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Thai Units of Weights and Measures

With British and Metric Equivalents

Approximately equal to

BRITISH METRIC
MEASURE OF 1 kabiet 316 inch 5 millimetres
LENGTH 4 kabiet = 1 nieu 3/4 inch 2 centimetres
12 nieu = 1 keub 10 inches 25 "
2 keub = 1 sawk 1f.712in 50 "
4 sawk = 1 wah 61ft. 6 1/4in 2 metres
20 wah = 1sen 44 yards 10 metres
400 sen = 1 yote 10 miles 16 kilometres
MEASURE OF - | 1 8G. Wah.....ccooovvoorvvernne 4,78 sq. yards 4 sq. metres
SURFACE 100 sq. wah = 1ngan | 478 400 "
4 ngan = 1rai(1sq. sen) | 2/5 acre 1600 " "
MEASURE OF | 1 standard tanan — 1 litre
CAPACITY 20 " tana-standard sat — 20 litres
50 " sat = ban — 1,000
2 " ban= " kwien -~ 2,000 "
PADDY ‘| 1 coyan 16 pikuls paddy 2,133 1/3 Ibs.. 968 kgs
& RICE or 22 " cargo rice 1.31 tons 1,330 kgs
MEASURE 1kwien 23 " white rice 1.37 tons 1,391 kgs
The rice miller’s kwien is
82 baskets of 40 Ibs. each = 24 pikuls 1.46 tons 1,488 kgs
WEIGHT 1 baht (tical)......ccooocrrrrririennn. 1/2 0z. (AVDP) | 15 grammes
4 baht = 1 tamlung 21100z " | 60 "
20 tamlung = 1 chang (kati) 25/81bs " | 12 kilogram
50 change or = 1 hap (pikul) 133 1/3bs " | 60 "
(Katiis)
CUSTOMS * 1 standard carat = ... 20 centigram —
WEIGHT 1 " calty = 600 grammes

100 " catlly

= 1 std picul

60 kilogram




SI UNITS

The International System of Units (‘‘Le Systéme International d’Unités’’), or SI, has now been
adopted in engineering practice in most industrial nations around the world. The United States
is one of the few countries still using Imperial or British units. However, even in the United
States professional engineers now accept, if not prefer SI units in technical and scientific
publications.

The following tables list SI units as far as they are relevant for geotechnical engineering
in general, and ground modification in particular. A distinction is made between base units,
supplementary units, derived units, and units with special names. Certain well-recognized
non — S units are also given. These units were retained because of their practical importance
any may be used in a limited way is combination with pure SI units.

1. BASE UNITS

Quantity Name of unit Symbol Notes

Length metre, or meter m In most English-speaking countries, the
(U.S) spelling is metre, as also recommended

by ASTM

Mass kilogram kg

Time second s

Electric ampere A

Thermodynamic kelvin K Celsius temperature (°C) is also used.

lemperature Temperature differences are the same in

K as in °C.




2. SUPPLEMENTARY UNITS

Quantity Name of unit Symbol Notes

Plane angle radian rad The radian is the plane angle between two radii of
: a circle which mark off on the circumference of
the circle an arc equal in length 1o the radius,

3. SOME UNITS DERIVED FROM BASE
AND SUPPLEMENTARY UNITS

Derived units are expressed in terms of base units and/or supplementary units. Multiplication
within compound units may. be indicated in one of the following ways:
N.m N-m N m

The first version is now preferred in many countries betause it prevents confusion when the
unit symbol coincides with a prefix and because of its ease of typing.

Quantity Name of unit Symbol
Acceleration meter per second squared m/s?
Angular velocity radian per second rad/s
Area square meter m?
Density kilogram per cubic meter kg/m?
Kinematic viscosity square meter per second m?/s
Mass per unit area kilogram per square meter kg/m?
Moment of inertia kilogram X meter squared kg-m?
Rotational frequency unit per second I/sors™!
Velocity meter per second m/s
Volume cubic meter m’

4. UNITS WITH SPECIAL NAMES

Units derived from base units and having special names:

Quantity Name Symbol Definition ~ Derivation

Energy, work,

quantity of héat joute J 1J = Nm i kgrm?/s?
Electrical

resistance ohm [4) 10 =1V/A I kg-m?/(A%s%)
Force newton N I N = 1 kg'm/s?

Frequency hertz Hz IHz=1s"'

Power watt W 1W =11/ 1 kg'm?/s?
Potential

difference,

electromotive

force volt v 1V =1W/A

P‘ressure,' stress pascal Pa 1 Pa = { N/m? 1 kg/(m's?)




Units derived from other units having special names:

Quantity Symbol Derivation
Resistivity Q'm kg'm®/(A%s%)
Heat capacity J/K kg'm?/(s%K)
Dynamic viscosity Pas kg/(mrs)
Specific heat capacity I/(kg'K) m?/(s>K)
Thermal conductivity : W/(mK) kg'm/(s*K)

5. PREFIXES FOR SI UNITS

Prefixes are used to form multiples of SI units: With formulas involving more than one unit,
only SI base, supplementary, and derived units should be used. Note that kilogram is the only
base unit which already contains a prefix. Multiples of mass units are formed by adding prefixes
to the word *‘gram.’’ Common prefixes are

Factor Prefix Symbol
10° giga G

108 mega M

10° kilo k

10~ 2% centi c

10-3 milli m

10°¢ micro i

*cent is no longer a preferred prefix, similar to hecto,
deka (or deca), or deci, the prefixes for the factors 102,
10, and 107!, respectively.

6. NON-SI UNITS OF IMPORTANCE

In geotechnical engineering and elsewhere, a number of non-SI units are retained alongside SI
units because of their practical importance. These include:

Quantity Name Symbol Definition
Volume litre (or liter)* L (1 is also used) 1L =10"°m’
Mass tonne (or metric ton) t 1t=1000kg = IMg
Plane angle degree e 1° = (m/180) rad
minute oL 1" = (1/60)°
second LT 1" = (1/60)
Time day day 1day = 24 h
hour h 1 h = 60 min
minute min 1 min = 60s
Temperature degree Celsius °C T, = Ty — 273.15

T, = temperature in °C
Ty = temperature in K

i

Pressure millibar mb A mb = 100 Pa

*Multiples of liters are formed in the same manner as for SI units, for example; mL (milliliter).



7. CONVERSION FACTORS

SI units to other units

Other units to SI units

Length

1 km = 0.621 371 mi (U.S. statute) 1 mi (U.S. statute) = 1.609 344 km
Im = 1.093 61 yd 1 yd = 09144 m

Im = 3.280 84 ft 1ft = 0.3048m

1 mm = 0.039 370 in lin = 25.4 mm

Area

1 km? = 0.386 102 mi* 1 mi® = 2.589 99 km?
1 ha = 2.471 05 acre 1. acre = 0.404 686 ha "
1 m? = 1.195 99 yd? 1 yd? = 0.836 127 m®
1m? = 10.763 9 ft* 1 ft? = 0.092 903 0 m?
Imm?> = 1.550 X 1073 in? 1in? = 645.2 mm?
Volume, section modulus, etc.

1 m? = 1,308 yd* 1yd? = 0.764 6 m*
1m’ = 35.315 ft® 1 = (.02832m’
1L = (.035315 ft? 1 ft* = 28.32L

1L = 0.220 0 gal (British) 1 gal (British) = 4.546 L

1L = 0.264 17 gal (U.S.) 1 gal (U.S.) = 3.785L

1 mm? = 0.061024 x 1073 in? 1 in® = 16.387 x 10° mm?
1 cm® = 0,061 024 in® 1in? = 16.387 cm?®
Second moment of area

lmm* = 24025 x 107%in* 1in* = 0.416 231 x 10° mm*
1 cm? = 0.024 025 in* 1in? = 41.623 1 cm*
Velocity

1 m/s = 3.280 84 ft/s 11ft/s = 0.304 8 m/s
1km/h = 0.621 371 mi/h 1 mi/h = 1.609 344 km/h
Im/s = 2.236 94 mi/h 1 mi/h = 0.447 04 m/s
Acceleration (standard acceleration of free

fall = 9.806 65 m/s?)

1 m/s* = 3.280 84 fi/s? 1 ft/s? = 0.304 8 m/s®
Volumetric flow

1m?/s = 35.315ft*/s 1ft/s = 0.028 32 m%/s
1L/s = 2.119 ft}*/min 1 ft*/min = 04719 L/s
1L/s = 13.20 gal (British)/min 1 gal (British)/min = 0.07577L/s
1L/s = 15.85 gal (U.S.)/min 1 gal (U.S.)/min = 0.063 08 L/s




SI units to other units

Other units to SI units

Mass (1 Mg = 1 tonne = 1 metric ton, 1 long
ton = 2240 Ib,. 1 short ton = 2000 Ib)

1 Mg = 0.984 207 long ton 1 long ton = 1.016 05 Mg

1 Mg = 1.102 31 short ton 1 short ton = 0.907 185 Mg

1 Mg = 19.684 14 cwt 1 cwt = 50.802 kg

1 kg = 2204621b 11b = 0.453 592 kg

lg = 0.035274 oz 1oz = 28.3495¢

1kg = 0.068 521 slug [tb-force/(fts?)] 1 shug = 14.594 kg
Mass/unit length

1kg/m = 0.671969 Ib/ft 1 lb/ft = 1.488 16 kg/m
1g/m = 0.201 591 Ib/100 yd 1 1b/100 yd = 4.960 55 g/m
1g/m = 3.548 Ib/mi 1 Ib/mi = 0.281 849 g/m
Mass/unit area

1kg/m?* = 0.204 816 Ib/ft 1 Ib/ft? = 4.882 43 kg/m?
1 g/m* = 0.029 494 oz/yd? 1 oz/yd? = 33.9057 g/m?
1g/m* = 0.003 277 oz/ft? 1 oz/ft? = 305.151 3 g/m?
Mass density (mass/unit volume) (1 Mg/m’® = .

1t/m* = 1 g/em® = 1 g/mL)

1kg/m® = 0.062 428 1b/ft 1 Ib/ft? = 16.018 5 kg/m?
1kg/m® = 1.685 56 Ib/yd® 1 In/yd® = 0.593-278 kg/m’.

1 Mg/m*® = 0.752 48 long ton/yd?

1 long ton/yd?

]

1.328 94 Mg/m?

1 Mg/m? = 0.842 78 short ton/yd* 1 short ton/yd* = 1.186 55 Mg/m’
Force

IN = 0.224 809 lb-force 1 Ib-force = 444822 N

1 kN = 0.224 809 kip-force 1 kip-force = 4.448 22 kN

1 kN = 0.100 361 long ton-force 1 long ton-force = 9.964 01 kN

1 kN = 0.112 405 short ton-force 1 short ton-force = 8.896 44 kN
1N = 0.10] 972 kg-force 1 kg-force (=1 kp) = 90.80665N

1 kN = 0.101 972 metric ton-force 1 metric ton-force = 0.806 65 kN

1 uN = 0.1 dyne 1 dyne (= 1 gem/s?) = 10 uN
Moment of force, torque, bending moment

1kNm = 8.850 75 kip-in 1 kip-in = 0.112 985 kN'm
1 kNm = 0.737 562 kip-ft 1 kipft = 1.355 82 kN'm
INm = 0.737 562 Ib-force'ft 1 Ib-force-ft = 1.355 82 N'm
1kKNm = 0.329 269 long ton-force-ft 1 long ton-force-ft = 3.037 03 kN'm
Force/unit length

I N/m = 0.068 522 Ib-force/ft 1 Ib-force/ft = 14.593 9 N/m
1 kN/m = 0.068 522 kip-force/ft 1 kip-force/ft = 14.593 9 kN/m
1kN/m = 1 long ton-force/ft = 32.690 3 kN/m

0.030 590 long ton-force/ft




SI units to other units

Other units to SI units

Pressure, stress, modulus of elasticity

1MPa = 0.064 749 long ton-force/in?

1 MPa = 0.145 038 kip-force/in?

1 MPa = 145.038 Ib-force/in?

1 kPa = 0.009 323 85 long ton-force/ft*
1 kPa = 0.010 442 7 short ton-force/ft?
1 kPa = 0.020 885 4 kip-force/ft*
1kPa = 0.009 868 7 atm

1 kPa = 10 mb

1 kPa = 0.010 197 kg-force/cm?

1 kPa = 0.101 97 metric ton-force/m?®

1 long ton-force/in?
1 kip-force/in?
1 Ib-force/in?
1 long ton-force/ft?
1 short ton-force/ft?
- 1 kip-force/ft?
1 atm
1 bar
1 kg-force/cm?
1 metric ton-force/m>?

i

i

il

i

15.444 3 MPA
6.894 76 MPa
6.894 76 kPa

107.252 kPa
95.760 7 kPa
47.880 3 kPa

101.33 kPa

100 kPa

98.066 5 kPa
9.806 65 kPa

Unit weight

0.101 97 metric ton-force/m?
6.365 9 Ib-force/ft?

1 kN/m® =
1 kN/m?* =

1 metric ton-force/m?*
1 Ib-force/ft>

1

It

9.806 65 kN/m®
0.157 09 kN/m?

Work, energy, heat (quantity) (HP =
horsepower)

1.355817]

17 = 0.737 57 ftIb-force 1 ft-Ib-force =

1 MI = 0.372 51 HP'h | 1 HPh = 2.684 5 MJ
1 MJ = 0.277 8 k<W-h 1 kW-h = 3.600 MJ

1] =.9.478 2 X 107% Btu 1 Btu = 1.0551 x 10°J
17 = 0.238 85 calorie 1 calorie = 4.186 8]
13/g ="0.378 5 HP h/ton 1 HP-h/ton = 2.6421J/g
Power, heat (flow)

1w = 0.737 57 ftlb-force's 1 ft-lb-force-s = 1.3558 W
1w = 1.3410 x 107> HP 1 HP = 7457 W
1w = 3.412 1 Btu/h 1 Bu/h 0.293 1 W
Dynamic viscosity

1 Pass = 10* cP (centipoise) 1 cP = 1 mPas
Kinematic viscosity

1 m?/s = 10%cSt (centistoke) 1 ¢St = 1 mm?/s
Frequency

1'Hz = 1cycle/s 1 cycle/s = 1Hz

Plane angle

1 rad 1° = 7/180 rad.

= (180/m)°




SI units to other units

Other units to SI units

Thermodynamic temperature (T, T, and T
denote temperature in kelvin, degrees Celsius,
and degrees Fahrenheit, respectively.)

Ty = T + 273°
_ (Tr + 460)

Tk B 1.8

Te = g(Tr - 329

Te = Ty — 273°
Tr = 1.8T, — 460°
Tr = 8T, + 32°
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BEAM DIAGRAMS AND FORMULAS
Nomenclature

Modulus of Elasticity (Ksi.).

Moment of Inertia of beam (in.").

Maximum moment (kip in.).

Maximum moment in left section of beam (kip in.).

Maximum moment in right section of beam (kip in.).

Maximum positive moment in beam with combined end moment
conditions (kip in.).

Moment at distance x from end of beam (kip in.}.

Concentrated load (kips).

Concentrated load nearest left reaction (kips).

Concentrated load nearest right reaction, and of different magnitude
than P, (kips).

End beam reaction for any condition of symmetrical loading (kips).

Left end beam reaction (kips).

Right end or intermediate beam reaction {kips).

Right end beam reaction (kips).

Maximum vertical shear for any condition of symmetrical loading (kips).
Maximum vertical shear in left section of beam (kips).

Vertical shear at right reaction point, or to left of intermediate reaction point
of beam (kips).

Vertical shear at right reaction point, or to right of intermediate reaction point
of beam (kips).

Vertical shear at distance x from end of beam (kips).

Total load on beam (kips).

Measured distance along beam (in.).

Measured distance along beam which may be greater or less thap “a” (in)).
Total length of beam between reaction points (in.).

Uniformly distributed load per unit of length (kips per in.).
Uniformily distributed load per unit of length nearest left reaction (kips per
in.).

Uniformly distributed load per unit of length nearest right reaction, and of
different magnitude than w, (kips per in.).

Any distance measured along beam from left reaction (in.).

Any distance measured along ove.hang section of beam from nearest reaction
point (in.).

Maximum deflection (in.).

Deflection at point of load (in.).

Deflection at any point x distance from left reaction (in.).

Deflection at overhang section of beam at any distance from nearest
reaction point (in.).



BEAM DIAGRAMS AND FORMULAS
Frequently used formulas

The formulas given below are frequently required in structural designing. They are included herein
for the convenience of those engineers who have infrequent use for such formulas and hence may
find reference’necessary. Variation from the standard nomenclature on page 2-118 is noted.

BEAMS
Flexural stress at extreme fiber:
f = Mc/l = MIS
Flexural stress at any fiber:
f = Myl y = distance from neutral axis to fiber.
Average vertical shear (for maximum see below):
v = VIA = V/dt (for beams and girders)
Horizontal shearing stress at any section A-A:
v = VQ/ b Q = statical moment about the neutral axis of the entire section of that portion of the
cross-section lying outside of section A-A,
= width at section A-A
(Intensity of vertical shear is equal to that of horizontal shear acting normal to it at the same point and both
are usually a maximum at mid-height of beam.)

Slope and deflection at any point:

EI =M x and y are abscissa and ordinate respectively of a point
dx2
on the neutral axis, referred to axes of rectangular co-
ordinates through a selected point of support.
(First integration gives slopes; second integration gives deflections: Constants
of integration must be determined.)

CONTINUOUS BEAMS (THE THEOREM OF THREE MOMENTS)

3
Uniform load: Ma—-+2Mb I+ +\4CI__——1(“’"' 3“7’1_“-)

Concentrated loads:

PR PRV S P1a1b|(1+ ) Pasty (14 bn)
1, I 12 P A

Considering any two consecutive spans in any continuous structure:

Ma, Mb, Mc = moments at left, center., and right supports respectively, of any pair of adjacent spans.
/1 and /, = length of left and right spans respectively, of the pair.

I, and I = moment of inertia of left and right spans respectively.

w, and w2 = load per unit of length on left and right spans respectively.

P,and P, = concentrated loads on left and right spans respectively.

a, and a, = distance of concentrated loads from left support in left and right spans respectively.
b, and b = distance of concentrated loads from ritht support in left and right spans respectively.

The above equations are for beams with moment of inertia constant in each span but differing
in different spans,continuous over three or more supports. By writing such an equation for each successive
pair of spans and introducing the known values (usually zero) of end moments, all other moments can be found.



BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

t Equivalent TabularLoad , . . = &
T ReV v o v e i e e e = -;i
. SIRNRRRRRENERI «
1 ( i
Vv L o A Bt
1 1 * 2 )
T 2 2 8 max ( at center ) ol
Y Tﬂ‘h\ . 8
pnont Y mx ... =B
5 wid
amax, at centor e T TR
M) ( ) 384 £V
ox e % (I3 — 242 - x3)

Moment

2. SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO ONE END

Equivalont Tabulartoad . . . = T:%!v? = 1.0284%¢
le—x W R %
Rya Ry Rg=Vzmax. . . ., ., . . . = 2_:\;\/_
O AP L.
—57741 —H 3 =z
v [ , v ™ max. (atx "'\1,—3 - .sm() .= :‘j_’g_ = 1283 Wi
My oo e . .. #} (12 —x2)
Moz smax. (atx =1 Q,)s —\{%-.51931) = 01304 W12
Mement 08 « v e e e e e e WQ’VT’:"(sn--mmz+n4)

3. SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO CENTER

i Equivalent Tabular Load P 3—3“1
P
w
S 4
R4 AR 2
t 1 ( .L) N LAPP
—t L Vi whenx <) o . . . orT (12— 4x2)
y ™M max. ( at center ) T —-‘%L
Shear k3
\(LLLU‘—! ] (when x <-’—) = Wx ! 2x2
x 5 P —2——-'57.—)
wi3
M max. amax. ( at center ) . . - - = %-ET
Moment ox . qw“é’; 5 (512 —dxn)

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

4, SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED
t Ry = Vi (max. when a < c) - ';'_;’ (2c +h)
T ‘]'”Ibl l Ra = Va2 (max. when a > c) = %IL (2a+b)
Rig 1| 2Rz v, (whenx>aand <‘(a+b)) . = R;——w(i——:;\)
7 a4 Rt - Ry
i Shear M max.(atx a+ - Ry (; + 0
e S T, (wnenx <) - R
— ! My (whenx>aand<(a+b)> .= Rlx——%(x—a)z
Moy Mx (whcnx > +b)) .. = Rz (I—x)
Moment
5. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END
1 Ry = V¢ max. =57 @i—a)
) wa?
l__r;f\]_[ Ra=Vz . . s =57
511 Ra v (when x < :) = Ry —wx
2
) M mnx.(at X = -%'—) T -f{z-i—-
% ot
¢ ¥ V. My (when x < a) C e v e s o=m Rax— 5
R T T LT 2
i | I (whcn x> ;) . - e . . =R{—x
M ax (when x < a) e = 5;%7 a*(2l-a)*~2u3(2l-a)+lx=)
mas.|
Ax ,(whon x> a) - Ji’?;_q({;:ﬁﬂ (ax1-- 2x1 — a2)
Monmunt
6. SIMPLE BEAM—UNIFORM LOAD PARTIALLY DISTRIBUTED AT EACH END

Ri=Vi v ¢ o o« v v« o+ =«

Rz=Va . . . . « o + « &

win wao Vx (when x < a) s e e
R4 : Rz vy (whcnx>aand<(a+b)> .
el Vx (when x> (a+ b)) ce

¥ [T

™M max.(at X s—"whan Ri < n-la)
1

Ry Shear 1Va
‘—_"’J' ' M max.(at X = l——g—:-whan Rz < u'ac>
M I : Mx (when X < a)
ax.
r ili | ' Mx (whcnx>aand<(2+b)) .
Momant
My (whenx>(a+b)) « e e

w3a@l = 2} - ieae?,
-
- w2c(2l—¢) + wiad
21

= Ry — wygX
= Ry— Ra

= Rz —wa(l—x)
Ri2
2wy
R22
2wa2

wix2
= RiXx ——5—

(2x—a)

= Ryx— —-———"'z‘a

2 (1—x)2
= Ra (,_x)_%




BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

7. SIMPLE BEAM—CONCENTRATED LOAD AT CENTER

3 Equivalont Tabularlosd . . . «

| — a
R _] R R=V ... .. « s .
; ; ™M mn.(at point of Iold) .....
¥

y 11T e
s (TTTTITTS ™ (whcnl<-2—).. RN
MI—“ | Amax. (nt point of Ioad) .....
'1 o= Ax ( whunx(é- ) .....

2

pIs
SBET

8. SIMPLE BEAM—CONCENTRATED LOAD

Equivalent TabularLoad . . . . . =~
P
""’1 Ry = V;(mn. when a < h) T -?-
R4 Re Ap = V;(max. when a > b) . - %
M max. ( at point of load ) ..... P?h
x
Al Y o
* g ( whenx<e : S
Shoar Armax. (at MY EXCE Y1 +' 28) nas b) Pab (a+ 2:;)5: .:!z (2 +2b)
Pab2
M aa ( at point of load ) - " 3ETT
Pbx
Mormant Ax ( whonx < a ) = BEl (I3 = b2 — x2)

AT ANY POINT

8 Pab

9. SIMPLE BEAM—TWO EQUAL CONCENTRATED LOADS

SYMMETRICALLY PLACED

Equivalont TabularLoad . . . . . - 8—:‘-
<-x-| P P
R=V . . . 4 v ¢ ¢ o s o s = P
R& R
. 2 ™M max.(hntwaen Iaadl) « e s . i =Pa
? IHH Mx (whonx<a) ..... = Px
e LT Y :
- 3 - “ —
amax, (nteentor) ....... PAE] (312 —4a3)
h < = PX (3fa—3az.x2
Mhnas ax (w en x a) ...... BET. - a_—.—:f )
L’ Toment -Ax (when X >aand-g ‘u\—-‘p)}) b o= ——% (31x — 3x2 — a2)
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

10. SIMPLE BEAM—TWO EQUAL CONCENTRATED LOADS
UNSYMMETRICALLY PLACED

1 Ri=V (max.whena<b) Sl ¢ SR
h—xj P e 1 1 7€ +b)
P
Rz = . e e e m— (=
R, A Ra 2 V:(m:lx when a > b) - i ({—b+2a)
b Vx (whonx>aand<(l-—b)) . . —%(b—a)
yl |||'” . M1 (max.whena>b) s e 4 o+ = Rga
shear 1 TT][] {va
Ma (max. when a<b) « « « « = Rab

th “ '];lz My (whanx<a) « e+ 4+ o+ . = Rax
1
L

My (whenx >aand < (!-h)) . . = Rix—P (x—a)

Maoment

11, SIMPLE BEAM—TWO UNEQUAL CONCENTRATED LOADS
UNSYMMETRICALLY PLACED

1— P2b
1 Rx’-Vx-..........--Pl(-—?H—!—
fe—x:
] -
i _PiatPaU—b)
", Ra Ra=Vz . . + &« « « « + o « = —_—
b Vyx (whunx>aand< (I—-b)) . » & Ry—Ps
T
Y |]U4 My (max.whon R1<Px) .« . = Raa
HAIHIE:
¥ Mg (max. when Rz < P:) + +« o« = Rab
L) i My (whenx<a) e e e e e oo om Rux
T Iy

Momant My (whonx>aand < (l—b)) v . o= Ryx—Pi{x—a)

12. BEAM FIXED AT ONE END, SUPPORTED AT OTHER—
UNIFORMLY DISTRIBUTED LOAD

VI Equivalent Tabulartoad . . . . . = sl
3wl
wl RimVi . v v v o s s s s = 5
5w!
R,4 Ro RyemVamax. . . . « « « « + . = 3
P—— /’ Vy W e 4 e e e 4 4 e e &« mRyi—wx
wi?
Mmax. . « . « .+ +« = -5
V‘F i 3 . - 9 2
Shear \“*L-LLLL M (atx—il) B - 1
l-3 J- wx?
B ! My B Fh)(’——é—
) 37 ! wls
My Iﬂm amax. (atxnﬁ(1+\/33)=.42151) . = TeeET

Moment M wx
ThA o e e e e e e e e e m g (1330 5 23)




BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

13.

BEAM FIXED AT ONE END, SUPPORTED AT OTHER

CONCENTRATED LOAD AT CENTER

mm\

T x
Moment ! g
\u\ M maz,

{ ¥

37

Equivalent Tabular Load
Ri=Vy .
Rz = V2 max. .

M max.(at fixed end) .

My (at point o(load) .

M x <when x<-:,_,l-) .

Mx (whenx >—£—) .

Amax. (at X = V:;—_ = .44721)

Ax (at point of Ioad) .
A (when x < !)
P 2/
A (when x > —1—)
x 3 .

[

1= ofen Im
= o|w Mo
[= @

w
=
-

kK

TN
- 5Px

=

p(__“_"

Pi3 pla
= gEEiyg O '
- P13
768E1
2 2
QGEI (3¢ 5x3y

GEI (x—1)2 (11x—~21)

14.

BEAM FIXED AT ONE END, SUPPORTED AT OTHER—

CONCENTRATED LOAD AT ANY POINT

R4
v 1111 )
T2
%ﬂ
Mument ~{
T
Ra

Ry =

Rz =Va .

My <at point of load) .

Mz (at fixed end)
My (when x < a)

Mx <when X > a)

2
Amax. (when a<.414latx=1 [24ar

[

It

il

2,, (a +2

21, (312 — az)

Ria

Pab
212

@+
Rix

Rix— P (x—a)

Pa ({2—a?)3

® ZEI @iz —aiz

Amax. (when a>.41d4/atx =I\"2‘l%§) =

Aa (at point of Ioad) .
Ax (when x < a)
Ax (when X > a)

Pab2 4 [T a
“6El \ 21 Fa

Pazp3

= qzETs Pt

_Pbx.

IS
- P.
12

- (32/2—2]x2—ax?)

T (-x}2(312x-22x-202))
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BEAM

DIAGRAMS AND FORMULAS

For various static loading conditions

BEAM FIXED AT BOTH ENDS—UNIFORMLY DISTRIBUTED

i shear W\LL[L z
Lanst s
e .

e e | —————
— = //
i .wf ////
T -

LOADS

Equivalent Tabular Load

N

1wl
=

R=V

Vx

m;N

3
I8
2
wl?

=

M max.( at ends )

12

wi?

M, (at center) =
= — 12 —Bx2
My 5 (6ix—1 6x2)

T
~ 384EI
wx?
aEl

Amax. (at center>

—x)2 :

Ax

BOTH ENDS—CONCENTRATED LOAD AT

CENTER
Equivalent Tabular Load =P
P
R =V =5
Pt
M max. (at center and cnds) . =g
M (when x < - Ll 4 {
* 2) g =D
amax. ( tcenter) - P
2 : 1925|
Ax = 4BéT (31 ~4x)

Ménax Moment Mmu
16. BEAM FIXED AT
vy
..’4
7 R
7
s
I shear
| [T Y
| 2
(NE_’i M;mn.
Mjr‘n:x, Moment Eﬁir:-u.
17. BEAM FIXED AT
//“z
%

BOTH ENDS—CONCENTRATED LOAD AT
ANY POINT

R,nv,(max.whena<b> . e P:zz (3a +b)

Rz = V1<max. when a > b) o Pla:l (a +3b)

My (max. when a < b) = szbl

M2 (max. when a > b) = ’L?:_b

Ma ( at point of load ) = Efi::i

My (whe'n x < a) = Ryx — P:lazbl

Amax. (when a>batx= —zj_lb = 3E12;a:izb)1

Aa ( at point of load ) = Zé??:

Ax (when x < a) = :!E)T?_B_ (3al -- 3ax — bx)

AMFDICAN INCTITHITE Ar Crees
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

TO FIXED END

Equivalent Tabular Load

R =V

Vx e e
Mmaz,(dtﬁx-d_bnd) (S

My

PR

X

amax, (at free e.r.r.)

18. CANTILEVER BEAM—L‘OAD INCREASING UNIFORMLY

Wx3
31z

Wi3

15E1

w
= SoEE (P Si4x 4l

Equivalent Tabular Load

R =V
Vx
3 Mmax.(atﬁxed end) - .
v
Sh
Shear | My
| | | ‘|‘ Amix. (atfreeend) -
" man
Moment Ax

19. CANTILEVER BEAM—UNIFORMLY DISTRIBUTED LOAD

= Quwl
= w]

= wX

w2
wx?
2
wl4
8EI

= (x¢—4i3 4
S3ET (X — 4 +318)

Eguivalent Tabular Lead
R=V
Vx

b ma:.(at fixed end) -

W

42271
M |

My (atdeﬂec’md cnd) ..

=

iy

Amax. (atdcﬁe«::dCﬂd) ..

M oz, Ax

Moment \‘\ILL

20. BEAM FIXED AT ONE END, FREE TC DEFLECT VERTICALLY BUT NOT
ROTATE AT OTHER—UN:FGRMLY DISTRIBUTED LOAD

wlz

wl?
6

=

= _‘_G”_ (12 — 3x2)

_ wl4

T 24El

w (12— 322
24E1

=

Permmimiime Ar Crr CAMOTOIATIAL




BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

21. CANTILEVER BEAM—CONCENTRATED LOAD AT ANY POINT

. Equivalent Tabularload . . , . = 8Pb
R=V<whenx<a) . ... =P
He-X .
1 .
7 max. ((at fixed end) . . . . . =Pb
23
"—a_' My (whenx)a) . . . . . =P ((x—a)
x . Ph2
TS e (atfrecend) . . . . . = {E@GI—D)
Shear . =_F’_b3_
Aa (at point of Ioad) . 3EI
| M!,..,,_ Ax (when x < a) T 6EI (3! —3x—h)
Moment L ax (when x> a) e e .= —P-%g"—)— (Bb—1+x)

22. CANTILEVER BEAM—CONCENTRATED LOAD AT FREE END

- Equivalent Tabular t.oad = 8P
P
7 mavoL . S
¥
e
x— Mmax.(at fixed end) L. =P
¥
Mmoo =
Shear * e
Amax. (atfraeond) = 3ET
T
™M max. o P o0 —3rax s
Moment | v .\x.v..........~6E‘( - - x3)
23. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT
NOT ROTATE AT OTHER—CONCENTRATED LOAD AT DEFLECTED END
e | —————>{
P Equivaient TabularbLoad . . . . = 4P
%
@ | ?,R R=V . . .«. . . . . . . =P
73
L—x——»l m max.( at both ends ) e —Pz—[—
v s
I A R G
snear ‘ smax. (atdeﬂoctedend) e =~1’;;
1
T — = — > , N
M . = | T (E——(1+2x)

-
Mnmnnt%u.
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

24. BEAM OVERHANGING ONE SUPPORT—UNIFORMLY
DISTRIBUTED LOAD

- . H (12 a2
Ri=Vi . « « +« « « . .-ZI(Ia)

Rze=Vz2+Vs . . . ¢ . . . -—;—(l+a)*

Vz . + « v v +v &« & o . o =muwa

TITI] T Vi e .. =gruzgan

Vx <betwann supporta) . . = Ri—wx

Vx‘ (1orovcrhang) e a4 . mow(@a—xy)

z 3 B
1] oM (atx=g[1=3]) - = gmaae—a
Shear . R
Mz (at R,) . _"!g_

!
1 uwx
MI i TTD\ Mx (betweun supports) .o =g r—at—xl)

Momeant ™M
L- : \ 2 Mx, (for uv:rhang) R ‘; (a—x1)2
(-4
[] .
Ax (botween su pports) - 2:21l(l‘-2I2x1+1x‘-23211+231x‘*)
axy (for overhang) P é"%%(4all—l‘+631x1—4axlz+x;')

25. BEAM OVERHANGING ONE SUPPORT—UNIFORMLY
DISTRIBUTED LOAD ON OVERHANG

Ry =V e e . . - wa?
1 1 . .- - 57
Ra=VitVe . . . . . . . =3r@+a
. . Va2 . . . . . v e . . . =mwa
le—x. : ’
xq V,(l (fox ov3 g V... = (@a—xy1)
wa A ra
" hY - wal
R|" A as , M max.(nt Fu./ SRR 5
c My (between suppor‘ts) .= w;:x
2
. s g
\'A RN ERRENNNAND] Mx, (foroverhang) - e =-;—(a—x1)!
* Shear
2/2 . 2
Amax. (betweensupportsat x=-i_—) = wa_l = ,03208 warlz
o X v3/ 18V3El El
LU I l ‘ ‘ | Mmix. Amax, (for overhang at xy = a) L=k (41 + 3a)
Moment 24EI !
wa?x
Ax (between supports) « - = TEET (12 —x2)
bx, (for overhang) e e = ;XE“ (4a2/+6a2xg~4axy 2+x23)
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

26. BEAM OVERHANGING ONE SUPPORT—CONCENTRATED
LOAD AT END OF OVERHANG
Ri=Vy . . « + « + .+ . . =P
< 1l a = PI
L x P Rz=Vit+Va . . . . . . . =—’-(l+a)
_" "‘1 Vi i o o i i i e e . =P
R'V Ra Mmax.(at Rz) e e e e . = ;a
My (between supports) . . =" 7)(
x
Hﬂ Yz My, (fcr overhang) P = P (a—x)
vid I””slrjelalr” Amax. (betweefmsupportsatx—_‘/a) 93331; = 06415&
Amax. (foroverhann atxy = a . o= ZEI {{+a)
| | I l Mr;vlu Ay (between supports) P EPEalxl (12 —x2)
Moment L Axy (loroverhang) —'Gﬁ (2al + 3axy — x12)
27. BEAM OVERHANGING ONE SUF’PORT—UNIFORMLY
DISTRIBUTED LOAD BETWEEN SUPPORTS
: Equivalent TabularLoad . . . = wl
l a—
[ % Wl L‘X.,-) R = V - . . . . - . - . . - _.’:“2!_
T .
Jmmimm L )
"'_%- I Mmax.(atcentcr) e e e ='—"81-3-
: ~q—y - S
Shear
—=  amax. (ac::u'nter) e e e e _%{‘_
4E1
J e
M;'“T_"' | m AX + e e e e e e -_23,_?-]-(1’—2{‘:+x‘)
} omiixy
prmp— ax, R et
28. BEAM OVERHANGING ONE SUPPORT—CONCENTRATED
LOAD AT ANY POINT BETWEEN SUPPORTS
Equivalent Tabular Load ?.F['_:E
lex p[»—-—~;| R;-V.(max. whena < b) e _PZE
q{ (‘_‘1 Rz'= V:(max.when a> b) . = ,.P.[a_
R‘Al AR2 _Pié

Mmax.(atpointof[oad). . .=

[ @ ——— b —{
My (whenx<a) Coe e =

[

Amax. (2tx=4-—a(a§2b)whcn a> b) = Pab fa & Zb)—\ 3a (a +2b)

TIIIT Y, parpr o
Shear i = e mom =

Aa ( at point of foad ) ... = gE”
bx

—_— = oem=—: (2 — b2 s

‘T_ Ax (whcn x < a) GETi I b x2)
M. l| Ax (when x a) - .E_;’.B{_EI.I'Z['_{‘_ i21x -- x% — al)
Moment _ Pabxy .
4 = gEIT T
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BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

29. CONTINUOUS BEAM—TWO EQUAL SPANS—UNIFORM LOAD
ON ONE SPAN

Equivalent Tabular Load - %wl
"”""T wl Ri=Vy - _17? wl
T T
Ry TR2 Ra Rz=V2a+Vs - —é—wl
1 1
Ra=Vs . - 1—wl
“x— k 16
_\{,‘_i" T T T J’\/ 9
7( T I\IJ\ 3 Shear T 2V BT wi
"6 ] ——“’—? ™M Max.(atx-—LI) . —‘-‘iwll
T 16 _ 512
I H m MT" My (at support Hx) - —11—6 wld
1 X,
s
M, Moment My when x < l) - _'1‘%( (71— 8i)
A Max. (0.472 1 from Ry) - 0.0092 wi4/EL
30. CONTINUOUS BEAM—TWO EQUAL SPANS—CONCENTRATED
LOAD AT CENTER OF ONE SPAN '
I‘__é__,i___é____, Equivalent Tabular Load - —1§3— P
R,TI PR, Ry Ri=Vy . - % P
o ! ! Ra=Vz+V 1 p
| 2=Vz+Vs 5
3
M H|”H CrrTTTITTE v, ResVa =~z F
i Shear i 10
\\‘fz ‘ ] Va = 33 P
| m Max.(at point of load) . ;—i P!l
MTL My (at support R;) = 7332_ P
™, ] S W A Max. (0.480 I from Ri) = 0.015 PB3/EI
31. CONTINUOUS BEAM—TWO EQUAL SPANS—CONCENTRATED
LOAD AT ANY POINT
E
e —sle-b—f Ri=Vi .l (4I2~—a(l+a))
R4 AR PR
. L * Re=VaiVs - 2 (2r+ba+a)
. Pab
vi [T Iy, Y == ¢t
V. Shear
MJ l H I I Va = ;aa (412+b(l+a))
T m max.(at point of load) .= i?:’ (412—3 (l+a))
Mamaz,
{ T \m \l( My (atsupport Rz) %?-zg(l—i—a)
0,
X Moment

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



BEAM DIAGRAMS AND FORMULAS
For various static loading conditions

32. BEAM—UNIFORMLY DISTRIBUTED LOAD AND VARIABLE END MOMENTS

L—x l FII:‘.V,=~E2’_1+MI-‘—M1
wl
" Mz R: = _wl M —M,
(R‘ JHIHL&IJ“JIIIIIHQ p= v = Y z
2 \/,:w('zg—...,)“_’_ﬂ-l'm:

M:(at —2£-+ ‘—‘M

Sl Mk M — M2
- 8 2 2wl

M,:w——zx(l—x)-i-(—M'—T—M:)x—M|

" b e b I=(To locate . ) A__(M( + M. +(Ml —'Mi)=
inflection points)
L Moment

W wx [l 4&:\@_*) 12M. . oM 4M1]
& = FE I:" (ﬂ + it o

121

=

3

3
2 o 5 fe

2T e

5

4

33. BEAM—CONCENTRATED LOAD AT CENTER AND VARIABLE END MOMENTS

- X P
M. M2
—_ _ P My — Ms
(‘ M > M2 ‘) Rl—Vl—2+ {
Ri : Rz P ™M M
| -
e— 1/2——e— /12— Ri=Vi=oy — = !
<
3, H ” . M; (At center) ':.:‘! - M—‘l—-—w—-&
¥

St Iy (s« 2) = (5 + B0, oy

—

T

T |~— X
//(ﬁm _M;_ Mx(Whenx>2) (l—-){)+(M Mi)x M

M:

i

3[——
8 (When x < z) sy (30— & =BT o2t = ) 4 M+ 0l

I
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BEAM DIAGRAMS AND DEFLECTIONS
For various static loading conditions

34. CONTINUOUS BEAM—THREE EQUAL SPANS—ONE END SPAN UNLOADED
wl wl
A 1 B 1 C I D
Ra = 0.383 wl =1 =0. v
A | w Rg = 1.20 wl Re = 0.450 w! Ro = —0.033 wl
0.383 wl T 0.583 20l [T 0.033 wi] rrrrere 0,033 wi
| IT T .
SHEAR Wn.sn w0417 wl
—0.1167 w2
0.0735 wiz 0534 wiz | —0. 2
+LL~LLLLL/A}\+DOI3 wl ‘00333wl
MOMENT 0.3831 0.5831 ’] J
e e |
A Max. (0.430 { from A) = 0.0059 1/*/E|
35. CONTINUOUS BEAM—THREE EQUAL SPANS—END SPANS LOADED
wl _ wl
At l 1B l c l D
RA = 0.450 wl RB = 0.550 wl RC = 0550 wl RD = 0.45Q wl
0.450 wl 0.550 wl rre——
——=10] 0.450 wl
SHEAR TUII0.550 wl
=-0.050 wiz '
-+0.1013 wi? . |J|||H|||||H|U|| +0.1013 wiz
MOMENT i S
0.450 1 0.4501
A Max. (0.479 L from A or D) = 0.0099 w4/El
36. CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS LOADED
wl wl
T T T L T T T I e s e v o T T I T Tt TTT
Af 1 ' B 1 C 1 D
Ra = 0.400 w! R = 110wl Re =1.10wl Rp = 0.400 wl
0.400 wi e 0.500 wil b 0.600 w0l Ny el 0,400
- 11 . w
SHEAR L 0.600 wi N“—‘o.soo wl
—~0.100wlz —0.100 wiz
. 2 0.025 wiz 0.080 wiz
Al S|
MOME
NT 0.400 , 05007 | 0.5001 0.400 1

A 'Max. (0.485 [ from A or D) = 0.0069 wi4/El

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



BEAM DIAGRAMS AND DEFLECTIONS
For various static loading conditions

38.

