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FOUNDED 1850

265 Strand Street, St. Helens, OR 97051
Phone: (503) 397-6272 Fax: (503) 397-4016
www.sthelensoregon.gov

Climatic and Geographic Design Criteria for the City of St Helens

Based on the 2021 Oregon Residential Specialty Code (ORSC)

Snow Load = Site specific ground snow loads, shall be those set forth in the online
lookup tool at www.snowloads.seao.org/lookup.html and adjusted per Table R301.2.3.1.
Minimum ground snow load for prescriptive design is 36psf. Minimum roof snow load
for engineered design is 25psf.

Ultimate Design Wind Speed = 120mph (Columbia County Special Wind Region)
Wind Exposure Category = Determined by site conditions (see R301.2.1.3 2021 ORSC)
Seismic Category = D1

Weathering = Moderate

Frost Line Depth = 12 inches

Decay = Moderate



6/3/22, 11:12 AM

CALIFORNIA

U.S. Seismic Design Maps

OSHPD

Strand St & Cowlitz St, St Helens, OR 97051, USA
Latitude, Longitude: 45.8622831, -122.7965645

St pelen®

Date

Design Code Reference Document

Risk Category

Site Class

Type Value

Sg 0.829

S, 0.398

Sus 0.995

Sw1 null -See Section 11.4.8
Sps 0.664

Sp1 null -See Section 11.4.8

Type Value
SDC null -See Section 11.4.8

Fa 1.2

Fy null -See Section 11.4.8
PGA 0.379
Fpga  1.221
PGAy 0462
T 16
SsRT 0.829
SsUH 0.932
SsD 1.5
S1RT 0.398
S1UH 0.459
S1D 0.638
PGAd 0.521
Crs 0.89
CRri 0.867

https://seismicmaps.org

St HalloweenTown
Every OCtoberQ

JEmBaraiivicosed Spirit.0f/Halloweentown

Running Dogs

Brewery (Home of @... Q pr uth Pub

Dockside Steak and PastaQ

6/3/2022, 11:12:38 AM
ASCE7-16

I

D - Default (See Section 11.4.3)

Description

MCER ground motion. (for 0.2 second period)
MCER ground motion. (for 1.0s period)
Site-modified spectral acceleration value
Site-modified spectral acceleration value
Numeric seismic design value at 0.2 second SA
Numeric seismic design value at 1.0 second SA

Description

Seismic design category

Site amplification factor at 0.2 second

Site amplification factor at 1.0 second

MCEg peak ground acceleration

Site amplification factor at PGA

Site modified peak ground acceleration

Long-period transition period in seconds

Probabilistic risk-targeted ground motion. (0.2 second)

Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration

Factored deterministic acceleration value. (0.2 second)

Probabilistic risk-targeted ground motion. (1.0 second)

Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.

Factored deterministic acceleration value. (1.0 second)
Factored deterministic acceleration value. (Peak Ground Acceleration)

Mapped value of the risk coefficient at short periods

Mapped value of the risk coefficient at a period of 1 s

Map data ©2022

12
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Company: Date: |6/15/2022
Engineer: Page: | 1/5
z Y o | Project:
Bt R Version 3.0.7947.0 Address:
° Phone:
E-mail:

1.Project information

Customer company:
Customer contact name:
Customer e-mail:
Comment:

2. Input Data & Anchor Parameters

General
Design method:ACI 318-14
Units: Imperial units

Anchor Information:

Anchor type: Concrete screw

Material: Carbon Steel

Diameter (inch): 0.500

Nominal Embedment depth (inch): 4.000
Effective Embedment depth, hef (inch): 2.990
Code report: ICC-ES ESR-2713

Anchor category: 1

Anchor ductility: No

hmin (inch): 6.25

Cac (inch): 4.50

Cnmin (inch): 1.75

Smin (inch): 3.00

Recommended Anchor
Anchor Name: Titen HD® - 1/2"@ Titen HD, hnom:4" (102mm)
Code Report: ICC-ES ESR-2713

Project description:
Location:
Fastening description:

Base Material

Concrete: Normal-weight

Concrete thickness, h (inch): 12.00
State: Uncracked

Compressive strength, f'c (psi): 3500
ch,V: 1.4

Reinforcement condition: B tension, B shear
Supplemental reinforcement: No
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Ignore 6do requirement: Not applicable
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 9.50 x 8.75 x 0.25

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard Pleasanton, CA 94588 Phone: 925.560.9000 Fax: 925.847.3871 www.strongtie.com



| . C : Date: |[6/15/2022
B Anchor Designer™ mPeny _
Engineer: Page: |2/5
Sroiuery Software Project
Bt B2 Version 3.0.7947.0 Address:
e — :
Phone:
E-mail:

Load and Geometry

Load factor source: ACI 318 Section 5.3

Load combination: not set

Seismic design: No

Anchors subjected to sustained tension: Not applicable
Apply entire shear load at front row: No

Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [Ib]: 480
Vuax [Ib] 0

Vuay [lb] 72
M [ft-Ib]: 1920
Muy [ft-Ib]: O
Mz [ft-Ib]: O

<Figure 1>
480 |b
Z

0 ft-1b

PLATE CONTINUES

OFFSET LOADING

1920 ft-lb 0 ft-lb

721b

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard Pleasanton, CA 94588 Phone: 925.560.9000 Fax: 925.847.3871 www.strongtie.com



. Company: Date: |6/15/2022
Anchor DeSIQnerTM Engineer: Page: |3/5
=~ Software Project:
Version 3.0.7947.0 Address:
Phone:
E-mail:

<Figure 2>
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Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard Pleasanton, CA 94588 Phone: 925.560.9000 Fax: 925.847.3871 www.strongtie.com



. Company: Date: |6/15/2022
Anchor Designer™ pany _
Engineer: Page: |4/5
Stron: e Sof_tware Project:
Bt B2 Version 3.0.7947.0 Address:
Phone:
E-mail:
3. Resulting Anchor Forces
Anchor Tension load, Shear load x, Shear load y, Shear load combined,
Nua (Ib) Vuax (Ib) Vuay (Ib) V(Vuax)?+(Vuay)? (Ib)
1 73.5 26.6 4.7 49.5
2 2306.6 -26.6 41.7 49.5
3 1913.4 -26.6 -5.7 27.2
4 0.0 26.6 -5.7 27.2
Sum 4293.5 0.0 72.0 153.4
Maximum concrete compression strain (%o): 0.18 <Figure 3>
Maximum concrete compression stress (psi): 770
Resultant tension force (Ib): 4294 {:’4 o 3
Resultant compression force (Ib): 3814
Eccentricity of resultant tension forces in x-axis, e'nx (inch): 1.42
Eccentricity of resultant tension forces in y-axis, e'ny (inch): 0.45
Eccentricity of resultant shear forces in x-axis, e'vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'vy (inch): 0.00
y y y ( ) O 1 o 2
Y
—_—
4. Steel Strength of Anchor in Tension (Sec. 17.4.1)
Nsa (Ib) @ #Nsa (Ib)
20130 0.65 13085

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.4.2)
Nb = keAaVFohers (Eq. 17.4.2.2a)

ke Ja e (psi) her (in) Nb (Ib)
24.0 1.00 3500 2.990 7341
INevg =4 (Ane/ Anco) oo Poa o oo N (Sec. 17.3.1 & Eq. 17.4.2.1b)
Ane (in?) Anco (in?) Camin (iN) Poc,N Poan Pen Pop,N N (Ib) ¢ $Nevg (Ib)
124.13 80.46 3.00 0.690 0.901 1.00 0.997 7341 0.65 4560

8. Steel Strength of Anchor in Shear (Sec. 17.5.1)
Vsa (|b) ¢grout ¢ ¢grout¢Vsa (Ib)
7455 1.0 0.60 4473

9. Concrete Breakout Strength of Anchor in Shear (Sec. 17.5.2)
Shear perpendicular to edge in y-direction:

Viy = min|7(le/ da)*?NdadaVfeCar'®; 9AaNFscar™5| (Eq. 17.5.2.2a & Eq. 17.5.2.2b)

le (in) da (in) Aa fe (psi) Cat (in) Vy (Ib)
2.99 0.500 1.00 3500 3.00 2176
@Vevgy = ¢ (Ave/ Aveo) Fec,v Fed,v e, PhvVey (Sec. 17.3.1 & Eq. 17.5.2.1b)
Ave (in?) Aveo (in?) Poo,v Pod,v ¥ov Phv Viy (Ib) @ @Vevgy (Ib)
40.50 40.50 1.000 1.000 1.400 1.000 2176 0.70 2132

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard Pleasanton, CA 94588 Phone: 925.560.9000 Fax: 925.847.3871 www.strongtie.com



