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1. General



PROJECT: BRIDGES IN JORDAN CALCULATION SHEET

SHEET NO. OF
JOB NO.
SUBJECT: GENERAL DRAWING NO.
DATE /JUL/2000

1. General

This report contains the structural calculations of both WADI HIMARA BRIDGE
and WADI EL-ASAL BRIDGE located in Jordan.

The design is performed in accordance with rules and regulations, valid for
the project.

The design is performed for superstructure (including deck slab, main girder,
diaphragm, bearing and expansions joint) and substructure (including pier and

abutment). Rock bearing capacity is also estimated.




2. Superstructure
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PROJECT : Design Bridges in Jordan SHEET NO......... OF......

SUBJECT : Deck Slab Design for Prestressed |-Girder, Span 30 m.

DATE....JULY...2000....

2.1 Deck slab Design:

Material Properties:

1.1 Concrete:
- Cylinder strength (Class 30): .- .=26.1 MPa
- Concrete Density: Yo 525 kN/m3

1.2 Reinforcing Steel:

- Deformed bar of high tensile strength, Grade 60, conforming to JSS/441/1986 or
AASHTO M31M (ASTM, A615M) :

- Yield strength : fy =410 MPa

1.3 Asphalt wearing surface:

- Density: T, " 18 kN/m*3

- Thickness of asphalt overlay: t, .=0.05 m

- In Final Design Report, 3.4.2 Bridge Design said that "Additional 5 cm of future wearing surface
shall be considered”, therefore, let say, future wearing surface thickness equals to 10 cm.

ta =0.10 m

Minimum slab thickness:

- Design width of slab:
b =1.00 m

- Spacing between girder (slab span):
Sce #2220 m

- Top flange width of |-girder:
ty = 1.05 m

- Web thickness of I-girder
wy =020 m

- Ratio of top flange width to minimum thickness:
th
Ratio = —— Ratio = 5.25 >4.0
Wb
- AASHTO 3.24.1.2 (b) said that "S" shall be the distance between edges of top flange plus one-half of stringer
top flange width.
- So the effective slab span length is:

th
S :Scc-tproy  S=1.675 m.
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PROJECT : Design Bridges in Jordan SHEET NO......... OF......

SUBJECT : Deck Slab Design for Prestressed |-Girder, Span 30 m.

DATE....JULY...2000....

. . . _S+3.05
- Required slab thickness: treq =~ 9.:1.5..._»30.48
treq = 15.74 cm.
- Provided slab thickness: t =20 cm
- Since t=20 CMm>  treq=157 cm OK
Loading:
1. Dead load (DL):
t
) = 2
DL 057 ¢ DL=5 ; kN/m
2. Superimposed Dead Load (SDL):
SDL ‘=t 5y a SDL =138 kKN/m*2

Sum of dead loads & superimposed dead loads is

DL = DL+ SDL. DL = 6.8 kN/m”"2

Moment due to DL+SDL:

DL.S?
M DL © 15 M DL = 1.91 kN-m

3. Live Load (LL):

AASHTO HS20-44 + 50%
Percent increase in LL: Percent =50 %
AASHTO truck wheel load: P.=72 kN

For slab continuous over three or more supports:

f cont :=0-80
AASHTO 3.24.3.1 Case A : Main R/F perpendicular to traffic

S+ 0.61
Mpp = ’(‘““;'771"'“)'1)'(‘ + Percent)-f cont

Impact factor for slab design with: L:=8

15.24 .
Iy =g 1y, =0.384 L allow = 0-30
L =1L Tallow I =min(l) 1=03

2-2
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SUBJECT : Deck Slab Design for Prestressed I-Girder, Span 30 m.

CALCULATION SHEET
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SHEET NO......... OF......

DATE....JULY...2000....

L.oad Combinations:

Group I:  Factored_Load :y-! BpDi B (LD
Where : y = 1.3 pp =10

Design Moment:

Therefore, design ultimate moment is:
My f-ﬂﬁ p'(MpL) B (M +IM LL)j
MY = 60 kN-m

Reinforcement Design:

- Select reinforcement:

Bar diameter ; ¢p 16 mm

Cross section area : Ap & — e

From Vol. (1ll) Design Drawings,

General Notes: minimum concrete cover for deck slab is 50 mm.

cov =50 mm.

Effective depth: d = 'i'(t)'d - "]cggo -5 ¢; .é’oo
Reinforcement spacing: s =015 m.
Number of rebars: No = E
Total reinforcement area: Ag “No-Ay
For flexural design: ¢ =0.90

Agfy10°
¢ 0ss e 4= 0025 m
M, ::[d)'AS-fy-(d - ;”-10‘3
My= 64 kN-m/m > M, =60

USE DB16@0.15 c¢/c for Top & Bottom reinforcement

B =167

[=03

Ap = 201.062 mm?

d=0.142

m.

No = 6.667

Ag=134 +10° 2
s=1.34 mm

kKN-m/m. Ok
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SUBJECT : Deck Slab Design for Prestressed I-Girder, Span 30 m.
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DATE....JULY...2000....

Distribution Reinforcement:

For main R/F perpendicular to traffic % of distribution steel should be:

1
Percentage ;== —_

J Percentage = 93.493 %
S

Pallow =67 %

P = [Percemage P allow} P = min(P) P=67
P
So = As_t‘ 'I'GO'AS
Ag (=898 mm?
- Provided reinforcement:
Bar diameter : ¢p =14 mm
2
. LS XN
Cross section area : Ay = -
Spacing: s = 017 m
b
Number of rebars: No =.

Total reinforcement area: As prov =No-Ayp

USE DB14@0.17 c/c for Top & Bottom Distribution steel or

- Select new bar size:

Bar diameter : dp =12 mm
2

Cross section area : Ay = "_iE.

Spacing: s:=0.125 m

Number of rebars: No ::g

Total reinforcement area: As prov -=No-Ay

USE DB12 @ 0.125 c/c for Top & Bottom Distribution steels:

1-4

%
Ap=153.938 mm?
No= 5gg2
A's prov =906 mm?® oK
Ap = 113.097 mm?
No=38
As proy = 905 mm?  OK
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PROJECT : Design Bridges in Jordan SHEET NO....... OF........

SUBJECT : Design Post-tensioned [-Girder, Span 30 m.

2.2 Main Girder:

Design Data:

- Prestressed Concrete I-Girder Bridge ( Precast Post-tensioned |-Beam )

- Two traffic lanes, total lane width (m.): W line 9.80

- Span length between piers (m.): 1. - 30.00

- Typical spacing between girders (m.): S 220

- Live loads based on AASTHO 1996 + 50% as per MPWH : HS20 - dd v 50 %

- Units are: m, kN, MPa and others as stated.

Material Properties:

1. Concrete:
- Deck Slab, Class C30 with: [ g 7261 MDPa
- Prestressed |-Girder, Class C40 with: o o 4.8 MDPa

Strength at time of prestressing: [ =32 MPa

- Concrete density: Te =25 kN/m*3

2. Reinforcing Steel:

- Deformed Bar (DB) Grade 60 per JSS/441/1986 or AASHTO M31M (ASTM AB15M) :
I \~|)13 410 M1a
-Young modulus of elasticity: By =20 10° MPa

3. Prestressing Steel:

- Strands: Cold Drawn, Low Relaxation 7-Wire Strands, as per AASHTO
M203 (A416) Grade 270 K or equivalent.

- 0.5" strand:

o =127 mm. /\Ps = 98.71 mm2

Min. breaking strength:  I'g- = 1861 MPa

4. Wearing Surface:

- Wearing surface use 5 cm asphalt overlay + additional 5 cm in the future:

h w 010 m.

- Asphaltic Concrete density: 18 kN/m*3

1 aspt

2-5
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SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

Allowable Stresses

1. ReinfOTCinq Steel: [ \_])]; = 051\\'__1)]3 1\—1)13 = 205 MDPa

2. Prestressing Steel:

- Initial prestressing, ['pi =0.70 1§ I‘pi = 1303 MPa
3. Concrete:

- RC Deck slab: [ ¢s 0.4 l'c-~S l‘u-S = 1044 MPa

- Prestressed Concrete |-Girder:
- At transfer: ‘ [y = 0-249}/1‘&‘ Fy= 14l MPa
[ = -0551; [ = -17.60 MPa
- At working: M = 0.498'“ﬁcv_g [ = 294 MPa
Cow =04 Tg [ = 713.92 MPa

b
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PROJECT : Design Bridges in Jordan SHEET NO....... OF.........
JOB NO...... XXXX............
SUBJECT : Design Post-tensioned I-Girder, Span 30 m.
DRAWING NO..............
DATE......JULY....2000...
Section Properties:
1. Precast Girder:
1.1 Typical Cross section:
- Heigth of girder: h R 1.80 m
- Heigth of flange: hy=0125 m
- Width of girder connected to deck slab: b wes 1.05 m
- From NovaDesign result, see Fig. 2.1
- Cross-sectional area: A g - 0.678125 m°
- Moment of inertia: I, = 0.286453 m’*
- Center of gravity from bottom; Chg 0.910 m
- Center of gravity from top: Cg h g by Cip® 0.890 m
- Section modulus [
. & . 3
S @ b = S e = (1,322 m
g
lg 3
S be = -‘~ S bg = (.315 n
d bg
1.2 End Cross section (at support):
- From NovaDesign result, see Fig. 2.2
- Cross-sectional area: A ps 1.316873 me
- Moment of inertia: lys < 0.376690 m*
- Center of gravity from bottom: Cl = 0.935 m
- Center of gravity from top: Clg - hg» C s ¢ = 0.863 m
- Section modulus _
. 185 . . - 3
S s c~ : S s = 0435 m
ts
lgs 3
S bs © S bs = 0.403 m
 bs

-7




wirgogt

1050 mm N

Section:

No. Name
1.0 Interior girder

Concrete:
fck =40 MPa
Rho = 2500 kg/m3

Sectlon properties:
Ac =0.678125 m2
Ix =0.286453 m4
ly =0.024070 m4
it =0.000000 m4

Center of gravity:
CoGx =0.000m
CoGy =0.910m

Total reinforcement area:
As = 0mm2

Total prestressing area:
Asp= 0mm2

Fig.

2.1 T/Fical Cross - cection

B




ot

N 1050 mm N

Sectlon:

No. Name
2.0 Interior girder

Concrete:
fck =40 MPa
Rho = 2500 kg/m3

Sectlon properties:
Ac = 1.316875 m2
Ix =0.376690 m4
ly =0.062146 m4
It =0.000000 m4

Center of gravity:
CoGx = 0.000 m
CoGy =0.935m

Total reinforcement area:
As = Omm2

Total prestressing area:
Asp= 0Omm2

Fﬁ 2.2 End section

2-9
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SUBJECT : Design Post-tensioned |-Girder, Span 30 m.

Design Bridges in Jordan

CALCULATION SHEEET
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SHEET NO....... OF

2. Composite Section:

Thickness of RC deck slab: b =020
Effective width of deck slab
1
1. 1/4 span length: by = I-I
2. Girder spacing: by =S

3. 12 times flange width + width of web:

Therefore, effective width of deck slab:

Ratio of Young modulus of Slab & Girder is:

Composite effective width of deck slab:

Area of effective composite deck slab:

Properties of Composite section:

m
b 1= 7.500 m
b 9= 2.200 m
b 37 12:h i b we_s bq =255 m
b - hl b2 113]
b, = min(b) b,=220 m
l‘c' N
n, F«:- n = 0.866
¢ g
b cc ° N c'b ¢ b ce © 1.905 m
5
A os - h S-h ce A = 0381 m

Ay = 0.678 Yy Sy ¥ = 0.910 m (from bottom) 1, = 0.286 m’
h s
A = 0381 yg = h p 5 y = 1.900 m
Ac;Ag*'Acs A= 1.059
booh S
ce s _ -3 4
Iy = ENTEE [ =127-10 m
VoA, ey oA
Ve g 8 8@ V.= 1.266 m
A e A s
2 1 2 s 4
lc'-lg;/\g(yc~yg) Pl Agg(vevs) [,=0527 m
Che " Yo C e = 1.2606 m C e h g h '~. “C e ¢ = 0.734 m
' Ic \ 3 ' Ic + 3
Sie® — Sie* 0.718 m S be Spe = 0416 m
e €be
g be
my - 8 my = (.4d8 my, ve my, = 0.757
S
e be

2-10
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PROJECT : Design Bridges in Jordan SHEET NO....... OF.........

JOB NO...... XXXX

SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

3. Prestressing Steel:

Number of cable to be used: N, =6
Number of strands to be used in Cable 1-4: el 29
Number of strands to be used in Cable 5- 6: Ny =9
Cross section area of prestressing steel:
Prestressing area of Cable 1-4: A psl = N, A ps A psl = 888.390 mm*
Prestressing area of Cable 5-6: A pss = N 5A ps A pss = 888.390 mm?
Centroid of cable from bottom face:
- At Midspan;
Centroid of Cable 1: Yl =010 m.
Centroid of Cable 2: Y2 = 0.10 m.
Centroid of Cable 3: Ym3 = 0.10 m.
Centroid of Cable 4: Y mg = 0.20 m.
Centroid of Cable 5: Yms = 030 m.
Centroid of Cable 6: Y me = 040 m.
- At Support:
Centroid of Cable 1: Ygp =0.3475 m.
Centroid of Cable 2: Y = 0.5685 m.
Centroid of Cable 3: Yy = 0.7895 m.
Centroid of Cable 4: Y4 = 10105 m.
Centroid of Cable 5: Y5 = 12315 m.
Centroid of Cable 6: Yo = 14525 m.
- Eccentricity of each cable from C.G. of girder:
- At Midspan:
Eccentricity of Cable 1: Cml by Yml ¢y = 081 m.
Eccentricity of Cable 2; Cm2 Chy Ym2 ¢ = 0.81 m.
Eccentricity of Cable 3: Cm3 Chg Ymd ¢ = 081 m.
Eccentricity of Cable 4: ©md * Chg Y md € g = 071 m.
Eccentricity of Cable 5: ©m3s = Chyg " Yms ¢ s = 0.61 m.
Eccentricity of Cable 6: ©m6 = Cbg~ Ym6 € 6 = 0.51 m.
. Cmt e m2t tm3 Tl md TSt g
Average eccentricity: G pgyp T T e s s
& 6
¢ g ® 0.710 m.

211
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Design Bridges in Jordan

SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

CALCULATION SHEEET
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SHEET NO

DRAWING NO...............
DATE......JJULY....2000...
- At Support:
Eccentricity of Cable 1: Cgl T Chs Vsl ey =039 m.
Eccentricity of Cable 2: g2 “Clhs  Ys2 ey =037 m.
Eccentricity of Cable 3: O N cy3=0.15 m.
Eccentricity of Cable 4: Cgd “Cls  Yed ¢ gq= 008 m.
Eccentricity of Cable 5: €s5 " Chs " YgS ¢¢5= 030 m.
Eccentricity of Cable 6: Cs6 *Chs Vs = 0.52 m.
. Pl P2 M3 gyt g5t By )
Average eccentricity: Cyp " e Cyp® 0.035 m.
- Eccentricity of each cable from C.G. of Composite section:
- At Midspan:
Eccentricity of Cable 1: Cmel “Che” Yml ¢ et = 117 m.
Eccentricity of Cable 2: Cme2 “Che " Ym2 ¢en = 117 m.
Eccentricity of Cable 3: €med “Che " Y m3 € ey = 117 m.
Eccentricity of Cable 4: Cined S Che Y md ¢ ped = 1.07 m.
Eccentricity of Cable 5: € meS T Che " Y ms ¢ nes = 0.97 m.
Eccentricity of Cable 6: €6 Cbe " Y m6 € e = 087 m.
.. Cmel "Cme2 " Cmed " Cmed F Cmes T C me6
Average eccentricity: € e ° G e = 1066 m.
>
- At Support:
Eccentricity of Cable 1: Cel  Che Yl C oy =092 m.
Eccentricity of Cable 2: €2 “Che Y2 ¢ e = 0.70 m.
Eccentricity of Cable 3: Cged " Che " Y3 € g3 = 048 m.
Eccentricity of Cable 4: Cied T Che " Ysd € geq = 0.26 m.
Eccentricity of Cable 5: €5 T Che ~ YsS Cge5= 0.03 m.
Eccentricity of Cable 6: €566 7 Che ~ Ys6 o= 019 m.
. Cscl "Csc2 " Csed T Csed T Cses T C el
Average eccentricity: Cyo * R e — ¢ g = 0.366 m.

6
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Design Bridges in Jordan

SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

C
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DRAWING NO

JOB NO...... XXXX

DATE......JULY....2000...

221 Service Limit State (SLS):

2.2.1.1 At Transfering:

Only dead loads from Precast I-Girder & prestressing force to be considered:

|-Girder:

- Dist. ¢/l bearing to ¢/t of pier (m.):

- Net span length of girder (m.):

- Typical section:

- End section:

- Average area:

- Girder seft-weigth:

- Max. Moment at mid span:

- Moment of inertia:

- Initial Jacking force :

Cable 1-4:
Cable 5-6:
- Total force :

- Total strands area:

- At Midspan:

Wy, = 0.60

Ly =L-Wy L= 2940
Ay - 0678 m’
A gs 1.317 m
L AGNTIA
e L - g
\vg':/\g'*{c Wo 19
W g'l'gz

.8 5 =2
M 2 3 M " 2021
1 o= 0.286
C by = 0.910 Clp” 0.890
Pt e l‘pi'A psl'mb~ P = 1157

3 -

Pns = fpi'A psS’ 10 P ps = 1157
Py = 4P v 2P s Py = 6944
A ps © 4N psl A psS A ps 3330

- AASHTO 9.16.2 : Prestress Losses:

- Total Losses (excluding friction losses) :

Mg = SH o+ ES+ CR,+CRy

T

m

kN/m

kN-m.
m

m

kN.
kN.
kN.

P
mm

- However, losses at transfering is due to friction (FR) and elastic shortening (ES):

- Friction Loss (FR) :

- Friction losses occur prior to anchoring, nevertheless, this estimation is done for design and
checked during stressing operations.

- For post-tensioned member, AASHTO Art. 9.16.1 give friction Loss:

IF (KL+pna) <0.30

Ty =T

Tq =

(KoL gea)
N

- From Dwg. # DSPW-75 & -85 stated that:

2-13
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PROJECT : Design Bridges in Jordan SHEET NO....... OF

SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

K =.0049 m!
po=025
- Tendons profile is curve, therefore o will be:
8¢
[T — l"}g a=0.189
K1, 4 pea = 0.194 < 0.30
With : To =P T = 6944 kN.

Ty =TI+ KLrpw

T
0
Ty o Ty =5813.983  KN.
S (KL pa) ’

- Loss due to friction : IR =TTy FR = 1129851 kN.

R ¢
f 3 i
- Prestressing force loss : FR = —— 1O I'R = 211.966 MPa.
AL
Pb
IR
- Percent loss : %L e 7 ——100 Yol yop = 16.271 %
FR I IR
pl
- Elastic Shortening loss (ES) :
Eo.
BS =05 -L0p
< ¢
- Where:
. 6 . ) 5
I2 ps 28-107-0.0069 I ps = 1.9-10 MPa
- ‘ LI . 4 s
g - 0043(1 10%) - Jr g Eoi=30000  Mpa
J DA
N n= 635
£
M, = 2021 kN-m

- Find concrete stress at c.g.s. due to prestressing force and dead load of girder

- AASHTO 9.16.2.1.2 said that initial stress in the tendon has been reduced by elastic shortening
of the concrete and tendon friction, the reduced tendon stess can be taken as 0.63fs” for stress
relieved strand or 0.69fs” for low relaxation strand. Therefore, tendons stresses are

l'PS =069 [ ps = 1284.090 Mpa
- Total prestressing forces:

, . C N3 _ <
P = (A ps1 T ps + 2°A sl pg) 10 P = 6845 kN.

(In Dwg. # DSPW-75 & -85 say Fj (force required at the jacking end after anchorage slip (if any))
Fj<or=677 Tons. OK

7-14
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SHEET NO....... OF

P Poc 2 M

iy - 10 yfim TmPmg g Cmg
A I 1
e ) g
= 16.18 MPa
F PS .
BES = 0.5l o IiS= 5141 MPa
i
P tl : %l = l‘:S-l()() Yol = 3.9 %
- rercentioss . ol g = o ol g = 9 (¢]
Pt
Therefore, losses at transfering stage : %L it = Yl g Yl p=3.9 Yo
Prestressing force at tranfering after losses equal to :
i Y%l “3’
Cable 1-4: Pt =P A ps1 107 P n = 1096 kN.
Cable 5-6: P s = I‘IL([«/\ p55~10” P ns = 1096 kN.
- Total force : P =4P g+ 2P s P = 6575 kN.

Check stresses at top & bottom of girder at mid-span:

- General formular for checking stresses:

P D Pee Mo
A I I

where f = stress (MPa)
P = effective prestressing force (kN)
e = cable eccentricity (m)
¢ = distance from C.G. to top or bottom fibers (or point in consideration), m
I = moment of inertia (m"4)
M = moment (kN-m)

- Sign convention: - is compression + is tension

Therefore, total stresses at transferring are:

{-r P C g y g
At top of girder: T s m Img & ?’ E’ 1o
- Ne e g/
[y = 0563 MPa < = 141 MPa
At bottom of girder: ) \/'l) m P m € mg ¢ be ; M bl’i«\ o3
T .
h | A & 18 I&’» /

Fp = 1719 MPa < [ =-1760  MPa

2-15
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JOB NO.....XXXX............
SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

2.2.1.2 CastIn Situ Deck Slab:

Only dead loads from I-Girder, Diaphragm, Deck slab and Prestressing force to be considered:

Diaphragm:

- Reaction: R = (1350622 + 0.2:0.2:2.2)y ¢ R = 46.750 kN
L.
- Moment: Mpy - Rec® - RS My = 453.475 kN-m
Deck Slab:
- Slab seft-weigth: w hoSr, w = 11.00 kN/m
wl gl
- Max. Moment at mid span: Mg = B M= 1188 kN-m.

- Prestress Losses:

- Losses at this stage is due to shrinkage (SH) & creep (CR) of concrete and relaxation of steel (CRy)

Total Losses: z\l'S - SH+ CR o FCRy

- SHrinkage loss (SH) :

- Assume 80% mean relative humidity
RIT = 80

- Post-tensiones Member:

SH = 0.80 (117.21 - 1.034:RID) SIT = 27.59 MPa
SH
A)I,, S“ = -l_w‘**" 100 (A)], S“ = 22 0/0

p_tf

- CReep of concrete loss (CRc) :

CR = 1200 - T s

- Find concrete stress at c.g.s. due to all dead loads except the dead load present
at the time the prestressing force is applied.

AM dl = M s + M D AM di = 1642 kN-m.
M gpre 1077
. dl'™* mg .
Ueds © S [ egs = 407 MPa
g
CR o, = 120 g 70 gy CR = 165.70 MPa
CR
- Percentloss : %L e - o 100 YLl cpe = 13.434 %

p_tr

- Relaxation of Prestressing Steel (CRs) :

- For low-relaxation strand:

CR = 3448 - 0.07FR - 0.1-I:S - O.()5~(SI[ + CR c)

CR (= 4.837 MPa

2-76
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SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

CR
- Percentloss : %l CRs ° 7——i' 100 %L R = 0.392 %
f p_tf
- Total Prestressing Loss:
Mg SHCR (v CRy A = 198 MPa
- Loss in percentage:
At‘s
%L SCR = r ~“ 100 %l SCR = 16.1 %
p_tl
- Total loss since transfering to complete state : %L ot * %L+ %Ll gep %l o = 200 %
%l Lot
- Total prestressing losses : (o ot - 00 i U tor = 261 Mpa

- Limiting Maximum Loss (ACI-ASCE Committee), Ref." Design of Prestressd Concrete Structures”,
by T.Y. Lin and NED H. Burns, 3rd Edit., SI Version

- Table 4-8, page 117, for Normal concrete & Low-relaxation strand :  Loss max © 273 Mpa

Normal concrete Stress-relieved strand : Loss oo = 345 Mpa

- Assuming losses at this stage due to shrinkage, creep, and relaxation would be haft of total losses
due to these causes :

%L g
“SCR
Yol gig T e %l g = 8.0 %

i

- Total prestressing force of each cable at mid-span :

Cable 1-4: P =P ml'(l S

o Py = 1008 KN
%I'cis

Cable 5-6: P s = P st - oo P 5= 1008 kN.

- Total force : P =4P 2P s _ P, = 6046 kN.

Check stresses at top & bottom of girder at mid-span:

P Poco e M, Mo Myie,, |
v O g ) s D% 3
At top of girder: l‘l s H}\%m , ,il.l,‘ic‘_,- & ( e ; - £ ]~l() )
- g g & |
f(_cs = -6.12 MPa < l‘c“,= -13.92 MPa OK
At bottom of girder: . P Piemg g <.M£1 FMgrMp) e I ;3
| bes _A__ e .I»---_ B S S l m— I(
& £ £ i
rh_cs = 1008 MPa < =294 MPa OK

2-17.
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SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

2.2.1.3 At Working: |-Girder, Deck Slab, Wearing surface & Live loads

- Assuming losses at this stage due to shrinkage, creep, and relaxation would be haft of
total losses due to these causes :

%l g
SCR
Ul - Y%l = 8.0 %

- Total prestressing force of each cable at mid-span :

%l i
Cable 1-4: L —o Py = 927 kN.
/ Yol. wk
Cable 5-6: PP mS-k! — Pog=927 kN
- Total force : Py =4P v 2P ms Py = 5561 kN.