A Max. (0.475 I from E) = 0.0094 wi*/El

37. CONTINUOUS BEAM—FOUR EQUAL SPANS—THIRD SPAN UNLOADED
wl wl w
0 0 0 10 5 O 0 O OO A0 0 O T T T TTTT
A l 1B l 1C ! 'D l E
Ra=03%0wl Re=123wl Rc=0357wl Ro=05%Bwl o _ 4,
0.380 wl 0.603 UJl|Tﬂ*m~.\ 0.558 wi Ty :
SHEAR ‘\'\'LL|0.620 wh N3 wl | ’0.040 wl 0.442 wi
=025 Wit 0179w —0.058 wiz
+0.072 wiz /f +0.0611 wiz ++0.0977 wiz
L h
1130z SO M1
MOMENT g 380 0.603 %0.442 !

CONTINUOUS BEAM—FOUR EQUAL SPANS—LOAD FIRST AND THIRD SPANS

wl wl
EOS G L LA 0 Y O | L A S AN Y
A 1 B 1 'C 'D I E
Ra = 0.446 wl Rpg = 0572wl Re=10464wl Ro=0572uwl m_ " _q050
0.446 wih O‘O\lﬁibi' 0.482 wify 0.054 lﬂ!.., 0,054 wi
SHEAR :0.554 wl “\Rﬁo.m wl
—0.0536 w2 —0.0357 wlz  —0.0536 wi2
+0.0996 wiz [T] | +0.0805 wlz (T
[ ‘ mT
momenT| LT T~
0.446 | 0.5181
A Max. (0.877 [ from A) = 0.0097 wl*/El
39. CONTINUOUS BEAM—FOUR EQUAL SPANS—ALL SPANS LOADED
wl w w, wl
T Tl T T L T I T T T Ly v T T T T T LT T T T T TTTTRTTTT
AT I B l C 1 D 1 E
Ra=0393w! Rs=1143wl Rc=0928wl Rpo=1143wl Re = 0.393 wl
0393 wibe 0536 w0464 wibo 0.607 wihree
=100.607 wl - -10.464 wi 10536 wl o —0.393 wl
SHEAR
—0.1071 wi? —0.0714 wl? —0.1071 wi?
+0.0772 wiz f|)\H0.0364 iz /) £0.0364 wym\w,om wl
_I_U—U/ - . ~ \LLI T
MOMENT ) 3537 0.536 1 0.536 1 0.3931

A Max. (0.440 1 from A and E) = 0.0065 wi4/El
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EQUAL SPAN CONTI/NUOUS BEAMS
UNIFORMLY DISTRIBUTED LOADS

Moment = coefficient x W x L
Reaction = coefficient x W

where W /s the UDL. on one span only and L /s one span
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EQUAL SPAN CONTINUOUS BEAMS
CENTRAL POINT LOADS

Moment = coefficient x Wx L
Reaction = coelficient x W

where W /s the Load on one span only and L is one span
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EQUAL SPAN CONTINUOUS BEAMS
POINT LOADS AT THIRD POINTS OF SPANS

Moment = coefficient x Wx L
Reaction = coefficient x W

where Wis the total lood on one spon only 8 L /s one span
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REACTIONS, MOMENTS AND DEFLECTIONS
FOR DIFFERENT LOADING CONDITIONS

The results of the deflection formulae are given in centimetres. The notation of
the original French edition has been retained as follows (customary British notation
is indicated here in brackets.)

p = load per linear metre in tonnes (W)
p = point load in tonnes

Q = total load in tonnes (W)
M = bending moment in tonnes metre

| = length in metres

| = inertia in centimetres to power of four (cm%

{ = deflection in centimetres (8)

The deflection formula is reduced to a coefficient and to | by adopting E = 2100
t/om2 as the approximate modulus of elasticity of steel. This is multiplied by 10€10 give
0.0021 in order ot maintain the coherence of the magnitude

Where the modulus of elasticity is different, for example, 100 t/cm? for wood or 700 tlem?
for standard aluminium alloy, it is sufficient to adjust the result in the ratio of the
modulus of elasticity. For wood, the calculated defiection is multiplied by 21; for
aluminium by 3.

Positive deflections are directed downwards or, more exactly, in the opposite
direction to the direction of the reactions or points of support.
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Weight of the arc per metre . T\, e 91
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FIXED END MOMENTS

For use in analysis by "Moment Distribution’

Fixing Moment at LH End

Fixing Moment at RH End

LOADING
Both Ends This End Both Ends This End
Fixed only Fixed Span = L All cases Fixed only Fixed
wiL awL s Wi awL
8 16 8 16
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A1AgNn13a (Torsional Constant)

zgmdm%n

T

Jx1u9=JG

Torsional Properties of Solid Cross Sections

Cross section Torsional stiffness J Shear stress
Lot 27
2r 5 Tr s
F—- 20
< 3,3 R
x TTzu’bz —ZLZGTendS of minor axis
2b a +b Tlab
T 0.1410* 1 ot midpoint each side
R 02084
la—q —»
f bt3 + z 3T 1\ at midpoint
< Lag I 1 3T )} ot midpoint
l b 3 [’ 0‘63b +aosz %) :| b2 (' +06 b) each long side
P—— p ———— '
0 o*f3 207
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* T = GJO, where T = torque, G = shearing modulus of elasticity, J = torsional stiff-
ness, § = angle of twist, radians per unit length.



Torsional Properties of Closed Thin-walled Sections*

Cross section Torsional stiffness J Shear stress
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2T - GJ0, where T = torque, G = shearing modulus of elasticity, J = torsional
stiffness, 6 = angle of twist, radiana per unit length. '

A = area bounded by midline of wall.

Note: Warping constant C is usually negligible for closed thin-walled cross sections.



Torsional Properties of Open Cross Séctions

Cross section
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Note: The torsional stiffness J for cross sections in this table can be 'debermined cl_o.‘.sely
enough for most applications by J = Zbt3/3. The warping constant C is usually negligible

for the angle and the T.
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Moments of Inertia
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Figure Area and Centroid
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Note : Apex of parabolas are indicated by small circles.
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" TRIGONOMETRICAL FORMULAE

EV‘\ Sin 6 =€—% =
C A Cos 8 = *8% =
1 | Tan 8 = %% =
'] Cosec 8 =%§-=

(¢ B b Sec 8 = % =

m v Cotan ¢ = % =

In quadrant

I All ratios are positive
Il Sin, Cosec are positive

Cos, Tan, Sec, Cotan are negative
I Tan, Cotan are positive

Sin, Cosec, Cos, Sec are negative
IV Cos, Sec are positive

Sin, Tan, Cosec, Cotan are negative

Sin? ¢ + Cos* 0 = |

Sin (8 = ) = Sin # Cos ¢ * Cos 8§ Sin ¢

Cos (6 = ) = Cos 8 Cos p ¥ Sin 6 Sin ¢
_ Tand + Tan g

Tan {6 + o) = [~TandTan g

Tan {6 - v} - Janb-Tan g

T I+ TandTan ¢

Sin 2¢ = 2 Sin & Cos @ Siﬁ+0= \/I%Qgi_a
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Tan 8 + Tan ¢ = Sin (# + ¢) + Cos 8§ cos ¢
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sin 6
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tan @

= Cos (90° - )
= §in {90° - 6)
= Cotan (30° - 6)
= Sec (90° - 8)

Cosec (90° — )

1

= Tan (90° - 8)
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CALCULATIONS OF QUANTITIES FOR EXCAVATION

Wedge

Cube Rectangulor prism . )
. T "
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P /)_ A e 3
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Volume = h3, osh=w =l Volume = | X w X h Volume = _LL‘%M
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==l h, 3
| l“L
1
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T Volume = | Xw X h hy+ ha+ ha+hg
Volume = (I Xw)X [~ 7
Truncated frigngular prism ’ Truncated rectanguiar prism
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Pyramid and cone Frustrum of pyromid ond cone.
) /\ //\ .
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CB neg 0.010 0.035 0.011 0.024 0.0t8 0.006
Cp e 0.084 0.092 0.089 0.096 0.085 0.086
0.55 8
Chne 0.007 0.028 0.008 0.019 0.014 0.005
8
050 Chp neg 0.086 0.094 0,090 0.097 0.089 0.088
B neg 0.006 0.022 0.006 0.014 0.010Q 0.003
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MB pos DL CB DL XwXxXB nIvia
o v ' -l -t -l I -l -al - - -l ol
AT NIUN 1 [(AI0UM 2 (NI0uN 3 NIAN 4 [NIAN 6| NIAN 8 |NIAT 7 NIUN 8 [NIQN 9
B P ,
A 4
med LY DI I
B 77774 77 ' i
CA oL 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
1.00
CB bL 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020
CA oL 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 ’ 0.024
0.95
CB bL 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
CA oL 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
0.90
b oL 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015
CA oL 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
0.85
CH oL 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
CA oL 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029
0.80
CB DL 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010
CA oL 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031
0.7%
CB oL 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0,007
CA DL 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0,033
0.70
CB bL 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006
CA DL 0.074 0.032 0,054 0.050 0.036 0.054 0.065 0.044 0.034
0.65
CB bL 0.013 0.008 0.014 0.009 0.004 0.007 0.014 0.009 0.005
CA oL 0.081 0.034 0,062 0.053 0.037 0.056 0.073 0.048 0.036
0.60
CB DL 0,010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004
Cape | 0088 | 0.035 | 0071 | 0.056 | 0038 | 058 | 0.81 052 | 037
0.55
CB oL 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003
CA pL 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0,038
0.50
CB L 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002
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M = C, ., XwXxA? w = dminasfuknTzany
A pos DL A DL = :
- 2 r
MB pos DL = C}3 pL XwXxB INUQ
o 1 - - - -d - - - -d . mad
BANTIU N3N 1 N3N 2| N3N 3| NIUN 4 (NILM 6 [NTIAN 6 | NIAUN 7 [NTQIM 8 | NIGIN 8§
B ; ‘
S S 1 1 1w O A A
B 5y
CA LL 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
1.00
CB L 0.036 0.027 0.032 0.032 0,027 0.032 0.a35 0.030 0.028
CA LL 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
0.85
CB L 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025
CA LL 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
0.90
CB LL 0.029 0.022 0.027 0.026 0,021 0.025 0.029 0.024 0.022
CA i 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
0.85
CB L 0.026 0.019 0,024 0.023 0.019 0.022 0.026 0.022 0.020
CA LL 0.C58 0.041 0,045 0.048 0.044 0.051 0.051 0.044 0.042
0.80
CB L 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017
CA L 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0,049 0.046
0.75
CB LL 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013
CA LL 0.068 0.049 0.057 0.05§7 0.051 0.060 0.063 0.054 0.050
0.70
CB LL 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011
CA LL 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
0.65
CB LL 0.013 0.010 0,014 0.011 0.009 0.010 0.014 | 0.011 0.009
CA L 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.058
0.60
CB LL 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0,007
C 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
0.55 ALL )
CB LL 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006
CA LL 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0,067
0.50
CB LL 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004
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BATUTIU nmlgl 1(NIM 2 [NIRIN 3| NIRUN 4 | NTQN 5 [nIain 6 |nInin 7 [nItuN 8 [nIam 9
b’ Z,
m=g <] i .
B 7777,
w, 0.50 0.50 0.17 0.50 0.83 0.7 0.29 0.33 0.67
1.00
Wy 0.50 0.50 0.83 0.50 0.17 0.29 0.1 0.67 0.33
W, 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.7%
0.95
Wy 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29
W, 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
0.90
Wy 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25
w, 0.66° 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
0.85
Wy 34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21
W, 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
0.80
. Wy 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17
w, 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86
0.75
W, 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14
w, 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89
0.70
Wy 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.1
W, 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92
0.65
Wy 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08
WL 0.89 0.89 0.61 0.89 0.97 0.95 |[. 0.76 0.80 0.94
0.60
Wy 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06
w, 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95
0.55 i
Wy 0.08 0.08 0.31 0.08 0,02 0.04 0.19 0.15 0.05
w, 09.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
0.50
Wy 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03
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PRESTRESSED CONCRETE DESIGN FORMULAR

1. Structural Analysis

By Equivalent Frame Method (ACI 318-89, Clause 13.7)
2. Losses

a) Elastic loss

Nes = Esfi
2Ec
where fi = Stress in adjacent adjecent to tendon
b) Creep of concrete
Acr = 36x10% X420 fi xEc [CP. 110 clause 4.8.3.6]
Ut
where Ut = Ultimate strength of concrete
c) Shrinkage of concrete
Ash = 300x 10%ec
d) Friction & Wabble foss
Pe = Pi o {ratk)-
where Pe = Effective force
pi = |[nitial force
I = Coefficient of friction
o = Total angle change (radian)
Kk = Wobble factor

[ = Length of tendon
e) Grip set losse

X =4 Sﬂgs
a
p = 2Xa
L
where x = Length of drawn-in of strand
S = Grip seating distance
A = Area if strand
a = Total friction loss
3. Elastic stresses
f =P ,Pe M
ATZ7z
where 1 = Elastic Fiber stresses
P = Effective force
A = Area of concrete
e = Eccentricity of tendon
Z = Section Modulus
M = External Moments

4, Ultimate Flexural Strength (Unbonded Tendon)
a) When p fps < 0.3 then section is underreinforced
f'c
¢ Aps fps (d-al2)
Aps fps
0.85 fcb

oMn
a



Pp = Aﬂs

bd
fps = fse+7033+fc’
100Pp
where fse = effective stres'ses in strand
Aps = Area of strand
d = effective depth

b) When bonded non-prestressing Steel is included
é Mn ¢ [Aps fps(dp-al2) + As fy (d-a/2)]
a Aps fps +As fy

085fch



5 Ultimate Flexural Strength (Bonded Tendon)

a) When Pp fps < 0.3 then sectipn is underreinforced
f’c
¢ Mn = ¢ Aps fps(d -a/2)

a = Aps fps
0.85 f'c b
pp = Aps
bd
fps = fpu (1-0.5 pp fpu)
f'c
where fpu = Ultimate stresses in strand

Aps = Area of strand
d = effective depth

b) When bonded non-prestressing Steel is included
¢ Mn ¢ [Aps fps (d,—as2)+As fy (d—a/2 )3
a Aps fps+ As fy
0.85 f'c b

6 Web Shear Strength (or Punching Shear Strength)

V, = 093P +03f) bd+V

cw

where Vp = vertical force due to prestressing force.

7 Flexural Shear Strength (or Beam Shear Strength)

— i V.M
vV, = 0.16 VP, b A+ Y Ve + \A
_ Mmax
3
= 045 °F c byd
andM_ = (L6 VP + fpe + £ Z,,
where V, = factored shear force at section,
simultaneously with M___;
Mo, = maximum factored moment at section;
V4 = shear force at section due to. unfactored dead load;
f pe = compressive stress in concrete due to effective prestress forces only, at extreme
fiber of section where tensile stress is cause by externally applied load; and
f, = stress due to unfactored dead load at extreme fiber of the sectin at zero

prestresing force (fps=0), e.g. at the end of pre-tensioned beam.

For simplification:
V, = (016 vP_ + 49V b d

M

u



where Vu = factored shear force at section; and

M, = factored moment at section.

8 Shear Reinforcement

§ = A, fy d
VS
where s = stirrup spacing;
A, = cross section area of shear reinforcement;
fy = vyield strength of shear reinforcement; and
vV, = nominal shear force resisted by steel.
And; Vo = V -V,
or V., = V — V_ whichever smaller

The maximum spacing of stirrup

S = 3h/4; ifV, = 053 £  b,d
S =< 3h/8 ifv, =106 f_ b,d
= 60 cm.

In case of sufficient concrete shear strength, minimum area of shear reinforcement is
controlled by stirrup spacing

S = 804, fy d 1
Aps fpu Vd/b,,
where fpu = utlimate tensile strength of prestressing tendon; and

h = total depth of beam.

Friction Coefficients for Post-Tensioning Tendons

Wobble Coefficient Curvature coefficient

Type of Tendon ‘ K per foot B
Grouted tendons in metal sheathing
Wire tendons 0.0010-0.0015 0.15-0.25
High-strength bars 0.0001-0.0006 0.08-0.30
Seven-wire strand 0.0005-0.0020 0.15-0.25

Unbonded tendons
Mastic coated

Wire tendons 0.0010-0.0020 0.05-0.15

Seven-wire strand 0.0010-0.0020 0.05-0.15
Pregreased

Wire tendons 0.0003-0.0020 0.05-0.15

Seven-wire strand 0.0003-0.0020 0.05-0.15

Source: Adapted with permission of the American Concrete Institute from AC! Building
Code Commentary 31RR-R2
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AASHTO Lump Sum Losses

Type of
prestressing fé/ = 4,000 psi 1/ = 5,000 psi
steel (280 ksc) (350 ksc)
Pretensioning:
Strand 45,000 psi
(3,160 ksc)
Post-tensioning:?
Wire or strand 32,000 psi 33,000 psi
(2,270 ksc) (2,320 ksc)
Bars 22,000 psi 23,000 psi
(1,570 ksc) (1,620 ksc)

4L osses due to friction are excluded.

PTI Lump Sum Losses for Post-Tensioned Members

Type of Total Loss?
Post-Tensioning
Steel -Slabs ‘Beams and Joists

Stress-relieved grade 30,000 psi 35,000 psi

270 strand and stress- (207 MPa) (241 MPa)
relieved grade 240 wire

Bars 20,000 psi 25,000 psi

(138 MPa) (172 MPa)

Low-relaxation grade 15,000 psi 20,000 psi

270 strand (103 MPa) (138 MPa)

3 osses due to friction are excluded.

ESTIMATED TOTAL LOSSES

Pretensioning, %

Posttensioning, %

Elastic shortening and bending of

concrete 4 1
Creep of concrete 6 5
Shrinkage of concrete 7 6
Steel relaxation 8 8

Total loss 25 20

Source : Design of Prestressed concrete Structures T.Y. LIN




General Principles of Prestressed Concrete

Elastic Stresses : f =£i Fey + My
A I |
EEEEEEEEEEERREE

Concentric tendon
(Force == F)

Beam Prestressed and Loaded

N
My/l k (Fx My
— pa - st — - (£ -2

Dueto _ Due to External
Prestress F Moment M

Stress distribution across a concentrically prestressed-concrete saction.

L0 R N T R S N R S N O S A

Eccentric_tend C cac “_'”‘}‘e
E_____,,_E_E”LC_‘E”_P“_______— c.gs. & }

Beam Eccentrically Prestressed and Loaded

_ Fe ,y;‘,‘
+I]

F cc
A I
Fey/! My (Exfory #)é*
Fec . _1‘_15

FIA Fec/l Mc(I
Due to Prestress Due to Prestress Due to External Due to Eccentric
Direct Load Effect Eccentricity Moment M Prestress and

External M

Stress distribution across an eccentrically prestressed-concrete section.
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BASIC CONCEPTS  for prestressing a rectangular concrete beam.
(a) Plain concrete beam. (b) Axially prestressed beam. (¢) Eccentrically prestressed
beam. (d) Beam prestressed with variable eccentricity. (¢) Balanced load stage for
a beam with variable eccentricity.



Member Equivalent Joad on concrete from tendon  Moment from prestressing
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BASIC CONCEPTS :
Equivalent loads and moments produced by prestressing tendons.
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THE EQUIVALENT FRAME METHOD (ACI 318-89, Clause 13.7)

Column Column

¢ ¢ ' ' !

Panel Panel

= Panel ¢

Column ¢

Panel ¢

Column ¢

(a)

L T T T 1

«

| A |

Building idealization for equivalent frame analysis. (a) Plan. (b)
Elevation.

The actual column and transverse slab strip are replaced by
an equivalent column, defined so that the total flexibility (inverse of
stiffness) of the equivalent column is the sum of the flexibilities of the
actual column and the slab strip. Thus

=141

K. ZK. K
where K, = flexural stiffness of equivalent column
K. flexural stiffness of actual column

K, torsional stiffness fo transverse slab strip

1l

I

K, = 4E /]
K, = 9EC
12(1-02)3
I,
where ¢, = transverse column dimension as shown in Fig. 10.15
C = cross-sectional constant for the transverse strip.

1y is the span in the direction that moments are being
determined '

I, is the length of span transverse to |,.
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Section a-a Section b-b Section c-¢

Basis of eguivalent column.

3
x\x

C= (1 — 0.63—-)—)i
y/ 3

where , and ,, are, respectively, the smaller and larger dimensions of the
rectangular cross section (5 and p in Fig.)
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Main and Secondary Meinbers

Main Members

Secondary Members¥

K1/t not over 120 Klfe 121 to 200 1/r 121 to 200
K1 Fa X1 Fa X Fa KI Fa Kl Fa | Fas ]} Fas
r kgfem? Y ke/em? Y  kg./em? ¥ kg/em.? Y kg/lem? ¥ xg/emZ T kgsem?
1 1500.8 a4 12382 81  1008.0 121 T12.0 161 406.3 121 718.2 161 509.8
2 1604.5 42 1332.6 82 10680.7 122 702.5 182 400.3 122 700.8 182 606.7
3 1603.8 43 13209 83 1052.8 123 802.4 183 395.4 128 703.0 163 603.7
4 1500.8 44 13211 84 10449 124 682.2 104 390.68 124 o981 164 5007
5 1407.5 46 13163 865 1036.0 126 67L.9 185 386.9 126 080.1 186 497.0
8 14044 46 1309.4 86  1028.8 126 06LS 166 3812 126 682.0 166 495.1
7 14001 47 13036 87  1020.7 127 0513 167 376.7 127 676.0 1867 402.4
8 14878 48 12075 88  1012.8 128 64L2 168 372.2 128 667.9 168 489.7
9 14844 40 12914 80 1004.4 120 6313 180 367.8 120 66L.0 180 487.2
10 14810 50  1285.3 90 9961 130 6218 70 303.8 130 854.3 170 4848
TR VY, 'Y 51 1270.1 o1 087.8 181 612, 1M 380.2 13t 047.8 m 462.2
12 1473.8 52 12729 92 070.4 132 6029 172 366.1 132 64l4 172 470.8
13 1470.1 53 1200.8 93 971.0 1338 §03.9 173 3610 133 636.1 173 4715
14 1400.3 54 1260.3 04 0626 134 586.0 174 3470 134 o201 174 476.3
15 1462.6 56 12639 95 954.0 136 678.4 176 342.0 136 623.1 175 4731
18 1468.6 56 1247.4 06 046.4 186 508.0 176 3391 136 617.3 176 470
17 14646 57 12409 97  036.8 137 669.7 177 3363 187 617 177 469.0
18 1450.5 58 12343 98 9281 138 8518 178 33L6 138 606.2 178 467.0
19 1446.4 s9 12277 0 010.4 130 843.7 179 3270 130 600.8 170 466.0
20  1442.2 00 1221.0 100 010.8 40 638.0 180 324.2 140  505.5 180 403.2
21 1379 6 12143 101 0017 141 528.4 11 3207 Wi 580.4 181 4014
22 1433.5 6z 1207.5 102 802.8 142 521.0 182 3171 142 685.4 182 450.8
23 1420.1 03 12007 | 103 883.8 143 6137 183 3137 143 580.6 183 457.0
24 1424.6 64 1103.8 104 874.8 44 508.8 184 8103 44 6757 184 450.3
25 1420.1 o6 1186.9 108 866.7 146 400.6 185 307.0 46 5710 185 464.7
26 1415.4 6 1179.9 108 866.0 ue  492.8 186 303.6 46 566.4 186 463.2
27 1410.7 67 u72.8 107 847.4 147 486.1 187 300.4 u7  502.0 187 4517
28 1406.0 a8 1166.7 108 838.2 48 470.8 188 207.2 u8  BET.7 188 450.3
29 14002 69 1168.6 100 828.9 ue 4732 180 2041 149 553.4 180 449.0
30 1306.3 70 1514 1o 810.5 150 466.9 190 2910 150  549.3 190 4477
2 1391.3 71 44l m 810.1 151 460.7 101 288.0 151  545.2 101 4464
32 1380.3 72 1368 u2 800.8 152 454.7 192 286.0 152 6413 192 445.3
33 13812 73 120.4 13 01,1 163 448.7 193 282.0 153 5374 103 444l
34 1376.0 74 11220 14 781.5 154 4429 184 2191 154 6337 194 443.0
35 1370.8 75 145 us 771.8 166 437.2 195 2763 155 530.0 195 442.0
36 1305.5 70 107.0 ue 702.1 156 4317 198 2735 150 620.4 1986 4410
37 1360.2 77 10904 u7 762.3 167 426.2 107 270.7 187 6220 107 4401
38 1354.8 78 10018 18 42.5 168 420.8 108 2080 168 510.6 108 430.3
30 13403 79 10841 us 32,0 160 416.5 190 205.3 159 618.2. 198 438.5
40 13438 80  1076.4 120 722.8 100 410.3 200 2628 100 612.9 200 4377

%K taken as 1.0 for Secondary members.
Note: Ce = 126. &
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| STRUCTURAL MATERIALS






WEIGHTS OF BUILDING MATERIALS

ASBESTOS CEMENT SHEETING
Corrugaled '/u" thick as laid
Flat '/a" thick as laid

ASPHALT

Rock and Mastic. per 1" of thickness as laid

BLOCKWORK, WALLING
Clay, holiow per 1" thickness
Concrete. hollow per 1™ thickness
Concrete, solid per 1" thickness
Lightweight Concrete,

hollow per 1" thickness

Solid per 1" thickness
Breeze Biock, 3" thick

4" thick

HOARDS

Cork. Compressed 1" thick

Fibre Insulating ":" thick

Laminated Blockboard 1" thick

Plaster Cored " thick

Plaster Cored " thick plus setling coal
Plywood per 1mm. thickness
Hardboard /¢" thick

BRICKWORK

*Common” London stock or “Flettons”
including sand-lime

Glazed

Heavy Pressed Brick

Engineering. Dense

CAST IRON

CONCRETE

Natural Agaregates

Brick

Clinker

Pumice

Reinforced tabout 2% steel)

COPPER ROOFING SHEET
24 SW.G. as laid

CORRUGATED STEEL SHEETING
Galvanised 18 B.G. as laid
Protected 20 B.G. as laid

FLOORS

Hollow Concrete with topping 4™ thick
6" thick
8" thick

FLOORING

Rubber "4 thick
Compressed Cork 1" thick

FLOORING, WOOD
Hardwood ~ Oak or Maple "/&"
Hardwooed — Oak or Maple 1'%4"
Pitchpine (longleal dense) /"
Pitchpine [(longleaf dense) 1'/s"

GLASS
Per '/:" of thickness,

GLASS FIBRE
Thermal Insuiation per 1" thickness

16.6 Kg/sq.m.
11,2 Kg/sq.m.

58.6 Kg/sq.m.

25,9 Kg'sq.m.
34,7 Kgisq.m.
54,7 Kg/sq.m.

25,9 Kg/sq.m.
32,2 Kgisq.m.
43.9 Kg/sq.m.
53,2 Kg'sq.m.

7.3 Kg'sq.m.
3,4 Kgisq.m.
11,2 Kgrsg.m.
9,8 Kg/sq.m.
14,6 Kg/sq.m.
0.6 Kgisg.m.
3.4 Kg/sq.m.

2002 kgfcu.m.
2082 kg/cu.m.
2243 kg/cu.m.
2403 kgreu.m.

7208 kgrcu.m.
2307 kgicu.m.
2002 kg'cu.m.
1522 kgreu.m.

1121 kg‘cu.m.
2403 kg‘cu.m.

6.5 Kg’sq.m.

13.7 Kgrsq.m.
15.6 Kg'sq.m.

1771 Kg sq.m.

220 Kg'sc.m

269 Kg sq.m.

10.7 Kag’sq.m.
9.8 Kg'sg.m.

16.1 Kg/sq.m.
21,0 Kgfsq.m.
15,1 Kg/sq.m.
19,0 Kgfsq.m.

17,1 Kglsq.m.

0.5 Kgfsg.m.

GLAZING, PATENT

74" Glass including lead-covered
steel bars at 24" centres

Aluminium Alloy Bars at 24" centres

LEAD, CAST

LEAD, SHEET
Per 1" ol thickness as laid

PLASTER
Acoustic '/2" thick
Fibrous %" thick
Gypsum '/z" thick
Lime '/2" thick

28,3 Kgrsq.m.
19,5 Kafsq.m.

11325 Kg/sq.m.

32,1 Kgrsq.m.

9.8 Kg/sq.m.
14,6 Kg/sq.m.
21,9 Kg/sg.m.
24,4 Kg/sq.m.

(Add 1.3 Ib/sq.ft. for wood or metal lalhing)

ROOFING BOARDING
Softwood rough sawn %" thick
Softwond rough sawn 1" thick
Soltwood rough sawn 1°%" thick

ROOFING FELT
Bituminous (in layers)
For /2" Macadam Finish add

SLATING
Laid with 3" Lap including nails
but not batlens:

Scotlish:

Welsh: Thin
Thick

Westmorland: Thin
Thick

{add 0.7 Ib/sq.ft. for timber battens)

STEEL, MILD

STONE

Bath Stone

Portland Stone

Marble

Sandstone, medium
Granite, medium

STRAW
Compressed slab

TERRAZZO
Paving *%" thick

TILING, ROOF

Clay or concrete roof, plain, laid to
4" gauge

Concrete rcol, interlocking

TIMBER, SEASONED
Hardwoods — Teak. Oak
Pitchpine (longleaf dense)

Softwoods — Pine, Spruce, Douglas Fir

WEATHER BOARDING
3

1

WOoODWOOL
Slabs, 1" thick

ZINC SHEET
No. 14 Zinc Gauge as laid

9.8 Kg/sq.m.
12.2 Kg/sq.m.
14,6 Kg/sq.m

7.3 Kgfsq.m.
34,2 Kgrsq.m.

53,7 Kg/sg.m.
24,4 Kg/sq.m.
48.8 Kg/sq.m.
48,4 Kg/sqg.m.
78,1 Kg/sq.m.

7849 Kgicu.m,

2082 Kgreu.m.
2243 Kglcu.m.
2723 Kgrcu.m.
2323 Kg/ci.m.
2643 Kg/cu.m.

9.6 Kg/sq.m.

232.7 Kg/sq.m.

62,5 - 70.8 Kg/sq.m.
48,8 Kg/sq.m.

720,8 Kgicu.m.
672.8 Kgicu.m,
480.6 Kg/cu.m.

7.3 Kg/sq.m.
8,8 Kg/sg.m.

14,6 Kgisq.m.

7.8 Kg/sq.m.




ATNRANITUNGN (NON.20-2543)

WUIATZY o
Favwe durnguinaneszy | Aufimedenaneszy AlanFudains
fafinay AI9fNRAIHNNS
RB 6 6 28.3 0.222
RB 8 8 50.3 0.395
RB 9 9 63.3 0.499
RB 10 10 78.5 0.616
RB 12 12 113.1 0.888
RB 15 15 176.7 1.387
RB 19 19 283.5 2.226
RB 22 22 380.1 2.984
RB 25 25 490.9 3.853
RB 28 28 615.8 4.834
RB 34 34 907.9 7127
aavanidmasudados (nan.24-2548)
UNATTY HIRTIY (Wa)
%ml‘mm Lf‘fumg’mﬂ’nmﬁzq (dy) vﬁuﬁmﬂﬁ’mmns:q (S kg/m
mm mm?
DB 6 6 28.3 0.222
DB 8 8 50.3 0.395
DB 10 10 78.5 0.616
DB 12 12 11341 0.888
DB 16 16 20141 1.578
DB 20 20 314.2 2.466
DB 22 22 380.1 2.984
DB 25 25 490.9 3.853
DB 28 28 615.8 4.834
DB 32 32 804.2 6.313
DB 36 36 1017.9 7.990
NR 4n an 12RA R Q RRR
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100x50x20] 2.3 [5.1744.06] 500 | 4.88 | 807 [ 348 [10a [ 11.4] 395 [ 259 [ 449 [ 14800581 [161] 733] 0 | 0
100%50x20| 3.2 7007550| 5.00 | 484 | 107 | 448 |137 [147] 390 | 253 [ 441 [145]0572]213] 925] 0 | ©
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40%20x20 [ 23 | 2978 | 234|2.36(0 |6.08]5.40|1.43]|1.35/2.58(1.80|0 {2.8
50x40x20 | 23 | 2898 [306|2.56|0 |13.8[17.1]1.88{2.10{5.39({4.28/0 [3.5
s0x40x30 | 32 | 5932 | 466]2.83{0 [20.9(35.9|1.88]2.46|7.36|7.19]0 |36
60X30x20 | 23 | 4128 |324(3.23|10 |18.4]11.4]2.17]1.66(5.88|3.26
60x30x20 | 23 | 4368 |342|3.37{0 |20.9|14.7/2.19(1.83]6.20 3._66.
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26X25 304 | 2 | 1427112 |0.71910.719 [ 0.797 | 0.797 | 1.26 | 0.332 |0.747/0.747|0.94010.433 {0.448 | 0.448

2% 25 35)24 | 226 | 177 |080 (080 ) 1.20 | 1.20 | 189 | 052 [0.73|073|091]043 | 045 | 045

30x30 5 |24 | 278|218 |092 (092|216 | 216 | 341 | 092 |0.88|088(1.11 (057 |1.04 | 104

5

30x30 304 | 2 | 1727136 0844|0844 | 1.42 | 1.42 | 226 | 0.590 |0.9080.908| 1.14 {0.585 |0.661 | 0.661
5
3

40x40 45( 2 | 2336183 [1.02 [1.09 | 353 | 3.53 | 560 | 146 |1.23|1.23(1.55[0.790 [ 1.21 | 1.21

40x40 416 |24 | 308|242 | 112 | 112 | 447 | 447 | 709 | 185|121 1.21|1.52(0.78 [1.55 | 1.55

40x40 5145( 3 [37551295 147 | 117 | 542 | 542 | 859 | 225 |1.20|1.20{ 151 0.774 | 191 | 191

40x40 616 |24 | 448 1352 (120 | 120 | 631 | 6.31 | 998 | 265 |1.19/1.19| 149 (077 | 226 | 226

45x45 4165| 3 [3492{274 (124 | 124 | 650 | 650 | 10.3 | 270 |1.36)1.36|1.720880 | 200 | 200

4545 5|65 3 [4302]338 |1.28 | 128|791 | 7.91 | 125 | 329 |1.36|1.36] 1.71 0.674 | 246 | 246

5050 307 |24 |29 |13 (233 |13t | 686 | 686 | 108 | 208 |152| 152|191} 099|186 | 186

30x50 4165| 3 |3892[306 (137 |1.37 | 906 | 906 | 144 | 3.76 [153)1531.92 b,983 249 | 249

5050 5 (65| 3 |4802(377 {140 |11 | 100 110 [ 175 458 |1.52[1.52(1.91 0976|308 | 3.08

5050 6 [65]45 | 150 |5644 (443 [144 | 144 | 126 | 126 | 200 [523]150|1.88 0.953 1355 | 355

60x 60 4165 4692368 |1.61 | 160 [ 160 | 160 | 254 | 6.62 |185|185|2.33]1.19 | 366 | 366

3
60 60 6.5| 3 |5802(455 [1.66 | 166|196 | 196 |31.2 | 809 |1.84|1.84(2.32|1.18 1452 | 452
3

5
6565 5185 6.367 [500 [1.77 | 177 [ 253 | 263 | 40.1 | 105|199 1.99(251 |1.28 | 535 | 535
65%65 6 [85] 4 7527|591 (181 [ 181 [ 294|294 | 466 | 122 [1.98]198|248 (127 (626 | 6.26

65X 65 8 (85( 6 |9761|7.66 (188 [1.88 368 | 368 | 583 [ 153 [1.94]194|244 (125 [7.96 | 796




a S Ak tuiimenado| szomienn] ot e dan | 3 T | Digiamad
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70x70 61851 4 |[8127 (638 |193 [1.93 37.\‘ 371 | 589 | 153 [2.14]2.14|269 |1.37 |733 | 7.33
75%75 6 |85 4 |[8727 (685 |206 206 |46t | 46.1 |732 | 190 (230(2.30|280|1.48 |847 | 847
75X 75 9 85| 6 [1269]996 {217 |2.17 [ 644 | 644 | 102 | 267 |2251225]|284 {145 |121 | 121
1575 12185 6 (1656 (130 |229 {229 | 819 | 819 [ 129 | 345 (222|222|279|1.44 (157 | 157
80x80 6 (85( 4 |9327|7.32 |218 | 218 | 564 | 56.4 | 896 | 232 |246{246|3.10(158 |9.70 | 8.70
90x90 6 [10] 5 1055826 242 |242 | 80.7 | 807 | 128 | 334 {277)277(348|178 |123 | 123
90%80 7 {10 5 |1222(959 246 | 246 | 930 | 930 | 148 | 383 |276)|276)348 (177 {142 | 142
90x90 10 (10 [ 7 |1700 133 |257 (257 | 125 | 125 [ 199 | 517 [271]271)3.42 (174 [195 | 195
90x90 12011 [ 48 | 203 | 159 |2.66 | 266 | 148 | 148 [ 234 | 61.7 (27 )27 |34 175 |233 | 233
90% 90 13 (101 7 2171 [17.0 (269 | 269 | 156 | 156 | 248 | 653 (2.682.68|3.38|1.73 [248 | 248
100100 T {10 | 5 | 1362|107 {271 [271 | 129 [ 129 | 205 | 532 |3.03|3.08|388{198 {177 | 177
100x 100 10110 | 7 (1900 [149 |282 | 282 [ 175 | 175 | 278 | 720 |3.04|304 (383 |1.95 |244 | 244
100 100 12(12 |48 | 227 [178 1290 {290 | 207 | 207 | 328 | 857 |3.02|3.02|38 [1.94 (291 | 291
100X 100 13 (10| 7 2431191 |2.94 | 294 | 220 | 220 | 348 | 91.1 [300]300(3.78{1.94 |31.1 | 311
120x120 B 112 | 5 1876|147 [324 [324 | 258 | 258 | 410 | 106 [3.71|3.71)467 [2.38 [295 | 295
13OX]30 9 (12| 6 [2274|179 |353 |353 | 366 | 366 | 583 | 150 |4.01|401(506(257 |387 | 387
130)(330 12112185 |29.76 | 234 | 354 1364 | 467 | 367 | 743 | 192 [3.96}396]5.00(2.54 [499 | 49.9
130x130 15112 | 85 [36.75 (288 |3.76 | 3.76 | 568 | 568 | 902 | 234 |393[393]4.95]253 615 | 615
150% 150 12|14 | 7 3477213 |44 | 434 | 740 | 740 | 1180 | 304 [4.61)461|582(296 |68.1 | 681
150150 15|14 | 10 |42.74 | 336 | 424 | 424 | 888 | 888 | 1410 [ 365 [4.56|456)575(282 |826 | 826
150X 150 19 {14 [ 10 }53.38 | 419 |4.40 | 440 (1090 | 1090 |1730 | 451 |4.52|452(5.69(291 |103 | 103
175%175 12 (15[ 1. |40.52 | 318 473 | 473 | 1170 | 1170 (1860 | 480 |538(5.38|6.78|344 [91.8 | 91.8
175X175 15 (15 | 11 | 5021 | 394 [4.85 | 485 | 1440 | 1440 (2290 | 589 |5.35(535)|6.75(342 114 | 114
200 200 15|17 | 12 | 57.75 (453 | 546 | 546 | 2180 | 2180 | 3470 891 |6.141614]7.75 393 | 150 | 150
200%200 | 20 |17 | 12 |76.00 |59.7 | 567 |5.67 | 2820 | 2820 | 4490 | 1160 |6.09(6.09|7.68 390 | 197 | 197
200%200 | 25|17 | 12 |93.75 | 736 [5.86 [ 586 | 3420 | 3420 |5420 | 1410 |6.04|6.04 | 761|388 | 242 | 242
250X 250 25 (24| 12 | 1194937 |7.10 | 7.10 | 6950 | 6950 |11000| 2860 (7.63|7.63|9.62 (490 | 388 | 388
250%250 | 35|24 | 18 | 1626 | 128 |7.45 | 745 |9110-) 9110 (14400 | 3790 |7.49|7.49(9.42 1483 | 519 | 519




H [~ [ A )
A131911 3 PWIAUAZAIRTBIMANR N T naiaTaSon

(aasgm wan.)