Anchor Designer“" (E)on?pangf: Date:' 6/15/2022
ngineer: Page: |5/5
Software Project:
Version 3.0.7947.0 Address:
Phone:
E-mail:
Shear parallel to edge in y-direction:
Vix = min|7(le / da)*2NdadaVfeCar'®; 94aNFscar™5| (Eq. 17.5.2.2a & Eq. 17.5.2.2b)
le (in) da (in) Aa fe (psi) Cat (in) Vix (Ib)
2.99 0.500 1.00 3500 3.00 2176
$Vogy = ¢ (2)(Ave/ Aveo) Pec,v Fed,v Fo,v ¥hvVix (Sec. 17.3.1, 17.5.2.1(c) & Eq. 17.5.2.1b)
Ave (in?) Aveo (in?) Pocv Poo,v Yoy Phv Viox (Ib) ¢ $Vebgy (ID)
58.50 40.50 1.000 1.000 1.400 1.000 2176 0.70 6160
10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.5.3)
$Vep = dkopNeo = dkop(Anc/ Anco) Ped,n Fen FepnNb (Sec. 17.3.1 & Eq. 17.5.3.1a)
Kep Ane (in?) Aneo (in?) Pogn o Popn N (Ib) ] ¢Vep (Ib)
2.0 34.05 80.46 0.901 1.000 0.997 7341 0.70 3904
11. Results
Interaction of Tensile and Shear Forces (Sec. 17.6.)
Tension Factored Load, Nua (Ib) Design Strength, gNn (Ib)  Ratio Status
Steel 2307 13085 0.18 Pass
Concrete breakout 4294 4560 0.94 Pass (Governs)
Shear Factored Load, Vua (Ib) Design Strength, gV (Ib)  Ratio Status
Steel 49 4473 0.01 Pass
T Concrete breakout y+ 42 2132 0.02 Pass (Governs)
|| Concrete breakout y+ 53 6160 0.01 Pass (Governs)
Pryout 49 3904 0.01 Pass
Interaction check  Nua/¢Nn Vua/$pVn Combined Ratio Permissible Status
Sec. 17.6..1 0.94 0.00 94.2% 1.0 Pass

1/2"@ Titen HD, hnom:4" (102mm) meets the selected design criteria.

12. Warnings
- Designer must exercise own judgement to determine if this design is suitable.

- Refer to manufacturer’s product literature for hole cleaning and installation instructions.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard Pleasanton, CA 94588 Phone: 925.560.9000 Fax: 925.847.3871 www.strongtie.com
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MSE WALL DESIGN WORKBOOK

Designer: Sean Clark
Date: 2/21/2022
Firm: Otak

Project Name: St Helens - Riverwalk
Project No: 20028

Comments:

Design gabion retaining wall with cantilevered overlook.
This workbook: 14.5' wall with surcharges for future wall
and fill. [Wall calculations based on gabion faced MSE wall.
Gabions are 36" tall x 36" wide x 6' long. Wall reinforced
with Miragrid 7xt/10xt reinforcement at 1.5' spacing per
geotechnical report from NV5. Fill to be gravel backfill
according to Geotech report.]




MSE Wall Design - Design Inputs and Constants

Resistance Factors

d(bearing)
dt(sliding)
dep(sliding)
$po

dt,g

of
dr

or
vs,f
Vs,r
VS,r

0.65

1

1

0.9

0.9

Table 11.5.7-1
Table 11.5.7-1
Table 11.5.7-1

Table 11.5.7-1
Table 11.5.7-1

Soil Propertie

32

36

36

110

120

120

S

degrees
degrees

degrees
pcf
pcf
pcf

Facing Properties

B

Hy

Ly
Batter:

Batter:
H2

3

1.5

12

0.083333

4.76

0

feet
feet

feet
degrees

slope
degrees

feet

(Internal friction angle of foundation soil)
(Internal friction angle of reinforced soil)

(Internal friction angle of retained soil)
(Weight of gabion fill)

(Weight of reinforced fill)

(Weight of retained fill)

(width of one gabion basket)
(height of one gabion basket)
(length of one gabion basket, along wall)

(enter batter in degrees or in slope, batter in degrees
calculated below)

(minimum embed of wall toe)



Geogrid 1 Properties

Ll 225 |feet
b 12 feet
Sv 1.5 feet
Sh 12 feet
Tue (MARV)| 5900 |lbs
RFe| 145
RFp| 1.12
RFp 1.3
F*| 0.487
o 0.8
C 2
Rc 1
W| 63.00 [degrees
Geogrid 2 Properties
Tue (MARV)| 9500 |lbs
RFer| 1.45
RFp| 1.12
RFp 1.3

(min. length of geogrid)

(unit width of reinforcing, roll width)

(geogrid vertical spacing)

(geogrid horizontal spacing, Sh=b for continuous)
(Ultimate Tensile Strength per manuf.)

(Strength reduction for creep, per WSDOT QPL App. D)

(Strength reduction for installation damage, WSDOT QPL App. D)
(Strength reduction for degradation damage, WSDOT QPL App. D)
(Pullout friction factor, Fig. 11.10.6.3.2-2)

(Scale Effect Corr. Factor, Table 11.10.6.3.2-1)

(Overall reinf. Surface area geometry factor, 2.0 for strip,
grid, and sheet type)

(Reinforcement coverage ratio)

(angle of boundry between active and resistance zones)

(Ultimate Tensile Strength per manuf.)

(Strength reduction for creep, per WSDOT QPL App. D)

(Strength reduction for installation damage, WSDOT QPL App. D)
(Strength reduction for degradation damage, WSDOT QPL App. D)



Laterial Earth Pressure Coefficients
6 0 degrees (Table 3.11.5.3-1)

B 0 degrees  (Slope of backfill from horizontal)
B8] 94.76 |degrees (Angle of back of wall, 90 = vertical)
r 253 (coefficient, active earth pressure calc)
k. 0.229 (active earth pressure coefficient)
ko| 0.412 (at-rest earth pressure coefficient)
k, 3 (passive earth pressure coefficient, Sect. 3.11.5.4)
As 0 g (site adjusted peak ground acceleration)
(adjustment to kh to account for allowed displacement of
C1 0.5 L
the wall face under seismic loads)
kn| 0.000
Other Loads
LS 100 psf (Live load surcharge)
ES 0 psf (Future Earth Fill surcharge)
DS 0 psf (Future Gabion Wall surcharge)

Strength | Load Factors

Ybe,max 1.25 (Dead Load Factor, maximum)
Ybc,min 0.90 (Dead Load Factor, minimum)
Yevmax|  1.35 (Vertical Earth Pressure Factor, minimum)
YEV,min 1.00 (Vertical Earth Pressure Factor, minimum)
YEH, max 1.50 (Horizontal Earth Pressure Factor)
Yenmin|  0.90 (Horizontal Earth Pressure Factor)
Yu| 1.75 (Live Load Factor)
VEs, max 1.50 (Earth Surcharge Load Factor, maximum)

Yes,min|  0.75 (Earth Surcharge Load Factor, minimum)




Service | Load Factors

Yboc 1.00 (Dead Load Factor, maximum)

Vev 1.00 (Vertical Earth Pressure Factor, minimum)
YEH 1.00 (Horizontal Earth Pressure Factor)

Y 1.00 (Live Load Factor)

Extreme Event | Load Factors

Yboc 0.90 (Dead Load Factor, maximum)

Vev 1.00 (Vertical Earth Pressure Factor, minimum)
Yeu 1.50 (Horizontal Earth Pressure Factor)

Y 1.00 (Live Load Factor)

Yeq 1.00 (Earthquake Load Factor)

Capacity

qult| 3077 |psf (ultimate bearing pressure)

galll 2000 |psf (allowable bearing pressure)

6| 0.40 (coefficient of sliding friction)




MSE Wall Design - Wall Heights and Reinforcement Layers

Tmd
Gabion No. H No. layers re'q  DC Facing (k) EVig (k) EV g (k) Pi (k/FOW)  (k/layer/FOW)
1 3 2 0.495 8.1 0.00 0.00 0.000:
2 6 4 0.99 16.2 0.00 0.00 0.000:
3 9 6 1.485 243 0.00 0.00 0.000:
4 12 8 1.98 324 0.00 0.00 0.000:
5 15 10 2.475 40.5 0.00 0.00 0.000!
Rupture [ Pullout
LayerNo.  Z(ft) h (ft) Pen (K/FOW) Py, (K/FOW)  qys,y (ksf) Qes,v (ksf)  Pos,n (K/FOW)  qps,y (ksf) Oy, max (KST)  Oh, max (k) Trmax (k) La (ft) Le(ft)  Zp(ft) Oy po(ksf) Oppolksf)  Tpo (k)
0 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.100 0.031 0.046 7.64 14.86 0.00 0.000 0.000 0.000
1 1.50 1.50 0.42 0.03 0.10 0.00 0.00 0.00 0.280 0.087 0.130 6.88 15.62 1.50 0.180 0.056 0.084
2 3.00 3.00 0.91 0.07 0.10 0.00 0.00 0.00 0.460 0.142 0.214 6.11 16.39 3.00 0.360 0.111 0.167
3 4.50 4.50 1.46 0.10 0.10 0.00 0.00 0.00 0.640 0.198 0.297 5.35 17.15 4.50 0.540 0.167 0.251
4 6.00 6.00 2.06 0.14 0.10 0.00 0.00 0.00 0.820 0.254 0.381 4.59 17.91 6.00 0.720 0.223 0.334
5 7.50 7.50 2.73 0.17 0.10 0.00 0.00 0.00 1.000 0.310 0.464 3.82 18.68 7.50 0.900 0.279 0.418
6 9.00 9.00 3.47 0.21 0.10 0.00 0.00 0.00 1.180 0.365 0.548 3.06 19.44 9.00 1.080 0.334 0.502
7 10.50 10.50 4.26 0.24 0.10 0.00 0.00 0.00 1.360 0.421 0.632 2.29 20.21 10.50 1.260 0.390 0.585
8 12.00 12.00 5.12 0.28 0.10 0.00 0.00 0.00 1.540 0.477 0.715 1.53 20.97 12.00 1.440 0.446 0.669
9 1350 13.50 6.04 0.31 0.10 0.00 0.00 0.00 1.720 0.533 0.799 0.76 21.74 13.50 1.620 0.502 0.752
10 15.00 15.00 7.02 0.34 0.10 0.00 0.00 0.00 1.900 0.588 0.882 0.00 22.50 15.00 1.800 0.557 0.836

