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Azimuth (Az) =@ . (n.5)

P1(N1,E1)
E
<
=
Q
=z
;
<
P2(N2,E2)

/A\E = E2-E1

gﬂﬁ 1.7 Quadrant 2

1317 n.7 n3dl AN 1Tu—uag AE flu+ yu @ oglu Quadrant 2

Azimuth (Az)= 180° - @ ... (n.6)
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P1(N1,E1)

= N2-N1

AN

P2(N2,E2)

/\E = E2-E1

gﬂﬁ N.8 Quadrant 3

1037 n.8 nsdl AN iu—uag AE 1Tu- yu @ oglu Quadrant 3

Azimuth (Az)= 180°+ @ ...

> \ SE
P1(N1,E1)

gﬂ‘ﬁ N.9 Quadrant 4

110317 n.9 n3dl AN 1iu + uaz AE 1iu—yu @ o¢lu Quadrant 4

Azimuth (Az) = 360- ¢ ...
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n.1.43 MIMUINHINAAYDIYATN 3 Az Azimuth YOUWUD Alignment 1HBNTIVA

[

A = <
NNAVDIYAN 1 LIAg AN 2

‘ Dist. |
¢ ¢ >
P1(N1,E1) P3(N3,E3) P2(N2,E2)
—_—
AzP1P2

d‘ [ a v Y
3‘1]7] .10 n1‘§mu’amwnﬂ1mm’amumﬂ

AN = N2-NI

AE = E2-EI

¢ = Tan'l(@)

[AN|

n5dl AN Wu + ez AE 1flu+ (Quadrant1)  AzPIP2= ¢ ... (n.9)
nsal AN iflu- uaz AE iflu+ (Quadrant2) AzP1P2=180°- QD ... (n.10)
nsdl AN (ffu - uag AE 1flu- (Quadrant3) AzP1P2=180°+ ¢ .......(N.11)
nsdl AN flu+uag AE fu- (Quadrant4) AzP1P2=360°— ¢ ......... (M.12)

N3 = Ni+Distx Cos(A4zPIP2) .o, (n.13)

E3 = EI+ Distx Sin(AzP1P2) ... (n.14)
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4 . .
7.2 JAIMITY (Horizontal Alignment)
I 2 A A 1 A ~ a
1519020 u U Tuuws 1 Wuns N TAUNeI¥eNTEHIIMTIAADUN IUNANIIATI 2
a A Y A a A A o 2 Aq Y Y
Aema e e umvuzennsonlasunanamsnasuinelusasusrmlslumseenuvuuldeda
(% -7 d 1 % H 0’ %
Yavane Tasanvuzvesldelumusvsziudiunilweuduseurnaniiyagudnailsisnay &9
9 = (% (% (% [ dy
Tadluuisuivareanyazaleny aall
- TA329nay (Simple Circular Curve) A TAITHHUITIURHOUADTEH AU AFUAT 2 L7
Tastiaseiivoelanan
- TA3aAuves (Spiral Curve) H30 1A9135UY4 (Transition Spiral Curve) Ao 1aeluuuIz UM
1 1 Fl Y ~ Y [ [] A 1%
9gIENINUIATILAzIU TATINaNYoIa U HINvee 1A UFe Ae USunuouuy
a 1A Y A A A o A a A A Y sy
VINNANNATIZNANI AL tariuaNuiNuIa luMsTuINeUNIZIAGo U T
1909
- TAwway (Compound Curve) Ain Tasenanlunuisiufiegaany uala1sadnuanaianu
9 dyd 1 ~ ] 19 ] = A
mMyvonuu Inauunauiastumsesnuuun lumunzay uad liaunsoranaes
< 1 09.:’ 1 [ 1 a
1& AarseenuunldsatinnuIfaves Iderenannae ey lumy 50 %

@ I { 1% v o 1a
- TAAandY (Reverse Curve) tiu TR anyaz@eiuiy TAanay Meaanamniaved 1a

4 H
4 ~

NedoaNogaanuzlinemaasanud

= v o IS

v o I~ A v ~ 1
- TAWan (Broken Back Curve) 111 TAaniianyazi@ediuny Taaweay iioauaazi

Y 1

3 IS o A 1 Y Y =< Y Y dy Yo
TEUETNWNATITUG Lﬂuﬁ')!“b’f)ll381’731\11ﬂ\13\1ﬂﬁuﬂ\‘]ﬁﬂ\3 Gﬁﬁiﬂﬁﬁluﬁﬂymgu@'lﬂﬂzhlﬂUlﬂﬂf')fl

'
S o

P o A Y A o A 1 Y qul 09.:} 09.:} a
Gl,mmﬁeummﬂuﬂ ﬂ’l?‘i’lﬂig831/]1\39'15\11/1HJuﬁ'J!“]f'ﬁ]ilﬁ%ﬁ')’lﬂiﬂ\?ﬁ\iﬂﬁﬂﬂﬁaﬂﬂuuﬁulﬂuhl‘l]

dy J = 4 Yy 9 ' z
Glutf)ﬂﬁﬁufﬂ%ﬂﬁnﬂﬂ!ﬂWWIﬂ\iNﬂﬁmmﬁjﬂﬂﬂu‘VifJ‘(’JWH‘L!u



n.2.1 lagdenau (Simple Circular Curve)

[

B!

Pl

anvalae 9

Point of Curve

Point of Intersection
Point of Tangency
Tangent Distance
External Distance
Middle Ordinate
Radius of Curve
Center point of Curve
Angle of Intersection
Degree of Curve
Length of Curve
Length of Chord

Arc Length 521311990189 unldq

A . A v
YUN Center Point of Curve AlaNueNIng L

a

FOREWARD TANGENT

139
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gasilFlumsdn
A
T = R tan(—
an( 2)
E = R [seC(é)-I]
2
M = R [I-COS(%)]
5729.57795
R = -
D
A
L = 100 (—)
¢ D
LC = 2R sin(é)
2
PC sta. = Plsta.— T
PT sta. = PC sta. + Lc

A
= T tan(—)
4
A
= R vers(—)
R

(Arc definition)

st a2 msAnnaiinalasnan

FOREWARD TANGENT

. (n.15)

. (n.16)

. (n.17)

. (.18)

. (n.19)

. (n.20)

. (n.21)
. (n.22)
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1.2.1.1 MAAY83A PC
MUIUIN @ WAAYDY PI
® 33 Azimuth Y9341 PC —> PI (Az PCPI)

® 53y -T

1.2.1.2 MHNAY839A O
MU @ WAAYDI PC
® 31 Azimuth Y9311 PC —> O (Az PCO)

Az PCO Az PCPI+90" n3dl TAuagIuN

Y
Az PCPI-90" nsal TAudendne

® 528¢ R

n.2.1.3 MNNAUe3 Sta. 1a 9
A1UINUN ® WNAVYDY O

® 313 Azimuth Y93LUI Sta. —> O (Az Sta 0)

AzStaO = AzPCO+ @ n3dl TAg@gIvmn

AzPCO - @ n3di TAudeIFY

DL
P 1w

Sta. 1@ 9 — PC Sta.

o
Il

® 539z R
n.2.1.4 MNNANYA Offset Y94 Sta. 1A ) (3282 Offset W)
MUIUIN @ WAAYBI O
® 31 Azimuth ¥934UI Sta. —> O (Az Sta O)
® 5282 = -(R-W) A5l Offset Al TAq

= -(R+W) A58l Offset MUUBN 1A
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1.2.2 1A9Nuvios (Spiral Curve)
a < o @ [ o <
Tasdunestionlfiuldwuiveudimsunianals senunuidmsuanuiige

9
Y Aa A

{ I )
sz Ineyfiatines 9 WasuanuInannuuaduasaudumalaaveslnaanay ilims

9 < '

v @ = Y 1 Js Y 1 A [ =1 4 1
‘]J\1ﬂ‘]JLﬂEJ’JLTJ‘L!llﬂnﬂﬁﬂﬂ'ﬂﬂﬁiﬂfiﬂﬂﬁﬂﬂanﬁﬂﬁfﬂllﬂ‘]J‘V]NG]iQ NTICUTINUFUINANADY)

i Idgiuadsuda1dde Tasuvesiiognateaiindaony 15U Clothoid  Cubic Parabola

I Y 1 1 qul
Lemniscate 1Wudu Tuonasiaz lanaaa lasnunos Clothoid 1M13ia

TAeAUMDILUANLIAT (Symmetrical Spiral Curve) Ly, = L,

sUf n.13 TRsnuves nuvannas
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[

AnHEIAN

—
5]
I

4 I
yalasunnduasailuldsiunos (Tangent to Spiral)
{ &
sc = yaulasuninlAsdunesiluIderanay (Spiral to Circular Curve)
{ &
cs = yauasuainlasnamiluldedumes (Circular Curve to Spiral)

= &
ST = yauldsuninlAsdunesiludunsa (Spiral to Tangent)

L = anvendiIdeduresinga TS i gala q uuldedurios

L, = anuendimldiiunesinga TS i 90 SC

L, = anuendildeiuresinga CS a9a ST

0 - yuilgagudnats (Central Angle)ves IRsdunosdssessudrudinifwen L

0, - yuiigaguénaa (Central Angle) vos1RsunesdasoasudidnIfen L,
wioyue li/soa (Spiral Angle)

0, - yuiigagudnals (Central Angle) voalAafunesFIs0esURI0d M TR L,
wioyue li/soa (Spiral Angle)

@ = yurin (Deflection Angle) ¥041AaAU08INYA TS Voudududaidunsn

Tigaga L

YUK (Deflection Angle) Y04 189AUMOEIINYA TS Voudududa

=
Il

idunsn ldega sc

v
=

= Degree of Spiral Curve Euaﬂﬁ’aﬁ’uwaﬂm;ﬂ L

— Degree of Curve Y84 17334021

v
=

= Radius of Spiral Curve Y94 1A UNDENYA L

A~ ® O C©O
(@}
I

@]

= Radius of Circular Curve
= 5292 Offset 910 Tangent 11/8aga L

= 320 Offset 910 Tangent 11/d39a SC

2}

= 320 Offset 910 Tangent 11§39 CS

2}
&)

520291090 TS 11da9a Offset V095202 Y

= 5zoz01n9A TS 1§9ga Offset Y093282 Y,

w2

= 529201099 TS 11699a Offset Y5202 Y,

2}
[$)

= 320% Offset 910 Tangent 11/§39a PC 499 New Curve

T T T e e
Il

= 520291090 TS 11J6s PC 499 New Curve

-
Il

[N

528291090 ST 11J83 PC 494 New Curve

= AINY1IVDN Tangent Line 910 TS N PI

%)

-
I

%)
)

AIUYIIVDN Tangent Line 910 Pl 84 ST
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E; = External Distance
AS = Intersection Angle U84 Spiral Curve
A. = yuilqaguénas (Central Angle) voe1Rmenandssessudasdnlfe Le
91N9A SC D199 CS
LC = Length of Chord Y84 L 1a 9 vulfeAuvion
L.T. = Long Tangent
S.T. = Short Tangent
gasilFlunssiuow
L
6. = S (Radian) ... (n.23)
° 2R,
L 2
0 = [—J 78 (Radian) ... (n.24)
LS
B 3 5 7 9
Y = L Q_9_+ o ___0 + 0 .. (n.25)
|3 42 1,320 75,600 6,894,720
2 4 6 8
X = L _0_+49 _9 + 0 .. (n.26)
| 10 216 9,360 685,440
Y
= tan”' | — ... (n.27)
¢ %
AS
T, = k +(Rg + P)tan - ... (n.28)
k = X — R sin(6 ) ... (n.29)
p = Y — R [1-cos(6; )] ... (1.30)
Y
LT. = Xg——F . (n31)
* tan(0,)
ST. = _YS .. (n.32)
sin(és )
A, = Ag 26, .. (n33)

Le = 100[3—Cj - AcRe7 . (N34)

Cc



W

[

f

TS Sta.

SC Sta

CS Sta.
ST Sta.

= PI Sta. - T,

= TSSta.+L
= SC Sta. + Ly
= CS Sta. + Lg,

xS

o P

5UN n.14 MIAIARNAIAINUYiDY

Y

. (n.35)
. (n.36)
. (n.37)
. (n.38)
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Tumsdnnaminaldsnunesidiuan Ly, L, R_n3e D tag A1 awnsom

1 Y o dy
VOIYAAN ] Vl,ﬂ PN

1.2.2.1 MINNAUDIYA TS

AU ® WNAVDY Pl
® 31 Azimuth YUY TS —> PI (Az TSPI)

® 538y -T,
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1.2.2.2 MNNAY039A Sta.1a 9 11 Spiral Curve 11%29 TS — SC
RIUININ @41 L(=Sta.}a-TSSta),0,X. Y,O,L.C.
® 1iiAUpd TS
® 313 Azimuth ¥93LUI TS —> Sta. (Az TSSta)
Az TSSta — Az TSSta+ @ 038 TAuAEIN
~ Az TSSt - @ n3dl TRuderdhe

® 5582 L.C.

Ao 1 Y . o Y
1.2.2.3 MNNaY099a Sta. 199 Tus191A9 Simple  Curve  M1unaunion Ineenawy

(Simple Curve) 1@ SC = PC 11ag CS = PT

n.2.2.4 WNnavea Sta.la 9 Ty Spiral Curve Tur9 ST —> €S Avanmiouluria

TS —> SC lpg L= ST Sta. — Sta.1a 9

) a . .
1.3 JAIMMIA (Vertical Alignment)
4 a =< Yy A o 1 o Y A A

15219 Ina luuuIae ¥ene 1151190 TANFNANUTY 2 A1 lasanyazued 1AdNaew

Y Y 1 1
ANVFUINT 2 ATy AeelisasimiasuudasnnuFunnauF S uAY (Initial Slope) IUDIANUFY

Y . 1 d‘ dd’ o Q' 9 v Y =W 1 Y 1A

gAY (Terminal Slope) p819AN az lunsdiianuFusuAULAzANNFUgATIolma 19N Tuny

To o A 1
0.5% llufnuﬂm?f’e)m”lﬂﬁlﬂmmam LmfmJﬁmwuumuuiuuuaimllﬁ}mEJ

A 1 I [
Taalunuraunisesnilu 2 dpvus Av
- TAaN19A9AI (Crest Vertical Curve) 111884 Taaluuuiaaniianususuduniniininy
Fugaie (G, > G,)

- TAIM9ANAY (Sag Vertical Curve) v Taalunuiaeniianuduganieninniinim

FusuAu (G, > G)
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-|.G.I
10 %

o : -

s1ii n.16 Tamadanae (Sag Vertical Curve)

1 @ 1 [~ a
wazlunnazanyue dwuyeeniu 2 ¥ia Ao

A

- TAeauung (Symmetrical Curve) fio IAINTANENLADZ T19UDI9AGA TAIASE1UMINY

- Taeliauunas (Unsymmetrical Curve) Ao IAsniinnueuaazi19uesgada 1naagen la

[ a Y 4 1 Y 1 Y 1 a 1
MU “lJﬂGIEﬂ%EJﬁJiJclﬁﬂ’JﬁJEﬂ’ﬂﬂ\uma%"lﬂ\i‘(’JHGINﬂHHbJLﬂu 21

n.3.1 Tngauanas (Symmetrical Curve)

‘iJ‘ﬁ .17 Tnsananasg (Symmetrical Curve)

y = (x/l)2 €
e = AL/800

A
o e =

. (n.39)
. (n.40)
1 Y % Y @ 4
32021 19UD9 1799109060 1AI899A00a 1A
NATIUNAYAAVDIDIATU (Algebraic Difference Grade)
4 - o
G,-G, o G,,G, = uesmudnnuaadu lag
E o 4
VUAAVATOINIY (+) IATIATOWNIY ()
Y o o’/’
AMNeved Ineia llaumesunaun
Y o = £ 9 A
anweMuesInsialiaunenusnganinaelfe wie PVI
52oEHINNINYAA N UUAIANEI TAY

1 Y Y A Y @ 1
33EJSWNﬁnﬂﬂﬂ@]uiﬂﬂﬂSﬂﬂaiﬂiﬂ\iﬂiﬂﬁﬂﬂﬁﬁﬂ
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n.3.2 Tna llauanns (Unsymmetrical Curve)

i

PVC.
PVYT.

g

o PvI.

317 n.18 Tadlaiaasnas (Unsymmetrical Curve)

yl:(xl/ll)z'e ... (n41)
y, = (x,/1,).e ... (n42)
e = Al,1L/200L ... (n43)
A ] Y o Y @ 4
We e = 328¥HIv031AINgAda IAadigagan 1ag

A = HATIUNWNBAUAVDIAIATU (Algebraic Difference Grade)

4 73 o o
= G,-G, 4o G,,G, =neiiFudanuaiatu lag

2 ~ A ~ A
YUAANIATOINNIY (+) a9aIANIATOIHNIY (-)

A 1
L = anuenveslaeialiammesiwnue (319 n.18)
1.1, = anuenvesldsmunienunnlaeuaazaune PVI (307 n.18)
1 1 [ Y 1 9 13'
Yy, = 328H0INgAA 1 UUaIada lasuedaiaudazaig (310 n.18)
J 9 4 =) Y o ! ! Y
X, X, = 3z8zrinnngaau lnarsotatsTaandgaaieguulatsunaza

(U7 n.18)
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fvgamamuinaszauuuIfeng

MIMUIUIATEAVDU TAINIAT YA (Sag Vertical Curve) NTANIUABULDULIFDITOU

a

2511 PVC.STA. = 9+625.000 A1 ELEV. = 233.190
PVI. STA. = 9+750.000 A1 ELEV. = 222.000
PVT.STA. = 9+875.000 A1 ELEV. = 218.875
M g, = -8.952 % i g, = -2.500%
MV.C. =L = PVT.STA. - PVC.STA.

= (9+875.000)-(9+625.000) = 250 14913
qATHIA e 30 MO, = AL/800
A =g, -2, =(-2.500)—(-8.952) = -2.500+8.952
=+6.452%
nzifu i1 e 30 M.O. = 6.452 x 250 /800 =+2.016

ax 1 [ 9y Q' d' A d' [
’J‘ﬁﬁWﬂﬁzﬂ‘U‘UuIﬂfi‘V]Nﬂ\‘lﬂfﬂqﬂﬁlﬂc]ﬁiﬂﬂi$ﬂ$ X (’Jﬂﬂ?ﬂﬂﬂ PVC. STA.)

wmldnnmnnugsy (Gannduanuaiaduidiuga PVC. STA)

1 lunsdindeamamiaszduuu TAININAIN STA. 9+663 (ADNDTUAVN 1)
Ax  =(9+663) — (9+625) = 38.00 1UAT
NNgAT y=(x/)". e

A1l

PVI. STA. - PVC.STA. =(9+750) - (9+625) = 125 1§

y = (38/125)"x (2.016) =0.186 (AuduVIN)

STA. 9+663 B¢ 1UWIANVAIATY g,

ATTAVVUANNAIATY g, (-8.952 %) NT2BL x = 38.00 1WATA0 (233.190)-((38 x 8.952)/100)
=229.788

Y
@ 1

eUATEAUUUTAININAIN STA. 9+663 A 229.788 + 0.186 = 229.974



150

@  luns@iidesmsmimszaunnTdameia i STA. 9+791 (aosloSuduii 7)
Mx = (9+791) - (9+625) = 166 1NAT
y = (166/125)° x (2.016) = 3.555 ( AuiluuIn)
azﬁa’}um ELEV. UUIdUANNAA g 117% STA. 9+791 @9 ( 233.190) — (166 x 8.952)/100)

= 218.885

Y uumamuuuiﬁ’qmqﬁqﬁ STA. 9+791 0 218.330 + 3.555 =221.885

NULYie:

AAS Y A g a o . Yo = o [ A o
- Gluﬂimﬂiﬂmwmgﬂu%uﬂﬂ’n (Crest Vertical Curve) 1‘Viﬂm’gmgmummﬂu UAANTy NATHIU

1¢azitlusfnan ()

=Y [ 1 I 1 Y 1 9 A 1
- 35dunaN g g g, Wua vIn +) W30 au () A9 1A FUNFOLIA 2 99 1Y 9 A Loy

U Q Q

90 B 92UA1INNNA1ATUIENINYA A Az A B=g %

’E]}T 9 A gINg 190 B mmmmmummmu AB MmN -g%

Q

5}1 0 A @n198 B mmmmﬂ%ummmu AB 32MnNY +g%

a

(@gﬂm .15 ag n.16 Usznew )
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N4 UIZAY (Leveling)

N.4.1 NABIIZAY

Y o A A A Aquyu ' ! < v Y o =
NANITAL AD m3@qmm”lﬂlflumimummmqwmumgmﬂammﬂ"lmzﬂumua

dy A Ay v [ :1’ 1w :1’ A Y v A :}; Y Ay 9 Y 2
WHW’JVI]lllizﬂ‘UG]{IE]EJ AYUU maﬂamimmﬂmiweg‘luﬁmwmwmﬂmmum UNUANUBDN

U

v o ! A < v Y o o A '
LLu’Jﬂamiwmi]sagGluuu’Jm LAZHUIAIUDINADN ﬁﬂﬁﬁﬂ’lﬂﬂﬂllﬂuﬂﬁﬂzagiullu')i’lﬂﬂ?@

HUITEAY (31 n.19)

NADITEA

g
LN

o
ANV ANAY
¥ =1 :
AADANTIDYAAI
3 [
Id5ean

sUf n.19 Henunadsaszéy

n.4.2 M3lSuszaundes
= F% U
1.4.2.1 NINNABITZAUEIINA

9 2 A [ = 2 o A 9 [ [ [
FIMTUNADITEAVTITUAT ADNADITZALN I Friaoaszave lumsUsuszau

=

v y Y o & o v v J v ) o &
Nav ﬁa\ifl]’]fﬂ/]llﬂ‘l’nﬂ’]ﬁ@]\‘]i3@“ﬂﬁﬂﬂﬂ')ﬂgﬂu’]7\lﬂ\1ﬂaullaj ﬂ’]ﬁi%ﬂﬁ@ﬂigﬂﬂﬂ']'l“h'ﬂ

a < [ @ Y @ @ ~ Y o
veilvosneurtuanyazlaleaeIv19UeIrannsTAUTUNY (E‘]J'VI n.20) al‘l’?'I/ﬂﬂTi

k4
Y5unnasa neumseum lszaudisangrasaseau (Tilting Screw)
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P, |

9 @ Y
Taszauuan @

ga lai'lasz A

Hpg——thinu

(

510 n.20 MmsiSurasaszave

Y

1.4.2.2 NIAINABITZAVONIUINA

E4

a 4 o @ @ Y Y oy Y @
A Lﬁ’a‘ﬂmﬁﬁﬁizﬂUﬂaﬂx‘lﬂﬁﬁlaﬂuW\l’mﬂamm’J AIVAULVEY
Y

%

Y [ @
NADITLTALOA 11

U

o L2 ll { o 4 o o v
5mm'e'JG]Tuumzagiuﬁmwwsauﬁmam% NITATIVTDUNTNINIUVDNAIFALFYTS AU

o wa o 1 ¥ ' Ay £ A Y <
@15]I‘LlllG]’fﬂll1§ﬂﬂ1llﬂiﬂflﬂ'liﬂﬂﬂlmﬂﬁﬂﬂﬂﬂﬁ@\? Gﬁﬁlﬂﬂﬂﬂﬂlmgi\l'ﬁ]ﬂﬂ'lw(luﬂfl@\?‘"l]%lfﬂu
M) A dg, v A 1 o a Y 1o & 9
mwauma’au”lmmuawuﬂizmm L!ﬁﬂ\?’ﬂigllll‘ﬂ'l\ﬂuﬂﬂﬁ ﬂTiGl,"])'\TluUliJflﬂﬂJu@@Qﬂﬂ

W oA o ° A v ouy o
ﬂﬂunﬂﬂﬁﬁlWﬁ’lZigUU%gﬂ1\3111@@@@0@1’]14ﬂaﬂﬂﬁﬂqﬂﬁgﬂﬂiﬂﬂﬂiginﬂl

n.4.3 NMIHIAITZAUANINGIAIYNADITZAY

A iilu + 3a Bgonin A
iy - 3@ Benin A

BS
\J -
AH, =BS—FSs | kS
Hp HI=H, +BS ] 1B
J/ B

MSL, Elevation=0.000
d' U Y] 4 4 v
sUN 021 MIHIMTTAVANUFINILNADITEAU

U U

A < a ' o a "o
mﬂgﬂw n.21 98 A Wugannsuaseaumidotimealiunaig (MSL) tm1nu H,

q

[ Y Y [
ADINMIMIAITZAUAINGINYA B HImMsAIndoeszaungizIN A uaz B A ldszaud A

v Y
v A v v 1

uag B o Idszaunge A auiualdszaunemlaiGeonin a1 ldsequnas (Back — Sight,
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v
v A

BS) o lfiszdaunge B 5ond1 mliseduniin (Fore-Sight, FS ) 3anu15 01 1IA1T A

a

Y
A % o

9
ANUFIVDIYA B nileszainimeiaunaialdail

Y

Auramageuoindsaitossautimeiaiunanan HI =H , +BS ... (N.44)
AUIUMIATEAVYDIYA B 910 Hy= HI-FS ....... (n.45)
WioAuIamaAIzAunn A 1B A = BS—Fs ... (n.46)
Sy AIZAVV0IYA B D H,=H +40 ,. (047

n.4.4 M332AUlAeIBIAINI5LAD ( Differential Leveling )
2 ad 1 1 2 = ' @ @ d' ! % d! ~ '
M3352auTABITMIAIANIZAL AD NMIDIVTTAVINUYATLAVNNIIVAITZAY FauTona
@ @ { 1 & < @ a
“ Bench Mark” (BM ) lil§angyaszaundesmansiue gvzgnldidunyaszandiedalu
Y 4
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Classification

First Order

Second Order

Class I, Class 11

Class 1

Class 11

Third Order

Principle uses
Minimum standard;
higher accuracies may

be used for special

Basic framework of the
National Network and of

metropolitan area control

Secondary control of the
National Network and of

metropolitan area control

Control densification,
usually adjusted to the
National Network Local

engineering projects

Miscellaneous local control;
may not be adjusted to the
National Network , Small

engineering projects

along lines

purposes Extensive engineering Large engineering Topographic mapping Small-scale topographic
project project mapping
Regional crustal movement Local crustal movement and Studies of rapid Drainage studies and
investigations subsidence investigations subsidence gradient establishment in
Determining geopotential Support for lower order Support for localsurveys mountainous areas
values control
Recommended Net A; 100 to 300 km Secondary network; Area control; As needed
spacing of lines : Class 1 20 to 50 km 10 to 25 km
national network Net B; 50 to 100 km
Class I
Metropolitan control ; 2 to 8 km 0.5to 1 km As needed As needed
other purposes As needed As needed As needed As needed
spacing of marks 1to 3 km 1to 3 km not more than 3 km not more than 3 km

Gravity requirement

0.20x 10° gpu

Instrument standards

Automatic or tilting levels
with parallel plate
micrometers; invar

scale rods

Automatic or tilting levels
with optical micrometers
or three-wire level; invar

scale rods

Geodetic levels and

scale rods

Geodetic levels and rods

Field procedures

Double-run; forward and

backward ; each section

Double-run; forward and

backward ; each section

Double or single run

Double or single run

5 mm (k)o'5 Class II ;

Section length 1 to 2 km 1 to 2 km 1 to 3 km for double run 1 to 3 km for double run
Maximum length of 50 m Class I 60 m 70 m 90 m
sight 60 m Class IT
Field procedures °
Max difference in
lengths
Forward and
backward sights
per setup 2mClassI; 5 m Class II 5 m 10 m 10 m
per section 4 mClassI; 10 m Class IT 10 m 10 m 10 m
( Cumulative)
Max. length of line Net A ; 300 km 50 km double run 25 km double run
between connections Net B; 100 km 50 km 25 km double run 10 km single run
Maximum closures ©
Section : forward and 3 mm (k)o'5 Class I ; 6 mm (k)O'S 8 mm (k)o‘5 12 mm (k)05
backward 4 mm (k)o'5 Class II;
loop or line 4 mm (k)o'5 Class 1 ; 6 mm (k)o'5 8 mm (k)U'S 12 mm (k)U'5

* The maximum length of line between connections may be decreased to 100 km double run for second order, class II, and to 50 km for double

run for third order in those areas where the first order control has not been fully established.

