




February 14, 2014 

Mr. Scott A. Schumacher, Director of Engineering 
GLA Surveyors and Engineers 
8495 North Territorial Road 
Plymouth, Michigan 48170 

RE:  Keystone Segmental Retaining Wall (SRW) Design  
Proposed Jack Demmer Ford  
37410 Michigan Avenue  
Wayne, Michigan  
AGS Project No. 14-1009 - Rev. 1  

Dear Mr. Schumacher: 

In accordance with your request, Applied Geotechnical Services, Inc. (AGS) has revised our 
engineering calculations and analyses and typical cross section design sketches to reflect the 
presence of the concrete curb adjacent to the walls and the limited distance from the back of 
Wall No. 1 to the west property line of the subject parcel. Our revised analyses and sketches 
include a maximum 4-foot tall, vertical wall using Keystone Standard® units for Wall No. 1 and 
a maximum 5.67 -foot taU wall using Keystone CompaC® units for Wall No.2. Our stability 
analyses for the proposed retaining walls includes bearing capacity, sliding, overturning, 
geogrid reinforcement pullout, shear, and bending failure mechanisms in acccordance with the 
NCMA Design Manual for Segmental Retaining Walls 3rd Edition design guidelines. Our 
calculations indicate the design retaining wall sections will have adequate safety factors with 
respect to these failure mechanisms if the wall and geogrid reinforcement is constructed in 
accordance with our recommendations presented in the attached sheets. The design is based 
on the assumption suitable bearing soils are present below the wall. 

We hope this information is sufficient for your present needs. Thank you for the opportunity to 
provide our services to you on this project. If there are any questions regarding this letter, 
please contact us. 

Respectfully, 

APPLIED GEOTECHNICAL SERVICES, INC. 

Geotechnical Engineer/Principal 

Encl: 

2 pc: 

Retaining Wall Location Plan, Typical Wall Cross Sections, 
Standard Details (pp. 1-6) , Supporting Calculations (pp. 7-16). 
encl . 

& 

Applied Geotechnical Services, Inc. 15798 Riverside, Livonia, MI 48154 
Tel/Fax: (734) 293-5077 



Applied Geotechnical Services, Inc. 
15798 Riverside, Livonia, Michigan 48154 A.G'S 
Tel/Fax: 734-293-5077 

J\I.SI.:I:nOS.I,'\'{ 

I b 

DATE: 2../ 01 '1 BY: __ __ CH ECKED: 
i 

  
.... ....... j............:...... ......!............:............:......... .... ... ...!...........+...........:...... ""'.. ..... ... ........ .... ... .........................  

........., .............. ... i'" ......................r······ .... ·!·...........:... ............[:... ............!............,............\.... .. ......,............:..... .... ... j............,...... .... ..;... .........;. .... .. ... ..... .j............:............!.. ..........:...'............ :.: .... .... .:............;............ ............!.. ........ :.... .. ......:...........L .........  

......f..f..: , ) ,...../..::.. .t..... . ..:...............:..1. ' ......:,.............:.............:............,:............,L .........:.. .. ........:,............:,............,............::............::...........}:............:i............::............:!.. .................... .. .....)...........+......... ..!.......... ..l............j ....... .....j........... 
j r (pi /. 1: :: ; : : i : l! . 

I--i-----.;...-.-t..·.... ·· ··;··· .. ·· .. ·.. :····· .. ·····l·..·.... ····:.. ·· ..,,··.. r···· .. ···'·:.. ··· ...... ..·.. ··...:::: ....···' ..··:··' ..·..'.....:,..... .. .......:..:: ........... .............:.! ........... ... . ........ , .. ,....... ." ..... , . .. ...... , ... , . ..... " , ............ , ............ , ... . .... , . . 

i I: ",: : 

:.:.::;;..::;,::.:::j...,::;,J..•
.

.. ...•. .... ...,........ j...........• .. ...•.. ... ..•...  

...........!, ... ,.......l, .. ····" .. ,: ..·  

... ...... :., ... ,.. ,...!...... ,.. ...!.... ..... .. ,...... ,., .. ;  
,..."......,....."... ,.,...... " ( 

•••••••• 11•..... ......1..•••••• ••••••••  

......"....."...".. ' ,.......... "..... .......  

.. .............   

....-" .... ...... .. ...... ...... ...... ,................... 

...... {; t '- c:- 'ii, ......................... 
.. -. ....... j.......... ............ ........... 

.. ··,,··· .... ·····,··t·,,···,·,···,· ....··.. '·1·'·' .. ·, .. ,·,',·, .. ·' .. "1·' ·· '..·..·,:·....,...... 

............ ... .......:.. ..........!..,........+.. '........:'........... :: 
: : ! ! : ; 4. : : : ............ .. .... ....L........'.. I· ...... ·' .. ·:·....·..·.. ·t· ..·· ... ..·r.... ·....:·:.... . ·r.... ·" .. 

•• •• ......·..l l.. . ..·,;I,·:·r ,....I--...+--;---hl··.. ?·/.;·I ..t t · 

.... ..... ,...... ': ........... ·l'···· ....... .....-...... ...-.. ... ,-·1·· · 

...... :.......".. J".... "..1"....... 

