2.5 Design of Cross Beam
This section describes procedure of the design for cross beam which is shown in
Fig. 2.2 "Flowchart for Superstructure Design Programme”. The disglay's number

for input data of design programme is shown in the title of cach section as
references. The display is attached in "DIVISION 1V."

251 Desiga Ftowchart'

- Design of cross beam shall be carried out with nearly the same ﬂowchart as in the
design of main beam.

Csmi )

l Definition of the represenlalwe cross beam ]

Lu(zz_licu!a_lion of flexural stresses under S.L.S |

[ Calculation of presiressing ]

L Assessment _fof flexural stresses under S.L.S J

!

I Assessment for stability of flexural strength under UL.S 1

[ __ Caleulation of shear stress and torsional shear stress under UL.S I

i

L Calculation of ultimate vertical shear resistance J

i

] Calculation of shear reinforcement J

L Calculation of 1orsion reinforcemient —i

C5

2.5.2 Joput Data [F.1 to F.4]

The input data shall be prepared the arrangement of remf‘orcemem and prestressmg
tendon and relative prestressing data, such as effective prestress, nommal area and
diameter of sheaths. :



253 Ca!c‘ulﬁtiou of Prestress

‘It is jusl a intricate problem to conduct a caleulation of the losses of prestressing
force of cross beam according to each discrete stage of erection, it is, therefore,
decided to follow the practice in Japan as below.

“That is, a simplified :melh'od was adopted by seiting that:

-~ initial presife‘ssi_ng force is 0.7 x characteristic strength of PC tendon,
- effective factor for prestressing force is 0.8,
- then, effective force is (0.7 X 0.8=)0.56 x characteristic strength

2.5.4 Assessihent of Elexural Stresses undei Sciviceability Limit State

This Clause is the same assessment as in the niain beam design in clause 2.4.5
described before.

in the design for flexural moment of composite T-beam, the design for the posilive
flexural moment shall be carried out as prestressed concrete member reflecting the
each discrete stage of erection, on the other hand the design for the negative
flexural moment shall be carried out as reinforced concrete member to the
composite T-section.

2.5.5 Assessment of Stabiliiy under Vltimate Limit State

This Clause is the same assessnient as in the main beam design in clause 2.4.6
described before. ' '

2.6 Design of Slab
2.6.1 General

Design of slab shall not be incorporated in the computerized design system in this
Study, and standard slab thickness shall be determined by the Finite Element
Method. With thorough consideration on safety, since slab supports directly the
Jive load which are repeated loadings, and the calculation sheets shall be prepared
separalely to assure the safety of slab.

~ Accordingly, this scction describes the cases of examination, the division of
clements and the loads to be considered.



2.6,2 Emniinat_io‘n Cases

Slab Thickness

Space of Main

Objective

Case 5

- Straight or Skew
{cin} Beam (m) ' Strugtire Type
Case 1 18 2.1 : .
Case 2 20 2.1 Straight Post-tensioned
Case 3 22 2.1 .' T-beam
Case 4 20 2.1 Skew =30 deg. - o
20 1.3 Straight Pre-tensioned

T-beam

2.6.3 Division of Elemends

~ The division of Elements is shown in Fig. 2. 12and Fig. 2.14 .
slab shall be aimed at {he near support of beam and the middle, accordingly the

elements of their part are divided finely.

2.6.4 Loads to be Consideyed

The loads shall be considered as below.

- (|) Stab seif‘-weight
{2) Premix load
{3) Parapet load

{4) Live load

The analysis of deck

As the live load, nominal HB whecl loads shall be considered to be uniformly

distributed over a square contact area, assuming an effective pressure 1. 1N/mm?2,

Loading cases of live load shall be set four cases aiming al the cantilever slab and
the middle slab in the transversal direction as shown in Fig. 2.15 to Fig. 2.18 .
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2.7 Design of Bridge Accessorics
2.7.1 Bridge Bearing

L.aminated rubber bearing pad and sicip rubber bearing usmg natural rubber shall be
adopted for bndge bearings. .

']‘hc’de.sign of Iamina_led rubber bearing shall be carried out in accordance with the
Ciause 10, Part 9, BS 5400 as the following flowchart.

2.7.2 Expansion Joint

Expansion joints that are available focally are shown in the standard drawings as

- reference, in consideration to their structural view point, perforimance, cost and
maintenance. A particular expansion joint will be selected from the horizontal
movement depending on span leng,th and (he env:ronmenlaf condition of
construction site.

2.7.3 Parapet
The New Jersey parapet, aluminum parapet and steel railing that are available

locally are shown in the standard drawings as reference, in consideration to their
performance, cost and maintenance.



(_START )
. {Superstiucture design result |

<——~-—{_A§§umplion of shape of beari:@—]

J

shear strain
& q= 0 1/14<0.7

fhaximum design straimn™
e1=K(ecteqre a)<5.0

£ = 1.5V(G-Af-S)
£Qt = (bez ab + fe’ c:!.’)l 2tiEti

Al=Ae(1-( 6 bfbe)-( S lile))
S=Aellp-te :
: te = inner multiply 1.0 {-
outer multiply 1.4

K:D1.0
LL1S

“rotational limitation

@ﬂo i 5+ Ty >{beab + fety) /3
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CHAPTER3  Analysis for Substructure

3.1 Explaimlimi of Notations

The notations used are basically the same with BS 5400, so only important and
new ones used in this Manual and the calculation sheets are shown in the following.

(1) Notations for Load

@)

D
SD1
SD2
HA
HB
HB3*
HA*
DS
EPV:
EPH
WL
TC
SK
LONG

COLL

BUOY

Superstructure dead load |

" Superimposed dead load except premix dead load

Premix dead load
Normal live load
Abnormal live load 30 units

" Abnormal live lodd 45 units

Onty 1 lane normal live load
Substructure dead load

: " Barth pressure vertical load
: . Earth pressure non-vertical load

Wind load

Temperature change
Accidental skidding load
Longitudinal force
Vehicle collision {oad
Buoyancy load

Notations for Sectional Force

M .
Mg

Mg

3

Mu
N
S,V

Bending moment

Bending moment due to permanent load
Bending moment due to live load
Ultimate resistance moment

Axial force

Shear force

Notalions for Dimension

av

4)

b, ba
h
L

Distance between the line of action or point of application of
the load and the critical scction of supporting member

Width or breadth of section

Overall depth of section

Span length

Notations for Reinforcement

As
C

Area of reinforcement
Cover
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d - : Effective depth to tension reinforcement

do © " Effective depth to tension reinforcement at supported point
fy, fyv : Characteristic strength of reinforcement
&é . Size of reinforcement

3.2 Design Conditions
3.2.1 Commeon Conditions

3.2.1.1 Structure Types

Type " Cross Section _
+9 +—_Zﬁ:" —3
___ﬁ—— _\l—;==='==‘:.~:
1) ‘LI "'“—“".':_T_.—_?_
Abutrent h g g Ih : o
' ot N | h
i He -+
Lo & —Lg & A L & 4 £ O
L] SIELNIAY
T-type Pier
Mulliple
Colunn Pier

3.2.1.2 Soil Condi!ions
(l) Assumed So&l

Before foundations are designed and a method of conslmcuon is determined,
it is essential to carry out a site explorauon to ascertain the character and

variabilily of the strata underlying the site of the proposed structure. In
~ particular, it is necessary to assess those properties which may aftect the
- performance of the structure and the choice of methad of construction.
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T hlS Study is for standard desugn and a specific construction site has not been
designated in the design stage. The standard design for foundation shall be
applied mainty to the bridge construction on the coastal area in Malaysia.

The soil on coastal area is composed of river alluvium as shown in Fig. 2.19,
and it is very soft.

Based on the collected data from the actual borings, the hearing inforination
from lacal consultants and discussions with JKR, the typical soil conditions
were decided as f‘ollows for the 2 types of the pile foundahon design.

+ Model I: This is for design of PC bearing piles xised in the 'alluwum weak
stratum, depositing 20 m or more.

— A

c'icj .
C=_’2‘0""’=H N

R

(=}

C=0.2H=10V=""

» Model 2; This is for design of friction piles used in the deeper bearing
layer, which has similar soil layer as in the Model 1,

At Il %

:cloy
C=20v* ="

clay
C=4.0Ve =12

(2) Soil Constant

The soil constant which may not cause a big difference between the actual
designing of substructure is determined according to the results of soil test as
shown in Table 2,

The cohesion is determined as the value of 2.0 t/m2 according to the result of
the vane shear test at the site, and the results of the unconfined compression
test in the laboratory.

The modulus of deformauon is determined according to’ the unconﬁned
compression test because N valug is O.
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Table 2.8 Soif Constants

“Unit Modulus of
Model Soil Depth | weight N value | deformation| Cohesion
r EQ c
~(m} | (KN/m3) (N/mnmi2) |{N/nun2)
Alluvium| 27.0 i3.0 0 49 2.0
Model 1] clay . : S
: Alluvium| 3.0 19.0 50 | 930 10.0
sand . B
[Allavium| 20,0 | 180 | 0 4.9 2.0
Model 2|  clay . : , L .
Alluvium| 28.0 | 180 0 98 4.9
clay ' : ; :

(3) Foundation conditions

“The groundwater level and depth of the overburden shall be adopted as below.

3.2.1.3 Other Conditions

(1) Environment Condition

In the discussion with JKR, the environment condition for cover and crack width
of reinforced concrete member shall be adopted as below,

Environmental Condition Limitation
Cover ‘very severe environment _ S0mm
Crack width severe environment 0.25mm

(2) Design Life

A design life of 120 years has been assumed throughoul: BS 5400 (unless
otherwise stated)



3.2.2 Load Classiﬁca_timi and Condii_idns

3.2.2.1 Loads to be Considered

D . Superstruclure dead load _
SD1 -+ Superimposed dead load except premix dead load
SD2 . Preinix dead load
HA : Nornal live load
HB : Abnormal five load 30 units
HB* : Abnormat live load 45 units
HA* . Only 1 lane nonnal live load
DS . Substructure dead load
EPV - Barth pressure vertical load
EPH . Earth pressure non-vertical foad
WL . Wind load '
TC : Teniperature change
.SK . Accidental skidding load
LONG . Longitudinal force
COLL . Vehicle collision load
BUOY : Buoyancy load

3.2.2.2 Loading Condition for Permanent Loads
(1) Abutment

(a) Loads due to Superstructure

- {b) Loads dueto Substructure and Earth Pressure

tchor surcharge
surchorge — arge

-I . : earth pressure
A

\
AN

iy




(2) Pier

(a) Loadsdueto Supcfslhx'clure
0

0
SO1 [ SOt
$02 |1 02

i

(b) Loads due to Substructure

substrucbire decd So;sd

T

'3.2.23 Loading Condition for Transient Loads

- —
'
|
1
|
ovarburden Ir

(1) Abutment

The tive load, skidding load and longitudinal load shall be considered. Bui the
wind or temperature load shall not be considered, because they are not critical
factors in determination of the cross seclion,

The combination of the primary and secondary live load shall be determined as
follows according to related regulations of the BD 37/88.

fie lood

“ (&) Primary live load only".
- The highest among (HA), (HA+1IB),
(HB*) _
(b) Loading with the skidding load
L mApSK)
(¢) Loading with the longitudinat load
- (HA or 11IB* whichever higher)+(LONG)




(2) Pier

Al 6f the live, wind, temperature, skidding, longiludinal loads and collision
load shalt be considered, but the temperature load shall be considered only for
the design of the tran’sversal dircction of the Multiple column pier.

Determination of the combmauon of the live !oad is the same way as for the
abutment. _
(a) Primary live load only
' (HAYLYHHAHIB)R)
(b) Loading wiih the wind load
= (HAXLyHHA+HB)RY+WL
(¢) Loading only the wind load
- (WL}
{d) Loading with the temperature load
- (HA)LHHAYRHTC)
{e) Loading with the skidding load
- (BAYLHHA)RFSK
{f) Loading with the longitudinal load
[{(HAM) @y (BA )Ry} oF
{(HB*) whichever higher] + (LONG)
() Collision load only
- {COLL)

ﬁve( ;ood five load

where, (L} : left side
(R) : right side

(3) Loading Method of Wind Load

According to the BD 37/'88, the nominal transverse wind load P1 (in N) shail
be derived from the following equation.