Check stresses at top & bottom of girder at mid-span :

P P mg © g (M Mg M l),)‘cl

At top of girder: Cfwk © A ' ] & : — wg’-l() .
- 8 2 2 |
[y wi = 7655 MPa < (o= 71392 MPa OK
At bottom of girder: . P Pwtmgeng (Mg My MD)”“B‘ 3
[b whk i3 A P .I_ S G DL ;._,,.{ [N —— RN Y
- 2 g )
[.b wk © -8.34 MPa < Y{W = 2.94 MPa _O_
- Loads Effect
Superimposed Dead Loads (SDL):
- Wearing Surface: Wyt Yuspt'h WS W = 396 kN/m.
Wy L. gz
W M, = 428 kN-m
- Parapet + sidewalk: one side
. 0.3 +0.36 5
Ap 030554 [Z5 =20 LS A= 0.660 m’
\
A P-y 2
- Distrib. loads for each girder: W E o W e 3.500 kN/m
)
Moo M= 594 kN
Py p =Y -m
- Moment due to SDL: MgpL =M Mp Mgy = 1022 kN-m

(BN
‘
~
&»
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SUBJECT . Design Post-tensioned I-Girder, Span 30 m.

Live Loads:

- Net span length of girder:

- Impact factor:

Truck Load: HS20-44+50%

L e: 29.40 m
L= l‘g-3.23 L=96432 ft.
[ 50

(L v 123
[=0.226

see Fig. 2.3(a) for truck loading configuration:

L,=427 m L4
L
g
l’ l = AAiw + 1,4 - I_, 2 - 1:3

Py =361 Py=54

=4.27

m. Ly =427  m.
Ly=10430 m.

Poo= 14415 Py=216 kN.

P l[' 1 i P 2(\1, 1 t L 2) + P 2(1, 1 + 1.2 t [43)

Rp =

L ¢

Ly
Minia = Rpy—= - Paly
M s Mgt +D

Lane Loads:

R o =21947 kN

see Fig. 2.3(b) for lane loading configuration:

] = 80-1.5 ] = 120

> b
Im Im

Mrbg Pl

mid 77 8 ’ 4

M

My = Mgt D
My - |[My My |

My = mux(M L])

Therefore, for live loads, truck loading is critical with:

-y

M hid = 2996 kN-m

My = 3672 kN-m
kN wip = 93315 w= 14.00 kN/m
M 1hig = 2394 kN-m
My; = 2935 kN-m

M= 3672 2935]
M= 3672 kN-m.

M 1=3672  kN-m/one truck

/?



STANDARD  HS20 - AL TRUCK |

Py = 36 kN
Poe Py- 144 (N

Traffic Loadings

¢ SPAN
R B R
Ls L2 l L3
- A I 8
Ly
R | R
A o La 8

(a) Truck Loading

€ SPAN
FL W, Wi = a.335 kN An
(IO TII I, - 0 o
y | ”Q? = 116 kN {ov sheav
L Lo L

(b) Lane Loading

Fg 2.5 1+ HS20-444507  Live Loads to maximize woment

d
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Interior Girder:

$32
pr - 5328
55

- Distribution of wheel load moment on an interior girder is:

- Distribution factor of wheel loads:

DEM |
My - :

- For load combination group I:
- For service loads: we have

Mine = 7(F pMspr, + P 1 My )

M. .= 3431 kN-m.

nc

Check stresses:

- Increment stress due to superimposed dead loads & live loads is

-3
M. ¢, 10"
o (»
- At top of deck slab: Cids mer
— [C
Mipe (e~ h s>'1043
- At top of girder: Iy od :
- C
-3
M. e, 10
el
- At bottom of girder: g od ~»»~]2(i~]-_)_c_.~m_m
B c

Total stresses of girder and deck slab, in services condition:

- Girder:
Clop = Twk " g [op= 1002 MPa <
oot = Fb_wk * b_gd (o= 009  MPa<
- Deck Slab:
Ciop “ M el ds Fop= 14 MPa<
Ppot “ Moty gd Fpot= 301 MPa<

2-21

M Wl,[ = 2409

Gl =y(PpyDepy(leD)

1.0 i

DI = 1.31
kN-m.
= 1.0

Lds® 4.78 MPa.
lgd" 3.48 MPa.
b gd = 8.25 MPa.
ew = 1392 MPa OK
w: 29 MPa OK
cs” 1044  MPa OK
o 1044 MPa OK
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SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

222 Ultimate Limit State (ULS)

2.2.2.1 Moment Capacity:

- Compression Reinforcement:

¥o-20  mm. Ay ',‘ij’f Ap=314159 o’
Ne8 Ag=NAy A ¢ =2513.274 mm®
°ES o h+0.07 °@S (op = 0270 m.
s by rhg-ops | d'= 1730 m.
I'y, = f_y»DB 1‘),' = 410 Mpa

- Tension Reinforcement:

. lz o
=25  mm, Ay - 3‘%« A= 490874 mm?
N =4 Ag=NAy A = 1963.495 mm®
g5 g = 0.05 +0.014 + g8 1o = 0.089
088 poy = 0>+ D01 v CES pot = V- m.
dy=hg+ hg—cgsbm dy= 1911 m.
fsy = [y DB [.SY =410 MPa.

- Effective depth of prestressing steel from top surface of deck slab:

- At Midspan:
Cable 1-3: d pl - h g " hg-ymi d pl = 1.900 m.
Cable 4: d pd h ot hg- ¥ d pd = 1.800 m.
Cable 5: d ps h gt hg-yms dp5 = 1.700 m.
Cable 6: d P h gt hg-Yme d PG = 1.600 m.
- Total area of prestressing steel:
A ps = N sy + 2 s A ps= 5330340 mm?

- Effective depth of group of cable:

(3"1 pl " d pd A pst ¥ (d p3 ' d P()).A ps>
A

d =

d = 1.800 m
Ps

2-22
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- Breaking strength : [g= 1861 MPa.

- AASHTO Art. 9.17.4, Steel Stress :

[y g o= 34.800 MPa.

b= bc b=2.200 i m.

- Bonded members with non-prestressed tension reinforcement included:

[ [ d f
. s {
su ” [S 1 - /.J_ Ap )~.T,\_A b p:?
! ~ \ﬁl Pro d | r,
7 =028 for low-relaxation steel
e 28y
By -085- (,),(,)5‘(» — ) when fer > 28 MPa.
by =080l
A 100
P p = 0.00047
b -dl
A 10
P P = 0.00066
b c‘d
-6
Aps !0 v = 0.00135
1] =S — =
"r Ty tpt
1 . | ; [.s' d, l‘s_y
SIS W) I T LS 1 PN Pc
su S B | p l‘c' d p {-C'
[y, = 1810 Mpa.

- AASHTO Art. 9.17 FLEXURAL STRENGTH :
Check if section is Rectangular or Flanged Sections:

A ps'l‘su rAgT sy
a=

o 4
0.85:F ;b 10

a= 1607 com.< h 100 = 20.00 cm. Rectangular section

- AASHTO Art. 9.18.1 Maximum Prestressing Steel ;
Check the reinforcement index :

\ \

. p-[‘s\,’) I /P l)’l..\‘u\ l/""r,\."\ 5
RF | dex * | --J - el b - [! RE jhdey = 0-068
\‘\ C /" \\ < /, \ ¢ /’
RE ey = 0068 < 0.36:p | = 0.289 OK

2-23
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- AASHTO Art. 9.17.2 FLEXURAL STRENGTH for Rectangular Section, Eq. 9-13a :

, poale, dyply, p Pl
) . p’su sy . d Pplisu Y 3
M A PS'I sudif1-06 ( T ’ »a—- i ) + Al s_y.d ¢l h-06 ( ~__-_7;,_:__ _[_MA‘) 10
C c { c C
M, = 18052 kN-m.
¢ = 1.00  for precast prestressed concrete members (AASHTO 9.14)
M, = oM M = 18052 kN-m.
Load Effects:
M= 1188 kN-m.
- For load combination group . G1 = 7([5 DD+ L+ I))
- For ultimate state : we have
Y = 1.3 BD: 1.0 B] = 1.67
My =[P (Mg  Mgpy, My e Mp) s My | M = 11321 kN-m.
Since M |, = 18052 kN-m. > M = 11321 kN-m. Cross section is OK at Ultimate

AASHTO Art. 9.18.2 Minimum Steel :

Art. 9.18.2 : Check cracking moment:

M= (fr + l‘pc> S e 107 - Md_c'

S be
— -1
3 bg

My =Myt Mge M+ Mpy My = 4091 kN-m.
Py =4+ 2P 5 Py = 3561 kN.
‘P P e -y “\ .
pe * [ bl 10t = 19.499 MPa
A .
fp- 0623 Jry [ =368 MPa.
S
. o 3 be
Mg = (l 0t tpc) Spe 107 - Md‘_c' g7 l)
2 bg
M, = 8326 kN-m.
Since oM 0’ 18052 kN-m. > 12 M o ® 9991 kN-m.

Cross section is OK at Ultimate compared with 1.2 times Cracking moment

2-24
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2.2.2.2 Shear Capacity:

Maximum shear: see Fig. 2.4 for loading confiquration

Dead Loads:

Wo =17 KkN/m

- Girder :

- Deck slab:

- Superimposed DL:

Live Load:
1. Axle Load:
Py .=54 kN.

Ly =427 m

RoAt:=

L g = 29.40 m.
wg =11 kN/m
R Mele
g T

wgl g
R s oy

WL
R, e

2

RBd “RAd
P, =216
Ly =427

P2'Lg"‘p2'(Lg“ LI)w-P]-(Lg-« Ly~ L2)

Lg
R p¢ = 439 kN.
Rpt =P +2:Py-R p¢ R gi =47
2. Lane Load:
Pig =116:1.5 Pig= 174
Wl'Lg
R L=~y +Pg R ] = 380
Rpl =Rl R py =380

Rp=[Rat Rar]
Rp = max(R L)

Rpyp=Rp(1+1)

Therefore, for live loads, truck loading is critical with:

Rp=[439 380 ]

R =439

Ryp=538

L 2-2Y5

Rpp=538

kN.

kN.

kN.

WlI:14 kN.

kN.

kN.

kN.

m

kN/m

kN.

kN.

1:=0.226

kN/one truck




Wg+Ws+Ww

e .
M LU VLT LT TTI I T s

R Req
(a) Dead load of girder + deck slab + wearing surface + pavapet x sidewalk

Ls L2

Ly

(b) Truck Loading

P /__W_,
NEERRAEEEEEEEEE
Lq

(©) Lane Loading

Fig 2.4 Dead Loads 2 Live loads to waximize shear at su‘pfort
d ]

5 2
A
L4 Lo Lz .
. i I
X
Rap (D Sheay at any X Rrp

2-2b
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Eccentricity of group of cables at mid-span :

Eccentricity of group of cables at the end :

Heigth of parabolar at mid-span is : h para “€mg~ €sg
X
Parabolar Equation: y =4h pam{ r-
— . _dy . 4hpara
Slope Equation: Y g y = '"L’"'"(l - 9.

2-27

il

Interior Girder: S ::2.20 m.
C e S-3.28
- Distribution factor of wheel loads: DF := 5 DF = 1.31
- Distribution of wheel load shear on an interior girder is:
DF-R ||
RwL = ey R wij=353.02 kN.
- For load combination group I: Gl ':fy([} pD+ B (L+ I))
- For ultimate limit state: we have
Ry =1(BpRAd+BLRwLI)
R, = 1482 kN.
AASHTO Art. 9.20.2 Shear-Strength Provided by Concrete:
fer =348  Mpa. fgy =410 MPa
Vew = (029 [fe +0.3-Fp)b7d 10 1 v kN.
_— ViM,
vci T 498ch’bd +V d?r- ,l,cr >0r= 218.8- fc"b"d
M max
The lesser of the values Vci or Vcw will govern the design:
V. =min [Vcw Vi
Assume prestressing profile is parabolar :
Length of girder ; L=Lg L=2940 m.
Distance from C.G. of girder alone to extreme top fiber : Ctg =089 m.
Distance from C.G. of girder alone to extreme bottom fiber : ¢ bg 7091 m.

emg © 0.71 m.
€sg © 0.035 m.

h para = 0.67 m.

3
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Assume effective prestress is linearly decreased from the end to mid-span

f j = 1303 MPa.

p

Effective prestress at the end :

Effective prestress at mid-span :

Therefore, at any x distance:

Total heigth of girder is:

%L 1or =24 %

A ps = 5725 mm? P, =5218 kN.
%L tot 5
Ps fpirll- oo | Aps10” Pg=5669 kN.
Pe=Pp P, = 5218 kN.
PS” Pm
Pe WPS_ w-E———~- 2.x
h=hg h=1.80 m.
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wwwwwwwwwwwwwwwwwwwwwww dedkokokokke

- Crossection will be the end cross section with :

b’ =070 m Ags ©132 m? lgs =038 m? Cts =0.865 m
Find Vci:
Lg
,2 - X
Vd = ..._R Ad Vd = 516.95 kN
Lg
2] ‘
X X
Y “4h parad | - <L> l y = 0.08 m.
- Distance from extreme compression fiber :
d :cts,*.esg+y d=0098 m.

d =(d 0.8h) d=[098 144]

d =max(d) d=1.44 m.

- Eccentricity of cables from C.G. of girder :
ex :esg.§..y eX=0.12 m.
- Calculate Vi & Mmax : Truck load is critical

Ly =x Ly =427 m L3 =427 m

o (e La)Par(Lgla-Ly)Por(Ly-Ly-Ly-Ly)P

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Lg
Vy =424.07 kN Vg i =(I4+1)Vy
Vixi
Vi :__w.z:uDF Vi=341 kN

M max = 30695  kN-m

P ‘P pS‘ Pm 9
e s\ )eX Pe=5641.72 kN.
Pe103 Poeycpgl03
f = 4= f = 5.87 Mpa
pe Ags Igs pe
wd_:wg.i.ws»gnww Wd=37 kN/m
Wd'x2
Mg “RAGX e M 4 = 480.42 KN-m

e e e e e e e e e e e ok o o e ke

Chs 0935 m

Vi j=519.90 kN.
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M gC ps:10°2
F s fg=118 MPa,
Igs
Y Tcpg Y (=094 m.
Lgs
M = ‘Y?-<o.498-«/fc» i Fpe - £g)-10° M ¢ = 3100 KN-m.
Vi 2498 [fobd v ViMer 21876 [fo-+b"d = 1301
s R . -ad B or= . . 2 =
“ _ ¢ d''M max ¢
V= 4258 kN.
Find Vew:
. ¢ 3
fpc =5—10 fpc = 4.27 MPa.
gs
4.h
i para./ X .
y = _,L___‘,__ \ — L) y = 009
Vo =Pey’ V= 486 kN.
e . 3
Vew (029 [ 1036 )b7d 1074 vy
V oy = 3503 kN.
Find Shear capacity of concrete:
Ve :[Vci Vcw] Vc.:min<VC) V¢ =3503 kN.
- For ultimate limit state: we have
y =13 pp =10 By =167
vy, :Y-(ﬁ pVa+h L'Vi> V= 1412 kN.
- AASHTO 9.14 for shear :
$:=0.90
Ve =9V $V o = 3153 kN. > Vy=1412 kN.

- Provide minimum shear reinforcement :

- AASHTO Art. 9.20.3.3, the minimum area of web reinforcement shall be :

A _0.345:b"s
vmin - f“s“y b’ = 0.70
0.345b" 108 mm?
A ymin%s ~ ”fs; A ymin%s = 589.02 —

2-30
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- Choose DB14 @ 0.075 as web reinforcement - 2 legs (U-shaped) stirrups :

2
7I'¢) b 2
bp =14  mm. Ag = 4 Ag=153.94 mm
Ay =2Aq Ay=30788 mm’ s, =0.075 m
A v mm2
A v_prov - S;)rg\; A v_prov = 4105.01 e OK.
- AASHTO Art. 9.20.3.2, check maximum allowable spacing :
Smax] =0.75h S max] = 1.35 m
254
Smax2 - 24"1‘0'0'0 S max2 = 061 m -
Sprov = 0075 m. < spay0 = 0.61 m. OK.
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

- Crossection will be the typical cross section with :

b 020 m Ag 068 m? g 029 m crg 089 m
Find Veci:
Lg
__2_ - X
Vg 7R Ag V 4 = 475.74 kN
g
Y
2
X X
y =4h pm.[.ﬁ - <L> | y =0.17 m.

- Distance from extreme compression fiber :

d :ctg.yesg,yy d=1.10 m.

d =(d 0.8h) d:[' 1.10 1.44 ]
d = max(d) d=1.44 m.
- Eccentricity of cables from C.G. of girder :

€y :esg.f.y ex=0.21 m.

- Calculate Vi & Mmax : Truck load is critical

L) =x Lo =427 m L3 =427 m

V. =

<Lg-~ Ll)'P2+ (Lg -Log- L1>-P2 + (Lg~»~L3~-L2~ Ll>-p1

X
Lg
V, =40588 kN Vi =(1+D)Vy
Vi
\/l :___2,:;[)}7 Vi = 326 kN.

M max = 652.87  KN-m

Pe = 5607.94 kN.

f = 4 . - fpe= 11.88 Mpa
W W= Wgs Wy wq =37 kN/m

2-3;
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Cbg 0.91 m

Vy j=497.61 kN.
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SUBJECT : Design Post-tensioned I-Girder, Span 30 m.

M 4 po1073
R . fq=322 MPa.
Ig
[y ,
M= Y,t.-<o.498.\/fc' + fpe - £g)10 M ¢ = 3694 kN-m.
- ViM, :
[ 5498 [forbdi Vi o0 = 76 [f.bd =
Vg =4 SJ b de Vg Mo O 21876ch b'd =372 kN.
V = 2407 kN.
Find Vcw:
Pe |
fpe :K_g_.m fpc = 8.25 MPa.
4-h
. para. x .
R <1 -2 L.) y = 0.08
Vp =Pey’ Vp = 445 kN.

Vew = (owﬁ? #03:F )b d 1031V

V e = 1650 kN.

Find Shear capacity of concrete:

Vc-:[vci Vcw] Ve :min(Vc> V. =1650 kN.
Vy=r(p pVdrbrVi V= 1327 kN.

- AASHTO 9.14 for shear :

V=9V oV . = 1485 kN. > V= 1327 kN.
-Since  V=1327 kN > We - 743 kN - Need minimum shear reinforcement :
—5— =
A _0345b"s
vmin fsy b’ =0.20
0.345-b" 10° mm?
A vmin%s = __"f"“"““““ A vmin%s = 168.29 Tﬁ‘
sy
- Choose DB14 @ 0.15_as web reinforcement - 2 legs (U-shaped) stirrups : s prov 0. 15 m
A v mmz
A RS A = 2052.51 - OK.
v_prov S prov v_prov m
2-32
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DATE.....MAY....1999. .
At section : x :=7.00 m
Find Vci:
Lg
5 - X
Vd”“lg““RAd V 4 =288.44 kN
“y
i 2
X X
Y4 para| <u>‘ y = 0.49 m.
- Distance from extreme compression fiber :
d;::ctg.f_esg.{_y d=1.41 m.
d =(d 0.8h) d=[ 141
d .=max(d) d=1.44 m.
- Eccentricity of cables from C.G. of girder :
ex.:esg.{.y ex=0.52 m.
- Calculate Vi & Mmax : Truck load is critical
L‘ ox L2‘427 m =4.27 m
) (Lg— L 1).])21.. <Lg« L2 -~ L ])'PZ - (Lg~~ L3 -Lo-L l)'pl
V, = r -
g
V,=32323 kN Vi “(1+D)Vy Vi i=396.28 kN.
Vx i
Vv i = ‘,__2:',_.—DF A\ i= 260 kN
M max ~ Vv i M max = 1819.71 kN-m
Ps-Pp
Pe =Pg- |-—p— 2% P = 5454.42 KN.
P10 Peeycpgl0?
foe = + fhe=17.00 Mpa.
p Ag I'g p
Wd_:wg,;_ws-g_w\v Wd=37 kN/m
w d'X2
Mg =R AQX - e M 4 = 2936.86 kN-m

2-34
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Mgcpg 103
fd R T .g_. fd =9.22 MPa.
g
Y scpg Y (=091 m.
M, 'g 498 [f.- 1 £ - £4)-103
or *‘\""'t'(O' e+ fpe - £4)-10 M ¢ = 3418 kN-m.
‘ — \% i'M cr p—
Vi :49,8.«/%..&, AVt oy >or= 218.76~ch-<b d=372 kN.
M max
Vg = 861 kN.
Find Vcw:
Pe
fpc = .A_glo fpc = 8.02 MPa.
4-h
y If’,"f”ﬂ(x. 2’£> y" = 0.05
Vp Pey V=262 kN.
Vew =(029,[fo 1 0385)b7d10% 4 v,
Vow = 1448 kN.
Find Shear capacity of concrete:
Ve 7[Vei Vew]| Ve ~min(V) Ve =861 N
Vi, “7'([3 D'Vd"'ﬁL'Vi> V=939 kN.
- AASHTO 9.14 for shear :
Ve Ve §V o =775 kN.
V=939 kN > oV o =775 kN.
- Need shear reinforcement :
- AASHTO Art. 9.20.3.1, web reinforcement shall be :
Ayfod V-9V
Ve Vg mo o C V= 18238 kN.
S ¢
\4 5'103 mm2 mm?
A V%S T f_s;_d A V%S = 308,91 S A Vmin%s = 16829 m -

- Choose DB14 @ 0.15_as web reinforcement with :A oy = 2053

2-35

2
mm ‘
— OK

m
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PROJECT : Design Bridges in Jordan SHEET NO

....... OF.........
JOB NO......1045...........
SUBJECT : Design Post-tensioned |-Girder, Span 30 m.
DRAWING NO...............
DATE.....MAY....1999. ..
At section : x = 12.00 m

xxxxxxxxxxxxxxxxxx

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

'“'RAd Vg4=101.14 kN

2
X X
y = 4.-h paral C - <AL> ) y= 0.65 m.

- Distance from extreme compression fiber :

d'zctg'*‘esg*y d=1.58 m.
d =(d 0.8h) d=[ 158 1.44
d :=max(d) d=1.58 m.

- Eccentricity of cables from C.G. of girder :

€x “eggty ey = 0.69 m.

- Calculate Vi & Mmax : Truck load is critical

Ly -x L, 427 m Ly 427 m

‘(Lg~ Ll)'PZ i (Lg~L2—~L])>p2+ (Lg' L3~L2~Ll)‘Pl
g

V =240.58 kN Vi =(141)Vy Vo =294.95 kN.
Vi

V; :_,,,Z:.DF Vi=193 kN.

M max = Vix M max = 2321.81  kN-m

p_-=p Ps-Ppn 5

e “Uso\Tp ) P = 5300.90 kN.
Pe10? Peeycpgl0?

foe = + fhe=19.23 Mpa.

p Ag Ig p

Wd ZWot Wot Wy wq=37 kN/m

wd-x2
My =R Ad'X - ey M 4 =3910.82 kN-m

72-3b6
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JOB NO......1045

DRAWING NO.............
DATE.....MAY....1999. .
M g-cpg 102
fd = A Paaame fq=1227 MPa.
g
Ytr:Cbg Yt=09] m.
e 498. [f ¢ f \.103
Mg = Y"{<O' 9 J ¢+ fpe - fq):10 M = 3153 kN-m.
ViMer —
Vi =498 [fobdi Ve o 0 >or= 218.76. [f .--b"-d = 407 kN.
“ “/ ¢ M max J ©
V= 457 kN.
Find Vcw:
Pe 5
foc :,Azlo fpc = 7.80 MPa.
4.h
yo o ""‘”I?T'<l ] 2i> y' =0.02
Vo =Pey’ V=89 kN.
Vew (029 [fe 1 038 5¢) b7d 1034 v
Vew = 1367 kN.
Find Shear capacity of concrete:
Vo= [Vei Vew] Ve =min(V ) V=457 kN.
VU ::'r(B Dvdf-ﬁLVi> VU=552 kN.
- AASHTO 9.14 for shear :
BV =0V v . = 411 kN. < v, =55 kN
- Need shear reinforcement :
- AASHTO Art. 9.20.3.1, web reinforcement shall be :
Ay fgyd V- oV
V=t Vgr = © V= 15629 KN.
S ¢
3
v s’ 10 mm? mm?

Av%s =gy Ayops=241.69 —— > Ao - 16829
sy m

- Choose DB14 @ 0.20 as web reinforcement - with : s proy -~ 0.20 m
Ay mm?
Ay prov 7= Ay prov = 1539.38 e OK.

S prov
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PROJECT : Design Bridges in Jordan SHEET NO....... OF.........
JOBNO.....1045.........
SUBJECT : Design Post-tensioned I-Girder, Span 30 m.
DRAWING NO..............
DATE.....MAY....1999. .
oo ok e ek J L nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn dede ke
At section : X .= x = 14.70 m

xxxxxxxxxxxxxxxxxxxxxx

Lg
5 - X
V4 = .-v.L_,g,M--R Ad V4=000 kN
=
-
X X
y .=4.h para’{‘u - (t) y = 0.67 m.

- Distance from extreme compression fiber :

d “Cgteggty d=1.60 m.
d.=(d 0.8h) d=[1.60 1.44]
d = max(d) d=1.60 m.

- Eccentricity of cables from C.G. of girder :

ex.:esg,,.y ex=0.7] m.

- Calculate Vi & Mmax : Truck load is critical

(Lg- L l)'PZ"' (Lg‘— Lo~ L 1>'P2'}~ (Lg»»- L3-Ly-L 1>-P1
g
Vy=19594 kN Vyi=(l+ -V Vi i=240.23 kN.
v_nvx_i
vV ——--2~~-DF V=158 kN.
M max = Vix M max = 231655 kN-m
P b, L3 Tm),
e st |\ X P = 5218.00 kN.
P 10 Pe-excngO
fpe = + fpe=19.30 Mpa.
p Ag Iy p
Wd;:wg‘_ws.g.ww Wd=37 kN/m
Wd'xz
Md ':RAd.x~ e M d= 4047.37 kN-m

7-38
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SHEET NO......OF... .
JOBNO.....1045.....