*Calc for PEH includes height of final fill above back of reinforced zone

H Height of wall facing
DC Facing Dead Load of wall facing
EVg; (k) Vertical earth pressure from reinforced zone
EV s (k) Vertical earth pressure from sloped backfill
Z Depth of reinforcing layer from top of wall
h Depth of reinfocing layer from ground surface at back of reinforced soil zone
Pey Total horizontal earth force @ Z
P.s Horizontal Force due to live load surcharge
Ps, v Vertical Force due to live load surcharge
Oy, max Maximum vertical stress in reinforcing layer
Oh, max Maximum factored horizontal stress in reinforcing layer
Tmax Maximum factored load in reinforcement
La Length of active zone
Le Length of resistance zone
Zp Depth of reinforcing layer from ground surface at beginning of resistance zone
0,00 Vertical stress in reinforcing layer for pullout calculation
Oh, po Factored horizontal stress in reinforcing layer for pullout calculation
Tpo Factored load in reinforcement for pullout
Pi Horizontal force due to seismic load on the active zone
Tma Additional force at each layer due to seismic load




MSE Wall Design - Reinforcement

Design Reinforcement layers at each layer, max wall height

éTnr, 2.515 Capacity of first type geogrid
éTnr, 4.050 Capacity of second type geogrid
STR1
Check Check
Layer No.  Z (ft) h (ft) Trmax (K) Too (k) Le (ft)  Rupture Lemi (ft)  Pullout
0 0.00 0.00 0.05 0.00 14.86 OK, G1  #DIv/0o!  #DIV/0!
1 1.50 1.50 0.13 0.08 15.62 OK, G1 0.66 OK
2  3.00 3.00 0.21 0.17 16.39 0K, G1 0.66 OK
3 450 4.50 0.30 0.25 17.15 OK, G1 0.66 OK
4 6.00 6.00 0.38 0.33 17.91 0K, G1 0.66 OK
5 7.50 7.50 0.46 0.42 18.68 OK, G1 0.66 OK
6 9.00 9.00 0.55 0.50 19.44 0K, G1 0.66 OK
7 10.50 10.50 0.63 0.59 20.21 OK, G1 0.66 OK
8 12.00 12.00 0.72 0.67 20.97 0K, G1 0.66 OK
9 13.50 13.50 0.80 0.75 21.74 OK, G1 0.66 OK
10 15.00 15.00 0.88 0.84 22.50 0K, G1 0.66 OK




MSE Wall Design - Reinforcement

Design Reinforcement layers at each layer, max wall height

éTnr, 2.515 Capacity of first type geogrid
éTnr, 4.050 Capacity of second type geogrid
EE1
Check Check Geogrid
Layer No.  Z (ft) Tmd (K)  Oh, max (KST) Trmaxema (K)  Rupture  Op, po (KST)  Tpouma (K)  Le, min (ft)  Pullout Type
0 0.00 0.000 0.023 0.034 0K, G1 0.000 0.000 #DIV/0! #DIV/0! G1
1 1.50 0.000 0.064 0.096 OK, G1 0.133 0.200 1.585 OK G1
2  3.00 0.000 0.105 0.158 0K, G1 0.267 0.400 1.585 OK G1
3 450 0.000 0.147 0.220 OK, G1 0.400 0.600 1.585 OK G1
4 6.00 0.000 0.188 0.282 0K, G1 0.533 0.800 1.585 OK G1
5 7.50 0.000 0.229 0.344 OK, G1 0.667 1.000 1.585 OK G1
6 9.00 0.000 0.271 0.406 0K, G1 0.800 1.200 1.585 OK G1
7 10.50 0.000 0.312 0.468 OK, G1 0.933 1.400 1.585 OK G1
8 12.00 0.000 0.353 0.530 0K, G1 1.067 1.600 1.585 OK G1
9 13.50 0.000 0.394 0.592 OK, G1 1.200 1.800 1.585 OK G1
10 15.00 0.000 0.436 0.654 0K, G1 1.333 2.000 1.585 OK G1




MSE Wall Design - Sliding and Eccentricity

Check sliding and eccentricity at each wall height

Sliding, No Facing

Sliding, No Facing

V(no
H (ft) DC Facing (k) EVrz (k) EV g (k) Pew,n (K/FOW)  Pgy , (k/FOW) Py (k/FOW)  Pes y (k/FOW)  Pps y (k/FOW) facin(g) (k) R, bRep PRiotal Vu (k)  Sliding Check
3 NA 8.1 0.00 0.91 0.00 0.07 0.00 NA 8.10 3.24 0.18 3.42 1.48 OK
6 NA 16.2 0.00 2.06 0.00 0.14 0.00 NA 16.20 6.48 0.18 6.66 3.34 OK
9 NA 243 0.00 3.47 0.00 0.21 0.00 NA 24.30 9.72 0.18 9.90 5.56 OK
12 NA 324 0.00 512 0.00 0.28 0.00 NA 32.40 12.96 0.18 1314 816 oK
15 NA 40.5 0.00 7.02 0.00 0.34 0.00 NA 40.50 16.20 0.18 16.38 11.13 OK
Sliding, with Facing Sliding, with Facing
Vv (w/
H (ft) DC Facing (k) EVgz (k) EV g5 (k) Pen (K/FOW)  Pey , (kK/FOW)  Pisp, (k/FOW) P y (k/FOW)  Pps y (k/FOW) facing) (k) SR, R, ORotal Vu (k)  Sliding Check
3 0.495 8.1 0.00 0.91 0.00 0.07 0.00 0.00 8.72 3.49 0.18 3.67 1.48 OK
6 0.99 16.2 0.00 2.06 0.00 0.14 0.00 0.00 17.44 6.98 0.18 7.16 3.34 OK
9 1.485 243 0.00 3.47 0.00 0.21 0.00 0.00 26.16 10.46 0.18 10.64 5.56 OK
12 1.98 324 0.00 5.12 0.00 0.28 0.00 0.00 34.88 13.95 0.18 14.13 8.16 OK
15 2.475 40.5 0.00 7.02 0.00 0.34 0.00 0.00 43.59 17.44 0.18 17.62 11.13 OK
Eccentricity, No Facing Eccentricity, No Facing
SV (no SMc (no e(no
H(ft) DCFacing (k) EVez(k)  EVsg(k)  Peyn(k/FOW) Py, (K/FOW) Pisp (K/FOW)  Pesy (K/FOW)  Posy (K/FOW)  Xioo) (ft)  Xeevez) () Xievsa (Ft) Xepenn () Xipewy (F) - Xepisny () Xpesu) (ft)  facing) (k) facing) (kft) facing) (ft)  Check
3 NA 8.1 0.00 0.91 0.00 0.07 0.00 NA NA 0 375 143 11.25 150 0.00 8.10 2.13 0.26 oK
6 NA 16.2 0.00 2.06 0.00 0.14 0.00 NA NA 0 3.75 2.76 11.25 3.00 0.00 16.20 9.27 0.57 OK
9 NA 243 0.00 3.47 0.00 0.21 0.00 NA NA 0 3.75 4.02 11.25 4.50 0.00 24.30 22.52 0.93 OK
12 NA 324 0.00 5.12 0.00 0.28 0.00 NA NA 0 3.75 5.23 11.25 6.00 0.00 32.40 43.01 133 OK
15 NA 40.5 0.00 7.02 0.00 0.34 0.00 NA NA 0 3.75 6.40 11.25 7.50 0.00 40.50 71.85 1.77 OK
Eccentricity, with Facing Eccentricity, with Facing
3V (w/ SMc (w/ e(w/
H (ft) DCFacing (k) EVez(k)  EVsg(k)  Peyp (k/FOW) Py, (K/FOW) Pisp (K/FOW)  Pesy (k/FOW)  Posy (K/FOW)  Xiog) (ft)  Xeevez) () Xievsa (Ft) Xipewn () Xipewyy (ft) - Xeprsmy () Xpesw) (ft)  facing) (k) facing) (kft) facing) (ft)  Check
3 0.495 8.1 0.00 0.91 0.00 0.07 0.00 0.00 11.25 1.5 5.25 1.43 11.25 1.50 1.50 8.72 -7.31 -0.84 OK
6 0.99 16.2 0.00 2.06 0.00 0.14 0.00 0.00 11.25 1.5 5.25 2.76 11.25 3.00 1.50 17.44 -9.62 -0.55 OK
9 1.485 243 0.00 3.47 0.00 0.21 0.00 0.00 11.25 1.5 5.25 4.02 11.25 4.50 1.50 26.16 -5.80 -0.22 OK
12 1.98 324 0.00 5.12 0.00 0.28 0.00 0.00 11.25 1.5 5.25 5.23 11.25 6.00 1.50 34.88 5.25 0.15 OK
15 2.475 40.5 0.00 7.02 0.00 0.34 0.00 0.00 11.25 1.5 5.25 6.40 11.25 7.50 1.50 43.59 24.65 0.57 OK




