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Investigation of Factors Affecting Vibration Induced Settlement
Using Multifactorial Experimental Design
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Settlement induced by low —level vibration on granular soils is too complex to predict
with one or two factors. Factors affecting vibration induced settlement were investigated,
and a settlement prediction model on granular soils was developed using multifactorial ex-
perimental design(MED). Factors such as vibration amplitude, deviatoric stress, confining
pressure, soil gradation, duration of vibration, moisture content, and relative density were
considered in this study. A special vibratory frame was designed to shake a soil specimen
within a triaxial cell. MED allowed the authors to investigate the effect of many factors
using a relatively small number of experiments. The most significant factors on settlement
were vibration amplitued, confining pressure, and deviatoric stress. Comparable settlement
was occured even under low—level vibration ranging from 2.5 to 18mm /sec, and stress ani-

sotropy was found to be an important factor on settlement.

g2 XA

plaAlul Qg 9 AR FEHE AN P Be dHR 0T Bagel o
doluteh, & ATl o F A FRA4Toll 3te] afobim, vhis AFANYE o434 A
AsolA AFHE} AZLAL Auatdch A Sndel A4H Wr2l WF 27, $A8,
TEEH, QARE, AFAGAL G5, AL Solck. ol MF5E YN Teispy)
gte] SHAAT AF xeA L o] gate] AUt TAM) AEL FhehoArt. TS AY
AR g ol gatol mlma Ae VYRR W WS F] AF Astel v)2: GYE AT
ok A A skl AL e FR AkE AFY 27, FEHE, $48H Fol Anh AT
2717} 25~18mm /secs] W 9lol gl MR DE oA A Ashh fusinw @
F3 9] ol el NEA el W T Falch

1A E g, e gd ESysta fap
*2 u]<d Polytechnic University <1 7-%)

BREBMTEEE 61



Keywords : Vibration, Settlement, Experimental Design, Prediction Model, In-Situ
Stress, Vibration Amplitude

LM 2 AEGE ols) U AN WeE o

F&17] s ol 5 a4 4 A q) of gk

22 AR 2F 2B AE
FeEo s ofrlslE Ak ALE) o l
TEEL &4 fdd AEule mlYo)
A 9.1‘31' 53 =A]A A 7"]'6]- 1=
A % AREIZEg Al Re] @po g o)r)H
ubs) =l “&%‘%E} ool 2% DBzt %)
A, A abeg, 2L Mol A @Al s ajbgk 2
Foll &g 2 7} datErg, A5 6 e
A F e AAA g ae] slee] gyl
o}

ARE Algel ofgh o1y tzEel s 2]
9] A3 Hde| o)} pxEe] 4w A
wrhd e g opr|El: RE At o]g &4t
2.2 vype] A7k 4 gleh #a) F4Ear
e Ll A5 FiEe T2 oAg
dhol) 2] 2l Fake] 21 Aol 2|8} &4} ]
oletE FAHos AYE Ao TAR oA
st 2, 714, @A E S Aug 24

AF EAel A gehlo s EAde] wek($
A4, 1993, Edwards & Northwood, 1960,
Siskind. et al, 1980). =&t 2T w]F9] x4]
A FAF Abdl Qe 9)sbH dE glelo] o)t
Az Fe] sE71FE ol svizte 913

TEEe] A7 &S g AtElzh wous)
Ak ol F Aol #EAe A Aol o
g cd Rk Ak vAlel 9§k xR &
S A8k7F whakA] 4 glel ek (Dowding,
1991a, Lacy & Gould, 1985, Leathers, 1994,
Linehan. et. al., 1992),

AR el A m)Aa]EE 2]
AFAe B4(RITYe f17, AE,

A &AZE), Avhye] e (SH 1 olnb
T4, Adbe] BAA(GAREL, Ao,
gru)), A E2A(EHAAE, 25e5e

%M

ﬂr*“r"*‘

i

e OO R T

A8 Hshe
2%, F7] 9

62 W12% F4M - 1996F 8 A

tuio

ar#istelob b (Kim & Drabkin, 1993,
Kim. et al, 1994). o1& 18 2 458 723}
of algHql A wew welg stkslelw
W ofel Adle] Waste] ey e g Aoy
st EAA A whel] 78S F oS A
A D (Multifactorial Experimental De-
sign) & o] &3l A¥e kg Foln mHg
sl b g AFo] Adgabgd ApE P
sltHBox & Hunter, 1978, Box & Draper,
1987, Fisher, 1935).

