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LRFD DESIGN FOR CIP RETAINING WALL B-16-G (SOUTH WALL)

AUTHOR: BUI, HOANG

DESIGN HEIGHT 3’
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L INPUT (ENGLISH)

Concrete Density (pcf) 150.00

Soil Density (pcf) 125.00

Backfill Slope § (by degree) 0.00

Internal Friction Angle of Backfill Soil ¢ 34.00

Intemal Friction Angle Soil at Foundation § 30.00

Friction Angle between Fill and Wall § (*) 30.00 {*) Table 3.11.5.3-1

Surcharge in Feet 2.00

Water depth behind wall, from bottom base (ft) 1.5

Top Wall to Backfill Depth (ft) 0.50

Height from Top Base to Top Wall (ft} 3.50

Top wall Thickness (ft) 0.83 H=TOP OF WALL TO BOTTOM OF BASE

Wall Thickness @ Base (ft) 0.83 H/12 to H/I1O 0.38 0.45

Front Base Length (ft) 1.00 HM0 TO H/8 0.45 0.56

Back Base Length (ft) 1.650

Base Thickness (ft) 1.00 HM2 to HNO

Shear Key Depth (ft) 1.25

Shear Key Width (ft) 0.67

Distance from Toe to Key (ft) 0.00

Front Soil Depth to Base (ft) 1.50

Enter 1 for rock foundation, O for soil 0.00

fc (psi) = | 4500 | fy (psi)= 60000.00

Utimate Foundation Bearing (ksf) = 5.30

Bearing Resistance Factor (**) 0.55 (™) Table 10.5.5.2.2-1

Sliding Resi Factor (Co te on Soil) (*9) 0.80 (**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Soil on Soil) (**) 0.90 {**) Table 10.5.5.2.2-1

Coefficient of Sliding Resistance (u) 0.45

Table 10.5.5.2.2-1 Resist: Factors for Geotechnical Resi of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance [N Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 045
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80

Sliding ('R Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

¢gp |Passive earth pressure component of sliding resistance 0.50




LOAD FACTORS

ILoad Combination Yoc Yev Yis Yeu I
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overtuming
Strength | (Max) 1.25 1.35 1.75 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
Il. QUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 (]
Angle of B.F. of Wall to Horizonta! (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.283 35.34
Passive Fluid Weight (Coefficient and pcf) 3.54 442,14
h1= 3.75 a= 400 H=4.50
h2= 250 b= 4.00 0.4H = 1.80
Base Width (ft) = 3.33 0.4H to 0.6H 0.6H= 270
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment {Ka) from Geology Unit
Ph1= 0.1 233 0.26
Ph2 = 0.13 0.75 0.10
Ph3 = 0.02 0.50 0.01
Ph,water = 0.07 0.50 0.04
Ph,sc= 028 200 0.57
0.62 0.97
Unfactored Vertical Loads
Loads Force (K) Mo. Am Moment
w1l = 0.44 1.42 0.62
w2 = 0.13 0.34 0.04
W3 = 0.50 1.67 0.83
W4 = 0.56 258 1.45
W5 = 0.00 283 0.00
Pvi = 0.00 333 0.00
Pv2= 0.09 3.33 0.30
Pv3= 0.01 3.33 0.04
1.73 3.28
Unf: ed Sliding Resi from Shear Key (Horizontal)
Loads Force (K)
P, = 1.11
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength | (Min) 1.67 3.30 0.99 1.59
Strength | (Max) 224 433 0.99 1.59
Service | 1.73 3.28 0.62 0.97
Hl. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax = 0.83 ft.
X = 1.02 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = 0.64 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A fi.
IV. CHECK BEARING
Actual e = 0.44 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 0. ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 0.96 k
Factored Sliding Force = 0.99 k
Sliding Resistance = 1.33 k GOOD



VI. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1= 0.1 133 0.15
Ph2 = 0.03 0.25 0.01
Ph3 = 0.00 0.17 0.00
Ph,water = 0.01 0.17 0.00
Ph,sc= 021 1.50 0.32
0.36 0.47
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3s= 0.23 0.75 0.17
W4 = 0.56 0.75 0.42
W5 = 0.00 1.00 0.00
Pvi = 0.00 1.50 0.00
Pv2= 0.02 1.50 0.03
Pv3= 0.00 1.50 0.00
0.81 0.62
JUltimate Loads
Load Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 0.91 0.46 N/A N/A
Heel 1.07 0.82 N/A N/A
Stem 0.59 0.79 0.36 0.47
For conservative the ultimate shear at toe is calculated at front face of wall.
Spacingr,, = 18
-3 Spacinggomm = 18
Top bar Diameter = 0.5 in p= 2
Bottom bar Diameter = 05 in Pshear = 09
1. HEEL
Ay Heat = 9.75 in Agtop= 0.13
Bygeal = 0.17 in
dy pou= 9.66 in
VR Heat™ 13.99 k > 1.07
2.TOE
Oy 700 = 8.75 in Aq Botom = 0.13
Aroe = 017 in
dy 700 = 8.66 in
VR 10s = 12.55 k > 091
Vill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heet Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clgaexsum=l 2 0 in
Bar Diameter at Stem = 05 in S,= 7.66
Spacing = 18 in Aqsum= 0.13
Oy 5t9m = 7.75 in €= 0.000481778
Astem = 0.17 in S = 12
dysum= 7.66 in B= 3.53
Vi stem= 19.55 k > 0.59
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check controt of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 0.47 k.ft
fos = 5.67 ksi
d.= 225 in
Be= 1.32
S <= 88.96 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. {IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT| 05 18 2
FOOTING BOTTOM MA 0.5 18 3
STEJI 0.5 18 2

in*2

k GOOD

in"2

k  GOOD

OK
OK

GOOD

%



LRFD DESIGN FOR CIP RETAINING WALL B-16-G (SOUTH WALL)

AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT  4'

L INPUT (ENGLISH)

Concrete Density (pcf)

Soil Density (pcf)

Backfill Slope B (by degree)

Intemal Friction Angle of Backfill Soil $
Intemnal Friction Angle Soil at Foundation ¢
Friction Angle between Fill and Wall § (+)
Surcharge in Feet

Water depth behind wall, from bottom base (ft)
Top Wali to Backfill Depth (ft)

Height from Top Base to Top Wall (ft)
Top walt Thickness (ft)

Wall Thickness @ Base (ft)

Front Base Length (ft)

Back Base Length (ft)

Base Thickness (ft)

Shear Key Depth (ft)

Shear Key Width (ft)

Distance from Toe to Key (ft)

Front Soil Depth to Base (ft)

Enter 1 for rock foundation, O for soil

150.00
125.00
0.00
34.00
30.00

2.00
2.0
0.50
4.50

0.83 HA2to HMO
1.00 HAOTO H/8
2,00
1.00 HA2 to H10
1.25
0.67
0.00
1.50
0.00

fc {psi) = l 4500 I fy (psi)= 60000.00

Utimate Foundation Bearing (ksf) =

Bearing Resistance Factor (**}

Sliding Resistance Factor (Concrete on Soil) (**}
Sliding Resistance Factor {Soil on Soil) (**}
Coefficient of Sliding Resistance (n)

5.30

30.00 (*) Table 3.11.5.3-1

0.83 H = TOP OF WALL TO BOTTOM OF BASE

0.46
0.55

0.55

0.90

(*) Table 10.5.5.2.2-1
(*) Table 10.5.5.2.2-1
(*) Table 10.5.5.2.2-1

0.45

Table 10.5.5.2.2-1 Resistance Factors for Geotechnical Resistance of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
 Theoretical Method (Munfakh et al., 2001), in clay 0.50
 Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance 'S Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
{Plate Load Test 0.55
{Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
|Sliding (X Cast-in-Place or precast Concrete on clay 0.85
| Soil on soil 0.90
¢ep IPassive earth pressure comp t of sliding resi e 0.50




LOAD FACTORS

ILoad Combination

Yoc Yev Yis Yeu l Application
Strength | (Min) 0.90 1.00 175 15 Sliding & overturning
Strength | (Max) 1.25 1.35 1.75 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 ‘Wall crack control
ll. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 0
Angle of B.F. of Wall to Horizonta! (degree) 90.00 Not Submerg Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.283 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 221.42
h1= 3.75 as 5.00 H= 5.50
h2= 2.50 b= 5.00 0.4H = 2.20
Base Width (ft) = 383 0.4H to 0.6H 0.6H = 3.30
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment (Ka) from Geology Unit
Ph1 = 0.16 3.00 0.48
Ph2= 0.21 1.00 0.21
Ph3 = 0.04 067 0.02
Ph,water = 0.12 0.67 0.08
Ph,sc= 0.35 2.50 0.88
0.88 1.68
Unfactored Vertical Loads
Loads Force (K} Mo. Arm Moment
Wi = 0.56 1.42 0.80
w2= 0.13 0.34 0.04
W3= 0.57 1.92 1.10
W4 = 1.00 283 283
W5 = 0.00 3.17 0.00
Pvt= 0.00 3.83 0.00
Pv2= 0.14 383 0.55
Pv3= 0.02 3.83 0.08
243 5.40
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp= 1.11
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength | (Min) 2.38 5.52 1.42 274
Strength | (Max) 3.17 7.19 1.42 274
Service | 243 540 0.88 1.68
lt. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax = 0.96 ft.
X, = 117 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.75 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuate = N/A fi.
IV. CHECK BEARING
Actual e = 0.51 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 113 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress {min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 1.38 k
Factored Sliding Force = 142 k
Sliding Resistance = 1.65 k GOOD

%



Vi. ULTIMATE LOADS

Unactored Horizontal Loads on Stem
Loads Force (K) Mo. Arm Moment
Ph1= 0.16 2.00 0.32
Ph2= 0.07 0.50 0.04
Ph3= 0.01 0.33 0.00
Ph,water = 0.03 0.33 0.01
Ph,sc= 0.28 2.00 0.57
0.55 0.93
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Amn Moment
W3 = 0.30 1.00 0.30
W4 = 1.00 1.00 1.00
W5 = 0.00 1.33 0.00
Pvi= 0.00 2.00 0.00
Pv2 = 0.05 2.00 0.10
Pv3= 0.01 2.00 0.01
1.35 1.41
JUltimate Loads
fLoad Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 1.13 0.57 N/A N/A
iHeel 1.80 1.88 N/A N/A
Stem 0.90 1.54 0.55 0.93
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
Clrtop footing=f 2 in Spacingy,,= 18
Clfgotom Footng=lL 3 |in SpPacingsotom= 18
Top bar Diameter = 05 in B= 2
Botiom bar Diameter = 05 in Pshear = 09
1. HEEL
Ay Heat = 9.75 in Astop= 0.13
Bjieel = 0.17 in
dy teet = 9.66 in
VR Heat = 13.99 k > 1.80
2.TOE
g Toe = 8.75 in Aq Boom = 0.13
Aroe = 0.17 in
dy yoe = 8.66 in
VR Tee = 12.55 k > 1.13
Vili. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clrgyex stom ™= in
Bar Diameter at Stem = 0.5 in S, = 7.66
Spacing = 18 in Ay sum™= 0.13
g stam = 7.75 in €= 0.000871961
Astem = 0.17 in Sy = 12
dy sm= 7.66 in p= 2.90
VR stem™= 16.10 k > 0.90
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 0.93 kft
f= 11.15 Ksi
d.= 225 in
Be= 1.32
S <= 43.01 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 0.5 18 2
FOOTING BOTTOM MA 0.5 18 3
STEIVII 0.5 18 2

in*2

k GOOD

in*2

k  GOOD

OK
OK

GOOD

%



LRFD DESIGN FOR CIP RETAINING WALL B-16-G (SOUTH WALL)
AUTHOR: BUI, HOANG

Oct-12 DESIGN HEIGHT 5'
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L. INPUT (ENGLISH)

Concrete Density (pcf) 150.00
Soit Density (pcf) 125.00
Backfill Slope B (by degree) 0.00
Internal Friction Angle of Backfili Soil ¢ 34.00
Intemat Friction Angle Soit at Foundation ¢ 30.00
Friction Angle between Fill and Wall & (») 30.00
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 2.5
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 5.50
Top wall Thickness (ft) 0.83
Wall Thickness @ Base (ft) 0.83
Front Base Length (ft) 1.00
Back Base Length (ft) 2.50
Base Thickness (ft) 1.00
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft} 1.50
Enter 1 for rock foundation, 0 for soil 0.00
e (psi) = fy (psi)=|___60000.00
Utimate Foundation Bearing (ksf) = 5.30
Bearing Resistance Factor (**) 0.55
Sliding Resistance Factor (Concrete on Soil) (**) 0.80
Sliding Resistance Factor (Soil on Soil) (**) 0.90
Coefficient of Siiding Resistance (u) 0.45

