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Abstract

Many studies have been conducted to assess landslide process in Georgia.

Georgia is a country with a difficult geomorphological and belongs to the
mountainous system, with difficult relief, where the development of new lands,
such as operation of industrial, construction of new highways, construction of
residential complexes, communications, during the operations and so on. Natural
landslides often occur on the slopes as a result of soil or rocks movements.
Therefore, to ensure their sustainability, it is necessary to use different types of
restraint, one of them using retaining wall and the arrangement of protective
construction systems.

The term "Landslide" is used to describe a wide variety of processes that
result in the movement of soils and rocks,when the shear stress exceeds the shear
strength of the soils and rocks.

The landslide of our study located in The Mukhatgverdi which developed
in the Didi Dighomi district, the landslide body of our study is mainly
rpresentedmade by clay, and the plasticity recorded more than 18, which belongs
to the clays according to the standard of clay. The clay fraction is represented by
montmorillonite and hydrocarbons. under natural conditions, the propreties of the
soil in the upper part were the angle of internal friction (¢) results was between
(17-18)° and cohesive stress (C) results was (0.26-0.30) kg/cm?, and the propreties
of the soil in the lower part were the angle of internal friction (¢) results was
between (5-12)° and Cohesive stress (C) results was (0.10-0.25) kg/cm?. the
characterized of the clay a low value of the deformation modulus with a high
coefficient of compression and from all of this data generally the clay belong to the
weak soils according this properties.

There are main factors which control the type of landslide that occurs on
the Earth's surface, the slope gradient, the consolidation of slopes, water, the
height, the composition of landslide material, the direction of sliding, and so on.

Landslides are always related to the effect of water. In our case, landslides
are mainly caused by the action of water. It is often the slope is changed artificially
by human impact. In our case, increased flow of surface water was clearly
observed. Thus, the increase of slope and the activation of surface waters led to the
landslide of Mukhatgverdi.

A large number of retaining walls are built on mountainous roads to protect
regulatory structures, landslides, river floods, as well as mudslides, snow
avalanches, and fall rocks.

New type of retaining wall. Reinforced concrete thin-walled retaining
walls where the active earth pressure factor of the soil is used to the maximum. A
step-by-step arrangement of a prefabricated retaining wall on such an angular
profile as a second option can be used to reinforce a landslide.

piles are structural elements of wood, concrete and steel that transfer loads
from the building to the ground. Sometimes piles are used to stop ground
movement, for example a landslide. A retaining wall can be made using horizontal
piless and it will act as a counterfort retaining wall.



We used the Horizontal Force Method (Fp) and divided The expected
landslide into 5 blocks, We calculated the landslide slope stability coefficient and
the result was 0.77 less than 1.00, that means the landslide is unstable, and it
requires landslide support to improve the mass properties.

We used six models of different types and sizes of horizontal (counterfort)
pile retaining wall some of them precast retaining wall block model and another
retaining wall with horizontal piles. The result of the calculation the factor of
safety for sliding stability retaining wall, overturninig stability retaining wall and
the coefficint of landslide slope stability, different results depending on the the
dimensions of the retaining walls. The precast retaining wall block model and the
retaining wall with horizontal piles to protect the landslide slope stability, length
of retaining wall 20 M, height of the retaining walls (1.0, 2.0, 3.5, 4.0 and 5.0) M
from the ground level, the width of the models (0.17)M for precast retaining wall
and (0.5-0.7) M for the upper side, and (0.6-0.8) M for the lower side of the
retaining walls. We used square and circle horzontal piles length 5.0 M, width or
diameter 0.6 M, distance between piles 5.0 M, 4.0 M, 3 M, 2.5 M center to center.
The landslide coefficient of stability increased from 0.77 to the 1.11, 1.32, 1.45, and
1.60 that mean the body of landslide section became more stability.
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9ol Losbgo®odm 59mygbgdeos 3OHMBILMO B, MMH390dol BT
6ol dobgz0msi bodobxgdl mMol dgoagbl 2 IgEHMU.

5056 LORMAZEOE MOI3L 303MmMYHs MOVMMO 9B9JEHOL Tglobgd Bob
(4.2), 509960 989JGHOL 303MmmM)HsDY oYMHbMdOom . 206BdMMAOL doge
539600 0dbs bodobxgdl Tmeol 300EH03Mwo 356dool Bosbgsmodm

OIS,
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B0B0EX-dAIESH(M3060 dﬂ%ﬂfﬁ‘ﬂ

"'-“n.‘ -

Bsb. 4.2 bodoby - 4®bE™3560 39gmo

(4.11)

0.2 Egpp C°. cOSa

BOOE Pruar MuarCua o= 39FYOOL BobolOsMGdICNGd0S, Fglodsdolo (MwmbEol
dogo bobmbol 3mmbg, d9figg@ol Lolidg-go5656Mm0dgd0LsL, 99F0EMds Fosmo
bodwgogm 8603369emds s0gdmeo, d9hygeol dslogol bLEoswol BgsdoMol
3OHOBMbEH™S6 QbGMOL 3mobg). 230163 0L dsboliosmgdegdols
(396Lo3mm®gdom @, C) Lsdmsem 3603360 MdYd0M 509ds, MMAMOE 339
530b603bgm, bgarmzbmMo sd306MmgdL d9hymH o sHbg3ol Loowgl, Gog;
653900B0L  999639(08900LsL YB39V I0d. Espe - 09FyO o ©sfbggs: ¢-
99ligOawo @sjbgzol 3ma8osegbdo-

(4.11) gmOIMNEOL 565¢00Bolsl by 500bodbml, GMmd bodobyx ol
dmMoL 3003030 356d0Erol  2556356M089d0Lsl  gom35eolfobgdmwo o6
5ol bodobyxoll ©@osdgBHmo  (BmEgdmee  Jgdmbggzsdo  bsdmMbadgbo
bodobxgdol). dghggedlofobosmm bodobxmgzsbo Boggdmdol  aosbasmr0dgdolsls
9oO»-96hm  93b0dzbgermgzsbgl  Lozombl, ULHmGgo bodobxol  ©osdgEHMob
390035¢0Lf0bgds FoMdmoagbl. bodobxols 0s3gEHMmOL gobOHLom, 0BOHIYds
bodobyxol {obommds (HBowzol bs®o), bodobxgdl dmEol dsbdowo s
9306M©gds  bodobxgdol  Mogbgzo  d(3M03d0.  asomzsobfjobs Mo .
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306Dl 2050Y39BHol  bs3wo, ™. U19dgb3mazds, (4.11) FMOIMOL
Lox3dzgedg dmazze bodobxgdl TmGol  3Mo@ozmeo  dsbdowo. (.
M©5239c0dols  dgbgMEgdom  3M0GH03o  890dwgds  Bsomzgogrml ol
ds6doo bodobxgdls dm®ol, Mol 30090 2oBMH©IE 30 2odmof393L,
b0dobx 9oL ol 3OMBEHOL AodMmMAsL, Mog (4.11) s (4.12) BmGOIMEdom

3990603bME00) golissbys®08gdgwo gmMINws

|
Cst [€ha+ 4BRAE,:
b= N (4.12)
2B

bos3
BE=0.1 Eﬂaﬁ-@ U .coso (4.13)

2 (4.14)

— e - - —
c=72 8c tgw,.; + 0.75 ¢,,5 hy,; C cosa E'B:l,ﬁ{Aj BRd

B

R 560l 309830309630, OH™Igeog 0m35¢olobgdl ammbEol momby
dembyero d9HyOH o sfibgzol 999:306090s; ds- bodobyxols osdg@®o.