¥ ==
R o 3
4 zFAsl °‘H‘1‘ﬁ-+%% ’%311‘%—5’— ol &
FgFairEe AFaes ng AJdse] st
A SRS vh g AYA Y-S o) 8ste] A
waksvl Ak AlE e =371 25~18mm / sec
9] HIZ At on] B A EA S

Al zpsle] thefgh WARES ’i—l?ﬂ’“‘ L7 aHs
vl Aty o& mue o] L-gle] o3&k 9
Eo] Aslel vlHE o o% Abs W glc},

2. Al A

2.1 =M 2 |1=

AEe 4 55 A4als) 5] NEe
271E vehil o2 W, 45, ke

.

% 5 whAel Amh slnh Agale) 47
23+% AsEw e Qe dg g
A52 Grhstr] Slalelis nre) Fol Al

LZ(peak particle velocity) Ad¥-e] 7}=} hed
ol & 7;4\-‘35 vrefbvlan glot.

=g, &2 29l 5 ke Ae] =
R B 5."7]'°ﬂ*+r: 22 ARE Z Fhel



7] 9§ xHE 7 .

o] 7ol §lAMS R ofvel FEEL] T,
AFA A7 AE Fukg H9] §-& sk
of zg 7lEAE AAH 22 st A st
aLsleh mlE wbel Al AlA g AlE )
o A utulol gt o Arak-g Al vl
Fp 7)e] B8E I sivh viwe] AE 7IE
& AfE wrbs)h vlmste] B A Zles
aredx] gleh 291 Sde] 7 EF v]#Fa

7155 vl asledct

) AbgE 3 ol Algat
dol ] bt Algate) 2R Al o7
TaFe £ dotebs FA2 -14%’ el 9l
o}, ©Al2] AlFell A EA7; He vl AlFel
ok Ak Ashel gk J .14— el ]
el sleh ol gl wiAfAld Anke] FA E4
Ao} od g g Alnk AF A el W e
nlu) gk 4 delch

FAN e A%

=0 O
P 10.0 2
3] T T TR TR T ™~
k= , E
= — T GSBM(US) : 1881 o
g - DIN(FRG) : 1986 100 B
,_8 ‘al  Office : Factory ; g
£ ‘Al Reaidences ] =
o [  Historical Structures 7~ —— >
I R Ol -
s 1oL ,//4 e 1 2
[ R S _.‘ K
2 dry wall
- . -
e A Y2
B e plaster - 10 =
= . B
< - g - @ 1 =
e . - ] -5
2 - g
‘i 0‘1 N _l _l I‘_]_l_..—l I-| 1 i A Ll 1 JIJ _g
= 1 0 100 2
=

1
Frequency, Hz
2 1. USBM/DIN 7l&8 848 3% 714 vla

22. 3= Hstel SeY

A el 212 AR PR b 3
Tahe) Ag W A FEES Sk
e oplsle HE ol AR &

om el 478 4 A5 RS A%,

LEste] =4 A4y x]t& thale] ed go)
14 ’d% v AdBEe] ¥ &4 Ukle)
oglet, Ay %‘%EJPL- ol o y-2e A
T-Fg2] AAe] zlgaled ol w
95 dvhd e gt £3e)
ene, 247 °ﬁ/“] e R -
gl 2sle] 1Y WEo] &4
= 8l 7é’-re HAA A 5 ot

Lacy®} Gould2] *b#l] @17 (Lacy & Gould,
19850 ofshd HA4 AEF 21F #e] HAY
vlabel A X-gEe AlF 71ea Xop 84 A
£ 2~18mm/sec?] A FANHE F9 HAE
o] 4L gl AfEe] RiFglen olE
Aol A 2wk Aslr) 1EE el 53
EA A FAbell A E3] B gl AN 2k
o] Foi4l A, algAute] 4 7L A
stof walsls AH) ez E8, AN %
)7} ez W ol met 21E A sy Fr)she]
gt olEg f4dsl = vk (Dowding,
1991b, Lacy & Gould, 1985). Linehan %2]
7ol 2lstw A4 3 Foht 3% FlFel 2
& A&} wi A A4 (underground utility)e]
= kel 38 e 2Fae AA Al
g 7o) opd, A gl 2§ Fuk Wy 9 A
sloll 2] & Zlelgich