Table 10.5.5.2.2-1 Resistance Factors for Geotechnical Resist

(*) Table 3.11.5.3-1

H = TOP OF WALL TO BOTTOM OF BASE

HN2 to HM10 0.54
H/M10TO H/8 0.65
H/12to H10

(**) Table 10.5.5.2.2-1
(**) Table 10.5.5.2.2-1
(**) Table 10.5.5.2.2-1

of Shallow Foundations at Strength Limit State

Method / Soil / Condition

Resistance Factor

Theoretical Method (Munfakh et al., 2001), in clay 0.50

Theoretical Method (Munfakh et at., 2001), in sand, using CPT 0.50

Bearing Resistance [ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 045

Footing on rock 0.45

|Plate Load Test 0.55

ﬂPrecast concrete placed on sand 0.90

Cast-in Place Concrete on sand 0.80

Sliding ¢, Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

%p Passive earth pressure component of sliding resistance 0.50

0.65
0.81



LOAD FACTORS

ILoad Combination Yoc Yev Tis Yen | Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overtumning
Strength | (Max) 1.25 1.35 175 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
1. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 0
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submerg Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.28 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 221.42

hl= 3.75 a= 6.00 H=6.50
h2= 2.50 b= 6.00 0.4H = 2.60
Base Width (ft) = 433 0.4H to 0.6H 0.6H = 3.90
Unactored Horizontal Loads Adjust Fluid Weight 1 Tria! to match provided
Loads Force (K) Mo. Am Moment {Ka) from Geology Unit
Pht = 0.22 3.67 0.79
Ph2 = 0.31 125 0.39
Ph3 = 0.06 0.83 0.05
Ph,water = 0.20 0.83 0.16
Ph,sc = 0.42 3.00 1.27
1.20 2.66
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wit = 0.69 1.42 0.97
W2 = 0.13 0.34 0.04
w3= 0.65 217 1.41
W4 = 1.56 3.08 4.82
W56 = 0.00 3.50 0.00
Pvt= 0.00 433 0.00
Pv2= 0.21 433 0.90
Pv3= 0.03 433 0.14
3.27 8.28
Unfactored Sliding Resi from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.11

Factored Loads and Moments

Load Combination vertical Loads Moment Horiz. Loads Moment
V(K) My (K.Ft) V (K) My (K.Ft)

Strength | (Min) 3.24 8.56 191 4.31
Strength | (Max) 430 11.10 1.91 4.31
Service | 3.27 8.28 1.20 2.66
), CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.08 fi.
X = 1.31 fi. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = 0.85 fi. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Eeax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A ft.
IV. CHECK BEARING
Actuale = 0.59 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.36 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 1.87 k
Factored Sliding Force = 1.91 k
Sliding Resistance = 2.05 k GOOD



VL ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K} Mo. Arm Moment
Ph1= 0.22 2.67 0.58
Ph2= 0.13 0.75 0.10
Ph3 = 0.02 0.50 0.01
Ph.water = 0.07 0.50 0.04
Phsc= 035 2.50 0.88
0.79 1.61
Unfactored Vertical Loads behind Stem
Loads Force (K} Mo. Arm Moment
wW3= 0.38 1.25 0.47
w4 = 1.56 1.25 1.95
W5 = 0.00 1.67 0.00
Pvi= 0.00 2.50 0.00
Pv2= 0.09 2.50 0.22
Pv3= 0.01 2.50 0.03
2,04 2,67
Ultimate Loads
ILoad Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M(K.Ft)
Toe 1.36 0.68 N/A N/A
Heel 273 3.60 N/A N/A
Stem 1.28 2.63 0.79 1.61
For conservative the ultimate shear at toe is calculated at front face of wall.
Spacingre, = 18
Spacingeomom= 18
Top bar Diameter = 05 in B= 2
Bottom bar Diameter = 05 in Dshear = 09
1. HEEL
Oy Howt = 9.75 in Agton= 0.13
Apont = 0.17 in
dy pewt = 9.66 in
VR Heat= 13.99 k > 273
2.TOE
Ay Tos = 8.75 in A, Botom = 0.13
Arge = 0.17 in
dy 100 = 8.66 in
VR Toe= 12,55 k > 1.36
Vill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
IX. DESIGN STEM FOR SHEAR
Clrgaksum= 00 2 fin
Bar Diameter at Stem = 05 in S,= 7.66
Spacing = 18 in Ay sem= 0.13
desem = 7.75 in €= 0.001420614
Bgtem = 0.17 in S = 12
dy sum= 7.66 in B= 232
VR stem = 12.89 k > 1.28
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check contro! of cracking by distribution of reinfor (5.7.34)
Service Mu = 1.61 k.ft
fes = 19.20 ksi
d. = 225 in
Bs= 1.32
S <= 23.09 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 05 18 2
FOOTING BOTTOM MATi 0.5 18 3
STEM 0.5 18 2

in*2

k GOOD

in*2

k GOOD

OK
OK

GOOD

%



LRFD DESIGN FOR CIP RETAINING WALL
AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT  6'

13
L. INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backfill Slope § (by degree) 10.00
Intemal Friction Angle of Backfill Soil ¢ 34.00
Internal Friction Angle of Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall § (+) 30.00 (*) Table 3.11.5.3-1
Surcharge In Feet . 2.00
Water depth behind wall, from bottom base (ft) 3.0
Top Wall to Backfill Depth (ft) 10.50
Height from Top Base to Top Wall (ft) 6.50
Top wall Thickness (ft) 0.83 H = TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 HM2to HMO 0.63
Front Base Length (ft) 1.00 H/10TO H/8 0.75
Back Base Length (ft) 3.25
Base Thickness (f1) 1.00 H/12 to H/10
Shear Key Depth (ft) 1.25 .
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, O for soit 0.00
fec (psi) = fy (psi)= 60000.00
Utimate Foundation Bearing (ksf) = 5.30
Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor (C on Soil) (**) 0.80 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor (Soil on Soil) (**) 0.90 {**) Table 10.5.5.2.2-1
Table 10.5.5.2.2-1 Resi Factors for G hnical Resi of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
 Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance o Theoretical Method (Munfakh et al., 2001), in sand, using SPT 045
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 045
|Plate Load Test 0.55
[Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (% Cast-in-Place or precast Concrete on clay 0.85
§Soil on soil 0.90
¢ep IPassive earth pressure component of sliding resistance 0.50

0.75
0.94



LOAD FACTORS

toad Combination Yoc Yev Yis Yeu Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overtumning
Strength | (Max) 1.25 1.35 1.75 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
1. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 (V]
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submerg: bmerg
Active Fluid Weight (Coefficient and pcf), (Ka) 0.28 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 221.42
h1= 3.75 a= 7.00 H=7.50
h2= 250 b= 7.00 0.4H = 3.00
Base Width (ft) = 5.08 0.4H to 0.6H 0.6H = 4.50
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Am Moment (Ka) from Geology Unit
Ph1= 0.28 433 123
Ph2 = 0.42 1.50 0.64
Ph3= 0.08 1.00 0.08
Ph,water = 0.28 1.00 0.28
Ph,sc = 049 3.50 173
1.56 3.95
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
wi= 0.81 1.42 1.15
wz= 0.13 0.34 0.04
w3= 0.76 254 1.94
W4 = 244 3.46 8.43
W5 = 0.00 4.00 0.00
CPvi= 0.00 5.08 0.00
Pv2= 0.29 5.08 1.45
Pv3= 0.05 5.08 0.23
4.47 13.25
Unf: ed Sliding Resist from Shear Key (Horizontal)
Loads Force (K)
P, = 1.11
Factored Loads and Moments
L.oad Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V(K) My (K.Ft)
Strength | (Min) 447 13.78 247 6.36
Strength | (Max) 591 17.83 247 6.36
Service | 447 13.25 1.56 3.95
lil. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emmax = 1.27 ft.
X = 1.66 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.88 fi. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.60 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.53 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 2.58 k
Factored Sliding Force = 247 k
Sliding Resistance = 2.62 k GOOD

Ve



VI. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Phi = 0.28 3.33 0.94
Ph2= 0.21 1.00 0.21
Ph3 = 0.04 0.67 0.02
Ph,water = 0.12 0.67 0.08
Ph,sc= 042 3.00 127
1.08 2.53
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3= 0.49 1.63 0.79
w4 = 244 1.63 3.96
W5 = 0.00 217 0.00
Pv1= 0.00 3.25 0.00
Pv2= 0.14 3.25 0.46
Pv3= 0.02 3.25 0.07
3.09 5.28
Uitimate Loads
ILoad Combination Strength | (Max) Service |
V (K) M (K.Ft) V(K) M (K.Ft)
Toe 1.53 0.76 N/A N/A
Heel 415 743 N/A N/A
Stem 1.72 412 1.08 2.53
2 Spacingry, = 15 in
3 Spacings,em= 15 in
Top bar Diameter = 0.625 in B= 2
Bottom bar Diameter = 0.625 in Psnear = 0.9
1. HEEL
Oy oot 9.6875 in Astop= 0.25 in"2
- 0.32 in
dy Heat= 9.53 in
VR et = 13.79 k > 415 k GOOD
2.TOE
Oy 700 = 8.6875 in Aq Botom = 0.25 in*2
Aroe = 0.32 in
dy oo = 864 in
VRToe = 12.51 k > 1.53 k GOOD
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the hee! bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design OK
IX. DESIGN STEM FOR SHEAR
Clgack stam = o
Bar Diameter at Stem = 0.625 in = 7.53 in
Spacing = 15 in Agsem= 0.25 inA2
g stem = 7.69 in £, = 0.001164751
Astem = 0.32 in S, 12 in
dy sum= 7.53 in B= 2.56
VR stom= 13.96 k > 1.72 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design OK
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 253 k.ft
fes = 16.46 ksi
d.= 2.31 in
Bs = 1.33
S <= 27.35 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT 0.625 15 2
FOOTING BOTTOM MA 0.625 15 3
STEM 0.625 15 2

/
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LRFD DESIGN FOR CIP RETAINING WALL
AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT 7'

freasee Nemwe
Srernwe § Koy

L. INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density {pcf) 126.00
Backfill Slope B (by degree) 0.00
Intemal Friction Angle of Backfill Soil & 34.00
Intemal Friction Angle of Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall § () 30.00 (*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 3.5
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 7.50
Top wall Thickness (ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 HM2 to HI1O0 0.71
Front Base Length (ft) 1.00 HM10TO H/8 0.85
Back Base Length (ft) 4.00
Base Thickness (ft) 1.00 H/12 to HMO
Shear Key Depth (ft) 1.2
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, O for soil 0.00
fc (psi) = fy (psi)= 60000.00
Utimate Foundation Bearing (ksf) = 5.30
Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1
Sliding Resi Factor (C te on Soil) (**) 0.80 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor {Soil on Sail) (*) 0.90 {**) Table 10.5.5.2.2-1

Table 10.5.5.2.2-1 Resistance Factors for G

starhnical Boaci

of Shallow Foundations at Strength Limit State

Method / Soil / Condition

Resistance Factor

Theoretical Method (Munfakh et al., 2001), in clay 0.50

Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance [\ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45

