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Dok WS bl dapaiaill (5 6ill 5 a5 oall o J anll

Different Load Combinations Required Strength for

Required Strength

++Loads

U=14D+1.7L

Dead (D) & Live (L)

()U=14D+17L
(i) U=0.75 (14D + 1.7L +
1.7W)

(i) U = 0.9D + 1.3W

Dead, Live & Wind (W)

()U=14D+1.7L
(i) U=0.75 (14D + 1.7L +
1.87E)

(iii) U = 0.9D + 1.43W

Dead, Live & Earthquake (E)

()U=14D +1.7L
(iU=14D +1.7L + 1.7H

Dead, Live & Earth and Groundwater Pressure (H)*




(ii)U=0.9D + 1.7H
Where D or L reduces H

()U=1.4D+1.7L
(i) U=14D +1.7L + 1.4F
(ii) U=0.9D + 1.4F
Where D or L reduces F

Dead, Live & Fluid Pressure (F)**

In all of the above equations
substitute (L+I) for L when Impact (1)***
impact must be considered.

U=14D+1.7L
() U=0.75 (1.4D + 1.4T + 1.7L)
(iU=14(MD+T)
Where D or L reduces F

Dead, Live and Effects from Differential Settlement,
Creep, Shrinkage, Expansion of Shrinkage-
Compensating Concrete, or Temperature (T)

D, L, W, E, H, F, and T represent the designated service loads or their ++
.corresponding effects such as moments, shears, axial forces, torsion, etc
Weight and pressure of soil and water in soil. (Groundwater pressure is to be *
(considered part of earth pressure with a 1.7 load factor
pressure of fluids with well-defined densities and controllable Weight and **
.heights maximum

6 sl Ao slial) 45y plal Gda juoall joalial JLESY) sl oy -

(ULTIMATE STRENGTH DESIGN)

AL 3 Jleal) a5 55 g g ¢ Ae ) sall 5538 pall Jlea¥) 580 cond Dl i) Jilas Jae ol -
( ONE WAY SLAB ) aal s elal (& Jlea¥) JUail 48 pla saa3 il Al pall A3 el e
Db WS (TWO WAY SLAB ) (alsdl

a = short span
b = long span

‘r=b‘/a
mb/ma=
s A Jsandl G alat) JS 8 A3 IS5 ) Axgalal Gda ) Jalirall g a3 25y G
Fixed - Fixed Hinged - Fixed Hinged — Hinged Type of Supports
0.76 0.87 1 m
< where: r

one way slab <ifr
two way slab > ifr

sl sV 3 Sl g 5 sl Jaal) 381 2
s omalani) ald caldadll Al -
DA a5l Jghaad Gada de sl Jlaa¥l a8 oy
a and 3 values for solid slabs
(r2/ . = casted monolithically with beams (3

2.00 1.9 1.8 1.7 1.6 1.5 14 1.3 1.2 11 1.0

.85 .80 75 .70 .65 .60 .55 .50 45 40 35 | a




.08 .09 11 12 14 .16 18 21 .25 .29 .35

Marcus) :and 3 values for slabs resting on masonry walls)
ribbed slabs with complete comp. Flange and for two way

200 | 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 | 1.00

.849 | 830 | .806 | .778 | .746 | .706 | .660 | .606 | .543 | .473 | .396

.053 | .063 | .077 | .093 | .113 | .140 | .172 | .212 | .262 | .333 | .396

complete — Grashoff): Values of a and 3 For ribbed slabs with non)
(Compression flange (cover slab partially omitted

200 | 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 | 1.00

914 | 928 | 914 | .893 | .867 | .834 | .797 | .742 | .672 | .595 | .500

.059 | .072 | .086 | .107 | .133 | .166 | .203 | .258 | .328 | .405 | .500

‘b‘/a . < (O.W. S) aslsslail 3 AL liie) &y

‘al‘b . > (T.W.S) oyl &b dbdll el 24
¢ SIS Al jall A3 e 538 al JlaalY) a5 Al
(ONE WAY SLAB) -

For : t1 = breadth of load perpendicular to the main steel
load parallel to the main steel t2 = breadth of
¢ = thickness of cohesive flooring
slab thickness =t
the main steel S1 = initial breadth for load distribution perpendicular to
main steel S2 = initial breadth for load distribution parallel to the
Then:S1=t1+2c+t
S2=t2+2c+t

Gancentrated ke =mai e mige of st Concenlraied gad al e e of flib

.Tan a = 1 for calculating B.M
.Tan a = ¥% for calculating S.F
distribution width for moment = S1 + As (sec) x L .Max
(As (main
| > (Where As (sec
(As (main




meter S1 + 2 > And max. distribution width
‘Where
L = effective span for simply supported slabs
between inflection lines in continuous slabs L = distance
shearing force Max. distribution width for
Sl1+LorS1+1meter>S1+As(sec)xL=
As (main) 3
Or length of slab in direction perpendicular to the main
(TWO WAY SLAB ) slas¥) iy a3l dpully -

: Concentrated load distribution in 2 directions

‘Pa*=P b ‘Load in direction a

(@ +b* (6-14
‘Load in direction b, Pb*=P a
( -)aa‘+b

‘Max. breadth of distribution in direction of a* =s2 + 4 a
‘breadth of distribution in direction of b .Max
(‘S1+04a*"(2—-a=
( -)b
-directions Calculation of bending moment due to the concentrated load in 2
a‘)ofthe . +Indirection a‘: Pa‘is considered distributed on a length (=S2
direction effective span (a), and a breadth = S1 + 0.4 a* (2- a*) in the
perpendicular
‘b
.considered in the design of the slab to direction (a‘). That breadth is the breadth
distributed on a length In direction b* : pb* is considered
a breadth=S2+0.4a"in S1 + 0.4 a* (2- a*) of the effective span (b) and =
‘b
.(*b) the direction perpendicular to direction
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sl gokl o Y el By sk e cilelUadl) p3gd i)
s bl Jleal
s Aul Asbead) (e L0 ASpabnall Jlaa¥) sy - - -
Q=RV2\2G
: WHERE
(Q = DYNAMIC WIND PRESSURE ( PSF
( MAXIMUM PROBABLE WIND VELOCITY (FT/sec =V
(FTAT 32°F.R=DENSITY OF AIR (0.08 1B/ CV
(G =32.2Ft/sec2 (ACCELERATION DUE TO GRAVITY
el se)  dinad iy alle Aol / e Ge gl drdgie de ju ol Laf w BV g - - -
- ol dise A bl e
W = Ce CW Q : 3ull dlabeall (o Ll eil) Tl b 2y - - -
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( FINITE ELEMENT METHOD )
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(AASHTO SPECIFICATION - SECTION 3.24)
or ud A Hadleliyan oo dalual Al all A ASlaw JE Y Gy - - -
(AASHTO SPECIFICATION - SECTION 3.24)
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EC =4700 O F/IC
(0 o) - Sl F/IC EC G

(] s )dsulilan. ) (ES) zoludll mis 355 ya Jalae 4 22n3
Aigiedan JSI  Adoadl) A2l (o)l 20al Jlno G 2n3 - - -

o oe Aalual) Alu Al (Sl Jaeles dad J55 Vi cany - - -
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R-R1 - )% Jlasy) Jdaill (e i) eliai¥) oo dad 8 G Al e Guladl e liaiil)
/Rb) 20

Rb&sRb . e 33 (R-R1) (R)4d gl bl e
;um\uau\wgu

B1Fc\=Rb
fy fy +
reinforcement R = Ratio of nonprestressed tension
As/bd=
reinforcement R1 = Ratio of nonprestressed compression
Asl/bd-=

balanced Rb = reinforcement ratio producing
. Strain condition
JSi ol cl el Alla 8 aad g o 8 D) ae < peSl Aaliall Bls Al Gum any - - -
. T
I8 e Al Al il el el 5 4000 2l 3 e e Jladl) A3 (mpe %}yig.}g ) - -
;48 gaiall @l el S (T
: /- -
+ - - - -
u“)ASj“)tsj‘)“)j\AAu:U;\ﬁM‘ - - - -
(f) %esiall (naad Jalea o 3255 - - -
For Flexure
f=0.90
For Shear and torsion
f=0.85
reinforced compression member For spirally
f=0.75
mrre e Eor tied
.o=f
For bearing
f=0.70
el lil) yyas adaie dalise JE YT any - - -
bw-d fc\ O
fy
(bw-dify . )
bw = web width
depth d = beam
fc\ = concrete cylinder compressive strength
strength fy = steel yield

(T) s IS8 e @l sl il apas adaie dabise J8 YT cany - - -

bw d fc\ O
fy
. 5aS1 Ay glall 4230 Jlaill (= pad)l = b Gus b d fE\ O
fy
cladl yos SN A A (- - - ) (- - =) e clllaie Gudaae Gy - - -
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DY) oo sl ag el Aaliall dle Al cleUaill il daa A 3 3 Y g - - -



Rmax =0.75Rb

[WEECN

gladll ) ) giall bl aas 4usi = Rb
AUl Aslaall e (Aaat g ¢ g laill (5 pualll mledll 2aa dos = Rmax

B1Fc\ = Rmax
fy fy +
(1) JSlas fy B1=0.85
( Ieiss) JSalilae . ( \Fc B1=(0.85

B1 = 0.65 - il il

D daduall Al Al saee Yl apead - -

}a&j\’émiﬁmﬁu& - - -
coallds jall Jreadll Al e 4030 5 4 daliaa olisl
hsicazmmﬁ@mj,ﬂs:}!\@(Slendemess)Bm“}!\ Al e iy - - -
panaill S5 5a Y1 35S il ke @l g Baae Y] aganad die e W) 3 A8l il e cliai¥) ag e
) . ACI - 318 - 95
iy PV e S0 e dgeall Slu Al pladll 8 bl das At JE Y gy - - -
L% o dseall Sl Al elasll 8 bl



32.62 T HYPOTHETICAL SINGLE AXLE LOAD LANE

(r=-1)edd=u
f— -
|ﬂ — — =!
ELEVATION
é, 51 —£A g
— T — B - - —E—
i ' i
= —EE — iR — — —EE—
i T T T
PLAN

Viom WARAALE SPACING (4.30m. TO 9.00m.) INCLUSHE.
SPACING TO BE USED IS THAT WHCH PRODUCES MAXDJUW STRESSES.

3= AMLE B61.2 T TRUCK PER LANE

S S O



— CONCENTHATID LOWD BUT | 1830 T roR uooatt |
- ; £ WOTH ¢
TAALAD (VIR THE LANE DTN 3303 T ron seetar .II

|
! LT (0AD 3007 FOE LINTAR WITDR Mub LY LT weifs
" 7 -"I-‘:.-'.ll"

NN, J— — =3 7 i T N .
T

ELEVATION

TANDARD [ANc—LCAD PER LANE

B T

aNE LOADS

[ ™ = ]r-—’,-Ji'— a
s ual il g ALY B gl -
- Aty B}@A.i
iy DS jall Gy Sl e Cum g 5 sSU ALY pUaill Gl Lelualdi s aliin) 5 jeal aliss
() Sihpase o LS Gl ey
( Support Fixed ) 4wl ) 5 41 4 jall 5l o)) gally zanss ¥ IS Als |

. (Hinged Support ) dxul ) of 2850 48 jally e ¥ g 05 53l eams 338 )1 Alls
. (Roller Support ) &l 1 48 yall s ¥ 5 481 48 jall s Gl salls e S s

( ) 2 LS Gl gia o pall Gda (ol sill Jroalss Calias
ALY peabiall cp alS Joad oy L s 1 da st 5l aaai Jual 8
ot S Al AL 258l Lebae o ) Gl (5 85 A ) sanall ANl (5 8l) Jis e Jual 8-
Gl 4 5 e (g LSl ISl Al 8 TSl Taasas allaill (555 (g (A8 o dale Adiay g ¢ GSlL) Ba3aa
Ll e bl e Jgaed) il 8ol elld g ¢ G dglle Talaaail 4,008 <ld 5 saall sl
) digee clulad o W 5SS 51 6 AL Jaleaa) 408 b salia 4 5 e (g LS IS Alla 8 L
Al A (o g8 B, Lo TS aana e (5 oS Al allaill oS5 of Jumid ()5 Gl sa))



e
o PO

S

| Ul s |l 1 L

o S SARLS Rk ) L5 Uk
IJ-“-H_HM,U,!

call A sl

B0 bl ) e

sl (-1 ) 3, S




i o ) 2 1o 10

il Al o

= Sl il i
L_J— Ul 1

robiph;

- ik o Lo iy

Gl

kil i

.

il Al G o A__’_

el st 1
E NS iy

sl gyl {821 )43, Y5 b




, A

ey

, —=
A1) L g Uosks

o gl g ol

Jobol (0-1 ) 3

- genll LAETY cillabadal) dac)

- dadlly a3 5 ) sl (e Adline o) Y A0 Clhladall (e z3la 2ull 13 Jady

( ACI - Detailing Manua ) oY zabucl) Jaalél gald ;Y1 sl 53,1 6l 5
Metric ) ( Units SI') s ALl (e Jo sl O llaad Aaild Claladl) o8 &
(Units

Ga.aﬂ\.ns ¢ )uaﬂébh}” el 45 <) daliaal) )m\.\d.‘a_ﬂbb‘g\ Jualatl) cllaladall 038 cm)ﬁ)
a5 8 Leadioaall ) sall 4y gllaall calileaY) 30a3 Cun (e o) gas utill e 3O il slaal) pylais 43y 5k
. uanl] e U1 el i) Gl



Laal) Jpualilh ( Slab Bridge ) dalal) dyitu Al bl @l ) swal) .

S e A e

Fean t\p..uﬂﬂﬂ“.‘-ﬂ“-t. B
B -
Spesesins 23009
WHEE.HI_.H."“ILFII

o -
|Hm.=ﬂ 1 op- Sl B 8 oy et B s iy v — —

e
B ] hllr..til.-hu.lt.llrllllujlll
\— et T St e i

) Ll ) cileleall Jyalis



FE S

) Gl 1) cilaleall Jualis






(Bridges ) (Precast | - Beam)

Lalad) Jyualitl



S, =

S el Syl

i T By,

T e

S AR RS LA R R AR

i [l v T T e T Ry 4 e ¥ = W L=

ey AP e TR smtems e

L e (U 2 e O el

5 . ——— IR - e s wa e — #

Pramm o e (il O nu..ﬁ..q TR RS I RN
[

b -k e e

U o o e
AR B - T T W o i gt 3 P g e iy e s ]
= = g e e el -y

AT ETERCTR T Al i
i

SANSTH BEANT - TR A e (!
TR CREEL AECIG W P Mabain e et 4
i -
%
1 N
T

= - . . L

R ¥ uh e s vy
=
& L L oy, W T
e ) - —
-
e "L (AT [ TRANEOA
e, e m—
1 i ow
wm i s
i g

itﬁ!.ﬁ;mi o




it

“l_!ll

TRt
......

—
¥ I:l

s
- i
i -
i
BEiiLdiind £=
i } B =
= =tH L e |-
= mmw - e =
: a8 ]
=
i N | |
H
i 4

LA

U.H.ﬂ

O T TR ET T




i, | R

BAZHED FYFL E ELAM

=i

g
T L s LT

TR T




.~‘ -
S et Jaualis



e

I
“;'

i

- =L j
Q_Mﬂ \ E=E
94 i =Fr—

i

T et
i =4 Cep et

alula)epd
Zfale {]"
B0E




— S
.-_.. MFJ.'I/ Llﬂ.l .....I.li...l-........-.l-lld“...l-ll.l..l...l[l-.q'.
t LR :
WA F

Lo LT LR
"

Ll | ]

= i er-my | pe e
p= |— S LT T
3 i 6T R L TN

_ I - Ll L T

gy - L = s

= ] g
- -
_h o | S
E HII.- W oauehiE] e
Pl (e e PR
Pl v BT o
Teraidr, | Tonaw | Bead B
mrliem | e | e | ke
= £ -
= =
= o
- o -

I
!
|




A Al il el b Qi



Concrete | - 1) (Prestressed ) diua Jsé o sgay) dijlu <l jash) @ld jgual) -
Ll Jualis ( Beam Bridges



U el Jyualis

EE



e TR

RS TRCOIED CONERT TE PRE OETALL

il Al U e Jaalis



Aol Al AN el e Jaualis



At
T ——
i m— o m—
+

e
—

i
« 5 s

- R ?
1
I--I’:

i

il AN LS o Jualis



dale Jualii (Rolled Beam Bridges ) &8 el dyaal) cleUadl) @l ) guall -



el Juualis

i

EE







GO e Juualis

iy g Ll ML e ki -l wc
PLm - i
A




1 g 5l el [
i Bl [ e T
N BUSE i M e b 2

Rk

.....

qqqqqqq

( Bridges Precast Pretensioned Box Sections ) 4a¥! 4w 48 gaiall ) suall -

iale Jualds



e s o e b

TLEAT])
A




i
e

=L L

Post - tensioned Concrete Box Girder ) 2! MM 48 gaial)
4alal) Jualdlll ( Bridges



e
]

@thri.[l.r.
e e o o 3 e
e
s B e,
= e ey
N B e bt o s g oy
— N
il
I..”ﬂ e e et e
r——

TP ORE TN

Ll ) e ) Jualss



B 5l ol il Junalss




i
) 5o 5 M) Jynad
e






=i, B —_—r ‘|||r”_"h:'-
™ g 3 B P R
NI S,
dr T il | Hit
Ml 1 [ g [
| i .: EJI 1*:
: RIS
_ B |
0 b
; (8 Fyé g ifl (S
1 iy ] BT
! I|§ ni! { ; i
§ 1R .FHi E 11 :l E |
F "-ﬂl | 4 | i k il
AT R i
: ' : | - e
i . i i 1 iR
A | 3 (it
s | # !ul:'
|I L: e |
| i i
:. ﬂii_l ‘l"-.: Ili |
e, e e L
' |6 O N O | Ao
El.i ; b
| R gf& "'_{\
T Lk gk
;| 5"1 o T B2 iET !
Sedf| P13 the G5 1%
pa s P .
i{.’Elfiii\ !! B s me ey B ¥
Ii::-!lll: I L i ] Iil 2w fill el
il E i o e
] 8 B9 1 Pilisl
i i i it i

;LA i) gall g Ja g pdid) g cilsasl) Jglaa das) -
A lial gall g dag pal) dlac) Gl 5 ¢ bl Jglaa dlae) oty L0400 SUaladall (e oleiiY) an

: U'_\\:\ASX\ d}\h - -
A Cladadl) Jalii o) e g pially daadivudl 3 sall ClaaS Jslan Slae] o

o) el sl o s2aiall JlacY1 (el Bale Y 5aclES axiiuia Al a1 A Gl 38y yha a5

alet - - -
cd);;\}“;;Lk:d\Q\mgﬂlﬁs‘g@&d\wgﬂia%)kjaw‘oﬁﬁg\ﬁc,w\emés - - - -

Clial gall s Lgilann s Ll Adailadll s AleiSe Jlae¥) ¢ cilaell) Jslan 852,500 5l jlandd Ja
Dbl Jadi e (Sladbeil 3 3 e sliiuly)
Cilara ¢ Sl g ga ) bl s il ALl o) a2y 55 ¢ g Albeiall il 5 puaaall A8lS 5 Allaal
a8 5all Jlac Y1 0 sl (pe 28l ¢ gy Alaiall il 5 ol 3818 5 LY



) Bale sl e (of Gl g L W1 5 5 piluall e i) 5 Gupndill il g jma s Aigall 5 Ayl clenal)
OS] laaSl) gl 5f e a5 ¢ Clieal gall 8 S3y Al ol S5 o) g (&30 5l daily daada 13 S
G ol 3l (559 Bkl da gl e Jlae Y1 glaia s e ddailaall 5 Lgdde Adadlaall g Jlae V) JLaS) 5 il G 3Y
NESNJENSE

Ladall - - - -
Qs}‘M\C,gws):sd\}m};gumug\f?ﬁds}‘M\Qg)uz)ﬁd\j;;j{g\)mir?gmm
sﬂh;\)}u.wa&\u&%;tﬂlé@k@\i%‘)@y‘ﬁd@)}\m\fﬂ

