Paia Retain Software Hasti LLC

Copyright ©2015, HASTI, LLC. All Rights Reserved.
Paia Retain is a trademark of HASTI, LLC. This publication and software shall not be copied or
reproduced without the prior written permission of HASTI, LLC.

Every effort has been made to make this publication and software as complete and accurate as possible,
but no warranty is implied. HASTI, LLC, assumes no liability or responsibility to any person or company
for direct or indirect damages resulting from the use of software or any information contained herein.

Paia Retain Overview

Paia means "wall" in the Hawaiian language. Paia Retain is software developed to design
cantilever concrete walls based on AASHTO LRFD and IBC design codes.

Hardware Requirements

Minimum

Any Windows compatible computer with a Pentium 3 Processor or better
Windows XP/Vista/7/8

256MB of RAM

License Agreement

END-USER LICENSE AGREEMENT FOR PAIA RETAIN SOFTWARE IMPORTANT PLEASE READ
THE TERMS AND CONDITIONS OF THIS LICENSE AGREEMENT CAREFULLY BEFORE
CONTINUING WITH THIS PROGRAM INSTALL: HASTI LLC End-User License Agreement ("EULA") is a
legal agreement between you (either an individual or a single entity) and HASTI LLC for the HASTI LLC
software product(s) identified above which may include associated software components, media, printed
materials, and "online" or electronic documentation ("SOFTWARE PRODUCT"). By installing, copying, or
otherwise using the SOFTWARE PRODUCT, you agree to be bound by the terms of this EULA. This
license agreement represents the entire agreement concerning the program between you and HASTI LLC
(referred to as "licenser"), and it supersedes any prior proposal, representation, or understanding
between the parties. If you do not agree to the terms of this EULA, do not install or use the SOFTWARE
PRODUCT.

The SOFTWARE PRODUCT is protected by copyright laws and international copyright treaties, as well as
other intellectual property laws and treaties. The SOFTWARE PRODUCT is licensed, not sold.

1. GRANT OF LICENSE.
The SOFTWARE PRODUCT is licensed as follows:
(a) Installation and Use.

HASTI LLC grants you the right to install and use copies of the SOFTWARE PRODUCT on your
computer running a validly licensed copy of the operating system for which the SOFTWARE PRODUCT
was designed [e.g., Windows XP, Windows 7, Windows 8].

(b) Backup Copies.

You may also make copies of the SOFTWARE PRODUCT as may be necessary for backup and archival
purposes.
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2. DESCRIPTION OF OTHER RIGHTS AND LIMITATIONS.

(a) Maintenance of Copyright Notices.

You must not remove or alter any copyright notices on any and all copies of the SOFTWARE PRODUCT.
(b) Distribution.

You may not distribute registered copies of the SOFTWARE PRODUCT to third parties.

(c) Prohibition on Reverse Engineering, Decompilation, and Disassembly.

You may not reverse engineer, decompile, or disassemble the SOFTWARE PRODUCT, except and only
to the extent that such activity is expressly permitted by applicable law notwithstanding this limitation.

(d) Rental.
You may not rent, lease, or lend the SOFTWARE PRODUCT.
(e) Support Services.

HASTI LLC may provide you with support services related to the SOFTWARE PRODUCT ("Support
Services"). Any supplemental software code provided to you as part of the Support Services shall be
considered part of the SOFTWARE PRODUCT and subject to the terms and conditions of this EULA.

(f) Compliance with Applicable Laws.
You must comply with all applicable laws regarding use of the SOFTWARE PRODUCT.
3. TERMINATION

Without prejudice to any other rights, HASTI LLC may terminate this EULA if you fail to comply with the
terms and conditions of this EULA. In such event, you must destroy all copies of the SOFTWARE
PRODUCT in your possession.

4. COPYRIGHT

All title, including but not limited to copyrights, in and to the SOFTWARE PRODUCT and any copies
thereof are owned by HASTI LLC or its suppliers. All title and intellectual property rights in and to the
content which may be accessed through use of the SOFTWARE PRODUCT is the property of the
respective content owner and may be protected by applicable copyright or other intellectual property laws
and treaties. This EULA grants you no rights to use such content. All rights not expressly granted are
reserved by HASTI LLC.

5. NO WARRANTIES

HASTI LLC expressly disclaims any warranty for the SOFTWARE PRODUCT. The SOFTWARE
PRODUCT is provided 'As Is' without any express or implied warranty of any kind, including but not
limited to any warranties of merchantability, noninfringement, or fitness of a particular purpose. HASTI
LLC does not warrant or assume responsibility for the accuracy or completeness of any information, text,
graphics, links or other items contained within the SOFTWARE PRODUCT. HASTI LLC makes no
warranties respecting any harm that may be caused by the transmission of a computer virus, worm, time
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bomb, logic bomb, or other such computer program. HASTI LLC further expressly disclaims any warranty
or representation to Authorized Users or to any third party.