M gcpg 103
fq = ___.,_-i_i-__ fy=1270 MPa.
g
Y i=cpg Y (=091 m.
Iy '
M= .Y..t,-(o.49s~\/fcr  fpe - £d)-10° M ¢ = 3039 kN-m.
b"=0.20 m
ViM
V=498 [f - b d+ Vgt .. >or= 218.76- [f.--b"-d = 413 kN.
ci J c d M max J c
V= 301 kN.
Find Vcw:
Pe 3
foc = ..A.g-lo fpc = 7.67 MPa.
4-h ara X
y MI?( L) y" = 0.00
Vp =Pgy’ Vp=0 kN.
e . 3
Vew # (029 [+ 03:£5)b7d 107 1V,
Vow = 1284 kN.
Find Shear capacity of concrete:
Ve =[Vei Vew] Ve =min(V) V=301 kN.
vy .:y-<p D-vd.fng-vi) V=342 kN>  §-V =271 kN.
- Need shear reinforcement :
- AASHTO Art. 9.20.3.1, web reinforcement shall be :
Ay fed Vy-9¢V
Vgt Vst L% v=7939 KN.
S ¢
Vs'lo3 mm? mm2
Avies “p—q  Avis= 12102 < Ayminye = 16829 -
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SHEET NO

DATE....JULY...2000....

2.3 Diaphragm Design:

Material Properties:

1.1 Concrete:
- Cylinder strength (Class 30): for=26.1
- Concrete Density: 1o =25

1.2 Reinforcing Steel:

MPa

kN/m3

- Deformed bar of high tensile strength, Grade 60, conforming to JSS/441/1986 or

AASHTO M31M (ASTM, A615M) :

- Yield strength : fy =410

Intermediate Diaphragm:

- Spacing between girder: S e =220

- Depth of the diaphragm: D:= 135

- Width of the diaphragm: b= 0.60
Dead Loads:

- Self-weigth: Wy s (1.35:0.6 +0.2:0.2) 1,

- Deck slab: w ¢ = (0.200.60)-25

- Wearing surface: w , = (0.10:0.60)-18

- Sum of dead loads: WD EWot Wt Wy

1
- Moment: Mp = ~1—6'w DS cc2
Live Loads:
L'=S.328 L=7216

- Impact factor: = _ %0
(L + 125)
1=0.378 > 0.30 [:=0.30
- Wheel load: P=144-15 P=216
P-S
- Moment: My = °
4

{

2= 40

M| = 1188

MPa
m
m
m
w g =21.25 kN/m
W= kN/m
w, = 1.08 kN/m
wp=2533 kN/m
Mp = 1226 kN-m
kN.
kN-m
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Load Combinations:

Group I:  Factored Load := y-[B pD+B(L+ I)]

Where :

Design Moment:

Therefore, design ultimate moment is:

M, = 7-({3D-MD+[¥L-ML>

MY =274 kKN-m

Reinforcement Desiqgn:

- Select reinforcement:

Bar diameter :

Cross section area :

From Vol. (ill) Design Drawings,

y:=13

Pp =10 By =167
bp =25 mm
2
A "o
"y

General Notes: minimum concrete cover for girder diaphragm is 50 mm.

Effective depth:
Number of rebars:
Total reinforcement area:

For flexural design:

-6
CAgfyI0
0.85f b
- . . . a . -3
M, = ¢Asfy<d—§>l 10
M, = 1132 kN-m >

cov := 50 mm.

cov 4y
1000 2-1000
No:=3$§

As:= NO'Ab

$:=0.90

a=0.076 m

M.{ = 274 kN-m

!

2-41

1=03
A = 490.874 mm®
d= 1.288 m.
Ag=245410° mm?
OK.
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2.4 Bearing Design:

Superstructure & other relevant members Dead Loads:

2-47

i

Concrete density: Yoi=25 m
Asphalt overlay density: 1,18 m
Bridge span length: L span 30 m
Beidge width: B:=12.80 m
Girder spacing: G sp = 2.20 m
1. Girder: Typical section: A gt = 0.678 m?
End section: A gs * 1.317 m?
A gt'26-7 +A 33 5
Average area: A g~ m
span
Distributed load: W s A gl 6 W= 112.244 kN/m
2. Girder-Diapragm: Intermediate diapraghm: A 4;=06135+02:02 A 4= 085 m?
. 1
End diapraghm: A go = 065155 + 2:0.2:02 A go= 1028 m’
Length of diapraghm: L4=225-026 L4=98 m
L d"{ 0'2
Distributed load: W (Aget Ag) w 4 = 30.666 kN/m
span
3. Deck slab: Slab thickness: t:=0.20
Distributed load: w=tBy w g = 64 kN/m
0.3 +0.36
4, Parapet+Sidewalk: Cross section area: A p* [0.3'0.55 + (————%—-)'1.51-2 A p= 1.32 m?
Distributed load: Wp A pTe Wp= 33 kN/m
5. Asphalt wearing surface: thickness: t,=0.10 m
Distributed load: Wa =t (B-3)y, w, = 17.64 kN/m
Total distributed load: WEWa+ W Wb WLt Wy w = 257.549 kN/m
Total superstructure dead loads: DL sup = w-L span DL sup = 7726 kN
. L span
Dead load reaction for one girder: R g =W e R 8= 643.873 kN
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6. Live loads:

- From section 2.2.2.2, maximum shear due to wheel load plus impact:

Ry = 353.02 kN
- Impact factor for main girder: 1:20.226
‘ . . R wri
- Live load not include impact: Ry = oD R =287.945 kN
- +
- Reaction: R = Rg*RL R =931.818 kN

- Thermal forces: computed based on a range of temperature variation of temp. rise of 22 C and temp. fall of 20 C.

- Therefore: AT =22 + 20 AT = 42 C
- Thermal coefficient: a = 108107
- Horizontal movement due to temperature:ah := a-L span-z\'l‘ Ah = 0.014 m
&h := Ah-100 Ah = 1.36 cm
- Minimum thickness required: T req ﬁ Treq= 2722 cm
0.5 4

- Try elastomeric bearing with: 4 layers of 6.25 mm thick of neoprene &
5 steel plates with 3 mm thick &
neoprene cover both top & bottom = 3 mm

- Total bearing thickness: T:=4625+53+23 T=46 mm > Treq-lo =27 mm
OK
Ry 10° , ,
A sreq W A sreq = 186738 mm~ = 1867 cm
R-10° ) ;
A sreq = —5—5—1—7— A sreq = 168899 mm = 1689 cm
Ry 10°
fry o= £y = 3.577 MPa > 138 MPa
DL ™ 300-600 DL

2-43
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2.5 Expansion Joint Design:

- Thermal forces: computed based on a range of temperature variation of temp.

- Therefore:

- Thermal coefficient:
Contraction:
- Due to temperature:

- Due to shrinkage (AASHTO 8.5.4):

- Creep stress:
- Prestressing modulus:

- Contraction due to creep:

- Total contraction:

Expansion:

- Due to temperature:
- Total length of Wadi Himara Bridge:

- Expansion joint: gap required:

- Provide gap for expansion joint:

T rise = 22
T gay=-20
= 1.08107°

o T gy 10’

Esh'=-0.2
ccr'=-16.18
- 03
Eps = 1.95-10
Ocr
Eeor'®
Eps

3

e ™ Trise® 10

L bridge = 120

Gap req = (9 te ¢ c)'

Gap req = 45.216

Gap prov = 55

2-44

C

C

£ o= 0216

mm/m

MPa

MPa

€ or = 0.0001

mm/m

€ e 0.238

L bridge

mm

mm >

Gap req ™ 45

rise of 22 C and temp. fall of 20 C.

mm/m

£ ..:=-0.1 mm/m

mm/m

mm OK



3. Substructure
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3.1 Abutment Desiqgn:

Material Properties & Loads:

1.1 Concrete:

- Cylinder strength (Class C25). f.-:=21.75

- Modulus of Elasticity:
- Concrete Density:

1.2 Reinforcing Steel:

E

Yo ©25

¢ 24730 [f ¢

MPa
E . = 220610 MPa

kN/m3

- Deformed bar of high tensile strength, Grade 60, conforming to JSS/441/1986 or
AASHTO M31M (ASTM, AB15M) :

- Yield strength :
1.3 Soil:
- Density:

- Bearing Capacity:

- Angle of internal friction:

- Original soil angle:
1.4 Surcharge:

- Surcharge:

B, =500
bg =30

y =40

Woyr -© 10

3-1

MPa

kN/m*3
kN/m”2
Degrees

Degrees

kN/m*2
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3.1.1 Wadi Himara Bridge

Abutment dimension: see Fig. 7./l for details

- Typical width of stem:

- Stem heigth:
- Toe width:
- Heel width:

- Abutment base:

- Depth of abutment base:

.1.1.1 Stability Analysis:

Resisting Moments:

- Load due to:

- Moment arm:

Wgtem (- 1.05

b gtem - 8.00 1 2.05
Wige ©  1.50
Wheel = 345

Whase ~Wtoe t Wstem " W heel

h pase = 0.80

W 2030205

0.30

X1 =Wiget 075+ — -

2

- Moment arm:

- Moment:

- Load due to:

- Moment arm:

- Moment:

- Load due to;

- Moment arm:

- Moment:

- Moment: My =Wx,
- Load due to: W5 = Wgten8.00y
W stem

- Moment arm: X9 TWige b -y
- Moment: Mg i=Wowxoy
- Load due to: W3 :=0.50-0.60 ¢

0.50
- Moment arm: X3 1= Wige+ Wgtem + ——
- Moment: M3 =Wi3x3
- Load due to: W4 2050030y

0.50
- Moment arm: X 4 = Wige + Wglem + —5
- Moment: My =Wyxy

]

- Load due to: W =.:0.505y

2

0.50
X5 =Wioet Wstem + 3

Ms =Wgsxg

1
W = 5:0.50-0.507 ¢
._ 2
X6 "Wioet Wstem + 0'50"3“'
Mg =Wgxg
W7 20.50-8.65 ¢

, 0.50
X7 FWioet Wstem 1 -9

M4 =Wqxq

m

m

m

m

W = 15375
X | =24
M =369

W, =210

X 5 = 2.025

M =425.25
Wi3=54
x3=28
M3 =15.12
Wy =375
Xq4=28

My =105
W5 = 3.125

x5=2717
M g = 8.49

W g = 2.25

X g =2.883

Mg = 6.487
W7 = 77.85

X7=2.8

M 7 = 217.98

3-7

h stem = 10.05

kN

kN-m

kN

kN-m

kN

kN-m

kN

kN-m

kN

kN-m

kN

kN-m
kN

A kN-m

Wbase © 6.00 m
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- Load due to:

- Moment arm:
- Moment:

- Load due to:

- Moment arm:
- Moment:

- Surcharge load:

- Moment arm:

- Moment:

- Load due to DL:
- Moment arm:

- Moment:

- Total weigth:

- Resisting moment:

Wg = (Wheel = 0-50) hgemrs W g=533.655 kN
W heel — 0.5
X g =Wipet+ Wtem + 0-50 - g X g=4525m
Mg =Wgxg Mg = 241510 kN-m
W9 =W hase'h base ¥ ¢ Wo =120 kN
~ Whase
X9 9 Xg= 3 m
M9§'—?W9-X9 M9=360 kN-m
W 10 " W heel W sur Wig=345 kN
W heel
X10 “Wtoet Wstem + —5— X 10=4275 m
M 10.:W10~X 10 M 10 = 147.488 kN-m
643.87-6
X 1] “Wioet 0.45 X11=195 m

LW =W Wor Wy War Ws Wet Wy Wg Wo  Wigr Wy

IW = 1308

kN

My M+ My+M3+MgirMsiMgiM7iMgiMgi Mgt My

M, = 4232

kN-m
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Overturning Moments:

- Earth pressure: q “yghk q

0 =145 os) 0 = 0.524 d
245 - 5" |40 = 0. ra
2
kq = (tan(0)) kq=0333
h “h gem ! 0.80 h = 10.85 m
a1 s1ghkg q=65.1 kN/m"2
1
Py "5 1-h Py =2353.168 kN/m
h
MOI ‘P13 M0|: 1277 kN-m
- Surcharge: a2 =wgyrkq qo=23.333 KN/m"2
P2.3q2~h P4 =136.167 kN
h
Moz =Pas M oy = 196 kN-m

- Horizontal shear force for each elastomeric bearing:

- Shear moduls of elastomer: G =124 MPa
- Area of bearing pad: A *=300-600 A=1810° mm?
- Horizontal movement of superstructure: Ah = 13.6 mm
- Total elastomer thickness of the bearing: h =31 mm
' Al
- Design shear force on bearing: Hy - G-A-hj,,‘lo 3 H[=97.92 kN
rt
- Average horizontal shear force per meter of abutment:
6-H
H = 7% H=459 kN
h 3= h base + 8.00 + 0.05 h 3= 8.85 m
M3 =Hh 3 M g3 = 406 kN-m
- Total horizontal force:
TP h =P 1+ P 2+ H Y h= 435.234 kN
- Sum of overturning moments:
MO :Mm-f—Moz-f—Mo:; M0=1880 kN-m

3-5
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Check for Overturning:

M = 1880 kN-m
M, = 4232 kN-m
M r
FS = .
My

Check for Sliding:

B =1 m
L MM
L2y

L =Wioe + Wstem © W heel

M =M _.-Mj
IW = 1.308+10° kN

L MM

L2 gw

AASHTO 4.4.7.1.1.1 Eccentric Loading:

Q -IW
2:Q
9 max B LT
i
9 min =0

L
Ll :3(—-2‘—614)

FS = 2.251

> 2.0 oK
FS=1.51 > 15 OK
L-=6 m
AM = 2.352:10° KN-m
L
ep=1202 > =l
L
< . 3
Q= 1.308-10° KN
A max = 485 KN/m*2 < 500 kN/m*2  OK
L=5395 m

3-6
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3.1.1.2 Stem Design:

- Earth pressure: h stem = 10.05

a1 “Yghstemkq

1
Py 54 1-h stem

h

stem
MO] =P 1" —

-
- Surcharge: a2 Fwgyrkg
P2 =4 2hstem

h stem

Moz Py

- Horizontal shear force:
H=459

h 3 .=8.00+ 0.05
M3 “Hhjy

- Total horizontal force:
P, =Py +Py+ H

- Sum of moments:

Mo Mg+ Mgy M3

Design Moment:

Therefore, design ultimate moment is:
My “yBgMy

Where: y =13

M, =2624

Y

Reinforcement Design:

Maximum depth of stem:
Design width of the stem:

Bar diameter :

Cross section area :

kN

D =w

m

qp =603
Py =303.007
Mgy = 1015

q 2 = 3.333
Poy=335

Mgy = 168

h3 = 8.05

M03 = 369

I, = 382.407

M = 1553

stem
=1.00

2
™0

Ap Ty

kN/m*2

kN/m

kN-m

kN/m*2

kN

kN-m

kN-m

kN

kN-m

B g - 1.3 forlateral earth pressure for retaining walls and reigid frames

D= 1.05 m
m
mm
Ap = 804.248 mm?

From Vol. (lll) Design Drawings, General Notes: minimum concrete cover for abutment walls is 70 mm.

Ccov . -

70

3-7

mm.
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Effective depth: d=D- 1(:(;)(;/0 - 2..;’;.:)_)00
Bar spacing: s =0.10
Number of rebars: No = 2
Total reinforcement area: Ag =No-Ay
For flexural design: ¢ 090
-6
a s '2;;3;:: a=0.178
M, = ’-¢-As-fy-<d - ;H‘l(ﬂ
M = 2596 kN-m < M v= 2624

Consider the point at 5.00 m from top of Abutment base:

d = 0.964 m.
No =10
Ag=8042:10°  mm?

kN-m Say OK.

- Heigth of the stem above 5 m: hs =hgem-5 hg=5.05 m
- Earth pressure:; 95 =yghskg q5 =303 kN/m?2
1
Psg = 2.~q S'h 5 P 5 =76.508 kN
: hs
M5 .:1p5.,_3_,. M5= 129 kN‘m
- Surcharge: Pos:=qohg P95 =16.833 kN
h 5
- Moment at 5 m: Mg =M s+ Mos - H(8.05-- 5.0) M5 =311287 KkN-m
M, =ypgMs
MY = 526 kN-m
Bar diameter : ¢p = 20 mm
2
. T4 )
Cross section area : Ay = g Ap= 314.159 mm
Effective depth: g-p. o o d=0972
ective depth: =D~ 6500~ 7:1000 = 0. m.
Bar spacing: s:=0.20
b
Number of rebars: No = S No=S5
Total reinforcement area: Ag =No-Ay Ag= 1571-10° mm?
Agfyl0 6 ] _
T 085 b a= 0035 m
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M, - h./\s.fy.(d.. 2)

My, = 553 kKN-m >

1073

USE DB20 @0.20 or DB16@0.10 c/c for stem (5m above top of abutment base)

reinforcement:

51
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3.1.1.3 Base Desiqgn:

- Maximum pressure:

- Length L1:

(a) Toe Design:

With:

- Pressure at the left face of the stem:

q max = 484.765

L =5.395

- Moment at the face of the stem;

2
Wioe |

M E -4 v2‘"'2“

S .2.'

2
Wtoe

M D= h baseY C.,____.,Z«M._.

y=13

M, :y.<p gME-BpM D>

Bar diameter :

Cross section area

Concrete cover:
Effective depth:
Bar spacing:

Number of rebars:

pp =1

Total reinforcement area:

2
(q max ~ 9 v2)'wtoe 3

2

Bp=13

¢ b =32

2
Ay = “th
b - WMVA'—

cov =75

cov-2

qQy2

d =N base ~ 500~ 271000

s =0.20

kN/m*2
m
(L W toe)
9 max ~ Lo qy2 = 349.99

|

M g = 494.82 kN-m

Mp=225 kN-m

M Y = 807 kN-m

mm
Ay = 804.248 mm?

mm

¢

b d=0.634 m.

No=35

kN-m

Ag=4.021103

a=0.089

> M},=807

mm

m

kN-m

kN/mA2
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(b) Heel Desiqgn:

- Pressure at the right face of the stem:

- (L1~ Wioe ~ Wstem)
9v3 ~9max’ L -

- Moment at the right face of the stem:

Bar diameter :

Cross section area :

Effective depth:
Bar spacing:

Number of rebars:

Total reinforcement area:

2
W heel
thstemY sy

~ Wheel2
Mp =hpase? ¢ T

» W heel’
ML =Wy 5

1 51
MEg 5°av3 (L] -~ Wtoe " thel) 3

My ':Y'<ﬁ pMpt+tB M -ppM E)

bp =32 mm
2
H'¢b
d=h cov b d = 0.709
base T 1000 T 2:1000 e
7010
b
Noit.g No = 10
Ag:=No-Ay A =8.042:103
Agfy10°8
y
=S Y a= 01
BT 085 b : 8
My = ¢‘As‘fy'(d” ;) 103
M,= 1839 kN-m > My = 1669

USE DB32 @0.10 c/¢c for abutment base reinforcement:

3-11

qy3 = 255.648 KN/mA2
M= 1.1960103
D=1 . kN-m
M| = 59.513 KkN-m
Mg = 8.448 KN-m
B 167
M, = 1669 kN-m
mm2
m.
n""n2
m
kN-m  OK
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3.1.2 Wingwalls Design:

- Design check for L-shape retaining wall
- Concrete cylinder strength (Class C25):

- Earth pressure: h wall = D stem

a1 =Yshwalikg

1
Py arhyan

b wali
Mo =Py

- Surcharge: q2 =wgurkq
Po =q2hya

p h wall
2y

M 02 e
- Sum of moments:
Mo =My + Moz

Design Moment:

Therefore, design ultimate moment is:

My =1p Mg

M, = 2000

y kN-m

Reinforcement Design:

Maximum depth of wall:
Design width of the wall:

Bar diameter :

Cross section area :

feor=21.75

h yaip = 10.05
qq=603

Py =303.007
Mg = 1015
qo=3.333
Po=335

Mgy = 168

M = 1183

D =1.10
b =1.00
by =32

2
iy
Ay g

MPa
m

kN/m”2
kN/m
kN-m

kN/m”2

kN

kN-m

KN-m

mm

A = 804.248 mm?

From Vol. (Ill) Design Drawings, General Notes: minimum concrete cover for abutment walls is 70 mm.

Effective depth:

Bar spacing:

Number of rebars:

Total reinforcement area:

cov =70
¢ -p. v fb
1000 2-1000
s =0.15
b
No =...2
s
Ag :No-Ay

mm.
d=1.014 m.
No = 13.333
Ag=10722104  mm?
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f,,-10°6
a‘:AstIf)m
0.85-f,b

My “‘“'As'fy‘(d - ;”.10»3

M, = 3542

kN-m

Consider the point at 4.00 m from top of the wall base:

- Heigth of the wall above 4 m:

- Depth of the wall at 4 m:

- Earth pressure:

- Surcharge:

- Moment at 5 m:

Bar diameter :
Cross section area :
Effective depth:

Bar spacing:
Number of rebars;

Total reinforcement area:

a=0.238 m
> M}, = 2000 kN-m OK.
hyg =hya-4 h4=6.05 m
0.80
D =030+ ,—_-h 4 D=0.782 m
wall
q4'fys-h4-kq qq=2363 kN/m*2
1
P4~“~—2'C]4'h4 P4= 109.808 kN
h4
M14‘:P4'-_3_ M 14 =221 kN-m
P24 3(]2'}14 P94 =20.167 kN
h4
M oy ;p24._42_ M 94 = 61 kN-m
MY =477 kN-m
¢ b = 32 mm
2
Ar - "o Ay, = 804.248 2
b : .4 b = . mm
¢ -p. b d = 0.696
“ 77000 ~ 271000 = m.
s =0.15
b
No :~§ No = 6.667
Ag =No-Ap Ag=5362:100  mm?
Agfy 106
o y _
a. = '()'.'8'5'~'f¢75b' a=0.119 m
My :f’(b-As»fy <d, ;H-m"
M = 1259 kN-m > M y= 477 kN-m OK.
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3.1.3 Parapet Desiqgn:

- Concrete cylinder strength (Class C30) same as deck slab: for =26.1

- Hiegth of parapet:
- Width of parapet:

- Concrete cover:

h p= 0.55 m
Wp ® 0.30 m
cov =50 mm

MPa

- AASHTO 2.7.1.3.1: Transverse concentrated load, P=10 kips should be applied at top of parapet
and distributed 5 ft (1.524 m) along the longitudinal length of the bridge (AMASHTO 2.7.1.3.6).

- Moment:
- Factored moment:
- R/F used: DB14@0.20:

Bar diameter :

Cross section area :

Effective depth:

Bar spacing:

Total reinforcement area:

P =45 kN
L gigt - 1.524 m
M P, M = 24.75 kN-m
bp =14 mm
2
1['¢ b
A g Ap = 153.938
_ cov ¢b
s 2020
Ap
Ag =Lt Ag= 1173103
Agf,108
, y _
R (L fien n a=0022
M. o=4Acfolde 2103
u _L¢. s y _ 2_ .
M, = 100 kN-m > M, = 54

mm

mm

m

kN-m

OK.
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3.1.4 Approach Cushion Slab Design:

- Concrete cylinder strength (Class C25): for=21.75 MPa
- Length of approach slab: L ap - 3.0 m
- Thickness of approach slab: tap © 0.30 m
- Thickness of fill over slab: tan =025 m
Dead loads:
- Concrete slab: Wslab “tap?c Wglab = 7.5 kN/m"2
- Filk: waITERIY kN/m”2
fill fillTs Wl = 4.5
- Sum of dead loads: Wdl = Wglab W fil] wq= 12 kN/m*2
1
- Moment due to dead loads: M g1 = 5 W gy (L ap - ().25)2 M g = 45.375 kN-m/m
Live loads: |
- Live load surcharge: Weur = 10 kN/m*2
1
- Moment due to surcharge: M W sur-(L ap "~ 0.25>2 M =37.813 kN-m/m
Design Moment:
Therefore, design ultimate moment is:
My =y (B p:(Mgi) + B (M )|
M = 141 kN-m
Reinforcement Design:
Depth of approach slab: D ap “030 m
Design width of slab: b =1.0 m
- Select reinforcement:;
Bar diameter : op = 20 mm
2
. LA A )
Cross section area : Ay = 5 Ap = 314159 mm

From Vol. (Ill) Design Drawings,

General Notes: minimum concrete cover for abutment walls, wingwalls and pier is 70

mm.
cov =70 mm.
. . ~ cov oy _
Effective depth: d = Dap ~ 1000 ~ 21000 d=0.223 m.
Reinforcement spacing: s.= 0.15 m.
b
Number of rebars: No .= . No = 6.667

S

3-15
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Total reinforcement area: Ag =No-Ay
For flexural design: ¢ =0.90
CAgfy10° oo
R LF e 'y a= 00
a 3
My =l gAgfy(d-)]10°
M,= 154 kN-m/m > M

Y

= 141

Ag= 2094 mm

m

kKN-m/m  OK

USE DB20 @ 0.15 c/c for Top & Bottom reinforcement as main reinforcement:

- Minimum reinforcement for shrinkage and temperature stresses required by AASHTO 8.20.1:

A smin =264
Provide bar diameter : dp =12
2
. LI N
Cross section area : Ay = ——
Reinforcement spacing: $:=0.20
b
Number of rebars: No := 3
Total reinforcement area: Ag=NoAy

mm?2/m
mm

Ap = 113.097 mm?
m.

No=S5

A =565 mm?

