Part 6-2 Appendix 3

Appendix 3 Sample of Design Criteria

1.1 CONVERSION RATIO OF UNITS

The conversion ratic between metric measurement systes and foot-
pound oeasurement system ls talated as follows:

1 inch = 2.54 em (1 em = 0.3937 in.)
1 foot = 0.3048 = (1 m = 3.2808 ft.)
1 yard = 0.9144 = (1 m = 1.0936 yd.)
1roed =5.029 m® (1 @m=0,1988 rd.)
1 mlla = 1.6093 k= (1 k= = 0.6214 mi.)

1 sguare ineh = 6.452 ca® (1 ex®
1 asquare foot = 929.0 cn® {1 cm?
1 square yard = 0.8361 a° (1 a°

0.1550 eq.in.)
0.0011 sg.ft.)
1.1960 eq.yd.)

1 cubie inch

1 euble foot

16.387 en® (1 em?

0.0283 w (1 o

0.0610 eu.in.)
35.3148 eu.ft.)

1 cuble yard = 0.7645 27 (1 o7 = 1.3080 cu.yd.)
1 ounce = 28.35 g (1 g = 0.0353 oz.)
1 pound = £53.59 g (1 kg = 2.2046 1b.)

Note:

" Source from “Report on Design Criteria’, Baluchaung Hydroelectric Project No.1 Power
Station, The Socidist Republic of The Union of Burma, The Electric Power Corporation,
February 1986, The New Japan Engineering Consultants, Inc., Japan.
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Part 6-2 Appendix 3

1.2 DESIGN LOADS AND ENGINEERING PROPERTIES OF MATERIALS

Principal design loads which structure must bear are : dead load,
earthquake forece, wind force, earth pressure, uplift etc. This seetion

deals with these loads and engineering properties used in the detailed
design.

1.2.1 Dead Load
Dead load is the self weight of structure including the weight of

earth or other materials which covers the structure. Unit weight of

various materials commonly used for ecalculation of load are as follows.

Init Weight of Materials

Materials Unit Weight
Water 1.0
Steel 7.85
Plain concrete 2.3
Reinforced concrete (Common) 2.4
n (Bridge slab) 2.5
Mortar 2.15
Masonry 2.2
Brick layer 1.75
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1.2.2 Live Load Acting

Part 6-2 Appendix 3

on the Culvert

In case of structures laid under the ground, vertical distribution

of live load is ecalculated by the following formula.

We =2P(1+1)

a.b

We'=2P(1+1).2B-b

a B2
2ha + 2.25
Z2ha + 0.20
Where, We :

We':

o
n

-

I—'-g"db:lc‘lh

: Width of distributed load

(in case b 2 E)

(in case b € B)

Distributed load (t/m2)

(t/m2)

Length of distributed load (m)
(m)

=do=

Width of structure (m)

: Rear wheel load of vehicle (t)
: Height of earth covering (m)

Impact coefficient, which is determined as

follows.
Inpact coefficient

i ha (m)
20/(50+B) ha £ 0.6
0.3 0.6 < ha £ 1.2
4] 1.2 € ha
In case of b = B
P P = i
0'5{ ITr [rl
L_ o _[hu
MmN
| 75 | \We
n ]
lp In cose of b =B IP
T
ha
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Part 6-2 Appendix 3

In case of ha ¢ 0.5 @, distributed load should be caluculated by the
formula of b § B.

1+2.3 Live Load Acting on the Wall
Live load acting on the wall can be calculated by the following
formula regardless of depth of earth covering.

T [T

where, Pe : Horizontal load due to live load (t/=2)
1 Goefficient of earth pressure
q & Equivalent uniforz load (t/m2)

3
W

q = W/(L.A)

where, W : Total weight of wvehicle (t)
L @ Length of vehiele (m)
A : Width of vehicle (m)
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1«24 Earth Presaure Acting on the Wall
Caleculation of earth pressore acting on walle shall be made by the

following formula.
PV = 1/2.r.K.H2

wvhere, FV 1 Earth pressors (t)
¥ i Upit weight of earth (/)
H Helght from the ground surface (m)
K Coefficient of earth pressure

L1l

Following coefficients of earth pressure shall be selecied and
applied for the load of stabllity or siructural analysis in accordance
with its applieable condition and extent.

