XGY Spning Natioenal Benfenence 2008 / Manch 28~29, 2008 / Seoul / Kerea

ZM2 it £3 FHWA 2212 MY ot
Modified FHWA Design Method Considering Bending Stiffness of Soil Nail
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SYNOPSIS : Soil nailing is used as a method of slope stabilization and excavation support. The design
method of soil nail are based on experience or assumption of interaction between soil and reinforcement. Most
design methods simply considers the tension of reinforcement for analysis of slope stabilization. Soil nails
interact with soils under combined loading of shear and tension. Jewell & Pedley(1990) suggested a design
equation of shear force with bending stiffness and discussed that the magnitude of the maximum shear force
is small in comparison with the maximum axal force. However, they have used a very conservative limiting
bearing stress on nails.. This paper discusses that the shear strength of soil nails should not be disregarded
with proper bearing stresses on nails. The modified FHWA design method was proposed by considering

shear forces on nails with bending stiffness.

Key words : slope stability, ultimate lateral resistance, bending stiffness, shear force, soil nail

19709t $HHRE B A7F o] FHA WA T Eo] gkt soil naill2 BAAE AFAEY AAl= A7
nail®] QIS a3 WA I naile] ddHS a3 dAYeR 72 5 Utk Nailf
aFEwt 13 AAH-E dolv] AW (Shen et. al., 1981), EUHH (Stoker et, al., 1979), Caltrans
Method(Caltrans 1994), FHWA(Federal Highway Administration, 1998)7} 129 soil nail®] <%
Hy dadsEs u8d AAML French method(Schlosser 1983), kinematical method(Juran et al,
1990)s°] Atk FHWA methodel A&F=H(AG=)S s iz, 4 FHWA method& A3
t}.  Schlosser®t Jewellel ¢s] FFAS 1edl o258 AAHAEH], Jewell & Pedley(1990)E A&
el A AA A soil nail®] B4 AHke] FeAAEE 318]3e] soil nailell ZH&ske= FE ol H]3),
AL gk 2om FAd 4 qoia 3t a8y Jewelle HaH7 e AASGAAEH S ALS
sto] derel& A ristel 1o dgke] w9 Avhar FASYh 2 =il A= soil naildll #HE-skE =
st A H S AHgsr] flste] o 53 A H o]F& A&ste] vl o Wana&Reese(1998)<]
o2& AE&3le soil naildl g3k AddE S A st BAAMAS bd&S PGSt diadH e
thoksl ZpAbgba o] thEke] soil naile] 1FE W weld wfo} soil naild] AFHI} AoES g
749-9] soil nail BFAPAS] ebd&o] W3 soil nail g zhe]l Wale] W soil nail BAFAPES kA
o] W3lE dolr 7] &l FHWA method ¢ %3 FHWA methodg AFg&-3lo] B3kt
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2. HLNE DEs MY

2.1 Soil nail0]l =&35}= FIcH

Jewell & Pedley(1992)% soil naild] FFAS 18 ZH$ Actdo] 43 Hw, % Z|Wke] ot
e F7MNAYE AS BoFAH Soil nail 314 A soil naile] ¥H3]3k= fgt a3 1o Ak o]
vz mAAHeA BAEE FH3 due ARoR s ¢ vk Jyus uet wgoe] wAyst
W g A9 WA AHE FAoR YAHS O]*Er‘—t‘ Aoz 7};@@3} ol¢} e A4, soil naﬂ% o}
A wpg 2o 923 Aol A v o3 gy XNk W] wE FEAubAge o] ok
S WA "

MA

Vﬂ

g 1, BANN =26ts 8o A= g 2 JewellOI XﬂAIoP %%*EFE# B2l

43 @ wade) meest S2s 2AWAE Aol Aa 29 20 2] Agsgen, A0

nfax T
+—=1
M, T, V)
71,
M, =2FRRAE, T=2FAddE, My, ~ARSAEAE, 79149, I4 pe 24375 ek