, , ........1 ...........;.. "........ \. ........, 

........ j......c..¥ .;.. ,J .. .. ...... 

........... , .... .. .. 
. . . . . . 

... ..dr.t ..... . 

" ... .. " .... " ...........,.. ... :.:."".,..... " 
..... .... . 

; : : : : : 

.?l .... ..... ..... , .. : 

..... .. ......... .  : : : ""A "" :--- . _. "':. '<7 • 

! : : :\ 
.. . . j : . : : 

, 
. . 

. 
,-," .......... ' . " .... " ............. , .................... ........ . . . . ... ........:..." ... . ... : .. . .. ; . .............. ..............-... .. .... ........ .. . . ,  



Applied Geotechnical Services, Inc. 
15798 Riverside, Livonia, Michigan 48154 
Tel/Fax: 734-293-5077 

.II, j'f'l...I (,O Cf:on:ClI ':.JICA I. SI:I: \' lCFS, I

PROJECT NAME:-4c.1<: SHEET: Z- OF I b -------

DATE: _-,,!--____ BY: _____ CH ECKED: 

" • . , ,, : i "[ .... .. ··.. .. ·..·..·..I.... ......,........... '1" .... "..r....·..·..:.. ·"....·"j"..·....·T..·..·.... ; !!;: ::; ; i : 

........:..... ;· ....·1·....:...... ... T........;...... .. ·.. ..(... ....;.. ;.... ;.... : .... :...... .... ....... I.... "j''' ....·("...... 1..·...;-- .... .! .... ; .... 

fII"'.: I;; .!; : . IL-A j . .... ..;;..
,l'Trer:I'!:: 
"i::I:l!! ' . ' f', ' , , ' 
: j . [ : • 1 . i ; : ........)...........l............:..........:............I........... :..........!.. .. ... ..1!. .. .. ' " . 

.. ·.... ·;· .......... ...."....T........·..l.. ....j.. ·...... ·..·.... ..'1"..... 

"'[-: " T 
.. L. . I" . f' .....;. .. ........".: ............!......... ............:;:O:'''''''-:,;,.::;....." .....................--t.. ... :;,.. "...,.,...... 

........ ...:............:............!........ ····:····.. ·· .. ··1.. ·· ····· ... ..........·1······ 

... ..... .... .. ." ...... . 
: j .....:.......:...... :...... i· .. !. · .... :·· ..·.. l:; .... ":'" "'j" 't" 

; . , .:: " 

j' #' ! .... ·· .. ·.. ......··· ·..l· ..·........:· ......·.... !·· ....··· .. ·j·· ....··· ... 1......... . 

" ••••••••• : •• ;••'•••••••• 
"'I iT:" 

........... :......... ...:. 

.. l.. ... "L...........L... .. ...... ............t........... ....,.......,............ . . . 

........ ... :... .........;........ ............,............ i· ..··.... ···:···........ ·1··· ..·.. ···· 

..... " .... ,....... ,...... , ........................... .. 

............................ ... ............ :... . 

.......................... ...:..........·+..........;............ ............i............!..........:... .... .....;............!... 
iA : !-;;- ; it-

0 ••• : .. ........ ,.; ...... . ... .. : ....... ..... ;. . ....... • ...... ' • •• .. .. .... : ••• ; • ••••• , •• , • • : . ........ . , .: ••• •••• , • 

".... .... ...'..... L. ......... .. ... ;............j..... ,...... . .. ......... .................... . 

....... ........................... ..... ... : ........: ... ...:.......... .. :........ :  



Applied Geotechnical Services, Inc. 
15798 Riverside, Livonia, Michigan 48154 
Tel/Fax: 734-293-5077 

..\prtl1:..J)CI:orECI 1:-';( 

PROJECT NAME:A"'- /) A.,.,/) I<.c- <.;fCIl..W J SHEET: .$ OF I b 
i -------

DATE: Z./ Loli.f BY: .:7TA CHECKED: ___ 

..... ...... ,....... ·....1· ...... ·· .. ·1··· ·.. ·· .... ............;....... ... .. ............ ............(... .........,............ ......... ... ,............:............\...........·l· .. ···· .... ·j··........ ·· j............I..·· ..··· ·· .;... .........:............1....... ..... ...........·l.. ··· ..··· .. .. .. ·· ......i............:............:.... ..... :............i········· .. ·: ............; I L. tL. ! .\ . : : : : : : : : : : : : : : : : : : : : ; 
T 

..··· .. ·.. ....·.. ·..·:·......·....:......·..···! ·· ...... ..·......·:·1·· ... .......:............ ... ......... .... .......;......... ·..·..·.. ··,········.. ··:···....·..·..·.. ··· ..·.. -:-- .. ·· ...... i:· .. ·..·.. ·..( ..... ·.. ..·· .. ····· ·:· ..··· .. ·..T......·..··i..·.. ··· ....i.. ······....;............:............;............... ............................ 

........... 1:::: ........ . ... \. ..... ..... . .....f.j.;.... ..e...... ...:..........t......··;.......... .. : , : ,: .: :; 

.",. .: .... .. .... . 

.. .. 

:.. -l. 
:B'e, , . ," I;) 4-' :.- ' :..... ,...... :..... ....... :.. ..... ...t....... ..... :....... ,.... :........ ,.. .:....... ..... :... ... .... .. ...... .. ..:.. 