A LlS 5 ¢ clilia) (g1 5 il Jslan 5 cllabadall 5 Cilieal gall 5 iad) o g 3 (e elhaal) Colaiiune () oS5
) Catise (e (sl G Bannall Jlae Y1 RS 2 J el e cany 18 e
S Jlee Yl o dad ) jady o (B 4l Jsliall s ¢ 2l a8 dpusine a Jlansl iais ¢ Jglaall
 elaal) i 08 (g L) 488 g die 83n gl ras (o go aaS Jglan 8 Joaiia
283 8 LgaladinV Gand el Jglan S 3aaaal) el Ul el ol o) iy Ladia Jslaal) ol s &
?La\;LGJY\JJM@MYJc@cmuﬁj\@uma‘)&md\w‘u\&cdLAS:Y\A_nL\deLAS\j
e =ity o8 b I
odall - - -
Al sall Gl a5 ¢ Jae V) Al 5 ALl 5 285 8 daddiosall 353l (e Apledll Claasl e J gl iy ga3 S5y
celld e o bl gl (i alle 22 L Ao gall Guldll (5 5k ¢ (galaad ks llh 5 Aol
o Aidia o LS ddlon coluldl) 488 () K5 (5 AY) diall Culative o (sl ol bl gl saaa Le oLl
TGS ) 5 ¢ g e ol ol Dl il (gl el (aks a5
Joawill g Joatll - - - -
S Al Gading (5 LY (e A 48) g e Jgeanl) (50 Dl Il (8 doaiil o oaailly ey
cadall o i) o 3ol 31 o) g ClaaSll Jated A dday (LY

BM\)e.GJJJJ\ - - - -
ol e i vie Tidia W a5 ) @l 5 il W e ol Gl 3 i) 48S5 ) glaall elila) aday ¢
A O S g Galial 8 e of

DY daa Sl o a0 sl Jslan b Sl g e Jsliall o s Loxie
Ll il ) ) a5 L laa ) sl i - - - - -
CAlls G gEY el s - - - - -
s 35 Ao gene i Vo IS el gy - - - - -

_);L...J\u.mdu}&u\uﬂub&\d;\hwdjhw‘)ﬁ\‘;M\um_x_kh\ -----
¢ ol Alaadal diall o 5 J8 el Jslan s ol

MJ\) - - - -
Lall Sy ¢ dadl a5 J8 S35 o shnall 2l sany 4dl (5 5 1 6l yaus @m‘;mwmy\m
. elaal) alie Jaaad (2 d8all (e e ja Alaaall

Al g LU jealld Y (e DR ol dga g die g ¢ L AUS ol land exi - - - - -
cdstaalaley Jlae ¥ b as



elaal Can g o)) 5 ¢ Aaaiall 00 81 Jlassl) G dana 48 Hhay o i) Jlaa) panaly - - - - -
S g el G el ald

ey Lases ellaall 5 i JalSU gl 3 gl de ganal o 2l 4 e £0siS Jalagus 48 aiad (Y J5laall apaii xie

L"_a\_mﬁ\s_ﬂ.um - - - -
el Sl Gl (8 el O (g i) jlad) 5 ¢ Lgtad ads allay ) bl Cla J 81 e
fﬁ)})ma\ﬁuc_\umk'_\hw\Aﬂﬁh\‘)mg‘)my‘eﬁuﬂ\JLHMM}‘M\‘_AQQHJ
G ol g limaY) Ba (e 5S¢ Lrnase A D15 Y S 5 s ) Jlee ) b€ e Graall
L Jlee 125 o I il s e e g 3UaY)

sl sale) - - - -
elanl) (335 5 Ay 5 Cildaal gall 5 cillaladiall 5 J glaad) 8 Gau gall LSl bl e Gl sale) o5y
cdallal elly S 51 J sl Uad Ao el ods Jie il 13 Lele 30l ) JUaal zrany

Lo shidll e - - - -
elarl) i die Lggbun Jauald diell Cilaiiuse 8 53,1 sl Ao shiall dley (38 3 o can

EES PN I IS R ISQY IFS PV R
Dlaa) g lebuadi o Lot o ALK Ly il Sy Y 4SSl JleeY (anadd ) kalia¥) dlldl)

shdale &l e Gl e Jslie i (e a2 o cledd ol JleeY Gaads ) i

gLl gl e @aall 138 Jaii¥ | Gma 250 (0 e Jpmmnl) o gl 3l 5al Ganady o ole
S i g el Jliall ) LY 5 CallSil) ASlaly Aald agiy ol 30 allay ¢ e gl Jglaall ek
¢agd i Jilu g ol oSl S dmall Jlae Y1 ol il i Lty Al Alad) V) oo o) sall 5 ailia)
Al can s ) Jlae Y1 4S5 il A1 3) 5 o) sall 5 Cilamall (5 585 5 (lSaS a23 dalise apai
e i peaall a8 2L Y S o2 Jia a send) Jsliall Jany O Gang ¢ 43S a5 A8 54))

D) dilas - - -
35l ‘)la.m\undy jids.gd.ﬁ;ﬁa.gﬁk“_\\;w\ Al oLl Lﬁ)\-“ﬁ“y‘dj"ui‘; sl glaall ?AL“;;:
Jlae V1 aludl (e and (S 53 ) sl 4pad saill 25l el Gl 8 Loy ClpaS) 231 58 8 53 ) 5l adlaall
RN
Db a8 andiudin g ¢ il @ 8 8 ja JS 4 g Ll (o i 2 4000 5 il
é}dﬁ'&yu)&@m‘e}w‘)jn_ﬁ\)mcwﬂ\‘@\@c&\@\@jﬁc“@\ﬂjﬁcJ\}Aﬂm
() ol ¢ ot ) Sl adis il ye clis ¢ Jaall dy g S 3
cdiall o el Gk elea) sl ju el (of da a8 Clidl) 028 aadiinsd of (S

g‘“}:‘“d"d\ - - - -

ol Jland axs Al V) g =LY s ol 5l sl Jand) 8 Jleall 385 Joli - - - - -
AaiDle Capds 5 Ay (e (Jail) 5 ASlSaal) lanall Jiris Jlae @l (8 Lay ) (oo ) Jaall (4 il
Slad Jleall £ 58 4miy Lo Guliad e Z4ISH) Cuatd A80Y) o3 Jie 2a 58 o)

) Jall s ) ALl ) sl e Sla Jiad el Jeal) Aol gall ddls - - - -
- Jlaxia¥) 8 G 5l 5 88 sall

lgiiaall o533l 5 ¢ 268 sl Jadi asal) Jaal) & Geddiced) clil) Chlaaa Ral5 - - - - o
) ) L Sl iy Ailpall 5 ¢ Cladlal

5 yaleall AL o) sl g dpe sl Allaadl - - - -
e gl Allanl)
Gl et A ol Leall Aalally 5ol o Lgaag Sy Y ) Jlae V) iamy ol (o jliiiny) ol Glild
) ) sl laal) il
cAllee el o g oo Le ¢ il o Jlae Y Gl A gise o35 Y



o e s Jaadl aiad 1) -

Gl s ¢ Gl e 2 ) gl GllS 40 siane (6 ¢ 5 pila 3 sall b gty (5 HLERLY) ol Sl o g8 Ladie -
Taame Gl S 13) bl Jglan con sl A ) Alaadl jlanls S il e J laal)

Al el e J gl Gy ¢ Cilara sl 3 e i Jslaall (g liiaY) ol @lilall i sy Loie -
L% el Blas
LS A 3 Ll W e Y ) Jlee ) e 3 pilaal) A8 5 dga sall Allead) 3aka3 Y

ZY s S Jlee V) dad e by 5 e oo ( ) Juac Yl o2a A 55
- staall A8 gy ) ALy (e e 3 AN Jlee V) Aad 33005 o il Lie

dale aelgdo ulalldg,h - - -
ool e Al ac ) gal) gl

PR [ P I

Gabaii Vs ¢ jtadle ol (I QA8 JS g ¢ Aaplall e a WS JleeY) & - - - - -
) GG & Lai Baraall sla¥) e sac ) o2

sl gl Adle Lgailay S35 5 (xS o e Al sl Dlaa b yle Al gl 1Y - - - -
i sb e L) e auiad el

&Jaﬂjit\ﬁdiwéyﬂbﬁ&uadgexujz\éwududiwl:\gm _____
() oo eaall ol @ise ie (e Leiale

e )l g il e 3 sy anall Gl ¢ il 13 3 sl g cle) il ana e - - - - -
leslaal g Sl ek leass i Ghli) Gl s Jals 5l agas e a8 ) Ll ¢ kil

c S Gl s JsYY al 5 slaty b ()6 (ailed Cpams (pn dtiaal) 38 B il e - - - - -

e o ) Jlee Y e dginiall 5 Aagiiosall Jad) G <l gl A Catind - - - - -

. sl cladals s YT die W glaa (e ASLawad) cld gidl Jlghal & - - - - -
A a5 Al a8 Ldales ) ApeSl) ) <l 5500

s ol las ol AN Gl LAY adid - - - - -

BYRIPES LSl 5
o

nal e

SPEIPES



A
talladly Gl of i 13g8 Calas gl aan parg luli) Caa s Al i
Dol 5ok 2k maen A el Bas g ISV Adlas U Aleal) ptas - - - - -
M ey el ClheSl Jglaa 8 g 13"
Aaiad) Jlee ¥ plddgy )l - - -
Gaca W Jleel) - - -

@}Aﬂ‘\.})ﬂd)d\d&) _____
oty eS| elld il Lo g <l il 5 a1 g Bl giall il 5 (st A 5) 5 ad sall Caaii el Jally
IS ASLendl e lail) Co gy il sull 4y sllaall Capnliall Aadlon Gy 55y @l 5 Ay sul) 5 3 il 5 a8 sall 2y ) 3l

By mexll - - - - -
A1) 25 Al s AalB) 5 21 55 L 2ush Lo =Sl 5 Aalal) Jlaall 6 kel ol o il 5 claiill ) Jaiy

bl 48yl |
Y 5 dsilon il jiall uldi LS ¢ J8 Lagl A gudil) dan G guiall (e of ATl (a8 i (e Ol jgal) s
L aaalal A s e 4

D gbbe 2l s ey - o
ailiia o5 sl o sl ¢ Aapaill Ailu AN Jla il ¢ jaall Saidia il ¢ 5 e g 5i sl 8 Liall Jlaef
Cas sb la 4 5 mhas (ol s

s gl 8 olaall (e dadai iy jiall e Laleal)
Lellaninl Bale) (ia jal Jaatud (Al 2l sall o Taves Bige e pdig ¢ 3 )5 puiall pdall 2l 3 gall Sl -

FCREIFR THEUR
,Allenial Bale Y jiall il o 95 Aae )y 0 Ayl 3 sl
CJandl Cppandl jial) 8805 sl s A1) Jlee mdan il (5 Al Jiluy ol Apdia 21 i iy jiad) ddass
C o)l Al AN LY mladl Saga s il sadl 5 ALalSh colydadil) 5 <y jdall ¢ 18 & g 5 dygeai -
D shbe ey
ik e @il g cun il
Cebosml s J gl cana bl L o

iedny ol Gl Gabalall pas e Lili s 4 gaull <l pdall o

ety sl Al G lase (3585 w3 pom s

C a sl maen o Sl bad olaily Jshall (il - |



e gl y cllaal) el o)l a5 1SV ) e Capeall S 5 el Jady - o
el il s Adae 15 Al Al L5 A 5 cilaleall s LS il 5 Gl Cae s ("
: a“_s\,g_.'a_)SI\ -----
CsoaUall cilia ) ol ga ol phal s s
Ll ol g0l s ol sall g 30 Y1 5 <l giall 5 A8 Saall o dlu Al cild a5 bl jend) Jady -
ke 5 Al ikl 5 5ac ) @lere 5 dgagadall dpca Y1 Slac) 5 Al A gusis ¢ o 30 Lo JS 5 ¢ slaall aans
AY) g Al 5 Ja gladl) alat g a5 &y )

CBoalall dadiall o) ja¥) uls bl ) gl el Laiy ¢ dganal) ) sl

OS5 il 5 claleall 5 3aee Y15 iall il (e aldll adyll s Gl iall Jlaed aadl Jad - o
DY PRCHR PUEXVPS JEIK PRI
S
dS dee g Ganle Adbpa s i) Clalis de) ) 55 il s Hsdll )3 4 il 2y ) 58 el Jady
. ookl

2 Sl 5 cilale all il g g adal il il s Ay pas g S Jlael mad) Jaiy
caoble IS5 VY 5 Calamall Jay LaS dlilas
sl Al Jleel - - - -
e
. Shadia faiy ) e OIS 13 Aile AN 85 ) sexall aall plaal aass
a5 ol gl il 5 i) sl s lanall 5 o) sall 5 o sall slae) Jady 2l jew - - - - -
OSs alle ¢ Jaall g jallall aclill as gl i 5 jallall dile Al Jles (S dilu Al mhand slac) 5 <l 53 Al

. Jeaiia iy Led (S5 alle Al ya JleelS Qe Y1 s

S iy @l Gl o
D dedy 2l e
L JaaSill g capdawl)

! ASHS ) Gl el - - - -

Db o Ciia JS ) Jati

- Sl 30l Baly ) geiial) Ly a2 lial sall 6 4 LeS Ay sllaall Ll adad 4818

- Calamall o M) Al Al ae ) gall

. Clamall e dadald JS dlas g laa

s 5] Ailanall Ailpall g il o

. daaall s Gl HLEAY) o) jal g HLEAY) Clara 48S 4 55

cdaa 9 WS Jaaull cildaladiag g Jun il olaalet &y 8-

P a5 el - - - - -

53l 535 U sad) 5 aSaill M 5 480 el (§alia 5 aSal) il § Ol il LS 5 el Jadiy
cpoble S5 dalS ale ol Jusdill 5 Aluall 5 Glasall 5 IV aSailly (3lay Lae 43L3 La g (520,11 5 Josall



st 21eY) 3 e e a il el Jad LS
DA dakaaill g Gudaill g a0 - - - - -
c il 15 e S all ad e Jal) Gl ]
lalacall Gasliom s J el atia 5 2 g Audaal g candiil 5 o) all g Jail 5 30n gl yaee Jad - o
ceoble IS cllull GlSads janl sall dpa i le 5 Baalias
© el Jleed - - - -
& 5 O il Jual 5 5 8l 5 GUSY) 5 clale ) 5 a5l 5 Bl sl 5 dag Hl) g Clidiall el Jady
a5 JalS il o 3 288 5 sl
Ul 5315 ¢ 53l (b i SLaS il pally 315 5 LS 555 5al) A1 n 3 pn ) Jaiy
Y eV sl An gl ey ¢ sisall (I ASI el S s (e Al 5eSl) a5l 5 OIS 5 LY
- AN & 5lle IS5 481 el S s
Al el cls Al - - - -
ACRYIN|] C.).\LM _____
QS dadys ¢ Slasu sl Gae sp LSy Cliial gall (8 ) S30 8 LS ol oSl miilda san 1) jas Jady
o Al s B 3 sl (S5 ¢ o2l 3 oSt 5 o Al Jum il L ¢ iDlm el IS5 Jals
e me o LS Jee ) Dlpa s S

. @;Ajiwdi\qw‘)l\ B R R ENPA | PR IR [ S
i) Aa gl e 5f e i ) i) il A 51 e sl e oo A ) Al sl
caoslAa ) M de

liaidl 5 gl s Ea gl i) 5 Jshall (s - |

&) S il 5 JASI Ao 5 oy Hl1 g S day ) Aol Jie SBUS 6 5) 5 A8S s 1) pps Jady -
GlEMal) y ilaleall 5 &y ) 5ill Ao 5 iiliall de gana
s el L oSl g5 LAY s g Jpea il Cliala s Jil5SU Balalh () g s il il g
 lial pall 3 g LS Jlaet) Al s el 5 o) oS0 e il

( ) sacluadll i il d ) L, 0 - - o o

o) sl da gl e aa¥) Ll Lo BacLusall S a5 gl Al sl il Ll s

Calila g 50l ) 0 Gl 2 ) daeie ¢ i Ll

L alile s ool sall g i la gal) el Clanall Ll Aala -

Lo o) 315 ddlaall il ol Ao AN RN el gall Cani g JASH 3o 1) ja Jady -
(o o) s el a1 s Sl sl g Belial) eilie s Caid) 53 55 ) ol (e Agliall (ly sall
cllabially e ge sa LS sl il ) cond ff Iilall e o caiull o) lal) oda auia g

Gl ¥ s Juagll allas - - - - -

nd G sl alas s Jasad ) 30l A 50 3l Caladl s il )Y a5l s
.Sl )Y

(& 323nall 202l 5 alaa ) Coa SN S 5 255 ()Y e and QS e Jady - 0

¢ Aadae YU Juea gl (Gualia ¢ dulae YU S 5l Gualica g L g oSl 5 diaadl JlaeY) IS ALls il

LGl gally i se gale s a5 sale JS 5 Cileill s i) S Jal g ¢ halidl

sle Baaaal @l gall 8 i )Y das Con S g 35 5580 sl 2 Al Balia e Jadly - 2
sale OS5 A0 gl A, L il 5 Jalsalls | Ae send) Apadand) Qo i) e 5 el ALal e gas )]



QQALZ\LISQJSSJ‘_A:a&m\ﬂ\‘gzam@uss;tby\&\hjﬁs‘)ﬁjqwjﬁﬂ\dd;_.g_i
Lol QD 8 Lay a5l A8S 5 A 300 DY) e s aSaT Jlea s a0 5 plaae ol Cai sl
(lles B (5 gain) 2 salall B2l e LY Lagl el Jady A jlal) sl il ) o

(i s COSIL LSl S 5l 5 il sall L aane sa LS Allall 21501 5 5ae V) el Jaliy
uw\'é‘);;c @LA\MH‘%LAS}‘ J.JA.AJALASEJQGI\ ‘5‘ u.n\.m“}_” ¢ u\)@_.a.m&\ 3 u\g\.@.ﬁ&)ﬁc &Lﬂ:\\.g_d\
Al ) Ly olaall cUaslly

ol all Aalall oy 30 Jantiiy

EVESUTRTE S
gl e, s - - -
oAl gl - - -

LAl Gladaill g il gl - - -

. Asl) lattwall § Glateatll Jaal) 38y - - -
. dal) dgley) - - -

Sl M e - - -

Cdsd Alae - - -

c el Gatigall a8 385 Jee W) 248 - - -
‘;\A‘)X\M\C.nh).\ﬁ.\ﬂ - - -

. daadll - - -
ALY by jiall g clgall - - -

CdleeVL Al - -
sl Ay Ll cilgad) N Gl ey D)) - - -
sl e e ) sall elEY) - - -

) Sy s 5l e - - -
Al e jaallAS A - - -

CoAY) il A dlAaly) - - -
Alleall s ol 53V g 2 el ol gl 3y - - -

A\.d\ 6.343“ - - -
a5 ALl gall e ol - - -

el Aidas - - -
Cdallall e slsally Jeall A3 - - -
Dl Gilsy) - - -



Gsdita - -

cdanl) 3ae - - -

daul) Bae paad - - -
Ly el o el -
@}A‘gﬁd\.‘o&:\ﬂ\‘ﬁueﬁdm - - -
cdaall il gl - - -

ClkeY) i saled - - -

e - - -
wé@\}d}ﬁd\ﬁh‘)ﬁ - - -
,Q\),)ﬂ\ - - -
.Q\‘):\ﬂ\ajﬁ - - -

Colsl - - -

0 =S I U S
O
ikl dudl - - -

U PR 0G0 Y] R
Cl L el - - -
,@A)\-’J\ Q‘;‘P?\}M‘@M - - -

. 32l et Al - - -
Caladl el il aa - - -

el il elagll g el calas - - -
S P g S\ [ | JPRY S

el oo gl - - -

O ) Anklie - - -
DNl A - - -

Ak gl clatidd) - - -

S (s s ¢ el Jglan s Al cilabial g Gauilly 5 piiall Ayl il gall dlae)
A 2l e ciliaal sal

Ja )l clelaia¥ Glals - - - -
G YRR | R



g shall e olgd) - - - -
bl il 355 - - - -
bl Jedall cllkie - - - -

cebadll yas - - - -
ColeaY) il Ll AN - - - -
vl Jeel - - -

L b, Jleef 8 aadivadl el - - - -

R U R
Lo - - - -
Glob & Jleel - - -
AT OVS B
Q\.\m)}’\d\.«:\ - - - -
Cotlaal Jleel - - - -

:{\J\d&m@x\,(ﬁqbﬁmm\mJtlj@,LL;LA\;\AQ&,M\@L@
cdaenl) dee - -

s Adall 2 sl ddl) sie Jedy o) ang
.djw\&ls‘j&)_)m‘ﬂuwdsz\“}eu\%m - - -

Cdiallied - - -

e i) Al il Loy pl s Cladas - - - -
CAdaull cdaladdll - - - -

.Qw\d‘j\h - - - -

i (s - - - -
.@’JU}gw\eﬁJ@@'A}ad}&d\gL& - - - -



AAy )y el 8 ) 4 e ge A il llas - - - -
) Y skl g lgle B8 palaa gl - - - -
bk\ﬁ)ﬁﬁ\éﬁ&}l\#ﬁ}éu.\u}* M\w;)&t@.&n:\%ﬁ}ds et "}6&&33}}&3\3}3\5&(&5&"}
L Jstiall g Sl Bl yall e - - -
Lo Jyially il aisi - - -

s dadlial Gl - -

DY) Aalliall Cilagled Jadis

.ubj_)ﬁd\egﬁﬂijcﬂ\a._d.ki - - - -
cAatlial) Gladed - - - -

cclialdl g Al Y Jey) - - - -

.Qw\d‘j\h - - - -
CAhaull cdalad ) - - - -
el alis 8 cpadlid) ) J ol alus gl il - - -

