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Model Tests on Cantilever Retaining Walls with Unattached Strips
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SYNOPSIS @ The commonly used method to secure the stability of reinforced retaining structure is the
reinforcement of backfill with strips attached to the flexible type wall. During the construction process, it
is technically difficult to connect strips to the wall. And the connection can be damaged during the
process to compact the backfill. If strips are unattached to the wall, construction can be easily carried
out. But the unattached strip can not be applied to flexible wall with isolated plates. Thus it should be
designed with rigid retaining wall. In this case, the strip reinforcements can reduce earth forces against
wall. Therefore, due to the reinforcement effect, the cross sections of rigid wall can be reduced.

In this study, the effect of unattached strip reinforcements on reducing the earth pressures against

rigid retaining wall, will be guantatively estimated by model tests.
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Table 1 Physmal Properties of Ju Mun Jin Standard Sand

Item , o - phys1cal propertyv -
* Specific Gravity | 261 -
VMaximum Dry Density (g/cmB)‘_ 1.678
Mmlmum Dry Density (g/cmar) 1.391
Internal Friction — D,=43% 3235
s o g
(Degree) D=87% 43.52
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fig. 2 Model Walls; (a) I-wall, (b) cantilever wall ( heel ; 0.10H, 0.12H, 0.20H)
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Table 2 Reinforcement spacing to reinforcement number
" reinforcement number = __ o
(layerxcolumn)

spacing{cm) . 250 173 13.5 11.0 9.0 6.8

Z2X3 3x4 4X5 ox6 . 67 - 7x9

(i) &4 B7rAe Ze] : w7z} ol 05H, 0.6H, 0.8H, 1Hel gk z4zte) n}ass AFsach
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Table 3 Recommended location of resultant earth pressure acting on back of wall

content Location of resultant earth pressure |

o semem 7 acting on back of wal comment
__theoretical design method omH ,, o .
» ) Terzaghi O.4O~O.45HV " active earth pressure
~ Shert ' 0.42H  earth pressure at rest
" Duncan et al.(1990) . | 7 'O‘.40H " o
~ LRFDWUSA) 040H .

« H = height of wall

EQtgeEe] 2438 Rankine ol&# o2 27| &M B¢ BX% 729 47y B Hohd AlE
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22 WHAA Hausmann & Lee(1978)52 EFS #7137 Yaias wAd 283t 3 QA nctsE Az g)sh
W] QhgAdat 2 #ol e WA s Ao Ui ErlEed B3 Foz FHaE o] Fuu FAsIY
o AAz AFA wAe A9 LVDT2 AREFol s, Ao 2gste Ege X9 2eye
oD A Riifel] wtl) WAl g o3t 2rdel Z2AAGE thEr] g AHAQ nast ol Ao
At

F1) A FHA 9} o] el AT by Fe Tzt ZAXLRY FEFEURE ALAAE YT 4 AND AL FAE U, Yury
o8 FEEYUAL ALAAE WA AU By WAH-MA Hohsle AYNTGE ¥ Aoz uehdth Tersaghic FEEUe
Felel 249217k 040~045H = He AFoldu 4¥S ¥ #H2n, Clausen-Johansend A3t Ao z43le FFEQHRA) 24
92 e W8t Terzaghiol 299+ AY fAEE Bustgdch £3 SherifeL FAEGT 39 042H st A 49Aaly myusayg
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fig. 3 Earth Pressure Moment Calculation by Moment Eguilibrium Method

% M,=Pxdy=Fxd
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di, d2 - FEAS] ¥ g B4R i RdE 8 Zol(em)

232 FSYE2| w9 ZYUHY
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Table 4 Normalized displacement of wall(top) to reach active earth pressure

Wall Height =  Mode of  A/H to Reach

Backfill Compacted

Investigators ) _ - Movement = Active Pressure(l)
Broms & Ingelson(1971) 9.0 Sand Yes  Rotate 0.0003%
Broms & Ingelson(1972) 284 ~ Sandygravel Yes Rotate 00009 to 0.0024%
Carder et al(1977) 66  Sand = Yes  Translate 0.002%

Carder et al.(1980) 66 Silty Clay ~ Yes ~ Rotate  00009®
Matsumoto et al.(1978)  32.8 Silty Sand  Yes Rotate  0.006 to 0.008”
Matsumoto et al.(1978) = 32.8 Slag Yes Rotate  0.003 to 0.005?

