Treasure of RCC bridges
Culverts and

Retaining walls
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Cupda s Gsbsed pa ¥ ds 1-1

A Y uom (0-15)% (16-50)% | (51-100)%
Shaid
cu i g sl sl sV
1,2 2,0 3,0 3,7
:d.JIAAJIg duS\J)A.'ﬁu (s _adad
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4l (5203 ADT e il 43 80%2 (2512) el 5Kl 5353 5 15 4%l (550 a2 Y (e S s
(esl8E580% ADT 2w0Y

D ssShn Js9 1Y 4y aaas oedae ) (53550 50) Sl 0 o Ll el o

DS Akl ) s 4
i ol S S - T 58 St R ik e el ]
j}.}\;&\ﬁumd)udjkamd}thMYJMJLﬁaﬂcuya

Jsas) DS S Passenger vhicle units per hour
Al G ) 4a% 5 a4l 2000 per hour
Al 0 5 2000 for tow ways
Al 52 4000 for tow sides

;5 AN) 43X Jean gaiVa o Jll ain 3A5a0 4380 5) 5 90 S ity pia () 580 S
(o)) Caand (5 s 5l (5900 S ) J5n 3-3

Ua e Crand e shoulder width (e (50 s3ky) . 5ld S
carriage way ) 2,0m 1,5m 1,25m Im
(width
7,5m 1,00 0,97 0,94 0,90
7,0m 0,88 0,86 0,83 0,79
6,0m 0,81 0,78 0,76 0,73
5,0m 0,72 0,70 0,67 0,64
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o )5 T=100/(100+Pc)
A T=100/(100+2Pc)
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Do

i 4AX o) K (JSi-1)a (3o (Msus 5 Jisi S pmed o s 43K 4y 43 54 90 ) CBRS
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(i pasiih 3 S ) 55

BN (type of <we s by | (property ) u=alsa (e pa
(component ) layer ) (coefficient)
Wearing & Asphalt concrete 1,00
binder course
Dense bituminuos | Type 1 : 0,80
Macadam stability>400K g
Type 2 : 0,55
stability>300Kg
Cement stabilize Unconfined 0,45
Base course compressive
strength (7days)
30-40 /cm?2
Mechanically CBR>80% 0,32
stabilized crushed
aggregate
Sand , late rite etc CBR>20% 0,32
Sub base Crushed aggregate CBR>30% 0,25
Cement stabilized CBR>60% 0,28
SU e 4xan 438 J g3 23V (o g2 A gl ka5 23~ D,.D,,D,
(Cldia (p yieS siilad) Jgan 2-2
Type of layer Minimum
thickness
Wearing course 4cm
Base course Scm
bituminuous Scm
Base course Wet mix 10cm
Cement treated 10cm
Sub base course granular 10cm
Cement treated 15cm
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=2,5-10°million

: Agcdcgjhm‘tcw (ﬁJY)duS\J)AlLuJ
ESA =2-2,5-10°=5-10°million
DA sl aaa ) il g i e
C=I-R-T=1000-1,0-0,77=770 vhicles per hour
Deols S s 10 Cadyh 35 50 Cad Hk ) siclu 59 50 5e0
C=7700 vhicles/day/lane
: bddjgdﬁy%o‘}\ﬁ\e&‘)}jﬂﬁd
_6600-(1+0,07)10
2

AV = 6490veh/day/lane

D 99l oY A Culiia (S pun AT o sana g 53 ged plai 43X IS J gl
5-10° = TA=26cm
S Js Y 49 43X Jsan (5= 5)2 Culda i 5 a0

A 3 se u Craldia (i (S
a, C;_\JJS\J\S C;-\S\A.m\ 1,00 9cm
a, Sle Jgo Sailae 4 0,32 10cm
(Ja) i S s o
a, S 0,23 10cm
B LY
Dl D2 D3
12,5cm 18cm 20cm

T,=a,D,+a,D, +a,D, +---+a D,
T,=1,0-12,5+0,32-18+0,23-20=25,36cm < TA
R djg&ﬁygﬁa&gjﬂﬁ,ﬂajdwdq&dﬂ
Wearing course: Scm
Binder course: 10cm
Base: 20cm
Sab base course: 20cm

M.H. OMER 7



Ol 5ol 0n (saliil ) g3 oSaly | g3 b

(__Laé eA}J
(Culverts) 4 sSal,
;o slra (a gac

> 6 Dle 4AX Sab ol (550 (Kaighya | JUS S a4y GliAle o siaa (5 il
b ohd ) ey S5V Qulb) | sl sal e | sgl(alY (Sweaa (S gVla siany 4y) ke
3300 L (5 LSS Al 53 g yased LAl (533 0 Al ) Lop s (Shs e 4y silaiilu s ) sa iy o U

LS kb 40 AT ALy ) A S 4 Saly 2 ed )
Dt o) skl e Y Al Sadn
(20115 olae ()l 4x8 5l s sasla ) dal s (S35l
e 423l sae (0¥ bl JUS 0 (S iVl ang 49) S
Ceh Saly g el ) 5a
L dalse (Sl R i
Ll se 555 ol s) Jlanind g3l sad S Sl 4y
2455 ) ) 6540 oS AR yia aid Al Bae 5y A Alala) o lail 5y A el il Sl 4
LG A aSAAR 290 (i (mje s gy Sy
Dedo S s Sabs
Cue 58 Sl 4353 505 48208 Hhaig) (51 2 5m 5 A5 Slsou Ao 650 Y sere (S Sl 4
:AJL;JQJQQ@LQ:)_:\;M\
el s
Cpdo s den
Cedo s e
G A A DA (Sl ae 4 Sl (2 G le A Glls s Saln T ah) L
Gl 53 o . Vsl uY L Lelii )l S o g 523l 51, 55 (53 53 ale 4leSn Sal
Crand Hig )9 Jae L ) 43R 20% A 48 axa Hhld 4 s O gly (S 4R p ASEe 4 Sl (S
NTE-STRLBIEE
Jgilggjﬁdﬁng}\dckﬁadﬂwd@adﬁ‘)@sMﬂ\awddﬁa Db e d e
L (59039 9a eliad 5213 ")A\Sé;\‘);a‘\ﬁm
S35 58 s £ 20%_ 5 Gl 538 05053 (o3 (50 e 43X Clla 4580 § ) (s L8 ey
L (5502 ga "N\A\Schua.l\jécks.a@@dﬂ
EL) 51589 S | IS el e | Cue 5 ((Sad) 51 58 (5 noa sk d Ama ki s ) 1 sisSad
D D Sk 4 (S Al (S O g4 6 o ko s Sl (5l A 45( 558 (el
, S8 ae e oSl 55554 Sh L S e s ai el shaie (5 S ) (el )0 ) gl
62 e sl el (S sala el ) (S
Jsls RS (e pusliines ol jae (25 A3 ) Ce pu a5 A (S mF) M 4 (o 025 sl
o daiie disel saalsa (halsl 5 S 455 5lad 458 e (el A Al ST g0 G
(S Dl Aa il (A B ul e e g A,
40 yie 2045 g5k gl il s ey Sl e S asadia g i0he (il (B ) san

S s o)
A0 4AX g OIS 5 i ol A3 s 50 4383 (6 ) sl 59 Crom"Y sema lagh gl Ad sl gy 6 sSala
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. (Arch Culvert Saly dl 63 (lS) (55 IS4 Sy J Gty (o> Sabiaza -2

. (Box Culvert ) Sabidgy o503

. (Pipe Culvert )Sab s b — 4

6 de a4 sl a) sisSad

.(Foundation ) <l sisSaln— ]

(Abutment 43 #2381 43 5l) 50 ASTN) (A g Saln -2

(wing walls) 4&les by 43sll s ililialy 5 5K 3

(pavement course ) 5 d5 4 @l JeSa Y gare o2 4k il 0 — 4

cel Al (s 8 iV B Saln 6
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S ol A R A
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Design of slab culvert ¢ 3 s sSali 4l g9 ol

cod Jse Y A A g Gl e a5 Sl | s 3% 48 A Jlextiula o) JSG azan jlal ) e 58 Sad
O slaaplatan (D58 (ala gl S8 3 Aa o) shlu g sy e adl Sl ]

. (Design of retaining walls) ¢ 3 535l g0 galituls g3 Kol — 2

.(design of abutments) 5l sy S5 s Saln—3

Al Gl el a5 Al Jda ) G sl —4

CAsla sl G 300 QLS by s Sl 5

deo (52l a4y (a5l 438 (5 pal o LIS (00 558 ¢l al daulae Clid 5 Salin (5 jal 4l

- 35S)an e Fad ol AR8 D 4l e 4y Gila e (ealaey bl Al s 5] S e 55

Jpd a4 st (S i 4 43 S 5 SU jlado jl (g1 aib b 4 Saln (o203 5 gl salo
(o5l Ol aliade (S AR 4y Gl o0

: (first example )JGe sl

sl 4 4 )b (52155 53 90 (2 s S dalan S J by s A Q) s 3M) g 2M (2 Saby o
P sa 438 gida aiW Al Culdun Syl 55 14Tons

o gd e (S lai 43 44X Jaa 4l )lail 44 10cme (sub base course ) 4k 4 )
SIS ) 50V 583 | oy 0l J g S ki 4y 438 K 50 0 )l 43 6em (Surface course ) 4t 4es 5
(Laslin) Sle silawny, M200 (1:1, 5:3)Sle s SAlSy | oy o oaldiu) 43X 65 S jla iy 4l

, R =1400K /cm’(A -1)

Jiad o) IR Ay 43 1) 500 ol o) by ASE) Axad ) 5 oS dpulaa (lu)adids Sl (6 ) g adla s G
et g8 (R (S

: (solution)d>
1S5 (A5 s samlan) 0 sise s (5 el ]

L, =L+2(20)=34M
Lo 0 )il ol giiny (bl 43 £ G) (5 2 20cm

i SMY Gravel Sand
R R R AR R A R R R R R R R R TR R T
I e ] L, Y YT Y Y TV ST VAV YTV VT ATV TAAY
036" % * 2 R b
R (@Y €
.qili 3.0
Ground Level
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DA stie s 0 il Al dran gl J S pan 5150 -2
: (dead load) by - &l
Dead load due to wieght of Slab=0,2-2,4 -1m=0,48Ton/m’
Dead load due to wieght of Sand Course=0,06 -1,6 x1m=0,096Ton/m’
Live load due to wieght of Gravel Course=0,1-2,2-1m=0,22Ton/m’
Z Dead Loads=0,48+0,096+0,22=0,796Ton/m*
_qQ I? _0,769- 3.4
max g
3580 A ye 4y (sl 5 (233 (e ge 081 Al Ly (523553 1 e g 0 i) Al ka5l b (sai g5 -
%) -P= (%) -14T=5,754T -M/M
L Gole 438 JLo i Poglgaae iy [, 64, 4l s Sl S (Sadal 43 g4
s (SR 4 0,3 Gl abie) 4 i (o pd  Giiege o il Al (o —
M™ =0,3-5,754=1,726T - M/M

max

M

=1,15T.M

Mmax = (

15 SN s ye 4y ol (a3 5l (Y Sy pua o e

>0 >0 0,36<I_ =03

I: == =
3,28-S+125 3,28-3,4+125

Lol g Saln S (Sl )48 g4
DG ga (£ gana
> M, =M+ ME M =1,1545,754+1,726 = 8,63T-M/M
PSS S ()i ol -3
D 95SIan A je 4y ) Y Culdis Gl

Mmax=R'b'd2 , d= 1 S (*)

S Akl ) n e
Al Guie 9o Caagliad - R, e (oandd - b, (Gssd) Bae (i) Adlad adaie e iy - ¢
T S S e T R N D

Y sl aliald s S ye yi G (ol (88 ) S je Jiia (el s i =S BEET Gl -]
. 62:35\3,3:34.):“\}4\?61:,\\)
K, ., K

J:Jd_T_l_? ............................................... (*%%)
DSy ass adan g4y ) Vo B Y S ) gl )50 slaadia - K
1
A ok
K E 9
R
F xm
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T J)S}-"
F.=M200
F,=0,35-F,=0,35-200 = 70K ,/cm’
K=0,404

J:1%:1_0,404

=0,87

M, =R-b-d,’

dOZ,/Mm”‘ = /8’63.105 =26,5cm
R-b \12,3-100
D=d, +a =26,5+3,5=30cm
. 9sb8 30cm Gl Gl 4glA (gal o2 alila (5 ghadlas) (SGgilu gilaaus 3 =3 5cm
Jso s 4 Cabise gilaid oalu 5SS d5u je 4y Cria ga (edae 1 1 (e gilaa)s ol g g8y — 4
s Sl

5
AS: Mmax = 8, 63 10 = 26,7cm2
E-J-d, 1400-0,87-26,5
4 alasd gl ala ol g sal (S sl )l o) LAIS 4 Gl (S35 ) k8 20mm e 4l a5

JEBT BYST R NS PAREAY

=3,24cm?