M. Ubgdgh3zmzds  bodobxol  ©0sTgEHMOL  Aobsmzscrolfiobgders
RMOIMsdo 99000943565 0530L9535¢0 LogMEOL T93gdol 3M9n0E0YbEO

B b — Rds
T

: (4.15)

65953 LOZOABMDESE PoBIMIS boTobx gl ImEOL dsbdogro. 5939 Mbos
503600bmm, Mmd  mogolyBsewo  LogmEol  dg3bgdol  3MgBoE0IbEHOL
960036gemdsl .  206BdMGMo3  0omzoolfjobgdl. 3ModGozmero
399030009300 25dMmIE0bscYg 58 39530309630 LodsEm 360T369WMASL
030 0©gdl 0.5-b s M3w0l, OHMI dgfiydrmeo ©s(Hbg30L bobgzsto  dmob
d9099mLHobsm  BoggdMdsBY o bobgzsMo M bEOL  (bodobxgdls dmMob

dmdi39w0) 3o Gobby.
(4.11) ©9s (4.12) 3m6IMEgd0L 565coBolsls Gg0dEgds ©o39L336sm, BT

MO39 BOOINWIL BoRd3zwo© M©I3L 303mmgbs AOWMBEHOL VMO
983dBHOL Tgbobgd. 5990 godmdobstyg. 86930305, MHMA Bodobxgdl JmMob
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956d0eols  goblobeg®s  Fomo  2sdmyabgdom  doewbg  968g3MmbmTom©o
096905.[13,14]

09O nEo  Bobs  EIYMBOEos  FoWIINW b 653390,  ©s
3o630bowmm mommgrwo 65339mm@mol Brztrwo {mbslfim®mmdol doMmmds.
026 BSBL bob. (4.3). [17]

39090 39OHEMd0L sbasMm0do 3bG. (4-2)-3o. OHMYMOE BIOOMIOL
9Msmdol  3m9n0309bdHo (K) = 0.77 < 1.0 (1-Bg bs3ewgdos) o6 560l
MBOBODBM (56053 YM50s). B396 godmz0ygbgm g9d3bo Lbgssbbgs dmgaro
3OH0DMbE M0 (3MBGHOBMOLMoL)  bodobxgdol Logdgbo 39werol,
Bomob Bmyo sLHymdo LogMgbo 3geol derm3zo s Bmaog  LayHgbo
39000l 3m6OH0DMbE MO0 bodobxgdols 3°9my9bgdom.[32-35]
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+ 10,84

5,00

+ 9,90
®
d3%yfmol
©a31M)00L bndM®Gy)
320
6,50M

6,00M

) 7,00

+ 9,65

d0fob Bys3nmo

28°

6,00M

+ 5,57

39figOwo Lbywo agmaowos 5 dErm3s

Bob. 4.3 99Hymmemo bbgmeols bLssbys®odm Liggds

+ 1,80

' 0.00
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93mb5039MmOL FGFYOOL Lssbysmodo sbMogro.

(03336039, dogs bsbbol 39Mby s 37O 9F0IEMdS) y =1,8 /3%~ @ =6° - C=0.1 3/

3b®owo No. 4.2

I o
S s 9 S | g e S | = = | F
Z o §2 B3 2 g + g o B '
c ol £ 2 = o = & 8‘ o N2
ae) @ 2 = &) © : ] =
g€ 2 2 €S < E I 8 I o} = 3
&/ ™ S ) & o I o, = 0o
c%( 53/ sl © =
1 (6.5x5)/2 16.25 29.25 32 0.62 18.14 0.06 0.17 9.65 | 2235 | 0.410 | 11.99
2 ((5+7)/2)x6 36.00 64.80 28 0.53 34.34 0.08 0.19 | 11.76 | 16.24 | 0.290 | 18.79
3 ((7+4.2)/2)x6 33.60 60.48 12 0.21 12.70 0.11 0.22 | 12,41 | -0.41 | -0.007 | -0.42
4 ((4.2+3.8)/2)x6 24.00 43.20 8 0.14 6.05 0.17 0.28 | 15,64 | -7.64 | -0.130 | -5.62
5 ((3.8+1.8)/2)x6 16.80 30.24 5 0.09 2.72 0.23 0.34 | 18,78 | -13.78 | -0.250 | -7.56
73.95 17.18

K = (H-E)/H = (73.95-(17.18))/73.95 = 0.77 < 1.0 56 56015 #lis36mbam
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4.2 9Mbsmy39m0lL IgHyHryemo i3gME@dol 56350080

3M63HRMOLMmo bodobxgdol gsdmygbgdoom
OmymOE  9b6as6m0dds  9B396s 9Py o BgMEOMOOL  dYMmIEMBOL
3M9803096¢0 1-B9g bs3angdos (56 6oL MLosg@mbm), bob. (4.3) s bGOWO
(4.2) [17]. Bggb 359m3099b90 9d3bo bbgzoolbgs dm@gergdo. GmamM3 J3gdmom
dm39980s:
B396 2499m30ygbgom (MbEol Lod3zzmogg, v = 1.8 &/3% dogs bobombols
39o0by, @ = 6% s 3OO J9F0Emds, C =0.10 32/13%).

306290 MO0 :

306039 dmgmdo gsdm309gbgm  J390sdbMOL sSLsfymdo Loymgbo
39000l dErm30. oo godsamgdol Jobbom, d9fygmols Lbgmmol 43980 ghHmo
bsbo @odm3z094gbgom 08 gobBmdogdols dobgzom, ®mIgwoi bsbzgbgdos
BobsBdo bob. (4.4), bsb. (4.5) s Bob. (4.6).

B306 @o8mzm3z5wgom dobo  8EYMIEMIOLMZOL  SLsfiymdo  Laymgbo
39000l 3Mm30l, HMYMME IEMMYd0LIMNZ0L LHobssmdgym Hmbols dsgrom
@S 3903GHM05Egdol  dmdgbBHdo,  B396 ©s350bgm, MMI  oEMGYBdOL
9 M5Md0L 3m9x03096¢0  F9500a9bL 5.76 @5 gl 9GOl  MLOFOMbM, bergom
395GHM0swgdol  dmdgb@do GoddHmemo 5.13 sbgzg  MLogOmbms. B39b
3056256008930 3gMHEOMd0L JAMIMIOL 3ngn0309bGEL (K) gbG®owdo (4.2) s
gb®owdo (4.3), 3bgozm, MMI o0bsMs bmdgmo 0.77-sb 0.94-0y, qu
Bogargdos (1.0), gb 608bs3L, MMI BIMEOMdOL IEYMIOMOOL 3mg5303096G0 (K)
56 9GO MLOFOHDHM.

LogMabo 390l 459635008905 IEGILMEMS :

Sb5HYMdo LogH9bo 3900l dermzol dmwgwo , (Lod336M039)Y =
1.8¢/3% ¢=6°C=0.1 33/L3% & =0.75 @ (5 - bsbbol 379Mbg bodobyxgdls s
3OM6EL dmMob).

Ka= [1=Sine - 0.81
1+sing

G = 222 4h - 2C [L-sing 8ofjol sgBon®o afmws 39wby
1+zing 1+sin(/)
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oha = (0.81x 1.8 x1.8 — 1.8) x0.9
Oha = 0.74 (/&

3 9 bogMdg 390gOM30L  Cha = 2.22 ¢/30

Ky = 1+sing - 1.23
1-sing

onpl = 1.22 &/d¢om3o (3900l byzms®o [mbs

onp2= 1.83 &/dwm3o0 (5080bx 900l L3O fabs)
onp3 = (Kovtand+C) A (b0dobx9dL s AOMBEL FmEol bobwbo)
K=0.81

onps = [(0.81x1.4x1.8x0.079)+1]x8.4 = 9.75 /dewm30

1.22+1.83+9.75
- 2.22

F.S.