MSE Wall Design - Design Inputs and Constants

Resistance Factors

d(bearing)
dt(sliding)
dep(sliding)
$po

dt,g

of
dr

or
vs,f
Vs,r
VS,r

0.65

1

1

0.9

0.9

Table 11.5.7-1
Table 11.5.7-1
Table 11.5.7-1

Table 11.5.7-1
Table 11.5.7-1

Soil Propertie

32

36

36

110

120

120

S

degrees
degrees

degrees
pcf
pcf
pcf

Facing Properties

B

Hy

Ly
Batter:

Batter:
H2

3

1.5

12

0.083333

4.76

0

feet
feet

feet
degrees

slope
degrees

feet

(Internal friction angle of foundation soil)
(Internal friction angle of reinforced soil)

(Internal friction angle of retained soil)
(Weight of gabion fill)

(Weight of reinforced fill)

(Weight of retained fill)

(width of one gabion basket)
(height of one gabion basket)
(length of one gabion basket, along wall)

(enter batter in degrees or in slope, batter in degrees
calculated below)

(minimum embed of wall toe)



Geogrid 1 Properties

Ll 225 |feet
b 12 feet
Sv 1.5 feet
Sh 12 feet
Tue (MARV)| 5900 |lbs
RFe| 145
RFp| 1.12
RFp 1.3
F*| 0.487
o 0.8
C 2
Rc 1
W| 63.00 [degrees
Geogrid 2 Properties
Tue (MARV)| 9500 |lbs
RFer| 1.45
RFp| 1.12
RFp 1.3

(min. length of geogrid)

(unit width of reinforcing, roll width)

(geogrid vertical spacing)

(geogrid horizontal spacing, Sh=b for continuous)
(Ultimate Tensile Strength per manuf.)

(Strength reduction for creep, per WSDOT QPL App. D)

(Strength reduction for installation damage, WSDOT QPL App. D)
(Strength reduction for degradation damage, WSDOT QPL App. D)
(Pullout friction factor, Fig. 11.10.6.3.2-2)

(Scale Effect Corr. Factor, Table 11.10.6.3.2-1)

(Overall reinf. Surface area geometry factor, 2.0 for strip,
grid, and sheet type)

(Reinforcement coverage ratio)

(angle of boundry between active and resistance zones)

(Ultimate Tensile Strength per manuf.)

(Strength reduction for creep, per WSDOT QPL App. D)

(Strength reduction for installation damage, WSDOT QPL App. D)
(Strength reduction for degradation damage, WSDOT QPL App. D)



Laterial Earth Pressure Coefficients
6 0 degrees (Table 3.11.5.3-1)

B 0 degrees  (Slope of backfill from horizontal)
B8] 94.76 |degrees (Angle of back of wall, 90 = vertical)
r 253 (coefficient, active earth pressure calc)
k. 0.229 (active earth pressure coefficient)
ko| 0.412 (at-rest earth pressure coefficient)
k, 3 (passive earth pressure coefficient, Sect. 3.11.5.4)
As| 0.664 |g (site adjusted peak ground acceleration)
(adjustment to kh to account for allowed displacement of
C1 0.5 L
the wall face under seismic loads)
kn| 0.332
Other Loads
LS 100 psf (Live load surcharge)
ES 0 psf (Future Earth Fill surcharge)
DS 0 psf (Future Gabion Wall surcharge)

Strength | Load Factors

Ybe,max 1.25 (Dead Load Factor, maximum)
Ybc,min 0.90 (Dead Load Factor, minimum)
Yevmax|  1.35 (Vertical Earth Pressure Factor, minimum)
YEV,min 1.00 (Vertical Earth Pressure Factor, minimum)
YEH, max 1.50 (Horizontal Earth Pressure Factor)
Yenmin|  0.90 (Horizontal Earth Pressure Factor)
Yu| 1.75 (Live Load Factor)
VEs, max 1.50 (Earth Surcharge Load Factor, maximum)

Yes,min|  0.75 (Earth Surcharge Load Factor, minimum)




Service | Load Factors

Yboc 1.00 (Dead Load Factor, maximum)

Vev 1.00 (Vertical Earth Pressure Factor, minimum)
YEH 1.00 (Horizontal Earth Pressure Factor)

Y 1.00 (Live Load Factor)

Extreme Event | Load Factors

Yboc 0.90 (Dead Load Factor, maximum)

Vev 1.00 (Vertical Earth Pressure Factor, minimum)
Yeu 1.50 (Horizontal Earth Pressure Factor)

Y 1.00 (Live Load Factor)

Yeq 1.00 (Earthquake Load Factor)

Capacity

qult| 4615 |psf (ultimate bearing pressure)

galll 3000 |psf (allowable bearing pressure, with seismic)

6| 0.40 (coefficient of sliding friction)




MSE Wall Design - Wall Heights and Reinforcement Layers

Tmd
Gabion No. H No. layers re'q  DC Facing (k) EVig (k) EV g (k) Pi (k/FOW)  (k/layer/FOW)
1 3 2 0.495 8.1 0.00 0.09 0.046
2 6 4 0.99 16.2 0.00 0.37 0.091
3 9 6 1.485 243 0.00 0.82 0.137,
4 12 8 1.98 324 0.00 1.46 0.183
5 15 10 2.475 40.5 0.00 2.28 0.228]
Rupture [ Pullout
LayerNo.  Z(ft) h (ft) Pen (K/FOW) Py, (K/FOW)  qys,y (ksf) Qes,v (ksf)  Pos,n (K/FOW)  qps,y (ksf) Oy, max (KST)  Oh, max (k) Trmax (k) La (ft) Le(ft)  Zp(ft) Oy po(ksf) Oppolksf)  Tpo (k)
0 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.100 0.031 0.046 7.64 14.86 0.00 0.000 0.000 0.000
1 1.50 1.50 0.42 0.03 0.10 0.00 0.00 0.00 0.280 0.087 0.130 6.88 15.62 1.50 0.180 0.056 0.084
2 3.00 3.00 0.91 0.07 0.10 0.00 0.00 0.00 0.460 0.142 0.214 6.11 16.39 3.00 0.360 0.111 0.167
3 4.50 4.50 1.46 0.10 0.10 0.00 0.00 0.00 0.640 0.198 0.297 5.35 17.15 4.50 0.540 0.167 0.251
4 6.00 6.00 2.06 0.14 0.10 0.00 0.00 0.00 0.820 0.254 0.381 4.59 17.91 6.00 0.720 0.223 0.334
5 7.50 7.50 2.73 0.17 0.10 0.00 0.00 0.00 1.000 0.310 0.464 3.82 18.68 7.50 0.900 0.279 0.418
6 9.00 9.00 3.47 0.21 0.10 0.00 0.00 0.00 1.180 0.365 0.548 3.06 19.44 9.00 1.080 0.334 0.502
7 10.50 10.50 4.26 0.24 0.10 0.00 0.00 0.00 1.360 0.421 0.632 2.29 20.21 10.50 1.260 0.390 0.585
8 12.00 12.00 5.12 0.28 0.10 0.00 0.00 0.00 1.540 0.477 0.715 1.53 20.97 12.00 1.440 0.446 0.669
9 1350 13.50 6.04 0.31 0.10 0.00 0.00 0.00 1.720 0.533 0.799 0.76 21.74 13.50 1.620 0.502 0.752
10 15.00 15.00 7.02 0.34 0.10 0.00 0.00 0.00 1.900 0.588 0.882 0.00 22.50 15.00 1.800 0.557 0.836

*Calc for PEH includes height of final fill above back of reinforced zone

H Height of wall facing
DC Facing Dead Load of wall facing
EV; (k) Vertical earth pressure from reinforced zone
EV s (k) Vertical earth pressure from sloped backfill
Z Depth of reinforcing layer from top of wall
h Depth of reinfocing layer from ground surface at back of reinforced soil zone
Pgy Total horizontal earth force @ Z
P.s Horizontal Force due to live load surcharge
Pis,v Vertical Force due to live load surcharge
Oy, max Maximum vertical stress in reinforcing layer
Oh, max Maximum factored horizontal stress in reinforcing layer
Tmax Maximum factored load in reinforcement
La Length of active zone
Le Length of resistance zone
Zp Depth of reinforcing layer from ground surface at beginning of resistance zone
Oy, po Vertical stress in reinforcing layer for pullout calculation
Oy, po Factored horizontal stress in reinforcing layer for pullout calculation
Too Factored load in reinforcement for pullout
Pi Horizontal force due to seismic load on the active zone
Tma Additional force at each layer due to seismic load