6. LIMITATION OF LIABILITY

In no event shall HASTI LLC be liable for any damages (including, without limitation, lost profits, business
interruption, or lost information) rising out of 'Authorized Users' use of or inability to use the SOFTWARE
PRODUCT, even if HASTI LLC has been advised of the possibility of such damages. In no event will
HASTI LLC be liable for loss of data or for indirect, special, incidental, consequential (including lost profit),
or other damages based in contract, tort or otherwise. HASTI LLC shall have no liability with respect to
the content of the SOFTWARE PRODUCT or any part thereof, including but not limited to errors or
omissions contained therein, libel, infringements of rights of publicity, privacy, trademark rights, business
interruption, personal injury, loss of privacy, moral rights or the disclosure of confidential information.

Installation:

Installation of this program uses ClickOnce process which is designed to work for non-administrative
accounts, and is installed in the user's profile folders. One of the design goals of ClickOnce is to provide a
deployment technique that allows customers to install applications without elevated privileges. However, if
multiple users are using one computer the program should be installed for each user because in this
method the files are stored in the user’s profile. Another design goal is to protect the client machine from
problems caused by software installations such as “dII” system files.

To start the installation unzip the installation file and run “setup.exe” file. The following screen appears:

Publisher cannot be verified.

Application Install - Security Warning |
Ty
Are you sure you want to install this application? ‘:a

Name:
Paia Retain

From (Hover over the string below to see the full domain):
C:\Users\Public\Paia

Publisher:
Unknown Publisher

Install | I Don't Install

While applications can be useful, they can potentially harm your computer. If you de not trust the
source, de not install this seftware, More Informaticn...

Click “Install”
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Run Paia Retian Program
L Paia Retain V.22 =N R
File Help Detail Report ] [ Summary Report ] [ CAD Sketch ]
{Project Info. | Wall Data | Additional Load Data I Material Data I Soil Dma‘ roes Summary I Design I Deesign Summary | Skemh‘
Design Standard ©  AASHTO LRFD -
Load Combinz®
Strength |
Strength I
Strength 11| | | \ |
Strength IV | | ‘ |
Extreme Event | | | ‘ |
Extreme Event la | | ‘ |
Ratio Less Than Cne Indicates Insufficeint Capacity
Project
Title
LOAD COMBINATION - SELECT
Diesigned By
Date Strength| 125 DL+ 175 LL+ 135 EV+ 150 EH
. Copyright 2015
Company .| ( Strengthla 0.90 DL+1.75 LL+ 100 EV+ 150 EH
In Project Info. tab, the user defines the general information about the project and chooses the design standard for the  + Strength Il 1.50 DL+00 LL+ 135 EV+ 150 EH
wall analysis. E
Two design standards are available for the wall analysis and design: Strength IV 05 DL+00 LL+ 100 EV+150 EH+ 140 WL
1- AASHTO LRFD (American Association of State Highway and Transportation Officials Load and Resistance Extreme Evert | 080 DL+ 00 LL+ 100 EVs 100 EH+ 1.00 EQ
Factor Design}
2- |IBC (International Building Code)
Exreme Event la 125 DL+00 LL+- 135 EVs+ 100 EH+1.00 EQ
In AASHTO LRFD design standard. Stability Ratio check and Design of the wall components are calculated based on
the following load combinations: =2

Click on “Analysis” button

Paia Retain

Please activate the software

Click “OK”. Make sure you are connected to internet

You need to be connected o Intemet to complete the verification process

o] [ |

L License Verification

Product Key

Enter the code which was provided to you. Click Verify. You are ready to use the program. A confirmation
email will be sent to the email address which was provided in the account.
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Paia Retain Tutorial

INPUT SECTION:
1-Project Info.

In Project Info. tab, the user defines the general information about the project and chooses the design
standard for the wall analysis.

Two design standards are available for the wall analysis and design:
1- AASHTO LRFD (American Association of State Highway and Transportation Officials Load and
Resistance Factor Design)
2- IBC (International Building Code)

In AASHTO LRFD design standard, Stability Ratio check and Design of the wall components are
calculated based on the following load combinations:

0.9DL+EV+1.0EH+EQ
1.25DL+1.35EV+1.0EH+EQ

Extreme Event |
Extreme Event la

Strength | = 1.25 DL+1.75LL+1.35 EV+1.5EH
Strength la = 0.9 DL+1.75LL+1.0 EV+1.5EH
Strength IlI = 0.9DL+EV+1.4W

Strength IV = 1.5DL+1.75LL+1.35EV+1.5EH

Where:

DL = Dead Load

LL = Live Load

EV = Vertical Component of Soil Pressure
EH = Horizontal Component of Soil Pressure
W = Wind load

EQ = Seismic Load

In IBC design standard, Stability Ratio check and design of the wall are calculated based on the following
load combinations:

Stability Ratio Check:

LC1=DL+LL+EV +EH
LC2=DL+EV+WL
LC3=DL + EH +EV+ 0.7 EQ

LC3 represents the load combination for seismic loads. In IBC, the seismic loads are determined at
strength level. A load factor of 0.7 on EQ is applied to reduce the seismic loads to allowable stress design
level.