.Q‘GLL’J‘?.\LU' }HJS.\QLA.\X’_\” 3 - - -

d}ﬂd\&.})hé‘)\;ﬂ\w\};i\.@ - - - -
iV 550 55 e 5 la ellanll & gumga Jlae S Gl gl Gyl e Jsriall &yl Balgd - - - -

JJ.:Msy;;@b\.g.shm\PJD}L@.:);}L@JMMMM\ASM\L}:A.\SUA..MLL;.}ML@..» - -
u@\}\cJM\DJ\J}waJW\aMMJ¢Oﬁa);}uﬁas}uﬂujuﬁjh\u.awﬂuw\ﬁ\u&}d\
A gl Ay yall) ASLaall Aaidlll
Jlec Y1 o2a ity dyimall Cilgadl (o Baaina Slad) ol e Gedliiall Jlael Gibsy gy - - - -
W sl (e 3 poball Al lalglll 5 dvan Hl) S0 1L lacae uliiall ) 38 5als gl - - - -
" L3 5155 0 Leale Bacas Lga Jalaty
gl (e Baaine 3algd ae W jland) Gudliiall Bas 3 5 ABlaall ay liiall asic ol Mo B yga - - - -
ol s Lo Gdtal) clial gall 5 Ja s Al 335 3 28 Bl Gl a8 8l dinall Cilgal)
A8l s s Al Gllare gl 481 2 i ) pa ¢ bl ga ¢ Clalade ae ALl S0 - - - -
cBaasall Jlae ) 2 elaal) e Lga iy
¢ Jgliall 5 laYl s Al Gl 2 Y elandl) sl il 5 M sall Slaiia el JSgell - - - -
- g so-dal) 288 A Jeall Slaily (it Lad ) @ gall 8 adida 55 e el Sleall ) Al
S-S BRE PAIRE PRI
Celaall - -
ol il g lagdedll - - -
Codsaal )l Clapa gl jlasial¥) - - -

,;LE:J\QL})“ - - -
. M\w&\)&i d:\;‘u }i ;L’JJ }i QL'A“ - - -



Cosall dd e g danli s - - -
) OV are g el Jslaa - - -

il i Jali - -
u‘;LLwJ\e:us:} - - -

. b - - -

ClaS) aae g lellaall a6 - -
CSalie - - -

s elaadl 138 Baainall Bpen ) Alaall - - -

Cdladloledl - -

. daxll Aw¥iBae - - -
: ,J‘ - !}w o
;&ﬂu‘;c;l.k.d\w"', Jaids Eus
el Jglan 5 clieal sall s bl cass Jlae Y aaan Slad) s el Jadl (a e - - -
dell dad paad - - -
L dll AwiBae - - -
_;.LLVJ\Q\:I‘)“EAA - - -
_AB,J\@EJSJMM\JA\Q\JA::JJ}M\H\ - - -
;&u;w\@d@mﬁ
( )

Ve | T VG S
LGl Gl cpali Al S asll - - -

0 Lgaady ALy JlaeY) Sl 558 - - -
Coaliad e - -
Al s - -

+ A galal) gl jall

. ( Standard Specifications for Highway Bridges ( Thirteenth Edition -1983 -
. ( Building Code Requirements for Structural Concrete ( ACI 318 - 99 -

Barrages & Irrigation Design ( II') - Regulators -
Mohamed Hamdy El - Hateb , Faculty of Engineering .By Prof. Dr
. Cairo University

Reinforced Concrete Design Hand Book , by Prof. Dr. Shaker EL — -
. ( Faculty of Engineering - Ain Shams University ( Six th Edition - 2002 Behairy

Foundation Engineering for Difficult Sub Soil Condition . by Leonarde -
. (ZEEVAERT ( Second Edition - 1983

Hsai - & Foundation Engineering Hand Book by HANS F . Winterkorn -
. FANG YANG

& Reinforced Concrete Designer‘s Hand Book , by Charles E Reynolds -
(JAMES C Steedman ( Ninth Edition - 1979



ACI Detailing Manual - 1994 -
(Shall 285 5 ananail Bas gall A jall Sla S -



£15

7/0

WWW.1S0.C0.u

ISBN 0-11-551626-3

9 780115|516269

SONISSOUD NVIILSHAAHAd 40O NOISHA HHL S6/C NL'T

Department for

Transport

THE DESIGN OF PEDESTRIAN
CROSSINGS

LOCAL TRANSPORT NOTE 2/95

SCOTTISH EXECUTIVE

APRIL 1995
. =) () Demmne&te lugri D '
o, V2P T onal Development
L0 2]



Department of Transport

The Welsh Office

The Scottish Office

The Department of the Environment for Northern Ireland

Local Transport
Note 2/95

The Design of Pedestrian Crossings

London: TSO



7/0

Published by The Stationery Office and available from:

Online
www.tso.co.uk/bookshop

Mail, Telephone, Fax & E-mail

TSO

PO Box 29. Norwich NR3 IGN

Telephone orders/General enquiries: 0870 600 5522
Fax orders: 0870 600 5533

E-mail: bookorders@tso.co.uk

Textphone 0870 240 3701

TSO Shops

123 Kingsway. London WC2B 6PQ
020 7242 6393 Fax 020 7242 6394
68-69 Bull Street, Birmingham 84 6AD
0121 236 9696 Fax 0121 236 9699

9-21 Princess Street, Manchester M60 8A5
01618347201 Fax 0161 833 0634

16 Arthur Street Belfast BT | 4GD

028 9023 8451 Fax 028 9023 5401
18-19 High Street,CardiffCFl 2BZ

029 2039 5548 Fax 029 2038 4347

71 Lothian Road, Edinburgh EH3 9AZ
0870 606 5566 Fax 0870 606 5588

TSO Accredited Agents
(see Yellow Pages)

and through good booksellers

Published for the Department for Transport under licence from the Queen’s printer
and Controller of Her Majesty’s Stationery Office.

© Crown Copyright 1995

All rights reserved.

Copyright in the typographical arrangement rests with the Crown.

This publication, excluding logos, may be reproduced free of charge in any format or medium for research, private
study or for internal circulation within an organisation. This is subject to it being reproduced accurately and not
used in a misleading context. The material must be acknowledged as Crown copyright and the title of the

publication specified.

For any other use of this material, please write to The HMSO Licensing Division, HMSO St Clements House,
2-16 Colegate, Norwich NR3 IBQ Fax: 01603 723000 or e-mail: hmsolicensing @ cabinet-office x.gsi.gov.uk

First published 1995

Third impression 2005

ISBN 0 11 551626 3

The responsibilities of the Department of Transport, the Welsh Office, the Scottish Office and the Department of
the Environment for Northern Ireland covered by this document have been transferred to Department for Transport,

the Scottish Executive, the Welsh Assembly Government and the Department for Regional Development.

Printed in Great Britain on material containing 75% post-consumer waste and 25% ECF pulp.



Department of Transport/The Welsh Office/The Scottish Office/
The Department of the Environment for Northern Ireland
Local Transport Note 2/95

TITLE - THE DESIGN OF PEDESTRIAN CROSSINGS

Department of Transport, The Welsh Office, The Scottish Office,
The Department for the Environment for Northern Ireland

ISSUING DIVISION
Driver Information & Traffic Management Division

CONTACT POINT

Department of Transport: Mr D J Williams,

Driver Information & Traffic Management Division,
2 Marsham Street, London SW1P 3EB

Telephone 020 7276 4983

ENQUIRIES

All enquiries on the general applicability of this Local Transport Note
should be directed, in England to the appropriate Regional
Government Office of the Department of Transport, in Wales to the
Welsh Office, Highways Directorate, Phase I, Government Buildings,
Ty Glas Road, Cardiff, in Scotland to the Scottish Office, Industry
Department, Roads Directorate, New St Andrews House, Edinburgh,
or in Northern Ireland to The Department of the Environment for
Northern Ireland, Roads Service Headquarters, Clarence Court, 10-18
Adelaide Street, Belfast, BT2 8 GB. Enquiries about authorisation for
non-prescribed crossings should be made to the above offices.

ABSTRACT

This note recommends the practices to be followed when planning,
designing and installing at-grade pedestrian crossings. It describes all
types of crossings, including shared facilities with cyclists, other than
those at signalled junctions.

PUBLICATIONS SUPERSEDED

Departmental Advice Note TA 52 and Standard TD 28 (DMRB
Vol.8, Section 5).







CONTENTS

1 INTRODUCTION I |
2 GENERAL REQUIREMENTS 1
2.1 Proximity of Junctions 1
2.2 School Crossing Patrols 2
2.3 Visibility 2
2.4 Crossing Width 3
2.5 Guard Railing 3
2.6 Crossing Approach Surfaces for Footways and Carriageways 3
2.7 Facilities for Disabled Pedestrians 4
2.8 Lighting 4
2.9 Signing 5
2.10 Provision for Bus Stops 5
2.11 Street Furniture 5
3 PEDESTRIAN REFUGE ISLANDS 5
4 ZEBRA CROSSINGS 6
5 SIGNAL-CONTROLLED CROSSINGS 6
5.1 Installation 6
5.2 Typical Layouts 7
5.3 Vehicle Actuation 8
5.4 Linking with other Signalling Systems 8
6 PELICAN CROSSINGS 9
6.1 Timings 9
7 PUFFIN CROSSING 10
7.1 General Arrangement 10
7.2 Timings 10
8 TOUCAN CROSSINGS 1
8.1 General arrangement 11
8.2 Timings 11
9 CONSULTATION 13
10 PUBLICITY 13
11 REFERENCES 13
12 TABLES 15
Table 1 ALL TYPES OF CROSSING - VISIBILITY REQUIREMENTS 15
Table 2 PELICAN, PUFFIN & TOUCAN CROSSINGS - VEHICLE DETECTION REQUIREMENTS .....15
Table 3 PELICAN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS 17
Table 4 PELICAN CROSSINGS - OPERATIONAL CYCLE & TIMINGS 17
Table 5 PUFFIN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS 19
Table 6 PUFFIN CROSSINGS - OPERATIONAL CYCLE & TIMINGS 19
Table 7 TOUCAN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS 21

Table 8 TOUCAN CROSSINGS - OPERATIONAL CYCLE & TIMINGS 21







1 INTRODUCTION

1.1 This note recommends the practices to be followed when planning, designing and installing
at-grade pedestrian crossings. It describes all types of crossings, including shared facilities
with cyclists, other than those at signalled junctions.

1.2 This note replaces the recommendations for the design of pedestrian crossings contained
in Departmental Standard TD 28 and Departmental Advice Note TA 52.

1.3 Advice is given on the design of pedestrian crossings in general and the operation of
signal-controlled (Pelican, Puffin or Toucan) crossings in particular.

1.4 This publication complements the Statutory Instruments which set out the Regulations
controlling the use of Zebra, Pelican, Puffin and Toucan Crossings and the Regulations for
traffic signs.

1.5 Statutory Instruments

For Northern Ireland see section 11 REFERENCES.
* The ‘Zebra’ Pedestrian Crossing Regulations 1971".
* The ‘Pelican’ Pedestrian Crossings Regulations and General Directions 1987?
e The ‘Puffin’ Pedestrian Crossings Regulations®. (in preparation - authorisation is
required in the interim) - not available in Northern Ireland.
 The Traffic Signs Regulations and General Directions 1994 for ‘Toucan’ Crossings -
(authorisation required at present) - not available in Northern Ireland.

1.6 All signal-controlled crossings must use Approved equipment. The technical requirements
are contained in technical specification TR 0141® the latest issue of which will incorporate
Pelican crossing requirements currently specified in MCE 0125, and Puffin and Toucan.

1.7 The Assessment of Pedestrian Crossings® sets out a method for deciding the need for
providing a stand-alone crossing at an at-grade site and the options available.

2 GENERAL REQUIREMENTS

This section contains advice on the design of pedestrian crossings generally. Advice which
is specific to one type of crossing is presented in the appropriate section.

2.1 Proximity of Junctions
2.1.1 Approach to a Side Road

2.1.1.1 Crossings should be located away from conflict points at uncontrolled junctions.
This will give drivers an adequate opportunity to appreciate the existence of a crossing and
to brake safely. The ‘safe’ distance will depend on the geometry of the junction and type of
side road. However, a minimum distance of 20 metres is suggested for a signalled-controlled
crossing and an absolute minimum of 5 metres for a Zebra crossing. It is suggested that the
distance be measured from the position of a driver waiting at the give-way line of the side
road. Where it is impossible to obtain a ‘safe’ distance, consider banning turning movements
towards the crossing or make the side road one way away from the junction.

2.1.2 Minor Road Approach

2.1.2.1 Crossings on a minor road should not be sited very close to a ‘GIVE WAY” or ‘STOP’
line. Generally the nearer the crossing is to the major road the greater will be the distance to
be crossed. Drivers of vehicles turning into the minor road need time to judge the situation
and space in which to stop.

2.1.2.2 There should be sufficient distance between the crossing and the priority marking for
at least one waiting vehicle; the optimum will depend on the volume of turning vehicles.
Care should be taken to ensure that drivers do not mistake a vehicular green signal on the
signal-controlled crossing as a priority signal over traffic on the major road.

Reference to ‘pedestrians’
in this document should
be read to include pedal
cyclists and equestrians.
However, it should be
remembered that only
pedestrians  may  use
Pedestrian Crossings.

When planning improved
pedestrian facilities it is
important to understand
where pedestrians may wish

to cross. Consideration
should be given to
established and possible
new pedestrian routes.
These are often referred to
as ‘desire lines’.

If there is a strategic
network for pedestrian
routes this should be
referred to before final
decisions are made



Additional signal heads
may be employed at a
signal-controlled crossing
where this will improve
driver awareness

2.1.3 Approach to a Roundabout

2.1.3.1 When crossings are needed on the approaches to a roundabout, special care is needed
in the siting. The use of different types of facility at the game junction is not recommended as
this could lead to confusion. Where a crossing must be provided within the junction layout, a
Zebra crossing is preferred; it avoids any ambiguity as to priority that a signal-controlled
crossing can create for the driver approaching the roundabout Give Way line. If a signal-
controlled crossing is provided, it should preferably be of the staggered type to avoid excessive
delays at the exit points blocking circulation. The pedestrian desire line, vehicle speeds, visibility,
pedestrian/vehicle flows, size of roundabout, and length of crossing/road width should be
considered when deciding the optimum location. Crossings away from flared entries are
preferable as the carriageway widths are less and the vehicular traffic movements are simpler.
It may be necessary in urban areas, where large numbers of pedestrians are present, to provide
guard rails or other means of deterring pedestrians to prevent indiscriminate crossing of
the carriageway.

2.14 Junction with a Yellow Box Marking

2.1.4.1 Where a pedestrian crossing is provided near to a junction with a yellow box marking,
the location of the crossing must be chosen to ensure that the zig-zag markings do not
overlap the yellow box markings. Note the Regulations allow for the overall length of the
zig-zag markings to be varied.

2.1.5 Traffic Signal Controlled Junction

2.1.5.1 The decision to use a signal controlled crossing is often made because of the close
proximity to a traffic signalled junction. Neither Zebra crossings nor refuges are suitable as
there is a conflict of control methods. Even with a signal-controlled crossing care should be
taken to ensure that queues do not build back from one installation to block the other. See
the section 5.4 ‘Linking with other Signalling Systems’.

2.2 School Crossing Patrols

2.2.1 If there is an existing school crossing within 100 metres then a mutually convenient
site should be found to accommodate both the patrol and other pedestrians. It may he
necessary to install a greater number of guard rail sections to achieve a suitably safe site.

2.2.2 Where a School Crossing Patrol is located at a signal-controlled crossing the operator
should be given appropriate instructions for the specific equipment in use.

2.3 Visibility
2.3.1 Minimum distances for drivers’ visibility of crossings are set out in Table 1.

2.3.2 Pedestrians must be able to see and be seen by approaching traffic. Visibility should not
be obscured or restricted by, for example,
parked vehicles, trees or street furniture. If it is
not possible to site the crossing elsewhere
consideration must be given to either
removing/resiting the obstacle or, if the
carriageway is sufficiently wide, to building
out the kerb-line to provide enhanced sight
lines. Particular care should be taken when
drawing up the layout for a new crossing. For
example, the controller should not be in a
position that obstructs the intervisibility
between pedestrians and approaching vehicles.
The designer is responsible for anticipating not
only the problems for maintenance but also the
particular visibility problems for wheelchair
users and children. If visibility is restricted by
parked/loading vehicles, it may be necessary
to make a Traffic Regulation Order or impose
the maximum waiting and loading restrictions
in the appropriate Crossing Regulations.

Built out kerb to improve the sight lines.



2.3.3 Where there is an alignment problem, vehicles queueing back from a crossing can be
a hazard. The expected queue length should, therefore, be estimated so that an adequate
safety distance can be achieved in the design.

2.4 Crossing Width

2.4.1 The minimum width (between the two rows of studs) for a Zebra, Pelican or Puffin
pedestrian crossing is 2.4 metres. If the crossing is of the Toucan type, or is used by a
substantial number of cyclists on foot, the minimum width should ideally be 4 metres.
However, narrower widths, down to 3 metres, have been successfully tried at some sites.
Where pedestrian flows over 600 per hour are encountered wider crossings should be used.
Regulations allow for the crossing width at a Zebra crossing to be increased to 5 metres and
to 10.1 metres with the authorisation of the Secretary of State. Regulations allow Pelican
crossings to have a maximum width of 10 metres. There are no regulations defining the
width at a refuge island. However, 2 metres is considered a reasonable minimum to allow for
two wheelchairs to pass each other. The use of wide crossings also may help prevent
overcrowding of narrow footways.

2.5 Guard Railing

2.5.1 Many accidents at pedestrian crossings occur on
the approach to the crossing. The provision of guard
railing at such positions should be considered. Guard
railing may also provide useful guidance for blind and
partially sighted pedestrians.

2.5.2 Guard railing manufactured to British Standard
(BS) 3049™ should be used. Intervisibility is important
and should be a major factor in deciding whether guard
railing should be provided, the physical layout of the
railing and its specific type.

2.5.3 The effectiveness of guard railing is lessened if
gaps have to be left for access for vehicles and the
loading/unloading of goods. Where possible, crossings
should be sited to avoid the necessity for such gaps.

An example of bad site layout.

2.54 Guard railing, at signal controlled crossings,
should start at the signal post but not encroach past the
push button position.

2.6 Crossing Approach Surfaces for Footways and Carriageways

2.6.1 Crossings should be installed so that adjacent drainage collects surface water from the
crossing area. Care should be taken to ensure that, even after remedial surface treatment,
excess water does not collect at the crossing point. Dropped kerbs must always be provided
across the crossing width and the section of footway between the lowered kerb-line and the
adjacent footway should be ramped with a slope having a desired gradient of 1 in 20 but not
steeper than 1 in 12. Tactile paving should be installed across the dropped kerb and in a strip
stretching back to the building line. (See 2.7 ‘Facilities for Disabled Pedestrians’.)

2.6.2 Both the carriageway and footway crossing areas should be free of surface obstructions
such as cable drawpits, access covers to underground services, gratings and gullies. Street
furniture, such as supply pillars should not be placed within the tactile paving area. As far as
possible such items should be sited in an area not used by pedestrians.

2.6.3 It is recommended that high skid resistance surfaces be provided on the carriageway
approaches to pedestrian crossings. Guidance on the choice of Polished Stone Value and
Aggregate Abrasion Value for the aggregates exposed on the surface of flexible roads is given
in publication HD28®. The specification for the application of the flexible surfacing material
is the 900 Series of the Specification for Highway Works®.

2.6.4 Consider both the approach speed and accident record when determining the length over
which high skid resistance surfacing should be applied.

The introduction of guardrail
may require footways to
be improved to maintain
adequate width.



If the main area of
footway is the same colour
as the recommended tactile
surface, a band of lighter/
darker coloured bricks/
blocks can be used, as an
edging, to provide contrast.

2.7 Facilities for Disabled Pedestrians

2.7.1 The needs of disabled pedestrians should be considered when designing the layout of
crossings. If these are well provided then a better crossing will probably result for all users.

2.7.2 Dropped kerbs provide easy access for wheelchair users and people with walking
difficulties. Care should be exercised, therefore, when laying the kerbs which form the
crossing boundary. To ensure the safety of blind and partially sighted people at these sites it
is important to provide tactile paving to the recommended layouts in Disability Unit Circular
DUI/91 [SOID 2/1994]%.

2.7.3 The ramped section, leading to the crossing and the immediate approaches, should be
indicated by contrasting coloured tactile surfaces. Recommendations for the design and use
of tactile pavement are also detailed in Circular No. DU 1/91 [SOID 2/1994].