MSE Wall Design - Reinforcement

Design Reinforcement layers at each layer, max wall height

éTnr, 2.515 Capacity of first type geogrid
éTnr, 4.050 Capacity of second type geogrid
STR1
Check Check
Layer No.  Z (ft) h (ft) Trmax (K) Too (k) Le (ft)  Rupture Lemi (ft)  Pullout
0 0.00 0.00 0.05 0.00 14.86 OK, G1  #DIv/0o!  #DIV/0!
1 1.50 1.50 0.13 0.08 15.62 OK, G1 0.66 OK
2  3.00 3.00 0.21 0.17 16.39 0K, G1 0.66 OK
3 450 4.50 0.30 0.25 17.15 OK, G1 0.66 OK
4 6.00 6.00 0.38 0.33 17.91 0K, G1 0.66 OK
5 7.50 7.50 0.46 0.42 18.68 OK, G1 0.66 OK
6 9.00 9.00 0.55 0.50 19.44 0K, G1 0.66 OK
7 10.50 10.50 0.63 0.59 20.21 OK, G1 0.66 OK
8 12.00 12.00 0.72 0.67 20.97 0K, G1 0.66 OK
9 13.50 13.50 0.80 0.75 21.74 OK, G1 0.66 OK
10 15.00 15.00 0.88 0.84 22.50 0K, G1 0.66 OK




MSE Wall Design - Reinforcement

Design Reinforcement layers at each layer, max wall height

éTnr, 2.515 Capacity of first type geogrid
éTnr, 4.050 Capacity of second type geogrid
EE1
Check Check Geogrid
Layer No.  Z (ft) Tmd (K)  Oh, max (KST) Trmaxema (K)  Rupture  Op, po (KST)  Tpouma (K)  Le, min (ft)  Pullout Type
0 0.00 0.000 0.023 0.034 0K, G1 0.000 0.000 #DIV/0! #DIV/0! G1
1 1.50 0.046 0.064 0.142 OK, G1 0.133 0.246 1.947 OK G1
2  3.00 0.046 0.105 0.204 0K, G1 0.267 0.446 1.766 OK G1
3 450 0.091 0.147 0.312 OK, G1 0.400 0.691 1.826 OK G1
4 6.00 0.091 0.188 0.373 0K, G1 0.533 0.891 1.766 OK G1
5 7.50 0.137 0.229 0.481 OK, G1 0.667 1.137 1.802 OK G1
6 9.00 0.137 0.271 0.543 0K, G1 0.800 1.337 1.766 OK G1
7 10.50 0.183 0.312 0.651 OK, G1 0.933 1.583 1.792 OK G1
8 12.00 0.183 0.353 0.712 0K, G1 1.067 1.783 1.766 OK Gl
9 13.50 0.228 0.394 0.820 OK, G1 1.200 2.028 1.786 OK G1
10 15.00 0.228 0.436 0.882 0K, G1 1.333 2.228 1.766 OK G1




MSE Wall Design - Sliding and Eccentricity

Check sliding and eccentricity at each wall height

Sliding, No Facing

Sliding, No Facing

V(no
H (ft) DC Facing (k) EVrz (k) EV g (k) Pew,n (K/FOW)  Pgy , (k/FOW) Py (k/FOW)  Pes y (k/FOW)  Pps y (k/FOW) facin(g) (k) R, bRep PRiotal Vu (k)  Sliding Check
3 NA 8.1 0.00 0.91 0.00 0.07 0.00 NA 8.10 3.24 0.18 3.42 1.48 OK
6 NA 16.2 0.00 2.06 0.00 0.14 0.00 NA 16.20 6.48 0.18 6.66 3.34 OK
9 NA 243 0.00 3.47 0.00 0.21 0.00 NA 24.30 9.72 0.18 9.90 5.56 OK
12 NA 324 0.00 512 0.00 0.28 0.00 NA 32.40 12.96 0.18 1314 816 oK
15 NA 40.5 0.00 7.02 0.00 0.34 0.00 NA 40.50 16.20 0.18 16.38 11.13 OK
Sliding, with Facing Sliding, with Facing
Vv (w/
H (ft) DC Facing (k) EVgz (k) EV g5 (k) Pen (K/FOW)  Pey , (kK/FOW)  Pisp, (k/FOW) P y (k/FOW)  Pps y (k/FOW) facing) (k) SR, R, ORotal Vu (k)  Sliding Check
3 0.495 8.1 0.00 0.91 0.00 0.07 0.00 0.00 8.72 3.49 0.18 3.67 1.48 OK
6 0.99 16.2 0.00 2.06 0.00 0.14 0.00 0.00 17.44 6.98 0.18 7.16 3.34 OK
9 1.485 243 0.00 3.47 0.00 0.21 0.00 0.00 26.16 10.46 0.18 10.64 5.56 OK
12 1.98 324 0.00 5.12 0.00 0.28 0.00 0.00 34.88 13.95 0.18 14.13 8.16 OK
15 2.475 40.5 0.00 7.02 0.00 0.34 0.00 0.00 43.59 17.44 0.18 17.62 11.13 OK
Eccentricity, No Facing Eccentricity, No Facing
SV (no SMc (no e(no
H(ft) DCFacing (k) EVez(k)  EVsg(k)  Peyn(k/FOW) Py, (K/FOW) Pisp (K/FOW)  Pesy (K/FOW)  Posy (K/FOW)  Xioo) (ft)  Xeevez) () Xievsa (Ft) Xepenn () Xipewy (F) - Xepisny () Xpesu) (ft)  facing) (k) facing) (kft) facing) (ft)  Check
3 NA 8.1 0.00 0.91 0.00 0.07 0.00 NA NA 0 375 143 11.25 150 0.00 8.10 2.13 0.26 oK
6 NA 16.2 0.00 2.06 0.00 0.14 0.00 NA NA 0 3.75 2.76 11.25 3.00 0.00 16.20 9.27 0.57 OK
9 NA 243 0.00 3.47 0.00 0.21 0.00 NA NA 0 3.75 4.02 11.25 4.50 0.00 24.30 22.52 0.93 OK
12 NA 324 0.00 5.12 0.00 0.28 0.00 NA NA 0 3.75 5.23 11.25 6.00 0.00 32.40 43.01 133 OK
15 NA 40.5 0.00 7.02 0.00 0.34 0.00 NA NA 0 3.75 6.40 11.25 7.50 0.00 40.50 71.85 1.77 OK
Eccentricity, with Facing Eccentricity, with Facing
3V (w/ SMc (w/ e(w/
H (ft) DCFacing (k) EVez(k)  EVsg(k)  Peyp (k/FOW) Py, (K/FOW) Pisp (K/FOW)  Pesy (k/FOW)  Posy (K/FOW)  Xiog) (ft)  Xeevez) () Xievsa (Ft) Xipewn () Xipewyy (ft) - Xeprsmy () Xpesw) (ft)  facing) (k) facing) (kft) facing) (ft)  Check
3 0.495 8.1 0.00 0.91 0.00 0.07 0.00 0.00 11.25 1.5 5.25 1.43 11.25 1.50 1.50 8.72 -7.31 -0.84 OK
6 0.99 16.2 0.00 2.06 0.00 0.14 0.00 0.00 11.25 1.5 5.25 2.76 11.25 3.00 1.50 17.44 -9.62 -0.55 OK
9 1.485 243 0.00 3.47 0.00 0.21 0.00 0.00 11.25 1.5 5.25 4.02 11.25 4.50 1.50 26.16 -5.80 -0.22 OK
12 1.98 324 0.00 5.12 0.00 0.28 0.00 0.00 11.25 1.5 5.25 5.23 11.25 6.00 1.50 34.88 5.25 0.15 OK
15 2.475 40.5 0.00 7.02 0.00 0.34 0.00 0.00 11.25 1.5 5.25 6.40 11.25 7.50 1.50 43.59 24.65 0.57 OK
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SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_4-ft. mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone = 150 'PCf hheelfsoil =4 'ﬁ +0-in hwall =4 'ﬁ +0-in
9 . LlhuLsi'll
Vsoil *= 120 -pCf htuefsoil i=12-in twall :=8-in

psuper 8= 100’0 .psf

wDLisuper :=0.0- ka

YEFP o= 35+ pcf

VEFP p*= 250« pcf

Hsiiding = -40 Or super*=0.0 < kIf
Py,=0.0 « kips

hhor =0 'ﬁ

Gait brg=2000« psf

FS:=1.5

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

1
MOT:: E *VEFP a® bnum : (hheelfsuil + tﬁg> - ( 3

VEFP
+psuper * y—j ° (hheelisuil + tjtg) ° bnom ° (
soil

+ Phur ° (tftg + hhor)

2

twall

l t
MOTiresisting = Pftg ° % + Pwall * (ltoe + T) + @y bnom * (ltoe +

I[Oe

lh !
+Pheelisuil ° (ljtg - 288 ) + Ptoeisuil ° 7

?ftg + hheelso[l) d

?ftg + hheelfso[l d

/' im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 100 'pSf

Bpey:=0vin

Lrey:=0¢in
key ij
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
Ingt=2-ft+8-in
lheel:= lﬂg_ ltoe —Lyan
bea =111
heel kips
Jt

a)1=0

PﬁgZO.4 kips
Pwall:O-4 kl'ps
Pheelisuil =0.58 klps

P =0.12 kips

toe_soil

P,.u=1.5 kips

«FS

MOT: 1.641 ﬁ‘klps

MOTiresisting =2.383 ﬁ ° kipS



Hsliding =

1
E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
A:=B,-B, A=2.667 ft’

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging = 0.875 kips

Hresisting =0.927 kl'ps

t

M=0.223 ft-kips

B2
e=0.149 ft =044 f
qmaxjrime =751 psf
qmax_prime < qall_brg =1



. BZ
qminjrime =|lif e S ? qminjrime =374 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
YEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur * (hhur> + Phor
1'6.Mwall:O'97l ﬁ-klps 1.6 Vwa”:O.635 kl'ps