Tudanudos |

Sadlasdw

lugdsmeagin

i

KM

g
W

el

g
win
s

cm?

W3
1A
kgim

piei ]
Al

cm

[

emd

lauri

cm

tan «

ligdmedh

om3

AXB

2

G

G

il
v

iR
i)

A
Al

90x75

14.04

631 | 143

341

2.18

1.56

0676

174 124

10075

1187

5.9 | 144

308

315

0.548

170 1100

100X 75

16.50

761 | 194

KM

215 | 343

1.58

0.543

233|137

125X 75

1362

60.4 | 243

364

4.01

211 1423

1.64

0.362

26.1 (103

125X 75

19.00

808 | 330

490

396

206 | 417

1.61

0.357

3.1 141

125X 75

24.31

435

38

204 | 413

160

0.352

46.1 [17.9

125%90

20.50°

39

138 | 360

6.2

3.94

259 | 430

193

0505

372|203

126X 90

26.26

407

173 | 417

9.3

38

257 | 426

0.501

475|259

150%90

2094

495

804

4.81

2.52 | 5.06

196

0.361

482 190

150%90

85

2136

507

210

167 | 685

102

4.76

247 | 5.00

1.93

0.357

623 | 243

150 100

<5

21.84

4.6

230

181 | 5719

104

479

288 | 515

0439

491 {235

150x 100

85

28.56

488

241

23 | 733

132

474

283 | 509

215

0435

150% 100

8.5

3525

500

253

216 | 897

161
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2.80 | 5.04

2.14

0431

7821370
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100X 50 51 7 8 11.85 9.30 187 | 14.8 398 1.12 375| 591
100x100 | 6 8 10 2190 | 172 33| 134 | 418247 765|267
125X 60 6| 8 9 1684 | 132 413|292 495|132 66.1] 9.73
125x 125 65| 9 10 30.31 238 847 | 293 529311 136 47‘0>
150X 75 51 7 8 17.85 14.0 666 | 49.5 6.1111.66 888132
150%150 | 7|10 11 4014 | 315 1640 | 563 | 6.39[3.75 219 75.1
175X 90 51 8 9 23.04 18.1 1210 | 97.5 7.26(2.06 139|217
175175 7511 12 51.21 40.2 2880 | 984 7.5014.38 330 112
200X 100 55| 8 " 27.16 21.3 1840 134 8.24|2.22 184126.8
200x 200 8|12 13 63.53 499 4720 1600 8.62|5.02 472 160
250%125 6 9 12 37.66 296 4050 | 294 10.4 279 3241470
250% 250 9|14 16 9218 724 10800 | 3650 108 |6.29 867 | 292
300% 150 65| 9 13 46.78 36.7 7210 508 124 13.29 481_‘ 67.7
300% 300 10 | 15 18 119.8 94.0 20400 | 6750 131 |7.51 136[)\- 450
350% 175 71 14 63.14 496 1600 | 984 14.7 13.95 776 | 112
350350 12 | 19 20 1739 137 40300 | 13600 152 |8.84 2300 776
400X 200 8113 16 84,12 66.0 23700 | 1740 16.8 | 4.54 190 [ 174
400x 400 13 | 21 22 218.7 172 66600 | 22400 17.5 101 3330 | 1120
459X 200 9|14 18 96.76 76.0 33500 | 1870 186 |4.40 1490 | 187
500% 200 10 | 16 20 114.2 896 47800 | 2140 20.5 [4.33 1910 | 214
600X 200 11|17 22 134.4 106 77600 | 2280 24.0 [4.12 2590 | 228
700X 300 13 | 24 28 2355 185 201000 | 10800 29.3 |6.78 5760 | 722
800x300 | 14 |26 2 267.4 210 | 20200011700 | 330 |662 | 7290 782
900%300 | 16 |28 28 309.8 243 | 41100012600 | 364 |6.39 | 9140843
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HXB. | 4| b | 0l | a ol l vl | il iv|zlz
0075 | 5| 8| 7135|1643 | 120 | 0| 0| 281 zf;7.3 414|170 | 562 | 126
125x75 | 55| 95| 91 45] 2045 | 161 | 0| 0 | 58| 575 | 513] 168 860 | 153
150x75 | 55] 95| 9| 45| 2183 | 174 | 0| 0 | 819| 575 | 612 162 109 | 153
150x125 | 85 | 14 | 13 | 65| 4615 | 362 | 0 | 0 | 1760| 385 | 618 289 | 235 | 615
180X100 | 610 | 10 | 5| 3006 | 236 | 0| 0| 1670| 138 | 7.45| 214 | 186 | 275
200x100 | 71010 ] 5[ 3306 | 260 | 0| o 20| 138 | 811|205 | 217 | 277
200x150 | 9| 16 | 15 | 75| 6416 | 504 | 0 | 0 | 60| 753 | 834| 343 | 446 | 100
250x125 | 75 |125] 12 | 6 | 4679 | 383 | 0 | 0 | 5180| 537 |103 | 263 | 414 | 539
250125 | 10 | 19 | 21.[105| 7073 | 555 | 0 | 0 | 7310] 538 [102 | 276 | 585 | 86.0
300x150 | 8| 13 |12 | 6 | 6158 | 483 | 0 | 0 | 9480 588 |12.4 | 309 | 632 | 784
300x150 | 10 [185| 19 | 951 8347 | 655 | 0 | 0 | 12700 886 |123 | 326 | 849 | 118
300x150 [11.5] 22 | 23 [115] 9788 | 768 | o | o | 14700 1080 |122 | 332 | 978 | 143
350%150 | 9 | 15 | 13 | 65 7458 | 585 | 0 | 0 |15200| 702 |143 | 307 | 870 | 935
350x150 | 12 | 24 | 25 | 1251 111.1 872 | 0 | 0 | 224001 1180 |142 | 326 | 1280 | 158
00150 | 10 | 18 | 17 | 85| 9173 | 720 | 0 | 0 |24100| 864 |162 | 307 |1200 | 115
400x150 |125| 25 | 27 {135 |1221 | 958 | 0 | 0 |31700| 1240 |16.1 | 3.8 | 1580 | 165
450x175 [ 11 | 20 |19 | 951168 | 917 | 0 | 0 |39200 1510 {183 | 360 |1740 | 173
450x175 | 13 | 26 | 27 | 1357 146.1 15 | 0 | 0 |48800] 2020 {183 |3.72 |2170 | 231
600Xx190 | 13 | 25 [ 25 | 1251694 133 0 0 | 98400 | 2460 |24.1 |3.81 |3280 | 259
600x190 | 16 |35 | 38 | 19 [2245 | 176 | 0 | 0 {130000| 3540 |24.1 |397 | 4330 | 373
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150x9 | 150 | 39 | 12 9 8 3 [1852] 145)0934| 0 | 165 | 254 |0.942]| 3.70 | 555| 338
150x 121 150 | 42 | 12 | 12 8 3 2302|181 1102 | 0 |20.7| 338 (0949 383 | 652 45.1
150X 15| 150 | 45 | 12 | 15 8 3 |2752| 216 [1.13| 0 | 259 | 423 10.971(3.92| 7.70| 56.4
200x12 (200 | 42 [ 12 | 12 | 8 3 [29.02]| 2280935 0 |223| 799 10877|525|6.83 | 799
200x16 | 200 | 46 | 12 | 16 8 3 |37.02( 291|109 | 0 |30.51}1070(0.907| 5.37 | 8.68 | 107
20019 | 200 | 49 | 12 | 19 8 3 4302|338 (122 0 |385|1270(0.946|543 |10.4 | 127
200%22 | 200 | 52 | 12 | 22 8 3 |49.02|385(135| 0 |483 |1470(0.993|547 | 126 | 147
250%16 | 250 | 46 | 12 | 16 | 20 3 |46.05| 362 |1.06| 0 |33.6 |2080|0.854|6.72 | 9.49 | 167
250x19 | 250 | 49 | 12 | 19 | 20 | 3 |5355|420(119| O |43.1 [2470(0.897|6.80 |11.6 | 198
250x22 | 250 | 52 |12 | 22 | 20 | 3 |61.05479|133| 0 |550 287010.949] 6.85 |14.2 | 229
250%25 | 250 | 55 | 12 [ 25 | 20 | 3 |68.55|538)146| 0 |69.6 13260|1.01 |6.90 |17.2 | 261




MILD STEEL PLATES:

Size :4'X8 5x10' 5x20°
Thickeness/mm. Weight : kg/pc. kg/pc. kg/pc.
3 70 — —
3.2 75 117 —
45 105 164 —
6 140 219 -
8 187 292 -
9 210 328 —
10 233 365 —
12 280 438 —
15 350 547 1,094
16 373 584 1,167
18 420 656 1,313
19 444 693 1,386
21 490 766 1,532
22 513 802 1,604
25 583 912 1,823
28 653 — 2,042
29 677 — 2,115
32 47 — 2,334
38 887 — 2,771
44 1,050 1,641 —
50 1,167 1,823 —
55 1,284 — —
60 1,400 — —
65 1,517 2,370 —




CHECKERED PLATES ?\w AN
Standard Sizes of Floor Plates . /
%d’ \VA oq %
Style [ A B L S ? ﬂ% %
M | 5.1] 2.5]25.3]20.2 “ (\ {\ N
H | 6.0| 3.2|25.5|28.3
Metric Size
Diamension
Width x Length
Thickness 3t x Bt 4ftx Bft | Rt x 10m | 5k x 20
Weight of One Plate
mm, in Kg ib g b kg b Kg b*
M 2.3 0.0906 33.0 72.7 66.1 146
M 3.2 0.1260 44.8 98.7 89.7 198
M 45 0.1772 61.9 136 123 271
H 3.2 0.1260 451 88.4 80.2 177 125 276 251 553
H 4.5 0.1772 62.2 137 111 245 173 381 345 760
H & 0.2362 81.9 181 146 322 227 500 455 1003
H 8 0.3150 108 238 182 423 300 661 601 1325
H 9 0.3543 121 267 216 476 337 743 674 1485
H 10 0.3937 134 295 239 527 373 822 747 1646
H12 0.4724 161 355 286 83 4486 983 892 1966




Flat Bars

Metric Size

Standard Srandard Sec Lo Standard Sec- . Standard

Sectional Sec- Sectional > Unit Sectional tional Unit Sectional Sec- | Unit

Dimension tionat Unit Dimension vional |y gight Bimension N Weight Dwmension tional | Weight

Area | Weiaht Acea 'f; Area

Thick |y | et | g m | Thick| wicth em2 | kgm | Thick-| width | ™ kg'm | Thick- | wigth | cm? | Xgrm
ness fess mm aess mm ness om

mm mm mm mm
45 [-25 | 1125 ] 088 9 180 | 16.20 | 12.7 16 | 300 | 48.00 37.7 25 | 180 | 4500 | 353
4.9 3z | 1440 103 9 200 | 18.00 | 14.1 19 38 7.22 5.67 | 25 | 200 | 50.00 | 39.2
45 38 | 170) 1.3 3 230 | 20.70 | 16.2 19 a4 8.360 6.56 | 25 | 230 | §7.50 | 45.1
4.5 aa | 1980 | 1.85 ] 250 | 2250 | 17.7 19 50 | s8.500| 7.46 | 25 | 250 | 62.50 | 49.1
4.5 s0 | 2.250 | 1.77 | 12 25 | 3.000 | 2.36 19 65 | 12.35 9.69 | 25 | 280 | 70.00 | s5.0
6 25 | 1.500 | 1.8 | 12 32 | 3810 | 3.01 19 75 | 14,25 1.2 25 | 300 | 75.00 | 8.9
6 32 | 1920 181 | a2 38 | 4560 | 3.58 18 90 | 17.10 13.4 28 | 100.] 28.00 | 22.0
6 38 | 2.280 | 1.79 | 12 44 5280 | 4.14 19 | 100 | 19.00 14.9 28 | 125 | 35.00 | 27.5
6 sa | 2640 | 207 | 12 50 | 6.000 | 4.71 19 | 125 | 2375 18.6 28 | 150 | 42.00 | 33.0
[ 50 | 3.000 | 236 | 12 65 2.800 [ 6.12 19 | 150 | 28.50 | 22.4 28 | 180 | 50.40 | 39.6
6 65 | 3.900 [ 306 | 12 75 | 9000 | 7.06 | 19 | 180 | 3420 | 26.8 28 | 200 | 56.00 | 44.0
6 75 | 4500 | 3.8 12 90 | 10.80 8.48 19 | 200 | 38.00 | 29.8 28 | 230 | 64.40 | 50.6
6 90 | s.400 [ a.24 | 12 100 | 12.00 9.42 | 19 | 230 | 43.70 | 34.3 28 | 250 | 70.00 { §5.0.
6 100 | 6000 | 471 | 12 125 | 15.00 | 11.8 19 | 250 | 47.50 | 37.3 ‘28 | 280 | 78.40 | 61.5
5 125 | 7.500 | 6.89 | 12 150 | 18.00 | 141 19 | 280 | 5320 | 418 28 | 300 | B4.00 | 65.9
8 25 | 2.000 | 1.57 | 12 180 | 2180 | 17.0 19 | 300 | 57.00 | aa7 32 | 100 | 32.00 | 25.1
8 32 | 2560 | 2.01 | 12 200 | 2400 | 188 22 50 | 11.00 8.64 | 32 | 125 | 40.00 | 31.4
8 38 | 3.040 | 239 | 12 230 | 27.60 | 217 22 65 [ 1430 | 112 32 | 150 | a8.00 | 37.7
8 4s | 3520 | 276 | 12 250 | 30.00 | 236 22 75 | 16.50 | 13.0 32 | 180 | 57.60 | 45.2
8 50 | 1.000 | 3.4 | 12 280 | 33.60 | 26.4 22 90 | 19.80 | 155 32 | 200 | 6400 | 50.2
8 85 | 5.200 | .08 | 12 300 | 36.00 | 28.3 22 | 100 | 2200 } 17.3 32 | 230 | 73.60 | 67.8
8 75 | 6.000 | 471 [ 16 32 5120 | 4.02 22 | 125 | 27.50 | 216 32 | 250 | BO.CO | 62.8
8 90 | 7.200 | 5.65 | 16 38 | 6.080 | 4.77 22 | 150 | 33.00 | 2s.8 32 | 280 | B9.60 | 70.3
8 100 | 8.000 | 6.28 [ 16 a4 7.040 | 553 | 22 180 | 38.60 [ 311 32_| 300 | 96.00 | 75.4
8 325 [10.00 7285 | 16 50 | 8.000 | 6.28 | 22 | 200 | 44.00 | 345 36 | 100 | 36.00 | 2B.3
9 25 | 2250 | 1.77 | 16 65 | 10.40 816 | 22 | 230 | 5060 | 39.7 36 | 125 | 4500 | 35.3
9 32 | 2280 | 226 [ 16 75 | 12.00 9.42 | 22 | 250 | 55.00 | 43.2 36 | 150 | 54.00 | 42.4
9 38 | 3420 268 | 16 90 | 14.40 | 113 22 | 280 | 61.60 | 48.4 36 | 180 | 84.80 | 50.8
e 44 | 39601 3.1 | 16 100 | 16.00 | 12,6 22 | 300 | 66.00 | 51.8 36 | 200 | 72.00 | 6.5
9 50 | 4500 { 3.53 [ 16 125 | 20.00 | 15.7 25 50 | 12.50 3.81 36 | 230 | 82.80 | 5.0
[ 65 | 5.850 | 4.59 | 16 150 | 24.00 | 18.8 25 65 | 16.25 | 12.8 36 | 250 | 90.00 | 70.6
9 75 | 6750 [ 5.30 | 18 180 | 28.80 | 226 25 75 | 1875 | 147 36 | 280 [100.8 79.1
9 90 | 81co | 636 | 6 200 | 32.00 | 25.1 25 90 | 22.50 | 177 36 | 300 [108%0 84.8
s 100 | s.000 [ 7.06 | 16 230 | 36.80 | 28.9 25 | 100 | 2500 | 196
9 125 [11.25 8.83 | 16 250 | 40.00 | 31.4 25 | 125 | 3125 | 245
9 150 [13.50 | 10.6 16 280 | 44.80 | 35.2 25 | 150 | 37.50 | 29.4




LIGHT LIP CHANNEL

-

s
JIS G3350
Dimensions mm ! Centre of Secondary Radius of Modulus of Centre of
Area { Unit Weight Gravity Moment of Gyration of Section Shear
cm kg/m cm Area cm? Area cm cm cm
MxAXC * t 4 - -

S | ¢y Ix Iy i |iy |z« 2, | Sc| Sy
250x76x26 45 18.92 o | 207 |16% 129 9.44 [2.62 |135 23.8 51 |0
200x75x25 45 16.67 0 232 990 121 761 (269 | 99.0 23.3 56 10

4.0 14.95 ] 2.32 895 110 7.74 |2.72 | 895 1.3 57 10
3.2 12.13 o 233 736 92.3 7.70 (276 | 73.6 17.}3 57 |0
4.5 16.22 0 219 963 109 7.71 |2.60 | 96.3 206 53 |0
200x75x20 4.0 14.55 ] 2.19 871 100 7.74 262 | 871 18.9 52 |0
3.2 11.81 o 219 716 841 7.78 {267 | 716 15.8 54 |0
4.5 14.42 0 2.65 501 109 590 (2.75 | 66.9 225 63 |0
160x76x25 40 12.95 o 285 458 99.8 5.93 |2.78 | 60.6 20.6 63 |0
3.2 10.53 0 2.66 375 83.6 597 |2.82 | 50.0 17.3 64 |0
4.5 13.97 0 2.50 489 98.2 592 (266 | 65.2 19.8 60 |0
150x76x20 4.0 12,55 0 2.51 445 81.0 595 |2.69 | 59.3 18.2 58 |0
.32 10.21 0 251 366 76.4 599 (2.74 | 489 15.3 5.1 |0
4.0 11.76 o 211 401 83.7 5‘.84 233 | 535 14.5 50 |0
150x66x20 32 9.567 0 211 332 538 5.89 237 | 443 12.2 51 |0
23 7.012 4] 2.12 248 41 594 |242 | 330 '9.37 52 [0
4.5 11.72 0 1.54 368 357 560 |1.76 | 49.0 10.5 3.7 o
150x50x20 3.2 8.607 Q 1.54 280 28.3 -|571 |1.81 | 374 8.19 38 (0O
23 6.322 0 1.55 210 1.9 5.77 [1.86 | 28.0 6.33 3.8 0
45 10.59 e o | 168 | 238 335 |a74 [1.78 | 380 "[100 [0 |0
125x50x20 4.0 9.548 L [ 1.68 217 33.1 477 a3 347 9.38 40 |0
3.2 7.807 R Y o 1.68 181 26.6 4.82 |1.85 | 29.0 8.02 40 |0
23 5.747 = )? i o 1.69 137 20.6 4.88 [1.89 | 21.9 6.22 4.1 |0
120x60x25 45 11.72 o 226 252 58.0 463 (222 | 419 ' [158 5.3
120x60x20 3.2 8.287 i ] 212 188 40.9 474 (222 | 31.0 10.5 4.9
23 6.092 213 140 313 4.79 (227 | 23.3 8.10 A1 jO
120x40x20 3.2 7.007 1.32 144 15.3 453 [1.48 | 240 5.71 34 |0
4.5 9.469 1.86 139 30.8 3.827(1.81 27.7 9.82 43 |0
4.0 8.548 1.86 127 28.7 3.85 |1.83 | 254 8.13 43 |0
32 7.007 1.86 1Q7 245 3.90 |1.87 | 21.3 7.81 44 |0
100x50x20 28 6.205 1.88 99.8 23.2 3.96 (1.91 | 200 7.44 43 |0
23 5.172 1.86 80.7 18.0 [3.95 |1.92 | 16.1 606 (44 |0
20 4.537 1.86 7.4 16.9 397 |1.83 | 143 5.40 44 |0
1.6 3.672 1.87 58.4 14.0 399 [1.95 1.7 4.47 45 |C
3.2 6.367 1.72 76.9 18.3 3.48 [1.68 | 17.1 6.57 4.1 |0
90x45x20 23 4.712 173 58.6 14.2 3.53 |1.74 | 13.0 5.14 41 |0
16 3.352 1.73 42.6 10.5 3586 (1.77 9.46 5.80 42 |0
23 4.137 1.72 1.8 3.00 |1.69 9.90 4.24 40 |0
75x45x18 20 3.637 172 10.5 3.01 J1.70 8.79 3.76 40 |0
16 2.952 172 871 [3.03 {1.72 7.24 3.13 4.1 {0
75x35x15 23 3.677 129 31.0 6.58 291 [1.34 8.28 2.98 3.1 1]
70x40x26 16 3.032 1.80 22.0 8.00 (269 11.62 | 629 |364 |44 |0
23 2.872 1.06 15.6 3.32 | 2.33 |1.07 5.20 1.7 25 (0
60x30x10 20 2,537 1.06 14.0 3.01 | 235 |1.09 4.65 1.5 258 [0
. . 1.6 2.072 1.06 1.6 256 | 237 1.1 3.88 1.32 25 |0




Geometrical moment of inertia / = a2

Radius of gyration of area /= +//}a

“ Modulus of section Z=/|e
) (a : sectional area) ’
L2
S

Equal Angle Jssc3192

Standard sectional dimension mm Relerence
Sec- | Unit | Position of :
tional | Weight ' Centre of Goomattical moment of inartia cm® Radius of Gyration Modulus af
AxB [ 1|2 Ares | kalm | Genvity em of Aren em Section e’
om! .
Cy Ix ty Max Ix Min Ty ix By | Mexi, | Min i Zy z,
% x 26 3 0.719 0.797 1.26 0.332| 0.747 | 0747 | 0,940 | 0483 0.448 0.448
30x 30 3 0.844 1.42 226 os90( 0008 | 0808 | 114 | 0565 0.661 0661
40x 40 3 1.09 3563 560 5.46 | 123 | 123 | 155 | 0790 121 121
50 40 5 117 542 859 225 | 120 | 120 [ 151 | 074 191 181
45x 45 a 1.24 6.50 103 270 [ 136 | 136 | 172 | o880 2,00 200
45x 45 5 1.28 191 125 329 | 136 | 138 | 171 | 0B 246 246
50 x 50 4 137 2.06 144 376 | 153 | 163 | 192 | 0883 243 2.49
50x 50 5 141 1.1 175 458 | 162 | 152 | 191 | 0s76 3.08 308
50x 50 3 144 126 200 523 | 150 | 150 | 1.88 | 0963 355 155
60 x 60 4 161 160 254 €62 | 385 | 185 | 233 [ 119 366 366
60x 60 5 166 196 312 803 [ 184 | 14 | 232 | 118 452 452
65x 85 5 177 253 40.1 05 199 [ 189 [ 251 | 128 535 535
65x 65 5 181 29.4 466 122 | 198 | 188 | 249 | 127 626 626
65x 65 8 188 6.8 §8.3 153 | 196 | 194 | 240 | 125 796 7.96
20x 70 6 1.93 a1 58.9 153|214 | 234 | 268 ) 137 733 733
T5x 75 3 206 6.1 732 190 | 230 | 230 | 290 | 148 8.47 847
x5 9 217 64.4 102 267 |225 | 225 | 284 | 145 52.1 12,
T6x 76 2 229 819 129 346 |222 | 222 | 279 | 144 157 15.7
80 x .80 6 218 56.4 896 232 |246 | 246 | 310 | 158 8.70 9.70
x 90 6 242 80.7 128 334 [277 | 277 | 348 | W@ 123 123
90x 9% 7 246 93,0 148 383 [276 | 276 | 348 | 177 142 14.2
90x 90 10 257 125 199 517 |2 | 2n | 342 | e 195 195
90 x 90 13 269 166 248 653 |268 | 268 | 338 | 1.7 24:8 24.8
100 x 100 7 27 129 205 632 [d08 [ 308 | 3@ | 198 17.7 7.1
100 x 100 10 282 175 278 720 (304 | 3p4 | 383 | 185 244 2.4
100 x 100 13 2394 220 348 911|300 | 300 [ 378 | 194 31 311
120 % 120 8 324 258 410 106 37 | am | 467 | 238 295 295
130 x 130 9 353 366 583 150 401 | 401 | 506 | 257 387 38.7
130 x 430 12 364 467 783 192 396 | 396 | 500 | 254 499 48.9
130 x 130 15 176 568 902 234 393 | 393 | 485 | 253 615 615
150 x 150 12 4.4 740 1180 04 451 | ag1 | 682 | 296 684 68.3
150 x 150 15 424 288 1416 366 456 | 456 | 575 [ 292 826 226
150 x 150 19 440 | 1080 1730 as1 452 | 452 | se9 | 291 | 103 103
175 x175 12 a1 | 1170 1860 480 538 | 538 | 678 | 34e 918 918
175 x 175 15 485 | 1440 2290 589 535 | 635 | 675 | 362 | 114 114
200 x 200 15 546 | 2180 3470 891 614 | 614 | 735 | 383 | 150 150
200 x 200 20 567 | 2820 4490 | 1160 609 | 609 | 768 [ 3%0 | 197 197
200 x 200 25 586 | 3420 5420 | 1410 604 | 6os | 761 | 388 | 242 242
250 x 250 25 210 | ees0 11000 (2860 763 | 763 | 962 | 450 | 388 388
250 x 250 35 745 | 9110 9110 14400 | 790 749 | 749 | 242 | 483 | 519 519




Geometrical moment of inertia / = a
Radius of gyration of area j- ~/Ta
Modulus of section Z= /e

{a : sectional area}

i—Beam usc 3192

Standard Sectional Dimension mm Reféerence |
qssgag WL;;;:“ gz:\'t"':':)fof Geometrical Moment |Radius of G\,’m\ionI Mod_u!us of3
HxB 4 to | r2 il\:::a ke/m | Gravity om of Inertia cm® of Areacm Section cm:
Cx Cy X ly ix iy Zx 2y
100 x 75 5. 8 7 3.5 | 16.43 Q0 0 281 47.3 4.14 1.70 56.2 126
125x 75 55| 954 9 4.5 | 2045 0 Q 538 57.5 5.13 1.68 86.0 15.3
160 x 75 66| 95| 89 4.5 | 21.83 o ] 819 57.6 6.12 1.62 109 15.3
150 x 125 85 | 14 13 6.5 | 46.15 0 0 1760 385 6.18 2.89 235 61.6
180 x 100 6 10 10 5 30.06 0 0 1670 138 7.45 2.14 186 27.5
200 x 100 7 10 10 5 33.06 0 Q 2170 138 8.11 2.05 217 27.7
200 x 150 9 16 15 7.5 ] 64.16 ] 4] 4460 753 8.34 3.43 446 10.0
250 x 125 751125 12 8 48.79 o] 0 5180 337 10.3 263 414 53.9
250x 125 |10 18 21 10.5 | 70.73 0 a 7310 538 10.2 2.76. 585 __ | 86.0 |
300 x 150 8 13 12 6 61.58 0 ] 9480 588 124 3.08 632 78.4
300x 150 |10 18.6 ! 19 8.5 | 83.47 0 0 12700 886 12.3 3.26 849 118
300x 150 [11.5 |22 23 11.6 | 97.88 0 Q 14700 1080 12.2 3.32 978 143
350 x 150 9 15 13 6.5 | 7458 0 0 15200 702 14.3 3.07 870 93.5
| 350 x15p 12 24 25 125 1111 0 4] 22400 1180 14.2 3.26 1280 158
400x 150 |10 18 17 85| 9173 0 [s] 24100 864 16.2 3.07 1200 115
400 x 160 [ 125 |25 27 13.5 1 122.1 Q o 31700 1240 16.1 3.18 1580 165
450 x 175 | 11 20 19 9.5 [116.8 0 0 39200 1510 18.3 3.60 1740 173
450 x 175 |13 26 27 13.5 | 146,1 4] 0 48800 2020 18.3 3.72 2170 231
600 x 190 |13 25 25 12.5 | 1694 o 0 98400 2480 241 3.81 [ 3280 259
600 x 190 | 16 35 38 19 2245 0 0 130000 3540 241 3.97 | 4330 | 373
Geometrical moment of inertia /= ai?
. Radius of gyration of area /= ~/Jla
) Modulus of section Z=/|e
(a : sectional area)

Channel ssc 3192

Standard Sem::‘al Dimension Reference
v e | oot | Somene™™ [nadus o Gyraah sl of
HxB t 12 n Iz em?2 kg/m |Gravity cm | of Inertia cm? of Area cm Section em
Cx Cy Ix Iy i i |z« z,

75 x 40 5 7 8 4 8818 | 6.92:| 0128 75.3] 12.2 2.92 1.17 | 20.1 4.47
100 x .50 S 751 8 4 11.92 - 9.36: 0 11.54 188 26.0 3.87 1.48i| 376 7.52
125 x 65 6 8 8 4 17.11 0 ]1.90 424 61.8 4.98 1.80 | 67.8 13.4
150x 75 6.5 110 10 5 23.1 0 /2.28 861 117 6.03 2.22 | 115 224
150x 75 9 12,5 115 7.5 | 30.59 0231 1050 147 5,86 2.19 | 140 283
180 x 75 7 105 | 11 5.5 | 27.20 0 ]2.13- 1380 131 7.2 2.19 | 183 243
200 x 80 7.5 | 11 12 6 31.33 Q221 1950 168 7.88 232|195 29.1
200 x 90 8 13.5 | 14 7 38.65 0[274 2490 277 8.02 2,68 | 249 44.2
250 xS0 9 13 14 7 44.07 0 (240 | 4180 294 9.74 2.58 | 334 44.5
250x 90 | 11 14517 8.5( 51,17 01240 | 4680 329 9.56 2.54 | 374 48.9
300 x_90 9 13 14 7 48.57 012221 6440 | 309 11.5 | 252429 45.7
300x 90 | 10 155 (19 9.5 | 55.74 0]234 7410 360 11.5 2:54 | 494 54.1
300x 90 | 12 16 19 9.5 | 61.90 01228 7870 379 11.3 2.48 | 525 56.4
380x 100 | 10.5 |16 18 9 69.39 0 [2.41 | 14500 535 14.5 2.78 | 763 70.5
380 x 100 | 13 16.5 1‘8 9 78.96 01233 | 15600 565 14.1 2,87 | B23 736 -
380 x 100 | 13 20 24 12 85.71 0 12Ra 17800 T grer 1A ar e e




Geometrical mament of inertia / = a )
Radius of gyration of areai= ~lia ~
Modulus of section Z=/'e M

{a : sectional area)

H-Beam us g 31902

Standard Sectional Dimension Reference
mm i

Nominal Sectional | Unit |5eometrical Moment Réd'u:(’f Modutus of
Dimension HxB . . . Areg Wkeoghl of Inertia cm® “{ra on Section cm3
(Height x 1 2 cm g/m of Area cm
flange) i Ix ly ix iy Zx Zy
100 x 50 | 100x 80 5 7 8 11.85 9.30 187 14.8 3.98 1,12 37.5 5.91
100 x 100 | 100 x 100 6 8 10 21,890 | 17.2 383 134 4.18 2.47 76.5 26.7
125 x. 60 | 125 x . 60 6 8 9 16.84 | 13.2 413 29.2 4.95 1.32 66.1 8.73
125x 125 | 125 x 125 65| 9 10 30.31 ] 23.8 847 293 5.29 3.11 136 470
180x 75 | 160x 75 5 7 8 17.85 | 14.0 666 49.5 6.11 1.66 88.8 13.2
150 x 100 | 148 x 100 6 9 11 26.84 | 21,1 1020 151 6.17 2.37 138 30.1
150 x 150 | 150 x 150 7 110 11 40,14 | 31,5 1640 563 6.39 3.75 | 218 75.1
176 x_90 | 175x 90 5 8 9 23.04 | 181 1210 87.5 7.26 2.06 139 21.7
175x 175 | 175x 175 7.5 |1 12 51.21 | 40.2 2880 984 7.50 4.38 | 330 112
200 x 100 198 x 99 4.5 7 11 23.18 | 182 1580 114 826 | 221 184 23.0

200 x 100 55| 8 11 27.16 | 213 1840 134 8.24 2.22 184 26.8
200 x 150 194 x 150 3] El 13 39.01 | 306 2620 507 8.30 3.61 277 &7.6
200 x 200 200 x 200 8 12 13 63.53 | 49,9 4720 1600 8.62 5.02 | 472 160

200 x 204 | 12 12 13 7153 | 86.2 43980 1700 8.35 4,88 .| 498 167
250 x 125 248 x 124 5 8 12 32.68 | 257 3540 255 10.4 2.79 | 285 411

250 x 126 B 9 12 37.66 | 29.6 4050 294 104 2.79 | 324 47,0

. 250x 175 | 244 x175.| 7 11 16 56.24 44.1 6120 984 10.4 4.18 | 502 113

250 x 250 250 x 250 g 14 16 92,18 | 724 10800‘ 3650 10.8 6.29 867 292

250 x 255 14 14 16 104.7 82.2 11500 3880 10.5 6.09 918 304
300 x 150 298 x 149 551 8 13 40,80 | 32.0 6320 442 124 3.29 | 424 59.3

300 x 150 65| 9 13 46.78 | 36.7 7210 508 12.4 3.29 | 481 67.7
300 x 200 | 294 x 200 8 12 18 72,38 | 56.8 - | 11300 1600 12.5 4.71 771 160

. 294 x 302 | 12 12 18 107.7 84,5 16900 | 8520 | 125 7.16 (1150 365 |

300x 300 | 300x300 | 10 15 18 119.8 94.0 20400 | 6750 13.1 7.51 |1360 450

300x305 | 15 15 18 134.8 106 21500 7100 12.6 7.26 |1440 466
350x175 346 x 174 6 9 14 5268 | 41.4 11100 792 14.8 3.88 | 641 91.0

350x175 7 11 14 63.14 | 49.6 13600 984 14.7 3.95 | 779 112
350 x 250 | 340 x 250 | 9 14 20 101.5 79.7 21700 3650 14.6 6.00 |1280 292




ty

Geomerrical inosent of inertia /= a”
Radius of gyration of area i= ~ha
Maodulus of section Z= /ie

{a : sectional area)

H-BEAM continued

Standard sectional dimension Reference J
Nominat Section- Ufm Geometrical moment Radius of gvratioln Modulus of
m;r;ggtsign HxB t 1y r a:;nrga V:'(Z'/?:‘“ of inertia cm’ of area cm section ¢cm
fla\'nge) Ix Iy le iy Zy ZV

344 x 348 | 10 16 20 11200 | 15.1 8.78 1840 646
350%350 | 350350 | 12 | 19 | 20 13600 | 15.2 | 8.84 2300 | 776
396 x 199 7 11 16 1450 16.7 4.48 1010 145
400 x 200 400 x 200 8 13 16 1740 16.8 4.54 1190 174
400 x 300 | 390 x 300 | 10 16 22 7210 16.9 7.28 1980 481
*388x402 [ 15° | 15 22 16300 16.6 9.54 2520 809
*394 x 398 | 11 18 22 18900 17.3 10.1 2850 951
400 x 400 | 13 21 22 22400 17.5 10.1 3330 1120
400 x 400 *400 x 408 | 21 21 22 23800 16.8 9.75 3540 1170
"414 x 406 | 18 28 | 22; 31000 17.7 10.2 4480 1530
*428 x 407 | 20 35 22 38400 18.2 104 5570 1930
*458 x 417 | 30 50 22 X 60500 18.8 10.7 8170 | 2800
*498 x 432 | 45 70 22 . FBOBT 24 298000 | 94400 19.7 1.1 12000 | 4370
450 x 200 446 x 199 8 12 18 . i Bt 28700 1580 18.5 4.33 1290 159
450 x 200 9 14 18 . s 33500 1870 18.6 4.40 1480 187
450 x 300 ] 440 x 300 | 11 18 24 56100 8110 18.9 7.18 2550 | 541
496 x 198 9 14 20 Rh 41900 1840 | 20.3 4.27 1690 185
500 x 200 | 500 x 200 | 10 16 20 £ 7 47800 2140 | 20.5 4.33 1910 214
*506 x 201 1 19 20 R A 56500 2580 | 20.7 4.43 2230 257
500 x 300 482 x 300 | 11 15 26 . 213 60400 6760 | 20.4 6.82 2500 451
488 x 300 | 11 18 26 . 71000 8110 | 208 7.04 2810 541
596 x 199 | 10 16 22 5 B 68700 1980 | 23.9 4.05 2310 199
600 x 200 | 600x 200 | 11 17 22 . 53 77600 2280 | 24.0 4.12 2580 228
*606 x 201 [ 12 20 22 . 90400 2720 | 243 4.22 2980 271
582 x 300 | 12 17 28 B 103000 7670 | 24.3 6.63 3530 511
600 x 300 | 588 x 300 | 12 20 28 . ‘ 118000 9020 | 24.8 6.85 4020 601
*584 x 302 | 14 23 28 X 137000 10600 | 24.9 6.90 4620 701
700 x 300 *692x 300 | 13 20 28 ? 172000 9020 | 78.6 6.53 4980 602
700 x 300 | 13 24 28 201000« | 10800 | 29.3 6.78 5760 722

800 x 300 |- 792x 300 |14 [ 22 [ 28 (8930 [ 323 | 6.39 6410 | 662 |
800x300 | 14 [ 26 | 28 11700 | 330 6.62 7280 | 782
“890x299 | 15 23 28 10300 | 35.7 6.16 7760 688
900 x 300 | 900x300 | 16 28 28 12600 | 36.4 6.39 9140 843
*912x302 | 18 | 34 | 28 15700 | 37.0 6.56 10800 | 1040




Wide Flange Shapes

{Metric Series)

Section Dep’m flange Thickness Corner| . . | Mcliment of F(isadluls of Mgdu(_us of
ecti . nertta yration ection
Weight |goci Width {"\wep [ Flange | Radius