: : 

..... : ...,; ... : ...:............:............:............;............:.... ." . . ..... . . 

,f . [I t'" ·!",.t:l l ... ...;.... ..r.·..... \:... .. .AH ····· .. ·,.. ········ ..,······· ·....1.... ·.. ·····:.. ···· .... ·;····· .......;............ [......... ... :.. ................... .... . 

:... " .......:.... " ......:............:... .........:... , .... 

VA-O . 

: ! oJ .J ....... 

.... ..... . 

. . ,.......... .:.......... .......... ... .. .. 
! .6, j .. ..... ../, : : .. .. " ...... .... " ... ........ . 

. . . . . . : ; 
: : : 

.. ..... . .... " .... ..L. ... .. 
, ; , 

: .. .. . i..... .. .. ... .. . .. .. ....... , ..... " .. .... 

1 ....... ... ........1...... .. ... .. .......... .. . . . ... .... ... " .... " .... "" ... , 

",L",i": , "1':.:""''''' ''1:.'''''''''''';'''''''''''''.''''.......... ...............  L ......... ' . :::;:; ....·.....·l· ....·..·.. ; .. ; .;............,.... .. ·.. ···;··· .. ·· .... ·:········ .. ··1·· ..···· .. ·· r·· .. ·······1··· .. ·· .................. ............:............:............;............;.... ........!............:.... ..... ... ... '" ............  
.....", ... :............:.. ,.. .. .....;............ f···· .... ·· .. ........".. ............ ............ j.... . . .........;.... ... ..... ............ ........... . . ............:..... .... ... :.........·.. 1·· ..··· .... ·;··.... ······:,·· ....... ..;............:............;............:............;............:.. ..........:....... ... .. :..... ... .... :.. . ................... .. ... .  

'ii':::!l!:"l!l" 
...... :... ......... :............ :.. 

... ..c.

. . 

;1 : ...... .. .... t.. ;. 

' A 



NIVVAl-l.. NO. k 

Note: 
Wlensitecohditionsrequire . wrapdr.linage 
tile in 3/4'" aggegale and filter labric\vi!h 
drainage composite 01 aggregate backdrein 
syslem, as directed by geotachnieal engineer 

(Foundation Soil) 

KeY'iaoneCapUnit 

Keystone Standard 
Unit 

UnitDrainageFI 
(3/4" Crushed 
RockorS101"1e) 

l80 

Finished Grade 

UnreinforcedConcrn 
or Crushed Stone 
leveling Pad 

VYhen site conditions require. wl'3pdrainage 
tile in 3/4-aggregale and filter fabrM:wfth 
drainage composite or aggregate back drain 
system. as directed by geotechnical engineer 

(Foundation 

Keystone CapUnil 

Keystono Standard 
Unit 

UnitOralnageFiI 
(314-Cfushed 
Rock or Stone) 

Finished Grade 

Leveling Pad 

(Retained Soi) 

Fill ., ( 
Rock or Stone) 

Appro.imate 
of Excavalion 

4" Perforated PVC Orainage TIle 
Wrapped in Filter Fabric 
(If Required) (founda60nSoll) 

Typical Reinforced Wall Section 
Standard Unit· Near Vertical Setback 

Typical Reinforced Wall Section 
Standard Unir· 1" SetbadC 

Typical Gravity Wall Section 
Standard Unit-l· Setback 

Approrimate LirrWts 
of ExclValion 

4-PerbratedPVC 
Tile 

Note 

KeystoncCapUnit 

Keystone StandardUnl 

Unit DraiNilgo Fill(3!4" 
Crushed ROCk or $tone) 

conditions requite, wrap drainage 
tile in l'4" aggregate and filter fabric with 

syslem asdireC1edbygeolechnicalengineer 

(Foundation Soil) 

Typical Reinforced Tiered Wall Section 
Standard Unit· Near Vertical$etback 

Copyright 2003 Ker--tone Retainjng Wall Systems 

Design is for irCemaJ'Stability of the KEYSTONE wal struc'bJre only. External 
stability. including bt.-t not limited 10 foundation and slope stabiltyrsthe 
responsibility of the Owner. The design is bas.ed on the aSsulfl)tion that the 
malerials within Ihe retained mass. methods of construction . and quality of 
materialS conform toKEYSTONE's specification for this poject 

Thisdl1lWingisbeinsfurnishedforthisspedk:projectonly. Arryparty 
accepting this doc:ument does $0 in and agrees Ihat It shall not be 
dl.4>licated in whole ain part nOf disclosed to others withoLA the consonl 01 
Keystone Retaining wall Systems,lnc 

0.18 Revision 

Keystone Cap Unit 

Keystone Standard Unit 

Unit DrarnageFill(3/4" 
Crushed Rock or Stone) 

UnreinforcedConerete 
or Crushed Stone 
Leveling Pad 

Place Addilional Plecesof Geogrid 
VVhenAngJeExceeds20" 