(1) Coafficient of Earth pressurea at Rest

K, = 0.5

(2) Coafficient of Coulemb's Active Earth Pressure
a) under normal condition

cos”(f-9)

Eﬂ_“

c0s8.c08(0+5): [1 Jl'ulntﬁ-ﬂ-nulﬁ—ﬂ ]*
cosle+8) - cos(B=L)
where, @ i Inclination of the back with the vertical
£ & internal friection angle of backfil] material
& : angle of wall friction between the back and
backfill saterial
of ¢t gurface slope of backfil]l with the horisontal
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b) under earthquake condition

casz{ﬁ-nu-nj

L

cosB coszﬁ-ces{smmo}- in(#+ 8)sin (ﬁ*&-@u} 2
I+

cos{5+ﬁ+ﬂo} cos{@-d)

where , 0,9,5,d: above-mentioned
8, : combined angle
tan' ky/(1-kv)
k= horizontal component of
earthquake coefficient

k.= vertieal component of

o et i

(3) Coefficient of Rankine's Active Earth Pressure

a) under normal condition

cosi—jcos%r_-cﬂszﬁ

KA= cos o ¢

casﬁfcns%i—cuazpi
where, o ,$: above-mentioned

b) under earthquake condition

cnsl{@uht} cos{@;.{.}—jcuszmont}-‘cuszﬁ

Kpg =

cusBGc cos{ﬁa+i}+jc052 (Go+i}-co52§

where, Do,p{,d: above-mentioned
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In case that a ground water level exists at rather high position,
the earth pressure acting on the wall shall be caleulated as follows.

G, L.,
poc o A

;i_ﬂﬂ.L-

H'
i Waoter pressure
_ distribution
Earth pressure Py -
distribution
Pv =fnt FTE
= 1/2.7.E.H% + 1/2.0" K H'2
where, r' : Submerged density of earth
= r-1
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1.2.5 Hydraulle Pressure

Tetal hydraulic pressure acting on a plane surface is ealeulated by
the following forsula,

P o= 1/2.NoB2
where, F 1 Total hydrmulic pressurs (i)

Wo ¢ Unit weight of water (t/=°)
H : Water depth (@)

T
= _:,.,‘_.__'.qmund'nﬂlll' lewel

P H

Hydrodynanic pressure due to earthquake acting on a gravity type dam
is caleulated by Westergaard's formula &a followe.

Paax = L Voot by

where, P . : Hydrodynamic pressure at water depth y
Unit weight of water
&t Seismic coefficient of dambody in horiszontal

direction :

: Water depth of the reservoir

t Water depth
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Total hydrodynamic pressure from the water

d
f=0
e

surface down to the water depth y
I : Distance between the acting peint of Py and
the water depth ¥

P max._|
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1.2.6 Uplift

The uplift is caused by the seepage preasure in the foundation rock
or solls. The total uplift aeting on the structure is caloulated as
follows.

0= 1!2-“:'-""“2]:-[.

where, U & Total uplift (t/m)
U, + Uplift at right side (t/a°)
(0y=hy)
U, = Uplift at left sids (t/a%)
{UE-hE:I
L : Bottom width of strusture (m)

o o

% . _7__“'
T

| L= Groond worer
| L leval

1.2.7 Earthquake Force

Earthquake force acting on the structure is caleculated by the
fallowling formula.

E=Kh.0

where, K : Horlsontal forea (t)
G : Dead load of structure (t)
Eh: Earthquake coeffiaiant
=0.15
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1.2.8 Wind Load

cn flat surface

on eylindrical surface

on lattice member

the wvindward
the leaward

1.2.9 Physical Properties of Soil

Part 6-2 Appendix 3

150 kg/ea®
100 kg..l’l::E
150 kg_.l":nz
75 iir..-f-:'.m2

Fhyeiecal properties of backfill materials are as follows. As to the
physical properties of embanksent material, refer to sectlon, 2.2.7 of

Part Il.

Physical properties

Baskfill Haterial

Umit
Free drain Random
1. Wet demsity t/n’ 2.0 1.8
2. Saturated density t/o° 2.0 2.0
3. Subzmerged denaity 1.0 1.0
4. Internal frietien
angle Degree 30 25
5. Cohesion t/a* 0 0
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1.2.10  Bearing Capacity of Foundation

The bearing capacity of foundaticn for structures is estimated from
H-value, which is obtained from the peneiration test and soil test.

(a) Bearing capaeity of sand foundation
Bearing capacity of sand foundation can be estimated from Fig. I-1
which is prepared based on Peck-Henson-Thornburn formuls. The figure
ghows the relations between N-value and bearing capacity in accordance
with the depth of penetration and the width of footing under the
conditions of (i) existence of groundwater and (i1i) nom-existence of
groundwater.