=5.76 ol 56H0b MLsgMmbm F.S. =1.25 - 2.00

399625009905 LOYMHPIHO 390090 A5G0 GIOL FOYMIPMOS:
Mo = oha X 9300930
Mo =0.6 x0.74 = 0.44 3.0
Mpr1 = (Kovtand+C) Acxdzemsgo  (bodobxgdl s a0+b@L dmeol babwbo)
Me1= [(0.81x1.4x1.8x0.079)+1]x8.4x0.60=5.85 (3.0

Mpe2=1.82x0.6 = 1.09 .0 (bodobx 900l Lszmms®o {mbo)
Mpes=1.22x0.09 = 0.11 .0 (3900l Ly3MMM0 [f™bs)
pg- 2HLOOF0IL 5151 50 ol ser0b misgBmbe. [5,24]

1.32
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Bob. 4.4 sLsfymdo Loymgbo 39000l derm3o

B6ob. 4.5 sLsfymdo boyMmgbo 39Ol derMm30, 3003900 IMEYEO
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2,04

2,39

3,43
4,77

Bob. 4.6 sLsfiymdo Loymgbo 390l derm30, 306390 IMHWO
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d9bom39MH0L 39Hycmol Losbys®odm 3bMHowo. sbsfiymdo Loghgbo 3gwol dermzol (9Mmo bsbo) Lodsweg = 1.0 8;

3b®oeo No. 4.3

(L03336039, dogs bobbol 39Mby s 3OO FgFoEIEMdS) y =1,8 /3 - @ =6° - C=0.1 3/Ld?

®
e
© < a0
c gj Il o) a
g 4 2] g e | . 5
S 3 e | £ | 3 A 2 |
Z. Fo) S S & o : 8 = g
2 2 2 ) ) = g' 3] | o
% % % % % = 5 S > 5 £
3 3 3 3 3 : 0 N ; Iy > g w0
Y Y g 4 Y g T o) = = S g =
1 (6.5%5)/2 16.25 29.25 32 0.62 18.14 0.07 0.18 10.20 | 21.80 | 0.34 9.95
2 ((5+7)/2)x6 36.00 64.80 28 0.53 34.34 0.09 0.20 11.31 | 16.69 | 0.30 19.44
3 ((7+4.2)/2)x6 33.60 60.48 12 0.21 12.70 0.14 0.25 14.04 | -2.04 | -0.04 | -2.42
4 ((4.2+4.02)/2)x2.63 10.81 19.46 8 0.14 2.72 0.25 0.36 19.80 | -7.80 | -0.14 | -2.72
5 ((4.0243.32)/2)x3.37 | 12.37 22.27 0 0 0 0.30 0.41 2229 | -22.29 | -0.41 | -9.13
6 ((0.80+3.32)/2)x6- 12.04 21.67 0 0 0 0.41 0.52 27.47 | -27.47 | -052 | -11.27
(0.8x0.8/20
67.90 3.85

K = (H-E)/H = (67.90-3.85)/67.90 = 0.94 < 1.0 56 560l “Jlisg36:00bm
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39069 MO :

dgm6Mg dmEgedo. B396 ©s35853)gon dgmMg boBo sLofymdo Loymgbo
30ob dm30 MHMamOE gu InEgdnmos Bobsbdo bob. (4.7). xggMH™dOL
9M5Md0L 309530(3096GH0 390BIMS s dobs (1.11) dg@o, 3oy (1.0),
o3 603653L, MM BIMHOMBOL FEAMIPMDS MBsBOMbMS sbews, sbMHowo (4.2)
5 3bMowo (4.4). B3gb 935020690, GMI B0l 3m95303096¢0 TgoAqbL
2.49 56:0b MLOgOObM, bmrm 35sGMm05¢gdol  3yMdEMdOL BodEm®o 2.63
@5 91939 MLOBOMbMY. FGHYOHMIWo RGMHEMBOL FEYMIMIOL 3mgB03096EO
0946905 3003030, S30GHMI bs 259moygbmm dgbsdg BsBo (SLofymdo
LogMgbo 39eol derm3o).

LogMabo 39Ol A556396M08905 YEIWMS :

SLsfiymdo LoyMgbo 390l dermzol dmgero, (Lod330M039)y =1.8¢)/,
@ =6° C=0.1 33/102, 6 = 0.75¢ (3 - bsbbob 379mbg bodobxgdLs s FOHMBEBHL
dmeob).

K= (1=sing —0.81
1+sing

O = ~—n® yhy - 2C [L-sing (ool 5gG0EO sfmws 3909w HY)
l+sing 1+sing

oha = (0.81x 1.8 x2.3 - 1.8) x 1.15

COha = 1.78 @)/8

3 3 bopa™dg 300090M30L  Oha = 5.34 ¢/d

Kp = 1+sing — 1.23
1-sing

onp1 = 1.22 %/ (390l Lyzmms®o [mbs)
onp2=1.83 %/0 (bodobx ol Lyzmms®o fmbs)
onp3 = (Kovtano+C) Ac ((bod0bx 9oL s AOMBEBHL JmGOl bobmbo)
K=0.81

onp3 =[(0.81x1.9x1.8x0.079)+1]x8.4 = 10.23 ¢/

~ 1.22+1.83+10.23
- 5.34

F.S.

=2.49 ob sG>0l MLsgdmbem F.S. = 1.25 - 2.00
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399625009905 LEYMHPIHO 390090 A5G0 GdOL FOYMIPMOS:
Mo = Gha x 93¢0530
Mo =1.78 x0.43 =0.93 3.0
Mpr1 = (Kovtand+C) Acxd3emsgo  (bodobxgdl oo gMb@GHL demMob bobmbo)
Me1 = [(0.81x1.9x1.8x0.079)+1]x8.4x0.6 = 6.14 (.0

Mpe2=1.82x0.6 = 1.09 ¢.0 (0dobx ol by3MMIMO [f™bs)
Mprs=1.22x0.09 = 0.11 .0 (390l Ly3GO [mbs)
pg o OAHLO9H0IL ) a1 50 ol S0l wseBmbe. [5,24]

0.93x3
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bsb. 4.
7 5b5Hgmdo LogH9bo 39Ol derm3o dgmg dmIWo
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(L03336039, dogs bobbol 39Mby s 37O FgFoEIEMdS) y =1,8 /3~ @ =6° - C=0.1 3/L?

o©

b
< Elr e =
S % ? & & a, =)
g € £ 2 |3 7% 2 | .
z £ oS} 3-8 e 5 'g_ 5 = CJ
; J AR IR R
P! P! P! P! Pe! s T @) = = o} 8 5]
1 (6.5%5)/2 16.25 | 29.25 | 32 0.62 18.14 0.09 0.20 | 11.31 | 20.69 0.38 11.12
2 ((5+7)/2)x6 36.00 | 64.80 | 28 0.53 34.34 0.12 0.23 | 1295 | 15.05 0.27 17.50
3 ((2.07x3.5)/2)+4.93x3.05+((0.65x3.05)/2) | 19.19 | 3454 | 12 0.21 7.25 0.19 0.30 16.7 -4.70 | -0.08 -2.76
4 ((2.95%2.01)/2)+3.57x2.95 13.49 | 24.28 0 0 0 0.25 0.36 | 19.80 | -19.8 | -0.36 -8.93
5 ((1.25x6.00)/2)+2.32x6.00 17.67 | 31.81 0 0 0 0.37 0.48 | 25.64 | -25.64 | -0.48 | -15.27
6 ((1.26x3.00)/2)+1.06x3.00 5.07 | 9.13 0 0 0 0.79 0.90 | 42.00 | -42.00 | -0.900 | -8.22
59.73 -6.56

K = (H-E)/H = (59.73-(-6.56))/59.73 = 1.11 > 1.0 0l 560l “jbs360be

3b®owo No. 4.4
dbs039M oL IGHYOOUL LosbsM0TMm FBGOWO. Sb5HYmdo LogHgbo 3900l derm3ol (Mo bsbo) Lodswwrg = 2.0 o;
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3dqL599 MO :

LogMgbo 390090 3mOHODBMbGHIMOHO  Bodobxqgdol  godmygbgdoom.
LogMgbo 39000l Bmds, +5.0 3 Lodsmeng, LogMgbo 390l Loysby
B90056 5oL 0.7 3 s J398msb 0.8 3, bodobx gdol Loga®™dg (5.0) 3 ,3350MsE0
bodobyxgdol (0.6"0.6) 8, dsbdogro bodobxqdl dmEol 5.0, (Lod3zzcmogzg) v =
1.83/3% @ = 6°, C = 0.1 3/L02, & = 0.75¢ (5 - bobMbolL 3MMbg bodobx gdLs o
3MM6EL dmMob). bob. (4.8).