Sherif et al.(1984) 40 ~ Sand Yes  Rotate _ 00005%

Sherif et al.(1984) 40  Sand  No ‘Rotate  0.0005?

Terzaghi(1934a) 49 Sand Yes Rotate 0.0011%
Terzaghi(1934a) 49 _ Sand Yes Translate 0.0011®
Terzaghi(1934a) 49 ~ Sand  No Rotate 0.002%
Terzaghi(1936) 49  Sand  Yes  Rotate  0002%
Terzaghi(1936) .49 Sand Yes Rotate 0.005"
‘Terzaghi(1936) 49  Sand Yes Translate 0.001%
Terzaghi(1936) 49 Sand Yes Translate 0.005”

(1) A = movement at top of wall H = wall height
(2) Movement to reach minimum total earth pressure force
(3) Movement to develop triangular pressure distribution, with resultant at lower third point

_52_



H 42 328 ny EggsEo]l 49 FEA e (active condition)oll £€3H7] $13 wale] HA4W HAF A o
Azt B Aol EL st AU FHolES sl AU A B9 F4S vl USE ¢ 5 Ut Terzaghi,
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HepA @ 4PeA WA Arudes) daguel £UsA 91 OE F9E FEYde seaa e
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displacement of wall(top)

fig. 4 Overtuming Moment of Cantilever Wall at Active State
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Aol By AL Z7E F2 AedY FFE Rojtt FeAdy el W 2§ olFde FHolFS
Zukzl Awulne] ofAe Jehdtlh 23™dA AHAF 28 49 o R AR FEFdM e D] wH g
ol et Ak W= 0.0017H~0.0019HH=3 A2} =o]) A Terzaghi, Carder 52 AR Eo) thdk A 2kA](0.0010H
~0.0050H) ¥= 5o AAHQ 4¥AAE & 59 53kt

Table 5 Test results of model walls

5  Wall rotation ~ A/H  Overturning Moment|

‘Tes (heglV Z;)lll'ot;}ejcp‘ion)‘rRmnfomemem ‘(%H) ... loreach W(}{wgﬁ_cg/cﬁm) failure mode
- To. (B/H) ' spacing | length 1nma1; active or active or | initial active ,
i L em) j‘(L/H) state stable” state stable” state’ state | state
1 twal - - o116 020 00017 | 591 | 38  rotation

2 I-wall 135 | 1 0116 029 00017 . 560 240 rotation
3 cantilever(010) - | - 0093 0280 00019 _ 523 193 trans+rotation
4 | cantilever(0.10) 7;”7771]:3"7;71774 0069 0260 00019 ~ 443 . 170 trans.+rotation
_ 5 ! cantilever(0.10)  11.0 1 0046 0230 00018 384 - 140 ”rwtrans +rotation
6 | cantilever(0.10) | 90 - 1 10040 (0420) = (00038) : 239 . 000 1 no failure -
. 7  cantilever(0.12) - - 10045 0230 ..00019 398 . '”1759 | trans.trotation
. 8 cantilever(0.12) 250 1 0046 0230 00018 375 . 120  trans.*rotation
- 9 | cantilever(0:12) | 173 1 100937 (0.390) {(0.0030) 2044000 i no failure
{ 10 ° cantilever(0.12) | 135 1 0093 (0210) @ (00012) | 081 | 000 | no failure
i 11 . cantilever(0.12) ; 173 05 0.046 0.230 00018 409 140 trans +rotation '
12 | cantilever(0.12) | 173 | 06 0043 (0380 = (0. 0034)” , 394 W_OV,Q_OH no failwre