8#20mm@12,5cmC/C
.Gaﬁamtbb@bﬁdéuoﬁd- Ai
e A Y 9 AAR(50% ) (Rlen A silaais (oali SAASS Gl ol g LS
0 -
:M - 13,350m2
100
_A,_ 1335

AN 31427 7

ASZ

5¢20mm@20cmC/C
35Sl Jse i 4 e aaidy gila dlaaw Ly

P=——=—__=36,33%
Se /3,4 °

P=36’33- 6,7=9,7lcm’
100

67 _ 67
3,

2 2
¢:14mm:nj 31414

=1,53cm’

N _9,71_6
® 1,53
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03 33 58V 43 Lapd (s Sal

—-r-EI:M oot ’/— SPZ20mmE20cm ChZ f B 4mmich 16 5cm CiC ﬂ
[ ¥ ¥ 7 I i
; Haor
V= [ - & ] H
N i §
et FCE S 20mmEl 2 5cm CAC

[ 2400M |

Lapd (s by, IS5 — 6

:(second Example) Jb a4 5
(J5G Jsl) TS O oo s ye 49 2 gha (o g 3 Saly (S5 ) adae (iatana gy 4l e 4y 5al8 ) 1Yo
M2004) s S8y 6 jd (4 ) | Im gl ) Saly Im gese Saly | 6m Jsb Saln

s Salsa Rp:7,7_ Kg/cmsz\A Cuaglaa LABSy gl ySalSo , 64 g saldiu) 4AX (S Hla (1;1.5;3)
> o g odlilu) 48X gilAu((s gl ?‘ﬂ) sia A-12 ) Ru=100 Kg/em?® Sk Cuaglia  Aliaila
Sobi4 20emd 99 Sledta 4y Culdiia by Sabin | (63 Ra=2100K g/em? S glie (LIS 4za
Casd Jat Ski4 0,25m b Sab 4 Culais Bdang ) Ay | s el J
: (solution)d~
—adlaly 26 )Ll Jsa e 5h . 5sS aen (ol ) (B se)Ai gl (S S dee alh Sy 4y 5 3l
e SobiA4y Cy pas )b

Dead load due to wieght of Slab=0,2-2500 -1m=500 -1,2 = 600Kg/m2
Dead load due to wieght of Siol Course=0,25-1600-1m=400 -1,2 =480Kg/m2
Live load due to wieght of Snow=100 -1,2 =120K /m’
Other Live Loads = 15000 - 1,2 =18000Kg/m2
Z Loads=600+480+120+18000=19200Kg/m2
(&, M) I A S Al p S gl a5 S aalaaly 3 o
L/b=5/1=5>2
Leii 4 sh Jlad (508 ) 300 S 4y 5 il (55080 ( ) 4585 Sadi o (5 e slrae 4S50l
ashoay s dyg) (o JE J 59 (s sbee 4 48 silaan 45 )b (o oL (623 B (5.8 dslas (S il 4y
S b4 (S Aandivg) e p 43 5H10mMm 55 s (6 st 43R K A Fie Al 53500 (S
D s sl oY A sy sl (lan) (Shaie o) 93 (SAe 434X janadly g
L, =b+2(0,15)=1+2(0,15)=1,3m
. aqa_ubsm@}@ydukaﬁa«_\hqm@g@&\&@ O,ISm ‘554.24\)4.3)}4:4.3
s 5sSlay adail g4y el ) (523 Guia ge Al adae) (S ule 4y A5
_q-L> 19200-1,3

My, =9 = 4056Kg/m
DS Akl ) s 4
sl s (Bslas) SAaiud - T, 4o sexa 51553
DSl ey e A D
AOZ Mmax 5
R, -b-ho

M.H. OMER 14
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t9sShan J g3 a4 gl ) allad b
h, =h-a=20-2=18cm
. =ﬂmz:o,lzscm2
100-100-18
Sl A ye 4y el ) AV y ol e s sl A D
v, =1+y/1-2A,/2=0,935
Tl ngl...m Galig jqb:\ud
a=h»12,3lcm2 = use (8¢14mm)(A-1)
Ra-ho-yo
wé)LJMMLJMMA-I Ju\A:\.m 5¢10mm DJL.AAQ_&)LDJJJ\J cu@}h\)ﬂs.}m;h.ud
s b ga )l ol o) gy 5B (m e
B e S oS 4y 48A 51 (558 dae ) (S S 43 5 (SR sE) (e (o 03 e slas
1 9sSIan i Anad A e 4y el ) sai¥ag) S anlas
Q.. =Q,=Q, =0,5q-1° =0,5-19200-1,3 =12480K g

P S abl) a4
efea e SEler Sl dene S Sl -Q
Do Y hge )i da i 2V (o Juala ge Ce B a0l 20
Q.. <Rb-b-h, =7,2-100-18=12960Kg
Q.. =1240Kg<12960Kg
A I (S dlie 4y 58 amper lug Saiy)laiadd a5 laed o (e 2 4RIA
(LN RER ae > Y S S A G pm A Sl ) 54y 5B (o o)

:(3" example ) Jbia a1
S da b4 63 (LBH) , (5,3,2,5) o b 5l 5085 438 jpe ol JUSS (o Sl s
Cualdia 4dom (L)aida s g iy |5 S5 Jae L2155 10T il Saliay a5 S ¢l e
Loy o ool 42X giliadiia s Al gilaau sl g SIS (5 )
38 glazes R =7,2K Jom® e glea (Uil o SalSa M200(1:1,5:3) Sbe sia S8
7. =2400K /m’ 05 o> s SISS F =2000K /om® S slia
: Solution J=
;})S\q#d}.;dMYo\,g@\}(d\aj) 5 i ga alisd

L,=L+2(0,15)=5+2(0,15)=5,3m
() S S g5 Qi (5 ) 5a 59) 5548 200m Caelida il J 9 Sledie 4
155S g 4l (K9S Jee a1l s 4y (5 gl
Dead load due to wieght of Slab=0,20-2400 -1m=480Kg/m2
Dead load due to wieght of Asphat=0,04 -1800 x1m=72K ,/m’

3
Live load =% = 10-10

=666,7K ,/m”

> Loads=480+72+666,7=1218,7K /m’

M.H. OMER 15
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D58 Al e 4y (il ) (S2YD Ciie ge (eabae ) (S 4l 5 4 s

2 2
Mmax=i—£=10,902T.M
8 8
ql 5,3
R,=R,=1=22-T
A B 2 2

C;-L\AJA S $ade — 2
ZMmaX:MDL + MY+ M™ =1,15+5,754+1,726 =8,63T - M/M

max max max

PSS d a4 caddia o — 3
F.=M200
F,=0,35-F,=0,35-200 = 70K, /cm’
K=0,404

J=1%:1_0,404

=0,87

M, =R-b-d,’

5
g M, _ [8,63:10 26 5em
R-b \12,3-100

D=d, +a=26,5+3,5=30cm

. 5588 30cm Cuelius Qb g
: _5)5\3:1:1. djgdﬁy%ﬁabmﬁﬁﬂudé@;ugﬁdﬁgwd_4
5
A= M., .. 8,63-10 26.7cm’

* E.J.d, 1400-0,87-26,5
9090 Y 4 e aY 49 el silan A Al 6 gt (S ka1 43 20mm kel G o 0

2 2
IT-d :3,14 2 —3.24cm?

8420mm@]12,5cmC/C
D (A1) A8 Y 43X (50% ) (et A silay el IS Glao el (5 Lo
50%-26,7

=13,35cm’
100

4420mm@?25cmC/C
1558 Jse s 4 gl Ly

M.H. OMER 16
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67 67

P=——=—"_=58,76%
JSe 1,3
P=58’76-26,7=15,68cm2
100
2 2
¢:10mm:n;1 _314-12 =1,13cm”
nb:15,68:14
1,13

- (4™ example)Jie o sld
29l (SAa4dl Ay Jdsdoaldaang 1m&u3)\waﬁuﬁw\)ggédhw\agd%%ﬁ
f¢shc=0,8mgla) sl SanvaSsla) H= 1,15 m gl
: (solution)d>
; lialae 35150l — |
S A a g ol Y2 S 3 gl S A s SR 4 Sialn
H-h,<20%h,

1,15—1=O,15<2O~?’8

=0,16m

0,15m < 0,16m
D958 J g9 (0 4y A je 43 J ga ) 88 (0 5ee2 (Civil Engineering Hydrolics) s s 2 _lada g gl

Qwater:¢'WC ’ Vzg(Hhc)
P S Akl e

Jsi o 3l 4y adaie (lasi o Sialiy ol gadalie (oxs ya gl (55 0103 (o2 153 Cnlise e Rad - W,
e S
W.=0,5-b-H=0,5-1-1=0,5
i SR 43 (10.82 +0.85) o i e jud -
P A3 (52 (5 sbue o 1 (Ol S sy (S Sal s gl
Quuer =0,85-0,5-1/2-0,73(1,15-0,8) = 0,425-0,9497 = 0,404m’ / sec
Qc _ 0,404

V= =0,808m/sec

C 9

ol (508 aats (sl i gl oas a4y Sl 2

WJAMGE.\\)LSL\}!J&\}JJ}\ d)&ﬁiﬁd{)\%d&%@@)}&d:LA\}J:)J\LSJS(—%S\ASJ
s 9sShay
L., =(3+4)b=3-1=3m
L 5SIa Al je 4y (il ) 52V (e e (5 IS afais
B=2-L_ =2-3=6m
DAY b pae U ST Y (Sel ae 2 A 4
S=0,35-H=0,35-1=0,35m
1435 (5 sbese (Bee (S sS Cu AT) (S saie Al )5 43R (s )S aladi o

h =2H |— 2 |1 —018m
b-25L,, 1.2,5-4

ZQGQLS}L»AL;\}JQ}\GJ\S&.&ASJL; AAJ"L;PJA:""\)M-\’

L, =04-L, =04-3=12m

M.H. OMER 17
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PSS pex 5150k —3

D 95S)am Al ye 4y el (s2ia 5 il b (sad 55 i Sl 4

w _ 100k,

L

=52,08KN/m?

P,=0,3-52,08=15,6KN/m’
P . =52,08+15,6=67,7KN/M?

L+I

psoil:ko 'F'HOZI,S 181:27KN/M2

pzTarf(45-§)=Tan2(45-2—20)=0,49

q,=0,49-1,5-18-1=8,82kn/m’

q,=0,49-1,5-18-2,2=29,1kn/m’

q' Ly =H - P, =0,49-67,7=33,2kn/m’
. 100

TR 68)

q,°=0,3-14,8=4,48=4,46

q°=19,2kn/m

q’ Ly =h P, (L+1)=0,49-19,2=9 4KN/M?

=14,8kn/m”

PL+I4+Psacil+P=lohk
« [T o
6ICH. R
a0CH - 4 P
QE .o T P ':IE
HEEEEEREERRRRRNEEED
3,4
JS& 7

5 oS A pe 4y Sl gV HLE8 5 5lAa

35S Ay 4y ol ) (sai¥a L8 ol

9 5S)a A e 4y sl ) YA S s sAa

M.H. OMER
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1@[‘4

TTT1_ PL+I
1o0kn [P0EM 10Kn
L SOCM l

N,
[TTTT1]
— X —
| ——————]

q3 :pL+I +P +Pslab tW TWoatW, W, =

soil water wall fundation chera

67,7427 +5+10+11,52+48,9+10=190,12kn/m"
L' 190,12-3,4°

M= q38 =274,7kn-m
P = 100 = 26,04kn/m’
1,2:1,6

P, =26,04kn/m’
P, =0,30-26,04 = 7,81kn/m’
P,., =33,85kn/m’

:L;M)ADJS\“MJ}\JLQGCW

1958 J g9 1Y 49 G g adie ] (S 48T 4y Sl

2 . 2
M=P'8L _10 (;’6) =1,8T.M

s 958l Ay dy el ) W 2o B imje (S5l 4 Sad

V:P~L:10~21,6 ST/

M.H. OMER 19



Ol e 51l 503 gl ol i Saly | g sl

Oitax =1,8T.M
JS&E— 9 s Jgbd Hlaten saY 80— 4
r 98Iy Al je 4y (aal ) (520Ya Cialise silaan
M
CIdef

S

L sShay A ya 4y (aal ) (W Gl gy SSISs
f,=0,45-f/=0,45-200=90k,, / m’
1 5SIay Al je 4y aal ) sV Ciladdl gl
f=0,5-f,=0,5-3000=1500k,/cm
9 SIa A e 4y aal ) (53 Gt 5350 il ) i SASH

s8I A e 4y ) sai¥a e g5 silaadia
m-f' 7-90

“mof4f 7-90+41500
jzl_gzl_o,z%

>

=0,9

180000 180000 )
S = = =8.,2cm
0,9-16,3-1500 22005

558 Al e 4y ol ) A (555 e b
d=h-(8+%) =20-(3+0,7)=16,3cm
;QGJ&}W&W@uaﬁJ
nd* _3,14-14°
4
1Y dlaad gilauud 4glA (gal 63 5 S 2Ll 43R Fis yia e 14 Al (S aiRT 4 Salny Asdl s s
58Iy 4 ye 4y il

=3,14cm’

18’523:5,35z6 ,  6014mm@19%
15580 J 53 s 4 abiald e i giliun
190-7_%_15,5cm
6-1 5

M.H. OMER 20
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67 67
p= 0L O _ 5399

Se 1.6 ’
P= 52’09 -8,5=4,34cm’

2 2
p=tomm =9 3141 4 263em
4 4

N I

0,785
wZSOcm , 6¢10mm @ 30 9%

sosSha Joe Y 4 o L

N SRR RT R WONRI RSPt EENRA R

Aﬁbﬁd}mé\jmtﬂém)ﬂybﬂmd
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J ad oy )
Estimating of culverts ({edd)a)ysl s 55 sSaln

A8 gy g SR ag ad g IS aila g alise dana (5 el o U516 35 5] ua il Jsama

R T R TRV WIS T U AP PP - PNWRRE PENRUITE N (P (N N W P PR Py
g by a8 g a8 5 1S Gt gl) pALESLA 4y aSHR 55 S 5 s gl "M g5 sALG

Ag o) gy 3] 55 pen (S a4y arad oIl 21 (Y 4y IR paa L 58 D (S
35S 5k (i pa 4a Gl al gl e ails | (AN WY

443 1o srom o il gl on st sush g asX A 5 linedl 5iSal digsse She a4 A
c s SOk 4y J g9 laalaa

Qs pr@Jaqﬁ<t£AJAk5£; lags 4l ( abutments ) AJ“Q\JHJL3L53L§L5§URS\‘LiAJ S ?:é qurd 4

BT SUTIBTEE TP PRRL PR

c 558 250 (48led) Jlsd (il Dbsl (OleS Lgh ) (i 5y 438 (S 038wt 50 4,

C 98 2500 (emmislan (S al Ay Clagh 2 4aa ) adsll sy Ky IR aaaa (St a4y

LS opS Jiudl o Ll lagialed (A1) 455 )8 (SSad

Zie i saladl gl U JlaSa (o Crand 43 (S D) a6 5555 IS 4y (laSa (i gy Salin (5 S
43R 45 4l 4 gland AT Al g g sl gt (ST Ay JSS Ay aa Jilatiie CaSa 0 523 Y sama (g2 A8l
. (deduct) s S

