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Design of GRS-IBS

Design Process

~ Establish project requirements
- Perform a site evaluation

- Evaluate project feasibility
'-r”’mine layout of GRS-IBS
ulate loads

duct an external stabili
duct an internal stabili
‘- ement design detail
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Design Requirements

eometry
— Bridge layout (length, width, skew, grade, super-elevation)
— Wall layout (height, length, batter, geometry)

erable deformations (vertic
ictors of Safety/Resistance F
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tical settlement 0.5% of abutment height
or H = 18 ft, settlement = 1.1” -

* rea plus
back width

‘For a 4 ft bearing area and eral
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in,

r_ mg 2 5
al stability = 1.5

ce factors (LRFD)
‘. _ 1
ng = 0.65
val stability = 0.65 .
nforcement strength =
pacity = 0.45 ‘
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~ DESIGN OF GRS-IBS
: Perform a Site Evaluation
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Perform a Site Evaluation

Conduct a subsurface evaluation for the foundation
0il: (1 boring per abutment)
— Density (V)

- Friction Angle (qof)

esion (cf)

e ined Shear Strength (c )
Indwater conditions

0: |
HTO (2003): “Standard Practi
itechnical Subsurface Investi

ing
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Perform a Site Evaluation continued

val ate soil properties for the reinforced fill

um aggregate size: (
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Design Example

Design Soil Parameters
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" ROAD BASE: ¢=40" — Kap=0.217
: s 0
i v A, . ¥ =130 pck

ReINFORCED FiLL:
= g — ZO.“‘F-,
Sal'l’og KQ,“ ®= }80 g Ka-lb“O.sél
dnay = 0.5 Cu =z 2000 pst
e ¥ = 195 pek

RETAINED SOIL.:
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s 40 |

\F-SF: =0 l
¥=130 pef .

FounNDATION SOIL. ¢ =28°
¢! = 300 pst
Cu = 2000 pst
¥ = 130 PC:F
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Ao

Recommended Hydraulic and Scour
Design Considerations

-ellpw FHWA and AASHTO guidance. A hydraulic engineer
nould ‘be consulted for the proper implementation of these

ures.

"18 Evaluating Scour at Bridges, Fourth Edition

ion 2.6, Hydrology and Hydraullcs AASHTO LRFD Bridge
gn Specifications
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Recommended Hydraulic and Scour
Design Considerations

S our depth The scour depth at an abutment is to be
alculated as the sum of the depth of contraction scour and
2rm degradation. The elevation of the design scour

s to be calculated by projecting the elevation of the

f scour from the lowest point in the channel to each
’. utments. ik
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Recommended Hydraulic and Scour
Design Considerations

3. Scour countermeasures: When scour depth is calculated as
described in this section, a designed scour countermeasure is
included. Design scour countermeasures include riprap
aprons, gabion mattresses, and articulating concrete blocks.
The purpose of installing a designed scour countermeasure is
to prevent loss of soil from underneath a GRS abutment from
scour that occurs at or near the abutment.

— HEC-23, Bridge Scour and Stream Instability Countermeasures
Experience, Selection, and Design Guidance Third Edition, Vol. 1 & 2
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Recommended hydraulic and scour
evaluation procedures for GRS

4. Inspection: After construction, scour countermeasure
condition and channel instability should be assessed during
each regular bridge inspection and after extreme flood
events. Any countermeasure failure or significant change in
channel condition should be noted and scheduled for repair

or stabilization.
— HEC-20, Stream Stability at Highway Structures, Third Edition

— HEC-23, Bridge Scour and Stream Instability Countermeasures
Experience, Selection, and Design Guidance Third Edition, Vol. 1 & 2
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Scour Design

GRS
Abutment

Geotextile
Filter Fabric

Constructed Sloping Rock
Y. = Contraction scour plus long-term degradation referenced to the thalweg.
Y1t = Distance from top of riprap to bottom of riprap (3 X Dsgiprzy minimum and
keyed at least 1 ft (0.3 m) below top of RSF).
Wr = 3 X Dsgrigrap OF 5 ft (1.5 m), whichever is greater.
Wg = Wy + 3Y g
Top of RSF (footing) elevation at Y. (or deeper) as recommended in HEC-18.
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~ DESIGN OF GRS-IBS
Evaluate Project Feasibility
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No

Project Feasibility

s the proposed structure within the limits of the
nanual

-,
v -
it

- Bridge Span < 140 ft
Il height < 30 ft
he foundation materials competent

- cost

cal requirements
mance objectives
‘and/or channel insta
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~ DESIGN OF GRS-IBS
: Determine Layout of GRS-IBS
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No