Index A m | || o | A Ix Jy ix iy Zx Zy
mm kg/m mm mm mm mm mm cm? cmt cm? cm cm cm* cm'
286 912 302 18 34 28 364.0 498,000 15.700 37.0 6.56 10,900 1,040
900 <300 | 243 900 300 16 28 28 309.8 | 411,000 12,600 | 36.4 6.39 9,140 843
213 890 299 15 23 28 270.9 | 345,000| 10.300 35.7 6.16 7,760 688
241 808 302 16 30 28 307.6 | 339,000| 13.800 332 6.70 8.400 915
800 - 300 | 210 800 300 14 26 28 267.4 282,000% 11,700 330 6.62 7,280 782
191 792 300 ¢ 14 22 28 2434 | 254000 9.830 323 6.39 6.410 662
215 708 302 15 28 28 2736 | 237.000| 12,900 29.4 6.86 6,700 853
700300 | 185 700 300 13 24 28 2365 | 201,000| 10.800 29.3 678 5,760 722
166 692 300 13 20 28 2115 172,000 9.020 28.6 6.53 4,980 602
175 594 302 14 23 28 2224 137.000| 10.600 249 6.90 4,620 701
600 <300 | 151 588 300° 12 20 28 1925 | 118,000| 9.020 | 248 6.85 4,020 601
137 582 300 12 17 28 1745 | 103000| 7.670 | 243 6.63 3.530 511
134 612 202 13 23 22 107.7 | 103000 3,180 | 246 4.31 3,380 314
800 » 200 120 606 201 12 20 22 1625 | 90,400 2,720 243 4.22 2,980 271
. 106 600 200 11 17 22 1344 77.600 2.280 24.0 412 2.590 228
84.8 5396 199 10, 15 22 120.5 68,700 1.980 239 4.05 2,310 199
500 - 300 128 488 300 1 18 26 163.5 71.000 8.110 208 7.04 2910 541
114 482 300 " 15 26 1455 60,400| 6.760 20.4 6.82 2,500 451
103 506 201 1 19 20 131.3 56,500| 2580 | 207 4.43 2,230 257
500 - 200 89.6 | 500 200 10 16 20 114.2 47.800| 2140 | 205 4.33 1.910 214
795 496 199 9 14 20 101.3 41,900 1.840 203 4.27 1.690 185
450 #300 124 440 300 1 18 24 157.4 56,100 8,110 18.9 7.18 2,550 541
’ 106 434 299 10 15 24 135.0 46,800| 6.690 186 7.04 | - 2,180 448
450200 76.0 | 450 200 9 14 18 96.76 | 33500 1870 | 1886 4.40 1,480 187
’ 66.2 4486 199 8 12 18 84.30 28.700 1,580 185 4.33 1,290 159
605 498 432 45 70 22 7701 298,000 | 84,400 18.7 1.1 12.000 4.37b
400 %200 415 458 417 30 50 22 528.6 187,000 | 60,500 8.8 10.7 8,170 2.900
' 283 428 407 20 35 22 360.7 118,000 39,400 18.2 10.4 5,570 1,830
232 414 405 18 28 22 295.4 92.800( 31,000 17.7 10.2 4,480 1,530




Wide Flange Shapes

(Metric Series)-Continued

Seclion‘ Dep‘th Flange |  Thickness | Corner| M?me?t of %adiuls of Mzswdulys of
Weight Ssg(ian Width Web | Flange Radius nertia yration aection
Index o I R I s I Iy ix v Zr Zy
mm kg/m mm mm mm mm mm cm? cm . cm' cm cm em’ cm?
200 406 403 16 24 22 2549 78,000 | 26.200 175 10.1 3,840 1.300
197 400 408 21 21 22 250.7 70,900 | 23,800 16.8 9.75 3,540 | 1,170
400 X400 172 400 400 13 21 22 2187 66,600 | 22,400 175 10.1 3,330 | 1,120
168 394 405 18 18 22 2144 59,700 | 20,000 16.7 9.65 3,030 985
147 394 398 1 18 22 186.8 56,100 | 18,900 17.3 101 2,850 951
140 388 402 15 15 22 178.6 43,000 | 18,300 18.6 9.54 2,520 808
400 X300 107 390 300 10 16 22 136.0 38,700 7.210 16.9 7.28 1,980 481
943 386 299 g 14 22 120 33,700 6,240 16.7 7.21 1,740 418
400 X200 66.0 400 200 8 13 186 8412 | 23,700 1,740 16.8 . 4.54 1,180 174
56.6 396 198 7 11 16 72.16 | 20,000 1,450 16.7 4.48 1.010 145
159 356 352 14 22 20 202.0 47,600 | 16,000 163 8.90 2,670 209
156 350 357 19 19° 20 198.4 42,800 | 14,400 14.7 853 2,450 809
350 X350 137 350 350 12 19 20 1739 40,300 | 13,600 15.2 8.84 2,300 776
13t 344 354 16 16 20 166.6 35300 | 11,800 148 B8.43 2,050 669
115 344 348 10 16 20 146.0 33,300 | 11,200 15.1 8.78 1,940 646
106 338 351 13 13 20 135.3 28,200 9.380 144 8.33 1,670 534
350 250 79.7 340 250 9 14 20 1015 21,700 3.650 146 8.00 1.280 292
69.2 336 249 8 12 20 88.15 | 18,500 3,080 145 5.92 1,100 248
350X 175 496 350 175 7 11 14 63.14 | 13,600 984 147 3.95 775 112
414 | 346 | 174 6 9 ] 14 5268 | 11,100 792 | 145 3.88 641 91.0
106 304 301 1 17 18 1348 23,400 7,730 | 132 757 1,540 514
106 300 305 15 15 18 1348 21,500 7,100 126 7.26 1,440 466
300 X300 94.0 300 300 10 15 18 119.8 20,400 8,750 13.1 7.51 1,360 450
87.0 | 298 299 9 14 18 1108 18,800 6.240 13.0 751 | 1,270 417
B45 294 302 12 12 18 107.7 16,900 5.520 125 7.16 1,150 365
g 300X 200 65.4 298 201 9 14 18 83.36 | 13,300 1,800 12.6 - 477 8?3 189
56.8 294 200 8 12 18 72.38 | 11,300 1,600 125 an 71 160
36.7 300 150 6.5 9 13 46.78 7,210 508 124 3.29 481 87.7
300150 320 298 149 5.5 8 13 40.80 6,320 442 124 3.29 424 59.3




Moetric Seriss)-Continucd

5 C . Momont of Radius of Madulus of
Soction . D%pflh Flange| Thicknass 070" | s ctional Iner%n Gyration Section
- lnd Weight |goction| Width ["Wab [ Flango | Redius | ™70 - =
ndex {A) (B) (1) (h{J n Jx Jy ix iy Zx 2y
mm kg/m mm mm mm mm mm cm? cm' cm* cm £m cm? cm?
822 250 255 14 14 16 104.7 11,500 | 3,880 10.6 6.09 919 304
250 724 250 250 9 14 16 92,18 | 10,800 | 3,660 108 6.29 B67 292
0% 86.5 248 249 8 13 16 84.70 9,930 | 3,350 108 8.28 801 269
64.4 244 252 11 " 16 82.06 8,790 | 2,940 103 5.98 720 233
250X175 | 441 244 178 7 11" 16 56.24 6,120 984 104 4.18 502 13
250X 125 29.6 250 125 8 9 12 37.66 4,050 204 104 278 324 47.0
257 248 124 5 8 12 32.68 3640 256 104 279 285 411
65.7 208 202 10 16 13 83.69 6,530 | 2,200 8.83 5.18 628 218
200X200 | 56.2 200 204 12 12 13 7153 4,980 | 1,700 8.35 4.88 498 167
499 200 200 8 12 13 63:63 4,720 | 1,600 8.62 5.02 472 160
200x160 | 30.6 194 150 (-] 9 13 39.01 2,690 507 8.30 3.81 277 87.6
200 %100 21.3 200 100 5.5 8 1 27.18 1.840 134 8.24 222 184 2868
18.2 198 99 45 7 11 23.18 1,680 114 8.28 2.21 180 230
176 X175 | 40.2 175 175 75 11 12 51.21 2,880 984 7.50 4.38 330 112
176126 | 233 169 128 5.6 8 12 29.65 1.530 261 7.18 297 181 418
176X 80 | 18.1 175 80 5 8 9 2304 1.210 97.5 7.28 208 138 217
150X 160 | 315 180 150 7 10 11 40.14 1,640 563 6.3 3.75 219 T 750
150 X100- | 21.1 148 100 6 9 11 26.84 1.020 151 6,17 237 138 30.1
150x 75 { 14.0 150 75 B 7 8 17.85 866 495 6.11 1.66 888 13.2
126 X126 | 238 125 126 6.5 9 10 30.31 847 293 529 31 136 47.0
125X 60 | 132 125 80 6 8 9 16.84 413 292 4.95 132 68.1 9.73
100 X100 | 17.2 100 100 6 8 10 21.80 383 134 4.18 247 76.5 28.7
100x 50O 9.30 100 50 5 7 8 11.85 187 148 3.98 112 375 591




Heavy Column Sections

{Metric Series)

Morment of

Section Der%(h Flange Thickness | Corner Sectional ormen %adius of Mgdulps of
. N . " ta 5
\ndex nght Segﬁgn Width Web F]an?e Radius Area nertia ; Yfaﬂoﬂ. ection
{A} {B) {t) {ts] tr} Jx Jy ix iy Zx Zy
mm kg/m mm mm mm mm | mm cm? cm?® cm’ cm cm cm’ cm?
90 930 538 477 le] 80 22 1,185 472,000| 165,000 20.0 11.8 17,600 6,920
85 1,170 | 608 472 85 125 22 1,488 | 737,000|221,000{ 223 122 24,300 | 8,360
75 758 508 462 75 75 22 965.7 | 358,000 | 125,000| 19.3 11.4 14,100 5,320
70 953 568 457 70 108 22 1,214 551,000 | 168,000 21.3 1.8 19,400 7.360
60 804 | 538 447 60 90 22 1,024 |[433000} 135,000 2086 1.5 16,100 | 6,030
593 478 447 60 80 22 755.4 | 260,000| 80,000| 188 10.9 10,900 | 4.030
50 658 508 437 50 75 22 838.7 | 331,000 [ 105.000 19.9 11.2 13,000 4,790
740 538 432 45 S0 22 942.9 [ 414,000| 121,000| 210 1.3 15,400 6,610
a5 605 498 432 45 70 22 770.1 | 298,000| 94,400 187 11 12,000 4,370
435 448 432 45 45 22 554.1 | 177,000| 60.800| 17.9 105 7.900 2,810
0 518 478 427 40 80 22 669.8 | 242,000 78,100| 191 109 10,100 3,660
384 438 427 40 40 22 489.0 | 152,000 | 52,100| 17.6 103 6,950 2,440
35 466 468 422 35 55 22 593.7 | 214,000 | 69,000| 19.0 10.8 9,130 3.270
334 428 422 35 35 22 4249 | 128,000 44,000 174 10.2 6.030 2,080
480 478 417 30 60 22 6120 [ 233,000 "72,600| 195 10.¢ 9.740 3,480
30 415 | 458 417 30 50 22 528.6 | 187.000| €0,800| 188 10.7 8,170 | 2,800
284 418 497 30 30 22 361.8 | 107,000 | 36,400 17.2 10.0 5,120 1,740
25 332 438 412 25 40 22 423.3 | 142,000 | 46,7C0| 183 10.5 6,470 2,270
20 283 | 428 407 20 35 22 . 360.7 | 119,000 | 39.400| 182 104 5570 | 1,930




CARBON STEEL TUBES FOR GENERAL
STRUCTURAL PURPOSE Jsis g 3244

Reference
" . . Geometrical ius of
9u15|de Thickness Weight Cross-sec- moment Modulus of 2::::::“
dismeter mm kgfm tional area of inortia section of sres
mm cm?2 em? cm3 cm
21.7 2.0 0.972 1.238 0.607 0.560 0.700
27.2 2.0 1.24 1.583 1.26 0.930 0.890
23 1.41 1.799 1.41 1.03 0.880
34.0 23 1.80 2.291 2.89 1.70 112
42,7 2.3 2.29 2919 5.97 2.80 1.43
2.8 2.76 3.510 7.02 3.29 1.41
48.6 23 2,63 3.345 8.99 3.70 1.64
© 28 3.16 4.029 10.6 436 1.62
3.2 3.58 4.564 1.8 4.85 1.61
60.5 23 3.30 4.205 178 6.90 2.06
3.2 4.52 5.760 23.7 7.84 2.03
4.0 5.57 7.100 285 9.41 - 2.00
76.3 2.8 5.08 6.465 43.7 1"s 2,60
3.2 5.77 7.349 49.2 129 © 259
4.0 713 9.085 59.5 16.6 2.56
89.1 2.8 5.96 7.691 70.7 16.9 3.05
3.2 6.78 8.636 79.8 17.9 3.04
4.0 8.39 10.69 - 97.0 21.8 3.01
101.6 3.2 1.76 9.892 120 23.8 3.48
4.0 9.63 12.28 146 28,8 3.45
5.0 1.9 15.17 177 34.9 3.42
1143 3.2 8.77 1117 172 30.2 3.93
36 9.83 12.52 192 336 3.92
4.5 12.2 15.52 234 410 3.89
5.6 15.0 19,12 .283 49.6 3.85
139.8 36 121 15.40 357 51.1 4.82
4.0 13.4 17.07 394 56.3 4.80
4.5 15.0 1913 438 62.7 4.79
6.0 19.8 25.22 566 80.9 4.74
165.2 45 17.8 22.72 734 88.9 5.68
5.0 19.8 25.16 808 97.8 5.67
6.0 236 30.01 952 115 5.63
7.0 27.3 34,79 109x10 132 5.60
190.7 4.5 20.7 26.32 114x10 120 6.59
5.0 22.9 29.17 126x10 132 6.57
6.0 213 . 34.82 149x10 156 6.53
7.0 31.7 40.40 171x10 179 6.50
216.3 4.5 23.5 29.94 168x10 165 . 7.49
6.0 31.1 39.61 219x10 203 7.44
7.0 36.1 46.03 252x10 233 7.40
8.0 411 52.35 284x10 263 7.37
267.4 6.0 - 38.7 49.27 421x10 315 9.24
7.0 45.0 67.27 486x10 363 9.21
8.0 §1.2 65.19 549x10 an 9.18
9.0 §7.4 73.08 611x10 457 9.14
318.5 6.0 46.2 58.91 719x10 452 1.1
70. 53.8 68.50 831x10 552 11.0
8.0 61.3 78.04. 841x10 591 1.0
: 9.0 68.7 87.51 105 x 102 659 10.9
355.6 6.3 54.3 69.13 105x102 593 12.4
8.0 68.6 87.36 132x102 742 123
9.0 76.9 98.00 - 147x102 828 123
12.0 102 129.5 “191x102 108x10 12.2
406.4 9.0 88.2 112.4 222x102 109x10 14.1
12.0 17 148.7 289x102 142x10 14.0
16.0 154 196.2 374x102 184x10 13.8
19.0 182 231.2 435x102 214x10 13.7
457.2 9.0 99.5 126.7 318x102 '140x10 15.8
12.0 132 167.8 416x102 182x10 15.7
16.0 174 221.8 540x102 236x10 15.6
19.0 205 261.6 629x102 276x10 15.5




JIS G 3444 (Continued)

Roferonce
Gommetrical Radius of
Outside . . Cross-sec- moment Modulus of gyratice
diameter Thicknoss Weight tional area |  of inertia 5“";" of area
mm mm kg/m em? cmd cm cm
500 9.0 109 138.8 418x102 167x10 17.4
12,0 144 184.0 548x102 219x10 17.3
14.0 168 213.8 632x102 253x10 17.2
508,0 9.0 11 1411 439x102 173x10 17.6
12,0 147 187.0 576x102 226x10 17.5
14.0 171 217.3 663x102 261x10 17.5
16.0 194 247.3 749x102 295x10 17.4
19.0 229 291.9 874x102 344x10 17.3
220 264 335.9 994x102 391x10 17.2
558.8 9.0 122 155.5 588x102 210x10 19.4
12.0 162 206.1 771x102 276x10 193
16.0 214 272.8 101x103 36010 19.2
19.0 253 322.2 118x103 421x10 19.1
22.0 201 371.0 134x103 479x10 19.0
600 9.0 131 167.1 730x102 243x10 20.9
12,0 174 221.7 958x102 320x10 20.8
14.0 202 267.7 111x103 368x10 207
16.0 230 293.6 126x103 418x10 20.7
609.6 9.0 133 169.8 766x102 251x10 21.2
120 177 226.3 101x103 330x10 21.1
14.0 206 262.0 116x103 381x10 21.1
16.0 234 298.4 132x103 432x10 21.0
19.0 277 3525 154x103 505x10 20.9
22.0 319 406.1 176x103 576x10 20.8
700 9.0 153 195.4 117x103 333x10 244
12.0 204 259.4 154x103 439x10 243
14.0 237 301.7 178x103 507x10 24.3
16.0 270 34338 201x103 575x10 24.2
71,2 9.0 156 198.5 122x103 344x10 248
120 207 263.6 161x103 453x10 24.7
14.0 ‘241 306.6 186x103 524x10 24,7
16.0 274 349.4 “212x10% §94x10 246
19.0 324 413.2 248x103 696x10 24.5
22.0 374 476.3 283x103 796x10 24.4
812.8 9.0 178 2273 184x103 452x10 28.4
12,0 237 301.9 242x103 596x10 28.3
14.0 276 351.3 280x103 690x10 28.2
16.0 314 400.5 318x103 782x10 28.2
19.0 372 473.8 373x103 919x10 28.1
220 429 545,6 428x103 105x102 28.0
914.4 12,0 267 340.2 346x103 758x10 319
14.0 311 396.0 401x103 878x10 31.8
16.0 354 4516 456x103 $87x10 318
19.0 420 534.5 536x103 117x102 31.7
2.0 484 616.6 614x103 134x102 31.5
1016.0 12,0 297 378.5 477x103 939x10 356
14.0 346 440.7 563x103 109x102 35.4
16.0 395 502.7 628x103 124x102 354
18.0 487 695.1 740x103 146x102 35.2
220 539 687.0 849x103 167x102 35.2
JIS G 3444 Mechanical Properties
Tonsion Test Bending test Flattaning test
i . Yiold point Elongation Inside radius | Distance betwson
Closs Notation :;::"':h or yiold Tonve e Bending {D is outside { flat plates (D is
knlnr:ﬂmz swangth o o angle diamoter of | outside diameter
. kg/mm?2 ot —— tubo} of tube)
Classt | STK30 | 30min. f - 30 min. | 26min. 90° 6D 2/3D
Class 2 STK #1 41 min, 24 min. | 23 min. 18 min. 90° 6D 2/3D
Class 3 STK 51 Stmin. | 3Bmin. [ 15 min. | 10min. [ 8D 7/8 D
Clsts4 | STK50 |.50min. | 32min. | 23min. | 18 min. %0 6D 7/80
© Clas5 | STKES | S6min. | 40min. | 20min, | 16 min. 90" 8D 718D




'BRITISH STANDARD PIPE
BS 1387 ® 1967 LIGHT

Outside dismeter Calculated waight of black tube
Nominal bore Thickness . Scrawed and
N Plain and
max. min. max. min, sacketed

in mm in in mm mm in mm Ib/ft kg/m Ib/ft kg/m

14 8 0.532 0518 13.6 13.2 0.072 18 0.347 0517 0.360 0521

3/8 10 0.671 0.656 171 16.7 0.072 18 0.453 0.674 0.457 0.680

1/2 15 0.841 0.825 214 21.0 0080 20 0.640 0.952 0.646 0.961

3/4 20 1.069 1.041 26.9 26.4 0.082 235 0.944 1.41 0.954 142
1 25 1.328 1.309 338 33.2 0.104 265 136 2,01 136 203
11/4 32 1.670 1.650 425 419 0.104 285 173 2,58 1.75 2.61
1172 40 1.803 1.882 48.4 418 0.116 29 219 3.26 222 3.29
2 60 2.370 2347 60.2 696 0.116 29 2,76 an 281 418
21/2 65 2.991 2.960 76.0 75.2 0,128 3.25 3.80 5.80 398 5.92
3 80 3.491 3.460 88.7 87.9 0.128 325 458 &6.81 4.69 6.98
31/2 S0 3.981 3.950 101.1 103,_3 0,144 365 5.88 8.750 6.00 8.929
4 100 4.481 4.450 113.9 113.0 0.144 3.65 6.64 8.89 6.84 10.2

BRITISH STANDARD PIPE
BS 1387 : 1967 MEDIUM

Calculated weight of black tube
Nominai bore Outside diameter Thickness
max, min. max. min. Plain end Sc:::;:‘:d

in mm in in mm mm in mm ib/ft kg/m Ib/ft Kg/m

3/8 10 0.685 0.660 17.4 16.8 0.092 235 0.573 0.852 0.577 0.858

112 15 0.856 0.831 1.7 211 0.104 265 0.822 1.22 0.828 123

314 20 1.072 1.047 27.2 266 0.104 265 1.06 1.58 1.07 1.59
1 25 1.346 1316 34.2 334 0.128 326 1.64 2.44 1.65 2.46
11/4 32 1.887 1.657 429 421 0128 325 2.1 314 213 3.17
1172 40 1819 1.889 48.8 48.0 0.128 3.25 243 361 246 3.66
2 50 2,394 . 2354 80.8 59[5 0.144 365 3.42 5.10 3.47 5.17
21/2 65 3.014 2,969 76.6 75.4 0.144 3.65 438 6.51 4.46 6.63
3 80 3.624 3.469 T 895 88.1 0.160 4.05 5.69 » 8.47 5.80 8.64
312 90 4.019 3.959 102.1 100.6 0.160 4.05 653 9,718 6.65 8.896
4 100 4524 4,459 1149 133 0.176 45 8.14 1241 8.34 124
5 125 5534 5.459 140.6 138.7 0.182 4.85 10.9 102 11.2 16.7
6 150 6.539 6.469 166.1 164,1 0.192 485 12,9 19.2 133 19.8




BRITISH STANDARD PIPE
BS 1387 : 1967 HEAVY

Qutside diometer

Caiculated weight of black tubs

Nominal bore Thickness Serewed and
- Plain and
max. min, max. min sockatad
in mm in in mm mm in mm Ib/ft kg/m Ib/ft kg/m
172 15 0.856 0.813 21.7 21 0.128 3.25 0.977 1.45 0.983 1.46
314 20 1.072 1.047 212 26.6 0.128 325 1,27 1.90 1.28 1.91
1 26 1.346 1316 34.2 334 0.160 4,05 2.00 2.97 2.01 2.99
1174 32 1.687 1.657 429 421 0.160 4.05 2.58 3.84 2.60 3.87
t12 a0 1919 1.880 48.9 a8.0 0.160 4.05 2.98 4.43 3.01 487
2 50 2.394 2.354 60.8 59.8 0.176 45 414 5.17 4.19 6.24
2112 85 3.014 2.969 76.6 754 0176 45 531 7.80 5.39 8.02
3 80 3.524 3.469 89.5 886 0.192 4.85 6.76 10.1 6.87 10.3
312 90 4019 3.959 102.1 1006 0.192 4.85 7.76 11.548 7.88 11.727
4 100 4.524 4.459 1149 133 0.212 5.4 9.7 14.4 9.91 14.7
5 125 5.534 5.459 140.6 138.7 0.212 5.4 12,0 17.8 12.3 18.3
6 160 6.539 6.459 166.1 164.1 0.212 5.4 14.3 212 147 218
Notes: 1) 3-1/2" nominal size was listed in BS 1387:1957 but has
been deleted from BS 1387:1967. This size is available
only by special order.
2) 5" and 6” nominal sizes are also available in Class B,
BS 1387:1947. The wall thickness of Class B 5 and 6"
pipes is 4.5 mm. while other dimensions are identical
with those of Medium series given in Table 2.
3) Test pressure is 700 psi or 49.2 kg/cm? for all sizes

and same for light, Medium and Heavy, .




B o] WELDED STEEL TUBING
|
= ‘ | R SQUARE TUBE
A XX AXTETX RECTANGULAR TUBE
U
Y
Metric Size
Dimensions | mm Sectional Moment of Radius of Modulus of
Area Weight Inertia Gyration Section
AXB t R mm? Kg/m xem? ly cm* ixem iyem| Zxem®  zZyem®
150x150 | 6.0 12 33.63 26.4 1150 1150 5.84 5.84 153 153
150x150 | 4.5 9 25.67 20.2 896 896 5.91 5.91 120 120
125x125 | 6.0 12 27.63 217 641 641 4.82 4.82 103 103
125x125 | 4.5 9 2117 16.6 506 506 4.89 4.89 80.9 80.9
125x125 | 3.2 6.4 15.33 12.0 379 379 4.97 4.97 60.6 60.6
100x100 6.0 12 21.63 17.0 312 312 3.80 3.80 62.4 62.4
100x100 | 4.5 9 16.67 13.1 249 249 3.87 3.87 49.8 49.9
100x100 | 3.2 6.4 1213 9.52 187 187 3.97 3.97 28.0 28.0
75x75 4.5 9 1217 9.55 99 99 2.85 2.85 26.3 26.3
75x75 3.2 6.4 8.25 7.01 75.6 75.6 2.91 2.91 20.2 20.2
75x75 23 4.6 6.552 514 571 571 2.95 2,95 15.2 15.2
60x60 2.3 4.6 5172 4.06 28.3 28.3 2.34 2.34 9.44 9.44
60x60 1.6 3.2 3.672 2.88 207 207 2.37 2.37 6.89 6.89
50x50 2.3 4.6 4.252 3.34 15.9 15.9 1.93 1.91 6.36 6.36
50x50 1.6 3.2 3.032 2.38 117 117 1.97 1.87 4.68 4.68
200x200 | 6.0 12 33.63 26.4 1700 577 742 4.14 170 115
200x200 | 4.5 9 25.67 20.2 1330 456 7.20 4.21 133 90.9
150x100 | 6.0 12 27.63 217 835 444 5.50 4.01 111 88.8
150x100 | 4.5 9 21.17 16.6 658 352 558 4.08 877 70.4
150x100 | 3.2 6.4 15.33 12.0 488 262 5.64 414 65.1 52.5
150x75 45 9 18.92 14.9 537 182 5.33 3.10 716 48.5
150x75 3.2 6.4 13.73 10.8 401 124 5.41 3.01 55.1 33.2
125x75 3.2 6.4 1213 9.52 256 117 4.60 3.10 4.0 31.1
125x75 2.3 4.6 8.852 6.95 192 87.5 4.65 3.14 30.6 23.3
100x50 3.2 6.4 8.952 7.01 112 38.0 3.55 2.06 225 i5.2
100x50 23 46 6.552 5.14 84.9 29.0 3.60 210 17.0 11.6
75x45 3.2 6.4 7.007 5.50 50.8 22.8 2.69 1.81 13.6 10.2
75x45 23 4.6 5172 4.06 389 17.6 274 1.85 10.4 7.84
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THERMAL CONDUCTIVITY (K-VALUES)

OF BASIC MATERIALS

No Material Density K-value
kg/m?® Wim°K
1 Asbestos cement sheet 1488 0.317
2 Asbestos insulating board 720 0.108
3 -Asphalt, roofing 2240 1.226
4 Bitumen 1.298
5 Brick:
(é) dry (covered by plaster or tiles 1760 0.807
outside) :
(b) Common brickewall {brickwall 1.154
directly exposed to weather
outside)
6 Concrete 2400 1.442
64 0.144
7 Concrete, light weight 960 0.303
1120 0.346 -
1280 0.476
8 Cork board 144 0.042
9 Fibre board 264 0.052
10 Fibre glass .
(see Glass Wool and Mineral Wool)
11 Glass, sheet 2512 1.053
12 Glass wool, mat or guilt (dry) 32 0.035
13 Gypsum plaster board 880 0.170
14 Hard board:
(a)- standard 1024 0.216
(b) medium 640 0.123
15 Metals:
(a) Aluminium alloy, typical 2672 211
(b) copper, commercial 8784 385
(c) Steel 7840 4786
16 Mineral woal, felt 32-104 0.035-0.032

SOURCE: HANDBOOK ON ENERGY CONSERVATION IN BUILDING AND BUILDING SEAVICES



THERMAL CONDUCTIVITY (K-VALUES)
OF BASIC MATERIALS (Con’t)

No Material Density K-value
kg/m? W/meK
17 Plaster )
(a) gypsum 1216 0.370
(b) perlite ° 616 0.115
(¢) sand /cement 1568 0.533
(d) vermiculite 640 — 960 0.202 - 0.303
18 Polystyrene, expanded 16 0.035
19 Polyurethane, foam 24 0.024
20 PVC flooring 1360 0.713
21 Soil, loosely packed 1200 0.375
22 Stone, tile:
(a) sand stone 2000 1.298
(b) granite 2640 2.927
(c) marble / terrazzo / ceramic / mosaic 2640 1.298
23 Tile, roof 1890 C\).836
24 Timber:
(a) across grain softwood 608 0.125
(o) hardwood 702 0.138
(©) plywood 528 0.138
25 Vermiculite, loose granules 80—112 0.065
26 Wood chipboard 800 0.144
27 Woodwool slab 400 0.086
480 0.101
28 Autoclaved Aerated Concrete (AAC) 500-650 0.13-0.19
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(CONCRETE PROTECTION FOR REINFORCEMENT)

aveenInanniavaniud

ATIVWIIBIAEUNTR VAN, T,

(Minimum  cover, cm.)

q
(CONCRETE STRUCTURE) NRTTU Fariia NAIFTI.
28N, NTRYWHVIHAT | AASHTO
1| gman unzasdermnadAgiisiEulnense 75 6.0 75
(Concrete cast against and premanently exposed
to earth)
2. | pefionens AdadisEvTognuansu
(Concrete exposed to earth or weather)
- fnisiman mwadus 16 s Iuly 50 40 5.1
(Permanent reinforcement)
- InANIESHIEY TWIAENNTY 16 1M, 40 30 38
(Stirrups, ties and spirals)
3. | avfensf NduEAw wingnuaanu
{Concrete not exposed to.earth or weather)
- winSAnaAn (Primary reinforcement) 20 Tﬁszq 38
- ANE3HIEY (Stirrups, ties and spirals) - Taiszy 25
- uruuLAzeTY 20 15 Tiszy
- A 30 30 Talszy
4| w fiwdndsenindemderseniin 35" 30 Taiszy
(Column)
5. | uuRNEERUABUNER
{Concrete bridge slabs)
- MANESHUM (Top reinforcement) Taiszy Talazy 50
- WAnE3Hene (Bottom reinforecment) Taiszy Triszy 25

* wialidoendt 1% whasswnanasmenyingi

i
3

f
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STANDARD HOOKS
(ACI 315- DETAILS AND DETAILING OF CONCRETE REINFORCEMENT)

Detailing | _, Hook Detailing
Dimension —[ AorG Dimension .
ppdas | D
9 aorc 12
K S |

2%" Min. 900

1800

RECOMMENDED END HOOKS, ALL GRADES
Bar Size Diameter Finished 180-deg hooks 90-deg hooks
(ASTM) bend dia.
D Aor G J AorG
(mm.) (cm) (cm). {cm) (cmy)

#3 10 6 13 8 15

#4 13 8 15 10 20

#5 16 10 18 13 25

#6 19 11 20 15 30

#7 22 14 25 18 36

#8 25 15 28 20 41

#9 29 24 38 30 48

#10 32 27 43 34 56

#11 36 30 48 37 61

#14 43 46 69 55 79

#18 57 61 9N 72 104




12d, for #6. #7. 48
od, fur #3. ¥4, #5
or 2Yz in. minimum

etailing
Dimension

r—D.

STIRRUP AND TIE HOOKS

I~

135-DEG SEISMIC STIRRUP/TIE HOOKS

Beam

135¢

n 5, . n
FHook 1y Hook ||
AlorG |: ] A'or G ;:
6dp or H ] H
2|51 % 215! 104 )
E|2, Min, 0 E&ig D
T e B|s
B|g i
alA Qla
t

RECOMMENDED STIRRUP AND TIE HOOKS

STIRRUP AND TIE HOOK SEISMIC STIRHUI% AND TIE HOOK
Bar Size | Diameter | Finished 90-deg hook 180-deg hook’ 135419:; hook
(ASTM) bend dia.
D AorG AorG H AorG ‘H
(mm.) {cm) (cm) “{cm) (cm) {cm) {cm)
#3 10 4 10 10 6 13 9
Ha 13 5 14 Al 8 17 14
#5 16 6 16 14 10 20 14
#6 19 1 30 20 1 27 17
#7 22 13 36 23 13 32 20
#8 25 15 4 2 15 36 23

NOTE Grade 40, 50 and 60




A & 1 .
TR BEANSIESHNAN Wil AR, (ACI Code)

ACI STANDARD HOOK

(TILT FROM VERTICAL IF NECESSARY

U Yo MAINTAN %," CLEARANCE)
& __SIZE AND SPA;IHG AS 4 SYMMETRICAL
3 ~ TABULATED - Le——"aBOUT
IU 7
1: PEvA ) oasL _TEMPERATURE
. L9=ct B
—~F \L _f.-l P'cLean g 'BARS
T \
. L |
2 C, f = .
Sz L2"crear !
14 7 R T
w4 Z
Y7 . .
8 Wz \_EXTEND.ALI. BOTTOM BARS ! BAR SPACING
L7/ INTO SUPPORT - P
I L—SLAB THICKNESS
L = CLEARSPAN™" "~ :
i . .

SINGLE SPAN, SIMPLY SUPPORTED

ACI STANDARD HOOK 17
(TILT FROM VERTICAL IF NECESSARY bl
« TO MAINTAIN 3" CLEARANCE) Z
u SIZE AND SPACING Q
) AS TABULATED % =
= . w
o : ! Ca o
=X 025L ALTERNATE BARS o,;LORch:o’ . pitoros g TEMPERATURE
T 4 "cLghg | BENT UP GREATER " |3,¢ ‘04 GREATER a }—r BARS
Z ( f o 3 —\, ) r\ ﬂ n i
= i o s il 1
= L = ) ot
g f . L3CLEAR 0.25L '
3 . X | x| x
S EXTEND ALL. BOTTOM BARS p A
Y INTO SUPPORT MIN X = SPACING
~—-1 Z L=CLEARSPAN Lt TABULATED
pd
END SPAN, SIMPLY SUPPORTED
SYMMETRICAL
« ABOUT ¢
S
0.3L OR 0.3L a 0.3L OR O.3L1
: N : : TEMPERATU
GREATER 2 Ol GREATER '1 ' BARS RE
|
1 o \ Q" 3 T n ﬁl
i :
== > , ——
0.250L LZ‘ CLEAR X X X
T w ' X =SPACING .
6" MIN. :
L LeJME o carspan TABULATED
S— [ — SLAB THICKNESS

INTERIOR SPAN, CONTINUOUS

TYPICAI DFTAIIS FOR &NIIN QI ARQ



A 3
Az IANTTLESAAN WA (ACI Code)

AC! Stondard Hook

INTERIOR SPAN OF CONTINUOUS BEAM

¥ Except where necessary fo hold 10'min. dimension .

END SPAN OF SIMPLY SUPPORTED BEAM

TVDICAL NFTAII Q@ FNR REARAQ

: S
I'G', . #3S5tircup support 93Lor a5Ls N . 03toro3L;
7 Min. e bar (i necggmry) Gf‘d"" O “Grealer
7 —1% Clear Loose fop bar | <ok
; i ( i 9]
4 N L F
* .
15 7 v
A | <
- 1 3 .
0.45L ‘ - Stirrups J 0.25L 6"
7 !
6’ » L+ Clearspon Ly
"

ACI Standard Hook Symmetrical §
1 f0*Min. . about ¢ O
) / ; Wng‘lrrF;:rsuppor'f ) h A
My ars (1f necess 1 =
2} 1% Clear g [T necessary. % , i
g o B— | T
> + > g .
15° 3§
8 Sk
; — -
L 6 0./5L \Sffrrups 151 1%,
7 =1
. L+ Cl,
earspan * Excepl where necassary
to hold 10" min. dimension.
SINGLE SPAN BEAM, SIMPLY SUPPORTED
5 trical 5
03t0r0.3L 03t or 03t F(Sypmelpica |
i ! S - G3terO3t #35trrup ‘ﬁ Zbauf "tl 5"
oL, support bar ! “ o
/.Loose top bar <o (if necessary) Q i'
- 7 ._ ‘ .l f
| S e——=lens i1 Ty
%, 30—
l / 45 35
Ry .
i, T VC | —
6" osst___| Stirrups 15 :]1'4 2
Ly L =Clearspan
L p—



A ® 1
$1882BAN1SIASNIRAN kA% (CRSI Hand Book)

ba
1 clear (aht thiee bars) / Temperalure bars

R g T A
tj%d_ _f___\ﬁﬁzﬁ___j 2 e ,j

I Egt [ o5 [ 117 clear both bas /5

1" = clear span 1'" = clear span
LN } * = clear span in feel —-—")4 l—'———
1

LB, A7 “op bars, T

. =083317 ! , i featd = 08330
in feet : _ wl N = a0
Z1.201 V=3 ¢ £ = 20000
Bend up truss bars at | s !
45°, but stope should wil+ 1" 2 _____:q f, = 1350 psi
be {lattened when —-M= ﬁ( 2 ) ") u = 300psi
necessary to make te M=
sS4 in. = wl’? B Lﬂ ,__]
. 9.09 E4 EA

Detailing of bars for interior span slabs

For top bars sce nole below

2 Temperalure bars
LS t=slab thickness ':-P‘! ;*-‘1 H«Ex -«~>l | , i .
M AN @L_ T 1_

=< el
'/‘x——}” clear all bars® /s | L—x

O L
| | & = dlear span 1~»l

1" = clear span in feet - |

’ . >0.8831"
vs ol | . V=15 inteet { Z 1200
F\M= %z "= i(z'u-)’ 1, = 20,000 psi
10\ 2 L, -
- M=0 | . . jL /c—ljg[())pm
ﬁg u = pst
Bend up truss bars at 45°, but } - ]
slope should be flallened T
when necessary to make
S>44” in. —
Rl ke,

Detailing of bars for end span slabs

E, = 6-in. minimum bottom bars.

E, = 17 bar diameters* (straight if possible, bent if necessary).

E, = 6 in. minimum with %% reinforcement.

E4 = not less than 17 bar diameters, nor less than I’/15,* with balanccd.reinforcement.

E, = E, = to meet ACI Code, extend at least one-third of the top bars I’/3 and remainder at least

I’/6; if necessary increase extension until bars are anchored 17 dias. past point of max.

stress (bend-down points).
= distance between consecutive bottom bars = distance between consecutive truss bars = distance

between pairs of bars.
T = additional top bars, one over each meeting pair of bottom bars, that is, one for each set of
straight and truss bars.

B = 4 in Minimum.,
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Detailing bars for interior span beams

Ay~ 1-07 min. if possible 13~ clzar

E WAL E
. ,,2 T Stirrup spacer bars top "““1 [ — a
ST ¥ 5|2 1L
T W E “ S—% —1,{ Stirrups Top barqi_ N
ST “/\4' - Truss bar Stirrupﬁﬁ’_‘E ~{ h
l 450 X Straight bar—~ 7 =
s [T = wl? LS
HEZ Edeye M 11 sor i" LLJ
> g Z T2 May vary from 17 1o V=L|7w—l-> i
~lg % 1'75 to bend up at 45° FTT
Mal T ~
= l . _v\}_ l

Detailing of bars for end span beams

E = 6-in. minimum for bottom bars.

E, = 17 bar diameters, usually requiring a semicircular hook. (24 bar diameters for depths
over 12:in.)

E, = bottom bar to extend 6 in. into the support where not counted for compression steel.

E, = When counted for compression steel, bottom bars must lap bars of adjoining span 20
diameters.

E = TI'/4 or!"/4 or 17 bar

dias. (24 dias., d >
12 in.) past bend-
down point, which-
ever is greatest.

E, = I'/4, or I'"’/4, or 17 D (24D if d >12 in.) past bend-down point, whichever i5 greatest..
B = ordinarily 8-in. minimum
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Ware-Lixe _CoLumn TyoiCAL ARRANGEMENT.
Or Corner COLumns

Note 7

Bk

CoLumn STEEL ARRANGED
For BenpDinG & AxiaL LoAD
NOTES:—1. These bars must be tied as shown by dashed lines when X dis-

tance is over 6 inches.
2. These bars need not be tied when X distance equals 6" or less.