Pt=ql x Al x Cp
where, q1 = 0.613 % ve¢ X ve
ve=v x Kl x 81 x §2
‘Alsolid area -
Co: Dnig c'o'efﬁcient
In this s:andard desagn ‘the various values for ca!culatmg the load Pt are

detennmcd as follows.

v Accordmg to the Metéorological data (= 40 nvs). |
‘ve is regulated to be 35 mv/s when loading with the live load, and as the
“result, q is the constant value of 0.75.

52, Al and Cp should be determined by the projected height and: projected
length as shown in Fig.2.20, 21 and 22.
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3.2.2.4 Combinations of Loads

(1) Abutiment

Load CombtnationCase_| D | 5ot | sor | s fitaensl uss | os | eev | epu | sk fLong|suoy]
| 1] - 100 ___.4 e e [(B0)
Nomina) 2 brco ) roo | oo | too | e — | voo ] 1o | roo | 100 | - ity
..... L e e | TG0 oo p 400 (1.0) |
1 -- 110 ] s . potnatil i (LR
LS s frooftoo] vz o | o | oo voo [ R0 | o | - Jag
L G IR | 100 I_;";_(.'_‘J),_
R A _ e | e | 100 e 100 Joo
5 N e | oee [
uLs 9 b2l ers faas | o o fr2e | 120 o | ras | o ki
i NI 140 feLn
(2) Pier
Loag Combinatica Case | D | sn1 | sp2 | ma [uasns! pas | ps | wi | 1€ | sx [ronelcout
|t ' 100} 100 o ~-- Bl Ml B Bl Mol
:. ] 100 | 100 | — 100 |~ Y
Neminal 3 100 | 100 | 100 ] ~---
4 1.00
5 100
3
RN 2 R DU AU
1 120
2 1.00
|3 . . e
8ES 4 taol il iae | i
5 1.00
6] o
—_— ? —y T
1 1.50
2 125
= =
uLs g e i20f s 1as
__2_4 [ 125 |
7 | .




3,2.3 Dimensions

3.2.3.1 Abutment

kLz_H _Approgch slab
- Back woll _I =y
F [ A
Aronb ol | Wing ol
N . L u .
_Pite.cop_[_ N :
llecop o e
1‘L L4 11 L4 1[
: l L l _Pile
P

The dimensions of each components are determined as described below.
(1) Back Wall
Thickness L1 : 500mm
Height Hi : Varies according 10 beam height (BH), slab thickness
(ST) and bearing and epoxy thickness (BT=100mm).
H1=BH+ ST + BT
- (2) Front Wall
Thickness L3 : Varies according to span Iehglh.

L3 =11+12 + 13 + L1 (refer to Fig. )

Span 11 12 i3 Ly L2 1.3
length ’ o

{m} (mm} | {mm) | () § (mm) | {mm) | (oun)
0 | | 250 250 | 525 700 | 1200

16 - |._300 280 605 '

22 25 | 350 310 685 1000 |- 1500
| 28 350 340 ‘ZIL
| 32| 400 | . 360 785

35 400 375 ] %00 :

45 400 | 425 | %00 | - ]

The distance from the face of front wall to the ceater of
bearing, 1 3, is calculated from the following equation
based on the Japanese Standard.. '
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13 = { 0.5 x (span length (m) ) + 20 } {(cm)

Two kinds of thickness (1.3) which are larger than
required  thickness (500+L2") are adopted as the
standard design.

L3
(2 Li(h0)
13,12 1(25)

o

-

Height H2 ¢ Varies according to parapél veall hei'ghl and pile cap
~ depth. '

H2 =1 -H1-H3
(3) Pile Cap
Depth 'H3 : Varies according lo the section analysis for the pile cap,
but the minimum is 1200mm in cOnside'ralion ofthe
attachment of pile head to the cap. .
Breath L : Varies according to arrangement of piles that designed
by stabilily analysis.
(4) Pile

The prcstreséed concrete pite with 600mm diameter shall be adopted for the
bearing and the friction pile.

Spacing' - L4 25 x(diame_ter)_= 1500mm for the béaring pile
B 3.0 x (diameter) = 1800mm for the friction pile

: (Sj Approach Stab

Thickiess : 350mm according to section analysis
Length : 5000mm  recommended length



(6) Wing Wall

Thickness : 700mm for abutment with 8m and 10m height, and
500mm for 6m height according to section analysis.

Length 1 5000mm for ab_ulinént with 8m and 10m height and
3000mm for 6m height adopted in the Study

(7} Plane Dim_ensibh

The each dimensions predescribed are given in right direction to the skew
angle, and pile cap shall not be inclined larger than 15 degrees based on the
Japanese Standard as shown Fig. 2.25.

0<0s15 . 15 $9s3Q
3.2.3.2 T-pier

The dimensions of each components are determined as described below.

a0 - Wl
L ! —
| -|beom of pier ceo | s
i \ i / E
i T e
I ' ,k_.‘u;é S || D S =
M Colurn | i i pt
il i e
. ecey | : J et
prhs - b b e -1
it [ i il T:J
| LS {1
R o T
f



(1) Beam of Pier Cap

Shape of cantilever beam W3, H1, H2

Thickness

(2) Column

Breadth W2 -

Height

(3) - Pile Cap

' Breadth Lb, Wb:

Depth

H3

Hb

W3=4.5m, HI=1.5m, 12=2.0m according to the

- aesthetic and the structural view point in

consideration of the balanced arrangeiment of

. reinforcement, such as diameter, spacing, and layer.

1.8m according to the sd_m:e structural view point as in the
determination of shape of cantilever beam, and it is
sufficient to install superstructure.

2
l (
'!
|

{3 12,13

L
i
0]
|
|

4

—

Vaties according to the overall (W1) and the fixed length
of cantilever beam {W3)

W2 = W1 -2 x W3 = W1 - 9.0(m)

Varies according to the cantilever beam height and the pile
cap depth.

H3=H-HI:H2-Hb

Varies accbr_difxg to the arrangement of piles designed by
stability analysis. .

Varies according to the seclion analysis for the pile cap,

- but the mininwim depth shall be 1200mm in consideration
- of the altachment of pile head to the cap.



3.2.33 Multiple pier
The dimensions of each cbmponenls{ are determined as descsibed below.

. LANE

: TJT[ Beam of oier rop ] s E "r":'4
g “"H\ -

i3 wy fwe{ A Jwl w
, | -
I Cotumn 1 al
1 ; ) .‘. ="
B % S NN T3 |
T !’ ) : T : t __;_!__7 T ]
! 4o P gan i ] a
MR SRR SN T S M -
i (g it [l g
RIRHE L Be IHIRERURLN:
IR RERURY INURERURERY
A N A O

(1) Beam of Pier Cap

Shape of cantilever beam W3, HI, H2

W3=3.0m, H1=1.0m, H2=1.0m ' according to the
aesthelic view point in consideration of the balanced
acrangement of reinforcement, such as diameter, spacing,
and layer.

Thickness . 1.8m . according to the same structural view point as in the
determination of shape of cantilever beam, and it is
sufficient thickness to install supersiructure.

!

U 12,13]

13,024
SD)I
L
||
B
T

2-08



(2) Column

Breadth W2 : 2.0m according to the same view points as in the
determination of shape of cantilever beam

Height 13 Varies according to the cantilever beam height and the pile
cap depth,

H3 = 1§ -1 - H2 - 1Ib
(3) Pile Cap

Breadth Lb, Wb: Varies acc’ording to the arratigement of piles designed by
' stabilily analysis.

Depth  Hb Varies according to the section analysis for the pile cap,
but the minimum depth shall be 1200mm in consideration
of the attachment of pile head to the cap.

3.2.4 Design Propertics of Materials

3.2.4.1 Concrete

Reinforced .} Prestrassed

Item Unit Concrete - Concrete Bored Pile
R Spun Pile
| Grade (8/mm?) 40 | 60 30
Charackeristic streagth {Nfmm1) | 40 I L 30 (25
Modulus of elasticity {(KN/mm32} ] F 360 28.0
Compressive stress’ {fmmi) . 16.0 .20 . X
Design crack width . {mm) - 025 R L0350
V. Vi Lo QimmY | 478 435 1 475
Vimin B : (Nfme?) 0.42 - pA? 042
. § ) :Dongn Vahe
'3.2.4.2 Reinforcement

liem ) Unit 1460
Characteristic strengih _{Nmm?2) 160
Matolus of elasticity_ . (.I{Nlmm_{}_ 200
Compression - ' {N/mmd) s
Tensicn _ (Nfinmdy |- 345




3.3  Design for Abutment
3.3.1 Design Flowchart

Design for abutment shall be carried out according 1o the design flow chait below.
C szr? D

I_S_electton for su:table size and shape of the Abutment compouent|

Caleulation of the sectiohal force
- at the bottom of the front wall
- at the boltom of the pile cap

[ Assessment for stability of the pi!e fouridation] -

[Calculation for the sectional force of the pile capl

Section analysis
- Frant wall
- Pile cap
- Pile capacity
- Pile body

C_ré‘n':)

© 3.3.2 Selection for Suitable Size and Shape
The suitable size and shape of the_Abutment'componenls shall be selected as the
first trial design from the various design conditions such as the reaction, beam
height and length of the superstructure, the overall height of Abutment and the soil
condition. (Refer to Clause 3.2.3.1.)

3.3.3 Design Section

The design sections for each components of Abutment shall be taken as below.

Jorwdl .
o stobdity onalysis ..
1 1

L1



© 3.3.4 Calcutation of Seclional Force

The sectional force shall be caleutated at cach design sections based on the load
conditions in the clause 3.2.2,

The axial and shear force shall be calculated by summing up the magnitude of

“verlical and Horizontal loads at the design section.  The bending moment shall be
calculated by summing up the each moment which is obtained from multiplying the
vertical and horizontal loads by the lever arm from the design sections.

Accordingly, the each force shall be calculated as the cantilever beam supported on
the design section, whereas scctional force for the pile cap shall be taken by the
- reaction of pite which is obtained from the design of stability analysis of foundation.

3.3.5 Assessment for Stability of Pile Foundation
3.3.5.1 Stability Analysis

The stability anatysis shall be carried out by assessing the axial compressive bearing
capacity and the horizontal displacement.

The axial compressive force and the amount of displacement shall be calculated,
generally, by the analysis taking account of the displacement.

The programme FPDNN2 was developed for the stability analysis. The requisite
design results shall be obtained automatically by giving the input data such as the
section constants and arrangement of pile, modulus of deformation for soil and the
sectional force in the pile cap. o

The FPDNN2 is composcd of as follows:

In Fig. 2.29, an arbitrary point 0 on the footing is taken as the origin of both
- coordinates. The external forces act on the point 0 as shown in the figure
and the displacement x and y and the rotation of 0 are set in the direction
shown in the figure.

- The origin point 0 may be selected in ém_ arbitrary position but it is better to
~be coincided with the center of the figure of the whole piles beneath the
footing. L

The displacement of the point 0 can be obtained by solving the ternary
simultaneous ¢quations (A) for the footing.



Axx-8x + Axy:Oy + Agqeq = Ho o
. S e = i
Ay)( éx"‘Ayy Gy*Ayaa VO""(A) . o
. : g
A '6 + A '(S + A o= M
X "X ay Y alt © - . '
Assuming the tailside of the footing  gegion x [ A
- to be horizontal, these coeflicients  ground Hl ? oo
can be obtained by thc following  -SHEEgse Lt o
equauons 2RI \
9;50‘ I : 8l <t
L
Ba 0' ~5a
. S‘.
Fig. 2.29 The coordinates for calculation in
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e
Y{Kyteos? 0, + Kyosin

i

Ay x

u ..

0 +l\1 bj.lll

LK, cos’

"

I

where,
“Ho
Vo

= E(KV - K)) sin ei

0:)

0,)

*cos B

using displacement method.

Ay = z[(Kv ~ Ky} x, *sfu U;feos 8, - Ky cos Ui,]

Aoy = 3[(Kv‘co.§2 6; +Ki sin® 8;) x; F Kzsin e-.]

{I[(K,.',-cos2 8, +Xpr sin® 8i) x; 2+ (K; + K3) x;-sia 0; + Ku]

Horizontal load acting above the tailside of footing (t)
Vertical load acting above the tailside of footing (1)
Moment of the external forces acting arouind the point 0 (t.m)
Horizontal displacement of the point 0 (m) '
Vertical displacement of the point 0 (m)
Angle of rotation of footing (rad.)