13 cantilever(0.12) . 173 08 . 0.043 (03000 . (0.0026) © 354 000 no failure
14 cantilever(015) | - . - 0076  (0460)  (0.0038) . 335 . 000 no failure
15 @ cantilever(0.20) { - . - 0066 (0.240) {0.0017) 159 000 no failure

stable” ; a state of overturnmg moment at zero

A/H ; A = displacement at top of wall, H = wall height

B/H = normalized length of base heel projection of wall by wall height
L/H = normalized length of reinforcement by wall height

ool Agate 7] ARRAEE [¥ @A A4 2243483 Z9v 727 ddv 8 zpolrt gle v
%ﬂ FE vehith 9 ATH] Zee Bl fAFdelrt Fstd wet 2dn AAE F Lo BAA 57b
7t @ s 2FAQ) PR 27] AxRAET} FA4He Btk ¥Ad 2Agsts A ESFE o] 23l
BN A2 2od A el whet wAldl A8t AAESHAE Aolrt 1 Aow qadn ey
Aol 28t 27]) AxRAEE WAsh nlAel Al FHaor atr] g vlAe A3 AR FLe
BA WA g d2A Jdetge AztE B 5 ok wAr dxrded dgs FEARE 4094 &
a1 PgE A9 (Test 69,10,12,1314,15)9 &9 ehdde] HF g2 0.0012H~0.0038HeIth. FFH 9 7)&g
Ao FEAelgt ZAIGE o] FAer FFHAR Holop gt et ojeid FEhiele] R Byt
AHAA e A" A¢E Holmg olf FEIINdR wAACIS ot maM dxlel Rdgge gt
FERAFHE BE3) AR AT WA Fag] B ohde}t A Agse AR Ae RWET 17
o gt £ AZBAME stdeel di vintts f3 FedAed ol2= HAe] Fdoasel dig Terzaghi
o) 71&A%F FARK0.0050H)E dzte) 3ol st Hg3te vjmstgrt.
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AzmdEed d 4AFE Pl Z$(Test 69,10,12,13,14,15)0H FFAA ] AT wlES) A3 7H4A3T AR
Sl ‘-ﬂ’ﬂ 49dy 7hed HoiAle 0.0038Holt ol FEA4elel 7159 0.0050HE th 2he ghollA] wad] 2t
?ﬂt A=EMETL 4H3] 44HE-S B @A o] A% FEHAI sl hRg Aoz wud 4 g ©

& FERAE dells 9 (Test 1234578112 Hale] djdoe)d AFrAeES 234 vd FUxs 2w}
e I-wall(Test DA 3.71kg - cvem o8 HA4X]+= g RAFZol 0.12H(ERZA 742 25cm, Test 8)oll
1 045kg - cm/cmE YERgT ol #AZY FEdee ARrEdEd o AL A=sE H$olt

°olg £¥3d FEIH dgiF N1FL WA Ao e AFALRAE] Y JFeg BUsg B
A, Hie] FFun= Hae] AR 0.0038HO G 22§ *l%jolm RAEZ AAHA] g1 ol
7ol zeivk F &3] 0.0038H T 0.0050HAA FE4e7E AR EGgE 2 4 Qich. wAle] A48 d9= o
A7t FEESGS 1A 7HAe HAY Agol olasidl JYHGI FHESN 22te] 334 g3 yehd
T} "“‘“éiﬂrg% EAEE S5 AFREE AP 49 00038H Bk 22 gH0.0017H~0.0018H)°]
o welA @ 2dd e 3lolMe gAe FEatulel AAZ s 9y ’a}ﬂtﬂﬂ‘\: 0.0017H~0.0019He°] 1 o]
W7 A4 A#ste] 0.0050H =8¢ wi7t4] Aewd el 9438 A4EA] 4 A$LES 2 EQC od ¥
o] gyl 2 gt 4¥ ot AEAA e et g