39003035090 MM, LBoyM®Ibo 39Ol MMAMOE WI(3IMJOOL
903M5QMBS QOO A9IGHM05¢gd0L YOI MDY 350[0bgM, HMI IMEEMGOOL
900350 Md0L MLOBOMbMIOIOL BodBmEo 0.83 ol 56 sGOL MLsFOMbM, bergom
39OGHM05wgdol dmAgbEHol  GodBHmEmo 055 ob sM MOl MLogMMbM.
R9OMO0L IEYMIMIOL 3mgB0E0YbEHOL 450BsMs (0.77)-sb (1.60-0¢0g) s
b 9xzdn dgGos (1.0), gb 60dbsgL, ®MmI RYOHOMOOL BEYMIEM™IS  5J
d9d0bg935d0 MLsgzOMbMms, 3bGowo (4.2) s gbGowo (4.5).

306390 B5J@GMM0 5830090l ™Mbl IgHydmwo Lbgmmol dosmes s
do6ML dmcol, bmerm dgmemg Bog@mMTs oBsms LoIBIoEoL BO3sMO s
39593065 B9MOMOBY d3MOL EIRMOTS309.

B396 99330305 89350660Mmm 3mOHO0BMbEHIMGHO bodobxgdol 933930,
399625M0dg00LSL O3 MOoLy  Tgdmbggzsdo  0bs®BmMBIdL 390l
90M5MdL s 95939 FIWIGHM0W YOOl 39Ol FEYMOPMBS. OEIMGOOL
9 M5Md0L 53536900 3900l 2596256003900Lm30U,
3OH0DMbE Mo bodobxgdo ©ogdods 4.32 ¢ Gmamm3 fmbs s 17.54 @),
MmO 3 bodobxgdl s 3OEEL Mol bobmbo, gl 60dbsgl, MMA 450BMYds
Logdabo 39000l 258596900l 25%  (Hobssmdgamdol  domeosbo
doqgd0sb), s  Loymgbo 39wl  goddIMMBYdgOl  doggdol
39962900d900Lbm300L, 3m6OH0DMbE Mo b0dobyx 9090l 59935
Doboomdgamdols  dmdgbBo  Loghgbo  39OEOL A9G0S0l
9aMom™dol 11.75 ¢.0 (bodobxgdl s a0mbEHL dmEol bobmbo), s 2.85 ¢).0
(6b0dobxgdol §ibs), s 2.85 ¢).0 (3B 0L 495s3H30MH™M35 bodobxgdby).
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Bob. 4.8 LoyMgbo 39ol dglisdg dmgwro

LoyMm9gbo 3900l 2o5bM0TGds YEIYMS :
(LoyMgbo 390l Bmds, + 5.0 8 Lodsmeg , bodobxgdol Log®dg (5.0)
3, 33900M5¢0 bodobxqdol (0.6'0.6) 3 , dsbdogro bodobyxgdl dmeMol 5.0, v =

1.8/ @ =6°, C=0.1 3p/L02, 5 = 0.75¢. (dgB™bol 3gwol EHo3o) bsb. (4.9).

Ohp= o b 4 2C [L+sing 300l 3sLoMGmo sfmws
1-sing 1-sing
Ka = 17sing dofjob sdBHomemo 3mgxn03096EGO

1+sing
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_l+sing

Kp =
P 1-sing

dofjob 3sboOmo 3m9x803096@0

_1-sin6
1+sin6

Oha = 229 vh - 2C [1=sing
l+sing 1+sing

oha = 6.95 x 3 = 20.85 ¢)/0?

Ka =0.81

5 @ boa®dol 390gwobmazol on = 104,25 ¢/5 0

1+sin
Kp=—""%-123
1—sing
Chp= 1+sing yh + 2C 1+Sin§0
1-sing 1-sing

onp1=((1.23 x 1 x 1.8)+2.22)x0.5x 5=11.09 ¢/ 53 (dofjol 3500 sfeens)
onp2 = 5x2.4x0.6x0.6 = 4.32 ¢ (b0dobx ol bygMMs®o [™bs)
onp3 = 2.4x0.75x6x5 = 54 @ (39000l Ly3MMIMO [™bs)
onps = (Kovtand+C) AcxL  (bodobxgdl s gMbEb dmMob bobwybo)
K=0.81
= [(0.81x4x1.8x0.079) + 1]x 2.4 x 5 = 17.54 &/d

pg, - 1109143245400 +17.54 a3 pg 12500, 56 560l gsgGrbe
104.25
Oh = ~n@ yhy - 2C [L=sing dofols 5gGHoemo sfimes 399wbY
1#sing 1+sing
399625009905 LogMHIbO 3900 A5G0 GdOL FEYMIPMdS bob.
(4.10).

Mo = Gha x 93¢0530

M, =20.85x2x5=208.5 .0

Mer1 = ((1.23x1x1.8) + 2.22) x 0.5 x 0.33 x 5 = 3.66 3.0 (@offols 3sbowEo
QfMes)

Mpr2= (Kovtand+C) Acx L x 830030  (bo8obxgdL s 30x96EL dcmadol bobmbo)
Mpr2=[(0.81x4.2x1.8x0.079) +1] x 2.4 x5 x 3.3 =58.75 .0

Mr3=5x 0.6 x 0.6 x 2.4 x 3.3 = 14.25 3.0 (bodobx ol L3zt fmbs)
Mprs= (6x0.1/2) x 2.4 x 0.07 x5 =0.25 ¢.0 (39000l Ls3MMsMo {mbo)
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Mrs=6x0.7x2.4x0.45 x5=22.70 3.0 (39000l L3N0 [™bs)

Mrs=1.8x4x0.6x33=14.263.0 (3060l gosGH306MHmM35 bodobxqgdoby)

_ 3.66+58.75+14.25+0.25+22.70 +14.26
208.5

F.S.

=0.55 < 1.50, 56 360l

MBogODbM. [5,24]

H=6.09

3060D0bB@Im0 bodobxgdol T s

7L KT
s e I h=1.08

T, =5080bx90b ©5 3GBEAL Bmeob bsbuybo
Gh = 8ofjols 5gBHoMo sfmes 39gwdy

Bob. 4.9 2556256008905 LygM9bo 39Ol JmEMMYdOL JYOSMOOLSL

92



Mo

3BDBAOL 33BN bodobxgdody  Md /

H= 603

2OOM05egdOL FoadGoero Mo i

Bob. 4.10 255635608905 Loy®gbo 39Ol F5IEM0SEGOOL TOAMIPMDS
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(L08336039, dogs babybol 3mMby s 3O JgFoEMds) y =1,8 ¢/33- @ =6°- C=10.1 3/10*

9mbs039MmOL GFYOHOL LosbasM0TM FbOOWO. Boymgbo 390l Lodsmeg = 5.0 8;

3b®owo No. 4.5

©
n
© < o0
c ng I o} a
§§> £ 2 € & o =
S 3 e | £ E I 2 |
Z £ S 3-8 & S + S =Y )
2 2 2 2 ) = S o | o
2 2 S - : 5 8| & 4| &
g g g £ g Z 0 N ; Iy = < w0
g g g | ¥ | ¥ E | = | 5| & | & 5| & | g
1 (6.5%5)/2 16.25 29.25 32 0.62 18.14 0.15 0.26 14.57 | 17.43 0.31 9.07
2 ((5.53+5.00)/2)x1.58 8.32 14.98 28 0.53 7.94 0.19 0.30 16.70 | 11.30 0.20 3.00
3 ((5.09+5.53)/2)x4.42 | 23.47 42.25 0 0 0 0.22 0.33 18.26 | -18.26 | -0.33 | -13.94
4 ((4.65+0.57)/2)x6 15.66 28.19 0 0 0 0.35 0.46 2470 | -24.70 | -0.46 | -12.97
5 (2.74x0.57)/2 0.78 1.40 0 0 0 2.92 3.03 71.74 | -71.74 | -0.57 | -0.80
26.08 -15.64