USE DB12 @ 0.20 c/c for Top & Bottom reinforcement as temperature steel:

Ly

[
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3.2 Pier Design:

Group VIl: Loading = y(D+EQ)

Since ground acceleration (A) = 0.2g, from AASHTO Table 3.4, Seismic Performance Category (SPC) for this bridge
is therefore C.

From Table 4.2A, minimum analysis requirements for SPC C & regular bridges with 2-6 spans,
follows Procedure 1 or 2.

Select Procedure 2: SINGLE MODE SPECTRAL ANALYSIS METHOD

Material Properties:

1.1 Concrete:

- Cylinder strength (Class 30): fo =261 MPa
- Modulus of Elasticity: E =4730 [f E = 2.416-104 MPa
- Concrete Density: Yo =25 kN/m3

1.2 Reinforcing Steel:

- Deformed bar of high tensile strength, Grade 60, conforming to JSS/441/1986 or
AASHTO M31M (ASTM, A615M)

- Yield strength : fy =410 MPa

1.3 Asphalt wearing surface:

- Density: Ya=18 kKN/m*3

- Thickness of asphalt overlay: t, =0.05 m

- In Final Design Report, 3.4.2 Bridge Design said that "Additional 5 cm of future wearing surface
shall be considered"”, therefore, let say, future wearing surface thickness equals to 10 cm.

t,=0.10 m

3-17
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WADI HIMARA BRIDGE:

- Width of pier in longitudinal direction: wd = 1.50 m
- Width of pier in transverse direction: wd = 8.00 m
- Hiegth of pier P2: h p2 = 29.20 m
- Hiegth of pier P3: h p3 = 30.35 m
- Hiegth of pier P4: h pd = 20.45 m
- Total bridge length: L =120 m L = 120-10° mm
- Longitudinal moment of inertia = %i-wd ¢ wd 13-1012 I= 2.25-1012 mm*
- Transverse moment of inertia: [y:= %-wd wd t3'1012 [y= 6.4+1013 mm*

- Weight per unit length of the dead load of the bridge superstructure and tributary substructure:

W pp = 6:2:4:644 W= 3091100 kN
WLL:: 1.5:4-(2:18 + 4:72) WLL= 1.944~103 kN
WDL Sub:: 10031 kN
IW = IW p + Wy IW = 4.289-10* kN
w2V W= 357.392 KN/m
L10?
R I
- General stiffness of pier: k= 3 Ii
h
Stifness of pier P2:
3E 14 3
- Longitudinal direction: kKjp#——————— kp=6551-10

(b pa:1000)?

e , 3BTy ) 5
- Transverse direction: kyps ——e kp=1864-10
h _,-1000)?
. ) (h 21000}
Stifness of pier P3:
- L 3ET 3
- Longitudinal direction: k3= — k3 =5.835-10
(h p3-1000)
. . 3E c‘It 5
- Transverse direction: k= — k 3 = 1.66+10
(h p31000)
Stifness of pier P4:
o e , . JE o1 4
- Longitudinal direction: kjg=——  k 14 = 1.907-10

(b pa:1000)°
3-18
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- Transverse direction:

LONGITUDINAL EARTHQUAKE

1. Calculate the static displacements

- Assumed uniform loading:

- Static displacements:

2. Calculate factors o, B, and y from:

rL
a = v (x)dx
J0
rL
= w(X)v o(x)dx
40
L
y = J w(x)v S(x)zdx
0

3. Calculate the period of the bridge, T

Y
(25.4-12)% 2669

600
Therefore: y £ .

P, = 0.0685-10°

g =322
) a
a f': ————————E
(254-12)
e
T= 2%
Po8lr

4. Calculate the equivalent static earthquake loading

p-C

P () = W (x)V (%)

Y

v (%)

IE T,

Kygs———s k- 5.425-10°
(h pa-1000)
due to an assumed uniform loading  p
Po =1 N/m
PoL
Veifm— vg=3.815 mm
kprkpyrkyy
a=vel o= 4.577-105 mm?
8
Bp:=wvgL f=1636-10 N-mm
- 2 - 8 A
y=wvL y=6.24:10 N-mm*2

(Note: units must be changed from Sl to American custom units)

1= 151-10° Ib-ft2

Ib/ft

ft/sec”2

ap=4.927 n?

T=2.342 sec
po(x) from




CALCULATION SHEET
Pier_EQ_JD.mcd / 4

PROJECT : . Design Bridges in Jordan SHEET NO......... OF

SUBJECT : Pier Design

DATE....JULY...2000....

- Elastic seismic response coefficient, Cq

Cy= Where: the acceleration coefficient: A =019 g

"15 Site Coeffient for soil profile type I: S=1.0
Cy < 2.5-A =0475

1.2 A
Cg:= S Cg=0129 < 2.5:A=0475
2
TB
B.C S
Pe = WV pe=46 N/mm
Y

- Longitudinal EQ per one span:
EQ long = P 30 EQ long 1386 kN

- Displacement due to equivalent staic earthquake, pe

pel

P S— vg= 176247 mm
kp+kizrky

Longitudinal Moment, Ml

- AASHTO 3.7 stated that seismic design forces for individual members and connections of bridges classified
as SPC B, C, or D are determined by dividing the elastic forces by the appropriate Response Modification
Factor (R).

- From Table 3.7, a wall-type pier may be designed as a column in the weak direction of the pier provided all
the provisions for columns in Article 6.6 (SPC B) or 7.6 (SPC C & D), as appropriate, are followed.

R 1 = 3
_ 3E o1 p
Pier 2. My = — s 10 My, = 33716 kN-m
(h p2:1000)
M
L TPEY kN-m
Ry
3E 1
Pler3 My = —— v 100 Mp-31210 KN-m
(h p3-1000)
My
— = 10403 kN-m
Ry
3E 1
Plerd: My s —— ' v 10¢ M- 68742 kN-m
(h pa+1000)?
, P
Mg

— = 22914 kN-m

3-20
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TRANSVERSE EARTHQUAKE

1. Calculate the static displacements v (x) due to an assumed uniform loading  p o

- Assumed uniform loading: Po =1 N/m
- Pol
- Static displacements: Vg F e v =0.134
kprkgrky
2. Calculate factors a, B, and y from:
a=vel o= 1.609-104 mm?
p=wvyl NE 5.751-106 N-mm
. 2 5 A
r=wv L y=17.713-10 N-mm”2
3. Calculate the period of the bridge, T
600
S R ik yp= 1.866 lb-ft"2
(25.4-12)% 2609
P = 0.0685:10° Ibft
o 2
P S — ap=0.173 ft
(25.4-12)%
Tf
T =2 T=0439 sec
Po&tr
4. Calculate the equivalent static earthquake loading po(x) from
1.2 A'S
§F > C =039 < 2.5:A=0475 OK
T3
ﬁlc S
Pe = ] WV g pe= 141 N/mm
- Transverse EQ per one span:
EQ trans = P30 EQ frans = 4231 kN
- Displacement due to equivalent staic earthquake, pe
pel
% ve= 18914 mm

* kptkgrky

mm



PROJECT : Design Bridges in Jordan

SUBJECT : Pier Design

CALCULATION SHEET
Pier_EQ_JD.mcd / 6

SHEET NO......... OF

DATE....JULY...2000....

Transverse Moment, Mt

- From Table 3.7, a wall-type pier, for strong direction

R t = 2
3E 1
. t -
Pier2: Mp=—— v 108 M= 102922
t2 2 S 2
(h p2:1000)
M
th = 51461 kN-m
t
. 3B P )
Pier 3: Mz ———v10 M3 = 95270
2
(h p3-1000) :
M
_R_G = 47635 kN-m
t
3E 1
Pierd: My :—— ' v 108 M= 209839
2
(h p4-1000)
M
"Iiﬁ = 104920 kN-m

kN-m

kN-m

kN-m
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Design Moment: M

Y

AASHTO 3.9 Division IA: Combination of Orthogonal Seismic Forces

LOAD CASE 1: M gesign = 1/(100 %M 10 + 30 %M 1556) y=13
Pier 2: =100 ¢ Mi = kN
ier 2: M p = 100 % R y M, = 14610 -m
My
My, = 30 % — My, = 20070 kN-m
t
Pier 3. o M
ier 3: M3 = 100 % R ¥ M3 = 13524 kN-m
Mon 30 YD M, = 18578 KN-m
L= 0‘ . - -
13 Ry ! 13
. My
Pier 4: M114 = 100 % R ¥ MYM = 29788 kN-m
1
M.y = 3O°/-Ml4~ M., = 40919 kN-m
R 4
LOAD CASE 2: M gesign = 1'(30 %M jgpg + 100 %M 46
. Mp
Pier 2: My =30 % v M 9 = 4383 kN-m
R ¥ Rl Y
)
Mg = 100 % —— M, = 66899 kN-m
t
. M3
Pier 3: M713 =30 % ¥ M713 = 4057 kN-m
Ry
M
M .7 = 100 % ——- M 1 = 61925 kN-m
13 R 13
. My
Pier 4: MYM =30% R v M7l4 = 8936 kN-m

1

o My

y Mg = 136395 kN-m

Maximum biaxial moments of Pier 4 is critical both for Load case 1 & 2, therefore, capacity of piers are checked by
using computer program NovaDesiqn. Moment capacity (see Fig.7.2) is OK for the given cross section.

3-23
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WADI ABU EL-ASAL BRIDGE:

- Width of pier in longitudinal direction:
- Width of pier in transverse direction:
- Hiegth of pier P2:

- Hiegth of pier P3:

- Total bridge length:

- Longitudinal moment of inertia

- Transverse moment of inertia:

- Weight per unit length of the dead load of the bridge superstructure and tributary substructure:

Wy, = 6:2:3:644
WL = 1.54:(2:18 + 4:72)
WDL_sup = 4167

IWpL = WpL+WpL sub

IW = EWDL+ WLL
W
L107?

- General stiffness of pier:

Stifness of pier P2:

- Longitudinal direction:

- Transverse direction:

Stifness of pier P3:

- Longitudinal direction:

- Transverse direction:

wdl = 1.50 m

wd (= 8.00 m

hpy = 1495 m

h 3 = 24.40 m

L.=90 m L = 90-10°
1= —wd wd 210" 1;=225-10'2

12
1 3 A12 13

= E-wd pwd 210 I,=6.4-10

4

3
WLL= 1.944-10 kN
kN

Wy = 2735:10% kN

IW = 2.93-10% kN
w= 3255 KN/m
LR
h3
3L 1
¢l 4

(h p:1000)?

3E 1,

6
kg s ———— k= 138910
(h pa:1000)
3E 1
kg s —S k- L1230t
- 3
(h p3-1000)
3E 1
c't o 5
ka = l\t3—3.194‘10

(h p3:1000)°

3-24
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LONGITUDINAL EARTHQUAKE

1. Calculate the static displacements v ((x)
- Assumed uniform loading:
- Static displacements:
2. Calculate factors o, , and y from:
rL
a = v (x)dx
40
rL
o= w(x) v g(x)dx
70
L
Y= J w(x) v S(x)zdx
0

3. Calculate the period of the bridge, T

y 600

Therefore: y ¢z —————+
(25.4-12) 2069

P = 0.068510°

g =322

o

(25.4-12)%

(Ir'=

4. Calculate the equivalent static earthquake loading

B-C S
P e(x) = —:{—-‘W(X)'V s(x)

due to an assumed uniform loading  p
Py =l N/m
Pyl
z vg= 1.499 mm
Kprky ‘
e=v L a=1349-10° mm”
7
p=wveL p=4391-10 N-mm
. 2 7
y=wv L y=6.582-10 N-mmA2

(Note: units must be changed from Sl to American custom units)

Y= 159.26 Ib-ftr2
Ib/ft

ft/sec”2

ap= 1452 n’
T= 1401 sec

pe(x) from

- Elastic seismic response coefficient, Cq
1.2 A
s F A8 C s= 0.182 < 2.5-A=0475 OK
2
T3
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Pe=99
- Longitudinal EQ per one span:
EQ long = P 30 EQ long = 1778

- Displacement due to equivalent staic earthquake, pe

pel
Vg e vs=88.84
kptkys
Longitudinal Moment, M|
3E oy .
Pier 2: MD. R ) s~10' M12= 64836
2
(h p2-1000)
M
__12 =21612 kN-m
Ry
3E T 6
Pier 3: M13 .z ——————————————Z—'V 5'10‘ MB = 24340
(h p3-1000)
M
B 8113 kN-m
R

1
TRANSVERSE EARTHQUAKE

1. Calculate the static displacements v ((x)

- Assumed uniform loading: Po =1
L Pol
- Static displacements: Vs
ktkg
2. Calculate factors o, B, and y from:
3
a=vgl a=4.743:10
6
=wvl f=1544-10
Y= wv AL 1= 8.135-10"
3. Calculate the period of the bridge, T
(25.4:12)% 2069
P = 0.068510° Ib/ft
3-2b

N/mm

kN

mm

kN-m

due to an assumed uniform loading  p

N/m

v ¢= 0053

mm
N-mm

N-mm*2

Ib-ft*2

mm
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P a = 0051
(25.4-12)%
Y g
T =2 T = 0.263
Poltpg

4. Calculate the equivalent static earthquake loading  p .(x)

1.2 A-S
e 5 Cs=055%6 >
T3
Therefore, Csg=25A
p-Cg
Pe = WV Pe= 155
Y

- Transverse EQ per one span:

EQ trans = P30 EQ {raps = 4638

- Displacement due to equivalent staic earthquake, pe
Pl

Vstz—’———'—:"—' VS=8147
kp+tkg

Transverse Moment, Mt

- From Table 3.7, a wall-type pier, for strong direction

R t = 2
3E 1, ]
Pler2:  Mp=————v 10 M, = 169129
(h p2-1000)
My
— = 84565 kN-m
R
3E 1, ]
Pierd: Mpy=— v 10 M = 63492

— = 31746 kN-m

QY

sec

from

2.5-A=0475

C 4= 0475

N/mm

kN

mm

kN-m

kN-m
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Design Moment: M

Y
AASHTO 3.9 Division |A: Combination of Orthogonal Seismic Forces

LOAD CASE 1: M design = (100 %M g0 + 30 %M g0} 1 1= 13
Pier 2: : 9 M
ier 2: Mﬂz = 100 % R Y Mylz = 28095 kN-m
M 30 ‘V'MQ' M 4 = 32980 kN
e 2" "
Pier 3. . M
ier 3: Mle = 100 % R ¥ Myl3 = 10547 kN-m
- 0, Mt3 -
Myt3 =30 %- R[ ¥ Mﬁ3 = 12381 kN-m
LOAD CASE 2: M design ~ (30 M long * 100 %M trtms)’Y
Pier 2: 309 22 - kN
er «: MYIZ =30 % Rl Y M‘{IZ = 8429 ~-m
. 0, M[Z —
MYQ = 100 %- Rl ¥ an- 109934 kN-m
p' 3. - 0, M13 -
ierd:  My3:=30% 7 M3 = 2434 kN-m
- 0, Mt} -
MYB =100 % = Myt3 = 31746 kN-m

Maximum biaxial moments of Pier 2 is critical both for Load case 1 & 2, therefore, capacity of piers are checked by
using computer program NovaDesiqgn. Moment capacity (see Fig. ) is OK for the given cross section.




My [kNm]

150000 ||

100000 |

50000 |

-50000 |

-100000 |

-150000

e ——

)
1
I
|
1
L
!
|
1
1
I
L
|
[l
T

S SR W ——

1

I Mx [kNm]

! max.: 31835.1
“I“ - min.:-31836.1
i

{

]

1

My T kNw]
max.152004.5
- min-152004.5

/'178.32 @ 0. 10
4

t..
Section no.: 1.0
Rectangular section

Setup

Chart no.: 1
Chart title: Biaxial Moment chart 1

Limit state: ULS

Strain limitsConcrete:Design par.
Reinforc.:Design par.
Prestress:Design par.

Chart lines
1 N = O kN

+ Wadi Himava Bridﬁ&
X Wadi Abu EL- Asa Br[dgc_.

Figz.% P}@v ‘O\&UXECI‘ vmomeM' mPacH/v




KDB»‘?‘Z@DOAO

PP

R R R I

Nereavisesiens

8000 mm

Sectlon:

No. Name
1.0 Rectangular section

Concrete:
fck =30MPa
Rho = 2500 kg/m3

Section properties:
Ac = 12.000000 m2
Ix =2.250000 m4
ly =64.000000 m4
it =7.948125m4

Center of gravity:
CoGx =0.000m
CoGy =0.000m

Total reinforcement area:
As = 149590 mm2

Total prestressing area:
Asp= O0mm2

Fg 3.3 HCV cyess- §C‘('i iC"H (.‘H‘.'('! VCE!”I‘(O rectiet
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AASHTO 7.3.1 Minimum Support Length Requirements for Seismic Perfomance Cateqory C:

N = (305 +2.5L + 10 1)-(1 + 0.000125 $?) mm
Where: L = length of the bridgé deck to the adjacent expansion joint, m

H : for abutments, H is the average height of columns supporting the bridge deck to the next expansion joint.
for piers, H is the pier height, m.

S = angle of skew of support in degrees measured from a line normal to the span.

..ADI HIMARA BRIDGE:

L =30 m S=0

For Abuments:

H =29.20 m
N = (305 + 2.5L + 10 11)-(1 + 0.000125 $2) N =672 mm < 750 mm OK
For Piers:
H=30.35 m
N = (305+25L+ 10 I-I)-(I +0.000125 SZ> N = 683.5 mm < 750-275=74725 mm OK
WAD!| ABU EL-ASAL BRIDGE:
For Abuments:
H=23.70 m
N = (305 + 2.5-L + 10 1)-(1 + 0.000125 s2) N =617 mm < 750 mm OK
For Piers:
H=23.70 m
N =(305+25L+ 10 I~I)~(l +0.000125 Sz) N =617 mm < 750-275=747.25 mm OK

Conclusion: support lengths are OK for both bridges.
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CROSS BEAM DESIGN

- Concrete cylinder strength (Class 30): [, =261 MPa
- Concrete Density: Yo =25 kN/m3
- Reinforcement yield strength : f‘y = 410 MPa
}I ‘ b
- Span length: Lgpan =30 m F } I '
. . A b A s
- Girder spacing: G, =220 m L AR
- Calculate resultant wheel loads on the cross beam: P H“ R /}
i
1t
- H520-44 Truck loading: Pp=18 kN Py=72 kN e
Li=427 m Ly=427 m 1)
- {mpact factor: [:=0.226
- Percent incease in LL.: Pinc=50%
L span ~ Ly
- Wheel load: W wheel =P o + (Py+Py) W gheer = 14919 kN
span
- Resultant wheel load: W o= (1+ I)-<l +P im)-w wheel W o = 274.36 kN
- Reactions due to LL on cross beam:
\,\h,(.5 \,\/ o . 099 ~
i 1._25‘{_';4@ Ryp= X Wres Ry = 123462 kN
T 1 136
_ qjos 1, 1.21 + L.
L A Rpg s 2oW R = 320.503 kN
A RS ‘ 22 g
k‘L’] “‘L/ KL&
..}‘Z:f{}-??},_,?.:?:}‘ 0.84
Ry Wi R 3= 104.756 kN
- Selfweigth of the cross beam:
*K«'f”f-m *Pvﬂ Keo. t
- r B - Wy = 1015399 Wy = 146.25 kN
i
TV :/ ( Wy - (1-0.5-3.9)-1.5-7c Wy = 36.563 KN
Wpgq Wbl 2
- Superstructure dead load reactions:
, Leant=2.9 | R, = 644 kN
7 1 & 3
,_ _ 3
- Length of cantilever part of the cross beam: L cant =390 m
- Distance from c/c of Girder# 2 to assumed fixed end:; D g2 * 0.80 m
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M t due to dead loads: B L ant L cant
- Moment due to dead loads: Mpy = RGI'(Gsp+Dg2) *RGyD g+ Wy >t Wy 3
Mpy = 5227 kN-m
- Moment due to live loads: M. =R Ll'(G sp* D gz) +R,D 22
My =627 kN-m
Load Combinations:
Group |1 Factored_Load = y-|f oD + B (L + I)]
Where : 1:=13 Pp=10 By =167
Design Moment:
Therefore, design ultimate moment is:
My =1{fp(MpL) +Pr (ML)
M7 = 8156 kN-m
Reinforcement Design:
Maximum depth of cross beam: D 4 = 1.50 m
Width of the cross beam: b .= 1.50 m
- Select reinforcement:
Bar diameter : bp =32 mm
2
. " 2
Cross section area : Ay = 7 Ay, = 804.248 mm
From Vol. (lll) Design Drawings,
General Notes: minimum concrete cover for pier is 70 mm.
cov:=70 mm.
1.4+32+6
Effective depth: d=D gy - cov (14+32+6) d= 1.324 m.
1000 100
Number of rebars: No .= 94
Total reinforcement area: Ag=NoAy Ag=1.930-10* mm?
For flexural design: $:=0.90
-6
»ﬁAs-fy-lO a- 0238 -
0.85:f ;b '
- { a -3
My=|dAy y d—i 10
M, = 8583 kN-m > M, = 8156 kN-m OK

USE 24-DB32 (3 layers: 8 in each layer) for cross beam reinforcement:
2-33%
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STABILITY CHECK (Group | Loading)

- Allowable bearing stress of the bed rock: q 11 = 500 kN/m*2
- Width of footing: Bp=10 m
- Length of footing: La=10 m
- Distance of first wheel from CL of bridge: D 1 =246 m
- Distance between wheels: D W= 1.83 m
D + (D +D W
- Centroid of resultant wheel loads from CL bridge: D, = [ wl ( wl ww)} res
2W fes
D, =3375 m

- Total live loads: WL =2W Wi = 548.721 kN
- Total dead loads from superstructure: Wpp, = 26R g WpL = 7.728-103 kN
- Pier weight:

W= 12128157 W =576 kN

128+5

W= ( )~l.0~1.5-yc W, =333.75 kN

Waqi= 8 2815157, W= 8445 kN

W4 = 10:10-1.3 W 4 = 3250 kN

Total pi ing weight: = W - - 12605
- pier & footing weight: Wp.-Wl+W2+W3 + Wy Wp~ kN
- Total vertical loads: Wer =WppL+ Wi+ W, W= 20882 kN
- Overturning moment: My =W Dy M, = 1852 kN-m
Bp

- Righting moment: MR = Wye—- Mp= 104410 kN-m
- Since Mp >>> M, OK

- Checking stresses at footing base:

W vert MyLp

D max -~ B I‘l'L N *

Qmax= 231 kN2 < qu=500 kN/m*2  OK

1 3
—Bal
12 ft*™fi

3-34



4. Rock Bearing Capacity
Estimation



CALCULATION SHEET
Rock__Bearing_JD.mcd / 1

PROJECT : Design Bridges in Jordan SHEET NO

SUBJECT : Rock Bearing Capacity

DATE....JULY...2000....

4. Rock Bearing Capacity Estimation:

Service Load Design Method:

AASHTO 4.4.8.1.2 Footings on Broken or Jointed Rock

- The ultimate bearing capacity of footings on broken or jointed rock may be estimated using:
Qult *NmsgCo
- Where: N5 = Coefficient obtained from Table 4.4.8.1.2A

Co = Uniaxial compressive strength of intact rock (ksf)

- Assumption:

- Rock Mass Quality is Good (Fresh to slightly weathered rock, slightly disturbed with joints
spaced 3 to 10 feet apart).

- Rock Category C (Arenaceous rocks with strong crystals and poor cleavage).
- Rock Type is Sandstone.
- From Table 4.4.8.1.2B, we have

Co =1400-3600  ksf
Co min = 1400 ksf
C o max = 3600 ksf

- From Table 4.4.8.1.2A, we have

N s =0.38
- Therefore:

9 ult_min ~Co minNms 9 ult_min = 532 ksf

1000-3.282 ton

i el qQ ult min = 2597 ~

9 uit_min -~ 9 ult_tmm 55041000 ult_min m?

9ult_max “Co_maxNms 9 ult_max = 1368 ksf

o 1000-3.282 ton

9 ult_max -~ 9 ult_max 373527000 . 9 ult_max = 6678 ~—

m
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- AASHTO 4.4.8.1.3: specifying minimum factor of safety (FS) of 3.0 against a bearing capacity failure

FS:=3.0

- Allowable rock bearing capacity is therefore:

9 ult mi

9a_min ‘= qu‘E 9 a_min = 866 t/mA2 >>> 50 Ym”"2 OK
qult ma

9a_max :-'ip_s—-“)E da max = 2226 t/mn2 >>> 50 t/m*2 OK

- Allowable bearing stress of concrete footing:
fer=20 Mpa
fp:=03:f - frb=6 MPa  or fp =600 tm*r2 >>> 50 t/m*2 OK

Load Factor Design Method:

- AASHTO 4.11.4.2 Bearing Capacity of Foundations on Rock

- Assumption:

- Type of bearing material: Sedimentary rock - hard cemented shales, siltstone, sandstone,
limestone without cavities.

- Consistency in Place: Hard sound rock

- From Table 4.11.4.1.4-1 Presumptive Allowable Bearing Pressures for Spread Footing Foundations
- Recommended allowable bearing pressure is
q,:=20 tsf or

2000

qga:= 20'2’2621-“1@0”6'3‘282 qg=195 tm*2 or approximate 1950  kN/m#2

Or approximate qa =1950 kN/m*2  >>> 500 kN/m*2 OK

- In conclusion, the value of bearing capacity used in design which equals to 500 kN/m*2 is OK and conservative.

4-2
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should be used to determine qu. Ahemativcly, Table
4.4.8.1.2B jnay be used as a guide to estimate Co?For

rocks defined by very poor quality, the value of gy, ‘should

be determined as the value of q, for an equivalent soil

mass.

