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PROJECT 1 - GRS-IBS versus MSE Wall

Design and Construction of Mechanically Stabilized Earth
(MSE) Walls
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GRS-IBS

Beam Seat
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Source: FHWA.
Figure 1. Mustration. Typical GRS-IBS cross section.
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GRS — Closely Spaced Reinforcement

A. Sy = 16 inches. ‘ B. Sy = 8 inches. il .SV ~4 ches. g

Source of subfigure images: FHWA.

Figure 2. Photos. Composite behavior of GRS versus GMSE as shown in tests conducted at
reinforcement spacings of 16, 8, and 4 inches.
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GRS-IBS versus MSE Wall

GRS Wall does not require MSE Wall Design procedure

connection to fascia. requires connection
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Project 1 — Texas
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Project 1 — Texas
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GRS-IBS versus MSE Wall

GRS-IBS Walls and Bridges
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GRS-IBS versus MSE Wall

P— ¢ Same maximum wall height
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Fascia blocks moved during compaction
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Deconstruct and Re-construct Wall
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Throw Stuff at the Wall to See What Sticks
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Throw Stuff at the Wall to See What Sticks

Concrete Masonry blockg
Mmust have rein oy

) Cement and 1/ Q/A Op. “Of |
mortar o % Sp oy, S, [l
(Clted a bul\ldlng COd 7= 50 6@0 4?6/@ {

Statements made were not accurate or
may not be tru]y relevant to the pr()b]ems. T I T T A A

=11 SHANNON &WILSON. INC.



Project 1 — Take aways

1. Use terminology consistent with the industry reference
documents.

2. Beware of standard specifications — they may not be
applicable to all features of all project elements.

3. Late design stage changes result in insufficient time or
budget to adequately incorporate changes.

4. No Good Deed Goes Unpunished!

5. Don’t blindly rely on a desigh document — some things
professed in them may not be the best!

6. Lots of stuff will be thrown — Some WILL stick!
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Project 2 - MSE Wall versus RSS

(}, Volume 1;: MSE

U. S. Department of Transportation Publication No. FHWA-NHI-10-024
Federal Highway Administration FHWA GEC 011 — Volume I
November 2009

NHI Courses No. 132042 and 132043

Design and Construction of
Mechanically Stabilized Earth Walls
and Reinforced Soil Slopes — Volume I

Developed following:

AASHTO LRFD Bridge Design and AASHTO LRFD Bridge Construction
Specifications, 4" Edition, 2007, Specifications, 2" Edition, 2004, with
with 2008 and 2009 Interims. 2006, 2007, 2008, and 2009 Interims.

NATIONAL HIGHWAY INSTITUTE

MSE: Wall face 0° to 20° from vertical
RSS: Slope face more than 20° from vertical

Q Volume 2: RSS

U. S. Department of Transportation Publication No. FHWA-NHI-10-025
Federal Highway Administration FHWA GEC 011 — Volume I
November 2009

NHI Courses No. 132042 and 132043

Design and Construction of
Mechanically Stabilized Earth Walls
and Reinforced Soil Slopes — Volume 11

Developed following:

AASHTO LRFD Bridge Design and AASHTO LRFD Bridge Construction
Specifications, 4" Edition, 2007, Specifications, 2 Edition, 2004, with
with 2008 and 2009 Interims. 2006, 2007, 2008, and 2009 Interims.

NATIONAL HIGHWAY INSTITUTE
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Project 2 — Oregon
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Project 2 — Oregon
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Wall Detail from

Project Drawings
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Wall Detail from Project Drawings
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Details from Project Drawings

10” soil layer and trail above reinforced zone

stepped plantable MSE Wall

1
- Existing ground
Fm?’s é:cesros;:fewg; \/} d 5 d
1o of wire faciog - Load Diagram does not
-

T e include 10” soil layer to
" be constructed on top of

the wall

Trall Live Load
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=] I
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Scale: ¥z = 10" =

Embadmen

LOAD DIAGRAM

* Load Diagram does not match AASHTO or GEC 011 fo seale

* Load Diagram not needed __|1) SHANNON &WILSON., INC.
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Unspecified Slope Angle above the

Reinforced Zone

10” soil layer and trail above reinforced zone

' |'|,I'
1
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Finish Grods ot 77 \}
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i e
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GEC 011 MSE Wall — Earth Load above Wall

L 8 L= ‘—fnﬂtalﬁﬁd hackfill
h-H L~ 1;,;_:r',;l:zh-H: #% Kok
Refhforced <t

Horizontal Top Break 1n slope at Continuous or
Surface horizontal distance infinite backslope
less than 2H
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GEC 011 MSE Wall — MSEW Results

Broken backslope output

Pullout and Total Length < NHI-10-024 Procedure X
riocy Pulloul longthe under STATIC loading S
yoer .?'m CCRNOTE
| — e
Internal potential failure
10-inch soil layer plane
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backslope with 34
degree face inclination
ADH 5 B 7 Eirm—
op— DR
BT I
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1 Rl S :
"ﬁ "r X oA
gm Y= A
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a Lievaton Length Coversge ., . ided nd Le La Cacubted 2 |
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S % L] (] (L L »
1 Q.00 18.00 1.00 §14€) 090 0% 60 41 NA
2 1.50 16.00 1.00 S82.04 040 168 28,85 NA
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€ 600 1600 1.00 Taee cs0 L] et 2% ML _:J
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| RETURN
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Engineer Increased Reinforcement Lengths

Longer reinforcement for design resulted in lots more excavation
and imported backfill than for L = 0.7H.