2.7.4 At signal-controlled crossings audible signals or bleepers in the form of a pulsed tone
and/or tactile signals are normally used during the green figure or “invitation to cross” period.
The signals are intended for the benefit of blind or partially sighted pedestrians although they
can also be helpful to others.

2.7.5 In residential areas objections to audible signals may be encountered. It is important that
the audible unit is adjusted to suit the local conditions. There can be particular annoyance at
night. A time switch may be incorporated to enable the sound to be reduced in level, or, if
appropriate, switched off.

2.7.6 At adjacent sites, such as at a staggered crossing, there is a risk that the signal at one
crossing may be heard and mistaken for another and so the standard audible signal must not
be used. An alternative which is suitable for use at staggered crossings is the facility known
as ‘bleep and sweep’. The tone produced by the unit has been specially designed to be
distinctive and the audible range has been restricted. By monitoring the ambient level of
traffic noise the unit adjusts the level of the audible tone to that which is loud enough to be
heard only near the crossing in use.

2.7.7 If audible signals cannot be used then tactile signals should always be provided. These
are small cones mounted beneath the push button box which rotate when the steady green
figure is shown. Reference should be made to local mobility officers/representative groups.
If there are local people with vision and hearing difficulties, tactile signals are strongly
recommended. Also if audible signals are to be switched off at night, then tactile signals
should be considered.

2.7.8 All the above devices, whether audible or tactile, must conform to TR 0141® including
the requirements for lamp monitoring. Traffic Advisory Leaflet 4/91¢" gives further information.

2.7.9 An embossed ‘Z’ on the beacon post is being trialled to help blind pedestrians recognize
Zebra crossings. This may be introduced as an option in the future.

2.8 Lighting

2.8.1 It should be remembered that pedestrian crossings are often used at night as well as
during the day. It is necessary to ensure that the crossing can readily be seen against the
background of other lights and signs.

2.8.2 Good road lighting will reduce the majority of the problems related to extraneous light
sources. An experienced lighting engineer should ensure that the level recommended in the
appropriate part of BS 5489 is used at all pedestrian crossing sites. BS 5489 also gives details
of lighting column positions and spacings, in relation to crossings. Reference should also be
made to the current version of Technical Report No. 12, ‘Lighting of Pedestrian Crossings’ ™.

2.8.3 At night drivers may not be able to see pedestrians waiting to cross unless the road
lighting is to the standard recommended above. If there is still doubt about the visibility of
pedestrians then supplementary lighting can be provided to illuminate the crossing.

2.84 If supplementary lighting is employed it must be designed to prevent glare to drivers
which could hide or “veil” pedestrians standing behind it, thus defeating the objective of its
installation. The pedestrian approach (at least the area covered by the tactile paving surface)
and the carriageway crossing area must be illuminated to a uniform level.



2.8.5 Supplementary lighting units appear to be especially susceptible to vandalism and
should be checked regularly to see that they are aligned and operating correctly. It is essential
that all units are operating correctly to ensure that uniform lighting of the crossing is achieved.

2.9 Signing

2.9.1 Where a signal-controlled crossing is sited on a road where the speed limit or 85
percentile speed on any approach is 50 m.p.h. or greater, advance warning signs to diagram
543, Traffic Signs Regulations and General Directions 1994 should always be used.

2.9.2 Where a Zebra crossing is sited on a road where the speed limit or 85 percentile speed
on any approach is greater than 30 m.p.h., advance warning signs to diagram 544, Traffic
Signs Regulations and General Directions 1994®, are recommended.

2.9.3 On roads where the 85 percentile speed is lower, advance warning signs should only
be erected where visibility of the crossing is impaired. The siting details for warning signs
are given in the Traffic Signs Manual, Chapter 4, Table A"*.

Note: This advice on the placement of signs modifies that given in the Traffic Signs Manual,
Chapter 4.

2.9.4 Where a School Crossing Patrol is operating at a Zebra or signal-controlled crossing,
the relevant Regulations and Traffic Signs Manual, Chapter 4 should be referred to.

2.9.5 Examples of zig-zag markings are given (or will be given in the case of Puffin
Crossings) in the relevant Regulations. It is not possible to cover all layouts that will be
experienced and the designer will need to make individual decisions within the Regulations
and the spirit of the examples given. It should be remembered that restrictions imposed by
zig-zag markings apply to laybys as well as the main carriageway. Any part of an affected
layby, used by general traffic, should be hatched or physically infilled to prevent ambiguity.

2.10 Provision for Bus Stops

2.10.1 A pedestrian crossing may be sited near a bus stop. Close coordination should be
maintained between the highway authority, the police and the bus operator during the
planning process to ensure that stopped buses do not obscure the vision of pedestrians or
drivers. Generally a bus stop is better sited on the exit side.

2.11 Street Furniture

2.11.1 Adequate clearance is required between the kerb edge and the closest part of any street
furniture. A minimum of 0.5 metre is recommended but this should be increased in cases
where the road camber or speed of vehicles necessitates. Particular care is needed at refuge
islands on bends or where vehicles may be turning.

3 PEDESTRIAN REFUGE ISLANDS

3.1 Refuge islands are a relatively inexpensive method
of improving crossing facilities for pedestrians.

3.2 Where they are to be provided it is essential they are Sh= .
large enough. An absolute minimum of 1.2 metres
width is needed but the standmg area for pedestrians _

example, large numbers of chlldren and parents w1th B
prams and pushchairs may need to be accommodated.

3.3 The carriageway width at the crossing should be &=
sufficient to prevent vehicles passing too close to the
refuge or the footway as this can be intimidating for
pedestrians. Consider also the needs of cyclists who
could be overtaken alongside a refuge. A single
carriageway approach width of 4 to 4.5 metres adjacent
to a refuge is recommended although refuges have been

A clear conflict: a refuge intended for
pedestrians but unsuitable kerbing
opposite.

Diagram 543

Diagram 544

Good lighting will ensure
clear visibility for
approaching drivers. To
enhance this, or if there is a
problem  with  vertical
alignment, a central marker
beacon is sometimes used.
Care should be taken that the
beacon column does not
obstruct pedestrians.



Where mast arm signals
are employed, structural
approval of the mast
arm  will be required.
Departmental ~ Standard
BD 2® refers.
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used successfully with narrower widths. If the refuge island is not on a straight stretch of
carriageway, the width either side of the refuge may need to be greater.

3.4 The width of the crossing should be maintained across the full carriageway. This should
include the refuge island which will have either openings or dropped kerbs. Under no
circumstances should a pedestrian be encouraged to cross with dropped kerbs on one
footway only to find a lesser provision on the refuge or the other footway. See also Disability
Unit Circular DU 1/91 [SOID 2/1994]".

3.5 Pedestrians can be tempted to cross near or in the ‘shadow’ of the refuge. This can be
potentially dangerous. In these cases, if the refuge cannot be located where there is a clear
desire line, measures such as guard railing should be considered.

3.6 Vehicles parking adjacent to the refuge may reduce intervisibility or block the free flow
of vehicular traffic. If considered a problem then waiting and loading restrictions may need
to be imposed. For the same reason care should be taken if the refuge is to be near a bus stop.

3.7 If a refuge is to be on the approach to a junction the existence and extent of the average
vehicle queue should be recorded. Queueing vehicles can block access to a refuge resulting
in the pedestrian having the choice of either crossing through the queue or away from the
refuge. The positioning of the refuge is, therefore, important. For disabled pedestrians the
dangers are accentuated.

4 ZEBRA CROSSINGS

4.1 Road markings and details of studs and materials are given in the Traffic Signs Manual,
Chapter 5. Dimensions for road markings and studs are given in the ‘Zebra’ Pedestrian
Crossing Regulations 1971%.

4.2 Flashing rates, the photometric performance of
globes and construction and electrical requirements !
are set out in BS 87319,

4.3 The Highways (Road Humps) Regulations 1990
do permit the use of a road hump in connection with a
Zebra crossing, though not in the Zebra zig-zag area, ™
provided that the location of the road hump would |
conform to the other requirements of the regulations. =
Where these requirements can be met there is some
advantage in providing a road hump, as vehicle speed
will be slower on the approach, and pedestrians can
cross the carriageway at the same level as the footway.

4.4 Refuge islands can be used with Zebra crossings
(but see the section on signal-controlled crossings). obstructing the approach to a Zebra crossing.

4.5 As with refuges and signal-controlled crossings, it
is important to keep the approaches to the Zebra crossing clear. Trees and street furniture are
a hazard for pedestrians, especially those with disabilities.

S SIGNAL-CONTROLLED CROSSINGS

This chapter gives general advice regarding the design of signal controlled pedestrian and
Toucan crossings. This Note does not expressly cover the design of pedestrian facilities at
junctions although many of the comments are applicable.

5.1 Installation

5.1.1 The minimum requirements for positioning and the restrictions on the mounting height
for signals are contained in the relevant Regulations (see Introduction).

5.1.2 Departmental Advice Notes TA 13"® and TA 14" provide recommendations for good
working practice on all roads.

5.1.3 Staggered crossings are considered as two separate crossings. For electrical safety
during maintenance, a post on the central refuge must have equipment for only one crossing
mounted on it.



5.1.4 Accessibility for maintenance of crossings is important. Although written primarily for
use on trunk roads, the requirements for maintenance are detailed in Departmental Standards
TD 24%°, TD 25% and TD 26*.

5.1.5 Drivers must have a clear view of at least one signal head on approaching, and when
stationary at, the stop line. Where the view of the vehicular signals is reduced by the vertical
or horizontal alignment of the road or other situations such as masking of signals in heavy
traffic conditions or by overhanging trees, the conspicuity should be enhanced. This can be
done, for example, by the provision of additional secondary heads, tall posts, building out
kerb-lines if the carriageway width is sufficient or installing signals over the carriageway.
Such overhead signals should be considered as supplementary to and not replacements for
those listed as minimum in the relevant Regulations. If the overhead signal option is to be
considered the problems of maintenance should be taken into account.

5.1.6 To assist partially sighted pedestrians, posts may have one white or yellow band as
detailed in the appropriate General Directions.

5.1.7 To assist blind and partially sighted pedestrians, as they approach the crossing, the
primary push button/indicator panel should normally be located on the right hand side. The
alignment should encourage them to face oncoming vehicles. The centre of the push button
should between 1.0 and 1.1 metres above the footway level.

5.1.8 At Toucan crossings it is normal to install a push button unit either side of the crossing
place at the height quoted above. Special arrangements may be needed if an equestrian push
button is required.

5.1.9 The push button unit should be close enough to the tactile surface to allow all pedestrians,
who could reasonably be expected to use the crossing, to reach it easily. This is particularly
important for crossings with kerb-side detectors.

5.2 Typical Layouts

5.2.1 Details of road markings and the minimum requirements for equipment are given in the
relevant Regulations.

5.2.2 The use of a refuge at a non-staggered crossing is not recommended. They can be
confusing for pedestrians and drivers and there is often insufficient space, particularly for
prams and push chairs. They should, therefore, only be used if the road width cannot be
increased locally to accommodate a staggered crossing. If used the refuge should be provided
with push button(s) and signals as required.

5.2.3 Where the road is more than 15 metres wide a staggered layout should be provided. If the
road width is greater than 11 metres a staggered layout should be considered.

524 Staggered signal-controlled crossings are not recommended for one-way roads.
If unavoidable, such as within a town centre gyratory system, adequate road markings should
be provided in order to deter drivers from weaving when approaching the crossings. Such
crossings can also be confusing for pedestrians
and consideration should be given to providing
informatory signs. Such signs may need
authorisation.

5.2.5 Staggered crossings on two-way roads
should have a left handed stagger so that
pedestrians on the central refuge are guided to
face the approaching traffic stream. At some
crossings a right handed stagger may be
unavoidable. Where this is the case, and there are
far-side pedestrian signals, confusion can be caused
if the pedestrian signals can be seen simultaneously.
A waiting pedestrian may ““see through” a red signal
to a green signal at the opposite crossing. Careful
alignment and special precautions to limit the field
of view may be needed. Left handed stagger installation.

The push button should be
readily accessible.

Staggered crossings are not
suitable for equestrians and
special arrangements may
have to be made.



5.2.6 When calculating the settings for signal-controlled crossings, the crossing length used is
the distance between footway kerbs except in the case of staggered crossings where each
carriageway should be treated as a separate crossing.

5.2.7 Areas where pedestrians are waiting to cross should be of a sufficient size. The area
should cater both for those waiting and any wishing to pass by. The central refuge of a
staggered crossing should be :-

long enough to indicate the segregation of the crossings. A minimum of 3 metres between
crossing limits is recommended;

wide enough to allow pedestrians to pass each other between the crossings.
A recommended minimum width of 3 metres will give 2 metres between guard railing;

of sufficient capacity to accommodate pedestrians waiting to cross.
5.3 Vehicle Actuation

5.3.1 Unless part of a linked scheme, vehicle actuation is the normal method of signal
operation. The use of both the microwave and inductive loop types of detector are covered in
Department of Transport specifications MCK 2123“® and MCE 0108* respectively. Vehicle
actuation may be desirable within a linked scheme depending mainly on whether the linking is
full time. Each case should be considered on its merits.

5.3.2 On roads subject to a speed limit of 30 m.p.h. and where the 85 percentile approach
speeds do not exceed 35 m.p.h., fixed time operation is still an option. Under fixed time
operation a pedestrian demand will initiate the Operational Cycle and the vehicle precedence
period will terminate when a preset time has expired. The preset time is normally set low, say
20 to 30 seconds, but can be extended during peak periods if the pedestrian waiting area is
sufficient. Linked systems are dealt with in the following section 5.4.

5.3.3 Vehicle actuation is essential on roads with higher speed limits or 85 percentile approach
speeds. The recommended options are described in Table 2. The “Approach Speed” should be
taken to mean the 85 percentile speed under free flow conditions. For further information
reference should be made to Departmental Advice Note TA 22%%.

5.3.4 Microwave vehicle detection should not be used with either Speed Assessment or Speed
Discrimination equipment.

5.4 Linking with other Signalling Systems

5.4.1 Where it is proposed to site a crossing close to a signalled junction, consideration should
be given to a linked system. The distance at which this should be considered will vary with
traffic conditions but 100 metres would be a likely minimum.

5.4.2 Crossings within the overall boundary of an Urban Traffic Control (UTC) area may be:-
a) omitted from the UTC scheme and remain on isolated control when coordination
is not justified. This may be a permanent or part-time arrangement; or
b) operated as part of an adjacent controlled junction;
¢) controlled directly by the computer.

5.4.3 If controlled directly, the normal method employed for a Pelican crossing is to control the
change to the start of the pedestrian stage. It is either allowed or inhibited (by use of the
“PV bit”). Where a kerb-side detector strategy is used, improved control may also be
achieved by modelling the crossing as a junction with the pedestrian stage entered as a
stage with a call/cancel facility. This method will also allow for the variable all-red.

5.4.4 The vehicle precedence time of the crossing should be matched to the timings of the
adjacent installations.

5.4.5 It may be necessary, and desirable, for a complete crossing sequence to operate more than
once within the area cycle time to avoid long pedestrian waiting times.

5.4.6 Under UTC it may be possible to insert artificial pedestrian demands. This practice is to
be deprecated because the driver could be presented with an unexpected loss of right of way.

5.4.7 The options for crossings within a local linked scheme are the same as for UTC.



6 PELICAN CROSSINGS

The Pelican Crossing uses far-side pedestrian signal heads and a flashing amber/flashing green
crossing period, of a fixed duration, which is demanded solely by push button.

6.1 Timings

The Operational Cycle use and variations are described in Table 3 and the timings in Table 4.
The cycle is initiated by a pedestrian demand.

Period A

Under vehicle actuation:-

a) The minimum time will normally be 7 seconds. Exceptionally this may be adjusted for
site conditions between the limits of 6 to 15 seconds in increments of not less than 1 second.

b) The maximum time will normally be preset at 40 seconds or less. This may be adjusted
for site conditions up to a maximum of 60 seconds.

¢) The maximum time will start at the commencement of the minimum time (‘pretimed
max.”) on roads subject to speed limits up to and including 30 m.p.h. and at the pedestrian
demand for other roads.

d) Termination will be subject to a pedestrian demand either at the end of the minimum time,
when a gap is detected in traffic (gap change), or on the expiry of the preset maximum time
(forced change).

e) The extension times for vehicles will be determined by the type of detection system used
(see Table 2).

Period B
This is the mandatory 3 second stopping amber signal to vehicles.
Period C

Where the 85 percentile speed exceeds 35 m.p.h., period C will normally be 3 seconds.
For other roads it will normally be 1 second for a gap change and 1, 2 or 3 seconds for a
forced change.

Period D

The timing for the Pedestrian green walking figure period, with the option of the audible/tactile
signal, should normally be set as follows:-

a) 4 seconds for crossings up to 7.5 metres in length.

b) 5 seconds for crossings over 7.5 metres and up to 10.5 metres.
¢) 6 seconds for crossings over 10.5 metres and up to 12.5 metres.
d) 7 seconds for crossings over 12.5 metres.

It may be desirable to extend the period by two seconds if-
» the appearance of Period E habitually causes pedestrians to hesitate or turn back;
¢ it is expected that there will be considerable use by disabled pedestrians;
* a non-staggered central refuge is provided thus enabling pedestrians to get
established on the second half of the crossing before the flashing amber signal
appears to the vehicle;
e waiting pedestrians have difficulty establishing themselves on the crossing.

Period E

The overlap arrangement may be preferred to that in the previous period:
* to maximise the efficiency of the crossing for both pedestrians and vehicles where
there is a traffic capacity problem;
» where pedestrians constantly experience difficulty because of encroachment by vehicles
at the commencement of period F. A short period of overlap is allowed between the
flashing green figure and vehicle red. This is achieved by extending the vehicle red period
by 2 seconds (at the expense of the normal flashing amber time) to run concurrently with
the first 2 seconds of the flashing green figure time. The loss of flashing amber time is not
compensated for by extending the flashing amber/red standing figure time (Period G).
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The steady green figure (Period D) extension and the overlap facility (Period E) should not
normally be used together at the same crossing.

Period F

The timing for the flashing green figure/flashing amber period should normally be set at
6 seconds plus 1 second for each 1.2 metres of crossing over 6 metres in length.

NOTE: The controller is capable of extending the timing to a maximum of 18 seconds. It
would, however, be unacceptable and impracticable to provide an undivided Pelican crossing
of 20.4 metres. Equally it would adversely affect the balance of vehicle and pedestrian delay
to depart from the preceding advice.

Period G

The timing for the red standing figure/flashing amber period should normally be set at
1 second for crossings up to 10.5 metres in length and 2 seconds for crossings exceeding this.

7 PUFFIN CROSSING
7.1 General Arrangement

7.1.1 Puffin crossings use near-side pedestrian signal heads and an extendable all-red crossing
period which is instigated by a push button request accompanied by a pedestrian detector
demand. It is intended that the Puffin operational cycle will become the standard form of
pedestrian crossing at stand-alone crossings and junctions.

7.1.2 Puffin crossings have two forms of detection for pedestrians. These are:
a) kerb-side detectors. These cancel pedestrian demands which are no longer required.
b) on-crossing detectors. These extend the all-red time, Period 5.

7.2 Timings
The Operational Cycle use and variations are described in Table 5 and timings in Table 6.

The cycle is initiated by a pedestrian demand formed by both the push button being pressed
and occupancy of the kerb-side detector zone. The delay time, after which the call is cancelled
if the kerb-side detector does not detect a pedestrian, should be set to a value between 2 and
4 seconds depending on site conditions.

Period 1

Under vehicle actuation:-

* The minimum time will normally be 7 seconds. Exceptionally this may be adjusted for site
conditions between the limits of 6 to 15 seconds.

* The maximum time will normally be set between 10 and 30 seconds. Only in exceptional
circumstances should a value greater than 30 seconds be used. The highest value available
is 60 seconds.

e The maximum period will normally start at the pedestrian demand but may start at the
commencement of the vehicle green (‘pretimed max.’) on roads subject to speed limits up
to and including 30 m.p.h.

e it will terminate, subject to a pedestrian demand, either at the end of the minimum time;
when a gap is detected in traffic (gap change); or on the expiry of the preset maximum time
(forced change).

* The extension times for vehicles will be determined by the type of detection system used
(see Table 2).



Period 2
This is the mandatory 3 second stopping amber signal to vehicles.
Period 3

Where the 85 percentile speed exceeds 35 m.p.h., this period will be 3 seconds. For other roads
it will normally be 1 second for a gap change and 1, 2 or 3 seconds for a forced change.

Period 4

The timing for the Pedestrian green walking figure period, with the option of the audible and/or
tactile signal, should normally be set to 4 or 5 seconds at crossings with light to moderate
pedestrian flows. Where one or more of the following conditions occur the length of this period
should be increased to 69 seconds as appropriate:

e the crossing is in an area where heavy pedestrian flows are generated;
e the distance between kerbs is greater than 11 metres;

¢ a central refuge is provided;

* space in the pedestrian waiting area is limited.

e areas where there is a higher proportion of disabled or elderly people.