‘ Check between forward and backward running where k is the distance in kilometers.




156

n.4.7 Mo ldszau
1 J 9/ v 9 4 o £ A 09: Y Y @ 1 1
ﬂ'li@'luﬂ']UlNizﬂllﬂ')ﬂﬂﬁﬁlxﬁgﬂTJG]f\ﬁJﬁ'lflglfJﬁ"lllﬁ"IfJGlﬂ Lﬂﬂﬁﬂﬂaﬂﬂqﬂﬁgﬂﬁu'ﬁg@WUﬂW
1% 1 1 ' { I
Iszavldawa Ao maeleu na nazais (31U n.23) nureelenarsaziunuaa
Y ~ [} ] [ 1 A A 1 1 =) .
ﬂaﬂﬂﬂﬂgiullu'ﬂi’lﬂ ll,a$°]f'3\‘li$ﬂ$i$ﬂ31\1ﬁ1ﬂiﬂﬂuuaga']\ﬁ/ll,iflﬂ'l'] FIAIQIAY (Stadia

9 o ' Y =2 9 @ A A 1 =
Interval) 3£a11150 19 IUMIAIUIVTLEZTE1 N8040 1052@1 (D) T 05 enNszezanIAY

9
Y v A

A PNU

B awlovu
A

Telescope s e
- a B — S

-aanlunany

e
A mwloan

Instrument center

U0 .23 szazaafe

_Y

gl 023 wldhd =i e s Wumsmadenuldszduiomd i Juszes
szinanelovunazdvendesszdy ¢ uanwenTilfavesndeaszdu Faei uaz £
Smasiidmsundowsazndea W k = #i nziu d = ks uazldi
d=ks+c . (n.49)
.

a @ a 1 { I
Tumskanndesszauazman 1indnalial k=100 tazc = 0 fa1iU aumsn 2.6 azilu

d=100s (n.50)

1 J 11 Y @ 5 Y Y @ v [ 9) | v d'll Y
NITBDIUA 1]58@]‘”1/]QﬁWllﬁTﬂiﬂﬂiﬂﬂﬂﬂ\ii%ﬂiJ mmwaﬂqﬂmﬂfmﬂummw AN

Y A o 1 09]1 ~ I 1 A
ﬂ'liﬂigiJ'lmsUfNﬂfﬂu mamﬂ11/1mmmmaﬂi}mﬂummmmaiman NITATIVAOUNANDIU

v
1 [ Y "o A 1 1 1 1 1 1 J

’J'lEJf)iJi‘UllﬂW%!@lllluuWi]'l‘im'ﬁ]1ﬂﬂ1WﬁﬁNiZW’JNﬂ'lG]NﬁﬁliEJ“lJHLL’d%ﬂﬁN uazmmmw%
1 1A a a A 1 1Ta A 1 ] Y Y a Y o T [
NANLAZANIUNU 2 uaammma“lil W1ﬂhllllﬂuﬂ@’31ﬂﬂil‘i‘ﬂllﬂ uasmmuﬁmmmsmuiwu

Y 1 [ =Y a A % 1 (%
im“lﬂwama”lmnu 2 yaauag mamwmﬁﬂﬂugﬂ .24

0,055
aranu hinu

~
= WM.
0.054

0.109 —
A 100 = 10.9 1.

2.671 Apszuzainnanan Wiszan
:
Andvaiuaiole

5U1 n.24 Mo umazAmIa liszau

UG



157

MARHIN ¥ HVUTIAOADUNIAUAZAIEY

V.1 amm&damun’%mmazwm

A

msneadwaznuluilagiuinanaesdunalsszuung

e

a

BYNUYINANNBIIALANINY N

G

e =0

Yszmaluusnaigiinsneadis sreenvesazmiu Idmuuniu 4 awanueigmanalulad

vy Tumsesnuuunazmsneaia mslduvuvasneuniadedeaiann laumaianmsneaii
4 U I ' <3 1Y ™ <
e limsneadaduly1dedesiasy dszndavazlianuduawudasanelnsaiunaoaszey
Y @ A Y Vo A t;y @ dy a A9 o dy J 1
M3 lFuoueu msnegluurnaenui laen1snemdunniiuay vienesdissidesarsne
4 § o 4 [ 1 I 1 [ z:y
Yu'lilge q efuRewnumumaziuazmiuasaaslugli o1 Wums lidszudauazdunldos
= 3 o Y a = [ [ dy 1 A A g’ ) 1 a va
wnsnnseih ldinailyrunernumsngadrvesitusessuiosnndunioenszuaiini lgnsan
Y 1 [ 4' [ % U = 9}4’ - d' [] [] 3 d'dy
18 msnaunuunuvasnuiluanvazainanielasuveeaimuniosllodelungads Tuntiez

Y 1 d'd Y v (] 1 q'/ J ] 1 d'
hlﬂﬂﬁ'l’)m‘lmgi%ﬂﬂﬂlli“]fﬂu@ﬂNuWi’ﬂﬁ1ﬂﬂ’) 9 Mmummmmzﬁmawwgmq LBU uuuwaaiuw

Y
A

< { =] ' 1 9
Wuﬁ$W1u1u§$UUﬁQLWaﬂ ﬁu’ffgW'lu1“53;"]J‘]J§5Nﬂ'E]uﬂgﬁﬁ1l§ﬂ§ﬂllﬂﬂﬂﬁﬂﬁ$7‘”ﬂi$ﬂﬂﬂ'ﬁ]ﬁ'i’l\iﬂﬁ’lﬂ

i1 H Y
?iu L!‘]J‘]Jﬁﬂf)ﬁ%‘l/‘ﬂ‘l!ﬁﬂ!%ﬁﬁ HazUUUNaoaZWIUIZUURaoNaZ T




158

¥.1.1 sUuviaslun

'
Jas 1 v A

{ ' I ' g g 1 @
aznunlFTnsnaenui drvwnszidudzmiuredy Auazwiulugannszau

2 2

A A AA a A & = qg/l :} Y Y dy o 3|
Wuﬂull1ﬂl,l,ﬁ$3JW°L!ﬂ“LH/]LL"INLI,‘i\‘]W’E)LWENGluﬂ1i@ﬁﬂ18u1ﬂﬁﬁw1ullﬂﬂu1ﬂEl‘ﬂ')hlﬂft]%l,ﬂul,lﬂﬂ
] dy =2 =) = 1 1 & A ra
LLN’L!WLWHQL@EI’JW‘E’E]LL“U’U?HHGB@EJE“]J‘VI'JNWW]i3‘H’N\W]@1]@@]13JLLH’JE’($W1H“]$\13J°]§’J\1fJTJU]JJLﬂu

Y =) Y o :’ ) 1 n v @ dy a 42/
12 1AT ﬂm’msluﬂimﬂlmﬁzwmgﬂimaﬂymmmﬂmumummﬂnllmnmwu&mmum

3
o

aazl dy dy A = gl ] =K Aa < Y o 9 A
Iﬂﬂ@]i\? TN‘L!LWiWZWu‘ﬂﬁﬁluiﬂﬂﬁlﬁq“U55&!63%1&1[114'@WTL! 5]\1‘11!EJNG]’E]ﬂHIiJlliJT]'IHJuuQTIHLW’E'J

'
A9y o

@ < D a o a 2 <
'J'N[ﬂu;ﬂuﬁ@ﬂmlll AU ¢N l!agﬂﬂﬁllﬂﬂﬂ@uﬂﬁﬁ@‘ﬂﬁi3ﬂ3JﬂF1]$lﬂﬂﬂluﬁlUﬂ3ﬂlﬂﬂ@\1aTﬁqilﬂu
v

=< [

a a A a o q ¥ < Yy 1 Y= Y = Y Y ad Y

HU AUATU ﬁﬁ@ﬂuﬂi?ﬂﬂ’]ﬁl‘ﬁﬁflﬂﬂliﬂi\lhlwulﬂﬂﬁﬁﬂﬁﬁﬂﬂ\i‘ﬁu'ulaﬂmu’]u@ﬂ LAIININATUA
o A 2 o oy 1 I Y A = o & A a A gyl w

uﬂﬂwumuu1iﬂu351u®ﬂ1ﬁUlﬁﬂﬂﬁ]%@]fNiJﬂ’lﬁﬂ@iQLLagﬁuuwu@nJﬁﬂWWWuﬂuleﬂ'ﬂuﬁﬁ’]u

€

&

oal o 9 = < ~ 1 @ :’ @ J :’ A ] ~
Q1Juﬂwumaummummwwmwamamiiuumuﬂuawu@mﬂﬁmﬁum”lwamu Tunsal

2D,

Y v
v A

v Y
NszauNuazNIUgINNTZADAMALIN 9 elglassameinuadesnimvoudIdiIdunse
< 9 S Y o g s & = o & o A 4 o & o
Wi lduassdesdaldtniniu uaziinsdasanunatenamaiesous i lunuaaas
HUIUDY

gax Y

v Y v
W unsaenamsemduasaulunsdinaendesy lulald1435yaudHanss ldaiu

a

Y 9 E4
v A

@IZANANIMINZ AN uaruaNrIonyu Anuiuaular q fvilnsize1nzngasen 1@
9 1 E4
TagmwizA1inszua i IuIUIAY09AIUT0IF I BAT N UGN UTZoZ VO U 1Az
g} @ a A ' 2 Y I 1 9 <3 A o Y <3
winaounianazras Feenv lndumugms Isaunanuiownsduumaneawuglassa
9 A [ dy a v A [ [l 1] I [ 1 1 I 2 Ao
heRenuiuausessuiiszan ldeuenuaisuenoeniu 2 dw szuudiwaraiwidundga
| < 4 Y Y o ' I oy o

dareldewszilulimiomanldudaielSuszauldiauenunazdruumiuszuuidunsoe
v [ ' 4 EJ
wasmawnasssuanlgiunlinaiiTagldaglTe amilnnde (Wide Flange) %30

] Y v
au e lngjieteusanndidunionsiuasggiusndieais



[1.530

159

2,00 0,30 1,00

J I [ 1 J|| L 1T [T 1 ]|| L 1T 1T 1 J 1 | IHl
T w w w w w 4
Z—-—Eﬂ -
=
B o
] h] 1 % 5 & ] A

Lﬁ'WGUUWILE‘ngUF\huﬁUETﬂﬁN 6" x 6.00 m. @1.20 m. Max.

v A &
AU LT 2" x 8" AR

Y

A Iilonda 1-1/2" x 6" @0.50 m.

A
o <
AusaneAme 1Nionda 1-1/2" x 6" N7

Y
% =

IdfduRea 1-1/2" x 3" x 3.50 m. (1fiilooon)

[ v

V.2 FUAIUVBITLUUMVVHAD IUNUDINHAZIIY



160

Log S0 2,00 050 1 np
| [ T T T T T T T T T T T 0T T T 0T T 0T b—m
.-_E
/—-—m
[
v =
) fy f—@ ¥
7]
1 3 4 5 = 7 g g 10 1

' envnadurugudnais 6" x 6.00 m. @1.20 m. Max.

Y
< = 1
2 | aldiileouda 2 x 8" Aug

3 1 aaldidlouda 1-12" x 6" @0.50 m.

4 @ 9/ dy <3
ﬂW’iﬂﬂ’fJWiJMﬂMHEJLHN 1-1/2" x 6" nnLn’

Y

5 1 ldddunans 1-12" x 3" (liliiessm)

Y
[ =

6 | Ifdumes 1-12" x 3" x 3.50 m. (liiloaou)

Y

71 I dumes 1-12" x 3" x 3.50 m. (liiloaowu)

(4
a U

sUfl 43 Fuanisuvesnuazmuuuy Slab Type



161

- B o o d P o
i @ 6 x 600 U Ui dawda 2« & (Bav) Aiuen Titauds 2 x 8" () mumang
T - - v | ¥y ¥y s y Iy | . =
¥ ¥

1200 m

200

1.00

=
u a u u L u 7
@l
=
25 @ 120 = 3000 m,
T SR S L ST
Vil da 20 x & gt moem Wiveuda 2" 8 @ s Ve it 1 3 x 3
; 1
L L L L=
& £ X & % & £ . ¥
] d A 1 1 GEFL
i
FERILIFL

'
v Y

3UN 4 Tshusazszuumduvesnuaz U



162

v.1.2 HUUKae Approach Structure

mdldidandat ¥ 6 @o0.50 1.

arwltiitanda 1 v e
050, 100,/ 300 L ,_33.00 | 100|050

| / | || elfideudar xar@oson.
gl :
o [ ¥ [ | »lﬁf " N " ‘]J P 113“.-
; fingzany 1" x 4 ol 4 .
= "B L ' ] E
5 VAR L 50%50%3.2 mm. @0.75 m.
033 L 4 las - L
.»i:'l}: PPV 1 .
y: TienduBaailedeu 14« 3
7
= w¥ . = 1
2 1iarfunatatladau 1 2 x 3
A A
o i
S K4 P
i b 1841 @6 ¥ 6.00 4. @1.50 4.
i Py
& i
o i
A A
# by
! || | e |

. L | L
1l h& 2 g = 1|I n
i1z e @150 4 07s| 150 |o7slors| 1so |urs) Thdauda1 b we @1.50 u
" T ="

& J =
melalilends 18« 6" @050 &l

Ea
aruldhienda 14 x 8"
0,50, 100 | 3.00 | 3,00 | 100 0,50 ;
| / ‘ / / ‘ | Anuldiiends 1 2 a4 @050
0 | / .
< e |—|‘—; - A 1
; i % \ Wi L 50x50%3.2 mm. @ 0.75 m.
0.35 4 35 s 432
=
o S "
Vi ~ a1 @ 6" % 6,003 @ 1.50 4,
A 0¥ o oo A
7 ldArduasniagau 14« 3"

N —

L L v .
e @6 @150 u, 075 150 |o.7s|o7s| 150 ‘07;“— Ieude 12 x @150 a0
e = ™1

v v

v v Y t4

sUN U5 M5AAAIITIS I azNBINLY 91U Approach Structure



163

Ll & Y [=3

v.1.3 uuuvasnuaznulaglinarian
Ao @ g o < ' . o & a
azvuniaailumandile (1) uazauvanuny (Plate Girder) #UINAUNUABDUAIA

a = v A Y1 ¥ ] < o ' a Y9
Lﬁ‘iﬂJL’Viﬁﬂ’é)f]ﬂl!‘UUul,’JLW’E]Glﬁﬂf]ﬁiNhlﬂi’Jﬂli’J uazaﬂmmuu‘uuwaaﬂauﬂm“lwu@am

4 Y
[ =

3 dy 9 I @ o 3’ ] 2’ Y] 19 z 2’ a
‘VI\?HI@UWU'IEﬂilel,"]fﬁQ!ﬂu@nllﬂﬂiﬂu?ﬁuﬂﬂ’lElu Iﬂﬂllﬂﬁflﬂﬁﬂﬂ1ﬂuelluﬂ1’ﬂ'lﬂwuﬂu GI,H‘V]'N
a wa ya o o 4 v P Y ' 9 o
Ufiaez ldaunieamyusessuauie ldamnsanoauuy ldiendrvenurulion 3o
' < A 9 I 9 = z = dycu = Aq ¥ A 2 o 3 Ax
LlwulfﬂﬁﬂLW@Glclflﬂuﬂf)\illﬂﬂ'ﬂﬁf)ﬂﬂiﬂ‘ﬂuﬁ u@ﬂiﬂﬂuElﬂllig’]_l‘ﬂ‘ﬂslf]ﬂ%@llﬂﬂﬂﬂﬁﬂlﬁﬁﬂ‘ﬂﬂﬂ
y £ v o A o = & a " Aa v
‘]Julm'J”Vi'Jﬂ'l‘Lli‘]Jﬂ\‘ll!ﬁﬂ\?GluEﬂT] V.6 ﬁmmuﬂmmﬂuu@mﬂamﬂaawnmmanﬁamam
o v 9 A ' Y ~ A o A
ﬂUsUu'lﬂﬂ']uLLﬁgﬁx‘]'H"U“I/I'E'NLLUUﬂ!ﬂﬁﬂ']ﬂa@fJf]']ﬁ]fﬂ%ﬂ@\‘lﬂ'l‘ﬂWi%‘UVlﬂa']fJnﬂﬂﬁ\‘] INDAINITD
Y < ' ! o = I 3 oA
ﬂ@ﬂ!L‘U‘UUlﬂ?JEJ'Nﬁ$ﬂ?ﬂlla$33@l§3 ﬁ")uﬁW\?"’U?N‘iJa']ﬂ@lﬂllﬂlﬁuﬂﬂﬁ]&ﬂulﬁﬁﬂ!th‘l"liJﬂ'J']iJT‘iu'l

< { @ oy @
Lla3Ellu1@!!,61]Q!li\iWﬂqﬁ{ﬂgllUﬂiuu'lwuﬂ(’ll'ﬂ\jﬂ'luul,ﬁl

0.05 Thick Bituminous Surfacing
0.20 Cost Insitu Concrete Deck
CTRL
7.0
20100 1.6¥F LE& 167 1.00 J.SQ__
.50 0.5 N
I T — o = weldiidande 1 3 4" @os0
aruldiidauds 11 wen
IV inj
I "r.f Jf 1 |
X | T I e |  u| Tinrzanu 1" x 4" Ufudoaliddn 4 uu
» ‘—<§ d
aruldiilands 1 P x 4" @ 0.50 3, !
L 'R L A Lindin L 50x50%3.2 mm. @ 0.75 m.
— 0.e0( = —
pe] .20
| Y H
&t el sz o1 Tefistauds 13w 5"
e ms"@1.20 u iR fudantedeu1 "« 3" @ 1.20 u.

11 @ s @120 4,




164

dy A 9 <3 o I 1 Qy Y o ~ g// dy A [
5$UUWuﬁgv\l']uﬂslslflﬁﬁﬂWULﬂuLLUUWﬁ@ Lmzmhbﬂuwmumﬂ‘ﬂizﬁEJmmﬂumﬁ
k4
1 <3 @ 1Y ' J <] @
UsznouuyuneaNnIs LWILVTaﬂW‘UGﬂgél}ﬂ\‘lflﬂ'l']l]ﬁ@ﬂﬂé}@Qﬂﬂigﬂgﬁ'migﬁ?'mﬁﬂlﬁaﬂ %ﬂ‘VN

1A <

= @ a o a A a 9 = ' v W dy 3 ¥y A g
AITISUMIYUTINSANUAUNHIDRIURNINIYTDYNA mammuwuauumqmqm%%ﬂW@ﬂJ‘u

9
o v

1 ~ [} =1 ~ ~ < a 9 1 ~ o
UUUNADLINYIDYINIAYT Iﬂfﬂ/]‘"1133“1’?ﬂﬂlf"fi‘JJ‘L!TViuﬂ‘V]NTﬂSQﬁiN@N‘W1ﬂ NIUATUINU
Y < [ 3} v 9 Y = 3/ a Y A A T o A @
ﬂE]ﬂLL‘]JUIWLLNHLWQﬂWUSUHWWUﬂ@YJﬂ 9]’8]\111ﬂ”lifﬂW’ﬂ‘ViEUiq"lli$WSGNLLNHﬂHLWﬂﬁ®QﬂHﬂT§
] A 1 1 < = g} o Ao < 9
LYNAIVINLLIINDU nmmmumaﬂuazﬂauﬂim"lumiminﬂumuﬂmﬂﬂmmmmaﬂﬂmm
A g A A ' 2 o v o o A .
UIURANRINLBDUNADALLUN gwmﬂum’nmwumaﬂwmmzﬂumﬂ”umaﬂaaﬂma%’muwu
3 o 1 < 09.1’ dy 9 1q 9 A v o @ A S o Ady
LWﬁﬂWUWW@N1u¢NLWaﬂ1ﬂ!@ﬂ ‘1/]\‘]‘1!fﬂgﬁ’ENhliJGI,“]fNaLﬂEJ'Jﬂ’UﬂWﬁ\‘l!ﬂNﬂ‘igﬂf]“lJ"ll@QGNWiﬁﬂﬂU‘W‘L!

=
ADUNTIA

VA A o &
V.1.4 mJUﬁaawuazwmmﬂaunmmm]g1J
1 dy = o d a Y [ 14 v = <
miwaawuﬁzwmmmuﬂmﬁumgﬂ uaﬂﬂuaﬂymzﬂmﬂﬂ‘ummmmmmaﬂ
' ' =R a A ) 2 o Y Y 1 Yoy
qﬁjﬂ‘Wiiﬂ!Lm@Tﬂ%3EJQfJ"IﬂﬂTJ"ILaﬂu’ﬂEJL‘Wi18@]\3ﬂf]LlﬂiﬁTﬂmeW"I%‘VIL‘]JHﬂ’E]uﬂi@]ﬂﬂLLiQﬂ11%1@91\‘1
< A A v I Y ° Y A = 1 [ 1 1 Y Aa Y =
L‘HﬁﬂlﬂﬂEﬁ/ﬁ’t’)ﬁ’Jui’]ﬁl’hﬂi’)uﬁ]%ﬂﬂ‘l’fﬂ"lilﬁlfﬂllﬂﬂ@n\i g EJ\TEJ"Iﬂﬂ'Jﬂ‘LlﬂTiﬂﬂﬁ'iN‘VIﬂ’ﬂWl@\iNﬂﬁ
Aa 9 = P @ A = Y A 9 Y
’JT\?LLNH\TI‘L!VI@]LLQ%%%@’ENL@]?EJIIﬂ'ﬁhhﬂ@u!ﬁhﬁ]ﬂa\?fl]'lﬂ‘l/]ﬁ\iﬂ'ﬁ]ﬂﬂi@ﬂ'l\ﬂ"l]'ﬁflLiﬂﬂiﬁ]ﬁllm'} N3

d' ay a 1 Y 1 (% A
Mzmiugemuteyneasuuurasly 2 anvae Ao

Y v & { & o g <
v¥.1.4.1 msdauvunasiuazniulunsaiiuunszyldlduduiudusog (Panel) 1fu
dy v o w a vad o dy
puuseaNuranmydfgy Tuuuaneliiana -
T Y v = Y 1 @ Yy A
U.1.4.1.1 asnvdeuuunuduiligndeussnies lilisesuaniin tazaeell

U

o [ 3’ o { o Y o [ 1 Y
FIINTATUIUNITIUHINUNUDY Panel ﬁu'lw'lﬁl(’]f A1 IUVNUNDAIIN

Y
3 )

@ o w o A d [ Y [
agwuluilogiiuiasiuitminues Panel Milunvunaedeosa
1 1 wa A I~ 1
"ooni1 750 Kg/m”  druguauiiaou q Tiuldawununeads
MHUA
9 [y a 3 YA [y dy A A
V.1.4.12 A99052900UTEAUNMIAAAT a8 1HNTEATANUHUIVDINUABUNIATN
[ ] ~ I 9 a
naenuuu Panel ash uaziduldamnuuenn]d Mortar wywasy
14 Panel 1iol¥190gluszdy Grade Line aaoadeilnszaunm
dy A A 1 ~ 9
nvoINuABUNI AN ADAIN 16
U.1.4.1.3 AINTDUNANIMASAMKUINTIN Panel Ya19U09 Panel 92@09214
1 ~ @ [ Y 9 (X)) 1 Y
pguunsossunasnu lasldinedunludesni1 7.5 om. nazly

Mortar USU5zau 1R laamuuuunazauuaaliiseudos



165

U 1 9 ] a A J A 19 Y a
v.1.4.1.4 9A308ADTLHIN Panel Tﬂﬂi%muWﬁTﬁﬁﬂﬂi@\i%i@ﬂﬁi’)&waqm{lﬂlﬂﬂ
o = Y =K 9 a % 1 U ~ o '
MI5IFUAIV9]T  Mortar q@11J@1wm@amnaumzmmiwaamu

) Ay 1
ﬂ@uﬂiﬂWHﬁ%WTUQTNLLUUﬁﬂ“,ﬂ

o & gy 1 & o g & !
mItauuuraeiiuaznulaglfuriuiuduiogal (Pane) Wlunvunasuaasly

.7

QN
=
=)

/]
~
2
~
"

S
|
N
Y
]

D = Slab Thickness

11599219 Panel $790a19 Span %297 @091% Mortar a3y

U 07 suvvdewuazwiulaglfurunudusozi (Panel)

]
[

¥ v A gy A W v vq ¥ ¥ VYo 9
wineme - mslduuurdenuazmusuuis lunsaituunlulasey 134 deelddsunauauenuy
<3

518635fJﬂ‘IN%}’E)‘JJS"IEJﬂ”ISﬁTH’JmﬂlﬁIﬁ'WﬁﬂZ’?ﬁ’J%ngﬂﬂﬂlmﬂﬁ%ﬁmimLlslf@llﬂlﬂ‘l!