4.4.8.1.3  Factors of Safery

Spread footings on rock shall be designed for Group 1 4

loadings 'usmg a minimum factor of safety (FS) of 3.0 §
against a bearing capacity failure #

4.4.8.2 Settlement

4.4.8.2.1 Footings on Competent Rock

For footings on competent rock, elastic settlements will
generally be less than ¥ inch fvhen footings are designed
in accordance with Article 4.4.8.1.1. When elastic settle-
ments of this magnitude are unacceptable or when the rock
.s not competent, an analysis of settlement based on rock

mass characteristics must be made. For rock masses which
have time-dependent settlement characteristics, the proce-
dure in Article 4.4.7.2.3 may be followed to determine the
time-dependent component of settlement.

4.4.8.2.2 Footings on Broken or Jointed Rock

Where the criteria for competent rock are not met, the
influence of rock type, condition of discontinuities and de-

gree of weathering shall be considered in the settlement
analysis.

The elastic settlement of footings on broken or jointed
rock may be determined using the following:

¢ For circular (or square) footings;

p = qo (1 — W) JE,, with 1, = (Vw)/B,
(4.4.82.2-1)

« For rectangular footings;

TABLE 4.4.8.1.2A ; Values of Coefficient No for Estimation of the Ultimate Bearing Capacity of Footings on
Broken or Jointed Rock (Modified after Hoek, (1983))

Rock Mass RMR!  NGI® RQD® Np®
Quality General Description Rating  Rating (%) A B C D E
Excellent Intact rock with joints spaced 100 500 95-100 3.8 43 50 52 6.1
> 10 feet apart )
Very good Tightly interlocking, undis- 85 100 9095 1.4 1.6 19 20 23
turbed rock with rough
unweathered joints spaced 3 to
10 feet apart
Good Fresh to slightly weathered 65 10 7590 0.28 0.32 0.38 040 0.46
rock, slightly disturbed with
joints spaced 3 to 10 feet apart
Fair Rock with several sets of mod- 44 1 50-75 0.049 0.056 0.066 0.069 0.081
erately weathered joints spaced
1 to 3 feet apart
Poor Rock with numerous weathered 23 0.1 25-50 0.015 0.016 0.019 0.020 0.024
Jjoints spaced 1 to 20 inches
apart with some gouge
Very poor Rock with numerous highly -3

weathered joints spaced < 2
inches apart

0.01 <25 Use qu for an equivalent soil mass

MGeomechanics Rock Mass Rating (RMQ) System— Bicniawski, 1988.

@Norwegian Geotechnical Institute (NGI) Rock Mass Classification System, Barton, ct al,, 1974.
®Range of RQD values provided for general guidance oaly; actual determination of rock mass quality should be based on RMR or NGI rating

systeras.

“Value of N,y as a function of rock type; refer to Table 4.4.8.1.2B for typical range of values of C, for different rock type in cach category.
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TABLE 4.4.8.1.2B  Typical Range of Uniaxial Compressive Strength (C,) as a Function of
Rock Category and Rock Type
Rock Co(l)
Category General Description Rock Type (ksf) (psi)
A Carbonate rocks with well- Dolostone 700- 6,500 4,800-45,000
developed crystal cleavage Limestone 500- 6,000 3,500-42,000
Carbonatite 800- 1,500 5,500-10,000
Marble 800- 5,000 5,500-35,000
Tactite-Skarn 2,700- 7,000 19,000-49,000
B Lithified argillaceous rock Argillite 600- 3,000 4,200-21,000
Claystone 30- 170 200- 1,200
Marlstone 1,000- 4,000 7,600-28,000
Phyllite 500- 5,000 3,500-35,000
Siltstone 200- 2,500 1,400-17,000
Shale® 150- 740 1,000- 5,100
Slate 3,000- 4,400 21,000-30,000
C Arenaceous rocks with strong Conglomerate 700- 4,600 4,800-32,000
crystals and poor cleavage Sandstone 1,400- 3,600 9,700-25,000
’ Quartzite 1,300- 8,000 9,000-55,000
D Fine-grained igneous Andesite 2,100- 3,800 14,000-26,000
crystalline rock Diabase 450-12,000 3,100-83,000
E Coarse-grained igneous and Amphibolite 2,500- 5,800 17,000-40,000
metamorphic crystalline rock Gabbro 2,600- 6,500 18,000-45,000
Gneiss 500- 6,500 3,500-45,000
Granite 300- 7,000 2,100-49,000
Quartzdiorite 200- 2,100 1,400-14,000
Quartzmonzonite 2,700- 3,300 19,000-23,000
Schist 200- 3,000 1,400-21,000
Syenite 3,800- 9,000 26,000-62,000
MRange of Uniaxial Compressive Strength values reported by various investigations.
@Not including oil shale.
p = q, (1 — VI)BIJE,, with [, = (L/B)'*/B, ag = 0.0231(RQD) -~ 132 =0.15 (4.4.8.2.2-4)

(4.4.8.2.2-2)

Values of I, may be computed using the B3, values pre-
sented in Table 4.4.7.2.2B from Article 4.4.7.2.2 for rigid
footings. Values of Poisson's ratio (v) for typical rock
types are presented in Table 4.4.8.2.2A. Determination of
the rock mass modulus (E,,) should be based on the results
of in-situ and laboratory tests. Alternatively, values of E,,
may be estimated by multiplying the intact rock modulus
(E,) obtained from uniaxial compression tests by a reduc-
tion factor (ag) which accounts for frequency of disconti-
nuities by the rock quality designation (RQD), using the
following relationships (Gardner, 1987):

E. = agE, (4.4.8.2.2-3)

For preliminary design or when site-specific test data can-
not be obtained, guidelines for estimating values of E,
(such as presented in Table 4.4.822B or Figure
4.4.8.2.2A) may be used. For preliminary analyses or for
final design when in-situ test results are not available, a
value of ag = 0.15 should be used to estimate E,,.

4.4.8.2.3 Tolerable Movement
Refer to Article 4.4.7.2.3.

4.4.9 Overall Stability

The overall stability of footings, slopes, and founda-
tion soil or rock shall be evaluated for footings located on

-4
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TABLE 4.11.4.1.4-1 Presumptive Allowable Bearing Pressures for Spread Footing Foundations '
(Modified after U.S. Department of the Navy, 1982) 1{ L PO

Allowable Bearing Pressure (tsf) = PSR 1

Recommended Value
Type of Bearing Material Consistency in Place Ordinary Range for Use

Massive crystalline igneous and Very hard, sound rock 60 to 100 80
metamorphic rock: graphite,
diorite, basalt, gneiss,
thoroughly cemented
conglomerate (sound
condition allows minor
cracks)

Foliated metamorphic rock: Hard sound rock 30 to 40 35
slate, schist (sound condition
allows minor cracks)

Sedimentary rock: hard cemented  Hard sound rock 15 to 25 20) ~ 195 /2
shales, siltstone, sandstone, o
limestone without cavities

Weathered or broken bedrock of Medium hard rock 8 to 12 ~ 98 Jf/;v 2
any kind except highly '
argillacous rock (shale)

Compaction shale or other highly Medium hard rock 8to 12 10
argillacous rock in sound
condition

Well-graded mixture of fine- and Very dense 8to 12 10

coarse-grained soil: glacial till,
hardpan, boulder clay
(GW-GC, GC, SC)

Gravel, gravel-sand mixtures, Very dense 6to 10 7
boulder-gravel mixtures Medium dense to dense 4t07 5
(GW, GP, SW, SP) Loose 2t06 3

Coarse to medium sand, sand Very dense 4t06 4
with little gravel (SW, SP) Medium dense to dense 2to 4 3

Loose 1to3 1.5

Fine to medium sand, silty or Very dense 305 3
clayey medium to coarse sand Medium dense to dense 2to 4 2.5
(SW, SM, SC) Loose l1to2 1.5

Find sand, silty or clayey medium  Very dense 3t05 3
to fine sand (SP, SM, SC) Medium dense to dense 2to 4 2.5

Loose 1to2 1.5

Homogeneous inorganic clay, Very stiff to hard 3to6 4

sandy or silty clay (CL, CH) Medium stiff to stiff 1to3 2
Soft : 0.5t01 0.5

Inorganic silt, sandy or clayey silt, ~ Very stiff to hard 2to 4 3
varved silt-clay-fine sand Medium stiff to stiff 1to3 1.5
(ML, MH) Soft 05to1l 0.5
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Retaining Wall Design : Height = 5.0 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS

Description F Horizontal Lever arm F Vertical
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 141.305 2.431 43.001

Siesmic component of Pa 40.049 3.600 12.453

As a result of surcharge w 39.414 3.000 12.255

Siesmic wall inertia 22.260 3.450

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300

Siesmic component of Pp 21.388 0.540

Weight of the wall + base 123.322

Weight of soil on the base 243.309

UDL of 16.2 kN/m2 42.322

EQUILIBRIUM CALCULATIONS AT SLS

1.Moment Equilibrium

Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forcesg x l.a.)
For Stabilizing moment Mr calculate as follows: i
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces’x l.a.)

whave 1 = ~ Tawrar avm ~Ff sor~h FAvro

1

(m)

Lever arm

(o)

[3S]

.947
.900
.955

.342
.225
.175




SOIL PRESSURES UNDER BASE

Maximum pressure :453.0 kPa
Minimum pressure : 0 kPa at

base top (m) (kNm)
0.00 623.62
0.13 596.27
0.25 566.05
0.38 536.71
0.50 508.28
0.63 480.75
0.76 454.11
0.88 428.36
1.01 403.47
1.13 379.44
1.26 356.27
1.39 333.93
1.51 312.43
1.64 291.74
1.76 271.86
1.89 252.79
2.02 234.50
2.14 216.99
2.27 200.25
2.39 184.27
2.52 169.04
2.65 154.55
2.77 140.79
2.90 127.74
3.02 115.41
3.15 103.77
3.28 92.82
3.40 82.55
3.53 72.94
3.65 64.00
3.78 55.70
3.91 48.04
4.03 41.01
4.16 34.59
4.28 28.78
4.41 23.57
4,54 18.94
4.66 14.89

1.5 m from right hand side of base.
Maximum pressure occurs at left hand side of base

(rm? /m)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

OO OO0 O0OO0OOOOO0O

OOOOOOOOOOOOOOOOOOOOOOOOOOO

safety factor against overall sliding = Fr/Fh = 1.55

*%*% MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 53.0 kPa **¥
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

(mm? /m)

3323.65
3210.34
3079.03
2949.85
2823.00
2698.52
2576.40
2456.69
2339.39
2224.53
2112.12
2002.20
1894.79
1789.91
1687.59
1587.85
1490.73
1396.25
1304.45
1215.37
1129.03
1045.47
964.74
886.87
811.91
739.90
670.89
604.94
542.09
482.40
425.93
372.75
322.93
276.53
233.62

194.30-.. - ;

158.65
126.76

PROKON| s i
‘ JobTitle  Dead Sea Parkway - JICA
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Stabilizing moment Mr 803.2 kNm
Destabilizing moment Mo 486.1 kNm
safety factor against overturning = Mr/Mo 1.65
2.Force Equilibrium
Sum of Vertical forces Pv 464.2 kN
Frictional resistance Pfric 268.0 kN
Passive Pressure on shear key : 32.2 kN
Passive pressure on base 14.9 kN
=> Horizontal resistance Fr : 315.1 kN
Horizontal sliding force Fh : 203.0 kN

(rm? /m)

721.50
715.00
708.50
702.00
695.50
689.00
682.50
676.00
669.50
663.00
656.50
650.00
643.50
637.00
630.50
624.00
617.50
611.00
604.50
598.00
591.50
585.00
578.50
572.00
565.50
559.00
552.50
546.00
539.50
533.00
526.50
520.00
513.50
507.00
500.50
494.00
487.50
481.00
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4.91 8.49 0.00 74.64 468.00
5.04 6.11 0.00 54.62 461.50
5.17 4.217 0.00 38.80 455.00
5.29 2.95 0.00 27.29 448.50
5.42 2.14 0.00 20.19 442.00
5.54 1.58 0.00 15.15 435.50
5.67 1.10 0.00 10.76 429.00
5.80 0.71 0.00 7.06 422.50
5.92 0.40 0.00 4.10 416.00
6.05 0.18 0.00 1.90 409.50
6.17 0.05 0.00 0.53 403.00
6.30 0.00 0.00 0.02 396.50

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left {(m) (kNm) (mm? /m) (ram? /m) (ram? /m)
0.07 -0.00 0.00 0.00 780.00
0.14 -1.87 0.00 9.13 780.00
0.21 ~7.48 0.00 36.53 780.00
0.28 -16.83 0.00 82.20 780.00
0.35 -29.91 0.00 146.14 780.00
0.43 -46.74 0.00 228.34 780.00
0.50 -67.30 0.00 328.81 780.00
0.57 -91.61 0.00 447.55 780.00
0.64 -119.65 0.00 584.55 780.00
0.71 -151.43 0.00 739.82 780.00
0.78 -186.95 0.00 913.36 780.00
0.85 -222.75 1088.25 0.00 780.00
0.92 560.43 2738.00 0.00 780.00
0.99 558.01 2726.17 0.00 780.00
1.06 529.76 2588.16 0.00 780.00
1.14 502.25 2453.73 0.00 780.00
1.21 475.47 2322.89 0.00 780.00
1.28 449.42 2195.63 0.00 780.00
1.35 424.10 2071.96 0.00 780.00
1.42 399.52 1951.87 0.00 780.00
1.49 375.68 1835.37 0.00 780.00
1.56 352.56 1722.45 0.00 780.00
1.63 330.18 1613.12 0.00 780.00
1.70 308.54 1507.37 0.00 780.00
1.77 287.63 1405.21 0.00 780.00
1.85 267.45 1306.63 0.00 780.00
1.92 248.01 1211.63 0.00 780.00
1.99 229.29 1120.22 0.00 780.00
2.06 211.32 1032.40 0.00 780.00
2.13 194.07 948.15 0.00 780.00
2.20 177.57 867.50 0.00 780.00
2.27 161.79 790.43 0.00 780.00
2.34 146.75 716.94 0.00 780.00
2.41 132.44 647.04 0.00 780.00
2.48 118.87 580.72 0.00 780.00
2.56 106.03 517.99 0.00 780.00
2.63 93.92 458.84 0.00 780.00
2.70 82.55 403.28 0.00 780.00
2.77 71.91 351.30 0.00 780.00
2.84 62.00 302.91 0.00 780.00
2.91 52.83 258.10 0.00 780.00
2.98 44.39 216.87 0.00 780.00
3.05 36.69 179.24 0.00 780.00
3.12 29.72 145.18 0.00 780.00
3.19 23.48 114.71 0.00 780.00
3.27 17.98 87.83 0.00 780.00
3.34 13.21 64.52 0.00 780.00
3.41 9.17 44.81 0.00 780.00
3.48 5.87 28.68 0.00 780.00
3.55 3.30 16.13 0.00 780.00

e
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

292.6 kN
0.60 MPa INADEQUATE

Sketch of Wall

Design code: BS8110 - 1997

0.55 MPa (based on Wall tensile reinf.)

16.20

6.90

0.70

(as=0.45

=8:083

%SS.QkPa }
Wall type: Cantilever SFslip= 1.55
Theory: Coulomb SFovt = 1.65

=0.58
=292.6kN
v= 0.60MPa
ve= 0.55MPa




PRGKQN Job Number 4432 ISheet 11

JobTitle  Dead Sea Parkway - JICA
Software Consultants (Pty) Ltd

Client .y .
Internet: http//www.prokon.com Ministry of Tourism

E-Mail : mail@prokon.com Calesby N O ]Checked by IDate

FEB,2000

Wall Bending Moments

Wall Moments Moment max = 624 kNm @ -.600m

6.00 S i sl S

Position (m)

T ] e e O T N— w— S— VU ———
Bending moment (kNm)

Base Bending Moments

Moment max = 560 kNm @ .779m

N

500

400

300

N
o
(]

600
A3

Bending moment (kNm)
N
o
o

-100 |—

200

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 3320mm#m @ 0.00m

Base Reinforcement

Base R

800 |-

Reinfor

600 7

200 |-

\200
290

1.00 |

1.20 |

1.40

1.6

1.80 |
2.00|
2.20 |

240 /
260/

2

4 20

340

Position (m)

op)
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Retaining Wall Design : Height = 5.5 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.31

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.44
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS {(m)

Description F Horizontal Lever arm F Vertical
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 171.695 2.701 50.455

Siesmic component of Pa 49.202 3.990 14.724

As a result of surcharge w 43.354 3.325 12.974

Siesmic wall inertia 24.478 3.775

Stabilizing forces:

Passive pressure on base Pp -18.384 0.333

Siesmic component of Pp 26.405 0.600

Weight of the wall + base 135.612

Weight of soil on the base 319.714

UDL of 16.2 kN/m2 49.248

EQUILIBRIUM CALCULATIONS AT SLS

1.Moment Equilibrium

Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

whaoava 1 o - JTeotrrav asvm ~F asrh FAavero

7

Levex arm

[so]

N

.918
.880
.922

.481
.435
.400
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Stabilizing moment Mr : 1103.8 kNm
Destabilizing moment Mo : 642.1 kNm

Safety factor against overturning = Mr/Mo = 1.72

2.Force Equilibrium

Sum of Vertical forces Pv : 568.0 kN
Frictional resistance Pfric : 327.9 kN
Passive Pressure on shear key : 34.7 kN
Passive pressure on base : 18.4 kN

=> Horizontal resistance Fr : 381.1 kN
Horizontal sliding force Fh : 239.5 kN

Safety factor against overall sliding = Fr/Fh = 1.59

SOIL PRESSURES UNDER BASE

Maximum pressure :465.9 kPa

Minimum pressure : 0 kPa at 1.6 m from right hand side of base.

Maximum pressure occurs at left hand side of base

*** MAXTIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 65.9 kPa **%*
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (mm? /m) {rm? /m) (mm? /m)
0.00 814.51 0.00 4839.68 655.20
0.14 777.45 0.00 4661.50 650.00
0.28 738.33 0.00 4467.55 644.80
0.41 700.34 0.00 4276.87 639.60
0.55 663.51 0.00 4089.84 634.40
0.69 627.84 0.00 3906.51 629.20
0.83 593.32 0.00 3726.88 624.00
0.97 559.94 0.00 3551.00 618.80
1.10 527.67 0.00 3378.88 613.60
1.24 496.52 0.00 3210.55 608.40
1.38 466.46 0.00 3046.03 603.20
1.52 437.48 0.00 2885.36 598.00
1.66 409.57 0.00 2728.56 592.80
1.79 382.71 0.00 2575.66 587.60
1.93 356.90 0.00 2426.70 582.40
2.07 332.11 0.00 2281.70 577.20
2.21 308.35 0.00 2140.71 572.00
2.35 285.58 0.00 2003.75 566.80
2.48 263.80 0.00 1870.86 561.60
2.62 243.00 0.00 1742.09 556.40
2.76 223.17 0.00 1617.46 551.20
2.90 204.28 0.00 1497.03 546.00
3.04 186.33 0.00 1380.84 540.80
3.17 169.31 0.00 1268.94 535.60
3.31 153.19 0.00 1161.36 530.40
3.45 137.98 0.00 1058.17 525.20
3.59 123.65 0.00 959.41 520.00
3.73 110.19 0.00 865.15 514.80
3.86 97.58 0.00 775.43 509.60
4.00 85.83 0.00 690.32 504.40
4.14 74.90 0.00 609.88 499,20
4.28 64.79 0.00 534.18 494.00
4.42 55.49 0.00 463.30 488.80
4.55 46.99 0.00 397.29 483.60
4.69 39.26 0.00 ' 336.25 478.40
4.83 32.29 0.00 280.25 473.20
4,97 26.08 0.00 229.38 468.00
5.11 20.61 0.00 183.73 462.80

8
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5.38 11.84 0.00 108.48 452.40
5.52 8.51 0.00 79.09 447.20
5.66 5.87 0.00 55.34 442.00
5.80 3.91 0.00 37.34 436.80
5.93 2.60 0.00 25.22 431.60
6.07 1.87 0.00 18.40 426.40
6.21 1.30 0.00 13.01 421.20
6.35 0.84 0.00 8.50 416.00
6.49 0.48 0.00 4.90 410.80
6.62 0.21 0.00 2.25 405.60
6.76 0.06 0.00 0.61 400.40
6.90 0.00 0.00 0.02 395.20

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left {(m) {kNm) {mm? /m) (mm? /m) (rm? /m)
0.08 -0.00 0.00 0.00 845.00
0.16 -2.48 0.00 11.08 845.00
0.24 -9.91 0.00 44.32 845.00
0.32 -22.30 0.00 99.71 845.00
0.40 -39.64 0.00 177.26 845.00
0.48 -61.94 0.00 276.98 845.00
0.56 -89.20 0.00 398.84 845.00
0.64 -121.41 0.00 542.87 845.00
0.72 -158.57 0.00 709.06 845.00
0.80 -200.69 0.00 897.40 845.00
0.88 -217.77 973.74 0.00 845.00
0.96 799.10 3573.15 0.00 845.00
1.04 774.70 3464.05 0.00 845.00
1.12 736.45 3293.02 0.00 845.00
1.20 699.17 3126.31 0.00 845.00
1.28 662.85 2963.93 0.00 845.00
1.36 627.51 2805.88 0.00 845.00
1.44 593.13 2652.17 0.00 845.00
1.52 559.72 2502.78 0.00 845.00
1.60 527.28 2357.72 0.00 845.00
1.68 495.81 2216.99 0.00 845.00
1.76 465.30 2080.60 0.00 845.00
1.84 435.77 1948.53 0.00 845.00
1.92 407.20 1820.79 0.00 845.00
2.00 379.60 1697.39 0.00 845.00
2.08 352.97 1578.31 0.00 845.00
2.16 327.31 1463.56 0.00 845.00
2.24 302.62 1353.15 0.00 845.00
2.32 278.89 1247.06 0.00 845.00
2.40 256.13 1145.30 0.00 845.00
2.48 234.35 1047.88 0.00 845.00
2.56 213.53 954.78 0.00 845.00
2.64 193.67 866.01 0.00 845.00
2.72 174.79 781.58 0.00 845.00
2.80 156.88 701.47 0.00 845.00
2.88 139.93 625.69 0.00 845.00
2.96 123.95 554.25 0.00 845.00
3.04 108.94 487.13 0.00 845.00
3.12 94.90 424.35 0.00 845.00
3.20 81.83 365.89 0.00 845.00
3.28 69.72 311.76 0.00 845.00
3.36 58.59 261.97 0.00 845.00
3.44 48.42 216.50 0.00 845.00
3.52 39.22 175.37 0.00 845.00
3.60 30.99 138.56 0.00 845.00
3.68 23.73 106.09 0.00 845.00
3.76 17.43 77.94 0.00 845.00
3.84 12.10 54.13 0.00 845.00
3.92 7.75 34.64 0.00 845.00
4.00 4.36 19.49 0.00 845.00

3
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

344.6 kN
0.78 MPa INADEQUATE
0.65 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

Sketch of Wall

Design code: BS8110 - 1997

030
S, E—

282964
0 28089

7.55

0.70

{1/=0.58
=344.6kN
%65.9kPa _ v=0.78MPa
Wall type: Cantilever SFslip = vc= 0.65MPa
Theory: Coulomb SFovt =

-
)
NS
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Wall Bending Moments

Wall Moments

Moment max = 815 kNm @ -.650m

6.50

6.00

5.50

5.00
4.50

4.00
3.50

3.00

Position (m)

2.00

1.50

1.00

500

-.500 =

Base Bending Moments

Base Moments

Moment max = 799 kNm @ .754m

O O
o O
o O

400

200 R e A N S

Bending moment (kNm)

100 rorof

2.20

240

2.8¢

3.90

3.40
/3‘"3-30
3

1 200
/| 400
600
ok
1.00

-100 -

)/

200} N

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 4840mm?m @ 0.00m
4500
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E 3000
5
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2 2000
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- 1500
o
1000
500

2/m)

Position (m) o

Base Reinforcement

Base ReinforcementReinforcement max = 3570mm*¥m @ .754m
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Retaining Wall Design : Height = 6.0 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.44
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing foxces:
Total Active pressure Pa 201.798 2.929 60.327 1.247
Siesmic component of Pa 57.674 4.320 17.547 1.200
As a result of surcharge w 47.093 3.600 14.328 1.251
Siesmic wall inertia 27.624 4.050
Stabilizing forces:
Passive pressure on base Pp -14.891 0.300
Siesmic component of Pp 21.388 0.540
Weight of the wall + base 153.039 1.749
Weight of soil on the base 362.945 2.821
UDL of 16.2 kN/m2 51.556 2.775
EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.
For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:

Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)
vwhare 1 a = lavar asvm ~f osrh farro

13




2.Foxce Equilibrium

Safety factor against overturning = Mr/Mo = 1.85

SOIL PRESSURES

Maximum pressure
Minimum pressure
Maximum pressure

Sum of Vertical forces Pv : 642.

Frictional resistance Pfric : 370.
Passive Pressure on shear key : 32.
Passive pressure on base : 14.

=> Horizontal resistance Fr : 417.
Horizontal sliding force Fh : 276.