Wall Component Design:

LC1=1.2 DL+1.6LL+1.2EV+1.6EH
LC2 =0.9 DL+1.6WL+0.9EV+1.6EH
LC3 = 0.9 DL+0.9EV+1.6EH+1.0EQ
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Where:

DL = Dead Load

LL = Live Load

EV = Vertical Component of Soil Pressure
EH = Horizontal Component of Soil Pressure
WL = Wind load

EQ = Seismic Load

The user is given “Customized Load Factor” Option for analysis and design of the wall. Since concrete
design process in AASHTO LRFD and IBC is different, the user should define the design load factors and
the stability ratio load factors for this option. The following pictures show the options in project info tab:

ok Pia Retain V22 | |
Fie  Hep | Anaiais | Detsd Ragoz | | Summary Repont CAD Sketch
Resulls
Frosect ilo. || Wl Dt | Ackdtional Load Dt | Moterial Dt | Sci Dok Seabdty Rats | Forces Summary | Dosgn | Dosign Summary | Shetch
Desigrs Sanderd . AASMTO LRED -
Lot Comtiration. Bocordichy  Shig P
Strength | T
w 1 ! |
Strergth Il T |
AASHTO SronahV | L I |
Garems Evet | | T |
LR F D Extreme Evert la | | |
Pt Less Than Dt Indcates s fcent Canscty
Project
Result Tab
LOAD COMBINATION - SELECT
Daaspred Dy 1
Showing
o Sprgh | 125 DL+ 175 L+ 135 V- 180 W
Copynghe 20013
Company Sywighls 030 DL 175 L+ 100 Eve 150 EH £ AASHTO
in Project info. tab. the user defines the ganeral Eat th A chacass the design e - Swength 150 DL-00 LLe 135 EV- 150 M z
PRI Z LRFD Results
Two design standards are avaitable for the wall analysis and desigr: Sengh v 05 DL-00 LL- 100 Ev.150 EH- 140 Wi [F
AASHTD LRFD (American A f Seate High Officials Load and Resistance . . . . .
Facioe Design] Edrome Evert | 080 DL+ 00 L+ 100 Eve 100 EMe 100 B &
2- IEC (Intevnational Buikding Code)
Bdrome Eventla 125 pL+00 L+ 135 Eve 100 EM-100 EO ¥
in AASHTO LRFD deesgn standard, Stabelity Rabo check and Desgn of the wall companants ame caloul based on
fthe following load combinasions: K -
Help Section
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L Paia Retain V.2.2
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Copyright 2015
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wall analysis. E DESIGN
Two design standards are available for the wall analysis and design: Comb | 120 DL+160 LL+ 120 Ev+ 160 EH
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Factor Design)
2- IBC (International Building Code)
Comb Il 050 DL+00 LL+ D30 EV+ 160 EH+ 100 EQ
In AASHTO LRFD design standard. Stability Ratio check and Design of the wall components are calculated based on
the following load combinations: <)
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ot Customized uatontad Load Factor b toad  Docn
Tile
Load Factors
Cessied By
Date
Compary:  Paia Retain, bne Commghe 2014
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2-Wall Data

Result Tab
Showing
Customized
Load Factors

In Wall Data tab, the wall dimensions are defined. Unit of the wall dimensions is “foot”.
The input data are presented on a sketch of the wall in this tab for clarification. Changing a field value

would update the dimensions shown in the sketch.
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Backfill slope is defined in degrees. All the wall dimensions have a predefined value, if predefined value
for a parameter is not changed, the predefined value will be used in the analysis.

L e Retain o [ |
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Aminnmuluenhra on “Skeich” bution on nght side of the screen.
Eacksll nd \
Input Fields Sketch of Wall
Showing
Correspondence
Dimensions

3-Additional Load Data

In Additional Load Data tab, additional loads applied top of the wall are entered by the user. VLL and VDL
represent additional live load and dead load respectively. Vertical loads default direction is gravity
direction.

“ED” value represents the eccentricity of the vertical loads from the center of the wall.

The eccentricity generates a moment that will be added to the overturning moment. One may use
negative values for eccentricity to subtract the moment generated by the additional vertical loads from the
overturning moment.

“Fh” represents the height of a fence installed at the top of the wall. “Wf” is the wind pressure per square
foot that applies to the fence area.
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In Material Data tab, the wall materials are defined. “fc¢” value shows wall concrete compressive strength
after 28 days. “fy” is rebars yield strength.
Rebar sizes and their clearance for different components of the wall are defined at this section. User may
use customized concrete density for the wall at this section as well.
Concrete modulus of Elasticity and Steel modulus of Elasticity are defined in this section. If the design

standard is AASHTO the user is presented with an option to enter cracking exposure factor.