Y
[ 1 o < [ 1
9.1.4.2 ﬂ']ﬁﬁ]ﬂl!fU‘Uﬁﬁﬂﬁuﬁ$W1u§]\1ﬂ@uﬂ?ﬁﬁ“ﬁﬂzﬂﬁluﬁﬂﬂmgell@ﬁﬂ']uall'l']ﬁﬂfﬂz

[ ' A v = U A v Y Y
i]mﬂwlgﬂ ] NANIND ﬂmwmnuuﬂﬂmwmﬂmﬂ@uﬂi@]amljma’ﬂ%ﬂlnm

1

WIADUAIURANINOTOITDAUAUUF I 19

I 1 " a9 dy dyd
iWuassunduiMewny Nl
d' 1 d' T 9 = 1 [ d’ U
pfluindaeareiionsuuauynsgarsdsouezinfusuiuienemuguy
% I~ 1 (] Y] 1 < ] [
g liuaclavilsznoudrenodesdiuasanueguaziiiiontSuszanli

Y Y Y A o A v
llﬂ@]ﬁJﬂ’NﬂJ@]ﬂﬂﬂﬁ LLZ.’ISE‘ﬁiﬂiﬂ%ﬂwi’)ﬂﬁﬁﬂi%ﬁﬂ‘]ﬂuﬂﬁﬂ@mm‘ﬂﬂﬂﬂ’JEJ



166

U \ % ﬁ'
1.1.5 suunaeazuluszuuneadamuulaedy
o Y 1 1 [] o
Tuilagtiuazwuldversanuenngrsesn luin azwiuginassvualvajaunsoii
' v Y ' Y] ' £ A ' ' ! Y A )
mineaielaaremsnodiuaone Tasduglduuuinetonazase nods 19guoon lideas
A H
1 o @ 9 . . g
M9 DU MIFDIAIU (Cantilevered Construction) muﬁﬂﬂugﬂﬁ V.8 V.9 uay .10
[ Y ' o 1 dy 1 1 9 1 9 dy
msnedas wazwuglnassni lvznaeiiuannouszilszneunuudeaauaz oy uyu
Y = S & ¥ o A Y A ’
HAIIUNABUNTAAIUIDT (Web) Az NUDUNTONNAU 1199910 TATIATNIUOONUININADY D
' ' A4 g y 2 yyw = =
msdszneunuuraeaznuvesdIuNguesnil vzAveia 13de Tnsalsuuua v Feazdl
= =®X a o dy 9 A v < = @ A 9 9
s1wazidean1sgaaanuiu Inssaseiudnaio s1eazideanisduaaou Tddrania
v v "y = 2y D) ) Ao
ANUNININVRININDAT I T18ALBIANTUVIUTINDWVVI LU VIEL TATIAT VML NI

14
o ] o

Suiinin i lduaaslugli v.11




167

2 ' A
31]7] V.9 HUUHadaSWIHYH

3UN v.10 dnvazamaluvesrihdagilnass



168

Ad' v 0:1 v o
31]7] V.11 tYVrastasHINHNMNY




5Uf 213 suundeazwuBuRFHULYAD

M d' v
sUR w14 wovvideazubuilFuuylsl

169



170

| 2060 |
|| L00_ 070 17.20 | L0 ||
! F 100 x 100 x 3.2 @OS0M. [ |
__| @“||
| [ ]
B r
e 2
&
| | I
N o
( L00 0,23 270 p.og 100
| 3.83
Lr_:l 1 a
[~ LLERULAEITHLT 4 - B MM,
—
w_¥
- = -..—/]z(mux 100x3.2 @ 0.50 M.
- It
| \M H 300%300 % 10% 15x 94 ka/ M.
L]
=
o - H300x300% 10% 15 %94 kg ! M.
C180= 759 125% 24 kg M.
Ip]
— I |
=Sl - FLATE 300 300 = 10 MM.
-
=1
Y SECTION (3] - (&)
o i Sl
v o Y y

3UN .15 (n) M3AAAINITIH HazNBINUY 91U Cantilever Deck



175

340

L Lao 070

171

i 2060 i
| 18.60 |
| |
(400 070935 225 | &00 | 20 200, 200 | 200 200 | 285 0@5070, L00
| | [ | | | | | | [ | |
| — — 1 -
LNULAANYUN 4 — 6 MM.
:II |1 S N N N N N N N N N O N O O N O O N O N O 1 1 = S S S s | T III
JE 100 100532 @ 0.50 M
H300330031Dx15x94kgi|‘1ﬂ.
%PLHTE 200 400 % 10 MM,
+—F E —J +—F F==——PLATE 300 300 % 10 M.
¥r | | ¥ T [ |
H-300 % 300 % 10 % 15 % 94 kg /M.
sECTION (B} - E)
100 9.5 2,73 a5 1.aa
1 3823 |
| |
BN
LI—" 1 3
:? LLELLEARTIA LT 4 -6 MM .
nt [ //E{
=T I :& 100 =100 3.2 @ 0.50 M.
= H 300 x 300 10% 15 94 ko i M.
[a}
i
1 = 1
. B -?
/"— H 300 x 300= 10x 152 94 kol M.
=2 C 180x7ax9x 12,924 kgl M.
3 w
T é . .
drETI'_ - g FLATE 300 300 x 10 M M.
5} =4
BN
[}
n
C TTTTITTTITITT] 88
¥ o Y v

3
L]

il

a
N

¥.15 (V) M3Aa

ANHINU HasNBIUVY 91U Cantilever Deck



172

| 2060 |
| |
| 18.60 |
[ |
LLO0 070035 223 . A0 . =00 . B00 . RO0 . 200 . BD0 . EPS 045070 100
T | | | | | | [ |
T — p—
i UHUMANUWN 4 — 6 MM.
[Tyl
s IR I N N A N N 1 A N 1 1 N O 1 1 =2 = =" | O | O | N | | e 1 |
o [ ]
] / \ 100 100x32 @ 0.50 W,
il
HHA00 3 300 3 10 % 16 334 kg 7M. 5
— = - e H 3005300 % 103 15 384 kg /M.
C180% A% 9% 12624 ky /M.
(]
: HHBI0 3 300 310 3 15 P g 7 W1,
4 b{ PLATE 20013 400 % 10 MM,
n_r .
Ba = = = PLATE 300 % 300 2 10 MM,
F
5 E | ¥ E | | ¥
[=]
o

secTion &)- &)

L
v v Y t4

5UN .15 (1) M3AAALITISIU HazNPINUD 11 Cantilever Deck



173

= = = = =2 = =
- - + o -+ - P
g I
)
J I TR L LUK
g
I *‘l-u- ||||||||||||||||| | --||.4
+— I o u do ]
"
5
i
-
&
a
el
™
a
| O o o o o o o o e H HA ]
v ] mhilshhininininininininininiElEliswi m uly
|
|
i
o
|
i
e
o
b
4 ] o o o o - j
JE I 7y ||||||||||||||||||||| L ---nn;
£
St A HEEE A EE I EEEHHE i HHH
g
)
T e
o1 B et B

arst

100KIA0H 320

H 100x100x3.20

1200

A0

6.50

|
|
200

ns
i 100 L0 ’——

4,00

4,00

0. 4w 4 00m,

=4 00m.

10
0,40

=3.00m.

10
@n.z0

10
=4.00m.

0,40

55
——‘ 100 100 i

115

230 S4—
e
0. 4 S0,

0e5—

TTTTTT

H 2000300101534 ko/m,

H 230x230x9=14x72.4 kosfm.

325

275

.00

.00

265

365

730

.70

70

130

SECTION

Cantilever Deck (Hollow Type)

9

v
v Y

AAANINITIU HAZNDINVY U

a

16 (n) M3

s v



174

i \
P 100% 1004 3.2 @ 050 m.

L Loo 1860 L LoD
‘ ‘ L 17.20 | ‘ ‘
[ I
187
[ ] 1] [ [
f=rin}
—t+T—— H250x 280 914w 724 kg ! m.
P
370

=L |

|

| §

| |
| 275 |

as0 !

e.es—-l

- 250 2758
l ——— H-300 % 300 x 10 % 15 % 94 kg fm.
365 ! 365
Fa0 T

s w16 (v) Msfa

t%

AIHINU Ua

Y

No9UVY 91U Cantilever Deck (Hollow Type)



175

U

v.2  MEY (Shoring)

[ 9

g’ v 1 o { g 1 09; @ 1
ﬂTﬂUﬁ1ﬂ5ULLUUﬁa®ﬂﬂuﬂgﬁ ﬂTﬁﬁTﬁLﬂULﬁTQTﬂHTWHﬂﬂ]@ﬂllﬂﬂﬁﬁﬂﬂ@uﬂ?@lllag

Y H
1 =

. ! ) Y 3 o < SN Y o w
daulsznovaiey asgiuarsiduld o1 ldld manuilu nSemangiunssunla Amduuisoonld 4
1 = o g o [ 2 2’ o A d’ a dy
du e uflurmes dra anlsvanuge vazuflusess Jymvesiiu Aviies mstiaien, aase
. o Y A A £ g Qy 1 Y [ oy o [ g = 9 = =< 09/1 A
(Buckling) tn31zshmihnailiowaduilusudiuTnseadesmimin auiu 3edesdimsdasuiie
9

[ 9 A A £ A 1 1 oy o gzj A Yo o A
Hosiumsdeiusnaninananuganioszninganugevosmduiiu lunsanlddrdunse
) s v 9 va A A g A
W umandoansrnaevaninlilddader ane niodluaiiy

9}3 [ 9)4' I 9 = ] 1 9 Y "9 1 @ 9
mslgmduldndwmdeddidnyuzasahinate diuveslaududesegitearuazaald
[ { qI/ { A [ ] ] <
wenudTuawaaslugln v.17 () ufluvmasdenldudu ldvuaediarios 2 x 8 nTeunuman
19y 1 A ) 9 2 d' Y 1 g o [
nulidosndi 12 ATT19MTAIUIUNTBUA 18N UT BN Meus 1T oouruInAY M
9 Y
uilusessuaruuunds1g Idvuna 2 x 6 159 1 1/2 x 8 dIUMITIATITEHINMIULAazdIzdod 1aTY
d' [ 9 Y = = d' 3’ [
MIATNARUNEINUMI IR azBen Tagdalunuas1unng 2 mwas ioannNrzgAveIRIGuaLIaY

=2 A v o Y 9) o w
ﬂﬂcluuuam!mmaﬂmﬂuuﬁmiﬂ ANy




176

J o < 1

o v I < = A v 4
adumandiuIngazilumanidvvinaoinasannuermioaesnadiuiuldwemng
[ [ T { { o) v () v A T [ Y
suszezIa lasldadndondug iz Bauiludvenuazuiludalusziiseguuadanil wieo1nvy
Ysudander Tasliuluduemiseguuuihundesrndfuuilusesiuduuinezaan B3luduadu
§ o < o 1 ' <] ' [ @ '
Faonlsundualauidantesuilusmisduaoniiumanvasgnarsdmiudenvouiluas’ld
a A <3| = I A X o g} @ Y o = ' & g
wod nieo1mdundsrszezdun iemstanuiendidu laedruiung msdaszuhaauiedlosiuns

9 v v
qeori ladremslddrsanwtiuuy uflurmdwazanlsuszauawand i lugln 217 @)

Y

Yo Y -
M3 lEdesumaniilum

[

o o < 1 1 1
duldlalunate q nsal sz uduiagildiulnasguaenn

[ [

I { @ g’ 1 1 { 1<
duilgminernuszauld mszimduudagnourziinnuenasionaziu 1.20 1.50 1.80 2.00 u5o

4
a %

2.40 wasudwausEngedan duiudsdesdanladliinsdSuszanidnuilusudivuunazuiiuan

~ Y

o ' 1 @ a ™ < 1< 31 @
nadauas danaaslugdin v.17 (a) Yanrsnasaszneumsldiiaumanitudidune
@ = 9 == = Y a " Ay A = =
ﬂ’J'l?Jﬁ'llJ'lﬁﬂiﬂllﬁﬂiulluﬂllﬂu %Qﬁﬂﬂﬁﬂﬂ'lﬂﬂﬁzlﬂElﬂ‘llf]\‘lﬁjwﬁﬂf)ﬂ']\minu HAgNATUIDUTDYTNIN
=R Aan = - 9 9 = ] 1 A 1 Q'
ﬂﬁﬂﬂﬂ\‘]’)ﬁﬂ'ﬁﬂmﬂ1$ﬂUGl’JIﬂﬁ\iﬁiN“U'N!ﬂEJ\‘] ¥ $1IDUD !W'é]ﬁﬂﬂ']ﬂ’J']il“HBQQLL@ZLWM?]’J'IM@T']M'Iiﬂﬁlu

@ a o’j a a ua v ¥ Y o {
NITTULLI umuummzmﬂm‘ia‘ummm‘im"lﬂ muﬁmﬁlugﬂﬁ .18

sUf 417 (v) dnvazmiduman



177




XX

»l

©

A 4

»l@-

‘_‘

‘_‘

'
v Y

a wa

N 418 anHUZMIIVALUDAIG 9 UBIUINU

i

178

J11T] a N [ ILIIT
o
«Q
< »
< N - - N
ks P © »le © e © »lg—
1
]
X: :X: | |
] 0 il 1) il
[minnny




179

MARHIN A MSHAN MITEUTLT MSINAWVD 1ATNITOAUUY

v o

msnsgihldnounialulaseadaligunmaduanodsiningosing uazsesao lamaion
Y o nm Y a o 1 H
HAZANUNUMUMLTOMUA 1 1ANAInMIeeNUUUTATIUHNALUDIADUNIANA LAZNTNATDY
Aas 9 Aa A 1 3 1o =K ax 3 o (% Y 1 o
adsmasguludesliamamnin uadsswlUtadsmsuazduaeulumsiinuduldun s
Y] 1 A, o o [ o Y
ANFAATIUNAN ITMTHAN MITA UG NMTIHTEUMTTINTUNMTMNADUNTA NN MM IHAoUNTA

DALUY MTUAIAINADAIUNITUY

Al MIAaIUNAN

J Y
ﬂﬁ’?ﬂﬁ’)uﬂﬁu@ﬁ]ﬁflﬁl 275 fie msadunay lasdsuasuagmssdiuneay Tastimiin

v W

@ 1 a ) @ 1 < { o
A.1.1 Mmsdadiunaulaslsung L“HiJ1$ﬁ1ﬂiﬂﬁ1uﬂﬂﬁ%}1ﬁﬂlu1ﬂ!ﬁﬂ HAZABUNIANNIAIDA

'
9y o

1 1 o Y Y < a A AA 14
ADUUNA LLﬂﬁWﬂﬂWiWQﬂ@]fJ\‘lﬂﬁ1N1§i‘lN'ﬁﬁﬂBUﬂﬁ@]ﬂNﬂmﬂWWVlﬂW@ﬁNﬂﬂﬁ Tag
9 v Y a a 1 1< dy
RJ'H"UL“HMWﬂﬁiﬁlGﬁﬂiﬁJZiﬂﬁiﬂWHiuﬂWiﬁ’Nﬂﬂﬂﬁ‘ﬁlﬂﬁ U NIy ’EJEJNll'H'ﬂGIHJﬂ'JHJ‘]Su
Y v
VUAIWIATINIEINaADY UM Ned19NIn  Tagmnizeg1weslunsalvesniasiv
= =& = ] 3‘ ] A dy 1 A Y =K [ a = 4
ALPYA BIDNVUUUIYUIUUNNDYUAWINIUDUNINT 30 % ﬂ']ﬁ?ﬂﬂﬁll'lﬂ!ﬂ“u“]fmuﬂ
™ o = I A oy o ] A
Taona ldvzdszurmaindrvauguuiizyuFiwudidiviinudueu Ao 1 g9

@ a I 1 a oy 9 Y~ 4
1iin 50 nlansu dwSmanihonnlsmguantunumnaivgu

sUf a1 dregedalildlumsnisfSinas du nse N9 x e x g9
@ 1 4 o :’ o 2 axs 1 1 a

A.1.2 MITaaIuNaNAIINITFIIINE WuITRuUNeUNI1INTATIATIIN I

Y
dsvanuneadnumnalgnuaeuniahawatunais — g msiadaeimiingadl

o [ oy o 1 dy a9y 09/' d" Y I
HaAgoMIlTuIhmindunaumuanMANNFUYDINIaT BN 1t TnTu e

o @ a o J < !

N0.4.409 MMTVIRITIURAAAUNADUNTANANIAT AN Ben.213 a3))Tuaisan a1

E4
v A
AN



180

M3197 .1 voUUARNNATIAINADUVBINIT NN Tag

A qu =
!Wiﬂ‘lﬁﬂﬁﬂﬂi’)ﬂﬂﬁﬂﬂ]ﬂ uan. 213-2520

w a =Y d' d' w %
agAL 3 anuamamasungensula
=1 4 9 [
1. YuBua Yosn1 200 . +29%
WANNUTONNY 200 . 1%
2. 1AW Y0801 500 . +£3%
WINANHUTONINY 500 AN, +2%
Y
3. 1M - +3%
4. AITHAVNY - +3%

=
f.2 NITIHNANADUNIA
= IS o = J a g’ g’ = Y A
mﬁwﬁuﬂauﬂimﬂumimﬂummum U NIy U1 msnwamauﬂimmmﬁ@wamu dl|
Y Y Y o o ' = N o s A A A Y a
wamqﬂmaummmuiuamwmuw‘wammz T@ﬂmmqﬂizmmwamaaumanmmmmmaim
3 9 =~ J 4 A 1 :JI Y 3 dy = [ [ 1 I ¥ A Aa
MNHUAAIYBIUUAUNT A uamwawﬁumuNﬁumﬁmimﬂmuemmﬂu ﬂu%%ﬁQWﬁGlWllﬂﬂ@uﬂiﬁ‘ﬂll
2 9 = o 4 = ] o o w W ]
AUNTNA ’LﬂfﬂiWﬁilulﬂJTl’Jﬂﬁ%%“I/]ﬂ‘l"iﬂmﬂWWﬂlﬂﬁﬂﬂuﬂiﬁqNﬁNHﬁwﬂ NIALASAUTUUANN 9 llll

duldamdosms

aa =
1.2.1 IEMINANADUNIA
W memﬂmsm 1n304ii 1419 lilaziflunuy Bateh Mixer fio drunauazgndudoudn

Yalwety 91nHeE zgniaospanudis Sudsadmnaudnauniadnll v

f.2.2 1N30INTNADUNIA
A a9 o o ° v A
INTOINANADUNTA I WUNANANBUEMIHANa TS wun 1A 2 Uszian fo
. o A A o A I A A A
1) Batch Mixer 1{unToswauinauaisaz 0.5 %30 1 gnUIANIUAT 13004 9 AN
1n309d1N1T0Y 19
] 9 ]
2) Continuous Mixer 130NN HATIZHAUADUNTADENADINDIAIULINIZOD NIV

9Jq Y o 1 Y v a A a [ 9
Ul'ﬂ“])’ﬂiN”lHLﬂWT% YU 1%ﬂﬂﬂ1ul%ﬂ@uﬂi@ﬂuu WyoauINDU tTuau

19 o o A ) Y I A
!,maﬁnuuﬂmmgﬂaﬂymmmmimwau mmmmuuﬂ”lmﬂu 2 ‘]Jigl,ﬂ‘ﬂ 19 Drum
Mixer Uag Pan Mixer
. o Y A
1) Drum Mixer 8131503010000 1aon 4 1sziam Av
- Tilting Drum Mixer

- Non-Tilting Drum Mixer



181

- Stationery Drum Mixer %30 Horizontal Shaft Mixer

- Dual Drum Mixer

(@) (b)

35U A2 Drum Mixer tULINAUAYY (a) HAZUUUIWAG (b)

2.) Pan-Type Mixer

(@) (b)

3Uf A.3 Pan-Type Mixer HUDE33MA (a) BazsUUNRUNIWNAN (b)

A A Y o a 9 a 2 a g
HDNINNATDINTUNNANINULLAN EJ\??Jﬂ'ljﬂlﬁlfjﬂWﬁiJﬂ@Uﬂiﬁ NAUADUNTADNAIY Iﬂﬂ

=1

4 k4
moludr Tivziilunuuaz luway Usz@niammsnausziuegnulunivuuaz luwausiuns

o [

A Aq 1 Y M = 09.1} J o
AMUIU @]ﬂﬂﬂ%‘lﬂ!mqllﬂjﬂﬂﬂjﬂ"l,ﬂgﬂgﬂﬂllﬂ@uﬂﬁﬁﬂiqag 1 NUIANINAT IUATUIIUIY 5

a

— 6 gNUNANINAT

.23 matlouingAuaunseswan
9

(=} ) d‘ g o QU 4 a 4‘ A Q‘l =
llllllﬂj‘;]LL“L!‘Llﬂ‘L!Lﬂfl’Jﬂ”]JﬁW]‘]J%ﬂﬁﬂ?iﬂ@ﬂ?@]i}ﬂﬂﬁ%ﬂﬁ@ﬂﬂﬁﬂ LMT@EJVI’J"I,‘]JQSIIGUL!@]GH

3

Lo
=

a & a
(1 wuilszina 10% aclwnsoswnaudonou

@) tlounrasay du'ldun Wu waznie AT



182

3) Budnjudwuandanilountasamdnluudy 10%
9 ] Y ] ]
(4) @i 80% szninmsilouiagdu q uazanii 10% gaie ietlouiagou
o v A v
MU AT A
' g Y J |
(5) mnumslahemauneunialsziane AsRauT WAV uFNUAno Y Iy

Y Y
YDUNAINITAZAYIIWANNV

[ o a wa A 1 J a 1 J 3
dmsuludeal§iams zisuonmsldnaenouaudieiuuediu Yudwua i

A A v o 1

' A 9 A A o q ¥ JY A o
uaﬂawumwaaaﬂﬂqﬂma L‘W@‘ﬂi]$1/lﬂ1’iiJf]‘iﬁ1‘l/ﬁ]‘Uﬂuﬂgllﬁﬂ@n’ﬂ@ﬂ

n.2.4 nalumsKan
d' 9 d?l 1o
nanlslumsnaniuediy
- ¥HAUAZUUIAVDIUAT DINE
- AMNUDAATOINAY

- BATIMINYUVDAATO

=1

- Suaneuniannaw
[ o/ a d' 9
- AnBAEURIIAYAUN 19

A < & Ao q I Y A s S 4 ] v
PANIMUIZTNNG A AD L’Jﬁ"l'i/l‘l/lﬂﬂllﬂﬁ’luWﬁiJVlﬁll"llﬁN’ﬂ‘ﬂﬂ S ATINWTY cwaz“lﬂmﬂ

9
~

msnadeunauluanmlinueis Tasaglldas
1 ~ Y = 4 9 I
1) dumauiinie naduud szdeswauilunainu
R y : d
2) waaswiiilumaeuyy dewwauuiunimiasiuinay

a ] Yq 9 1 Y ~ ~
MUIINTFIUYI0TN Luih i lgnated ey 1w lumswauasunianielu

v 9
a R

1 gRUNARINATISN LazIiuN® 20 3i delSuimneunsalmudy 1 gnuaRiuas 1181

Herugaga liasiny 5 i dwaaluasei a2

M990 A.2 BATUANTUNSHANADUNIAMMINATFIUINTN

mm@mmm'é‘mwau GHTRTH) naud M sHay (17)
1 1.00
1.5 1.25
2.5 1.50
3.0 1.75
4.0 2.00
4.5 2.25