Footing on rock 0.45

Plate Load Test 0.55

Precast concrete placed on sand 0.90

Cast-in Place Concrete on sand 0.80

Sliding [ Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

¢ep |Passive earth pressure component of sliding resistance 0.50

0.85
1.06
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LOAD FACTORS

Load Combination Yoc Yev Yis Yen | Application
Strength | (Min) 0.90 1.00 175 1.5 ISIiding & overtuming
Strength | (Max) 1.25 1.35 175 1.5 Bearing & wall strength
|Service | 1.00 1.00 1.00 1.00 Wall crack control
ll. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 (]
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Sub ] Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.28 3534 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 22142
h1= 3.75 as 8.00 H=8.50
h2 = 2.50 b= 8.00 04H= 340
Base Width (ft) = 5.83 0.4H to 0.6H 0.6H = 5.10
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment (Ka) from Geology Unit
Ph1 = 0.36 5.00 1.79
Ph2 = 0.56 1.75 0.97
Ph3 = 0.11 117 0.13
Ph,water = 0.38 117 0.45
Ph,sc= 0.57 4.00 2.26
1.97 5.60
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 0.94 1.42 1.33
w2= 0.13 0.34 0.04
W3= 0.87 292 255
W4 = 3.50 3.83 13.42
W5 = 0.00 4.50 0.00
Pvi = 0.00 5.83 0.00
Pv2= 0.38 583 219
Pv3= 0.06 5.83 0.37
5.88 19.89
Unfactored Sliding Resi from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.11
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (KFt) V (K) My (K.FY)
Strength | (Min) 5.80 20.78 3.10 8.96
Strength | (Max) 7.80 26.85 3.10 8.96
Service | 5.88 19.89 1.97 5.60
1. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Ermax = 1.46 ft.
X = 2.00 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.91 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X, = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A fi.
V. CHECK BEARING
Actuale = 062 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.70 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 341 k
Factored Sliding Force = 3.10 k
Sliding Resistance = 3.28 k GOOD

&/



VI. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1= 0.36 4.00 143
Ph2 = 0.31 1.25 0.39
Ph3 = 0.06 0.83 0.05
Ph,water = 0.20 0.83 0.16
Ph,sc = 0.49 3.50 173
1.41 3.76
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3= 0.60 2.00 1.20
W4 = 3.50 200 7.00
W5 = 0.00 267 0.00
Pvl = 0.00 4.00 0.00
Pv2= 0.21 4.00 0.83
PV3= 0.03 400 0.13
4.34 9.16
JUltimate Loads
WLoad Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 1.70 0.85 N/A N/A
Heel 5.84 12.39 N/A N/A
|Stem 2.24 6.07 1.41 3.76
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
ClrropFoosng=f 2 fin Spacingro, = 15 in
I Spacingsomom = 15 in
Top bar Diameter = 0.75 in p= 2
Bottom bar Diameter = 0.625 in bshear = 0.9
1. HEEL
[ ] 9.625 in A Top = 0.35 in*2
Bpen = 0.46 in
dy Hea = 9.39 in
VR Heat= 13.60 k > 5.84 k  GOOD
2.TOE
[ 8.6875 in AqBotom = 0.25 in*2
Aroe = 0.32 in
dy 100 = 8.64 in
VR Toe = 12.51 k > 1.70 k GOOD
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design OK
1X. DESIGN STEM FOR SHEAR
Clfgack stem in
Bar Diameter at Stem = 0.625 in S, = 7.53 in
Spacing = 15 in Agsum= 0.25 in"2
dy seom = 7.69 in £,= 0.001674594
Agpm = 0.32 in S = 12 in
dy spm= 7.53 in B= 213
VR stem= 11.59 k > 224 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design OK
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 3.76 k.ft
fu = 2441 ksi
d.= 2.31 in
Be = 1.33
S <= 16.93 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT| 0.75 15 2
FOOTING BOTTOM MAT] 0.625 15 3
STEM] 0.625 15 2

N



LLRFD DESIGN FOR CIP RETAINING WALL
AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT  8'

Frocnee § Koy

L. INPUT (ENGLISH)

Concrete Density (pcf)

Soil Density {pcf)

Backfill Slope B (by degree)

internal Friction Angle of Backfill Soil ¢

Intemat Friction Angle of Soil at Foundation ¢
Friction Angle between Fill and Wall 5 ()
Surcharge in Feet

Water depth behind wall, from bottom base (ft)
Top Wall to Backfill Depth (ft)

Height from Top Base to Top Wall {ft)

Top wall Thickness (ft)

Wall Thickness @ Base (ft)

Front Base Length (ft)

Back Base Length (ft)

Base Thickness (ft)

Shear Key Depth (ft)

Shear Key Width (ft)

Distance from Toe to Key (fl)

Front Soil Depth to Base (ft)

Enter 1 for rock foundation, 0 for soil

fc {psi) =
Utimate Foundation Bearing (ksf) =

Bearing Resistance Factor (**)

Sliding Resistance Factor (Concrete on Soil) (**)
Sliding Resistance Factor (Soil on Soil) (*}

Table 10.5.5.2.2-1 Resistance Factors for G

150.00

125.00

0.00

34.00

30.00

30.00

2.00

4.0

0.50

8.50

0.83

0.83

1.00

4.75

1.00

1.25

0.67

0.00

1.50

0.00

fy (psi)= 60000.00

5.30

0.55

0.80

0.90

(*) Table 3.11.5.3-1

H=TOP OF WALL TO BOTTOM OF BASE

H/M2 to H/10
H/10 TO H/8

H/42 to H/10

(*) Table 10.5.5.2.2-1
(**) Table 10.5.5.2.2-1

(**) Table 10.5.5.2.2-1

0.79 0.95
0.95 1.19

technical Resist of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance [\ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding X Cast-in-Place or precast Concrete on clay 0.85
{Soil on soil 0.90
bep JPassive earth p component of stiding resistance 0.50

%



LOAD FACTORS

ILoad Combination

Yoc Yev Yis Yen I Application
Strength | (Min) 0.90 1.00 175 1.5 Sliding & overturning
Strength | (Max) 1.25 135 1.75 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack controf
i. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 (1]
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.28 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 22142
h1= 3.75 a= 9.00 H=9.50
h2= 2.50 b= 9.00 0.4H = 3.80
Base Width (ft) = 6.58 0.4H to 0.6H 0.6H = 5.70
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment {Ka) from Geology Unit
Pht = 0.44 567 2.50
Ph2 = 0.71 2.00 141
Ph3= 0.14 1.33 0.19
Ph,water = 0.50 133 0.67
Ph,sc = 0.64 4.50 286
2.43 7.63
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
wi= 1.06 1.42 1.54
WwW2= 0.13 0.34 0.04
W3 = 0.99 3.29 3.25
W4 = 475 4.1 19.99
W5 = 0.00 5.00 0.00
Pvt = 0.00 6.58 0.00
Pv2= 0.48 6.58 3.14
Pv3= 0.08 6.58 054
7.48 28.46
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.11
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength 1 (Min) 7.55 29.82 3.80 1217
Strength | (Max) 9.97 38.50 3.80 1217
Service | 7.48 28.46 2.43 7.63
. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax = 1.65 ft.
X = 234 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.95 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A ft.
IV. CHECK BEARING
Actuale = 0.65 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.89 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 4.36 k
Factored Sliding Force = 3.80 k
Sliding Resistance = 4.04 k GOOD



V1. ULTIMATE LOADS

Unactored Horizontal Loads on Stem
Loads Force (K) Mo. Arm Moment
Ph1= 0.44 4.67 2.06
Ph2 = 0.42 1.50 0.64
Ph3= 0.08 1.00 0.08
Ph,water = 0.28 1.00 0.28
Ph,sc = 0.57 4.00 2.26
1.79 5.32
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3= 0.71 2.38 1.69
w4 = 475 238 11.28
W5 = 0.00 3.17 0.00
Pvl = 0.00 475 0.00
Pv2= 0.29 475 1.36
Pv3= 0.05 475 0.22
5.79 14.55
jUltimate Loads
t.oad Combination Strength | (Max) Service |
V(K) M (K.Ft) V() M (K.Ft)
Toe 1.89 0.94 N/A N/A
iHeel 7.80 19.71 N/A N/A
Stem 2.83 8.55 1.79 5.32
For conservative the ultimate shear at toe is calculated at front face of wall.
|VII. DESIGN FOOTING FOR SHEARS
Cliyop Fosting=| 2 lin Spacingre, = 1 in
amm—— | Spacingsoumm= 1 in
Top bar Diameter = 0.75 in B= 2
Bottom bar Diameter = 0.625 in Oshear = 0.9
1. HEEL
[ 9.625 in Astop= 0.48 in"2
Ao = 0.63 in
d, Heat= 9.31 in
VR hoat = 13.48 k > 7.80 k GOOD
2.TOE
dy 7oe = 8.6875 in A, Botiom = 0.33 in*2
Broe = 0.44 in
0y Toe = 8.64 in
VR Tos = 12.51 k > 1.89 k GOOD
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Hee! Bending) for the hee! bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design OK
IX. DESIGN STEM FOR SHEAR
Clfgacksom=L 0 2 " fin
Bar Diameter at Stem = 0.625 in = 7.47 in
Spacing = 1 in A sem = 0.33 in*2
dysem = 7.69 in £ = 0.00170606
Agtam = 0.44 in S = 12 in
dy sem= 7.47 in B= M
VR stom= 11.39 k > 283 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design OK
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 5.32 k.ft
f= 25.54 ksi
d.= 231 in
B.= 1.33
S <= 15.98 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 0.75 1 2
FOOTING BOTTOM MAT| 0.625 " 3
STEM] 0.625 11 2




LRFD DESIGN FOR CIP RETAINING WALL
AUTHOR: BUI, HOANG

Oct-12 DESIGN HEIGHT 9’
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LINPUT (ENGLISH)

(*) Table 3.11.5.3-1

Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backill Slope $ (by degree) 0.00
Intemal Friction Angle of Backfill Soil ¢ 34.00
Intemal Friction Angle of Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall 5 (») 30.00
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 4.5
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall () 9.50
Top wall Thickness (ft) 0.83
Wall Thickness @ Base (ft) 0.83
Front Base Length (ft) 1.00
Back Base Length (ft) 5.50
Base Thickness (ft) 1.00
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, O for soil 0.00
fc (ps) = fy psi)=|____ 60000.00
Utimate Foundation Bearing (ksf) = 7.18
Bearing Resistance Factor (*} 0.55
Sliding Resistance Factor (Col on Soil) (*9) 0.80
Sliding Resistance Factor (Soil on Soil) (**) 0.90

H = TOP OF WALL TO BOTTOM OF BASE

H/12to H/10 0.88 1.05
HAOTO H/i8 1.05 1.31
HM2 to H/10

(**) Table 10.5.5.2.2-1
(**) Table 10.5.5.2.2-1

Table 10.5.5.2.2-1 Resist: Factors for Geotechnical Resi

(*) Table 10.5.5.2.2-1

of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001}, in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance [ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding ¢, Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90
¢ep Passive earth pressure component of sliding resistance 0.50
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LOAD FACTORS

ILoad Combination Yoc Yev Yis Yen [ Application
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overtuming
Strength | (Max) 1.25 1.35 1.75 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 0
Angle of B.F. of Wall to Horizonta! (degree) 90.00 Not Submerg Submerg
Active Fiuid Weight {Coefficient and pcf), (Ka) 0.28 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 221.42

ht= 3.75 a= 10.00 H=10.50
h2= 2.50 b= 10.00 04H= 420
Base Width (ft) = 7.33 0.4H to 0.6H 0.6H = 6.30
Unactored Horizontal Loads Adjust Fluid Weight 1 Tria! to match provided
Loads Force (K) Mo. Am Moment (Ka) from Geology Unit
Ph1= 0.53 6.33 3.39
Ph2 = 0.87 2.25 1.97
Ph3 = 0.18 1.50 0.27
Ph,water = 0.63 1.50 0.95
Ph,sc= 071 5.00 3.53
2.93 10.10
Unfactored Vertical Loads
Loads Force (K) Mo. At Moment
wi= 1.19 1.42 1.68
W2 = 0.13 0.34 0.04
wi= 1.10 3.67 4.03
W4 = 6.19 4.58 28.36
W5 = 0.00 5.50 0.00
Pvl = 0.00 7.33 0.00
Pv2= 0.59 7.33 433
Pv3= 0.10 7.33 0.76
9.29 39.20
Unf: d Sliding Resi from Shear Key (Horizontal)
Loads Force (K}
P, = 1.1

Factored Loads and Moments

Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)

Strength | (Min) 9.40 41.17 457 16.04
Strength | (Max) 1241 53.11 4.57 16.04
Service | 9.29 39.20 2.93 10.10
lil. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Eax = 1.83 ft.
X = 267 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.99 fi. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax= N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = NIA ft.
IV. CHECK BEARING
Actual e = 0.68 ft.
Bearing Resistance = 3.949 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 208 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 5.43 k
Factored Sliding Force = 4.57 k
Sliding Resistance = 490 k GOOD