[Si1] [Si]

={1J) SHANNON &WILSON. INC.
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GEC 011 — Battered Face, Broken Backslope

Zone of maximum stress
or potential fajlure surface
W
p
Y - = ———

Engineer used 20° face / | or wartical Shae
batter instead of RSS "l"_}/"—]"ﬁ v=ds+2
26.4° H Activel__"asmet '
/ I
200 is limit for MSE wall iR
[ |
b—r ]

For walls with a face baner angle (6) 10° or more from the vertical, _

—tan($ — B) + Jtan($ — B)ftan($ — B) + cot($ + 6 — 90)][1 + tan(d + 90 - 8)cot(¢ + 6 — 90)]
an(y - 6) =
1 + tan(d + 90 - 8)[tan(¢ - B) + cow(d + 6 - 90)]
with 6=
6 = wall batter angle ®)
For wall with a broken backslope, use §=p_
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MSEW program was modeling a

34° Infinite Slope

Broken back equivalent angle, 3., that should
have been used for the calculations ... Actual angle used for the calculations

[']Sl] ]

Infinite equivalent slope of
2.54°t0 1.02°

Infinite equivalent

/ slope of 34°

={1J) SHANNON &WILSON. INC.
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GEC 011 — Battered Face, Broken Backslope

1. B, not defined in GEC 011 or AASHTO
MSEW program used infinite backslope not broken backslope.

5 ) -
B " - - ’3 Pes
Retained Fill
— - -
¥, L(h-H)
B Vv = 3
Reinforced
Soil Mass —r -

—

_ v, L)

V= —

Reinforced
Soil Mass

NHI-99-025 Earth Retaining Structures Reference
Manual Figure 6-15

Fy = Frcos (D) F, = Frsin () For infinite slope B = B

Compute K, for Retained Fill Using 6=p=p_ (see Figure 2-2); For Limiting Eccentricity
Calculation, see Figure 6-18

={1J) SHANNON &WILSON. INC.
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Wall Engineer Ignored

MSEW Warning message — Reinforcement too short

Warning: The specified reinforcement layout is beyond
AASHTO / FHWA / NCMA guidelines,

Some layers are too short and cannot
develop resistance to pullout at the sfip

surface. MSEW considers these layers as 3
intermediate reinforcements. It means

that while these layers do not contribute to internal stability at the slip surface, they may carry some of
the facing load. That is, they help in the connection of the facing to the active wedge but do not heip in
stabilize or restrain the active wedge itself. The end result is:

1. Load shedding or redistribution at the connections; i.e., the connection load is distributed among
all reinforcement layers including the intermediate ones. The distribution depends on the tributary
area of each layer at the facing. Clearly, this redistribution helps in reducing the individual
connection load.

2. The reinforcement force needed to ‘restrain’ or ‘tie back’ the active wedge, Tmax, is unaffected
by the intermediate layers since they are too short to develop pullout resistance, and hence,
cannot mobilize or contribute tensile reaction at the slip surface. Conseguently, the tributary area
for calculation of Tmax ignores the intermediate layers.

NOTE: MSEW assumes that each intermediate layer is embedded long enough inside the active
wedge to allow it to develop its respective connection load. Typically, embedment length of one meter
would be sufficient for all practical purposes. However, the user may need to ascertain this

assumption for specific cases.
RETURN

MSEW Warning message — slope face angle greater
than 24.9° could create issues with M-O analyses

The specified value of B in GEOMETRY could be excessive as it may result in
surficial instability of the cohesionless unreinforced crest. Theoretically,
3<24.9° considering the values of Phi for the retained and reinforced soils and
of Am in SEISMICITY. If you choose to continue, square root of a negative
number in calculating Kae in external stability may result (see M-O equation). If
it does, MSEW sets the square root to zero. Such arbitrary

setting will produce erroneous results and should be used for exploratory SRR b
purposes only. Click on button in the dialogue of results to realize whether the Ka Kar

square root is negative.

TIP: M-O equation assumes infinite backslope and homogenous retained soil.

If the extent of homogenous soil and/or the backslope are quite limited, use the
alternative approach of M-O constrained wedge accessible through the input in

the SEISMICITY dialogue (Design acceleration coefficient in External Stability,

click on Same as Internal Stability to enable M-O equivalent wedge).