Tleduct

(‘arch opening )sbad Jals (L) GleSa — |
(Osisy Spd) gs =2

LS u;ﬂiAAJﬂst‘bgﬂjJ‘JLASJ-— 3

S Jul diss o S 4y (S S ke 4

Eu QLAS.! I__ Deduct
&4 - 10

, 48153 Mia (o (5 ga sk gahata an e silide 4y (o5 (51 435l g0 (s shailadly S R) B

sl s A (6 S Ja s g s S S sl e Kl aisin g S8 5 ilats

LS s ad SOk 4y (s 5mld (S 25l s | (5B 458 4k 4850 pka

)5l 58 Y S5 A S 500D I ag et sl 558 )5l Syl g alus 5315 4l

s Ll oy sl

: (example)Jbs

4 flhadde 3V o)l (pae Som)dshdmsl (o=0e) 45 1,5m o Sely s gy

¢ ;Ji;}% L5~§S leﬁiqﬁ Al

Jsu (S 4 Gl 4 (1:3;(3) J CE“J‘:A J 45L§.C9LAAQA i NS gl g 0 Al Galags ;5L§J34_.gjﬂ
NERTEY

G s e o Canad 4y 1:2:42 438 g5y OIS s ol () i sy Sl — @

b Jat (Sobiag o i 4y 1:2 2 mllany jiuly iy 7

LGS Ja SoBRIAe e Cuui 4y 1:2:49 438 Gy A i ghy A 60 10em Celdaa S un — o
L6 114 G lliand 4380 (2 Gop g 43R SR Al 5 J i) 488 slagi Al (s —o
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L)

>,

ol e sl e (galiiul 4 g3

iom)da

10N

: (solut

s

d%jgd

D s sam ) Land (63 )4 g

Section B-B

01 ¥ .
Jﬂ 10 cm Wearin coat c/_mV
. - 3 o < e N - - 2 -~ V. . K- &
- (X T T .
\\
@@»& 01— 20mm Dia Bars \\7.7
S 0.4 - 15¢cmC/C &/o% 13
&y, 10 o
7 1.5 5
1.4 Glev
. 03 0
- - v 4 4 a
g ”; N 4 _ 0.3
~ N
%
om
[~ 0.6 — 03 03 [015
04 H e L_q N e - T2
= o Y A 0 \%\ . .
1. 5y r | /N ) ™
- ERIEREY R -0 5 o B
1.4 @ E
k) E = s |
£ . N 3 4
e 5 :
5 1.5 z
Wu 4 v.”
G -
4.0 A 3 L Le N 4mRoad Way 4.8 5.1
3 | 4
- m W E
14 ﬁ - -2 ] [ e = ™
— .M 'y /_/- A T < ‘>. .7.1 3 T b

23
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e laa 5 SIS e il

Qg @.1)..»3 J\JSA &\3.\)\ = d}b A Glad dia JiﬁJJ\SJ DJLA.A.:;:
(3==)
Excavation in
foundation
4,28 0,6 0,7| 5,1 2 | Abutments 1
2,02 0,6 0,7| 1,2 4 | Wing walls
6,3
cubm
0,5 of earth work Cement concrete
In excavation in 1:3:6 in foundation
item ] with stone 2
2,14 0,3 0,7| 5,1 2 | Masonry
1,01 0,3 0,7 1,2 4 | Abutments
3,15 Wing walls
cubm
Brick work in 1:4
cement mortar
P o top of 5,76 1,5/ 04| 48| 2| Abutments
Above RCC slab 2,88 1,5 04| 1,2 4 | Wing walls
up to kerb Parapets up to 3
Above kerb 1,13 0,3 0,4| 4,7 2 | Kerb
excluding
coping 1,41 0,5 0,3| 4,7 2 | Parapet above Kerb
Parapet coping
0,39 0,1 0,4| 49 2
11,57
Deduct :
0,57 0,2 0,3 4,8 2 | Bearing of RCC
slab in Abutment
M.H. OMER 24




Ol om0 51l 503 saliial ol g3 Sy | g5l

No deduction for

RCC work 1:2:4 in
slab excluding
steel & its bending

volume of steel 2,016 | 0,2 2,1 4,8 1 | but including
centering
shuttering &
binding steel
Steel bars

L=2,1-2side including bending

covers +2 hooks = | 40,46m - - 2,38 | 17 | in RCC work

2,1- 20mm Dia. bars

(2x4)+(18%20mm) Main straight bars

=2,38 30cmC/C

40,64m | - - 2,54 | 16 | No=4,8/0,30+1=17
200,32Kg | = |[2,47x| 81,Im Main bent up bars

L=4,8-2end covers - 30cmC/C

+3 hooks =4,8- 44,1m| - 9 | No=4,8/0,30=16

(2x4cm)+(18x% - 4,9

10mm)=4,9m 19,60m | - 4 | 10mm Dia. Bars

4.9 Distribution
39,49Kg | = 10,62x| 63,7m Bottom bars

25ecmC/C

239,81Kg quintal | 239,81Kg = | S5
Distribution top
bars

In between 0,92cum | 0,1 2,3 4,0 1 | Cement concrete

Parapets 1:2:4 wearing coat

M.H. OMER 25
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Cement pointing
1:2

in walls

(s u&.&)

7

19,74 2,1 - 4.7 Face wall from
10cm
below G.L up to
bottom of coping
inner side of
Ht=(20+10+50) 7,52 0,8 - 4,7 parapet
=0,8m excluding coping.
Coping (inner
6,86 - 0,7 4.9 edge .top outer
B=(10+40+10+ edge & outer &
10)cm=0,7m. side )
Up to kerb 0,32 02| 04 - Ends of parapet.
Edge and under 0,6 0,5/ 03 - Ends of parapet.
Side 0,32 02| 04 - Ends of parapet.
35,36
Including 10 cm Deduct:
below G.L and
edge of RCC slab 3,9 1,3 1,5 Rectangular
opening
1,69 (0,5x1,3 Triangular portion
x1,3) below earth slope
=5,59
29,77sqr | = o
M.H. OMER 26
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Table ( 3) Abstract of estimated quantities of slab culvert

Item No

Particulars or items
of work

Quantitie
S

Units

Rate

Rs. P.

Percentag
e

Amount

Rs. P.

foundation
Excavation in

6,3

CubM

Cement concrete
1:3:6 in foundation
with stone masonry

3,15

CubM

Brick work 1:4
cement mortar

11,0

Cub M

RCC work 1:2:4 in
slab excluding steel
& its bending but
including cantering
shuttering & binding
steel

2,016

CubM

Steel bars including
bending in RCC
work

2,398

Quintal

6

Cement concrete
1:2:4 in wearing coat

0,92

Cub M

7

Cements pointing 1:3
in walls

29,77

Sqgr M

Add 5% to 3% for contingencies & 2% for work charged establishment

M.H. OMER
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_})Saiulw\deégﬁddgﬁﬁﬁ‘}jﬁjd\y@%@wd

PN 93 g Aldalan JPECEN Cliaddia gl o Aldaluy | N
)3 Gladia N| OJs 0
(0]

1200 S Jed| 23| 1800 (St e daisdady | ]
300 s | 24| 1700 | (dis + St Cuiew ) Al aisd 4y | 2
550 Solisuad| 25| 1600 | (Sa+aisa)d Je Lol A 3
400 SOV s | 262400 J) 535 9 o2 sabiie o | 4
150 i Slaidle | 271 2400 | Jlsmdssmsitag) il 38 e e | 5
200 an i | 28] 2000 s Sl 2| 6

250-150 28 i Ny | 29 1400 s g S| 7

1000 wsl | 30| 2300 | (Jrs st G ) Jl GuSaS | 8
200 oosls4as | 31| 2400 Sy SIS gl | 9
400 s)slsead | 32] 1440 sslA e dng 595 S | 10
900 & | 33] 1760 oosaaay | 11

2200 5 sl 3 | 34| 1600 o)A dushye | 12

2000 oy Sl ) sed | 35| 1600 Sazs| 13

1800 8| 36| 2000 Saycsh | 14
400 SE—&137] 1900 oom s | 15

aiai | 38| 1000 s a4l | 16

2500 4l gle | 39| 1800 cllan Ko ) siians | 17
200 | 4dd Ssylzlal | 40 ] 1700 | (st Ko+ Ciiaw) A mllas | 18

1650 | sosa el i ai| 41| 1600 (St aism)daas| 19
720 o | 42 1100 (S, +z5) A =las | 20

2800 43550 sl | 43 ] 600 SAes |21

7850 Nl 44| 800 S el bl | 22

K

K

K
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d b o 513
(bridge design) ¢ J»

, Oae 4 Syt e A0 Sjle 438 laidbin dp g2l 35 ) 4y e S se S e
_d)lo‘g\dJﬁJ\ﬁA%ﬁj\dd)&Md}\e@‘tﬁN\)ﬁa
Reinforced Concrete is particularly well suited for use in bridges of all kinds Because
of its durability, rigidity and economy as well as the comparative ease with which a
pleasing appearance can be achieved.
Followings are some of the most common Concrete bridges:
% Slab Bridges.
U T-Beam Bridges.
& Precast Girder bridges.
& Composite Steel-Concrete Bridges.
& Composite Prestressed-Concrete Bridges.
& Arch Concrete Bridges.
U Post-tension Prestressed Concrete Box Girder Bridges (spans upto 300m).

: (Arch bridge)d: LS
LBS daaian disi )y sasae 4ish Jgalagl G ISS Sige o
s g (S () 33 oS S g (i 240 3 0 505y 3o 593 5 a3 ) K3 AISE 3 e
LA A5 sia 413 M o 50 S
cAd) (245 88,5m o> 8 Gl w1 sA1 (Robert maillart ) o) (oo gd Jy (SeS (S pal o
: (Slab bridge)d; 41 53 —lu
. L5)j Js GJLJALA ol o
Cetiges dSE (S AL L Oy o LA plas | s )l SSiSE S
;4 93 giae o Ll e o
D6 Jsw 3 4y (5 S ool A3 aza Al Sl a4y 53l s 4053 gl Ak
1- BS 5400 — united kingdom
2- Ontario Highway Bridge design code (OHBDC)
3- IRC (Indian Rout Congress)
4- ASSHTO American code .
5 — ACI (Amirecan concrete Institute)
L83 Jsare (S5isal s 0 il ) 49 435 [RCs) ACI, ASSHTO2 43R laa 4l 5i 93 gie 43 ) 530
35S odldiul 4325 gie 4] ASSHTO- ise 4l (o
The specification contains provisions governing loads and load distribution as well as
detailed provisions relating to design and construction.
The specification prefers to use the service load method for the design of bridges.
Loads: Followings are some of most important loads applied considered in the design
of bridges.
P62 dse Y 43 (S o (SR 4y (S Ot 54 0 000 (o 4500 pge (om0
:(Dead loads) 45)b e o — A
The dead load on a superstructure is the weight of all superstructure elements
Such as deck, Wearing coat, railing, parapet, stiffeners and etc.
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:(live loads)+is0k 55— B

3 m Clearance

Truck Loadings: - ] )

The live load of the AASHTO specification
Consists of standard, idealized trucks
Or of live Loads which are equivalent

<

to a series of trucks.

Two systems of loading are provided: — [O-T]— L:
The H —loading and the HS-loading, ] urb
as shown bellow. The H- loading represents ‘,—T—JL Jm L
a two-axle truck; the HS-loading represents |

a two-axle tractor plus a single axel semi trailer. . "~ ;g .

JS&— 12 Standard HS-Truck
HS 0 HY (o susd Joi (Sohiagaig )b s2is) 555 sad 4l g3 0506 1 By 2l 521 58 5 530
62 A )b se) Y
S0 Al ¥ S8 JusS) (5 0L HS 2 5l Gjle 438 g jhad g i e S5, JuS) 503 )0 Ho
LS A S Y, o e 43X
The number of loading indicates the gross weight in tons of the truck or tractor. The
gross weight is divided between the front and rear axles .