K = (H-E)/H = (26.08-(-15.64)/26.08 = 1.60 > 1.0 ol 560l ¢lsg3OHmbem
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dqmmbq dm@aemo :

LogMgbo 3990  3MOOBMbEIMOOL bodobyxqgdol  asdmygbgdom,
LogMgbo 39000l Bmds, +5.0 3 Lodsmeng, LogMgbo 390l Loysby
B9005b 560l 0.7 3 s J399mesb 0.8 9, bodobxgdol bLoa®dg (5.0) 3, HBowmwo
bodobx 900l ©osdgBH®o (0.60), dsbdoero bodobyxqdl dmMolb 2.5, (dgEH™mbols
39wob GHodol, (Lod336m03g) v = 1.83/33, ¢ =6°, C=0.1 33/10%, & = 0.75¢ (J -
bobmbols 37mbg bodobxqgdbs s aMbEHL dmeo). Bob. (4.11).

39003035090 MM, LBoyM®Ibo 39Ol MMAMOE WI(3IMJOOL
903M5QMBS QOO A9IGHM05¢gd0L YOI MDY 350[0bgM, HMI IMEEMGOOL
90035 Md0L MLSROPBMGdOL BoJEMM0 0.95 s 56 sOHOL MBsROMbM, bergom
399GHM05gd0l ImIG6EH0L BodBME0 0.75 @ 56 5GOL MLOBOHDHM.

R9OMO0L dEYMIEMBOL 3mgB0E0gbEHO 2o0bsM©s (0.77)-sb (1.60-
909) @5 gb MBOM dgBos (1.0), gb 60dbsglL, MHMI RIOOMIOL JEYMIMBS 5T
d990b3935d0 MLogzOmMbM) 3bGoWwO (4.2) s 3bGOWO (4.5).

306390 B5J@GMM0 5830090l ™Mbl IgHydmwo Lbgmmol dosmes s
do6ML Mo, bmerm Igmeg Bod@™mMms goBsM©s Lod@3o3ol DBw3zsMo s
39593065 B9MOMOBY d3MOL EIRMOTS309.

B396 99330305 89350660Mmm 3mOHO0BMbEHIMGHO bodobxgdol 933930,
399629M0d900LSL o3 Mgool  Jgdmbggzsdo  0bs®BMBAdL 39Ol
900M5MAL s S1939 A9IGHH05EGOOL 39Ol IEAMIPMBIL. OEWMGOOL
9 M5Md0L 5353900 3900l 2459635600 dgd0Lm30U,
3OH0DMbE Mo bodobxgdo sgdsds 3.36 @ Mmam®a fmbs s 13.81 @),
OMmamO3  (b0dobxgdl s gMMbEHL TmMolL  bobmbo), gl Bodbsgl, ™A
350DMgds Boy®mgbo 39000l godsa®mqds 31.07% (Hobsswdgamds domwosbo

doqgd0sb), o  LoyMabo 390l A9G0S0l  doggdol
3956250m0d900LmM300. KIOTOTeR JJL I TN LY 0Te) bodobyx 90l 59935

Doboomdgamdols  dmdgbBo  Loghgbo  39OEOL A9G0S0l
90aM5Md0L 12.47 3.0 (bodobxl s 20MbBHL dmeMol bsbwmbo) s 4.54 ¢.0
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(60dobxgdol  Ly3MMsMo ffmbs) s 9.03 F.0 (3OWbMOL  A9IGHZOONZS
bodobyx90%by).

Bob. 4.11 LoyMgbo 390l dgmmbyg dmgwro

LoyMm9gbo 39000l 25565008905 YEIYES:

(bogMabo 390l Bmds, + 5.0 @ bodswerg , LogHgbo 390l
L0gbg BgImEsb 5oL 0.7 3 s §399msb 0.8 3, bodobxgdolb Log®mdg (5.0) 9,
0o bodobyxgdol osdgEHemo (0.60), dsbdoero bodobyxqdl dmeols 2.5,y =
1.8¢/3% @ =6°,C=0.1 33/b3?%, 5 =0.75¢.
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G = 2522 4y - 9C [L-sing (80ffobs 53HoIO0 affmws 3ggewrby)
1+sing 1+sing

o= 528 oy | 9C [Lesing (80fobs 3sborBo @sfmers)
1—zing 1_gn¢

Ka=2"2 (ool sgmonto @sfems, 3m98306095G0)
1+sing

Kp = 1+ s!n ¢ (@ofob 3sLomOo sfimms, 3m9n303096G0)

—sing

Ka — 1—s!n 6 _081

1+sin6

Gha = l_sﬂ vh - 2C [1=sing
1+eing L+sing
oha = 6.95 x 3 = 20.85 ()/0?

2.5 @ bogMdg 39009w0m30L on =52.13 /2.5 9

Hp _ 1+sing _ 1923

1—sing
Ohp = 220 vh +2C [Ltsing
1-sing 1-sin
4

onpt = ((1.23 x1x1.8) + 2.22) x 0.5 x2.5=5.54 ¢/ 253 (dofjols 35L0YMHO M)
omp2=5x2.4x0.28 =3.36 ¢ (b03obx ol LS3MMSMO [fbs)
onp3=2.4x0.75x6 x 2.5 =27 & (3900l 3G jbs)
onps= (Kowtand+C) Acx L (b080bxqdL 05 30vbEL dm®ol bobmbo)
K=0.81

= [(0.81x4x1.8x0.079) + 1] x 1.89x5 = 13.81 (/0

_ 5.54+3.36+27.00+13.81
- 52.13

F.S.

=0.95 F.S. = 1.25 - 2.00, 56 5oL «logOHmbm
3996256009905 LEYgMHIbO 39000l Y5OGM0SGOOL JEYMOMBY:

Mo = Gha x 93¢0530

Mo =20.85 x2 =41.7 %.0

Mp1= ((1.23x1x1.8) + 2.22) x 0.5 x 0.33 = 0.73 .0 (80fob Hobsswmdgamds)
Mpr2= (Kovtand+C) Acx L x 83¢0030  (b030bxqdL s 36vbEL dm®ol bobmbo)
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M2 = [(0.81x4.2x1.8x0.079)+1] x 1.89 x 5 x 3.3 /2.5 = 12.47 (5.9

Mr3=5x0.28 x 2.4 x3.3/2.5=4.44 3.0 (bodobx ol bo3MMsMO [fnbs)
Mps= (6x0.1/2) x 2.4 x 0.07 = 0.05 &.0 (390l by3Ds®o [mbs)
Mprs=6x 0.7 x 2.4 x 0.45 = 4.54 3.0 (390l by3MDs®O [mbs)

Mprs=1.8 x4 x0.95x3.3/2.5=9.03 3.9 (66&0L 25053300035 bodobxgdoby)

~ 0.73+12.47+4.44+0.05+4.54+9.03
417

F.S. =0.75F.S. = 1.25 - 2.00, 56 5ol

MBogMmbm. [5,24]

dabmmq IO :

LogMabo 3990 3mOHODBMEEIMMHOL bodobyxgdol godmygbgdom,
LogMabo 390wol Bmds, +4.0 3 Lodosmeg, Loy®gbo 3geol Logsbg
D996 560l 0.7 3 s J399m@sb 0.8 8, bodobyxgdol Log®mdg (5.0) 3 ,335M5EH0
bodobxgdoL (0.6%0.6) 9, dsb6doro bodobxgdl dmemol 4.0 3, (Lodzzmogg)y = 1.8
&/33, ¢ = 6°, C = 0.1 3/L3%, & = 0.75¢ (& - bobmboli 3mmbg bodobxqgdls s
26OMBEL Fm0ob). (dgE™bol 3gwol Godo ) bob. (4.12).

