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0|2 FHWA X|%l(FHWA, 2001)
29| - Mechanically Stabilized Earth Walls and Reinforced Slopes
Design and Construction Guidelines(U.S. Department of
Transportation Federal Highway Administration)
<EZE Yo dA¢HE>
(HESA HIEE 24 7|&(2011))
Tz eSS YAl INENPN H|Z
5 = 15 11
QA M oE 2.0 15
v x| X| = 2.5 2.0
HH ergd 15 11
L} = = 15 11
—
org 2R mck 1.0 1.0

* HEO0 Chet oFg2 Aeso| HYAHL| edf TS L Ao2: FIH
I|:|-
YA e = 2/6 : 7|ZXEO] F21 ER, e < L/4 1 7|ZX[EI0] IRl B2
X|IRIAL e < L/4 : 7|1RX|EIO] 22l
* 2L mpthof ciet eHHEE 2
1022 3iCt

A O
T M

2%% e < L/3 : 7|Z=XEO| & * Ol 2§$
Ao A7 HAQINMNUEE MBS 2

o\l
=
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HZE SHE oY

1. MSEW(3.0) 27§
(1) et

MSEWS HZE 2Hg MAsln 84317 2s0] ADAMA
EngineeringAtOf| A 7| ekt

IT
= [
YBNE, OIS 515 B8, UE oHED 9N oF¥o| T3

coL= / =

TEEYS Coulombl| 0|2 NE&, AtEA+ 7iE DB, 7ide
AtECPFSd 21| K|S, Auto CADE} =gt 7ts 5 Of2] 7HK|
0| 7tsotHt

(2 =27= A7)
@ A (Design)
Design ZENME ALEXIZF -t AXM 20| X XotEl 22X

20|, % 8l £EIAHO| A1 O Z2MAs O S0 2L

23 AHE Z ; i g2 HY 2

(=]

@ dlA(Analysis)
A Zutof cist etEE AL XYHE ofCh ESH EZXHel ZO|,
SH/AH 1Y 5 s

ModeS sHHe Mast 3 Ao}

428 B2 SAZN AE g4 HFWEO| $ALH, £UTH U M2 AL S gg THOHYO it AM
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(O|X|AZE Tel: 010-4444-9494)

Copyright (C) 1998-2012, ADAMA Engineering, Inc_
m All Rights Reserved
Unauthorized repraduction or disiribution of HSEW is subjectfo severe civi and criminal penaties.

Version 3.0:
AASHTO (ASD, LRFD) / FHWA / NCMA / Explore beyond...

Before using MSEW, review and understand:
(1) DISCLAIMER in the "About MSEW" dialog box.
(2) The respective design procedure.

[
MSEW(3.0): Update # 146

Erma e = | S

- okg 23t

= Z2Joe =z =0

S

Ct.

r

JAZ|=Gjo|EF ¢#

- File menu - New 28 = Project Identification2 Ztd=% OKE

OICH(G 7| A Project titlelt Designere= HEEA| H)

A MSEW — Project Igenti
N — = \
[T A_Date /Time  [Wed Jul 02 15:15:41 2014 | |
Number | - | | \[Baslsmr [ ]
Name -

=

Z 3
i
'nUJ‘ :
29
1

2

7 g

E-Mail | ‘
Retrieve Bitmap File (Logo) i Save Logo for
for Printout in Current Run Future Runs IO—KI ‘
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@ MH 2 E(design mode)

| aastTO 98 7Demo 82 (a5D)
AASHTO 2002 / NHI043 (4SD)

FHWA-NHL10-024

MODIFY INPUT DATA

- PROGRAM MANAGER WALL GEOMETRY, TERRAIN O|ZH| A 7}X|
A0| EEC} EQIS PROGRAM MANAGERO|A 25 O|R0{ZICH
» PROGRAM MANAGER
PROGRAM MANAGERO|A{= CHS T} 2+ Afst

o % gict

o

Zyotn Ay
1) Select Design or Analysise| Z7
- Design : FHWA 7|Z0| o|st M|
- Analysis : NCMA Z|=0] 2|st Sl
2) §87|F9 HH : AASHTO/FHWA or NCMA
AASHTO 98,2002(American Association of State
Highway and Transportation Officials)
- FHWA : Federal Highway Association
- NCMA : National Concrete Masonry Association
- AASHTO 2007(LRFD)
3) Project Identification : TZME Gl ALZX}0f| CHot HE
4) Run MSEW + Display Result : =272 5! ALEX0]| Chot "E
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® Design & Analysise| 2%
Design2 AASHTO/FHWADML 7|&& 21, Analysis= NCMA
7|&=& AFETICE WA X7| AAA|0= AASHTO/FHWAE MEH

— 1
otal, LISOf i Al NCMAS HESHCY.

=

- PROGRAM MANAGERO||A| DESIGN MODEE £ &!stC}.

» Mnimum factor of safety against pullout, FS po

D IO O X QHHE

- 64 -



» Minimum factor of safety against direct sliding, FS sliding
: 230] Cifet Q&

» Maximum allowable eccentricity ratio at each reinforcement level, e/L
C 2 BZA SO tiet 518 (o HYA2(H|

» Minimum factor of safety against compound and deep-seated
failure, FScomp(static/sesmic)
DN SIS et 52 == MROoAMC| mt| eFdE

» Foundation material is comprised of rock e/L
D TEO| CHE 2HEE F(e < L/6), (e < L/4)

» Minimum Factor of safety with respected to ultimate
bearing capacity(Meyerhof approach)

 Meyerhofe| 33+ X|X[2{0] it OFFig(Meyerhof 221 £mE mi=rt)

St CIoIE ZAX™S
@ AMEY TS A™etrt
| MODIFY INPUT DATA ”
Units = s Wersion :
Standard Intl RES[‘_I!'TS Western
Imperial é;-"‘g Asian Pacific

Run MSEW + Display Results
- Units2 Standard Int'| MEH, Version2 Asian Pacific ME{SHCY
® Run MSEW + Display Result

S mEaY MY 9 +HATE ol

Run HSEW - Display Resuts
(2) Geogriddl I A RE ALEH
O Program manager
- Design mode M Ef
- Method : AASHTO A1EH