Note 
1. Check with manufacturer specifcations 

oncorreC1 direction oforienta1ionfor 
geogrid to obtain proper strength 

Geogrid Installation on Curves 

8y 

1. Check with ma.nufaC1urer speefK:ations 
on correctdireC1ion of orientation for 
geogridtoobtain proper stre{'gth 

2, Corf"IGrunits recomrncndedforoutsKie 
corners. Availability May Vary 

Geogrid Installation at Corners 

4444W78lhStreel 
Minneapolis . MN 5S435 

952-897·1040 

il 

Base Leveling Pad Notes: 
1. The leveling pad is to be 

constructed of crushed stone 
or 2,OOOpsi:t unreinforced 

2 .Thebasefoundalionislobe 
approved bylhe silegeoteetmical 
engineer prior to pLaeementofthe 
levetingpad 

Excavation 
Limits 

Standard UniUBase Pad Isometric Section VIew 
• Dimensions & Weighl May Vary by Region 

(2)· 4· CapUn}tsor (4.cap UM 

Note' 
1 SeeureaUcap unit$ with Keystone 

Kapsealorequal. 

Top of Wall Steps 

UnreinforeedConcrete Step 
leveling Pad 

Elevation 

Note: 
1 The leveling pad is to be constructed of 

erushed stone or 2000 psi t unretnforced 

112" x 5114" 

Section 

Leveling Pad Detail 

rrtle; 

4lliWJ11 

.11
Geogridisto be Ptaccd on level 
Bac:kfill and Extended Overlhe 
Fiberglass Pins . Place Next Unit 
PUU Grid Taught and Backfill 
Stake as required 

Grid & Pin Connection 

I 

I 
Cap Unit Elevation 

it tl!!!i!A 
-, 18" , 

Cap Unit Plan 

Universal 
Cap Unit Option 

"Dimensions & Availability 
IMUVary by Region 

I
Standard Elevation 

-I" 'i'-:'8> ,"' I 
Stand ard Plan 

Standard Unit 
• Dimensions May Vary 

by Region 

I 
Cap Unit Elevation 

-I 18" 1 
Cap Unit Plan 

Straight Split 
Cap Unit Option 

• Dimensions & AvailabMy 
WIlVaryby Regon 

Designed By: 
Standard Unit 21 - Straight Face Details 

Checked By; 

CDM 

Pro;eet 

Keystone Retaining Wall Systems 
Typical Wall Details 

Pro;ectNo 

Dl<I:wingNo· 

, 

(i" 
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OrainageTill 

Note 
Wlen site conditions require. wrap drainage 
lile in 3/4" aggregate and fil terfabricwth 
drainage cOrfl)Osite or aggregate back drain 
syslcm.8sdi'ecledbygeotechnic.alengineef 

Keystone Cap Unit 

KeY$tone Compac 
Unit 

Unit Drainage FJ 
(3/4- Crushed 
Rock 0,SIon9) 

Finished Grade 

Note: 
VIhIensite conditions requi re . wrap drainage 
liJe in 3/4' aggregale and filter tabric'Nith 
drainage composile or aggregale badcdra in 
system. as direcledbygeolechnica leogineer 

(FoundalionSoil) 

Keystone CiI!) Unit 

Keystone Compac 
Unit 

Unit Drainage Fal 
(3f4" Crushed 
Rock or Stone) 

UnreinforcedConaete 
orCrvshedStone 
Leveling Pad 

S" Min. Low Permeable 

(Retained Soi) 
Unit Drainage FiI 
(314" Crushed' 
ROCket Stone) 

Approximate lirnls 
of Excavation 

4· Perforaled PVC Drainage Tile 
WrappeoinFilterFabtic 
(If Required) (FOUndation Soil) 

Typical Reinforced Wall Section 
Compac Unit- Neat Vertical Setback 

Typical Reinforced Wall Section 
Compac Unit· ," Setb;tck 

Typical Gravity Wall Section 
CompacUnit · '" Setback 

S",>M,;' low Pe,meable j 

} :-. 

GtidOeptt, 

Keystone CapUnl1 

Keystone Compac Unir 

Unit Drainage Fil1{314· 
Crushed RockotSione) 

Cap unt 

UniIOtainageFilJ(3/4" 
Crushed Rock or Stone) 

1/S" 

Por'.orated PVC 

Note: 
Whon condilions require. wrap drainage 
tiloin 3'4'aggregateand filt9rfabricvlith 
drainase cof"l""lPOslte or aggregate badcdl'3in 
syslernas directed by geotechnical engineer 

(Foundation Soil ) 

Typical Reinforced Tiered Wall Section 
Compac Unit· Near Venical Setback 

Copyright 2003 Keystone Retaining WaU Systems 

Design is for internalstabiliCy ot the KEYSTOOE wal structure only. Extemal 
stabitity. includingW nol limited fO foundation and slope stability rs the 
responsibilityoflhoO'Wner. The design i5based on the assu!"r1'tionthatthe 
material5 within !he !\Itained mass. meU",ds of construction. and quafltYof 
materialS conform toKEYS TONE's specification fot this projecl 

This drawing is beingfumished for this specificprojec:t only. Arryparty 
aceeptSng!hisdoc:unenldoe ssoinconfidenc:eandagreeslha!itshaDnotbe 
duplicated in whole rs in part, nor disclosed to the consent of 
Keystone RetainingIVaIlSystefT'l$.lnc. 