This factor is used to determine the spacing of the rebars to prevent cracking of the wall elements. The
user may define up to three sections along the wall height to be designed.
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5-1 Soil Data

In Soil Data tab, soil information is defined as follows:
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Pp: Passive earth pressure

Passive earth pressure is used to calculate earth passive resisting force. If AASHTO LRFD design
standard is used, the program will multiply the defined passive pressure value by a resistance factor
(predefined equal to 0.5) to check the stability of the wall in strength limit state load combinations. For
extreme event load combination, the resistance factor is equal to one. The user may eliminate some or all
of the soil height in front of the wall for passive resistance.

gua: Soil bearing pressure

“qua” value represents soil bearing pressure. If the design standard is AASHTO LRFD then the value
would be bearing pressure at strength limit estate. If the design standard is IBC then the value represents
allowable bearing pressure.

Soil Density:

This value is used to calculate the soil weight on top of the wall foundation.

fr: Foundation Friction factor,

“fr” is used to calculate foundation friction resistance load. This value will not be used in seismic load
combination. A separate value will be used to define the foundation friction factor in a seismic event

he: Live load surcharge
Live load surcharge behind the retaining wall is defined through “he” value. For AASHTO LRFD design
standard, “he” represents equivalent height of soil for live load, and the surcharge is calculated based on

the following equations:

Hsur =k * g *he * (H + tf) Wsur=g*he*Le
Where

Hsur s the horizontal force on the wall caused by surcharge

k is the active lateral pressure coefficient
H is wall height
tf is foundation height

Wsur is the vertical component of surcharge on heel of the foundation

Le is foundation heel length

In IBC design standard the effects of the surcharge are calculated based on the following equations:
Hsur =k * he * (H + tf)
Wsur = he * Le

It is important to note that “he” unit changes from equivalent soil height to a distributed load in IBC design
standard.

10
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Bearing Condition:

In AASHTO LRFD design standard the user should define the bearing conditions for the wall foundation;
i.e. Soil or Rock bearing condition. In IBC design standard, this option does not apply.

Soil Active Pressure Calculation Method:

The program provides the user two methods to calculate soil active pressure: Equivalent Fluid Pressure
and Coulomb.

If Equivalent Fluid Pressure method is chosen, value of “Pa”, active earth pressure, in pcf should be
determined. If Coulomb method is chosen, the following values should be determined:

Angle of friction of soil in degree
Angle of friction between soil and wall in degree

Slope of Wall to the Vertical, Negative as Shown

5-2 Seismic Data

In Soil Data tab, user may define seismic loads calculation method.

Three different options for seismic load are provided in this program:

A-Uniform Distributed Load

In this option, the user defines a unformed seismic pressure, Eq. The result force, Heq, caused by this
pressure will be applied at mid height of the wall as shown in Figure 2.

In this option, the seismic pressure

is applied in addition to active
pressure of soil, Ha.
—» W2*kh
He W3 IWZ
Ha

Figure 1
Other parameters that are defined for this option are:

“fe” ; friction factor of foundation for seismic load condition.

11
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“que”; soil bearing pressure for seismic load condition.
“kh”; Horizontal Acceleration Coefficient for the retaining wall site.
B- Mononobe-Okabe (M-O)

In this option the seismic load is calculated based on the Mononobe-Okabe equation. This method
calculates active soil pressure, PAE, from the equation below:

PAE =+ KAE xy x H? x (1 - K;)
Where
Cos?(@ — 6 —
KAE = @ 2 2

Sin(@+6)*Sin(@—6—1)
Cos(6+ B+ 0)=*Cos(i—p)

Cos 0 x Cos?B xCos (6 4+ +0) 1+\]

And

Kh

6 =tan™!
M T ke

H = height of wall

y = unit weight of soil

@ = angle of friction of soil

0 = angle of wall friction

i = slope of ground surface behind the wall

B = slope of back wall to the vertical

Kh= horizontal ground acceleration /g

Kv= vertical ground acceleration /g (which is considered equal to zero on this program)

PAE represent earth pressure developed on the wall by dynamic and static loads. The program separates
this pressure into two components — the initial static pressure calculated from soil active pressure defined
previously in this tab, PA, and the dynamic pressure calculated from the following equation:

Peg= PAE- PA, where Peq is dynamic pressure caused by seismic loads.

The static pressure is applied at the height of H/3 above the base and the dynamic pressure is applied at
the height of 0.5H above the base by default. However, the program gives the user the option to change
this height to a different height by changing the height factor.