EH
- Geometry : Simple(Ehs=3H), Complex(2¢t34) & MEH
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- Reinforcement : Geogrid(X| 22| E), Geotextile(X| 2 &I AELY),
M 5), Metal Strip(MIEAET: &2

Metal Mat(H| EHH E.:

20|t 5 MY

- Facia : Wrap Around(ZtMt= JEH), Full Height Precast(2A|&d ZHal),
Segmental Panels(Z=&! ), Modular Blocks(E=4!) & MEH
X G Metal 35 ME{A| Modular Blocks@ 2 sA =7+s%t.
(0 3L +EYoR WY HE HA|
- MODIFY INPUT DATA AMEH
Modify Input Data in DESIGN MODE — AASHTO/FHWA Procecurs | i
| 01 General Informaticn |
@ | Geometry and Surcharge |
(& I Soi Data I
WATER | In Simple Geometry Only
| @] Renforcement(Geogrd) | Single type specified |
‘ @) [ Facin Bods -mrsmom) | Sf;lzt;';:;ch.ecke:bﬂii |
| & | Seismic Parameters
@ | Strata for Global Stabiity Analysis
@ | Target Performance Criteria
@ General Information
- HoA 2AX, 22HEY 5 AAEE Yy = OKE SETtth
S i

Title ;E

Date /Time  |Wed Aug 06 15.43:53 2014

Number |

— Designer |DJ Park

Gt |

COMPANY -

‘Station Number

D

Name I

suset |

City. sme! Zip

Shored Save Data for
M | | FutueRuns
E-Mail

Retrieve Bitmap File
for Printout in Current Run Future Runs

(Logo) Save Loga for
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@ GEOMETRY & SURCHARGE

- SHAHENR} MXfSE LIS U= (Program Manager® o Simple or

H
Complex MEHO| 2t SHatE)otCt

—

[Simple SEA]]
- ST 22 BRION T3t WEf| ol ChS HX Mt
S0l B g Y T OKE Bt
e

- Height, H : HX|2| =& &=0| (m)
- Backslope, B : F|M2 AtHO| AAtZi(deg.)
- Batter, w : HX{|2| AAtZf(deg.)

- Backslope rise, S : F|X{2 AtHO| &=0|(m)

- 67 -



UNIFORMLY DISTRIBUTED
Dead load surcharge IEI [kPa]
Live ioad surcharge !EI [kPa]

- Dead load surcharge : AtStE

- Live load surcharge : &3t
(%1kPa=1kN/m?

ARGE CONCENTRATED
o PR W g Ly F . LDEd| F\f' I_

Horizontal Load, Phi

- CONCENTRATED : &&dtE
Gl 2SS0 MASH View/Modify 2=))
Strip Load Isolated Load Point Load |Horizontal Load
(Pv) (Pv") (Pv") ___(Ph)
= e V RE e N P\,'.’_ A L T
S el .""% ' de S PN
Mo 2| MekER PHI SHLf | oHR=0 | Ee= XE5l=
uSoKEE| M8 Z2opPt AF s 5k

RXLH

[Complex structures(2at x-S 8) MEHA]

- Complex Structures : G all
oAt 20| #HAel ME H ot EHE s LET

Ct.

o
%

= =
OKE Z2¢§

Bridge Superimposed [Trapezoidal walls| Back-to-back
Abutments walls (CHsE HZERY walls

(m.CH) (FCHAl2H)  |Z0|IE JK|= 2 (UZ 2 )
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® Soil Data

- Reinforced Soil : EZENQ| 22|¥ E4d ¢
- Unit weight : CtQ|= 2t
- Design value of internal angle of friction : OpEHZ}

- Cohesion : ®*HH

- Retained Soil : HIHE E2|X EM
- Unit weight : Ct[SE
- Design value of internal angle of friction : Op&rZ}

- Cohesion : M%t=H

- Foundation Soil : 7|X£X|Et 22| E4 ¢
- Equivalent internal angle of friction : Op&Z}

- Cohesion : ®*HH
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- Water table is at wall base elevation : X|S}==0| & 20| S [

- Water table does not affect bearing capacity : X|St=% X|X|ZH0|

ELRIPE

- Ultimate bearing capacity of foundation is given : 7|Z9| =oHK|X|ZH0|

O

Bearing capacity iz controlled by general shear (v

Bearing capacity is controlled by local shear -
{foundation is loose or soft)

- Bearing capacity is controlled by general shear : X|X|Z0| XX

Bearing capacity is controlled by local shear(foundation is

loose or soft) : X|X|2H0| ZH&EX

@ Reinforcement : Geogrid

Length to be calculated by MSEWW
" Uniform length of geogrid layers (common in construction)
" Minimum reguired length of each geogrid laver

Length to be calculated by MSEW : & Z X Z0| MEH

Uniform length of geogrid layers : Tt Z0|Q| HZAUX| AtE
Minimum required length of each geogrid layer : Zt50| AQ
x| B 20| 2L ALE

Strength and spacing data
- Equally spaced single type gecgrid
L Orptimally spaced single type geogrid
- Multiple geogrids

- Strength and spacing data : 2EZ%|9| A=} +=H, +=ZI7+2 [|O|H
4

ZZ]
- Equally spaced single type geogrid : &5t 7H40| Cialst Z20| HZXY

- Optimal spaced single type geogrid : Z[&7+490| iAo Z20| HZIRY

- Multiple geogrids : C}ot 2oL E JHX|= EZLX|
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[Eqully spaced single type geogrid 4 'ﬂw]

- 23 22 R MEFE S 2B R, d2ASRA,

Vi
OIF B(FS), BZEIRS) Y3 3 OKS 2BC

—_

[Optlmal spaced single type geogrid MEHA|] |

g8E, d2AH=RF,

- BFAe 22 IR ME3
S
=

et E(FS), E3HI(Ro) UH
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[Optimal spaced single type geogrid AMEHA|]

it fl
%DO:'I =

ol & A

=
r IT

e
=

- 232

)

2 H|(Rc

eHHE(FS)
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- Prescribed minimum resistive length to prevent pullout, Le :

olof Medstr| flet =3Il £2ZO|
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- Prescribed minimum normalized total length for each layer,
L/Hd : 2t S0 Cis Srt=tel 2ZAet HA 0[] x4 H
- Prescribed minimum absolute total length for each layer, L : Zt
S0 oigt T 22l 24 ZO|
Lateral earth pressure coefficient, K