(h) Bearing capacity of elay foundation

Bearing capacity of clay foundation can be estimated from Table I-1
which is prepared based on Terzaghi-Peck formula. In using this table to
obtain "ga® (Allowable bearing capacity), it is advised that "gqu"
(Unconfined compression strengith) should be ueed in place ef H-value, if
"qu' has been estimated already as the result of the unconfined
compression test. Becauss the relation betwesn "ga" and N-value cannot
ba declded clearly.

{e) Bearing capacity of rock foundaticn
Bearing capacity of rock foundation can be estimated from Table I-2
which is prepared in Design 5Standard No.9, Bureau of Reclamaticn, USA.

1.2.11 File foundation

A pile foundation can be chosen among several different types of
piles such as wood, cast-in-place concrete, pre-cast reinforced concrete,
and steel. The final choice should be made in due comsideration of cost
and features of the works.

In general, wood piles are used in ease that the pile length iz less
than 10 m and the safe design load is less than 10 tons, whereas the
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concrate piles are used in case the pile length iz less than 20 =,

Steel piles are used in severer conditions.

The following forzula is used to estimate the safe design load per
pile.

Ha = Rufm = (Ruf + Rup)/n

whare, Ha : Safe design load per pile (tom)
Ru : Ultisate bearing capacity ( ")
Ruf ¢ Bearing ecapasity dua to

surface friction L
Rup : Bearing capacity dus 1o
point resistance L. MR

g ¢ Safety factor (3 for normal
condition and 2 for earthguske)

For estioating the ultimate bearing capacity, various theoretical
formulas have been used., But, the results usually give wide
diserepancies due to many assumptions invelved. In this project, the
Terzaghi's forsula will be used since it gives good resultz in case of
shallow piles in rather elayey scils. The formula is given below.

(Ruf + Rup) = U.1.L + q.A
= 2Mr.1.f +Tr,q (in case of round pila)
g = 1.3.C.He + r.l.Ng + O.6.r.0.0Hr
where, U : Length of periphery (a)
1 : Length of pile (=)
f @ Surface friction between pile
and soil (t/z%)
q ¢ Point bearing eapacity (tom)
At Area of pile tip (o)
r : Radius of pile (m)
€ : Cohesion (t/a?)
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He: Bearing capacity factor
(Refer to Fig. I-2)

Hg: Bearing capacity factor
(Refer to Fig. I-2)

J 1 Unit weight of soil (t/m®)

Nr: Bearing capacity factor
(Refer to Fig. I-2)

The eoheslon sam be estisated in relation with N-value as shown

below.
H ¥alue and Cohesion
(Unit : t/a®)
H-Valus Consistency Cohesion, C
>30 Hard 20
15=-30 Very stiff 12
8=15 Stiff &
4= 8 Medium 3
2= £ Soft 145
€2 Very scft o
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1-2.12 Requirement of Concrete and Reinforced Coocrete
(1) Modulus of Elasticity

a: Hodulus of elasticity used for area and siress caleculation of
reinforced concrete

Modulus of elastisity {kg.l"l::zll

Reinforcing Stesl (E%) 2,1 1 108
Concreta (E%) 1.4 I 10°
Ratio of Moduli n=E2/EC=15

- Modulus of elasticity wused for ecaleulation of atatically
indeterminate forces and elastic deforsations

& 28 ES e
(kgles®)  (10°kglen®) (107kg/ca?) Foon
210 2,55 1.11 1/6 =10
130 2.40 1.04 1/6 =10

whera, 28 Conpreasive strength of ZB-day age
0% Modulus of rigidity
F = Polsson's ratie
n = Ratio of moduli
Ee/Ce = 2.3

Nippon Koei / IEEJ A3' 15 The Study on Introduction of Renewable Energies

Volume 6 in Rural Areas in Myanmar
Appendices to Manuals



(2) Allowable Stress

Reinforeced Concrete

Part 6-2 Appendix 3

{Hnit:kgfcmz]
7~ 8 (xg/cn?)

210 180
(A) Flexure
Compressive fiber stress, T0 60
Tensile fiber stress 0 4]
(B) Shear
Beams without web reinf't Lael 4.0
slabs without shear reinf't 8.5 8.0
Beams and slab with
diagonal tension reinf't 19.0 18.0
{C) Bond
Deformed bar 15.0 14.0
Round bar 75 7.0
(D) Bearing
Load on full ares 60.0 50.0

Load on partial area

g ca = (0.25+0.054/A" )<

but & ea ?G.ﬁﬂ'za

where, A = full area of concrete

Nippon Koei / IEEJ
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In case of ha < 0.6 m, distributed load should be caluculated by the
forsula of b 2 B.