N N N B B
Ny
Ny
I_I_I_I_I_I_H_I_}_I_I_I_I_I_}_}_

[ 11 ]

]
— I_\|||I|||||| |
5@@\ @\w —-ﬂf@\___—

slelelle 2400010
W= Total weight of ek

H=Z20
HZ1%

43 m

Tareshetaesn 43 109 m

][] 0w
]

M [[osw 28
il

L
[ 1
0.4W 0.4W

Js&— 13 Standard HS-Truck

oy gl Ja gl (S JKS Y 4 )Y HY
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10 I o Ay O
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—® @
HECI=3.|6288 Tons HEG:]‘{-,5152 Tons

J<E - 14

: (selecting of loads) A% i 5 5L
The AASHTO specifications provides that bridges supporting interstate highways
shall be designed for HS20-44 loading or an alternate military loading of two axles,
for other highways which may carry heavy truck traffic the minimum live load shall
be HS15-44 .
In the design of bridges supporting local highways H20-44 Loadings, one
Axle load of 106KN. May be used instead of the axle of 142KN.
Application of loading:
Followings are some of more important rules for applying the selected AASHTO
loading:

Do G O ds iV 4 el sy o ) ATl 515 )by sl ey 58 AASHTO?
1- The lane loading or standard truck loading shall be assumed to occupy a width of
3 m. these Loads shall be placed in 3.6 m width design traffic lanes spaced across the
entire bridge road Way width in numbers and positions required to produce the
maximum stress Road way.
Al e 4y S 3,6m okl 8 303 o L Il (e 3m b soY 2 b a1
Ce sy Sk ag
Width from 6 to 7.3 m shall have two design lanes, each equal to one-half the
roadway width.
2- Each 3 m lane loading or single standard truck shall be considered as a unit, and
fractional Load-lane widths or fractional tucks shall not be used.
3-In slab design the centerline of the wheel shall be assumed to be 30 cm from the
face of the Curb While for beam design it is considered to be 60cm.
®lmpact ) 4=
Live load stresses due to truck are increased to allow for vibration and sudden
application of the Load. The increase is calculated by the formula.
| =50/ 3.28L+125< 30%
Where 1 is the impact factor and L is the length of bridge. The max impact factor to
be used shall be 30 percent.
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:(distribution of wheel load on slab) i s b 53 5 bs (il s 4y
The pertinent rules for the distribution of wheel loads on concrete slabs and some
additional design requirements are as follows:
P62 9 Y 4 58 st sl 5 Jln 5lia saily b 4y
(1) Effective Span lengths: the span length shall be the distance center to center of
Supports but shall not exceed clear span plus thickness of slab.
D) s (Glae)s i — 1
paobe il e jlie 43R Lald (535S je 4l g5l b san 4nan (M50, ) (S 5 (5 e paic b 0
CSabasi A s s i paic azanalialis S e eS8 Lo 43R S e Al 1S3 (6 g0
Ll A sl AR (Gl lan a4yl 5 Al paie ) Al 4l 5 6 ) se 58 (o 03 sl
The following effective span lengths shall be used in calculating the distribution of
loads and Bending moments for slabs continuous over more than two supports:
( Slabs monolithic with beam) s Jso Y 4340 55 550 4283 o L ol iy S0 6y a0
S = clear span=effective span
pod Jss 53V 4 Al 50 ise 4rad o )l 5 salus (5) 45 uld
S = distance between edges of flanges plus one-half the stringer flange width.
:(edge distance of wheel load from crub) 4lald Zia yi 5 ealy g by o — 2
In designing slabs, the centerline of the wheel load shall be assumed to be
30 cm from the face of the curb.
oS U S plai 4y alals 300m g5 5y 035138 503 135 5a2 o (5393 s
: (bending moment) <rie ge (Slsil — 3
The bending moment per meter width of slab shall be calculated as Bellow:
D ) e Alls e 4y 9853 e 0 93 (520VD Al Crie e (Alisdl 0l (S e Jle s 4y
Method 1 — main reinforcement perpendicular to traffic:
The live load moment for simple spans shall be determined by the following formula:

HS20 loading:

(M)HZO = Moment, kg-m per meter width of slab, where H20= 7.2ton 20
HS15 loading:

(M)Hls =Moment, kg-m per meter width of slab, where H15= 5.34ton

For slab continuous over three or more supports a continuity factor of 0.8 should be
considered.
G i (s sy) Juaily el 420 55 daale (55 553) 5L ) 40 438 (5 )0 Al (o 43 sl 4r
LS ds SOk 4 a8 (0,8)
Method 2 — Main reinforcement parallel to traffic:
In this case the live load moment is obtained by solving the statically system of
The slab in the critical loading condition
4 5350k a3 e (Sl Gluan o JL 5l ) ) 45V Grie e 0 il 4l (53550 (S Gl g0 4
S dlae S Al
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The load per meter width of the slab is determined by distributing the wheel load
over a width of:

a5 S pase Y 4l sl Al s (S (e Sie e s 4y b
E=1.22 + 0.06S <2.1m, while the lane load is distributed over a width of 2E

:(Distribution Reinforcement) (s i s B

Distribution reinforcement shall be in the bottom and top of all slabs transverse to the
main Reinforcement to provide for lateral distribution of the concentrated live loads,
the amount is Percentage of main reinforcement given by the following formulas:

For main reinforcement parallel to traffic:

p = percentage of distribution reinforcement = 0\’/5_5 % Maximum 50%
S

For main reinforcement perpendicular to traffic:
Maximum 67%
.1:34..1”\}(0‘):3}@) d\.’_"nuLuJS

A =P-A, 4GS G sbe Cialise silagn Ly 50 (S O pa Gy 58
Following table shows the Modular ratio (n= Es ) for different type of concrete
b
Sl i SlSa Cansd (93 50
210 to 275 10
280 to 345 8
>350 6
: Example Jt«

S (A 3 48 e 49 (Data) 528 ) 529 J S )5 1Y Jy (G )SIS S gl 5

S | d=20cm Jse Sledie 4 Culdia by B=7,5m (e do, L=21m Jdsb i
(YA e ) F=1400K /om® Swaglea Faed | M=200K /em® (S ko) Caaslaa

stib a3V Qiad (5 ) ;e 5l F=500m sae 5 o3k, 7, =2400K /m’° ()5 e si SIS
AT BT

LA Cldiia bem o> Ui sy Qlldl aBia 4l gl ]

. d}m&zcm@ﬁ\yéﬁbﬁ}\.ﬁ&w‘jﬂ—z

LA Cwldia 2em (o Al s shilacaa 30— 3

L6 i 20em (o el (o S jriu o) Al 4w A3

------

inzulation
Insulation Cover

RCC Slab
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:solution J~
D ssaslae Jg9 1Y 44yl g e

s GSOBRIA ly ae Sie 5 (o Ao (S (e 4 di ol anlaen
D J sl Gaie ge ada gy e 4R35l J S pan Sigola Al e ]
ke — Al
Dead load due to wieght of Slab=0,2 - 2400 -1m=480Kg/m2
Dead load due to wieght of Road Thickness

Dead load due to wieght of asphalt =0,06 -1800 x 1rn=108Kg/m2

Dead load due to wieght of insulation=0,02 -1000 - 1m=20Kg/m2

Dead load due to wieght of insulation cover =0,02 -2400 -1m=48Kg/m2
D Loads=480+108+20+48=656K ,/m’

: (Maximum bending Moment due to Dead load) e se o il 4l )b o ped
2 2
TR LR
SEIEETSE
4 M.K.S25l s )5 (o9358) 32000Lbesa 15 Y i AluSh o 0H20 3 1 Ul (o) uSla— ]
S Ja S ki 4 58 14515,2Kg (S e
: (Maximum bending Moment due to Live load) < se o il 4l jl (5255

+ +
_LOAGHD 1008 .@.14515, 2=2987,3K, M

max 1

g e Al g Jge 8 1,64 5 52 cumia (0h1) sl 38 (0,8)S aday i) 4
LS es o (Sl
:(Maximum bending Moment due to impact load) <xie se o )il 4l (3 a3 — =
D> ools (o shSAE 30% Chie gad Hl (62155 3 Gaia ga (2 pad A dd a g0
M,,.=0,3-M,, =0,3-2987,3=896,2K - M

D38 (O A e 4y ) a5l Y S (60 (i (0 22 0,3 (S Akl )4

™ L4+6 7,5+6
. 955 gan oy 4 gl ga (5 glilan (LT 5y )
STM,,,. =MPE ML M = 296,02 +2987,3+896,2 = 4179,52K . M
DS S () nldcas lisals 50— 2

: jﬁ\iﬁ@f%&,ﬂ)dﬁ\Jd&&;bdwwq
M, =R-bd* , d= ‘/—Mmax
max > R b

4 Saludiy)¢iSe g g aill), 5 Slan alad ) iS85 S Sa o clud (ool
(P S
((His Al e 248 diny 6 Sadi), e Culio Jl S Hle g g jaa Cuy SIS s K=0,404

J:1%:1_0,404

=0,865=0,87
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R=%-J-K=7—20-0,87-0,4O4=12,3

M, =R-bd’
d=\/M‘“a" _ [A52100 _yg 4o
R -b 12,3-100
paliinl 43 s 20mMm2 S v 4 Tem §led g sl dom Atk (5 adlas glaauy (5 pas
EEPEANER WOSUIMENS ) P NP IE DY 5

D=d+at+1cm=18,4+4+1=23,4 = 25cm
d=D-a=25-4=21cm
s st )lae Fawd dls e — 3
t a0 oY Ag e e Ay ada) ) (Y jlake Fs (S lu gy
M, . _ 4179,52-100

max

A, = = = 16,34cm’>
F-J-d 1400-0,87-21

D sV s SOBI 4 16mm k8 G o A a5
;QGJL;}LMQ;LMCLBA@'A}J@M::};A
M-d*> 3,14-1,6°

Al 2 =2,0096cm’
DA 60 ke pad slaaua s il
A
Npas === 16,14 =8,13 = 8nos
Al 2,009

DA

8@16mm@12,5cmC/C(A =16,34cm?)
ts da Y A Oy B ) a5 (S yles g4

G=0,222(%)2=O,222(%)2=1,57Kg/M

¢ 5 sSlay adand 5 4y ) (532 i (Y sk ol il

—120>67%:>£=138

N JL9
A, =0,67-16,34 = 10,94(:m2
6D 16mm@16,5cmC/C

A

: calculation of interior girder 4sslas ;38 il @ als 30— 4
4y s Al

L =L+Im=21+1m=22m
(5S4 pa 4y shail ) (5 50 a8 AV dlay) o slal 3K

I 1 1
h=(—+—)-L=(—)-22=1,2m
(12 18) (18)

1 1 1
b=(—+-)-h=(—)-1,2=0,50m
(2 3) (2,5)
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ke 100 120
& " 8 b
L E N NN
$—50 —
JSs— 15
e ga ada g ye 4k 5) J5S men 55l sl o8 4
by -l
Dead load due to weight of slab:
D, =1,9-0,25-2400=1140K ,/m
Dead load from girder:
D, =0,5-1,2-2400=1440K ,/m
Dead load due to weight of Road thickness
Dead load due to wieght of asphalt =0,06 -1800 x1,9m=205,2K ,/m
Dead load due to wieght of insulation=0,02-1000-1,9m=3 8Kg/m
Dead load due to wieght of insulation cover =0,02 -2400 ~1,9m=91,2Kg/m
z DL of Raod thickness=205,2+38+91 ,2=334,4Kg/m
ZDL =1140+1440+334,4=2941,41K ,/m
s J st Calae gad

q-I’ _ 2914,4.22°

M _ = =176321,1K_.m
max 8 g
Y PN PR PR (S FP RN BIPY AP Ry S IPLET LGS FPPXt Py puper
0,95-2=1,9m
OSSN (i )a )5y gig )l
L LA\
1,98 1,98

:( rear wheel load) sl a8 43 0 58 5l laa
14515,2-0,96 =13934,6K ,/m

:(front wheel load) xb o8 456 8 5 isSaa
8000Lbs-0,95 =3628,8K, - 0,95 = 1723,68Kg/m

G251, B S )5 Gase eabie) oa (23 A 4 Gla (pulo el dy 43 45500 0 ) 5a1a 3L 53 ()
43 Grie g salac ] b L gt s (S i 4y IS8 (603 4 (530 Saly 43 a5 33500 (5 S o IS
IS
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2200
11,73 &
073 AAH#073
A 745 #2793 — '| 425 — 6,07
14515,2 kg 1%12 kg 36%.3 Kg
0

A B
Cunl e 555 53 i ses JSE— 16
c™ oY 4 s a4 derdl GSe R 3 i 5 Caie e 43 (Sl Ba (5 S
R, -22-3628,8,-6,02-14515,2-10,27-14515,2-14,52 =

_381677,18

R, =17348,96K,,

D4y b 5i80) (658 )5 el alae ) aaly gy Ciia g 43 i (0)2 (S 02 4aslas
S Y g g g 6S adad Jgd (Aba 4y (S adadi 4y(0)2 58 ey gt ad S
M, =17348,96-11,73-14515,2-(2,79+0,73) =141813,7K, -M

@Aya}\d‘f}ad—c
251 Y 4 A e 4y il ) (5393 e (e o &S

L+38 22+38
Maximum moment due to impact =0,25- 141813,7=35453,425K ,-M

> M, =35453,425+176321,2+141813,7=353588,32K , -M

598 Ol ki 43 38mm b 40mm 2 SR 4s) se Sk a4y al gy (T) adaia jolKa
Lol (Adlad) b i oKs
t&J\dMJJ@J:t&J\JJKJ-)LE@ua - Al (g ghdlaa - Al lads s
h, =h-d —dsp—dba% G/ ~120-4-7-5-2-10-92em

bars "3 cov
P S adal) A4

cAdih (g shailag ilaguanog L kel ilaas can s pala g,

cadiald ool 1 Fie 5 gilas () a g9 (5 pala - d

D J s slra ot il ¢ Als je dady

M, 353588,32:100

= =274,5cm’
F-h,  1400-92
2 2 2
Al 3B Seem? N= e 2 ZTEIM ) s 20n0s 22440mm
4 4 A, 12,56cm
P JsS Sa (ahie &) Sy - ala e 4 g
W W . - b - . “ . - ™ F
S 5 (oS A Am R 4 s SIS (o Cllase 438) (5 M= S (4-0-5hf)<M ERTN

s Sy adaul g 4y (ASZ%(d-O,Shf)) Jse sl (520 o (6Y S A

S
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A8 Dy g pn pb A5 pla 5 LI G 28 MEM, o> ot oo S sadaie (Ol T gmns 4

cs230 oY 4 (e dsrady) P= : . a8 2 oh Y S Jiauhy (2
4 rhie Gl adaie 53 (0 K-d<t 4S )5S ) dalal A ol (La 65 G0 K d>t oS
g g A= i RIS o 58 Y8 S e s 58 Al IR

s 0
Cs 8 Gl
i A aislla (5 galan o g3 ol salaia alsd T (o (538 SR 43R silan i gl gy 4]
B0 (SO sa (5055 (55 (S50 93n Ay (ATl 4kl e () Jlad e adaied (5 paS ]
A sl il S (S ol siay sl g b adalang) (g 1 ai ) p0 Cy SAlS el JEESy s
G35 S G ypa 5y 5 ool ) Ol e (5 B LIS 5l (.S s 4 SOk 4 (S sihulas
Ce Ked<t o>l S pd oS danulae S0 4y adatle Lidaiied adalia
GO 4 (S ypm Gl (2 5 Kodot i (B 488 & 5 jl8a ) sae Jlad e s 1S -2
opleli 4e pBaa gl )5 adales pa (S 4nals
ahied 5o sy oshalialsl gy en IS 4y Jilaies ahaie a8 55 lae 4y iga (S il 4y
D @5 S 4y & by ) e Jlad e
k=1 m-F n_ 12,3-70

C

“d m-E+F 93 12,3-70+1400
n=K -d=34,96cm>25cm

5

s N Aish plio g ahaiadl 9 T
f— b

|‘ %F°|L K-d>t : s
‘o // / F.=F, [E(l-K)} <0,5F, : p2 2

| ! .
4 °F Z - oS Sahd dgl s
6 SO JSG 4y adaie T adaia jal&s  Jiay
Al i 00 G sl (50 S 4y dalatiasen 50l8 )
- Hé)h‘\:’(60><140)cm

J’—k}w — JLFSXH :l’

JsE - 17
D Obed sk 8 4y
Dead load due to weight of road thickness = 176K /m
Dead load due to weight of slab = 0,25-1,9-2400 = 1140K /m
Dead load due to weight of girder = 0,6-1,4-2400 = 2016K ,/m
> DL=176+2016 +1140 = 3332K /m
_q1 3332.22°

M max
8

=201586K,.m

5 CIPR PSP BRI
M, » Live L+ImpactL=141813,7+35453,425=176867,13K,, -M

D M, = 176867,13+201586=378853,125K ,-M
h,=h-d,,.-a,,, -d, - 3o/ b/ 2140.47.5.2-12,5=108,5cm
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A _ M, _ 378853,125-100
* E-J-h, 1400-0,87-108,5

CI-d? 3,144

===

A, 278,62cm’ _
AL 12,56em®

22¢440mm @

=278.,62cm?