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper * bnom * 2 Mfuoting =0.34 ﬁ ° klpS 1.6- %buting =0.544 ﬂ ° klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M, =1 ft-kips
Factored shear force: V,:=1.6+V, . V,=0.6 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: A 1ega=0.05 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing =16 +in A, :=BarArea - _b A,=0.233 in®
Spacing
. . . AY

Reinforcing ratio: pi= ; ‘d p=0.0048
Compression block depth:

A+ f,

sh a=0.342 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, = (As -fy-(d—g)) oM, =4 fr-kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
b= lfijS4-kSl
085
else
| H (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bivtep . 87-ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1

V,<¢V,=1 2:62@

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: #,:=0.9

Shear: :=0.85
M,=0.544 ft+ kips &
Concrete compressive strength: 1 pi=4eksi
Steel yield st th: =60 - ksi
Slab strip width: B:=12in eel yleld streng 14 si

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

= || if <4.k
Wall thickness: hi=th, ‘ i e p<dehsi
: | [oss
Cover to reinforcing: d.g:=3.25+in ‘ else
.—1
I (0.85—0.05- (f, ,ksi”' —4))

Minimum flexural reinforcing:

Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay reqa=0.01 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=16 +in AJ:=BarArea L A,=0.233 in’
Spacing
Reinforcing ratio: A,
Ip:= »=0.0022
b.d
Compression block depth:
A
71(} a=0.342 in
0.85-f ,°
Moment capacity:
G) = g, (As e (d—g)) $M, =9 fi-kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 2=13 kips.

in



Sheet No.:

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_4-ft EQ.mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone = 135 'PCf hheelfsoil =4 'ﬁ +0-in hwall =4 'ﬁ +0-in
9 . LlhuLsi'll
Vsoil *= 108 -pCf htuefsoil i=12-in twall :=8-in

VEFP o= 35 -pCf Dsuper = 0.0 'pSf

YEFP p = 250 -p(,‘f Opr_super*= 00-. ka

40 wLLisuper:: 0.0 ‘k”

Hsliding *=

Pp,:=0.112 « kips
Gail brg*=3000 - psf ¢

oy =240 ft
FSi=1.1 hor Y

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 90 'pSf

Bpey:=0vin

Lrey:=0¢in
key ij
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
Ingt=2-ft+8-in
lheel:= lﬂg_ ltoe —Lyan
bea =111
heel kips
Jt

;=0

P, =0.36 kips
P,.1=0.36 kips
Phee soi=0.432 kips
Proe soi1="0.108 kips

P, =1.26 kips

tota

Mor=1.221 ft«kips

MOTiresisting =1.95 ﬁ * kl'ps



Hsliding =

1
E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
A:=B,-B, A=2.667 ft’

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging = 0.604 kips

Hresisting =0.836 kipS

t

M=0.484 ft- kips

BZ
e=0.384 ft ?:0,444ﬁ
qmaxjrime =881 psf
qmax_prime < qall_brg =1



. 2
qminjrime =|lif e S ? qminjrime =64 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
YEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur * (hhur> + Phor
1'6.Mwall: 1027ﬁ-klps 1.6 Vwall:O'627 kl'ps

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper * bnom * 2 Mfuoting =0.216 ﬁ * klpS 1.6- %buting =0.346 ﬂ ° klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M, =1 ft-kips
Factored shear force: V,:=1.6+V, . V,=0.6 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: A 1ega=0.06 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing =16 +in A, :=BarArea - _b A,=0.233 in®
Spacing
. . . AY

Reinforcing ratio: pi= ; ‘d p=0.0048
Compression block depth:

A+ f,

sh a=0.342 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, = (As -fy-(d—g)) oM, =4 fr-kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
b= lfijS4-kSl
085
else
| H (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bivtep . 87-ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1

V,<¢V,=1 2:66@

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M, =0.346 ft+ kips h
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay rega=(8.78107) in?
Area of flexural reinforcing:

BarAred:=0.31 - in*

Spacing:=16 +in AJ:=BarArea L A,=0.233 in’
Spacing
Reinforcing ratio: A,
= 5 ‘d p=10.0022

Compression block depth:

A
71{} a=0.342 in
0.85-f, ,*b
Moment capacity:
OM):= ¢+ (As-fy-(d—g)) $M, =9 ft - kips
M, <¢M,=1 P<Ppaux=1

V,<¢V,=1 s=g Kips

in



SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_6-ft.mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone = 150 'PCf hheelfsoil =6 'ﬁ +0-in hwall =6 'ﬁ +0-in
9 . LlhuLsi'll
Vsoil *= 120 -pCf htuefsoil i=12-in twall :=8-in

psuper 8= 100’0 .psf

wDLisuper :=0.0- ka

YEFP o= 35+ pcf
VEFP p*= 250« pcf

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py,.:=0.0 « kips

hhor =0 'ﬁ

Gait brg=2000« psf

FS:=1.5

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 100 'pSf

Bpey:=0vin

lkey :=0-in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
Iigi=4-ft+0-in
lheel = lﬂg - ltoe —Lyan
Loy=2333 fi
kips
Jt

a)1=0

P, =0.6 kips
Pwall:O-6 klpS
Pheelisuil =1.913 klpS

P =0.12 kips

toe_soil

P, .1=3.233 kips

MOT: 4.073 ﬁ . kips

MOTiresisting =7.481 ﬁ . kips



1
Hsliding = E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=ly, By=4 fi
A:=B,-B, A=4f7

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hgjiging=1.593 kips

Hresisting: 1.62 klpS

t

M=0.771 ftkips

e=0.238 ft

B2
=066 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime =1097 psf

qmax_prime < qall_brg

=1



. 2
qminjrime =|lif e S ? qminjrime =519 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
VEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur ° (hhur> + Phor
1.6+ M, =2.856 fi~kips 1.6+ V,,=1.288 kips

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper ° bnom * 2 Mfuoting =2.504 ﬁ ° klpS 1.6+ %buting =4.007 ﬂ * klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=2.9 ft-kips
Factored shear force: V,:=1.6+V, . V,=1.3 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: Ay 1eqa=0.16 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=12 «in A, :=BarArea - _b A,=031 in®
Spacing
. . . AS‘

Reinforcing ratio: pi= ; ‘d p=0.0065
Compression block depth:

A+ f,

sh a=0.456 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, ::qﬁb-(As-fy-(d—g)) $M, =53 fi-kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
Br=|if £, , <4 ksi
085
else
I 1
| (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bifep 87<ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1
kips
V,<éV,=1 z=138 —/—

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M,=4.007 ft+kips h
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay 1eqa=0.10 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=12 «in AJ:=BarArea L A,=031 in’
Spacing
Reinforcing ratio: A,
pi=— p= 0.003
b.d
Compression block depth:
A
7f} a=0.456 in
0.85-f ,°
Moment capacity:
¢Mn::¢b-(As-fy-(d—§)) #M,=11.9 fi«kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 2=73 kips.

in



SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_6-ft_ EQ.mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone *= 135 'PCf hheelfsoil =6 'ﬁ +0-+in hwall =6 'ﬁ +0-in
9 . LlhuLsi'll
Vsoil *= 108 -pCf htuefsoil i=12-in twall :=8-in

VEFP o= 35 -pCf Dsuper = 0.0 'pSf

YEFP p = 250 -p(,‘f Opr_super*= 00-. ka

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py, :=0.252 « kips
Gal prg = 3000« psf !

h, =420-ft
FS:=1.1 hor f

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 90 'pSf

Bpey:=0vin

lkey :=0-in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
Iigi=4-ft+0-in
lheel = lﬂg - ltoe —Lyan
Loy=2333 fi
kips
Jt

a)1=0

Py, =0.54 kips
P,.1=0.54 kips
Pheer son=1.512 kips
Proe soi1="0.108 kips

P, =27 kips

MOT: 3.642 ﬁ . kips

MOTiresisting =6.138 ﬁ ° kipS



1
Hsliding = E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=ly, By=4 fi
A:=B,-B, A=4f7

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hgjiging=1.22 kips

Hresisting =1412 kipS

t

M=1.832 ft-kips

e=0.679 ft

B2
=066 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime =1362 psf

qmax_prime < qall_brg

=1



. 2
qminjrime =|lif e S? qminjrime =0 psf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
YEFP a hheel soil YEFP a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper Di— (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur ° (hhur> + Phor
16.Mwall:3709ﬁ.klps 1.6 Vwall: 1.411 klps

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper ° bnom * 2 Mfuoting =1.764 ﬁ ° klpS 1.6+ %buting =2.822 ﬂ * klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=3.7 ft-kips
Factored shear force: V,:=1.6+V, . V,=1.4 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: Ay yeqa=10.21 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=12-in A :=BarArea- _b A,=0.31 in’
Spacing
. . . AY

Reinforcing ratio: pi= ; ‘d p=0.0065
Compression block depth:

A+ f,

sh a=0.456 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, ::qﬁb-(As-fy-(d—g)) $M, =53 fi-kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
Br=|if £, , <4 ksi
085
else
I 1
| (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bifep 87<ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1
kips
V,<éV,=1 z=180 —/—