183

o A

f.3 AR RIGHN]

A ~ 3 A 9 o A 9 o o A = A A

IWONFNADUNTALATTIVIDY T UNVLADININITAUALIADUNTAVINATOINETNHTOVIN
a A o a A o A ~ Y o o A I ¥ a A
mnm‘nNﬁiJ"hJEN‘]J‘JnmvmzmmLmu ﬂ']ﬁﬁ']l,ﬁﬂﬂﬂgﬂ@@ﬂﬂ?ﬁﬂfluﬂﬂﬂﬂ!g‘ﬂﬁ]%’;clﬁulﬂﬂ@uﬂﬁﬁ‘ﬂ
o ' v Y  Aax o = ) A A = '
ﬁ'll'llffll'ﬂulllLlﬂﬂﬁﬁﬂ@ulﬂﬁﬁllﬂﬂ Llﬁgﬁ@\?ﬂ?‘ﬁﬂﬂﬁﬂuﬂﬂi‘lﬂﬁ@ﬂ']ﬂﬁﬂ']‘l/‘llnﬂﬁ@uﬂﬁ]gﬂwalﬁﬂ YU Y

v K v
IDULLATAINUYU L‘]J‘Ll@u

A Aax o A dgl (Y o 1 [ dy
M3ONITMIAUABY VUBYNVDIAYTENDUAIN ¢ Al
a @ <
- Suaazeasianusrlumsmasunia
- PNALASFHAVDINUND AT
(% a d’ ) 9 1
- anvazgilszmea, aouniiny, idunalumsvuds

1 P [} 9 1 1 1 d‘ %
- g fm"lmm ALY TIANAUATOIINT

E4
% %

ax o A Aa Yo =) ~ 9 < v = <
’Jﬁﬂﬁﬁ1m&lﬁﬂuﬁm1ﬂfﬂu1uﬂi]i]’]J‘L! UANU ﬂﬁclﬂﬁi‘l!fllu FOANUN TOADUNTANTUIETY TN

Q

= 4 = = % dy
wazpounInily laelisigazivennail

(1) NiwaunaunInagluszAUIREINUVINMNABINISIZINABUNIA

<3 4 <3 { 1 aa/'
- Tesmislgsodu Weduldtinneadudinisezmldnszuzudingniadidnass

=~

£ ~ o 19y OSJ‘ 1o & 9 o Y ) o Lﬂy
wisneunazailum uadiszezniedu q ludududesiimsngnindidndmsuiiu
~ = a < o 1 S o k4
n hifimsasumanswaumnnuazgennsamamad ) lunuy 1diae
< $ @ [ H
- Tagmsldsoapunianauass Funiziunufoas NNIoNaUADUNI ATINITOIY 1IN

Y= \
Tafanaeau

) HiwaunounINBYlUsZALZINNUINUNABINIINABUNIA

o @ ' 9 a o & 9 09.1} A = 4 ' Ay
AN TUNUNDFIT WU NBEUA ﬂnﬂuﬂgﬂ@\?ﬁﬂlﬂiﬂx‘]NﬁNﬂBUﬂﬁﬁlIUQQﬂ?TQWHT]@@Qﬂ"liﬁ/]
]

&%

A aaA A o o = v o A IS A 9
ADUNIA ’J‘ﬁ‘l/]mlﬂ%ﬁiﬁ/]’Ljﬂﬁ1ﬁiﬂﬂﬁﬂl‘l<lﬂf]‘l1lﬂ‘i@ 3Jﬂi]$161551\1’mmEN@W!“]JuiNmaﬂ 1io ly

Yy A Ay v o  w A Y aadda ! a ¥ "y
ﬂ]lﬂ AINADITZNATNNTUNTUVUADUNTANIYITUNAD t‘fa‘uNﬁmlmﬂauﬂimzﬁmvlmmq
v
f

A a Y dd‘ 1 [ =Y % =
mammmu”lﬂ i]gﬁf]\‘ilﬂﬁ’)W@ﬂﬂ*ﬂZhl'ﬂaﬁluiNll N8 uaﬂum@mm&mm HAasADUNTIA

ansaneg lvaadlllun o deamsedraivaue'ld

(3) NuwaunaunInegluszAUMNNUSIMNABININABUNIA

v 1
- Tasmslesendnaie  auneaiieermsvate q ¥uliasetnaTeanaunaunsa

2 ' & Y o Y & Y q Y A = = 3 Aa ~ '
mu'lﬂwammazcvullﬂ fl]”ll‘]JuéﬂgﬁﬂﬂWﬁ'i]sb'ua'l\ula'ﬂﬂfﬁf'ﬂﬂﬂﬂﬂﬂlﬁﬁﬂﬂﬂﬂ@uﬂﬁﬁ@ﬂ

U

s 4 D, o Yanq ¥ < 4y Ao P, < 4 o
Lﬂll‘lluulﬂ m@ﬂ33§$3Q1uﬂ131%351%36ﬂu HITTUNTUIDNADILULUILULIINDNISTY

:j g = 2 =K A F2
Wninaeunsalugg Llﬁgﬂﬁﬂ\ilﬁfﬂﬂ]lﬂ



184

9 A A Ya [ 3 A = éj I 1
- Tﬂﬂﬂ”li“l%ﬂuﬂmimum Tﬂﬂglm‘ﬁm’immmaﬂﬂﬂii@ﬂauﬂ’imlullﬂtﬂum»i € N

= o =
ﬂuwm”lﬂmaﬂﬂuwm

ya J 4 A IS 9
- 'E]’ﬁ]cl,"]fa‘V‘IT] NINBIIATY HIDTATH 1UAY

23 rat il

sUii a4 msdudesnouninlaalisig

P

.|.;'T"-1"

h
Ty
-

]

S S oy St

i d' . . o A d- q YV -
3UN a5 madudesneunsalaalinsy



185

(4) NHaNABUNINBELHININUINUTNABINISINADUNIA
@ {1 o w ' 1 1 o &
thpiuanunneainiinaligunsonaunounia a nioauneaseld duiludes
< : { 1 ' ' o
Tdnounianauads i lssnunldlumsnauneunineguenniitsauneade tarduaes

wva A =)

1A { g a a <
TAgIONTUADUNTAGUTNUNADINITIMADUNTA I5115UJTAND ADUNTAILYNHANIATD

U

~ 9 o = 1 o (] ~ 1 [ Y A R A Y < o
LiﬂUi@ﬂi}WﬂIi\i\‘]'lua'lLﬁﬂﬂﬁlﬁiﬂ uazimm"lﬂ%wu’mamﬂamn OOINNBAINNITNINIG

Y H
NENDNATINOUINAILIY W§®ﬂ1%u$ﬁiﬂﬂ§ﬂ

(&4

(5) Mmsl¥aeuninilu
) [ 1 9 Y (a s I o A
mingdmivauvalug uazdedldlsuavesnouniaiusviunin tazaniun
o o w [ 1 ] = ] 1 dy dy A Y A Y o [ ~ o
Maudina lasnseeneds Faneaatiaz@eInis lad lamudsamsaimiuszezmanazily

- T 4 g
ﬂ@uﬂiﬂfﬂ%ﬂlu@gﬂﬂﬂluTﬂ‘U@ﬂLﬂi@ﬂ‘ﬂN

3UN a.6 MmIduaasneunsnlaglineunsaily

(6) M3l¥nevaINaUNIN

9
v A [ v

Yan A YN Y Ao -
ﬂ']ﬁGlGB'J‘ﬁuﬁHJTiﬂGlG]ShlﬂWﬁﬂ“l/l\i'iZﬂ’UVI@ﬂWllmzﬁ\iﬂ'ﬂ NIDILAUIIUNTLUINAIVUDINIA

u U
9

= 1 A 9 [ o % 1 =) 9 axAa Y
ﬁ’JiJllll‘JJiﬂﬂ LWﬂZ‘V}ﬂﬂﬂﬂmﬂﬂﬂuulﬂW'i@MﬂuUuﬁWWWu AINIUNITAIADUNTAAIYITUADY

Y ]
‘I’i'l‘l/l'l\i‘iﬁiﬁﬂ']ﬁqt}jlaﬂﬂlﬂ\iﬁ1 Lﬁﬂﬂ%Wﬂ!Lﬁ\‘ilLﬂﬂ tagay

(7) M3l¥Nednaarisana (Shorterete)
o o ama o o 1 s ¥ ya Py} A A Y Ao
A SIS HMnzAunuimeg Tuen Wealaau Tassadrulaenuie vie laseasend
' Yy v Yy A A A A A ] A Ay S v o
dulaadnn 9 TaglsaToana vionuneuniniaz tosguiNundeInII NI UADININg

Y
AUUAINTTINDUNTADNAT



186

(8) M3NABUNIAIUIT (Underwater Concreting)

[ Y 1
9 ' Y ' ' Y 1o = 9 o '
Gl,"]fﬁlu\i']uﬂ@ﬁﬁ'l\ﬁ/]']l%!@ W?’E—]U’ﬁ@u ﬁ?@imgmﬂﬂﬁﬁﬂuﬂma W?ﬂllllu'] HIADINTDYN

&2

o A agqy = v I Y gJa ~ 1 A 1 = o A
ITUNTS \‘ll,WfJiJGlﬁﬂ’é)uﬂimlﬂﬂG]’Jﬂ@]f]\iclfln‘ﬁmﬂﬁ)uﬂi@E’I\illﬂﬁﬁﬁﬂf] mamﬂauﬂmaﬂﬂaw

Qe

1 9 ' Y
NI WUUDYWE

T ' 'lt"i't.ﬁ'.iﬂun '

[ |
naniuy

 Uawrandudidaseneyly

ABUNIARABANAIIUINIATY

%4 |
.4 NIFNLASTNIIVALUUY
@ 1 o A ag I 1 Ao o A a = @
NITINLASNTIVALUUABUNIANGNIT i]$Lﬂﬂﬁ3uﬂﬁ1ﬂmﬂq¢]1uﬂlﬂiuﬂﬁWﬂ@]ﬂﬂuﬂiﬁ DU
qu 1 o 1 o 1 o <
FIANAUANITEIAWNTIUNTY  DITNTAY ﬂTi’cﬂl,aEN uazmiumauﬂ% AU UITVUDINITIN LD

o ] a Y 1 1 9 A~ = A 09/’ A
miammui}zmﬂ"l@mwwwmmmnamwmnmmmmu HAgNIIRATIUIIUNALNIUY L1UBIVN

k4

an 3 o A 9 [ I a 1w v W A 1% ] <
’J‘ﬁﬂﬁﬂ\iﬁﬂﬂ@ﬂluu]‘lﬂ‘iﬁliﬂh q U uamﬂuaﬁimaﬂu ANUHU m‘mmmﬁmuazmiammmﬂu

Y 4

o ~ (Y [ [l < d'dy a A Y a 9 A d?
VUABDUIAYAUNTIUY !m@El'l\?vl,‘iﬂ@'lllﬂluﬂulﬁ'li]guﬂﬂ‘wfl]'liﬂﬂw\l@clﬂ!ﬂﬂﬂ'ﬂi]mlﬂ,%lﬂﬂﬂﬂﬂlu

A.4.1 MINABUNIA

o s a A ° = ¥g ¥ Ay
3@]’@ﬂﬁ%ﬁ\iﬂ‘ﬁﬁﬂﬂl@Qﬂﬁmﬂ@uﬂﬁﬁﬂﬂ ﬂ"liu'lﬂ’i]uﬂﬁﬂulﬂﬁlﬂclﬂaﬂﬂﬂ@’t’)ﬂﬂ"lﬁﬂgmu"lﬂ

=l

d‘ 9 o [ I~ = Aa a tﬂl = d‘ 1 Y a Y]
nega Tagdoi1081952A157 azldsednsnn Lwawamam”lﬂmn@mnmmauazﬂeuﬂm

=

@ ' Y 1 3 A ad a A 1 o ~ =
awnsagnoauduldediaudun  Fmamaeuniaignuas lugnuaasaslugli a.8 gl

f.14



187

o A G o F) an ng v 9 3 =1 A 9
m3dudeanounine19i lana1eds awansl4s09u Drumper soWANABUNTA W30 19
uTlasdeamamldassamgandesmsuiniga ualuvatensal ignnsoi ldme 1¥ussg
2
(% o 1
Tagiszandedu dermuenuziiaitiansszan Hiaue
~ ~ I o A Y o dyw =~ Y A ~
() wanaesms lsueauniolsiivaunsunialnnaoun
= Y & 4 o 19 1 3 A g o =
@ msmaeunialdidudunaivane lilsnouilugn wiedlusuamnuaides
1 3 v Aad csy di 9)0'1 1 =
(3)  ANUUUIVBIMIINAAZFUAITIMNZANADIATMIY e T ledesemani
9 4
29AIAAIHAVDIF Y o 13
@) ATIMINADUNTAAILLY LAZBATINSVEUTWDUAITTIINY
Y A ] Yo 1 ° A o
) Tassaduiaunsomulddanu wu @1 Munsvesdzni nien1eenIza
= 9 4 v 1 Y ) A A "9 o
MIMABUNITATIUUAI08AT 1061900 2 WAT/H2 T LagHANAINTAIFIO UL

W ldifa Cold Joint

o0 0.

R

2P0
o
pre)

£,

0g
c
(8}

=}

]
£ E’o"a g

51U a8 mstlesnumsuendininmsimasuninesnainnsosway

st a.9 msilesiumsneniaoinmsinasunineanain Hopper



188

ﬂ‘l-!f'n‘j!!ﬂﬂﬂ?!ﬁﬂ!ﬂﬂﬂ%ﬂiﬂﬁlﬂﬂ?ﬂ%

510 a.10 mMstleg

Y

¥ (Bucket)

=S

o

%]

Snadaess

%

NUNMIULNAIV

U

51U a.11 Mstles

UV



189

TR e —

—

:l . -
PP IARR

VLR T

= <

A2 MINABUNINDININUY

s a

=

s1an3asodiy

sunIasaiu

v
=

niaune

U A

1 A.13 MIMNADUNIATIHSUVIAIHIONUNA

31



190

(6)

(7

®)

7

=~ 1 21’ Y o dy Y v ] U ~ = qul 1
AounsAluLAaz TN A5z 1asuN s IneauduneunIzimAsunsa%uae
~ A o 1w v A Y Y Aa & o o
uazaam luvazinounsasuaduradegiions 1a Inssadwiiiilomeany
% [ 1 < a o [
mamaounsadetsziasedaed 1 lldeng Iduuy viemanasy dusy
Taseardniinnugensaenomasunaa (Tremie) tio 1 iuladunneunialagn
Y I

AN UINABINTHAZAANITLINA

Y
@ @ 9
ANTINADUNTA IULUIAIRINNVUAUUDI IATIAT

@

Auaeunialuilhiuiismsmildmadiafiey ¥y Slip-Forming, Tremie Method,

Q

Shotcreting, Preplaced Aggregate %30 Roller Compacted Concrete 93189210 EJWUN!??N’E)@I'I

[ 4 A A 1 {a v
TudiuveasesnuasunI a1 9 NHenldiunfe

(1

2

I ax = [l ] 1 4 A
Slip-Forming W135mM3smasunIatazmsvenuuedesaiios Tasldneunianii
Yo £ 9 A wa 1 A asa a 9
anueniomlad Fedeslinminuquananiinedisd Asdawnsamaouniala
4 A 4 )
NalunuIfa LazuuIuey Slip-Forming luuuIdazindoudI0819%1 9 5014
= A o 2 = d’ w G ld’ 1 1 tﬂ'
ARUNIANMaLianeiosossuneuns alninmatetaneliieg
Tremie Method Mz msumaounIalunang nmsdauriulaed il lula
A = g} addya} 9 A Aa 9y
uazlunsailmasunialuii mamIagdsidesldaounianianuamnsomlaga
1 T Y = esj} & = dgl ~ <3 Y 1
lvaasiunesesussdsgalllunuidweedrzasliuiiazianiios daunaunis
a R w a1 o ™ Y (a ~ s ] o
wiimamzdanud binenda Taena 1l 1d)Sunadwuangaazldnsenniuia

- v J ) A vy
3Jﬂ"li“l“lfu"IEﬂG]f’JfJLW‘JJﬂZl"l‘JJﬁﬁJ"IiﬂWlllﬂﬂ’JEJ



191

f.4.2 MIOAUUY

=

4 @ o3 A { J 1
anilszasnuosmsoautiunionaz 1ae1n1e (Entrapped Air) 99N INAIUNTNADUNTA

1 7

A A o @ 1 1 @ y A & o A
Tdmniga minazila vazisdulddiunauaie dhlndanwess: ldneunianudsdnd

1 1 Y A
FOIINUDYINGA

a . v o 1 Y
Usuuvos Entrapped Air ﬁ]ZﬁllW‘Ll‘ﬁIﬂfJG]i\WIf]ﬂ’)'lﬂJﬁHJ'l‘iﬂLﬂulﬂsUﬂiﬂﬂuﬂgﬁ

=

o 1 1 = A g a = 1 A d’d
AIDYWULTU ADUNTANUAYUA 7.5 FUALNAT ﬁ]é‘ﬁiJE]1ﬂ1ﬁf]§J'1J‘§$3ﬂﬂ! 5% Tuvznaounsani
=

1 %

a 1 ) { Y o o 1 1 o o
AYUAI 2.5 LEUALNAT i]$3J®1ﬂ1ﬁ’E]§ﬁ\1 20% uuﬁamc{]waﬁﬂwmmmiammuaﬂnﬁ a1y

@

A A 9
ABUNTANNUAYUANIUDY

A o w A 9 @ = A
LﬁﬂﬂﬁﬂﬁWﬂmﬂuﬂﬁﬂﬁ]%ﬁ@\ﬁlﬁ]@ﬂ@\‘i’EﬂﬂWﬁ@’t’Jﬂll“]Jmﬂﬂ’OUﬂiﬁ f19

[

(1)  ¥99919 (Void) vz ldiiasonvesnouninanaslaonng 1% vod91n1e

(Entrapped Air) 3¢ 1iidednanas 5.6 %

o v o A
MaIvANAAAY (%)

Fuareain %

a v v \ o v w A [V ) 1 X =
g‘lh’l .15 ﬂ'JnJﬁ'?JW‘H'ﬁﬁZ‘}’i'J1Qﬂ1ﬁ~1'€]ﬂ‘ﬂﬁﬂﬁ\1ﬂ‘lJ‘lﬁ’)x‘l’ﬂ\‘lnlului’)ﬂi’)uﬂ‘iﬂ

v Y 1
(2)  ¥IINIVLNNANVAINITOF AT IA V0911 (Permeability) Faaswaliiniiy
nUMUAAAY
1 1 ~ 1q Y I~} a = ~ 1 < a % <Y
3)  FoeiniedldmandiuazanussoamilerssninananasuiuNesa
@ g lnineuning luarsawmioeianeldineg Inse (Honeycombing)

Y
o S A ]

o 1 1 < o
ﬁzﬂ ﬂauﬂ%ﬁammuﬂmmuyﬁm%mu@uuuﬁmmgmuﬁ NUNMU LLa%ﬁ@\iﬂuﬂWﬁ

[V ]

= 1 g} [ = 1 A A = [~ a =\
FHAIUUDIUIFADUNTA ﬁ’JL!ﬂE]‘L!ﬂ'i@l“l/]ﬂmluullllﬂ%zlliJLL‘INLL?QTIL!“VHHW@EIW?Q Uagy

ATTUWITUNIN



192

A A a
f.4.3 AT ZINDOUADUNIA

A A ~ \ D] Y A
ATONTSINDUADUNTA 91%L!1J\1@111ﬂ15(1°]5\ﬂuvlﬂ 3 ﬂiglﬂﬂ o

f.4.3.1 @189 (Internal Vibrators)

A A

IS A 9 o ] ' 9 o dy &
Lﬂulﬂi@ﬁh@ﬂi%ﬂu@ﬂ'lﬁllw‘i'ﬁﬁﬂﬂ ﬂigﬂﬂ‘ﬂﬂ’lﬁﬂ’nfﬂ (Poker) 4919 Q18911910

b4
1 %

J amlg Y =1 A A @ dy U d' A
INRINIGH ’J‘ﬁcl“]f*ﬂgilll“ﬂ’)i]ﬁ\ﬂ‘l!ﬂﬂuﬂ‘iﬁﬂlﬁﬁﬂiﬂfJW’Ji]i]%ﬂﬁ@ﬂﬂﬁuﬂfﬂhﬂﬂlﬂh1$ﬁh'ﬁﬂ]’lﬂ
A a A A e . A . .

VYNNIINATOITSIND ULV VU Poker Vibrator 1139 Immersion Vibrator
AA 910'/ A ddy 1 1 A 9 A A
ﬂ’JHJﬂ“V]Gl,G]S‘ﬂ’JVl‘IJ A9 70-200 Hz Q‘]Jﬂﬁﬂ!uﬂ')iﬁmﬂﬂﬂ@ﬂﬁLﬂﬁﬂu&Wﬂ LANBDNIN

=~ 9y 1 a = ~ d? (Y 9

ﬂ’f)llﬂﬁ@ﬂ%ulﬂgﬂﬂlt’ﬂﬂﬂc] 0.5-1 1umg Gl“l«!L'JﬁW 5AUIMN -2 UIN ﬂlu@gﬂﬂﬂ’ﬂiﬂluLﬁﬁ'ﬁl@ﬁ

1 a [ = ] 1 d o a 5
ﬁ'Jl.lNﬁiJﬂTiW%13ﬂl1’31ﬂ91.lﬂ5G]fJﬂLLL!“L!ﬁuyﬁmﬂ1qﬁjiﬂﬂ@iﬂﬂW’J“l’TﬂﬁlfNﬂ@uﬂ?@ Cd]N

wrdod liiflugwgunazdea lifinesdwindull

9 A A = 1 9
f‘l"lialclﬂﬂiﬂﬂﬁgmﬂuﬂ@uﬂiﬁﬂfﬂﬂgﬂﬁﬂﬂ
9 1 v dy = = z:ly = 09/’ 1 Y 9 =)
(1) @]@Qﬁ)‘uﬁﬂﬂﬁ\ill‘ﬂﬁﬁ’f)ﬂﬂﬂ'mﬁﬂﬂ]@ﬁﬂ@uﬂﬁ@ﬁﬂ uazﬂ"lﬂm%umqma 21A0UNTA Y

Y
FUaNGUnaIeg

L]

L1y
o'
N

n . lign



193

v

2y Y o a ~ Y} o A A Y A Y a
2) ﬂ”l'i‘l]@]@\ﬂﬂﬂ’lﬂﬁmmﬂ@uﬂiﬂ Iﬂﬂ@ﬂ\iﬂﬁfiuﬂigﬂgﬂTiﬂﬂQﬂﬁ@QlWﬂiﬂLﬂﬂ

Uszanimmngagalumsdanuiu
a ~ M Y o .
s 1ulawinms Vibrate

Aas
23D

Y Y

4 e <3 ] ¥ ] = { A @ ya @ a [
(3) ionaiaudl AaiiITued e e liseutlannanniidtladuesldaiin 1y

%

= [ 1
uvleaeImadang

4 4 o X . o :
MmN a3 agluinanisnzanveania (Poker) Mnsununaazilszion

VA a3l oM
%} é’ o YV
YDIHID mns MsIn M3y
Flaawnsg) | Glaamns) | av.a./
¥4
Y A ~ o ~ 9 ~ A ]
20-30 80-150 0.8-2 | TA3aas19u19 9 w30 lun 9 inuenildaounia Nlmguaa
Y )
WINA 5 U luunasaazlgsamsumnsoavanuy i
a A < a 1 A 1 [V 1
UsnUNIaNATY o niegllasinaensoaiy
o [ o d' 9 = d‘dl o 1 a
35-40 130-250 2-4 AN A NlFAoUNIANNMGUAININAI 5 EUALAT
9 1A A < a ] v 9 A A
50-75 180-350 3-8 Tassafrvunalvgddmanaiy ldunindldneunianiian
[ QBJI 1 = 4?}
guUAIAILA 2.5 iruamas vu'll




194

f.432  IATBUVGWVVAUDN (External Vibrators)

d‘ 1 dya LY 9 d! 1 d‘d ] 9Y o oa/' 3
Lﬂii’NLGlJEﬂLL‘]J‘]JuG]ﬂ’EJfJﬂ‘iJUhJLLU‘]J %Q?TQ@QUH@@]’JN‘V]&@W@H“@ ANUUNAULDY