% coordinate of the top of the i-th p1le (m)

" The angle forined belween the axis of the i-th pile and y

coordinate {refer to Fig. 2.29) (degree)

¢ -(B)




It is practically permissible to use the value of 8 to be calculated as below to
obtain the lateral spring constants Ki, Kz, K3 and Ka of pile when the
horizontal coeflicient of ground reaction k is constant irrespective of the
depth and the penetration length is sufliciently long (1> 3/ 8).

However, it is quite rare that grouhd consists of onc kind of stratum.
Therefore, “analysis method which can be *applied to various ground

conditions for multi stratum shall be introduced, and pr gramme for it shall
also be for multi stratum.

The multi stratum ("n" stratum) is shown below.

My
H, N
—"'*G"i ——""3_’:
l Y
Yt drsid i-ﬁ///'//// [///}'z o
khe x4 [ Y2 o
- 1 .
3| gt
N [ i i
IR =
e
s

Equation for each stratum shall be analyzed by dividing “n" at an embedding
part of a pile, considering following condition. "x =1i" for "i" stratum and "x
= 0" for "{i+1) stratum" at boundary tayer have same displacement (valuc)
(y.Q) and sectional force {M;H). Using this phenomena, equation for
refation between head and base of pile shall be established.

Table 29 Lateral Spring Constant

Rigidly connected pile heads | Hinge-connected pile heads
' hox0 : K=0 | h0 | n=0
12 8180 oy 3180 .
K e 2 GEXBS | T T gmy +o.s | CEIP
Ka,y Ka R T - o 0
| aelp - (1481)% + 0.5 - 3 | o
b 0 D2 261 0 0
Ky 1+8h (1iph)? + 2 B _
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- where, _ B
e B . . . . kD -1
B - Characteristic value or a pile B = ¢{--=~(m™)
4El
1
A h=—
p
k Coeflicient of lateral subgrade reaction * (tfmfi)
D Diameter of pile (m) . AR

El | © Flexural rigidity of a pile (t/m2) _
h- : Axiallengthof a pile above ground surfac‘e in designing (m)

-

Note}* When k has been obtained in kg/cm3, the vatue should be
increased by thousand times.

From the displacements (8x -8y -ct) at the origin point on the footing,
which have been obtained from the above calculations, the axial force
Pui, the lateral force Pui and the moment Mg, which act on the pile
head can be obtained by the following equations.

6 4

PNy = Ky Oyi

Pyy = Ky Oq = Koo 1 (0

Myg = =Ky Syp ¥ Ko

where &' 4 = 6, cos 0; ~ (Gy.+ axg) sin O |
' : e ~(D)

§'y1 = Sy sin 8; = (§y + axy) cos 6

&' xi: Lateral displacement of the i-th pile head (m)
&' yi: - Axial displacement of the i-th pile head (m)
Kv : Axial force (axial spring constant) which causes a unit axial
displacement to the pile head (t/m)
K1, K2, K3, K4 © Spring constants (See Table 2.8)
xi  : xcoordinate of the i-th pile head (m) L
@i Angle which is formed between the axis of the I-th pile and y
coordinate (degree)
Pxi : Axial force of the i-th pile (1)
Pui Lateral force of the i-th pile (1) '
Mi @ Moment as an external force which acts on the l-th pile head

(t m)

Mii of the aboves is an external moment distributed to ihe pile head and the
bcndmg moment Mei as an internal force which is caused to the pite head is

2:74



equal to -Mi.

The vertical reaction Vi and horizontal reaction Hi at the pile head are given
by

B

Vi = Pyj-cos 0 - Pyj.sin 81

-(E)

Ppy-sin O + Pyj-cos 8;

#

Hi

These equations are used in the calculation for the arrangement of
reinforcement bars of the fooling.

Since the following equations should hold, thereby it is possible to check to
see if the calculations have been made correctly.



3.3.5.2 Allowable Axial Compressive Bearing Capacity

The atlowable axial compressive bearing capacity of a pile, Ra, shall be caleulated |
from the following equation:

Ra = -(Qd-Ab + USlf})
n

wherc, -
n  : Safety factor :
for the bearing pile: n=2.5
~ for the friction pile : n=20

Qd : Ulimate bearing capacily of a pile

=30 x N value = 1,000t/m2
Ab @ Area of concrete of & pile tip-
. #600: 0.158m2 :
U Stratum depth wilh the skin friction
@ 600: 1.885m
i : Stratum depth with the skin friction
fi : Maximum skin {riction of stratum

The maximum skin friction shall be taken as follows according to the
Japanese Standard.

for clay : Cohesion, C or N Value

for sand : 0.2 x N Value
Ra for a bearing and friction pile shall be calculated respectively as
follows: ' ' :

- For a bearing pile

Ra = (1/2.5)x {1,000 x 0,158 + 1885 x (27.0x 2.0 + 3.0 x 10.0)}
=(1/2.5)x (158.0 + 158.3)
=126.5t > 1240 KN

cloy '
(,‘=2.0‘-""'=l| I

o p—
C=0.2N=10V<



- For afriction pile

Ra = (1/2.0)x {1.885 x (20.0 x 2.0 + 28.0 x 4.0))
=(1/2.0)x (75.4 + 211.1)
= 1432t — 1404 KN

1 clay :
C=40¥ =f2

3.3.5.3 Allowable HO;izontal Displacement
The allowable horizontal displacement of a pile shall be less than 3% of pile
diameter or 20mm, whichever bigger in order, to assure the safety against the
lateral force.

3.3.6 Assessment for Scction Aiialysis

3.3.6.1 Desiga flowchart
In this clause, the section analysis for the front wall and for the pile cap shall be
described, and the pile shall be assessed its capacity comparing with comnion piles

used in Malaysia,

" The section analysis shall be carried out ficcording to the design flow chart below.

START

{I_)eterminalion of Type of Membﬂ

[ Assessment for Bending Moment under $.L.S. )

LAssessmem for Stability of Flexural Strength under U.L.S|

[ Assessment for Resistance of Shear under U.L.S. |
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3.3.6.2 Determination of Type of Members
(1) Front Wall

The front wall shall be designed as “short reinforced concrete wall" based on
the clause 5.6, Parl 4, BS 5400 as below.

: - Qreater lateral dimcnéion is more than fo.ur times lesser lateral dimension
119m>4x1.5m=60 — Wall
- Ratio of effective height to thickness does riol exceed 12,
(10.0m/ 1.2m)=83>12 — Short

Mentioned in the above, the various values is taken as critical values in order
to judge each regulation.

(2) Pile Cap

The pile cap shall be designed as "beam-and-slab" in accordance with the
clause 5.3 "Beams”, Part 4, BS 5400, and also designed by the bending theory.

3.3.6.3 Assessment for Bending Moment under S.L.S

‘The désign for bending_ moment under S.L.S. shall be carried out by the assessment
of the crack width, compressive concreté stress and reinforcement stress.

The programmee BSDANM: was developed for section analysis. The requisite
design results undér S.L.S. and U.L.S. shall be taken automatically by giving the
input data such as the material® properties, reinforcement data, dimension and
sectional force, '
(1Y Design Crack Width

The design crack width shall be calculated by the following equaﬁon:

Design crack width = (3acr ¢ m)/ (H.’!(acf-()min) ! (h-dc)

whereas,

gEm=€1-4 (3.8bih(a'—d§))f € sAs (h-dc)}{1- (qu!(hlg)':}10‘9.

In the above; acr is the distance from the point considered to the surface of
the nearest bar which controls the crack width.



S0mm

. {Cnom

The design crack width shall be limited to the value of 0.25mm.
(2) Compressive Concrete Stress:

The compressive concrete stress shall be calculated from the following
equation:

fou = (Mg +Mq) xde/1

wheie, _
I=1/3xbt/ de3 + Es/Ee x As x (ds-d¢)2. _
de = (-nAs+ v {(nAs) +4 x 1/2 x bt x nAs x ds/bt}
- Ec={1/{Mg+tMq) }(Eg x Mg + Ec x Mq}
Eg=1/2 Ec
The compressive stress shall not exceed the value of 16.0 N/mm2.
(3) Reinforcement Stress
The reinforcement stress shall be calculated by the folfov:ving equation:

fs = Bs / Ec x (Mg + Mq) x (ds - de) /1

The reinforcement stress shall not exceed the vatue of 345 N/mm?2.



3.3.6.4 Assessment for ‘Slabilily of Flexural S_trénglh under U.L.S -

The resistance moment for the reinforced concrete member shall be calculated
according to the clause 5.3.2, Part 4, BS 5400.

When analyzing a cross section to determine the ulumate strength, the following
assumptions shall be made. :

- Plane scction remain plane

- The'strain at the outermost compressmn fibre is taken as 0. 0035.

- The tensile strength of the concrete is ignored.

- The stress strain curves for concrete and reinforcement are glvcn in figure 1
and 2 in Pait 4, BS 5400.

The ultimate moment of resistance shall be larger than 1. 15 times to the required
value, if it is less than 1.15 times, the section shall be proposioned such that the
strain at the centroid of the tensile reinforcement s not less than:

0.002 + {y/Es Tm-
3.3.6.5 Assessment for Resistance of Shear under U.L.S
Calculation for shear resistance is only required for the ultimate limit state.
(1) Calcutation of Shear Stress

The shear stréss, v, at any cross section shall be calculated frony:

A%

" bd

where, _
v : the shear force due to uftimate loads.
b : the breath of the section taken as the rib width, (bw).
d : the eftective depth to the tension reinforcement taken as the depth
from the extreme compression fiber to the centroid of the
reinforcement.



(2) Shear Reinforcement

“Shear reinforcement shall be calcutated based on the Paﬁ 4, BS 5400 as
undermentioned flow chart.

[ s = (500/d)17 1

| Ve=027/ymx (100As / bw d)}B3 x (feu)13 ]

[V <E&sVe | [v:z"c:,svf; ]
[Asv / sv = Asv(min) = 0,4b/0.87fy\f' | " |Asv/sv=b(v+04 -Ech) / 0.871yv|
H - : I
[

sa =

2(0.876)

where,

ym=1.25, feu=40 .
Arrangement of Minimum reinforcement, Asv(min), is not necessary for
the wall and pile cap.

Shear reinforcement requ!rqd'shail be calculated as the area of one leg of a
closed link at a section pet 1.0m length,

RAV=Asv/2

- On the other hand, the area of additional longitudinal reinforcement required
shall be calculated as the required amount for shear force in the tensile zone.

Y. Asa = Asa



The remained area of the fequired tensite reinforcement for the bending
moient under the ultimate limit state shall be effective to the longitudinal
reinforcement L 'Asa.

In the study, shear reinforcement Asv, shall be calcutated the required cross-
sectional area of all the legs of the links per 1.0m length.

(3) Assessment of Punching Shear Stress for Pile Cap

The assesstent of punching s:he_ar'shal'l bg:carried out at the corner pile of the
cap, which causes highesl stress in accordance with the clause 5.4.4, Pail 4;
BS 5400.

3.3.7 Design for Back Wall

The loads and calculation of sectional force for design of back wall shall be
described only, because the assessment of member, by using the programme
BSDAM, shall be carried cut by the same way as in other members.

(1) Load to be Considered

- Over burden

- Approach stab self-weight

- Live load surcharge with HA

- Live load surcharge with HB 45 units
- Earth pressure due to back fill

(2) Calculation of Sectional Force

The sectional force for bé_ck wall shall be calculated according to the Japanese
practice as shown below. The approach slab is assumed as the simple beam.