39903035090 3yM5MdS, Boy®gbo 39Ol OHMAMOE I(3IMJOOL
903 M5QMBS QO A9IGHM05¢Gd0L FPMIMDS 3500[0bgM, HMI IMEMOOL
90M5Md0L MLIROPHBMGdOL BoJEGHMMO 1.19 s 96 SHOL MBsROMBM, bergom
3909GHM05w 900l IMIGHEHOL BodBME0 1.06 S 56 5GOL MLOBOMbM.

R9OOMOO0L IEAOIOMOOL 3mgR03090E0 FoobsMs 0.77 sb 1.45-00g
@S g m@dm dgBos 1.0, gb 6odbsgl, MHMI FJMHOMOOL TOAMIEMdS 5T
39000b3935d0 MLoxzOMbMY, 3bMowo (4.2) s gbMowo (4.6).

306390 B5J@GMM0 5830090l MBIl 9Hymmwo Lbgmmol domms s
doML JmMob, bmerm dgmeg Bod@™mMTs goBsM©s LodE3oEol DBP3sMO s
39503065 B9MOMOBY d3MOL EIRMOTS309.

B396 9930d¢005 89359R60Mmm 3MOH0BMbEHIMOO bodobxgdol 933930,
399625000 g00LOL O3 MGOOLy  Fgdmbggzsdo  0bs®BRmMBIdL 390l
90 M5MdL s 51939 A9IGH0SEGOOL 39Ol FEAMIPMBIL. OEWMIOOL
9 M5Mds 53530900 39000l 39962500d900bm300L,
3OH0DMbE OO0 bodobxgdo sgdsds 4.32 ¢ OMYMOE OMmam®3 fmbs o
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16.15 @&, OmamO3 (bodobxgdl s aMmbGHL dmeol bobwbo), gl 6odbogl, HmA
2o0DMEYds  Loymgbo 390l odsa®qds  31.33%  (fobsswdgymdols

d000bo  doggd0sb), s LogHgbo 39Ol 25sBHM0sYdOL dogrgdols
359635608900Lm30U, 3mOHO0BMbEs©o bodobx gL 59d53o

Pobosmdgamdols dmdgb@o  Loghgbo  39OEOL A9G0S0l
90 M5Md0L 13.55 3.9 (bodobxqdl s gMbEHL dmMol bsbmbo) s 3.78 ¢).0
(bodobxgdol  Logmmodo fmbs) s 2.67 3.0 (0BGl  459BHZ0M™M3S
bodobx90%by).

LogMabo 390l 459695008935 YEGILMES:

LogMabo 39000l BMmds, +4.0 3 Lodswerg, LoyMgbo 3900l Loysby
B90056 5oL 0.7 3 s J390msb 0.8 3, bodobx gdol Log®™dg (5.0) 9, 335MsE0
bodobx ool (0.6"0.6) 9, dsbdoewo bodobyxgdls dmGol 4.0 3, y = 1.8 %/03, ¢ = 6°,
C=0.1 33/82%, & = 0.75¢. (393 ™bol 390l GH030) bob. (4.13) .

On =2 yh - chm (3ofjob s3HoIc0 @sfiemers 39waedy)
1+sing

1+Eing

Chp= i::i vh +2C i+2::¢0 (800l 3sbovyMo sFMmEs) [5,24]
~sing

_1-sing
1+sing

Ka (@ofob §b9g30L 5JEH0MMO 30958030gbEO)

_l+sing

Kp =
P 1-sing

(ofols §6930L 3sloMMo 3m983030963)0)

_1-sin6
1+sin6

Oha = J.—E!ﬂ ’Yh - 2C l—Sinq)
l+sing 1+sing

Ka =0.81

99



S
-

Bob. (4.12) bygMgbo 3gerol Igbmog dmgwo

% '
/ H=5048

Oh |
30165006, 030k : /C:
W\?(fbob L

/<\ /: :\ i hi=1.098

Bob. 4.13 . 5565608935 LogMgbo 390l dmEMYdOL YMOMDS

Gha = 5.49 x 2.5 = 13.73 (/&

4 3 bogMdg 39009w0mM30L on =54.92 3/4 0

Kp =22 103
1-—sing
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Ohp= —=n@ vh + 2C [Ltsing
1—ging 1—si
~sing

onp1=((1.23 x 1 x 1.8) +2.22) x 0.5 x4 =8.87 ¢/ 43 (ofjol Fobss0dgamds)
onp2=5x2.4x0.6x0.6 =4.32 @ (b0dobx ol bygMMs®o [™bs)
onp3=2.4x0.75x5x4 =36 & (3900l Ls3MMsM0 fmbos)
onps = (Kowtand+C) Acx L (b080bx90L 05 36bEL dm®ol bobmbo)
K=0.81

=[(0.81x3x1.8x0.079)+1] x 2.4 x 5 = 16.15 ¢/

B 887+4.32+36+16.15
- 54.92

F.S. =1.19F.S. =1.25-2.00, 56 560l Loz obm

299635600905 LoYyMEIbO 390 OL oGO GOOL FEAMOMBS bob. (4.14) .
Mo = Gha x 93¢0530

M, =13.73 x 1.67 =22.93 (3.0

Mpr1= ((1.23x1x1.8)+2.22) x 0.5 x 0.33 = 0.73 3.0 (ool Gobsowmdgamds)
Mpr2 = (Kovtand+C) Acx L x 830530 (bodobxgdl s g0mb@EL 8ol bobmbo)
Mr2= [(0.81x3.2x1.8x0.079) + 1] x 2.4 x5 x 3.3/4=13.55 &.0

Mprs=5x0.6 x 0.6 x 2.4 x 3.3 /4 = 3.56 (.0 (b0dobx ol bS3MIMO ibs)
Mprs= (5x0.1+2) x 2.4 x 0.07 = 0.04 ¢.0 (39900l b53MMM0 [H™bs)
Mprs=5x0.7 x 2.4 x 0.45 = 3.78 (3.0 (39900l b53MMSM0 [H™bs)

Mrs=1.8x3x0.6 x3.3/4=2.67 3.9 (26b30L 450533060m35 bodobyxqgdoby)

~ 0.73+13.55+3.56+0.04 +3.78 + 2.67
22.93

F.S.

=1.06 < 1.50, 56 560L MLSGOOHM.

AFBBOL 2330 H03s Badabx 00

H
\ . M6 RS

508

i o |
3B0BmbA ol bodobxgdo T ey
L
303(HM0smadol Fatdomo Mo

Bob. 4.14 959635000905 LoyMHIbo 39000l FoWIEHMO OOl FEYMIOMDS
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31bs039M©oL FGHYOOUL LosbysM0dm FbGOOWO. Loymgbo 39w ol Lodsmwg = 4.0 8;

(L3330039, dogs bobmbol 3mmbg S 3OO F9F0WIEMdY) y =1,8 /- @ =6°- C=0.1 3/10?