U

vaouazaounsnazgnue1 lindon 9 du wafle nounIavzgnoaululaenITIve

9 = 9 dg/ 9 YA <3 ra A A
EUENlllJLL‘]J‘]J"D'\‘IIIEJLLTJTJTJS&ﬂTIH%3&5]@\‘1E]’E]ﬂLL‘]J‘]JGL‘HMﬂ??ﬂ!&ﬂl\iuiﬂlluﬂﬂﬂﬂ‘ﬂﬁ’ﬂilﬂ1§
v Y
57 Inavenrin)u

d'l ] dy 9 d' ] 1 v 9 =
Lﬂﬁ’ENLEUEﬂﬂi%!ﬂ'ﬂiﬁ]%iﬂfﬂﬁn\lﬂiu‘]ﬂ\‘] 50-150 Hz ﬁﬁthﬂNﬂiﬂfﬂTUﬂﬂuﬂi@
[ A Y Ao 1 [] ~ 9
’EJﬂLLi\‘l‘Hii’)IﬂiQf"fi1\‘]5111/!W]‘U”IQVINE']J?”NLLEW?I’J”I?JWu"llllll,‘ﬂﬂﬂgﬁll'ﬂ5131‘15 Internal
Vibrator
° 9 ~ ' & o A '
ﬂ1i1/ﬂ\ﬂ‘l!¢]ﬂﬂlﬂﬂﬂuﬂiﬁiﬁuﬂﬂlﬂu%uﬂ1ﬂ 9 mmmnﬂmmmﬁ"lmmmm
gnivueenaInAouniaNlnNruILIn 9 14 tagdunisveunieaud iy

nlasunasldlusazimasunia

[ ] . .
n.433  lazven (Vibrating Table)
I~ as oA o [y 3 1 =1 Y =1 Ed
WUITMT NI AN VNUFUA A UNTADALTI laell)se Towl lu
= 1 o Yy ° an dy a 9 = [ 1 = 9 =K A
wainmsweildedaminane A3mstornnnsanldmioununasanie lnuviana
AUIATOIVIMUUFINTIVINAY External  Vibrators HAWANNT IUATUEIADUNI ALAY

Ifnuulndons Aumiiounuanuinldodlugae 25-120 Hz



195

MANUIN I MIATYHNUNDUNADUNIA  NUNADUNIA HAZMITUNADUNIA

1 MSATUNNUNDUNADUNIA

(1)

2

3)

(4)

)
(6)

(7

®)
©)

(10)
(1D

1% 1 < o
asEoUsATIEIUNAY M3 lFAouNTANALIETY (Ready Mixed Concrete) ADINRINIG
Calibrate 150953 1¥gndes ndinuuunoas1alilddmuadasidiuwan’ld d5vdedes
IdU0VODYIA Mixed Design UaZHINITNAABUANINAINITOTUUIIOAVDAIIADUNTA
@ 1 1< o
daee19 1l laudetvua

va @ 1 = A ~ d a 3
ATARUAMANTAVEITAREIUNANADUNTA AD UszaNYUTIUUA 1 n31e 111 uazas
A Yy 9 Y o
neruiuvigndesnudenivuea
A3 VIUIAAAS (Gradation) ﬂawuﬁTuwwudaﬂwiﬁﬂwia(Abmmon)ﬂa1uﬁzawﬂmaq
a A Y Y o
wunionsa uaznite Iniullawmdedmua
' 9w Y o ! o o ~ = o a
asna@ouLuUnas i 1A vuia @uvus sgau vueaumaen  lilisessa Janm
Jd A < Y
auysal UAaNuAss mnzanlumslyanu
g}w Y Yo < 9 1 ] Y
idunuyudeslasuanumiuseunndaiuguaunouinn 14
ATVUA VUIA TIUIY T2OLH 5282 AUKHUINIMU Anvdazen luliaduyy veq
I a PR = Y o
wianasy Tniuldaunuusiwazideauaz dosviua

Y = . Y Y o < a z 9 = M)

NIIILHLHUADUNTA (Covering) THATINUUDANINUA MANATUFUUUADINUIHE (Bar
. v < ]

Chair) 59950 1HuT 59 linga

o 1 < ] 1
ATIVAWNUI VUINAN Dowel 1Az FOUNZAY THATUR WA MLDY

° ' A A Pz = Y v W
ATIUIUAUNL, FMAzIAT BN UnTal lumamasunTa  THieanenuanyazaIY
wazilsuaau

U v @ L] o @
ATILLUNABUTIIADUNIAAI0619 gUlnTsinadauA gL (Slump Test) 14n3on
3 Y [ =y 9 =y L4 o ~

AT1IANADIARTIgATenoUMADUNI ALazdouns g nTaltlosnunsaiduanumzm

=S
ADUNIA



196

2 DUNABUNIA

(1)
2)
3)

(4)

()

(6)

(7

(8)

)

(10)
(1D

(12)

(13)

(14)

(15)

4

mM3smaounIade 193 UeY 1IN NAAIIANNIUADUYNIASY

1 Y % 1 A 9 o
asnasvdrunauliiullawdadiunauniodoimua

<

inldneunianamdsv (Ready Mixed Concrete) 1dnrnaunar lumsnaunouniali

Y o A A a 1 = 9 Y ~ A 1 '
mmzan mhasunsainauuununi 45 iy endulunsdinldaismiog
MINoAI

asvaoUMIVUdInounInnTovuad ldandeosmam Taslulfinanisuendan 1914

g = d' [ % dd‘ U = a 1
Qﬂﬂimmﬂiuﬂmmﬂauﬂﬁmwaﬁaqﬂummﬂﬂ@]ﬂuﬂmmszﬂzﬂaaaﬂauﬂmqqmumw
2.00 1NT

1] { I )
A5 A0 UANNYIMATY (Slump) Iz auiununzmuaziu laudeimua
v Yy A A J o q Y =~ "o . ' an
agulnums lnaseseglnsainilineuniauuua (Vibrator) 08199075
< 1 @ 1 4 [ o
AVANMIINULIIADUNTAAIOE 1 INONATOUANNEINNTONTIVUTION
= ld' Y = 1 qaz’ Y o v Aa = 1 YR a 9
MamaounIa IviieununeunIamnnas liminsanamIneunIam iy niow
Y 1 Y Y Y
nuihanwazerauaz i e lidesndn 3 47 Tue mmiuiinssatigfu viewen
Uszaunounsauumusna s sy 1 indanaeuns ol
A a9y <3 ] 1 19 YA A A
VULNNADUATAABINTINABUMAN Dowel uazyoudzang luldimsmasuingn
A UBAN
A A A 3 o Y v A
IWOABUNTATULIIA T LUNUN

vy 1 A

v
m3sneauuueyyaldi lanaeilioneuniansvelg mudenvua ae il
- wovilszaeudreau wazswme 2 Ju

Y
- uuVYdsEaRUMIUAINTRS UMY HUVY 14 Tu

AA Yo Y

< 1 o @ @ 1
- Gluﬂim‘wWiufﬂNﬁ}mﬂﬁﬂammmiamﬁ'@mwuﬂ AIMUTINITDTULIIDAUDIUUN

QU

v v
ADUN AA10819U04 TATsa1aiude lilesnanuausasuusdan 28 u

YIo Y

AMENFINDAULLWINNUNTANVUANT D3R UNT A AT U auITMIud luaoine

U

] @ 4 a <3 1 ) a
GHNFIT]JQZJ\NHT@EJ'VIuﬁlﬁ@W%Wimﬂﬁ}ﬂ’NNLﬁu%’@Uﬂ’t’)‘l!ﬂ”lluuﬂ”li
[ d' Y o [ o 1 1 Y] 1 d' 1 a u’j 9 Aa oA I Y
maw%mmumsawmzmwmmmaﬂmmzﬂmm@ ﬂTiﬂﬂﬂQ@]@ﬁﬂQU@iﬁqﬂﬂ”ﬁJ
MASTIULAZ TR UA
] o 1 = o 1 Y 3

Gli’mﬁ’é]‘ﬂwaﬂ1§ﬂﬂaﬂﬂﬂ31uﬁ1u13ﬂﬁ‘ULlﬁQ@ﬂﬂ]@ﬂllﬂﬂﬂﬂuﬂﬁﬁﬂ’lﬂﬂ"lﬂGl.‘ﬁ!fljuhl‘]_]GHiJ
Y o
VBNINUA

1 g Y o Yy o w Y
Ti"lﬂNﬁﬂ"liVlﬂaﬂﬂllllL‘]Jullﬂﬂillsll@ﬂ"muﬂ GLﬂEjﬂ’J‘]Jﬂll\ﬂui”lﬂ\‘]"IUﬁTUﬂ"lH]WJ@Q\HLW]TI‘]J

Tagnun



197

3 MIUNADUNIA

Y

~ F g’ o 1Y) Aaan o Y A o [l ~ a o Y a
ﬂ’ﬂuﬂi@]@@Qﬂ?iﬂTﬁTﬁiﬂﬂaﬂiﬂ11ﬁ!ﬂi%u E]”Illllﬂ‘l!ﬁ’)imﬁuﬂﬂuﬂiG]lﬂﬂlﬂuhl‘ﬂ%wﬂ11WLﬂﬂ

1 1 9 = 4 4 [ o w 1Y 09/’ = d' on Y ~
¥09719 11 TATIa3 19V IHUUAINEANINLAZ TS UMaIIzanad asiudaneewnez ldai lineies
[ o Aaan = d 3 a (A [ 1 g’ 1 = S 1w <3
ﬂllﬂTi‘VlT]J;]ﬂiEJT*IJ?N?JU"D’L?JH@]WHHH ‘lumq‘wqygﬂinwmﬂluﬂmwmuumaﬂ,umuummﬂu 042 n

dd‘ o Y a aan [ d' 4 1 Aa wva 1 9 3’ 1 =

W’E)ﬂ‘VIﬁ]$°I/]1114LﬂﬂﬂgﬂiﬂTqﬁlﬂﬁ%uﬂﬁNuim LWIEI,‘L!TIN‘ﬂI‘]‘UG]ﬁ'JuNﬁll@f’)ﬁﬂ?iu13J1ﬂﬂ'31l1/‘|31$1lﬂ']§

=S 1 o AaAan 9 oy 9 1 d' [ 1 3’ 1 = o’q; 1 =
ﬁﬂllﬁﬂiuigﬂ’JNﬂWﬂTﬂaﬂiﬂW ﬂWNﬁiJ‘LlTL!’E)EJ]l‘]_] L%u‘w@mwmuumaﬁ,ummu@mmw 0.45 939 0. 50

U g

= Y g/ Y 1 Y o . . 1 qul = ] o
AoUNINYL IHIULEAUTINI “NITUHIAD” (Self- Desiccation) m)mﬂuuﬂauﬂsmﬂummmm
Aaan Y Y U Y 5’ dy = =) :’ N
ﬂ;]ﬂiﬂ?nlﬂi’)ﬂflﬂﬂu’ﬂi]%ulﬂu”liJWWﬂfanui’)ﬂ HDINIINUADUNTADNIIFULTIUINNNITISINYNTOIN

o :I 9/ = = 2 09} o Y dy v o =
f‘ni@‘ﬂ“}ﬁ_lu1"]]’?]\11%1['”'”5@\1?1@1!'?\3@] "Vnﬂllﬂ']jq‘ﬂlulﬁﬂu'ﬁ]uvl11Wﬂ31ll‘lfuﬁllw1/]‘ﬁﬂ1811!?]@14ﬂ5@]aﬂa\1

v '
v o Y = A

Anieeay 80 ApuNIAvTIAAMITIAY Auiuszdeslimstunouniaieliinalfnser lawmsdu
9 v

@ o w A A d? Il g A Y a o = =
HAagNMINAUINIANUDIADUNTAUNAVUDYNLIANUN IﬂElfﬂi‘ﬂﬂﬂﬂuﬂ15q‘iylﬁﬂuTﬂlﬂQﬂGUﬂiﬁiuﬂlmgﬂlﬂ

o w o w ] [l 1 4 4 1w 3 o y [
@gfaﬂmimmammzmmmmmzuuaEmmmﬁ’fmﬁaﬂauﬂdmﬂ’a@mamﬂmmug’g u'f]ﬂi]’lﬂﬁﬂ’li“LIiJEN

' a Yy
ﬁHJﬁﬂ"]i’JEJﬂ’J‘]JﬂiJQﬂWiQiﬁlflﬁﬂﬂuﬂdi@]hlﬂﬂ’w

1.3.1 szﬂznawmmsﬁu
1 o Y a Aaaa o = d A d? Y A 9 zﬂy
msuu‘nﬂmﬂﬂﬂgﬂisn"lamsGlmeuaqgummumﬂﬂmu%mmm Iﬂi\‘]ﬁiNﬂl’ﬂ\‘]Luﬂ
= 4 ] d? =y =\ <3 (= Yo v o =
FLUUAVSHUUVULASADUNTAVSUAITULUILI ﬂ"l'i‘UiJ!ﬂJEJfW’]aﬂﬂl’mﬂﬁﬂ1ﬁ\1®ﬂﬂ]6\1ﬂ@uﬂﬁﬂ
~ 1 o Y A o v w = I 1 9 Ao '
qaga "’Uﬂ!g‘ﬂﬂﬁ‘UiJiufﬂﬂ']ﬁ“l/lﬂﬁﬂ"liLWMﬂTﬁx‘l’ﬂﬂﬂl@\iﬂﬂuﬂimﬂull‘]J’é]fJ'NGD'WLLﬁZNﬂW]']ﬂQW

dd‘ 1 = a A r A =) tﬂ‘d Lﬂy a 1 1 Lﬂy
AsANUNenuN ONFNaVeIMIUNUHALINTUADUNTANTNUAILN 1FU UAUNY DUY L

9 v

A A < A oy Y =1 = [
ABUNIANVUIALAN Lu@ﬁ‘ﬂTﬂuTizLﬁﬂ@ﬂﬂllﬂQWﬂ uﬂﬂ‘mﬂuﬂﬂuﬂi@]'ﬂWﬁﬂ?ﬁﬂﬂ’t’)"ﬁi%ﬁ?ﬂ

[ Y a [ I 9 oA T A aaa
FEU IOIDTUTUHAZSAS NI UATD QI AN @]@\TfﬂiﬂTi‘]J‘JJ'VILl11!ﬂ??tﬂ@ﬁ%?ﬂﬂaﬂiﬂ']ﬂﬂ"ﬁi“]m”lu

a F) aan @ =~ 4 4 A A d%' "o = (B A
Lﬂ@]‘lﬂ‘;}ﬂ ﬂi‘]ﬂi8111a!,ﬂ56151!5"’EN“D’L‘JJH@LW?{G]ﬂ%ﬁﬂﬁﬂ@WN@WQVILWMﬂJHLmﬂﬂﬂﬁmﬂg@@]ll]ﬁﬁﬂﬂ

£ v
[ o

=1 Y o Aaan [T = ] = Y A VA o A
fmJuﬂwﬂTﬂgﬂiEJ”mg muuﬁnmi‘umﬂuﬂsmﬁlwmumqmmmwﬂﬂ

[

o [ ] = dgl Y 4 A o 9 1
L’Jﬁ"l?ﬂ‘lrii‘]_lﬂﬁ‘ﬂﬂﬂi’)uﬂﬁﬁ“t]%ﬂll!’f)QﬂiJ@\iﬂﬂﬁZﬂ@ﬂﬁﬁWﬂﬂixf‘nﬁ VIﬁWﬂﬂJulﬂLLﬂﬂiglﬂTl

g

a

~ s ~ A o aaa ) PR ~ ) o v WIS
"‘ljm‘lal,wﬁmummzqmwnn ﬁu%luu@]ﬂﬂTﬂ;]ﬂiﬂTllalﬂi“]ﬁ/!blﬂljﬁl,!,ﬂ$3Jﬂ1§W¢Jlu1ﬂ1a\3l1ﬂL5'Jﬁ]$

U
v

Y o [ ] 9 1 ~ A o Aaaa 9 ~ A o = °
Glﬂ\ifﬂilflfﬂfﬂﬁ51Jﬂ15iJllui’)EJﬂ'JT]JJ‘L!‘ﬂSLiJH@WW]T]J;]ﬂifﬂ“]ﬂ HagNgUnguaINoUNIAICNI

aaa FI) Y T dgj a A Ao v = '
TJQﬂifJ"Illﬂ%"ILLazﬁ’ENﬂ"IiL’JE]"ITJ?JH"IH"’IJu PUNHUUNABUNTANAINIT 10 DIAUFALFITNUI

=\

imswanniidsiongdugdoudied vinaounialiguugil 5 eermuvaiBod MsiauIRIE

Q Q

Y A9 a =

YoInOUNIANIgAUTAITREUIN HazNguugl 0 oerIsalBod wunounsauny 1iling

£

4
3 o £ )

WANMEUas AUNIATTIUTIMTUMIUVUADUNTAUDIADITUADUNTABDINTNT ACI 308 (2)

1 4 a 1 9 1 1 9 v
1521 UNeguUYANgINI 10 evrwaited THinsuuneunsnedaies 3 7 uag 14 Ju

DD

~ 4

A 9 A A A o w 9 [
welduduudlszioni 3 dszani 1 vazlszioni 2 awday dmTueIgIu BS 8110



198

] 4 1o a o & 1 a
szyna lumstviuegiuytiaveauFwuduazdnimuese1na ¥9'laun guugiuay

Y
ANUFUFUINTUDI0 IS

M9 9.1 A lUMSUNEHS VTN INMANII] MM BS

8110

nanlumsuy

ANINUBDIDINA
5-10°C

10 °c yu'll 5-25°C

Y
v o Jda 9 o w
1. mm%uanwmmmaaaz 80 ﬁmmuﬂmmzan

o a
- JuBuannwila

"y I~ a
ludesmaquariluiiay

dy [ [ d Aa Y = A o w
2. anusuduIntinusosaz 50 9980 HsTaaauazanihunai
4
- Judnudlesanaudlszian 1 3, uag 5 4 3 60/ ( t+10)
- Jududou 6 4 80/ ( t+10)
dy v o Jo " Y 1A o0 o
3. ANNFUFUINTAIN T eraz 50 lulisTaeauazay
=1 4 4 o
-Juauddosauaudilszian 1.3, uag 5 6 4 80/ ( t+10)
- Judmudou 10 7 140/ ( t+10)

e Tunsal ldgasTumsdiuna «Aoguugimstuessisaded

1.3.2 msundnd

v =

14
]

1 a 1 Y I % A
ﬂTﬁUmﬂﬂﬂﬁ"ﬂﬂﬁﬂll‘ﬂﬂﬂﬂﬂqﬂlﬂu 2 Uszianvian Ao f‘nﬁ‘]ﬁjﬂﬂﬂuﬂ'liﬁﬂ]!ﬁﬂu']LmZﬂTﬁ

] = = [ ay 1 = AaA v g’ = Y A A
vuennTounyu ﬂﬁﬂm‘ﬂﬂﬂ%ﬂﬂf’]ﬂﬁ‘]ﬂﬂﬂﬂﬁﬁﬁ]ghl‘lfiﬂﬂuﬂi@]ll

U g

E4
o =

fasaevu Iagmnizi

U
v
]

o 1 v =) 7o o A A = Y o aaa
@G]'EWET’JHG]@TJJH%L‘JJHGMW muﬁmiugﬂ‘n f.2 L‘L!ﬂﬁﬁ]”lﬂﬂﬂuﬂiﬁ@]ﬂﬂﬂ”l'ii!ﬂilﬂﬁ‘vn‘ﬂgﬂifﬂ

ool

1321 mstuTasmstlosiumsgaudeni

v

Tumsmaouniadestlesnumsaanderilvosnounsa

Y v

o w

Famansoild Iagns

Y
wisfaaauazsiisan 1asgiu BS 8110 szymdiimisiiwaauazautazauiu

Q

A |

v o da Y IS 1o & 9 = 1 a T < @
AUNNDLINUIDYAL 80 ﬂ“lmuﬂumwmiuumami@,umﬂuwmy E’JEJN"liﬂﬁﬁJﬂ”li’Jﬂ

Ail o 9 =3 a = ] = v
Lm%ﬂ"ﬁﬂ’mﬂllﬂ’J"Ill‘lmiuﬂiﬂﬁu”lllTI”IllﬂfJ"IﬂiNﬂ’Ji“V]i]%jJﬂ”li‘UiJﬂ’f]uﬂiﬁ ﬂﬁ‘]JlJIﬂEJﬂ"Ii

@ = 09} Yo A & [ A 9 1 = 1 Y] 9 =)
TSJ'E]Qﬂuﬂ”lﬁq‘ﬂullﬁflu1’1]3(1‘IﬂﬁﬂvllﬂULLWUﬂQN‘Viﬁ'E](lclffﬁi‘]_lNﬂ@uﬂi@lWHV]ﬂﬁuTﬂQUﬂiﬁ

Y

Lﬁi’]’ﬂf’)ﬂﬁuﬂﬁiglﬂﬂ“]ﬁ’)ﬂﬁ”lﬂﬂﬂi]"lﬂﬂi’]ﬂﬂ?@]

C o &
(1) UHUAUANUTU

1 o = dil o Y ax ad A a v A
ﬂﬁ‘lJiJIﬂ‘c’l“ﬂ’iNf‘luﬂﬁQ’ﬂlulﬁﬁlﬂ’ﬂh%uﬁ1h1§ﬂ%1]‘1ﬂﬂﬁ1ﬂ’3 ATNUIUNUABDNIT

9 1 [ di’ [} ] a a Aas A
TfAuAuANNsY U urunardganiszinn Inawnau (Polyethylene) HiDNTLAH

Y
% )

A A Y Y v oA =)
NUUT (Water Proof Paper 1139 Kraft ) ﬂﬁhﬁiﬂﬂlﬂﬂﬂ’ﬂxﬂﬁuuﬂﬂUW’JﬂI@\iﬂﬂuﬂﬁﬂ



2

199

1 1 1 9 Y a = d’ d‘ [ dy =
i’t’]EJG]’t’)531/i’J"IQLLNI!%&@'I@\‘]’JNGI,WE‘THTIL@%N53EJSLWE’I@EJNWﬂWf’JLWE’]‘ﬂ@QﬂHﬂ’NNﬂ)’UWU
o [ = d'sl a Y A 1 dy d'e’j A A A
’t’)’t’)ﬂll‘ﬂ AIHIUADUNTANADINITININUING LY wuwvumﬂﬁmiamauu U
VA oy g A & o g "o A wy 19 o w
@]ﬂllﬁ\iN’Jﬁuuﬁiﬁ]tm%ﬂﬂuﬂi@LLGIJ\W]'Jﬂﬁ?ll15E]‘]J‘LLWuﬂuﬂ’ﬂﬁJﬂ)’u"lﬂLm@’Eanﬂ’JEJ
v
AMWIIATe Y TusznIemstun25AsI99A NS susosvR AU UATINTY LHY
o A Ao Y ' A o o Y ¥ g
ﬂu@]'ﬂﬂﬁfu‘ﬂ!ﬁﬂﬁ”ﬁﬁ]3@]’8\1“]1831!,!,%%‘145@ﬂﬂ‘lﬂﬁ‘l‘ﬂlﬁﬂﬁiﬂﬂ UDNIINUNINATIVADU
s ) a v v J A Y 1 o & 0o q 9
NUIMNINUIVBIABDUNTALNIISABDITAUTINY ﬂ1§1‘ﬁllN‘L!ﬂL!ﬂ'JTll‘]lei]$‘ﬂ11‘Vi
Ay 9 ] a ] 1] :’ 9 ] A A
ﬂ’J”I?J"]leﬂ"IEJ[lG]LLWHLﬂﬂfﬂﬁﬂ'JTJLLLlL!ﬂﬁ"IFJL‘JJL!TTEJWLHIﬂﬂLﬂW1$ﬂ181@LLNHWﬂ1ﬁ@ﬂVl
=] o Yy a 9 = ] o Y z = 1a Y v AA Y
ﬂucﬁﬂﬂ$ﬂ11ﬁﬁﬂlﬂ\1W'Jﬁu'lﬂf]uﬂi@hluﬁiﬂlﬁﬂﬂ muum”l,uusmcl%ﬂnﬂimwmmmi
Ia Y = 9 1 [ dy [ ] [ =\
IG]f’JW’JWu'lﬂ'E')uﬂiG]ﬂ'lii“]f!tﬂﬂﬂ‘l!ﬂ')'lﬂ“]fuENfT'llﬂii‘IGb"JEJﬂ’ENﬂUﬂ’NiJLﬁUW'IU"UEN

= Aa 9 1 1 Y 9 = Y o ]
ﬂﬁ]‘uﬂ‘iﬁiﬂElm‘WWg‘l/]N’J‘Huﬂuizﬂ’ﬂﬁﬂﬁﬂﬂﬁiNﬂ’JEJ J1YSIDYAVDNTIUUAUDIULINY

AuaNuruliegluinasgIu ASTM C171

A15UNADUNTA
1 =1 9 % = 2}
@151UAOUNTA (Curing Compound) 11150 1F lumstestumsgadeiives

AouNsA 1A T1eaziBeadoiuavesaisiunounialiogluuasgiu ASTM C 309

Y
araa Y 9 1

] 1 1< ]
ﬂWﬁ‘UiJfg]l'JEJ'J‘ﬁUL'i Gluﬂ'JElﬂ15WuﬁWﬁUﬂJﬂ@uﬂ%@lﬁlﬁlﬂulmuUNﬂ (Membrane) RGEY

a v = v A a Y 3| 1 a A A
W?ﬁuiﬂﬂuﬂ’i@% ﬁ13ﬂu&m1%ﬂ$lﬂUﬁ1iuwﬂauﬂﬁ@]ﬁGU’]’J LUDIVINTIUITD

o a ' 0911
AsIdoUANNANY Tl lUMTIndeuAIMIInounT A Iad185 M ITU I WD
Y A A 9 dycu = | AN W
aziounanas hiRailyrusesmsazavanuiouuenaniidaliasuuiianyuy
1 1 4 § L @ 1
Tis Al @ Nz a1 0AT A UANNANYT0 IUM TR0 Hazdaina 1oz
4 £
19re T aiionannuiy

Y
Tumsnuaisiudouassnniviivoanounsaliin1uduod a1AH

U

a

9 Y dy v = Y = Y Y @ oy =
92AD INANUFUAVADUNTALAZAIABUNIAUTININIZADIVIINVUHIABUNTA
[ ! 1 Y = ) A Y = &y 1 A (A
AINaedIItey 2043 Frluanelvinouniadu lasmmzludiunaunilsum