) Lo {=5000) 500,
0Ma 4
(=3500)  R| -pnp-

i L




where,
M : Nominal bending moment for parapet wall design at A-A section
R : Reaction due to loads acting 70% length of approach slab
L : Lever arm from main reinforcement of parapet wall to end of
basement of approach slab

(3) Example of Célci.l!ation of Sectionél Force per 1.0m Width
.(a) :Front
(i) Over burden
t=0.95m, w0 =23 kN/m3 — w1 = 21.85 kN/m2
MI = RIxL

(21.85 x 3.5 x 1/2) x 0.94
_35.9kN . m/m

i

it

{ii) Approach slab
1=035m, w0 =25kN/m3 — w2 =875 kN/m2
M2 = R2xL

(8.75%3.5x 1/2) x 0.94
=144 kN .m/m

it

(iii) Live load surcharge with HA
HA shall be loaded as below

P o ¢ P ‘
. .Y
oty

| 300 ]

A

Carriage width ,bL.=3.25m, Lane factor = 0.274 bL = 0.891
, therefore ;

- PHA=0891 x 120/3.25=32.898 kN/m

- qHA = 0.891 x 336 x (1/3.5)0.67 / 3.25 = 39,793 kN/m2

R3 =32.898 + 1/2 x 39.793 x 3.5 = 102.54 kN/m
M3 = RixL
= 102.54 x 0.94
=964 kN . m/m



(iv) Live load surcharge with HB 45 units

HB shall be dispersed as below
_ 1800

| "rﬁﬂ/ﬂ— s
EATASE

1270 bs mo
i .m__éég?ﬁ-_ﬁ

a=v (2.5 1000 x 45 / 1.1 = 320 mm

1N=320 1+ 950G = 1270 mim, _therefore :

qQHB =2.5%x45/1.270 =88.583 kN/mz_

R4=1125x {(3.5 - 0635)f3 5+(0430+0635)/3 53=126.32 kN/m
 M4=R4xL

=126.38 x 0.94 = 118.7 kNnVin

(b)) Rear
{i) Eaith pressure due to back fill

Earth pressure shall be loaded as below

ka=0.309,8=¢/3 =10(deg), y= 19 kN/m3
ML =1/2x0309x 19x3.1x3.1x3.1/3 % cos 10 = 28.71 kNiv/m
(ii). Live load surcharge with HA

qs =10 kN/m2 _ .
M2=0309x10x3.1x3.1x H2x cos 10 =14.62 kNm/m

(iii) Live load surcharge with HB 45 units
qs =20 kN/m2 |
M2=0309x20x3.1x3.1x1/2xcos 10 =2924 kNavm
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(d} Under S.L.S.

Front (DL) = 1.0 x (M1 + MZ) =1.0x(359+14.4)= 50.3 kNnvm
Fron (LL) = 1.2 x M3 = 1.2x964 = 115.9 kNn/m

Rear (DL) = 1.0 x M1 - = 28.7kNm/m
Rear (L) = 1.0xM2=10x 1462 =14.6 kNn/m

(¢) Under S.L.S.

Front (M) = 1.2 x (M1 +M2) + 1.3 x M4
= 1.2 % (35.9414.4) + 1.3 x 118.7 = 214.7 kKNm/m

Rear (M) = 1.5 x (M1 + M3)
= 1.5 x(28.71 +29.24) = 86.9 kNm/m

3.3.8 Design for Approach Stab
Siinilar to the design of parapet wall, the sectional force for approach slab shall be

calculated according to the Japanese practice as shown below. (refer to the Design
for Parapet wall).

M
.l (=5000) .
, 0.7L0 (=3500) , |
] 1
Al %
}

Example of calculation of sectional force per 1.0m width,
(1} Over burden

M1 = 1/8 x 21.85 kN/m2 x 3.5 x 3.5 = 33.5 kN . m/m
(2) Approach Slab

M2 = 1/8 x 8.75 kN/m2 x 3.5 x 3.5 = 13.4 kN - m/m
3) Live Load Surcharge with HA -

M3=32898 kN/mx 3.5/4+ 1/8 x 39.793 kN/m2 x 3.5 x3.5=89.6 kN.nvm
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- (4) Live Load Surcharge with HB 45 units

Ma = 112.5 kN/m x 3.5/2 + 88 583 kN/m2 x 1.270 x 1/2 x (0.530 + 1.270)
=95.6 kN.m/m

(4) Under S.1..8S.

M (DL)=1.0x (M1 + M2} = 1.0 x (33.5+13.4) = 46.9 kNn/m
M(LL)=12x M3 =1.2x89.6 = 107.5 KNnvm

(5) Under UL.S.

M=12x(MI+M2)+1.5x M3 |
=1.2x(33.5+13.4)+ 1.5x89.6=190.7 kNm/m

3.3.9 Design for Wing Wall
(1)} Load to be considered
- Earth pressure

coeflicient at rest : ko =0.5
back fill weight : y1=19kN/m3

- Live load surcharge

fo HB45units . pHB =20 kN/m2:
forHA =~ . pHA =10 kN/m2

(2) Design section

Design of wing wall shall be carried out at section of (c-), {a-b}, (b-b}, (b'-c),
(c¢"-d), and (¢-¢') as shown below.
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3.4 Design for T-type Picr
3.4.1 Design Flowchart

Design for T-pier shall be carried out according to the design flow chart below.

CSM&D

[Sielcchon for suitable size and shape oflhe pler t.omponent]
Ca!culalio_n of the sect_io‘nal force

- at the bottom of the column

- at thé bottom of the pile cap

- at the root of the beam of pier cap

|

| Assessment for siaﬁi_lity of the pile foundation |

[Calculation for sectional force of the pile caﬂ

Section Analysis
- Column
- Beam of pier cap
- Pile cap
- Pile capacity
- Pile body

| C__EI{ID

3.4.2 Selection for Suitable Size and Shape

The suitable size and shape of the T-pier components shall be selected, as the first
trial design, from the various design conditions such as the reaction, beam height -
and length of the superstructure, the overall height of T-pier and the soil condition.
(refer to Clause 3.2.3.2 in this Chapter)



3.4.3 Design Section

The design sections for each components of T-pier should be taken as below.

dor_columon L.
_for_stability analysls

The distance :of{IIIOD) shall be adoptéd according to the Japanese Standard, and
(L) shall be taken according to the clause $.3.1.1, Part 4, BS 5400.

3.4.4 Calculation of Sectional Force

The sectional force shall be calculated at each design sections based on the load
conditions'in the clause 3.2.2.

The axial and shear force'_ shall be calculated by summing up the magnitude of
vertical and horizontal loads at the design section.

The bending moment shall be calculated by summing up each moment which is
obtained from multiplying the vertical and horizontal loads by the lever arm from
the design sections.

Accordingly, the each forces shall be calculated as the cantilever beam supported
on the design section, whereas sectional force for the pile cap shall be taken by the
reaction of pile which is obtained from the design of stability analysis of
foundation.. '

3.4.5 Assessment for S{ability of Pile Foundation

The procedure of assessment is the same as in the Abutment design, refer to the
clause 3.3.5 in this Chapter. -



3.4.6 Asscssment for Section Analysis
The different point of scction analysis for T-pier, compared with Abutment, is the
treatment of type of stiuctural member such as the beam of pier cap and the
column, Other procedure of section analysis is same as in the Abutment. Refer to
the clause 3.3.6.
(1) Beam of Pier Cap

The beam of pier cap shall be designed as "caritilever beam” supported on
column. '

(2) Column

The column shall be designed as "short colimn" based on the clause 5.5, Part
4, BS 5400 as below.

- Greater lateral dimension is less than or equal 1o four times lesser lateral
dimension ;

7.05m<4x1.8m="72m — Column
- Ratio of effective height to depth does not exceed 12.
20.0m/1.8m=11.1 <12 — Short

Mentioned in the above the various values is taken as critical values in order to
judge each regulation.



3.5  Design for Multipte Picr

3.5.1 Design Flowchart

“Design for Multiple pier shall be carried out according t'{) the design flowchart

below.
(. START )

_ [Selection for suitable size and shape of the pier component|

Calculation of the scctional force
- at the bottom of the colunin
- at the boitom of the pile cap
- at the root of the beam of pier cap

| Assessment for stability of the pile foundation |

[ Calculation for seciional force of the pile cap

Section Analysis
- Column

- Beam of pier cap
- Pile cap
- Pile capacity

' 3,5.2 Selection for Suitable Size and Shape

The suitable size and shape of the Multiple pier shall be selected, as the first trial
design, from considering the various design conditions such as the reaction, beam
height and length of the superstructure, the overall height of Multiple pier and the
soil condition. (refer to Clause 3.2.3.3 in this Chapter)



3.5.3 Design Seclion

The design sections for each comnponents of Muitip]e pier shall bé taken as below.

... Pis_ran deson for shear

2] ﬁ‘riziﬁ
Jor eolumn _ I ) % . ,_Lor_con.'umn_
. 1

] e o e e . ety —— -

' . _Jﬁi«ﬂ@ﬁk-ﬁﬂmﬁs L l - o mbiﬁjy ono?xsu ]
l l lﬂtmﬂfﬁq&mm

The distance of (1/2H) shall be adopted according to the Japanese Standard,
3.5.4 Calculation ofSecliOIlél Force

The sectional force shall be calculated at the each design sections based on the foad
conditions in the clavse 3.2.2.

The axial f_orc;e,: shear and moment shall be calculated by the frame supported on
“the center of column as shown below.

®] ! ,
XD AHD @ %&B




The programmee T MA1 S was developed for the frame analysis by elastic method. -
The requisite design results shall be taken automatically by giving the input data
such as the coordinate data, section constants, reactions due to superstructure, and
load data required for substructure design.

Whereas, sectional force for the pile cap shall be calculated as the continuous beam
supported on the center of column considering the reaction of pile which. is
obtained from the desngn of stabllny analyms of foundation.

Asscssment for Stablhly of Pile Fouudatwn

The procedure of assessment is the same as in the Abutment deslgn refer to the
clause 3.3.5 1 in this Chapter.

5.6 Assessment for Section Analysis

The different point of section analysi_s for 'Mulliple pier, compéred with Abutment,
is the treatment of type of structural member such as the beam of pier cap and the
column. Other procedure of séction analysis is the same as in the Abutment. Refer
to the clause 3.3.6. -

{1) Beam of Pier Cap

The beam of pier cap shall be deﬁgned as "cantilever beam" supported on
column.

{2) Column

The Column shall be designed as “short column" based on the clause 5. 5 Part
4, BS 5400 as below.

- - Greater lateral dimension is less than or equal to four times lesser lateral
dimension

705Sm<4x1.8m=72m —> Column
- Ratio of effective height to depth daes not exceed 12.
200m/ t.8m=11.1<12 — Shoil

‘Mentioned in the above, the various values shall be taken as critical values in
order to judge cach regulation.



3.6 Detailing

(1) Concreie Cover on Reinforcement

- Abutment and Wall  :  S0mm
T-pier & Multiple Pier :  SOmm
- Pile Cap : 70mm

- {2) Minimum Reinforcement

The arca of tension reinforceinent shall be not less than undermentioned
amount when using grade 460 reinforcenient.

Table 2.9 Minimum Reinforcement

Structure [Component] Force . (Minimum reinforcement Type of member
Front wall | Moment ] 0.004 bx d short reiforced
Abutment, _ Shear | 0.4 xsv/(0.87 x fyv) concrete wall
Pilecap [Moinent  0.0015bxd _ beam

Shear |04 xsv/ (D87 xfyv)
Momeént § 0.01 x Ac or -

Columin | 0.15 x N/ fy whichever lesser]  short column
T-pier & _ Shear | 0.4xsv/{(0.87 x fyv) _ N
Multiple] Beam of | Moment | 0.0015bx d i cantilever beam
pier pier cap | Shear | 0.4xsv/{0.87 x fyv)

Pile cap | Moment [ 0.00(5bx d “beam

Shear | 0.4 xsv/{0.87 x fyv)

(3) Lap Length

The lap length shall be adopted as 25 times bar size plus 250mm in
reinforcement.

L=25x ¢+ 250 (mm)
(4) Spacing

The normal spac'iu'g shall be adopted as 150mm, and the maximum spacing
shall not exceed 300mm.

The detaiting of substmcture,'éu’ch as concrete co'ver,'minimum'feint‘orcemem, and
tap length and spacing of reinforcement, shall be determined in accordance with the
clause 5.8, Part , BS 5400 -



3.7 Design of Spread Foundation

This section describes only for the stabilily analysis of base, since other design
procedure is the same as pile foundation.

3.7.1 Stability Analysis -

Design of the spread foundation shall be carried out by asscasmg the beaiing,
overturning and sliding. :

{1) Bearing Capacity

Maximum and minimum bearmg capamty calculated {‘rom the following
equation should be within the allowable beanng capacily.