Vi. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Phl= 0.53 533 2.85
Ph2 = 0.56 1.75 0.97
Ph3 = 0.1 117 0.13
Ph,water = 0.38 1.17 0.45
Ph,sc= 0.64 4.50 2.86
2,22 7.26
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 0.83 275 227
W4 = 6.19 275 17.02
W5= 0.00 3.67 0.00
Pvl = 0.00 5.50 0.00
Pv2= 0.38 5.50 2.06
Pv3= 0.06 5.50 0.34
7.45 21.69
JUltimate Loads
JLoad Combination Strength 1 (Max) Service |
V (K) M(K.Ft) V (K) M (K.Ft)
Toe 2.08 1.04 N/A N/A
Heel 10.04 29.42 N/A N/A
Stem 3.49 11.61 2.22 7.26
For conservative the ultimate shear at toe is calculated at front face of wall.
Vii. DESIGN FOOTING FOR SHEARS
Clrrop Footing= | ~ }in Spacingy,, = 9
CligotomFootng=p .3 " in Spacingeomm= 9
Top bar Diameter = 0.875 in B= 2
Bottom bar Diameter = 0.75 in Qshear = 09
1. HEEL
Oy oot = 9.5625 in Astop= 0.80
Bpjeel = 1.05 in
dy Heot= 9.04 in
VR et = 13.09 k > 10.04
2.TOE
Oy 700 = 8.625 in Aq Botom = 0.59
Ayoe = 0.77 in
dyToe= 8.64 in
VR Toe= 12.51 k > 2.08
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clfgacksm=l 2 0 |in
Bar Diameter at Stem = 0.75 in Sy 7.24
Spacing = 9 in A sum= 0.59
dg stom = 7.62 in €= 0.00133012
Agtem = 0.77 in Sye 12
d, sem= 7.24 in B= 2.40
VR stam= 12.59 k > 3.49
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check contro! of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 7.26 k.ft
fes = 20.43 ksi
d.= 2.38 in
Bs= 134
S <= 20.84 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) - COVER (IN)
FOOTING TOP MAT] 0.875 9 2
FOOTING BOTTOM MAT] 0.75 9 3
STEM] 0.75 9 2

in"2

k GOOD
in*2
k GOOD
OK

OK

in
in*2

k GOOD

OK

GOOD
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LRFD DESIGN FOR CIP RETAINING WALL
AUTHOR: BUI, HOANG
Oct-12 DESIGN HEIGHT 10’
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L. INPUT (ENGLISH)

Concrete Density (pcf) 150.00

Soil Density (pcf) 125.00

Backfill Slope B (by degree) 0.00

Intemal Friction Angle of Backfill Soil ¢ 34.00

Intemal Friction Angle of Soll at Foundation ¢ - 30.00

Friction Angle between Fill and Wall 8 () 30.00 |(*) Table 3.11.5.3-1

Surcharge in Feet 2.00

Water depth behind wall, from bottom base (ft) ; 5.0

Top Wall to Backfill Depth (ft) 0.50

Height from Top Base to Top Wall (ft) 10.50

Top wall Thickness (ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE

Wall Thickness @ Base (ft) 0.83 H/12 to HMO 0.96 115

Front Base Length (ft) 1.00 H/A0 TO H/8 1.15 1.44

Back Base Length (ft) 6.00

Base Thickness (ft) 1.00 H/12 to HMO

Shear Key Depth (ft) 1.25

Shear Key Width (ft) 0.67

Distance from Toe to Key (ft) 0.00

Front Soil Depth to Base (ft) 1.50

Enter 1 for rock foundation, O for soil 0.00

fc (psi) = 4500 fy (psi)= 60000.00

Utimate Foundation Bearing (ksf) = 7.18

Bearing Resistance Factor {**) 0.55 {**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Concrete on Soil) (**) 0.80 (**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1

Table 10.5.5.2.2-1 Resi Factors for Geotechnical Resi: of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance [ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
hPIate Load Test 0.55
IPrecast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80

Sliding (% Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.80

¢3p IPassive earth pressure component of sliding resistance 0.50

2
*%



LOAD FACTORS

ILoad Combination

Yoc Yev Nis Yen | Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overturning
Strength | (Max) 1.25 1.35 175 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
1. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 0
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.28 35.34 17.70
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 221.42
h1= 3.75 a= 11.00 H= 1150
h2 = 2.50 b= 11.00 04H= 460
Base Width (ft) = 7.83 0.4H to 0.6H 0.6H = 6.90
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Am Moment (Ka) from Geology Unit
Ph1 = 0.64 7.00 4.45
Ph2 = 1.06 2.50 2.65
Ph3= 0.22 1.67 0.37
Ph,water = 0.78 1.67 1.30
Ph,sc = 078 5.50 4.28
3.47 13.05
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 1.31 1.42 1.86
WwW2= 0.13 0.34 0.04
W3= 117 3.92 4.60
W4 = 7.50 4.83 36.25
W5 = 0.00 5.83 0.00
Pvt = 0.00 7.83 0.00
P2 = 0.72 7.83 5.60
Pv3= 013 7.83 1.00
10.96 49.36
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.11
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V(K) My (K.Ft) V (K) My (K.Ft)
Strength | (Min) 11.12 52.01 541 20.64
Strength | (Max) 14.66 66.97 5.41 20.64
Service | 10.96 49.36 3.47 13.05
. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Epax= 1.96 ft.
X = 2.82 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = 1.10 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Epax= N/A fi.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A ft.
IV. CHECK BEARING
Actuale = 0.76 ft.
Bearing Resistance = 3.949 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 232 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 6.42 k
Factored Sliding Force = 5.41 k
Sliding Resistance = 5.69 k GOOD



V1. ULTIMATE LOADS
Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1 = 0.64 6.00 3.82
Ph2= 0.71 2.00 141
Ph3 = 0.14 1.33 0.19
Ph,water = 0.50 1.33 0.67
Ph,sc= o7 5.00 3.53
2,69 9.62
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Amn Moment
W3 = 0.90 3.00 2.70
W4 = 7.50 3.00 22.50
W5 = 0.00 4.00 0.00
Pvi = 0.00 6.00 0.00
Pv2= 048 6.00 2.86
Pv3= 0.08 6.00 0.49
8.96 28.55
JUltimate Loads
[Load Combination Strength | (Max) Service |
V (K) M(K.Ft) V (K) M (K.FY)
Toe 232 1.16 N/A N/A
Heel 12.09 38.78 N/A N/A
Stem 4.21 15.31 2.69 9.62
For conservative the ultimate shear at toe is calculated at front face of wall.
Vil, DESIGN FOOTING FOR SHEARS
Clrop Footing™ | IR 2NN I Spacingre, = 7
Clfgotom Footng=p 3 lin Spacingsouom= 7
Top bar Diameter = 0.875 in p= 2
Bottom bar Diameter = 0.75 in Pshear = 0.9
1. HEEL
g Hou = 9.5625 in Agtop= 1.03
AHea = 1.35 in
Hool= 8.89 in
VR Heat= 12.87 k > 12.09
2.TOE
g 00 = 8.625 in A, potom= 0.76
Broe = 0.99 in
dy Toe = 8.64 in
VR Tos= 12.51 k > 2.32
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clrgack stom ! in
Bar Diameter at Stem = 0.75 in = 7.20
Spacing = 7 in A sum= 0.76
dy 5tm = 7.62 in £ = 0.001353736
Agtem = 0.99 in = 12
d, sem= 7.20 in = 2.38
VR stom= 12.41 k > 4.21
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 9.62 k.ft
fee = 2117 ksi
d. = 238 in
Bs= 1.34
S <= 19.94 in
SUMMARY OF CONCRETE DESIGN
I BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MA 0.875 7 2
FOOTING BOTTOM MA 0.75 7 3
STEM 0.75 7 2

in*2

k GOOD

in*2

k GOOD

OK
OK

k GOOD

OK
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COLORADO DEPARTMENT OF TRANSPORTATION

DESIGN COMPUTATIONS (Grid)
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COLORADO DEPARTMENT OF TRANSPORTATION

DESIGN COMPUTATIONS (Grid)
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COLORADO DEPARTMENT OF TRANSPORTATION

DESIGN COMPUTATIONS (Grid)
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COLORADO DEPARTMENT OF TRANSPORTATION

DESIGN COMPUTATIONS (Grid)
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LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)
AUTHOR: BUI, HOANG

Oct-12 DESIGN HEIGHT  3'
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Presnse § Koy
L INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backfill Slope g (by degree) 26.57
Intemal Friction Angle of Backfill Soil ¢ 34.00
Intemal Friction Angle Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall § (») 30.00 (*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 1.5
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 3.50
Top wall Thickness (ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 H/12 to H/10 0.40 0.48
Front Base Length (ft) 1.00 HM10TO H/8 0.4833 0.60
Back Base Length (ft) 2.00
Base Thickness (ft) 1.33 HM2 to HM0
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, 0 for soil 0.00
fc (psi) = I 4500 l fy (psi)= 60000.00
Utimate Foundation Bearing (ksf) = 4.60
Bearing Resistance Factor (**) 0.55 (*) Table 10.5.5.2.2-1
Sliding Resistance Factor (Concrete on Soil) (**) 0.80 (“) Table 10.5.5.2.2-1
Sliding Resistance Factor (Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1
Coefficient of Sliding Resistance () 0.45
Table 10.5.5.2.2-1 Resist: Factors for Geotechnical Resist of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance [\ Theoretical Method {(Munfakh et at., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 045
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (X Cast-in-Place or precast Concrete on clay 0.85
1Soil on soil : 0.90
¢ep IPassive earth pr comp t of sliding resistance 0.50

*Yor



LOAD FACTORS

Load Combination Yoc Yev Yis Yen Application
Strength | (Min) 0.90 1.00 175 1.5 Sliding & overturning
Strength | (Max) 1.25 1.35 1.75 1.5 Bearing & wall strength
Service ) 1.00 1.00 1.00 1.00 Wall crack controt
. OUTPUT
Enter 1 for using Rankine horizontal back fili, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight {Coefficient and pcf), (Ka) 0.412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 442 .14 221.42
hl= 4.08 as= 533 H=483
h2 = 283 b= 433 04H= 193
Base Width (ft) = 383 0.4H to 0.6H 0.6H = 2.90
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment {Ka) from Geology Unit
Ph1 = 0.34 2.78 0.94
Ph2 = 0.26 0.75 0.20
Ph3 = 0.03 0.50 0.01
Ph,water = 0.07 0.50 0.04
Ph,sc= 0.45 217 0.97
1.15 215
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
wi= 0.44 1.42 0.62
wz= 0.13 0.34 0.04
w3 = 0.77 1.92 1.47
W4 = 0.75 2.83 212
W5 = 0.12 317 0.40
Pvi= 0.17 3.83 0.65
Pv2= 0.18 3.83 0.69
Pv3= 0.01 3.83 0.06
2.57 6.04
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
P, = 1.23
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V{(K) My (K.Ft)
Strength | (Min) 2.62 6.53 1.83 3.47
Strength | (Max) 3.39 8.15 1.83 347
Service | 2.57 6.04 1.15 2.15
Hl. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax= 0.96 ft.
X = 147 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.75 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Epax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.54 ft.
Bearing Resistance = 2.53 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.23 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert, Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 1.51 k
Factored Sliding Force = 1.83 k
Sliding Resistance = 1.82 k GOOD
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Vi. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1= 0.34 144 0.49
Ph2 = 0.02 0.08 0.00
Ph3 = 0.00 0.06 0.00
Ph,water = 0.00 0.06 0.00
Ph,sc= 031 1.50 0.46
0.67 0.95
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3= 0.40 1.00 0.40
W4 = 0.75 1.00 0.75
W5 = 0.12 1.33 0.17
Pvi= 0.17 2.00 0.34
Pv2= 0.01 2.00 0.03
Pv3= 0.00 2.00 0.00
1.46 1.68
fUitimate Loads
Load Combination Strength | (Max) Service |
V (K} M (K.Ft) V (K) M (K.Ft)
Toe 1.23 0.61 N/A N/A
iHeeI 1.95 2.28 N/A N/A
Stem 1.08 1.55 0.67 0.95
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
Cliroprootng=p 2 = " lin Spacingrg, = 18
Clfgotom Footimg=p 3 lin Spacingaomm= 18
Top bar Diameter = 05 in B= 2
Bottom bar Diameter = 05 in bshear = 0.9
1. HEEL
Ao ttent = 13.746 in Adtop= 0.13
Aenl 017 in
Ay Hew = 13.66 in
VR Hett= 19.78 k > 1.95
2.TOE
g 700 = 12.746 in A Botom = 0.13
8roe = 0.17 in
by Toe = 12.66 in
VR Tos = 18.33 k > 1.23
Vill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clrgassum=] 2 in
Bar Diameter at Stem = 05 in S, = 7.66
Spacing = 18 in Assum= 0.13
dgsem = 7.75 in €= 0.000923118
Agtem = 017 in Sy = 12
dy sem= 7.66 in B= 284
VR stom= 15.73 k > 1.08
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 0.95 k.ft
[ 11.42 ksi
d.= 2.25 in
Bs = 1.32
S <= 41.87 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. {IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT| 05 18 2
FOOTING BOTTOM MAT] 0.5 18 3
STEM] 05 18 2

in*2

k GOOD

in*2

k GOOD

OK
OK

GOOD

&



LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)
AUTHOR: BUI, HOANG
Oct-12 DESIGN HEIGHT 3’