1.2.3 Live Load Acting om the Wall
Live load scting on the wall can be caleulated by the following
forpula regardless of depth of earth covering.

=

"f{'t“ut11|1|j

pLiliiig

pm TN E
E O Sl s
SRt al e ‘

~UTT

Pe = k.g
where, Pe t Horizontal load due to live load (t/m2)

k i Coaffisient of earth pressure
q : Equivelent uniform load (t/a2)

g = W/(L.A)
where, W 1 Total weight of vehiele (i)

L i Length of wvehicle (m)
L * Width of wehiele (m)
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{3) Increase in Allowable Streas

Under short term loeding condition, allowable stresses deaslgnated
can be fncreased by the following percentages;

Load Conditieon Thermal stresa Thermal stress

not ecnsidered considered
Normal ' 0% 15%
Dasign flood 258 40X
Earthqualke S0% E52
+ Wind 20X 35%
Under construction 25% L0%
Grouting operation 503 651

If combinaticn of short term loading is applied, an allowable stress
capn be increased up the the sum of inerement, but the maxisum incresent
ig limited to 100 for the allowvable atress of concrete and 65% for

atesl.

Note = This provision is applied for stress analysis but is
not for stability analysis.
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(4) Linear Expansion Coefficient
The following: linear expansion cocefficlents of concrete and
reinforeing bar are adopted for the short term loading condition of
tepperature change.

& = 1.0 x 107%/1 degree centigrade (1%¢)

Thermal change

At = +15°¢ (for normal structurs)

At = #10%e (for massive structure of which
the minipuz disension is larger
than 70 em.)
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(5) Reinforcing Bar Reguirement

The size and weight of round and deformed steel bars are tabulated

below, which shall be used for reinforcement of concrete.

Nominal Diameter Area Perimeter Weight
size (mm) (em?) (em) (kg/m)
(Round bar)

g 6 6 0.2827 1.885 0.222
6 9 9 0.6362 2.827 0.499
$ 13 13 1.327 4.084 1.04

b 16 16 2.011 5.027 1.58

g 19 19 2.835 5.969 2.23

p 22 22 3.80 6.911 2.98

(Deformed bar)

D13 12.7 1.267 4.0 0.995
D 16 15.9 1.986 5.0 1.56
D 19 19.1 2.865 6.0 2.25
D 22 22,2 3.87 7.0 3.04
D 25 254 5.067 8.0 3.98
D 29 28.6 6.424 9.0 5.04
D 32 31.8 T.942 10.0 6.23
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1e2.13 BSafety Factor Requirement

Part 6-2 Appendix 3

Loading Weir and Anchor block Wall
condition Important Structure
L1 L2 L2 f3
Slide Overturn Slide Overturn Slide Overturn
Hﬂrma_l 4-0 H-T-i .ﬂ. 1-2 MlTa E-G 1-5
Extreme 4.0 M.T. 1.2 M.T. 1.5 1.2
fZV + cA
L1 :8F. =
LH
fZH
2 : 8. F. = ——L
A =H

Resisting moment

/3 1 8.F. =

Overturning moment

Il

[ 4+ M.T.

where , S.F. : factor of safety

middle third

f : frietion coefficient

=V : sum of wvertical forces

LH : sum of horizontal forces

¢ ¢ cohesion or unit shearing resistance

: area of base

1.2.14 PFriction Coefficient

Material Frietion
Coefficient
Conerete to concrete 0.70
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Conerete to hard rock .65
Concrate to solt rock B 50
Conerete to earth or sand and gravel 0.30

1.2.15 Roughneas Coefficient

Roughness scefficient of differsnt saterials, vhich is listed below,
ghall be used for the hydraulic analysis on Manming's formula.

SBurface material Roughness coefflicient
Steel D.012
Concrete lining without mguatic imszect 0.014

" vith aquatic insect 0.019
Hasonry 020
Earth eanal without weeds 0.030

Hatural channel or diversien chammael 0.035
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1.2.16 Slope of Cut and Esbankment
S5lopas of open cut, eabankaent and others shall be designated to

ccnfires the followlng reguirements. They can be modified if otherwize
apecified in the drawing or directed by the Esginear.

(1) Slope of Open Cut

Materisl Slape Deszeription

Rock 1 & 0.5 for permanent alopes
regardlesa of slope protectisn
1 2 0.3 for temporary or baskfilled slopes

Weathered Rack 1

1]

0.5 for persanent slopes
with slope protacticn
1 & 0.8 for parsanent slopes
without slope protactian
1 : 0.5 fer temperary or backfilled slopes

Common 1 & 1.5 for permanent alopes
1 : 0.5 for tesporary or backfilled slopes
lege tham Sm in execavatien
helight.
1z 1.0 for temporary or backfilled slopes
more tham 5 m in excavation
helght.