= 4 d! 9 091 o [ o aaa [ ] Y 09/1
YuFuuagadaaeamsihdmsuiilgasernn msnuasunlvnuaeaguly
A o A o ¥ v Y A 2 = o &
NANAIRINNTOVINAY tazdiomAunaInliindeudessudeuned 14l

A =~ 0911 [ a a < A =] A
NI IEMIIAADUINBITIFUEI01N AN VINAZIuHaDed Faluan1ize1nman
Y
udauniivgdmisosziveeen lddie lumsWuaisivasuurlIneunsAdo
Y o a v oAQ Y dy A v @ 4
auauldaiuaneuazaluaulsmamsunnlgdeiun lurredlavininais
v 9 9
AT ADULALFOULFULRUUNAATDUAIMTIADUNTANNTY Nallamisaldnsie
aguiiuAihvesdu e awisaiianuldae 1 Tag hinaanudoniose

TAIRN



200

Y
1322 MIvuyu

Y Y k4
9 o

as ] A Aa o o 9 1 v o 9y A
'J‘ﬁﬂ?iﬂllﬂ’t]uﬂiﬁﬂuﬂlwnﬂuhlﬂllﬂﬂTiﬂlGIﬂHWLl NITUIUN Lm%ﬂ']isl%ﬂi$ﬁ@‘ll€lf

=

A v dy @ = A a Y A Awv o o
Wiﬂﬁﬁﬂlﬂﬂﬂ%ﬂﬂ@ﬂ%ﬂﬂ@uﬂiﬁ FHDNIINNINUIVDIADUNTANTUNTNUDINIAIL

~ dy Y = Y dy A g} v aa =) <3 A o oA
Ejl’illum’ﬂﬂ’ﬂllGlfull@l\ﬂfJi]Qﬂliiﬁﬂﬂll"]fﬂﬁiE]‘LJ”I‘V]‘L!‘VI‘VIﬂ@‘L!ﬂimmNLLiﬂW@ﬁiﬂTm‘VWm’ﬂﬂ

g’ ~ 9 ] =\ I 3’ ~ [ Y a a 9
Hyy ‘l!”l‘l/](l‘b'cluﬂ”lﬁﬂllﬂﬁluﬂiﬁﬂ?]illl'Ll‘L!TVllllIﬂﬂGl‘Vilﬂﬂﬂ31Uﬁﬂﬂ§ﬂﬂuﬂﬁﬁu1m93

]
~

~ L] A A 9 L) 9 =~ U dy
ADUNTA 1AsmNIz0819849 1UNI A NADINT IHININTIABUNTA ToenT1uanilsnivaltl
o a 9 g} A a < = 9 : ~ ] [ < = gl d' [
dninenms lihaaiumangeiie I nadunemanlunmsiaiuiey
~ ] o A J A 9 ' ~ o '
ApUNIN M3 lymeenslumsarasainnelslunstuneuniadnsnanilymiainan
Y
Af
9 ~ A A & Aa ) 9 ~
mslenszasudlonotunsusalunieuiuunms1zasa l¥uunsunITa
[ ~ 1A < 1 1o o =) 9 = ~AA 91:’ 1
naannnauuaInnasa v laslunisuasieuniiviiiaeunia lunsdinldiiviu
a =) 9 A9 o~ v A 9 =) 1 A [ 9
vuinouniansl¥nszaeuniodidlenyiuimihaeuianowietlosnumssea
a 9 = (% d’ =) g’ Q’I A9 dy Y [
YOIAINTINADUNTAT UL DININUTINAVDNIN LazAITNINTEaaUNI o auila
' ~ 3 o V2w A Y Y ] o
NavunIauvsanaz iitluduasigiiesnnmsszanvenindl aslenszaey 2 su
A Y] g g P Y v g ' ~ A
o ldensomnuanudu lduunazdeslinnuiunnneuninnasaszeznainzylu
1 Qs: dy Y 1 A a 9 =~ A 1 g‘ Y !
M3 NIUMS 19N NIDA881UDILTINVUVTIUATUVUVDIADUNI AND 181 11iLN
A Y I an Aa an £ Ao 4 A 9 = dy
AszapUYIaA N UITNTNANINITHUINR I nssasuTerTlen¥unanaal A5
' v A Y ] A ' M & A
aoeldinszaounsoflonuielivaiionsumnalvednsuy ¥aINMiuAoUNIT AL
\ 1 'S e A 4 A o A g Hq v A '
Avguraaz hinoainamsuani nizdounieidanquuieinquildnenisty
= 1 Y a Aa 1 Aa Y = 9
Aounsanasazetauas hineliinansuandinAaeguuiininounia msldnszaou
Tuuduur Tdunoianans1uanlsnmzuurIvinounsa 1dms1znsazalsuea
= v Aq Y A o = =< ] o Y
MsnlnnNnTzde nzdeumn Idussyiamainaziinanuanisngavaluarninnld
A a 9 = Y
MIzaznanUanlsnuuRIMInounIa ladle

=

[ dy A A Yo Aa 9 A ] =~ = a = 9
gLl anyuNHan 1FRUFIvT N UNABUNT A AD ﬂu!m%ﬂﬁﬂlﬂﬂﬂlWiWﬁWl‘lﬂ

9
=) =)

1 os.l' A 9 a A9 a [} oy a A a [ U
N8 mumiwamammﬂwumaﬂauﬂummﬂ‘lmymswuﬂuﬂum@“luwumﬂfm

[ 1

P o Y Y Y o ya = 1
i]853“’?EJ'E]ﬂﬂ"lﬂQWEJVHGlWi]ﬂﬂQﬂa”I'JLLWQ !Lﬂz@]ﬂ\?‘ﬂ11Wﬂulla$ﬂ§18Lﬂﬂﬂﬂgmaﬂﬂlﬂ]a?
~ ° ] ] dyo./ 9 U = 9 [ = :l
VAZNNINTVNOY u’ﬂﬂﬁnﬂufl\iﬁ”lll15ﬂ151ﬂL1J°L|‘PTa@ﬁif’)llllllﬁﬂﬂﬂﬂﬂuﬂ”lﬁqmulﬁﬂuulag
1 v = 9 = g’ A A d o Y T Y g; [
GI)"JEJ‘]JlIﬂf’JUﬂiﬁllﬂIﬂﬂfﬂiﬂﬂu"laﬂlluﬂﬂuﬂﬁ@]‘V]L!“’U\1@]ﬁllaﬁllﬁgllﬂﬂﬁaﬂiﬁﬂjmu%}EJ"N

~ A qud ' A A gy A g A
INUIND L‘W@Glﬂuﬂlﬁ']lniﬂulﬂaﬂ3ﬂ181UL!Uﬁﬁa'E]ﬂQUﬂﬁﬁﬁﬁﬂllllu‘U‘ULW@LﬂUﬂ15‘]Jllslfu



201

v
U o

MANIN 3 deyrmveaaudunen MIMUIUMAIBZUIIHIND

2’,' &Y d
nINATdUVINHUNUIIND m'sﬂﬂaaummauyimmmaﬁwmz

a1 dyrvesaudunen

a = F4 Y o
E‘T"Ilﬂﬁﬂf’J‘ﬁ‘]JWE]‘CNE‘T"ILWG!!Lﬁ%ﬂ"li!,!,ﬂvl‘llvlﬂﬂ\iu

4
=1

d
N1IAIIVADUANNNANYIUUVDIHQNIVL

uazanylaonny

fayrin

aLYin
Q

Msileany msudla

1. !?ﬂL"’IdJiJL!GIﬂ

- AUMNADUNI AVD AN

3
ATIVAOUAUNIN VAT I0 gL W

aounsne1vvy i ldasuimua

. a é’ a d’
Tensile Stress {NAVU NWﬂLﬂuhlﬂ 1UDIINNIT
mmm!ﬁn Prestressed Concrete ﬁﬁmuman
v [l
FUFUAUBOUFINANUNUININ T 0 NI
[ gj a <3 d‘ 3 A g
aonlidaruanudaniag Avieanunsetu

a < a
AULUINING nIoHu

anTsesen Stroke
A 9 £ IS . .
mnwaflmuaaau uJu Cushion Material
J o <
Y11 Helmet NULTUVY

fAIUAY Tensile Stress

910 Tensile Stress 594NU Torsional Stress B
1919911A91AMIINANITIAAD U 1HITEHINS
2 o o & v o < A
wudunuiudulaslseiuiuaniunse
' 1 ] v W 3 1
¥9II19TLHINHUINAVA T UVY BUULAL

AVNIN

o < 4 o °
Usuldievuenusanasudd lavaziin

<
NIADNIT VN

o <
2. WAFUVULAN

Over Compressive Stress 910433 Impact YD

9 ' 1

Judunwinnuly wie Pile  Cushion 4]
= A . . Y

WOLWYN1TD Pile Cushion “I"iiJﬂ?fﬂ']WﬂWiGl"h'

N1U

Y o v v 1o y

Tagnrsldiimidnquuasluiuls
9
@ o @ I
Mg auRIII e UL
v ]

Tasnisnduauszozen TFquuuialuaen
o a vy 4
f1e AN Guianenga

v ¥4
Taen31WY Pile Cushion 111U

' J ]
. v Y v o
Bending stress OUIHBIMIIANUNNINARAK
= T A Vo
W liadnavenie ludenin usenszunn

I o : v
vinfluduiiu vz llfaganitegalavesiniu

'
-2

A & A o &
UNUNIENINMINUNUDINAUVN

o v o o Y o o A
ﬂﬂjgu'lﬂclﬁﬁ\?ﬂ']ﬂﬂﬂwu']ﬂuﬁ]u N
A 4o < ! <
ATZUNNAIVUNUNUAUFUUVNUDINIUAY
IEUIY Gli’Ji]ﬂPile Alignment llﬁgﬂijﬂ@j

Hammer, Lead Alignment

Prestressing Steel 'lii'lﬂqﬁﬂmmm Wi

a a a Y] <3
1¥1Aa Stress nHu I UT AR NA UL

msnaaediy uaz maaduau vl

ALY

Y Spiral L) Stirrup Reinforcement laine

@

A < a . . 1 {
I AN TN Spiral L Stirrup daunds

Tuweriies Taammzaiuni

@ < A A o = s
HWAFTUVULUANVINNITNLIATDIVNT LWV

a A
Nantags




202

iy

qUYA

msileanu msudla

< A
3. NVNUU

Over Bending Stress Ay luswEeuues
L 4y o o < o

NWUNUUIAAVUDIN T UVY DIVUDIVN
Y P4 Y < = =)
ATUUULASATUVNUDUTUUVUADUNTH U

Chamfer “111';14'1?1”14

auaumskaaaudulniiullawnon

Over Bending Stress 31NN1TINTELUNNUD

I A A 9o 9 < '
ﬂufﬂua\iwucﬂﬂuqﬂﬂﬂ']uﬂuellﬂ\uﬁnsull]lll

2 1
A A

<
IAUNUN

o < o
TNHIULUT Alignment "U@\uﬁ]lellllllagﬂuﬁ]u

Yo
1¥dann

Over Compressive Stress 11199910 Pile
Cushion laitiiganwe vranulyd useviua

RN A REAG ALY

2 "
AN tazldsuiieuaey

A A4 ' vy

VULIUDIVINNITUUAN ﬂjqnllulm']alﬂcluﬂ']i
< < 9 o a

AMTUAUVY DITYDLTUVY Léll'lllﬂﬂ\iﬂﬁlqm

Y Yo
noas NIRsUMINIZUNN

o < ,
THﬂ’NEJHSJ}ﬂﬁ]iuﬂWﬁJﬂLﬁWHIZJ NITUUA

< S q9 9
Y ISV ﬂﬁ’JN!ﬁHGUIJGL“HQﬂ@]EN

Y
4. 1IIUVUND

Over Compressive Stress 31NUIINTEHNNUD
v v
fusuuininulluse Pile  Cushion 1198

wnulnSenuaaninms laam

<
AIUANNITADNLAUVY

/)8 Pile Cushion

Over Tensile Stress 911 Wave Up/Wave
<
Down lumsasna@niuAsunIAvLIAET?

Y
AUSUAL DU

<
AIUANNITADNLT UV

757930 Tensile Stress

i@ﬂ!ﬂdﬁﬂll i’t‘)ﬂﬁ‘ﬂsllﬂwﬁWﬂﬁﬁﬂﬂ
Y o < "o oA
WUWIﬂ!.’fﬂﬂ]MhliJﬁJJHﬁﬂJ’t‘)IﬂleﬂWW%@ﬂNfN

<
LENYNUNAN

o 4 2
Y5vilgequainvesmsiFoudnduao
WATTIU AWS
AWAUMITNAA AU ILTIVO D

unulu

2 o A < A
LZ‘T"IHIIJ‘HﬂVI‘IJﬂWfJLEﬂL"’IJlJ IHBIINNIT
<3 [y g// a <3 =
ﬂﬂﬂLﬁ1LﬂJMllﬂEJﬂ‘Huﬂu LEUNNINS 190

:: a
FUHU

14 Pile Shoe ¥30 Pile Tip W3efiNMan

a <
suasslanea

3 o 4
UMUK 1119911910
ooy 1% Black Hoe A4 1o 1394

. 0w o <
Cut Off Elevation MoUATIINULT UV

nanaean1s ¥ Back  Hoe 19 1uiiadiai

<
ey

<
5. AN

udin lfrmnamweimauay s suna

v Y
Aalsisau iy seanildau

A < ' ~ o Yq ¥ <
asane Iy lanaunaue T ldeaudy

hlfl}ﬁ]lé{ﬁ1 Preservative Treatment Llé}j

V
Lﬁu%umﬁnvg 0 ANIWTITUHIA 15U 911N

ne

9911 Corrosion Protection Glﬁ!ﬁﬂQWE)ﬂ'E]u

JCAST

< a 3 I a A Y
mammﬂumummﬂuﬁuu IHBIVINTDYI

T udn

o 1q ¥ < Ay a
ﬂ@\?ﬂuvlllqlﬁlﬁﬂ"llﬂllﬁﬂﬁ§ﬂ§1’3 LW

Covering




203

iy

aUYA

msileanu msudla

S 9
6. LEUVNIN

) G L=t =
NITVY ADUNITA llll!,‘WEJ\‘le)ﬂfJuﬂﬁﬁ

GRS TRE

ATUAVNIINAN

Myvuas mynuaudy nmsonlyldanl

agludumruagasna LY

fAIUAN Handling Stress

Over Tensile Stress MNUTINTSUNNVUD

9 '
Husuainnuly 5o Pile  Cushion 1198

vl muaanwmslFanu

ALAUMIADALE I
13/11/a8u Pile Cushion

AIUAN Tensile Stress

Over Compressive Stress 91 Wave Up/Wave
Down lumsaeniaduiuneunIavuIng1n
v v
AUTFUAND DY 11119 B3 1nTenuduan

<
LA

<
AIUANUNITADNLT UV

<A
YRGANEURLKA

Lﬁmi}muiqﬁuﬁ’mﬁ’hwmﬁuéammms

= Y a
LﬂﬂﬂuWﬂuﬂTﬂﬂ?i"qﬂ

o @ U Y Aa
seiasel lumsnedsng Surcharge NUND

3 < {
@]@Lﬁ“ﬂluﬁ@]@ﬂllﬂué}ﬂ

iilownseuFeuseszinuaniy 2 nou'ld
nqaoon

AONIETNUUAYDY Embankment TR0
M

< 0 a
(@59 9197119109 Lateral  Squeeze

3 A
LA VNLD Y

~ :
190 Pile Integrity toWIA@NNANUENY 50T
YOUA UYL

a Y a =]
sonuauliing  Settlement UDI90 %

. ' 0 <
Consolidation NDUNINITADNLT UVY

< =
g VNN

o

i}

E4 O
910 Pile Alignment NULUIVDITUTUIRZIIN

m3aen luasaiu

S qY_ 9
muqummamamﬂwgnwm

ANUAANAIAIHLDI9IN NTAIHUAR WU

<
YIS

¥1 Reference HYAHANTNYNADY
@ Y Y
asdeunsinsze ligndoa

Y a < o
LLi\‘lﬂ‘L&ﬁj']u"ng)'N"llﬂ\?ﬂu 1NNITADNLAUVNNN

Y <3 Y y 1 4 @
Tanindunaennsulinsnaoud)

[ a <3 a
VAUNUYNNITADNLIA VY 1ﬁ'l,ﬂﬂﬂ1§

A4 4 a 9 A
INADUNVDIAUUDING A

v Aa 9 9 é a a ] a
USIAUAUMUI N FuNavInauausIulla

Y a
U

2 A a = <
Hantagd Surcharge YTNIUNADNITUVY




204

w
ey antie mstleanu msunly
< 2 "o L. A o A v . . .
9. LA UYN YUBYNU Criteria NeNAUaIUIMYNL1910 | - 1% Wave Equation Analysis of Pile 1113
E4 '
1218 Blow / Dynamic Formula 91niludu uazgilnsal M3 A1A5121419 119U Blow Count 1A

W 194 Set

o q Y1 Ay . '
Gl’f]ﬂi/lﬂ‘ﬂﬂﬁflllﬂ Over Conservative ¥ N3

1% Hiley Formula

nfFeuMeuiugas Dynamic Formula
A gas
- manen lUanneaualsdali’ld Blow
~ = <
Count 919921gANANUANVB AT UV
Fa v
vzt 19 Verify vimssuimiinues
[ v . A .
ey Taen13 19 Static 130 Dynamic

Load Test

Ed ]
anuAadnAvesFuan 71141 Soil Boring 1ae

Ed
- 0IEdTAULTIUNY

< o
LEUUVNUDIVIEHN

< o
- 1% lag Pile Integrity Test H1ANANY T

<
10. sy
13114 pile Tip

Ao
NNIUa

] 9 . .
liifide 4@ Structure Subsurface Investigation

Qg

- 191281529AUN Soil Boring

AWAANAIA DINIAINTHOBNUUU/ANITUAN
v & . . & P
FLAUFUNTI0A Soil Boring WHtnad 1y
a < =t
MINNITU Tip  Elevation  1UN1H8¥1Y
A ' 3 ] = N ~
iesnaneeumadnlaallda Tip 0
F04n1391 197170 Overstress MO UATIEAD

<
S RISTEY

- Redesign/Analysis  1umsfinnsan a1y
Blow Count 1/52A91 110 Blow Count 18
AU Tip MR35 1H1gaAIAT Verify

Taen5 19 Static #5® Dynamic Load Test

1. udunull

1315 soil Boring

- THzdseau

Lﬁ%%ilgfﬂmhjhlﬁ Blow Count

Y1 < Y 42’
- Taeanuenveuaniulieniunin

v
o o o <
aadelinnimninussynvesaniniae

% Static 1150 Dynamic Load Test

<
12. 1@y

a o a3
NUANNI T

Over Conservative  91AM3 149 Dynamic
v
Formula Tumsfinamiiminussnnues

<
Y ISRV

- Redesign/Analysis

- minvaudany Soil Boring 10 Verify Load

J o < ]
nvinussnaveud Iy Taeld

Dynamic %350 Static Load Test

Y o < 1 a 1 Ao
- i nandu InainuszeenI1ie Dowel

PBzirandvaslanludesndi 1

Yy =X a < 1 9
WA 1A JUFeVIHan Dowel TN ou

@

1gA3112A18 Epoxy




205

[
LbUAILAN

P
<«

____________.l__

NA991 0%

Q)] ) Q) )]

a < =~ ¢ < 1 3 A
E‘IJTI .1 vNHg Uy (N) A UVNATIALUD UL UVNLD YN

o

< .
(v) N NHI tazilaie

[
(m) Uanaa iy

< A qgj a A
) “]Ja18&’(31!,"1]Mﬂﬂlu@ﬂﬂWﬂﬂfu‘ﬂu‘ﬂﬂﬁWﬂ

_—

Surcmarce

<
ey

€—— NNMIYAAL/ONAY
Deflected Pile Axis

Yy vV VY

Soil
Soil Pressure

Deformation

On Pile P.

P:KL(US—UP)

= oA A A o a v v
5UN 2.2 ﬁiymmwuNaammaai]mmsma@ummamumemumN

Y



206

4
4"'
-~ B f
< -1 2
LU AUDY
T - =4
/ I|-~-‘,—___
! / 1 r I At Tl |
I 1 | ; I I 1
L___i. ] ) 1 |
] I [~ o~ — 1
1 -—-—y I I |
| 1 | I 1 1
‘___I_ 1 i I I |
r Tr-a---_ I I I
1 1 \ r ~ e
\ 1 \ ' I I I
\ 'L \ 1 I | I
T U U T S N
<
R GRS
AUUA
!
i

(b)

Rotational Slip Surface

U

= G A A A o a )
suUf 0.3 ﬂtymgmawmmmmmnnmﬂaeumm@mumaﬂmmN



.2

207

fMeena MImmIamMassuivinvesaninlaely Hiley's Formula

(®ULVVNINTIY Sheet No.177 )

nW.HE

S+C/2
C,+C,+C,

Ultimate Bearing Capacity

W+Pe2
W+ P

W = Weight of Drop Hammer (Ton)
P = Weightof Pile (Ton)
e = Coefficient of Pile Head and Cushion
= 0.25 for Concrete Pile with Jute Mat Head Cushion

Hammer Drop Height (cm.)

Equipment Loss Factor = 1.00 for Free Falling Hammer

0.80 for Drop Hammer with Friction Winch

Temporary Compression

Pile Shortening for Pile Length of L 0.72 R L (cm.

A

Compression in Pile Head Cushion of L, I.I_R L, (cm.)
A

Compression in the Soil Underneath and Surrounding the Pile = 3.6 R (cm.)

A
Length of Pile (m.)
Thickness of Pile Head Cushion (m.)

Penetration (cm.)
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o ] < @ @ <
MDY LENVNY 15 U. Qﬂgjﬂﬁuﬂ 4.0 AU LE@UNUUIR 0.40 x 0.40 U.

L=15u.