Internal Stability K External Stability K

View or modify varation of K with depth

- Lateral earth pressure coefficient, K : AFESl= 2 EHX|o| T F

SOl e UN, 2/ 8 EYA+2 83

[Lntemal Stability K(L{ZOPH0]| TSt EQHAH|4) MEHA]]

Variation of Earth Pressure Coefficient : Design

’7 Ka calculation follows AASHTO - . DerTDSZOﬂA‘l X‘||A|E|_| RanklneQI
Ka (Dremod2)

wg1ﬂd&g.:€uulumbwith5=ﬂand =0 isused;

=10 deg.: Coulomb with & = 0.and gi i :
1] eg.: Coulomb i and given o is used: EOI:II?:"'JT\_Ql' Coqurer_I E%I-j_-"
Ka (Coulomb) | Ka calculation follows Coulomb eguation _J'\_ = JE|| %%* EOI-Z"_'_._ A—|EH

z K

0o 1.0 .20 chill)
1 - Coulob A4E1A| : EOE24S
I QRipoRN| EQUiK: 2]

20m |100 -
abm |10 -
40m (100 -

S0m |1.00

g

T N R RS ]
I
T

60m [100 ~

=
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[External Stability K(Q=IQPH0] T EQ7I%) M=A]]

o
1A
ro

FHO| CHet E QA 4=(external stability, K)= Demo 820{|Af
Metel 82t AFEXZE X7 g8l == 60 2l5tof Al LhE.
(FHEQl MEH2 What is §, Note #1, Note #2 XX)

r

® FACIA : modular concrete block/frictional connectionOf| CH$H AfetS
BICE

mmmwmm stem is c tivety "“ﬁm
mmmmmwmwnmwm

Depth of facing unit : IHOZHE 232 EEE9| Z O
Height of facing unit : 232|E&&9| &0|

Average unit weight of facing unit, yr : 232|EESE9| BT E

Horizontal distance to the center of gravity of facing unit,
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including aggregate fill, measured from the front of the
Gu :

- Specify : To/ TmaxE

220| 24

The shear strength of the facing system is conservatively neglected in calculations.
Click for note on effects of facing in external stability caiculations.

Specify: To / Tmax

=

unit,

Z=l51™H Connection force relationship &0| L

- To, Tod : B IO| AZLAN YH, SHO H2
Tmax, Tmd : 22T LS HE, SHOI T3

ZMd : e HeEs

- Facing

The shear strength of the facing sy is iy
cumrnnhmefhdanfhd:ghmmm

Data S}EtO| NEXTE
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o

=2

ol M2

)

(connection
(Reduction Factor)

=
c1zg

i
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® Seismicity : SHAF(RITNS DT HLIXS BT,
(Brof DEBICHH ATh KEIHEE A4 U OHHES YRS

- Maximum ground acceleration coefficient, oo : Z|CHX|H 75 Al
X &) direct sliding, eccentricity, bearing capacity, internal stabilityQ| Z<

Y2 JEoMe] £XIE EOZ Kot HIES HERHFHWA 718
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@ Static Global Stability Analysis

D Xgar XE A K|Sh=2l0 2HEE At Y.

— - - -

Initial data for dlmﬁnslbmn“- L_J

- Number of soil layer : X|52 Fdst= X|H TR

- Maximum relevant horizontal distance MH : XX 0l otH M
HItAl =88A zTiAz|

- Maximum relevant vertical distance MV : TX|E QI OFYA TIIA| 4=
87 z[tiAHz2

- RE s NEXT' 29
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Target Performance Criteria
Design (Static) li.

(4

:

-]
Ty

- 80 -
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() =21y 4

RESULTS

Final Valupe
for Dedign

Synergy of
all analyses

;,_...

@ Intermediate Results

- minimum value require for each design criterion : 2t AA| 7|0
Ol HE8El= z[2dt

—L_HA

E)(TER!'I-B.LSM_{W
mmrwﬁedhngﬂ'ﬁﬂtﬂahadfmm

Bearing Capacity Direct Shding Eceentricity

?ﬂrﬂﬂmra]umd vadues

riryr

‘Strength Connection  Puliout and total lengths

-EXTERNAL STABILITY
a. bearing capacity : X|X|20| C{st EZX 2 FAZO0|
220]

b. direct sliding : &=0f Cist 24X} 22 *AZ
c. eccentricity : HAHZ|0f CHst EZLX| AQ FAZO|

@ Final Value for Design : MA0f Cigt XFZnt =tol
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(4) ZDpErOl W

Final Valuge | E | ,._:;:- 5
for Dedign 1 J— .

. g:_fﬁ;efmedinte Results 4

- A1} ZOIK0|A "Save Results as Text File"S S2I510] X &St}

- "AEE NYE ZM Y HYL C1ST 2ot
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[Save Results as Text File Za} 9 s Ad]

DESIGN DATA

DESIGN OBJECTIVES(M A ¢tM g 7|& X H)
Minimum factor of safety against pullout, Fs—po 1.50(2l gt &tofl cj s+ % A0HH 2)
Minimum factor of safety against direct sliding, Fs—sliding 1.50(&=ofl CHst = Aot
“2)
Maximum allowable eccentricity ratio at each reinforcement level,e/L 0.1667(Z+ 22+
B0l et & S=chE 72 H|)
Minimum factor of safety against compound and overall failure, Fs—-comp-static 1.30
(dAetd e et Aok g X TstE S 5K E=2 49)
Minimum factor of safety against compound and overall failure, Fs—comp-seismic
1LIOAHE M et slactdg: X EstES Ha8 49)
Prescribed minimum resistive length to prevent pullout, Le = 1.00 m.(FSM&dA

of AMe| 2L == Harzdo| XF)

Prescribed minimum normalized length of each layer is: L/Hd = 0.60 -—> L = 5.10

m. (Y=ol EUA Zolo v X|H)

A
g

Prescribed minimum absolute total length of each layer is: L = 2.50 m.(2ZA =
2ol xHd)

BEARING CAPACITY(X|X|&)
Bearing capacity is controlled by general shear. (X gt ctulnl |3)
Maximum permissible eccentricity ratio (soil), e/L 0.1667(Z ti 5| &% Al 2[H|)
Minimum factor of safety with respect to ultimate bearing capacity (Meyerhof
approach) 2.00(X| X240l CHst = 2HM &)
Bearing capacity coefficients: Nc = 30.14(H == o s X X[ A %)