Da.. 

lS" 

LevelingP'ad 

Place AddilionaJ PieC&'J.of Geogtk:i 
Vl/henAngle Exceeds 20" 

Note 

on correct direclion of orienlation'O( 
geogridtoobtainproperstrength 

Geogrid Installation on Curves 

By 

2. Corner units recommendeo for outside 
corners. Availability May Vary 

Geogrid Installation at Corners 

4444W78thStreet 
Minneapolis . t..v-.I 55435 

952-897·1040 

Base Leveling Pad Notes: 
1. The leveling pad is lobe 

conslructedorCfushedstone 
or 2.000 psit. unreinforoad 
concrete 

2 .The base foundation is lobe 
approved by lhe sitegeotechrncal 
engineer prior to placementoflhe 
leveling pad 

Excavation 

6M Crusheo Rock or 
UnreinforcedConcrete 
leveJingPad 

Com pac Unit/Base Pad Isometric Section View 
.. Oimensions &Weight May V ary by Regton 

Note: 
, Secure all cap unl1.swithK.eySlone 

Kapseal or equal. 

Top of Wall Steps 

Step 

Elevation 

Note 
1 The leveling pad is to be constrUC1ed of 

crushed stone or 2000 psi t unreinforced 

Section 

Leveling Pad Detail 

09 
Backfill and Extended Overlhc 
Fiberglass Pins . Place Next Unit. 
Pull Grid Taught and Backfill 
Stake as required 

Grid & Pin Connection 

I 
Cap Unit Elevation 

I 1S" I 
Cap Unit Plan 

Universal 
Cap Unit Option 

"Oimensions& AvailabtiltY 
WIll Vary by Region 

tE:.23l 
Comoac Elevation 

I 1S- I 
Compac Plan 

Compac Unit 
,. Dimensions May Vary 

by Region 

I 

Cap U nit Elevation 

I 18' I 
Cap Unit Plan 

Straight Split 
Cap Unit Option 

.. Oimensions & Availability 
Will V ary by Region 

DatoOest!ijJnedBy' 

RKM Compac Unit - Straight Face Details 
C""'kedBy: 

COM 

No Seale 

Project 

Keystone Retaining Wall Systems 
Typical Wall Details 

Project No 

Drawing No· 

--  



l-I.:, I"JC-7J'\WAL.L. 

G&OleX'UleFabt (FounOOlionSoil ) Leveling Pad 

Typical Reinforced Water Wall Section 
Standard Unit· Near Vertical Setback 

. , i:; I. 

Keystone ComPllc Uni 

Wall Plan at Pier I Manhole 
CompacUnh 

Wall Section at Pier I Manhole 
Compac Unh' Near Venical Setbac:X 

Capyri:)nl 2003 Keystone Retaining Wal Systems 

Design is lot inlernal Slabiliy of lhe KEYSTONE waD sirudure only, Ex.lcrna:t 
stabiity,indlodingbulrQ1LirnitcdIOfoundaiionlW'ldskJpesiabililyisthc 
responsibily of tho Ov."er. Thcdcs,-nesbascdonthcassumplionlhallt'C 

wilhin the retar.e<l mMS. methods or constfLCoon . and quaflly of 
materia'S confonn 10 KEYSTONE's specification for Ihis 

TNsd(awlnglsbe4ngfurnishedrarlhisspecl'c projeclonly. Any patty 
RccePlinglhisC"ocumen!doeasoinconfldenceandagreeSlhalitshalnalbe 
dupl'caICdinwhol0orinp;u1.nordisdoscdIOOlhers ...... ithoutII'lCconscriof 
Keystooc Retaining Wall Systems. Inc. 

K.eys.l0ne 
Compa:: 
Unit 

Unit Drainage 
Fill (314-Crushed 
ROCk 0; Stone) 

Geogrid-Wrap 
Around pipe and 
ReturntoWal 

RedlrectGrki 
Around Pipe 
as ReQuired 

Approximate 
Limttsot 
Excavalm 

,..) A 

KeystoneCapUnft 

t ..... -:-:..
Unit Drainage AU 
(l/4-Crushed 
Rock or Stone) 

Finished Grade 

Saw Cui UnitsloFI1. 
Wrthlnl/Z-ofPi!)e 

Note: 

Control JoimCut 

Geog>i:l 

SlormOrain 
Pipe 

Drainage TIle 
WhenSlleCondltions 
Require UnreinforcedConcrele 

(FoundaUon Sal) 
For pipes largerlhan 24-, a c:oncrete 
collar may be cast around pipe for 
eas.e of construct.lon and appearance.. 

ConcreleCoilar or Crushed Stone 
Leveling Pad 

Wall Section with Pipe in Reinforced Zone 
Standard Unit· Near Vertical Setback 

r- Placepost;OCeot.e'O'lT 

.III

L--
Fence Plan 

Detail 

Note: 

2. Back1illocconcreteguardrai 
post In place. 

Geogoo 

Fence SectionDetail 
StandardUnh-'-Se"J::lack 

Steel Fence 
or Rl'Illing 

S- Min. Low 
Permeat:&e 
SoH 

Typical Pipe Outlet Detail 

r- n 
.. . ....•. 1_... 