C & v P
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Precore & Koy

L INPUT (ENGLISH)

Concrete Density (pcf) 150.00

Soil Density (pcf) 125.00

Backfill Slope B (by degree) 26.57

Intemal Friction Angle of Backfill Soil ¢ 34.00

Intemat Friction Angle Soil at Foundation ¢ 30.00

Friction Angle between Fill and Wall § (+) 30.00 (*) Table 3.11.5.3-1

Surcharge in Feet 2.00

Water depth behind wall, from bottom base (ft) 2.0

Top Wall to Backfill Depth (ft) 0.50

Height from Top Base to Top Wall (ft) 3.50

Top wall Thickness (ft) 0.83 H = TOP OF WALL TO BOTTOM OF BASE
Walll Thickness @ Base (ft) 0.83 H/12to HH10 0.40 0.48
Front Base Length (ft) 1.00 H/10 TO H/8 0.4833 0.60
Back Base Length (ft) 3.75

Base Thickness (ft) 1.33 H/12 to HM10

Shear Key Depth (ft) 1.25

Shear Key Width (ft) 0.67

Distance from Toe to Key (ft) 0.00

Front Soil Depth to Base (ft) -1.00 ( WITH 2.5' RIPRAP AT TOE

Enter 1 for rock foundation, O for soil 0.00 \r* N S,

e (psi) = fy(ps)=]___ 60000.00

Utimate Foundation Bearing (ksf) = 5.20

Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Concrete on Soil) (**) 0.80 {**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1

Coefficient of Sliding Resistance (i) 0.45

Table 10.5.5.2.2-1 Resistance Factors for Geotechnical Resistance of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance [N Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 045
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (X Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90
¢ep IPassive earth pressure comp i of sliding resistance 0.50
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LOAD FACTORS

ILoad Combination Yoc Yev l.,_s Yen Application
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overturning
Strength | (Max) 1.25 1.35 1.75 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
if. QUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 221.42

h1= 1.58 a= 6.21 H= 483
h2= 0.33 b= 433 0.4H= 193
Base Width (ft) = 5.58 0.4H to 0.6H 0.6H = 2.90
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Amn Moment {Ka) from Geology Unit
Phl = 041 3.40 1.39
Ph2 = 0.39 1.00 0.39
Ph3 = 0.05 0.67 0.03
Ph,water = 0.12 0.67 0.08
Phsc= 045 217 097
1.41 2.86
Unfactored Vertical Loads
Loads Force (K) Mo. Am Moment
wi= 0.44 1.42 0.62
wz= 0.13 0.34 0.04
w3 = 1.12 279 312
w4 = 1.41 37N 521
W5 = 0.44 433 1.90
Pvl= 0.20 5.58 1.14
Pv2= 0.26 5.58 1.46
Pv3= 0.03 5.58 0.15
4.02 13.64
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp = 0.34

Factored Loads and Moments

Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.FY)

Strength | (Min) 410 14.64 212 453
Strength | (Max) 533 18.46 212 453
Service | 4.02 13.64 1.41 2.86
1. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.40 ft.
X = 247 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.32 fi. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.18 ft.
Bearing Resistance = 2.86 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.02 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress {min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 236 k
Factored Sliding Force = 212 k
Sliding Resistance = 2.06 k GOOD



Vi ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1= 0.41 2.07 0.84
Ph2= 0.09 0.33 0.03
Ph3= 0.01 0.22 0.00
Ph,water = 0.01 0.22 0.00
Ph,sc = 0.31 1.50 0.46
0.82 1.34
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 0.75 1.88 141
w4 = 141 1.88 264
W5 = 0.44 2.50 1.10
Pvl = 0.20 3.75 0.77
Pv2= 0.06 3.75 0.22
Pv3= 0.00 375 0.01
2.86 6.14
JUltimate Loads
[Load Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 1.02 0.51 N/A N/A
Heel 3.83 8.30 N/A N/A
Stem 1.31 213 0.82 1.34
For conservative the ullimate shear at toe is calculated at front face of wall.
Vil. DESIGN FOOTING FOR SHEARS
Clrgop Footing HEn 21 in Spacingy,, = 18 in
ClfgotomFootng=f_ 3 lin Spacingsotom= 18 in
Top bar Diameter = 0.625 in p= 2
Bottom bar Diameter = 05 in Pshear = 0.9
1. HEEL
g Hea = 13.6835 in Agton= 0.20 in*2
Apea = 0.27 in
dy Heat= 13.55 in
VR et = 19.62 k > 3.83 k GOOD
2.TOE
g 100 = 12.746 in Aq Botom = 0.13 in*2
Ayee = 017 in
d, Toe = 12.66 in
VR 100 = 18.33 k > 1.02 k GOOD
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design oK
1X. DESIGN STEM FOR SHEAR
Clrgack stom
Bar Diameter at Stem = 0.5 in S, = 7.66 in
Spacing = 18 in Ay sem= 0.13 in*2
desum = 7.75 in £,= 0.001224774
Bgwm = 0.17 in Sy = 12 in
dy sem= 7.66 in B= 2.50
VR stem = 13.87 k > 1.31 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design OK
Check contro! of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 134 k.ft
fos = 16.06 ksi
d.= 2.25 in
Be= 1.32
S <= 28.48 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT| 0.625 18 2
FOOTING BOTTOM MA 05 18 3
STEIJI] 0.5 18 2
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LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)

AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT 4’

PR U [ M et
Precrse ¢ Koy

L INPUT (ENGLISH)

Concrete Density (pcf) 150.00

Soil Density (pef) 125.00

Backfill Slope B (by degree) 26.57

Intemnal Friction Angle of Backfill Soil ¢ 34.00

Intemnal Friction Angle Soil at Foundation ¢ 30.00

Friction Angle between Fill and Wall 3 (*) 30.00 (*) Table 3.11.5.3-1

Surcharge in Feet 2.00

Water depth behind wall, from bottom base (ft) 2,0

Top Wall to Backfill Depth (ft) 0.50

Height from Top Base to Top Wall (ft) 4.50

Top wall Thickness (ft) 0.83 H = TOP OF WALL TO BOTTOM OF BASE

Wall Thickness @ Base (ft) 0.83 H/12 to H/10 0.49 0.58

Front Base Length (ft) 1.00 HM0TO H/8 0.5833 0.73

Back Base Length (ft) 3.00

Base Thickness (ft) 1.33 H/12 to HNO

Shear Key Depth (ft) 1.25

Shear Key Width (ft) 0.67

Distance from Toe to Key (ft) 0.00

Front Soil Depth to Base (ft) 1.50

Enter 1 for rock foundation, 0 for soil 0.00

fc (psi) = fy (psi)= 60000.00

Utimate Foundation Bearing (ksf) = 5.20

Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Concrete on Soil) (**) 0.80 (**) Table 10.5.5.2.2-1

Sliding Resistance Factor (Soil on Soil) {*) 0.90 {**) Table 10.5.5.2.2-1

Coefficient of Sliding Resistance () 0.45

Table 10.5.5.2.2-1 Resistance Factors for Geotechnical Resi of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance o Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80

1Sliding ¢, Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

¢ep Passive earth pressure component of sliding resistance 0.50

3?’/{/



LOAD FACTORS

(Ka) from Geology Unit

ILoad Combination Yoc Yev Yis Yeu l Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overtuming
Strength | (Max) 1.25 135 1.75 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 'Wall crack control
. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 80.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 221.42

ht= 4.08 a= 6.83 H=583
h2= 2.83 b= 5.33 0.4H = 2.33
Base Width (ft) = 483 0.4H to 0.6H 0.6H = 3.50
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment
Pht = 0.54 361 1.94
Ph2 = 045 1.00 0.45
Ph3 = 0.05 0.67 0.03
Ph,water = 0.12 0.67 0.08
Phsc= 0.55 267 147
1.70 3.97
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 0.56 1.42 0.80
w2= 0.13 034 0.04
W3= 0.97 242 234
w4 = 1.50 3.33 5.00
W5 = 0.28 3.83 1.08
PVl = 0.27 4.83 1.30
Pv2= 0.30 4.83 1.45
Pv3= 0.03 483 013
4.03 1213
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp= 1.23
Factored Loads and Moments
[Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)

Strength | (Min) 4.16 13.26 2.56 6.32
Strength | (Max) 537 16.49 2.56 6.32
Service | 4.03 12.13 1.70 3.97
I. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.21 fi.
X = 1.67 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.75 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A ft.
IV. CHECK BEARING
Actual e = 0.52 ft.
Bearing Resistance = 2.86 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 142 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress {(min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 240 k
Factored Sliding Force = 2.56 k
Sliding Resistance = 254 k GOOD

*%



VI. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Am Moment
Ph1= 0.54 2.28 1.23
Ph2 = 0.1 0.33 0.04
Ph3 = 0.01 0.22 0.00
Ph,water = 0.01 0.22 0.00
Ph,sc= o4 2.00 0.82
1.08 2.09
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3= 0.60 1.50 0.90
w4 = 1.50 1.50 225
W5 = 0.28 2.00 0.56
Pvi= 0.27 3.00 0.81
Pv2= 0.07 3.00 0.22
Pv3= 0.00 3.00 0.01
2.73 4.75
JUitimate Loads
[toad Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 1.42 071 N/A N/A
Heel 3.67 6.47 N/A N/A
Stem 1.72 3.34 1.08 2.09
For conservative the ultimate shear at toe is calculated at front face of wall.
{Vil. DESIGN FOOTING FOR SHEARS
Cliyopreosng= 02 = |in Spacingro, = 16
Clfgotom Footing=L__. 3 in Spacingsomom= 16
Top bar Diameter = 0.5 in B= 2
Bottom bar Diameter = 0.5 in Oshear = 09
1. HEEL
g How = 13.746 in Aytop= 0.15
Aot = 0.19 in
dy Hewt = 13.65 in
VR Het= 19.76 k > 3.67
2.TOE
Ay 7o = 12.746 in As Botom = 0.15
Aroe = 0.19 in
dyToe= 12.65 in
VR Toe = 18.32 k > 142
Vill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
IX. DESIGN STEM FOR SHEAR
Clfsack sum=l 20 |in
Bar Diameter at Stem = 0.5 in S,= 7.65
Spacing = 16 in Ay sum= 0.15
d, sum = 7.75 in £ = 0.001630188
Agtem = 0.19 in Sy = 12
d, sem™ 7.65 in B= 2.16
Vrstam= 11.96 k > 1.72
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 2.09 k.ft
fos = 22.27 ksi
d.= 225 in
Bs = 1.32
S <= 19.28 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT 0.5 16 2
FOOTING BOTTOM MAT] 0.5 16 3
STEM] 0.5 16 2

in*2

k GOOD
in*2

k GOOD
OK

OK

in
in*2

k GOOD

OK

GOOD

249
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LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)