3. Applicable to all tied columns.

A dilferent pattern of ties may be substituted provided that details of the re-
quirements are shown on the contract drawings.

* Applicable only tor lap-spliced preassembled cages.




UNIVERSAL STANDARD COLUMN TIES*
STANDARD COLUMNS

WHEN LESS THAN 67 (<6")
WHEN GREATER THAN 6" (>67)
| NOTE 1 (TYPICAL)
4 BAR
¥
" i
6 BAR 3
][\Norz L LTYPICAL)
<6” >6"
Ll oo, -
E"' ~t ' 4 NOTE 3
ly ol g 6 ' >6" (TYPICAL)
S
8 BAR ] h
.. [\ -
<6” >6"
()
£ G [Shniey
10 BAR i ‘|
u e J j,
6 MAX -
ad 313 NOTE 4 {TYPICAL})
b B
12 BAR N
16 BAR SIMILAR {WITH 2-BAR BUNDLES EA CORNER) 16 BAR SILAR
20 BAR SIMILAR [WITH 3-BAR BUNDLES £A CORNER) {4-BAR BUNDLES EA CORNER)
24 BAR SIMILAR(WITH 4-BAR BUNDLES EA CORNER)
LT 6" nax
=
i‘ NOTE 2
(YYPICAL)
14 BAR P—
ona e o
t8 BAR SIMILAR (WITH 2-BAR BUNDLES EA.CORNER} 18 BAR SIMILAR
22 BAR SIMILAR {WITH 3-BAR BUNDLES EA CORNER) (a-BAR BUNDLES EA CORNER)
26 BAR SIMILAR (WITH4-BAR BUNDLES EA.CORNER)
T eTmax
L4
> %s'uu
16 BAR
ry
20-BAR SIMILARIWITH 2-BAR BUNDLES €A CORNER) 20 BAR SIMILAR
24-BAR SIMILAR{WITH 3-BARBUNDLES €A CORNER} (4-BAR BUNDLES EA CORNER)
28-BAR SIMILAR(WITK 4-B4R BUNDLES EA CORNER]

* Applicable for either preassembled cages or erection in place on freestanding butt spliced vertical bars.

NOTES

1. Alternate position of hooks in placing successive sets of ties.

2. Two-piece ties shall be deformed hars only and minimum lap shall be 12'in.; for sizes #5 and larger,
special minimum tension lap lengths, per ACI 315-74, shall be provided.

3. “B’ indicates bundled bars. Bundles shall not exceed four bars. In beams and girders, the size of bars
in bundles shall not exceed #11.

4. Elimination of tie for center bar in groups of three limits clear spacings fo be 6-in. maximum. Unless
otherwise soecified. bars shall he sn arounad
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Types of Ties. MIANANASAABAI

g'l

Fig A

Fig E

N

Fig. A.Snap or Single Tie is normally used-in flat horizontal work, using No. 15 or No. 14 gauge wire.
Fig. B. Wrap and Snap Tie is normally used when tying wall reinforcement,

Fig. C. Saddle Tie is used particularly for tying of footing or other mats to hold hooked ends of
bars in position; also it is used for securing column ties to vertical bars.

Fig. D. Wrap and Saddle Tie is
used to secure heavy mats that are lifted by crane and for securing column ties to vérticals

Fig. E. Figure Eight Tie is occasionally used in walls, instead of the wall tie in Fig B

Size of Tie Wire. Wire used for tying reinforcing bars is usually No. 16 gauge black,
soft-annealed wire. There are some cases when a heavier gauge wire may be used. No. 15 or
No. 14 gauge tie wire (or double No. 16 gauge) may be used when tying bars in heavily reinforced
caissons or walls



WELDED SPLICES

A. WELDED LAP SPLICES

WELD-ONE OR BOTH SIDES

L2Z772777

22

P~

WELD

T

+ \SIYY.
I

4,

Welded Contact Lap Splice

Welds

L 2222000

~— PLATE

Welded Lap Splice With Plate

8
./ﬁj

_ 3

B. WELDED BUTT SPLICES

LTy
N/

(1) SINGLE -VEE GROOVE WELD

1

(2) DOUBLE - VEE GROOVE WELD

L

Welded Double Lap Joint

e

(3) SINGLE - BEVEL

Splice Bars

/ ain cr

SECTION B-8

7 \as*
\/
—

A

(4) DOUBLE - BEVEL

GROOVEZ WELD

I——A

WELDS —

———

S SEDY

le— PLATE OR ANGLE

Lea

{5) DOUBLE GROOVE WELD WITH BACK-UP PLATE OR ANGLE

GROOVE WELD

WITH ANGLE
SECTION A-A

NOTE All welding should conform to AWS D12.1-75 “"Reinforcing Steel Welding Code” of the American Welding

Society.
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Fusion Welding Symbols

Type of Wek . Contour Desired
Fillet Groove Plug Field Weld all | Flush Convex | Concave
& Weld aroynd
Square v Bevel u J Slot
NV VUYL e o] = |~
fish_Symbot F Contour Mark —or /7~ \
A Angle of Groove , Rool Width
E Other side
Size E Both L_ P k Field Weld
Spec. ) sides
E . Weld all around
E Amow side Pitch
| .
Length
Symbol Designating Type of Weld - I
a o 04 %
mytyanumaanm 2Ly
o w % '
NIRIY2INIILBDNUUDAANIY
; il afauuuson
sarean MAeInT ?a LR
(nn. an T8)
) , :
aadanadia € 6o mwdangdia £ 70
3 260 310
5 440 520
6 530 . 620
8 710 830
10 890 1040
12 1060 1240
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v1 = LV b

P P P _ 4

fnz—ab j (a1+a,)b f_—A.:a—b f =Zma-3
Butt Welds Tee Connection Short Shear Weldas

oD

2}
3
P 0.707P . 0.707P 0.707P
I = T73an) = "ab I == /=
Fillet End Welds FPillet Tee Welds Fillel Side Welds

SectMod=Z ba?

6M 6M  4.24M

) =paz J =1 = o

Cross Flexure ' Cross Flexure Longitudinal Flexure
Butt Weld Fillet Welds Fillgt- Welda

A
/ =

1:414Tr . T 14142 1.4147(b/2)
= tal Sl = = =
7 Total Shear per Fillot i f ¥ 7
_ 1.4147T(dj2) _2.837 ;= laur g ZLALiTE2) 44T
T Tand(d/2)2 wad? © Lab T dalabd T ab?
Torsion of Circular Torque Resisted by For Adjacent Filleta

Fillct Weld Fillets Widcly Spaced Assurne J = I
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ILLUSTRATION OF SOUND LEVELS

Sound level Familiar sound
Decibels (dBA)

® 120 et aircraft taking off

Pile hammer

100 Very noisy machine shop
Tractar scraper

95  Tuhe train passing

90  Noisy factory

85  Busy éity street

80  Ringing alarm
(2 feet away)

hreaker
(unmuffled)

75  Noisy office

_—8
Poker ———® 70  Radio, full volume
vibrater

65  Average conversation

Concrete 60  Large self-service
breaker grocery store
(muffied and
screened)

50 Quiet office

Concrete mixer 40  Public library

* Decibel or dB{A) is a unit used to measure sound pressure level

Countesy of SCAL SOURCE: CONTROL OF NOISE FROM CONSTRUCTION SITE
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Strength of PC. Pile (PCI Design Hand book)

Maximum compressive load, N, on prestressed concrete piles (in addition
to the effective prestress) shall not exceed the following:

N =(0.33f,-0.27f A,

where h' <50
r

’

h = effective unsupported length of pile, taken as the actual length
of pile when both ends are hinged

r = radius of gyration of transformed section of pile

f = F (effective prestress after losses)

pe
A

C
A c = area of concrete

Buckling load of a slender pretensioned concrete pile can be
computed by Euler’s formula,

where N = critical buckling load
E = modulus of elasticity for concrete
I = moment of inertia of concrete pile section
L = length of pile

Approximate ultimate moment of pile

M, = 0.37 t A £, for solid square piles

My, = 0.32t A, for solid circular and octagonal piles

My, = 0.38¢t A f for hollow square piles

My, = 0.34t A f for hollow circular and octagonal piles

where t = thickness or diameter of pile
A_ . = total area of prestressing steel
ultimate strength of steel

)
il



GEL PRESTRESSED CONCRETE

PILES

Cross section area 324 sqg.cm.

Unit weight 78 kg./m.

Perimeter 72 cm. D 18x18 *

tength of pile 6-12 m.

Allowable design load 3-8 tons.

Cross section area 400°'sg.cm.

Unit weight 96 kg./m.

Perimeter 80 cm. D 20x20 *

Length of pile 6-15 m.

Allowable design load 4-20 tons.

Cross section area 484 sq.cm,

Unit weight 116 kg./m.

Perimeter 88 cm. [Ja2x22*
D Length of pile 6-20 m.

Allowable design load 5-25 tons.

Cross section area 625 sqg.cm.

Unit weight 150 kg./m.

Perimeter 100 cm. []25x25 *

Length of pile 8-22 m,

Allowable design load 8-35 tons.

Cross section area 676 sq.cm.

Unit weight 162 kg./Jm.

Perimeter 104 cm: D 26x26 *

Length of pile 10-22 m.

Allowable design load 10-40 tons.

Cross section area 900 sg.cm.

Unit weight 216 kg./m.
[:] Perimeter 120 cm. D 30x30 *

Length of pile 10-24 m:

Allowable design load 10-55 tons.

Cross section area 1,225 sq.cm.

Unjt weight 294 kg./m.

Perimeter 140 cm. [] 3535 *

Length of pile 10-25 m.

Allowable design load 10°75 tons.




Cross section area 1,600 sq.cm.
Unit weight 384 kg./m.
Perimeter - 160 cm. D 40x 40 *
Length of pite 15-28 m.
Allowable design load 40-100 tons.
Cross section area 2,025 sg.cm.
Unit weight 486 kg./m.
Perimeter 180 cm. D 45x 45 *
Length of pile 15-28 m.
Allowable design load 50-135 tons.
Cross section area 1,345 sq.cm.
Unit weight 323 kg./m.
Perimeter 160 cm. [ Jaoxa0*
Length of pile 15-28 m.
Allowable design load 40-92 tons.
Cross section area 1,609 sq.cm.
Unit weight 386 kg./m.
Perimeter 180 cm. [O] 45 x 45
Length of pile 14-30 m.
Allowable design load 106-115 tons.
Cross section area 2,049 sq.cm.
Unit weight 492 kg./m.
Perimeter 210 cm, @ 52.5x 525"
Length of pile 18-30 m.
Allowable design load 70-135 tons.
Cross section area 2,831 sq.cm.
Unit weight 679 kg./m.
@ Perimeter 260 ¢cm, @ 65 x 65
Length of pile 20-33 m.
Allowable design load 190-200 tons.

74 AN
* Manufactured according to Thai Industrial Standard 3962524 "\"Ey Han. 396-2524



GEL PRESTRESSED CONCRETE

PILES

Cross section area 220 sq.cm.
Unit weight 58 kg./m.
Perimeter 89 cm. I18x18
Length of pile 6-12 m.
Allowable design load 2-7 tons.
Cross section area 330 sg.cm.
Unit weight 79 Kg./m.
Perimeter 109 cm. I 22x22
Length of pile 10-21 m.

E j Allowable design load 4-20 tons.
Cross section area 455 sq.cm.
Unit weight 109 kg./m.
Perimeter 128 cm. I 26x26
Length of pile 10-23 ' m.
Allowable design load 10-30 tons.
Cross section area 518 sq.cm.
Unit weight 124 kg./m
Perimeter 124 cm. I 26%x26*
Length of pile” 10-23 m.
Allowable Design load 10-34 tons.
Cross section area 564 sg.cm.
Unit weight 132 kg./m.

j [ : Perimeter 148 cm. T 30x30

Length of pile 10-24 m.
Altowable Design load 15-37 lons.
Cross section area 660 sq.cm.
Unit weight 158 kg./m.
Perimeter 153 cm. T30x30*
Length of pile 10-25 m.
Allowable design load 15-44 tons.
Cross section area 805 sq.cm.
Unit weight 187 kg./m.
Perimeter 180 cm. 135x35
Length of pile 18-25 m.
Allowable design load 25-55 tons.




Cross section area

880 sq.cm.

Unit weight 211 kg./m.
i‘ i Perimeter 179 cm. I35x35*
Length of pile 18-26 m.
Allowable design load 25-60 tons.
Cross section area 1,240 sqg.cm.
Unit weight 298 kg./m.
Perimeter 187 cm. T 40 x40 *
Length of pile 18-27 m.
- Allowable design load 30-80 tons.
Cross section area 1.500 sq.cm.
Unit weight 360 kg./m.
Perimeter 214 cm. I 45x 45
Length of pile 10-29 m.
Allowable design load 98-107 tons.
Cross section area 2.050 sg.cm.
Unit weight 492 kg./m.
; i Perimeter 244 cm. DH 52.5x52.5*
Length of pile 21-.30 m.
Allowable design load - 90-135 tons.

I\
* Manufactured according to Thai Industrial Standard 3962524 *'\-17 HOAn. 396-2524

SPECIFICATION

DESIGN LOAD CONCRETE

@ Ultimale compressive strength at
28 days not less than 350 kgfcm2
for standard cylinder §6” x 12", or
not less than 450 kg/cm? for stan-
dard cube 15 x 15 x 15 cm.
Portland cement-ASTM designa-
tion C150 type | or rapid hardening
strength portland cement ASTM
designation C150 lype Ill.

P.C. piles shall be fabricated by pre-
tensioning. method.

Concrete strength not less than 280
kglcm? at prestress lransfer

e Water curing

PRESTRESSING STEEL

@ Uncoaled stress-relieved steel wire

indented round type or uncoated
seven-wire stress-relieved strand

e Ultimate tensile strength not less

than
17,500 kglcm? for wire ¢4 mm.,,
@5 mm.
16,000 kg/cm? far wire g7mm,
17,575 kglcm? for strand
class 1725 {class A)
18,980 kg/cm? for strand class
1860 (class B)
(ref. ASTM 421-77 or TIS 95-2534 far
wire and ASTM A 416-88 or TIS
420-2534 for strand)
o Inilial force applied on prestressing
steel shail be 70-75% of the ulti-
mate tensile strength

REMARK

1. The above safe loads are subjecled

o Bangkok Sub-Soil and are varia-

ble due to soil properties.

The length of piles provided are

changeable as required and availa-

ble for composite piles.

. Concrete cylindrical compressive
strength shall be not less than 280
ksc. and 350 ksc. at transfer and
workling stage respectively.

~
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(1) FovlaiAn 12
20000 t
12
20000 t

(2) uidusud i garusndlideenindemn: 75

ANHYUY (d) vty i:azﬁlﬁfwmndlum\aqwﬁﬂmuuuqmaamuﬂauﬁw%a%uﬁm
faunde laennine oo

pneMUsERning () venedl rezvinesEnINYBURILYINGTT (bearing plate)
ATIIAWITIN (1) vintai 5:&1:ﬁ?ﬂmnﬁmdquwﬁqmuUuﬁﬂmaaizuuﬁu
svinusssaeTN ) el ﬁmﬁfﬂmmnﬁwmmﬂumimaauu,v'uﬁmﬁn
uvimimuauwﬁuﬁmﬂau bxI .

svinnasm P) e &mf{nmi"qnﬁy'ﬂwuﬂﬁ‘mumsﬂﬂﬂaUuuuﬁwwﬁntﬂuqﬂ
(point load)
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HOLLOW CORE SLAB
Lwiuﬁud'n%gﬂﬂa%n%mﬁmmwunma

¥ o o W
ﬂﬂﬂﬂﬂ%ﬂ‘ﬂﬂﬂﬁ'miﬂ HOLLOW CORE SLAB

1. mﬁaﬁmﬂizﬁﬁ’uamaun%mﬁmq 28 $u Talndn 400 nn/esas(MIanTzUen)

2. Misnlsierevneunin tmefamaiainousdnliing 280 nn/es.

3. MfonUIrReIeImaUNIATILYNN (TOPPING) ﬁmq 28 ¥ hisndn 210 nn/msos.

4. wmdous (DulUmunnnIgundarignanmniTs Nen420-2534 Uaz HON95-2531

5. A INANHLTwTvreuHuAW Ul aasIATI M BUILDING CODE REQUIREMENTS FOR
REINFORCED CONCRETE (ACI 318-89)

6. m'mﬂaaumﬁuﬁmﬁrmmuviuﬁmﬂulﬂmummigwuwﬁmﬁmﬁa‘mvmﬁu HON577-2531

1.20 o 1.20 L 1.20

1 |

B “fiie @ozd m /—CONCRETE TOPPING y
3 COOOI000000I00O000I0E

—

|
GEL HOLLOW CORE SLAB

TYPICAL CROSS SECTION OF GEL HOLLOW CORE SLAB
! SCALE T 20

{, SPAN (L) ]L
RB&x 0.50 @ 0.20m. —R8 6 ® 0.20" m.
| EXTRA
5}. — N y A .
T oz 1| ]
A __ M |
1 | RB 6 @ 0.50 m.
> €MIN, 0.05 m. MIN.. 0.05m K

TYPICAL LONGITUDINAL SECTION

SCALE T= 1 . 20
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HOLLOW CORE 250 x 1200 mm

1196 (Nomingl 1200mm.) i

§ O O O OO D HC250 and HC250¢

HC250 HoLLOW CORE 250 x 1200 mm. Unit Weight 265  Kg/sqm.
Without Topping

STRAND ULT.MOMENT ALLOWABLE LOAD (Kg/sq.m.) ON SIMPLE SPAN (m.
GRADE 270 (Kg-m) 6.00| 6.50| 7.00| 7.50| 8.00| 8.50| 9.00| 9.50|10.00|10.50|11.00|11.50|12.00
4-3/8" 7,063| 551 487| 347| 274 215| 165 124
5-3/8" 8736 733| 593| 41| ao1| a17| 256 205| 161] 124
6-3/8" 10,372| 912| 744] 612| 505 417| 345) 284| 232| 189] 151 118
7-3/8" 11,071] 1,086] 893 740| e16| 515 432| 3s1| 302| 251| 208] 170] 137] 108
4-1/2" 12,285| 1.120] op2| 765 28| 535| 449 av7| s16] 2e4| 219] 180| 145[ 116
5-1/2° 15,05 599| 511| 436 872 817| 270| 228 192
6-1/2" 17,70 743 639| 551| 476| 412| 356 307 264
7-1/2" 20,239[ % sso| 7s2| 661 s75] s02| ass| se2| 333

HC250t HoLLow CORE 250 x 1200 mm. Unit Weight 885  Kg/sq.m.
With Topping 50 mm.

STRAND ULT.MOMENT ALLOWABLE LOAD (Kgfsq.m.) ON SIMPLE SPAN {m.)

GRADE 270 Kg-m) 6.00| 6.50| 7.00| 7.50| 8.00 &50‘ 9.00| 9.50/10.00|10.50|11.00|11.50| 12.00
4-3/8* 8,751 636| 495 3es| 293| 219 158 107 {
5-38/8" 10,846| 864| 690| 551| 489| 348| 272| 208| 154| 108
6-3/8" 12,004| 1,089| 881| 716 583| 474| 383| 308 244| 189| 142| 104
7-3/8" 14,925| 1,309 1,068| 877| 723| 597| 493| 406| 331| 268 214| 167| 126
4-1/2" 15323| 1,352| 1,105 909( 751 622| 515 425 349| 284| 228 180| 137| 100
5-1/2" 18,854 706| 596| 502 422| 354 204] 242| 196
6-1/2" 22,265|, 891| 761| 650| 656| 475| 405} 343| 289
7-1/2 25,555 1,070| 920| 793| 685 592 511| 441| 379

g 1. ALLOWABLE LOAD wnnsfia si"'mﬁ’numqnuaaﬂﬁ‘nﬁwﬁﬁudufnﬂqmsn%’u‘ﬁ
weniwiaaniminaeii ( DEAD LOAD) wuauiiuiiu uastinwinzanannin -
wuuia (TOPPING )

2wihurmnisandigud (ALLOWABLE LOAD) Tummrwdaiindu
wlilfideinnmammauningadan VOID i - evaousnivanlaem wia
fimiagoauringin AmAn SHEAR STRENGTH uéa
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HOLLOW CORE 200 x 1200 mm

' 1196_(Nominal 1200mm.) L

{I00000O  scmm nd sz

HC200 HOLLOW CORE 200 x 1200 mm. Unit Weight 230 Kgfsq.m.
Without Topping
STRAND ULTMOMENT ALLOWABLE LOAD (Kg/sg.m) ON SIMPLE SPAN (m.
GRADE 270 (Kg~m) 500 §550| 600 650 7.00| 750| 800 850| 9.00| 950 10.00
4-3/8" 5516| 676) s26| 411| 323|  252] 19s| 149 110
5-3/8" 6846] ©884| 698| 556 446| 3s8] 288 230| 182] 142|108
6-3/8" 8157 1,090| 868 699 58| ae3| ave| 310 253| 208 165 130
7-3/8" 9,449 1203| 1,038) s40| ess| se7| a4e9] 30| s23] 2e8| 221 181
4-1/2" 337| 280 232 191
5-1/2" 460 390 331|280
6-1/2" seo| ag7| 427|367
7-1f2" 696| 601 520 451
HC200t HOLLOW CORE 200 x 1200 mm. Unit Weight 350 Kg/sq.m.
With Topping 50 mm.
STRAND ULT MOMENT ALLOWABLE LOAD {(Kg/sq.m) ON SIMPLE SPAN (m.
GRADE 270 *Kg~m) 500! 550| 600 650 7.00| 7.50| 8.00| 850 9.00| 9.50| 10.00
4-a/8" 7063 820 e27| 481|367 277 204| 145
5-3/8° 8736] 1,082] 844| 663| s23]  a11| 321| 247 186 135
6-3/8" 10372] 1,389] 1,056] ®842| 74| 42| a3s{ a47| 275|214 162 119
7-3/8° 11,971] 1,590| 1.264] 1018] 823 670 54s] 445| 362 201| 232| 181
a—1/2 12,285 1.050| 852| e95| ses| 465 a7re| 307 246|194
5-1/2" 15.056 1,100|  o17| 761] 34| 520 441 3es| 302
6—1/2* 17,708 ] | 1,129] 94s| 7o7| 673] 563| 48i| 408
7-1/2" " 20,239 ] 932] 1,123| 52| 80| 692 591| 505

w1 ALLOWABLE LOAD siwfly dwinussynisanduquiiiusiufusmmanduld
uaniigniawinmil ( DEAD LOAD ) nouusinfiu ussinninuavpeunin —
Wuwia (TOPPING )
2 wihussnuasafigyd (ALLOWABLE LOAD) Tumsnsdauiiidu
q:ma‘l'u‘iaﬁqm'smnaunfmqﬂﬂﬂn VOID #if1 — Wmvasuduiuaanloannw yis
fimirsvudaadn (mAin SHEAR STRENGTH ui




HOLLOW CORE 150 x 1200 mm
e e s e

1 1196mm. (Homino! 1200mm.) N

{ JOO00C0000)  HCI50 and HC1s0:

HC150  HOLLOW CORE 150 x 1200 mm. Unit Weight 195 Kg/sq.m.
Without Topping
PCWIRE & ULT.MOMENT ALLOWABLE LOAD (Kgfsq.m.) ON SIMPLE SPAN (m.)
'STRAND T Kg-m) 3.00| 3.50| 4.00| 4.50| 5.00| 5.50| 6.00| 6.50| 7.00{ 7.50| 8.00
€~5mm 2,087 749| 508| 351 244 167] 110
8-5mm 2766| 1,045 725\ 517| 375 273 198| 141
10-5mm 3,437| 1,837 o40| e82| 505 378| 285| 214| 158| 114
4-3/8* 3.895| 1.537| 1,086)| 794 594| 450| 344| 264| 201| 151 111
6-3/8" 5.726] i| 1243 o948 738| 582 463| 371| 208| 239| 190

HC150t HOLLOW CORE 150 x 1200 mm, Unit Weight 315 Kg/sq.m._T
With Topping 50 mm.
PCWIRE & ULT.MOMENT ALLOWABLE LOAD (Kg/sq.m.) ON SIMPLE SPAN (m.)
STRAND Kg—m) 3.00| 8.50| 4.00| 4.50| 5.00| 5.50| 6.00| 6.50| 7.00| 7.50| 8.00
6~5mm 2,887 998 665| 448| 3o0| 193] 115
8-5mm 3,817| 1.404| 962| 676] 480 339| 235 156
10~5 mm " 4,731] 1,802 1,255| 900| 657| 483| 354| 256| 180| 119
4-3/8" 5,443| 2,112} 1,483| 1,074| 795| 594| 446] 333| 245| 176 120
6-3/8" 7.942] 2,283] 1,687 1,278 986| 770 608 478| 376| 294| 227

Wi 1. ALLOWABLE LOAD wuanfia sinwinussvnuaanfugvamusiuiuanmmoduld
uanuiasninuinned (DEAD LOAD ) zawisiufiu wazimninuaoraunia —
iy (TOPPING )

2. dmminusnusaniugus (ALLOWABLE LOAD) Tuammsdauiidu
wlilfidadnnmwauningndsy VOID i — Wmtaniniuannlaem e
finiururieain i SHEAR STRENGTH ud
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HOLLOW CORE 150 x 600 mm

595 {Nominol 600mm.)

ol
"—’I 0000, HC150 and HC150t
HC150  HOLLOW CORE 150 x 600 mm. Unit Weight 196 Kg/sq.m.
Withaut Topping

PCWIRE & ULT.MOMENT ALLOWABLE LOAD (Kg/sq.m) ON SIMPLE SPAN (m)

STRAND (Kg—m) 3.00| 3.50| 4.00| 4.50| 5.00 550 6.00| 6.50( 7.00| 7.50| 8.00

3-5mm 1,044| 748| 507| 350| 243| 166 109

4-5mm 1,383|.1,044| 724| 516| 374| 272| 187| 140

5-5mm 1,718| 1,336 939| 681| 504| 377| 284| 213 i57| 113
2-3/8"+1-5mm 2,253| 1,802| 1,281| 943| 711| 545 423| 329| 257 199
2~3/8°+2--5 rmm 640 501| 395| 313| 247| 195| 151
3-~3/8° 737| 581| 462| 370 297 238| 189
3-3/8"+2—5 mm 919| 732| 589| 478  390| 319| 26t
HC150t HoLLOW CORE 150 x 600 mm. Unit Weight 316  Kg/sq.m.

With Topping 50 mm.

PCWIRE & ULT.MOMENT ALLOWABLE LOAD (Kg/sq.m.) ON SIMPLE SPAN (m)

STRAND (Kg—m) 3.00| 3.50| 4.00| 450| 5.00| 5.50 G.OD' 6.50| 7.00| 7.50| 8.00

3-5mm 1,443| 997| 664| 447 209| 192| 114 !

4-5mm 1,908| 1,403 961| 675 479| 338| 234| 155

5-5mm 2,365| 1.801| 1,254| 899| 656 482| 353| 255| 178| 118
2-3/8'+1~5mm 1,279 956| 725| 54| 424 323 242| 77| 124
2-3/8'+2—5 mm 1,481| 1115| B54| 661 513| 399| 308| 235 175
3-3/8" 1.686| 1,277| 985! 7e9| 05| 477 375| 203 226
3-3/8'+2—5 mm 2,069 1,580| 1,231] 9o72| 775 s22| s00| 402| 322

WG

1. ALLOWABLE LOAD wwwfin sinwinussymisanfogvasiusuiiuansosuld

vaniuiiasinininaeii ( DEAD LOAD) uaowsinfiu uasinwinuaenounin —
viumin ( TOPPING )
2. daminusynusandugud  (ALLOWABLE LOAD) Tunismdniidiu
adflfiipdnnaavneuningadee VOID i1 — nusuisuiinanlaseu v
niweianiie Wiy SHEAR STRENGTH i




b R R T e e N |
HOLLOW CORE 120 x 600 mm
o P T ) P S T S e

592 (Nominat 600mem.)

1 SO000. HC120 and HC120¢

HC120  HoLLOW CORE 120 x 600 mm.

Without Topping

Unit Weight 169 Kag/sq.

m.

PCWIRE & ULT.MOMENT ALLOWABLE LOAD (Kgfsq.m) ON SIMPLE SPAN (m)

STRAND (kg-m) 3.00] 3.25] 850] 8.75[ 4.00] 4.25] 4.50] 4.75] 5.00] 525] 5.50] 5.75] 6.00

3-4mm 513] 308 242] 190] 147] w3 \

4—4mm 681| 454 a67| 207 241 185 157| 125 [

5—4 mm 847 589 430 403 333 276 229 189 155] 127 r

3~5mm 794 553 450 369 304 250 208 168 137 11DJ

4-5mm 1050 776] e40] 533 aas| avs| s17] 268 2260 190] 160 133 110

5-5mm 1,302 995 828 694 587 499 426 365 313 2591 231 198 170 145
1-3/8"+4—5mm 1,655 580 502 436 380 332 280 254 222
2-3/8'+1~5mm 1.664 583 505 439 383 334 292 256 223
2-3/8'+2-6mm 1,882 678| 590 515 451| 395 349| 307 27t
3-3/8" 676 592 521 460 406 360 319
3-3/8"+1~5mm 757| 665 587| 519 461| 410| 365
3-3/8'+2~5mm 836 736 651 578 514 458 410
HC120t HoLLOW CORE 120 x 600 mm. Unit Weight 289 Kg/sq.m.

With Topping 50 mm.
PCWIRE & ULTMOMENT ALLOWABLE LOAD (Kg/sq.m.) ON SIMPLE SPAN (m.)
STRAND (Kg-m) 3.00| 3.25| 3.50{ 8.75| 4.00|. 4.25| 4.50| 4.75| 5.00 5.25| 5.50| 5.75| 6.00

3—4mm 72| s34l o9s| ose| 198 gat| | |

4~4 mm 1,023 752 522 47 333 264 2086 158 118

5-4 mm 1270| 968 705| 576 471| ass| 3t4| 254 204] 161 124

3-5mm 1,193| 901| 648| 526 428| 347| 280| 224| 177] 137| 102

4-5 mm 1,575| 1,233 932 771 641 534 446 372 310 256 210 171 136 105

5-5mm | 1,949| 1,559} 1.209| 1,010{ 84g| 717| 08| &17| 440| 373| 3i7| 267 24| 167
1-3/8"+4-5 mml‘ 2,538| 1,974! 1,847| 1,387| 1,178| 1,007 864 745 645 559 485 420 364 315
2-3/8"+1-5 mm| 1,013 870 7§0 649 563 488 424 367 318
2-3/8"+2~5mm| 1,474} 1,012 877| 763| 665 581| 509| 445 389
3-3/8" ‘ 1,336| 1,157 1,006 878 770 676 595 524 462
3-3/8°+1-5 mm’, 1,489| 1,292| 1,127 987 867 765 676 598 530
3—3/8"+2~5 mm i‘ 1583 1,424| 1,244| 1,092 963 as1 754 670 596

wuamwg 1. ALLOWABLE LOAD wiwfin snwninussvnusaniuguafiusmiiuanasnduld
vanwiaannineinmii (DEAD LOAD) wawsiuity uasinminsawnaunin —
Wit ( TOPPING ) -
2. sminussynsaniiqul (ALLOWABLE LOAD) lunswdauiidu u
a:lwdisinnavmauninandas VOID #ifa — Fwuamiuiivaanlaonu 1
fimianumieadn e SHEAR STRENGTH U




10.

0 a &4 o
;l‘ﬂu%ﬁ%’ﬂ%ﬂﬁﬂﬂmLU‘IJLLa&’WﬂMd‘ﬁ%ﬂﬂ%ﬂ%ﬂﬂ@lu‘imﬂﬂﬂa?\1 {Hollow Core Slab)

. MAAeNIUIALAZTAY8Y Hollow Core Slab dwnsaidananenswlaalden span uae Live

Y o 4 a P o
Load (87939 Superimposed Dead Load #) fieens iiewdanlizfiandaontiudy a1eszy
IUINLRZAINBALTY L% HC200t 7-3/8"250k WIBDTZYIWIA USE Live Load 13% HC200t 3 Live
Load 400 kg/m?

2. Iulassarodn@aasldfin Hollow Core AN TNABUNIAYILMIY (Topping) WHI¥UL Untopping

asliamzfuAndalifleoint Load wazlifiyyidassaedaszninauni Hollow Core

. RuueurSeUndmIusasSURY Hollow Core avsimnunielitieendt 5 au. LAAITIZY

Tursuuamiideuldszi mInmu Hollow Core aradwlulimanegduuy fugdd 1
U9 3

o ooty

(29

] g 2/ o dl d
. nidinigendiaawnlngnaneiu Hollow Core 811ld Steel Transfer Beam (fugull 4) &9

& P BT SR ' P - S P Y a X
sznavdnanninan Lwamﬂmmnmﬁuwwﬁwmm MoikurindnafeiinsTy Load 1ANAY
- a o S & . . s 2
wfpsfiniiinansausaiaiu  feenuuvennfinu  seduuniidnisnsenisny
HHAA Hollow Core Slab

- ' ' ' I o P 4
. Feufimigadenetin (Mortar Grout) TWiBeTevinouN (Shear Key) (Fugft 5) el

= a o 4 | -
Hollow Core HWORANTINYIEBIUEINYK H Load Distribution b0

’ Y a a 4 a
. mMaaSmianiueouniamnyiunin (Topping) Unfiazldindnias Temperature Steel Liotioein

mauand1  usefisesdadineauriuin (aguiounitenu) AR NENRNTY
seetasEnyingn eaansuandilosn Negative Moment (5\131J'7; 6) ait fUSm
NNz TRl (ﬁ’egﬂﬁ 7) asvilessadoiomadanudousouasd
Ductility mn%u

ar “ - o o4
. WY Shear wall ¥38 Lift Core AISHIMANIEINUY (Negative Reinforcement) Buwidniulelu

4 o & . [ v & v P
Topping LWBLWHATHLINLTY AT Ductility inulassaienionan (ﬂ\qﬂ‘n 8)

Y 2 o o e X a
. elinuasintuaudgeu AaTuninwag @6@ 0.50 m. duanamdslu Topping

o/ dl " dd‘ A’ o <1 U o

(Foguft 9.1) wazlunadhiinzTiiWu Hollow Core $ui In-Plane Force vi3aldiiud Bracing au
e AITsiANESY Shear Key fiIfMUUNIBIAULBZINABUNIA Topping WIAN Void #ae
@ o

(fgun 92)

adowd v % 4 ) o ,
. nIGATEAYU Hollow Core Furisinenn aouehl span Taisnni¥n shear Strength 98N Hollow

Core 87199 Tsie 9xABIYIIN1IGA Void T slab Anl5au Wiameaunin Topping Wdhluge
o = o '

Void (fugUfl 9.2) fivibaenmriasin

amwindd envazmilnaulinirowedfiuananiievausis Hollow Core (FvgLft 10)

. AUARUMNETITUIUALLNY  Hollow Core ViTBRIMeNSH mﬂﬁwuﬂ‘lﬁﬁwwmmuﬁfuagj}

” a o o ) oy o w & ' )
\neUATUMIEY Hollow Core (fvgufl 11.1) Wieaglfiszduviasiu Hollow Core Tivfaandnen



14.

pg a s P A a . 1 : '
Deflection 989w %30 3 7. (Fugufl 11.2) WWeRTHAMYHULIY Hollow Core Fva1aazrial¥:
fiansuaniTivesiuliinenio

0 A N P Y a
. MIUINLHRK Hollow Core LaLiln Opening YIAVALLEN ﬂzﬁﬂﬁﬂﬂwﬁﬂNWQWHIﬁﬂﬂqu 1334 Zﬁﬂﬂ

Anmaasuvrinfrsly Topping Wetlaeu Local Failure

< a o 1 ' ¢ 4 v o
. nadwien’aiu 25 o8, avsvindmdnnhelidesndt 7 gu. Busenanian (fvgufi 13)

Wal¥uns Hollow Core Tdialdoenuisini
oy 2 4 ovw a ) [y ’ a qy
nytisioensgndaiie liviaefiweurieriasesrmszuy 013ld Expansion boit niald Bolt
v & v v v o
& Nut 38eNEqWL Hollow Core UAZIBNILANG steel plate (mgﬂﬂ 14)

. MInsEnedminguruAuiAes (Load Distribution in Hollow Core Slabs) NI MIN

naziuflugn (Point Load) W3eliuuna (Linear Load) 1w Maruwsuwiu Hollow Core M3
% ) L X oy oa & (o e ' & o P

nazmervinguiuiuinafe s iuegiuiuvie uaz span uui fina Tugudl 15

Uaz 15.2

P 4 v ) & da ] Py 2

2 IeAHEzAIN A MTUUHUAUATTI span 3emI 40 B 120 weT onaldems
% o & P v -

iz vinguiuiuiades foguii 153
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Hollow Core Slab on RC. Beam with Side Support.
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SECTION 1-~1

SECTION 2-2

gﬂﬁ 5 Shear Key for Load Distribution.
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RC. Beam with Side Flange.
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\— MAIN BEAM

3R 112 usnsAuegléiviadusu Hollow Core

s
A LauBeman 7 9l

02

UM 13 maviwmiedhaaiesosTuuRK Hollow Core Slab,

BOLT & NUT

STEEL PLATE STEEL PLATE
EXPANSION BOLT

g A_@‘;C;:Q 9

'I MEDIUM $uem ‘ ADAS%UM

ouTY buTY
HEAVY HEAVY
DUTY buTY

gﬂﬁ 14 Hangers on Hollow Core Slab
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[celanel] N E R RNARRY, PR Ee Eaemne
Distributed V3 ve Vi v2 V3
Load

0.4 Ratio of Distributed Load (V/p)

0.3 [ Vi

0.2 [ Va\-

01 Lt |

0

4 8 8 10 12 SPAN (m.)

Eﬂﬁ 15.1 LOAD DISTRIBUTION OF CENTRE LOADING ON VARIOUS SPAN LENGTH

P
Free-,
Edge | J
R IR} [T AT [T} (MM
Distributed V1 ve V3 V4 NG
Load
0.7 Ratio of Distributed Load (V/p)
vi
0.4
0.3 :/"yz |
T —
0.2 [L i I —
va b ——
0.1 v — ]
0 K/V")

4 ) 8 10 12 SPAN (m.)

3‘1]‘71' 16.2 LOAD DISTRIBUTION OF EDGE LOADING ON VARIOUS SPAN LENGTH



LOAD DISTRIBUTION ON HOLLOW CORE SLAB

J
?mOOOOO?OOOOOD@ HOCOOCOO1o00C0o0 _C_JO_QQ
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PRECASTED WALL

GENERAL DIMENSION TOLERANCES OF PRECASTED ELEMENT (PCL)

A) Overall height and width measured at the face adjacent to the mould at time of casting
or neutral axis of ribbed members:

3.00m or under + 3mm

3.00 m to 6.00 m -5mm + 3 mm
6.00m109.00 m - 6mm + 3 mm
Each additional 3.00 m + 2mm per3.00 mm

or + 6 mm which ever is greater

b) Thickness: Total or flange thickness shall be within -3mm + 6mm

¢) Rib thickness +3mm

d) Rib to edge of flange +3mm

e) Distance between ribs +3mm

f) Angular deviation of plane of side mold 1 mm per 0.10 m of depth , or

2 mm total, whichever is greater

g) Deviation from square or designated skew (difference 3mm per 1.80 m. or
in length of the two diagonal measurements) 6 mm total, which ever is greater
h) Length and width of blockouts and openings within +6mm
one unit
i) Dimensions of haunches +6mm
j)*Haunch bearing surface deviation from specified plane Imm
k) Difference in relative position of adjacent haunch 6 mm

bearing surfaces from specified relative position

1) Tolerances on any dimension not specified above The numerically greater of + 2 mm
per300mor + 3mm



METHOD OF TOLERANCE MEASUREMENT FOR PRECASTED WALL PANEL

Length width Curve of side
and diagonal J\*—/r'

/// e,

Thickness Squareness of

the end. s Ruler

a

Position of

cast—in B £ 1
fastener . umps of face Ruler
bolt center

Twist Position of

a b <
;- opening s : : :
/ ]
I = /j[V
. —— iy - nav, Zan
; . T
Bow Difference between

diagonal length




PRECASTED WALL PANEL

ERECTION ALIGNMENT

1. Precast concrele wall panel

a) Panel alignment (in plane and oul of plane) +310 +5 mm
b) Vertical joint width (in plane of panel) +5t0 +8 mm
c) Horizontal joint width (panel level) +5to +8 mm

2. Fastener, anchors and inserts embedded in the concrete building structure
a) Horizontal level + 10to + 20 mm

b) Position (parallel to plane and out of plane of panel) + 10to + 20 mm

TOLERANCE FOR CAST-IN-PLACE CONCRETE

Shall be as specified in the structural specification. In case of no structural specification
were applied, the following guide line may be followed(EIT.Guide Specification)

a) Horizontal alignment +20mm in10m-
b) Elevation +15mm in10m
¢) Deviation of edge of building + 10mm
d) Section of Column, Beam, Slab or Wall + 10 mm

- 5Smm



PRECASTED WALL PANEL

POSITION TOLERANCE FOR CAST-IN-ITEMS (PCL)

Measurement from datum line locations as shown on'the approved erection drawings:

Welded plates + 25mm
Inserts 4+ 13 mm
Handling devices + 76 mm
Reinforcing sieel and welded wire fabric 1 6 mm where position has structural

implications or affects concrete cover,
otherwise + 13mm

Tendons + 3mm
Flashing reglets + 6mm
Flashing reglets, at edge of panel + 3mm
Reglets for glazing gaskels + 2mm
Groove width for glazing gaskeis + 2mm
Electrical outlets, hose bibs, etc. 4+ 13mm
Openings and blockouts + 6mm

Some types of window and equipment frames require openning
more accurately placed, and when this’is the case,
the minimum practical (olerance is

Imm
Haunches 6 mm

I+ 1+



@R technical data

Glass Reinforced Cement (GRC) is a composite material consisting of
a hydraulic cement and fine aggregate mortar reinforced with alkali resistant
glass fibres. The GRC may contain additional filler materials and admixtures. Fibre
content is typically 5% or 3%2 % by weight depending on product application and
production method employed.