N_gamma = 22.40(F2| ttelS2kol| ot X[ x|z A=)

SOIL DATA

REINFORCED SOIL(EZEA)

Unit weight, gamma = 20.0 kN/m"3(F2l el =2k

Design value of internal angle of friction, phi
RETAINED SOIL(HH T4 £ &)

Unit weight, gamma = 20.0 kN/m"3

Design value of internal angle of friction, phi = 30.0 deg.
FOUNDATION SOIL (Considered as an equivalent uniform soil)(Z|Z=X|tH

Equivalent unit weight, gamma_equiv. = 20.0 kN/m"3(7|=X|Ee] &9o| £J} =2k

I
w
Do
(=)
[N
@D

0Q

":
-
4

[m]
]
N

- 83 -



Equivalent internal angle of friction, phi_equiv. = 30.0 deg.(Z|Z=X[Ete| I}
Lf S o} &zt

Equivalent cohesion, c_equiv. = 0.0 kPa(Z|Z=X|tte| S7} M=)
Water table does not affect bearing capacity(XlIsts=7F X[X|ZHof cfsto{ Hs&ko| gle

ez 7%

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0.2755 (eq. 17 is utilized to calculate Ka for all
batters)
( For internal stability user specified delta = 20.00 deg.)(EZEfollM Ho}EZt
20Z(20/32 X H))
Inclination of internal slip plane, ksii = 57.38 deg. (see Fig. 28 in DEMO 82;
ksii is for all batters).(HHZotEM HEAl MAHE oo H ZH(Ksii)
Ka (external stability) = 0.3333 (if batter is less than 10 deg., Ka is

calculated from eq. 16. Otherwise, eq. 17 is utilized)

SEISMICITY(A]Z)

————— Not Applicable —————(X|Z&l5tE XM &5tX| 2t3)

INPUT DATA: Geogrids(XI2a2lE HZAol st S2Ms)

(Multiple type reinforcement)(2Z& &7F 570 71Xl 7+5)

D AT A Geogrid Geogrid Geogrid Geogrid
Geogrid
type #1 type #2 type #3 type #4
type #5
Tult [kN/m] 100.0 N/A N/A N/A
N/A
Durability reduction factor, RFd 1.1 N/A N/A N/A
N/A
Installation-damage red. fac., RFid 1.10 N/A N/A N/A
N/A
Creep reduction factor, RFc 2.00 N/A N/A N/A
N/A
Fs-overall for strength 1.50 N/A N/A N/A
N/A
Coverage ratio, Rc 1.000 N/A N/A N/A
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N/A

Friction angle along

geogrid-soil interface, ro 26.56 N/A N/A N/A
N/A

Pullout resistance factor, Fx 0.8 tan(ph) N/A N/A N/A
N/A

Scale-effect correc. factor, alpha 0.8 N/A N/A N/A
N/A

= Tult [kN/m] : 2Zxje] ISl & (ct| 5tF)

= Durability reduction factor, RFd : EZx{e| 7Moo st ZAHA (e, ME5HH
)

= Creep reduction factor, RFc : 222 I 2ol st ZAaH =

= Installation-damage red. fac., RFid : 2Zx MX[A] FX
of chst AT

= Fs-overall for strength : 222 Zr=ol sk MA
= Coverage ratio, Rc : M 8HHMH|(ZZ I}t FMZH

= geogrid-soil interface, ro : EZA 2t FAtole| LfFobEZ
= Pullout resistance factor, Fx : 2ZA e} ZAlo|e| ol ghx| &t 5=

= Scale-effect correc. factor, alpha : E2Zxfe| Z = (stiffness)oll CHEh =HMA X222 =
=08, 22 =1.0)

on

Variation of Lateral Earth Pressure Coefficient With Depth(Zolofl @& = QtAI%F
o] H3})

Z K / Ka
0m 1.00
1m 1.00
2m 1.00
3m 1.00

4 m 1.00
5m 1.00

6 m 1.00

= Ka = FEEAHF

= K = Ct&(compaction)2 2 ¢t RUER H
= 7z = BZE SYHMCOMEES 20|
& X2az|EQ} XHAEIY HZXI ZME HAE SYHoA fFesEs= EKKa)E
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Zlojof wiat Hslx| 2e W2z 2otk (Demo 82)

INPUT DATA: Facia and Connection (Design)(BH=Z31F EZA| AZoll oish HA ¢l=H)

FACIA type: Facing enabling frictional connection of reinforcement (e.g.,
modular concrete blocks, gabions)

Depth/height of block is 0.5/0.2 m.(E22| HjHZ/Z229| =0

Horizontal distance to Center of Gravity of block is 0.2 m.(EE2 +=8 FHSA A
225 uHZES 12

Average unit weight of block is gamma_f = 24.0 kN/m"3(E=2} X}z =Z&st @ ct

s

7 / Hd To-static / Tmax
0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00
To-static, To-seismic = connection force, static and superimposed dynamic

component, respectively.

g
_|
3
Q
x
N
H
0y
=
Ol
2
x
|0
H
N
Y
b
o
0
nz
o
0
B

Geogrid Type #1 Geogrid Type #2 Geogrid Type #3 Geogrid Type #4
Geogrid Type #5

Sigma CRu Sigma CRu Sigma CRu Sigma CRu
Sigma CRu

50.0 0.90 N/A N/A N/A
N/A

100.0 0.90 N/A N/A N/A
N/A
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N/A N/A N/A N/A

N/A

N/A N/A N/A N/A
N/A

N/A N/A N/A N/A
N/A

Geogrid Type #1 Geogrid Type #2 Geogrid Type #3 Geogrid Type #4
Geogrid Type #5

Sigma CRs Sigma CRs Sigma CRs Sigma CRs
Sigma CRs

0.0 0.00 N/A N/A N/A

N/A
50.0 0.90 N/A N/A N/A

N/A
N/A N/A N/A N/A

N/A
N/A N/A N/A N/A

N/A
N/A N/A N/A N/A

N/A

Where: Sigma = Confining stress in between stacked blocks [kPa](EZ1} £ = Alo]2
T8 MoiAlE)