P
K
olo rlo

T 3’14. 7&1%"} 714 ‘3—3 2]*’%‘-/‘14}011 u}
¢} A](transient )52} 2| (steady —
state) 2T o2, #lEe] Aoz w2}
=] £ (surface) %%-3} Z]%“(in—depth)
AEom vpoldlnt dE &9, =3
At sl g AlE Al 2 E2lE
e, 7 AEE AF AHFANFeRn
TH-E T whEabele] A4 21548 4ol
7} A% wsles glo] wElel 23 3%

x 2estelel gl AEFUL] Firel o

e TR 63



gl -z Ee gl Abeldt dakg
vlAng, A5 FFH(source depen-
dent) A&7} whdlel sie] WRsic)
AZ @A AHEFAd AFAAZ Ee A
Hasls Yy arw AEUAEE
(particle velocity)= #A|ghc} £ G
o A= 25~18mm/sec g2l v]x A
T8 Aoz s £A41A] AR e
o3l o] MY AlFeA A4 X3
A% A stell 27t 1A FEESL] &) o
H-H- by stei ek

AFFa A59 =459l (dominant
frequency)2} TEEY f AFT7) o
Xehd faEe] F4l-E dovl= AL 7
Z 8} Abdeolth, EAlAAA fEH 254
o] 3k Fopp FafAel] g )
das o) F wietog FaE A 4l
T A FHe 3 g JYE 54
o] are gt FEE ula oFadel] At AT}
F(data base)7} &x|ojof Fhri dwt
Alg7} #3i=d w58 o Sk e E
&l whgke g ZabAql A FA7} 7}
sk 9 Youd(1970)2] A3 7)o
olsbd A3l R Hl= AT o
S wrx ke Ao od4EH gl
{Youd, 1970},

Z % uhE- 35 A 25 AS LA|HQ)
25l gl M Z A7 $AsHA %2
At 2wl AlZE F) A HA o2 Wk
AR Rl A9 2 AlFeaxe & 3
35 ke ¢ alch

A EA AFE Adeg F5 A
Hol Ao we} oA} Fhasts A4S
Zhed) ol F 7ha] Haele} dpH o) A
uke] 7)shsby ks B4 A8 7 5
el 2%k Zlo)t,

232 SH& R4z
AF7FA e Agel el RAlel Auke) A

AF Astel 2= dFd Avrd o3
7.

o Aak-g-2Ale @ 2ubke] zolo w} &
#o] Walm, T 27 Abs)Fe]
Auke] Fabel ofgF pHE o AR
gho] ko] g Adeivh vl g vt
epiict o] 5 A5 Abelrh 2153 sl
T F3E A o]F $H& gAtel
71 g8t} Sba-geat Fa54S A
Hatdck TS Hakgdde) 23k
o) o] 2k Auke] ESHAI4-E Subdel
ol A i vlguk delzial ¢l shA W
A 4 o)

AAE R 3Ee FeAde d sk 7t
A F5ARl a2, @4 e A
W27} 55% olstel 75wl Fe 23}
o Haprt HAY 7HeAd L g Eoh
JEFZ MAHE Ade] H2 AR
745 Az} wlaste] A3 st W17
stk Apelad ol oshd A3 stel =izt
g YEREE F& Yo glEiE
7F B AR ER A3t =iz 4
o5} et

grpuleh iz @A) geanlet A
at¢l, w2 AL 2Eel Hate] HAH
24 gare] Folel medE g ek ®
g AAEdA 2lE AFe] A
(threshold value)& Z¥shd 5%
F7VE fodste] Ake] A3HE of $ ot
AlE 4

e ool g

3 XSEE S

3.3 o AEAEY

= A4 AE 2R AN Pshe we
fa5e) AEagel o HEHZE A 3
st o &slA) A o fage B3
?l Jape mAstelof Yrh olF AFRA4T

0 ® BAA S A A 2d0 g we & Akl 2 AdwEleg RS )
glo] W A7yt faAsdeh. et o]gel e wE ofe] Ae] Hashy @A

64 124 AW - 199 F BA



2 Er5ehd SAM AHE el 7iEs
= o A A @9 {multifactorial exper-
imental design, MED)-& o] &3} Age o
L Zoloy Bl sdsle] 7t el A
2h 82 A% F gk

MED?2] 71& # A& 7t7) ob& Ag W
s ab7) stale] F B2 HE2 A
Falale dalel 3 AgAgo R o] Hep
9] 43S dTst=d ok MED|A ARE
Ne golEe AvEy ohest et AY
(experiment}o]&} ojzy & 4:(parameter)E°)
2.} (response)ol] w]x)+= odgks Hrlsl7] 4
&b =l {trial)2 2wl @ A58 W (fac-
tor)$} A}-S(noise) &2 FHRAh AHA Y (ex-
perimental design)e]gh daie] apgie] 2¢E&
oulslm] 7t zpad & AP A AEEH= 7 W
5o WEe AFFgoz dARc ey
L dga g shFRt i
Sl A Aelg F5-31 5|}