A berm of cne point five (1.5) 2 fn width shall be provided at avery
geven polmt five (7:5) m high interval in cut slopes.
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(2) Slope of Embankmant

Material Slape
Selected 1 52 1.8
Random 1 : 2.0

A berm of two (2) m in width shall be provided at every five (5.0) o
high interval in esbankment slopes.

Table I=1 ALLOVARLE BEARING CAPRCITY OF CLATS

Censistency e qd pila (el qa' {imdl
e e L (0e) | quare | continosun | square | continuess
very selt belau X beles 0,35 | below 7.0 | balaw #,.3 | belew 3.0 | below 2.2 Jhelaw 4.5 ) beloe 1.7
anfi 3 -4 0.3% - 6.5 |[T.l = 14,7 9.2 = 183 | L0 =60 | 2,7 = 4,5 |4.5 - F0] 3.2 - &35
sedan 4 -8 0.5 = 1.0 [14.3-z8.%] 16 % - 47 | 6.0 = 13 4,% - 9.8 | 9.0 - 13 B.5 - 13
atdre 815 [1.00- 2.0 |38.%=5%7 AT =74 i - 24 .0 = 18 18 = & 17 -
vory aLiff iT-1 .0 - 4.0 =114 T4 - 148 | 4 = 4B IE - 7& 16 - TR % - &l
hard phave ¥ | ahewe 4.0 | mbove 114 | abave 14 | aheve 48 ahoen 14 shave TI ahawe B

qu : Uneanfloed sowsression sirength ‘:hl.l'l:l:l!‘i

qd 1 Wltlsate besving capacity af conbisiows Tealing (1)
qdr:  Ultisate beavimg ospacity of squure Foslisg ISl

qn @ Lang tars allowalle bearing capaciiy hmn'la,, 5.P.= 1}
qa': Ekarl ters &l lowshls bearing capecily H\l‘t?. 5, F.= 3
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Table I-2 ALLOWABLE FOUNDATION LOADINGS

bearing walus
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Allowable

Material (Tons per sg.ft.)

Massive badrock without laminations,such
as granite rocks, goneiss,trap rock,
falsite, and thoroughly cemented
conglomerates, all in sound condition,

(sound condition allews some erackS) e

Laminated rocks, sueh sa alate and schist
§n sound condition (some cracks allowed) ...

Shale im mound copdition (=zome aracks
‘llm] SEssEsasannRid iR FEFEREEREEERRERERENDS

Residual deposits of shattered or broken
bedrock of any kind ﬂlﬂ'ﬂpt BhAlE ssssssssnes

Hﬂl'dpl.ﬂ. BHE R AE SRR SN E R RS LR

Gravel, sand-gravel mixtures,; compact ssesss

COravel, sand-gravel mixtures, locse; sand,

CoRrss, Eﬂﬂpﬂ.ﬂt FEsEEEEERARSEESESEE RN RN R

Sand, coarse, loosej; sand, fine, compact ..

smﬂ. I:LDH. LODER sssssassssssamannnnnna LR

Hard ﬂl.qu FEEEEFESEREEEEEE SRR A aEREEEEE RS

Hﬂdiuﬂ. Elﬂl" BE A EEEEFE R R AR RSN PR R RS

hﬂ ﬂw aaadadddddFEFETEREEER RN AN E B S E LR R

A3-25

100 (1,076 t/5%)

s«

19 {

10

10 {

am

108

108

108

a4

&3

11

65

43

11

tfma}

t/2%)

tanJ
t/m%)

t/2%)

t/2%)
t/n%)
t/n%)
t/o?)
t/a%)

t/m2)
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Pig. I-1 ALLOWABLE BEARTNG CAPACITY
OF SAND FOUNDATION

(a) : 18l (A) g
[E 14 / ™ 140

: 120 1 (1] _ 120

- Lt

[ "

-;I-D'I:I *?- /fﬂ:l LU o]

|| Y :

= Bo = :? 40 ~ @0

& / /*’ =

3 / /| 3

g e .

¥ an HA . g

2 e :

= r-""". =

L ::: ]
o — o

Min. width of festing B (=) Depth of penstration Df (m)

[a] (8} (&) (B}

£y,

> | of

{a) MAllowable bearing capasity (b) Additional amount of
without penetration allowable bearing capacity
with the depth of penetration
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Fig.I-2 BEARING-CAPACITY FACTOR
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