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Plans and Plans and 
SpecificationsSpecificationsSpecifications Specifications 
for MSE wallsfor MSE walls

1

By Scott D. Zang, P.E.By Scott D. Zang, P.E.

Michael Baker Jr., Inc.Michael Baker Jr., Inc.
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Natural Soil PropertiesNatural Soil Properties

Step 1.Step 1.

3Dry sand has no load carrying capabilityDry sand has no load carrying capability

Step 2.Step 2.

How does Soil Reinforcement Work ??How does Soil Reinforcement Work ??

4
Arrange pine needles in parallel direction Arrange pine needles in parallel direction 

and place soil over themand place soil over them
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Step 3.Step 3.

How does Soil Reinforcement Work ??How does Soil Reinforcement Work ??

5
Repeat process to form layersRepeat process to form layers

Step 4.Step 4.

How does Soil Reinforcement Work ??How does Soil Reinforcement Work ??

6Conduct a load testConduct a load test
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Components of an MSE WallComponents of an MSE Wall

Finished Grade

RetainedRetainedMechanically Mechanically 

ReinforcementsReinforcements

RetainedRetained

BackfillBackfill

Facing Original Original 
GroundGround

yy
Stabilized Stabilized 

Earth MassEarth Mass

7

Foundation Foundation 
SoilSoil

Limits of Limits of 
ExcavationExcavation

Leveling Pad
DrainageDrainage

Major Components:Major Components:
FacingFacing

RetainedMechanically Retained
Backfill

Facing

y
Stabilized 

Earth Mass

8
Reinforcements

Drainage
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Facing TypesFacing Types

9Precast Concrete PanelsPrecast Concrete Panels

Facing TypesFacing Types

10Modular BlocksModular Blocks
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Facing TypesFacing Types

11Welded Wire MeshWelded Wire Mesh

Facing TypesFacing Types

12Cast in PlaceCast in Place



Handout 10/28/2010

7

Facing TypesFacing Types

13VegetationVegetation

Major ComponentsMajor Components
ReinforcementReinforcement

RetainedMechanically Retained
Backfill

Facing

y
Stabilized 

Earth Mass

14
Reinforcements

Drainage
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Reinforcing TypesReinforcing Types

15Steel stripsSteel strips

Reinforcing TypesReinforcing Types

16Steel bar matsSteel bar mats
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Reinforcing TypesReinforcing Types

17GeogridsGeogrids

Major ComponentsMajor Components
Stabilized Earth MassStabilized Earth Mass

RetainedMechanically Retained
Backfill

Facing

y
Stabilized 

Earth Mass

18
Reinforcements

Drainage
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BackfillBackfill

19

Retained Retained 
BackfillBackfill

Reinforced FillReinforced Fill

Major ComponentsMajor Components
DrainageDrainage

RetainedMechanically Retained
Backfill

Facing

y
Stabilized 

Earth Mass

20
Reinforcements

Drainage
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Composite Strip DrainsComposite Strip Drains

21

Uses of MSEUses of MSEUses of MSE Uses of MSE 
wallswalls

22
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Retaining WallsRetaining Walls

23

R t i iR t i iRetaining Retaining 
WallsWalls

24
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AbutmentsAbutments

25

AbutmentsAbutments

26
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AbutmentsAbutments

27

Wing Walls Wing Walls -- RailRail

28
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Landslide RepairLandslide Repair

29

Crash WallsCrash Walls

30
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Pedestrian RampsPedestrian Ramps

31

Phased ConstructionPhased Construction

32
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Phased ConstructionPhased Construction

33

MSE MSE 
Design Design 

ConceptsConcepts

34
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MSE Wall as a MSE Wall as a 
Gravity WallGravity Wall

•• An MSE wall is a gravity wall.An MSE wall is a gravity wall.