=4 el 4YWA = (full factorial exper-
imental design)ell 4= 7} W o] #48 s}
TS Hele) 2 2ghE Ald gt o] vhy]
< wiof gl oF9] HEE A& 5 ol ey
wo A7k kS daw gl BE e A
# A & (fractional factorial experimental de-
sign)ell A= *a Aguld(array)elr 54
gh B2 AgEere vasled Ao Ay

aa

Hele] setting

AH AgAE Ei@(l‘ow)"ﬂ"‘]
2t Algde] =& veddhe d(column)E
—T—E gt Kgﬁ Helg 22 Uch orthog—
13 QoM 2 HFEel Sl v
e < o‘“% Eglyoe g gz ¢ qlck 2 o
Foll 4= Brodskii(1976) el & &l ks 2"x 3"
D —optimal orthogonal A& Al8-& A}431
. nohe] AAA Wae 270 WEE mol e
Hepa waes 3o dpdE WAoo
o] orthogonal 3 # & o] &7 &l 4
g Agule & wu oz 79 W) Al
o) o ak-g sl wbA) 2774 HY

Flpak-s Wa g ot

oy
4

(78]

2 2"

MEDe A A3 w2z 25 =27, &
e, 4589, °\JET-:¥, 753, g
gl Al g 77bAle|) ol E F vl A
ez AAH Heg Fgetelal v A=
ek Wag hstelch A% W 34
o] W4 el A A= Ao 4 HH-E 5%
at olell A EgAe]ejof i z}v] WY
F23HE FA)Alel 7hslad s o 7‘]%— A1 A el
wadabefel wdaledo} ghok ¥ dAtellA] Ab
ax) W] EFel A (e HY)E R
1oy ehigict,

W Hde A3 A) 3 9 4 (experimental de-
matrix) 24 A [DFH(identification
value) & Ap&3le] viepic), Aaksd wao)
A, 7 HaHEE 0, 1, 22 FAs
R W -3 28 FAIRM

3EFY J=EREE 7Hal AAES Al
Abgsteict 1 1) =R, 2) AdRre, 3) &
e, 7t A5 YEFEZAE FH 26
el 9li EARE ®2e Aestgich B
el 4] AFER AP E el vl §lA e 2r]E
Zhe AR 9 AdEEe AFEEY A
A8k dsHE mA & FaF el B
Aol =X, $v] AR 2 A8 43

sign

2 100 o .
c:s i T_D Fine
) 80[ ] 4 Coarse
2 , ‘o Mixture
> 60} '
= ]
bl
2 4ok ] | <
o | i 1
e 2oL ! ' 4
@
e ! 1
& 0 L 1
#4 #10 #49 #200
US Standard Seive Size
a2 2. Ayl A48 2 AR Jeix g4

R M TREE 6



HE 1. MEDe] Ah&gl #5e 59 dgw el
| y Orthogonal
# Algu Si U? AUAHEY 5 (Eh) = Comments
9] 9| AN IDIE | i e
A%l % 1.8cm / sec 0.7in/ sec 0 1 N
1 o7 so) 1.0 0.4 1 0 PopRa
cm/ sec 025 01 2 71
. 104 15 0 1
2 *(3:;5 59 85 1 0 A el 5
? 14 2 2 -1
e 207 30 0 1
3 :':;}f:ﬂ 138 20 ] 0 ek
2 69 | 10 2 -1
Fine 0 1
4 Qe B 1:1 mix 1 0 ey 4
Coarse 2 -1
G A £ 22 o 0 , .
5 (sec) 4500 1 0 Hegda
sec 1 2 _1
Dry 0 -1
)R | PR
L Moist 1 2 BAET
R Loose 0 -1 3 2
7 SRESS Medium dense 1 2 C
2 A AHad e 247 B el 2k & 2o Molizul, MED 4]+l 4
gy | DSO | A= sk 2 A% w8 A W] HAl 5% oo A e
mm | kg /m?) | T (kg/m?®) 9] zAo| Erisste] YA wsE 2Fs)
AuaA | 05 1704 1507 dck, =& AAlE A 5e] ¥ 2
ke | 07 1860 1702 (funnel) & A3t 37 A Wee] A8
T I - o7 & ASHAL A (sieve) & F Febe
A8k AYRel B 7 xRl 27)
E 3 84wl o8 27 U WEE #340 foFstqct
AlE A8 uby
J= #¥ |&u] A% |Funnel 43 Sieve 45 3.3, A&
Z7] bl Y (2
D s AEHstel FRE 0L ofe) MAFEE A
FRE . - YHo8 2y flate] 2 33 7L 5
oist > gt AP AulE Austelct =4 A" 1%
Az o & g ol gsle] AF Hle) ol FAbE 4%
Moist 47 65 A gbel W7 7lem, ¥o] 15eme] AN E 4
sgwg —— H 7w Aslsivk AF o] B-& 60Hz9) Fopp 7
Moist 18 62 A A EL 2AHEAIRE) Youd(1970)9) A¥A