Determine Layout of GRS-IBS

)efine site geometry
- Bridge, abutment
ic abutment layout

beam seat width (b)
it for span length < 25 ft
5 ft for span length = 25 ft
‘setback from back of faci
. clear space (d ) =2% o 1ch
M f
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Beam Seat

- Setback b 25 fifor L, 225 ft
éhe&m b22.0ftfor L., <25 ftf

Clear Space:
Maximum of:
3inches or
2 percent of the

abutment height /

/

LAY ST A BLP UL AP AT AU L e UN AT AL LE AT AL AR AT LB ARG L W G LY
. OO TnaT .
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Reinforced Soil Foundation

Minimum base width of wall (B/H = 0.3)
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Reinforcement Layout

* Reinforcement Length

— The minimum length at the lowest level should extend
the width of the base (Btotai)

— The reinforcement should follow the cut slope (if
applicable) up to a B/H ratio of 0.7.

— From there, the length can get progressively longer in
reinforcement zones based on external and global
stability requirements

— The backfill between the reinforced zone and the cut
slope or retained soil must be the same structural
backfill as the reinforced fill and compacted to the same
effort. 3

T
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Reinforcement Layout continued

Integration Zone
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~ Reinforcement Layout continued

The reinforcement spacing should be no more
than 12”

' , acing of the bearing bed reinforcement
| be less than or equal to 6”

forcement will be
termined based on the requiret ement

ength. L
a minimum, there should k
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Design Example

Single Sheet Plan
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~ DESIGN OF GRS-IBS
Calculate Applicable Loads




Design of GRS-IBS




Design of GRS-IBS

Traffic Live Load

\ * AASHTO 2010:q,=h_ XYy,

* For wing walls (loads parallel to wall), use an
equivalent height of soil of 2.0 ft.

e For abutments (load perpendicular to wall),
modeled as an equivalent soil height:

Abutment Height (ft) h__(ft)
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Road Base Dead Load

\~Eof soil between the top of wall and Top
sment
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Ao

Ire above the GRS abutr of 4,000 psf
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Design Example

Design Loads

%VWSO?&‘
Guo= Ml pst hy = 38 (135 petd = 315 psf
R LI T 1111 1 1113

; 7! r Qeo = 244 (130 pck ) = 240 psf
2R R EEEEEEEEEEZEE R

T T T TTTTTTTITITTT
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~ DESIGN OF GRS-IBS
Conduct an External Stability
' Analy5|s—." .
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External Stability

i\...-

g Capacity
Stability
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External Stability — Forces continued

All forces are in units of force/length of wall
Weight of GRS abutment
eight of road base above GRS abutment
ht of traffic live load above GRS abutment
1t of facing blocks
1t of RSF
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Desigh Example

External Stability — Forces continued

0.67
a8’ |a.>
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Design Example

~ External Stability — Forces continued

W= ¥ HB = (110)(10.95)(5.36) = 0434 |k [ex
Wese = Pese Dase Yo = (T-5N 1.5)(120)= W2 5 [b[#F
Weace = Nitook (V\l{‘b‘\::i;. = T (.F%) 2 516.9 bt

Wrb 2 Qrb-bry, e = (@Q60)(2.2) = 572 lofet

Wz Qe-bro,t * (315)(2.3) = §25 lb]f4

DL= Qu-b = (\150)(2.5) = 4375 lb}H

LL s Qb 2 (1iw) (2.5) = 4285 b

Fu = & ¥p W Kaw = 5(125)(10.25)° (0.361) = 2370.5 Ib|$+

Frb = Qrb W Kap (5160)(10_9,5)(0.36&) = Gba .\ Ib[H
(3’[5)(10.15)(0.%\): 1287.6 lb[&4

A

Fe = Qe H Ka,b
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Direct Sliding continued

:E * Driving Forces (F ):

‘ — Due to weight of GRS fill: F/L]
— Due to traffic surcharge: F/L]
— Due to road base surcharge: F/L]

F,=q,HK,
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Design Example

Direct Sliding continued

Fuo+ Fro +Fe» 2510.5 #9020+ 1387.6 = 4712.0.2 lb g4

Rz Wy = 10990-% (0.T) = 8132.9 Ib[#

> We= W+ DL+ Wrb = 60434+ 4315+ 512 = [0990. 4 || ¢+
po= ronde s Stan (480 0T

31322 1% 1.5 oK
4120.2-
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Bearing Capacity

X

bearing ~—

v,base,n
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Bearing Capacity continued

olied Bearing Pressure (O ):
ey v,base,n
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Bearing Capacity continued

2sisting Pressure for Bearing Capacity (q ):
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Bearing Capacity continued

Ne
18.1
193

H

L¥¥)

=

N

(@3}
2| b2
LU B |

7]
[ SO I SO I O]