CRu = Tult-connection / Tult-geogrid (EEzt EFAlolel EZA mctzdz/=

shol &4 E)
CRs = Tpo-connection / Tult-geogrid (EE2} EFAl0|el ELUA| oletuln|UE/
sl &2 E)
D A T A (for connection only) Type #1  Type #2  Type #3  Type #4
Type #5
Durability reduction factor, RFd 1.10 N/A N/A N/A
N/A
Creep reduction factor, RFc 2.00 N/A N/A N/A
N/A
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Overall safety factor: connec. break, Fs 1.50 N/A N/A N/A
N/A

Overall safety factor: connec.pullout,Fs 1.50 N/A N/A N/A
N/A

= Durability reduction factor, RFd : EZ&{e| 7Moo z
= (Creep reduction factor, RFc : EZA el Z 2o st ZaH=

= Qverall safety factor: connec. break, Fs : €52 E2Zx{e| AZRolAel EZX| e
ictof CHsk oM &

= Qverall safety factor: connec.pullout,Fs : €53} 2ZA 2l AZAFoAMe EZA| 2
Qldtoll st oM 2

=
o

N
>
x
+

INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 8.50 [m] {Embedded depth is E = 0.50 m(zZ®& Z0l), and height
above top of finished

bottom grade is H = 8.00 mM(EZE 289 - EZ=0|(2¢Zd0|E Ml =0])}

Batter, omega 0.0 [degl(==Zloll et EZE S8 Mo AA}

Backslope, beta 30.0 [degl(EZE 3% &tetel MEAIH HAL

Backslope rise 0.0 [m] Broken back equiv. angle, I = 0.00 deg. (see Fig.

25 in DEMO 82)
(RZE 29 Mctol MEAIH =0])

UNIFORM SURCHARGES
Uniformly distributed dead load is 0.0 [kPa](Mﬂ%), and live load is 13.0 [kPa](Z
st&)

REINFORCEMENT LAYOUT AND DESIGN CRITERIA (2ZX ZMLx[et A J[E)

I'-|II
0?-
2
o
ot

LEGEND: (1) Connection strength (A7) ) Satisfactory(W+<
(2) Geogrid strength(®7FA 7F%) (x) Unsatisfactory(&%=:
(3) Pullout resistance(21¥HA3d}H)
(4) Direct sliding(Z&%)
(5) Eccentricity(AXx/HAAAT)

Bearing capacity: (v).(X|X|&)

Foudation Interface(2ZE 3% XMWz J|=X|gk Ato]):  Direct sliding (v)(&S);

Eccentricity (v).(®HAAHZ])
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G e o g r 1 d G e o g r 1 d
# Elevation Length Type (1) (2) (3) (4) (b) # Elevation Length Type (1)
(2) (3) (4) (5)

[m] [m] # [m] [m] #

1 0.20 5.44 1 v v v v v 7 4.20 5.10 1 v v
v vV vV

2 0.80 5.10 1 v v v v v 8 5.00 5.10 1 v v
v vV vV

3 1.40 5.10 1 v v v v v 9 5.80 5.10 1 v v
vV vV Vv

4 2.00 5.10 1 v v v v v 10 6.60 5.22 1 v v
v vV vV

5 2.60 5.10 1 v v v v v 11 7.40 5.74 1 v v
v vV Vv

6 3.40 5.10 1 v v v v v 12 8.20 6.39 1 v v

= Elevation : 2EZA =ML X|
= Length : 2Zx Zo
= Type : ZZA ZF (kN/m)

BEARING CAPACITY for DESIGNED LAYOUT(RIR1ZHd| oigk AAZAT)

STATIC ~ SEISMIC UNITS

Ultimate bearing capacity, q-ult 842.1 N/A [kPa]
Meyerhof stress, sigma_v 265.0 N/A [kPa]
Eccentricity, e 0.84 N/A [m]
Eccentricity, e/L 0.155 N/A

Fs calculated 3.18 N/A

Base length 5.44 N/A [m]

= Ultimate bearing capacity, g-ult : 7|= X|gte| ZsHX|X|=

_>L-_
10
4
NI
olo
i

= Meyerhof stress, sigma_v : Meyerhof 88 &30
= Eccentricity, e : HalHz2|
= Eccentricity, e/L :Hal7{2| d]
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= Fs calculated : X|X|&oll st oM &
== Base length : Meyerhofe| €2i0| 2 =35}
== N/A : Not Applicable ; M &35IX| £

rr

2ZA 2ol

DIRECT SLIDING for DESIGNED LAYOUT(&-Sofl st oA Z =)

Specified Fs-static = 1.500(d ™M =l Z=of ofst oM 2)
Along reinforced and foundation soils interface: Fs-static = 1.924(28 Mg u}
2} g3ol st N E)
# Geogrid Geogrid Fs Fs Geogrid
Elevation Length Static Seismic type #
[m] [m]
1 0.20 5.44 1.701 N/A 1
2 0.80 5.10 1.700 N/A 1
3 1.40 5.10 1.821 N/A 1
4 2.00 5.10 1.961 N/A 1
5 2.60 5.10 2.125 N/A 1
6 3.40 5.10 2.390 N/A 1
7 4.20 5.10 2.732 N/A 1
8 5.00 5.10 3.187 N/A 1
9 5.80 5.10 3.824 N/A 1
10 6.60 5.22 4.897 N/A 1
11 7.40 5.74 7.169 N/A 1
12 8.20 6.39 11.970 N/A 1
= Geogrid Elevation : X|232|E EZX EML[X]
= Geogrid Length : X|2O2l= 222X Zo|
= Fs_Static : XX sHEE HEotX| ZUS 492 odE
= Fs_Seismic : X|ZlstE g HEsH Ao ME
== N/A : Not Applicable : M 23}X| 22
= Geogrid Type ; 2ZA el E2F(047|M 14 2ZHXH 100kN/m)
ECCENTRICITY for DESIGNED LAYOUT(H A AHEZ|/M=ol cist MAAD
Along reinforced and foundation soils interface: e/L static = 0.1666(2% X ™z}