=

soil nailell TAstE Ho Ay HOEWES] BA= BTl 2t FHstEe A7)
¢} #Ho] A}, Jewell and Pedley(1990)= 1% 3oA 9} Zo] soil nailel] ZHE3= IR
8} ske] 7}ASlaL, soil nailel FHaFo] 288k XA g soil naile] HdldwE T} Q1
A S 2(2)9F o] FRatith
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a3
46, D(1-T T,
30, D\ T, (2)

4 P

7| A,

o,=soil nail®] &5, o;,=soi1 nailell #-&3k= =3 AAE, D=bar A&F, D="1h%E A&

23S a7 e sk vkl 9913 soil naile] o] L BFEA] L >, +1,/28 WA AL
s, /1, = /3 /29 Zo] H]E o] &t} Jewell & Pedley(1984)& #alo] ﬂﬂa~1aﬂﬂa/&%A}

83l soil nailing parameterd] Tdk BlwE Ea)], B7AAe F7FAd 93 Fo AUAT AL soil
nail® <Ag=He] o] Hlsl] i 7|Esknh. 150 A S3dHAAH *—]% g2 kxRl <3
AAlE xR A vluEA goidos e @S MY 2 S AE S S 9 2 Ad

ol B3 4 e A @AM & 5 Uk

Ao gl AwolA ol dF FREBATE 2457 Aa I dol olgHY. ey
Arte] ZR4RAG e FE L A0S U g FAAAY FAAS F QRS B =¥l
A atele) makh

| Agste FRrEATe

Brinch Hansen(1961)2 H&= 3 yiedE s 7Hx] &= AHbA gdo =
o dst7| 98l A3ttt 53] 2 A|utell A @9 dold 283l S35 H A gk
PR =

p, =K, yzB (3)

o714,
K,=Hansen® EYAT, y=F° ST, =ARXHCRNY o] B=R7Ae AF

Broms(1964)& H#eo] gl Aol FAFBATL AL A ohdfsh 2 4 A
o,

p, =3K,yzB 4)

714,
K, =tan’(45° +¢'/2), ¢'=hF-rb22}

Vesic(1973)2 Z7|xo tigh XRkz} 7| xAlo]e] Asztgoz wAlsh= A Ao #3k A
Meyerhop(1963)7} Akl BIH S AL-&3}o] 3},

5)
7| A,

o,=soil nailell #&3l= A4S

)

N

1517

T

Reese , Cox, and Koop(1974)2 Zlold W& =349 WS Aol & EF) 7]
& o B3 A4S AAEHT AEE ZACAE UGy E 1dega, 85 2 oA
plane-strain 33 E IZ#3}ATE dolo] mE F3FHAGL e 24 (6a)et 69 7 T 2 @S
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P =72[B(K, ~K.)+ 2K, angan ] (62

P. =}/BZ<K; —ZKUKZ tan¢+tan¢—Ku) (6b)
o714,
K=970 FEEAS, K,=37° FEEMASF, K=-BARLAS, 5=45" +¢/2

O'Neill and Murchison(1983)2 E|X|dto] )t =H A &3 Mo #gk 21S AA|SFI} Parker
(1970)¢] &~774 Z5of st 4d& 2 o] FHE "W Aesk ARTE gl A Hb A

=
54 zoldlA A #hE vERE = Aok RS vE Sws 2 A SdeEAdes 72 ¢ A

p=nAp, tanh{ Akz Jy}

(7N

o714,

p, == T H A3 (Reese, Cox, and Koop 1974), n=3J75", tapered pile®]} 4] pile=1.5, H-pile
o]} pipe-pile=1, A=A 3}F2 45 3—0.82/D > 0.9, 5483tz 45 0.9, k=AW A5

ot

b oAe Aloke)

Jewell and Pedley(1990)2 &3} B 7}A] Alolo|A] Y-zto| <& wA)sls= ok A
St

Wang-Reese (1998)& Helukel 2¢5 Q45 Fara 4GS B/ A% 42 A
o Zzte] AR A7)k AT S Pele) Gold el FAEFATL 4 (99} Pk,