Y eM
q max,min LB = LBz q 1
where,
V .1 Veérical force at the bottom of base
M, . Beading moment at the center of base
I, . Widthofbase .
B .- Breadth of base
qa . Allowable bearing capacity

S 2V
T = 1.x
“where,
V. : Vertical force at the bouom of base -
L Widthof base o
X . Working breadth of reaction at the bottom of base

{x=3x(B/2-¢)}
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(2) ~ Overlurning

The value of "e" shall be less than one-sixth the breadth of foundation "B,

.e=%<'Bl6
v

- (3) Sliding

Hu=CBA'+Vtand, > 1.5

where, - .
CB : Cohesion
A Lx(B-2¢)
¢ . Angle internal force

Pesign of Bored Pile Foundation

Bored pile with diameter- ¢:800 shall be adopted in the Study.

This section describes dnly for the soil condition, bearing capacity and the sectional
analysis of the bored pile body, since other design procedure is the same as spun
pile foundation.

(1) Soil Condition

- AT

~ -20000'

L 5gn_d mg
C=0.20= 1(}‘1’"11

Therefore the al!owable axial compressive bearing capacily ,Ra, shall be
calculated based on the so:l condllton as below. (Refer to 3.3.5.2 in the
‘Manual)

2-95%



(2)

Ra nl(’Qd-Ab;U)‘nﬁ
=(1/2.5)x {1,000 X 0.503 + 2.513 x (17.0x 5.0 + 3.0 10.0))

= (1/2.5)x (503.0 + 289.0)
=316.8 t — 3105 KN

where,
n - Safely factor : n=2.5
Ab : Area of concrete of a pile tip ¢800: 0.503m2
U Stratum depth with the skin friction ¢ 800: 2.513m

Sectional Analysis of Pile Body

“Section analysis is only required for the ultimate limit state, and it shail be
- carried out by using circular section in the progranime "BSDANM".

Input data are material, dimensions, reinforcement arrangement and sectional
force obtained from the stability analysis of bored pile.

Required reinforcement for bending moment and shear force shall be
determined, but minimum reinforcement as 0.5 % of cross section of pile -
should be arranged.
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DIVISION ¥I BRIDGE CONSTRUCTION PLAN AND COST ESTIMATE
CHAPTER1  GENERAL

* This manual is prepared to assist engineers -in understanding the construction
plan/method and estimating procedure of standard bridge construction project.

The construction plan presents mainly’ current practices afid problems on

~ - construction method and work approach of bridge construction, and it will relate
{0 the cost estimate. - HoWever, materials and workmanship stipulated in the
specifications are not described in this manual. -Technical’ matter concerning
concrete products and ready-mixed concrete are stipulated in Malaysian Standard
{MS). Also, the following manual and guideline will be referred for site
management and quality control of concrete.

- Construction Supervision Mariual for Contract Road\vqué. (JKR, 1990}
- Guideline for Inspection and Tesling of Roadworks (JKR, 1990)
- Manual on Quality Assurance in Concrete Works (JKR, 1991)

Bridge construction costs, even though the same in size, are varied depending on
site condition, environment, construction method and location of the site. The
accuracy of any cost estimate will depend on the amount of information known
about the project. This cost estimate presents fundamentat method and procedure
which are universally applicable.



"CHAPTER2  CONSTRUCTION PLAN
2.1  Objective of Construction Plan

The construction plan is important and vital to the successful implementation of the
works, and suitable construction plan will facilitate the construction. -

Prior to starting aclual construction, Ihe'cdnsmlcﬁon'plah should be studied for -
possible problenis in order to complctc the project in accordance with the

* Drawings and Specifications within the contract period and wnth sound engineering
practice and govcrnment s budget. ' :

The co’nslmclion plan should be reviewed from time to time during construction, in
accordance with the prevailing circumstances on the site, also if change in the
contract or design are required during construction, the constiuction plan should
be modified or corrected to meet the requircinent.. The cycle of construction plan

is dlustrated below.:
——

/ Action " Pian
(Iroprovernent)
I _ : I C > Progress

" Check Do
{Reviaw) {Opemation)

| o

22 _Procc&urc of Conslmc!'io'n Plan

2.2.1 P;'c!imiilary Study

The construction plan will be provided taking into account the scope and quantily
of works, and site condition including environment.

(1) Scope and Quantity of Works

- . Scope of works
- General drawings
- Major quantities

(2) Site Condition and Environment

- Topography Topographic condition
Drainage condition
- Geology ‘Geographic condition
- Soil condition and soil profile
- Assumed depth of foundation



- Climate Annual rainfall and density

‘Dry and wel season

- River Highest and lowest water level
Stream velocity

- Environment Housing, hospital and school around the site
Road traflic and railways

- Publicutilities  Water, clectricily, teléphone, sewers, oil and gas

2.2.2 Yems of Construction Plan

The following items are to be considered in planning decision to tie made.

(1

)

)

@

Materials and Producis

- Sources and availability
-~ Route of delivery

Preliminiary Works (Preparatory Works)

- Site oftice, storage and laboratory.......... location and size
- Electricity and water supply
- Survey and laboratory equipment

Construction Methods and Work Approach
- Temporary wWorks ..........coccieiiininienn, Form and falseworks
Cofterdams
Temporary water control
3 : Temporary bridge and road
- Structure excavation and backfill =
- Removal of existing structure

- Driving foundation piles .........c..ccecee.e. Test pile of loading test
Driving equipment
- Conerele. ..o Ready-mixed concrete or site mix
Transportation and placing
- Prestressing.......cooiiiiiiien Force and elongation of tendons
- Handling and launching beams.......... Launching method
- Miscellaneous works. .........c..ccoeeeeni Bearing
Handrail
Expansion joint
Drainage pipe

Construction Plant and Equipment -

- Selection and delivery to the site

- Kiads, numbers, period of use of equipment required
- Layout on the site

- Workshop



{5

(6)

(7}

&)

&

Site Organization and Supervision

- Work assignment and their dutics

- Nominated or specialist suppliers 7
- Nominated or specialist sub-contractors
- Commiltee and communication

- Scheduling of fabour requirement

‘Work Programme

- Sequence of works

- Production rate

- Effect of major public holidays and weather constraints
- Site traflic and traflic pattern

Quality Control

- Technical inspection
- Quality control testing

Construction Safety

- Cofterdams
- Handling and faunching beams

Public Relations

- Utilities............... gt et e Diversion or protection

- Road traflic management :

- Railwaysthighways.................. e Construction operation of fiyover



2.3 ¥low Chart of Major Works

The flow ‘charts of major works of bridge construction, substructure and
superstiuclure  (post-tensioned beam) are shown in Fig. 3.1 and Fig. 3.2
respectively.

[ PREPARATION WORKS |
B - Site Survey _
S : - Temporary road and bridge
(. - Temporary water channel
- - ‘Relacation of public utilitics
[ STRUCTURE EXCAVATION |
= - Open excavation or cofferdam
]
i PILE DRIVING ] ,
S - Test pile
4 - Pile driving
} - Splicing of piles
- Pile cut-off

FOOTING ] -
o - Lévéling concrete
| - Formwork’
Reinforcing steel
- Concrete placing
- Curing

ABUTMENT AND PIERBODY |
: - Falsework and formwork

| - Reinforcing steel
l - Concrete placing
- Curing

BACKFILL AND APPROACH ROAD |

- Compaction of soil

- - Road base and subgrade
| - Slope protection
[ RIVER BANK PROTECTION |

- Stone masonry
- Congrete block
- Grouted riprap

Fig. 3.1 Work Flow of Substructure



PREPARATION WORKS

B
!

MANUFACTURING PC BEAM

)
g

FRESTRESSING

|
!

HANDLING AND LAUNCHING

1
{

CROSS BEAM

e — — —

__RCSLAB

|
§

MISCELLANEQUS WORKS

|
|

PAVEMENT

Fig. 3.2 Work Flow of Superstructure

Site Survéy
Manufacturing base
for PC beams

‘Formwork

Reinforcing steel and ducts
Conerete placing

Curing

Histalling prostressing steel
Calibration of jack
Prestressing

-Grouting

Selling bearings
Lifting and transpoitation
Launching and placing

Formwork
Reinforcing steel
Tendons
Concrete piaéing
Curing.
Prestressing

Formwork -
Reinforcing steel
Concrete placing

- Curing

Parapet and handrail

‘Dreainage pipes

Expansion joints

-Base course

Wearing course



2.4 Cosstriiction Programme

In order to estimate the programme of construction, the quantities of each works
should be determined. It will estimated at the probable rate of the work to be
performed considering available labour and equipment, allowing for estimated toss
in time due to weather conditions, site condition or any other causes. From this
information it will be p0551ble to estimale the totat time required to complete each

wark.

The estimated starting date and completion date for each work will be determined.
In scheduling the activities it will consider the' desirable sequential relationship
- between the activities. For example, in constructing a concrete foundation, it will
be necessary to complete the excavation before concrete is placed, and concrete
¢an not be placed until the forms have been erected and the reinforcing steel has
~been placed. Work programme will be presented usually in Bar Charts or Critical
- Path Method. Typical work programme of construction of pre-tensioned and post-
tensioned concrete bridge are shown in Fig. 3.3.

The schedule control curve which is called S-cures or Bell-curves for road
construction was produced by the statistical analysis in the California Division of
Highway, USA is shown below.
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90 //
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r 4 &2 ¥
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. r .
10} é—— 7
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oldl 11 |
0 10 20 30 40 50 &0 0 €0 99 100
——e— Time {%4)

" “The lower line in (his figure gives allowable progress rate, ie. at 30% of time
' passing, an allowable rate of progress is 16-35%. If the progress of work is under

16%, it is necessary to take measures Lo recover from the critical condition, and if
" the progress is over 35% present incorrect work programme is to be reviewed.

" An example of work programme for road construction is shown in Fig. 3.4.



1. Pre-tensioned Concrete Bridge  Bridge lcnglh : 3-span x 22,7m = 68.1m
_ ' - : No.ofbeam: 3 x 11 =33 nos.

Work Items | | ' _ Month

1t [ 21345716

Mobilization and preparation
Manufacturing PC beam i
Bearing : _ a e
- Transportation & launching : ]
' Hanging scaffolding L
" Cross beam o
RC slab ' _
Misceilancous works o ' _ [

Pavement : ——
Demobilization ' _ : ] —_

Remarks : Manufac(ufing PC beams in factory : 30 days

2. Post-tensioned Conerete Bridge Bridge fength: - 3-span x 28.7m = 86.1mn
No.ofbcam: 3 x7 =21 nos.

Work Items . Month

1]2]13[4i5]617[819110]11

Mobilizalion and preparation  }——}—

Manufacturing PC beam
Bcar'ingr 1 e
Launching

Hanging séaffolding
Cross beam

RC slab
Miscellancous works

Pavement
Demobilization
Remarks :  Manufacturing PC beams on sitc .

(16 days x 21 nos.) /3 ~ manufacturing bases = 112 days

Fig. 3.3 Work Programme of PC Bridge
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2.5

Construction of Substructinres

2.5.1 Stracture Excavation

Foundation of substiictures are constructed in open excavation if ground-water
level is low, and if ¢ necessary, A cofferdani will be constructed to exclude earth and
water from an area in order that work may be performed there under reasonable.
dry condition. "Temporary water control consists ‘of dikes, by pass channels and

f flumes are camed out specially in dry season. .

{l) Qpéen Excavation
The followi‘ng critical sfope grade of excavated strface and depth may be
maintained during excavation works, wnthout any cofferdai and falseworks, if

the ground-ivater level is low.

Table 3.1 Critical Stope Grade and Depth Duiing Excavation

Type of Ground Depth of Excavation - Slope Grade

. (D} g (&)
Rock or © D<5m a<90’
Hard Clay D=Sm U d<TS
' D<2m _ a<90’
Other Soil m=D<5m | a<iys’

- ‘ D2 5m - L a<60” .
Sand  D<S5m : ‘a<35°

Gene'fally, the depth of open excavation is taken from the following equation if
ground-waler level is low;

D=2/7 * an(ds" + ¢/2)

where; D : Depth of open excavation
C Cohesion of soil {1/m2)
Y :  Unit weight of soil (t/m3)
o] Coeflicient of internal friction (¢ )

3.10



2 Tenlporafy Coflerdam

Cofterdam should be safety designed and constructed, and be made as water-
tight as it is necessary for the proper performance of the work which must be
dosi¢ inside. It is usually cheaper to permit some flow of water into the
working area wherejn water can be removed with pumps than to makz, the
coﬂerdam walertight.