W = 4.0 AU

p=040x040x15x2.4 = 5.76 §iu

e = 025 h =100 3. E = 0.80
n= wtpe = 4+((576)(025°) = 436 = 0.44672
w+Dp 4+5.76 9.76
A = 40x40 = 1,600 @3,
L,= 005 % S=10 %
C,=072 R_L = 072xRx15 = 000675 R
A 1,600
C,=1.1 R L, =_11xRx005 = 000003 R
A 1,600
C,=36 R = 36xR = 0.00225 R
A 1,600
C=0C+C+C, = 0.00903 R
ga3 R = _n W.HE R = 044672x4x100x0.8
S+C/2 1.0+ 0.004515 R

0.004515 R’ + R — 142.9504

=0
R = —bi\ib274ac
2a
R = -1 i\/(l)zf 4(0.004515)(-142.9504)
2(0.004515)
R = —1i‘\/-3.58168
0.00903
R = -1+1.892534
0.00903
R = 0.892534
0.00903

R = 98.84 U 1% 99 du



209

2.3 IENMINATUMSUIINNNHITNVI LA NN

v 9 9

< 4 I v [ 1
Uﬂ'Nﬂgﬁﬂﬁ!ﬁu@i’]ﬂazlaElﬂﬂ131/]ﬂﬁ@ﬂlﬁuﬂlul‘ﬂ’]mﬁﬂiﬁ}?ﬁﬁﬂﬁé@ﬂﬂllﬂﬂ@ﬂﬂﬂ 14 U nOU

2o

o < < . . <
NMINIASLTUVNLULASLAUUNAND (Anchor Plles) swamﬁaﬂéfmﬂszﬂauﬁw ShOp Drawings U2 & 14U

<3 A a [ 1 @
NAFOULAZIAUINTUD 510021089 Test Beams 118 Cross Beam 15113 Jack ’J%ﬂﬁ’lﬂﬂ?ﬂﬁﬂ;ﬂ@l’)

v
[

A A A Y < Y 9 A AAo ' = 4 ]
HAagaUs NNYIUDN L’dWUiJ‘ﬂﬂﬁﬂ‘]J%gﬁﬂﬂi%ﬂ@uﬂi@]‘ﬂuﬂT N WIIENI,L‘VIQﬂ@uﬂiﬁgﬂUWﬁﬂN”I@iqulliJ

9 ' I Y Ao < a o A o = Aq Y
1N 300 NN./ANT.HU. L’mmmﬁmmmmmmmzmamﬁsmwmwmn%zsmiqmqaqwﬂlﬂﬂumi

A

nadolaedsudeazdesisiemsiiuiaausaoisninsfesnuuuuaz Idsunmseydaneusiinig

nagoy

{y 0 3 A o o
nsdin hifidesmua Aiiluedou minaaeulinsziuilu 2 ya 1dun

Y
o @

Y v
gausn  IRussgmimiing 1.25 mwessnhminusiynilasaseisiuan 13udranas

A P
RYGRIAN
it ) d o . 7 ' A o
YANADN Glﬂﬂiinﬂu’lwuﬂcl,wuﬂ']ﬂﬂUﬂﬂ\? 2.5 m16116\‘1141141!ﬂﬂiiﬂﬂﬂaﬂﬂﬂmm’mﬂm

A 4
IMaofuY

YUADUNITNATOU

9
v o

v R @ = 3 A Y (a =
miﬁmuu‘wﬂaﬂymziwazmﬂﬂmmmmwmﬁaﬂﬁﬂgu AU

®  YALIN

Y H

v '
wihminnageumnuaninninussnniasadeiduiaeenuuy 13 Tag iy

1
=).

e

4 b4
% v A

wiindudue dall 25%  50% 75% 100% 125%

ﬁo

A 3’ @ 1 3 Y] A @ 1 A
- mamniminuaazdu MW ldeasimamumsngadilszuna 1 un. aeuinily
1 1 @ < {
Al BIUAIMITNIARIRUELTNA T 2 4 8 15 30 60 90 120 180
~ o 9 = 2 IS ' 9
240 AazNng 2 52 1 lvazidean 0.01 uu. 1Wued1aioy
v Y v ]
- msmihimdnuaazdunsgii ladeliednsin1sniad1anadng 0.25 Ny, Ao
o 19 = g‘ o oaal 3 19 ' =
1T uadeslinawesmsussnmiiinluduiug lidesndt 60 i
g} @ 9 @ oy o Y 19y ' )
- vhwin 125% dessnemiainnadeu 13 iWunar lidesndt 24 92 Tuq
g} Y o 3 :JI @ Y
- amhwiinnaaaunne ¥ luaazdudug a98 100%  50% 25% 0%
C= 1A o A A A oy o Y o =K
- AJunamAuAI N 2 4 8 15 30 45 uay 60 WM MIMIN 0% 1HiiuNn
ao 1N 2 TuaaunsznamuesmsauaInm
® Aol
A g’ o Y o ' ' 31 Y o A
- mhwdnnadeuliiludiuau 2.5 mvesaniminusinnlasansnesnuuy
v A J o oy g o A
PBlaelvmmiviindudung 694 25% 50% 75% 100% 125% 150% 175%

200% 250%



210

A 2’ 9 ' 3 Yq Y o A % 1 P
- ﬂ15LW?J'L!"IVIL!ﬂLW]agslluslﬁslﬂfi’]@ﬁ']ﬂTiLWﬂJﬂTﬁVI'B:ﬂ@]'JﬂﬁglI”Iﬂ! 1 wu. Aoy
U ] @ < {
Lﬂﬂ!“ﬁ@?uﬂ’]ﬂiﬁﬂﬁ?ﬂl@ﬂlﬁ’]ﬂlﬂﬁ1 2 4 8 15 30 60 90 120 180 240

- P
WIN tagNna 2 $2 19

d’ o v

' 9 4
- manihinuaazdunszinlddeiiesnsinsngadiannads 0.25 uu. uaded
v 4 4

nawesmsussnmimiinluduiug litesnd 60 ui

A g’ @ 9 [ 09} o Y v 9 ' M
- hnnin 250% Aeesnunihmiinnaaey 1itunan lddesnd 24 ¥ T

09} @ M I qaj o Y

- THamimidnnaaeunne s luuazidudug 4941 200%  175%  150%  125%

100% 75% 50% 25% tay 0%

Y

- fufinmAudveua TN N1 2 4 8 15 30 45 uaz 60 Wil Miwiin 0% 1H

1 1 ) o = 4 A
mu@a‘lﬂnﬂ@] GH'JIiNi]uﬂigﬂx‘lﬂT‘lJ’fJ\‘lﬂWiﬂuG]’JﬂﬂT]

HaNNAMNMINIANNANINATOU

PN <3 @ 1 ] o @ 4
nsdiinamadesveuadn TaedunaainaIn1sngaal oasIN1sTNIARINTooUY 1Ay

~ nm ¥ a 9 9 9 o < 1 v @
m”lu”lmﬂmnﬂmmﬂcluma 14 Q‘ﬂﬂﬁ’ﬂﬂﬁ]g@]@ﬁ‘ﬂ"lﬂﬁﬂﬂLﬁ%ﬂli]@]@ulﬂ‘ﬂuﬂﬁg‘ﬂ\iﬂWﬂWiVﬁqﬂ@?

'
aAAaA v

[ Y ] o I~ [ o a
MNY 15% ‘U’f)\ilﬁs{UW"IﬁuEJﬂﬁ%‘]‘U’leﬁH“UiJ (ﬂﬂl%uﬂ’iﬂ!“l/l‘llm@Nﬁﬁuﬂﬁuuj'ﬁ]%ﬂﬂﬁjlﬂﬂ

a

' v
Yo 9

Y 9. 9 9 = P 9 A
sunswla) Taendsvaazdeuniounms Barmihlunsaiil
ad a a Yo Y ¥ Y _q.9a Y a X
AsalAAANNAANAIA A5T1992A0Te1HIAINITHAIUANAIULALIAINT DDAV
L=
N30 lagiun
v Y
WasInauganIINaaey A5 udvezdsuauensnaninuduiuisznataimmin
v 1A @ y DA g 4
VITNIUAZNINIAAIAeIfINsJesnuuy Tasiuil ievesyiianounssenouginyal

NINAaOU

IARRRIINENE

Y { g‘ o P4 < Qy Yo 9 Y 1
Wﬁ\ﬁﬂﬂﬁﬂ’liﬂﬂﬁﬂﬂﬂ’liﬂiinﬂu’lﬂuﬂulﬂlﬁiﬂauﬁ\i Ejﬁﬂﬂ’l\?ﬂgﬁfl\iﬁ\ii'lﬂ\ﬂuwaﬂ'ﬁ

g & Yy ~ = v g
NATDULTUVNUUABDHININ Tﬂﬂllﬂﬂﬁm@ﬂﬂﬂﬁﬂ@hlﬂu

- TwaziBeaveud iy

- ﬁ13NLLﬁmﬁ1ﬁy1ﬂﬁ'ﬂ‘lJiinﬂ wazmangadafie1dluszniemsusann uazmsan
minfinsziady

- ﬂﬁ1wLmmwami°nﬂam“lugﬂm@mm—‘lfmﬁ’ﬂmmﬂ—msmﬂﬁa

- ﬁmﬂmmﬁmﬁuéqﬁﬂﬂﬂﬁﬁgﬁﬂﬁuﬂluiwdnmimﬁa‘umim3nﬂﬂymﬂ’ﬂmmmmﬁu

- wnuramInageuaivazdesIdTumIasuususeslasitnivesdsuing

- MIMUIUAT Ultimate load capacity 1a835 Chin’s Method

o 1 .. . a, s [
- MIMUIUA Friction 1Az Bearing load Mnamsnadey Ins3snidluneensyld



211

msamﬁnmamaammm“u
A S o I Y v 9 o dy
1uﬂimﬂﬂ1iﬂﬂﬁﬂﬂlﬁ1l"lj1]5]1L‘1J1J§]ENWEJW]58\1ﬂﬂ’)ﬂ!ﬁﬂiﬂﬁﬁﬂ\iu
- Llijll‘i\iﬂgfln1@i’3}ﬂ°ﬁ1§ﬂ
=2 o I A A T’ A < a < =
- ﬂTiElﬂﬂ‘]Jm’Hﬂlm‘fiJfﬂiJlWENW@ me”lwumwa ‘Hiﬂ!ﬁﬁﬂlﬁ‘ihiulﬁnﬂmﬁmﬂﬂﬁﬂﬂ

ATINADUNANT

A o

o 3y
- HWUFUVNI HIDBITA

Q

£
v A

Y
- maasszauiugu higndes nIeliminsznuniziiouasszauLaz A in
2 a A <3 @
- ﬂWUIﬂQﬂ?MWﬂLﬂuth HIDTUVNUTUDADYA
v 9
IRoni@nminageutazsanmInadouNLY 1o tagduiumsnagoumiusinnimindnyea

£ ° ° a Y Yo Y ] G g g 2
NN @nuﬂnlu%uﬁl@\nﬁ?ﬂiﬂﬂ’)ﬂﬂuﬂuiﬂﬂlﬂiﬂﬁ]Nﬁ]gGlE]Q@ﬂﬂﬂﬂ“]ffmﬂsluﬂWﬁulf)\‘l‘ﬂﬂﬁu

anulszasvoua iy
< A 1 o A a = ~ 2L o dy
Iz Nlseasiiamnania lansaliviiaaeas lalil
A A

v & <3 J dy a A A o 1T A
- ﬁ?ﬂﬁﬂﬁﬁiulﬂﬂlﬂﬁlﬁn‘ﬂﬂiﬂﬂ AN Wi@ﬂﬂ!ﬂﬂ?%"lﬂzﬂlﬂll UIBDUUI NIDAUN LAY

o g 1

o { < a Aa A § o s 2’ @
- szezngasaqugana@uimny 25 Tadwas iWesuihmin 2 maeuiinussnnly

Ao

I M o o 4
Nulunan 24 %UIJJQ‘Vi?ﬁ]‘jzEJ%‘V]‘;@W]’JWENMT‘Im‘JﬂuG]’J (Permanent Settlement) Lﬁ@

Y
anmiminussNneonruALAITIA NN 6 Haauas

anNansalumssuihniinlasanaveua iy

[ I~ [ A ya 1 oy v v A Y < 4
mﬂhlmzul,ﬂuﬁ)mwu Glﬁﬂﬂﬂ']u']ﬂuﬂﬂﬁﬁﬂﬂﬂaﬂﬂﬂﬂﬂﬂﬂmiﬁlﬁ’]tmuﬂﬂﬁ@ﬂ@nntﬂﬂl“ﬂ
v
o 111
v

Y [ v 4 ] [
- $owaz 40 vouhwminussnnimldinamangadunuiusesy TasMimiinusinn
Y [

[l = A A o o [ = [ ~ ~ <3
Tunlasunasnio a gamihminnageunses anasrioogasi luumz Miaudunga
arludasiainaue

Y ] 9
- $ovaz 40 vourhminussnn a1 gaimIngadINInualia Wi 0.25 Uy, AoAU

]
I - 1

3} @ v W % 1 { g
- %}'ﬂﬂﬁg 40 slli’)\‘]u"ﬁ”iuﬂﬂﬁ'ﬁqﬂﬂ%ﬂ@lﬂﬂu53ﬁ3’]ﬁl&jua'llWﬁﬁ@ﬂl&lu “dﬁﬁﬁ']ﬂfl]']ﬂﬁﬁuﬁlﬂu

a

[ @

Y
iduasavens sz Nahminussnniuszezngag

a
k4 E4
Y Y !

mitudana lnuazilosniniu



212

¢
2.4 msmaeummauuﬂsmmmmm’?mmx (Cross Hole Sonic Logging Test)

4 < A <3|
ﬂﬁ‘Vlﬂ?fi’)‘Uﬂ’J111ﬁﬂJuiﬂ!ﬂl@ﬂlﬁ%ﬂmmTSSg]}?ﬂ’ﬁ Cross-Hole Sonic Logging wumsnageunwy

4 dy = 1 ] A = . o 1w v v w
ﬁlllulﬁmﬂlﬂﬁLuﬂﬂGUﬂiﬁiﬂﬂﬂ'ﬁﬁﬂN”I‘Llﬂﬁulﬁflﬁ (Ultra Sonic Pulse) ﬁnﬂﬁ')ﬁﬂﬁﬂ]ﬂﬂeﬂmqﬂﬂﬁﬁ'ﬁ‘ﬂ

[ A A A 9 a ] dy A Aa 2 A A (Y
gy Tagnszeznanaau s lums@unrEutonaunIaNUaNaulanIN seiaumnuaaon

q

1 I 1 A 1 & A dy = A A A 9
FINANNYUTUVY mell!ﬂ'iil!‘VIGIf'NGI,ﬂGIf’NW‘Ll\?‘JJﬁﬂ']WLLl’E)ﬂ’OHﬂi@lﬂaﬂullﬂﬁﬂqﬂﬁgﬂgﬂﬁWﬂﬂaunlsb'

[ % IS)

a v 1w [ Y] ! a 4 <
lumsiaune minadsdayana lldsudyga szlimsnlasunadlilonng@y Weseinanuss

g g

9
Y )

A A 9 A A ~ [ < =\ dy a A o A
ﬂﬁuﬂi%iuﬂﬁmﬁ@u‘ﬂ‘uﬂﬁlﬂaEJ‘L!LHJE]\‘I AANUUNTULFAVUVNLIICUIUDADUNTAATUUTUD LATOIIS

'
= o

a  J o A 091’ Y
Nunwa UL UANUANUEN IdNON AT IAY

9 and QG Aa o < o Y
ﬂTTﬂﬂﬁ@Uﬂ')ﬂTﬁulﬂu‘ﬂufliJiJTﬂGlu:ﬂi]ﬂiJu L‘Wi']gﬁgﬂflﬂﬁ'Jﬂﬁjllﬂ$ﬁ1ﬂiiﬂﬂ1ﬂ1ﬁ‘ﬂﬂﬁ0‘ﬂqﬂ

< o o < <
Iﬂﬂ@a@ﬂlﬁ“ﬂlﬂ\lﬂqg{u ﬁn\lﬁlﬁﬂﬂﬂﬁﬂﬂulﬁ)ﬂqcluIﬂﬁ\iﬁ%ﬁ%ﬁ“ﬂlﬂﬁﬂg Caisson @V Barrette e

Y o v a . = P 9 g ' Pl
Iﬂi\‘lﬁﬁ'l\‘lﬂ'llﬂ/‘l\iﬂuﬂu (D1aphragm Wall) G]NIﬂi\?ﬁi'l\‘lcl,uﬁﬂ‘]elﬂ‘l3‘“Nﬁ'llﬁ@ﬁl’f]\?ﬁﬂ'lWﬂ'ﬂiJulilﬁiJﬂvﬁm

E4
=\

H 4
no1mnatu woagyldas
< ti’ = A dy . . (= =
- anuiluInssveuiipaounia 118991053 (Vibration) liiisawe luvmzimasunia
o Aa & < . . A a ' 1 =
- MInNAINAATUIINMSI (Vibration)Nanau llsznindiunaulunounia
Y ~ s a A (;y Ja 1
- msvzdnvesudmudminaninmanih ldau lvadu
9 A A [ dy =~
- 998UAN31INNAINMINAA IV ULUBADUNTA
4 B o & o
- danfantasunwaueglutisneunia
A ~ [l 2 A a o a 9
- sevaeaniomIlasun)aszis e uaIUNNNAINMITINA 18V VA T0U 13 T

1 { o 3 o oa @ .
FEHINNIIMIDoUaoNHaNIUANNING1Y (Casing)

o [ { < @ i 5 o o 1
ﬂ']'iﬂﬂﬁﬂﬂﬂzﬂﬁgﬂ1ﬁﬁﬂ%1ﬂﬁ!ﬂﬂQUﬂ§ﬁLL%’JLﬁﬁﬁ]ﬂi%iﬂﬂ! 14 ﬁ?ﬂlﬁ@ﬂ?ﬁ\?@ﬂﬂlﬂ\i!mi
= [ 1 I~ Y o 9 1 1 d' = Y o 1 d? (K%
ﬂ@uﬂiﬂ@l’lﬂfﬂ\‘]L'l]uhlﬂ@l'm‘ll’é)ﬂ'ﬁ’iuﬂvlﬂ TaenaaoUNIUND Manchette VILGI'J'EJJJUI'J VIUIUNDIYUBYNY

<
YUIALTUVNLDE

511 9.4 mnageuANNANYIBIvE T TIIIE

U

==
oz
g S

2.5 1n30340NAABY Sonic Logging Test

Tag3% Sonic Logging Test



213

— Sound Concrete

Pulleys
2

7, Transducer ( Emitter ) ‘
% X1 Transducer ( Receiver ) \/
7 Weve Direction
% Tubes ( Water Filled )
9 Steel Access Tubes
‘Vigﬂ 70 Manchelte

d' a 33 d‘ A
s 2.6 sUmsAaRunseNeNATRD

U

—— Major Anomaly (Categorize C)

Base:20us, Div:50ps

Base:70us, Div:50us

— Defect (Categorize D)
—— Minor Anomaly (Categorize B)
— OK (Categorize A)
Profile: | 1-2 Profile: 1-4 Profile: 2-4 Profile: 3-4
Distance} 0.57m Distance: 0.78m Distance: 0.33m Distance: 0.6¢m
Length: | 51.650 Length:  51.65n] Length: 51.45m Length: 51.p5m
Date: 11 Mag 1999 Date: 11 May 1999 Date: 11 Mar 1999 Date: 11 Mar 1999
Norg: | 20pus Xorg: T0us Xorg: 30us Xorg: 40ps
A L LU LA A L A L] L L A b L4 i 1 1.1 Ll Ll t 1 1 1 1 1 1.1 1l L L L 1 L 1 1.1
Dm Om Om
- . 1 E
R Y 4 ! .
133 8o -_{'._1,-‘-‘_‘;_
i g R T (Y 8 ?%? 1
11 s 72 | I R 1
sm | .-’s—{-" 49 5m | 31 3 53653
‘-3. Bl
- i ) . s -'\ ‘Q;’!
10m 2 10m } {t:?:‘
- . 42 3 1
- - AXFite 2
] : i
15m 15m
{4 5 . (LR
1 1 h‘&%@%vﬁ' S e
- - N ?{ Wi /]
, 3 v723 b2sa
o ( - ] li}é;%l(?s‘.\@él e @{}ﬁ]

Base:30us, Div:50ps

317

% | = &’ G d' 3
2.7 gﬂmameuaumaamamwmeﬂaun‘mﬂmmsmaau



214

d
2.5 N1IATIVADVANNANY IUVDIHQNIDIL (Sonic Caliper Measurement)
<3 o a . .
ﬂ15@]§'Jﬁ]ﬁi’)llﬂ’NﬂJﬁiJ‘]%'iilI*Uf’NﬁQ?JHﬂglﬁ”IHJZJ mmsam‘lﬁ’ﬁ'aﬂﬁ Sonic Caliper
o 1 ' 1 ) a 09/’ <3
Measurement ‘Vi?’t’) Koden Test IﬂEJVI"IﬂTiTIﬂﬁ?JUGLLlig‘I’T’JNfﬂi‘uﬂL‘ﬂT% ﬁ?@ﬂ@ﬂﬁﬁ)%ﬂ”lﬂ']i@]ﬂ@ﬁlﬁﬁﬂ
A Ay Y Y Y P =
Lﬁﬁﬂﬁﬂulﬂiuﬁijﬂl’l]T% Nﬁ’ﬂllﬂsmﬂﬂﬁ@i’J%ﬁﬂ‘]J llﬂllﬂ summﬁumug{uanmwawqmmz AINAN
ngﬁTﬂ’J']JJﬁTﬂL%fNﬂJ@QVIQ?JL%T% TﬂEJLﬂ??J\WIﬂﬁ’l’)‘Ui]gﬁllﬁﬂ1W5ﬂym8%6\‘]1’1@%@1511&@1@%0&’3&“\“
A o Y v o J = A Y Y
BRIV mmsawmmmsama”lwm%u mumﬂugﬂ ﬂ”lﬂ’)']iJﬁTﬂ!’f)fJ\ﬂlﬂx‘]WﬁjiJﬁﬂ%ﬂEJ’E)lIGl.W@@Q

1T a @ 1 g o a @
Tifu 1:100 Minwanisasavaeuanvuznquaz liifluawdeiimualdionsanyamizalsund

9 v i
ANUULHANINIZIAZATIFOUFIIUNTER MU N A Witz ay

5Uf 2.8 MInIvERUAMWHITIHMIIY 3U7 2.9 wamInTIvTRUAMNNIIHQIIZA

Y

(Drilling Monitor) Tngl¥in3034e KODEN ANH91NA589 KODEN

w

2.6 anulasasy
o A < < oy ~ A A 2 gy Ay Yo Y ¥ P
‘HENi]mmﬂ’ﬂuﬂimﬁmlmﬂimmamuiuﬂimmmmu% ll'}liﬂﬂ]lllllﬁj@‘uﬂ Ejiﬂﬂ?\‘]ﬁ]gﬁﬂﬂiﬂf

] 3 A < al 4 4 v Aa
urwmaniaginigyng vieldnsunanason iuieodsoulaimmzauieilosiuildauanaslyla
S ¥~ /9 ¥ o ' v Y A A v W ' A
uonnniudealigunsal nanuasase 1w nszd niu nazduq meilesiudunsionasiiemiao

AuulunsainnmurionagLag



215

MANHIN R UNULIITOINY

.1 MINAaeULAY Elastomeric Bearing Pad 33ata3atian

9
v A

A5m3inaaoalagid Quick Production Test 1yAseaan Aatifo
(1)  Check for Misplaced Reinforcing Plate

(2) Bond Failure at Steel/ Elastomer Interface

(3)  Surface Defects

(4) 91 Stiffness YBNY Elastomeric Bearing

A A A o 9y A . =) a A ~ Y

1nTe4iloNNIMInAaelsznouAIeATEY Compression  HUsTANTAIMNN@IMITONAAIBLLT

AN Max Design Load Useusd 1.5 -2 1911 1@z Dial Guage Na11159911A1 Deflection 161
= = a A

az10eAnd 1/100 Uaawag

ABURINTNAABINALNY Elastomeric Bearing MWA08 NN Load 99 Max Design Load

v Y

MU Design 1Audineeq 1/aee Load asfiaztios I5mstiiie1¥ury Bearing Usudineuuditee:
' ' 4 ¥
3UMINAABY IAely Load YuiaziisenazantiufinAl Load ey Deflection 14® Load D4 1/3 U949
Max Design Load 1¥9afA1 Deflection (Al) U9 Bearing ul’SJ}L!,é}?lﬁfJ‘c’Jﬂ (WY Load 9D Max Design

k4 1 I
Load 1¥9@af1 Deflection (A 2) 8nasaniia 1A 181miA1 Compressive Stiffness (KC)

Stiffness (KC) = Max Design Load - 1/3 Max Design Load

Total Deflection (A 2- AI)

A1 KC (Compressive Stiffness %30 Vertical Stiffness) mﬂmimams?fmagﬂu Range 1£20%

¥ KC a8y Batch wae uaz 1uify + 20% v03A1 KC N100nu11a18999209 1M IUATNAADA
' . . ' A == Yy Y A o

g lumm Compressive  Stiffness wazlusenIauny Load 94 Full Load 1¥A14 Load TAtiestinis

Y 1 da‘ a ad‘ A [ Y] dy
G]i')ﬂﬁﬂﬂﬂ?ﬂﬁ'?ﬂﬁTﬂﬂJﬁQW@ﬂﬂ@]ﬂuﬂ ‘ﬂ‘if]vl,ll AU



216

v 1 <3 ] o 1 {
- @5 ERUNMIITeHUann e T uHY Bearing am‘%’mmmmmgmmﬁaaﬂuuu”ﬁ

[] V) ] <3 a 1 .
wse i uazansansIniuTuRLaNETUMeIUUNY Bearing 9
1ngUi a-1 asnnaeumaeiuurumaniuul A'A, B'B, ¢'c, D'D, E'E asu

uuaunoenuuy 13

g4 40y

A A
__® 5
__c e
> - - <
A y

5 Steel Plate Bonded to Elastomer Layers

Steel Plate Elastomer Layers

Steel Plate Bonded to Elastomer Layers

gﬂﬁ 9.1 Steel Plate Bonded to Elastomer Layers



217

] < ' o 1 4 o 3w .
5}mwumamnllmsqmtmuatﬁanmﬂﬂ Load 3@ UNAUVUANHAULUDINITWDI(Bulging)

w18 l)unlieglunuias awgilya A B ¢ D E dregluunnas enald Load 2

[ 2 . 1 v A v =} 3 o ~
mm@]‘lmw Bulging %zﬂ,ﬂa@ﬂmmm ﬂuﬂi’]’NNTuﬂﬁﬂﬂﬁﬂUllﬂﬂﬂ 19U ?N?l‘]J‘VI f-2

I e I

Y

Y

D,

Y

N

LN

T 15| 1 1T

Steel Plate Bonded to Elastomer Layers

gﬂﬁ 9.2 Loaded Bearing Pad

:> Bulging of Elastomer Layers

n5ai 111AA Bond Failure at the Steel / Elastomer 8NHMIENITNO (Bulging) nﬂé'mﬂﬂa

1 [ 1 1 A o ] < 0911 1
PONUUNI AU 1IN Bond  Failure N11A Bulging Nogaanuururaniiuog1ilieen

a4 y =
UINNIMNBU @Ng‘ﬂ‘ﬂ f-3

o 0010

AIUUNTOHIE1NgUAN

Y

Bulging of Elastomer Layers

Y

D,

Y

a Y Y
ERICLGRIERMEN

T

T 17| 1Tr 717

Steel Plate Bonded to Elastomer Layers

598N (Crack)

d‘ U =S v = = ) d‘
ETJTI a3 !!ﬁﬂ\‘ii‘lﬂ‘lalﬂ!%ﬂ'JHJ!%TE]‘ViRIGIJEN!!N‘L!ﬂNG!‘L!ﬂiﬂ!ﬂNNﬂmﬂ1W‘1NﬂQ°ﬂ



218

- A ARUIRYLAN (Crack) VUUAUINYUENATOU LAz NIHAINTNATOU ﬁlﬂgﬂﬁ f-3
- n30lNA Surface Defects Lﬁf’N%”lﬂﬂTiNaﬁﬂ§6ﬂ18ﬁ5\1ﬂﬁﬁﬂﬁﬂﬂ Tﬂﬂﬁﬁ!ﬂ@]ﬁﬂﬂﬁ’)ﬁﬁ?