K, ztan¢sin B tan
tan(f—¢)cosa tan(B—¢)

p, =7z (B+ztan Stana )+ K, d tan B(tan ¢sin 8 — tan a):l

(9
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3. FHWA &7

FHWA AAME mjol A Agst tpekst AAS} Algiys AR 435 ngoz whEoil
t}.(Byrne R. j. et al 1998) FHWA AA*H+= soil nail wallol] #3 AAHo R ol#o 24AE5S 1Y
stol AA7E olHXY. HHAAe] SAEYE NIdE 7IE2E soil nailld] BAEIE 1#ITE soll
naild RZ &= facing® 929 nail headd Z%, soil nail 2%, nail-ground interface? <134
gtS uEsled AHAE A FHok 18] facing® nominal strength®} soil nail/facing connection
systemS AAE 7Y HAIHE AAST LEX2E9 AE BFH I ZAEE vEOE soil -structure
o] 45285 31¥ 3F9 facing?} nail head systemol ¥+ AAEQ}FS A|AIS}h. X Service Load
Des1gn(SLD)91r Load and Resistance Factor design(LRFD) &3t AAHLS A A sttt SLDY A$
S-S AA3HY, nail tendon, nail head system Z12]3L pullout resistance®] AA Al AAlH & &

gt B AR oigh kA& E A AAgth LRFDO A9, AltE ssATe AA
AFstY, 1 thAFS nail tendon, nail head system, nail pullout resistance, A|WH7}=o|t}
FHWA AAW-S soil nail X7 ALY soil nail walle] SHEAS Folar A|dke] WS Zo]7] 93|
A8l gHAIE Eol7] flal Awre] B 99 uel & soil nail®] AW £xE Aslr] 9F HFAHS

AAlgTh. 28 al facing A AR ES pASGlH miA o ®E APH O] QPSS W 7tst] HBH
o] Gyl 7z A 3 HEY AAHEES AA thr a3 58 2709 AAHoew fHE 7 EHY
Eotele A7 A9k Adste #7] BE o]HA soil nail BAAANE S vERAT 7k 7E @A e

S F FE&E7] A #7] DR v 7}z ﬁioﬂ 2hgsh= AE TAlste] Zhzhel #)7) o] A
BIAWE A&t Asgleh. 27k #7]9 & Yy FAEoR e,

O
=
h
-
a

ol ofo o
o mlo _1

ﬂli

|

oot Rt

1 9.
=
o

- 1410 -



W,+(T,~T)sin@—1Isinff—c,L,sina,/F-R, cos(a,—4)=0 (10)
Icos B+(T,—T)cosO@+c,L,cosa,/F—R, sin(a,—¢)=0 11)
Wy +(T, —T)sin@—1Isin f—c,Lysina, / F - R, cos(a, —4) =0 (12)

Icos B+(T; —T)cosO+c,Lycosa, / F—Rysin(a, —¢)=0 (13)

Z7te] $44 L ARl VASE 2A%E J109) 2k,

[_WB _(TB +T)Sin9+cULB sin Up /F]tan(aB _¢)
|:1+tan(ﬁ)tan(aA _¢):|{+(TB +T)COS(9)+CULB COS(“B)/F }
=[1+tan()tan(a, —¢)}{

[W,+(T,~T)sin0-c,L,sina,/F |tan(a, - )
—(T,—T)cos(8)—c,L,cos(a,)/ F (14)

9 BEAL WMESE Fto] A EolT

tan¢j

R, W(F

8 5. FHWA & H 82| Force Diagram

4. ZdS aajst HAIY A2t

FHWA A= 224 1d=nts nefs) A FFFHE A&kl bgA a4 o] ojfint. &
=l A = FHWA A el o] el wdk A A wek WA soil naile] Ak
& ngsidvt. HHS Aus soil nail Foll #4 WFor dude] W EGa PR 747}
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soil nail?] AT&ES Z7hel 9y, F2g WA giglsiglon, Zhzte] wAgas dgste] soil
nail B7AMHS] ot &S F3FSlH soil naile] AE#EHE F317] 98] Jewell & Pedley(1992)7F A|A|
sk W ARE-SFSATH