35

Heavy walls 
are good

MSE Wall as a Gravity WallMSE Wall as a Gravity Wall

•• Design evaluations treat the Design evaluations treat the 
reinforced soil mass as a rigid blockreinforced soil mass as a rigid block

•• Evaluate the external stability Evaluate the external stability 
according to conventional failure according to conventional failure 
modes for gravity type wall systemsmodes for gravity type wall systems

36
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External StabilityExternal Stability
•• Bearing resistanceBearing resistance

•• SettlementSettlementSe e eSe e e

•• SlidingSliding

•• OverturningOverturning

•• Overall StabilityOverall Stability

37

External StabilityExternal Stability

38BearingBearing
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Bearing FailureBearing Failure

39

External StabilityExternal Stability

40SettlementSettlement
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SettlementSettlement

41

External StabilityExternal Stability

42SlidingSliding
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Sliding FailureSliding Failure

43

External StabilityExternal Stability

44OverturningOverturning



Handout 10/28/2010

23

External StabilityExternal Stability

45Overall StabilityOverall Stability

Internal StabilityInternal Stability

46
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Internal Stability Internal Stability 
Reinforcement Failure Reinforcement Failure 
ModesModes

•• Pull outPull out

•• Reinforcement tensile strengthReinforcement tensile strength

•• ConnectionConnection

47

Pullout Resistance is developed by:Pullout Resistance is developed by:

F i tiF i tiFrictionFriction
TT

48

TT
Bearing Bearing 
(interlock)(interlock)



Handout 10/28/2010

25

Pullout Resistance testingPullout Resistance testing

49

Pull out test demonstrationPull out test demonstration

50
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Pullout FailurePullout Failure

51

Tensile Tensile 
Strength Strength 
TestTest
(T(T ))(T(Tultult))

52
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Typical Testing Typical Testing 
for Metallic for Metallic 
Reinforcing Reinforcing 
StrengthStrength

53

Connection StrengthConnection Strength

TT

RR
R R >> TT

54

TT
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Plans and Plans and 
Shop DrawingsShop Drawings

55

Plan View Plan View 

56
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Plan View Plan View 

57

Plan View Plan View End of WallEnd of Wall

Exisitng RoadExisitng Road

ROWROW

58

PLAN

N

Beginning of WallBeginning of WallBaselineBaseline

ROWROW

Storm DrainStorm Drain
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Elevation View Elevation View 

59

Elevation View Elevation View 

60
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Elevation View Elevation View 

540

510
520
530 Top of Wall

Finished Grade I-500

” C

FG toe of wall

61

ELEVATION

510
Bottom of Wall

48” PCP

Cross Section Cross Section 

62
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A Typical MSE Wall Cross SectionA Typical MSE Wall Cross Section

PRECASTPRECAST

COPINGCOPING
E

D
E

D

REINFORCINGREINFORCING

PRECAST PRECAST 
CONCRETE CONCRETE 
PANELSPANELSREINFORCEDREINFORCED

SOILSOILR
E

TA
IN

E
R

E
TA

IN
E

S
O

IL
S

O
IL

¼” PER FOOT¼” PER FOOT

63

LEVELING PADLEVELING PAD15’ MIN15’ MIN

GEOTEXTILEGEOTEXTILE

6” PERF. PIPE6” PERF. PIPE

DetailsDetails

64

CAST IN PLACE CAST IN PLACE 
BARRIERBARRIER
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Details Details –– Phased ConstructionPhased Construction

65
PHASE 1PHASE 1PHASE 2PHASE 2

WIRE BASKET FORMWIRE BASKET FORM

Details Details –– Phased ConstructionPhased Construction

66
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Details Details -- TwoTwo--Stage MSE WallStage MSE Wall

67

Contract Documents to Contract Documents to 
Shop DrawingsShop Drawings

DesignDesign
Contract Contract 
DrawingsDrawings

BidBid AwardAward

68
ContractContract

Shop Shop 
DrawingsDrawings

PlanningPlanning
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Shop Drawing IncludesShop Drawing Includes
•• Layout of the System that will effectively Layout of the System that will effectively 

retain (retain (reinforcereinforce) the earth () the earth (slopeslope).).

•• Complete details of all elements required for Complete details of all elements required for 
the proper construction of the system.the proper construction of the system.

69

Shop Drawing Includes Shop Drawing Includes 

•• Details of revisions or additions to drainage Details of revisions or additions to drainage 
systems or other facilities required to systems or other facilities required to 
accommodate the system.accommodate the system.