Al =12,56cm’

22n0s

D 935S S Al alaled
M, =R-bd’
d:\/% :\/378853,125-100 —23em
R b 12,360
SHle g Sy d galiat) alal cbha‘ﬁo)l;dtgm)sd)&&)lﬁgaw\tkha@&)&
(M300>M200 )55 43300 4332 200 4 S jle i )SAlSy ey 55305
DAY b e i glied e 5ed (S D) a5y

Fe _ % = lOOKg/cm2

R=Le . K=% -0,87-0,404=17,57K /cm’

=180cm

M, ..  |378853,125-100
_\/ 17,5760

5548 (60x180 )em szl 3&a 53

D) 54y 958 o ed Alsa ] a8a — dls jeda gl

Pt sS sl e a5 48 )l s 5 5 i se o )l IS (s

L
y 22.0
£ 4.3 + 4,2 A 13.5

14515,2 Kg 14515,2 kg 3628,8 Kg

(JsS sla 4 pla 5150 Jsa— 18)
R, -22-14515,2-22-14515,2-17,75-3628,2-13,5 =
319334,4+257644,8+48980,7
22
Total shear force = Live Load + Impact Load + Dead Load
Impact Load = 0,25x28452,7=7113,17K,
Live Load = 28452,7K,

Dead Load = R, =R, = qu _3332-22

R,=

=28452,7K ,

=3665K,

D DL =28452,7+7113,17+3665 = 72217,875K,
F o Q _72217.875
" b-d  60-180

6,68K

g
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D Caslia (5l s SASS
R =0,25-YM =0,25-/300 =17,3K / cm’
R 17,3

=8,65K /cm’

i L8 G wia Cyiliedals §=D (S adayl ) 435 4

G i (s y 54y 558 (m ye R AUS (Al 562 6,68K,/em? <8,65K /cm’ o> 4KIA
(Cansg) SR e AL 5 31 4aS 4y 0 5813 o AR 48, 5 IS G o ) 58 (e (S
LB a4 qu SN

: (second example)dJis aa 5
608 Ol e Jy 4 e 4y siliadilia o) gald ) 55 J S 55 s
Design a slab bridge using the following data

Clear span = 5m Clear width = 7.3m
Live Loading = HS20 Wearing Surface = 8mm bitumen
Concrete Strength  F,=250K /cm’ F,=4000K ,/cm

According to AASHTO Specification the allowable concrete stress.
F=04-F'=04- 250 =100k, / cm’
: (Allowable steel stress) < slia (5 i (5 e 52V 58

F
F= ?Z@ZNOOkg / cm?

S

The thickness of slab for deflection control can be considered as following:
Do S Ob 4y Js9 1Y 4y Cadldiz 4zan o jld J TS (Aadles calus
L/16 =500/16 = 31.25 cm take h =35cm
The effective span is S = clear span + thickness = 500+35=535cm
(23 UL Y PENPLPPIET
D da a4y o) (oSS Alda i a3 4ad 5 )y ey (o n b e — )
Wt. of slab = 0,35-2,5=0,875T/m’
Wt. of wearing coat =0,08 - 2,2= 0,176 T/m’
Total D.L =q=0,176+0,875 =1.051 T/m’
: (Moment due to dead load) e se s 3 4 )l s gad

M. = q-s’ _ 1,051-5,35
8
The load on each rear wheel 1s 7.1Tons and the effective distribution width is bellow:
P Jss 1Y 4y e e yise sh ) A3 4kadsl 5048 7,1 bl SisAa aa
E=1,22+0,06S <2,Ilm = E=1,22+0,06.5,35=1,541m
203 g9 3 4y 0 Il Jla (S G pe e s 4y s
The load on a unit width of slab is: 17’i1 =4,672Ton

2

=3,76T-m

D 95S)aw G ga o il Al Hl gt g 5o
P-S_4,672:535

The live load moment is: M, = =6,25T-M
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P9 Y A5 sSlan a1 a3 (5 el 1 Gite g il Al (2 s
N >0 =0,35>1_=0,3
3,28-S+125 3,28-5,35+125
Take 1=I_, =0,3 = Impact moment is: M,=I-M_  =0,3-6,25=1,875T-M
DA S sl Giie e (€ gana

The total moment is : M, =M, +M,, +M, =3,76 + 6,25 +1,875 = 11,885T-M

D e Y 4y 558y Cae Gl g 3 Cae e a1 adaded gl (i (Bae ) e iR adaiad

F 2000

The neutral axis depth coefficient is: FF——W—20

The Impact Coefficient is : I=

C

! 10

nir 10120

=0,333=0,3

The internal resisting moment arm coefficient is: J=1-%=1- 0.3

=0,87

The resisting moment capacity is: Mz%-b-K-d-J-dz%-b-K-J-d2
to A8 sl Qe (M55 (Fledies (o 5 latal (M55 Aise G S s sl
The minimum permissible effective depth of slab is:

5
d= 2M _ 2-11,885-10 —28.7cm
E -b-K-J 100-100-0,3-0,87

Assuming 5 cm clear cover plus d—zbz%zlmnmﬂcm Overall depth is:

h=28,7+1+5=34,7cm = hence h=35cmis-okd=35-5-1=29m

: }}S\J:\..g FEE ALQ\J Y Hlaaa é:u.u.ﬁ
5
The main reinforcement is: A = M ___11,885-10 =23,6cm’
E-J-d 2000-0,87-29
100-4,9

23,6

Usingg 25mmbars A, =4,9cm’  spacing is S = =20,7cm = take 20cm

Use¢ 25mm@20cm C /C as main reinforcement

_095_ 055 ) 037-024= A, =P-A, =0,24-23,6=5,6cm’
Js /5,35

1,13-100 _

Using gl6mm A¢ = 1.13cm” required Spacing is S= 20cm

b

Use 12Zmm@20cmC /C distribution reinforcement :
s st SHbI 4 60Cm e s 03y i(curb design) o sy sl

The curb is assumed to be 60cm by 60cm, hence the dead load carried by edge beam
1s Self wt. of curb = 0,6-0,6-1-2,5=0,9T/m

_q-S*0,9:535°
DL — 8 -
And the specified live load moment is: M, =0,1-H20-S=0,1-7,2-5,35=3,85T-M
=M, +M, =3,22+3,85=6,802T -M

The resisting moment is: Mz%-b-K-J-d2:%-60-0,3-0,87-502 =21,532-10°K .M

M =3,22T-M

The total moment is;: M

Total
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Which is greater than required moment M., =6,802T-M hence adequate.
A- M _ 2015310
* E-J-d 2000-0,87-50

=24,75cm?

Usingg 25mmbars A, =4,9cm® No's= 21,53

=4¢25mm

According to AASHTO Specification, Slabs designed for bending moment may be
considered .

Satisfactory for shear, but let’s try it

et (50 (a1 55 ke o)Ll i atalel (50 (S sid Gl ) il g4y 5 B (e 2 40 A

Dead load shear is: V,, = qés _90 '25’35 =2,41Ton

Live load Shear is vV, =7,2+7,2- 51’315

2

=8,68Ton

Impact Shearis V,=0,3-8,68=2,6Ton
Total Shear is  V, +V, +V, =2,41+8,68+2,6=13,69Ton
According to AASHTO specification the allowable shear stress is
vall =0,03-F, =0,03-200 = 6K /cm®

\Y% 13,69-10°
b-d-J 100-29-0,87
The reinforcement detail is shown bellow:

Actual shear stress=v =

= 5,43Kg/cm2 <6Kg/crn2 = Safe

@1 2mm@20emC/C F25mm@20em CF C

—1> /”

—
4n : 500 o [40
N > L

Fidm m @2 5em S/ C 212

D1 Z2mm @20 cm O C

ST ages

Ie w & W w4 b W wY w w s & W w0 W ok ;?%
E25mm @ 20cm O/ C

Section A-A
(i cluy JS& — 19)

25
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Design a deck slab bridge according to AASHTO Specification for the following
data:

Clear span = 6m Clear width = 7.3m
Wearing Surface = 8mm bitumen
Concrete Strength  F,=250K /cm’ F,=4000K ,/cm’

Curb width = 60cm
Design of T-Beam Bridge:

Data:
Clear span = 15m Clear width =7.3 m
Live loading = HS20 Concrete Strength = 4000 kg/cm?2

Grade of Concrete = 200 kg/cm2

Note: The design should meet the AASHTO specification.
Section dimension proportion:

Take 5 longitudinal girders with the dimensions shown bellow:

Depth of girder for deflection control = % _ 1600cm _ 133cm take h =1.2m

Assume the slab thickness t = 20cm and web width  Bw = 50cm

il 730 al

18

100

0

182,5 1825

(Lasd Jis 05— 20)

a- Slab Design
Since the slab and girder are monolithic the span would be taken as clear distance
between:
Girders, S=1,825-0,5=1,325m
DA siie ge o yil Al azan 5l JS pan 150l — 1
o3 dliha (i g3 axad g ()5 b (2t b e — )

Self wt. of slab= 0,20-2,5=0,5T /m’

Wt. of wearing coat = 0,08-2,2 =0,176T/m’
Total D.L = 0,5+0,176=0,676 T /m’

S 0,676-1,325°
10 10

According to AASHTO the live load moment for the slab with main reinforcement
Perpendicular to traffic is given by the following formula:

Moment for D.L =+M_, =0,112T-M
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t5sSIan J g9 1Y 4y Chia ge o i) Al )L (523553 (Bilae 2 S AASHTOS
M, = O,S(M)Hzo = 0,8(M)7, 2=1,142T-M
16 16
;Q&.nyaj\d%dj\@}b—c
50 50
3,28-S+125 3,28-1,325+125
Impact moment is: M,=I-M_ =0,3-1,142=0,343T-M
16 e ¥ 4y (o il Al (o pead + 0 3 Al )L (23553 + o )i Al jly o ped) G s U 53
Total moment is: M M, M, *M, =3,76 + 6,25 +1,875 = 11,885T-M

Allowable concrete stress is: F.=0,4- E'=0,4- 250 =100k, / cm’

. F
Allowable Steel Stress is: F= %z@QOOOkg / cm?

Impact factor is: 1= =0,38>1_ =0,3

Total =

= 2000 50 ke i 10 3503
F 100 ntr 10420

5
Minimum required depth of slab is: d = M 2-1,607:10 =10,58cm
F -b-K-J 100-100-0,3-0,87

Assuming Scm cover and 1cm half bar diameter, total depth is:
103 Jgo Y 49 Ll Al g5 b 53 00 g ladi Zoad Tom ) 02 4k (5 shadlas gilay Sem
h=10,58+5+1=16,58 = Take depth h =18cm

The remaining effective depthisd =18 —5 —1 = 12cm
: (The main reinforcement) J)22e silasn oulula—2
5
A= M 160710 _7.7em?
E-J-d 2000-0,87-12

_100-2,01

Using gl6mm  with A, =2,0lcm® , S P

=26cm use 16mm@25cmC /C

Distribution reinforcement:
p S e i 4y A 4l aady e o (Y sk

Percentage of distribution reinforcement is: P = 120 120 _ 104%>P  =0,24=A_ =67%
Vs 1,325
Hence: A =0,67 -7,7=5,16cm’
_100-1,13

Using #12mm with A =1,13cm® , S =21cm take S=20cm use 12mm@20cmC /C

5,16

: (design of interior girder)tsas ;& Aalay— 3
The interior girders are T beams with a flange width equal to center-to-center
distance of girder, The bearing width for girder is assumed to be Im, and the
effective span length is L= 15+1 =16m

(Dead load moment) e sa 5 5l 4l jlr s pad
Wt. of slab per meter of girder=1,825 - 0,18- 2,5 +1,825- 0,08- 2,2 =1,142T /m
Self weight of girder per meter run=0,5-1-2,5=1,25T /m
Total D.L = W =1,142+1,25=2,39T/m
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WL 23916’
8

Live Load Moment, the maximum live load moment on the longitudinal girder will occur with

An truck on the bridge in the position shown bellow:

62 Jso a4 43 5 )Y HS202 ka8 Guie g (adae ) o il 4l 5l (s08 553 Jsda 4 08 J 53

Centeriod of load Center of span

=76,5T-M

M, =

7.2 ton 17l = ton 1.78 ton
495 £ 425 AN 425 ) 355
A NS N, ) b
| 283 M
1700

(ub a4y Cuad ga g9 60— 21)
:( Girder share of wheel load) 43 62 (5 sl 0 8 (aa ye (S PR 40 i) 4l o o
S 1,825