Soil nail RZAIHAA #AS= Fe] 84F I9 62 9| L}E‘rv" T down, ofget o] 2
(15)~(18)%} o] 3y, F2=d %

7] Aol 214
W,+(T,~T)sin@—1Isin f—c,L,sina,/F~R,cos(a,~¢)+(I.~T,)sin(90-0)=0  (15)

Icosf

7] Aol 43¢
+(T,—-T)cos@+c,L,cosa,/F—R, sin(a,—¢)+(T,.—T.)cos(90-60)=0
v (16)
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s —9)— (T, +T)sin(90—0) =0 (17)

#7] Be] ¢

Icos B+(T; —T)cosO+c Ly cosa, /| F—Rysin(a, —¢)— (T, +T.)cos(90—6) =0 (18)

9 FH-rAE YA Agste] WAS

Tt

A 099 2ol e & gk

i+ tan () an (t — )] [ W, —(T, +T)sin@+c,Lysina, | F+(T,. +1,)sin(90—0) | tan (e, — )
+(T, +T)cos(8)+cy Ly cos(ay )/ F+(Ty +T, )cos(90—-0)
[W,+(T,~T)sin0-c,L,sina,/F+(T.~T,.)sin(90-0)|tan (e, - ¢)
—(T,—T)cos(8)—c,L,cos(a,)/ F+(T.—T,.)cos(90—80) (19)

:[1+tan(ﬁ)tan(% _¢)}{

9 F52S WEHAI7IE F gkol soil naile] A4S 1183 soil nail HAATHS] b &olt),

8 6. Soil nailel E24= 1128 Force diagram
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5. ElAME n1g{st oIXE H|
5.1 CHEAIH 2 soil nail MA

AbEe] 9o A FEREo] glom, A4 AE HE uie e EAstar, AbHe] JeS
o= AE Aol Askert A Ao R 7S FHWA Manual(FHWA-SA-96-069R)& 3l
o] FFUIAE, AFAEANY, FFUEZA, test pits T2 TAY AkEA}L o] F R Az
Aelstolt, Askre] S WA ¢fom, 25m FAFANA FAR FHdME Ha HEAg Ad
ATk AZFYHES medium sand®} dense silty sand AtolZ FAHATH W A BEE 20kNV/m?
gl WEehE7E 350, AEE 5.0kN/miolth 1E]a H7 200mmell A o) Q1A g 60.0kN/m
ojth. AFH Sl ol 12m, APHAANE 60°5 ¥ skelth Soil nail®] 3, 4 +4L 1.5m, Ud 4

A= 0%,10%,20°2 8k S el 713 soil nailing parameters= ¥ 19 #Zt

nail A | ¥ SEAF | bRz | | ETEAE ) SR
D(m) o,(kN/m?) | E(kN/m?) ¢ (degree) A (]Wp, kNm) (7;7 kN)
(£ mm')
0.025 200000 | 210000000 35 19200 0.52 98

5.2 Soil nail?| HZHd=2 12{& +3 FHWA method?| sli&{ Zu}

# L& A= soil nail®] et Aol Wstel W& soil nail HAAIHS] bHE& WstE Yol
7] f18ke] 4709 B HES 7HgsldTh A A H e Wl mE b &) WHstE dolry] ffs] ok
de Ueide S3AAY @t 37HAE AdEste] A &sklth.Uewell &Pedley 1990, O'Neill &
Murchison 1983, Wang&Reese 1998) Z+7+9] soil naile] 3]sl Aord L Jewell&pedley(1992) 9]
WS AREste] 8F3ATE soil nail BAAPHS] 3t soil nail A4zt SEAAE 5o ®iste] W&
soil nail HZFAFAS] bH&8 5E 2~59 Tk

e 11.5m |
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X 2 g3 1o 3t soil nail BZAPE oHd&