The interior dimensions of cofferdam should have sufficient clearance for the
construction of forms for inspections and to permit pumping: i‘rom outside the
forms, Types of cofferdam are as follows:

Land Cofl‘crdam - Wooden plate
- H-beam pile with wood plate
- Steel-sheet pile
-~ Earth or rock fill

Water Cofferdam
' - Steel-sheet pile

There are cantilever type and supported with crib type for wooden plate, H-
beam and stecl-sheet pile, according to depth of excavation, kind of soil and
water level.

As a single wall of stecl-sheet pile has limited strength in resisting the
horizontal pressure of water or earth, it is necessary to provide an internal
system of bracing to resist the pressure. If the dimensions across a cofterdams
aré not too great, rows of wales and cross braces will be satisfactory and
economical.

The paths followed by particles of water flowing -under a sheet-piling
cofferdam are illustrated by lines 1, 2, 3, and 4 in Fig.3.5. As line 1 offers the -
“shortest path, the velocity of flow will be the greatest along this line. If the
“velocity of the water entering the cofferdam is sufliciently high, it may agitate
the sand and cause boils at the bottom of the pit, as indicated.

If an impervious blanket is placed outside and a berm of earth is placed inside
a sheet-pile cofferdam as ittustrated in Fig.3.5., the increased flow distance will
reduce the value of the hydraulic gradient which will reduce the velocity and
quantity of water: flowing under the cofferdam. In addition to reducing the
flow of water, the berm adds horizontal stability to the cofterdan.

2.5.2 Falsework and Form
(1) Loads,

I‘alseworks and forms are to be desagned to have sunac:ent strength and
shﬁness for the forces which are likely to act on them.

3-1t
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(2)

ur

Worer fevel
mr—yrmar.

Woree fevel
f/‘ Cotterdam : TE S T s = P Collerdom

Fig.3.5 Water Flowing under Sheet Pile

{a) Verlical Forces

Weight of forms, concrele, workmen and - equipmeént -(including their
impact) from concrete placing, temporary installations, and others.

(b) Horizontal Forces

Compaction of concrete, eccentric load and others.
Load act for falsework is generally assumed as 5% of the sum of dead
loads.

When manufactured devices are employed, the design where in loads on such
devices do not exceed the load ratings recominended by the manufacturer.

Falsework

Timber or manufactured devices which ace steel in frames, pipe supports, I or
H shaped steel beam and truss beams are used for falsework,

Falseworks are to be constructed so as to transmit acting - loads to the
- foundation, to aflow its anticipated settlement and deflection’and set camber
for the vertical aligniment. To adjust falsework with setting ‘camber. strips
should use between falsework beams and soffit forms or screw jacks should
use at each posts,

‘Foundation for falsework
Concrele (thtcl\ness 530 to 40cm) Anlicipated settlement

T

- Timber sleeper . : to be 10 to 36 /m
- Pile - - _ depend on s0il condition
- Onfooling ... oo, no seitlement

3-12



&)

“

Settlement of falsework itself is 1o be desirable within 10nv/m. Displacement

of joints of falsework is as follows:
Steel support - Steel support 0.5 to 1.OnvVm
Steel support - Wood support 1.0 to 2.0nVm
Wood support - Wood support 1.0 to 2.0m/m

Forms
Forms to be 'm_ade of wood, plywood, steel or other materials shall be mortar
tight and of sufficient rigidity 1o prevent distortion due to pressure during

concrete operations.

Frequency of use (repeating use). of forms depend on handling and
maintenance degree, however it is usually as follows:

- Kind of Forms : Frequency of Use
Wood 3to 5
Plywood 5t0 10
Steel 40
Aluminum alloy 160

Lateral Concrete Pressure on Forms

The pressure on a vertical surface is less than hydrostatic pressure of the
concrete. ‘This may be due to the stiffening of the concrete as the cement
hydrates and to the arching of the concrefe against opposite vertical surfaces,

For design of forms, concrete pressure is to be determined as follows:

(a) Incolumns N - _ _
P=0.8+(80R)/(T+20) ; Maximum 151/m2 or 2.4h t/m2

(b) 'In walls, with rate of placement not exceeding 2m/hr
P=0.8+{80RW(T+20) ; Maximum 101/m2 or 2.4h t/m2

(¢} Inwalls, with rate of placement greater than 2nvhr
- P=0.84+(120+25R)/(T+20)

If the revibration, the external vibration of forms, the retarding admixture, the
pozzolanic additions are used, appropriate adjustment for increased pressure
can be made. : o

- where; ' o o
P lateral pressure of concrete (t/m2)
0 R orate of concrele placing (m/hr) -

T :  temperature of concrete in the forms (deg. C)
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“h height'of' fresh concrete above point considered (i)

Relationship between rate of placement and lateral concrete pressure is shown in

Fig3.6. o
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Fig.3.6 Lateral Concrete Pressure
2.5.3 Concrete
(1) Mixing Concrete

Concrete may be mixed at the site of construction, at a central plant, or wholly
or part in truck mixers. When concrete will be mixed at the construction site,
the mixers may be of the tilting-revolving drum or noa-tilting-revolving drum

type.

‘Fable 3.2 presents the maximum output of various concrete mixers which may
be uscful to estimate the number of mixers needed at the site and the duration
of concrete production.

(2) Transportation of Concrete

Once the mixed concrete arrives or batch mixing is finished at site, the fresh

concrele shall be handled in such a manner that will maintain plasticity and

avoid segregation. The transportation may be accomplished in several ways,

depending upon the distance, elévation and other constraints imposed, as
- shown in ‘Table 3.3. '
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Table, 3.2 Concrete Mixer |

Wet Batch Not-Tilting Type - Tilting Type
Capacity Power Qutput per Power Output per
(m3) | (kW) hour (m3) (kw) hour {in3}
0.10 - - 1 2
0.15 - - 2.5 4.5
020 | 5 6 4 6
_ 0.30 . 7 7.5 6 1.5
- 040 i 12 9 9
- 0.75 18.5 23 15 18
1.50 " 30 42 23 36
2.30 45 61 30 55
| 3.00 56 80 37 73
Table 3.3. Transportation Method L o
Maximum
Direction | Capacity.'| Distance’ | DPower . | Remarks
: B {m3) o (m) _
Truck Horizontal { 1to10/o. | 10,000 Engine [Access road
Fork lift | Horizontal }0.5 to 1.0/ no. 200 Motor |Access road
Agitator | Horizontal | 1to10/no. 20,000 | Engine Long
distance
Buggy | Horizontal [0.0500.2/na | 50 Manual, Runway
o Engine
Bucket | Vertical® |0.5t0 1.0/no. 50 | WithCrane| Crane
| Horizonial | =~ - 25 o
Pump | Horizontal | 1.5 to 80/hr. 200 | [Engine Bulk
Vertical ' 40 volume

{3) Placing Concrete

To avoid segregation of the concrete materials and the displacement of the
reinforcement, the long troughs, chutes, and pipes for conveying the concrele
from the mixer or bucket to the forms will be used for placing concrete.

- Fig. 3.7 demonstrate correct and incorrect handling method, and also show
~ how 10 avoid segregation in placing concrete. '

) Compaction of Concrete

The vibrators shall be inserted and withdrawn out of the concrete stowly and
be of sufficient duration and intensity to thoroughly consolidate the cosicrete,
but shall not be over vibrated so as to cause segregation. Fig. 3.8 demonstrale
correct and incorrect cothpaction of concrete method.
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HUGGY

CORRECT INCORRECT
Separation is avoided discharging permilting concrete fron chute or
concrete into hopper feeding into drop buggy to strike against from and
chirte. This arrangement also keeps . ricochet on bars and form fices
forms and steed clean until concrete causcs sepasation and honevcomd
covers them. at the botlons. '

-. . . C :
-k T L,
i S=Sp—— ———l;—:‘*’—f‘_‘ e e X3,

o - Tt el

CORRECT INCORRECT
Concrete should be dumped into face © Dumping concrele away froin
of previously placed concrete. previously placed concrele

© causcs separation,

~ Fig. 3.7 Methods of Placing Concrele
(from ACI Maaual of Concrele Practice)
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CORRECT

Stari placing at bottom of stope

s0 that compaction is increaséd by
weight of aewly added concrete.
Vibration consolidates the concrete.

el ._ ]

4B
B {_.-..I- R34 RN
L L 9“"6
.._—tr.,--.. 'I_'i_""‘"-v-
LR (L ry

" CORRECT

Verticat penctration of vibrator
a few inches into previous il
(which should not yei be rigid)
at systematic regutar intervals
will give adequate consetidation,

INCORRECT

When placing is begun at top of

slope the uppér conerete tends to pull
apart especially when vibrated below
as this starts flow and rcmoves support
from conerele above

INCORRECT

" Haphazard random penetration
of the vibrator at all angles and
spacing without sulficient

_depth will not assuze intimate
combination of the two layers.

Fig. 3.8 Methods of Compaction of Concrete
“(from ACI Manual of Concreté Practice)
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2.5.4 Pile Driving

(1) Pite Dr:iving Method

a)

b)

d)

Percussion Driving Method

Many new pile driving methods have been developed but this method
continues to be the most popular due to its performance, economy and.

~ efliciency. Piles may be driven with a drop hammer, an air/steam hammer

or diesel hammer.

Vibration Method

- The force is applicd by vibro hammer continuously to overcome the skin

friction of the- pile and thus obtain penetration. = This method was
developed for driving sheet piles but, in the case of concrete piles, this
method is applicd when the required driving force becomes extreme by
depending on the soil or when the piles are excessively long.

Excavation Method

This is onc of the methods that have been developed to preveat the
pollution of vibration, noise, etc. These methods include pre-boring
methods and inside boring methods. In the pre-boring method, hoes arc
drilled ahead of time at the locations where piles are 10 be driven. Piles
are lowered into these holes and then driven to refusal in order to obtain
bearing strength. Bentonite or cement mitk are often used to prevent
cave-in of the hole where the ground is sandy or soft.

Compared with the percussion method, piles are somctincs bent or
broken when the hole is not straight. Thus, great care is required in
drilling holes. Control of the penetration depth is also difficult so a soil

- survey is required before starting the work,

Hydraulic Method

Machine manufacturers, etc., are developing low-noise hydraulic hammers
having the same driving perl‘ormance as diesel hammer The noise level of
all of these hydraulic hammers is below 80 phones {A) at-a distance of

30m from the pile driving machine. A hydraulic hammer- consists of a

hammer, a power unit and a sound- -proof cap. I lifts the ram by hydraulic

_pressure or supplied by the power unit and drops it frcely to hit the pile -

and peneirate it.

(2) Selection of Hammer

Pile driving hammers are to be selected according to the soil conditions, kingd
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of piles and size of " pite. Standard hammer selection charts for precast
concrete piles and steel pile are shown in Fig. 3.9,
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Fig.3.9 Hammer Selection Chart

Sequence of Pile Driving

Driving resistance will be gradually increased due to compacted soil by driving
pites. Therefore, pile driving work should be started from one side of pile
group to the other side or from the center of pile group to outside.

Determination of Bearing Capacity
When the driving method is adopled'for precast pile, the bearing capacity can

be estimated from the hammer conditions, also the pile penetration depth and
the rebound can be measured. In general, the length of test pile will be greater

‘than the estimated length of pile in order to provide variation in soil condition,

These method is usually attach to a recording sheet on the pile and hold a
pencil as shown in Fig. 3.10.. The bearing capaczly of pites will be détermined
using followmg methods.

a) .Hiley's formuta
Ru = (ef »* Wh + 11)/(§+1/2K) Ra = 1/3 Ru
where; Ru - Ultimate beﬁring load (t)

‘Ra : Allowable bearing load (t) |
“ef 1 Efliciency of hammer (diesel hammer 0.5)
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' (drop hammer 0.7)
"Wh 'Welght of hammer or ram {t)

H :  Height of hammer (cm)(diesel hammer 2H)
S :  Permanent settlement (cm)

K : Rebound value {cm)

Rcl&[ﬂtﬁld K.