GRC is a composite material which combines the high compressive
strength properties of cement mortars with significantly increased impact, flexural
and tensile strength imparted by the fibre reinforcement.

Typical Initial Mean Property Values GRC

Spray  Hand Spray®® Vibration o |
dewatered'" Cast
Premix® e
//

Dry bulk density {tm®  2.0-2.05 1921 1920
Compressive strength x| I

Nimm? 60100 50-80 40-60
Modulus kNimm? 1325 10-20 13-18 B
Impact strength E /

Nmm/mm? 1125 10-25 814 f T

Poisson's Ratio 0.24 0.24 0.24 o )
Bending: T
Lop Nimm? 913 7-11 58 ] o
MOR Nimm? 2842 21-31 10-14 r
Direct Tension: j
BOP Nimm? 749 57 46 o [ 11
uts Nimm?  10-17 811 47 s
Strain to failure% 0.71.3 0.6-1.2 0.10.2
Shear:
In-plane Nimm® 10417 811 47
Interlaminar Nimm?Z 35 35 NA.
Notes:

1. Sand : cement ratios of 0:1 to 0.5:1 and water : cement ratio 0.28
2. Sand : cement ratios of 0.33:1 10 1:1 and water : cement ratio 0.33
3. Sand cement ratio of 0.5:1 and water : cement ratio of 0.33



@GREC technical data

GRC Products of relatively thin cross section can be made, giving a low component
weight which allows savings in handling, storage, transportation, and installation.

Typical products made using the spray process include architectural cladding panels,
agricultural components, tanks, facade elements, ducting and formwork.

Estimated Long Term Stable Property of GRC

Vibration
Spray Hand Cast
Process Dewatered Spray Premix
Compressive strength
N/mm? 80 75 50
Modulus kN/mm? 30 25 20
‘Impact strength
Nmm/mm? 4 4 3
Poisson's Ratio 0.24 0.24 0.24
LOP N/mm? 12 10 8
MOR N/mm? 14 13 10
BOP N/mm? 6 55 45
uTs N/mm? 6 55 45
Strain-to-failure % 0.04 0.04 0.03
In-plane shear strength
N/mm? 6 5.5 45
Interlaminar shear
Strength N/mm? 4 4 N.A.

Design Stresses of GRC

Design Stresses N/mm?

Stress Type Loading Example 5% spray 32 % premix
GRC GRC

Compressive Compressive 12 12
Bending Bending solic

beams or plates 6 4
Tensile Cylindrical hoop stress 3 2
Tensile Bending sanawich

panels 3 2
Web Shear In-plane shear of

webs in box sections 2 1
Bearing Shear Shear loading at

bearing positions 1 1

These design Stresses are obtained by applying a factor of approximately 1.8 to
the long term cracking strength (e.g.LOP, BOP) of the GRC.



GRC SPECIFICATION

MATERIALS SPECIFICATION
1. CEMENT - PORTLAND CEMENT TYPE | OR TYPE lli
2. SAND : SAND SHALL BE WASHED AND DRIED, SILICA SAND FREE FROM SOLUBLE SALTS.

NORMAL SIZE PARTICALS ABOUT 1.2 MM. (FINE SAND)
3. GLASS FIBRE : ALKALI RESISTANCE GLASS FIBRE AND 25 MM. LENGTH MINIMUM.
4. WATER : THE WATER SHALL BE CLEANED WHICH CAN DRINK

MIX DESIGN

1. GLASS FIBRE QUANTITIES ABOUT 4.5%-5.3% OF TOTAL WEIGHT.

2. CEMENT : SAND = 2:1 TO 3:1

3. WATER CEMENT RATIO IS 0.36 MAXIMUM

GRC PROPERTIES

- CHARACTERISTIC MODULUS OF RUPTURE (MOR) > 200 KSC. (28 DAYS)

- DRY BULK DENSITY > 1,900 KG./M®
ERECTION

DETAILS AND METHODS OF ERECTION SHALL BE DESIGNED BY ENGINEERS.



NON-SHRINK GROUT MORTAR

Features of Non-Shrink Grout Mortar

1. Good flowability, ample working time,

2. Non bleeding,

3. Controlled Expansion, non shrinkage.

4. High-early strength and high ultimate strength.

Testing of Non-Shrink Grout Mortar

Test Procedure Standard

1. Flowability J14-Funnel

2. Bleeding ASTM C232

3. Initial Expansion and hrinkage ASTM C827

4. Compressive Strength ASTM C109 (JIS A1108)

Purpose of Non-Shrink Grout Mortar

Non-Shrink Grout Mortar used for connecting superstructure or machinery with substructures
such as in cases of heavy manufacturing equipment, bridges of automobile.

Expressways and superexpress train lines, underpinning, and inverted lining, must be filled
completely into gaps and comprise important keys for transmitting complex loads from above to substructures
(foundations) in a sure manner.

For grout to ful fill the role of a key it is necessary for the following conditions to be satisfied:
1) Flowability

2) Non-bleeding

3) Non-Shrinking property

4) Strength

5) Workability

6) Economy

Practice of Non-Shrink grout mortar
.General Precautions before grouting
1. Chipping, Cleaning, and wetting of foundation concrete surface
1.1 Surface Treatment of Foundation Concrete.
The foundation concrete surface shall be provided chipping treatment using equipment
such as a pneumatic hammer and it shall be confirmed that a sound concrete surface
is exposed.
Chipped surfaces shall be made flat as much as practicable and be free fo cracks, oil,
laitance and mud.
1.2 Water shall be sprinkled on the surface from the day before grouting or at least 6 hours
before to allow absorption to occur.
2. Forms
2.

Forms shall be assembled soundly in order that they will not be deformed by the dead
weight of motar.

2.2 As forms may absorb water, they shall be sprinkled with water beforehand to allow them

to absorb water.

2.3 The gap between the chipped portion and form shall be sealed.
3. Grouting

In grouting work, start the operation form one side by gravity flow or pumping depening on
the situations of the grouting places, followed by attaining to the opposite side, so as not to leave any air.

When mortar begins to flow our of the air vent, confirm no air remained, seal the air vent,
then seal the injection hole as placing pressure successively.
4, Curing

Cover the exposed portions with such materials as hemp cloth immediately after completion
of the grouting, and keep to maintain in the moist condition.



General Rule for Anchor spacing to achieve full Load Ultilization

Case 1: Loading directed of Anchor (Tension}

B
A 210D
B 2 13D.
A B where D = Diameter of Bolt.

y /—‘—
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//
/
+/// / ' A 213D,

7 ~ B >20D.
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// / A >13D.

T‘/ P : B 220D




Anchor Fastening : DENKA QUICK CAPSULE

Type of

DENKA QUICK CAPSULE

D-10

D-12

D-16

D-19

D-22

D-25

D-30

Dia. of Bolt

(mm.)

Bore hole Dia.
(mm.)

Bore hole depth.
{mm.)

Absorbtion time
(sec)

Pull Qut Strength
for Age 1 day, 20 C
(ton)

Recc. Design Tension
for SD-30 (ton)
Shear Strength

for Age 1 day

(ton)

12.5

90

510

31

12

14.5

100

5-10

34

16

19

130

10-15

3.0

6.7

20

24

200

10-15

13.2

4.7

108

22

28

250

20-25

200

5.7

17.2

25

34

300

25-30

224

74

32

42

350

50-60

309

10.6




SPACERS AND CHAIR (From The Concrete Society Report CS 101)

Table 1 shows the spacer and chair categories required for particular applications. Methods of assessing
the spacer category arc sct out in Appendix A

Spacer and chair : Application
Catcgory :
Light (L) Cover in vertical members, to the reinforcement nearest the surface of the

concrele, or (o horizonial reinforcement in small sections not subject to
any fool tralfic. Not suitable for reinforcement greater than 16 mm.

Normal (N) Cover to reinforcement where the size of reinforcement is 20 mm or less.

Heavy (H) Cover to reinforcement where Lhe size of reinforcement is grealer than
20 mm,

Chairs (C) Support the top reinforccment to provide the required top cover or to

scparatc laycrs of reinforcement.

Table 1 Applications for spacers and chairs in terms of category

Spacers arc lixed to the links, fubric or reinforcement nearcst the face of the concrete to which the cover
is specilicd.

If colourcd, textured, profiled or exposed aggregate finishes to the concrete are required spacers should
be sclecled so that they do not disrupt the acsthetic appearance. Where a concrele element has only one
face with a special finish, disruption ol ils acsthetic appcarance can be avoided by spacing the reinforce-
ment o cither the opposite face or the opposite reinforcement by the usc of chairs.

Spacers with a suitable bearing arca must be used where cover is required between reinforcement and
materials subject to indentation or puncture, such as some void formers, impermeable membranes and
insulation materials.



Key to diagrams

Wire tie

x .

& Side view of spacer

B Pian view of spacer
A

/ . End view of continuous chair
£\ Side view of continuous chair

Line spacer

i

-3 Plan view of continuous chair
/\  Side view of individual chair

@

Plan view of individual chair

Nomenclature

c Cover (The nominal cover specilicd on the drawings).
D The nominal sizc of the main, largest, bar.
d The nominal size of the bar nearest the surface of the concrete including links,

It is uscd to determine the frequency of spacers along the bar 1o which they are fixed.
For the spacing of chairs, d is the nominal size of the bar the chair is supporting.

Table 2, Key and nomenclature in diagrams
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Section

TIw T % T #

“All bars supported by spacers at___”‘_d
50d centres, but not exceeding
1000 mm and staggered

Plan

a) Individual bars

Key
A Side view of spacer

B Plan view of spacer

500 mm

Diagram 1. Spacers for bottom reinforcement in slabs
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500 mm max

Plan

b) Welded fabric
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A Side view ol spacer
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L End view of continuous chair

*D- Plan view of continuous cluair

Diagram 2, Continuous chairs for top reinforcement in stabs with bottom reinforcement



Every bar end should
have a suitable spacer

N

J

¥
All spacers fixed to links at
1000 mum centres maximum

a) Beam elevation

— S
| B < —F
Narrow beam less than 250 mm, once spacer
i) Narrow becam
Deep beam Spacers at
greater than - 50d maximu
S 100d
L Mo —
[s%/
JL Q0.0
Normal beam 250 to 500 mun, two spacers c) Spacers for the sides
ii) Normal bcam of deep beams
Key
j B Plan vicw of spacer
o
A Side view of spacer
X S—x vl d  Link size

L'§Eiéé?§3f§0d*l ‘

Wide beam greater than S00 mm
iii) Wide becam

b) Spacers for the
bottom of bcams

Diagram 6. Spacers for beams



Spacers at
50d maximum

—

———
T o)
Face L
<sod | ] d
Q. fo
| i A K
|
' Face > 3504 '

c) Wide columns

W ——
D Spacers at
50d maximum
d
All spacers {ixed to links
at top, middle and bottom
of cach 1ift, at centses
not exceeding 100D
Spacers at 50d
maximum. Al least
| four per group
B / \
U U T

a) Spacers along column \

Faces lesst e) Circular columns

than Svﬂd - |

4 One spacer per
50d of bar for
each facet

d
b) Small columns
Key £) Multifaceled columas

B Plan view of spacer
A Side view of spacer
d Link size

D Size of main bars

Diagram 7. Spacers for columns



Continuous chairs at a
maximum of 1000 mm ccntres
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Elevation Spacers at a maximum of 50d
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both directions
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A

Key
B Plan view of spacer
A Side view of spacer
—D— Plan view of continuous chair
iy W . R ant
AN Side view of coutinuous chair
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I\ End vicw of conlinuous chair
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Diagram 8. Spacers for walls
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STANDARD PERFORMANCE REQUIREMENTS AND
METHODS OF TESTING SPACERS AND CHAIRS.
(From The Concrete Society Report CS 101)

Al INTRODUCTION

The prime performance requircments of a spacer or chair, is that during casting it holds the reinforcement
in the correct position within the concrele and does not significantly reduce the durability of the structure.

Spacers are divided into two main groups. Clip-on where the clip action is an integral part of the design
of the spacer, these are generally plastic; wire-on where the spacers are attached to the bar by the use of
tying wire, these are generally ccn,l,cnlili(ms. The mix used for cementilious spacers should have a
minimum cube strength of 50 N/mm~. BS 8110 states that concrete spacers made on the construction site
must not be used.

Spacer and chair manulacturers produce many other shapes for special purposes which are not included
in this standard. Whilst some of the tests may be applicable other tests may be inappropriale.

The spacer or chair must not cause any harm to the reinforcement or the concrete, that is to say it must not
allow the free passage of waler 1o the reinforcement and it must not cause spalling of the finished fuce.

When steel chairs are required to support reinforcement off an exposed face, the ends of cach chair leg
must be encased in a protective tip, such as a closed plastic slecve, for a distance of at least 40 mm,

The form that this Appendix takes is 1o {irstly defline the physical dimensions and tolerances for spacers
and chairs and then 1o state loads and delormations that classily the various types. Neither specific
materials nor exact shapes are defined, so that if new spacers designs or materials are developed this
Appendix should still be relevant.



A.2 IDENTIFICATION AND DIMENSIONS
A.2.1 Identification

Each spacer or bundlc of chairs should have at lcast onc identification mark on it, this being the nominal
cover inmm, Spacers offcring more than one cover should be clearly marked with all the specificd nominal
covers in mm. These marks should be on the spacer cither at the point where the spacer supports the
reinforcement or adjacent Lo the appropriale cover. In the lalter case the mark must be upright when Lhe
indicatcd nominal cover is being provided. Suppliers of spacers should declare which category the product
complies with. The spacer category should also be marked on the bag, box or other packing in which the
spacers are supplied.

A.2.2 Dimensions

The recommendced standard range of spacers should be for nominal covers of 15* , 20, 25, 30,40, 45, 50,
60 and 75 mm. Non cementitious spacers should satis{y the condition that any cross section at right angles
to the bar must have at least 25% voids within the encloscd perimeler.

Note. *As stated in Table 3.4 of BS8110:1985, 15 mum cover spacers may only be used where
the nominal maximum size of aggregate does not exceed 15 mm.

The diincnsions of wirc-on spacers at the base should be at least 20 mm measured in the direction of the
bar which it is supporting and at least 0.75 of the cover dimcnsion al right angles to the bar

Clip-on spacers have varying dimensional requirements relating to their fixity. Geometrical requirements
Lo ensure stability depend on whether the spacer is wirc-on or clip-on.

The slabilily of a clip-on spacer, other than a clip-on wheel spacer, is provided by having aradius of rotation
at least 5 mm greater than the required cover, both perpendicular and paraliel o the line of the reinforcing
bar (0 which it will be attached. The radius of rotation is illustrated in diagrams 9; a, b, and.c.

Clip-on wheel spacers do not require a minimum radius of rotation perpendicular to the bar. Parallel to
the bar stability is provided by the boss bearing length which is greater than half of the required cover as
shown in diagram 9d.

‘The minimum distance between any two legs of an individual chair should be 0.5 of the specificd height
of the chair., i

The minimum distance between the two rows of supports of a continsous steel chair should be 0.5 that of
the specilicd height of the chair,

A.2.3 Tolerances

The tolerance on the spacer dimension providing the cover or the chair dimension providing the specificd
height should be £ 1 mun for covers/heights up to 75 mm and + 2 mm for larger cover/heights



A3 LOAD TESTS
A.3.1 Point load tests

The point test load each spacer and chair must support with a limited deflection is st out in Table A.1.
“The allowable defleclions are set out in A.3.2 and in A.3.3 for spacers and chairs respectively.

Component Catcgory Typical types** Cover/ | Test . Diagram and clause
Height | Load
(mm) | (kN)
Light (L) Clip-on wheel 15* - 50
Clip-on 15%-50 | 0.25
End 15*-50
Diagram 10
Normal (N) Clip-on 15%-175
SPACERS Wirc-on 15%-75
Line 15%-40 | 0.50
Rib 15% - 45
Clausc A.3.2
Heavy (H) Wirc-on 25-175
Linc 25-50 | 3.00
Rib 25-175
CHAIRS ©) Individual 75-300 Diagram 12
Continuous 75-200 | 1.00 Clausc A.3.3

Table A.l  Point test load for spacers and chairs,

NOTES. ** Heavy calcgory spacers arc currently cementitious and providing they pass a test
load of 3.0 kN they arc suitable for all applications. Light and normal category spacers are
generally plastic. Chairs are atl present made of steel wire. Other spacers or chairs made of
suitable robust, incrt, durable and impervious malcrials which satisfy the above performance
requirements may also be permissible.

* As stated in Table 3.4 of BS 8110: 1985, 15 mm cover spacers may only be used where the
nominal maximum size of aggregate docs not exceed 15 mun,



A.3.2 Load testing spacers

Diagram 10 shows a suitable apparatus for load application and the deflection measurement of spacers.
Each spacer is placed in its working position on the dry, clean, commercially ground flat gauge plate. For
clip-on wheel spacers, the spacer must carry the test load with the opening for the bar at all possible working
positions within the upper half of the spacer (sec Diagram 11). Plastic spacers, should be loaded in turn
with a ground silver steel loading bar whose diamelers are cqual to the smallest and largest reinforcing
bar for which the spacer is designed. Cementitious spacers should be loaded with an 8 mm plain round
bar. Cementitious spacers should be continuously immersed in water for scven days prior to load testing
and tested at a temperature of +20°C £ 2°C. The performance of plastic spacers depends on temperature
and they should be tested at -5°C +2°C and +30°C £2°C.

The load should be applicd in less than 1en seconds and remain applicd for a further ten minutes after
which the total deflection must not exceed 2 mm. One minute after the removal of the load the height of
the spacer should be within 1 mm of its height before loading. On testing, cementitious spacers should
show no visible cracking but local surface spalling under the bar is acceptable.

Dircction of loading

| L ) 4L |
f 1 1
Deflection guage
Pivot
o ? - ? |
Balance ) Position ol 10 kg weight
counterweight to give 50 kg load on spacer
Loading bar - - (other weights and positions

are rcquired for the full range
of test loads) 10 kg
Spacer - )
AR NN

Flat guage plate

Diagram 10, Apparatus for point load testing spacers



Vertical test load

Test load must be carried
with opening in all possible
working positions in the upch\
half of the spacer

Upper half of spacer

Opening for bar

Loading bar

Flal gauge platc —— Wheel spacer

NN\ N

Diagram 11, Position of a wheel spacer for load testing

A.3.3 Load testing chairs

Diagram 12 shows diagrammatically a suitable apparatus required for the load application and the
deflection measurement of steel chairs and continuous steel chairs. Each chair is placed in its working
position on the dry, clean, commercially ground flat gauge plate. Continuous stecl chairs should be loaded
immediately adjacent to a node point.

Under the loads specified in Table A.1 the deflection should not exceed 1 mm. Protective tips provided
on the legs of some steel chairs should not fracture or puncture during the load testing.

Dircction of loading

I L | L N
= I ]
Dcllection gauge
Pivot
o o1

Balance
countierweiglt
Loading bar—___

50 kg
Sicel chair

' Flat guage plate ——» TTTTTTRTRTN, Pasition of 50 kg weight
guage p to give 100 kg load on chair

Diagram 12. Apparatus for point load testing chairs



NN

X

~..._ Clip-on .
spacer

NN\

—

. .
’

Total load 0.5 kg
(including bar)

Diagram 13, Isometric view of the fixity test for clip-on spacers

A4 FIXITY
A.d.1 Wire-on spacers and chairs

Where components arc ticd to the reinforcement wilh tying wire then acceptable fixity can be achicved
and no manufacturer’s tests are required.

A.4.2 Clip-on spacers

Fixity of clip-on spacers is Lested by observing if they prevent a 0.5 kg commercially ground, unrusted,
degreased, silver steel bar, of the appropriaic minimum claimed size, from sliding vertically through the
spacer as shown in diagram 13. In addition, clip-on spacers must not require more than 15 kg force to
place them on the maximum bar size in their claimed range at laboratory temperatures.

A.5 ACCEPTANCE CRITERIA
The acceplance criteria for all spacers and chairs should be as follows.
At least 9 out of a random sample of 10 spacers or chairs, selected from a single delivery of a type and

size (a supply unit), should cqual or exceed the test loading stated in Table A.1. Supply units failing these
criteria should be rejected but the basic design need not be rejected.






SOII, MECHANIC AND FOUNDATION
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Soil Properties for Analysis and Design

TABLE

Property Symbol Units! | How obtained Dirtect applications
Volume-weight characteriscic s:?
Moisture content, . v« .. .. w D Directly fromeest . .. ... . Classification and in volume-
weight relations.
Unit weights .. ..... ... Y FL3 Directly from test oc from Classification and for pressure
volume-weight relations. computations.
Porosity v . v eov v nvenan n D Computed from volume-weight Pacameters used to represenc
relations. relative volume of solids in
Void ratio v - v v v v e D Computed from volume-weight total volume of soil.
) " telations.
Specific gravity . .. ... .. G D Directly from tesc . . .. . ... Volume computations.
Plasticity characceriscics: .
Liqud limit.. .. ... ..., LL D Directly fromeesc . . .o .. .. Classificacion and propertics
correlation,
Plastic limit . PL D Directly fromtest . . ... ... Classificarion.
Plasticity index .. . .. R Pl D LL-PL - ..o e Classification and properties
correlation.
Shrinkage limic. . ... .. .. SI. D Ditectly fromtese . .. .. ... Classification and compu-
Shrinkage tTndex . .. . Si D PLSL « v v et vnnenas tarion of swell.
. Activicy . A D Pl Idencification of clay mineral.
% “clay size”
Liquidity index , . ... ... L1, D w - PL Iistimating degrce of precon-
P solidation.
Gradation characteristics:
Effective diameter .. L ... Do [ From grain-size curye , . ... Classificacion, estimating per-
Percent grain size ... ... [Dy9,140, L From graia-size curve . . ... meability and unic weighe,
Das filter design, grout selection,
Coefficient of uniformity. . . Cu D _D;w and evaluating potential
Dio frost heave,
Coefficient of curvature . . . C. D (D3g)?
(D1g) % (Dgo)
Clay size fraction. . . .. .. [ ..... D From grain-size curve, % finer | Classificacion.
than 0.002 mm.
Drainage characteristics:
Coefficient of permeability. . k LT Directly f“’f" permeability test | Drainage, seepage, and consol
or computed from consolida- -idarion dnalysis.
tion rest darta.
Capillary head . . .. . he L Dicectly from tesc . Drainage and drawdown
analysis.
Effective porosity.. ... .. ne D Directly from test for volume of
drainable water.
Consoljdation characreristics:
Cocfficient of compres- ay L2F" Determined from arith. —e vs p | Compuration of ultimate
sibility. curve, setclement or swell in
Coefficient of volume m, L2F-t ay consolidation analysis,
compressibility. 1+e
Compression index ... ... Ce D Determined from semilog e vs
Re'compression index. . . . . Cr D p curve.
Swelling index .. v o v o v o Cs D
Coefficient of secondary Cx D Determined from semilog time-
compression. consolidation curve.
Coefficient of consolidation. cy L21-t Computation of time race of
sertlement.
Preconsolidation pressure, , Pe FL*? Estimated from semilog e vs Consolidation analysis.
p curve.




TABLE (Continued)

Soil Properties for Analysis and Design

Property Symbol | Units How obtained Direct applications
Shear strength characteristics;
Angle of internal friction . . ) D Determined from Mohr envelope | Analysis of stability and load
Cohesion intercept ...... c FL-Z for total normal siress. carrying capacity of foundan-
Angle of internal friction . . ¢ D Determined from Mohr envelope tions.
Cohesion intercept .. .. .. c’ FL-2 for effective normal stress,
Unconfined compressive qu FL-? | Directly from test.
suength,
Shear strength . .. ... ... s FL~
Sensiriyity .o vvuin. .. St D qy (undisturbed) Estimating effect of disturb-
qy (remolded) ance.
Modulus of elasticity.. .. . E, FLZ | Determined from stress-strain Computation of elastic seccle-
cusve, ment or rebound.
Characeeristics of compacted
samples:
Maximum dry unit weight. . . | ¥Ymax FL™3 Determined from moisture- Compaction control and
Optimum moisture content . . OoMC D density curve, computation of weights and
forces in stability analysis.
Needle penecration resist- P, FL-Z | Dircctly fromtest ... ..... Moisture control in compac-
ance. . tion.
Relative density. oo v v s Dq D Determined from results of max | Compaction conicol,
and min density tests.
California bearing ratio . .. CBR D Directly fromtest . .. .. ... Pavemenc design.

'Units: F = force or weight; L = length; T = time; D = dimensionless.

2For complete list of volume-wciéht xcla‘tionships, see Table 3-5.




TABLE

Types of Test Borings

Boring method .

Procedure ucilized

Applicability

Displacement type. .

Auges boring.......

Wash-type boring for
undiscurbed or dry
samples.

Rotary drilling .....

Pescussion drilling
(Churn drilling).

Rock core drilling ..

Repeatedly driving or pushing tube orspoon
sampler into soil and withdrawing re-
covered materials. Changes indicaced by
examination of materials and resistanceto
driving or static force for penetration. No
casing required.

Hand or power operated augering with peri~

® odic removal of material. In some cases
continuous auger may be used requiring
aoly one withdrawal, Changes indicated
by cxamination of material removed. Cas-
ing generally not used.

Chopping, twisting, and jetting action of a
light bit as circulating drilling fAuid re-
moves cuttings from hole. Changes indi-
cated by rate of progress, action of rods,
and examination of cuttings in drilling
fluid. Casing used as required to prevent
caving.

Power rotation of drilling bit as circulating
fluid removes cuttings fromhole. Changes
indicated by rate of progress, acton of
drilling tools, and examination of cuttings
in drilling fluid. Casing usually not re-
quired except near surface,

Power chopping with limited amount of wa-
ree, at bottom of hole. Water becomes a
slurcy that is periodically removed with
bailer or saad pump. Changes indicated
by rate of progress, action of drilling
tools, and composition of slurry removed.
-Casing required cxcept in stable rock.

Power fotation of a core barrel as circulat-
ing water removes ground-up material from
hole. Water also acts as coolant for core
barrel bit. Generallyholeiscased to rock.

Used in loose to medium compact sands
above water table and soft to stiff cohe-
sive soils. Economical where excessive
caving does not occur, Limited to holes
< 3" jo diameter. ’

Ordinarily used for shallow explorations
above water table in pardy saturated
sands and silts, rnd soft to stiff cohesive
soils. May be used 10 clean out hole be-
tween drive samples. Very fast when
power-driven. Lacrge diameter backet au-
ger permits examination of hole.

Used in sands, sand and gravel without
boulders, and solt to hard cohesive soils.
Most common method of subsoil explora-
tion. Usually can be adapted for inacces-
sible locations, such as over warer, in
swamps, on slopes, or within buildings.

Applicable to all soils excepr those con-
taining much Jarge gravel, cobbles, and
boulders. Difficult to determine changes
accurately in some soils. Not practicalin
inaccessible locations because of heavy
truck mounted equipment, but applications
are increasing since it is usually most
rapid method of advancing bore hole.

Not preferred for ordinary exploration or
where undisturbed samples are required
because of difficulty in determmining strata
changes, disturbance caused below chap-
ping bit, difficulty of access, and usual
higher cost. Sometimes used in combina-
tion with auger or wash borings for pene-
tration of coarse gravel, boulders, and
rock formations,

Used alone and in combination with boring
types to drill weathered rocks, bedrock,
and boulder formations,




TABLE

Requirements for Boring Depths

Arcas for investigation

Boring depth

Large structure with scparate closely
spaced footings.

[solated rigid foundations . . . . ... ..

Long bulkhead or wharf wall .. ... ..

Slope stability . . ... ... ..., e

Deepcuts . . . .o i vt vt i i .

High embankments .. ... ...... .

Dams and water retention structwes . .

Highways and airficlds «....ov..s

Airfields. .. ... L L L

Extend to depth where increase in vertical stress for combined founda-
tions is less than 10% of cffective overburden stress. Generally all
borings should extend no less than 30 ft below lowest part of
foundation unless rock is encounteted at shallower depth.

Extend to depth where vertical stress decreases to 10% of bearing
pressure. Generally all borings should extend no less than 30 ft
below lowest part of foundation unless rock is encountered at
shallower depth.

Extend to depth below dredge line between 3/4 and 1% times unbal-
anced height of wall. Where stratification indicates possible deep
stability problem, selected borings should reach top of hatd stratum.

Extend.to an elevation below active or potential failure surface and
into hard stratum; or to a depth {or which failure is unlikely because
of geometry of cross section.

Extend to depth between 3/4 and | times base width of narrow cuts.
Where cut is above ground water in stable materials, depth of 4 to 8
ft below base may suffice. Where base is below ground water,
determine extent of pervious strata below base.

Extend to depth between % and 1-1/4 times horizontal length of side
slope in relatively homogencous foundation. Where deep or icregular
soft strata are encountered, bocings should reach hard macerials.

Extend to depth of ¥ base width of earth dams or 1 to 1%4 times height of
small concrete dams in relatively homogencous foundations. Borings
may terminate after penctration of 10 to 20 ft in hard and impervious
stratum if continuicy of this stracum is known from reconnaissance.

Extend auger borings to 6 ft below top of pavement in cuts, 6 ft below
existing ground in shallow fills. For high embankments or deep cuts,
follow criteria given above.

Extend auger borings to 10 {t below top of pavement in cuts or 10 ft
below existiag ground in shallow fills.

DIRECT SHEAR TEST
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TRIAXIAL COMPRESSION TEST
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Standard penetration test

Lﬂum‘smﬁaﬂuﬂmuﬁﬁauﬁummﬁqm, Fldfen wazdaenunaniiy disturbed sample
1 uheusAmenveaes N eeneszinszTeli gravelly soils
TABLE : FOUNDATION ANALYSIS AND DESIGN

Empirical values for g, D, and unit weight of granular soils based on the standard penetration number
with corrections for depth and for fine saturated sands.

Description Very loose ‘ loose ‘ Medium ‘ Dense ‘ Very dense
Relative density Dr ] 0.15 0.35 0.65 0.85 1.00
Standard penetration no. N 5-10 815 10 - 40 20-70 > 35
Approx. angle of internal | l |
friction ¢ 25 - 30° 27-32° 30 - 35° 35 - 40° 38 - 43’

Approx. range of moist unit
weight ¥, pef 70 — 100 1 90 — 115 110 - 130 110 — 140 130 — 150
(kN. m3) (i1-16) | (14-18) (17-20) | (17-22) | (20-23)

* Dependson_p raning from 70 to 500k Pa. Low value of N corresonds to lesser o-

* Depends on p. raging from 70 to 500 kPa. Low value of N corresponds to lesser po.

t After Meyerhof (1956). 2" = 25+ 25D, with more than 5 percent fines and ¢ = 30+25D.
with less than 5 percent fines. Use larger values for granular material with 5 percent or less fine sand
and silt.

$1t should be noted that excavated material or material dumped from a truck will weigh 70
to90 pef. Material must be quite dense and hard to weigh much over 130 pcf. Values of 105 to 115 pcf

for nonsaturated soils are common.

TABLE : EXPLORATION, SAMPLING, AND IN SITU SOIL MEASUREMENTS

Empirical values for qu* and consistency of cohesive soils based on the standard penetration number.

Consi y Very soft ‘ Soft ‘ Medinm ‘ Stiff I Very stiff ‘ Hard
qu, ksf 0 0.5 1.0 2.0 4.0 8.0
(iPa) (25) (50) (100) (200) (400)

N, standard

penetration

resistance 0 2 4 8 16 32
¥ sat pef 100 — 120 110 — 130 120 — 140
(kN/m3) (16-—|19) - (17 -20) - (19-22)

* These values should be used as a guide only. Local cohesive samples should be tested,
and the relationship between N and the unconfined compressive strength go established as go = KN.



FIELD VANE SHEAR TEST
\Juninadaueyen undrained shear strength 289AugauNn 9 oo lsfeueni i

mnmmmaumsﬁm‘sﬂ‘?uuﬁﬁaa Correction factor 999 Bjerrum

_____

0'40 20 40 60 80 100 120

Ip %

gﬂ CORRECTION FACTOR FOR VANE-SHEAR TEST.
{BJERRUMG (1972) AND LADD ET AL. (1977)]
SUdesign = X\ SUvane



DUTCH-CONE-PENETRATION TEST

60° cone with 3.6-cm bose diom

. %
L P
Jacke? —

Topered sieeve to eliminate cone friction ond keep soil
out of gop formed when cone is pushed. Pushing jocket

separately measures skin friction developed on jocket.
I

(a) Dutch cone modified to measure both point resistance Cp and skin friction

S

l—35.6 mm-|

4
I Load cell 5.Stroin gages
2. Protective montle 6.Connection with rods
3. Waterproof tushing 7. Inclinometer
4. Cable

(b)Electric strain gage penetrometer (De Ruiter, 1971)

31U DUTCH CONES

dumnaseuf Fiunswewdunniduusion  YsemAsoauand, waden 14
fine sands, silty find sands W8 clay deposits FH1I070 point UWQT side resistance wawﬂaauﬁiﬁﬁa

Qc  Cone resistance

Fr  Friction ratio

Fr = friction resistance

cone resistance

Qtip-Qcone

Qcone

Qfriction

Qcone
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Q, = 9, * G
\fio Q, = Ultimate Pile Load (winussnmlsziesoaani)
q, = Ultimate End Bearing (ﬁmf{nmmﬂﬂ‘izf‘a’ﬂmnmﬁmﬂmmmtim

g, = Skin Friction Capacity (M winuIsnnuszis Mnusuiteanmida)

=

. Ultimate End Bearing
1N Terzaghi's Equation

Qp = 15CN;+ ¥ON +0.4 ByN,

o q, Ultimate End Bearing Capacity #%/8.2
C = WIndaugnefin
¥ = Effective Unit Weight IoeAnusauiaidn fiu/u3
D = ANuANTOIUABE N TBNTUIN N,
B = dm?iuﬂuﬁqmawﬁwﬁmm%u .
§mMIUClay ¢ = O N, = 57, N, = 1,N, =0

wazdriudndnfii D > 25
B
q, = Sc+yD

FMIUNIEY c=0

1

ay XDNq+O44 ByN,

=z
=z
I

o N = Bearing Capacity Factor (ﬂlﬁmnn%’lw



9. Skin Friction Capacity

g = C, D + K,¥D%tan s

q = Ultimate Skin Friction Capacity, FI/H.
¢, = Adnesion TINAUTLIELIN Fu/n2
=ac
a = Adhesion Factor
5 = Angle of Friction 3xwhafwiuiuauduinasn
=3¢
4
K, = Coefficient of Earth pressure
Né = Adjusted number of blow
= 15+ 1 (N-15)
2
N = Observed pumber of blow

Skin Friction For Clay
¢ =0

q,ZaCD

Skin Friction For Clay
c=0

q, = K¥D?tan (29
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AVERAGE COHESION VALUE FOR BANGKOK AREA

+2 .0 070
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m
) +1.0 0.70
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-
my) —1.0 0.95
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~ -4.0 1.32
< -5.0 1.44
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-70 1.68
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PRESUMED BEARING VALUES UNDER

VERTICAL STATIC LOADING

Presemed Bearing Values

Group | Class Types of Rocks and Soils Remarks
kN/m?2
1 Hard igneous rocks in 10000 These values are
sound condition based on the
2 Hard sandstones 4000 assumption that
3 | Hard shales, hard 1000 to the foundations
l mudstones and soft 2000" are carried down
Rocks sandstones to unweathered
4 Soft shales and soft 600 to 1000 rock
mudstones Refer;Foundations
5 Thinly bedded sandstones. To be assessed of Bui!‘gﬁings‘
shales } after insnection Kavanagh. Page
6 Heavily shattered rocks P 156
7 Compact gravel, or > 600 Width of
compact sand and gravel foundations (B) not
8 Medium dense gravel, or 200 to 600 less than 1 m.
It medium dense sand and Groundwater level
Non- gravel assumed to be a
cohesive 9 Loose.gravel or loose sand < 200 depth not less than
Soils and gravel B below the base
10 | Compact sand > 300 of the foundation.
11 | Medium Dense sand 100 to 300
t2 | Loose sand <100
i 13 | Soils with coarse material 300 to 500
Lateritic mixed with stone pieces
soils 14 | Soil with fine granular 150
(reddish material
brown to 15 | Soft and silty 100
yellow
friable
material
with
profuse
silty soil)
16 | Very stitf clays and hard 300 o 600 This group is
clays susceptible to
17 Stiff clays 150 o 300 long-term
v 18 | Medium stiff clays 7510 150 consolidation
Cohesive | 19 | Soft clays and silts <75 settlement
Soils 20 | Very soft clays and silts Not applicable
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EFFECT OF
SURCHARGE

LOADS ON
RETAINING
STRUCTURES —
ELASTIC-EMPIRICAL
SOLUTION

Bowles (1982) has presented the following equations, which are based on elastic theory, but
have been modified so as to better agree with empirical findings. Refer o Fig. for
definition of terms. Typical units are dimensions in meters, loads in kilonewtons, and pressures
in kilopascals.

Iaf—x;mH q (kN/m)

l«—x:mH V (kN)

il

z=nH

i
-

O

H

L0

Point load Line load Strip load




1 POINT LOAD

1.77V m?n?
—_— e ————— fi > 0.
H?* (m® + n%? orm>0.4
77 ) 0.28v 2
. n
—_— form=04
H? (0.16 + n2) "
2 LINE LOAD
2
bl h,min form > 0.4
wH (m* + n?)?
o, =
| ¢ 0.203n

H@16 + np =04

3 STRIP LOAD
g, = 2;q(,B — sin B cos 2a)

where 3 is in radians.

Note: In the 4th edition of Bowles’ book on Foundation Analysis and Design (McGraw-
Hill, 1988} the above approach to calculating the effect of a surcharge on lateral earth‘pressures
is no longer recommended. Instead, reference is made to the original elastic theory by Bous-
sinesq. For a detailed discussion of this problem consult Bowles (1988), pp. 508-511, or the
book by Clayton and Milititsky (1986).



TABLE
Analysis of Stability of

Natural Slopes

Failure of thin wodge,
position Iinflusnced by
tension crack

Fallure as -
rolativelyshallow
toe circlan

T
YA o
I

Low ground water Hligh ground water

(1) SLOPE iH COARSE BRAINED SOIL
WITH SOME COHESION

WH.E low gro‘und water, failure occurs
on shallow, straight, or slightly curved
surface, Presence 6f a tension crack at the
top of the slope influences failure location,
With high ground water, failure accurs on the
relatively shallow toe circle whose posi-
tion is determined primarily by ground
water elevation.