•• Other information required in the contract Other information required in the contract 
documents.documents.

PRE-CAST

70

BARRIER
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Contract DrawingContract Drawing

71See full size drawing in Participant WorkbookSee full size drawing in Participant Workbook

Figure 5.1.5 Typical 
Contract  Drawing 

for MSE Wall 
Abutment

Shop DrawingShop Drawing

73See full size drawing in Participant WorkbookSee full size drawing in Participant Workbook

Figure 5.1.6 Shop Drawing for MSE Abutment
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DrainageDrainageBB

ExcavationExcavation

FaciFaci
ngng

BarrierBarrier

75

ExcavationExcavation

Granular Drain and PipeGranular Drain and Pipe

76
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Granular Drain and PipeGranular Drain and Pipe

78

GeoGeo--composite Sheet Draincomposite Sheet Drain

79
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Composite Composite 
Strip DrainsStrip Drains

80

Composite Strip DrainsComposite Strip Drains

81



Handout 10/28/2010

40

FacingFacingCC

ExcavationExcavation

FaciFaci
ngng

BarrierBarrier

82

ExcavationExcavation

Layout, Size, and FinishLayout, Size, and Finish

83
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PrePre--Cast Concrete PanelsCast Concrete Panels

84See PW for full size drawingSee PW for full size drawing

PrePre--Cast Concrete PanelsCast Concrete Panels

86
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FinishesFinishes

PanelsPanels

BlocksBlocks

87

FinishesFinishes RockRock

Stained RockStained Rock

VegetatedVegetated

88
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ReinforcingReinforcingDD

ExcavationExcavation

FaciFaci
ngng

BarrierBarrier

89

ExcavationExcavation

Reinforcing Type, Length, and Reinforcing Type, Length, and 
SpacingSpacing

90
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Modular BlockModular Block

91See PW for full size drawingSee PW for full size drawing

ConnectionsConnections

93
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Wire MeshWire Mesh

WIRE BASKET FORMWIRE BASKET FORM

GEOGRIDGEOGRID

WIRE BASKET FORMWIRE BASKET FORM

STRUTSTRUT

94

CONNECTORCONNECTOR

Wire MeshWire Mesh

95
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Modular Modular 
BlockBlock

96

Modular BlockModular Block

97
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Bodkin Bodkin 
BarBar

1.) BEND LAST APERATURE1.) BEND LAST APERATURE

2.) PASS APERATURES THROUGH AND2.) PASS APERATURES THROUGH AND
INSERT BODKIN BARINSERT BODKIN BAR

98

3.) PULL TIGHT3.) PULL TIGHT

Bodkin BarBodkin Bar

99
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ObstructionsObstructions

•• Catch basins/ Inlets/ ManholesCatch basins/ Inlets/ Manholes

P ll l iP ll l i•• Parallel pipesParallel pipes

•• Deep foundations Deep foundations 

100

Catch Basin

101
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Catch BasinCatch Basin

102

Catch Basin

103
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104Reinforcement Strip Skew

Reinforcement 
Strip Skew

105
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SpecificationsSpecifications

106

What’s in the specificationsWhat’s in the specifications
•• Scope/ Description/ GeneralScope/ Description/ General

………………………………..………………………………..

•• Materials or ProductsMaterials or Products•• Materials or ProductsMaterials or Products
………………………………..………………………………..

•• Construction or ExecutionConstruction or Execution
………………………………..………………………………..

•• Measurement and PaymentMeasurement and Payment
………………………………..………………………………..

107
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Scope/ Description/ GeneralScope/ Description/ General

•• What’s includedWhat’s included

108

•• Administrative Administrative 
requirementsrequirements

Materials or ProductsMaterials or Products

•• What to useWhat to use

109
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Tensile 
Strength 
Test
(T )(Tult)

MSE and RSS Soil 
Specifications

• GradationGradation
• Plasticity
• Strength Requirement
• Electrochemical

• Resistivity
pH• pH

• Chlorides
• Sulfates
• Organic Content
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Gradation (Particle Size)
Refer to Page 6.1Refer to Page 6.1--1616

Gradation Refer to Page 6.1Refer to Page 6.1--1616
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Construction or ExecutionConstruction or Execution

•• How to do itHow to do it

114

Has anyone read the 
construction section of 

the specifications?