O\ O
(9%}
LN B S el BE Y I

LUV I SO I ST I ST I ST I ST I ST )
|
i
LWl LV I §

%)
[e—
o

n|al=|o|m|io]t

[¥%)

%)
LUV | O]
LU

)
=

o | o
|

(98]
|

Lo
o0

%]




Design of GRS-IBS

Desigh Example

Bearing Capacity continued

* |Include all live loads on resistance sides

* Applied load transferred to bottom of
RSF

e Effective base width based on RSF width

DRIVING MOMENTS (%) _
M- Fo(5)2 a310.5 (557 )= 80912 b -

5
Ma = P (5)= 631 (B2) = 120.8 Ibl#r -8

Fe Me = Fo (3)= 15876 (&5 2%y L THLE b HO .
i Meace  Wiace ( B2 - tpse - ey . 516, (L -1.5- 25 )= 497 b lo[eh &

wiT

RESISTING MOMENTS () :
Mu = W= 5): couzn (22~ 225 - gueuu oot b

Moy = DL[(%-\-M) (2t ~bue an)} wsﬂ“gro en)- (2 -1.s- 06‘*)] 1356.% lb[6+ &
Mo = LL{(3 +a0)- (B‘“’ﬁ - Xase - bomeon) 1= 4285 [ (3 +061)- (12 -1.5-0.44) ) = 13284 I [#+-

Mo = W (227 - \‘m ( LY 222 1515.8 lo|er g+
Mee = W (225 -1 Z2 N 86> Ibfst -

t ]
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Design Example

Bearing Capacity continued

ZMp = Mu+ Mrb * My + Meace = 80A9.2+ 4930.8 +7111.5+ 4976 = 211391 b [&-H
S Me = Mo * Mot Mocr Myw + Mev = bbb+ 13503+ (3284 + 15158 £ 4869 123531 [b[#+-f
S\ = W+ Wese + Weace + War 4 Wrp+ DL+LL = 6043, + 14625 + 514 44§25+ 572+ 42754 4285+ |§0 1.8

eon = Mo -ZMe BN ISR

=N 1867174.8

SN 180779. 8
6:’ ase N F T e ot 1;\-’[7 S{:
e 2ta,  T5-2foue) O F

gn = €, Ne+ 2 8% Ny + ¥ De Ng = 2000 (5.14)+ 5 (6-58)(120)(0) + 130 (1.5) (1) = (0415 pst

~>» Cg = Q000 psk
Nez 5014
Ny = 0
N%:I.O
B'= Ppse- Qg n>1.5-2 (0M46) = .58 £
D= Dpse = 1.5 ¢+
e = %0 pok

091‘«—”—_\95*15»;3,3;}.5 Ok

\:S beorwng - E\: pose, N 211 |
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Global Stability
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Global Stability continued

fd't“ional and wedge analysis
imit equilibrium analysis
different methods (Bishop most common)
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Design Example

Global Stability continued

Results of Bishop Analysis X 2| x|
RESULTS DISPLAY PLOTJPRINT CAPTURE SAFETY MAP

Strip load

Color Code: Safety Factors
| il SCALE [ft]
5 >2.58
3 . 2 48 i -20
3 :
4 2.38
5 2.28
*’B* l l . AL AL AL
g 2.08
9 1.98 o
== Toe point
10 1.88
b 1.78 -0
12 . | ¢ sag
14 1.58 pN "
_15 .
B v I Hide Scale
' I l Gridines | i actor of safety = 1,58 X =333.45ft, R ke,
t-Click to display distribution of Radius = 17.31 ft. ¥ = 380,79 Ft. TApeice LargUl onfoRe:

2 : 5 or soil parameters.,
available tensile resistance P
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Design Example

Global Stability continued

PLOT / PRINT CAPTURE SAFETY MAP

RESULTS DISPLAY

Click to display captured-critical :
bwo-part wedge along each interface: Strip load

¥ \

| 4k Toe Elevation l
< SCALE [ft.]
| 2k Color Code: Safety Factors 2
[t >2.83 r20
5 . 273
-8 263
~L 253
— 243 1
E
10 2.33
S 223
12
e 213
13 4

14 203
(15 143

| B

Toe point
7 v I Hide Scale
S I?‘*‘: l Gridlines | l Fs minimum Found in this run = 1,83 | ¥ = NjA
‘ .

i_
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~ DESIGN OF GRS-IBS
Conduct an Internal Stability
' Analy5|s—." .
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Internal Stability Analysis

.Itimate Capacity (Empirical and Analytical)

npirical Method

red Reinforcement
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) is less than

aIIow,emp)

able load (V



V

applied

=
==
~
5
i
-
ol
=
~
=
P
>
-

= 3.5 ksf

Design Example

Ultimate Capacity continued

__________________________________________________________________________________________________________________________________