Period 5

The all-red period of 1-5 seconds.

Period 6

The all-red is extended by the on-crossing detectors up to 25 seconds.

The extension period for the pedestrian on-crossing detector should normally be set within the
range 1.6 to 2.2 seconds.

Period 7
If the normal maximum of the clearance period is reached when pedestrians are still being
detected on the crossing, this operates to permit the pedestrians to clear before the Period 9

commences. The duration of this period is normally 3 seconds but can be adjusted between
0-3 seconds.

The maximum duration of the pedestrian extendable clearance period (Periods 6 and
7 together), in seconds, should normally be set to 5 + 1.67 (the length of crossing - 3 metres).

Period 8

If the normal maximum of the clearance period is not reached Period 7 will be followed by
this period. Normally set to O seconds but can be adjusted in steps of 1 second to a maximum
of 3 seconds.

Period 9

The red/amber period is fixed at 2 seconds.

8 TOUCAN CROSSINGS

8.1 General arrangement

The Toucan Crossing has the same form of vehicular detection as the Pelican and Puffin
crossings and normally the same form of pedestrian on-crossing detector as the Puffin crossing.
It is intended to develop kerb-side detectors. The method of operation given in this document
is interim and it is intended that the method now used for the Puffin crossings will become
standard once development of the Toucan is far enough advanced.

8.2 Timings

The Operational Cycle use and variations are described in Table 7 and the timings in Table 8.

The Operational Cycle is initiated by a demand by a pedestrian or cyclist.

‘(%

A Toucan crossing is an

unsegregated signal-
controlled crossing for
pedestrians and cyclists,
linking cycle track and
footway  systems on
opposite sides of a
carriageway.
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A near-side mounted signal
may replace the far-side one
for future Toucan crossings.
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Period I

Under vehicle actuation:

a) The minimum time will start at the commencement of the vehicular green and should
normally be 6 seconds but is adjustable up to 15 seconds to suit unusual site conditions.

b) The maximum time will start at the commencement of the minimum time on roads where
the 85 percentile speed is 35 miles per hour or less and at the pedestrian/cyclist demand for
other roads.

¢) The maximum time should normally be set to 40 seconds or less. This may be adjusted
for site conditions up to 60 seconds.

d) It will terminate subject to a pedestrian/cyclist demand either at the end of the minimum
time, when a gap is detected in traffic (gap change) or on the expiry of the maximum time
(forced change).

e) The extension times for vehicles will be determined by the type of detector system used
(see Table 2).

Period 11
This is the mandatory 3 second stopping amber signal to vehicles.
Period 111

Where the 85 percentile speed exceeds 35 m.p.h., this will normally be 3 seconds. For other
roads it will normally be 1 second for a gap change and 1, 2 or 3 seconds for a forced change.

Period IV

The timing for the green figure/cycle, with the option of the audible and/or tactile signal,
should normally be set as follows:

a) 4 seconds for crossings up to 7.5 metres in length.
b) 5 seconds for crossings over 7.5 metres and up to 10.5 metres.
¢) 6 seconds for crossings over 10.5 metres and up to 12.5 metres.

d) 7 seconds for crossings over 12.5 metres.

It may be desirable to extend the period by 2 seconds. The circumstances are outlined for
Period D of the Pelican operational cycle.

Period V

The fixed black-out of 3 seconds.

Period VI

The black-out is extended by the on-crossing detectors from between 3 to 22 seconds.

The extension period for the on-crossing detector should normally be set within the range
1.6 to 2.2 seconds.

Period VII
If the normal maximum of the clearance period is reached when pedestrians/cyclists are still
being detected on the crossing, this operates to permit the pedestrians/cyclists to clear before

Period VIII commences. The duration of this period is fixed at 3 seconds.

The maximum duration of the pedestrian extendable clearance period (VI & VII together), in
seconds, should normally be set to 5 + 1.67 (the length of crossing - 3 metres).

Period VIII
The all-red should be 1, 2 or 3 seconds.
Period IX

The red/amber period is fixed at 2 seconds.



9 CONSULTATION

Submission of pedestrian crossing schemes is no longer required, but consultation with the
police, public notice and written notification to the Secretary of State are necessary before a
crossing is established, altered or removed. (The Road Traffic Regulation Act 1984%).

It is possible that the installation of a pedestrian crossing may, under certain circumstances,
provide liabilities under the provisions of the Land Compensation Act 1973%°, to which
reference should be made.

10 PUBLICITY

General guidance is given in the Highway Code®. Specific information on Puffin pedestrian
crossings, is available in ‘How To Use a Puffin Crossing’®", (Bilingual versions available in
Wales), and ‘The Use of Puffin Pedestrian Crossings’®. Reference to the Toucan crossings
is made in Traffic Advisory Leaflet 10/93, “Toucan” An Unsegregated Crossing for
Pedestrians and Cyclists’®?. It is most important when installing or modifying a crossing that
local publicity is provided. Visits, by Road Safety Officers, to schools and centres for elderly
or disabled people help to inform the more vulnerable. Posters designed and produced by
local authorities have been very successful in getting the message across. These have been
displayed in schools, centres, libraries, surgeries, etc. and together with a localised postal
distribution of ‘How to Use a Puffin Crossing’ can reach a wide audience.
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29 Department of Transport Specification MCE 0108/MCK 1030 - Siting of Inductive
Loops for Vehicle Detecting Equipment at Permanent Road Traffic Signal Installations.

Publicity

30 The Highway Code - HMSO

31 ‘How to Use a Puffin Crossing’ - Departmental pamphlet

32 Department of Transport Advisory Leaflet ‘The Use of Puffin Pedestrian Crossings’.

33 Department of Transport Traffic Advisory Leaflet 10/93 “Toucan” An Unsegregated
Crossing for Pedestrians and Cyclists.



12 TABLES

Table 1 ALL TYPES OF CROSSING - VISIBILITY REQUIREMENTS

Reference should be made to Departmental Advice Note TA 12/81%”

85 Percentile Approach Speed 25 30 35 40 45 50
(m.p.h.)

Desirable Minimum Visibility 50 65 80 100 | 125 | 150
(metres)

Absolute Minimum Visibility 40 50 65 80 95 115
(metres)

Table 2 PELICAN, PUFFIN & TOUCAN CROSSINGS - VEHICLE DETECTION
REQUIREMENTS

Speed Limit 85 percentile Recommended Operation
(m.p.h.) approach speed
(m.p.h)
Up to and Up to and (a) Fixed time operation, or

including 30 including 35

(b) Microwave vehicle detection (MVD) in
accordance with Department of Transport
Specification MCK 2123®" & @ or

(c) With a single loop sited 39m from the stop line
with a 4.0 second extension time for vehicles, (see
Note 1) or

(d) With a multi loop configuration such as System D,
(see Note 1)

Above 30 Up to and Vehicle actuation as in (c) or (d) above
including 35
Not Greater than 35 Vehicle actuation as in (c) or (d) above. In addition,
relevant and up to and Speed Discrimination loops spaced at 79m from the
including 45 stop line (vehicles travelling in excess of 30 m.p.h.

being granted 3.0 second extensions) should be used
(see Note 1).

Not Greater than 45 Vehicle actuation as in (c) or (d) above. In addition,
relevant (see paragraph 2.1) Speed Assessment loops sited 151m from the
stopline should always be used (see Note 1).

Note 1: In accordance with Department of Transport Specification MCE 0108%” & ¥

Note 2: In Scotland, microwave vehicle detection may be used on higher speed roads but signal
settings must be adjusted to ensure safe clearance periods are introduced. The adoption of this
form of strategy must be agreed with the Scottish Office.







Table 3 PELICAN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS

PERIOD USE VARIATION FOR
A Vehicle running time Traffic volume
B Standard stop warning to vehicles None
C Vehicle clearance period Vehicle actuation
D Pedestrian invitation to cross Road width, disabled pedestrians,
crossings with central refuge
E Warning to pedestrian to clear the Site conditions
crossing and not to cross. Vehicles
remain stopped. For use with
divided crossing
F As period E above but with Road width
vehicles allowed to proceed
provided the crossing is clear of
pedestrians ahead of them
G Additional pedestrian clearance Road width

time before vehicle running period

Table 4 PELICAN CROSSINGS - OPERATIONAL CYCLE & TIMINGS

PERIOD SIGNALS SHOWN TIMINGS
(Seconds)
TO PEDESTRIANS TO VEHICLES
A Red Standing Figure Steady Green (proceed 20-60 (fixed)
(wait) if way is clear) 6-60 (VA)
B Red Standing Figure Steady Amber (stop 3 (Mandatory)
unless not safe to do so)
C Red Standing Figure Steady Red (stop, wait 1to3
behind Stop line on
carriageway)
D Green Walking Figure Steady Red 4 to 7 (in some
with audible signal if circumstances
provided (cross with care) plus 2)
E Flashing Green Figure Steady Red Oor2
(do not start to cross)
F Flashing Green Figure Flashing Amber (give 6to 18
way to pedestrians on
the crossing - they have
priority)
G Red Standing Figure Flashing Amber lor2
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Table 5 PUFFIN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS

PERIOD USE VARIATION FOR
1 Vehicle running time Traffic volumes
2 Standard amber to vehicles None
3 Vehicle clearance period Vehicle actuation
4 Pedestrian invitation to cross Road width, disabled pedestrians,
crossings with central refuge
5 Pedestrians must not start to cross Type of detector
6 (_Iompletion of pedestrian crossing Road width
time
7 Additional pedestrian clearance time | Pedestrian detection
8 Additional pedestrian clearance time | Pedestrian gap change
9 Standard red/amber to vehicles None

Table 6 PUFFIN CROSSINGS - OPERATIONAL CYCLE & TIMINGS

PERIOD SIGNALS SHOWN TIMINGS
(Seconds)
TO PEDESTRIANS TO VEHICLES
1 Red Standing Figure Green (proceed if way 20-60 (fixed)
(Wait) is clear) 6-60 (VA)
2 Red Standing Figure Amber (stop unless not | 3
safe to do so)
3 Red Standing Figure Red (stop, wait behind 1to3
Stop line on
carriageway)
4 Green Walking Figure Red 4t09
with audible signal if
provided (cross with care)

5 Red Standing Figure Red 1-5
(do not start to cross)

6 Red Standing Figure Red 0-22 (pedestrian
extendable
period)

7 Red Standing Figure Red 0-3 (only appears on
a maximum change if
pedestrians are still
being detected)

8 Red Standing Figure Red 0-3 (only appears at
a pedestrian gap
change)

9 Red Standing Figure Red with Amber (stop) | 2

19






Table 7 TOUCAN CROSSINGS - OPERATIONAL CYCLE, USE & VARIATIONS

PERIOD USE VARIATION FOR

1 Vehicle running time Traffic volumes

II Standard amber to vehicles None

I Vehicle clearance period Vehicle actuation

v Pedestrian invitation to cross Road width, disabled pedestrians,
crossings with central refuge

v Pedestrians must not start crossing None

VI Completion of pedestrian crossing time | Road width

Vil Additional pedestrian clearance time Pedestrian detection

VIII All red Pedestrian clearance

IX Standard red/amber to vehicles None

Table 8 TOUCAN CROSSINGS - OPERATIONAL CYCLE & TIMINGS

PERIOD SIGNALS SHOWN TIMINGS
(Seconds)
TO PEDESTRIANS TO VEHICLES
I Red Standing Figure Green (proceed if 20-60 (fixed)
(Wait) way is clear) 6-60 (VA)
11 Red Standing Figure Amber (stop 3 (mandatory)
unless not safe to do so)
111 Red Standing Figure Red (stop, wait 1to3
behind stop line on
carriageway)
v Green Walking Figure Red 4to7
with audible signal if
provided (cross with care)
\" Black-out - no signal shown Red 3 (fixed period)
(Do not start to cross)
VI Black-out Red 0 to 22 pedestrian
extendable period)
Vil Black-out Red 0-3 (only appears
on a maximum
change if
pedestrians are still
being detected)
VIII Red Red 1-3
X Red Standing Red with Amber 2
Figure (stop)

Printed in the United Kingdom for TSO

N 178582 C2 05/05 876605 19585
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Abstract

Redesign and rehabilitation
of the road between issa round about and tayba junction

Group work
Khalid Ibrahim Rabea’ al-sa’di

Mohammad al-gawasmi
Palestine polytechnic university

Supervisor

Faydi Shabaneh

The project is a redesign and a re- constructive engineering for the road that extends from
Issa square to and Taybeh crossroad. This project has been chosen because of its vital and
strategic situation which goes past a crowded living area , several schools, companies and
mosques . In addition, it reaches several suburbs in western and southern parts of Hebron.
This projects consists of two parts: field work and office work

The project includes several field works , discovery tours, the work of traverse, road
aspects with details on the ground.

The project also includes several office works such as using programs , traverse
correction and making maps . it must be taken into consideration that the road designing is
according to approved engineering standards
This project includes several maps (width section designing, profile designing, volum
curve, horizontal d and vertical curves). It is worth to mention that it is important to have
interest in road designing according to approved engineering standards , so the right

implementation should be done according to designing maps .

Vi
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- ke
Gkl e >
88 apaadll 3
el el >

5 skl Glliall st 45 >
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-:4dlcil) 3-2-2

& S be S) Bkl e 831 (585 o Ble e ae oSy L JB1 GGy pdall A8lSS () 0S5 o ey
sie Lol yo ciny A lial sl 5 gyl e gl el e Mo 5 s e Aailadl
P

-1o904l a3 4-2-2

Sl s el aaall dul jo 4l Cum | Bkl Jaghads vie (g5 el aaall sle) e 2 o ey
- Gaohll (8 lelee ang A

-~ Gkl Jlwal Laluwal) Jlast) 3-2

Jal e dlia g ALl Bl araa JLieY) B A o) qag bl Al e gkl lue adgl 38
-1 A daaluad) Jledll
Ll Al Al o »
e M) dalid) B
(Y el 3>
Agluaidl) daludl B
.(Final survey) 4ilgill Lalud) Syl >

.(Construction survey) Lisy! muall dda e 3>
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s dai) AN Al ya 1-3-2

EJJHSLG\JA@LS\J;}\GJQ%B)AA:\M}Q:\)M\ JLM%M}@AJUSMLS\‘)AJ\ d).;u—n
| Gehall Jladll s JSAN e i ynill Gl dxgelall ) g s

-2 dge et dalall 2-3-2

Caay, @Bl 8 A8 LS ladll Gy phall JSG Jias Y L ) enigall sal il Al 5 e a2l
a3 S 33 gl dasy Gy skl jlidd il areaill 5 daghadill Guad puia o) a8 sall 35 eaigall e
-t Slaslrall 038 (a5 o sall (0 Do slrall pan oy Ga okl Lo

-Gkl e B Gl 5 L) AL e daia gall 2 (@)l gaan 2a m

Al sbaal 5 aeY) elae iy peail M Cliial aransi  w

(i) Sl 5 3i) el Gkl pa s asall (A4 daplay g s m

- Y ) 3-3-2

-2 (Y prall Cilaa

. &kl (Link Traverse ) Gl ghias dee -1

- prasatl) dalee 3223 (Al g 5okl o (3 gall Al ja -2

dauliall J saall Jard Gia Y1 280 58 ada g Gagda Al 50 -3

L i) dplee a3 )lA) Gy Hhall s e Jae -4

slieSy ila sl s Al o B sall Jaaldill qpen @b 32 5n sall Gaohall @iy dee -5
Jraliil) (gl a5 JuSls ) gual 5

- (Bassl 1) 5 388Y1) (5 phall A DU i) Jaad (3 ylall dpunigll 4l Al -6

PP PEA g WON [ BN Iy

ey Juad) Y 3y plall sl a8l 5l L Jlia g aad) Jaglasdll 8 Jilad) alay) -8

Gkl el jlid 4 50 dpalatil Al 4o Jee -9

bl Sl Jaadill Jaal Za O lla) jues Ao J pandl (S0 S0 el (a9
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—raaluadtl) dalual) 4-3-2

Lty okl oy dal e i) aglae mavas dlins Jany Jeall (3358 2l Goohal) Lid) 2
D @) elldg A )Y dalud) ddee 6 ALLEN Adasall Slea alasinly @l ¢ s A glee
Jeal llag | Gy yhall GUai (panm dadl 51l il Ly oSl Baae 5 Jlaa (g Gahall o a8 gl Lag Gkl
& salie i 25 die A jall ahaliall G A8lsall JilE 3le e e (625 - 20 ) IS Apa ol @dalil
Aallac s sl oy abuall deall 48y Jal) e Glabalsill § Gliaidl dga g die 5 Gkl jlue daph
dim s Adjustment by Least Squares 48k e aini gl s 830 aladiuly sUad) o aliadl)
 Aaalal) J gaaadll 8 Jaadily eUadY) (e aliaall s 43 5k a5

-:(Final survey) 4l Lalual) Jue¥) 5-3-2

Jlee V) @il lusn s Al Hal @l A jal) phliall an ) o dul il G o 3all 13 Jady
Goodll Y X Lparaaill 5 gaY) (e W e 5 ) small s < jlall @Bl e 2aad 5 035 s (e Al
Alee Jeut ) dpelaia¥ly Al s Al 5 LalaiBy) cul sall Calise eV guey 33k O aeadl)

-t b LS A @kl e sl

-: (Construction survey) L) gwall g (Location survey) il gewal) dda 2 6-3-2

i 5f pom o Bl Gy S5 (DS all) da sl T S g ) B phall e 3pant dles ey
4aY) ciliaiall oy ol 25 Ay 4 glutie Sl e jsad) bd e (Olaally (B0 5 nebs)
Azl g g A0 Ly ) Ll Lalall oda Loy ) oy g adaliil) Jali 5 Letiiled
e Ao Calie 4 G5 LS saall lad e il Sa) a5 A shall Al el Jee o5 63 (g
balial) X Cumy obuall (5 jlae die A jall adaliall Jee ol WS | (225 — 020) JS 3355 dpa jo ahalia
A e e B Gla sadll dee gl s Bkl aua areall duulie Glilud] ) sl uila e dia o)

- Gkl (e Al i il 24
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5 ol Dl 5 sially Bkl sl oy i @3 g A jall 5 4 shall adaliall Cupiall da ;a2 (1

-1 Al ) 9aV o g ALY gaall DA (e g

e Gkl skl sl slxial e 5125 5 20 2 o g Gkl 2l aea i ]
Al s adalail) Ll e 5 (aall Aoy s

Alal) J saal) 2 5f cagii 2

& a5 g1 e Bkl an JalS] Ganadall (gl a5 Gaobll a s 20 Al i 3
Geobll daadall (i Y1 dgas e Ua ol oY1 i g Jadiesall

.(Reference point) g sall 35l cuii 4

AUl L lgie ad )l il oty (3hlia (o8 s gas 5 o) sall Balaiasl s apaal 4 53U 2 Y cii 5
Bkl (g aa IS ClaS i 5l e

Alaall iy 5 el 5l lall 5 2K 5 AY) clandl e DU 2 Y1 cuii 6
Gkl il e
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Traverse clalaall 4-2

-1 dadia 1-4-2

Onie slaa (il (ga fag Cun Ganill lpcany Alate el o shall (0 de ganey aliadll Coyay
csisals (Closed) GlallS oo laaas diline JIS&F 2l | T usie Tad Lo ganay JSa35
.l e 5 (Loop) il s (Connecting ) &4/, 5 (Open)

L 0 5 Al Gl s (Relad) RN 4S5 Jalii) dasbee Lalis e Jashaall oda g 5 Cus
Ll Calaa¥ly claludl s 5okl 5 Slaadly Aaladl dibise cilalasly dicy Glhaaall o @Y
. dall

Ll (e T30S da )l ) il Alens bl sanna cillaaa (a8 Claliaall oLii) 3 Cangl) 3 saus
LSP“*:‘AL“ALB)L-N—\M“ }}\mﬁ&&uwkmuﬁﬁﬁm‘hy\u\ﬁu

-:(Types of Traverses) clalaall ¢ g3 2-4-2

-2 Clabiaall 48t £ (e ASH Elilia

-: (Open Traverses) g sidall alaal) 1-2-4-2

CAEaAY) e slee iy fay Cus (g3 ) JSi) Blhe e aliae JS o a1 lhay

Y gna i oAl R et

KNOWN START

(open traverse) (1-2) ai, J<i
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-:(Closed Traverses) (3lall alaall 2-2-4-2

fan Cia ¢ sl JCall o e SaY) e Cua e Ll dliaall 58 ¢ Claliadll (e gl 138
L SLElaY) e slaa (piidadly gt g SLEAY] (e slaa (piiladly

O R

. (closed 100p traverse) e Cpibaill el g5l 5 e 5 LY (e slaa il 0 1) ]

o Lyl clilay) clegles oivan Giihiy g0l Clilaay) (e glea (il o 13) 2

g sl 128 8 4alaainly W gdll & il 1aa 5 (Closed traverses or link traverses )

KNOWN START

Closed traverse (3-2) i, Jif
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(LINK TRAVERS) (liall pliacll ¢ 4i (1 s 5 & 5 pial] A piiicual) alnall S pliaall povsiin 57 JSG (4-2) 28 SIS
ks (5 i iy (i )50 (o [y Cua
20



Gilaliadl s daalial) Jlee¥!