Apalyze with effective stresses using
strengths C' and §' from effective streas
envelope, applying ground water pres-
sures and possible perched water levela
from rainfall.

Stable slopa
angle =1/2

‘- effectlive
friction angle

Stable slopo angle
= effective friction
angle

Low ground water High ground water

(2) SLOPE IK COARSE GRAIHED,
COHESIOHLESS SOIL

Stahility depends primarily on ground
water conditiona, With low ground water
failures occur aa surface sloughing until
slope angle flattens to friction angle. With"

7 high ground water, stable aslope {s approxi-~

mately 1/2 friction angle.

Analyze with effective streanes uning
strength #'. Slight cohesion appearing
in test envelope is ignored. Special con-
sideration must be given to possible flow
slides in loose, saturated fine sands,

tocation of falluro depends on variation
of shoar strength with dapth

Strength iacreasing

with depth - /’/ /
T P
=t / Qtrength
N 7  constant
S ~”  with depth

PRI RITATTITY or hard strate@ 707~
(3) SLOPE IN MORMALLY COHSOLIDATED
OR SLIGHTLY PRECORSOLIDATED CLAY

Failure occurs on circular arce whose
position is governed by theory, see Figure
7-2. Position of ground water table doesn
not influence atability unless its fluctu-
ation changes strength of the clay or acts
in tension cracks.

Analyze with total stresses, zoning cross
section for different values of shear
strengtha., Determine shear strength
from U or UU teots or vane shear.

Location of falilurs
deponds on relative
strength and

orientatjon of
laygrs

(4) SLOPE LN STRATIFIED

S8OIL PROFILE

I strata,

Locatjon of failure plane in controlled
by relative strength and orientation of
Failure surface is combination
of active and passive wedges with central
sliding block chosen to conform to strati-
fication.

Analyze with effective streas uasing C and
§ from CU tests for fine grained strata
and ' from drained tests for cohesionleas
material.




TABLE
Analysis of Stability, Conditions Changing with Time

on
Location of fallure deponds/Joometry
and otrangth of crocs section.

Usually, minimum stability obtains
during placing of {ill. If rate of con~
“struction is coutrolled, allow for galu
in astrength with consoclidation from drain-
age. .

Analyze with effective stress using C

and § from CU test. Apply estimated
hydrostatic excess pressures plus ground
water pressures. For rapid construction
without observation of pore pressures,
use shear strength from U or UU test in
total stress analyasis.

{5) FAILURE OF FILL OR SOFT COMESIVE
FOURDATIONR WITH SAHD DRAIHS

ini tability obtainp at
Fallure surfoce may be rotatlon on Usually, minimum stability obtains
-end of coustruction. Failure may be in
clrcular arc or tr.n.ln,t'°n with the form of rotation or tranalation, and
active and pessive wedges. both should be considered.

For rapid construction ignore consolida-
tion from drainage and utilize shear

strengths determined from U or UU tests
or vane shear in total stresa analysis. If
X failure strain of fill and foundation mate~
~ - rials differ greatly, safety factor should

S w7 exceed one, .ignoring shear strength of
L LLLLELLLLLLLLLLL L LLLL UL LLLL fill. Analyze long-term stability using
P .
(8) FAILURE OF STIFF COMPACTED FILL C and § from CU testa with effoctive
streaa analyeia, applying pore presaurcs
ON SOFT COME3IYE FOUNDATION of ground water only.

Release of horizontal stresses by ex-
cavation causes expansion of clay and
opening of finnures, resulting in loss of
cohepive strength.

original grouwnd line

Analyze for short-term stability using
C' and @#' from effective stress envelope.
Analyze for long-term stability with

C' = 0 and @' from effective stress enve-
lope. With high water table, slope angle
fissures or depth of will approach 1/2 §' after a long period.
softening.

(7) FAILURE FOLLOWING CUT IR STIFF
FISSURED CLAY .

tture surface
dopends on pattern of

Strength of old slide mass decreasea
with magnitude of moverneat that has
occurred previously. Most dangerous
situation is in stiff, over-consolidated
%‘ clay which is softened, fractured, or
slickensided in the failure zone.

Bowl-shaped area of low slope
(9 to {1%) bounded at top by
old scarp.

| If relatively limited movement has oc-

curred, analyre with cffective strosses

- Y30

--E-— utilizing @' from effective stress enve-
Failuro surfoce-ef low . lope with C' = 0, If large movements
curvature which is a portion have occurred, strength will approach
of an old shear purface. a lower limit of §r, The true angle of

interanal friction, with C = 0,

{¢) DEPTH CREEP uovﬁuz_nrs IR OLD SLIDE MWASS




SLOPE
STABILITY
FORMULAS

The formulas in this appendix section are for a circular failure surface._DesignationE are as
shown in Fig. A bar indicates an effective stress or strength term (e.g., ¢, N). The
safety factor F is defined as :

moment of shear strength along failure arc
moment of weight of failure mass and external forces

r(EL+lan$EIV,-) ZL+tan$ZITJ,-
MR i=1 i=1

M i=n i=n
° r (Z W, sin 9,.) 2 W, sin 6,
i=1

iw=]

1 ORDINARY METHOD OF SLICES

This method is also referred to as the Swedish method or Fellenius method:
N, = W, cos 0, — u, Al

CL + tan ¢ D, (W, cos 6, — u; Al,)

i=1

ix'n
> W, sin 6,

i=}



l@— A xi—b‘

FIGURE

2 SIMPLIFIED BISHOP METHOD

i

il

n

(€ Ax, + (W, — u, Ax,;) tan @][1/M(6)]

[

i

F =

W, sin 0,
i=1
tan 6, (uﬁ)

M(6) = cos B, {1 +
(6) Los,( r

Note that this is an iterative method; F appears on both sides of Lhe equation.



Basis of the Design Charts

General
When a soil mass is subjected to stress, compressive and tensile strains are generated. Reinforcement
is placed within the soil mass to maintain equilibrium by accepting stress and consequently redistributing
the tensile strains within the soil. The effectiveness of the reinforcement is primarily a function of its
strength, stiffness, position within the soil mass and its ability to bond with the soil.

The force in the reinforcement required to maintain the equilibrium, for any possible failure surface in a
reinforced soil mass, may be calculated for the situation where the reinforcement intersects the failure
surface. The force in the reinforcement may be resolved perpendicular and parallel to the inclination of
the failure surface. The component of the force perpendicular to the failure surface acts with the soil
friction angle to increase the friction resistance. The component parallel to the failure plane resists the
shear forces along the surface.

The resolution of the reinforcement force is illustrated in Fig 3.1.

Surcharge w,

Potential
failure
surface

/

2 .
Tensile force
ingrid

Normal 4emial

+  component component

geogrid
reinforcement

Figure 1

Resolution of forces in grid reinforcement

The horizoptal reinforcement layers in the soil need to provide a combined total horizontal force (T)

to maintain the ernbankment in equilibrium. Assumihg a Rankine distribution of lateral earth pressure,

the magnitude of T can be expressed in terms of an earth pressure coefficient (K) by using the equation:-
T = hKyH

Design Charts 3.1 to 3.3 give values of the earth pressure coefficient (K) for combinations of slope angle

(8), sail friction angle (¢} and pore waler pressure coefficient (r)
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Typical geotextile wide-width strength and modulus in
reinforcement applications '

Application area

Fabric strength,

Fabric modulus

No. Description kN/m kN/m
! Retaining Structures
Low height 13.1-17.5 35.0-52.4
Moderate height 17.5-21.9 43.7-87.4
High height 21.9-26.2 .~ 61.2-175
2 Slope Stabilization
Close spacing 13.1-21.9 26.2-61.2
Moderate spacing 17.5-26.2 35.0-70.0
Wide spacing 26.2-52.4 43.7-175
3 Unpaved Roads
CBR =4 13.1-21.9 52.4-87.4
CBR =2 17.5-26.2 87.4-175
CBR = | 21.9-52.4 175-525
4 Foundations (increase in bearing capacity) .
Nominal 26.2-69.9 175-350
Moderate 43.7-87.4 350-874
Large 69.9-175 700-1750
5 Embankments over soft soils
Str. > 9.6 kPa* 87.4-262 874-1750
Str. > 4.8 kPa 175-350 1750-3500
Str. > 2.4 kPa 262-524 3500-6120
6 Mattress or load support (composites’)
Moderate 350-~700 874--1750
Heavy 700-1050 1750-4370
7 - Direct road support (composites*)
Moderate 87.4-875 874-2620
Heavy 875-2100 2620-7000

Source: Extracted from Koemer and Hausmann (1987).

*Str = soil strength.

'Composites are fabrics combined with mats, meshes, and bars, possibly including other than polymer materials.



Range of strength and maximum extension of available geotextiles

Geotextile construction Tensile strength, kN/m Elongation (max. load), %
Wovens:
Monofilaments 20-80 5-35
Multifilaments* 40-800 5-30
Tape 8-90 15-20
Nonwovens:
Melt-bonded 3-25 20-60
Needle-punched 7-90 50-80
Resin-bonded 4-30 30-50
Knitteds:
Weft 2-5 300-600
Warp 20-120 - 12-15
Stitch-bonded 15-800 15-30

Source: Extracted from values presented by Lawson (1982).
*Fibrillated tapes, having a fibrous texture, are included in this category.

The function of fabrics (Geotextile or Geogrid) in major areas of application

Major
functions
in order of Special Most-important
Application priority* consideration properties
Primary roads and Separation Repeated loading Pore size
railroads Drainage Permeability
Reinforcement Strength
Elongation
Abrasion
Retaining walls, Reinforcement Creep Strength
embankments, and Separation Soil-fabric friction
foundations
Unpaved roads Reinforcement Repeated loading Strength
Separation Elongation
Erosion protection, Filtration Rapid changes in Pore size
subdrains, and seepage Drainage water level Permeability
control Reinforcement Construction stresses Strength
Abrasion
Soil drainage (accelerate Drainage Clogging Transmissivity
consolidation, reduce Filtration Pore size

water pressures)

*Brief definition of major functions:
Filtration: The fabric prevents migration of soil particles without impeding water flow.
Drainage: The fabric collects and conveys water.

Separation: The fabric prevents mixing of adjacent dissimilar soils during construction or during repeated external

loading of the soil-fabric system.
Reinforcement: The inclusion of the fabric increases the strength of a soil mass, thereby

Rearine namanions accadiiciom andl o

increasing stability or



Design of vertical, reinforced

soil walls

1. External stability )
The possible external failure mechanisms are:

Figure 3
(¢) Tilting/Bearing Failure (d) Slip Failure
Surcharge w,
N2
LA
Facing—

Granular

geogrid —7]| backfill

Koy v H? Koo W, H H
2 =

) H

H 2

3

Toe

Omax

Trapezoidal
distribution—"" L
of ground -

bearing pressure ’

Figure 4

| Ko 7 H | Ko ws

Earth Pressure and Surcharge
on Backface AA (Rankine)



(a) Sliding

Factor of Safety against sliding = Resisting force

_ Sliding force
The coefficient of friction on the base of the reinforced soil block is
given by i Then

Factor of Safety =___ #{y,HL + w.l) = 2u{y H + W) 2.9)
(KapysH?/2) + Kyow,H Kao( voH + 2w} (H/L) e

The minimum Factor of Safety against sliding is usually taken as 2.
(b) Overturning

Overturning moment about the toe = (K,,y,H*/6) + (K, w,H?/2)
Restoring moment about the toe = (y,HL2/2) + (w,L2/2)

Factor of Safety against overturning = Restoring moment = 3, H+wy 2.2)
Overturning moment  K_,(y,H + 3w,) (H/L) 2 T

The minimum Factor of Safety against overturning is usually
taken as 2.

(c) Tilting/Bearing Failure

T max = (ruH + W.) + Keu(ysH + 3w,) (H/L) 2 . (23)

Tmin = (yuH + W) = Kio(rsH + 3w,) (HIL) 2 . (2.4)



plane

Potential failure Surcharge w; /

2, Internal stability

The internal stability is essentially associated with the tension and
wedge/pull-out failure

(a) Tension failure

Consider the internal stability of a surcharged soil wall constructed
with uniform frictional fill (Figure 9).

Uniform frictional
wall fill y,, ¢',,

Kaolys -+ wy)

backf,ill
Yo P

ST 7

- geogrid

. | |
Kab Yo H I Knb wsl

_

External Earth
Pressure (Rankine)

Figure S

The tensile force (T) per metre width in the grid at depth hyis given by
Ti= Kawou Vi ... (2.5)
Using H = h,in Equation 2.3 gives

Oy = Yol + Wo + Koo (yohy + 3wg) (L) 2

Substituting this value into Equation 2.5 gives

T = Ko rahy + W + K rohy + 3w,) (hJL) 21V, .. (2.6)
In the case of a cohesive frictional soil, Equation 2.6 becomes

T| = Kaw[ Ywhf + W, —~ (ZC'W/J—K:) + Kab( thK + 3ws) (hl/L) 2 ]vl (27)



(b) Wedge/Pull-Out Failure
LT (i) Mobilising force
In the general case, for a wedge of weight W

T= w e (2.12)
tan (¢', +5)
In the simple case of a surcharged, vertical wall (i.e. F, = 0,S, = 0)
constructed with cohesionless fill, it can be shown that the total force
0 (T) in the grids is given by
@ ’ fitanB(y.h + 2w,)
Fi { 5, T =htanb(yn + ew, ...{2.13)
igure 15 2tan (¢, + B)

!
and that the maximum value of T occurs when j§ = 45° — %’i

A more general case is shown in Figure 13 where

T l:htanﬂ(yv}h + 2w,) + 23!} +F, e (2.18)

2tan(¢', + 5)

(ii) Resisting force
Consider the two common cases shown in Figure 16.

&
’—2._.
Potential Overburden Overburden 3
e " falore piang
Plane NV 4 ¥ 4 44 4 4 S
] = A\CZ N\ % [,

.}ﬁhmria

75619 sogrid
ur undor
consideration|

“under
conzideration

(b)
) Sioping
(a) Levelfill fill
Figure 16 The anchorage force T, available in a grid at dépth h:with
. “anchorage length L, is determined using one of the following
equations: .
Case (a) Level backfill (with surcharge) Case (b) Sloping backfill (no surcharge)

L, X 2atan B (v + w,) Ly x 2atandvyuhe

Factor of safety «{2.35)  © Tu= " Factor of safety .- (2.16)

Ti=

« is the coefficient of interaction which varies with both the type of
soil and the grid. This coefficient is usually obtained from a 300mm
direct shear box or suitable pull-out tests. Typical values of this
coefficient are in the range of 0.9 to 1.0 for granular fills and < 0.9 for
cohesive fills.



Design of cantilever sheetpiling in granular soils.

g Back it

: Bockdill
A & 4 h ~5
Dredge | . Dredge =2 Acti
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pressure & - =
=Py P, by D, bl zé
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tesistonce
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{b)

(a}
Design of cantilever sheetpiling in granular soils: (a) conven-
tional method; (b) <implified method.

Design of cantilever sheetpiling in cohesive soils.

Original gy = unconfined comp.

Ju

J.?.‘!— ground strength of cloy
7 = unit weight {effective)
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o
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Design charts for cantilever sheetpiling in granular soils. From Rombas. Paris.
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Design of anchored shestpiling by frec-end method.

In_Gronulor_Soil In_Cohesive Soil
m| Low RpKe _ \ 5,
water T = tie rod pull
% P{:{J’.IL ——T[ T = tie rod puli
Ny hy re P = earth pressure obove point hy P = total horiz,
I ety el Sl — I (e
y ot obove
_ )‘___Difj Dredge Iine/ dredge line
D, A”/ég \,hK' b
09 Yoo
e Yy
(pp"Po)D1

" Flg. 12-13 Design of anchored sheetpiling by free-end method.

In granular soil:
1. Select appropriate values for active and passive earth pressure.
2. Calculate weight of overburden and surcharge Joad at the dredge level,
veh.
3. Locate point of zero pressure y = yhk,/(p, — p,)
4. Take moment about tie rod level:
Ly — (p, — p)Di(h, + y + $D) =0
Solve for Dy. _
5. Compute tie rod tension T = P — ¥(p, — p,) D}

6. Determine maximum bending moment at point of zero shear, as in the
case of ordinary flexural member.

7. Select pile section for the maximum moment or use the moment
reduction theory, Sec. 1_2-10.

8. Add 20 to 40 per cent to D, to provide for safety margin, or divide p, by
a factor of safety of 1.5 to 2.0 in steps 3 and 4.

In cohesive soil:
1. Select appropriate values for active earth pressure p,.

2. Calculate weight of overburden and surcharge load at the dredge

level, yh. :
3. Evaluate the unconfined compression strength g, of the cohesive soil.

4. Take moment about tie rod level
LP — (2q, = ym)D(h, + }D)
Solve for D.
5. Compute tie rod tension T = P — (2g9, — y,A)D
6. Determine maximum moment at point of zero shear.

7. Select pile section for the maximum moment, or use the moment
reduction theory, Sec. 12-10.

Q AII AN a4 AN L Lt 0. ™ LI . . . A « -



Stabllity of Sheetpiling in Cohesive Solls

The stability number .S which is defined as (Rowe, 1957):

§S= L

yeh

in this equation and in the following discussion, the following symbols are
used:

¢ = the cohesion of the soil below the dredge line;

v. = the effective unit weight of the soil above the dredge line = moist
unit weight above water level, and buoyant unit weight below water
level; :

h = the height of the soil above the dredge line, including the height of
equivalent surcharge load, if any;

q, = unconfined compression strength of the soil below the dredge
line = 2¢;

y = unit weight of the soil below the dredge line.

C%r:tizlrtl%;fédw % Backfill or original
. soil deposit
sheelpiling 7 P

h

Dredge line g
g

L_’ 2q,_,-%h

Stability of sheetpiling in
cohesive soils.

To include the effect of adhesion c, between the cohesive soil and the sheet-
piling, this equation is modified as

c | c
S=-—" [145
yeh + c
where ¢, = the wall adhesion. The value of 4/1 + ¢,/c may be taken as 1.25
for the design purposes



Design of Anchored Sheetpiiing in Cohesive Soil DE 12-2
by Free—end Method Anchored
: Sheetpiling
Sh. fof 2
5 Stability
I'—== .
] Gronutar 110 x6 =660
e y=10 60 x18 =1080
¥ =60 _T5aA
K, =035 yeh =1740 psf

_1.25¢ _ 1.25x800 _
‘TMWW ) =Tk 740 =0575
oft clg '= 60
0 V¥ _0.575

] Initlal strength F.5.=—%= =192 ok
| ¢ = 800 0.30
$=0
Final strength
c=0"
$=27°
Initial Pressure
Low woter
690" 2q, =4c = 3200
= [leso7, yoh = 1740
. 2> 1460 psf (ultimate)
18 4140% )
sf E'3
400: 902 Use F.S. =15 for cohesive strength
™ 608"*'(see DE 14~-1) ¢' =800/15 =533 psf allowable
) 4¢'=2140
o yeh=1740
N 400 psf for design

Take moment about tie level:

M= 41400 + 44,200 - 690
= 84,990 '# '
= 400D,(19'+ 2)
Oy = 9.0'
(final pressure governs)
see nex! sheet

Take moment about D;/2:

Pt.

108,400

- #
555 - 4630

T=

of zero shear at X! below low water:
4630 = 690 + 230X + 5(2)0x?  x =13’

Max M = 4630 x12.3 - 690 x /3.3 - 4(230)11.3% - £(21)(11.3)°
= 28,000 '#




DE 12-2

Anachored
Sheetpiling

Sh.2of 2

Final Pressure
$=27° K,=1tan?(45-13.5)=0.37 xI740=644

Lowmgler \ w7 K, =tan? (45 +13.5)= 2.65
= 60 x 0.37 = 22 psf/ft
) x 2.65 =158 pst/ft
136
o 842 -473 M
4.73 FESSLIL T 136 X ‘2‘(644) = 1520
P Take moment about tie level:

84,990 + 1520 x (19 +1.58) = 116,290
= 4x1360,%(23.73+ £D,)
Dp=77'
4.73
Total penetration=12.43" Use 12'-6" -
{governs)

Toke moment at 3202:
T =5760%" (governs)
Pt of zero shear at X ft below low water:
5760 = 690 + 230X + $(21)X? X =13.9'
Max M = 5760 x/3.9 - 690 x15.9 ~ $(230)13.9)2 - £(21)(13.9)3

= 37,400'®* (governs)

Moment Reduction

From Fig. 12-16(b) 24
5=0575 o=50g=066

/" Reduction ratio = 0.56 for woarking stress

M =374%x056 =210 |, w3
Xjg =140 regd.
MP-110=153
Check MP=IIO (36.5)°
=H . _(365
P=Er = zs(10)565.4 - 0000936
logp =497 = -3.07
Interpolated between log p = -3./ and -2.6
Reduction ratio = 0.62 =
M=062x374=231% 2 5

X 5= 15.0
MP-110 = 15.3 ok




VERTICAL DRAIN

@ INSTAHTANEOUS LOADIHE VERTICAL DRAIKAGE OHLY
UNIFORH APPLIED LOAB Ap = 0.8 T35
l l l l l L FEOM LABOSATARY TESTS OF THE CLAY S7E@ATUM:
€, ™ 100 C,=a2 ¢,= 00374y &, = .00

LOAD [NEREMENT, Ap = LO 75F (UGN mwaass:m)
R KO% PEIMAA’V CONROLIDATHAOY ¢

S e = ﬁ%@(ﬁiﬂ@, /2(/6)/2/)/3/0)_, Gom

Jre,
TTHT SECOVDARY COMPRESSION FUR | EYCLE am TRE:
;r., A, = a(zﬂ/og(l‘m) = 0.0/(/6)/23(00) = 43 1.

VERTICAL DRAINAGE
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NSTRUCT 10N
PERIOD
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VERTICAL DRAIN

CONSOLIDATION WITH VERTICAL DRAINAGE
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VERTICAL DRAIN
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DESIGNING WITH PREFABRICATED VERTICAL WICK DRAINS

Introduction

Because of the very low clay permeability, its primary
consolidation takes too fong to complete. To shorten this
consolidation time, vertical drains are installed to create
artificial drainage paths as well as shorten these drainage
paths. This method of using vertical drains is usually
done in conjunction with preloading by surcharge
embankment or vacuum pressure. In this ground
improvement method, the pore water squeezed out
during the consolidation of the ctay due to the hydraulic
gradients created by preloading, can flow faster in the
horizontal direction towards the drain and flow freely
along the drains vertically towards the more permeable
layers. Thus, the installation of vertical drains in the clay
reduces the length of the drainage paths thereby
reducing the time to complete the consolidation process.
Consequently, the higher horizontal permeability of
the clay is also taken advantage.

The purposes of vertical drain installation are twofold.
Firstly, to accelerate the consolidation process of the
clay subsoil, and, secondly, to gain rapid strength
increase to improve the stability of structures on weak
clay foundation.

Sircharge -
Drainage 71_ \ Fill
blankat

Prelaad

Without vertical drains
Without Insarting flodrain, dissipation of excoss pore pressure is a slow process.

Surcharge
7— \ Fitl

Orainage

Preload

With vertical drains
With fiodrain tho shear strongth increases rapidly pravaniing stability problems.

Consolidation with Vertical Drains
Barron(1984) presented the first exhaustive solution to
the problem of consolidation of a soil cylinder containing
a central drain. Barron's theory enable one to solve the
problem of consolidation under two condifions, namely:
i) free vertical strain and ii) equal vertical strain. In the
case of equal strain, the differential equation governing
the consolidation process is given as:

du du 1 du
— =¢, ( — +
ot ar roor

where u is the average excess pore pressure at any
point and at any given time, t, after an instantaneous
increase of total vertical stress; r is the radial distance of

-the considered point from the center of the drained soil

cylinder; and ¢, is the horizontal coefficient of conso-
lidation. For the case of radial consolidation only, the
solution of Barron (1984) under ideal conditions (no
smear and no well resistance) is as follows:

0 1 il 2
= —exp[F(n).] ...................................... (2)
where:
ct
T, = Fif s e s 3)
F(m) =1a(D/d,)=3/4 oot (4)

and D, is the diameter of the equivalent soil cylinder, d,
is the equivalent diameter of the drain, and n is the
spacing ratio equal to D /d,.

Hansbo (1979) modified the equations developed by
Barron (1948) for prefabricated band drains applications.
The modified expression exchanged the term F(n) in
Equa. 2 by a term F defined as follows:

FoF() 4 F, 4 F, woemcrnnnnrosssnneessssssenes (5)

where F is the factor which expresses the additive effect
duetothe spacing of the drains, F(n); smear effect, F ;and
well resistance, F,. The first factor is defined in Equa. 4.
The second and third factors are defined as follows:

F=[(k/k)—11/a(d/d,) ...

F=nz(L-2)K/Q, e (7)

where d_is the equivalent diameter of the smeared zone
around the drain; k, is the coefficient of horizontal perme-
ability in the disturbed zone; z is the distance from the
drainage end ofthe drain; L is the length of the drain when
drainage occurs at one end only; L is half the length of
the drain when drainage occurs at both ends. k is the
coefficient of horizontal permeability of the undisturbed
soil; and q, is the discharge capacity of the drain at
hydraulic gradient of 1.




Drain Properties and-Influence Zone

The equivalent diameter of a band-shaped drain, d,, is
defined as the diameter of circular drain which has the
same theoretical radial drainage performance as the
band-shaped drain. For design purposes, Hansbo (1979)
proposed the following expression:

d,=2(8 +D) /T wovomreerirorrr. (8)

where a is the width and b is the thickness of the
bandshaped drain. Subsequent finite element studies by
Rixner et al. (1986) and supported by Hansbo (1987)
suggested the following expression:

A= (@4 D) 12 ot (9)
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The time to achieve a given degree of consolidation is a
function of the square of the equivalent diameter of soil
cylinder being drained, D,. The spacing, S, between
drains established D, through the following expression:

D,=1.138  (square pattern) .........eveeee (10)
D,=1.05S  (triangular pattern)
e
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Smear Effects and Disturbances

Fordesign purpose, ithas been evaluated by Jamiolkowski
et al. (1981) that the diameter of the disturbed zone, d,,
can be related to the cross-sectional diameter of the
mandrel as follows:

where d_is the diameter of a circle with an area equal to
the cross-sectional area of the mandrel. Hansbo(1987)
recommended the following expression based on the
results of Holtz and Holms (1873) and Akagi (1979):

6= 20, e

......... (13)

This relationship has been verified by Bergado et al.
(1991). Thus, the influence of smear increases with
increasing mandrel diameter.

For soils with pronounced macrofabric, the ratio of
horizontal, k,, to vertical, k, permeabilities can be as
much as 10. This beneficial effect of soil stratification of
greater horizontal permeability can be reduced or com-
pletely eliminated in the smeared zone. Thus, the per-
meability of the smeared zone, k,, can be expressed
approximately as:

This resultwas confirmed by Hansbo (1987) and Bergado
et al (1991).

Parameter Effects on Consolidation Time
Taking into consideration both the smear effects and well
resistance, the time, t, for a given degree of consolidation,

U, isgiven as:

2
]

D
t=
8c,

[0 o{D/d 1374} + (k k=) w(d /)

()

+rz(l-z)k /gl n reveerenrinnenneen (15)

1-U,

The relative effects of key parameters in Equa. 15 were
investigated for a given case (Rixner et ai, 1986). The
greatest potential effect on consolidation time, t, is due to
the variations of ¢, and D,. The value of ¢, which can easily
vary by a factor of 10, has the most dominant effect on £.
D, can vary by a factor of about 2 to 3 and has consider-
able influence due to D2 term. D, refiects the effects of
drain spacing. The effects of the properties of the dis-
turbed zone (k, and d,) can also be significant. The
equivalent diameter of the drain, d_, has only minimal
influence on t. -
Rate of Consolidation

The principal objective of soil precompression with verti-
cal drains is to achieve the desired degree of consolida-
tion within a specified period of time. With vertical drains,
the overall degree of consolidation, U, is the result of the
combined effects of harizontal (radial) and vertical
drainage. The combined effects is given by Cariflo (1942)
as follows:

y(1-0) ...

[ v

U=1-(1-U

where U, and UV are average degrees of consolidation
due to horizontal and vertical drainage, respectively.
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Typical Range of Values

1 Verical drain
Discharge Capacity, q_ (x 10 m¥s)
Confining Pressure Properties
kN/m?
50 165
150 101
250 74
350 60
350 after 28 days 30
Filter Type
Equivaient Diameter
dw=(a+b)/2 52
dw = 2(a + by/x 66
re Pr l
Struclure Double Cuspated
Polymer High Density Polyethelene
Eilter Properties
Permeabilty EMPA/ITF
@ 2 kPa x 10" m/s 20
@200kPa x10“m/s 10
Pore Size Dry Sieving BS 6906 Pt. 2
(O microns 50
Oy microns 60
O, (EOS) microns 70

2 Typical Values of Key Ratios and Factors

Permeability Ratio  k /k,
Permeability Ratio  k,/k,
Smear Diam. Ratio d,/d,
Spacing Ratio D,d,
orn
Spacing Factor F(n)
Smear Factor F,

Well-resistance F,

[}

I

11015
1t0 10
2t07

510 100

0.86103.86 (n=5to 100}

Oto7
Oto2

3 Coefficlent of Consollidation

C, (m¥s)
Sandy silt 1%107 to 1x10°%¢
Peat 1x10° to 1x10%
Clay 1x 10 to 1x10°%
Bangkok Clay 1x 107 to 1x10%

4 Coefficient of Permeability of Soils

kK /g * (m?)

Soil Type k, ( mis)

Sandy silt 1x107° to1x10%° .0.00%
Peat 1x 107 to1x107

Clay 1x 10" to 1x 10® 0.00001

Bangkok Clay 1x 10 to t x 10®° 0.0001

* assuming a conservalive value of q_ = 10 x

Representative K /K Ratios for Soft Clays

aj

b

d)

No evidence of layering (Parlially
dried clays, has completely uniform
appaarance)

No or only slightly developed
macrotabric (e.g. sedimentary
clays with discontinuous lenses
and tayers of more permsable soil}

Slight layering (e.g. sedimentary
clays with occasional sill dusting to
random silly lenses)

Fairly well 1o well developed
macrofabric {e.g. sedimentary days
with discontinuous lenses and
layers of more permeable materials)

Varved clays in North Eastern USA
Varved clays and other deposits
containing embedded and more or

iess continuous permeable layers.

Bangkok Clays

to 1
o 0.1
1o 0.001
to 0.001

10ms

kJk,

1.2 £ 02

1105

2105

2104

34

Note: [1] These typical range of values are provided for general inlormation purposes only. Designers should verity the actval properties of

any given sail.

[2]* The values given correspond to the average resuls {+ 10%) obtained from our laboratories and outside institutes and are indicative.
. Owing to continuing B & D for product improvement, the right is reserved to make any changes at any fime without prior notice.

Text written by Assoc. Prof. Dr. Dennas T.Bergado, Asian Institute of Technclogy, Bangkok, Thailand.






TRANSPORTATION



STANDARD HS-TRUCKS

1 | i
HS20-44 8,000 LBS. 32,000 LBS. 32,000 LBS.
HS15-44 6,000 LBS. 24,000 LBS. 24,000 LBS.
2
3 2 | 3
S| 14'-0" . o) Vv o.l
o1
0.1 W 04 W 04 W

W = COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME
AS FOR THE CORRESPONDING H' TRUCK.

V = VARIABLE SPACING — 14 FEET TO 30 FEET INCLUSIVE. SPACING TO BE
USED IS THAT WHICH PRODUCES MAXIMUM STRESSES.

CLEARANCE AND
OAD LANE WIDTH
10°-0"

20" 60" 20"

LANE LOADING
18,000 LBS. FOR MOMENT®
CONCENTRATED LOAD— 26,000 LBS, FOR SHEAR

cUNIFORM LOA:) 640 LBS. PER LINEAR FOOT OF LOAD LANE

D07, 7000 77 7

H20-44 LOADING

LionAA 2A L AARINA
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‘FigUre: Minimum turning path for WB-50 design Vehicle.

19’
3 11" 5
o[ (L iﬂ b0 20 g0 ¢

SCALE IN FEET

THIS TURNING TEMPLATE SHOWS THE TURNING PATHS OF THE ASSHTO DESIGN
VEHICLES. THE PATHS SHOWN ARE FOR THE LEFT FRONT OVERHANG AND THE
OUTSIDE REAR WHEEL. THE LEFT FRONT WHEEL FOLLOWS THE CIRCULAR CURVE,
HOWEVER ITS PATH IS NOT SHOWN.



Figure: Minimum turning path for BUS design Vehicle.
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SCALE IN FEET

THIS TURNING TEMPLATE SHOWS THE TURNING PATHS OF THE ASSHTO DESIGN
VEHICLES. THE PATHS SHOWN ARE FOR THE LEFT FRONT OVERHANG AND THE
OUTSIDE REAR WHEEL. THE LEFT FRONT WHEEL FOLLOWS THE CIRCULAR CURVE,

HOWEVER, ITS PATH IS NOT SHOWN.



Figure: Minimum turning path for P design Vehicle.
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THIS TURNING TEMPLATE SHOWS THE TURNING PATHS OF THE ASSHTO DESIGN
VEHICLES. THE PATHS SHOWN ARE FOR THE LEFT FRONT OVERHANG AND THE
OUTSIDE REAR WHEEL. THE LEFT FRONT WHEEL FOLLOWS THE CIRCULAR CURVE,
HOWEVER, ITS PATH IS NOT SHOWN.




TRAFFIC RAILING

3'-6" minimum
3'-6" minimum
3'-6" minimum

(To be used when curb projects more than 9" from the traffic face of railing.)
COMBINATION TRAFFIC AND PEDESTRIAN RAILING

—-{ |-~—9" max. I—o—-ﬂ" max. |—'l-9“ max. X
Ry P PR - er F— B
\ — 0 |— i v — —— H
it o | 5
ifYs R A

PR3 — P73 > |

. Q| : =gl 5

c < v =] a
£ ; — lp2 & £ F 2z <
B __g — B S of 2 £
2 :_[: P/a 2 sl 2 h
& 0 - ™ 3 2 o
= 3 = 2

N B " a

G =3 =3

kg T J 2

(To be used where there is no curb or-curb projects 9" or less from traffic-face of railing.)
TRAFFIC RAILING

NOTES:

1. Loadings on left are applied to rails.

2. Loadings on right are applied to posts.

3. The shapes of rail members are illustrative only, Any material or combination of materials
listed in Article 2.7 may be used in any configuration.

NOMENCLATURE:
P =Highway design loading =10 kips
h=Height of top of top rail above reference surface (in.)
L =Post spacing (ft.)
w = Pedestrain loading per unit length of rail
c=1+ M3
18



EXPANSION JOINTS.
GUIDE TO DESIGN.
1. GENERAL.

A joint is necessary in a bridge, viaduct or a footbridge in all cases where there is a possibility
of relative movements between two structural elements and when the movement zone affects the
roadway carrying traffic.
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Figure 1. Some examples of structures with expanéion joints.,
* Position of the expansion joint

All structures affected by such relative movement require an expansion joint. Fig 1.
Only vaulted structures, closed box sections and portal frames do not require expansion
joints, since they are only small span structures and, also, fixed at their supports. Fig 2.

PIV

Figure 2.

Some examples of
sfructures not re-
quiring  expansion
Joint

¥ Underpass closed
frame

PIPO

The complexity of the joint depends on the complexity of the relative movements and on
the degree to which the equipment is affected by traffic.

The joint may not be visible and it is then covered over by the road surfacing material. This
arrangement is- only possible if the road surfacing can absorb expansion and contraction movements. -
The joint is then reduced to its basic technical and economic principles; but, nevertheless, the structure
still contains an expansion joint.



PICF : Pont Inférieur en Cadre Fermé en béton armé.
Closed frame reinforced concrete bridge.
PIPO : Pont en Portigue Quvert en bétori armé.
Open frame reinforced concrete bridge.
OHVM : Quvrage Hydraulique en Volte Massive.
Mass concrete arch
PIV  : Passage Inférieur Vo(ité.
Arched underpass

2. ELEMENT OF CHOICE IN AN EXPANSION JOINT.

The three parameters governing the elements of choice of a type of joint are the "play”, the.
traffic and the watertightness.

It is thus necessary to define these items in relation to the structure.
2.1 The “play”
2.1.1 Definition

The “play” of a joint is defined as the maximum anticipated relative displacement of two
adjoining elements, measured between the two extreme positions (and not with respect to the mean
position or set position). Fig 3.

Adjacent pact

Portieen vis &vis ® ® ® 1. The least possible opening
- r-—---- r—- ——————
:“Pmy" H 2. The maximum possible opening
|“Souttie” 4
I ! Figure 3
| i
* Fixed : abutment, for example, or movable : adjacent span

2.1.2 Components of the play )
The joint must have three degrees of freedom corresponding to the three directions of relative
movement of the two elements with respect to the direction of traffic.

Direction oV. traffic @
Axe de la voie 1. Longitudinal component
C) C) 2. Transverse component

3. Vertical component

Figure 4

2.1.2.1 Longitudinal Component

This is, in general, the most imporiant. It represents the movements due reversible and non-
reversible expansion and contraction of the structure (temperature, shrinkage, etc.).

2.1.2.2. Transverse Component

This occurs in the case of a curved or skew structure and is the result of a particular deformation
of the deck (expecially under the effects of temperature) and the effects of traffic (centrifugal force
and the effects of braking).

In large suspension or cable-stayed bridges, wind action can be appreciable in contributing to
this component.

-2.1.2.3 Vertical component

The value of this, although small, is not negligible. It is due to rotational movement of abutments
and elastic settlement of elastomer bearings.



2.1.3 Determination of the play
2.1.3.1 French.reference texts
These are texts containing sections specifying or indicating factors in evaluating the play.

a) Section n°® 61 of CPC-design and testing of civil engineering structures.

- Tittle Il-Loads and tests for road bridges (Circular n® 71.155 of 29 December 1971, re-issued 1981). This
text specifies the load to be taken into consideration, braking effects and centrifugal forces.
- Tittle V-Design of steel bndges and other structures (Decree n® 79.923 of 16 October 1979).

‘b) Section n° 62 of the CCTG Tittle 1.

- Part 1-Technical Regulations for the design and construction of reinforced concrete structures in

accordance with limit state methods-BAEL Regulations 83 (Decree n°® 83.905 of 7.10.83).

The parts useful in the determination of play are :

- Chapter A.3-Actions to be taken into account.

- Appendix D2-Combinations of actions.

Part 2-Technical Regulations for the design and construction of prestressed concrete structures in

accordance with limit state methods-BPEL 83 (Decree n° 83.905 of 7.10.83).

Clauses necessary in the determination of play of a joint are :

- clause 2.1, 5-Shrinkage

- ¢lause 2.1, 52-Creep

- clause 2.1, 7-Coefficient of thermal expansion

- clause 4.1-Actions

- Appendix 8, para 3-Shrinkage and para 4-Creep

- Appendix 5-Lightweight concrete structures

- Appendix 8-Temporary regulations concerning the definition of representative values of actions and
combinations of actions in normal cases.

c) Design rules for composite steel and concrete bridges (Circular n° 81.63 of 28.7.81).
2.1.3.2 Actions to be taken into account and resufting deformations
2.1.3.2.1 Atmospheric Temperature
This is the most important factor in determining play.

1) Parameters to be considered
The variation in the length as a function of the mean temperature of an unstressed structure
can be obtained from the expression :
A 7=\ AT where
A 7 is the change in length,
¢ . the expansible length,.
\ . the coefficient of expansion,
and AT : the difference in temperature, in degrees Celsius.
Appreciation of the value of one of the parameters, heré Al, will depend on the accuracy
with which the other parameters are known.

'

2) Expansible length

In general, this is accurately known, but it must not be forgotten that the total displacement
shown by the analysis will not necessarily be distributed in.the ideal manner envisaged. Experience
has, in fact, shown that the idea of a "fixed support’ or a “'point of zero expansion' has only a relative’
nature and that because of secondary phenomena : stiffness of piers, nature of bearings, blocked-up
joints, ... a theoretical symmetrical distribution may be taken as 1/3 and 2/3.

On the other hand, the designer may choose, 1o a certain extent, the expansible length across
the joint by careful selection of the support devices (See Section 2.1.333 below).