3b®owo No. 4.6

o)
e
© < a0
c ng Il B a
S 5 2 € & o >
S 5 & R 2 O = = .
Z. £ © e & o : s = g
o) o) o) o) o) = 2‘ 3 | =
c c c c c s = =] o P
el ~ ~ el el = S B 3 ¥
g g g () g - ﬁo o, I & | \E ﬁo
g g ¥y | ¥ | ¥ | & - S | & | & s | B | &
1 (6.5%5)/2 16.25 29.25 32 0.62 18.14 0.12 0.23 12.95 19.05 0.35 10.24
2 ((6.16+5.00)/2)x3.45 19.25 34.65 28 0.53 18.36 0.13 0.24 13.50 14.50 0.26 9.01
3 ((5.65+6.16)/2)x2.55 15.06 27.11 0 0 0 0.18 0.29 16.17 | -16.17 | -0.29 -7.86
4 ((5.65+1.57)/2)x6 21.66 38.99 0 0 0 0.28 0.39 21.31 | -21.31 | -0.39 | -15.21
5 ((1.57+0.32)/2)x6 5.67 10.21 0 0 0 1.03 1.14 48.70 | -48.70 | -1.14 | -11.64
6 (0.32x0.75)/2 0.12 0.22 0 0 0 5.05 5.16 79.0 -79.00 | -5.14 -1.13
36.50 -16.59

K = (H-E)/H = (36.50-(-16.59)/36.50 = 1.45>1.0 ols 560l “)b536:mbe
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899d43Lg 8o :

LogMgbo 390090 3mOHODBMBEHIMMO  Bodobxqgdol  godmygbgdoom.
LogMgbo 39000l Bmds, +3.5 3 Lodsmeng, LogMgbo 390l Loysby
B90056 5oL 0.5 3 s J398msb 0.6 3, bodobx gdol Loga®™dy (5.0) 3, 335MsEO
bodobxgdol (0.6°0.6)d, ds6dogro bodobxgdl dméol 3.0 8 (Lod3zzM03g) ¥ =
1.8¢%/03, ¢ = 6°, C = 0.1 3/1082, 6 = 0.75 @, (6 - bsbwbols 3mmbg bodobxgdls s
36OMBAL BmM0ob), (09BH™bol 39eol Go3o) bob. (4.15).

39003035090 MM, LBoy®Ibo 39Ol MHMAMOE WI(3IMJOOL
903M5QMBS QOO A9IGHM05¢gd0L YOI MDY 350[0bgM, HMI IMEEMGOOL
903 M5Md0L MBogMOMbMgdol Bod@mMo 1.38 (1.25 < 1.38 < 2.00) ob 6oL
MBOBODHM, bMrm goo@®0sgdol 8mdgbGHol goddm®o 1.63 (1.63 > 1.5) s
56M0L MLsgOHNbM. bob. (4.15).

R9OOMOO0L 9YMmIMIOL 39530309630 o0BsM©s (0.77)-056 (1.32-
99) @5 gb MBOM dgBos (1.0), gb 60dbsglL, MM RIMOMIOL JEYMIMBS 5T
9990b393580 MLogMMbMs, 3bGOwo (4.2) s gbOHowo (4.7).

306390 B5JEGMM0 5830090l MBIl IgHydmwo Lbgmmol doswems s
do®L JmMobL, bmerm dgmedg RBod@™mMTs goBsM©s LodEZoEol DBE3sMO s
39593065 B9MOMOBY d3MOL EIRMOTS309.

B39b  89a30dwos  493596b0mm  3MmOH0DMbEHIMMo  bodobyxgdools
9839330, 399639608900l EMOGdIOLS Fgdmbggzsdo 0bseBMbdL 9ol
900M5MdL s S1939 A9IGHH05EGOOL 39Ol FEAMIPMBIL. OEMGOOL
M5 MdOL 053530900 3900l 39962500d900Lbm30U,
3OH0DMbE M0 bodobx ol sgdsds 4.32 ¢, Omymes fmbs s 15.46 @,
(b0dobxgdl s AOMBBHL MO0l bobwmbo), gl Bodbsgl, ™A  o0BOWYdS
LogMabo  39ol godsa®mgds  44.7%  (fobsodgamdol  domeosbo
dogd0qsH),

103



Bob. 4.15 LogMgbo 39eol 399439 dmawo

5 LOYHgbo 39Ol  oFIMMBIdgOL  doegdOlL  gosbRIM0TgdOLMZOL,
3m6H0BMbE M0 bodobxgdl sgdsds §obssmdgamdol dmdgbdo Loymgbo
390obL  25sGM0swgdol dyMomdol 16.25 3.0 (bodobxl s aMw6AEL
dmEol bobbo) o 4.46 (3.0 (bodobyxgdol Logmmo®o mbs) s 2.79 .0
(3HMBGHOL 25003 30M0mM35 bodobxgd0by), bob. (4.16).
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LogMabo 390l 459695000905 YGIMES:

LoyMabo 39000l By, +3.5 3 Lodswwry, LoyMgbo 390wl Loysby
B90056 5mob 0.5 3 s J390msb 0.6 3, bodobx gdol Log®™dg (5.0) 3, 335MsEO
bodobyxgdol (0.6'0.6)d, dsbdogro bBodobyxgdl dmmol 3.0 3 (Lod3zz™o3g) ¥ =
1.8¢3/83, ¢ = 6°, C=0.1 3p/102%, 6 =0.75 e,

__ 1-Eing

Gha = 2 yh - 2C [L=sig (@0ffols sgBHoriOo wsfmms 3ggwba)
lising 1+sing
ohp= 28 yh + 2C [L5I10 (@00l 3sLow®o @sfmes)
1-zing 1-sing
Ka=1"SN¢ (80%0b §B930b 5d&0wH0 3095303096¢0)
1+sing
Kp = 1+ S': 4 (ofiols iB9g30L 3slo®o 3mgn03096E0)
—sing
\
—>
—
—_—
‘ H=4598
—_—
3m6GHoBMbBH@Ho bodobxgdol Ts =
T
—
7k / N
/ — N
<+

Bob. 4.16 255699608905 LoyMgbo 390l ImEwMgdOL IEAMIEMDSBY

1—-sing

=0.81

1+Eing

Oha = =22 v - 2C [L-sing
1+zing 1+sing
Oha = 4.76 x 2.25 = 10.71 8/0?

3 9 bog™Mdg 39wobmgol on =32.13 ¢/3 0

Hp _ 1+5'::n¢.l _ 1923
1—sing
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Ohp= 2 yh 4 2C [Ltsing [5,24]
1-zing 1-sing

onp1=((1.23 x 1 x 1.8)+2.22) x 0.5 x3=6.7 &/ 39 (dofjol fobsswdwgymds)
onp2 =5x2.4x0.6x0.6 =432 ¢ (bodobx ol bygzmms®o [mbs)
o3 =2.4x055x45x3 =17.82¢ (39000L 153MMO jbo)
onpt = (Kovtand+C) AcxL (bodobyxgdl s gmb@L dmMol bobwbo)
K=0.81

=[(0.81x2.5x1.8x0.079) + 1] x 2.4 x 5 = 15.46 /0

B 6.70+4.32+17.82+15.46
- 32.13

F.S. =1.38 (1.25 < 1.38 < 2.00) ol 560l MLsgOMNbM

399625009905 LogMHIbo 39090 A5FDMBJOGEPOL BEYMOEMIsDY bob.
(4.17) .

Mo = oha X 9300530

M, =10.71 x 1.5 =16.07 (.0

Mpri=((1.23x1x1.8) + 2.22) x 0.5 x 0.33 =0.73 .0 (ool §obsomdgamds)
Mpr2 = (Kovtand+C) Acx L x93¢0030  (b080bxgdl 0o 3096EL dm®ol babwybo)
Mpr2=[(0.81x2.7x1.8x0.079) + 1] x 2.4 x5 x 3.1/3 =16.25 3.0

Mr3=5x0.6 x 0.6 x 2.4 x 3.1/3 = 4.46 .0 (bodobx ol L3MMSMO [f™bs)
Mps= (4.5x0.1+2) x 2.4 x 0.03 = 0.02 .0 (39000l 1537)05M0 Fbo)
Mes= 4.5 x 0.5 x 2.4 x 0.35 = 1.89 .0 (39000b b53900560 Fmbo)

Mrs=1.8x25%x0.6x3.1/3=2.79 3.3 (369bEHOL gowo@30MHmM3s
bodobx900bY)

_0.73+16.25+4.46+0.02+1.89+2.79
16.07

F.S.