Soil mail 217 0° Soil nail 42 Soil nail 242
oil nail 47 10° 90°
FHWA method 4.08 3.42 2.86
Jewell &Pedley
B 4.08 3.42 2.86
O'Neill & Murchison
=54 4] 2 4.08 3.42 2.86
Wang&Reese
R 4.08 3.42 2.86
FHWA method<}
Ao} Qi Aol o o v

¥ 3. 7™ 2 3 soil nail HAPHE oHd&

Soil mail 212 0° Soil nail 42 Soil nail 292
ol naitl w w4 10° 20 °
FHWA method 2.06 2.24 2.18
Jewell &Pedley
e A 2.09 2.26 2.20
O'Neill & Murchison
2814 4] 2 2.14 2.30 2.22
Wang&Reese
. 2.22 2.38 2.26
FHWA method®}
Ao Qe Aol o o 4%

E 4. 9™ 39 g soil nail EAALE A&

Soil mail AHIZH 0° Soil nail 49424 Soil nail ¥42
oil nail 44 10° 50 °
FHWA method 1.49 1.71 1.79
Jewell &Pedley
e A 1.50 1.75 1.83
O'Neill & Murchison
=514 4] 2 1.52 1.81 1.88
Wang&Reese
S 1.57 1.99 1.97
FHWA method®}
Ay ot s ol 6% 16% 10%
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% 5. FIH 49 43+ soil nail RFAPHE k&

) Soil nail A7 Soil nail 447
Soil nail 417 0 " mr . nr
FHWA method 1.44 1.59 1.74
Jewell &Pedley
Z 54 4] 2 1.43 1.6 1.76
O'Neill & Murchison
a7 2 1.42 1.6 1.80
Wang&Reese
2514 4] 2 1.39 1.6 1.9
FHWA method¢}
A0l ghalg Aol o - i

6. Conclusion

4 FHWA methodZ A ¢Hs}Fi o),
7 vHwgdS w, soil naild AGHE ;s 54

L AR 08
Q H
éltﬂ 16% 718ttt ol A4S 189 soil nail® AwE o] soil

o= - s
&

2. Soil nail®] ¢l Ean
FHWA A ﬁ]mgl Xd%

3. vHuE XM—E soil nail ?l%*%w] = 24% AdeE s B8k soil naild] M7t BEFE
FHWA method®} +4FHWA method®] &2 zpol7h Al BAsth. 1 o= T &E ¢
o7 ol Adsh= Fo R, A2y, S5 Bk gk soil nail®] dwkE H]Fo] AR
7] wZ&o] T,

4. WA F7HES A= soil naile] Aol7b &3, NETF BSS5E AS A A B34S 1Y
3k soil naile] AwE S o s},

5. st 31 x8 21& o] 8314 soil naile] W35 {%%‘Q ar7E A=k 43
o] &F4F s0il naile] ¥ st= AdHE A7|7F AR E3] Wang & Reese(1998)¢] =3lx| %
HS AFgs 49, FHWA method®} ¥ & uf 4= 4FHWA method?] ¢Hd&o] 16% S7MHA <
7}0}%4. IL}EW soﬂ naile] do¥S ?% uf, Agke] Fex A8 A A AFS 7| opgiet

6. Soil nail®] 4Ff7zte] Wste] ME FHEL] F3AFE g4 FGd = glok. EA A Fe
q, A& ¥ert HibsiA G P | ®Ze]t}. Soil nail®] 28 ‘74-% =7 75, soil nail
o] Qe ot jlo] FAEHE FHEWFgoR st FHEHS Fojerh ey duE S
o mit) o] A Ho] Folm= diAl o] Frketh B 3 WS A v soil naild
Zdol7} AojA] soil nail®] S S7HA17]= S soil nail®] *“"ﬂﬂr Agyo] PAE 43t
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