When the user selects this option, the following parameters need to be defined:

Angle of friction of soil in degree

Angle of friction between soil and wall in degree

Slope of wall to the vertical in degree

C- Trail Wedge Method

12
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In this option, the seismic load is calculated based on the Trail Wedge Method. This method is an
interactive process where the failure plane angles varies until maximum dynamic and static loads are
computed based on the following equation:

WT — COH — ADH — Wa

PAE = [1 + tan(6 + w) * tan(a — @)] * Cos (5 + w)

WT =W * [(1 — kv) * tan(a — @) + kh)]
COH = Cn * Ln * [Sina * Tan (a — @) + Cosa]
ADH = Ca * La * [tan(a — @) * Cosw — Sinw]

Wa = (Usl + Ush)[tan(a — @) * Cosa — Sina]

When the user selects this option, the following parameters need to be defined:

Angle of friction of soil in degree

Angle of friction between soil and wall in degree

Slope of wall to the vertical in degree

Soil Cohession

Soil and Wall Cohession

PAE represent earth pressure developed on the wall by dynamic and static loads. The previously defined
active soil pressure will not be used in seismic load combination analysis. However, this active soll

pressure will be used in other load combination analysis.

The resultant force caused by dynamic and static loads will be applied at mid height of the wall. However,
the program gives the user the option to change this height to a different height by changing the height
factor.

The following screen shots show the different seismic calculation forces:

13
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Sl Densty ¥ = 10 - Swamc Foundaton Facton Factor fa = 045 Swengh s
' - Smamiz Beaeng Pressre ques 3000 pe Strength llls
Strength IV
Live Load Surcharge Ecunvalent Heigth of 5ol he s 1 i Seleric Pueenss Eq e

Seabiy Pstic | Forpes Summary | Renforong | Risser Sietch | Seeteh

laptiamanmon  feeavnary o Bnary

1] pl

Evert |
Evert l2

1 Ratio Than One indcates Insuficent Capacty

Sad Active Preasure Calouiation Enuivalent Fuid Pressues
t Active Enth Pressure e \

Uniform Distributed
Load Method

Load Combinatin

Srength | © 12500 «1.75LLe1,35EV1 50EH
Srength la - 0.300L «1.75LLs1. 1.50EH
Strength Il : 0.300L «1.00EVs1 50EH«1.40WL
Swrengih [V : 1.5000 +1 35EV1 50EH

8

Extreese Everd | - 0500L +1 00EV+1 00EH1 DOEG

Soil Data Input Fields

Jenstatent aemarru Lo elfects \

Soil Equivalent Fluid Pressure

Load

Eq. which

- mmmmumu ﬂvara.ultm Ihﬂ caused by~
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B>

Fropect o, | Vol Dt | Acktion Lo Distn | Moteial D | 504 Dats |

Foundation Fiction Factor fr= 04 Seamc Beawng Pressure que = 9000

Lwve Lond Surcharge hes 1 L Semic Pessre Eg= 10

Foundston Beanrg Condor) . 5ol Bearg =

Foaser Eath Presre
Fmsstorcn Confficart = 05
Heagh of Togs Pertion of Paxare:

et Prossrto fin krcred = -:7\ & Loeation of Seisssic Fesuberd Fores 050

Fle  Hep | Anaiys

Posstrs Enth Prsnrs. Pp= 300 ped | Seiumi: Load Cakuddion Methodd -
Bearng Pressure & Strength Limt cua = 4300 paf | Hontontsl Seismic Accelaration Coeficert khae 015
Sl Deraty v « 110 o Seiamic Foundation Frction Factor e 043

J Detad Fapot | | Summary Beport | | CAD Skotch

| Staty Pt | Forcms Summary | Dosgn | Design Summary | Seetch |
| Dimenscna | Forces

RN A

5ol Ao Prvamre .

A \\

Monobe-Okabe
‘ Method

|

mnthad.

r-‘wlhwhwidafu'whdqﬁndu‘dlw! - [in8od Data b, weer oz loads

free differert options for sei
progenem:

Soil Data Input Fields Diwituted Load

fhés cotion, the uzer defines 3

pasurn, Eq The meull borce, Heg,
e h

Soil Equivalent Fluid Pressure

| -

B Paia Reesin V.2.2

B>

Project o, | Wol Detn | AdStional Load Dl | Moteral Dta | 524 Dots |

Passive Eath Fresrs  Fp» 300 ped | Seiumic: Load Cakcudtion Method : EENIEEFONIE
Beanng Pressure o Srength Lt cua = 4500 pef | Honzontal Seamic Accelsration Coslicert khe 015
Sl Deraty v « 110 o Seigmic Foundation Factien Factr fn s 04
Foundation Fiction Factor fr= 04
e Load Surcharge hes | [
Foundston Beanrg Condor) . 5ol Bearg = 54 =
Foaser Eath Presre
Fmsstorcn Confficart = 05 Sol and Wall Cohesion = 0

Heagh of Togs Pertion of Paxare: 'Jﬂ .