(jj- B.Cknllo, Corame 
POSlinPlace 

. Sleel Fence 0' R.Hlog 

L--
Fence Plan 

Detail 

I 

( 

COOC,"'leO'G>asS 
DralnageSwailto 
Intercep, and Divert 
SurlaceWater 

, I Exp.,,"o 
MaterIal with 

: . ...:. : : :' Cap Unit 

.. ' Keystone 

Fence Section Detail 
Compac Unl! - Near VertIcal Setbad< 

Compoc 

KeYSlOneStandardUnh J K.eystone Compac Unlt 

Typical Guardrail Detail 
Standard UnIt - Near VenJcal Setback Soo..m 

By 

Drainage Swale Detail 
Compac Unl1 - Near Ver1leal Setback Sh:Ivm 

. 
4444W78lhSlleel 

Minneapoies.MN 5$435 
952-897-1040 

Connection Details 
Compac Unlt-Sho.vn 

Designed By. 

RKM 

ChackodBy: 

COM 

No Seale 

Typical Pipe Outlet Section 
Standard Unit- Near Venlcal Se\back 

Note· 
filled tube or form to be set durlnglheo.val 

corrstruC1ion, not drilled through geogrid afletWards, 
whendlrectJybehlndunt'.s, 

Fonn S'o,c. Max.. 

Sleel Fence or Railingi.... r-..... . Cooc,eleFmedTube", 

n .. )111 
... .. / 

L-- J 

Keystone 
Compac 
Unh 

Fonn S·o.c.M.ax.. 

Fence Plan 
Detail Fence Section & Plan Detail 

Compacll UnU - Near VertIcal Setback 

Note: 
units will need to be cut to stze 10reach 

course 10 maIntain proper bailer and 

2.) Secure corner with Keystone Kapseal adhesive 
or other bonding agenl. or by drllUng pinholes 
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TONE RETAINING WALL DESIGN 
KeyWall_2012 Version 3.7.2 Build 10 

Project: Jack Demmer Ford Keystone SRWs Date: 219/2014  
Project No: 14-1009 Designer: A GS, Inc.  
Case: Case 1  
Design Method: NCAIA 3rd Edition (parallelogram soil intelface)  

Design Parameters 
Soil Parameters: Lllif.. LI!£f. 

Retained Zone 30 o 120  
Foundation Soil 30 o 120  
Unit Fill: Crushed Stone, I inch minus  

" "::r: 

I Jt - ,'7<-

Minimum Design Factors of Safety 
sliding: 1.50 pullout: 1.50 uncertainties: 1.50 
overturning: 1.50 shear: 1.50 connection: L50 
bearing: 2.00 bending: 1.50 

Design Preferences 
Friction in Base Grid Ten 

Analysis: Case: Case 1  
Wall No.1 - Standard Units Max H = 4.0'  
Unit Type: Standard 21" I 120.00 pef Wall Batter: 0.00 deg (Hinge Ht N/A) 
Leveling Pad: Crushed Stone 
Wall Ht: 4.00 ft embedment: 0.67 ft 
Level Backfill Offset: 0.00 ft 
Surcharge: LL: 50 psf uniform surcharge DL: 0 psfuniform surcharge 

Load Width: 2.00 ft Load Width: 100.00 ft 

Results: Sliding Overturning Bearing Shear Bending 
Factors of Safety: 2.28 1.67 5.49 N/A N/A 

Calculated Bearing Pressure: 7641764 psI 
Eccentricity at base: 0.52 ft 

NOTE: THESE CALCULATIONS ARE FOR PRELIMINARY DESIGN ONLYAND SHOULD  
NOT BE USED FOR CONSTRUCTION WITHOUT REVIEW BY A QUALIFIED ENGINEER  
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DETAILED CALCULATIONS  

Project: Jack Demmer Ford Keystone SRIf's Date: 2/9/2014 
Project No: 14-1009 Designer: A OS, Inc. 
Case: Case 1 
Design Method: NCMA 3rd Edition (parallelogram soil inte1iace) 
Soil Parameters: Y..J!£L 

Retained Zone 30 0 120  
Foundation Soil 30 0 120  

Leveling Pad: Crushed Stone 

Modular Concrete Unit: Standard 21 /I 

Depth: 1. 75ft In-Place Wt: 120 pef 

Geometry 
Earth Pressures: 

k a =--------------------------------

External 
= 30 deg 

a = 90.00 deg 
= 0.00 deg 

8 = 20.00 deg 
ka = 0.297 
Hinge Height: Hinge Ht= Not applicable 

Date 2114/2014 Case I Page 2 



Calculated Reactions 

V\f1 

!Pa =0 .5 H (oyH - 2c'lka) Pq=qHka 
PEh = Pa co s(6) Pqh= P q cos(o) 

P av= Pa sin(o) PCl.,1 =Pq sin(6) 

Reactions are: 
Area Force Arm-x Arm-y Moment 
WI 840.00 [0.875] 2.000 735.00 
Pa h 268.21 1.750 [1.333] -357.61 
Pql_h 41.40 4.000 [2.000] -82.79 