—= =0,997 =1
1,83 1,83

: (The load of rear tire on girder) » 58 i (FuSaad il oS 4
rear tire on girder=1-7,2 =7,2Ton
: (The load of front tire on girder) o 58 3 (w5 ) 50 L IS 4
Front tire on girder =1-1,78 = 1,78Ton as shown above.
CEu s sl (S IS A Ay 5 S s e ge abie) (25 S BB 4 Al Wb a5 0
The max moment occurs at the point M,

D> M, =0
R, -17+7,2-12,05+7,2-7,8+1,78-3,55=0= R, =8,78Ton
D> M, =0
M, =878-92-7,2-425-7,2-0=50,17T-M

50 50
328.L+125 3,28-17+125
M, =0,27-M,,, =0,27-50,176=13,55T -M
M, =My, + M, +M, =76,5+50,176+13,55=140,22T -M

: (Design Shear of girder)cs) )5 43 55 (o 23 dsalas jl&a

The impact factor is calculated by: 1=

b

Ttal

Vmax = vD Max +VL Max T VIMP Max
_ W-L B 2,39-16

DMax — 2

=19,2T

The maximum live load shear happens at the case shown bellow,

7 .78
7.2 ton -3 ton 1.78 ton

)

1600

(sl Jp 4y a5 35,000 — 22)
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Girder share of wheel load= S _1825
1,83 1,83
The load of rear tire on girder=1-7,2=7,2Ton

The load of front tire on girder=1-1,78 =1,78Ton

=0,997 =1

> M, =0

-R,.17+72-12,05+72 - 7,8 +1,78:3,55=0 =R, =28,78Ton
2M,, =0

M, =8,78:9,2-7,2- 4,25-7,2-0=50,176Ton -m

0 50
3,28-S+125 3,28-17+125
M,,, =027 ‘M, =027 -50,176= 13,55 T-M

Imp L
M, =M+ M, +M, = 76,5+50,176+ 13,55= 140,226 T -M

The impact factor is calculated by: I= 0,27

Total Imp L

Design Shear of girder:

Vmax = VD max +VL max Imp max

WL 23916
2

The maximum live load shear happens at the case shown bellow:

V,, = =19,2T

7 .78
7.2 ton = 3 ton 1 ton

=
. 2 - = &)

1600

(sl Jy 4y Cuad ge 55 50 — 32)

> M, =0

-R,.16+72 -16+7,2-11,75 +1,78 -7,5=0 = R,=13,32Ton
The max Impact shear is: V, = 0,27 -13,32 =3,6T

The total shear 1s: V., =3,6 +13,32 +19,2 =36,12T

total
According to AASHTO specification the allowable shear stress for concrete girders
is:

v, =0,06- F' =0,06-250 =15kg / cm’

The acual shear stress is given by: v= 5 Z

] assuming  v=vall

V. 36,12:10°
v-J 15-0,87
using¢ 25mm bars and 7cm clear cover and three layers of steel each Scm apart total depth is
h=69,2+5+25+2,5-0,5+7=84,95cm take overall depth h = 108cm
Actual effective depth d=98-5-7-2,5-2,5-0,5=282,25cm

27678

bd= =2767,8cm’  Assuming b =40cm = =

=69,2cm
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5
A = Mt 140,226 1018 =84,2cm”>  using ¢ 25mm A= 4,9cm’
E(d-—) 2000(92,25-—)
2 2
75,2
No's=——=17,18=18 use three layers, 6¢ 25mm at each

b

Design of web reinforcement:

The concrete shear resistance 1s Ve =0,53 \/; =0,53 /250 - 40 -92,25=30,92Ton

36,12

. . V
Design shear is: V.= (D -V, = -30,92 =11.57Ton

Minimum Vs =3,5-bw- d=3,5- 40-92,25=12,915Ton

Using ®8mm  4-legged stirrups A¢ = 4-0,5cm2 =2cm

_A,-F-d 2-2000-92,25
v, 12915

S

28m

The spacing of web reinforcement is: S

Use ®8mm 4-legged stirrups at 25 cm C/C

d 92,25

The max spacing is calculated to be Smax=3 = 46cm
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o
A 30 sl g (galituly
Cobe Al 65S s ide daX Jnaid g ) (o 60 Gle 43R LAl drdy 435l 50 (gl
a2 S S R 4R Sngdad o) sla 45 o (s 4T sl s 4k 4l g (salii)
s O o il il y 4 4aR Al xada
Retaining walls are usually built to hold back soil mass. However, retaining walls
can also be constructed for aesthetic landscaping purposes.
s Al gl ga o) gua galiiaa
LSS A o A o e Al Gy s A8l gy (galil
oliiud an 4dX R 1ol 3l oL ol smn o gl g0 (alitud (g ad 488 g ammy (o3 02y sl 5ol
ERTS
2 b Qg sd yg.d 43 43 (Achieving Stability) <l s) (s lub axas jlas 46 6l gun (galiil
.(Gravity Retaining Walls) 4 ¢l s3> (saliial S35
.(Counter fort Retaining Walls) 43 51l g2 (salitnl J i€,
.(Buttressed counterforce Retaining Wall) 45 5l g3 (salitnl Sy ae y8
.(counterforce retaining walls )4 sl 53 (saliin) w8l S,
Sl g sl Gy SO  (EHY sare o (Crib Walls) 45l s saliind 1S 5581
LSS AR (o L B 5 55580 Onle Ak Al gy 55l (5p g 4R
.(Semi gravity Retaining Walls) 43l g2 (ol (555 4as
43 gl 500 (galitul A 5 JISI | (5 g aB) g ATLE ARBD (2 p S (e LIS ARA g ) glA MY gana 4 o) g (sl
sl (G5 G 5d AT ARR 5 50 (o a2 (5 )Ly ) (5 S sl g AT 5 8 25 50
capsx o (B et TR 0 (P e phad 5 e 5 5 naS) Tl 0 5 ey 0 DA
:( classification of earth pressure) (s 4sda JLida 5 5laa
9 9 )Ldd Al 536 90 0y A (sl I sa0 (sl b 5y 4

.(active pressure) s Jlzd
.(passive pressure) JLid Jlad e

:theories for active earth pressure s bid Jladyg ) glan
Dl 4053 sire (a3 oLl sl giatia LIS Jlada 5 ) LA
Rankin's Method 25 (S 3 — 1
.Coulomb Method 2siw el sS3—2
.Colon's method 2t 5S> — 3
.drawing method 2s5iw §sem )0 — 4
sS4 )l ) B ) e (el S ) (S)) Rk (sl 650 (S sk ) m 4
:Rankin's Method 25 (S0 — 1
s QY s Ania 8 s 49 3 gl (S 0
> Gl ks b Jlsndge sl | S (st 4R gy uads)dan Jlsn o 4dS
P ) sl sl s Ag )| (5 piaad (sl Ay (5 55 (S )3 L8l
oS U S s A3l (ISOtropic) Saus sl (ined oy slA (5 ) sa s
SR o yem 438 (SUSadacal Al e i (551851 Jloas
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O e 535l 50 el o) g3 Sy | s
Jt SOl 4g s (i ol 4 (S S pa 438 LA Jida) ) e (o 4l 45
NEBTS
:Coulomb Method 2six el 82— 2
03 Jg9 s aY 4 dnm 8 bl 3 giaed Cadd S e L 5l Sl jLEAY (6 5 slan

Sadaal Aalas (S5 1) o0 dnsilatia g (S50 sl 52 (S0 8 (5 sl 428 12 (5 @30 ) gla -
.03 (i yo )
t ol o) ok sl s el
160 el s e (23 (Sl 30 4y 53l 50 (Al ) e (e e 4
C S aladda Jlsana gl (55 me (S8, Ssm Sl s - UsS e silaslae (o gesd
sy 42835l J ey (Sub Soil Conditions) s s s s - Jidad giuda siiaila g ) dlas
IS padie
a3, 40 laial ) s jaeal | Sy g 5 5e - i(Surcharge) Jsiei )b (Sl ol Jisn 4
Jsiad Cue g g | JSG (s )il Sladal ) gan saliiula
. 4slaa( Surcharge Pressure) lié cilal sl (Earth Pressure) liéa ) g
.(Structural Stability) Jadss s lab o) Slda JI g
.(Foundation Stability) Jua3 4xaa ) 5 jlaly (ubala J) a3
.(Design Structural Elements) J S 7 by palic Jldaluy JI g
.(Drainage in back fill) Jsaiil g5 e o bl onp8a gl (K53l g s S 4y
.(Settle and movement of wall) JsS by Sl o) ES jaa J g
sster s 8 Ko g calud | g aidis) se Slaialud | gl i oalud jlas 45 6l s (salitul
HEANERS FENPIPIPRS
35l 530 (galiias) (guni€ | i 5l 530 (galiban) aay 81 SIS | 43 g1 g0 (sl (A s) Sasl S
:(gravity retaining wall) J s aliu) S5 — 1

These walls usually consist of large blocks of concrete or poured concrete. They

are stabilized simply by the weight of the wall.

o 7l Al (s Jiia 4380 )y 54y saS A o) s s (5] sl 438 (2 S Jas AT sl g0 4z
4l o 4y 51 SIS AR (g il RL 4 ) 5y same 5 233 Y sana Jlsdld . (55 598 (el
L 53 pstia oalall (358 (il g9 4y a5l ui) KU slaat 4y U a ea s shgaba sy

These kinds of walls constructed from brick masonry or from stone masonry

(4gad (5295 699 Jsad galitul) (S 550, JSG— 24)
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: ( cantilever retaining wall) J) s (saliiul (J guiS — 2
These walls are many times made of concrete. They use the weight of the backfill
to help keep the wall stable. It is important to build this type of wall strong
enough to withstand substantial internal stresses where the stem and base are
connected.
These are RCC walls made in the form of in invented T. This type of walls proves
to be economical from moderate .

G 0 (o> 9 keeld A s 4z 5l (s s AAR 51 SAIS 5 i gl DA g IS) A5 ) gaala
L S g S Adis e ) s 48R g s 00 | (o plal salal e s

(d\ﬁqddmu\uj)uds.d&-z—ZS)

(Buttressed Retaining Wall) 435!l 3 (saliin) (Si5 fas 8- 4
This 1s a contra force retaining wall
with the main different that the vertical N\
brackets are provide in front of the wall }\
(on face opposite to the face retaining ) | %
back fill)as shown follow : counter forge \_

\\w
b

() i) as ) IS (S5 N a2 5l JSUE— 26)

: (contraforce or Tie-back Wall )43 51l 50 galiius) (S (Jdg) (bl JBS - 5
When the height of retaining wall to be provided exceed 6 to 7m counterforce
retaining walls prove to be economical
65 JBlan) (5 a3l y oy g ) Jlsad ot (JguiSa oa (sopoles) (S A g das 4y 45l ol
i A8 J) g0 galiind (Jeuit€ 5 as by bl J) s (s hald 4y 0398 (5 s 0 e
NTESY
These walls can be composed of a variety of different materials (sheet piling is
popular). They are stabilized by tying parts of the stem to a cable or metal rod.
The cable or rod is then connected to an "anchor" that is buried deep and
far back into the backfill. It is important to keep the anchor far enough away
from the wall so that it is outside the radius of the most probable slip surface
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within the backfill. (Some walls can be combinations of these three types.

Design of the wall needs to be made with the type of backfill in mind. Clayey soils
are poor backfill material because of the large lateral pressures they may exert and
the poor drainage characteristics. Many times, the backfill just to the right of the

(s i) a5l IS S g )l ag 5l IS5 — 27)

retaining wall (shown with dashed curves in

the diagram above) consist of sand and gravel surrounding a drainage tile.

The design of the wall must:

Resist sliding along its base

Resist overturning

3. Not exceed the bearing capacity of the soil beneath the base.

4. Avoid excessive settlement.

5. Built structurally strong to resist failure from the build up of internal stresses
produced by external forces. (But this is true for any structure!)

gl g (gl alSS (5 AT 5

SO sama ) (g5l IS saT 3 4d gl ol
W g)s o> Gopge AR5l ) A5 Gy S
LB AR ) s)sa Al Gl anan by

8 NIPRY
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O IPR QR R G RIS B PO RO SYCRE [PYCRPR ki I PRETS

( design of gravity retaining walls)cr! 329 sl sa0 (saliiul () 52

Dot sl 4y skl 58 62 (g 555 lagda sl s g0
LG54 S 43X 60cm2 b (S sl s Jse sy a8 el ) — ]
e A Sobiag Al s ) @840 Ahie g p ki (s )s) Sssi i eale -2
LGsaaSaa Im A ab s ishaed sl s Jso a0 (S sihie s34 -3
(6 i Ay Ay al ) 53 (B, (g5 slagia— 4
P, 1-sing ,
b= 7(1+sin(p r S Akl i pa
(g9))) o) <l - D=H
.(bearing capacity) <ulld Jasis 5 ) 5lAs a2V Qlagia - p)
CO0s e 9 A 2l -y
sl Jah Sadaials 6 sla Y Qlagia -
e Al (A A (s (Ksaine) hli )50 4 s gty (S a5
Y ) (5540 aS AAR yie e 60 3 Al ol 6558 et (ase (A () 53 I sl
LSS J s oia (5 )3 gl Iy Gl ) Y e
(O b SIS S ) | (G JSS) 6 S J o (S i 4 40 i )l 5 alida o jld 535l 50 (galiilsy
S JSU A ] giludae (Sidd — galiatly byl 5 (p  alie 4220
DS Sa il 4 sV g 3 g galiial
.( check against over turning ) sl 54 faSama— |
. (Check against sliding ) sy 543 (Su g — 2
.(check against tension) sy 43 (iiSa— 3
. (Check against settlement) (sl 54y (Condi) siuliisa 4
0 g a5l ge Alaitlua ) sl 58 oalud | Gy sa ol Hlal duidas il g0 alitul 5 ) 5a 530
(S Aslaa Jgo a4 48 SV gV kil o ) 38
C G @A) L Ald Jl g aliiuly (5 S Glla g - 1

HA 3
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c s @ esla e Al Js el (s yeS  Alls a0 — 2