AUTHOR: BUI, HOANG

Oct-12 DESIGN HEIGHT  4'

g
I e
Presvre € Koy
L INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backfill Slope B (by degree) 26.57
Internal Friction Angle of Backfill Soil $ 34.00
Intemal Friction Angle Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall 5 (») 30.00 (*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 2.0
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 4.16
Top wall Thickness (ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 |H/12to HNMO 0.46
Front Base Length (ft) 1.00 H/M0 TO H/8 0.5493
Back Base Length (ft) 4.50
Base Thickness (ft) 1.33 H/12to HMO
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00 A
Front Soil Depth to Base (ft) -1.00 ( WITH 2.5' RIPRAP AT TOE
Enter 1 for rock foundation, 0 for soil 0.00 &
Fc (psi) = fy (ps)=|____80000.00
Utimate Foundation Bearing (ksf) = 5.20
Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1
Sliding Resi Factor (Co on Soil) (*1) 0.80 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor (Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1
Coefficient of Sliding Resistance (p) 0.45

Table 10.5.5.2.2-1 Resistance Factors for Geot

hniral Roci

F of Shallow Foundations at Strength Limit State

Method / Soil / Condition

Resistance Factor

Theoretical Method (Munfakh et al., 2001), in clay 0.50

Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance Oy Theoretical Method (Munfakh et al., 2001), in sand, using SPT 045
Semi-empirical methods (Meyerhof, 1957), all soils 0.45

Footing on rock 045

Plate Load Test 0.55

Precast concrete placed on sand 0.90

Cast-in Place Concrete on sand 0.80

Sliding (X Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

¢ep IPassive earth pressure component of sliding resistance 0.50

40
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LOAD FACTORS

[Coad Combination Yoc Yev Yis Yen | Application
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overtuming
Strength | (Max) 1.256 1.35 175 15 Bearing & wall strength

|Service | 1.00 1.00 1.00 1.00 Wall crack control
Il. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) $0.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 221.42

h1= 1.58 a= 7.24 H=549
h2= 033 b= 4.99 0.4H = 2.20
Base Width (ft) = 6.33 0.4H to 0.6H 0.6H = 3.30
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Amn Moment (Ka) from Geology Unit
Pht = 0.63 3.75 237
Ph2 = 0.48 1.00 0.48
Ph3 = 0.05 0.67 0.03
Ph,water = 0.12 0.67 0.08
Ph,sc = 0.51 2.50 1.28
1.80 4.26
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
wi= 0.52 1.42 0.74
wz= 0.13 0.34 0.04
W3= 127 317 4.01
wié = 2.06 4.08 8.41
W5 = 0.63 483 3.06
Pvl = 0.32 6.33 201
Pv2= 033 6.33 2.06
Pv3= 0.03 6.33 017
5.27 20.49
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
P, = 0.34
Factored Loads and Moments
[Load Combination vertical Loads Moment Horiz. Loads Moment
V{K) My (K.Ft) V (K) My (K.Ft)

Strength | (Min) 542 2213 2.70 6.71
Strength | (Max) 7.03 27.82 2.70 6.71
Service | 5.27 20.49 1.80 4.26
Hl. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.58 fi.
X = 285 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.32 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X, = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = N/A ft.
IV. CHECK BEARING
Actuale = 0.16 ft.
Bearing Resistance = 2.86 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 117 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 3.13 k
Factored Sliding Force = 270 k
Sliding Resistance = 2,67 k GOOD

\
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VI, ULTIMATE LOADS
Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1 = 0.63 2414 1.53
Ph2= 0.12 0.33 0.04
Ph3 = 0.01 0.22 0.00
Ph,water = 0.01 0.22 0.00
Ph,sc = 038 1.83 0.69
1.15 2.26
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3 = 0.90 2.25 2.02
W4 = 2.06 225 463
W5 = 0.63 3.00 1.90
Pvl = 0.32 4.50 143
Pv2= 0.08 4.50 0.36
Pv3= 0.00 4.50 0.01
3.99 10.36
[Uitimate Loads
lLoad Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 117 0.58 N/A N/A
Heel 5.36 14,05 N/A N/A
|Stem 1.82 3.57 1.15 2.26
For conservative the ultimate shear at toe is calculated at front face of wall.
|VII. DESIGN FOOTING FOR SHEARS ‘
Clrropfocting=_ 2 |in Spacingy,, = 16 in
ClfgomomFooting=l 3 [in Spacingesmom = 16 in
Top bar Diameter = 0.75 in B= 2
Bottom bar Diameter = 0.5 in Pshear = 0.9
1. HEEL
Oy Hout = 13.621 in Ay top= 0.33 in"2
- 043 in
dy veu= 13.40 in
VR Hoot = 19.41 k > 5.36 k GOOD
2.TOE
[ 12.746 in Aqbotom = 0.15 inA2
Aroe = 0.19 in
dy 100 = 12.65 in
VR Toe = 18.32 k > 117 k GOOD
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design OK
1X. DESIGN STEM FOR SHEAR
Clrusam=l 2 in
Bar Diameter at Stem = 0.5 in = 7.65 in
Spacing = 16 in A som= 0.15 in*2
Ay sem = 7.75 in €= 0.001736936
Astom = 0.19 in S, = 12 in
dy sam= 7.65 in B= 208
VR stam= 11.54 k > 1.82 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design OK
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 2.26 k.ft
foo = 24.12 Ksi
d.= 225 in
Be= 1.32
S <= 17.46 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 0.75 16 2
FOOTING BOTTOM MAT| 05 16 3
STEM]} 0.5 16 2




LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)

AUTHOR: BUI, HOANG
Oct-12

A ALY VU

DESIGN HEIGHT &'

Preceve § Koy

L INPUT (ENGLISH)

Concrete Density (pcf)

Soil Density (pcf)

Backfill Slope p (by degree)

Internal Friction Angle of Backfill Soil ¢
Intemal Friction Angle Soil at Foundation ¢
Friction Angle between Fill and Wall 5 (»)
Surcharge in Feet

Water depth behind wall, from bottom base (ft)
Top Wall to Backfill Depth (ft)

Height from Top Base to Top Wall (ft)
Top wall Thickness (ft)

Wall Thickness @ Base (ft)

Front Base Length (ft)

Back Base Length (ft)

Base Thickness (ft)

Shear Key Depth (ft)

Shear Key Width (ft)

Distance from Toe to Key (ft)

Front Soil Depth to Base (ft)

Enter 1 for rock foundation, O for soil

fe(psi) =

Utimate Foundation Bearing (ksf) =
Bearing Resistance Factor (**)
Sliding Resistance Factor (Concrete on Soil) (**)
Sliding Resistance Factor (Soil on Soil) (**)
Coefficient of Sliding Resistance (n)

Table 10.5.5.2.2-1 Resistance Factors for G

150.00

125.00

26.57

34.00

30.00

30.00

(*) Table 3.11.5.3-1

2.00

2.5

0.50

5.50

0.83

0.83

1.00

4.00

1.33

1.25

0.67

0.00

1.50

0.00

fy (psi)= 60000.00

5.20

0.55

0.80

0.90

0.45

H = TOP OF WALL TO BOTTOM OF BASE

HM2to H10 0.57 0.68
H/10 TO H/8 0.6833 0.85
H/M2to HMO

() Table 10.5.5.2.2-1
(**) Table 10.5.5.2.2-1
(*) Table 10.5.5.2.2-1

hnical Resist of Shallow Foundations at Strength Limit State

Method / Soil / Condition

Resistance Factor

Theoretical Method (Munfakh et al., 2001), in clay 0.50

Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50

Bearing Resistance 'S Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45

Footing on rock 0.45

Plate Load Test 0.55

lPrecasl concrete placed on sand 0.90

Cast-in Place Concrete on sand 0.80

Sliding (% Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90

¢ep Passive earth pressure p it of sliding e 0.50

4%
4/



LOAD FACTORS

ILoad Combination Yoc Yev Yis Yen I Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overturning
Strength | (Max) 1.25 1.35 175 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submerg Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0412 51.53 2581
Passive Fluid Weight (Coefficient and pcf) 354 44214 22142

ht = 4.08 a= 8.33 H=6.83
h2 = 283 b= 6.33 04H= 273
Base Width (ft) = 583 0.4H to 0.6H 0.6H=4.10
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment (Ka) from Geology Unit
Ph1= 0.78 4.44 3.48
Ph2 = 0.67 1.25 0.84
Ph3 = 0.07 0.83 0.06
Ph,water = 0.20 0.83 0.16
Ph,sc= 0.65 317 2.07
2.38 6.61
Unfactored Vertical Loads
{oads Force (K) Mo. Arm Moment
wi= 0.69 1.42 0.97
W2 = 0.13 0.34 0.04
W3 = 117 292 3.40
W4 = 2.50 3.83 9.58
W5 = 0.50 4.50 225
Pvi = 0.39 5.83 229
Pv2= 0.45 583 264
Pv3= 0.04 5.83 024
5.87 21.42
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Py = 1.23

Factored Loads and Moments

Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)

Strength | (Min) 6.11 23.57 3.56 10.44
Strength | (Max) 7.85 29.26 3.56 10.44
Service | 5.87 21.42 2.38 6.61
. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.46 ft.
X, = 215 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.77 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Erax= N/A fi.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.52 ft.
Bearing Resistance = 2.86 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 164 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 3.53 k
Factored Sliding Force = 3.56 k
Sliding Resistance = 3.4 k GOOD

Y



VI ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K} Mo. Arm Moment
Ph1 = 0.78 3N 244
Ph2= 0.24 0.58 0.14
Ph3 = 0.02 0.39 0.01
Ph,water = 0.04 0.39 0.02
Ph,ssc= 0.52 2.50 1.29
1.60 3.89
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Arm Moment
W3 = 0.80 2.00 1.60
W4 = 2.50 2.00 5.00
W5 = 0.50 267 1.33
Pvl = 0.39 4.00 157
Pv2= 0.16 4.00 0.65
Pv3 = 0.01 4.00 0.04
4.36 10.19
JUltimate Loads
[Load Combination Strength | (Max) Service |
V (K) M (K.Ft) V (K) M (K.Ft)
Toe 1.64 0.82 N/A N/A
Hee! 5.90 13.94 N/A N/A
IStem 253 6.16 1.60 3.89
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
Clfroprootna=] 2 lin Spacingr,, = 15 in
ClfgommFooing=L 3 in Spacingeotom = 15 in
Top bar Diameter = 0.75 in B= 2
Bottom bar Diameter = 0.625 in shear = 0.9
1. HEEL
dy et = 13.621 in Agtop= 0.35 in*2
Apea = 0.46 in
dy Hear= 13.39 in
VR Heol = 19.39 k > 5.90 k GOOD
2.TOE
Oy Too = 12.6835 in A, Botom = 0.25 in*2
Aroe = 0.32 in
dy1oe= 12.52 in
VR Toe = 18.13 k > 1.64 k GOOD
Viill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design OK
Use sheet 3 (Toe Bending) for the Toe bending design OK
IX. DESIGN STEM FOR SHEAR
Clfgack stam 250 in
Bar Diameter at Stem = 0.625 in S, = 7.52 in
Spacing = 15 in A, sum= 0.25 in*2
Oy som = 7.68 in £ = 0.001735608
Agtam = 0.32 in S = 12 in
dysem= 7.52 in = 2.09
VR stem= 11.36 k > 2.53 k GOOD
X. DESIGN STEM FOR BENDING
Use sheet 4 {(Stem Bending) for the stem bending design OK
Check contro! of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 3.89 k.ft
fis = 2529 ksi
d.= 231 in
B = 1.33
S <= 16.18 in GOOD
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 0.75 15 2
FOOTING BOTTOM MAT] 0.625 15 3
STEM] 0.625 15 2




LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)

AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT 6'

Prersise € Koy

L INPUT (ENGLISH)

Concrete Density (pcf)

Soil Density (pcf)

Backfill Slope B (by degree)

Internal Friction Angle of Backfill Soil ¢
Intemat Friction Angle of Soil at Foundation ¢
Friction Angle between Fill and Wall 5 (*)
Surcharge in Feet

Water depth behind wall, from bottom base (ft)
Top Wall to Backfill Depth (ft)

Height from Top Base to Top Wall (ft)
Top wall Thickness (ft)

Wall Thickness @ Base (ft)

Front Base Length (ft)

Back Base Length (ft)

Base Thickness (ft)

Shear Key Depth (ft)

Shear Key Width (ft)

Distance from Toe to Key (ft)

Front Soil Depth to Base (ft)

Enter 1 for rock foundation, O for soil

ro ps) =

Utimate Foundation Bearing (ksf) =

Bearing Resistance Factor (**)

Sliding Resistance Factor (Concrete on Soil) (**)
Sliding Resistance Factor (Soil on Soil) (**)