Sum V= 840.00 Sum Afr = 735.00 
SumH= 309.60 Sum A.-fo = -440.40 

Calculate Sliding at the base: 
Horizontal Earth Pressure (Dj) = 309.60 ppf 
Base Sliding Resistance, RF = 705 ppf 
Factor ofSafety = RflD/= 2.28 
Calculate Overturning about base: 
Driving Moment (Dm) = -440.40 
Resisting Moment (Rm) = 735.00 
Factor OfSafety a/Overturning = Rml Dm = 1.67 
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Calculate eccentricity at base: [no surcharge) 
Sum Moments = 295 
Sum Vertical = 840 
Base Length = 1.75 
e = 0.524 

Calculate Ultimate Bearing based on shear: 
where: 

Nq = 18.40 
Nc = 30.14 
Ng = 22.40 (ref. Vesic(l973, 1975) eqns) 
QuIt = 4198 psf 

Equivalent footing width, B' = L -2e + Lvlpad depth= 1.20 
Bearing pressure = sumV/B' = 764 psf 
Factor Of Safety For Bearing Quit Bearing= 5.49 
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RETAINING WALL DESIGN 
KeyWall_2012 Version 3.7.2 Build 10 

Project: Jack Demmer Ford Keystone SRWs Date: 21912014  
Project No: 14-1009 Designer: AGS, Inc.  
Case: Case 1  
Design Method: NCMA 3rd Edition (parallelogram soil interface)  

Design Parameters 
Soil Parameters: ull. Ll!£f. 

Reinforced Fill 34 o 120 
Retained Zone 30 o 120 
Foundation Soil 30 o 120 
Reinforced Fill Type: Sand, Silt or Clay 
Unit Fill: Crushed Stone, 1 inch minus 

Minimum Design Factors of Safety 
sliding: 
overturning: 
bearing: 

1.50 
2.00 
2.00 

pullout: 
shear: 
bending: 

1.50 
1.50 
1.50 

uncertainties: 
connection: 

1.50 
1.50 

Design Preferences 
Friction in Base Grid Ten 

Reinforcing Parameters: Mirafi XT Geogrids (Min RFcr,RFd,RFid Defaults) 
Tult RFcr RFd RFid LTDS FS Tal 

3XT 3500 2.00 1.10 1.25 1273 1.50 848 
Ci 

0.90 
Cds 
0.90 

Analysis:  Case: Case 1 
Wall No.2 - Compac Units Max H= 5.67' 
Unit Type: Compac 1 120.00 pcf Wall Batter: 0.00 deg (Hinge Ht NIA) 
Leveling Pad: Crushed Stone 
Wall Ht: 5.67fi embedment: 0.67 fi 
Level Backfill Offset: 0.00 ft 
Surcharge: LL: 250 psfuniform surcharge DL: 0 psfuniform surcharge 

Load Width: 2.00 fi  Load Width: 100.00 ft 

Results:  Sliding Overturning Bearing Shear Bending 
Factors ofSafety: 3.17 5.80 6.97 7.74 1.76 

Calculated Bearing Pressure: 902 1 822 psf 
Eccentricity at base: 0.21 ft 
Reinforcing: Cft & Ibs/ft) 

Calc. Allow Ten Pk Conn Pullout  
Layer Height Length Tension Reinf. TYUe Tal Tel FS  

3 4.67 6.0 174 3XT 848 ok 424 ok 1.78 ok 
2 2.67 4.0 286 3XT 848 ok 572 ok 2.07 ok 
1 0.67 4.0 230 3XT 848 ok 721 ok 8.22 ok 

Reinforcing Quantities (no waste included): 
3XT 1.56 sylft 

NOTE: THESE CALCULATIONS ARE FOR PRELIMINARY DESIGN ONLY AND SHOULD  
NOT BE USED FOR CONSTRUCTION WITHOUT REVIEW BY A QUALIFIED ENGINEER  
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DET AILED CALCULATIONS  

Project: Jack Demmer Ford Keystone SRWs Date: 2/9/2014  
Project No: 14-1009 Designer: AGS, Inc.  
Case: Case 1  
Design Method: NCMA 3rd Edition (parallelogram soil interface)  
Soil Parameters: Y....l!£f.  

Reinforced Fill 34 0 120  
Retained Zone 30 0 120  
Foundation Soil 30 0 120  

Leveling Pad: Crushed Stone 

Modular Concrete Unit: Compac 
Depth: 1. 00 fl In-Place Wt: 120 pcf 

Geometry 
Internal Stability External Stability  

(Horizontal geometry) (Horizontal geometry)  
Height: 5.67 fl Height: 5.67 fl  
BackSlope:  

Angle: 0.0 deg Angle: 0.00 deg 
Height: 0.00 fl Height: 0.00 fl  

Batter: O.OOdeg Batter: O.OOdeg  
Surcharge:  

Dead Load: 0.00 psf Dead Load: 0.00 psf 
Live Load: 250.00 psf Live Load:250.00 psf 

Base width: 4.0 fl 
Earth Pressures: 

----p 

Internal Extern a 
<l> = 34 deg <l>  

ex. = 90.00 deg ex. = 90.00 deg  
= 0.00 deg = 0.00 deg  

() = 22.67 deg () = 30.00 deg  
H = 5.67 ft  
ka = 0.254 ka = 0.297  
Hinge Height: Hinge Ht= Not applicable  

= 30 deg 
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f · (I Ii  
Reinforcing Parameters: Mirafi XT Geogrids (Min RFcr,RFd,RFid Defaults) 