66 124 49 - 19964 8 H



stol elsgl AlAme Yo AT TR
198 U dons 4F dolgel Ao
ez gk %J}TE 9 shack, ofu)
AFE Fastl A5 4H71E AR s
ArEAl glel] 251 AP 75“% e Aol 3
A Hlermz £ A= 2% A2 E 4
4 sl daste] Fastalct %o =
WHE SRl FHYLE H4sA
st ont, FAAES] mo)el wshe] At
e AWeR ek ohefgt 2 278 B
AlE}7] _?]-5]_0% Zu) 7o B2 v Sul =74
o 4 Fafsteick Frigres A e Sut
TEet-g 7HEtel 2 vlae] M2 Air pistond
el FAe-H& FEAIZch 25 o8 &
g = sk LVDTES Abgsle] a&mog
A ket

LvVvDT Fixed
Care U Reference
[ T LvDr
/’ — ) S|
L —
Ge/ophone >
Triaxial
Settlement P~ Cell
> e _
Sett. Measunng 3 Confining
Frame - e Pressure
A
] Deviatoric
A A]]’ Piston Pressure

[m"h Vi Shakmg Table

Og 3 A¥ae] sas

3.4 ot HERE JHE

Shel Ak wageel 208 A Wt
Astell w|A= daFe x£Abskv] ¢)ske] Bro-
dskiiell 21a] At 22x Y cpH 4 A ﬂiil

= ARgahgivh of Whjel A= BE W
A% fatel defa wpe] 22} w41y 3—-‘4’?
A o glok -4 AstRAe] g3t e
thakde) g E ek 7h g,

Y=b,+Z(bx+bz)+Zbx, {(3)

714 Y=:43}8, by, b 9} b,=3]7] %41 A
T =478 ZEZ, 5=(3x—2)e]|ch W4
3ol A iRl gk Ak wige] A atelr), 7
el Wt Aslel] v)xe odake Tabr] g
s 27eHe] Alglel 9 g slc} Brodskiiel <]
Aok wbilg oz} Ay Ay e 49}
o] F-algich. AYAYYHAA DL =
Lgte s 23 ®58 7S orthogonal 3
do| wo] BAA 2] Z 7IeshA] g

dwt HYAE PgHPo] T A4
M fEE = H7 (bias) & A A517) Yehed 4
& F2r2] A (randomized order)el] wlz}
Fastenh. mak BAR A S slste] 244
o AEE FHY st F AR ol
Alsleke) W25 Fdol e}

A#A F o] orthogonal APo|mZ 2]
32l HEA ATe gfy Aden 33

lct.
27 0
quly ;‘l[xlu ym} zj { Zy; yui]
b,= 27 ;b= ; ) b= ‘ (4} .
Xox EZii
u= | u—1
A7 AM, Y= Afeld A5E g Heked

ol x, 2}z, AP F wHA B x
2} z.o] grolvh si4el] vehd A AFE oyl
shH ohgap 22 sl dErdg ds 5 g

_KL

Y]n= 2.27+1.19x, — 0.71x{+0.49%, — 0.68x;
—0.80%,+1.09%; —0.46x,+0.06%:+0.45%;
—0.38% --0.19x, —0.10x; (5)

o] 7] 4,

Y.=In({Y)e]x Y] ¢l 0.001ino] )

xo 1A w3 Fegler Fld A ez
sich

sl mdle] A HgAdE Hotsks) )
&le] Fisher(F) 7] &8 A}-&&bgdcH Box, 1978,
Box, 1987). Fisher 7|&olf 2] 5}H 99%52) sig-