FHZ Szl28 Ao AZsH= MERHE

ER7; wAo AYv &5 EYO odg Rdez2 sty dAddAde] X9 viand Rt 18 wAldMs
Wolas 1wt Coulombel&dl €3 50cm n°]-4 Hijol gt GHEY A=ndeE 4A Fgen, ATH
gA oA Claytone] A ke whd®e B gatel Adsige Anmalee] BXd ol Zxudaee oig A%
A9t Coulomb B Clayton®] o]&2)el 23 wAle] G EF Al e AMAANE Fgsld wmshda Ay A0}
A2 B 65% R slFse 2 goz veiyth BAAE AXIR G2 A 18 L 9 TH A
o AerdEd i3t Jd¥Ae ALZAE vws] A B 6 o g

Table 6 Overtuming Moment applied on the wall of no reinforcement

mmal rotation max. cuvature™ rotation of OVértmniné ‘Moment a' 711 ed
Wall Type } of wall (%H) active state . (kg -cm/cm) rriihod
DR  (%H) _|initial active calculation |
I-wall 0116 0290 0174 591 38 616  Coulomb
T-wallQ.I0H)" 0093 0280 0187 523 193 318  Clayton
T-wall0.12H)  0.045 0.230 018 398 159 223  Clayton
T~wall(0.15H) 0.076 , - - 33 000 104  Clayton
T-wall(0.20H) 0.066 - - 159 000 stable ~ Clayton

+1 (0.10H) : normalized heel length of wall for wall height
«2 {%H) : normalized wall rotation for wall height
»3 @ maximum curvature yielded from method of fig. 4

2714979 FE4d 249 18 WA (ER)e BEgd ArwdEer: 74zt 591kg - cm/cmet 3.86kg -

H2) 274ee FAAE TRV Aot 4¥A WAl daw 3S 35 AT W 4SS 1HAA FL FYZE AATLE 98
dAle 2= dA e A% 05mmyTHE ol FTM RE FFo] AZET. waM YAd Ae £7] FF A AL gD Y4
e YeEtdE Zio] ofHth
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cm/emE olE 3o olgAoz A AAES B FEESC o3 A RAlEQLD, 616 WE 50.3%%
627% A= AA UERth o714 2§ FAESI 2% WAl ArrwdEes) azézzonxu ERELS-L
Aer A=A o oz <& A wirl ol s Fol Atk WA 3L FHsh: e 0Y =
9 9ia WAlsh 254 Alojol oFzhek 05mm)e] AL 548 Aol ZHe AREY] WEelt F 27
Bel AEEWEL wae) /W ozt 48 Aol ZAH e s waA FAGun B Fi
gtk ot FEAHe AxwaEsl AR Zolsh ths R AL HZew AR g A, A9
] wAel AulE Azel Eote]l 2w 9 wistwl vhate] dgton Pad EuE AztE Buuw on Aw 48%
e Az BBEG W TR AgalM AT 49E Claytond] LAl 2k EpApy®
Hested wauAdl g ol£AQ ArmalEs Adetgh 4E L AN desde vehd 1§ 9A
Ag ol 0.10H, 0.12HS) ATE 4 o4 gzs.ﬂzl-.--; Al sbgkell vl 27} 60.7%, T13% AT R vebstth

>

wiogle ¥

Ziglele] Ao Yot Y| WE HS
2Rk AedA ATE #WAel Rgzdol wWald wi ArRdEee FAadE Folwr] e HAFdols
0.10H, 0.12H, 0.15H, 2221 0.20H 5o g walAA e Agsidct. T8 BAd Zee €4 AxRHNES] A7)
17 93 13 Aol I AP = faste] ATH oo vlwsduh 4¥2AxE 28 5o =AstETh O
ﬂl’\i% AFHo|7t 2213l wet FEHY AeRdET 33 ZAse FAgdo] 0.15H o4 49+ e
HEZ}L 243 AP S Btk
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Q
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fig. 5 Test results with respect to base heel projection of cantilever walls
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fig. 10 Test result of cantilever wall for the ground density variations
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fig. 11 Trial Wedge as Suggested by Teng(1966)
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