Modular Block 
Tolerances

1/2” per 10’ 1/2” per 10’ 
of height maxof height max

3/4” max3/4” max

3/4” 3/4” 
maxmax3/4” max3/4” max

3/4  max3/4  max

DesignDesign

Refer to page 6.1-17

Design Design 
locationlocation

3/4” max3/4” max
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Inspecting Modular Block

Spreading Fill Over ReinforcementSpreading Fill Over Reinforcement

117
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Backfill VideoBackfill Video

118

Compaction Near WallCompaction Near Wall

119

3’3’
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Measurement and PaymentMeasurement and Payment

•• How it is paid forHow it is paid for

120

Document OrganizationDocument OrganizationA

4.2-121
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Poorly Organized Field TrailerPoorly Organized Field Trailer

4.2-122

WellWell--Organized Field TrailerOrganized Field Trailer

4.2-123
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WellWell--Labeled DocumentationLabeled Documentation

4.2-124

Documentation FilingDocumentation Filing

•• FileFile--System Organization:System Organization:
•• Contract DocumentsContract Documents

•• Qualifying SubmittalsQualifying Submittals

•• Quality ControlQuality Control

•• Quality AssuranceQuality Assurance

4.2-125

•• Field InspectionField Inspection

•• Design Clarification/ChangesDesign Clarification/Changes
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HardHard--copy Documentationcopy Documentation

•• All submittals should beAll submittals should be dateddated•• All submittals should be All submittals should be dateddated
and kept in chronological orderand kept in chronological order

•• Use 3Use 3--ring notebook bindersring notebook binders

•• Label the notebooksLabel the notebooks

4.2-126

Electronic DocumentationElectronic Documentation

P ll l th h dP ll l th h d t b kt b k•• Parallel the hardParallel the hard--copy notebookscopy notebooks

•• Dated and filed in chronological orderDated and filed in chronological order

•• Make Electronic backMake Electronic back--ups !ups !

4.2-127
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Tracking SubmittalsTracking Submittals

•• Construction Inspector should create a Construction Inspector should create a 
checklistchecklist (if not provided) as follows(if not provided) as follows

B

checklistchecklist (if not provided) as follows.(if not provided) as follows.
•• Search through the specs for required Search through the specs for required 

submittals submittals 
•• Pay special attention to articles dealing with:Pay special attention to articles dealing with:

•• Material Properties;Material Properties;
•• Quality Control; andQuality Control; and

6.1-128

Quality Control; andQuality Control; and
•• Execution (Installation procedures) Execution (Installation procedures) 

EXAMPLE EXAMPLE -- SUBMITTAL CHECKLISTSUBMITTAL CHECKLIST

SPEC SPEC 
SECTION SECTION 

& & 
ARTICLEARTICLE

DESCRIPTION OF DESCRIPTION OF 
SUBMITTALSUBMITTAL

TO BE TO BE 
SUBMITTED SUBMITTED 

BYBY
SUBMITTAL SUBMITTAL 

DUEDUE

P 6 1P 6 1 1212 W ki D iW ki D i C t tC t t
>4 weeks before >4 weeks before 

k b ik b iP 6.1P 6.1--1212 Working DrawingsWorking Drawings ContractorContractor work beginswork begins

P 6.1P 6.1--1414
AndAnd
P 6.1P 6.1--1616

Certification of Concrete Certification of Concrete 
for facingfor facing ContractorContractor Before useBefore use

P 6.1P 6.1--1515
AndAnd
P 6.1P 6.1--1616

Certification of Certification of 
reinforcingreinforcing ContractorContractor Before useBefore use

6.1-129

P 6.1P 6.1--1616
Certification of joint Certification of joint 
materialsmaterials ContractorContractor Before useBefore use

P 6.1P 6.1--1616 Certification of backfillCertification of backfill ContractorContractor Before useBefore use