Table 10.5.5.2.2-1 Resist: Factors for G

450.00
125.00
26.57
34.00
30.00
30.00 (*) Table 3.11.5.3-1

2.00
3.0
0.50
6.50
0.83 H = TOP OF WALL TO BOTTOM OF BASE
0.83 HH2 to HAO0 0.65 0.78
1.00 HHO TO H/8 0.7833 0.98
5.00
1.33 HM2 to H10
1.25
0.67
0.00
1.50
0.00
fy (psi)= 60000.00
5.20
0.55 () Table 10.5.5.2.2-1
0.80 (*) Table 10.5.5.2.2-1
0.90 (*) Table 10.5.5.2.2-1

technical Resist of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et at., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
{Bearing Resistance [ Theoretical Method (Munfakh et al., 2001), in sand, using SPT 045
fSemi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding &, Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90
¢ep Passive earth pressure component of sliding resistance 0.50

44,
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LOAD FACTORS

ILoad Combination Yoc Yev Yis Yen | Application
|Strenglh I (Min) 0.90 1.00 175 15 Sliding & overturning
Strength | (Max) 125 1.35 1.75 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 'Wall crack control
1Il. OUTPUT
Enter 1 for using Rankine horizontat back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.41 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 442.14 221.42
ht= 408 a= 9.83 H=783
h2 = 283 b= 7.33 04H=3.13
Base Width (ft) = 6.83 0.4H to 0.6H 0.6H = 4.70
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment
Ph1= 1.08 528 5.68
Ph2 = 0.94 1.50 1.42
Ph3 = 0.10 1.00 0.10
Ph,water = 0.28 1.00 0.28
Ph,sc= 076 3.67 2.77
3.16 10.25
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 0.81 1.42 1.15
W2= 0.13 0.34 0.04
W3= 137 3.42 467
W4 = 3.75 433 16.25
W5 = 0.78 517 404
Pvl = 0.54 6.83 3.68
Pv2= 0.64 6.83 4.35
Pv3= 0.06 6.83 041
8.07 34.59
Unf: ed Sliding Resi from Shear Key (Horizontal)
Loads Force (K)
Py = 1.23
Factored Loads and Moments
[Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength 1 (Min) 8.46 38.22 474 16.07
Strength | (Max) 10.85 47.37 474 16.07
Service | 8.07 34.59 3.16 10.25
1ll. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax = 1.71 ft.
X, = 2.62 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.80 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax= N/A fl.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
V. CHECK BEARING
Actual e = 0.53 ft.
Bearing Resistance = 2.86 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 1.88 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Venrt. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 488 k
Factored Sliding Force = 474 k
Sliding Resistance = 452 k GOOD

(Ka) from Geology Unit

S\



V1. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Ph1 = 1.08 3.94 424
Ph2 = 0.42 0.83 0.35
Ph3= 0.03 0.56 0.02
Ph,water = 0.09 0.56 0.05
Ph,ssc= 0.62 3.00 186
2.24 6.52
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 1.00 250 2.50
W4 = 3.75 250 9.38
W5 = 0.78 3.33 2.60
Pvi= 0.54 5.00 2.69
Pv2= 0.29 5.00 143
Pv3= 0.02 5.00 0.09
6.37 18.69
Juttimate Loads
[Load Combination Strength | (Max) Service |
V(K) M(K.Ft) V (K) M (K.Ft)
Toe 1.88 0.94 N/A N/A
Heel 8.63 25.61 N/A N/A
|Stem 3.51 10.24 224 6.52
For conservative the ultimate shear at toe is calculated at front face of wall.
|VII. DESIGN FOOTING FOR SHEARS
Clftop Footng=| e Spacingro, = "
Clraotom Footing=|__ SPacingeoum= 1
Top bar Diameter = 0.75 in B= 2
Bottom bar Diameter = 0.625 in dshear = 0.9
1. HEEL
g oot = 13.621 in Agtop= 0.48
Aenl = 0.63 in
dy et = 13.31 in
VR Heat= 19.27 k > 8.63
2.TOE
[ 12.6835 in Aqpotom = 0.33
8voe = 0.44 in
dy70e= 12.46 in
VR T0e = 18.05 k > 1.88
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clfsacksum=p i 20 ]in
Bar Diameter at Stem = 0.625 in S, = 7.46
Spacing = 11 in Ay sum= 0.33
dysum = 7.68 in €= 0.002057517
Agtem = 0.44 in S = 12
dy swm= 7.46 in p= 1.89
VR som= 10.20 k > 3.51
X. DESIGN STEM FOR BENDING
Use sheet 4 (Sterm Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 6.52 kft
fes = 31.31 ksi
d. = 2.31 in
Be= 1.33
S <= 12.18 in
SUMMARY OF CONCRETE DESIGN
I BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MA 0.75 1" 2
FOOTING BOTTOM MA 0.625 1" 3
STEM, 0.625 11 2

in"2

k GOOD

in*2

k GOOD

OK
OK

GOOD



LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)
AUTHOR: BUI, HOANG
Oct-12 DESIGN HEIGHT 7'

O s :
& 5
L
hs |
o
brot Base |4 i
| s
1t I3
€ >
A+J 5
v
. b’y e
lat = browy
m;-{lﬂ:%tzj:m
Prermre € Koy
LINPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 1256.00
Backfill Slope B (by degree) 26.57
Intemal Friction Angle of Backfill Soil ¢ 34.00
Intemnal Friction Angle of Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall § (*) 30.00 {*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft} 3.5
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 7.50
Top wall Thickness (ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 H/12to HMO 0.74 0.88
Front Base Length (ft) 1.00 HMOTO H/8 0.8833 1.10
Back Base Length (ft) 6.00
Base Thickness (ft) 1.33 H/12 to HMO
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, 0 for soil 0.00
fc (psi) = I 4500 I fy (psi)=| 60000.00
Utimate Foundation Bearing (ksf) = 5.30
Bearing Resistance Factor (**) 0.55 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor (Concrete on Soil) (**) 0.80 (*") Table 10.5.5.2.2-1
Sliding Resistance Factor (Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1
Table 10.5.5.2.2-1 Resist: Factors for Geotechnical Resist. of Shallow Foundations at Strength Limit State
Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
{Bearing Resistance [N Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
JPlate Load Test 0.55
IPrecast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (% Cast-in-Place or precast Concrete on clay 0.85
§Soil on soil 0.80
¢ep IPassive earth pressure component of sliding resistance 0.50




LOAD FACTORS

ILoad Combination Yoc Yev Yis Yen I Application
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overturning
Strength | (Max) 1.25 135 175 1.5 Bearing & wall strength
Service ! 1.00 1.00 1.00 1.00 Wall crack control
Il. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submerg
Active Fluid Weight (Coefficient and pcf), (Ka) 0412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 22142

h1= 4.08 as 11.33 H= 883
h2 = 2.83 b= 8.33 0.4H = 3.53
Base Width (ft) = 7.83 0.4H 10 0.6H 0.6H= 530
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Am Moment (Ka) from Geology Unit
Ph1= 1.41 6.1 8.64
Ph2 = 1.26 1.75 221
Ph3= 0.14 117 0.16
Ph,water = 0.38 1.17 0.45
Ph,sc= 0.86 417 3.58
4.06 15.04
Unfactored Vertical Loads
Loads Force (K) Mo. Am Moment
Wi = 0.94 1.42 1.33
w2 = 0.13 0.34 0.04
W3 = 1.57 3.92 6.13
W4 = 5.25 483 2537
W5 = 1.12 5.83 6.56
Pvi= 0.71 7.83 5.54
Pv2= 0.85 7.83 6.68
Pv3 = 0.08 7.83 0.64
10.64 52.29
Unfactored Sliding Resi from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.23

Factored Loads and Moments

Load Combination vertical Loads Moment Horiz. Loads Moment
V (K} My (K.Ft) V (K) My (K.Ft)

Strength 1 (Min) 11.20 57.97 6.09 23.46
Strength | (Max) 14.35 na 6.09 23.46
Service | 10.64 52.29 4.06 15.04
lil. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES

Emax = 1.96 ft.
X = 3.08 fi. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.84 fi. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Epnax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.55 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 213 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 6.47 k
Factored Sliding Force = 6.09 k
Sliding Resistance = 5.79 k GOOD

5o
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Vi. ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Arm Moment
Pht = 1.41 4.78 6.76
Ph2 = 0.65 1.08 0.70
Ph3= 0.05 0.72 0.04
Ph,water = 0.15 0.72 0.1
Ph,sc= 0.72 3.50 2.53
2.99 10.13
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 1.20 3.00 3.60
w4 = 5.25 3.00 15.75
W5 = 1.12 4.00 4.50
Pv1= 0.7 6.00 4,24
Pv2= 0.44 6.00 263
Pv3= 0.03 6.00 019
8.75 30.91
JUltimate Loads
[Load Combination Strength | (Max) Service |
V (K) M(K.Ft) V (K) M (K.Ft)
Toe 213 1.07 N/A N/A
Heel 11.87 42.42 N/A N/A
IStem 4.66 15.83 2.99 10.13
For conservative the ultimate shear at toe is calculated at front face of wall.
lVII. DESIGN FOOTING FOR SHEARS
Clfroprooting=f. 2 |in Spacingye, = 9
Clfgotom Footmg=f. =3 [|in Spacingsomom= 9
Top bar Diameter = 0.875 in B= 2
Bottom bar Diameter = 0.75 in Dshear = 0.9
1. HEEL
[ 13.5585 in AgTop= 0.80
Bpeu = 1.05 in
[ o 13.03 in
VR Hent = 18.87 k > 11.87
2.T0E
Ay 700 = 12.621 in AqBoom= 0.59
Ayoe = 0.77 in
dy1ee= 12.24 in
VR Toe= 17.72 k > 213
Vill. DESIGN FOOTING FOR BENDINGS
Use sheet 2 {(Hee! Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
1X. DESIGN STEM FOR SHEAR
Clrgacksmn =l 2 lin
Bar Diameter at Stem = 0.75 in S, = 7.24
Spacing = 9 in Aysum= 0.59
g sem = 7.62 in = 0.001809024
Agpem = 0.77 in Sy = 12
dy sem= 7.24 in = 2.04
VR stem= 10.67 k > 4.66
X.DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 10.13 k.ft
fos = 28.52 ksi
d. = 238 in
Bs = 1.34
S <= 13.58 in
SUMMARY OF CONCRETE DESIGN
I BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MA 0.875 9 2
FOOTING BOTTOM MA 0.75 9 3
STEM 0.75 9 2

in"2

k  GOOD

in*2

k GOOD

OK
OK

GOOD
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LRFD DESIGN FOR CIP RETAINING WALL B-16-H (NORTH WALL)

AUTHOR: BUI, HOANG
Oct-12

DESIGN HEIGHT  8'
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L. INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backfill Slope B (by degree) 26.57
Intemal Friction Angle of Backfill Soil ¢ 34.00
Intenal Friction Angle of Soil at Foundation ¢ - 30.00
Friction Angle between Fill and Wall 5 (*) 30.00 (*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 4.0
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 8.50
Top wall Thickness {ft) 0.83 H =TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 H/A2 to H1O 0.82
Front Base Length (ft) 1.00 H/10 TO H/8 0.9833
Back Base Length (ft) 7.00
Base Thickness (ft) 1.33 HM2to HNO
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, O for soil 0.00
fc (psi) = [[as0 ] fy (psi)= 60000.00
Utimate Foundation Bearing (ksf) = 5.30
Bearing Resistance Factor (*) 0.55 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor (Concrete on Soil) (**) 0.80 (**) Table 10.5.5.2.2-1
Sliding Resistance Factor {Soil on Soil) (**) 0.90 (**) Table 10.5.5.2.2-1

Table 10.5.5.2.2-1 Resistance Factors for G

F of Shatllow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
B g R ce o Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 045
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (% Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90
¢ep IPassive earth pressure component of sliding resistance 0.50

