sy 'usgfutl, wi-|An economical, widen-
X : g i ce or the

4 x 3.7m 4500 1901 to 4500 %rl\mf‘."grroadg tiaséer !l‘ationax rolhe

Pre—wiéemng 64,000) at a future date.|in Bang adesh.

f embankment |(Daily = '

(t)o 6 x 3.67m

________,_,__—_—-‘-‘-——-’-
i N PR 2501 to 7500 |New roads needing ey

Will
city|have its applicatio
&2%; un 11)‘22‘]{3 l:g on the busiggt rcmdsn

: or in future g
develop. rewnd widening. o

) ) peak Hour Factor of 0.07 taken. ] RHD base.
P, %2 ?gaisfiggumgg that all widening takes %;‘;tgﬁonl‘,‘f ghgmanalysis to be optimal even if '
5 mip gesin ﬁﬁg ﬂaw a);:at‘;%?xlar project is forcast to be other than 8%, & anywhare B |
traiflc growty o %a, [the sensitivify analysiis outer mAXEgins) . .
5 Y = i
Regional Roa esign Capacities :
| Optimum Maximum | Design year| Application : J} )
Design Capacity | Optimum : . '
Cross-Section { PCU/Hour) Demand Flow| HNew Construction Widening w.r.t RHD
( PCU/Hour ) b
e S = I
RHD | Not applicable No widen necessary
SBEm  New 6.2m standard | of demand flows less e
750 1 t5 780 eady has a than 750 PCU/Hour
‘ (Daily 8300) ter overall :
‘; (Note 1) | Vnomic perform- i
{ . i 3 ‘ N

| | @ PCLU(] : . 1f traffic demand &
r | = f e standard new above 750 PCU/Hour i
f \ Pre-widening 1700 (New C b imum width for | widening can be )
; ! gg gm?:nZQ:gt (paily = 33,500) 751 f all roads easily carried oug '
| = = : e by re-arranging the
dar
m road layout on the
Shoulder max existiné embankment
Fabizbe2=2m Peuldoy width

7.4m )

& : (1900)
pre-widening
of embankment.
to 1im stand
ard.

Not applicable due
to various optimal
flow range and due to
practical difficulties
of widening 5.5m to
7km under traffic,
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annfﬁe,mw?ﬁ&)z! s

6:2 m

u&zn Ateoncleomdls |
Road Clas = R%,;mw[ Cwl-aﬁa-r»y/
Roadl width =
Shoulder width= 22 m (sAal)

B) Menminm{-ia—no}ﬂ Cormedotive ESAL_/LU-»/)QW&_ G{-QAié(n

* Table 2: ESAL per Vehicle

Vehicle Types ESAL Per veh
Large Truck (10-Wheeler) 4.80
Medium Truck (6-Wheeler) 4.62
Small Truck (4-Wheeler) 1.00
Large Bus 1.00
Small Bus 0.50

Cowsioana( o\amcg‘mgx
vehuclo » are
Lalkon rdo accound

R Toro-wus AADT | EASL Cumulackive
kuﬁ R —IU:'/M5 o per vehiclo_\ E5AL
v,oal | Table 2 \ 355xAADTxEA§i3‘“f"1
Large Truck 104 4380 \ 49LF 332
Sl Truck 1% 1.0 \ 1139710
Wga,e, Buk 500 Q0 495-5.%}“ "
Smal/( Bus 50 0:9 247763

il = 11290066

Scanned by CamScanner



SAL «n beth AIMJ‘IJT) 29 064

Cuwnedative E ‘
Toted Cuwrneda s e

i adakive ESAL 0 s
Tofal Cor 3 Diraecj?"’m"‘d Alﬁ}m/)pw‘wﬂx ”2900%

_ 0.5% 11290066
= 5645035

o PO g
Délermi Lion of The. %Ll/?nﬁ.ﬁ%d?lw-/
el yprunoAT1o 7N oF

AN ’\/\_/\_/\J\—/\//\,/\~/\/\"
ANAN

motorised Araffic to haavy vehicle

NNANNANNS N AN

The. propertion o 777"

joo+500+10 = 0-79
= . +30
- 04 + 115 4808
Table 2: Channelisation Factor

L Road Width Channelisation Factor depending on the ratio of NMV to be applied to 1way fow
| m t Low(<0.5) Hich (>=05)ve- 0+ 49
TR »5;(‘1 C o 184 20 j 220
sl e 23 10 Y18

7 23.9 1.0 1.6

e road width 62m and P =0-79,
fmm Aable — 3 kg ‘lr&i@ﬂwﬁ‘im,
ol N
Channelisachion /fhdrzm = 20- — 06
| : 1.9’
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= 5645033 % 19

_ 10725563 ESA
_ 1p-7x10° ESA
— 10-F M5SA

) Detommingtion o B el L

For 107 MSA ,

Table 4; Traffic Definition

Class Mo -_Ll
T0 <0.5 ﬁmﬂ —’e-a_bh )
ﬁ_ﬁ : 0.5- 1.5 h .
& T m _FP Eﬁ(c Clons = T4
i - 30-75
) 7.5-200(0-
— 20-30
= = FO‘F' CBR: 12 ¢
: = 3-5 ble
| , 52 oxl fpm‘q ?[“I -5;5&
| s3 Lo PR :
| © -5 (12) e e
I =
} S5 s
¥
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