Position from Moment

base top (m) {kNm)
0.00 1031.66
0.15 985.30
0.30 935.98
0.45 888.14
0.60 841.77
0.74 796.85
0.89 753.37
1.04 711.31
1.19 670.65
1.34 631.38
1.49 593.47
1.64 556.93
1.79 521.72
1.94 487.83
2.09 455,24
2.23 423.95
2.38 393.92
2.53 365.15
2.68 337.62
2.83 311.30
2.98 286.20
3.13 262.28
3.28 239.54
3.43 217.95
3.58 197.50
3.172 178.17
3.87 159.95
4.02 142.82
4.17 126.76
4.32 111.76
4.47 97.80
4.62 84.86
4.7 72.93
4.92 61.99
5.07 52.02
5.21 43.01
5.36 34.95
5.51 27.80

n owuN o

UNDER BASE

:416.6 kPa
0 kPa at

kN
kN
kN
kN
kN
kN

safety factor against overall sliding = Fr/Fh = 1.51

1.4 m from right hand side of base.
occurs at left hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1897

**x* MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 16.6 kPa ***

Front Reinforcing Back Reinforcing Nominal (0.13%)

(mm? /1)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

(mm? /m)

5498.
5304.
5091.
4881.
4675.
4472.
4274.
4079.
3888.
3701.
3518.
3339.
3164.
2992.
2825.
2662.
2504.
2349.
2198.
2053.
1911.
1774.
1641.
1513.
1389.
1270.
1156.
1046.
942.
842.
747.
658 .
574.
495.
422.
354.
292.
236.

14

37
87
28
38
21
82
22
45
53
51
40
25
09
96
90
96
17
58
23
19
50
22
41
12
43
40
10
61
02
40
85
45
33
57
29
62
69
62

(mm? /m)

721.
715.
708.
702.
695.
689.
682.
676.
669.
663.
656.
650.
643.
637.
630.
624.
617.
611.
604.
598.
591.
585.
578.
572.
565.
559.
552.
546.
539.
533.
526.
520.
513.
507.
500.
494.
487.
481.

50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
50
00
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Stabilizing moment Mr 1439.2 kNm
Destabilizing moment Mo 779.2 kNnm
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5.81 16.23 0.00 142.69 468.00
5.96 11.76 0.00 105.15 461.50
6.11 8.15 0.00 74.12 455.00
6.26 5.38 0.00 49.80 448.50
6.41 3.44 0.00 32.39 442.00
6.56 2.30 0.00 22.10 435.50
6.70 1.61 0.00 15.69 429.00
6.85 1.03 0.00 10.28 422.50
7.00 0.59 0.00 5.95 416.00
7.15 0.27 0.00 2.75 409.50
7.30 0.07 0.00 0.75 403.00
7.45 0.00 0.00 0.03 396.50

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) {(kNm) (rara? /1n) (mr? /m) (rom? /m)
0.09 -0.00 0.00 0.00 845.00
0.18 -2.44 0.00 10.93 845.00
0.27 -9.77 0.00 43.70 845.00
0.36 -21.99 0.00 98.33 845.00
0.45 -39.10 0.00 174.81 845.00
0.53 -61.09 0.00 273.15 845.00
0.62 -87.96 0.00 393.33 845.00
0.71 -119.73 0.00 535.37 845.00
0.80 -156.38 0.00 699.26 845.00
0.89 -197.92 0.00 885.00 845.00
0.98 -244.35 0.00 1092.59 845.00
1.07 -295.66 0.00 1322.03 845.00
1.16 -351.86 0.00 1573.33 845.00
1.25 -356.49 1594.02 0.00 845.00
1.33 913.36 4084.08 0.00 845.00
1.42 869.52 3888.04 0.00 845.00
1.51 823.15 3680.71 0.00 845.00
1.60 778.06 3479.07 0.00 845.00
1.69 734.23 3283.11 0.00 845.00
1.78 691.68 3092.82 0.00 845.00
1.87 650.39 2908.22 0.00 845.00
1.96 610.38 2729.29 0.00 845.00
2.05 571.63 2556.05 0.00 845.00
2.14 534.16 2388.49 0.00 845.00
2.23 497.96 2226.60 0.00 845.00
2.31 463.02 2070.40 0.00 845.00
2.40 429.36 1919.88 0.00 845.00
2.49 396.97 1775.04 0.00 845.00
2.58 365.85 1635.87 0.00 845.00
2.67 335.99 1502.39 0.00 845.00
2.76 307.41 1374.59 0.00 845.00
2.85 280.10 1252.46 0.00 845.00
2.94 254.06 1136.02 0.00 845.00
3.03 229.29 1025.26 0.00 845.00
3.12 205.79 920.18 0.00 845.00
3.20 183.56 820.78 0.00 845.00
3.29 162.60 727.05 0.00 845.00
3.38 142.91 639.01 0.00 845.00
3.47 124.49 556.65 0.00 8§45.00
3.56 107.34 479.97 0.00 845.00
3.65 91.46 408.97 0.00 845.00
3.74 76.85 343.65 0.00 845.00
3.83 63.51 284.01 0.00 845.00
3.92 51.45 230.04 0.00 845.00
4.00 40.65 181.76 0.00 845.00
4.09 31.12 139.16 0.00 845.00
4.18 22.87 102.24 0.00 845.00
4.27 15.88 71.00 0.00 845.00
4.36 10.16 45.44 0.00 845.00
4.45 5.72 25.56 0.00

15

845.00
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 -~ 1997

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

397.3 kN
0.81 MPa INADEQUATE

Sketch of Wall

Design code: BS8110 - 1997

0.30

0.65 MPa (based on Wall tensile reinf.)

16.20

8.10

0.70

25044

181:16.6kPa |
Wall type: Cantilever SFslip = 1.51
Theory: Coulomb SFovt = 1.85

16

=0.58
=397.3kN
v= 0.81MPa
vc= 0.65MPa
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Wall Bending Moments
Wall Moments Moment max = 1030kNm @ -.650m

Position (m)

Base Bending Moments

Bending moment (kNm)

Base Moments Moment max =913 kNm @ 1.08m
1000
T
o
£
o]
S
o o
c O
e I«
£ L
PN BT R L
300 11
-400

Position (m)

17
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 5500mm?m @ 0.00m

5500
5000
~ 4500
= 4000
£ 3500
g 3000
@ 2500
L 2000
£
2 1500
1000
500

Position (m)
Base Reinforcement

Base ReinforcementReinforcement max = 4080mm*m @ 1.08m

4000
3500
§3000
E
< 2500}
c
m -
& 20001
@
o
L2 1500
= .
Q@ | QUaNEL - g ,
@ 1000 ANl Nominat T —x 7
"
N
00 rsroooololo oo o oo SIE=IR=iiek ;g <Ko
OlOLBIO|OINIT © ® O N T O oo N e ol N <
NSO 0 & e e ool o o o o 0| o oo bEL |

Position (m)

18
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Retaining Wall Design : Height = 6.5 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantileverx

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing foxces:

Total Active pressure Pa 234.412 3.150 71.227 1.277

Siesmic component of Pa 66.818 4.650 20.651 1.220

As a result of surcharge w 50.849 3.875 15.716 1.281

Siesmic wall inertia 32.473 4.325

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300

Siesmic component of Pp 21.388 0.540

Weight of the wall + base 179.906 1.875

Weight of soil on the base 424.941 3.020

UDL of 16.2 kN/m2 56.943 2.950

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

whove 1 o - Jaotrowr avm ~Ff oa~h fAarm~o

i9
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Stabilizing moment Mr : 1793.1 kNm
Destabilizing moment Mo : 964.9 kNm

Safety factor against overturning = Mr/Mo = 1.86

2.Force Equilibrium

Sum of Vertical forces Pv : 748.7 kN
Frictional resistance Pfric : 432.3 kN
Passive Pressure on shear key : 32.2 kN
Passive pressure on base : 14.9 kN

=> Horizontal resistance Fr : 479.3 kN
Horizontal sliding force Fh : 317.7 kN

Safety factor against overall sliding = Fr/Fh = 1.51
SOIL PRESSURES UNDER BASE
Maximum pressure :451.3 kPa

Maximura pressure occurs at left hand side of base

base top (m) (kNm) (rm? /ma) (romm? /m)
0.00 1250.66 0.00 6042.96
0.16 1185.20 0.00 5839.14
0.32 1135.71 0.00 5610.88
0.47 1078.01 0.00 5386.34
0.63 1022.08 0.00 5165.55
0.79 967.88 0.00 4948.54
0.95 915.42 0.00 4735.34
1.11 864.65 0.00 4525.99
1.26 815.57 0.00 4320.51
1.42 768.15 0.00 4118.94
1.58 722.38 0.00 3921.31
1.74 678.23 0.00 3727.68
1.90 635.68 0.00 3538.08
2.05 594.73 0.00 3352.54
2.21 555.33 0.00 3171.13
2.37 517.48 0.00 2993.88
2.53 481.16 0.00 2820.84
2.69 446.34 0.00 2652.08
2.84 413.01 0.00 2487.64
3.00 381.14 0.00 2327.58
3.16 350.72 0.00 2171.97
3.32 321.73 0.00 2020.87
3.48 294.14 0.00 1874.36
3.63 267.94 0.00 1732.50
3.79 243.10 0.00 1595.38
3.95 219.61 0.00 1463.07
4.11 197.45 0.00 1335.67
4.27 176.60 0.00 1213.27
4.42 157.03 0.00 1085.97
4.58 138.73 0.00 983.88
4.74 121.68 0.00 877.11
4.90 105.86 0.00 775.77
5.06 91.25 0.00 680.01
5.21 77.82 0.00 589.95
5.37 65.56 0.00 505.74
5.53 54 .45 0.00 427.55
5.69 44 .47 0.00 355.54
5.85 35.60 0.00 289.89

20

Minimum pressure : 0 kPa at 1.5 m from right hand side of base.

**% MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 51.3 kPa **¥*
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

(rmm? /m)

787.80
780.00
772.20
764.40
756.60
748.80
741.00
733.20
725.40
717.60
709.80
702.00
694.20
686.40
678.60
670.80
663.00
655.20
647.40
639.60
631.80
624.00
616.20
608.40
€600.60
592.80
585.00
577.20
569.40
561.60
553.80
546.00
538.20
530.40
522.60
514.80
507.00
499.20
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6.16 21.11 0.00 178.48 483.60
6.32 15.45 0.00 133.16 475.80
6.48 10.81 0.00 95.08 468.00
6.64 7.19 0.00 64.51 460.20
6.79 4.56 0.00 41.73 452.40
6.95 2.89 0.00 27.07 444.60
7.11 1.99 0.00 19.03 436.80
7.27 1.28 0.00 12.52 429.00
7.43 0.73 0.00 7.27 421.20
7.58 0.33 0.00 3.37 413.40
7.74 0.09 0.00 0.92 405.60
7.90 0.00 0.00 0.04 397.80

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) (mm? /m) (rorm? /m) (mm? /m)
0.10 -0.00 0.00 0.00 975.00
0.19 -3.11 0.00 11.89 975.00
0.29 -12.44 0.00 47.58 975.00
0.38 -28.00 0.00 107.05 975.00
0.48 -49.78 0.00 190.32 975.00
0.58 -77.78 0.00 297.37 975.00
0.67 -112.00 0.00 428.21 975.00
0.77 -152.44 0.00 582.84 975.00
0.86 -199.10 0.00 761.26 975.00
0.96 -251.99 0.00 963.47 975.00
1.06 -311.10 0.00 1189.47 975.00
1.15 -376.43 0.00 1439.26 975.00
1.25 -408.45 1561.70 0.00 975.00
1.34 1157.81 4426.81 0.00 975.00
1.44 1125.49 4303.26 0.00 975.00
1.54 1067.04 4079.75 0.00 975.00
1.63 1010.14 3862.20 0.00 975.00
1.73 954.80 3650.62 0.00 975.00
1.82 901.02 3444.99 0.00 975.00
1.92 848.80 3245.32 0.00 975.00
2.02 798.13 3051.62 0.00 975.00
2.11 749.03 2863.87 0.00 975.00
2.21 701.48 2682.09 0.00 975.00
2.30 655.50 2506.26 0.00 975.00
2.40 611.07 2336.39 0.00 975.00
2.50 568.20 2172.49 0.00 975.00
2.59 526.89 2014.54 0.00 975.00
2.69 487.14 1862.56 0.00 975.00
2.78 448.95 1716.54 0.00 975.00
2.88 412.32 1576.47 0.00 975.00
2.98 377.24 1442.37 0.00 975.00
3.07 343.73 1314.22 0.00 975.00
3.17 311.77 1192.04 0.00 975.00
3.26 281.37 1075.81 0.00 975.00
3.36 252.53 965.55 0.00 975.00
3.46 225.25 861.25 0.00 975.00
3.55 199.53 762.90 0.00 975.00
3.65 175.37 670.52 0.00 975.00
3.74 152.77 584.10 0.00 975.00
3.84 131.72 503.64 0.00 975.00
3.94 112.24 429.13 0.00 975.00
4.03 94.31 360.59 0.00 875.00
4.13 77.94 298.01 0.00 975.00
4.22 63.13 241.39 0.00 975.00
4.32 49.88 190.73 0.00 975.00
4.42 38.19 146.02 0.00 975.00
4.51 28.06 107.28 0.00 975.00
4.61 19.49 74.50 0.00 975.00
4.70 12.47 47.68 0.00 975.00
4.80 7.01 26.82 0.00 975.00
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1987

455.8 kN
0.84 MPa INADEQUATE
0.65 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

Sketch of Wall

Design code: BS8110 - 1997

16.20

0.90
]

8.65
it
= NO
on
B

0.70 |
T

=0.58

: =455.8kN
%51.3_kPa , v= 0.84MPa
Wall type: Cantilever SFslip = 1.51 vc= 0.65MPa

1.
Theory: Coulomb SFovt= 1.86
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Wall Bending Moments

Wall Moments Moment max = 1250kNm @ -.750m

7.00}

6.00

5.00

4.00

3.00

Position (m)

2.00

1.00

Base Bending Moments

Base Moments Moment

1200 T

1000 =
E
= 800
<
= 600 |
£
£ 400
£ AN
2 200 croooloTP OO IOOIOOCIOTO oSTO
5 S/O|OI0|0|NIT ©|0|O|N|F|6 0|0 |©|©
M TN

-200

-400 |

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 6040mm?m @ 0.00m

6000

5500 —X
~5000
£ 4500

+ 3500

()]

g 3000

2 2500

RS

< 2000

()]

X 1500
1000
500

Base Reinforcement

Base ReinforcementReinforcement max = 4430mm*m @ 1.11m

200
R 00
.68

1.0
=
1.8
1.80

| ®|O|N|<|©|0| O
Sl N e e

Position (m)

)
3.40 / ;i:;

3.6¢/
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Retaining Wall Design : Height = 7.0 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 266.272 3.357 82.068 1.606

Siesmic component of Pa 75.715 4.950 23.728 1.540

As a result of surcharge w 54.280 4.125 17.011 1.611

Siesmic wall inertia 37.644 4.575

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300

Siesmic component of Pp 21.388 0.540

Weight of the wall + base 208.555 2.228

Weight of soil on the base 493.134 3.510

UDL of 16.2 kN/m2 62.329 3.425

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front cornexr of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

vhava 1 o — VT otrrow wvrm ~Ff oasn~h fAavr-o
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Stabilizing moment Mr : 2413.2 kNm
Destabilizing moment Mo : 1130.7 kNm

Safety factor against overturning = Mr/Mo = 2.13

2.Force Equilibrium

Sum of Vertical forces Pv : 863.1 kN
Frictional resistance Pfric : 498.3 kN
Passive Pressure on shear key : 32.2 kN
Passive pressure on base : 14.9 kN

=> Horizontal resistance Fr : 545.4 kN
Horizontal sliding force Fh : 358.2 kN

safety factor against overall sliding = Fr/Fh = 1.52
SOIL PRESSURES UNDER BASE

Maximum pressure :387.2 kPa

Minimum pressure : 0 kPa at 1.0 m from right hand side of base.

Maximum pressure occurs at left hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 -~ 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rm? /m) (rm? /1)
0.00 1498.22 0.00 6620.71
0.17 1432.66 0.00 6406.13
0.33 1361.78 0.00 6162.28
0.50 1293.01 0.00 5922.19
0.67 1226.33 0.00 5685.87
0.84 1161.71 0.00 5453.36
1.00 1099.13 0.00 5224.70
1.17 1038.58 0.00 4999.92
1.34 980.02 0.00 4779.05
1.50 923.43 0.00 4562.13
1.67 868.80 0.00 4349.21
1.84 816.08 0.00 4140.33
2.00 765.27 0.00 3935.52
2.17 716.34 0.00 3734.85
2.34 669.27 0.00 3538.35
2.51 624.02 0.00 3346.09
2.67 580.59 0.00 3158.11
2.84 538.93 0.00 2974.48
3.01 499.05 0.00 2795.26
3.17 460.89 0.00 2620.52
3.34 424 .46 0.00 2450.32
3.51 389.72 0.00 2284.75
3.67 356.64 0.00 2123.88
3.84 325.21 0.00 1967.79
4.01 295.40 0.00 1816.58
4.18 267.19 0.00 1670.35
4.34 240.55 0.00 1529.19
4.51 215.46 0.00 1393.22
4.68 191.91 0.00 1262.55
4.84 169.85 0.00 1137.31
5.01 149.28 0.00 1017.64
5.18 130.17 0.00 903.68
5.34 112.48 0.00 795.59
5.51 96.21 0.00 693.53
5.68 81.33 0.00 597.69
5.85 67.81 0.00 508.26
6.01 55.64 0.00 425.45
6.18 44.78 0.00 349.49
6.35 35.21 0.00 280.63
6.51 26.91 0.00 219.15
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(rom? /m)

854.10
845.00
835.90
826.80
817.70
808.60
799.50
790.40
781.30
772.20
763.10
754.00
744.90
735.80
726.70
717.60
708.50
699.40
690.30
681.20
672.10
663.00
653.90
644.80
635.70
626.60
617.50
608.40
599.30
590.20
581.10
572.00
562.90
553.80
544.70
535.60
526.50
517.40
508.30
499.20
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6.85 14.04 0.00 119.49 481.00
7.01 9.42 0.00 81.98 471.90
7.18 5.97 0.00 53.18 462.80
7.35 3.67 0.00 33.53 453.70
7.52 2.44 0.00 22.82 444.60
7.68 1.57 0.00 15.06 435.50
7.85 0.89 0.00 8.77 426.40
8.02 0.40 0.00 4.08 417.30
8.18 0.11 0.00 1.12 408.20
8.35 0.00 0.00 0.04 399.10

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from
left (m)

0.
0.
0.
0.
0.
0.
0.
0.
0.
1.
1.
1.
1.

11
22
33
44
55
65
76
87
98
09
20
31
42

1.53

1.
1.
1.
1.
2.
2.

64
74
85
96
07
18

2.29

2.

40

2.51

2.
2.
2.
2.
3.
3.
3.

62
73
83
94
05
16
27

3.38

3.
3.
3.
3.
3.
4.
4.
4.
4.
4.
4.
4.
4.
4.
5.
5.
5.
5.
5.

49
60
71
81
92
03
14
25
36
47
58
69
80
91
01
12
23
34
45

Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

{kNm) (rara? /) {(maa? /m)
-0.00 0.00 0.00
-3.19 0.00 11.36
-12.75 0.00 45 .46
-28.69 0.00 102.28
-51.00 0.00 181.82
-79.69 0.00 284.10
~-114.75 0.00 409.10
~-156.19 0.00 556.84
~-204.00 0.00 727.30
-258.19 0.00 920.48
-318.76 0.00 1136.40
-385.70 0.00 1375.04
-459.01 0.00 1636.42
-538.70 0.00 1920.52
-544.80 0.00 1942.26
1334.37 4757.16 0.00
1268.24 4521 .41 0.00
1198.76 4273.71 0.00
1131.24 4032.98 0.00
1065.68 3799.24 0.00
1002.07 3572.47 0.00
940.42 3352.68 0.00
880.72 3139.87 0.00
822.99 2934.03 0.00
767.21 2735.17 0.00
713.39 2543.29 0.00
661.52 2358.3¢9 0.00
611.61 2180.46 0.00
563.66 2009.51 0.00
517.67 1845.54 0.00
473.63 1688.55 0.00
431.55 1538.53 0.00
391.43 1395.50 0.00
353.27 1259.44 0.00
317.06 1130.35 0.00
282.81 1008.25 0.00
250.52 893.12 0.00
220.18 784.97 0.00
191.80 683.79 0.00
165.38 589.60 0.00
140.92 502.38 0.00
118.41 422 .14 0.00
97.86 348.87 0.00
79.27 282.59 0.00
62.63 223.28 0.00
47.95 170.95 0.00
35.23 125.59 0.00
24.46 87.22 0.00
15.66 55.82 0.00
8.81 31.40 0.00

SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997
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(rm? /m)

1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
1040.00
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Calcs by N.O

513.6 kN
0.87 MPa INADEQUATE
0.66 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall V
Sshear stress at bottom of wall v
Allowable shear stress vc

W

Sketch of Wall

Design code: BS8110 - 1997

. 0.30
0 : 16.20
o 2043
@ 08§
Qe
®’o
,Cu,CQ*
S
o
=0.58
=513.6kN
387.2kPa _ v= 0.87MPa
Wall type: Cantilever  SFslip .52 vc= 0.66MPa

=1
Theory: Coulomb SFovt= 2.13
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Wall Bending Moments
Wall Moments Moment max = 1500kNm @ -.800m
8.00 s e i e G

Bending moment (kNm)

Base Bending Moments

Base Moments Moment max = 1330kNm @ 1.43m
£
Z
X
T
o
£
O
£
o) ool
= 33
2 Bl
o ™~
_400 PR T
-600 k=

Poéition (m)A
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 6620mm?*m @ 0.00m

6500 p

6000

~5500

£ 5000

£
= 4500

— 4000

@ 3500
£

@ 3000
S 2500

= 2000
© 4500

1000 ..... : :

500

Position (m)

Base Reinforcement

Base ReinforcementReinforcement max = 4760mm*¥m @ 1.43m

4500 » N\

| Bay
moooodéoo oooooooooooéb plooloe
Ql2|90olNN 0/0|0/NIS 600 INIT|0|®0 | NISHE [ O NS |
NI R = - [ [ e e [l [od oo o5 (o5 [0 [0 [ < <P P RO 6 |

Position (m)
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Retaining Wall Design : Height = 7.5 m

Input Data

Seepage allowed

Theory : Coulomb
wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 306.890 3.596 95.643 1.436

Siesmic component of Pa 87.125 5.310 27.593 1.360

As a result of surcharge w 58.351 4.425 18.480 1.439

Siesmic wall inertia 41.583 4.875

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300
Siesmic component of Pp 21.388 0.540
Weight of the wall + base 230.375 2.173
Weight of soil on the base 572.563 3.505
UDL of 16.2 kN/m2 67.716 3.400

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

whovae 1T a2 - Towxwar avm ~F oa~rh Farr~o
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Stabilizing
Destabilizing

Safety factor again

Sum of Vertical
Frictional resist
Passive Pressure on
Passive pressu

=> Horizontal res
Horizontal slidin

Safety factor again

Maximum pressure :4
Minimum pressure
Maximum pressure oc

Position from Moment

moment Mr : 2742.0 kNm
moment Mo : 1400.5 kNm

st overturning = Mr/Mo = 1.96

2.Force Equilibrium

forces Pv : 984.8 kN
ance Pfric : 568.6 kN
shear key : 32.2 kN
re on base : 14.9 kN
istance Fr : 615.6 kN
g force Fh : 406.8 kN

st overall sliding = Fr/Fh = 1.51

SOIL PRESSURES UNDER BASE

82.0 kPa

0 kPa at 1.5 m from right hand side of base.

curs at left hand side of base

*** MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 82.0 kPa ***

WALIL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1987

base top (m) (kNm) (mm? /m) (rorm? /m)
0.00 1816.00 0.00 7393.40
0.18 1737.18 0.00 7160.90
0.36 1651.48 0.00 6893.81
0.53 1568.33 0.00 6630.67
0.71 1487.71 0.00 6371.51
0.89 14092.59 0.00 6116.36
1.07 1333.93 0.00 5865.25
1.25 1260.71 0.00 5618.22
1.42 1189.91 0.00 5375.31
1.60 1121.48 0.00 5136.56
1.78 1055.41 0.00 4902.02
1.96 991.66 0.00 4671.72
2.14 930.20 0.00 4445.72
2.31 871.02 0.00 4224.07
2.49 814.07 0.00 4006.81
2.67 759.33 0.00 3794.02
2.85 706.77 0.00 3585.74
3.03 656.37 0.00 3382.05
3.20 608.09 0.00 3183.01
3.38 561.90 0.00 2988.70
3.56 517.78 0.00 2799.18
3.74 475.70 0.00 2614.55
3.92 435.63 0.00 2434.90
4.09 397.54 0.00 2260.32
4.27 361.41 0.00 2080.90
4.45 327.19 0.00 1926.76
4.63 294.87 0.00 1768.02
4.81 264.42 0.00 1614.80
4.98 235.81 0.00 1467.23
5.16 209.01 0.00 1325.46
5.34 183.98 0.00 1189.65
5.52 160.71 0.00 1059.96
5.70 139.16 0.00 936.58
5.87 119.31 0.00 819.70
6.05 101.13 0.00 709.54
6.23 84.58 0.00 606.33
6.41 69.64 0.00 510.33
6.59 56.28 0.00 421.81
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Front Reinforcing Back Reinforcing Nominal (0.13%)

(mm? /m)