=1.63>150 ol 5oL MLsgMOHPbM
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31bs039M@oL IGHYOOUL LosbsM0dm FbGOOWO. Loymgbo 390l Lodsmwrg = 3.5 8;

(L08336039, dogs babybol 3mMby s 3O JgFoEMds) y =1,8 G/33- @ =6°- C=10.1 3/10*

3b®owo No. 4.7

o
be)
© ‘g a0
c g 1l o] a
S §) 2 € & e >
S £ £ 'L 2 O = = .
Z P S 3-S & 3 * 5 =Y B
5 5 5 =) =) = S 3} . o
C C C C C s =t =t 9 <
~ ~ ~ ~ ~ = I =Y = -
g £ £ g g ° 0 N ; Iy . < w0
Y 4 4 Y Y 5 o O = B 3 g =
1 (6.5%5)/2 16.25 29.25 32 0.62 18.14 0.11 0.22 12.41 | 1956 | 0.36 10.53
2 ((5.00+6.66)/2)x4.4 25.65 46.17 28 0.53 24.47 0.11 0.22 12.41 | 1559 | 0.28 12.93
3 ((6.66+6.15)/2)x1.6 10.25 18.45 0 0 0 0.17 0.28 15.64 | -15.64 | -0.28 | -5.17
4 ((6.15+2.07)/2)x6 24.66 44.39 0 0 0 0.25 0.36 19.80 | -19.80 | -0.36 | -15.98
5 ((2.07+0.82)/2)x6 8.67 15.61 0 0 0 0.72 0.83 39.69 | -39.69 | -0.83 | -12.96
6 (0.82x1.95)/2 0.80 1.44 0 0 0 2.06 2.17 65.26 | -65.26 | -2.17 | -3.12
42.61 -13.77

K = (H-E)/H = (42.61-(-13.77)/42.61 = 1.32 >1.0 ol 560l «logOmbm
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*Mo

\ H=453
M6 R

M3

M2 °

303650DBHHOb bodobxgdo T

2905@M0SdoL Famdowo Mo

Bob. 4.17 255695608905 Loy®gb0 390090l 45IGHM0dOL EOYMIOMDIDY

36H0DMbE MO0 Bodobyx ol s5GBo@GMmOL 49969500090
Lohgolo dmbaoizgdgdo :
M =24.06 ¢.0
b0dobx gool 3350GMsEwol 339000L Bmds (0.670.6) J .
h=0.60;hi=0,559;
09GH™bo 3dodg B 20 3¢0slob (0 250); Re=11.5 93;
5035@MMs S, AT-IIIC 3¢g0obol (Rs=365 33s), bob. (4.18, 4.19)

v

0689

< 0.60 -

Bob. 4.18 bodobx goolb 3350MEMEol 339000
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3M9803096@0L domzsoliobgdom
Rb. yv2=11.5.0.9 = 10.35 335> = 103.5 32/10*

2406000

o = : - 0.13<0.4
60552 x103.5

(30996&0L BMO0sbMdOL 3mgn0309bEo) V= 0.74

2406000
" 0.74x55x 3650

6 ® 20 AT-IIIC (A.=18.84 \d?)

= 16.20 12?

D8 A-1/20

.‘“‘“x_ NN ‘H [/ /-
W 1
12420 AT-IIIC
Bob. 4.19 bodobyxols @ss®mBs@mgds

LogMabo 3990 SMHTSGHMOL gosbasm0dqds
Lohgolo dmbszgdgdo :
1. @63 563560m0ds 33583965 dmdgbEo M = 16.07 3.0
2. 39000l Lolgol Lsdwseom h; =0.55 3
3. 39¢™bol B-20 3¢msbol (R = 11.5 33s)
4. 563s¢Ms A=IIIC 3¢0sLol (Rs=365 939).
h=0558,a=0.059,h.=0500,b=1.00
99350m{j09d0 390l bolidql, Bob. (4.20, 4.21) :
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0.5d

| £

HActive =458

WS4 !
H Passive = 1.00

; ¢

0.60

Bob. 4.20 LogHgbo 3gol 33900l

b-ho-Re= 100-50-9=45000 33=45.0 ¢

E=10.71¢, 1,2E=12.85<45.0 ¢

9.0. 3356030 5635@HOHOL 562560030 LEFOOHM 56 SMOU.
B 20 3e»sbob 393 ™bolsmgol

Rb . y2=11.5.0.9 =10.35 835 = 103.5 33/

o= 16072000 =0.062 £=0.85
100 x50“ x103.5
1607000 _ 10.36 1532

"~ 0.85x50 % 3650
6 ® 16 AT-IIIC (As=12.06 10?)
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1 e a

9 e 3
® 16 A-TIIC/ 200 \

@ 10 A-IIL/ 200
2 b o

® 8 A-1/200

Bob. 4.21 LyyMIbo 390JO SSMTSEWIMYOS

MODOIODMOOL LBoEOLEB02S

9d3bo  Im@gol  oobasM0dgd0l  Fg9Ad©  89a300w0s  303M3MM
MOH0YONMDS, BLEGOGHOLE0ZOL 9Jlgwol 3OHMYMToL odmygbgdoom dgfiycdmero
0aM@MdOL  3m9x3030g6GLS s Loymgbo 390l Lodsmergl dmEOL .
MONO0JOH0MOS HSOHOL ByHBM3560 s 3350MEMwo gglgo ogm R? =0.997,

3909 Mo  3yMmomdol  3m9x303096GLS @S dghyd o Lbgeols
L0ToEgL FMOOL MOPDOJONMDS OOl bsbBMdM030, bmem 335MEH™MEO
19L30 R2 = 099, gmsgzozo (41) @5 gMoxgozo  (4.2).
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1.8
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0.8
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o
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/ y=0.165x+0.771
R = 0.997

2 3 4 5

Layfmeogba 3gmab bLndsmey

30553030 4.1 39y Mo 3yMO™dOL 3:95303096GL s LoyM9bo 39 ol LodsEgl FMEOOL YOO IOOMDS
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1.8

1.6

1.4

1.2

0.8

0.6

mpfmmbdol BpaMmapmbol smaynnpEn)bdoe

W

~

S

y=-0164x+ 2.558

R:=0.096

N

»

2

4

G

B

10

ayfminiamyin debdomn dgfugfmol bEgpnomal Byms @o J390m dminal

1z
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4.3. 313336900 s My3mIgbs3z0gdo

BoGo®gdmeo  bsdMdomgdols dobgzom, dmbsmy3gMol  dghHyereo
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51336900 853907900 :
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39MMORMEMY0MMSQ, J. 000olo FoMdmMmoygbl dmoamM0sb J394sbsb,
Logs3 90y 3OHMEILYdO 15305MP AI630MIMGOIENO..

doM0MIO  BJBHMMJd0B,  MmIgwoa 0§39396 99H9Y9gdL, Hyargdos.
Sdodmd  dghydme  Bmbgddo 835300  Mbs  0odbglb sEgMro
A9IO0GHMM0900 OHMYMEOE Y3000 0l AMMBEHOL fywqgdolysb.
596035 BIOEMO0L  Jobmdol  gobBMELd s Bgs3omHo  [ywgdol
3999430969058 2odmof)305 dbomagzgdols dghymol Foerdmgdbs.

B396 399m3094gbgm  3MMHOBMbEH MO (3MBEGHORMOLMEOL) bodobxgdol
LogMabo  39ob  9dalo  bbgossbbgs dmgwo, Bmyo SLofymdo
LogMabo 39000l dem30, BMA0E Loymgbo 3geol 3MmMOBMbEIWMEMO
bodobxgdol  asdmygbgdom.  dghygol  IEYMOEMBOL  3M9BR03E0I5EGHO
29100 0.77-0056 (1.60, 1.45, 1.32, 1.11)-0009 ©5 355 MlsgOmbem.
LogMabo 39000l dmfigmdolomzol, v GHgMoGM™M0s 9D MEos,
0923000005 259Mm3094gbmom  mbgrzgeosbo  96390mo  LoyMgbo

3JQILO-
936m303mEm0  Bogd@BHmMgdo 360336gwmzsbos Laghgbo 390l GHodol

SLMBR935.

Dmaxg®  990ymHol  ByMOEM™dS QS 2905¢M05egdol  dmdgb@ol
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