) Jadl

—ile) Al 5.2

Ay Ailesal) 5 28Y) Ay 5 50 ) &3 Cum Glasal) 8 s ) &5 ) el U Jgaadl el

- dbaa &

Cildian) Qlual 2011/3/27 Fuh Ol A lada ) &8 Al @il 8l Jaea Jgaa (1-2) dsa

LSl G dae g Jand) (8 8 e L ald g cilaaal)

From To Horizon Angle H. Distance
GPS control (B) GPS control (A) 0 0 0
GPS control (B) 1 230 | 00 | 18.75 116.216
1 GPS control (B) 0 0
1 2 136 | 58 | 9.17 67.698
2 1 0 0
2 3 264 | 27 | 28.7 140.481
3 2 0 0 0
3 4 161 | 05 | 34.17 123.571
4 3 0 0 0
4 5 211 | 25 | 32.5 132.043
5 4 0 0 0
5 6 141 | 00 | 25.83 61.117
6 5 0 0 0
6 7 229 | 07 25 199.162
7 6 0 0 0
7 8 144 | 25 | 21.6 88.731
8 7 0 0 0
8 9 202 | 43 37 103.948
9 8 0 0 0
9 10 167 | 16 | 56.5 94.577
10 9 0 0 0
10 GPS control (C) 124 | 36 11 92.176
GPS control (C) 10 0 0 0
GPS control (C) GPS control (D) 176 | 13 | 32.4 79.5
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-igeaall) Jb clhaaal) cilfiia) Glua 1-5 -2

L, AE(B—A)

AzA-B =tan Coeeeeeeeeee @
AN(B - A)
Example :
AzA-B =tan™ 157674.738-157692.511 +180 =tan™ ~17.773 +180=196°619.64"
104160.833 —104222.387 —61.554

A Easting(4) = Horizontal Distance (3-4) x Sin (azimuth(3-4))........ccccceeeveeueenee. (3)
A Northing(4) = Horizontal Distance (3-4) x Cos (azimuth(3-4)).................. 4)
Easting(4) = Easting (3) + A Easting(4).......c.oviiriiiiiiiiieieieeeee e (5)
Northing(4) =Northing (3)+ A Northing(4)........ccooovriiiiiiieee, (6)

Example for station 4 :

A Easting4 = 123.571x sin(268°3750.5') = -123.5357

A Northing4 = 123.571x Cos(268°3750.5 )= -2, 95199
Eastingd = 157407.989- 123.5357 = 157284.4533
Northing4 = 104093.822 - 2.95199 = 104090.8700
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(Autodesk Civil 3D) zeli alaxiuly o sulall (31 5l (e danaad) e ClLiaY) s & 3

_sclaay) o2 Jady M Jgaallg

Olual) B cilaaall dasiaal) p& clfilaay) (2-2) Jdga

Station Easting (m) Northing (m)
1 157568.4782 104113.769
2 157541.9397 104051.4896
3 157407.9886 104093.8218
4 157284.4533 104090.8700
5 157170.1652 104157.0028
6 157109.7901 104147.5089
7 156957.642 104276.0253
8 156869.1981 104238.1567
9 156776.8588 104330.8918
10 156685.3438 104354.7627

Js2all s GPS Jlea A e ladal aidagaia 5 da slaa cililan) o loldie) aliadll moaad o3 )

(Trigs ) 4asbeall cifilaa) (3-2) dssa

s clghay) eds Jady Ul

Point (Station) Easting (m) Northing (m)
A 157692.511 104222.387
B 157674.738 104160.833
C 156615.661 104294.749
D 156559.017 104238.956

- :(Reduction of Error ) pléaall sUail) maauai 2-5-2

~d5 (Total Station) ¢ ¢ (e ALlal dhadl jea s 2l ke 4 aadiadl Sleall

R b L PN KT PSR

5" =angular error 45 3 8 tasll »

23
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—:Error in distance ctélual) b sUaidl) 3-5-2

o5 =+/(0))2 +(0,)? +a +(Dxbppm)® w...oooorerrree 7)

&

0 Gua

Aulaa) ddlial) 8 Uaal) oy
Sl s i Ul o;

BPENIRU PR
-:( Instrument Centering Error) 42l cdgall hual) b Uadl) 4-5-2
-l Gl e il Baladly ¢ oSy Uadld) 138
The Quality of Instrument el 482 3

The Quality of Tripod Jalall 4y 3
The Skill of the Observer Jeall e Jery 53 aal )15 jleay >

-:( Target Centering ) 4l sUadj 5.5-2

ale 2 Aoy Uadll 38 Haiyy | a8y (S8 GuSlall pia s (e daals clhadY) o2
10 G 381l il e Lgale: Jgemnl) oy 5 Sleall cBliass2a 5 a,b

3mm + 2ppm = a,b
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) Jadl

scliluiall A sUadY) sl o Jlia

132.043 m = (4,5 )ikasal) G Lo Aliall dilisall

op = \/(ai)z +(0,)* +a® + (D xbppm)?

o =+/(0.002) +(0.002)° + (0.003) + (132.043x 0.000002)2 = 0.0041355m

( Less Important Area ) e &3 Gy Ul Cliial gall J 53 s = sansa Uadl) 138

() A Al A8l B 4y 7 gamuall Uadd) ad ca Jg3ad) (4-2) a2 J o>

Allowable error

Important area
(example : urban area)

Less important area
(Example : rural area )

Measured distance
Measured angles
Closer error

AL= .0005| +.03 m
A= 60"Vn
€ =.0006Y | +.20m

AL = .0007! +.03m
A=90"Vn
€ =.0009 .1 +.20m

Where L= measured length, 4= angle closure error in second

n=number of measured angles,

Adlua JS (B Uadl) jlala g cillasall Gy B g jRal) cildluall Jra (5-2) Jssa

Line Distance ( m) op(m)
B-1 116.216 0.00469
1-2 67.698 0.00612
2-3 140.481 0.00723
3-4 123.571 0.00635
4-5 132.043 0.012
5-6 61.117 0.00541
6-7 199.162 0.011
7-8 88.731 0.00577
8-9 103.948 0.00638
9-10 94,577 0.00215
10-C 92.176 0.0126
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- Ll gl (uld gﬁ sUady) 6-5-2

OSay Ll g ellaal) b Gl ALlal) sl Slea s deall ddee 8 axdiud) Sleall ()
ik e oo U 2l g Uad e Legaaa
Pointing Errors 4s sl & slaal >
Reading Errors ss)_all 8 ssal 3
A A8 (38 5 s (Sl (g Lagie gl Ladl

205y
Ga’pr T ........................................................ (9)
1) &
Bl i) 5 a1l e il Uasll a 1O or
J\)Sﬂ\ u\f e N
21 sbati s Ll g3l aaad Ly 8 A () K3 Uadll 130 daii
"
ooy = 2\7_5 — 45
4

—raliaay) B pUadY) maual 7-5-2
: Wi adaal) cililan) sl 48y jh o AS) Slia

1) Least Square Method .
2) Linear and Angular Misclosure Method .

(Adjust , Autodesk Civil 3D ) 2 5 eUad¥l psiail Lalisdl) al ydl (10 de gana Lariivl )
Gaen laa) U maais | b e 48 ST LY @l 5 il 8 V) A5kl e adias S
celaall 848 ae (e e glaae s 408 3 s sall Uadll
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-:Least Square Method 1-7-5-2

A ) ddalaal)

X = (ATA) AL oo, (10)

- o) G

Unknown matrix : X
Jacobean matrix :A
Observation matrix :L

Variance matrix : V

il 5 BB o 3T o 28 A ) 03 gl Al i il e 5 e A el

(QLL;.AS\
The Jacobean Matrix J:-
oF, oF, oF, oF oF, oF,
odx, ody,, odx,; ody,, odx, 4 ody, ,
oF, oF, oF, oF oF, oF,
adxiO adle 6dX11 6dY11 adxlll ady14
A=
Fi, F, Fi Foy .. B, Fio
(6dX10) (6dy10) (adxi ) (adyu) (adX1 ) (6dy14)
]_3 13 13 13 ____________ 13 13
(adxm) (6dy10) (6dx11) (8dy11) (6dx1 ) (adyu)
L 124*20
- o\ JLIVEN

Ciled il dae ey Castuall dae
(Clilay) dualaall 2e Jiay sae Y a2

F:- Distance between stations
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Distance observation reduction:-

F(xi,yi,xj,yj):\/(xj—xi)2+(yj—yi)2 .......................... (11)

linearization:

Taking the derivatives of last equation:

ok _X7X
OX; 1J
oF _YiY;
oy, 1J
OX; 1J
o _YiT¥
oy 1J

Angle observation reduction:-

O=Az - Az
X, — X X 12
O=tan'— " _tant =X | p (12)
yf_yi yb_yi

Taking the derivatives of the last equation:

X, IB? IF2
oy, IB? IF?
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T
T

10 10a

T
n

11~ "11a

T
T

12~ "12a

T
oL

13a

The Observation Matrix L: | =| 13~

_Fae - Feea
dx,

dyy,
dx,,

dy;,

42441

The Unknowns Matrix X: X =

Xm4
| dy,,

- 201

0

< <

1

12

<

The Variance Matrix V: V =

Vis
_V14

J424%1

DY, 5 Xy ) dad ddes (A Ayl alS daauaal) pf cilfilaay) aladial a3 28
X =X, +dx
Y =Y, +dy
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& ((Adjust , Autodesk ) gl aladinly daud )l A8all s dpluad) Clilead) o) a) 225
2l Jganll b ek ) dasadll eyl Ll J geanl)

Ol B cillasall daauaal) cililaay) (6-2) Jos

Station Easting (m) | Northing (m) Std. Dev. | Std. Dev. > Sv t
Nth Est
1 157568.477 104113.776 0.0137 0.0145 0.0145 0.0137 | 169.12°
2 157541.935 104051.501 0.0196 0.0228 0.0230 | 0.0193 | 163.40°
3 157407.994 104093.856 0.0244 0.0357 0.0358 0.0243 | 175.38°
4 157284.461 104090.940 0.0279 0.0423 0.0423 0.0278 | 177.70°
5 157170.205 104157.109 0.0325 0.0434 0.0434 | 0.0324 2.40°
6 157109.829 104147.637 0.0324 0.0453 0.0454 | 0.0323 3.82°
7 156957.730 104276.204 0.0329 0.0487 0.0515 | 0.0283 | 23.07°
8 156869.290 104238.353 0.0313 0.0418 0.0462 0.0244 30.07°
9 156776.955 104331.092 0.0285 0.0317 0.0386 0.0182 40.23°
10 156685.438 104354.953 0.0287 0.0253 0.0366 0.0114 49.42°

-t Al ) sa¥) a3k aall) (1 g sl 1 A, (Relative error ellipse ) b a3 8y
Zlini 2 51 il Jaay (o3l Ll (IS 13) Sliad | Ladl) Jomi i Bl cililon)
- 43\.\3‘&\ ‘;\
(E2N2) , (E1, Ny)
N=Y sE=X of (il g

. covariance matrix (Qxx) Lual 8 i of sy S 3
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-: relative error ellipse aladdialy Jad)

Lol 48yl s A Yol e @y b aind s el lipse JSE e Bl s Uadll o S

A, =X, — X "
Ay — y2 yl ............................
-1 0
SZAX SAxAy :SOZ|:_1 0 1 O:|XQ . 0 1| s (17)
Sway Sy 0-101] ™71 o0
0 1
2
tan(2t) = e (18)
Ay_qAx

Oau = Oy SIN? (t) + 20, COS(t) SIN(L) + 0, COS* (1)
Uay = Oy €OS% (1) — 205, COS(t) SIN(L) + 0, SIN* (1)
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u(max)

relative accuracy =
- o

Su(max) sie 2 55 sl ladll Jsha a2 Di

Standard error ¥y
ellipse

Pl st
Syl g
|

L | \

Standard error ellipse

(relative error ellipse) cry (aui 55 SEG (5-2) 28 JSII
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- @L‘ﬂ\ 6-2

s Al C..al.ld\ g (Autodesk) gbi» o Baa al gﬂ\ Gie) Al JLAY) g

dasldl) sUad¥) ad (7-2)d s3>

Angular error 0-00-51
Angular error/set 00-00-04
Error North 0.1898
Error East 0.1173
Absolute error 0.2231
Error Direction N 31-43-02 E
Perimeter 1219.7200
Precision 1in 5466.6398
Number of sides 11
Total # of Unknown
Points 10
Total # of Points 14
Degrees of Freedom 4
Number of Iterations 2
Standard Deviation of
Unit Weight 394150

Semi-Axes are at 95% Confidence Level

@ ol Jah cplauds 8 dalill 3 53l alas 6 4 gl Uadldl 4 of Cag el (g
60*V(n)
= Ui 5 pia b A gansall Uadll Lo ) <38
) 0°3°10”
U giia Uadl) daus 5 &b (e J8I(Angular error)d) oS s
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-t W Ay gl g ol g8 (8 ABal) a9 L) g3l g s ghadld) ) ghal Jady Ml J gaadl g
Mg A8l )aa g g By geanall L 310 9 Ja ghadd) ) ghal (8-2) Jgea

Typ | Pnt | Pnt2 | Pnt3 Measured StdDev Adjusted Resid
DIS| 2 3 116.2160 0.005 116.2094 -.0066
AN | 1 2 3 230-00-18.80 9.300 230-00-32.47 13.67
DIS| 4 5 140.4810 0.005 140.4752 -0.0058
AN | 3 4 5 264-27-28.70 7.700 264-27-43.89 15.19
DIS| 6 7 132.0430 0.005 132.0381 -0.0049
AN | 5 6 7 211-25-32.50 6.400 211-25-37.70 5.20
DIS| 5 6 123.5710 0.005 123.5644 -0.0066
AN | 4 5 6 161-05-34.20 6.300 161-05-40.60 6.40
DIS| 3 4 67.6980 0.005 67.6940 -0.0040
AN | 2 3 4 136-58-09.20 9.100 136-58-24.54 15.34
DIS| 8 9 199.1620 0.005 199.1579 -0.0041
AN | 7 8 9 229-07-25.00 8.000 229-07-25.08 0.08
DIS | 10 11 103.9480 0.005 103.9429 -0.0051
AN | 9 10 11 202-43-37.00 8.500 202-43-19.28 -17.72
DIS| 9 10 88.7310 0.005 88.7246 -0.0064
AN | 8 9 10 144-25-21.60 6.500 144-25-12.77 -8.83
DIS | 13 14 79.5000 0.005 79.5072 0.0072
AN | 12 13 14 176-13-32.40 9.600 176-13-01.28 -31.12
DIS | 12 13 92.1760 0.005 92.1700 -0.0060
AN | 11 12 13 124-36-11.00 8.300 124-35-43.94 -27.06
DIS | 11 12 94.5770 0.005 94.5711 -0.0059
AN | 10 11 12 167-16-56.50 8.300 167-16-33.47 -23.03
DIS| 7 8 61.1170 0.005 61.1103 -0.0067
AN | 6 7 8 141-00-25.80 9.300 141-00-26.47 0.67
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4y g pel) Cladall G Joadl)

S Juadl)

Ay g al) Cilaalast)

-2 dadia 1-3

Ghaliall 5 Ly yai ) dabaiall 3y yhall Lgadi ) 5080 (sae Al 50 oy Bosb ol ol ddee &
w&#‘&u\)ﬂj‘h‘;&M&&ﬁ\)mb\)dwmydﬁ)ﬂ\m\Jﬂm}’BJ‘BM\
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P/ o2 1.87 = (0.0162+1) / 1.9 = (Aushl i +1) / 1 kol ESH = | Zala)) 280

(Bafad) Az sty Adudat Adiaty AR g Ay gl I Aeead e ABSI2Y

2.1
Pl 2.05
// \ 2 g
'/ \\ 1.95 :‘g_:
ed \ 10 X
- \ i
1.85
T 1.8
12 10 8 6 a 2 o

(%) Aasb b A

Lilal) 8L L g ol s s ANll (3-6) SSLI
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- o) a8 (346 ) JREL i sall (Slad) s I e

3 o/ a2 2.2 = (Maximum Density ) 4dla 48US )
7.45% AEa elall 4

-1 (CBR) Liusills Jasd dpad 4 25 2-1-3-6

- datia 1-2-1-3-6

(6 sinall Badaa o ie 4y il e Aima Ao juy e ha8 3Bl ks a O Jaall Gy (o i
5 56k 2.5 Jlaia s ¥ e die uldll Jeall ) (il ) dealdl 13a 4 Glua | 485D 5 Sl
, eLally i 2 il (355 Laie 4y il 82 skl 5 580 5 i) Sl et o sl LAY laxy s ale
S dial Y e (Sayy ) Caliny) Caad Gl GulaY) dge (e |y seal JLEAY) ey s LS

-t Janil) At o) U ganl) s, il

AASHTO allai | USC 2a gall allai pladia) Jlaa

OH,CH,6 MH A il Bac el S A 0-3
, OL
OH,CH, MH 4l il sacdll i 3-7
, OL
OH,CH, MH ) i U s 1-20
, OL
GM, GC,SW iy sl b 20-50
,SM, SP, GP obaY)
GW,GM ok 8 Jline 50 &e S

.( CBR ) dJeaill Luswi o pians (5-6) J o2l
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- Jantl s a1 Jganl) 8 A gl Zpnldl) il ariid

(ple) @AY )aka (ISl g ) gl 05500 Bas g
2.5 6.9
5 10.3
7.5 13
10 16
12.7 18
. (CBR ) Jasl dusi ileon (6-6) Js2a)/

- hagl 2-2-1-3-6

A1) k] (CBR) i siilS Jasi dausi slay

-1 daadtuall il gaY)

(") o daie -]

i Alls (8 i 58 Lgie JST 4 dlial Adls 5 3208 pe Aipme eyl 0l A0 shassl Aiaee QI8 3 22
sl el )

. #le 250 Jshas 2ale 1963 Aabise; caliall axall (o 4l diles Jame S shassl (e -3

pbiie Jaray paSall e Dy lladll 5 8l daxy Jarua e -4

Al Jaday GaSall ) all dad Gl Ja) Slea 55 8l Gl Slea -5

L3S 454 () n Al 58 548 ke -6

LS 25 AL o ol -7

REETEN RIS
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-1 Jead) 4840 3-2-1-3-6

i Al elall 20y Lehala g (4 ) A8 daie e 3oLl 4l (e Ly 85 23S 18 e -1
- sthall Sl (g sl

Al Al (s siaall paail 4 il e e 3312

sl g sacll (s S shan¥) QAN 55 s -3

s ddaaad) elaall 48 5l canen 4 il Glay 4

8 Al Aila) 5 ) dans e A 5l b s sl 530 30 Ay i) A1) 315 Aakaa) dalad) A3 -5
Clgadl) 2 ga g dlla

Al QS5 (55 waat ala g A il aa () a1 QI g la 5 A gl g sac Wl Jad -6

bl jise yeaiy oxS 45 0o 03 Y Ol gy o el (8 A 8 Al iy -7
S @AY Hdsas
LA glhall adl) Jaand g (3 JAY) g darall Aad 32 ) -8

Ll Al (o ginall daaty AW Gl g da gl g J W) GBI (e ciline A S JLEAYT (e o LY any
G AY) die Jazall e Jaad o3 (ale ) G RAY) ae ((JSGl IS ) Dariall St an g, A4S gedll
_;@m\m@gm\w;ﬂ&é@“gﬁ) 5,2.5 3

WS, % 100 * (bl il e / Lid¥) A sl jlaia ) = (CBR ) LisfllS Jaad 4w
> ke 2.5 die Jeadll dad g S0 ale 551 AN die Jeadl) A (5 6S5 Ladie 48] daaSlall g

LS_P\ 5 ya JLL\;Y\ sale

-: cllaal) g @il 4-2-1-3-6

auall Jaall e Jpanll oy aiay | Ailed) sl dandy el e 358l sl any S
8685 eonl) i G ARl B o g pall (sl Bale (5 5S Ay il die Al 8ok 25 die (5) a3l

2 oY) I ) jnie padll By 8 CYAD mal iy, eV (e Laate el @I BLA Jeal
@@M}@Ag&\@&wmﬂﬁﬁgﬂﬂ@mwL_\uz\llal\a&‘_g},u.&:_u
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Gl ALY aendl

u.uJLuJ\ ( LASS |

}d.\a‘}(\:\ﬁqcaa&tla&ﬂ\u.\&ﬂh‘;\a,J@‘é‘@\c\ﬁé(wﬂ‘)p)‘fﬂ\ﬂ)}ﬂ\
. 4 CBR J) 4ad 33) 0Ky (o) Snial) Jany 138

10,30,65 65 30 10 65 30 10 65 30 10
0.5 181 96 43 23385 12.403 5.556
1 206 154 70 26.615 19.897 9.044
1.5 283 177 99 36.563 22.868 12.791
2 314 242 127 40569 31.266 16.408

25 338 265 154 43.670 34.237 19.897 0.6245 0.4950 0.2830
3 379 297 180 48.966 38.372 23.256
3.5 408 320 205 52.713 41.343 26.486
4 444 358 225 57.364 46.253 29.070
45 474 379 245 61.240 48.966 31.654

5 516 432 265 66.667 55.813 34.238 0.6645 0.5370 0.3245
55 543 449 285 70.155 58.010 36.821
6 583 374 304 75323 61.111 39.277
7 683 525 336 88.242 67.829 43411
& 790 569 374 102.067 73.514 48.320
9 899 621 411 116.149 80.232 53.101
10 1000 675 444 129.199 87.20 57.364
11 1105 728 479 124.764 94.056 61.886
12 1209 779 513 156.201 10.646 66.280

s 65,30, 10 vie il 3 il crsal] Jasd G ALl (7-6) S saad)
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Ay (10) i dagliall 5 3 Ad) (p ABSlal

80

~_ 60 ?