920.40
810.00
899.60
889.20
878.80
868.40
858.00
847.60
837.20
826.80
816.40
806.00
795.60
785.20
774.80
764.40
754.00
743.60
733.20
722.80
712.40
702.00
691.60
681.20
670.80
660.40
650.00
639.60
629.20
618.80
608.40
598.00
587.60
577.20
566.80
556.40
546.00
535.60
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6.94 34.19 0.00 268.45 514.80
7.12 25.40 0.00 204.31 504.40
7.30 18.08 0.00 149.05 494.00
7.48 12.20 0.00 103.12 483.60
7.65 7.72 0.00 66.99 473.20
7.83 4.62 0.00 41.22 462.80
8.01 2.88 0.00 26.37 452.40
8.19 1.85 0.00 17.46 442 .00
8.37 1.05 0.00 10.21 431.60
8.54 0.48 0.00 4.717 421.20
8.72 0.13 0.00 1.32 410.80
8.90 0.01 0.00 0.05 400.40
BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997
Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)
left (m) (kNm) (xom? /m) (mm? /m) (ram? /m)
0.11 -0.00 0.00 0.00 1105.00
0.22 -4.46 0.00 14.88 1105.00
0.34 -17.83 0.00 59.53 1105.00
0.45 -40.11 0.00 133.94 1105.00
0.56 -71.31 0.00 238.12 1105.00
0.67 -111.41 0.00 372.06 1105.00
0.78 -160.44 0.00 535.77 1105.00
0.90 -218.37 0.00 729.25 1105.00
1.01 -285.22 0.00 952.48 1105.00
1.12 -360.98 0.00 1205.49 1105.00
1.23 ~445.66 0.00 1488.26 1105.00
1.34 -539.25 0.00 1800.79 1105.00
1.46 -555.12 1853.79 0.00 1105.00
1.57 1721.29 5748.20 0.00 1105.00
1.68 1647.71 5502.45 0.00 1105.00
1.79 1562.13 5216.66 0.00 1105.00
1.90 1478.83 4938.49 0.00 1105.00
2.02 1397.81 4667.94 0.00 1105.00
2.13 1319.08 4405.01 0.00 1105.00
2.24 1242.63 4149.70 0.00 1105.00
2.35 1168.46 3902.02 0.00 1105.00
2.46 1096.57 3661.95 0.00 1105.00
2.58 1026.96 3429.51 0.00 1105.00
2.69 959.64 3204.68 0.00 1105.00
2.80 894.60 2987.48 0.00 1105.00
2.91 831.84 2777.90 0.00 1105.00
3.02 771.36 2575.94 0.00 1105.00
3.14 713.17 2381.60 0.00 1105.00
3.25 657.26 2194.88 0.00 1105.00
3.36 603.63 2015.79% 0.00 1105.00
3.47 552.28 1844.31 0.00 1105.00
3.58 503.21 1680.46 0.00 1105.00
3.70 456.43 1524.22 0.00 1105.00
3.81 411.93 1375.61 0.00 1105.00
3.92 369.71 1234.62 0.00 1105.00
4.03 329.77 1101.25 0.00 1105.00
4.14 292.11 975.50 0.00 1105.00
4.26 256.74 857.38 0.00 1105.00
4.37 223.65 746.87 0.00 1105.00
4.48 192.84 643.99 0.00 1105.00
4.59 164.31 548.72 0.00 1105.00
4.70 138.07 461.08 0.00 1105.00
4.82 114.11 381.06 0.00 1105.00
4.93 92.43 308.66 0.00 1105.00
5.04 73.03 243.88 0.00 1105.00
5.15 55.91 186.72 0.00 1105.00
5.26 41.08 137.18 0.00 1105.00
5.38 28.53 95.26 0.00 1105.00
5.49 18.26 60.97 0.00 1105.00
5.60 10.27 34.30 0.00 1105.00
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

581.9 kN
0.91 MPa INADEQUATE
0.66 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

oo

Sketch of Wall

Design code: BS8110 - 1997

g;L | 16.20

9.75
20
NO
(@1
HO

»lo
OO
o_‘_ ’lo'l
Q.
o
: _ {J/=0.58
= =581.9kN
%82.(_)kPa _ v=0.91MPa
Wall type: Cantilever SFslip = 1.51 vc= 0.66MPa
Theory: Coulomb SFovt = 1.96
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Wall Bending Moments

Wall Moments Moment max = 1820kNm @ -.850m

8.00;

7.00¢

6.00

5.00

4.00

Position (m)

3.00
2.00

1.00F

Bending moment (kNm)

Base Bending Moments

Base Moments Moment max = 1720kNm @ 1.26m
pd
X
c
[
£
O
£
(o))
£ o
2 F oo
o N i
m N
-200 S <eTm U | W) e Gy e ) ey B D O
400
-600

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 7390mm?*m @ 0.00m

7500
7000
8500
—~6000f
~ 5500
£ 5000
= 4500}
@ 4000}
£ 3500}
S 3000
‘€ 2500}
& 2000¢
1500 |
1000}
500

P‘bsmoin (rh)l

Base Reinforcement

Base ReinforcementReinforcement max = 5750mm*m @ 1.26m

6000
5500
5000}

E 4500}

E 4000}

£

= 3500}

S 3000}

£

8 2500

O :

@ 1500~
1000~

500

; / .:‘
A

40

160
1.80

2.00
.00

.20

420 1

440

4
4/.80

1.20

240
2.20
4
3.00
3:40
3.60
3.80
4.00
5.40
5.60

5 |3
—~

.. Pbsitio m)
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Retaining Wall Design : Height = 8.0 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS

Description F Horizontal Lever arm F Vertical
left (+4) down (+)

Destabilizing forces:

Total Active pressure Pa 346.790 3.818 109.221

Siesmic component of Pa 98.287 5.640 31.445

As a result of surcharge w 62.105 4.700 19.869

Siesmic wall inertia 46.555 5.150

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300

Siesmic component of Pp 21.388 0.540

Weight of the wall + base 257.925

Weight of soil on the base 647.310

UDL of 16.2 kN/m2 72.333

EQUILIBRIUM CALCULATIONS AT SLS

1.Moment Equilibrium

Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

thara 1 o = Tawrrar a2vrm ~Ff sarh frrro

37

(m)

Lever arm

o

w

.565
.480
.568

.345
.772
.650
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Stabilizing moment Mr : 3314.7 kNm
Destabilizing moment Mo : 1654.0 kNm

Safety factor against overturning = Mr/Mo = 2.00
2.Force Equilibrium

Sum of Vertical forces Pv : 1106.7 kN

Frictional resistance Pfric : 638.9 kN
Passive Pressure on shear key : 32.2 kN
Passive pressure on base : 14.9 kN

=> Horizontal resistance Fr : 686.0 kN
Horizontal sliding force Fh : 455.4 kN

Safety factor against overall sliding = Fr/Fh = 1.51
SOIL PRESSURES UNDER BASE

Maximum pressure :491.6 kPa

Minimum pressure : 0 kPa at 1.5 m from right hand side of base.

Maximum pressure occurs at left hand side of base

*%% MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 91.6 kPa **¥
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rmm? /m) (rmm? /m)
0.00 2153.61 0.00 8128.18
0.19 2060.95 0.00 7879.93
0.38 1959.66 0.00 7591.66
0.56 1861.37 0.00 7307.49
0.75 1766.07 0.00 7027.44
0.94 1673.70 0.00 6751.55
1.13 1584.24 0.00 6479.86
1.32 1497.66 0.00 6212.40
1.50 1413.92 0.00 5949.21
1.69 1332.98 0.00 5690.34
1.88 1254.82 0.00 5435.84
2.07 1179.39 0.00 5185.74
2.26 1106.67 0.00 4940.10
2.44 1036.63 0.00 4698.97
2.63 - 869.22 0.00 4462.41
2.82 904.41 0.00 4230.49
3.01 842.18 0.00 4003.26
3.20 782.48 0.00 3780.79
3.38 725.28 0.00 3563.16
3.57 670.55 0.00 3350.45
3.76 618.26 0.00 3142.74
3.95 568.37 0.00 2840.11
4.14 520.85 0.00 2742.68
4.32 475.65 0.00 2550.53
4.51 432.76 0.00 2363.78
4.70 392.14 0.00 2182.55
4.89 353.75 0.00 2006.98
5.08 317.55 0.00 1837.19
5.26 283.52 0.00 1673.33
5.45 251.62 0.00 1515.58
5.64 221.82 0.00 1364.11
5.83 194.08 0.00 1219.10
6.02 168.37 0.00 1080.76
6.20 144.66 0.00 949.33
6.39 122.91 0.00 825.05
6.58 103.08 0.00 708.19
6.77 85.15 0.00 599.04
6.96 69.08 0.00 497.94

38

(mm? /m)

986.70
975.00
963.30
951.60
939.90
928.20
916.50
904.80
893.10
881.40
869.70
858.00
846.30
834.60
822.90
811.20
799.50
787.80
776.10
764.40
752.70
741.00
729.30
717.60
705.90
694.20
682.50
670.80
659.10
647.40
635.70
624.00
612.30
600.60
588.90
577.20
565.50
553.80
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7.33 42.39 0.00 321.32 530.40
7.52 31.69 0.00 246.65 518.70
7.71 22.73 0.00 181.69 507.00
7.90 15.45 0.00 126.99 495.30
8.08 9.83 0.00 83.15 483.60
8.27 5.84 0.00 50.84 471.90
8.46 3.43 0.00 30.82 460.20
8.65 2.19 0.00 20.29 448.50
8.84 1.24 0.00 11.90 436.80
9.02 0.56 0.00 5.58 425.10
9.21 0.15 0.00 1.55 413.40
9.40 0.01 0.00 0.06 401.70

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 19387

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) {rm? /m) {rm? /m) (mm? /m)
0.12 ~0.00 0.00 0.00 1170.00
0.24 -5.13 0.00 16.10 1170.00
0.36 -20.51 0.00 64.41 1170.00
0.48 -46.15 0.00 144.93 1170.00
0.60 -82.04 0.00 257.65 1170.00
0.72 -128.18 0.00 402.58 1170.00
0.84 -184.58 0.00 579.72 1170.00
0.96 -251.24 0.00 789.06 1170.00
1.08 -328.15 0.00 1030.61 1170.00
1.20 -415.31 0.00 1304.37 1170.00
1.32 -512.73 0.00 1610.33 1170.00
1.44 -620.41 0.00 1948.50 1170.00
1.56 -673.18 2114.26 0.00 1170.00
1.68 2027.22 6366.86 0.00 1170.00
1.80 1970.64 6189.16 0.00 1170.00
1.92 1868.29 5867.70 0.00 1170.00
2.04 1768.66 5554.82 0.00 1170.00
2.16 1671.77 5250.50 0.00 1170.00
2.28 1577.60 4954.76 0.00 1170.00
2.40 1486.17 4667.59 0.00 1170.00
2.52 1397.46 4388.99 0.00 1170.00
2.64 1311.49 4118.96 0.00 1170.00
2.76 1228.24 3857.51 0.00 1170.00
2.88 1147.72 3604.63 0.00 1170.00
3.00 1069.93 3360.32 0.00 1170.00
3.12 994.87 3124.58 0.00 1170.00
3.24 922.54 2897.42 0.00 1170.00
3.36 852.84 2678.83 0.00 1170.00
3.48 786.07 2468.81 0.00 1170.00
3.60 721.93 2267.36 0.00 1170.00
3.72 660.52 2074.48 0.00 1170.00
3.84 601.84 1890.18 0.00 1170.00
3.96 545.88 1714.45 0.00 1170.00
4.08 492.66 1547.29 0.00 1170.00
4.20 442.17 1388.70 0.00 1170.00
4.32 394.40 1238.69 0.00 1170.00
4.44 349.37 1097.25 0.00 1170.00
4.56 307.06 964.38 0.00 1170.00
4.68 267.48 840.08 0.00 1170.00
4.80 230.64 724.35 0.00 1170.00
4.92 196.52 617.20 0.00 1170.00
5.04 165.13 518.62 0.00 1170.00
5.16 136.47 428.61 0.00 1170.00
5.28 110.54 347.18 0.00 1170.00
5.40 87.34 274.31 0.00 1170.00
5.52 66.87 210.02 0.00 1170.00
5.64 49.13 154.30 0.00 1170.00
5.76 34.12 107.15 0.00 1170.00
5.88 21.84 68.58 0.00 1170.00
6.00 12.28 38.58 0.00 1170.00
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

Sketch of Wall

650.7 kN

0.94 MPa INADEQUATE

0.67 MPa (based on Wall tensile reinf.)

Design code: BS8110 - 1997

10.30

0.90

16.20

0.70

%;91.6kPa :
Wall type: Cantilever SFslip = 1.51
Theory: Coulomb

SFovt = 2.00

40

{1/30.58
=650.7kN

v= 0.94MPa
ve= 0.67MPa
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Wall Bending Moments

Wall Moments Moment max = 2150kNm @ -.900m

__6.00

m

A —

Position

Bending moment (kKNm)

Base Bending Moments

Base Moments Moment max = 2030kNm @ 1.38m

2200
2000
1800

__1600

£ 1400

= 1200

“g 1000

£ 800
£ 600 |—

400 —
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Position (m)
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Reinforcement (mm?/m)

6500
6000
5500

E 5000
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 8130mm?#m @ 0.00m

Base Reinforcement

Base ReinforcementReinforcement max = 6370mm?*m @ 1.38m

Position (m)

& 3500
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Retaining Wall Design : Height = 8.5 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.45
Seismic Passive Pressure coefficient Kps :2.04
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 389.129 4.044 123.711 1.795

Siesmic component of Pa 110.122 5.970 35.550 1.700

As a result of surcharge w 65.859 4.975 21.261 1.797

Siesmic wall inertia 52.214 5.425

Stabilizing forces:

Passive pressure on base Pp -14.891 0.300
Siesmic component of Pp 21.388 0.540
Weight of the wall + base 289.275 2.596
Weight of soil on the base 727.527 4.135
UDL of 16.2 kN/m2 76.950 4.000

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

Thara 1 o — T otrar sw»rm ~f oosr~lh FfAavro
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Stabilizing moment Mr
Destabilizing moment Mo

safety factor against overturning = Mr/Mo

2.Force Equilibrium

Sum of Vertical forces Pv :

Frictional resistance Pfric

Passive Pressure on shear key :

Passive pressure on base
=> Horizontal resistance Fr
Horizontal sliding force Fh

safety factor against overall sliding

SOIL PRESSURES UNDER BASE

Maximum pressure :476.5 kPa
Minimum pressure : 0 kPa at

4071.2 kNm
1924.5 kNm

715.2
32.2
14.9

762.2

507.2

1.3 m from right hand side of base.

1238.7 kN

kN
kN
kN
kN
kN

2.12

Fr/Fh = 1.50

Maximum pressure occurs at left hand side of base

*%%x MAXTMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 76.5 kPa **%
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)
(mm? /m)

base top (m) (kNm)
0.00 2534.63
0.20 2426.45
0.40 2307.63
0.59 2192.33
0.79 2080.52
0.99 1972.14
1.19 1867.16
1.39 1765.55
1.58 1667.25
1.78 1572.24
1.98 1480.47
2.18 1391.91
2.38 1306.51
2.57 1224.23
2.77 1145.03
2.97 1068.88
3.17 985.74
3.37 925.56
3.56 858.31
3.76 793.94
3.96 732.42
4.16 673.71
4.36 617.77
4.55 564.56
4.75 514.03
4.95 466.16
5.15 420.89
5.35 378.20
5.54 338.03
5.74 300.36
5.94 265.14
6.14 232.33
6.34 201.90
6.53 173.80
6.73 147.99
6.93 124.43
7.13 103.09
7.33 83.93

(romm? /m)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8915.74
8650.53
8339.64
8033.00
7730.66
7432.64
7138.99
6849.74
6564.94
6284.62
6008.84
5737.65
5471.09
5209.23
4952.12
4699.83
4452.43
4209.98
3972.57
3740.29
3513.21
3291.44
3075.08
2864.24
2659.04
2459.61
2266.10
2078.65
1897.44
1722.63
1554.42
1393.04
1238.70
1091.68

952.24

820.69

697.38

582.69

- 44

(rm? /m)

1053.00
1040.00
1027.00
1014.00
1001.00
988.00
975.00
962.00
949.00
936.00
923.00
910.00
897.00
884.00
871.00
858.00
845.00
832.00
819.00
806.00
793.00
780.00
767.00
754.00
741.00
728.00
715.00
702.00
689.00
676.00
663.00
650.00
637.00
624.00
611.00
598.00
585.00
572.00
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7.72 51.97 0.00 380.83 546.00
7.92 39.09 0.00 294.66 533.00
8.12 28.23 0.00 219.06 520.00
8.32 19.35 0.00 154.70 507.00
8.51 12.41 0.00 102.28 494.00
8.71 7.36 0.00 62.65 481.00
8.91 4.17 0.00 36.71 468.00
9.11 2.59 0.00 23.54 455.00
9.31 1.47 0.00 13.84 442.00
3.50 0.67 0.00 6.51 429.00
9.70 0.18 0.00 1.82 416.00
9.90 0.01 0.00 0.07 403.00

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1897

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) (rm? /m) (rmm? /m) (mm? /m)
0.13 -0.00 0.00 0.00 1235.00
0.26 -5.62 0.00 16.65 1235.00
0.39 ~-22.47 0.00 66.61 1235.00
0.52 -50.56 0.00 149.86 1235.00
0.65 -89.88 0.00 266.42 1235.00
0.78 -140.43 0.00 416.28 1235.00
0.91 -202.23 0.00 .599.45 1235.00
1.04 -275.25 0.00 815.91 1235.00
1.17 -359.51 0.00 1065.68 1235.00
1.30 -455.01 0.00 1348.75 1235.00
1.43 -561.74 0.00 1665.13 1235.00
1.56 -679.70 0.00 2014.81 1235.00
1.69 ~808.90 0.00 2397.79 1235.00
1.82 -850.92 2522.33 0.00 1235.00
1.95 2327.64 6899.69 0.00 1235.00
2.08 2242.92 6648.56 0.00 1235.00
2.21 2123.32 6294.04 0.00 1235.00
2.34 2007.00 5949.23 0.00 1235.00
2.47 1893.85 5614.13 0.00 1235.00
2.60 1784.18 5288.74 0.00 1235.00
2.73 1677.69 4973.07 0.00 1235.00
2.86 1574.47 4667.11 0.00 1235.00
2.99 1474.53 4370.86 0.00 1235.00
3.12 1377.87 4084.33 0.00 1235.00
3.25 1284.48 3807.50 0.00 1235.00
3.38 1194.37 3540.40 0.00 1235.00
3.51 1107.54 3283.00 0.00 1235.00
3.64 1023.98 3035.32 0.00 1235.00
3.77 943.70 2797.35 0.00 1235.00
3.90 866.70 2569.08 0.00 1235.00
4.03 792.97 2350.55 0.00 1235.00
4.16 722.52 2141.72 0.00 1235.00
4.29 655.35 1942.60 0.00 1235.00
4.42 591.45 1753.20 0.00 1235.00
4.55 530.83 1573.51 0.00 1235.00
4.68 473.49 1403.53 0.00 1235.00
4.81 419.42 1243.27 0.00 1235.00
4.94 368.63 1092.72 0.00 1235.00
5.07 321.12 951.88 0.00 1235.00
5.20 276.88 820.75 0.00 1235.00
5.33 235.92 699.34 0.00 1235.00
5.46 198.24 587.64 0.00 1235.00
5.59 163.84 485.65 0.00 1235.00
5.72 132.71 393.38 0.00 1235.00
5.85 104.86 310.82 0.00 1235.00
5.98 80.28 237.97 0.00 1235.00
6.11 58.98 174.83 0.00 1235.00
6.24 40.96 121.41 0.00 1235.00
6.37 26.21 77.70 0.00 1235.00
6.50 14.75 43.71 0.00 1235.00
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1987

724.2 kN
0.98 MPa INADEQUATE
0.67 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

monou

Sketch of Wall

Design code: BS8110 - 1997

0.30

16.20

382962
8:089

10.85

0.70,

630.58

: =724 .2kN
%76.5_kPa _ v= 0.98MPa
Wall type: Cantilever SFslip = 1.50 vc= 0.67MPa
Theory: Coulomb SFovt= 2.12
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Wall Bending Moments

9.00
8.00
7.00
~ 6.00
< 5.00
4.00
3.00
2.00
1.00

(m

Positio

Base Bending Moments

Wall Moments Moment max = 2530kNm @ -.950m

Bending moment (kNm)

Base

Moment

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 8920mm?*m @ 0.00m

9000
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S
£ 6000
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‘€ 3000

e

® 2000

1000 ot

7000}

6500
6000

= 5500

"e 5000

£ 4500
£ 4000

£ 3500
8 3000

O
£ 2500 |——f—————H—+

& oooobi il
4

E N

1000

—Nominal:

3

0|

o

I

&
N

1

200 |

250 ||

3.00 |

[ TaY
S AR

4.00 | | .

=y
sil|

650 |

Position (m)
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Retaining Wall Design : Height = 9.0 m

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.32

Passive Pressure coefficient Kp :8.32

Seismic Active Pressure coefficient Kas :0.48
Seismic Passive Pressure coefficient Kps :1.60
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:
Total Active pressure Pa 425.954 4.374 237.919 2.047
Siesmic component of Pa 138.421 6.300 79.280 1.940
As a result of surcharge w 67.651 5.250 38.747 2.055
Siesmic wall inertia 63.040 5.700
Stabilizing forces:
Passive pressure on base Pp -11.691 0.300
Siesmic component of Pp 48.938 0.540
Weight of the wall + base 331.788 2.875
Weight of soil on the base 824.278 4.561
UDL of 16.2 kN/m2 83.106 4.400
EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.
For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:

Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

whavre 1 o — Jeotreav svem ~F os~h Farra
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Stabilizing moment Mr : 5082.1 kNm
Destabilizing moment Mo : 2011.0 kNm
Safety factor against overturning = Mr/Mo = 2.53
2.Force Equilibrium
Sum of Vertical forces Pv : 1515.8 kN

Frictional resistance Pfric : 875.2 kN

Passive Pressure on shear key : 25.3 kN

Passive pressure on base : 11.7 kN

=> Horizontal resistance Fr : 912.1 kN
Horizontal sliding force Fh : 556.6 kN

Safety factor against overall sliding = Fr/Fh = 1.64

SOIL PRESSURES UNDER BASE

Maximum pressure :498.8 kPa

Minimum pressure : 0 kPa at 1.0 m from right hand side of base.

Maximum pressure occurs at left hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rmm? /) (rm? /m) (mm? /m)
0.00 3017.63 0.00 9343.93 1185.60
0.21 2894.21 0.00 9089.80 1170.00
0.42 2755.58 0.00 8779.82 1154.40
0.62 2620.88 0.00 8473.46 1138.80
0.83 2490.09 0.00 8170.76 1123.20
1.04 2363.16 0.00 7871.75 1107.60
1.25 2240.05 0.00 7576.47 1092.00
1.46 2120.73 0.00 7284.97 1076.40
1.66 2005.15 0.00 6997.28 1060.80
1.87 1893.28 0.00 6713.45 1045.20
2.08 1785.08 0.00 6433.53 1029.60
2.29 1680.50 0.00 6157.58 1014.00
2.50 1579.51 0.00 5885.64 998.40
2.70 1482.08 0.00 5617.79 982.80
2.91 1388.15 0.00 5354.08 967.20
3.12 1297.70 0.00 5094.59 951.60
3.33 1210.68 0.00 4839.39 936.00
3.54 1127.06 0.00 4588.55 920.40
3.74 1046.79 0.00 4342.17 304.80
3.95 969.84 0.00 4100.33 889.20
4.16 896.17 0.00 3863.14 873.60
4.37 825.73 0.00 3630.70 858.00
4.58 758.49 0.00 3403.13 842.40
4.78 694.42 0.00 3180.55 826.80
4.99 633.47 0.00 2963.11 811.20
5.20 575.59 0.00 2750.94 795.60
5.41 520.77 0.00 2544.21 780.00
5.62 468.94 0.00 2343.10 764.40
5.82 420.09 0.00 2147.80 748.80
6.03 374.16 0.00 1958.52 733.20
6.24 331.12 0.00 1775.49 717.60
6.45 290.92 0.00 1598.97 702.00
6.66 253.54 0.00 1429.23 686.40
6.86 218.93 0.00 1266.59 670.80
7.07 187.05 0.00 1111.40 655.20
7.28 157.86 0.00 964.02 639.60
7.49 131.32 0.00 824.90 624.00
7.70 107.41 0.00 694.50 608.40
7.90 86.06 0.00 573.36 592.80
8.11 67.26 0.00 462.07 577.20
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8.53 37.10 0.00 271.88 546.00
8.74 25.67 0.00 194.62 530.40
8.94 16.62 0.00 130.53 514.80
9.15 9.92 0.00 80.77 499.20
9.36 5.52 0.00 46.65 483.60
9.57 3.28 0.00 28.85 468.00
9.78 1.86 0.00 17.06 452.40
9.98 0.84 0.00 8.08 436.80
10.19 0.23 0.00 2.27 421.20
10.40 0.01 0.00 0.09 405.60

BASE MOMENTS

Position from Moment

left (m)

0.14
0.28
0.43
0.57
0.71
0.85
0.99
1.14
1.28
1.42
1.56
1.70
1.85
1.99
2.13
2.27
2.41
2.56
2.70
2.84
2.98
3.12
3.27
3.41
3.55
3.69
3.83
3.98
4.12
4.26
4.40
4.54
4.69
4.83
4.97
5.11
5.25
5.40
5.54
5.68
5.82
5.96
6.11
6.25
6.39
6.53
6.67
6.82
6.96
7.10

(kNm)

-0.00
-6.79
-27.16
-61.12
-108.66
-169.78
-244.48
-332.76
-434.63
~-550.07
-679.10
-821.72
-977.91
~1147.69
-1152.66
2618.36
2482.52
2346.52
2214.35
2086.01
1961.50
1840.82
1723.97
1610.96
1501.77
1396.42
1294.89
1197.20
1103.34
1013.31
927.11
844.75
766.21
691.50
620.63
553.59
490.37
430.99
375.44
323.72
275.84
231.78
191.55
155.16
122.59
93.86
68.96
47.89
30.65
17.24

Top Reinforcing
(12 /m)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7348.61
6967.36
6585.66
6214.72
5854.52
5505.08
5166.39
4838.45
4521.26
4214.82
3919.14
3634.21
3360.03
3096.61
2843.93
2602.01
2370.84
2150.42
1940.75
1741.84
1553.68
1376.27
1209.61
1053.71
908.55
774.15
650.50
537.61
435.46
344.07
263.43
193.54
134.40
86.02
48.38

(ULS) AND REINFORCEMENT TO BS8110 - 1987

Bot Reinforcing Nominal (0.13%)

(rom? /m)

0.00
19.06
76.24

171.54
304.95
476.49
686.14
933.92
1219.81
1543.82
1905.95
2306.20
2744.57
3221.06
3235.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

ol

(mm? /m)

1300.
1300.
1300.
1300.
1300.
1300.
1300.
1300.
1300.