3) The coefficient of expansion

The coefficient of expansion normally assumed for concrete is 105 on average (BAEL Regulations,
Article 3.1.333, comments ‘and BPEL Regulations, Article 2.1.7, comments).

In reality, its value depends on the caefficient of expansion of the aggregates used in the
concrete; thus its value can vary between 0.8 and 1,2, 10° (BPEL Regulations, Article 2.1.7 comments.)



From a series of measurements carried our on structures in the Paris area between 1966
and 1969, the value of the coefficient of expansion was actually shown to vary between 0.6 and 1,3..
10%. However, the lowest values appear to have been affected by shrinkage and a value for the coefficient
of expansion between 1. 10° and 1,2. 10’ seems reasonable in the Paris area.

Another study, carried out between the end of 1972 and April 1974 on the bridge at Oissel‘
on the A13 Highway, concluded that the mean vaiue of the coefficient of expansion of concrete was.
1,15. 10°, (see Liaison Bulletin * n° 88 March-April 1977). It should be noted that this interesting study
also gives elements of appreciation for mean temperature of a structure as a function of the atospheric:
temperature (See Appendix 3).

For all-metal structures, the value suggested {Section n® 61, Tittle V, Article 2.3) is 1.1. 10,

4) Temperature range

4.1) General

The temperature range is the principal variable in the determination of change of length of
length of a structure. This is a function of a number of parameters such as : latitude, altitude, geographic
zone, environment, etc.

The designer is faced with two options : one based on regulations which will give wide ranges:
and lead to over-designing of a joint and another based on meteorological data closer to reality.

4.2) Codes and Standards

in the absence of exact proof, regulations propose (C79.25 of 13 March 1979, Article 4.2.4. and
Technical Regulations BAEL 83, Article A.3.1,33) variations In temperature of +30°C-40°C, assuming
an initial temperature at the time of construction lying between +.5/4+8° and +14/415°C and an
arbntrary coefficient of expansion of reinforced concrete of 1. 10%.

In other words, the temperature range is given as -27/-30°C to + 38/+47°C

A part of this range of 70°C appears in rapid changes of x 10° (see BAEL 83 article A
3.1,33). The other part, i.e. 70°-20° = 50°, appears as very slow changes in temperature of the atmosphere
with the seasons or with the years. This action, of very long duration, is compared to a permanent action
and the thermal inertia plays a negligible role.

These regulatory values may be used as a basis but it does seem that the ranges in temperature
arising which can have an influence on the dimensioring of the joint may be less high, particularly in’
certain regions of France. Thus, an English study ** has shown that the mean temperature rarige measured-
on a concrete bridge was 6°C less than that of the temperature in the shade measured in the same.
period at the same sport. Other studies carried out by LCPC (in particular that at the bridge at Oissel
mentioned above) appear to confirm this tendency ***

In addition; it seems better to determine the temperature of the structure at the time of sealing
a joint placed after surfacing. See English study ***

This would not be the case for a joint which could not be adjusted at the time of fixing, or
was placed or fixed at the same time as the structure (which is an advantage for joints placed after
the wearing surface). This is the reason for the interest in special knowledge of the temperature variation
on site. On the other hand, a joint which is a little too wide under extreme winter temperatures, at least
for certain type of joints, will not suffer much and will hardly affect the operation of the structure.

This is why we advise that meteorological values should be taken into account when determining
the value of the play in a joint.

* Published by Central Laboratory of Bridges and Roads )

* ‘Effects of temperature on bridges” in Highways Design and Construction by Mary Emerson, July 1972..
The Road Research Laboratory has since carried out other trials.
*** which would be different of rsteel bridges.



5) The shape of the structure

If the structure is on a curve, the value of Avis a function of the radius of curvature, as is
the direction of the displacement which is not necessarily along a tangent to the curve of the structure
(see figure 5), unless the abutments to the structure contain stops limiting the transverse displacement.
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In addition, the expanéible length to be taken into account is not the developed length of the
.curve, but a considerably smaller length.
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For skew bridges, the value of Asis the resultant of two components of movement : one
perpendicular to the axis of th joint and one parallel to the joint (fig. 6).

In complex cases where the value of the expansion and its direction appear difficult to
appreciate with sufficient accuracy by calculation (as in fig. 7), use may be made of recording instruments
as shown in figure 8.

2.1.3.2.2. Long term deformations of concrete : Creep and Shrinkage

1) General

Appreciation of these deformations assists in consideration of parameters linked to the
structure itself, its method of construction and its environment. .

The value of creep and shinkage at the time of placing and sealing a joint can vary considerably
and may even be affécted by a degree of uncertainty which counsels the need for some factor of safety.

These deformations do not affect all-metal structures.

2) -Shrinkage

See BAEL Regulations 83, Art. A.2.1,22 and BPEL Regulations, Art. 2.1,51 and Appendix 1, § 3.

The final shrinkage is a function of a certain.number of parameters, which are :

- the age of the concrete,

- the composition of the concrete based on the water/icement ratio,

- the climatic conditions,

- the notional thickness of the member,

- etc,

It always results in a decrease in length, whose mean value is 3. 10" in South-Eastern France
and 2. 10* in the rest of the country, unless experimental-data are available. Minimum value is : 0.

va
1.0
0.8 : =
08 >'/‘ v ' Figuras 8 )
" / ’ ultimate shrinkage
0.2
L—1 t
0 1 3 7 % 28 S0 W0 365 Jou;rs:days
1 2 S ons yeors
3) Creep
See BAEL 83 Regulations, Art. A.2.1,22 and BPEL 83 Regulations, Art. 2.1,52 and Appendix
1, § 4.

By way of simple illustration of the development of creep as a function of time, assuming stable
climatic conditions, figure 9 shows the nature of this change.

Creep refers to the long-term deformations of concrete under the action of applied forces
causing permanent loading and of prestress.

It always results in a reduction in length- represented by I fl= I
Evj
where Evj is the long term modulus of longitudinal deformation of the concrete.
Minimal value : 0
2.1.3.2.3 Working loads : Qr



These introduce :

a) Vertical movements due to rotations of the ends, especially with structures where there
is a considerable distance between the end of th structure and the support line. fig. 10.

For example, we have recorded in a steel structure (430 m in length, 5 continuous spans-
of 61, 91, 121, 91 and 61 m) where the adjacent span was loaded with A{), a lifting of 10 mm at the
ends of the teeth of a joint FT 250.
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b) Horizontal movements

- due to braking effects.

The values to be taken into account due to braking are those given by Section n° 61, Tittle Il,
Article 6. )

Displacements of the deck may be appreciable and are functions of the distribution of the
bearings, their nature and distortion and of the flexibility of the piers, etc.

- due to rotations of the end sections. The increase in the openning of the joint depends
-on. the flexibility of the structure, the span and the distance between the bearing and the joint (fig. 10)

Generally speaking, except in special cases such as certain bridges with particularly deep
beams, the corresponding values remain low and, more often than not, are negligible. *



GUIDE SPECIFICATION FOR EXPANSION JOINT
1. DESCRIPTION

The joint consists of two aluminium alloy parts.

They are placed end to end and firmly anchored to the structure by tie bolts.

An-extruded elastomeric profile, delivered in lengths suitable for the road width, is inserted between

the metallic part to prevent intrusion of foreign bodies. Triangular serrations permit skew displacements

and a smooth running surface without excessive noise.

The anchorages process permits the fixing of joint to the structure with tie blots, with controlled fixing

and permanent access which authorizes the dismantelling of elements, in case of road repairs for example.

The type : thanks to its geometry :

- Insures a continuity of running and smooth driving,

- Permits,.a skew displacement,

- Permits lateral and vertical movements accepting all rotations and authorizing for example, withour
dismantelling, a special jack of the roadway in order to replace bearings or level roadway.

2, TECHNICAL CHARACTERISTICS

2.1 JOINT COMPONENTS

The joint is composed of :

- A series of metallic element paris.

- An elastomeric profile firmly inserted into the metallic elements destined to prevent intrusion of foreign
bodies.

- Relevant number of threaded rods depending on the range of movement, tensioned by means of a
torgue wrench or hydraulic jacks.

- Anchorages ¢ 12 per element tensioned at 6.5 tons per each.

- Anchorages ¢ 16 per element tensioned at 10 tons per each.

- Anchorages ¢ 22 per element tensioned at 19 tons per each.

2.2 CHARACTERISTICS OF MATERIALS AND PRODUCTS

A-Metallic elements :

They are aluminium alloy parts of which mechanical and ehemical characteristics are in conformity
with the international standard.

B-Threaded rods :

They are of high resistance steel protected from corrosion by "‘dacromet” They are installed greased.
Their characteristics are in conformity with the international standard.

C-P.V.C. Sheaths

They are in polychiorure of vinyl (P.V.C.) and conformed to standard.

D-Lower plates

They are molded in cupro-aluminium conformed to international standards.

E-Screews and washers

They are of highly resistent steel and characteristics in conformity. with international standards.

‘The wascher is protected by dacromet.

F-Elastomeric profile

‘It is extruded and presents the following main mechanical characteristics :

Hardness DIDC : 70£5-NF T 46 003 (ASTM D 2240)
Break resistance : >7 Mpa-NF T 46 002 (ASTM D 412)
Break extension : >250%-NF T 46 002 (ASTM D 412)

It also reacts well to ageing, U.V., bad weather and ozone.



3. TESTS AND CONTROLS
The following of quality of different materials and composed pieces of Expansion Joints is carried out
according-to an Insurance Quality Plan.
This Insurance Quality plan is registered at the French Ministry of Roads and Transportation which
insures the External Inspection by audits. The raw materials fabricated by approved suppliers are delivered
with Inspection Reports on chemical and mechanical characteristics.
The finished pieces are qualitatively controled.
1. In addition to regular.dimensional inspection, the metallic elements undergo a load test
on teeth for one element on 2000.
2. The complete anchorage composed of a threaded rod, screw, washer and lower plate,
is tested as one anchorage on 10,000.
The test consists of one tensioning test with similar conditions to those on site, this one is
followed up to breaking.
3. The elastomeric profile is regularly tested on dimension in manufacture and at approximately
one every 150 Im at arrival of the profile.
All mechanical characteristics of elastomeric mixing are inspectéd once a month.

4. INSTALLATION

1. GENERAL

The installation is strictly performed by the supplier or by his qualified representative (technical assistance).
Before installation an assembling diagramm’is established, based on the Consultants instructions, in
order to note the recess, the work temperature, the creep and eventually the skew and to adjust consequently
the opening of the joing.

In order to ensure a good joint fixing proportionaly to the roadway level and with the aim of assuring
a good comfort, the joints should be installed after the wearing course.

2. FIXING

-The joint is fixed in recesses with dimensions which are depending the range of movement.

The metallic elements with their anchorages are positioned and adjusted to the finished roadway level
by means of (installation rullers) support brackets.

A complementary reinforcement is done if necessary.

The joint concreting with careful vibration is accomplished in one time upto finished roadway level
with "‘prestressed’ quality concrete which may be tinted black.

The concrete is a fine gravel concrete 5/15 proportioned at 400 kg/m® with the addition of 1 meutral
colouring (dye) introduced directly into the vertical shaper proportioned at 5 kg for 400 kg (1.25%).

The concrete having a minimum resistance of 200 bars, the prestressing blots can be tensioned with
a torque wrench upto a controled tension required for.

‘At the end, the anchorage head recess is filled with pure bitumen.









PLUMBING SYSTEM
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ELECTRICAL



ELECTRICAL ENGINEERING FORMULAS

1. Power Transmission by shaft
HP = Torque (ft-lbs) X RPM
5250

2. Power to drive pump
HP = GPM X total head (include friction)
3960 x Eff.

where approx.
friction head (ft)

I

0.02 X pipe length (ft) X Vel. of flow (fps)
5.367 X diameter (in)

Efficiency = 0.5 10 0.85
3. Power to hoist a load
HP = wt. (Ib) X feet per min. X sinf

33000
6 being the angle of hoist with horizontal
4. Power to drive fan
HP = cu, ft gas per min. X water gauge press. (in)
6350 x Eff.

Economic selection efficiency for fan = 50 to 80 percent.

The volume of gas delivered by a fan varies directly as the fan speed.

The pressure produced by a fan varies as the square of the fan speed and directly as

the density of the gas handled. )

The horse-power of a fan varies as the cube of the fan speed and directly as the density of

the gas handled.
5. Power for elevators:

HP = Unbalanced load (lbs) X speedjft. per min.)
33000 x Eff
Eff = 0.5 (approx.)
6. Syncronous speed
RPM = 120 X Frequency
" No. of poles
7. Transformer
Three-phase | = KW X 1000
V3 XV X pf.
orl = KVA X 1000
J3IXV
Single-phase | = KW x 1000
Ve x pf.
or! = KVA X 1000
\Y

Delta connection
Ve l=1J3
W =3w,w=ei Xpf,W=+3Vl xpf



Star connection
V =eY3 I=i
W. = 3w, w=ae x pf. W= /3VI xpf

=
Z
z S s
I mo| z
< . P al < I
h— U ! ®. -
® — ’{ a o S —
— =)
A2 v ‘;
PRIMARY SECONDARY PRIMARY SECONDARY
8. Motor
D.C.Motor
= H.P.X 746
TV x Eff.
I = KW x 1000
\
Single-phase A.C. Motor
| = H.P. X 746
| = KW X 1000
V X pi.
Three-phase A.C.Motor
I = HP. x 746
V /3 x pf. x Eff.
= KW x 1000
V /3 X pf.
9. General Lighting
Room Ratio
Direct, Semi-Direct and General Diffuse Lighting
Room Ratio = W X L

Mounting height above work plane x (W + L)

Semi-Indirect and indirect lighting
Room Ratio = 3 X WXL
2 X ceiling height above work plane X (W + L)

Average lumens reaching work plane = total initial lamp lumens x CU X MF
Average footcandles at work plane = total initial lamp lumens X CU X MF
area of room in sq. ft

= total watts per sqg.ft X overall lumens per watt X CU X MF



Area per lamp (sq. ft.) = initial lumens per lamp X CU X MF
average footcandle level desired
Area per luminaire (sq.ft.) = intial lumens per lamp X No. of tamps per luminaire X CU X MF
average footcandle level desired

Total watts per {(sq.ft.) = average footcandle level desired
overall lumens per watt X CU X MF

where W = width of room
L = length of room
CU = Coefficient of Utilization
MF = Maintenance Factor

ELECTRICAL FORMULAS.

Electrical formulas for determining Ampere, Kilowatt, Kilovolt - ampere and Horse Power

ALTERNATING CURRENT
DIRECT CURRENT
SINGLE PHASE ~ THREE PHASE
| A= KW x 1000 | A = KW x 1000 A= KW x 1000
v V X PF. 173 X V x P.F.
A = KVA X 1000 | o = KVA X 1000 A = KVA x 1000
v v ' 173 X V
A= HPX746 . | A= HP x 746 A= HP x 746
7 VX (% E. V X (% Eff)X P.F. . 1T3XVX(%EH)XPF.
Kw = AXV Kw = A XV XPF Kw = A XV X173 X PF.
1000 © 1000 1000
KVA = A XV KVA = A XV KVA = A X V X 1.78
1000 1000 1000
Hp=AXVX (% Eff)| yp = A X V X (% Eff) X P.F.| yp=AXVX1.73X(%EfL) X P.F.
- 746 | 746 746

APPROXIMATE MOTOR AMPERES PER TERMINAL:
i 220 Va-c = 4 amperes per H.P.
3 phase 220 Va-c = 25 amperes per H.P.
3 phase 380 Va-c 1.41  amperes per H.P.
3 phase 440 Va-c 1.25  amperes per H.P.
3 phase 550 Va-¢c = 1 amperes ner H P

I
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denawng |deegilifien] 60 . 75° .. 60° 1. 75° 1.
05 7 7 4 4
1 10 10 6 6
15 13 13 8 8
25 18 19 14 15
4 24 27 19 21
6 36 41 27 30
10 16 53 66 37 45
16 25 72 94 49 63
25 35 96 122 63 84
35 50 120 | 152 78 104
50 70 152 194 04 129
70 95 191 241 122 159
95 120 233 295 147 190
120 150 270 304 170 220
150 185 300 356 . 192 248
185 240 430 260
240 300 478 292
300 400 552 336
400 500 652 392
500 652 748 436
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YUIA Three Phase-Lagging Power Factor Single Phase-Lagging Power Factor

a1 .
Twn | 100% | 90% 80% | 70% | 60% | 100% { 90% .| 80% | .70% | 60%

2.5 | 13579 | 12414 | 11102 | 9807 | 8478 | 15695 | 14334 | 12824 | 11332 | 9790
4 110086 | 9259 | 8298 | 7334 | 6379 {11650 | 10692 | 9584 | 8482 | 7350

6 6593 | 6104 | 5494 | 4877 | 4250 | 7610 | 7052 | 6347 | 5635 | 4910
10 3378 | 3201 2893 | 2633 | 2318 | 3903 | 3696 | 3378 | 3037 | 2679
16 2125 | 2063 1908 | 1735 | 1551 2391 2381 2207 | 2004 | 1791
25 1584 1568 | 1466 | 1348 | 1217 1811 1696 | 1555 | 1401
35 1043 1076 1027 | 958 | 879 1204 | 1243 1184 | 1105 | 1014
50 666 731 718 | 689 | 646 768 846 830 | 794 748
70 522 600 597 | &77 | 551 607 692 689 | 669 640
95 380 469 466 | 469 | 456 443 541 551 544 528
120 282 384 403 | 407 | 403 335 446 469 | 469 466
150 246 341 364 | 370 | 370 | 282 397 420 | 430. | 426
185 297 298 325 | 335 | 341 226 341 347 | 387 390
240 154 256 282 | 298 | 305 177 292 325 | 344 354
300 134 236 266 | 282 | 292 154 292 305 | 325 338
400 105 207 239 | 259 | 269 121 239 266 | 298 212
500 89 190 223 | 246 | 256 102 220 259 | 282 298

151971579
AMITOZN (1) ISR ITIENIZUE (Amp) uAe AMIWANIY WY 1,000,000 HWAAWS
#lssiaudin volts
fee v
&8 16 PDW 872 60 ¥. N3zud 40 Amp 3 Phase 80% P.F.
Voltage loss = 60X 40x 1908 x 10
= 4,579 Volits
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IUIA Thrée Phase-Lagging Power Factor Singie Phase-Lagging Power Factor
aelti 100% 90% 80% | 70% | 60% |100% | 90% 80% 70% 60%
25 | *25PDY | 13579 | 12382 | 11038 | 9743 | 8417 (15695 |14270 | 12745 | 11232 | 9670
4 4PDY | 10086 9227 8234 | 7270 | 6299 (11650 |10628 9502 8382 7240
6 6 PDY 6593 6072 5430 | 4792 | 4157 | 7610 | 6988 6267 5535 4800
10 10.PDY 3378 3156 2829 | 2557 | 2226 | 3903 | 3632 3292 2937 2569
16 16 PDY 2125 2015 1844 | 1658 | 1461 | 2391 | 2323 2127 1912 1681
25 25PDY 1584 | 1526 1399 | 1274 | 1134 | 1797 | 17587 1619 1465 1301
35 35PDY 1043 1028 966 881 796 | 1204 | 1188 1114 1015 918
50 50 PDY 666 690 658 619 569 | 768 | 795 760 714 655
70 70 PDY 522 555 536 507 471 | 607 | 641 615 583 544
95 95 PDY 380 | 424 418 -402 376 |. 443 | 490 484 464 438
120 120 PDY 292 346 349 343 326 | 335 | 401 405 393 383
150 150 PDY 246 303 314 309 300 | 282 | 352 365 356 343
185 185PDY 297 260 274 275 211 | 226 | 296 37 317 310
240 240 PDY 154 218 232 238 238 | 177 | 247 268 274 274
-300 300 PDY 134 201 216 222 225 | 154 | 251 248 255 258
400 400 PDY 105 172 189 199 202 | 121 198 219 228 232
500 500 PDY 89 155 173 186 189°| 102 179 202 212 218

* Also for two core, three & four core conductor.




amssuagegad miumsioutlaglu

WA [nIZUFTIUUTIFI NIEUFATUNTIAN Amp.
wia | t1en | 3un 180 220 lavh 380 Laavh
RIEK N\ 1 PHASE | 3 PHASE |1 PHASE| 3 PHASE
KVA 12KV [ 12KV 440V 2\ Y
5 0.4 0.2 1.4 22.7 13.1 13.2 7.6
10 0.8 0.5 22.7 455 26.3 26.4 152
15 13 0.7 34,1 68.2 39.4 395 228
20 1.7 09 455 90,8 525 52.6 30.4
25 2.1 1.2 56.8 113.5, 65.6 65.8 379
20 25 1.4 68.2 136.4 78.7 789 45.6
375 31 1.8 85.2 170.5 98.4 98.7 56.9
45 3.8 22 102.2 204.5 118.1 118.4 68.4
50 4.2 2.4 113.6 227.3 131.2 131.6 75.9
67.5 5.6 33 153.4 306.8 177.3 177.6 102.6
75 6.3 3.6 170.5 340.9 196.8 1974 1139
100 8.3 48 227.3 454.5 262.4 263.2 1519
1126 9.4 5.4 2557 511.4 24.2 266.0 1709
150 12,5 7.2 3409 681.8 393.7 394.7 2279
167 13.9 8.0 379.5 758.1 438.3 4395 253.7
200 16.7 9B 4545 809.1 5249 526.3 3039
225 18.8 10.8 512.0 1022.7 590.5 $592.0 3419
250 20.8 120 568.2 1136.4 656.1 657.9 379.8
300 25.0 14.4 681.8 1363.6 7.3 739.5 4558
333 27.8 16.0 756.8 1513.6 8739 876.3 505.9
360 29.2 16.8 795.5 1590.9 9185 921.1 531.8
400 333 19.3 909.1 1818.2 1019.8 1052.6 6078
450 3.5 217 | 10227 20455 | 11809 1184.2 683.7
500 417 240 11364 2727 | 13122 1315.8 759.7




minansuguaaas Wi (38 waz 108) (laeuszanm)

WUINVBINDA DT AC 1 PHASE AC 3 PHASE
OUT PUT 1 on 3 un
DC — .
filatae | e Power . Power
" 220V 220V 220V 380V
Kw HP Factor Factor
0.18 0.25 1.2 0.60 23 0.68 1.23 0.7
0.25 0.33 1.6 0.60 3 0.71 1.6 0.92
0.37 0.50 2.3 0.70 4 0.73 1.9 11
0.55 0.75 3.4 0.70 5 0.72 2.8 1.6
0.75 1 45 0.70 7 0.7 3.7 2.1
1.1 15 6.3 0.70 8.8 075 | 54 3.1
15 2 8.5 0.70 12 0.78 6.9 4
2.2 3 125 0.70 17.5 0.78 9.5 55
3 4 17 0.75 22.5 0.82 1.5 6.7
4 55 2 0.75 28 0.82 15.3 8.8
5.5 7.5 o 0.85 19.6 1.6
75 10 44 0.86 25.7 148
B 15 61 0.82 40.7 23,6
15 20 82 0.82 54 3
185 25 93 0.85 63 36,5
22 30 m 0.85 75 435
0 a0 150 0.87 100 58
37 50 185 0.83 128 74
a5 60 222 0.84 154 89
55 75 270 0.87 180 104
75 100 a70 0.88 240 139
) 125 0.88 320 185
110 150 0.56 362 209
132 175 c86 | 430 245
160 220 0.86 520 300
200 [275 0.86 650 373
220 300 0.88 695 400
260 350 0.88 800 460
300 400 0.88 910 -525




STARTING TORQUE AND CURRENTS OF INDUCTION MOTOR

Direct Star Auto transformer
Method of starting
on Delta 50% 60 75°
% Line voltage 100 58 50 60 75
% Full load current 50 170 125 R0 280
% Full load torque 125 42 32 45 70

aqdayadmlnfheeneiasSuameaawiainldIn 220 viso Hz

suRr AN | Adeeu | nizueald UNIRETY
L HUNR

BTU/hs (W) 07y Wiy

., 10,000 1.55 7.5 2.5 mm? 12,000 BTUshr

wuumindne o e, .
12,500 2.25 1.0 2.5 mm? [ M1y | Y Ad

19.000 2.75 13.0 4 mm?
20,500 3.00 14.0 4 mm?

24,000 4.00 20.0 8 mm? BUIR 2 AU
10.300 9.4 2.5 mm?
12,900 - 1.5 2.5mm-?
15,000 13.2 4 mm?
17.000 13.3 4 mmé

18.800 14.1 4 mm? BUOA 1Y A
wuusung 22.000 17.7 8 mme
27.200 22.6 8 mn12
32.800 23.7 10 mm?

38,500 26.0 10 mm? tuR 3 A
41,200 20.4 10 mm?
52,600 35.8 18 mm?

-




amUIsuiisudydnvaigunsal

nBeziBon eIy Fangu andgaimstian Fgdnvorana
Rosistor _:)— or or o
N e A~
— -
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Earth (ground) . _l_
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connection L s e, P
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Isolating fuse m — —_ -
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Plug and sochel device

Filament lamp

Discharga lamp
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mechanism
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operated swilch
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Pover operating
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Molor operated
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Oparating element wilh
automatic relurmn on
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sctuating lorce for
conleclors, relays, rips
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&cling untdirectionslly
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Undervoltage relay
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Time-delay for electro-
mechanic oparatling
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coll of slow-releasing retay

coil ol slow-operaling reloy
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(slow releasing)
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{slow operating)
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Break conlac! (NC)

Changa -over conlact

Change -aver conlact
make-belore Dreak

l
\/m
L\l
b

o—

Time -delayed contacls
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delayed break

break contacl
Ocleyed make

R




Yodnuoizina

=)
>
L

T

4,
[ 2] 2] 2
Dl> 1>1r>

T

Lo | —]

T
L
I

=
2
I>]1>

¢

)

|

anfganumy

ga
p P
&

or

anqu

3
Ak

g ] -I-I
[6ciococ]
o)
[ 3] ol o]
el

*E?jl" |

Contaclor wilh thermad
overlosd devices

magnelic release and 3
thermal overioad refays

breaker with swilching
mechanism wilh electro-

Triple-pole clrcuit

l_/l ml_ﬂl
i N N

Tripla-pole Isolator
Isolating kak,
change-ovef lype

Clecuit breaker



-
RRLLETLE)

anigainum

YoyEouainna

Single throw swilch
manually operaled

Momentary o spring
rejum swiiches
manually operaled

with 1 NO comact

wilh 1 NC conlact

{oot operated

vam operated

flow speed ectualed

pfas.'wte actualed

lempetature sclualed

liquid tevet eclualed

ovei/under Nlow speed
over/undef prasme
over/under lemperalurt
overfundes bquad level
ovet/under speed
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Momentary surich
,ooens ol overspeed

tomenlay switch closes
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Semaphore Indicalor
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Single-phase
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- kw W
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Instrument shunt
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GUTTER SIZES FOR VARIOUS RAINFALL INTENSITIES
AND ROOF CATCHMENT AREAS PER DOWNPIPE

Roof
catchment 10 m? 20 m? 50 m? 100 m? 200 m?

area

Rainfall
intensity? Cross-sectional area of Gutter, mm?
mm/hr

100 1480 2570 5360 9320 16230
120 1680 2930 6100 10620 18430
130 1790 3120 6500 11310 19690
140 1900 3310 6890 12000 20830
150 2020 3510 7310 12730 22170
170 2230 3880 8080 14070 24490
180 2350 4090 8500 14810 25770
190 2460 4290 8920 15540 27050
200 2560 4450 9270 16140 28100
250 3060 5320 11080 - 19290 33580
275 3310 5760 12000 20890 36360
375 4240 7390 15370 26770 46530
400 4430 7700 16040 27930 48620
500 5190 9030 18790 32720 56960
525 5380 9360 19480 33930 59060

1. The roof catchment area fof each downpipe is the length of roof run (ridge to gutter)
multiplied by the spacing between downpipes.

2. Rainfall intensities, related to a storm of 5 minutes.duration and a return interval of
once in 20 years and once in 100 years.

3. Eaves gutter sizes are based on rainfall intensities for an overflow risk of once in 20
years and internal box gutters for an overflow risk of once in 100 years.

A further safety margin of 25mm freeboard, on the depth of internal box gutters, should
be added to the cross-sectional areas given.
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General Engineering Limited (GEL) was founded in 1962
by Khunying Chatchani Chatikavanij to engage in the
manufacturing of concrete products such as prestressed concrete
piles, bridge girders and electric posts, As Thailand was poised
for rapid development, GEL saw an immense need for

construction materials which would meet international standards.

Consequently, GEL began importing new technologies and
recommending the use of prestressed concrete piles in place of
wooden piles which were still popular at that time. The expanded
use of prestressed concrete piles enabled the construction of much
larger and higher buildings in Bangkok and ushered in a new era

of development in the country.

As the pace of Thailand development increased, GEL executives
realized other technologies would be required for construction in
increasingly congested Bangkok. Consequently, post-tensioned slab
CCL systems were introduced in 1968 and, in 1977, GEL
introduced the "bored pile" process foundation and later
developing it as demand increased. Both have facilitated more

ambitious construction projects here.

Over past decade, GEL has continued to expand and diversify its
product line, adding Glassfiber Reinforced Concrete (Pilkington
TM), DENKA special cement products, TENSAR soil reinforcement
geogrid, drainage systems, CIPEC expansion joints, bridge bearing
(MAGEBA) and precast hollow core slab and other innovations.
GEL is committed to bringing state-of-the-art engineering
technology to Thailand and expanding its markets throughout the
region. Since 1990 GEL has been listed on the Stock Exchange of
Thailand (SET).
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PRESTRESSED CONCRETE PILES
® SOLID AND HOLLOW SQUARE SECTION
® I AND DOUBLE HALF MOON SECTION

PRESTRESSED CONCRETE PILES

Since 1962, prestressed concrete piling has been
GEL's largest source of business. Prestressed concrete
piles are regarded as the most efficient foundation
system, saving on construction time and expense and
offering considerably more durability against the
effects of Thailand's climate and soft soil condition.
Over the past three decades, GEL has produced
millions of piles ranging from 2 to 30 meters,
supporting thousands of buildings including some of
Bangkok’'s most notable landmarks : the Parliament
Building, Petroleum Authority of Thailand Tower and
Sathorn Thani Tower.
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POST-TENSIONED FLAT SLAB
® BONDE POST - TENSIONING
@® UNBONDED POST - TENSIONING

POST-TENSIONED SLAB

GEL is the pioneer of the first«post-tensioned flat
slab system in‘Thailand since 1968. It is well known
as the most modern and commonly used method of
floor slab ‘construction. The system enables the
building floor to span larger between column to
column. No beams are required between columns of
buildings, allowing more storeys of the same height,
much faster and more efficient construction. Post-
tensioned slab systems has been used of Thai Farmer
Bank’'s New Headquarter Building, Amarin Building,
Thai Wah Tower, Sathorn Thani Building,” Central
Plaza parking area, EGAT Headquarters Building,
Cathay Trust Building etc.



ALPHA TRUSS SLAB
@ ALPHA TRUSS GIRDER
@ ALPHA TRUSS GIRDER SLAB

ALPHA TRUSS SLAB

Since 1993, GEL has pioneered to manufacture
ALPHA Truss Floor Slab in Thailand. Actually this
kind of truss has been popularly used in European
countries, Australia and Japan. In Thailand ALPHA
Truss Floor Slab are well accepted by the consultants
and the contractors for its flexibility of application,
durable homogenous member, economical aspect and
highly smooth joint. Various sizes of slab are
produced to suit the engineering design and
specification. Our engineers and service teams are
ready to advise the planning, design and construction
of any requested projects. Notable buildings such as
Daily-news printing Building and Pattaya Park
Hotel, used ALPHA Truss Floor Slab.



® POST - TENSIONED SYSTEM
® RETENSIONING SYSTEM

COCRETE PRESTRESSING SYSTEM

Southeast Asia countries have experienced on
application in concrete prestressing systems of more
than 40 years ago. This technique has widely
accepted and broaden in its usage. High technology
engineering application in  prestressing for
construction are now in popular demand. GEL has
introduced prestressing system to Thailand since
1962. We have participated in of prestressing work in
various field of construction such as the multi-cell
box girder, post tensioned bridge girder pedestrian
bridges, stadium roof beams and buffer tank.
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GLASSFIBER REINFORCED CONCRETE (GRC)
@ SINGLE SKIN PANEL
@ STUD FRAME

GLASSFIBER REINFORCED CONCRETE

Glassfiber Reinforced Concrete (GRC) was introduced
by GEL in 1979 on license from Pilkinton Brothers
Ltd. of England. Since then GRC has been one of
GEL's most successful products, adorning many of
Bangkok’s most recognized building including the
Wall Street Tower, Peninsula Plaza, Amrin Plaza,
Bank of Asia and the new Grand Hyatt Erawan
Hotel. GRC is a unique mixture of cement and sand
reinforced with a special glassfiber, creating a thin
but strong material which may be easily formed into
a wide variety of ornamental shapes. The light-weight

GRC are easily transported and put in place.
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GEL

PRECAST CONCRETE WALL

Since 1992, GEL has supplied high quality architectural
precast concrete walls using modern technology and
machinery from Japan. Produced in a manufacturing
environment cause GEL precast concrete wall excellent and
constant qualities, satisfied strength and appearance in safety
and efficient manner.GEL precast concrete walls can
facilitate installation and contribute to reduction of both
construction time and substantial cost by eliminating
scaffolding and on-site finishing Various sizes and shapes of
precast concrete walls are produced to meet several
architectural designs and the requirement of the clients. The
flexibility of precast concrete technology allows the creation
of the attractive covers and textures help the architect
integrates wide wvarieties of facing designs. With wet-
processed, precast concrete walls can ensure consistently
high quality finish and significantly provide bonding strength
many ftimes higher than tile and granite set on site by
conventional style. Consequently it eliminates problem of
peeling of peeling off of tile and granite and their high
maintenance cost.



SOIL REINFORCIMENT PRODUCTS
® TENSAR GEOGRID ® TRNSAR GEOCELL MATTRESS
® TENSAR MAT ® TAFNEL GEOTEXTILE

GEOGRID & GEOTEXTILE

TENSAR geogrids, products from Netlon Limited UK, has
been introduced by GEL since 1986. It is a range of very
high tensile strength polymer grids which have been
developed specifically for the reinforcement of soils. Its
application includes soft soil foundation, retaining wall, golf
course and container yard etc, Tensar Geogrids has been
utilised for various project for more than half million square
meters, including the soft soil reinforcement of the Second
Stage of Expressway and in Chiang Rai steep slope highway
embankment.

TAFNEL geotextile, product of Mitsui Petrochemical
Industries, Ltd. Japan, is distributed by GEL. It is a non-
woven continuous long-fiber fabric manufactured from
polypropylene.Geotextile has been widely used for many
application such as a soil reinforcement material, a water-
collection or discharge material, a separation material, a
filtration material etc.
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EXPANSION JOINTS
® CIPEC SINGLE ELEMENT JOINTS
® MAGEBA MULTI ELEMENT JOINTS

® ZEBRAJOINT  ASPHALTIC PLUG JOINTS

EXPANSION JOINTS

GEL has introduced CIPEC expansion joints since
1990 with good success CIPEC company is the
specialist in expansion joints over 35 years. CIPEC
expansion ioints have been utilised to allow the
displacement of the structure while assuring smooth
riding continuity and comfort for the traffic. A
correctly installed joint offers greater comfort for the
motorists, last longer life of joints, less noise and
better protection of the bridge structure. Numerous
countrywide job references is achieved including the
Second Stage of Expressway, Ramindra-Atnarong
Expressway and the major cities interchanges and
over-passes of the Department of Highways.



GEL

BRIDGE BEARINGS

® CCL . Strip/Laminated Bearings
@ MAGEBA . Pot Bearings

® FABREEKA - CCL : Fabric Laminated Bearings

BRIDGE BEARINGS

ELASTOMERIC BEARING

CCL elastomeric bridge bearings was introduced to Thailand since
1986 by GEL. CCL systems have been supplying a comprehensive
range of bridge bearing since 1968. The range of bearings pads are
include elastomeric plain pad and laminated pad which are currently
utilised on numerous of structures such as bridges and expressways.
The elastomeric bearings can be supplied either on natural rubber or
chloroprene rubber. The bearings can be supplied to both British
Standard and AASHTO Standard required by the client.

| POT BEARINGS

| MAGEBA pot bearings are mechanical appliances described like
elastomeric bearings, they provide the liaison between the structure
and its support. They also offer the advantage of transmitting high
vertical load while occupying reduced space. Their use is therefore
particularly suited to medium or large span bridges but also to
buildings, industrial structures, off shore platforms etc.
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NOISE BARRIER

® ROCLA SYSTEM : Dispersive/Abosrptive type
® SONOTEC . Abosrptive type
NOISE BARRIER

GEL i8 the leading manufacturer of sound attenuation barrier
system which gives exceptional results in the critical traffic noise
frequency range.

ROCLA SYSTEM

The ROCLA Noisebloc is a flexible system of standard
lightweight fibered concrete panels for absorption, reflection or
dispersion of sound from roads or railways. GEL has successfully
introduced Noisebloc system to a few projects notably the Second
Stage of Expressway and others.

SONOTEC

SONOTEC is the leading manufacturer of sound protective
elements in Switzerland. SONOTEC products are high sound
absorbing and sound insulating. All components are fabricated in
aluminum, with colored powder coat and are officially proved and
patented at the Swiss Federal Laboratories for Material Testing
and Research.
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SPECIAL CEMENT PRODUCTS
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DENKA

@ PRETASCON NON-SHRINK GROUT.

® CSA EXPANSIVE ADDITIVE FOR CEMENT
® Q-TEX WATER PLUG CEMENT

® CHEMI-AXE QUIET DEMOLISHER

® QUICK CAPSULE FOR BOLT & DOWEL BAR

SPECIAL CEMENT PRODUCTS

In 1987, GEL received license from Denki Kagaku Kogyo
Kabushiki Kaisha Co., Ltd. Japan for the production of
DENKA non-shrink grouting material and later DENKA
quick capsule. DENKA non-shrink grout is the grout of no-
shrinkage, good flowability, high strength, non-bleeding and
metallic free properties. Its main application is used for
grouting for heavy machine base grouting, plant foundation
structure base grouting and repair works of existing concrete.
DENKA quick capsule is an encapsulated super-quick setting
expansive inorganic material used for anchoring of bolts along
with high pull-out strength. GEL is also the distributor of
DENKA Chemi-Axe a non-explosive demolition agent for
rock breakage and demolition of concrete, DENKA Q-TEX a
rapid hardening concrete for water cut-off & repair, DENKA
CSA an expansive additive for concrete to prevent shrinkage
crack. It has been used for many factories such as EGAT and
oil refineries.



GEL

SHO-BOND EPOXY

® REINFORCEMENT AND STRENGTHENING

® REPAIRING MATERIALS @ FLOORING MATERIALS
® SEALANT

ZEBRAFLEX

® ANTI-SKID SURFACING

EPOXY MATERIALS

In 1994, GEL has been appointed to be a sole distributor
and applicator of various high quality epoxy material of
SHO-BOND products to serve the construction and
maintenance of public infrastructures of existing and new
construction structures such as highways, expressway,
tunnel, railroad etc. GEL has the exclusive rights to SHO-
BOND technology products in Thailand of epoxy materials
from Japan and Singapore. Today, SHO-BOND is one of
the world leader in concrete protection repair technology,
maintenance, reinforced and strengthening of concrete
structure such as bridges, highways and building, SHO-
BOND has also developed various flooring hardener
systems suitable for use in clubhouse, golf course,
hospital, warehouse etc.
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Head office & factory 44/2 Group 2 Tivanont Road,
__Bangkadee,Muang, Patumtanee
~ 12000 Thailand

Tel : 0-2501-1055,

e 0-2501-2020,
0-2501-2462-7,
0-2501-2128-31

Fax : 0-2501-2134,
0-2501-2468

Persons for Inquiries 1. Mr.Vichaya chatikavanij
President
2. Mr.Voranit Charumas
Senior Executive Vice President
3. Miss Vimornrat Pitayaviriyakul
Senior Executive Vice President
4. Mr. Kittichai Raktakanit
senior Executive Vice President

Home page www.gel.co.th
E-mail gel@gel.co.th
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