-------------- FS=26/3.5 [ttt
FS =7.4 OK | ‘ |

-----------------------------------------------------------------------------------

___________________________________________________________

------------------------------------------------------------------

______________________________________________________________________________________________________________________________

10 15 20
Applied Vertical Load (ksf) ] 26 ksf
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ate reinforcement strength (Tf) L An .o

mum aggregate size (d__)

egate friction angle (@)

at applied load (V
ble load (V

appliec

aHovwan)

i qult,an

3.5
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Ultimate Capacity continued

e |'H o [ 4800 =
Baman= [ 07 (2} ke {07‘ s | (8/19&)]6'g * 1S4 pet
— Sv=9% .
Omax = 0.5 In
/ﬁ: = 4800 \}019"‘
S TP T ¢

Kp = K ~ 00

%u.n—,a.ﬂ ~ IXQ‘B.L‘]‘

g~

%"Saa,pmim i 3 .5

- = 5403 % FS«C

r
\/{L\wwlmﬂ =

\/a.?r\?lbe.d':- %\ﬁ * %LL." HS‘O + H ’4‘ - 5%6% FS-‘: < \[au\ow,m 01
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Design Example

Vertical Deformation continued

6

Vertical deflection due to bridge load:
59 D, = 0.4% (10.25 ft)
] DV = 0.5 inches

)
s
S
=t
- —
=
-
-
72
—
=
~
o —
—
=
S
-

Applied Vertical Load (ksf)
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Envelope
Huber
AVine
¢+ Bowman
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Lateral Deformation

e Estimate from vertical deformation

-

e Based on concept of zero volume change

bq,vol !

————

| q |
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Lateral Deformation continued

Dy* a\b',VB\D\’ Q. \o%-(k\oD\/ g,( +5+0.61) Ob/l@)

H |0. 95

5 0.3\/12) 0 0
ZL"'-‘Q““’”L / = el /o‘-‘*a%\/ é.\/a 0 k-

U% vol ({,L S+0.61)
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Lateral Deformation (ft)

H |
4 Avg. Mid Wall Bulge
# Theoretical Bulge

150

Time (Days)
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Required Reinforcement Strength

Jse analytical equation

ﬁ-‘ easured beneath the centerline of the bridge load
forcement spacing (S )

mate reinforcement strer
Ximum aggregate size '
gregate friction angle (




Ao

; Required Reinforcement Strength
- Continued

he required reinforcement strength must

fy two criteria:

nust be less than the allowable reinforcement
ngth (T R

allow)

nust be less than the
1forcement strain (T



#%74 Required Reinforcement Strength
B> Continued

2
~
s

Nz

2,

* Recommended: T, = 4800 Ib/ft
*TogetT,, ,, useresults of ASTM D-4595
(geotextiles) or ASTM D-6637 (geogrids)

- ————————————————— - - ————— - - ———— -

E
2
2
©
©
e}
-
2
®
=
<
-

1234 5 08T 89 1WT121314'15
Axial Strain (%4
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Required Reinforcement Strength
Continued

ro+ Ge= 35 pst

\ ) 4 N \ \ y 4 N v

I T TR T X , 4 z A5

TT I T I I




Design Example

Required Reinforcement Strength
Continued

Pz =278k
. o= Lo ( 8 Q’EW\—‘ a(:z D> 0.87 rad
b= "5 K= -5 (0.81) = - 0.43 rad

D’I(\ = OT\)W 2o O/V'\,bmdse.‘.e,% + O;x,rb * OT«;!: - Lt% a *Q’H‘"B“. 58 Lo +55 = ??532- PS'[:
—> Ohw = ¥r 2 Kae = 110(27)(0-147) = 4377 ps#
O, brdge, 2 = ‘e +%"‘:?T—(9\‘rb +4+) (ogb + 8inot,, €08 (Xt &ﬁw)}Ka,r

= (NS0 V) - (260 +375)) [0.81+8m(0 .g1)cog(0,gq+ 5 (,o,q?,)):\o.lufl = 2.3 psk

» I
Ohirk = Gr Kere = 200 (0.147) = 38,9 pst
On,& = 4 Ka,r = 315 (0.141) = 55 psf Dn‘“’W:gf;ng - 4800 3704 Ib[p+

- r 0 353.2
wmi o e hv 13\’ - [ 7(%(05)):] ’5") L0A.5 MH' S

Deg=a = 1370 b|¢+
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vq > Vattow OF Treq > T@e=ae » then decrease

“ing to 4” until Treq < TaIIow and TreCI < T@s=2%

rember, minimum bearing
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3: Implement Design Details

“v
* ~




Ao

- Corners

CIENRE

r countermeasures
s and superelevations

modate for obstruction
1age, and utilities.

\ers as required to acco