P 6.1P 6.1--1616
Certification of leveling Certification of leveling 
pad concretepad concrete ContractorContractor Before useBefore use

See page 6.1See page 6.1--4848



Handout 10/28/2010

63

Alternate Submittals, Design Alternate Submittals, Design 
Clarifications, and Change Clarifications, and Change 
OrdersOrders

C

DETOUR

6.4-130

Alternate SubmittalAlternate Submittal

•• Expressly allowed for in the SpecsExpressly allowed for in the Specs
•• Submitted by the Contractor or Submitted by the Contractor or 

Manufacturer to:Manufacturer to:
•• Facilitate procurement of materials,Facilitate procurement of materials,
•• Ease construction, orEase construction, or

Increase quality of the end productIncrease quality of the end product

6.4-131

•• Increase quality of the end productIncrease quality of the end product

•• Usually does not lead to a Change Usually does not lead to a Change 
OrderOrder
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Design ClarificationDesign Clarification

•• Often requested by the contractorOften requested by the contractor•• Often requested by the contractorOften requested by the contractor

•• Provided by the Engineer to clarify Provided by the Engineer to clarify 
the Drawings or Specificationsthe Drawings or Specifications

•• May or may not lead to a Change May or may not lead to a Change 
O dO d

6.4-132

OrderOrder

Example on page 6.4Example on page 6.4--66

Change OrderChange Order

•• Provided by the Engineer orProvided by the Engineer orProvided by the Engineer or Provided by the Engineer or 
Construction Division Manager to Construction Division Manager to 
modify the:modify the:
•• Drawings;Drawings;
•• Specifications; or Specifications; or 
•• Contract TermsContract Terms

6.4-134

•• Contract TermsContract Terms
•• Often results in a change in contract Often results in a change in contract 

price and/or scheduleprice and/or schedule

Example on page 6.4Example on page 6.4--88
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AdministeringAdministering
Alternate SubmittalsAlternate Submittals

•• The Construction Inspector must:The Construction Inspector must:The Construction Inspector must:The Construction Inspector must:
1.1. Ensure alternate submittal is allowedEnsure alternate submittal is allowed

2.2. Ensure supporting information is providedEnsure supporting information is provided

3.3. Send to the Designer in a timely mannerSend to the Designer in a timely manner

44 Follow up with DesignerFollow up with Designer then respondthen respond

6.4-136

4.4. Follow up with Designer Follow up with Designer –– then respond then respond 
to the Contractor in a timely mannerto the Contractor in a timely manner

5.5. Ensure full understanding of whether a Ensure full understanding of whether a 
Change Order will be requiredChange Order will be required

AdministeringAdministering
Design ClarificationsDesign Clarifications
•• The Construction Inspector must:The Construction Inspector must:The Construction Inspector must:The Construction Inspector must:

1.1. Ensure clarity and completenessEnsure clarity and completeness

2.2. Send to the Designer in a timely Send to the Designer in a timely 
mannermanner

3.3. Follow up with DesignerFollow up with Designer -- respond torespond to

6.4-137

3.3. Follow up with Designer Follow up with Designer respond to respond to 
the Contractorthe Contractor

4.4. Ensure understanding of whether a Ensure understanding of whether a 
Change Order will be requiredChange Order will be required
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DocumentationDocumentation

6.4-139

Administering Change OrdersAdministering Change Orders

•• The Construction Inspector must:The Construction Inspector must:
11 E l it d l tE l it d l t1.1. Ensure clarity and completenessEnsure clarity and completeness
2.2. Send to Designer in a timely mannerSend to Designer in a timely manner
3.3. Inform the Contract Administrator  Inform the Contract Administrator  
4.4. Ensure understanding of changes to Ensure understanding of changes to 

contract pricecontract price

6.4-140

pp
5.5. Ensure understanding of changes to Ensure understanding of changes to 

construction schedule.construction schedule.
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•• Use the contract plans, shop drawings and Use the contract plans, shop drawings and 
specifications in the handout to answer the specifications in the handout to answer the 
questions.questions.

141