7| ZX| 8t Atolo] HAIAZ|H|/M )
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# Geogrid Geogrid e/L e/L Geogrid
Elevation Length Static Seismic type #
[m] [m]
1 0.20 5.44 0.1595 N/A 1
2 0.80 5.10 0.1587 N/A 1
3 1.40 5.10 0.1372 N/A 1
4 2.00 5.10 0.1173 N/A 1
5 2.60 5.10 0.0989 N/A 1
6 3.40 5.10 0.0768 N/A 1
7 4.20 5.10 0.0574 N/A 1
8 5.00 5.10 0.0407 N/A 1
9 5.80 5.10 0.0268 N/A 1
10 6.60 5.22 0.0149 N/A 1
11 7.40 5.74 0.0057 N/A 1
12 8.20 6.39 0.0009 N/A 1
= Geogrid Elevation : X225 EZA Z M|
= Geogrid Length : A|2I2|= EZX| Zo0|
= e/L_Static : X|&otEE X EstX| LUt o HAHZ 4|
= e/L_Seismic : X|ZstEE M s o HAHE 4|
== N/A : Not Applicable : M &35IX| £
= Geogrid Type ; 22l ZF(047|M 181 EZXH 100kN/m)
RESULTS for STRENGTH(EZM =mpchrmtajof cfsh MAZ D
# Geogrid Tavilable Tmax Tmd Specified Actual Specified
Actual
Elevation minimum calculated minimum
calculated
[m] [kN/m] [kN/m] [kN/m]  Fs-overall Fs-overall Fs-overall
Fs-overall
static seismic static
seismic
1 0.20 41.3 23.0 N/A 1.500 1.793 N/A
N/A
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2 0
N/A

3 1
N/A

4 2
N/A

5 2
N/A

6 3
N/A

7 4
N/A

8 5
N/A

9 5
N/A

10 6.
N/A

11 7
N/A

12 8
N/A

.80

.40

.00

.60

.40

.20

.00

.80

60

.40

.20

41.

41.

41.

41.

41.

41.

41.

41.

41.

41.

41.

= Geogrid Elevation :

= Tavailable :

== Tmax :

= Tmd : X &stEo=z 25t LR F

= Specified minimum  Fs-overall : 844

2 M)

3 25.9
3 24.1
3 22.2
3 23.6
3 23.8
3 20.5
3 17.2
3 13.9
3 10.6
3 7.2
3 3.6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

1.500

1.500

1.500

1.500

1.500

1.500

1.500

1.500

1.500

1.500

1.500

Xeazle BEZA =AML x|
Tallowable = Tavailable / Fs, Tavailable = Tult/(RFid « RFcr + RFd)
HZR = of

Furol g

—

= 2R

EH _IC_|>_R:IEI-0|7<|-E
=

= Actual calculated Fs-overall : & & A At=l 22X

= N/A : Not Applicable :

X gsx| gtg

AT

ufcholl o Bt

i mbcholl off St

1.593

1.716

1.860

1.754

1.735

2.015

2.404

2.978

3.912

5.700

11.400

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Za HHME(07IME 15

oFX{

i}

1o

RESULTS for CONNECTION (static conditions)(2Z X[} 25 Al0] HAZEoA 2 AA

da XZsHE HE etg)

# Geogri

d

Connect. Reduc. Reduc.

Fs-overall Fs-overall

Elevat.

force,

factor factor connect.

- 92 -
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Geogrid

Available Available Available Fs-overall

connection



connection Geogrid
To for connec strength, strength, strength, break pul lout
strength
connec pull. Tc-break Tc-pull. Tavail.
break, criterion criterion Spec.Actu.
Spec.Actu. Spec.Actu.
[m] [kN/m] CRu  CRs [kN/m] [kN/m] [kN/m]

1 0.20 23.0 0.90  0.90 40.9 89.5 41.3 1.50 1.78 1.50
3.88 1.50 1.79

2 0.80 25.9 0.90  0.90 40.9 89.5 41.3 1.50 1.58 1.50
3.45 1.50 1.59

3 1.40 24.1 0.90  0.90 40.9 89.5 41.3 1.50 1.70 1.50
3.72 1.50 1.72

4 2.00 22.2 0.90 0.90 40.9 89.5 41.3 1.50 1.84 1.50
4.03 1.50 1.86

5 2.60 23.6 0.90 0.90 40.9 89.5 41.3 1.50 1.74 1.50
3.80 1.50 1.75

6  3.40 23.8 0.90 0.90 40.9 89.5 41.3 1.50 1.72 1.50
3.76 1.50 1.73

7 4.20 20.5 0.90 0.90 40.9 89.5 41.3 1.50 1.99 1.50
4.36 1.50 2.02

8 5.00 17.2 0.90 0.90 40.9 89.5 41.3 1.50 2.38 1.50
5.21 1.50 2.40

9 5.80 13.9 0.90 0.90 40.9 89.5 41.3 1.50 2.95 1.50
6.45 1.50 2.98

10 6.60 10.6 0.90 0.82 40.9 81.6 41.3 1.50 3.87 1.50
7.73 1.50 3.91

11 7.40 7.2 0.90  0.47 40.9 47.3 41.3 1.50 5.64 1.50
6.52 1.50 5.70

12 8.20 3.6 0.90 0.13 40.9 12.9 41.3 1.50 11.29 1.50
3.56 1.50 11.40

A

= Geogrid Elevation : X|2O2|E EZX EAM2

== Connect. force To : YA OlA HZA{o| Fe== ol &=

== Reduc.factor for connec break, CRu : 51} 25 Atolof]l U= EZA el mictof &t
A

= Reduc.factor for connec pull. CRs : 252 5 Afolol U= EZA el olutof cfEt



zaA%

= Available connect. strength, Tc-break criterion : TultxCRuxRc ; ¥ ZFollA EZx| micth

=

= Available connect. strength, Tc-pull criterion : TultxCRs ; @ ZFollM HEZHA| olgtuld|
PA

= Available Geogrid strength, Tavail. : Tult/(RFidxRFcrxRFd)

= Fs-overall connection break, Spec.Actu. : TultxCRuxRc / Tmax ; @ZFollMe| HZHA|
ojcholl chsk oM
= Fs-overall connection pullout, Spec.Actu. : TultxCRs / Tmax ; @& FolMel 2R olat

otajof ok oM E

-

= Fs-overall Geogrid strength Spec.Actu. : Tavail. / Tmax ; FZFolAMel 2L olzZ
Tof oist oM

= Tmax : =/ 7 2ol &

RESULTS for PULLOUT(ZZA{ 2| ¢ldrofl cf 3t MA Z 1)

NOTE: Distributed live load is not included in Tmax in pullout calculations.