[ T

Fle  Hep | Anaiys

J | Detsd R | | Summary Reoon | [ GAD S
| Staty Pt | Forcms Summary | Dosgn | Design Summary | Seetch |
| Dimenscna | Forces

Seamc Baing Preseurs que = 000 g Sopthone
|
. o
< - g o

Trial Wedge
Method
» i~.'§.....~..7 —

‘seismic loads
Three different aptions for Joad - -
Soil Data Input Fields  |ngemmia Soil Equivalent Fluid Pressure
e e e S
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& Paia Retain
File Help
]

Prosect info, | Wal Data | Addtonal Load Dita | Matensi Data | 504 Dt

Passies Eatth Presmse Fpe 300 pd Seiseric: Load Coleudotion Methed 509
Baaring Prassure  Stength Lt qua = 4500 oo
SclDensty 7 = 110 et
| Feundation Frcaton Factor fra 04
| Live Load Surcharpe Equvalert Heigth of 5ol hes 1 f

Fourdaton Beamng Condton

Pussher Envth Pressue Fosistones Cosfficerd « 05

i ol
| | DetadReport | | Summery Repcrt || CAD Skmch |

Seabity Fists | Foroes Summary | Renforong | Reber Sketch | Soetch

Araiyns

Srength | T
Swengthla |
Swangth llls |
Srength 1 |
Exreme Evert |
Estreme Evert 1a |

Less Than One indcates nsufioent Capacty

S Actrve Preasure Caiouintion

- . B—

Ao o Frton

Sope of Wallto the Verbcal My

No Seismic Load

Load Combinatin

Srength | © 12500 «1,75LL«1,35EV1 50€!
Srength la - 0.500L «1.75LL«1,00EV+1 50EH
Swrengh IIl : 05000 «1 D0EV1 S0EH1 4DWL
Swrengih [V ;1,500 +1 35EV1 50EH

+ fin Sl Dk s, s N Sonide

Extreese Everd | - 05001 +1 D0EV+1 00EH1 DOEG

Soil Data Input Fields

Three different methods are 0
lealealated sews load ciects

Coulomb Method

L o1 F5EVe1 DOEH-1 D0ED

d Load

i this aption. the user defin
~ lacos it the wall. Ths

RESULTS SECTION:

s a seismi: pressure, . which
jtforce Hea causedbv = ||

Hasti LLC

In this section, the result of analysis is presented. The user needs to click on “Analysis” button to execute
the program. The following pictures represent different result sections.

1- Stability Ratio

In the Stability Ratio tab, the ratio for each load combination is shown. For AASHTO LRFD, a ratio less
than one indicates insufficient capacity. When IBC design code is chosen the governing ratio is 1.5 for
sliding, 2.0 overturning, and 1.0 for bearing. For the combined static and earthquake loads a lower factor
of safety (1.0 to 1.2) is acceptable. This factor is considered equal to 1.0 in this program.

I Paia Retain V.22

s

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data

Diesigr: Randand | AA5HT0 LRED -
AASHTO LRFD e 205
Standard — vy "

Two design standards are avaiable for the wall analysis and design:

AASHTO LRFD (Amenican A f Saste Highs Officials Load and Resistance
Factee Dosign)
2- 1BC (Intevruatonal Buikding Code)

i AASHTC) LIRF D) chmangn stancdard, Stabslity Riabio chack and Detgn of the wall comporsnts arm calculabed bassd on
fthe following load combinations:

Stabley Ratss | Ferces Summary | Desgn | Design Susmary | Sheteh

Fatio Less Than One indestes insufficernt Capacty

Lond Combation Foeticy Sy Forry
Srengeh | 29 | 0% | 26
Smnghin [~ 157 | OMm | 278 |
Srenghlls [ 258 | 093 | 345
Srengih [V 647 | 126 | 2@

Banmefvet| [ 123 | 104 | 427 |
Extreme Evert Iy an 12% 472

LOAD COMBINATION : SELECT
Swerggh| 125 DL+ 178 L+ 135 EV- 150 EH
Swenghll 08 DL-175 LL+ 100 EV-130 EH Ci
Srenghll 15 0L-0 L+ 135 Ev-150 EM

SrenghV 050 DL-00 LL- 100 Ev.150 EH-14 WL [

Extmeme Evert | 080 DL+ 00 LL+ 100 Eve 100 EMe 100 WL [#

Edrems Evertla 120 DL-00 L+ 135 EVe100 EH-100 EO [¥
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I Paia Retain V.22

Fle  Hep

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data

Analyais

Stabley Ratss | Ferces Summary | Desgn | Design Susmary | Sheteh

Customized
Load Factor

Copynght 2015

Two design standards are avaiable for the wall analysis and design:

1- AASHTO LRFD (Amenican A f Saste Highs d Officials Load and Resistance
Factee Dosign)

2= 1BC (Internabonal Buikling Code)

i AASHTO LRFD dmsagn stanclard, 5 y chack ard Dasgn

fthe following load combinations:

Desin Sancerd: 18 M Load Combiralis  Oveuriy  Shing .
Comb | (351 | 12 | 33 |
Cambs I 3= | & | 3@ |
Combll [ 188 | 124 | am |
<——_| Stability Ratio for
Fisios Shouidbe Sidnga1 5. Oveumings2 (L. Beange] 0. Saamcal ] .
different load
Project
e LOAD COMBINATION © SELECT combination
= SERVICE!
G 100 DL+ 100 L+ 100 Ev- 100 EM
IBC Standard oot 215 -
Combll 100 OL-00 L+ 100 EV-100 EH- 100 WL [#
Tt s T s W gl = = Cosbll 100 OL-BO LLe 100 Ev-100 £4-07 &o
fevall sty DESIGN
Two design standards are avaitable for the wall analysis and design: Cosst | 120 DL+ 160 LL+- 120 EV. 160 EM
1. AASHTOLRFD (American & 4 State Highway and Officials Load and Rasistance . : L . .
e acior Dowigrd — b Comts 080 0L+ 00 Li+ D50 Eve 160 EMe 160 WL ¥
2. IBC (nternatonal Buikling Code)
Comb® 030 OL-D0 LL- 030 EV-160 EH-100 B3 ¥
i AASHT O LRFD dmaagn standard, § r vk ard Deegn. R ——
I#he folloming toad combinations:
Load
Combinations
B Paia Retain v.2.2 - e— [ & i
Fie Hep [ ananan | Detsd Fapot | | Summary Report | | CAD Shnteh |
Fresect o, | Wl Datn | AdStional Load Clela | Mateisl D | 50d Data Stabley Rato | Forces Susmary | Design | Design Susmary | Sueich
et FETETTEERIIE v
st S — Lond Combiton Fooedndy  Skivg ey
ComBl [ 381 | 18 | am | $ . )
M s —— Stability Ratio
1

Fatio Less Than One indestes insufficernt Capacty

Chanfennirrel Lonsel Fictor ba Usecd by Deesigrs

2- Force Summary

In Force Summary tab, factored loads and stability check loads and ratios are presented. The user may
modify the design of the wall based on this information to a reach optimum design.
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I Paia Retain V.22

Fle  Hep

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data

Analyais

Sabilty Fitic | Forces Summary

| Desier | Design Summary | Shueteh

Hasti LLC

iy AASHTO LAFD dhmagn stanclarsd, & r

wck ard Dasgn
fthe following load combinations:

3- Reinforcing:

Ui Sanclord - AASHTD LAED . Losd Verteal - Horizontal, Quermuming Restting
Combonation  Faree Mamenr
™ uu ib\—ﬁ tesft
Smegh|  [113726 | [a8 | [ | (a0
Sregthls | | [ 5345 | | 2amaz || 4same2
arenghil | 77 | [ aezs | [ 4125162 |
gy | 114 | [ mmzny | [ssainez | $\
e Evwt | | 77 || 9703 || 4125182 Factored Loads
men s | | (oo o)
. ooy ek | S Chack: | Eccentnicty or Overtuming Chack.
e e w w Ao
Dasgred By 17304 15:0
e [EEH] 1'-‘!
130562 185
Copynght 2015 mu o
Canpany Sangin 1y | 160163 28 & Stablhty Check
B Evert [ 211002 ¥ I
i Progect ik, 1ab. the user defines e general ior e Etrems Evertla | 19520 L] Loads and
fecarll anatmn
Two design standards are mvaiable for the wall analysis and design Ratios
1. AASHTOLRFD (American A f Saate High Officials Load and Resistance
Factor Dassgn)
2- IBC (Intevnational Buikling Coe)

Concrete design results are shown under the reinforcing tab for different components of the wall. The
design moments as well as the design results are shown in this tab. The user may define a rebar spacing
less than required by the program to be presented in the calculation print out. In addition, the design

results of the wall up to three sections along its height are presented here.

I Paia Retain V.22

s

Analyais

Wall Component

Design Results

Prosect o, | Wl Dt | Addtional Load Data | Material Dats | Sed Dets Stabslty Pl | Ferces Summary | Deson | Dosign Summary | Shetch
Wi Desirs | Hesel Disign | Tom Dasign
Diesigr: Randand | AA5HT0 LRED -
Design Moment Mu sl 162758
Desgn Shear W fbu) = 4157.48
EET
Momert Capacty aft) « 1628
Sreor Copacty foa)= 1293574
{Socion Data ____|
Depthd )= 975
P— ol Theckness £ i) = 12
T Feirdrocing Limits
P Srericage Steel Frgured I 2s 012 K/
ot Mo Rt Spacing fn) = 1060
Copyngtt 2015 Herasrtal Fabar Spbcng In) = Change?
Fequred Teel Aea A 7 e 038 RebarSe s 04
:-r;l.:‘,e;:m.uhhumdeﬁmummn igr e e : —
Twe desian standarda are avaiabls for the wall anahyais and design L (e’
1. AASHTOLRFD (American & f Saate High Officials Load and Resistance
Factor Dessgn)
2. IBC (niemational Buikling Code)
i AASHTO LRFD daaagn stancard, 5 r mck el Deegn Intrct biammed G
Ithe folloming load combinations:
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4- Design Summary:

In this tab, the reinforcing result as well as the concrete volume is shown. The information on this tab gets
updated after each analysis is executed.