/
(2

40 i
\ 30 %
\\ 2049
N 10
0
14 12 10 8 6 4 2 0

() JAY dsd

4 uin (30) e Aagllall g joRN Cp ABlall
120
\\ 100
N 3
~— 80 3
60 ;'_’_
\\ 40 %
\ o =
N\
0
14 12 10 8 6 4 2 0
(ke) AN Aad

L3 ie Lo slialls il G A0 (5-6) S
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Ay i (B5) s dagliall g 3l S ANl

180
160
140
~ X
S~ 120 ‘%
100 %5
o
4
60 3{
 S— 20 <&
20
0
14 12 10 g 6 4 2 0

() JUA0 A

L 65 tie Lslialls il G AN (6-6) SN

il Cusall Jasl / el e iall 70,1 B3 Cunsall Jaall) = ( CBR ) Ly sl Jaa s
% 100 * ( Gansld Aisal (3) 52Y)

- WS (a5, 2.5) juall aie( CBR ) JI dad o)) a3
CBR1 (2.5) =19/70.3 = 28.31 %
CBR1 (5) = 34.24/105.5 = 32.45 %

/ ?9) -

10 2.020 0.3245 0.2831
30 2.105 0.5370 0.4950
65 2.157 0.6654 0.6245

WICBR J/asds A0 L sill ) G551 (8-6) 5o
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ala5 & die Ablal) ABUSH gCBR J) (i A5l

70

~ 60
50 4

\--

“--.___\ 40 ‘§
M~ w
30 -1
o
20 8

10

0

2.35 23 2.25 2.2 2.15 2.1 2.05
(Bawfal) Adlad) AdUSY)

Al 4LSN s CBR (o 42! (7-6) S

e 135 i) AH Aad L) e % 95 WS vie CBR J) Aad bm o 3Ll (AU (e

-t Ak S g 55 clialall L ) S dsi (9-6)d 52l

Laadiuall saldll CBR(Kentuky) ALl
Plant Mix. 32.45 Asphalt
Crushed Stone 46 Base Coarse
Clay soil 22.8 Sub Grade

oo ) llishs (o A S 8 515 L) silS i s (9-6) s
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-1 &l 4 saal) 15 9Y) Gl 4-6

-+ A il (e () 5S8 (3ashall aans ) (1-6) JSA (50 el

REAERY A

. (0o sSeall daida) (base course) psbu! ddila
. (sub base) (slu¥) caai e Ak

. (sub grade) LY g diik

YV V V V

- (AASHTO) eU;-aj . Glnhl) dlaw sy 5 (3 yhall @Lu.:‘j\ M\ alee Pug

(Equivalent Accumulated 18,000 Ib Single Axle Load) ESAL 4ed <lus ]

- u‘d\..);

ESAL = f, xG, x AADT x365x N, x f_
ESAL.: Equivalent Accumulated 18,000 Ib Single Axle Load:

fg. design lane factor.

Gt growth factor.

AADT: first year annual average daily traffic.
N; : number of axles on each vehicle.

fe : load equivalency factor

= (10-6) Jsa> (e fy A 2

Number of Traffic Lanes Percentage Truck in Design Lane
( Two Directions) (%)
2 50

4 45 (35-48)

6 or more 40 (25-48)

Percentage Of Total Truck Traffic in Design Lane as/s// < swell 8 LS ol duii (10-6 ) 52
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Lo 2358 (olad) JS (A 2al g e 1) O ladY) 8 G e o (5 sin Lpasanat 3 all (3 kL
. (f4=50%) 0S8 (10-6 ) Jsaall (e 2 28 1 AL fy

-1 (11-6) Jsa e Wl a3d (Gf) growth factor 4eds
Design Annual Growth Rate (%)

period No. 2 4 5 6 7 8 10

years growth

1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

2 2.0 202 204 205 206 | 207 208 @ 210

3 3.0 3.06 312 315 318 321 325 331

4 4.0 412 425 431 437 444 451 464

5 5.0 520 542 553 564 575 587 611

6 6.0 6.31 6.63 680 698 715 734 @ 7.72

7 7.0 743 790 814 839 865 892 949

8 8.0 858 9.21 /955 990 | 10.26 10.64 11.44

9 9.0 9.75 1058 11.03 1149 1198 1249 13.58

10 10.0 109 12.01 1258 13.18 |13.82 1449 15.94
5

11 11.0 12.1 1349 1421 1497 1578 16.65 18.53
7

12 12.0 13.4 15.03 1592 16.87 | 17.89 1898 | 21.38
1

13 13.0 146 16.63 17.71 18.88 20.14 2150 24.52
8

14 14.0 159 1829 19.16 21.01 | 22.55 24.21 27.97
7

15 15.0 17.2 20.02 2258 23.28 25.13 27.15 31.77
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9

16 16.0 18.6 | 21.82  23.66 25.67 27.89 30.32  35.95
4

17 17.0 20.0 23.70 25.84 221 30.48 33.75 40.55
1

18 18.0 214 25.65 28.13 3091 34.00 37.45 45.60
1

19 19.0 228 27.67 3054 33.76 37.38 4145 51.16
4

20 20.0 243 29.78 33.06 36.79 | 41.00 45.76 57.28
0

25 25.0 32.0 41.65 47.73 51.86 63.25 73.11 98.35
3

30 30.0 40.5 56.08 66.44 | 79.05 9446 113.2 1644
7 8 9

35 35.0 499 73.65 9032 1114 1382 1723 2710
9 3 4 2 2

( Growth factor) i/ elee ((17-6 ) Jo2a

dod dighg ¢ Dbt 4w 20 58 Bale 5 eV (e Gkl el B0 WA FE (3 Hh areal Nie
. (Gt =24.30%) growth factor dad o s<i (1290 ) 4 siudl 324 3N

- b S ¢ (AADT) e Ll

A4S 50250 = aal gl 4 sall 3 jpall bl 220 Jau i
(4S50 33 = 2l gl aall A gial) g 20 L s
LS50 27 = 2l gl o ll il 2 Jaus i
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1t b LSl il (gl g

Passenger cars ( 10 kN / axle) = 80%

2-axle single-unit mid car ( 100 kN / axle) = 11 %

3-axle single-unit trucks (110 KN / axle) = 9 %

=1 (12-6) Jsaadl JA (g Apuil) Jlaa¥) ) S el ) 5ol Jysat o3 a3 (ga s

Gross Axle  Load Equivalency | Gross Axle  Load Equivalency
Load factor Load factor
KN Ib Single Tande | KN Ib Single | Tandem
Axle m Axle Axle | Axle
4.45 1,000 0.00002 182.5 | 41,00 @ 23.27 229
0
8.9 2,000 0.00018 187.0 | 42,00 2564 @ 2.51
0
13.35 | 3,000 0.00072 191.3 | 43,00 28.22 275
0
17.8 | 4,000 | 0.00209 195.7 | 44,00 | 31.00 | 3.00
0
22.25 | 5,000 0.00500 200.0 45,00 34.00 | 3.27
0
26.7 6,000  0.01043 2045 | 46,00  37.24 | 3.55
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Gt Bl LY sl bell Gl

0

3115 | 7,000 | 0.01960 2000 | 4700 4074  3.85
0

35.6 8,000 0.03430 2135 48,00 4450 |4.17
0

40.0 9,000 0.0562 218.0 149,00 4854 | 451
0

445 10000 00877 | 00068 2224 50,00 | 52.88 | 486
8 0

48.9 11,000 | 0.1311 0.0100 | 226.8 @ 51,00 5.23
8 0

53.4 12,000 | 0.189 0.0144 | 231.3 | 52,00 5.63
0

578 13000 0264 00199 2357 53,00 6.04
0

62.3 14,000 | 0.360 0.0270 | 240.2 | 54,00 6.47
0

66.7 15,000 | 0.478 0.0360 | 244.6 | 55,00 6.93
0

71.2 16,000 | 0.623 0.0472 | 249.0 | 56,00 7.41
0

75.6 17,000 | 0.796 0.0608 | 253.5 | 57,00 7.92
0

800 18000 100 | 00773 2580 | 58,00 8.45
0

845 19000 124 00971 2625 59,00 9.01
0

89.0 20,000 | 151 0.1206 | 267.0 | 60,00 9.59
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Gt Bl LY sl bell Gl

0

934 21,000 |1.83 0.148 271.3 61,00 10.20
0

97.8 22,000 |2.18 0.180 275.8 | 62,00 10.84
0

102.3 | 23,000 | 2.58 0.217 280.2 | 63,00 11.52
0

1068 | 24000 303 0260 | 2845 | 64,00 1222
0

111.2 | 25,000 | 3.53 0.308 289.0 | 65,00 12.96
0

115.6 | 26,000 | 4.09 0.364 293.5 | 66,00 13.73
0

120.0 | 27,000 |4.71 0.426 298.0 67,00 14.54
0

1245 | 28,000 |5.39 0.495 302.5 | 68,00 15.38
0

129.0 | 29,000 |6.14 0.572 307.0 | 69,00 16.26
0

1335 30000 697 0658 | 3115 | 70,00 17.19
0

138.0 | 31,000 | 7.88 0.753 316.0 ' 71,00 18.15
0

1423 32000 888 0857 | 3200 | 72,00 19.16
0

1468 33000 998 0971 | 3250 73,00 2022
0

151.2 | 34,000 | 11.18 1.095 329.0 | 74,00 21.32
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0

155.7 | 35,000 | 125 1.23 333.5 | 75,00 22.47
0

160.0 | 36,000 & 13.93 1.38 338.0 | 76,00 23.66
0

164.5 | 37,000 @ 15.50 1.53 342.5 77,00 2491
0

169.0 | 38,000 | 12.20 1.70 347.0 | 78,00 26.22
0

173.5 | 39,000 @ 19.06 1.89 351.5 79,00 27.58
0

178.0 | 40,000 @ 21.08 2.08 365.0 | 80,00 28.99
0

( Load Equivalency factor) Luld Jles/ A LS yall ) sl Lrsas (12-6) Ss2a

-1 b LaS LS yall Al @l Jleal cilS

load equivalency factor for a cars (fgca) = 0.0003135 (single axle)
load equivalency factor for a mid. vih (fgm.)) = 0.198089 (tandem axle)

load equivalency factor for a trucks (feruck and bus)) = 0.29419 (tandem axle)

pll pan oy o5 a5 () Aabaall cn LSl 1531 ISV (ESAL) Aad s oy o slaall pan 2205
-1 b WS (Total ESAL) e Jaanil &30

ESAL =f; xG; x AADT x365xN, xf_)
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ESAL cgr =0.5%24.30%250%0.80%365x2x0.0003135 = 556.12
ESALmid.vih = 0.5%24.30%33x0.11x365% 2x0.198089 = 6377.73

ESALtruck =0.5%24.30%x27x0.09%365%2x0.29419 = 6340.64
ESALtotal =13274.49
-o cldgall dSlaw lua 5-6
—: o LS el A ) ks e oy Ca
SN :a1D1+a2D2+a3D3 ...................... (1-6)
where :-

SN: Structural Number .
a1,a,a3: layer coefficients representative of surface, base course, and sub base
respectively .

D,,D,,D3 : actual thickness, of surface, base course, and sub base respectively.

- Aalaall (= (Regional factor) Alall Jdalaall Clis jliie V) cpa 3AY) g WS

N N
- d S
R=—2XR , +—2XRcuiiiiiiiiiiinnannns 2-6
12 d 127 7S (2-6)
where:-

R : Regional Factor

Nd : Number of dry months in a year

Rd : Regional Factor for soils dry

Ns : Number of saturated months in a year

Rs : Regional Factor for soils saturated
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~+ Jsaall e (R, RS) oo JS fad e J pemall o m

case Suggested Regional Factor

Roadbed soil frozen 5in or more 0.2-1.0
Roadbed soils dry 03-15

Roadbed soils saturated 40-5.0

Zliad cwua (Regional Factor) Rbel Jeleal/ e (13-6) J s

R dad () SE (dry) 4l Jedl 85 (saturated) 4y el 4 diul) Led o 5< Ja) dilaia b Ll
- Jial) dshaie &
8

R:—x0.9+i><4.5:2.1
12 12

- L WS SN Clua dglee 55 Cua

ALad) (S-soil support value) ad < yai ¢ () dsaall (e ddda JSI(CBR) 4 jaa 1
LS (S-soil support value) ad o5 | (11-2) JS& (e saa e 48k JSI (CBR)J
b
(S1-soil support value) for Asphalt = 8.2
(S1-soil support value) for Base Coarse = 8.8

(S-soil support value) for Sub Grade = 7.5

e Amall Adadill e Jeagig (11-3) 8 e (S-s0il support value) ad cpad & 2
(SN-structural g5 ahid aidiinl Jle bl s o5 ¢ (ESAL = 13274.49) m )
- ShLS  (SN-structural Number) a ¢ s dia 4k 3 Number)
(Nl—structural Number) = 3.07 .
(S_N2-structural Number) =2.9.
(S_NB-structuraI Number) = 3.3.
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i) e baall ag & (s, (Regional Number) @ e Al ddadil) cala’éﬂ\ 038 Jua g oS
= LS SN () oS dima 3k 8 SN e, B of V)

SN; = 3.07 ( from enter CBR for Asphalt in chart)
SN, = 3.9 ( from enter CBR for sub base course in chart)

SN3 =2.5 ( from enter CBR sub grade in chart)

= (16-6) « (15-6) ¢ (14-6) Jslall (o (@1, 8z, 3) o e Jsmmnl o

Case of Pavement a; suggested
Road mix ( low stability) 0.20
Plant mix (high stability) 0.44
Sand Asphalt 0.40

iU (layer coefficient) 4éwll Jolea (14-6))s2a

Case of base course a, suggested
sandy gravel 0.07
Crushed stone 0.14
Cement- treated (650psi or more) 0.23
Cement- treated (400-650psi) 0.20
Cement- treated (400psi or less) 0.15
Coarse- graded bituminous-treated 0.34

Sand asphalt 0.30

Lime -treated 0.15-0.30

oSl (layer coefficient) 6Ll oles (15-6) Js2a
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Case of base course ag suggested
Sandy gravel 0.11
Sandy clay 0.05-0.10

Sub base J(layer coefficient) 4ékb)/ Lolea (16-6)) 52>

o ) Jhanl (e

21=0.75,a,=0.14,a3=0.11

- Q\A.\LS\ Sl Gl

- : (Asphalt) )Y dakll eless >

SN1 =al D1 — 3.07=0.75*D1 — D1 =4.09in = 4.09*2.54 = 10.39 cm.
Take (D1 = 10cm) .

SN1 = *0.75 = 2.95 in - b LS(in) LY SN def Jsai 5
(10/2.54)

-: (Base Course) 4l daal) elaw 3

SN2 =SNI1 +al DI — 3.9=3.07 + 0.14*D2
— D2=5.93in=5.93*2.54 = 15.05cm .

Take (D2 =15 cm).
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b LS (in) I SN2 ded Ja3 o5 o

15

SN2 = x0.14+2.95=3.77 in
2.54

-: (Sub Grade) A4l dgkall claw 3
SN3=SN2+a3 D3 —25=39+0.11*D3
— D3=12.73in =15.45*2.54 =32.33cm .

Take (D3 =30 cm).
- WS (in) I SN3 dad Jsniad o

30

SN3 = > x0.11+3.9=5.2 in
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Design chart for flexible pavements, p, = 2.5

(AASHTO flexible-pavement design ) (9-6) J<i
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-1 Aadal) 6-6

pranal G 355 Al Jal gl BAS 8 Hlaill 3 Cua 3kl sl 8 (AASHTO) 480k gl oy
o 825 sall el L jlia s Ao 3O el il apeal cilluall 2S¢l al s Wil s & sall ddea )
¢ A ) Jom ) 5 Al J gl

() el 4Ll
10 Asphalt
15 Base corse
30 Sub Grade

L pall bl ilishs dSLaws S (17-6) S
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asaall s claluall Clua bl Sl

) Juadl)

asaall g clabuwal)l Glua

lalocall 1-7
sl g 2 saad) Glaa 2-7
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asaall s claluall Clua bl Sl

- Glalwal) 1-7

el aalicia 3kl L 8 Jlae Y aal (e Gl H1 5 28Y) S o) g clalisall yins
sl Gl

-t ety 3ok samy elld g | dam jall lalial) (bl 5 iad) il Oy g g il 8 Lgtaanl (1S

abflaay) 4k -1
Aadiite Lpcsia JISET ) adalal) aadi 48y 0 -2

- cldlaay) 48y 5k 1-1-7

Duie) o 43 phall o a6 G ¢ Aaall A KV 5 el il gl Y AR phall a2 yiad
Adlke UK Ayl adaliall labis

<
<

[

M (b)) 3 otilall, ¢

Co_ b3t =, I TR vS N |

e i (1-7) S

Al 0 5 yo (pme CLflan] U L) o il JSA (3 el ol dalise sy ALl
C.D.EF,G Llatl capilio s 4,58Y) liluadl) 48 a0 5, sabiall (Haa¥y i) Slaa¥) odalidl) 40 O

) Slaa¥) Jhiag plia 5 gaball Alaa¥) Jiay Jany JS& e Lall) culdlaa) s 55 o o (e
AUl JRA LS Jean A les g
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1157284.4530 104090.8690

2 104354.7630 156685.3440

3 104090.8690 157284.4530

4 104147.5090 157109.7900

5104354.7630 156685.3440

6 104057.4200 157463.4600

7 104326.8400 156669.5500

8 104306.7900 156793.0600

9 104090.8690 157284.4530

10 104147.5090 157109.7900

11 104172.7518 157613.8944

12 104126.0231 157623.6621

13 104158.3448 157722.6825

14 104113.7927 157680.4924

15 104130.1872 157712.2244

16 104160.9243 157627.3031

17 104122.5127 157646.8992

18 104170.8681 157613.6761

19104112.7853 157645.0627

20104160.0568 157622.0917

21104158.6100 157725.6165

22 104212.7666 157676.3628
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23104142.3848 157727.1808

24 104189.2949 157647.5062

25104125.7865 157696.3281

26 104194.2842 157699.6159

27 104189.5950 157656.5785

28104177.5412 157651.4164

29104134.6004 157675.0048

30 104155.7046 157696.0846

31104166.7853 157695.5859

32 104154.8656 157695.0256

33104141.6621 157677.1654

34104167.4942 157662.7218

35104182.7635 157664.9517

36 104153.4005 157711.5512

37 104156.2933 157641.0727

38104179.6944 157646.2861

39104176.7667 157651.1396

40 104158.0831 157646.7045

41 104145.3214 157658.9964

42 104157.3519 157695.4546

43 104142.7525 157676.5187

44 104173.0174 157660.8478
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45 104145.8348 157661.3145

46 104155.6715 157655.5646

47 104180.8939 157685.4740

48 104155.2203 157656.0006

49 104152.2360 157659.8741

50104145.2220 157689.0460

51104185.1901 157675.7466

52 104181.0067 157659.6613

53104146.6931 157701.9698

54 104149.5211 157686.7185

55104177.1568 157677.1220

56 104164.2357 157658.9853

57 104174.0143 157661.3274

58 104189.5507 157680.4846

59104133.5694 157685.7218

60 104189.1161 157669.9115

61104192.4056 157642.2476

62 104129.6819 157642.1110

63 104160.5308 157629.6670

64 104229.2670 157651.0523

65 104219.0989 157718.0306

66 104231.4175 157690.6964
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67 104143.6193 157609.2402