(2o =t e etad(Tmax, ZCHFLel&=d) ALAl &35tE52 125t ¥3)

# Geogrid Coverage Tmax Tmd Le La Avail. Specif. Actual Avail.
Specif. Actual
Elevation Ratio [kN/m] [kN/m] [m] [m] Static Static Static Seismic

Seismic Seismic

[m] (See NOTE) Pullout Fs Fs Fs
Fs
Pr [kN/m] Pr [kN/m]
1 0.20 1.000 23.0 N/A 5.32 0.13 705.4 1.500 30.609 0.0
N/A N/A
2 0.80 1.000 25.9 N/A 4.59 0.51 565.0 1.500 21.779 0.0
N/A N/A
3 1.40 1.000 24.1 N/A 4.20 0.90 477.3 1.500 19.820 0.0
N/A N/A
4 2.00 1.000 22.2 N/A 3.82 1.28 397.2 1.500 17.878 0.0
N/A N/A
5 2.60 1.000 23.6 N/A 3.44 1.66 324.2 1.500 13.757 0.0
N/A N/A

- 94 -



6 3.40 1.000 23.8 N/A 2,92 2,18 238.4 1.500 10.007

N/A N/A
7 4.20 1.000 20.5 N/A 2,41 2.69 165.7 1.500 8.081
N/A N/A
8 5.00 1.000 17.2  N/A  1.90 3.20 106.3 1.500 6.185
N/A N/A
9 5.80 1.000 13.9 N/A 1.39 3.71 59.9 1.500 4.315
N/A N/A
10 6.60 1.000 10.6 N/A  1.00 4.22 30.4 1.500  2.874
N/A N/A
11 7.40 1.000 7.2 N/A 1.00 4.74 17.6 1.500  2.424
N/A N/A
12 8.20 1.000 3.6 N/A 1.14 5.25 5.4 1.500  1.502
N/A N/A

= Geogrid Elevation : X|232|=E HEZx ZAMLX|
= Coverage Ratio, Rc : M2HXMH|(EZA 7} HiSFS €2 Ue H8)
= Tmax : &S5 2 ¢lsl |

o
= Tmd : X[ ZI5tS0l 2l 2ol LMsts [0 FLeld

= Le : FSNEFHolM e 2L o]
= La: FSMEIAolMe EZA Zo| (L(EZMZA0]) = La + Le)

== Avail. Static Pullout, Pr : elgtx &2l FexgyxLex2xRcxa
= Specif. Static Fs : A™ = olutx{&tof| s M

= Actual Static Fs : Pr/Tmax

== Avail. Seismic Pullout, Pr : X|Z3tE5S X 25t Qlgbx st
= Specif. Seismic Fs : PrxRc/(0.75xTtotal) = (2x(0.8F+)xovxLexRexa)/(0.75%Ttotal)
== Actual Seismic Fs : Pr/Ttotal , Ttotal = Tmax + Tmd

== N/A ; Not Applicable : M &3}X| %3,

oo

0ol

i
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- BN HEjZ OfYo| MMEIE stolst
® Z2ug 18z MF

- A1} ZRIK0|M “Save results as bitmap"g Z2|510] XESHCL.

(5) dljA 2 E(Analysis mode)
@ SHHREOM= HAZENAM AL 2= AuX|E0| & [0
HZ {X7} £, MEXE2 EZNBL 2o|ot2 = E4XIE

2 Sk A o

rot
N
o
o
0y
H1
1o
N
Pt
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—

(6) Sl|A 2 E(Analysis mode) Z1t=kOl(External staility)

Geogrid
[mj
478
462
462
462
462

i | S (]

o o
- eccentricity : HAHZ|0f Cist oHEAN Tt

@ Bearing capacity

Dizplay resttants
of eternal logds

- 08 -



@ Direct sliding

Eccentricity, e
Fs calculated :

Bases length :

Meyerhof stress o, :

Meyerhof SEH&ZIE0| 9

CHAAZ

Eccentricity, e/L :

Hy A2l

rot
-

bal
olo
A

o 2 BUNS(Layer#) 9| XIS S2I61H 2 BUXISC| Direct sliding0f|A12|

SHH0| CHot HX(static)/ s (seismic)0f| CHSH &M HHO| LIEHL.

Direct Sliding -- ~ AASHTO 98)Dem€s@2 Procedure

. 0w =)

Sails Loads
Seismiclny FEATILRNC
Ka Har  dats

Results
Smallest static s for direct slding Is
Smallest seismic Fs for direct'sliding is Niss

Required max length-along foundation interface is

1502

660

479

Fa 75—>l X=2354m

=Y

=

14

£

5 =

| m

1 [os ]
2 | 11
3| 18

4 | 25

R

ol

4

Fs along reinforced and foundation soils interface
Static Fs = 2.081

Elevation | Length

]

47
462
4E2
462
462

Fs
Static

150

159
177
189
228

Fs

Seismic.

Ni&
NiA
Ni&
A
sy

—11
—11
—M
—n
—n

w
B | Designated Name
&

Y=-T2Em

30
Fs
20

1.0

ook

L[]

|—| Click on numers] buttons to view detaled ntermedits resuts |

Fs seismic :

® Eccentricity

=X Ofx
-1 =

Type : E4Xo| &5

o
=

Elevation : EZIXo| ZTAIQ|X|
Length : EZXjo] ZO|

Fs static : X O™ &

L 2t BUTS(layerh)o| 2XIE 2205
O] 4Hatat OFHBO| TS HA/SEY AMASO| LIERL,

- 99 -
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SHH 2 HZAXYZ0|| CHSt Eccentricity



e ks Mrtorm syechiaae

(7) Sl|A 2 E(Analysis mode) Z1t=kOl(Internal staility)

Geogrid

i
478
482
462
462
482

- Strength : 2ZTjo| M) 818 QIEZi=el 99t A|) olxzof
oIE dE
- Connection : EZXjo| MA S| 2QAXZUE} HAEH A
YO Ot Pt E HE
- Pullout : EZIo| Qe Xatof Cijst oH¥E AE
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@ Strength : Ct2 E0IAM ZH S0 AKX A=