A

\
I'ermanent
Settlement

]

u_‘__r_

Papet

S e ——

|
j

Fig.3.10 Measuring Penetration and Rebound per Blow

b) Wave equalidn formula

" The equation is recommended in "Road Bridge Guideline", Japan
Ru=(A ' E * K)(co * DHIN * u * Vef) Ra=1/3 Ru
pile drivitg work can be stopﬁed atz to 10nv/m of penetration values, if

~driving work continue under 2mm of penelrauon value, pile will be
damaged. :

where; Ru :  Ultimate bearing load {1)

Ra : - Allowable bearing load (1)
A 1 Cross sectional area of pile (m2)

E :  Young's modulus of pile {¢/m2)

1 . Pilelength (m)

u :  Distance around of pile (m) :

N :  Average standard penetration value of soil around pile
K . Rebound value {m) o S

co,ef : Coeflicient as follows:

Kind of pile © © o - of .
Concrete (PCRCY | 2 « WHAWP _ 25 |
Bored Concrete (PCY | 4 - WHAWP 10
Stecl 1.5 - WH/WP : 2.5

WH : Weight of hammer
WP : Weight of pile



:ﬁ (S) Troubles During Pile Driving

Depending on types of soil layers, such a phenomena will possibly occur that
furthermore driving becomes impossible before a pile reaches an intended
bearing layer of finishing requiréments are nol met even when the pile is driven
to a specified depth, as described below. In such cases, design and
constmchon COHdlliOllS shall be fully rev1cwed to cope with the events.

a) If it is impossible to drive a pile through an mtelmedlatc layer before it
reaches a bearing one, or if further, driving is difficult due to excessively
* large compacting effect of earth:

It seems that bearing requirements are et as far as axial bearing c‘apacily
is concernéd. If depth of intenmediate layer is more than Sm, it is
considered as bearing stratum. However, the pile's embedded depth may
have been determined at the design stage by scouring, lateral resistance,
“consolidated scttlement of cohesive layers, and other requirements. It is
necessary, therefore, to take such measures as using a larger hammer,
“apply a pile-boring niethod in addition to the pile-driving method, or
“mount a friction cutter at the pile tip. '

b) Ifit is found difficult to ntake further driving to reach a specified depth,
because in intended bearing layer is located at a shallower depth:

This case in which it is found difficult to make fudher driving because an
intended bearing layer is located at a shallower depth than expected are
often seen when a construction area extends over a wide arca or when
construction is effected at a catchment basin of a dried river.  Although, it
is- difficult to ideitify these cases from those caused by other factors,
comprehensive Judgment shall be made by increasing a number of boring
tests and comparing with driving depth of other piles.

¢) If finishing requirements are not met even by driving a pile to a specified
depth:

~To cope with this case, an additional pile is often joined and driven. If it
is impossible to splice/joint additional piles due to properties of materials,
~ other measures shall be adopted by taking design conditions into account.

1t is impossible to unconditionally define penetration for finishing hammer
and an appropriate hammering frequency to drive a pile, by ignoring

- differences in types, lengths, and shapes of piles and soil layer conditions.
By referring to past data, however, it is concluded that penetration for
finishing hammer shall be 2 to 10mm.



2.5.5 Pile Loading Test

m

Purpose of Loading Test

. Pile capacity can be estimated by using various dynamic or static formulas

based on site investigation results. However, due to several inherent
uncertaines and inaccuracics in these methods, it is a usual practice to verily .

~the Ioad carfying capacily ofpnles by loadmg tests.

@

Generally the main objectwcs of Ioadmg !ests are:

- To determine the load- se:tlemcnt charactensucs of piles
- To check the ultimate capacity o
- To check the structural soundness of pile foundanon

'Type of Loading Test

| Three common types of compressive loading test on piles are:

- Constant Rate of Penetration (CRP) Test, in which the compressive force
is progressively increased to cause the pile to penefrate the soit at a
constant rate. : . o :

- Maintained Load (ML) Test, in which the load is increased up 1o twice the
design load in stages to some multiple, - settlement curve recorded at each
stage of loading and unloading.

- Pile dinamic analysis (PDA) Test.

CRP and ML tests use the same type"o'f loading arrangémems and pile

- preparation. Suitable loading arrangements for applying the load to the pile by

(3)

)

a h}drauhc jack using as the reaction, either kentledge blocks.
Times before Load Test

As long as possible, suflicient time shall be allowed before carrying out the
load test after installation becausc. the skin friction recover in carly stage.

- "Construction Standard”, Japan recommended that pile in clay should be

tested more than 14 days afler driving piles and for piles in sand 5 days.
Evaluation of Loading Test Results |
a) 'Ulﬁmate.l;oad- |

- The load at -which settlement continues to increase -without any

further increase of load.
- The load causing gross settlement of 10% ofthe pile width(Terzaghi).
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b) Allowable Load

A criteria for determination of the allowable working load from loading
test results are:-

- Less than allowable stress of pile; or

- Yield load x (1/2 to 1/3); or

- Ultimate load x (1/3 to 1/4) whichever is the lowest value

The test results are summarized in the form of load-settlement curve for
the CRP test and a load-time-settlement curve for the ML test.

Yield load can be judged from log P-log S.curve, S-log t curve and A S/
DNlog t - P curve.

2.6 Construction of Supevstructure
2.6.1 Manufacturing Pre-tensioned Beam

In order to reduce beam sections or dead load of beam, the partial debonded strand
method and deflected strand method are employed for hollow slab and composite
T-beam respectively.

It can avoid tensile stresses at the top at supports by preventing bond for some of
the tendons at a computed length near the ends by covering the strands with plastic
tube. The deftected strand method needs some additional investment on the plant
to provide for hold-downs and special equipment for raising the strands.

Both methods and anchorage for deflected strand are shown in Fig.3.11 and
Fig.3.12.

Partigl Ozbond Strand . Method

— T TS A et it #a it #m wm ww M= = =

[ Pebond with piesiic lube

Daflected Strdnd Maihed




DOYIOIN pUEnS POePR( Jo dSeoysuy 1€ Bl

24 NOOTS | | y -0 WOTLT35

v 7

- hdm x.qﬁg.m\lj. .

— T ,
\\\\\.,\ .‘ch:\m_.I J__Gm \/,u\\.\.\\ TN 2D WA A T AVEIIE Lk s il

—

|

T ol Vo)

/117 \\\\\\.
u&a .fw 2d qs\wm-

.
= J||LI| . T&.*n\ Q.»G:k__oﬂ ‘Ir|..m1|f o wﬁu : ~odeal Bl W_I.O . . FLI.I
.. . .__-I .l|

“
w5 _\ ,‘mm _
) o : - .\fdmﬁ.m\mﬂ

_ E.ﬁ.u,.ou &Q.TJ \;L\ : n__ :
” mao4 T _ _%\% .
e A

m_TI dn wag Wy

v

4
=

3.-24



- 2.6.2 Fabrication Yard for Post-tensioned Beam

“The site of the precasting plant should be of adéquate size including transport
vehicles and handling equipment, and allow satisfactory manufacture and storage

space of glrders “The planl site should be flat and trafticable areas, and good
drainage in the whole site is necessary. The ¢nergy for operating the plant and
water supply for concrete mixing and curing should be available. The plant site is
usually selected on the bridge approach road or at the river bed under the planned

bndge

The following facilitics are prowded oni the plant sxte arid their layout is shown in

Fig 3.13.

- Girder production yard
- Girder stock yard

- Concrete plant (lfrcady mlxed concrete is not available) .

- . Material
- Office and storage
- Handling and transport

Ganiry

Mixing Plant Manufacturing Base
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Reinforcemient, Teéndon and Duct

Fig.3.13 Fablication Yard for Post-tensioned Beam

2.6.3 Form

(1) Prepération of Form

- Depending on the frequency of use (number of use of girder), the following
“types of formwork can suitably be used for post-tensioned T-beam.

© Frequency of Use " Plywood Form Steel Form
(number ofgbrders) . ' : -
n<10 o 1set
10<n<20 2 sets .
. 20<n<30 ' ’ 1 set
30 < n <60 2 sets

The thickiiess of forim usually used are as follows:



' Plywood - t= 12 t0 21 mim
Steel S t=2.0102 m/m
Aluminum alloy t=3.5:£0.2 nVm

Since the upper flange and web width of beams are in same size, a steel form
with height adjusting devices may be used for beams ofvarled heighl Sample
of the forms are shown in Fig, 3.14. :

{(2) Base of Form

During prestressing, the uniform reaction on base move to both end of T-beam,
and at the  same time shortening of beam occur (elastic deformation).
Therefore, the form shall be so designed that it does not restrain the shrinkage
movement and possible shortening due to prestressing and that the foundation
arotind the end of beam should be strong enough for settlement against
reaction. Structure of base around end of bearing is shown in Fig. 3.15.

Deformation
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Concrete Base | Beaﬂnb Location, Roller (dia 16nvim) for Sliding
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Fig.3.15 Structure of Base ofBeam Fnd
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2.6.4 Coicrete

Stirrups and fink bars should be tied together with tie wire at the correct position
o avoid displacement during concreting with heavy vibration, because ducts are
supported and fixed at proper location with stirups.  Deformation of
reinforcement and duct is shown in Fig. 3.16. Ducts shall bé in <moolh alignment
without sudden changes in direction. '

Concrete for T-beam whose depth is less than 2m may be placed in one continuous
operation, however, for depth of 2m or more, may be placed in two separate
operation; first, web of beam, and second, the flange of beam.

o
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Deformed Duct Direction of Concrete Pl_ac?ng

——p ——n

da o

Deformed Stirrup O'r'iginal Position of Duct

Fig3.16- Deformation of Duct and Stirrup

2.6.5 Prestressing
(1) Site Tensioning Operation

The  tensioning operation will ‘be carried out by suitably experienced
supervisors and operators (specialist sub-contractor).

The instructions controlling the tensioning operations are based on the design
of the structure and may be modified by the engineer as a result of the
information obtained from site tenstoning records.

The instructions are as follows:-

- Minimum concrete strength at the time of tensioning
- Whether tendon is stressed from one or both sides

- Tensioning sequence

- Tensioning forces and elongation

Tensioning of tendon should be done in sequence to introduce a minimum
eccentric force in the beam section. In calculation of anticipated elongation of
cach tendons, cable friction, jack and anchorage friction and elastic
deformation of the concrete beann are to be taken into account.

Prior to the tensioning operation, a specm!sst shall ensure the following
matters:

{2) Understanding on Design Calculations

The relation between design and construclion work of the prestressed
concrele is much close than that of other ordinary reinforced concreéte.
And particularly, with respect to the design requirements and working

- drawings, prestressed concrete members are to be prestressed, the basw
design contents sha]l be fully understood. :



)
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(b) Equipment

In carrying out thie work, the tensioning equipment should be appropriate
and operated in accordance with the system manufacture's instructions,

(c) Force Measuring

The pressure gauge of jacks are réquired to calibrated by dyhamometer in
order that the magnitude of the tensioning forces can be’ adequately
controlled.  This calibration must be done periodically since they tend to
casily become inaccurate.

(d) Safety
Tenstoning works can be (Iahgerbus. If a tendon breaks or slips there is a
sudden and large release of energy which is likely to cause the tendon to

be projected from the duct with a considerable force. Precautions must be
taken to ensure that stressing is carried out safely.

Control of Stressing Operations

The recorded force and elongation on the sile should be compared with the
calculated value. If measured and calculated values are in close agreement,

“the friction losses assumed in the design are confirmed. Where tolerance has

not been specilied, a realistic value is normally & 6%, based on BS and FIP
specification. '

Valuation of forces’ arid elong'ation may be arised from:

- Variation in internal friction in the Jack

- Errorin measunng elongation

- Variation in cross-sectional area in modulus of elasticity of tendon
- Difterence between design and actual coeflicients of fncuon

- Variation in friction in the anchorage

Friction Tests

Two jacks are used for measuring actual friction, the force is applied via one
end and the other registering the passive force at the other side of the tendon.

- The distribution of tension along the duct during prestressing aud the relation

between the forces at' the tensioned side and ﬁxcd sid¢ in the friction

: measUrement are shown below
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(4) Failures during Tensioning

Troubles and accidents during presiressing occur mainly on concrete, ducts,
steel materials to be tensioned, anchoring devices and connecting devices, and
the causes are the defective materials, design and construction, or a
combination of these.