00
00
00
00
00
00
00
00
00

1300.00

1300.
1300.

00
00

1300.00

1300.
1300.

00
00

1300.00
1300.00

1300.

00

1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
1300.00
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805.3 kN
0.96 MPa INADEQUATE
0.66 MPa (based on Wall tensile reinf.)

Shear force at bottom of wall Vv
Shear stress at bottom of wall v
Allowable shear stress vc

W n

Sketch of Wall

Design code: BS8110 - 1997

o, 0.30
gL | 16.20
(@)
Al
O,
(O NKe
O
O__V IO"I
I~
o

U=O.58

; =805.3kN
%98.8kPa _ v= 0.96MPa
Wall type: Cantilever SFslip = 1.64 vc= 0.66MPa
Theory: Coulomb SFovt = 2.53
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Wall Bending Moments

Om

Wall Moments
10. ok e
9.00}
8.00}
7.00}
E 6.00}
< 500/
4.00}
3.00}
2.00}
1.00}

Mom 3020kNm @ -1.0

Position

-1.00 :
Bending moment (kNm)

Base Bending Moments

Base Moments Moment max = 2620kNm @ 1.86m

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 9340mm?*m @ 0.00m

9000 P

Position (m)

Base Reinforcement

Base ReinforcementReinforcement max = 7350mm*m @ 1.86m

54
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Retaining Wall Design : Height = 10.0 m

C14

Input Data

Seepage allowed

Theory : Coulomb
Wall type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.33

Passive Pressure coefficient Kp :4.98

Seismic Active Pressure coefficient Kas :0.47
Seismic Passive Pressure coefficient Kps :2.05
Base frictional constant p :0.58

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 535.262 4.718 177.250 2.311

Siesmic component of Pa 158.325 6.900 53.209 2.180

As a result of surcharge w 78.423 5.750 26.356 2.316

Siesmic wall inertia 79.330 6.200

Stabilizing forces:

Passive pressure on base Pp -14.965 0.300
Siesmic component of Pp 21.314 0.540
Weight of the wall + base 417.525 3.285
Weight of soil on the base 1007.794 5.136
UDL of 16.2 kN/m2 93.879 4.950

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces x l.a.) ~ Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces x l.a.) + Sum(vert. forces x l.a.)

whaovre 1 = — lawvrawr s2vm ~F os~h FfArr o

30
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Stabilizing moment Mr : 7016.9 kNm
Destabilizing moment Mo : 2997.6 kNm

Safety factor against overturning = Mr/Mo = 2.34
2.Force Equilibrium
Sum of Vertical forces Pv : 1722.8 kN
Frictional resistance Pfric : S994.7 kN
Passive Pressure on shear key : 32.3 kN
Passive pressure on base : 15.0 kN
=> Horizontal resistance Fr : 1042.0 kN
Horizontal sliding force Fh : 693.0 kN
safety factor against overall sliding = Fr/Fh = 1.50
SOIL PRESSURES UNDER BASE

Maximum pressure :492.3 kPa

Maximum pressure occurs at left hand side of base

base top (m) (kNm) (rama? /m) (ram?2 /m)
0.00 3857.25 0.00 10943.32
0.22 3794.87 0.00 10650.58
0.45 3612.08 0.00 10290.82
0.67 3434.58 0.00 9935.32
0.90 3262.31 0.00 9584.12
1.12 3095.22 0.00 9237.25
1.34 2933.25 0.00 8894.75
1.57 2776.35 0.00 8556.66
1.79 2624.46 0.00 8223.02
2.02 2477.52 0.00 7893.87
2.24 2335.47 0.00 7569.27
2.46 2198.27 0.00 7249.27
2.69 2065.84 0.00 6933.91
2.91 1938.15 0.00 6623.27
3.14 1815.12 0.00 6317.40
3.36 1696.70 0.00 6016.38
3.58 1582.84 0.00 5720.27
3.81 1473.47 0.00 5429.16
4.03 1368.55 0.00 5143.14
4.26 1268.02 0.00 4862.29
4.48 1171.81 0.00 4586.72
4.70 1079.88 0.00 4316.53
4.93 892.16 0.00 4051.85
5.15 308.60 0.00 3792.81
5.38 829.15 0.00 3539.54
5.60 753.74 0.00 3282.20
5.82 682.32 0.00 3050.96
6.05 614.83 0.00 2816.01
6.27 551.21 0.00 2587.54
6.50 491.42 0.00 2365.79%
6.72 435.39 0.00 2151.00
6.94 383.06 0.00 1943.45
7.17 334.39 0.00 1743.43
7.39 289.31 0.00 1551.30
7.62 247.76 0.00 1367.43
7.84 209.69 0.00 1192.25
8.06 175.05 0.00 1026.23
8.29 143.77 0.00 869.92

Minimum pressure : 0 kPa at 1.0 m from right hand side of base.

*%%* MAXIMUM PRESSURE EXCEEDS SPECIFIED ALLOWABLE PRESSURE BY 92.3 kPa **%*
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

(rm? /m)

1318.20
1300.00
1281.80
1263.60
1245.40
1227.20
1209.00
1190.80
1172.60
1154.40
1136.20
1118.00
1099.80
1081.60
1063.40
1045.20
1027.00
1008.80
9380.60
972.40
954.20
836.00
817.80
899.60
881.40
863.20
845.00
826.80
808.60
790.40
772.20
754.00
735.80
717.60
699.40
681.20
663.00
644.80
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8.74 91.08 0.00 588.94 608.40
8.96 69.56 0.00 465.77 5390.20
9.18 51.18 0.00 355.32 572.00
9.41 35.88 0.00 258.64 553.80
9.63 23.61 0.00 176.95 535.60
9.86 14.31 0.00 111.68 517.40
10.08 7.92 0.00 64.48 499.20
10.30 4.39 0.00 37.32 481.00
10.53 2.49 0.00 22.18 462.80
10.75 1.13 0.00 10.54 444.60
10.98 0.30 0.00 2.97 426.40
11.20 0.01 0.00 0.12 408.20
BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997
Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)
left (m) (kNm) (mm? /1) (xom? /m) (rom? /m)
0.16 ~0.00 0.00 0.00 1560.00
0.32 -8.38 0.00 19.39 1560.00
0.48 -33.51 0.00 77.55 1560.00
0.64 -75.40 0.00 174.49 1560.00
0.80 -134.05 0.00 310.21 1560.00
0.96 ~209.45 0.00 484.70 1560.00
1.12 -301.61 0.00 697.97 1560.00
1.28 -410.52 0.00 950.02 1560.00
1.44 -536.19 0.00 1240.84 1560.00
1.60 ~-678.61 0.00 1570.44 1560.00
1.76 -837.79 0.00 1938.81 1560.00
1.92 -1013.73 0.00 2345.96 1560.00
2.08 -1206.42 0.00 2791.89 1560.00
2.24 ~1415.87 0.00 3276.59 1560.00
2.40 ~1443.23 3339.91 0.00 1560.00
2.56 3629.54 8399.44 0.00 1560.00
2.72 3459.33 8005.55 0.00 1560.00
2.88 3269.82 7566.97 0.00 1560.00
3.04 3085.64 7140.75 0.00 1560.00
3.20 2906.80 6726.89 0.00 1560.00
3.36 2733.30 6325.37 0.00 1560.00
3.52 2565.14 5936.21 0.00 1560.00
3.68 2402.32 5559.41 0.00 1560.00
3.84 2244.83 5194.96 0.00 1560.00
4.00 2092.68 4842.86 0.00 1560.00
4.16 1945.88 4503.12 0.00 1560.00
4.32 1804.41 4175.73 0.00 1560.00
4.48 1668.27 3860.70 0.00 1560.00
4.64 1537.48 3558.02 0.00 1560.00
4.80 1412.03 3267.70 0.00 1560.00
4.96 1291.91 2989.73 0.00 1560.00
5.12 1177.13 2724.11 0.00 1560.00
5.28 1067.70 2470.85 0.00 1560.00
5.44 963.60 2229.94 0.00 1560.00
5.60 864.83 2001.39 0.00 1560.00
5.76 771.41 1785.19 0.00 1560.00
5.92 683.33 1581.34 0.00 1560.00
6.08 600.58 1389.85 0.00 1560.00
6.24 523.17 1210.72 0.00 1560.00
6.40 451.10 1043.93 0.00 1560.00
6.56 384.37 889.51 0.00 1560.00
6.72 322.98 747.43 0.00 1560.00
6.88 266.92 617.71 0.00 1560.00
7.04 216.21 500.35 0.00 1560.00
7.20 170.83 395.34 0.00 1560.00
7.36 130.79 302.68 0.00 1560.00
7.52 96.09 222.38 0.00 1560.00
7.68 66.73 154.43 0.00 1560.00
7.84 42.71 98.83 0.00 1560.00
8.00 24.02 55.59 0.00 1560.00

o7
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SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

Shear force at bottom of wall V
Shear stress at bottom of wall v
Allowable shear stress vc

993.6 kN
1.06 MPa INADEQUATE
0.67 MPa (based on Wall tensile reinf.)

Sketch of Wall

Design code: BS8110 - 1997

0.30
§>L » 16.20

2 88
N 88

SHo

e iem

O O
~
O

=0.58

=993.6kN
%92_3kpa _ v=1.06MPa
Wall type: Cantilever SFslip = 1.50 vc= 0.67MPa
Theory: Coulomb SFovt= 2.34
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Wall Bending Moments

Wall Moments Moment max = 3960kNm @ -1.20m

11.0
10.0
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

Position (m)

Base Bending Moments

Base Moments Moment max = 3630kNm @ 2.11m

'E 2500
<
< 2000

C
(0]

om

S

o)

Bendin

1500 -ttt

Positidn (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 11E3mm#%m @ 0.00m
11E3}
10E3
~9000
< 8000
E 7000}
€ 6000
g 5000,
ug 4000t
& 3000|

2000

1000+

Base Reinforcement

i SN B

ina N
1000 o1 o ol O O O O o\o POl oo
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“Position (m)

60







Gabion Walls calculation - GAWAC R 2.0
Dr. Sawan Himmo

File: 4M Project : JICA PROJECT 4METER WALL
L Y L E Y T T T LT IR PR r gty

DATA INPUT PAGE 2
R T T Y T T T L TR RN L P R T SR gty

DATA ABOUT THE UPHILL WATER SURFACE

Initial height [M].....tiirireeeeneneeeneeeaat
Inclination of the first stretch [deg]l........:
Length of the stretch [m]..... chesrcareneaanaet
Inclination of the second stretch [deg].......:
Length of the stretch [m]...civie ittt

GEOMETRICAL DATA ABOUT FOUNDATION SOIL
Elev. of placing from the base m]....v.cvee..: 0.50
Soil inclination ref.to base [dedg]...¢.ecece...: 0.00

DATATI ABOUT FOUNDATION SOIL

Unit weight of soil [t/m3].......... e e : 1.80
Friction angle [deg]....ccieereeens ceessaseesal 30.00
Cohesion [t/mM2].... ittt erecencnnnnnanns : 0.00
Allowable stress on foundation [t/m2].........: 50.00
Water level [m]...... s et eeseesesseaseasesansaneal

DATA ABOUT ADDITIONAL FOUNDATION SOILS
Layer Depth Unit weight Cohesion Frict.angle
[m] [t/m3] [t/m2] [Aeg]

W — (S — . Yo" - Y —— " —_——— — - - - 1" - "~ ——— o — T~ Yo W ——— " - - A - — o f—— o~ —— T~ ]~ — o -~ - - S ——_— -

DATA ABOUT DISTRIBUTED LOADS

Distributed loads on backfill

First stretch [t/m2].....: 1.00 Second stretch [t/m2]....:
Distr. loads on the wall

Surcharge load [t/m2]....:

Point loads on the backflll

l.Ioad [t/M].civeceennnest Dist. from wall top [m]..:
2.Load [t/m].............: Dist. from wall top [m]..:
3.Load [t/m].ceveveencnant Dist. from wall top [m]..:
Point loads on the wall

Surcharge load [t/m2]....: Dist. from wall top [m]..:

DATA ABOUT SEISMIC ACTIONS
Horizontal coefficient...: 0.15 Vertical coefficient.....: 0.05



Gabion Walls calculation - GAWAC R 2.0
Dr. Sawan Himmo

File: 4M Project : JICA PROJECT 4METER WALL
khkhkk A A rdhhkhkkh bk khdrhhdhhhhhhdhhhhhhhdhhhhhhrdhkhhhkddhkhhhhhdhkd fx%

RESULTS PAGE 4
hkhhkhkkrkhh bk kb khhhkkhrhhkhkkhhhhhhhhdhhkhhhhhhhhhdhhhhhkhhhhhhhhhdkdd ko

OVERALL STABILITY

Initial distance at pivot leftside [m]........:
Initial distance at pivot rightside [m].......:
Initial depth referred to base [m] ...........2
Max. depth allowed in the calculation [m].....:
Center of the arc referred to X axis [m]......:
Center of the arc referred to Y axis [m]......:
Radius of the arC [M]..eeceeeeeeeoeeeseensanas :
Number of search surfaces ........... ceessesest
Safety coefficient.......ciitiiiineeieeaaas

INTERNAL STABILITY

Layer H N T M tmax tad smax
[m] [t/m] [t/m] [tm/m] [t/m2] [t/m2] [t/m2]

——— -~ - _— W G———— T S - A - — — - T — — — o - T T——— V— " — —— o " "~ - G ——  —————— i —— . - —— — -

—_—— o ——_—__—————_ o—— - o > " (- S — o - o - - |~ - —_—— S ———— -~ ——— —— ——— ——— — — S - T—— —— ——— - — — — W o~ - ——— — —

khkkkkhkdhkhdhkdhhhkhdddddhkddddddddhddddhdhbddddkdddddddxdhhdhhhdddddbddrXhix

NOTICE
MACCAFERRI GABIONS SINGAPORE
is not responsible for the reliability of the
geotechnical parameters assumed, nor the improper
use of the software. The GAWAC program should be

used only in conjunction with Maccaferri products
AhhhhdhkdhhkddrddrdxdddTrdhh kT dhk ek hdbddhddhddhhkrdhkdkdddxddrdhkrxhddddhdidrihhrx
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Gabion Walls calculation - GAWAC R 2.0
Dr. Sawan Himmo

File: 5M Project : 5M JICA PROJECT

kkkkhhkkhhkkkhkhhhrirkhhddhdhdddhhddhdhrhdhkdkdxkdrhkddhdddhddddddhdddhdhddid vxdx

DATA INPUT PAGE 1
L L R L e R IR R R e T s e L T T R

WALL DATA
Wall batter [deg]....¢ecee....: B.00 Layer Length Height Init.
Unit weight of rockfill [t/m3]: 2.00 [m] [m] [m]
Porosity of gabions...........: 0.30 =——==m———e——mmmm e —— e
Geotextile in backfill........: No 1 4.00 1.00
Friction reduction [%]........: 2 3.00 1.00 0.00
Geotextile under the base.....: No 3 2.00 1.00 0.00
Friction reduction [%]........: 4 1.50 1.00 0. 00
5 1.00 1.00 0.00
GEOMETRICAL PARAMETERS OF BACKFILL
Inclination of the first stretch [deg]........: 26.50
Length of the stretch [m].......ccccccceeeaa.o 15.00
Inclination of the second stretch [deg].......: 0.00
BACKFILL SOIL DATA
Unit weight of soil [t/m3]....... v 1.80
Friction angle [deg]....ccoeeeeecrennesaanaenaas 33.00
Cohesion [t/mM2]....iieeeierreeeencecennananaaaat 0.00
BACKFILL SOIL ADDITIONAL DATA
Layer Initial Inclin. Unit Cohesion Frict.
Height angle weight angle
[m] [deg] [t/m3] [t/m2] [deg]

on oo o i S i b o S o T 4T S T o o —— " - ———— " - o ————— — —— ——— ——t— — ] ———— o~ —— - ———" ———", T Vot Qo o

—— -t — - - — - —— ————— S - " ] — — S —— ———_—{_— -~ —— - {— - ——" " - —— —— —— —_—— A ————— — {_— - -



Gabion Walls calculation - GAWAC R 2.0
Dr. Sawan Himmo

File: 5M Project : 5M JICA PROJECT
****************************************************************** *khkk

RESULTS PAGE 3
B R T T R R L T L E T e S s R i

EXTERNAL STABILITY

Active thrust [t/m]...cieieeneennneneceeeennnns 61.08
Point of application ref. to X axis [m].......: 2.62
Point of application ref. to Y axis [m].......: 2.45
Direction of thrust ref. to X axis [degl...... : 58.96
Passive thrust [t/m]...cceiieeeerceecnesvaent 0.68
Point of application ref. to X axis [m].......: 0.01
Point of application ref. to Y axis [m].......: 0.17
Direction of thrust ref. to X axis [deg]l......: 0.00
SLIDING

Normal force on the base [t/m].....ccvccceceae? 71.60
Point of application ref. to X axis [m].......: 1.14
Point of application ref. to Y axis [m]....... : -0.10
Shear force on the base [t/m]....cccctcceceenn : 27.17
Resisting force on the base [t/m].............¢ 42.08
Safety coefficient.......cccieiiiiieneaeneast 1.511
OVERTURNING

Overturning moment [tm/m}........cccieeeeecnnn : 81.88
Restoring moment [tm/mM]........ccceeeeeeeeeenes 163.37
Safety coefficient.....vieeinienieneenennns : 1.995

STRESSES ACTING ON FOUNDATION

Stress on outer foundation border [t/m2]......: 42.08
Stress on inner foundation border [t/m2]......: 0.00
Max. allowable stress on the foundation [t/m2]: 50.00
Notice: the base is partialized!
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Gabion Walls calculation — GAWAC R 2.0
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File: 7M Project : DEAD SEA PARKWAY - JICA PROJECT 7METER W
kkdkhkhkkhkkkrhhh kb khhkhhhkkdrrkkhrhhhhhhhhrhhrkdhdhkdhhdhhkhkdrhdhhhdshrx

DATA INPUT PAGE 2
Skkkhkhhkkkhhkkhhkhhkhhkhhhkkdkrhhkdhkhhhdhhhhrkdkdrkhrhkdkhdhdrdhhhhdzhnx

DATA ABOUT THE UPHILL WATER SURFACE

Initial height [M].cceeeerenreneereeeeesnnns : 4.00
Inclination of the first stretch [deg]........: 10.00
Length of the stretch [m].........ccc0vveeneees 5.00
Inclination of the second stretch [deg]....... : 0.00
Length of the stretch [m].........cceeeevene..t 10.00

GEOMETRICAL DATA ABOUT FOUNDATION SOIL
Elev. of placing from the base [m]............ : 0.50
Soil inclination ref.to base [degl............: 1.00

DATAI ABOUT FOUNDATION SOIL

Unit weight of soil [t/m3]......ccccecceeeeeees 2.00
Friction angle [degl....ceeeeeecrecccnccnnonnn : 33.00
Cohesion [£/M2].ccceeernrrennsncncocceaseesessss 0.00
Allowable stress on foundation [t/mZ].........: 50.00
Water level [M]...eeeeeeecscsnscscocnsaccecs cee.e: 0.50

DATA ABOUT ADDITIONAL FOUNDATION SOILS
Layer Depth Unit weight Cohesion Frict.angle
(m] [t/m3] [t/m2] [deg]
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DATA ABOUT DISTRIBUTED LOADS

Distributed loads on backfill

First stretch [t/m2]..... : Second stretch [t/m2]....: 1.00
Distr. loads on the wall

Surcharge load [t/m2]....: 0.50

Point loads on the backflll

1.Load [t/mM].eeeeeennnnanss Dist. from wall top [m]..:
2.Load [t/m]....ccveennae Dist. from wall top [m]..:
3.Load [t/M]..eeeenennennst Dist. from wall top [m]..:

Point loads on the wall

Surcharge load [t/m2]....: Dist. from wall top [m]..:

DATA ABOUT SEISMIC ACTIONS
Horizontal coefficient...: 0.15 Vertical coefficient.....: 0.05
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File: 7M Project : DEAD SEA PARKWAY - JICA PROJECT 7METER W
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RESULTS ‘ PAGE 3
R R Y R

EXTERNAL STABILITY

Active thrust [t/m]...er it neneenn ceseeeat 134.78
Point of application ref. to X axis [m].......: 3.30
Point of application ref. to Y axis [m].......: 3.54
Direction of thrust ref. to X axis [deg]..... .2 62.88
Passive thrust [t/m]............. et 0.51
Point of application ref. to X axis [m]....... : 0.01
Point of application ref. to Y axis [m]....... : 0.17
Direction of thrust ref. to X axis [deg]...... : ‘-1.00
SLIDING

Normal force on the base [t/m]..... ceesesseesss 152.81
Point of application ref. to X axis [m].......: 1.48
Point of application ref. to Y axis [m].......: -0.07
Shear force on the base [t/m].....ccvivee.n... : 57.86
Resisting force on the base [t/m]...eeeeeuun.. : 99.78
Safety coefficient.......ciiiiiiiiiiienennnnnns 1.710
OVERTURNING

Overturning moment [tm/m]....c.eereiveeeenenaas 229.85
Restoring moment [tm/m]............ et ereeeeee : 455.78
Safety coefficient....... .ottt eeennnnnns 1.983
STRESSES ACTING ON FOUNDATION

Stress on outer foundation border [t/m2]...... : 68.95
Stress on inner foundation border [t/m2]......: 0.00

Max. allowable stress on the foundation [t/m2]
Notice: the base is partialized!

50.00
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File: 6M Project : 6M

R P R E R T E TR IR TSR R R R

DATA INPUT PAGE 1
L R T e e e L T

WALL DATA

Wall batter [deg]..¢¢eeveee...: B5.00 Layer Length Height Init.

Unit weight of rockfill [t/m3]: 2.00 [m] [m] [m]

Porosity of gabions...........: 0.30 =—=——————————m—mmmm

Geotextile in backfill........ : No 1 5.00 1.00

Friction reduction [%]........: 2 3.50 1.00 0.00

Geotextile under the base..... : No 3 2.00 1.00 0.00

Friction reduction [%]........ : 4 2.00 1.00 0.00
5 1.50 1.00 0.00
6 1.50 1.00 0.00

GECMETRICAL PARAMETERS OF BACKFILL

Inclination of the first stretch [deg]........ : 26.50

Length of the stretch m]........ccceea.. : 10.00

Inclination of the second stretch [deg]l....... : 0.00

BACKFILL SOIL DATA

Unit weight of soil [t/m3].....ccevtvieeneeeet 1.80



Gabion Walls calculation - GAWAC R 2.0
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File: 6M Project : 6M
****************************************************************** %* % % %

DATA INPUT PAGE 2
kkkkhkhkhkhhhhhkkrkhhhrdhkdhrhhkxhrdhhrdhhkdhdhkrdrhrhhhhhhhhkrrdhhrdhd khhx

DATA ABOUT THE UPHILL WATER SURFACE

Initial height [m]....ciiiecceceecccencccccns :
Inclination of the first stretch [degl.eeesen.es
Length of the stretch [m].....cccvvceececece.. :
Inclination of the second stretch [deg].......:
Length of the stretch [m].........ccnccevencees

GEOMETRICAL DATA ABOUT FOUNDATION SOIL
Elev. of placing from the base [m]....... sesest 0.30
Soil inclination ref.to base [deg]......ccc... : 0.00

DATAI ABOUT FOUNDATION SOIL

Unit weight of soil [t/m3]....cc0ceeveeeeeaaa.t 1.80
Friction angle [degl...cceveeeeeccccencaseasaai 30.00
Cohesion [£/M2].cceeececrereennaancccssssssansas 0.00
Allowable stress on foundation [t/m2].........: 50.00
Water level [M]...ieerereesoneccnsennoccscsscen : 0.50

DATA ABOUT ADDITIONAL FOUNDATION SOILS
Layer Depth Unit weight Cohesion Frict.angle
[m] [t/m3] (t/m2] [deg]

DATA ABOUT DISTRIBUTED LOADS
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File: 6M Project : 6M
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RESULTS _ PAGE 3
B L EE EE R P S T X

EXTERNAL STABILITY

Active thrust [t/m]....ccteeiienenneeeeennnnaat 58.22
Point of application ref. to X axis [m]....... : 3.29
Point of application ref. to Y axis [m].......: 2.74
Direction of thrust ref. to X axis [deg]l......: 55.26
Passive thrust [t/m]....ceeeeereeererncennaseat 0.13
Point of application ref. to X axis [m]....... : 0.01
Point of application ref. to Y axis [m].......: 0.10
Direction of thrust ref. to X axis [deg]l......: 0.00
SLIDING

Normal force on the base [t/m].....cctvereeee. 74.20
Point of application ref. to X axis [m].......: 1.37
Point of application ref. to Y axis [m].......: -0.12
Shear force on the base [t/m]..... .. 30.21
Resisting force on the base [t/m].............¢ 46.38
Safety coefficient...... .ot 1.528
OVERTURNING

Overturning moment [tm/m]............ ...t 99.36
Restoring moment [tm/m}................c 0000t 201.37
Safety coefficient.........iiiiiiiiiiiiiat 2.027



STRESSES ACTING ON FOUNDATION

Stress on outer foundation border [t/m2]
Stress on inner foundation border [t/m2]
Max. allowable stress on the foundation
Notice: the base is partialized!
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