1

M 0]
Z

LIEHE. ot ZH 28X S(Layer#) 2| =XIE SEISIH 2
HZTHO| CHSE Z[CH G Q&= (Tmax)0| HEA|E.
Internal Stability -- An.a‘\y}T; - AASHTO 88 / Demo &2 Hl-?:.o(aﬂur- ﬂ
Equations I
Ideal value per layer :
Tult o B .
Blohal erfisincy
|
CLICK | |
== hurtton
(=0 e taien larger
=5 Mt
| | cengrid Tributary Range. Given information Calculated Vaiss =
% Elevation Z bottom Ztop (:;eura Rg: T available LLLT"';‘;’;E o Tmd & ;‘c"‘u';‘ed
.[.m] 7. [. _ ! [kN,‘mI I 1 i [‘N‘} { Fral\
3 1.86 1.52 219 1.00 3 23.30 0.00 1.430
| _4_ | 253 219 287 1.00 3333 2039 DI]I] 1.635
I 425 B ]»J_v_
I |_| Cnménnyr;:n;;:;m:sm i ReaUl | RETURN
Zbottom, Ztop : Zt EZAX|o| A5t EHIY
Coverage Ratio, Rc : E3H|
Horizontal spacing : EZXjQ| +=H7tA
Long term Strength : FyAcRc/b [kN/m] Z7|7F S{EL =
T max : B2 Z[Cf F& Q&
T md: X|Zl stz Qlot EAXY z|0f F4 l&H
Actual calculated Fs-overall : AX| A4tz 22X oHEHY| CHS

o E

- 101 -



- 9l DOIME TmaxZ A7 s el 4+

(horizontal stress distribution)& H O Z.

olo
1
A
H

m criterion) | criterion) | strength) |T7TT 7| Fs
479 1 2454 247 0.91 0.914 10.5
4.62 1 34.14 343 1.27 1.272 11.4
462 1 38.41 3.86 1.43 1.430 10.1
462 1 43.89 4.41 1.63 1.635 8.8
462 1 51.19 515 1.91 1.906 7.5

- Ideal Value per layer, Global efficiencyE Z=l6lH EZ450f| CHSH
olamel 3 Ml @0l it M HAXY AZLN

HA |_
SHR o= ATES Y= HO| LIEHH.
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@ Connection : A& 3I=0|A2 AHAE ArEf(connection status
geogrid strength, connection break, connection
pullout)i| CHot 25 HA|
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TIC Loading

- Connection force, To : HA| HZAEOA SEE|= QI%H
- Reduction factor for connection break, CRu

C AER mERof oieh HaA s
- Available connection strength, Tac(break criterion)

D AER0Mel EZM AMEZE, T E

Zt BZA /K| =XE SElotH AEZAe| HARE Z=0f Chst
PHHE0| LIEHE.(SE (seismic) S50 CHSH ZAntr seismic 22
=

2ol 22 ez HES)
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® Pullout and total length
g X (Static) SFSOf|AM 2
(total length)0f| CHSHO] LtEFLE.

FX 22 0|(pullout length)2t A ZO|

Pulleut and Total Length — AASHTE 98 / Demao 82 Procedure &’
R Fullout lengths under STATIC loading i
Seismicity PRECERS L
| | s
Sl L L
Fs
20— —_—
R
s e e e ==
GLICK
Fb”“f” - 0.0
i lardet _
e X =NiA
bl helowy, = NiA
=5 _ Geogrid CALCULATED VALUES _ -]
o | T max a
& Elevation Length Coverate | 1) ey | Tmd Le La Calculated | 2
5 | Ratio, Re 2 | s 5
m | m |t T m | &
1 [ wso [ a9 1,00 36.47 0.00 150 0.29 1056 | ma _|
E 18 482 1.00 2521 0.00 394 0gs 148 | NA
5 188 162 1.00 2230 0.00 258 107 1014 | WA
4 253 482 1.00 2038 0.00 218 128 884 | NA
5 221 s62 1.00 17.48 0.00 277 185 758 | wa v
4 |+
Click on numeral buttons:
fo view Tmax il i
TGO M 2L ZO|
Le 23 FUA HZX &0
== -|'6'|-04010-” -|O| 7t H 21 |
La SKZBE0AML 24X &40
. I . o
Calcultaed Fs : QlEtQ| CHst OHN &
e T O [
Fs
o —_
s
e IE e S B
b W 0.0
mw?gya;?er X=1523m.
0 eble belowy.y. ¥=-153m
Geogrid CALCULATED VALUES -]
: | T max 15
Elevation Length Coverage | | mcmﬁf Tmd Le La Calculated |
| Ratio, Re ! Fs =
| W

000 264
0.00 159 303
0.00 121 342

i
MeA
NA -

| +[]

Axl_E E-E|o|-

slolgt &= Q)8 (SX(seismic) SIS0 CHt
st 22 Yoz FEdts)

105 -

ZNtE seismic

Zizto| 2L of| et TmaxE

HHO =7
TE= =21



(8) Zut=tol g
© 24 Z2otE
RESULTS
Final Valuge
for Dedign
Synergy of
all analyses
o
- A} SHOIEO| A “Save Results as Text File"S ZE2l510] X ESHC}
@ m2AE 53
- 7= HHe FRIL EE 4% 52 7 THHO| Ci5Ho] LEtE|A
slolst AL 02| File - Print PreviewES MEHSIH H 1A A9
ZA+=0| LIEfL D ZBEE o 4= QICt
TR o S
File| View Help Options Bt
Iew Ctri=N o i
Open Ctri+0 -_'j _¢ —
Close | 8
Save Cirl=§ | Select DESIGN of ANALYSIS
Save As.. 1
BIGN MODE — l — ANALYSIS MODE -
%}' Print.. Cirl-P
| rrint Preview b formance: l Performance: Acceptal
5 v target values reference values
Print Setup...
Retrieve bitmaps layout
Retrieve "lost" window
Recent File Geomery - Reinforcement -
Simple Geogrid
Exit
‘l'l H l_lT Complex I Geotextie
- 42| File - Print PreviewS MEH
2u0E J8ez M
- At ZOIE0|M Svae results as bitmaps S&!S10] Af FO| £,
Save the drawing HHEZ =2{ *bmp AlCZ XZ&g 4= UCtH
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