] =) U @ d‘
ﬂJﬂQLLWHEJNEJ‘UﬁQWi@TﬂQ@@ﬂ ﬂ\‘]?jl]‘ﬂ -4

A ) 9 a A A ' 9 9 1w
N’Jﬂ‘ﬂﬂ@ﬂﬂ”luslﬂﬂ WIVUVITONIANYUAN A9 TNeAD

A

S AL ALY

22 MSSNATOUUANY Plain Bearing 3Ha lua3uusuvian

AIWUIATIIU BS 5400 : Section 9.2 11 Load Test Lﬁama%ﬁaummﬁmwamm Bearing
Fanwansnvesns 19 (Serviceability) 118 Ultimate Limit Stage NOUMINATOUAITHINTNA
1A Bearing 714 Load 711841u@21/d00 Load nmiuTeRnINaae AL Bearing 1A0n51iuIIS
NABYINH 1azIAf1 Load LA Deflection 1)N% AR Rate A 19URS Maximum Load 1ag

a

o { a 4 { 1 1 . A
AMal3aunsgne Creep  MinTUgAas (VugfUuuod Dial Gauge ©1UAIDI Deflection HEATIY)

9 '
91N UAANY Load 991U Rate L‘Vifl@l!ﬂﬁlWiJ Load mnﬁammzﬁuﬁﬂm Deflection U949N< Load

v E4 9
Lﬁﬂ?ﬁﬂ‘ﬂﬂ!&WNﬁUllﬁ&ﬁﬂaﬂ 11NA1 Deflection 1rIJJLﬂ“Iﬂl 20 % LAAIILNY Bearing UU FUMINATOY

i 4
élJ'Ji’)EhQ ﬂ1iﬁuﬁﬂﬂ1iﬁi’)ﬂﬁﬂﬂﬂ1 Load — Deflection YRMZIWY Load ﬁu 1agna18 Load a4 (Rebound)

I o dy
11y Cycle A9t

M31INATOD Cycle 1 1

VI Load vauzAa1e Load nfSaunay
Deflection YaMe
Load (kN) Deflection (mm.) Load (kN) Deflection (mm.) 2
INuazan Load
100 0.10 100 0.11 10 % *
200 l 0.20 200 0.20 0% *
300 0.30 300 0.33 10 % *
400 0.40 400 T 0.45 12.5% *
500 0.50 500 0.50 0% *

wnewmg * AN Iaaed liinu 20 % wamsnaaeudalyla




219

M319NAaeY Cycle 11 2

YMLINN Load wssuney vauzna® Load .
, nfSauinay
1 Deflection
A1 Deflection
. Cyclelttag .
Load (kN) | Deflection (mm) Load (kN) | Deflection (mm.)
Cycle 1 ttay
Cycle 2
Cycle 2
100 0.10 * 0% 100 0.11 0% *
200 0.20 * 0% 200 0.21 5%*
300 0.30 * 0% 300 0.34 3%*
400 0.40 * 0% 400 0.47 4% *
500 0.50 * 0% 500 0.52 4% *

vanenig) * A laaeslumu 5% wamsnadoudalyla

Y 1 < (L A 1 1 o
NAIDENIZIHUIAT Deflection YMLINY Load azvamzAad Load N Load m!ﬁmﬂﬂm
9 9
uan@19nu lafu 20 % UEAIINAY Bearing A108191 Hiumsnadoulu Cycle usnil taznagoy
1 A Y A yJq Y1 l T Aa A = 19 1w 1 dy
aolu Cycle né194 ﬂTNﬁVI”lﬂGl‘Viﬂ”ILL@]ﬂ@INﬁNﬂ Cycle L13 hllllﬂl! 5 % N Load 198 3NULAAIIINIDYINU

wumsnaaen Tasauysoiamnsnii 11418

agtl  Anwaiz Failwe Anuluvaiznanewaznuautiandeslda1nn1snannidao Max  Design

Vertical Load N1 Elastomeric Bearing Pad BS 5400 Section 9.2

1. Surface Deface

2. dnYaIZUBY Bulging AN1/AAINIIZ Bond Failure 35MINUHUNANT Elastomer 138 A9
NUIVDUHY Elastomer n18lua1aniuun (Tammﬁﬂﬁuﬁ'aa)

3. 908 Crack YOILHUY

4. 1 V-Stiffness 30 Compresive Stiffness YVodlaazuiuazanea1anu 1y 20 % vosm
Average Stiffness 1UN1IHAA Bearing 14 Batch uzuc] wazdeananu 1nu 20 % voam
Design Stiffness AouiuIsnon 1y 1a

5. A1 V-Stiffaess ApaNATDL 2 ATIAAGDTUIATAIT Idd i iR 5 % TedoI91d

6. Elastomeric Bearing ‘ﬁmumﬁ?mwﬁﬂuaﬂajm’?mmﬁﬂ&'aqﬁﬂmanﬁﬁﬁugmmmamm

H 4
Faqenailaniuilu lamdomvuadnsede li
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Property Rubber
Natural Chlorpene
Tensile Strength, min 15.5 N/mm’ 15.5 N/mm’
Elongation at break, min
At Hardness 45-55 450 % 400 %
56-65 400 % 350 %
66-75 300 % 300 %
Anldsunlamdseuanudon
Hardness, max 10 15
Tensile Strength, max 15 % 15 %
Elongation at break, max 20 % 40 %
* Compression Set, max 30 % 35%

* Compression Set wmaﬁemiquﬁwm Bearing

P 9 1 . Y I [l <3 . A ]
HNLYia: Qﬂﬂﬁmﬂi%iuﬂ?i‘ﬂﬂaﬂﬂﬂﬂuwu Bearing Aol uuHWan Stainless Steel HMIDUNU

9 v
Chromium AFeUTAIY dnyazuuy 2 urudn 1Unsenun vy Bearing Anaaeoy 18

v
=1

STV YA TURNNA

u



¥.1

221

MANUIN T ATUADUNIADANTI

MIHAOAIHOAUIINVD STRAIGHT TENDON

AIIVADUNOUITHIIY
1. AUMNIAY AUMWEIUHNTUABUNTA aNNINUNED tazilUvas
a A L4 A A ' A = A A '
2. dszaniamvesglnialuazingedile 1Y IATOINANADUNTA 1ATBINDNAADIUNT
= A A = o
ABUNIA IATOINDAIAINTALIT

3. F1MIMUIANEINUNITAIAIADALT

AIIVAOVVMZAUTUMS
1. maﬂﬁauﬁmmiwmmﬂﬁmmﬁauuaxmﬁmiﬁq
= @ [~ o A Il a J
2. ﬁi’)ﬁ]ﬂ”ﬂ“ﬂﬂTiﬂ\'1a’JﬂfJﬂLli\ilﬂuhlﬂ@HiJﬁWEJﬂﬁﬂTu’JﬂH’ii@th HINHANAIANINNIT =5 %

P v Y 9
ﬁmmmmauazzm”lﬂwgﬂﬁm

S o 1

3. uMedNAsUNsaiensae M douuzii lugien

(%

4. IQAAUNTANAIADALLTI
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CALCULATION OF STRAND ELONGATION

SUBJECT . ELONGATION OF STRAIGHT STRAND 03/8" FOR 19.96 M. I-GIRDER
Strand - @ 3/8" Strand comformed to TIS 420 Grade 1860 (270 k)

- Initial prestressing force = 7900 kg. (77.5 Kn)

D = PL / AE
P = P;+P,
P, - P-P
When P = Jacking force of strand =7900 kg. (77.5 Kn)
P, = Preload, kg
P = Final Tension, kg
A =  Sectional Area of strand - 7125 mm.”
E = Modulus of Elassticty — 2x 10" kegfom,
L = Bed length = 124.40 m.
AofP, = (P-P)L
AE

using stressing machine No. 03/94*

Preload of 40 Bars

Actual Load 1,503 kg.
By substituting : = 1,493 kg. (New Calibration)

A of P = (7,900-1,493) x (12,440) = 40.37 cm.

09871 x2x 10°

Plus slipage of 0.5 cm.

Total Elongation = 4037+ 0.5 = 40.87 cm.
Guage Reading = 7,900 + 183 = 193 Bars.
41.902

Note*Calibration attached.



STRANDS CUTTING SEQUENCE

+ + + + + +

12 13

+ o+

1

2

4 15 16 17

o+ o+ o+

3

+ +

23 24

4 3

&

26 27

+ +

18 19

+ o+

+

20

21 22

RELEASE STRAND

1.

10.

11.

12.

13.

ST

nd

rd

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.
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11
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¥.2 M5HABNIUOANIINULY DRAPED TENDON

ATIVADUNDUITHIY
1. AuUANIAY AUMWEIUHTUADUNTA ANNUNUKED LaziUUYaD
a A J A A 1 A =) A A '
2. Uszaniamvetglniaiuaziniedile 1Y IATOINANADUNTA IATINDNAADIUNT
= A4 A o= o
ABUNTA 1ATBINBAIAIADAIIA

3. 5MIMUIUNEINUAITAIAIADALIT

ASIVADVVMSAUHUMS
1. 9’]'i”Jﬁ]ﬁﬂﬂﬁ%tﬁlhﬂlﬂﬁﬂ?ﬂélﬂlﬁ\iﬁ@uuagﬁﬁﬁﬂ"ﬁﬁﬂ
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CALCULATION OF STRAND ELONGATION

SUBJECT : ELONGATION OF STRAIGHT STRAND @127 mm. FOR 19.96 M.
L.-GIRDER
Strand : - o 12.7 mm. Strand comformed to TIS 420 Grade 1860 (270 k)
. Initial prestressing force = 14,024 kg,
D = PL/AE
P = P, +P,
P, = P-P,
When P = Jacking force of strand = 14,024 kg.
Py = Preload, kg,
P, = Final Tension, kg.
A = Sectional Area of strand = 98.71 rnrn.2
E =  Modulus of Elasticty ~ 2x10° kefom.
L = Bed length = 124.40 m.
AofPp = (P-P)L

By substituting

AE
using stressing machine No. 03/94%
Preload of 40 Bars = Actval Load 1,503 kg.

= 1,493 kg, (New Calibration)

Acof Py = (14,024-1,493)x(12,440) = 78.96 cm.
0.9871x2x 10°
Plus slipage of 0.5 cm.
Total Elongation = 78.96 + 0.5 = 79.46 cm.
Guage Reading = 14,024 + 183 = 339 Bars.

41.902

Note*Calibration attached.
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CALCULATION OF STRAND ELONGATION

SUBJECT : ELONGATION OF STRAIGHT STRAND 6127 mm. FOR 19.96 M.

C. GIRDER
Strand T - @ 12,7 mm. Strand comformed to TIS 420 Grade 1860 (270 k)
. Initial prestressing force = 13,828 kg.
D = PL/AE
P . P;+P,
P, = P-P,
When P = Jacking force of strand = 13,828 kg.
Py = Preload, kg
P = Final Tension, kg
A =  Sectional Area of strand - 9871 mm.”
E = Modulus of Elasticty ~ 2x10° kglom.
L = Bed length = 124.40 m.
AofP, = (P-P)L

AE
using stressing machine No. 05/94*

Preload of 40 Bars = Actval Load 1,503 kg.

By substituting 1,493 kg (New Calibration)

A of Py = (13,828-1,493)x(12,440) = 77.73 cm.
09871 x 2x 10°
Plus slipage of 0.5 cm.
Total Elongation = 7173+ 0.5 = 7823 cm.
Guage Reading = 13,828 + 183 = 334 Bars.
41.902

Note*Calibration attached.



STRANDS CUTTING SEQUENCE

17
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2

20 21 22
o+ o+ o+
13 14 15 16
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7 8

RELEASE HOLD UP d%n9#
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RELEASE DEFLECTED STRAND &P
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1.

nd
2.

rd
3

th
4.
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NO.

NO.
NO.

RELEASE STRANDS +

st

1.

nd
2.
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NO.
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STRANDS CUTTING SEQUENCE

OO0

-
=N

-+ @5 ©:0=0

)
wr2@=00:20

~+ @00

32

26

19

12

o+ 5+

21

14

Lo

(%]

s

. RELEASE HOLD UP a3vnia

019% BOLT HOLD DOWN

st

1.

nd
2.

rd
3

th
4,

RELEASE

st
1.

nd
2.

rd
3

th
4,

th
5.

th
6.

th
7.

th

NO. 28
NO. 22
NO. 15
NO. 8
STRAND
NO. 32
NO. 26
NO. 19
NO. 7
NO. 12
NO. 1
NO. 2
NO. 3

3

29

23

16
9

27

20

14
15

30

24

17
10

21

. RELEASE DEFLECTED STRANDS &P

.31
, 25
, 18

, 11
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¥.3 maﬁmamﬁ‘lmiﬁﬂﬁ’a

QTL!ﬂﬁ-!ﬂE)‘Hﬂ%ﬂgﬂ!!ix‘l!lﬂﬂaﬂﬂ1ﬂﬁﬁﬂ (Post-Tensioned Girder)

F5MsMmuIvA Elongation

ldgas P, = P re™™
{ { o 3 o
Taeh X = szeznnnlansduniinIaeaInmansansg
= < o ~
P, = pseaamelualamianoausanssey X
= A 9 A o = < o .
P, = usadeszyindaeaiuniinmsasadamandausd (Jacking Force)
e = ﬂ'@ﬂ!ﬂm\i Napierian Logarithms =2.718283
[ a Qd 1 < [
u = dulsEansanuasaniusziINaNAansals e Duct
A (A Y Ao = = g a
a = waswveayunlasulasnnaeaunimsasnesze: X dus@euy
k =  Wobble Friction Coefficient 1194910A21UAAIAAADU

114m15719 Profile 09 Duct

7 A -4 "o a 1 4 4
mandszansvod u tag k ﬂ’Tuagﬂu%uﬂmmmmmzm%’%am uazmﬂﬂizﬂauﬁuﬁﬂ

niu P, (P,- P)) / (va+kx)

Haza Elongation (P_*X*1,000,000)/(E of Strand*No of Strand*Area of Strand), mm.

M9EN1IMIMUIUANMTEAN (Elongation)

MHUAAT u=0.15, X = 27.1 m., k = 0.0008, a =0.1 rad., P, = 2500 kN

No. of Strand = 12 13U
Area of Strand = 141.7 mm.”
unualugas P, = PV
_ 9500 X @500 _ 5400 0
P, lasunuamlugas P, =  (P-P,)/(ua+kx)
= (2500 - 2409.9) = 2456.4 kN
(0.15x 0.1 +0.0008 x 27.1)
LW‘JWSﬂwfu o Elongation = (P, *X*1000000)/(E of Strand*No of Strand*Area of Strand)
= (2456 x 27.1 x 1000000) = 201 mm.

(195000 x 12 x 141.7)
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ﬂ]ﬁﬁﬁﬁ?ﬂ!ﬁﬁﬂgﬂu‘iﬁ

o Jacking Force Po = 2500 KN
Elongation = 201 mm.
o Wedge Draw-in = 6 mm.
M Elongation in jack = 3 mm.
3R Elongation = 210 mm.
11)a3A191AM3 Calibrated = 523 Bar
600 ————
500 ———
400 ———
=
<
a
A 300
<
o
i
200
100
Elongation (mm.) 5 10 150 200

Elongation 210 mm.
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¥.4  msdsurimu

SuviveInuABUnIASALT Iz ARRasE I audaz T AeNe 1z B gan eI
AULA Vertical Grade mmﬂﬁau‘fuq HAMI IR IVDUAUE1ITDIAIY (Bearing Pad) H125095UMsa10
ﬁymﬁ'ﬂmﬂmu%&’manﬁmgﬂuumim (Horizontal Plane) terwe it Ifaunsa Suthmiindinsziin 14
E ez inasas e
FutulunsdineamluiBes doslfusedmimuluvasndonunounia Meliia
finsuuuAunesesmueg luuusuiy Feozlivnldiausinaiuuiuessesnuduladi

& a I . o Y ] a ~ 9
vianalu Point Load ‘V]ﬂ"mmufJNi’ENﬂ”IHLﬂﬂﬂ’J”IiJLE‘TEJﬁWﬂhlﬂ

9 9
v A

IMsmalsurinu Niunouaall
Y [
1. AUAMIAITEAUDUFUINANYDILALENTOIAIUNI 2 A 1UVDITIIADNDNIZIIIATY
(Elev. A 118 Elev. B Tugali 4.1) Taoduaa 18910 Vertical Grade NSuandionnumun
dy =) d' Y A o ] 35 d? Y] d' o
YDINUASWIY ATUADUNTA LazDUe) (911) & AHUIIY QuediuuuugUnfimua)
Y
2. AUIAMIAITLILNNAINIUITIVTEHANAHUIUIN VD ILAUINTBIATUIT 2 AU
1 ] d' d‘ A 1 1 1 9
Y9BNoNNIL19A U (L, Tugdn ¥.1) Aunsarimueglurianienss ansaly
1 ~ 4 ] ;’f
HAA19Y04 Sta. NFUINAVDIHUENTOIATUNG 2 A11TA)
o 1 = A 1 o ] -
3. AR IuTEUIDATENINGUINA VDN UYINTOINY: Zeta = tan ((Elev. B -
Elev. A)/L,)
4. AMUIUWIAIANUHUIVDIRIAUADUNT ANADINT & S ranareaiu Tasnsivaen
v v
. [ o 1 o -4
91N Vertical Grade N1SUaadennumuvesivaz oy iumszauuuguinaI v
HRUENTOINTY (ANUHUIVOIHINUAIU OGN TOIHUIITOIA )
5. mmsdsuimnu x)  @nsadiuaaldnnanurunuesiinuasuniagualen

. $ a va @ 1 o [~ @ o < @
sin(Zeta) (FaTumaliiaamnsodsvanldnnmsdnnaliiudrasiuaunseds
= ' 0 Y a9 Yy w1 A %
munazainaemsiiau’ld uadeslndifesnuamndiunld)
6. 9INA Zeta 9@ WTOMUIUMIAIANNEIINUAWILIAIAR L) 1A Taemsaszaza
HUATI (L,) A2891 cos(Zeta)
1 o [ 9 9 Ay o A o Yy 9
7. aanuenswvesmudmiunedd e sz ldnnmsuinmudieszeziaaunysundnds

Y
19 2 AMUUDIFIIAY

51U %.1 1anINsUTUHINUYDIATULUY Half-Joint

U
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CL of Bearing CL of Bearing

K

o Y o
- i%ﬂ&’ﬂﬁ’ﬂuﬂ‘ﬂﬁ’m?u

L, (FzgzmuLUITIY)

=
L, (328ZIDYINNLUUINIU)

BN

(x, cm

—ltoPn+1 . oIS
52zl SUUNNH AU
(x, cm)

sUf %1 waaamsUSurImuvesmuIUY Half-Joint

v 1 [ [ % 9 Ao
fA10819MsMUINUYT UK (A WIUVWUINNNLUINTI)

aq Y1 [ ' A o a 0911 A o Y < [ 49}
- aumelwmimuuaz Sta. FINNNINTAAAINTU ﬂmmm”l@mmmu Lﬂumu;

AMIEAIUUAUINANVDUHUETDIATUTINONORUT P 01 (Elev. A) =  3.687 u.
AMIEAUUUAUINANVDUHUENTDIAUTINONORUT P 02 (Elev. B) =  4.447 u.
Sta. gudnaNVRIIHUEITBINLTIneNRA P 01 = 6+711.720
Sta. fUdNANVBLIALENTBIMUTRBNBR LT P 02 = 6+729.720
MsERUNdMLLYeIAIY (AONBR U P O1) = 4322 u.

- izazwmmgmimiwdnﬁnmmquﬁﬂmwamﬁumﬁmmu (Ly) =(6+729.720) — (6+711.720)

= 18.000 .

- AR eI ENINIGUINAVBAUEITOIAIU (Zeta) = tan ((4.447 —3.687)/ 18)
= 2417 Degree

- vindeyaiidmiuald mszdufidmuuvesau (aesedud p o1) = 4322 u.

- MAnunve AR UN ANIdaIMS = 4.322-3.687=0.635 W.

- mmsdSuinu (x,) = 0.635x(sin 2.417)x100%.
= 2.68 W,

- A7WEIATUATNIUIAIADH (L)) = 18/cos2.417 u.
= 18.016 u.

- 15202 INAUINANVBUNUEITDIAMUDN AoA NN 24 . a2 g

FafuanuenImuiNg = 18.016+0.24+0.24.

= 18.496 u.
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Camber of Slab Bridges : Due to Dead Load : Time Factor = 2.5
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Camber of Slab Bridges (Simple Span) : Due to Dead Load : Time Factor = 2.5
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EFFECT ON CONCRETE BY VARIOUS CHEMICAL AGENTS ACIDS

Material
Acetic

Acid waters

Carbolic
Humic
Hydrochloric
Hydrofluoric
Lactic
Muriatic
Nitric

Oxalic
Phosphoric
Sulfuric

Tannic

Effect on concrete

Disintegrates slowly

Natural acid waters may erode surface mortar, but usually
action then stop

Disintegrates slowly

Depends on humus material, but may cause slow disintegration
Disintegrates

Disintegrates

Disintegrates slowly

Disintegrates

Disintegrates

None

Attacks surface slowly

Disintegrates

Disintegrates slowly
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Material

SALTS AND ALKALIES (SOLUTION)

Effect on concrete

Carbonates of Ammonia

Chlorides of

Chlorides of

Fluorides

Hydroxides of

Nitrates of

Potassium

Sodium

Calcium
Potassium

Strontium

Ammonia
Copper
Iron
Magnesium
Mercury

Zinc

Ammonia
Calcium
Potassium
Sodium
Ammonium
Calcium
Potassium

Sodium

Potassium permanganate

Silicates

Sulfates of

Aluminum
Calcium
Cobalt
Copper
Iron
Manganese
Nickel
Potassium
Sodium

Zinc

N

None

None unless concrete is alternately wet and

dry with Sodium the solution.

Disintegrates slowly

None except ammonium fluoride

None

Disintegrates

None

None

None

Disintegrates however, concrete products
cured in high pressure steam are highly

resistant to sulfates



Material

Heavy oils*
Below 35 deg
Baume

Light oils*
Above 35 deg
Baume

Benzine

Gasoline

Kerosene

Naptha

High octane gasoline

Material

J

Alizarin
Anthracene
Benzol
Cinamol /
Paraffin h
Pitoh
Toluol
Xylol
Creosote
Cresol e
Phenol
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PETROLEUM OILS

Effect on concrete

None

None — Require impervious Concrete to
prevent loss from penetration, and surface
treatments are generally used.

None — Require impervious concrete to prevent
loss from penetration, and surface treatment

are generally used.

COAT TAR DISTILLATES

Effect on concrete

None

None

Disintegrates slowly
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VEGETABLE OILS

Material Effect on concrete

Cottonseed No action if air is excluded: slight disintegration if exposed to air
Raisin None

Almond A
Castor

Chian wood* * > Disintegrates surface slowly

Coconut

Linseed )
Olive

Peanut 3\
Poppy seed
Soybean**
Tung** > Disintegrates surface slowly

Walnut

Turpentine None: considerable penetration

FATS AND FATTY ACIDS (ANIMAL)

Material Effect on concrete

Fish oil Most fish oils attack concrete slightly
Foot oil

Lard an lard oil Disintegrates surface slowly

Tallow and tallow



Material
Alcohol

Ammonia water

(Ammonium hydroxide)

Baking soda

Beer

Bleaching solution
Borax, boric acid,
Brine (salt)
Buttermilk
Charged water
Caustic soda
Cider

Cinders

Coal

Corn syrup
Cyanide solutions
Electrolyte
Formalin

Fruit juices

Glucose
Glycerin
Honey
Lye
Milk

Molasses
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MISCELLANEOUS

Effect on concrete

None

None

None

Beer will cause no progressive disintegration of concrete, but in
beer storage and fermenting tanks a special coating is used

to guard against contamination of beer

Usually no effect

No effect

Usually no effect on impervious concrete

Same as milk

Same as carbonic acid ; snow attack

No effect on calcareous aggregate concrete

Disintegrates (see acetic acid)

May cause some disintegration

Great majority of structures show no deterioration exceptional
cases have been coal high in pyrites(sulfide or iron) and
moisture

showing some action but the rate is greatly retarded by deposit
of an insoluble film ; action may be stopped by surface treatment
Disintegrates slowly

Disintegrates slowly

Depends on liquid

Aqueous solution of formaldehyde disintegrates concrete
Most fruit juices have little if any effect as tartaric acid and
citric acid do not appreciably affect concrete ; floors under raisin
seeding machines have show some effect, probably due to poor
concrete

Disintegrates slowly

Disintegrates slowly

None

See caustic soda

Sweet milk should have no effect, but if allowed to sour the
lactic acid will attack

Does not affect impervious, throughly cured concrete ; dark,
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Niter

Sal ammonia
Sal soda
Saltpeter
Sauerkraut
Silage

Sugar

Sulfite liquor

Tanning liquor

Trisodium phosphate
Vinegar

Washing soda

Whey

Wine

Wood pulp

partly refined molasses may attack concrete that is not
thoroughly cured

None

Same as ammonium chloride ; causes slow disintegration
None

None

Little, if any effect

Attacks concrete slowly

Dry sugar has no effect on concrete that is thoroughly
cured. sugar solution attack concrete.

Attacks concrete slowly

Depends on liquid : most of them have no effect ; tanneries
using chromium no effects

None

Disintegrates (see acetic acid)

None

The lactic acid will attack concrete

Many wine tanks with no surface coating have given good
result but taste of first batch may be affected unless concrete has been
given tartaric acid treatment

None

* Many lubricating and other oils contain some vegetable oils. Concrete exposed to such oils

should be protected as for vegetable oils.

* Applied in thin coats the material quickly oxidized and has no effect. Results indicated

above are for constant exposure to the material in liquid form.
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