0.98
1.23



LOAD FACTORS

ILoad Combination

Yoc Yev Yis Yen Application
Strength | (Min) 0.90 1.00 1.75 15 Sliding & overturning
Strength | (Max) 1.25 1.35 1.75 1.5 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
. OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 0.412 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 22142
hl= 4.08 a= 12.83 H= 983
h2= 283 b= 9.33 04H = 3.93
Base Width (ft) = 8.83 0.4H to 0.6H 0.6H = 5.90
Unactored Horizontal Loads Adjust Fluid Weight 1 Teial to match provided
Loads Force (K) Mo. Am Moment (Ka) from Geology Unit
Ph1 = 1.80 6.94 12.49
Ph2= 1.63 2,00 3.26
Ph3 = 0.18 1.33 0.25
Ph,water = 0.50 1.33 0.67
Ph,;sc= 0.96 467 449
5.07 21.14
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 1.06 1.42 1.51
w2= 0.13 0.34 0.04
W3= 177 4.42 7.80
w4 = 7.00 533 37.33
W5 = 1.53 8.50 9.95
Pvi = 0.90 8.83 7.94
Pv2= 1.10 8.83 9.70
Pv3= 0.11 8.83 0.94
13.59 75.22
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Py = 1.23 .
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength | (Min) 14.35 83.58 7.61 32.84
Strength | (Max) 18.37 103.40 761 32.84
Service | 13.59 75.22 5.07 21.14
1ll. CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax= 221 ft.
X = 3.54 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = 0.88 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X, = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.57 ft.
Bearing Resistance = 2915 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 2.39 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 8.28 k
Factored Sliding Force = 761 k
Sliding Resistance = 7.24 k GOOD



VI ULTIMATE LOADS

Unactored Horizontal Loads on Stem

Loads Force (K) Mo. Am Moment
Ph1 = 1.80 5.61 10.09
Ph2= 0.92 1.33 1.23
Ph3 = 0.08 0.89 0.07
Ph,water = 0.22 0.89 0.20
Ph,sc= 0.82 4.00 3.30
3.85 14.89
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 1.40 3.50 4.90
w4 = 7.00 3.50 24.50
W5 = 1.53 467 715
Pvi= 0.90 7.00 6.29
Pv2= 0.62 7.00 435
Pv3= 0.05 7.00 0.33
11.50 47.52
JUltimate Loads
Load Combination Strength ) (Max) Service |
V (K) M(K.FY) V (K) M (K.Ft)
Toe 239 1.20 N/A N/A
Heel 15.62 65.31 N/A N/A
ISlem 5.98 23.16 3.85 14.89
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
Cifrop Footing™ o [ Spacingye, = 7
Clfgotom Footmg= | 3 i Spacingasnom= 7
Top bar Diameter = 1 in = 2
Bottom bar Diameter = 0.75 in Pshear = 0.9
1. HEEL
Oy oot = 13.496 in Astop= 1.35
Apeu = 1.76 in
Hool= 12.62 in
VR Heet = 18.27 k > 15.62
2. TOE
[ 12.621 in AqBotom = 0.76
Aroe = 0.99 in
dy70e= 12,13 in
VR Toe= 17.56 K > 239
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heel bending design
Use sheet 3 (Toe Bending) for the Toe bending design
IX. DESIGN STEM FOR SHEAR
Cifgae s in
Bar Diameter at Stem 0.75 in S,= 7.20
Spacing = 7 in A som= 0.76
Oy stom = 7.62 in €= 0.002029406
Agtem = 0.99 in Sy = 12
d,sem= 7.20 in = 1.80
VR stem= 9.92 k > 5.98
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinfor (56.7.34)
Service Mu = 14.89 k.ft
fos = 32.76 ksi
d, = 2.38 in
Bs = 1.34
S <= 11.20 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT] 1 7 2
FOOTING BOTTOM MA 0.75 7 3
STEJI 0.75 7 2

in*2

k GOOD

in*2

k GOOD

OK
OK

GOOD
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LRFD DESIGN FOR CiP RETAINING WALL B-16-H (NORTH WALL)
AUTHOR: BUI, HOANG
Oct-12 DESIGN HEIGHT 9'

e 43

4
-

5.

z

T e et

£
§

Tor Ul L3 T
Prernse € Key

L INPUT (ENGLISH)
Concrete Density (pcf) 150.00
Soil Density (pcf) 125.00
Backfill Slope B (by degree) 26.57
Intemmal Friction Angle of Backfill Soil ¢ 34.00
Internal Friction Angle of Soil at Foundation ¢ 30.00
Friction Angle between Fill and Wall 3 (*) 30.00 (*) Table 3.11.5.3-1
Surcharge in Feet 2.00
Water depth behind wall, from bottom base (ft) 2.9 only 1/3 of the wall height is submerged in 500yr. Scour
Top Wall to Backfill Depth (ft) 0.50
Height from Top Base to Top Wall (ft) 9.25 Maxi wall height is 8'-9"
Top wall Thickness (ft) 0.83 H = TOP OF WALL TO BOTTOM OF BASE
Wall Thickness @ Base (ft) 0.83 H/M2 to H/10 0.88 1.06
Front Base Length (ft) 1.00 HM10 TO H/8 1.0583 1.32
Back Base Length (ft) 7.68
Base Thickness (ft) 1.33 HA2 to H/10
Shear Key Depth (ft) 1.25
Shear Key Width (ft) 0.67
Distance from Toe to Key (ft) 0.00
Front Soil Depth to Base (ft) 1.50
Enter 1 for rock foundation, O for soil 0.00
fe (psi) = fy (ps=|____60000.00
Utimate Foundation Bearing (ksf) = 7.18
Bearing Resistance Factor (**) 0.55 {**) Table 10.5.5.2.2-1
Sliding Resistance Factor (Concrete on Soil) (**) 0.80 {**) Table 10.5.5.2.2-1
Sliding Resistance Factor {Soil on Soil) {(**) 0.90 {**) Table 10.5.5.2.2-1

Table 10.5.5.2.2-1 Resistance Factors for Geotechnical Resist of Shallow Foundations at Strength Limit State

Method / Soil / Condition Resistance Factor
Theoretical Method (Munfakh et al., 2001), in clay 0.50
Theoretical Method (Munfakh et al., 2001), in sand, using CPT 0.50
Bearing Resistance [N Theoretical Method (Munfakh et al., 2001), in sand, using SPT 0.45
Semi-empirical methods (Meyerhof, 1957), all soils 0.45
Footing on rock 0.45
Plate Load Test 0.55
Precast concrete placed on sand 0.90
Cast-in Place Concrete on sand 0.80
Sliding (% Cast-in-Place or precast Concrete on clay 0.85
Soil on soil 0.90
¢ap Passive earth pressure component of sliding resistance 0.50




LOAD FACTORS

ILoad Combination Yoc Yev Yis

Yeu Application
Strength | (Min) 0.90 1.00 1.75 1.5 Sliding & overturning
Strength | (Max) 1.25 1.35 1.75 15 Bearing & wall strength
Service | 1.00 1.00 1.00 1.00 Wall crack control
il OUTPUT
Enter 1 for using Rankine horizontal back fill, otherwise enter 0 1
Angle of B.F. of Wall to Horizontal (degree) 90.00 Not Submergence Submergence
Active Fluid Weight (Coefficient and pcf), (Ka) 041 51.53 25.81
Passive Fluid Weight (Coefficient and pcf) 3.54 44214 22142
ht= 4.08 as 13.91 H= 10.58
h2= 283 b= 10.08 04H =423
Base Width (ft) = 9.49 0.4H to 0.6H 0.6H= 6.35
Unactored Horizontal Loads Adjust Fluid Weight 1 Trial to match provided
Loads Force (K) Mo. Arm Moment (Ka) from Geology Unit
Ph1= 279 6.58 18.34
Ph2= 1.48 1.46 216
Ph3= 0.10 0.97 0.10
Ph,water = 0.27 0.97 0.26
Ph,sc= 1.04 5.04 5.24
5.67 26.09
Unfactored Vertical Loads
Loads Force (K) Mo. Arm Moment
Wi = 1.18 1.42 1.64
w2 = 0.13 0.34 0.04
W3= 1.90 475 9.01
W4 = 8.38 5.66 47.45
W5= 1.83 6.94 1273
Pvi= 1.39 9.49 13.23
Pv2= 1.00 9.49 947
Pv3= 0.06 9.49 0.54
15.84 94.09
Unfactored Sliding Resistance from Shear Key (Horizontal)
Loads Force (K)
Pp = 1.23
Factored Loads and Moments
Load Combination vertical Loads Moment Horiz. Loads Moment
V (K) My (K.Ft) V (K) My (K.Ft)
Strength | (Min) 16.74 104.64 8.76 40.44
Strength | (Max) 2143 129.44 8.76 40.44
Service | 15.84 94.09 5.67 26.09
). CHECK OVER TURNING
1. CHECK OVERTURNING FOR FOUNDATION RESTS ON SOIL: YES
Emax = 237 ft.
X = 3.83 ft. (LOCATION OF RESULTANT FROM THE TOE)
Actuale = 0.91 ft. GOOD
2. CHECK OVERTURNING FOR FOUNDATION RESTS ON ROCK: NO
Emax = N/A ft.
X = N/A ft. (LOCATION OF RESULTANT FROM THE TOE)
Actual e = N/A ft.
IV. CHECK BEARING
Actual e = 0.59 ft.
Bearing Resistance = 3.949 ksf
1. CHECK BEARING FOR FOUNDATION RESTS ON SOIL: YES
Vertical Sress (Uniform) = 258 ksf GOOD
2. CHECK BEARING FOR FOUNDATION RESTS ON ROCK: NO
Vert. Sress (max.) = N/A ksf
Vert. Sress (min.) = N/A ksf
V. CHECK SLIDING
Friction Resistance = 9.67 k
Factored Sliding Force = 8.76 k
Sliding Resistance = 8.35 k GOOD

"%



Vi. ULTIMATE LOADS

Unactored Horizontal Loads on Stern

Loads Force (K) Mo. Arm Moment
Ph1 = 279 5.25 14.63
Ph2 = 0.71 0.79 0.56
Ph3 = 0.03 0.53 0.02
Ph,water = 0.08 0.53 0.04
Ph,sc= 0.90 438 395
4.50 19.19
Unfactored Vertical Loads behind Stem
Loads Force (K) Mo. Am Moment
W3 = 1.53 383 5.87
W4 = 8.38 3.83 32.09
W5 = 1.83 511 9.36
Pvl= 1.39 7.66 10.67
Pv2= 0.48 7.66 3.64
PV3= 0.02 7.66 0.13
13.63 61.76
{Ultimate Loads
{Load Combination Strength | (Max) Service |
V(K) M (K.Ft) V (K) M (K.Ft)
Toe 2.58 1.29 N/A N/A
Heel 18.53 84.96 N/A N/A
Stem 6.98 29.77 4.50 19.19
For conservative the ultimate shear at toe is calculated at front face of wall.
IVII. DESIGN FOOTING FOR SHEARS
Clryo Footing™ ' i Spacingy,,= 6
Clfgotiom Footng=| 3 Spacingsomm= 6
Top bar Diameter = 1 in = 2
Bottom bar Diameter = 0.875 in Qshear = 09
1. HEEL
Oy Hewt = 13.496 in Agtop= 1.57
Apeu = 2.05 in
dy Heot = 1247 in
VR Heat= 18.05 k < 18.53
2.TOE
Ay 7oe = 12.5585 in AqBotom = 1.20
Aroe = 1.57 in
[ 177 in
VR Tos = 17.05 k > 2.58
Viil. DESIGN FOOTING FOR BENDINGS
Use sheet 2 (Heel Bending) for the heet bending design
Use sheet 3 (Toe Bending) for the Toe bending design
IX. DESIGN STEM FOR SHEAR
Clrgack Stem in
Bar Diameter at Stem = 0.875 in S, 7.20
Spacing = 6 in Agsum= 1.20
ds stom = 7.56 in = 0.001622636
Agpem = 1.57 in See 12
dy sum= 7.20 in B= 217
VR stem= 11.29 k > 6.98
X. DESIGN STEM FOR BENDING
Use sheet 4 (Stem Bending) for the stem bending design
Check control of cracking by distribution of reinforcement (5.7.3.4)
Service Mu = 18.19 k.ft
fu= 26.59 ksi
d. = 244 in
Bs= 1.35
S <= 14.65 in
SUMMARY OF CONCRETE DESIGN
BAR DIA. (IN) SPACING (IN) COVER (IN)
FOOTING TOP MAT]| 1 [ 2
FOOTING BOTTOM MA 0.875 6 3
STEJIII 0.875 6 2

in*2

k  GOOD

in*2

k GOOD

OK
OK

GOOD
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