—a—

y,-H’

_ v, -H? (l—singo).
2 : 2  l+sing

P=

P e R R
5 H.kKa — b_{/i
h2 -H? -H? 1-sin
Pl:yw h ’ P=P,-P, ’ Pzzyw 'Ka:YW ; ?y.
2 2 2  l+sing

) s S5 dae b Al sl o ysla (S i (e 4y il Jls galiiuly g St e a5l — 4
(xS J2 L) (Ssa ) 495558 s 43501 50 (sl

. P=qHK =
5 1-sing
7 o | =q-H(—
P l+sing
a- L 2
"-";"‘g' : Pﬁ%-Ka:
/ ﬂ-} T H _v.-H® l-sing
P2l R T2 (1+sin(/))
# i
3T
A
TR R SR,
+—sHKa b
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S Ssdas 4l o ayo A Jlg alitul 4y (a2 alS: Al a5

P,=P-cosa
P, =P-sina M
B -
Plzy-HZ.Cosa(cosa—\/cosza—cosgo) ' ja_f
2 COS & ++/cos’ & — cos @
Pv
N

PH

(5..1@\}(aa.‘d}\‘\%j)o)jbd}gajadud\yacgahimh@&-u&l;e):u_G
—d

i _‘.:' _T
hl é . ?dr:?-
g sail
Ho -+ -
7 / / BT
i i £ SR

7 i / e 3"}(:?}
7 i i R

RN s hz Y he Y5 Ka Wﬁfﬁ{/m”&

£ ey

Lﬁ}AﬁAﬂﬁ/&/fﬂf}zﬁ?ﬁﬁ%
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VB (S da o g 4 Agsl A3LE Ul o aliiuly o IS T s 31— 8
- —a—
- \p |
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b

—3
. ....# E j
- rsl
'_EE.' ‘a }
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STt 'j"“”

;’X p‘:ﬁ.\t}_SZ’-“

o SR | T
R
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b

*‘::
b

P (Y (el 8 (S5 glla (a3 4y 43 gl) g0 (gl
Fdisad) dlsaas il g5 4y (Susan — 1
C > G Cslia S e 4y S gl A g 4z ) s (sl
P

Hor <H - W

S Akl A
, i pia SWadaialy ia i bl gl Jlsda - 1, Ao gana g B SO S dan 3 Jl g2 P
S G sl J) 500 o 4o sene s R4 - W
s dise )l Jhsoa il g4y JaSama— 2
98 SO gsn0 Aigiiege g S5 Aamd (2 (69 aslie (52 54 9 Aaad Dl g dra Jl g0
Dt o S S AR i sia e

z MoverTurning <z Mgravity
S Akl e
oS G (GEL Il Sl eia ) 533 (2 03 40 sene gisTasedraslgin YM
oS G (G 45l SIS am ) g0a (o3 2240 sans Siglie e drd glsia - Y'M

gravity

overTurning

A 43 J) 33 o8 Alana) o B (5 ) e 5 B 1 0id (o (63 p e s Ara (o) 54y RIS -3
D sl B (S AR

J: PHor

3-W
034 sane 5B (Gageed W (Sl )44
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G (elala 4380 Glaiis (gacly ) g3 2 (69 aslie ) g3 O g daa ol 54 ik 4
D o aS AR CulilE Al Jaaty

Z (1+—)<B

BeS
.gwwd@udﬁgj%ﬁwdgjjuwbb_ B, é@\)ﬁ)ﬁd\ﬁ
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Design of concrete cantilever retaining walls

( Common failure of cantilever retaining wall) 3 53U saza 55 g1l 33 (galiinl ] guaiSa
) ‘_“5 X }.\31.; sy A
. (Overturning ) S sS4 4|
(Sliding) S 4y i —2
.(Bearing capacity) S <ubl@ 4y Jeais 3
.(Bending or shear failure of stem.) 4328 J) 53 (535020 — 4
.(Bending or shear failure of heel.) 428 sxig— 5
J( Bending or shear failure of toe) 4.8 >y — 6
. ( Bending or shear failure of key ) 43S (US) (JSa 42837
All items above should be considered in designing a retaining wall.
e sy Sk 4y Al 4l ) 5 (S O e 4y sl s sl
There is also a rotational stability failure that is not normally checked except when a
retaining wall is located on a slope.
Design procedure for cantilever retaining wall is bellow:
1060 Js9 oY 4y A sy 9 390 55l 50 (gl (g
( stability analysis )Jsad s s — all
Check factor of safety against ) JsS Sa ca piad (5 ) sinly 4283 (52l 94y saSama— |
.(overturning
.(Check soil bearing pressure.) JsS Sa Jaais jlldsy 5 )dan—2
.(Check factor of safety against sliding) JsS <Ko qu jpad 4283 (g3l )543 Sy g — 3
Do pm i ads sl p s Al (S G 4y d) s sl
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Check thickness of stem for shear stress

Design stem reinforcement for bending

Check thickness of heel for shear stress.

Design heel reinforcement.

Check shear stress for toe when the toe is long.

Design toe reinforcement for bending.

Check shear stress in key when key is deep and narrow
Design key reinforcement for bending

NN B LD =

» Check factor of safety against overturning.
» Check soil bearing pressure.
» Check factor of safety against sliding.
:(check retaining wall against overturning ) s 354 538 4333 Jisa )l J) s
1 - The factor of safety against overturning is calculated as (1) and the overturning
moment is calculated as bellow:
4 adanl 54y ) Y 2 e ge saS A drang) (632 cu sl fuly 3l 54 a4 Jlsn
IS

1 5.1 2
=—yK H+-—gK H
VKK,

S Ak nay
active pressure ) < wa lid =iy K (unit weight of soil )CJs eas o -y
csS dee sl Jlsa 4y o> e )l b aran g ol gl s H | (coefficient
2. The resisting moment is calculated as:
M =W, - X +W, - X +W, - X +W, - X, +W, - X,
Where (W, ,W, ,W, ,W, ,W,_) are weight of stem, footing, earth, key and surcharge.
X,.X;,X,,X,,X, are distance from the center of stem, footing, earth, key, and

surcharge to the rotation point at toe.

3. The factor of safety against over turning is calculated as: F.= M,

r

Bearing pressure:
The bearing pressure is calculated as follows:
1. The center of the total weight from the edge of toe is
MM,
w
Where W is total weight of retaining wall including stem, footing, earth and
surcharge.
2. The eccentricity, e = B/2-X
3. If e < B/6, the maximum and minimum footing pressure is calculated as
W ke
8 (1)

max,min b

Where, Qmax, Qmin are maximum and minimum footing pressure, Bis  the
width of footing.
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4. If e > B/6, Qmin is zero,
s 2w

max B
3(—-a

5. Qmax should be less than allowable soil bearing capacity of footing soil.

Sliding:

1- The driving force for sliding is calculated as:

1
Pl=zyKaH2+qKaH

2. The friction resisting force at the base of footing is calculated as:

E=uW

Where p is friction coefficient between concrete and soil. p is often taken as

Tan (2/3 @). ¢ is internal friction of the soil.

3. The passive resistance at the toe of retaining wall is calculated as:

1
fzzy.Kp'hz

Where Kp is passive earth pressure coefficient, h is the height from top of soil to
bottom of footing at toe. If a key is used to help resist sliding, h is the height from

top of soil to the bottom of the key.
4. The factor of safety is calculated as:
Fe F,+P.+P,
P +P,

A sl ) G2V (6 S Jae J 99 (B8 4o A (il dra 44 s J) s ol (e gy s U 5 gl

$ S Ol e A e

10 foots (Height of stem ) gl Jlgny

10 foots (Height of soil above heel) (L= 43 523 92) gl )) g sAa ails Jl g

1 foot (Height of soil above toe) gléi)) soslaa a2ty

(s Ada)y=115pcfois s gosaaalidiapn .

30 degree 4351 ) SSahal Al lay

0.5 cupa Sidaals Fie 5 g S5l 558

(S @rtdaodide) i) 3000 psf bl Jesin g A 2V Juwd
Requirement: Check stability against overturning and sliding, and soil bearing

capacity.

¢ (s Shan Culid Jaaia (55 5la0 450 laed | o2 s 4n s s gl saS A (5l J) g

: (solution)d~

adan 5 4y (il ) a5l GV sSh) s SOk 4 G ] e (letie 4 (M ) Culdaia Jl s

T, =(sya=L.10=1s
10 15 10

B, = (0,4+0,75)H=0,6-10=6ft

teo %Bbasc = % ’ 6:2ft

;}ﬁ\qﬁmﬁwa

958 Js9 Y 4 (i e 2By

tssSlan o 3V 43 e (A R (2
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BHeelszase_Tstem_Bteo :6_1_2:3ft
st (SHki 4 8] J g9 Sleaia 43 ( Thickness of footing)<wlana Jawa
(kS
Z
%-}' - E ‘e
%. Ta A l %
- La iy
ATV 3
= N8R e —
1 KRS e
YHKO .

: ( Check stability against overturning) b J) s g2l j 54y saSamy— ]
Rankin's active earth coefficient: K, = tan (45-%)2=0.333

Height from top of backfill soil to bottom of footing: H=10+1 =11 ft
Consider one-foot width of soil

P63 9 Y 4 S el saS 4 ) (o Gaie e 43
~115-10° |, 1-sin30°
6 1+sin30°
:( Calculating Resisting moment) ssS 4xulae Gria se Croglied J) 503
SBGAsae (3o ppd o S, S (58 el s luln Jlnod o Gl ge 5 58 s gl iy Jixg
S Cysa Gy suiy Griase 558 (50 5a0 43 K (5 S 5 s )l edig dasl (S il 4y Jl o
s ds Y 4 6 S ) e se e slian J) o
e ga o il Al axad gl (g (stem) J) 533 (63 gacd

.H?
M ="K

—K, )= 8504 ft-Ib

W,..=A,., - 7=(10-1)-150=1500bs , M, =W, -X, =1500-1,5=2250ft-Ib
ALl (5 ) g1 (i K3 4AR 58 padd 2= X
D Gie ga o ) Al dxad gl () 35 Jpwn

Wiesoting =7 * Agooting =130+ (6-1)=900 Ibs , M .. =W, .- X, =900 -3=2700ft-1b
cod abiald (g ) 5 (a5 K3 438 58 pe dl dpwn - X,
s Cia ga o il Al azadg) ()59 sAa aild J) gad

W=7 A, =115(10-4)=46001bs , M, =W, -X.=4600-4=184001t- Ib

oJALAULgJyGLs.\‘)S KJ‘&A&)'S)AA]JJ}BJ- X,

D Glie e (O sana
D M =2250+2700+18400 = 23350ft-Ib
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Dy sl

=222 =275>15 0K

:(Check soil bearing capacity) JsS <o Culid Jaady A -2
C 00 53 s (galitula
AW

ret wall

=1500+900+4600 = 7000 Ibs
alald ) yen Jdia
_ (M-M,) _ (23350-8504) _

X
> W 7000

2,12 ft

D oalald 38 el e
Eccentricity: e = g -2,12=0,88 ft < % width of footing, 1 ft

Maximum and minimum footing pressure:
DWW 6e
R RN it
max,min b ( b )
5, >BCS
7000 6-0,88
max = (1 +
6 6
8min > 0
o 7000 (1- 6-0,88
6 6

)>BCS

)>0

PdS S Jlm il s 4y Suein—3
y-H o _115-10° 1-sin30°

Ph= ——
2 2 1+sin30

)=2319 Ibs

: 0)5 SSalaala
F.. =u-W=0,5-7000 = 3500 Ibs
(G lid Juads (5 ) slan) o (K5 50

0 0 0
K, =tan45T_¢-2=tan 45 30 :2=3
D Caaglie Jlad (Saay 4
2 2
p =L g I 5 690 1bs
2 p
Ced W) 50 s A H S Al 45,5 4
D Ik ) 5 4y (A g
F._+P +
_ (B +P) _ (3500+690) 181515 OK

i P, 2319
50 G sesi 4y ot gl 558 dao J9 (8 Ag0 )l sl 4z 4y (o Jl s aliial (I uS 501 e a8 50
TS Ol a9 A ye 4y sl ) iV sy 9 s Sk 4 L il

10 foots (Height of stem) gléi )l Jisn s

1 foots (Thickness of footing) culdua Juwd

1 foot (Height of soil above toe) gLl (s)slaa s 4y iy

1 foot (Depth of key) ilsosi o83y o
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y=115pef Gy o osdrald g o
28 degree a5y Salial ARy R
0.5 cupa Sl Fie i Gu SSS 5l 5 )5laa
(S @ Gsdaodiso) ) 0) 4000 psf culild Jesty 5 ) a 2V Jpwd
q =200 psf (zolsrm )b Halm 4 soslas
Requirement: Check stability against overturning and sliding, and check soil bearing
capacity.