Error No.3203 Continue RETURN to Change

={1J) SHANNON &WILSON. INC.
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Wall Engineer Ignored

Concrete Cantilever Wall L = 0.4H — ———
! P S 3

|
| “ 73m -
| im ) 5 m WIDENING ) "/
~J
P

P

-
-~
- —7[ Geatextile Filter Fabric
- CABLE
e
LN safe allowable
L excavation slopa 375m b)
CRIB e

&m

»— CANTILEVER

| OR BIN —\

05H [

o7H

Crib or Bin Wall L=0.5H «i VMSE Wall L=0.7H

Segmentel Concrete Block Wall Metal Bin Wall Precast Concrete Crib Wall

-

Precast Moduiar Block Wall Precast Concrete Bin Woll

Gabion Woll

Figure C11.11.1-1—Typical Prefabricated Modular Gravity Walls

={1J) SHANNON &WILSON. INC.

GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS



Options Available to Model 10” Layer

s1] S1]

[s1]

Uniform ec.lulvalent' dead Raise wall height Near equivalent load
load, or uniform soil layer Infinite slope
q  qd
Replace backslope with uniform —_ws| ' we
equivalent soil load —
/ B —
O, -V HS ¥ Wi . ,
I“S - i " Individual load
H
__________ o I components
__________ LEGEND:
! H - Design Height
_________ Wi - Force of Block Area
W3 - Force of Reinforced Area
W5 - Force of Slope Area

we - F_orce of Broken Back Slope Area ‘ o
o, imjeice =1I) SHANNON &WILSON, INC.
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Sr. and Jr. Engineer Inexperienced

25000 Ihs/fiz
250,00 It

Alternative Designs Wall Engineer submitted. Colored overlay is 0.7H dimension.
Factors of safety all MUCH greater than minimum required (1.3 static) WARNING SIGN!

Table 4-1. Typical MSE Wall Load Combinations and Load Factors
(after Table 3.4.1-1, AASHTO {2007}).

Load EH Use One of These at a Time
inati ES LL

Limit State EV LS EQ CcT
STRENGTH 1 Tp 1.75 - -
EXTREME EVENT I o Ye0 1.00 -
EXTREME EVENT II Tp 0.50 - 1.00
SERVICEI 1.00 1.00 - -
Notes:
¥p = load factor for permanent loading. May subscript as yp.zv. ye.en. ete.
veq = load factor for live load applied simultaneously with seismic loads

Live load should Be included. Early design had reinforcement spacing greater than 18 inches.
Use 50% live load for seismic. But contract required 18 inches vertical spacing.

={1J) SHANNON &WILSON. INC.
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Owner Clarification — Could design as either

MSE wall or RSS

1. Engineer claimed they conducted an RSS design
2. No calculations produced

3. Engineer concluded longer reinforcement for RSS than for
MSE Wall RED FLAG!

4. Engineer did calculations incorrectly (if they did them)

gt 250,00 o2

1686
// AT ) ’

250.00 Ibs/ft2

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



RSS Procedures well established

L/H' ~ 0.6 for
: phig = 27.4 deg,
[K ~ 0.24 for phi = 27.4 deg | FSr=1.3
. T o o e T T T T wl Aoy + T Lo ™1 T
Y =0 3 B \ _.-._..t.r./:' :-:=
u=0 ) B =03
=0 0y wul _
© Corporation y -

4 w2 x i)

i ol -

\~-N- -
pr: g .
o B : - '__'_ AP Wi E
) "
'-q °s -
—

2
*
5

= N
5 ¢ Py =29° o —
A $ / mV T
-9 - &5 P ot —
< = o
/ , - N "]
’g" i /
1) _
K 0.4 L
” G ]
N i
F-RE
9 3 " " L s 4 ] I
30 a6 1 80 | a0 70 20 [ N BeL. W L, T [
1501 11 0.7511 0.5%1 A% 3 .
SLOPE ANGLE.S (degrees) BLOPE ANGLE.f (degrees)
a) REINFORCEMENT FORCE COEFFICIENT ») REINFORCEMENT LENGTH RATIO

GEC 011 Duncan & Wright 2005
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Throw Stuff at the Wall to See What Sticks

- (without dojp i
. g project- and
specific calculations) ——

0 ] o / ) )
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Statements made were not accurate or -
may not be truly relevant to the problems. =LENNENSESORENG



Project 2 — Take aways

Use terminology consistent with the industry reference
documents.

Beware of standard specifications — they may not be
applicable to all features of all project elements.

Late design stage changes result in insufficient time or
budget to adequately incorporate the changes.

Don’t blindly use a computer program.

Don’t blindly rely on a design document including AASHTO
or FHWA manuals — some things may be wrong!

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



Project 2 — Take aways

6. Make sure calculation packages are produced and checked
7. Maintain good project records

8. Experience matters!
9. The right experience matters!!
10. “Older” does not equal “Experienced”

11. If something doesn’t feel right — Get assistance

12. Mistakes cost money

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



Lots of stuff will be thrown —SOME WILL STICK

EXCELLENCE. INNOVATION. SERVICE. VALUE. SINCE 1954 =={]J SHANNON &WILSON, INC.
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Thank you

27
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Shannon & Wilson, Inc.
stan.boyle@shanwil.com
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