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M,=2.822 fi«kips P
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: A 1oga=0.07 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=12 «in AJ:=BarArea L A,=031 in’
Spacing
Reinforcing ratio: A,
p= pP= 0.003
b.d
Compression block depth:
A
7f} a=0.456 in
0.85-f ,°
Moment capacity:
¢Mn::¢b-(As-fy-(d—§)) #M,=11.9 fi«kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 z=52 kips.

in



SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_7.5-ft. mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone = 150 'PCf hheelfsoil =7 'ﬁ +6-in hwall =7 'ﬁ +6-in
9 . LlhuLsi'll
Vsoil *= 120 -pCf htuefsoil i=12-in twall :=8-in

psuper 8= 100’0 .psf

wDLisuper :=0.0- ka

YEFP o= 35+ pcf
VEFP p*= 250« pcf

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py,.:=0.0 « kips

hhor =0 'ﬁ

Gait brg=2000« psf

FS:=1.5

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 100 'pSf

Bpey:=0vin

lkey :=0+in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
lig:=5+ft+0+in
lheel = lﬂg - ltoe —Lyan
Loy=3333 fi
kips
Jt

a)1=0

P, =0.75 kips
P, =0.75 kips
Pheelisuil =3.333 klpS

P =0.12 kips

toe_soil

P, =4.953 kips

tota

Mor=6.954 ft + kips

MOTiresisting =14.046 ﬁ . kips



1
Hsliding = E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=1y, B,=5 ft
A:=B,-B, A=5fr

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging=2.268 kips

Hresisting =2.308 kips

t

M=1.618 ft-kips

e=0.327 ft

B2
=083 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime =1379 psf

qmax_prime < qall_brg

=1



. BZ
qminjrime:: if ES? qminjrime:602 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
VEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur ° (hhur> + Phor
1'6.Mwall:5'25ﬁ.kips 1.6 Vwall: 1.925 kl'ps

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper ° bnom * 2 Mfuoting =6.111 ﬁ' klpS 1.6+ %buting =9.778 ﬂ * klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=5.3 ft-kips
Factored shear force: V,:=1.6+V, . V,=1.9 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: Ay yeqa=0.31 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=8 «in A, :=BarArea - _b A,=0.465 in®
Spacing
. . . AS‘

Reinforcing ratio: pi= ; ‘d p=0.0097
Compression block depth:

A+ f,

sh a=0.684 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, =g, - (AS ofye (d—%)) $M, =17 fi- kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
b= lfijS4-kSl
085
else
| H (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bivtep . 87-ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1

V,<¢V,=1 2:173@

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M,=9.778 ft+kips h
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay reqa=10.25 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=12 «in AJ:=BarArea L A,=031 in’
Spacing
Reinforcing ratio: A,
pi=— p= 0.003
b.d
Compression block depth:
A
7f} a=0.456 in
0.85-f ,°
Moment capacity:
¢Mn::¢b-(As-fy-(d—§)) #M,=11.9 fi«kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 z=179 Kips

in



SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_7.5-ft_ EQ.mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone *= 135 'PCf hheelfsoil =7 'ﬁ +6-in hwall =7 'ﬁ +6-in
9 . LlhuLsi'll
Vsoil *= 108 -pCf htuefsoil i=12-in twall :=8-in

VEFP o= 35 -pCf Dsuper = 0.0 'pSf

YEFP p = 250 -p(,‘f Opr_super*= 00-. ka

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py, :=0.394 « kips
Gail_prg = 3000 psf !

h, =450-ft
FS:=1.1 hor f

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 90 'pSf

Bpey:=0vin

lkey :=0+in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
lig:=5+ft+0+in
lheel = lﬂg - ltoe —Lyan
Loy=3333 fi
kips
Jt

a)1=0

Py, =0.675 kips
P,.;=0.675 kips
Pheer son=2.7 kips
Proe soi1="0.108 kips

P, =4.158 kips

tota

MOT: 6.324 ﬁ . kips

MOTiresisting =11.642 ﬁ * klpS



1
Hsliding = E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=1y, B,=5 ft
A:=B,-B, A=5fr

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging = 1.824 kips

Hresisting: 1.995 kips

t

M=3.381 ft-kips

e=0813 ft

B2
=083 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime: 1643 psf

qmax_prime < qall_brg

=1



. 2
qminjrime =|lif e S? qminjrime =20 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d

2 3 2

VEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil

+ Phur ° (hhur> + Phor
1'6.Mwall:6'774ﬁ.kips 1.6 Vwa”:2.205 kl'ps
Mipiing =P it b et Mg =45 fi ki 1.6+ Mypying =72 fieki

footing *— 4 heel_soil T psuper nom D) footing — "+ f ps ‘O Mippoting = 1+ f * KIps



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=6.8 ft+kips
Factored shear force: V,:=1.6+V, . V,=2.2 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: A yoqa=0.41 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=8 «in A, :=BarArea - _b A,=0.465 in®
Spacing
. . . AY

Reinforcing ratio: pi= ; ‘d p=0.0097
Compression block depth:

A+ f,

sh a=0.684 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

oM, =g, - (AS ofye (d—%)) $M, =17 fi- kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75

Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
b= lfijS4-kSl
085
else
| H (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bivtep . 87-ksi
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: ) P
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1

V,<¢V,=1 2:223@

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M,=17.2 ftkips P
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay reqa=0.19 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=12 «in AJ:=BarArea L A,=031 in’
Spacing
Reinforcing ratio: A,
pi=— p= 0.003
b.d
Compression block depth:
A
7f} a=0.456 in
0.85-f ,°
Moment capacity:
¢Mn::¢b-(As-fy-(d—§)) #M,=11.9 fi«kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 2=132 Kips

in



SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_9.5-ft. mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone = 150 'PCf hheelfsoil =9 'ﬁ +6-in hwall =9 'ﬁ +6-in
9 . LlhuLsi'll
Vsoil *= 120 -pCf htuefsoil i=12-in twall :=8-in

psuper 8= 100’0 .psf

wDLisuper :=0.0- ka

YEFP o= 35+ pcf
VEFP p*= 250« pcf

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py,.:=0.0 « kips

hhor =0 'ﬁ

Gait brg=2000« psf

FS:=1.5

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 100 'pSf

Bpey:=0vin

lkey :=0-in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
lgi=6-ft+4-in
lheel = lﬂg - ltoe —Lyan
lheel = 4667 ﬁ
kips
Jt

a)1=0

P, =0.95 kips
Py =0.95 kips
Pheelisuil =5.787 klpS

P =0.12 kips

toe_soil

P, ;="7.807 kips

Mor=12.541 ft - kips

MOTiresisting =27.482 ﬁ . kips



Hsliding =

1
E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=1;, B,=6.333 ft
A:=B,-B, A=6.333 f’

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging = 3.353 kips

Hresisting =3.45 klpS

t

M=3.557 ftkips

e=0.456 ft

B2
- =1056 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime: 1765 psf

qmax_prime < qall_brg

=1



. 2
qminjrime:: if ES? qminjrime: 701 pSf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d
2 3 2
VEFP a hheel soil Y a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper * e ° (hheelisuil> * bnum d
Vsoil 2 Vsoil
+ Phur ° (hhur> + Phor
1.6+ M, =10.108 fi«kips 1.6V, =2.97 kips

lheel lheelz . .
Mfuoting = Pheelisuil ° T +psuper * bnom * 2 Mfuoting =14.591 ﬁ * klpS 1.6- %buting =23.346 ﬂ * klpS



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=10.1 ft-kips
Factored shear force: V,:=1.6+V, . V,=3 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: Ay reqa=10.64 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=4-«in A, :=BarArea - _b A4,=0.93 in®
Spacing
. . . AS‘
Reinforcing ratio: pi=— p=0.0194
b.d

Compression block depth:

A+ f,

sh a=1.368 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

¢Mn::¢b-(As-fy-(d—§)) $M,=13.9 fi - kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75
Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
b= lfijS4-kSl
085
else
l 1
| (0.85—0.05+ (£, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
b =075 Bivtep . 87-ksi
5 87 « ksi+f,
Pmax=0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. A,of,+d
Steel shear capacity: V,:=—~
N
V,=0 ki
Shear capacity: g Ps
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1
kips
V,<éV,=1 z=172 ==

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Factored moment:

Slab strip width:

Live to dead load ratio:

Wall thickness:

Cover to reinforcing:

Depth to reinforcing:

Flexural design:

Required area of reinforcing:
Area of flexural reinforcing:

BarAred:=0.31-in’

:: 6-in @ := BarArea «

@:: 1.6 'Mfooting

M, =23.346 ft - kips

b:=12+in
LLDLRatiol=3.5
@::fﬁg

d.d:=325-in

di=h—d, d=8.75 in

A

s_reqd

Reinforcing ratio: A,
= p=0.0059
bed
Compression block depth:
A+ f,
@::Sif} a=0912 in
0.85-f. ,+b

Moment capacity:

==¢b'(As'fy'(d—

M, < ¢M,=0

V,<éV,=1

4

P<Pmax=1

z=219

=0.63 in’

WITHIN 5% - SAY OK

oM, =23.1 ft+ kips

Material properties / Design parameters:

Strength reduction factors: Bending: @ :=0.9

Shear: $,:=0.85
Concrete compressive strength: @::4 « ksi
Steel yield strength: @:: 60 « ksi
Whitney stress block depth ratio:

::

if <4+ ksi
[CEE

else
H (0.85—0.05- (f, ,ksi”' —4))

Minimum flexural reinforcing:
Ponin :=200 -ff1 «pSi Pmin=0.0033

Maximum flexural reinforcing:

0.85-4;- o ksi
:: 0.75 - ﬁ] fCJ . 87 « ksi
5 87 « ksi+f,

=0.0214

pmax




SheetNo.:_

Project: St. Helens - Riverwalk - Retaining Wall Engineer: SC
Project No.: 20028 File: Ret-Wall_9.5-ft_ EQ.mcdx
Client: Date:
Subject: Rev.:
Retaining wall analysis and design
L Wy,
Material properties: Loading on wall: Wall geometry: l Super
Yeone *= 135 'PCf hheelfsoil =9 'ﬁ +6-in hwall =9 'ﬁ +6-in
9 . LlhuLsi'll
Vsoil *= 108 -pCf htuefsoil i=12-in twall :=8-in

VEFP o= 35 -pCf Dsuper = 0.0 'pSf

YEFP p = 250 -p(,‘f Opr_super*= 00-. ka

40 wLLisuper:: 0.0 ‘k”

lusliding i

Py, :=0.632 « kips
Gail_prg = 3000 psf !

h, :=5.70.ft
FS:=1.1 hor f

bnom =1 '.ﬁ

W= wDLisuper + wLLisuper

P =Yconc* <lftg le+ ey ® hkey) *byom

Pt = Pyvair * Prvatr * bnom

Pheelisuil = ())soil ° hheelﬁsuil +psuper> ° lheel ° bnom
P toe_soil *= Vsoil * htueﬁsoil *Lioe* byom

Ptutal = Pftg + Pwall + Pheelfsoil + Ptueisuil + @y bnum

! LigF Pheer soit
MOT:: E ° yEFPia * bnum ° (hheelisuil + tjtg) ’. (% d -FS
VEFP Lo+ Miool soil
+ Psuper* —=. (hheelfsuil + fﬁg> *Duom*® (M J
Vsoil 2
+ Phur * (tftg + hhor)
lﬁg Lyl Lall
MOTiresisting = szg * 7 + Pwall . ltoe + —2 + w;e bnom . ltoe + 5 J

I[Oe

lheel
2 ) + Ptoeisuil ° 7

+ Pheelisuil ° (ljtg -

L~ im-ﬂ

ﬂhm‘ }.
1
A

Pwail = 90 'pSf

Bpey:=0vin

lkey :=0-in Q&J
lfﬁg:: 1 'ﬁ+0'in
Lyei=1+ft+0ein
lgi=6-ft+4-in
lheel = lﬂg - ltoe —Lyan
lheel = 4667 ﬁ
kips
Jt

a)1=0

P, =0.855 kips
P,.;=0.855 kips
Pheer so=4.788 kips
Proe soi1="0.108 kips

P, ;1 =06.606 kips

MOT: 12.086ﬁ'klps

MOTiresisting =23.054 ﬁ ° kipS



Hsliding =

1
E * yEFPia ° bnom * <hheelisoil + hkey + tftg) ? d < FS

YEFP a b

+ Dsuper* nom * (hheel,SUil + hkey + tﬂé’) + Phor

Vsoil

Hresisting = (Pﬁg + Pwall + Pheelfsoil +0- Ptueﬁsoil + wpe bnum> 'lusliding d

1
+ E * YEFPJ * bnom ° (<htoeisoil + tftg + hkey> 2 - htoejoilz >

Soil pressures due to gravity and overturning forces:

Footing size: B;=b,,m B;=1ft
By=1;, B,=6.333 ft
A:=B,-B, A=6.333 f’

Moment at mid-width of footing:

1 hheel soil
M:= E ° yEFPia ° bnom ° (hheelisoil> 2. (T) d

VEFP Pheel soil
+psuper . (hheelisuil> ° bnum ° ( — ) d
Vsoil 2

0-—1

h ve_soil
+ * yEFPJ) ° bnom ° <htueisuil + tftg) 2. ( : :; ) d
lftg ltoe
+ Phor * (tﬁg + hhur> + Ptueisoil ° 7 - 7

/ Lol
+ _Pheelisuil ° (ﬁ - i)

2 2

Eccentricity of soil pressure resultant:

l wa
+ <Pwall+ @y bnom) ° (%_ ltue_TH) d

Hjiging=2.818 kips

Hresisting =2.974 kipS

t

M=17.101 ft«kips

e=1.075 ft

B2
- =1056 fi

M
e:=

Ptotal
Maximum soil pressures:
. B,
qmaxjrime:: if eS_

Ptotal J1+ 6.c
else

2. Ptotal

3.4.[05-%
B2

qmaxjrime =2105 psf

qmax_prime < qall_brg

=1



. 2
qminjrime =|lif e S? qminjrime =0 psf

Ptotal J1- 6.e
4 B,

else
Jouns

Forces in wall at the base of wall:

1 hheel soil 1
Mwall == yEFPia * bnum ° (hheelisuil> ? - d Vwall == yEFPia ° bnom * <hheelisoil> ? d

2 3 2

YEFP a hheel soil YEFP a
+psuper Di— (hheelisuil> * bnum ° ( - ) d +psuper Di— (hheelisuil> * bnum d
Vsoil 2 Vsoil

+ Phur ° (hhur> + Phor
1.6+ M, = 13.766 ft « kips 1.6+ V,,;=3.538 kips
Mpsing =P b by et Mpoiing= 11172 ft - ki 1.6+ Myyping = 17.875 fi-ki

footing *— 1 heel_soil * T +psuper nom * D) footing — * 1+ f ps . footing — * !+ f ps



Reinforced concrete retaining wall design:

Loads and geometry:

Factored moment: M,:=1.6-M,., M,=13.8 ft-kips
Factored shear force: V,:=1.6+V, . V,=3.5 kips
Slab strip width: b:=b,,,
Wall thickness: h=t,.u
Cover to reinforcing: deg:=4-in
Depth to reinforcing: di=h—d, d=4in
Flexural design:
Required area of reinforcing: Ay reqa=0.92 in’
Area of flexural reinforcing:
BarArea:=0.31 «in*
Spacing:=4 +in A, :=BarArea - _b A,=0.93 in®
Spacing
. . . AS‘
Reinforcing ratio: pi=— p=0.0194
b.d

Compression block depth:

A+ f,

sh a=1.368 in

aqi=—"""
0.85+f, ,+b

Moment capacity:

M, = - (As -fy-(d—g))

oM, =13.9 ft+kips

Material properties / Design parameters:

Strength reduction factors: Bending: ¢,:=0.9

Shear: $,:=0.75
Concrete compressive strength: fo p=4eksi
Steel yield strength: Syi=60<ksi
Whitney stress block depth ratio:
Br=|if £, , <4 ksi
085
else
l 1
| (0.85—0.05+ (£, ,ksi”' —4))
Minimum flexural reinforcing:
Ponin =200+, "« psi Poin=0.0033
Maximum flexural reinforcing:
0.85+p;- « ksi
Pmax = 0.75. ﬁI fc‘p . 87« ks
5 87 « ksi+f,
P =0.0214
Shear design:
Area of shear reinforcing: A,:=0-in’
Spacing of stirrups: s:=12-in
Concrete shear capacity:
Ves=2\f popsi-b-d V,=6.1 kips
. Ayofyod
Steel shear capacity: V,:=———=—
N
V,=0 ki
Shear capacity: g Ps
oV, ::¢V-(VC+ VS> ¢V,=4.6 kips
M, <¢M,=1 P <Prmgx=1
kips
V,<éV,=1 z=235 —4—

1243



Reinforced concrete retaining wall footing design:

Loads and geometry:

Material properties / Design parameters:

Factored moment: My:=1.6 « Mg, p1ing Strength reduction factors: Bending: ¢,:=0.9
Shear: :=0.85
M,=17.875 fi-kips h
Concrete compressive strength: 1 pi=4eksi
Steel yield strength: =60« ksi
Slab strip width: Be=12-in yie g 5 St

Whitney stress block depth ratio:
Live to dead load ratio: ILLDLRatio:=3.5 y P

=\ S, <4 eksi

Wall thickness: h:=t ‘
Cover to reinforcing: d.g:=3.25+in ‘ else
—1
I (0.85—0.05- (f, ,ksi”' —4))
Minimum flexural reinforcing:
Depth to reinforcing: di=h—d., d=8.75in g

Pomin =200 fy * psi Pmin=10.0033

Maximum flexural reinforcing:

085-f1fcp 87k
5 87 « ksi+f,

=0.75.

Omax

=0.0214

pmax

Flexural design:

Required area of reinforcing: Ay reqa=0.47 in’
Area of flexural reinforcing:
BarAred:=0.31+in*
Spacing:=6 «in AJ:=BarArea L A,=0.62 in’
Spacing
Reinforcing ratio: A,
p= pP= 0.0059
b.d
Compression block depth:
A
71{} a=0912 in
0.85-f ,°
Moment capacity:
¢Mn::¢b-(As-fy-(d—§)) ¢M,=23.1 fi~kips
M, <¢M,=1 P <Pmax=1

V,<¢V,=1 2= 168 KPS

in
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