I Paia Retain V.22
Fle Help

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data

Sabity Rotio | Ferces Summary | Design | Deson Summary | Sheten

- m\mm:m.sammwmu 309
Fourdaton Shmar Capcty s sufficiend st e i s
SHEAR CAPACITY [EFD
SR i
T Design
REIMFORCING é

Diesigr: Randand | AA5HT0 LRED

Regured Wal Rerforcement ot Base B4 AT En
Freect Recard Toe Ferdircerrt SLAT Wm
Tew A Boltee of Fordoten
Deegred Dy Requred Heel Rerforcement B4 AT 9in
Dstm A Top of Foundaton
Copynghe 2015 Wal rebar developmentlengh 950 Foundstion degen is suficient
Cempany
in Progect Info. tab. the user defines the general bt the the igr the
hevall aatimen

Two design standards are avaiable for the wall analysis and design:

1- AASHTO LRFD (Amenican A f Saste Highs Officials Load and Resistance
Fctor Dosign)
2 1BC (Internabonal Buikling Code)

iy AASHTO LAFD dhmagn stanclarsd, &
fthe following load combinations:

y chack ard Dasagn leulabed basd on

5- Wall Sketch:

In Sketch tab, the user can see the wall dimensions and the applied forces to the wall. The information on
these tabs can be updated by leaving and returning to the tabs.

B Paia Retain v.2.2 [ & i
=t e —

[“anatan | Detad Fapot | | Summary Repsnt | | CAD Shtch |

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data Stabity Fntio | Forces Susmery | Desgn | Design Susmary | Soeteh

Dwmensons. | Forces
Diesigr: Randand | AA5HT0 LRED -

<«—1+——— Wall Dimension

Copynght 2015
Campany

Sketch
in Project indo. tab. the user defines the ganeral o the = :
fecarll anatmn =

Two design standards are avaiable for the wall analysis and design:

1- AASHTO LRFD (Amenican A f Saste Highs Officials Load and Resistance
Fctor Dosign)

2 1BC (Internabonal Buikling Code)

iy AASHTO LAFD dhmagn stanclarsd, &
fthe following load combinations:

y chack ard Dasagn
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I Paia Retain V.22 — . T & i

Fle  Hep Analyai

Frosect I, | Wl Dk | AkStional Load Diata | Moterial Dt | S Data Stabity Fntio | Forces Susmery | Desgn | Design Susmary | Soeteh

Dimensons | Foroes
Diesigr: Randand | AA5HT0 LRED -

Hasti LLC

Project
Tt
Caasgrad ly ‘
Dstn 23044 e
— Copyght 2015 Pasire e

in Project Info. tab, the user defines the general the design the -
feval aniatyaa

Two design standards are avaiable for the wall analysis and design:

AASHTO LRFD (Amenican A f Saste Highs Officials Load and Resistance
Factor Design)
2- 1BC (Intevruatonal Buikding Code)

i AASHTC) LIRF D) chmangn stancdard, Stabslity Riabio chack and Detgn of the wall comporsnts arm calculabed bassd on
fthe following load combinations:

PRINT SECTION:

Wall Forces
Sketch

The user may print the results using, Summary Report, Detail Report, and CAD Sketch buttons. An
example of Summary Report is shown below. Detail Report, generates an editable word document file.
CAD Sketch, generates a .DXF file which presents the wall and the reinforcing design results.

. - __
[ Summary Report [N

a e = * 4 Basm = a -
Paia Retain . Stability Ratio Print
Bronbany :aia Retain, Inc. Load Combo.  Eccentricity Sliding  Bearing
Tite Strength T 2.27 1 2.37
1) Strength Ia 1.36 0.79 2.49
Strength 111 1.86 0.82 2.95
-

20 dugres Strength Iv 4.04 1.28 2.59
Ext. Event 1 1.18 1.08 3.98
Ext. Eventla ] 1.33 4.37

Ratio less than one indicates insufficient capacity
Reinfrocing Design
a) Heel Reinforcement @
use ¥4 AT atSin
Place Reinforcing At Top of Foundation
b) Toe Reinforcement :
use #4 AT at12in inches

Place Reinforcing At Bottorn of Foundation
¢) Foundation Shear :

Foundation Shear Capacity is sufficient and the ratio is @ 3.92
d) wall Reinforcement :

Reguired reinforcing at base= 0.44 in"~2

use £4 AT at5inches at base

use £ 4 AT at 17.33 inches for horizontal bars
e) Wall Shear :
Wall Shear Capacity is sufficient and the ratio is : 3.02
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