68 104200.2640 157619.4752

69 104212.4430 157671.7230

70104127.6557 157634.7933

71104118.9572 157682.1460

72 104174.5561 157635.2750

73104182.0484 157691.1361

74 104125.9097 157694.7124

75104166.3257 157642.3221

76 104160.0674 157633.1520

77 104167.1354 157696.9336

78 104156.3033 157693.4855

79104168.4802 157681.8159

80104115.5311 157649.3374

81104194.5080 157635.3119

82104119.0759 157682.7247

83104136.8133 157639.7372

84 104156.8776 157623.0973

85104179.1241 157619.6861

86 104172.7518 157613.8944

87 104126.0231 157623.6621

88 104158.3448 157722.6825
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89104113.7927 157680.4924

90 104130.1872 157712.2244

91104160.9243 157627.3031

92104122.5127 157646.8992

93104170.8681 157613.6761

94 104112.7853 157645.0627

95 104160.0568 157622.0917

96 104158.6100 157725.6165

97 104212.7666 157676.3628

98 104142.3848 157727.1808

99 104189.2949 157647.5062

100 104125.7865 157696.3281

101 104194.2842 157699.6159

102 104189.5950 157656.5785

103 104177.5412 157651.4164

104 104134.6004 157675.0048

105 104155.7046 157696.0846

106 104166.7853 157695.5859

107 104154.8656 157695.0256

108 104141.6621 157677.1654

109 104167.4942 157662.7218

110 104182.7635 157664.9517
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111 104153.4005 157711.5512

112 104156.2933 157641.0727

113 104179.6944 157646.2861

114 104176.7667 157651.1396

115 104158.0831 157646.7045

116 104145.3214 157658.9964

117 104157.3519 157695.4546

118 104142.7525 157676.5187

119 104173.0174 157660.8478

120 104145.8348 157661.3145

121 104155.6715 157655.5646

122 104180.8939 157685.4740

123 104155.2203 157656.0006

124 104152.2360 157659.8741

125 104145.2220 157689.0460

126 104185.1901 157675.7466

127 104181.0067 157659.6613

128 104146.6931 157701.9698

129 104149.5211 157686.7185

130 104177.1568 157677.1220

131 104164.2357 157658.9853

132 104174.0143 157661.3274
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133 104189.5507 157680.4846

134 104133.5694 157685.7218

135104189.1161 157669.9115

136 104192.4056 157642.2476

137 104129.6819 157642.1110

138 104160.5308 157629.6670

139 104229.2670 157651.0523

140 104219.0989 157718.0306

141 104231.4175 157690.6964

142 104143.6193 157609.2402

143 104200.2640 157619.4752

144 104212.4430 157671.7230

145 104127.6557 157634.7933

146 104118.9572 157682.1460

147 104174.5561 157635.2750

148 104182.0484 157691.1361

149 104125.9097 157694.7124

150 104166.3257 157642.3221

151 104160.0674 157633.1520

152 104167.1354 157696.9336

153 104156.3033 157693.4855

154 104168.4802 157681.8159

157



155 104115.5311 157649.3374

156 104194.5080 157635.3119

157 104119.0759 157682.7247

158 104136.8133 157639.7372

159 104156.8776 157623.0973

160 104179.1241 157619.6861

170 104172.7518 157613.8944

171 104126.0231 157623.6621

172 104158.3448 157722.6825

173 104113.7927 157680.4924

174 104130.1872 157712.2244

175 104160.9243 157627.3031

176 104122.5127 157646.8992

177 104170.8681 157613.6761

178 104112.7853 157645.0627

179 104160.0568 157622.0917

180 104158.6100 157725.6165

181 104212.7666 157676.3628

182 104142.3848 157727.1808

183 104189.2949 157647.5062

184 104125.7865 157696.3281

185 104194.2842 157699.6159
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186 104189.5950 157656.5785

187 104177.5412 157651.4164

188 104134.6004 157675.0048

189 104155.7046 157696.0846

190 104166.7853 157695.5859

191 104154.8656 157695.0256

192 104141.6621 157677.1654

193 104167.4942 157662.7218

194 104182.7635 157664.9517

195 104153.4005 157711.5512

196 104156.2933 157641.0727

197 104179.6944 157646.2861

198 104176.7667 157651.1396
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Horizontal Alignment Pl Station Report.

Alignment: CENTER LINE

Desc:
PI Station Northing Easting Distance Direction
0+000 104085.391  157554.999

34.123 S40-08-17 W

0+034.123 104059.304  157533.002
31.657 N 83-56-37 W

0+061.498 104062.644 157501.522
17.121 N 85-00-05 W

0+078.620 104064.136 157484.466
17.121 N 60-50-29 W

0+095.232 104072.478  157469.514
20.807 N 57-40-24 W

0+116.039 104083.605  157451.932
29.510 N 75-21-15W

0+145.327 104091.066  157423.381
8.407 S88-41-39 W

0+153.625 104090.875  157414.976
85.087 S88-23-12 W

0+238.712 104088.479  157329.923

20.730 S$88-55-33 W
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0+259.442

0+279.592

0+320.527

0+334.395

0+348.218

0+377.661

0+388.123

0+407.546

0+449.339

0+468.344

0+486.455

0+488.449

104088.090  157309.197

20.730 N 67-39-05 W

104095.972  157290.024

40.935 N 66-26-49 W

104112.330  157252.500

13.868 N 65-26-03 W

104118.095  157239.887

13.868 N 73-22-02 W

104122.065 157226.600

29.443 N 74-14-37 W

104130.060  157198.263

10.584 N 59-10-15W

104135.484  157189.174

19.423 N 61-17-44 W

104144.812  157172.139

42.542 S 86-42-43 W

104142.372 157129.667

19.005 S 86-45-42 W

104141.299  157110.692

19.005 N 62-51-31W

104149.969 157093.779

1.994 N62-51-31W

104150.879  157092.005

9.084 N 56-35-21W
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0+497.533

0+530.203

0+572.479

0+593.597

0+624.179

0+663.702

0+710.847

0+741.188

0+784.968

0+824.575

0+858.658

104155.881  157084.422

32.669 N 49-09-10 W

104177.248  157059.709

42.276 N 46-33-51 W

104206.314  157029.010

21.119 N 46-18-19 W

104220.904  157013.741

30.581 N 50-48-12 W

104240.230  156990.041

39.523 N 48-58-04 W

104266.177 156960.227

48.811 N 83-15-03 W

104271.913 156911.754

30.341 N78-58-31W

104277.715 156881.972

44.169 N 58-25-43 W

104300.840  156844.341

39.630 N 65-24-30 W

104317.332  156808.306

34.083 N 65-46-44 W

104331.315  156777.223

42.819 N 68-20-06 W
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0+901.477

0+905.580

0+937.391

0+964.081

0+981.207

1+007.963

1+075.200

104347.123  156737.429

4.103 N 65-48-59 W

104348.804  156733.686

31.811 N 65-48-01 W

104361.844 156704.670

31.811 S$58-20-09 W

104345.145  156677.594

17.127 S58-20-08 W

104336.154  156663.017

26.755 S$54-52-51 W

104320.762 156641.132

67.353 S$43-58-31 W

104272.292  156594.366
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Horizontal Incremental Stationing Report.

Alignment: CENTER LINE

Desc:
Station Northing Easting  Tangential Direction
0+000 104085.391  157554.999 S 40-08-17 W
0+010 104077.784  157548.509 S 42-54-27 W
0+020 104071.187  157541.016 S 54-22-00 W
0+030 104066.210  157532.362 S 65-49-33 W
0+040 104063.051 157522.891 S77-17-06 W
0+050 104061.837  157512.982 S 88-44-39 W
0+060 104062.486  157503.012 N 83-56-37 W
0+070 104063.833  157493.108 N 78-54-45 W
0+080 104066.364  157483.440 N 71-45-02 W
0+090 104070.080  157474.163 N 64-35-19 W
0+100 104075.028  157465.485 N 57-40-24 W
0+110 104080.072  157456.856 N 62-44-24 W
0+120 104084.150 157447.731 N 69-06-22 W
0+130 104087.191  157438.210 N 75-21-15 W
0+140 104089.642  157428.516 N 78-17-42 W
0+150 104090.848  157418.600 N 87-50-40 W
0+160 104090.695  157408.604 S 88-23-12 W
0+170 104090.413  157398.608 S 88-23-12 W
0+180 104090.132  157388.611 S 88-23-12 W
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0+190

0+200

0+210

0+220

0+230

0+240

0+250

0+260

0+270

0+280

0+290

0+300

0+310

0+320

0+330

0+340

0+350

0+360

0+370

0+380

0+390

0+400

0+410

0+420

104089.850

104089.569

104089.287

104089.006

104088.724

104088.463

104088.904

104090.340

104092.756

104096.135

104100.131

104104.127

104108.123

104112.119

104116.063

104119.551

104122.548

104125.264

104128.031

104131.682

104136.385

104140.775

104143.392

104144.042

157378.615

157368.619

157358.623

157348.627

157338.631

157328.635

157318.649

157308.757

157299.057

157289.650

157280.483

157271.317

157262.150

157252.983

157243.794

157234.423

157224.885

157215.261

157205.651

157196.349

157187.528

157178.554

157168.920

157158.958

175

$88-23-12 W

$88-23-12 W

$88-23-12 W

$88-23-12 W

$88-23-12 W

$89-39-49 W

N 84-36-24 W

N 78-52-38 W

N 73-08-51 W

N 66-26-49 W

N 66-26-49 W

N 66-26-49 W

N 66-26-49 W

N 66-26-49 W

N 68-08-53 W

N 71-00-46 W

N 74-14-37 W

N 74-14-37 W

N 72-09-02 W

N 64-59-19 W

N 61-17-44 W

N 69-04-26 W

N 80-31-59 W

S 88-00-28 W



0+430

0+440

0+450

0+460

0+470

0+480

0+490

0+500

0+510

0+520

0+530

0+540

0+550

0+560

0+570

0+580

0+590

0+600

0+610

0+620

0+630

0+640

0+650

0+660

104143.482

104142.908

104142.338

104142.581

104144.244

104147.293

104151.733

104157.494

104164.034

104170.575

104177.115

104183.984

104190.859

104197.735

104204.610

104211.510

104218.418

104224.950

104231.270

104237.590

104244.052

104250.547

104256.318

104261.148

157148.974

157138.990

157129.007

157119.018

157109.166

157099.651

157090.710

157082.556

157074.991

157067.427

157059.862

157052.594

157045.333

157038.071

157030.810

157023.572

157016.342

157008.779

157001.029

156993.279

156985.649

156978.047

156969.886

156961.136

176

$86-42-43 W

S 86-42-43 W

S$87-18-10 W

N 84-30-44 W

N 76-19-37 W

N 68-08-31 W

N 56-35-21 W

N 49-09-10 W

N 49-09-10 W

N 49-09-10 W

N 49-09-10 W

N 46-33-51 W

N 46-33-51 W

N 46-33-51 W

N 46-33-51 W

N 46-18-19 W

N 46-18-19 W

N 50-48-12 W

N 50-48-12 W

N 50-48-12 W

N 48-58-04 W

N 51-33-03 W

N 57-55-01 W

N 64-17-00 W



0+670

0+680

0+690

0+700

0+710

0+720

0+730

0+740

0+750

0+760

0+770

0+780

0+790

0+800

0+810

0+820

0+830

0+840

0+850

0+860

0+870

0+880

0+890

0+900

104264.978

104267.761

104269.463

104270.638

104271.814

104273.663

104275.811

104278.877

104282.878

104287.768

104293.004

104298.190

104302.893

104307.105

104311.267

104315.428

104319.558

104323.660

104327.763

104331.810

104335.502

104339.194

104342.886

104346.578

156951.904

156942.305

156932.456

156922.525

156912.595

156902.769

156893.005

156883.491

156874.331

156865.613

156857.093

156848.543

156839.721

156830.651

156821.558

156812.465

156803.358

156794.238

156785.119

156775.976

156766.682

156757.388

156748.095

156738.801

177

N 70-38-58 W

N 77-00-56 W

N 83-15-03 W

N 83-15-03 W

N 83-15-03 W

N 78-58-31 W

N 75-00-03 W

N 69-16-16 W

N 63-32-30 W

N 58-25-43 W

N 58-25-43 W

N 60-01-31 W

N 63-50-42 W

N 65-24-30 W

N 65-24-30 W

N 65-24-30 W

N 65-46-44 W

N 65-46-44 W

N 65-46-44 W

N 68-20-06 W

N 68-20-06 W

N 68-20-06 W

N 68-20-06 W

N 68-20-06 W



0+910

0+920

0+930

0+940

0+950

0+960

0+970

0+980

0+990

1+000

1+010

1+020

1+030

1+040

1+050

1+060

1+070

104350.465

104353.085

104354.069

104353.391

104351.069

104347.167

104342.037

104336.788

104331.093

104325.093

104318.701

104311.932

104304.820

104297.624

104290.428

104283.231

104276.035

156729.591

156719.952

156710.012

156700.047

156690.332

156681.137

156672.556

156664.045

156655.827

156647.828

156640.139

156632.780

156625.751

156618.807

156611.864

156604.920

156597.977

178

N 70-01-16 W

N 79-34-13 W

N 89-07-11 W

$81-19-52 W

S71-46-54 W

$62-13-57W

$58-20-08 W

$58-20-08 W

$54-33-27 W

$51-41-33 W

S48-49-40 W

S45-57-47 W

S$43-58-31 W

S43-58-31 W

S$43-58-31 W

S$43-58-31 W

S$43-58-31 W



Horizontal Alignment Curve Report.
Alignment: CENTER LINE
Desc:

Spiral/Curve Data

Tangent Data

Length: 7.583 Course: S40-08-17W

Circular Curve Data

Delta: 55-55-06 Type: RIGHT
Radius: 50.000 DOC: 114-35-30
Length: 48.798 Tangent: 26.540
Mid-Ord: 5.836 External: 6.607

Chord: 46.884 Course: S 68-05-50W
Es: 6.607

Tangent Data

Length: 5.117 Course: N 83-56-37 W

Circular Curve Data
Delta: 24-09-36 Type: RIGHT
Radius: 80.000 DOC: 71-37-11
Length: 33.734 Tangent: 17.121

Mid-Ord: 1.771 External: 1.812

179



Chord:

33.484 Course: N 72-55-17 W

Es: 1.812

Tangent Data

Length: 6.809 Course: N 57-40-24 W
Circular Curve Data
Delta: 17-40-51 Type: LEFT
Radius: 90.000 DOC: 63-39-43
Length: 27.773 Tangent: 13.998
Mid-Ord: 1.069 External: 1.082
Chord: 27.663 Course: N 66-30-50 W
Es: 1.082
Tangent Data
Length: 7.106 Course: N 75-21-15W
Circular Curve Data
Delta: 15-57-06 Type: LEFT
Radius: 60.000 DOC: 95-29-35
Length: 16.704 Tangent: 8.407
Mid-Ord: 0.580 External: 0.586
Chord: 16.651 Course: N 83-19-48 W

Es: 0.586

180



Tangent Data

Length: 85.087 Course: S88-23-12W
Circular Curve Data
Delta: 23-25-22  Type: RIGHT
Radius: 100.000 DOC: 57-17-45
Length: 40.880 Tangent: 20.730
Mid-Ord: 2.082 External: 2.126
Chord: 40.596 Course: N 79-21-46 W
Es: 2.126
Tangent Data
Length: 40.935 Course: N 66-26-49 W
Circular Curve Data
Delta: 07-55-58 Type: LEFT
Radius: 200.000 DOC: 28-38-52
Length: 27.691 Tangent: 13.868
Mid-Ord: 0.479 External: 0.480
Chord: 27.669 Course: N 69-24-03 W

Es: 0.480

181



Tangent Data

Length: 18.860 Course: N 74-14-37 W
Circular Curve Data
Delta: 15-04-22 Type: RIGHT
Radius: 80.000 DOC: 71-37-11
Length: 21.045 Tangent: 10.584
Mid-Ord: 0.691 External: 0.697
Chord: 20.985 Course: N 66-42-26 W
Es: 0.697
Tangent Data
Length: 5.089 Course: N 61-17-44 W
Circular Curve Data
Delta: 31-59-32  Type: LEFT
Radius: 50.000 DOC: 114-35-30
Length: 27.919 Tangent: 14.334
Mid-Ord: 1.936 External: 2.014
Chord: 27.557 Course: N77-17-31W
Es: 2.014
Tangent Data
Length: 28.208 Course: S 86-42-43' W

182



Circular Curve Data

Delta: 30-22-47 Type: RIGHT
Radius: 70.000 DOC: 81-51-02
Length: 37.116 Tangent: 19.005
Mid-Ord: 2.446 External: 2.534

Chord: 36.683 Course: N 78-02-55W

Es: 2.534

Tangent Data

Length: 1.994 Course: N 62-51-31W
Tangent Data

Length: 9.084 Course: N 56-35-21W
Tangent Data

Length: 32.669 Course: N 49-09-10 W
Tangent Data

Length: 42.276 Course: N46-33-51W
Tangent Data

Length: 21.119 Course: N 46-18-19 W

183



Tangent Data

Length: 30.581 Course: N 50-48-12W
Tangent Data
Length: 11.764 Course: N 48-58-04 W
Circular Curve Data
Delta: 34-16-59 Type: LEFT
Radius: 90.000 DOC: 63-39-43
Length: 53.852 Tangent: 27.759
Mid-Ord: 3.998 External: 4.184
Chord: 53.052 Course: N 66-06-34 W
Es: 4.184
Tangent Data
Length: 21.052 Course: N 83-15-03 W
Tangent Data
Length: 12.216 Course: N 78-58-31'W
Circular Curve Data
Delta: 20-32-48 Type: RIGHT
Radius: 100.000 DOC: 57-17-45
Length: 35.861 Tangent: 18.125
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Mid-Ord:

1.603 External: 1.629

Chord: 35.669 Course: N 68-42-07 W
Es: 1.629
Tangent Data
Length: 16.896 Course: N 58-25-43 W
Circular Curve Data
Delta: 06-58-47 Type: LEFT
Radius: 150.000 DOC: 38-11-50
Length: 18.273 Tangent: 9.148
Mid-Ord: 0.278 External: 0.279
Chord: 18.262 Course: N 61-55-07 W
Es: 0.279
Tangent Data
Length: 30.482 Course: N 65-24-30 W
Tangent Data
Length: 34.083 Course: N 65-46-44 W
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Length:

Tangent Data

42.819 Course: N 68-20-06 W

Length:

Tangent Data

4.103 Course: N 65-48-59 W

Delta:
Radius:
Length:
Mid-Ord:

Chord:

Circular Curve Data
55-51-50 Type: LEFT
60.000 DOC: 95-29-35
58.500 Tangent: 31.811
6.990 External: 7.911
56.211 Course: S 86-16-04 W

Es: 7.911

Length:

Tangent Data

17.127 Course: S58-20-08 W

Length:

Tangent Data

7.664 Course: S54-52-51W
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Circular Curve Data
Delta: 10-54-20 Type: LEFT
Radius: 200.000 DOC: 28-38-52
Length: 38.068 Tangent: 19.091
Mid-Ord: 0.905 External: 0.909
Chord: 38.010 Course: S49-25-41W

Es: 0.909

Tangent Data

Length: 48.261 Course: S43-58-31W

187
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157551.237
157538.267
157513.542
157514.519
157523.708
157535.936
157512.547
157469.104
157427.201
157382.202
157337.212
157280.671
157293.772
157280.101
157315.813
157360.785
157405.78
157450.097
157490.248
157251.102
157226.943
157208.313
157184.434
157166.424
157139.807
157121.445
157095.158
157080.387
157059.355
157046.995
157026.566
157014.22
156992.801
156979.588
156956.266
156938.386
156912.144

189

104087.91
101041.792
104004.847
104029.618
104049.827
104062.529

104066.33
104078.063

104094.47
104094.663
104093.686
104095.195
104089.754
104056.961
104084.359
104084.847
104086.128
104078.316
104057.997
104117.882
104117.355
104131.905
104132.956
104148.271
104138.763

104146.9
104144.345
104165.318
104171.606
104195.483
104202.426
104226.319
104232.174
104255.052
104258.445
104273.146

104267.29




156881.074
156867.775
156853.706
156829.767
156813.23
156789.943
156772.065
156747.369
156730.733
156697.588
156683.405
156653.106
156631.463
156620.199
156600.015

190

104275.038
104281.313
104300.364
104302.175
104320.027
104321.107
104338.206
104338.33
104356
104357.492
104353.187
104323.281
104316.827
104292.587
104284.628
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5. CHARLES GHILANI and PAUL R.WOLF, ADJUSTMENT COMPUTATIONS , SPATIAL
DATA ANAYSIS , FORTH EDITION
6. DR. Najeh Tamimi, ‘ENGINEERINS SURVEYING’.
7. http://sereencenter.com/files/material/34.ppt
8. http://www.mhd.state.ma.us/downloads/designGuide/CH_6_a.pdf
9.http://www?2.dft.gov.uk/pgr/roads/tpm/Itnotes/esignofpedestriancrossin403
4. pdf
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