Tult RFcr RFd RFid LTDS FS Tal Ci Cds 
3XT 3500 2.00 1.10 1.25 1273 1.50 848 0.90 0.90 
Connection Parameters: Mirafi XT Geogrids 

Frictional 1 Break Pt Frictional 2 
3XT Tcl= Ntan(42.80) + 525 1100 Tcl= Ntan(11.1 0) +1328 

Unit Shear Data 
Shear = N tan(40. 00) 
Inter-Unit ShearShear = N tan (26. 90) + 769.00 

Calculated Reactions 
effective sliding length = 4.00 fi 

Pa:= O.5H· h.. ·H .ka - 2c·..jk8.) Pq := q·H·ka 

Pan. := Pa· cos(o) PCfu:= Pq' cos(o) 

Pav:= Pa· sm(o) PCkr := Pq' sm(6) 

Reactions are: 
Area Force Arm-x Arm-y Moment 
WI 680.40 [0.500} 2.835 340.20 
W3 2041.20 [2.500} 2.835 5103.00 
ql 500.00 [2.500} 5.670 1250.00 
Pa h 496.43 4.000 [J.890} -938.25 
Pql_h 0.00 4.000 [2. 835} 0.00 

Sum V= 3221.60 Sum Mr = 6693.20 
SumH= 496.43 Sum Mo = -938.25 

! 
i 

'\;\j" i 
! Ii ,' p.=. ::. . ·P·3:!! d 

 
I 

,l
.' 
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Calculate Sliding at Base 
For Sliding, Vertical Force = Wl+ 2+W3+W4+W5+W6+qd 
The resisting force within the rein. mass, RC1 

The resisting force at the foundation, Rf_2 

The driving forces, Df, are the sum of the external earth pressures: 
Pa_h + Pql_h + Pqd_h 
the Factor of Safety for Sliding is RC2IDf 

Calculate Overturning: 
Overturning moment: Mo = Sum Mo 
Resisting moment: Mr = Sum Mr 
Factor of Safety of Overturning: MriMo 

=2722 
= N tan(34) 
= 1836 
= N tan(30.00) 
= 1571 

=496 
= 3.17 

= -938 
= 5443 
= 5.80 
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Calculate eccentricity at base: with Surcharge 1without Surcharge 
Sum Moments = 5755 1 4505 
Sum Vertical = 322212722 
Base Length = 4.00 
e = 0.214/0.345 

Calculate Ultimate Bearing based on shear: 
where: 

Nq = 18.40 
Nc = 30.14 
Ng = 22.40 (ref. Vesic(l973, 1975) eqns) 
Quit = 6282 psf 

Equivalent footing width, B' = L -2e = 3.57 13.31 
Bearing pressure = sumV/B' = 902 psf 1822 psf [bearing is greatest with liveload] 
Factor of Safety for bearing = Qult/bearing= 6.97 

Calculate Tensions in Reinforcing: 
The tensions in the reinforcing layer, and the assumed load at the connection, 
is the vertical area supported by each respective layer, Sv.Column [7] is '2c sqrt(ka)'. 

Table of Results ppf 
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11 ] 

Layer DeQth zi hi ka/rho Pa (Pas+Pasd) .Q (5+6)cos(d)-7 Ti Tel Tsc 
3 1.00 1.00 0.254/58 61 127 0 174 174 424 N/A 
2 3.00 3.00 0.254/58 183 127 0 286 286 572 N/A 
1 5.00 4.67 0.254/58 190 59 0 230 230 721 N/A 

Calculate sliding on the reinforcing: 

The shear value is the lessor of base-shear or inter-unit shear. 
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [ 11] [ 12]  

Layer Degth zi N Li Cds ..1.. RF ka Pa Pas+Pasd DF FS  
3 1.00 602 5.00 0.90 830 1196 0.297 18 0 16 76.91 
2 3.00 1081 3.00 0.90 952 1608 0.297 161 0 139 11.55 
1 5.00 1801 3.00 0.90 1074 2167 0.297 446 0 387 5.61 
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Calculate pullout of each layer 

The FoS (R*/S*) of pUllout is calculated as the individual 
layer pullout (Rt) divided by the tension (Dt) in that layer. 
The angle of the failure plane is: 31.65 degrees from vertical. 

[1] [2] [3 ] [4] [5] [6] 
Layer DeQth zi Le SumV Ci POi 

3 1.00 2.12 256 0.90 310 
2 3.00 1.36 489 0.90 594 
1 5.00 2.59 1554 0.90 1887 

Check Shear & Bending at each layer 

Bending on the top layer is the FOS ofoverturning ofthe Units 
(Most surcharge loads need to be moved back from the face.) 

[I} [2} [3} [4} [5} [6} [7} 
Layer De12th zi S..i. DM Pv RM FS b 

3 1.00 1.00 34 120 60 1.76 
2 3.00 2.00 60 240 220 3.69 
I 5.00 2.00 70 480 380 5.46 

[7] [8]  
Ti FS PO  
174 1. 78  
286 2.07  
230 8.22  

[8} [9} 
DS RS FS Sh 
73 830 11 .37 

121 952 7.84 
139 1074 7.74 
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