HEMA TR 67



* 4. MyAE 3

Settlement
Experimental design matrix (natural logarithm)
Test Observed Calculated
run average Yin
number F F; Fs Fy Fs Fs F; from two tests using expressed
Yin u Equation 5  in SI units
(0.001 in.) (0.001 in.) {0.001 em)
1 24 0 0 0] 0 0 O 0 2.944 2.720 3.652
2 14 1 0 0 1 1 1 1 (.000 1.981 2.913
3 2 2 0 0 2 2 ] 0 0.000 0.349 1.281
4 12 0 1 0] 1 2 1 0 2.944 1.829 2.761
5 18 1 1 0 2 0 0 0 2.773 3.344 4.276
6 25 2 1 0 } 1 0 1 0.693 0.445 1.377
7 13 0 2 0 2 1 0 1 3.434 2.588 3.520
8 21 1 2 0 0 2 0 0 (LO00 (1.349 1.281
9 19 2 2 0 1 0 1 0 0.000 —0.822 0.110
10 9 0 0 1 8] 0] 1 1 0.000 1.861 2.799
11 8 1 0 1 1 1 0 0 4,004 2271 3.203
12 22 2 0 1 2 2 0 1] (000 0.064 0.996
13 10 0 1 1 1 2 0 0 1.609 2,119 3.051
14 17 1 1 1 2 0 0 1 3.829 3.059 3.901
15 7 2 1 i 1] 1 1 1] (.000 —0.414 0.518
i6 15 0 2 1 2 1 {} 0 0.693 2.304 3.236
17 1 1 2 1 0 2 1 0 0.000 —0.510 0.422
18 6 2 2 i 1 0 0 1 (L000 —0(.532 (.400
19 11 0 0 2 0 0 ¢ 0 5.961 4.322 5.254
20 27 1 0 2 1 1 0 0 4.317 4.158 5.090
21 16 2 0 2 2 2 1 1 1.792 1.377 2.309
22 5 0 1 2 1 2 1] 1 3401 4.006 4.938
23 23 1 1 2 2 0 1 0 4.174 4.371 5.302
24 26 2 1 2 0 1 0 0 1.386 2.047 2.979
25 3 0 2 2 2 1 1 0 4,382 3.616 4,548
26 20 1 2 2 0 2 0 1 1.792 1.951 2.833
27 4 2 2 2 1 ( 0 0 0.000 1.354 2.886
IS =32 A4 orthogonal 23

X1 %2 X3 .71 x5 X6 X7 Z] 2 73 24 z5

1 1 1 1 1 -1 -1 1 1 1 i 1

(} 1 1 0 0 2 2 -2 i 1 -2 -

-1 1 1 -1 —1 -1 -1 1 1 1 1 1

1 0 1 0 -1 2 -1 -2 1 -2 1

G 0 1 —1 1 -1 -1 - -2 1 1 1

-1 0 1 i 0 -1 2 1 -2 1 1 -2
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w
=

Settlement, mm

1 -1 1 -1 0 -1 2 1 1 1 1 -2
0 -1 1 1 -1 -1 -1 - 1 1 1 1
-1 -1 1 { 1 2 -1 1 1 1 -2 1
1 1 0 1 1 2 2 1 1 —2 1 1
0 1 0 0 0 -1 -1 —2 1 -2 -2 —2
-1 1 0 -1 -1 -1 -1 1 1 A 1 1
1 0 0 0 -1 -1 -1 1 -2 -2 —2 1
0 0 o] -1 1 -1 2 —2 —2 —2 1 1
-1 () () -1 0 2 -1 1 -2 -2 1 —2
1 -1 0 -1 0 -1 -1 1 1 -2 1 -2
¥ -1 0] 1 -1 2 -1 -2 1 -2 1 1
-1 -1 () 0] 1 -1 2 1 1 —2 -2 1
i 1 -1 1 1 -1 ~1 1 1 1 1 1
¢ 1 -1 0 0 -1 -1 —2 1 1 -2 -2
-1 1 -1 -1 -1 2 Z 1 1 1 1 1
1 0 —1 0 -1 -1 2 1 -2 1 —2 1
0 0 -1 -1 l P -1 —2 -2 1 1 1
-1 0 -1 1 1] -1 -1 L -2 1 1 -2
1 —1 -1 —1 { 2 -1 1 1 1 -2
0 —1 -1 1 ~1 -1 P -2 } L 1 1
-1 -1 -1 0 1 -1 -1 1 1 1 -2 1
Result of summation over rows in each column
0 0 0 0 0 0 0 0 0 0 0 0
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