: (solution)d~
oS i ya 4y (ol ) AVl 5l g Sk 4 a8 | Js (Sladie 4y Cadliuza J) s
T, = (L+L)H=i~10=1ft
10 157 10

958l Js9 Y 4 (e 2By
B, = (0,4+0,75)H=0,6-10=6ft

958w J g9 i 4y (faje (A Al
]

B =1B 256:2ft

teo base
3

BHeel =Bbase _Tstem _Bteo = 6 - 1 - 2 = 3ft
td (S lai 4y & @] J g9 (Sledie 43 ( Tickness of footing)<ulaa Juws
b ya s Jlady (5 glAn
0 0 0
K, =tan 2?2 —an 28 50361

Height from top of backfill soil to bottom of footing: H=11 ft
Consider one foot width of soil:
6 e Y 4 oS el saS 4 ) o (o Criese 43
_y-H o _115-10°  1-sin30°
6 " 6 1+sin30°
:( Calculating Resisting moment)_ssS 4xulaa Cria ga Ciaglied J)gad
T gae il Al azan gl s (stem) J) 533 (63 gecd
=W -X_=1500-1,5=2250ft-Ib
Alald (5 50 (ol K438 S jeal o= X
D Gl g ol Al daad gl (s Jaen
oting = -X,=900 -3=2700ft-Ib
Lo aliald (g 5 i i Ka4al S je dl Juad - X
s Gl ga o il Al azad gl (55 g9y glda adld J) g
o =W -X_=4600-4=18400ft- Ib
Lo abiald (g5 i i Ka4dl 58 jedly)slaa - X
DD ge o il Al dzad ) () s (S
=150(1-1)=150Ibs M, =W, -X, =150-2=300ft- Ibs
-1 Cia g 0 il Al dran 5l (L) 0 Sl
W, =200 - 4=8001bs M, =W, -X_ =800-4=3200ft-Ib

M

)= 13580 ft-Ib

W, =A,. -y=(10-1)-150=1500lbs , M

stem stem

W

footing

W;

(0]

oting =7 Aiooting =150+ (6-1)=900 Tbs

W=7 A.,=115(10-4)=46001bs , M

€

W =r-A

key
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D Gege (€ e
Z M =2250+2700+18400+300+ 3200 = 23350ft-1b

D sl
222 = 075>1,5 0.K

S S dlmn il s 4 Supin -3
D008 = saaa J) s galiiula
> W=1500+900+4600+150+800 = 7950 Ibs

M, -M _
x=MaMo) _ (26850-13580) _, . o
> W 7950
S el e
Eccentricity: e :g -1,67=1,33 ft > % width of footing, 1
;Jbié GAJ::Q\ d:\..\.n.l
2W
Onx =g
3(—-a
(2 )
P JsS Sa Jlmas il g5 4y S — 3
2 2 . 0
ph= 2 Kaiq-Ka-m =121 (l'sfn300)+200~0,333-11=3306 Ibs
2 2 1+sin30
: o‘9§ Salala
F. =u-W=0,5-7950 = 3975 Ibs
(S )Ldd Jlada (5 ) slan) G i (S 50
0 0 0
K, =tan 2.2 —an 2228 59 77
D Caglia Jlad S anyy 4
2 2
p =L g 1 597 —14331bs
2 p
D sl (ol ) g4y (A i
F._+P +
= (Fiie P,) _ (3975+1433) _ 164515 OK
P, 3306
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O 32 55l 503 (ol puiS (T SIS G 5l
(Reinforced concrete design of retaining walls)

:(Contents) <l sisa

. (Design forces and critical sections)cs) s sabalia (S sl 55

. (Design of stem) ¢x! i () s 525022

. (Design reinforcement for shrinkage and expansion) ¢l s S8IS ol (5 L34 3

. (Design of heel) cxl ) 52150 Jl s

. (Design of toe) cul i (Ss3)eain s
:(Design forces and critical sections)cy! s saklia S jaagl 9 - ]
s J Sl Culdiiay ) s (63 9003

PssSamlaadp ¥ 4y )i 6B s pen (S sl i iy

2

V, = 17K, St K, )

L2 A Y )7 (Sadal )4 ) g4
- OSE any

Stern back il

q[2a

-]
b leteral Force
.1 From Suncharg
orizontal Reinfomement —— YKoH

. defended on Spacing of
verical contral joint
leteral Fome
S From back fil
cetcal secton for shear Hfz = THoH"zz
b 8| and moment of stem design
Hs3
m =
% ] N _J
i/ ~ u % kg Ko+— YKoH
R R

g K7
IAMA.";A

V,=0,85-(2,/f) b-d
aﬁdd\ﬁddb.adﬁj&g)uéﬂﬁﬁd- fc'.ai%ﬂé\ﬁJM}&JO’SS é@\)ﬁ)}d@
LA oY ade eV 4 e Jss) S dy pae G
ee fige= Cualdia - glad i — dlua (g hailag 45 48yl s 0
o i glia e J S Anlia s B ey il
(6 s GunS) Adas sla i e
:j)jé\j)ﬂlaajddﬁy
AL Oy g g dd gildas e pe 8 Ve Vu oS-

D dlae G gl oiaped (GE) dlgr gageen i
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Graldiia Jl s 2500 Lyl (3 J5 S5 i (oia sl (S Q) pa g2 (L4 Vo< Vu guS—2
e )
s J S glaau (63 e (S (stem)d) s 52 sae 4
35S 0 g 1Y Ay dsalas Giie e (Soacliay Jl g sageed (]

H’ H*

M =1,7-(y-K, —+q-K, -—

u (7K, o Tk )
;qum@ma)gﬁgsesad\ﬁadqj&q 2
Reinforcement ratio:

Lo R
m Fy

F
Where - R- 4 - ;
0,9b-d

b

m= , FE isyield strength of steel.
0.85f y B g

The required reinforcement is A, =P-b-d , should be within maximum reinforcement
The required minimum reinforcement is the smaller of

Jie!

A v =(3F—) or 1.33 As.if A_ isless than A ,min (ACI 10,5)

y

The minimum total vertical reinforcement ratio for wall (both faces) 1s0.0012 for
deformed bars #5 or smaller or 0.0015 for other bars (ACI14.3.2).

. (Design reinforcement for shrinkage and expansion) (ul s sl L3S o) g L8 2.2

ok (523 g3, AL Sl (atile gl (S A Jl s (S s 0 55 6 ) sk s (saliiuds (o 4K
oy adand 54y 535550 Ul (5 )50 55 48R (Lald sra (5 903 Ay 5 (205 A 5l e ) il (o>
Ay b dy J) g3 (o2 o2 ada g0 e (5 50 silion 4y arad aliald mia 5 5395 0 6, (JSS saY) S elaa
OSe gl 5540 ot 4 alald e 5195 00158 (59 5B Al 5 eS| (A (Y sk ) (52
G5 AaS Ay aliald e 5 ghg ) 0 g8 (5 9 Chamaia (Al (5 paS

( o " 1) ; f

f \

Wall Cracks without control joint Wall Cracks at control joint

Do Sl 48 lald e i 555 00 ka0 gaad gilaad oa pd (Y S A je 4y IS (sai¥a
1. Design horizontal reinforcement to avoid shrinkage cracks:
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0.006

0.005

NAN

0.004

0.003

0.0028

0.002

Reinfor cement ratio

0.001

185|| 5 -
0 10 20 30 40 S50 60 oY el Jl g

Length between joints

Figure 1: Joint spacing related to steel for shrinkage.
(Reproduced from CRSI handbook

0

The minimum total horizontal reinforcement ratio for wall (both faces) is
0.002 For deformed bars #5 or smaller or 0.0025 for others.
P dseslee (e (H0) e — 2
S b in gl 4 Jls il 5l (ce 50 Ol DL An )3 Gl e (o2 A (S Vs a4y
Os3n e b gl (g an 50 el 43530 (5 5a 8. (5358 ab g Jlerial 535500 (55558 5
A oY 4 s 3V 4y o sl SOk 4y silagn
D=1,5(0,0000065-T-L)
a0 sl (2030 Sl ad -T | (6 Gy paia el 53 SSISY -0,0000065 1S 4daal ) 45 5 43
Supasobd - 15 Gl sy (S e 4y sy 00— L
s oA A 53 Jgpn_3
GosBI > s ab Az 4y LI Jua sl (05 6osla 658 dae (a1l e gy 4 J) 03 (o 0 B 4a
G hyhal) g o043 laa al 58 4 )L8 o 5l 3 58 558 3 okl O e 00
oSl Jgd 1Y 4y i Jale HLi o | (658 Jee

Sl Jgo oV 4 4al e Al a3 S el s da— 1
_(1,4-M,)-(1,7-M,)
= 14-W
(bl Gossoss | Qg | Gy S Axan ) )y J g Jsd ety aw s (Sadal A5 4
P A5 sl S pall e - 2

X

_ B
VX,
DS Asalae Jgd Y 4 )L (ral ) (ebiel) dla juS) Jan g8 (e <B/6 oS -3

1.4 W 6e ams amin %/

=2 1—|— u
Qmax B ( B ) ’%/
Q=12 4’5

{ Gmax-amin) (B-L) /B

€
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3 pase B (Sadal ) 45 4
The factored footing pressure at any point in the footing is calculated as:

B-L
Q = Qmin + (Qmax _Qmin). ( B )
L is the distance from toe
oS Al e 4y ol ) saVa )L abie) Jawd (S O pa 05 L Ife, > B/6 oS

Qmin=0

Qmax

footing pressure
apply to Hesl

{ Gmax.LL ) /Ls
1,4-2W
Qmax - 3Xu

The length of bearing area is: L, =3-Xu
DS opSIay A ye 4yl ) (523 L8 4ras (S adalio g 4y s

Q - Qmax (Lb _L)/Lb
. aJMDM@.\AJLéM\JﬁJﬁ@

: d‘,S\J:\g Calda d:_ma
¢ gt S lai 4y JSE Y oL ) Sy Caalaimy Jaus
Wa S Jac o B a e S Ard 4y o adale ) e dka (a6
I The critical section of shear in the heel
is taken at the face of stem instead of
at one effective Depth from the stem
because it does not produce compression to the stem
l According to ACI code.
We
critical section : d"S mm djé ‘F*AJQJ é 4 47" -1
for shear & Vu = 1,4(\7\/e +Whl +Wq)—R
. "\ | L U053 BGOSR W, |, )y — 14 -1 Sk )4, 54
\u CoM desin s R sobom - W, G0s i i - W,
B J | ' s JsSIa G glie om ey a2
Heal 7 Vc=0,85(2\/f7) bd
footing 0,85 -: é "‘L-.") 43)):} A
ELjpmm  Caaslia (g LI g SIS - F e ) 58 Cua gl (5 LD
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, (558 dmlae (S Ua e Qo ndg) e (o> 4SAN) ase S mdlw- b

td A Y 4 o oS rze s -d

Bac i ge J)pad = Gldia Jl g — Ak (g shailaa 6 g0 — g ladi G

c0d g s 4 o : o sl azad J S Al g B a2y Jlpn -3
L8R astie (S e 4 G B (e RS Ve Vu oS
Cy a5 (> G 45 Caaslia 533 g5 49 5 8 (o2 Jlsd (S a3 55 (5 VeV S
o5k Culaia J) g S
P dsaslaa plae gilaan ol J) s
DS damlae J g Y 4y Pl o Ll 4280 5l Gaia s adale () e J) oo
s Y1 5a80 e gad (3 vl ga (i 8 (i 50) 83 Jamg (518 2 0 s 2 Ay (2 K8 - ]
152500 oY 4 Js0 Y 4 e ge (2 d (S D) sa G55 A S

Mu=1,4(W,+W, +W, ) % R-X,

.odda.au&)ﬁ(cggg)u_ﬁ)ﬁd\ﬁddﬁil{ﬁ- X, syl i - C i Sahl ) ma

D d sl gilaawa el s2ign - 2
D (e Do gl

g R

m Fy
L s (93 ge e i g SIS ) 2 iy ) e glia Sl g SGKY - R: (Sadad jai ) g4y

RZ—M“ > m :—Fy
0,9-b-d 0,85-f

The required reinforcement As=P-b-d should be within maximum reinforcement.

, F, s yield strength of steel

b

The required minimum reinforcement is the smaller of

As,mm:(3\/§) or 1.33 As if Asis less than A__. (ACI10.5)
y

s,min

Design longitudinal reinforcement for shrinkage and temperature
Reinforcement ratio: 0.002 for grade 40, 50 deformed bars, 0.0018 for grade 60 deformed
bars.

:( design of Heel ) cnl we (a0
The forces that apply to the bottom of toe is footing bearing pressure. In a normal
situation, the length of toe is shorter than that of heel. The maximum shear force is
less than of heel. The depth of footing for heel is usually enough for toe. It is also a
normal practice to bend the dowel bars at the bottom of stem for toe reinforcement. It
is normally sufficient for toe reinforcement. In some situation, when toe is extra long,
then, it will be necessary to check shear strength and design reinforcement for toe.
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critical section for shear in Teo

i v V\ i
S S R N
o—
\r I_
O
J - - - _I_J_l
critical section for Moment in Ten/
Teo stem 4 He

Faooting pregsur apply ta Teo

4 Shear

: (design thickness of toe )d sSlay Culdia s
DAmlae 58 i ea— ]
tA oY 4 des ga¥ 4 L dale Jad (S )sagngi e, <B/6 oS —a

B-Lc
Q = Qmin + (Qmax -Qmin) ( B )
(D oY A A e 4y Gl ) Vo s dale Juwd (S G a gnsi e >B/6 oS —b
— (Lb 'LC)
Q=Qu

DSkl ) A4
cedabiald 5 ) g s Gasae JiaaR aladl Al 5 )55 5050 (aia - Le
A Y g e 4y Gl ) (2 Hlake (5 B o je (S e a4
V,=(Q+ Q)5 We

REAYSETYCEY "SEWEEETT AP RSETYS IEGPERIEY FRptit

pea oY 4 dse a4 il g4 s e Qi a2
Ve=0,85(2,/f) b
LSl e ilagus ol e
D509 oY 4 Jad Y 4y Caedd Cilagad (S adalle (Sl s 4y 5 e 1
M, =(R - Xr)-(Wt -%)

ijcgjj\sawa\_gmg}\dgs@%q- Wt . 43X Jlgpanalald g4 80 - Xy ;‘_,‘54.1:..1\)43)}34,_3

DAl Ay — 2
L 2K
m Fy

(D) Guad plagun
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, F, is yield strength of steel : S 44l ) 43 ) 53 43

R= —M“ > m= Fy
0,9-b-d 0,85
The required reinforcement As="P-b-d should be within maximum reinforcement.

The required minimum reinforcement is the smaller of

(ACI10.5)A,,,,) or 1.33 As if As is less than As’mm=(3\/§

3

s,min

M.H. OMER 81



Ol e 51l 503 gl ol i Saly | g sl

:ﬁj.\ Al

& AASHTO 1993.

% BRIDGE DESIGN 37-88-1990.

& Structures on irrigation systems (Ass . Pro .M.Qasam "Sadeqi"
,KPU).

& RCC Bridge design (2000) ACI

< Pavement structures (CBR)
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