The cause of troubles or accidents during tensioning are sometimes clear
(incvitable} and sometimes not clear (accidental). The inevitability occurs due

~ to errors or carelessness during design and construction work, while the
accidental troubles occur due to irresistible force which is not known by
theory or calculations. However, such irresistible force seems to act when
various kinds of causes with potential problems are overlapped. -

(a) Broken Wire during Tensibning

During tensioning of strand, individual wire may be broken }ind pulled out,
mostly caused by the improper installation of ducts and female cone not
aligned after pouring of concrete.

“In case of the area of broken wires does not exceed 2% (based on the
“AASHTO) of the total arca of the prestressing steel in the member, the
faitures may be normally accepted by the Engineer. If there are some
allowance in tension, additional tension equal to the force should be
applied to the remaining wires as an emergency measure.



: _(h)

Broken of Anchored Portion

" Broken of anchored portion, such as abnormal setling, accident of wedge

()

and depression of female cone may be occurred during tensioning. I
troubles occur, the wedge or female cone should be taken out and
replaced with new one.

Cracks in Concrete

* These cracks are occurred near “anchoring portion during ‘or after
~tensioning., Cracks "are generally caused by insufticient’ amount of

(d)

reinforcing bars, incorrect prestressing (sequence, tension, etc.) incorrect
concrete work (mix, pouring method, curing, timbering, etc.), and
combination of these, but it is extremely difficult to detect the actual cause
of the cracks in many cases. o

In order to ‘avoid the trouble, grid-shaped reinforcing bars shall be
increased around anchor portion.

Leak of Mortar in Ducts

During tensioning from both sides, the operation of pumps is adjusted to
assure the same elongation at both sides, If there is a great difference in
clongation évén after such adjustment, or the total elongation is extremely
small, a leak of mortar and plugged duct shall be suspected.

Cause of such troubles are improperly wound tape at the joint of ducts,
damaged duct due to improper handling, break of duct due to contact of
bar-type vibrator during placement of concrete.

Measures for this trouble as follows:

- Ducts should be placed prbpcrly 50 as not to dam.agc and connecting
of ducts should be carried out perfectly.

- lmmediately after placing the concrete, the plugeing c_én be detected
by moving the stect cable back and forth or by introducing air to the
ducts from an air compressor.

- Ifplugged duct is found afler tensioning, work must be stopped since
occastonally prestress cannot be given, and the engineer in charge
‘should take proper measures in removing the mortar.

For example, if the niortar cannot be remioved even after repeating
the tensioning, probable location of mortar should be:detecied by
inserting the steel wire of ¢¥ 2.9 from both ends of beam, and then
duct should be cut out to remove the mortar.



In this case, full precautions are needed for not damaging steel wires
of the cable. After removal of mortar, this partion should be covered
with new duct and cleancd before pouring concrete.

2.6.6 Handling and Launching

(1

Launching Method

* The precast prestressed concrete beams are usually launched in position using
truck cranes or launching - steel girders with' gantry crane or bent.  The

following matters are significant for proper selection of launching method for

- the precast concrete beams.

(2)

- Geography of the site

- Soil conditions _

- Condition of fabrication yard (location, width and length)
- Weight of beam o

- Availability of specialized and/or heavy equipment

- Accessibilily of the work areas

- Obstacles above and below the bean to be faunched

- Safety of handling and launching

‘For selecting launching method, the methods in the Table 3.4 are marked ©,

Oand A in order of their frequency of employment.
Launching by Truck Crane

This method is suitable for bridges where the truck crane can either be
stationed closely to the bridge abutments or piers, or belween the bridge pier.
The required capacities of cranes depend on applying of both length and
working radius of crane boons.

(a) Launching by Single Truck Crane

- A truck crane can lit beam and launch them on position and it is suitable
for small scale bridge as pre-{ensioned concrete beams for weights under
15 tons. In case of truck crane stationed between bridge piers, the lifting
capacily of crane required is about 2 to 3 times of the weight of beams
(30 to 45 tons truck crane). In the case of the truck crane stationed just
behind of bridge abutment, the liting capacity of crane required is about 6
to 8 times of the weight of the beams (90 (o 120 tons truck crane ).

Launching method is illustrated in Fig. 3.17.
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Teaiter Truck Crane

=

- Fig.3.17 Lau.nc'hing by Single Truck Crane

; .(b) Launching by Two Track Crane

In this method, the launching girder is usually placed between the bridge
span on which precast bridge beams are carried and placed on abutments
or piers by 2 truck cranes. The Ifling capacity of crane usually required is
about 1.5 to 2.0 times of the welght of beams. Taking avaitability of heavy
truck cranes and safety of launching works into consideration, this method
is applicable for weights under 80 tons precast bridge beams. This
method is usually applied for weight of 15 10 70 lons precast beams, and
is used for over 70 tons as in special case. Applicable truck cranes for
launching precast bridge beams are shown in Table 3.5 and launching
method is Hlustrated in Fig. 3.18.

o e 2o J
~/"" Launching Girder

Fig.3. 8 Launching by Two Track Crane

Table 3.5 Applicable Tnick Crane for Launching Beams

‘ - Applicable Lifiing
Length of PC Beam Weight of PC Beam | = Capacities of Truck Cranq
' 15 - 181 15-201tons © - (30-40.tons) ¢ 2 cranes |
20-22m 25-30tons - _ (45-60 tons) * 2 cranes - |
25-30m 50 - 70 tons _ ~(90-130 tons) * 2 crancs_ |



(3) Launching by Specialized Launching Girder

This method is suitable for launching post-tensioned beams with lengths of
25m up to 45m (weight of 50 - 135 tons} and for specialized launching girders
in succession over several spans. Launching is not influenced by the height of

~ the piers or the existence of a waterway, and there is no restriction on the
ground condition under the launching girders. Transportation, assembling and
disassembling costs for - steel girder are necessary, therefore, it is not
economical for short span beams or a few spans bridge.

Two types of specializ;ed. launching girder are shown in Fig. 3.19 and’ Fig.
3.20.

Sleeper for rai}l

Lifting equipment
tiey

Cross bean

flear support

Pirot truss

TFig3.19 Launching by Two Steel Girders

" (4) Launching by Gantry Crane

In this method, a pair of gantry crane straddling projected two piers lifls up
and places into position the precast beams which have been delivered by a rail
or a trailer truck running alongside of the projected span. '



Lifting equipaent
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-‘Traversing Troiley

Lifting equipnent >
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L Lifting device Guy wire %
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" Fig. 3.21 Fixed Gantry Crané Method

e

Lifting equipment

Lifting device

~ Lifting equipment -
1] Gantyy crane

Sleeper for rail

Fig. 3_.2? Self Traveling Gantry'C;anc Method -



A  Carring and down method

Trolley - Pulling wite . S;.eaperﬂ
Pulling wire . Rail or ra
S i e “ﬁ“i./- Stage of

sleepers

Guy wire concrete

B Carrying and shifting method

Trolley- : : Pulling wire
' ' ' Trolley
t;_?u;ling uive S B P Sleeper for razl
' =) i

‘-'(“'..
Steel bearn
Guy vwire

Base concrete N Sypport

Base concrete
Fig. 3.23 Launching by Bent

Stage of sleepers
Support with frane

: Trolley
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| 1ZE l
/LB
S :: =
Pﬁlliﬁ‘g uirc/ | . \)Ulling wire
: . flail Trolley
Stage of sleepers . Support with frame
\@}ﬂ
ERE -

Sleeper for raijl Trolley

Fig. 3.24 Launching by Traveling Bent
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{a) Fixed ganiry crane method.
In this method, a pair of gantry cranc is fixed by its legs to the ground so
that it can lift and place concrete beams in position.

(b) Self-traveling gantry crane method
In this method, a pair of gantry cratie is positioned on a frack laid on the
ground along the bridge spans so that it can freely travel over the bridge
spans.

Both methods are shown in Fig. 3.21 and Fig. 3.22 respectively.
Launching by Bent

In this method, steel supp’oris are built either partially or entirely between the
bridge spans, on which precast béams are carried to be laid them in place.

{a) Bent-type method
In this method, supporis which are assembled between the entire bridge
“spans are utilized, on which the precast concrete beams can be pulled out.

(b) Traveling bent method
In this method, the end of a precast concrete beam i$ received on the
travelling bent running along the ground rail, and launching can be
accomplished by pulling out the traveling bent.

Both methods are shown in Fig. 3.23 and Fig. 3.24 respectively.
Characteristics of this method:

- Sufiicient space for the bent to be placed and for it to travel over the span
is necessary.

- When the pier height is low and the grouﬁd under the bent is fiem, heavier
beams can be faunched.

(6) Safety Measures

Since, during transportation, the prestressed concrete beams are subjected

‘only to the combined stress corresponding to the prestressing and the
bending due to the dead load, the tensile stress at the top fiber of the beam
is 10 kg/cm?2.

" If the beam is inclined left or right, the bending moment acts laterally due
to its dead load and the tensile stresses are induced on a side and at the
top fiber of the beam. : :



Therél‘orc, appropriate handling and launching study shall be undertaken
specially for long and slender girders, to ensure against lateral buckling or
cracking during various stages of handling and launching.

- Position of temporary support :
Prestressed beams are only allowed to be -:uspended or suppoited
firmly at their bearing points

- TInclination of beams

Long and slender beams shall be safeguarded agains't tilting by means
‘of auxiliary supports and temporary strutting or bracing,

Wire
Timber Strutt x
Wire
Trolly
Rail
Transpontatin of Beam - | | ‘Launching by Truck Crane

H21.5m for Pre~tensioned Beamn

H 2 2.0i Post-tensioned Beoin



Allowable Inclination of Beam
The following equation to be satisfied
“Sct'x n + 8do'x {x-'(zc')/(?,h) xsin0 )z 8 cat"

B lherefore 0= 51n"{(5cat“ Sct'x n- 5do")/ 6 do’ x(th‘?c)}

where; g Allowable mclmatlon angle
“Scat" : Allowable tensile stress due to temporary load during
handling and launching = -25kg/cm?

Sct' :  Tensile stress at top fibre due to prestressing
ddo' :  Compressive stress at top fibre due to girder weight
Zc¢ :  Section modulus of X-Xaxis at top fibre
Zh - Section modulus of Y-Y axis at flange end fibre

i - Effective coefticient of prestressing due to loss = 0.95

_Bxample calculation

Post-tensioned beam  PTT-32 (span:32m)

Ze' = 442 x 103 cm3

Zh = 53 x 103 om? Scat" = -25kg/em?
Sct' = 19 kg/em? 71 = 095

Sdo' = 69 kg/em?

6 = = sin -1 {(-25+79x0.95- 69)/69) x (53x103)f(442x103)
53

12.6.7 Public Relations

Cooperauon should be obtained from the govemment concerned and private

agencies whose ulilities or facilities afiect the works, and also the inconvenicnce

and danger to the public are to be avoided.

{1) Utilitics
Involved utilities are water, electricity, telephone, sewers and oil/gas pipéli'ncs.
“These wlilities are usually required diversion or protection by the government
concemed or authorilies and any damage to the utilities are to be avoided.

" (2) Road Traftic

‘Where temporary diversion btidge or half-width construction is nccessary,
they shall be miade safe and svitable, and also traftic management, during that

3-41



2.7

2.7.1

period, is very important so as to minimize inconvenience to the public.
(3) Railtway

Special care needs o be taken at intersections with railway tracks, or at any
locations where work has to be undertaken close to railway tracks. It is
cssential that very close cooperation with the railway authority and its
regulations are strictly taken and observed.  Construction operation -method
and schedule shall be carefully planned, especially for lifling and launching
operations of preslressed concrete beams.

Quality Control
Iniportance of Quality Control

The objeciive of quality contio! is to ¢nisure and verify the quality of the materials
and the exccution of works shall be in accordance with the contract documents and
conforms good workmanship.

Twao functions of quality control for materials and workmanship are as follows:

- Technical inspection
- Quality control testing

The technical inspection and quality control testing to be performed appropriately
by suitably experienced engineers, inspectors and technicians, and thoroughly
familiar with the relevant standards and corrected technical procedures. The
construction quality control is a system which involves the joint but independent
efforts on the Government, the Contractor and Manufacturer to achieve the level
of quality in accordance with the Specifications. When the quality of completed
structure does not meel required quality, the structure should be replaced and
reconstructed. - That is very uneconomical and brings loss not only to the

“Contractor but also to the Government.

In the generality of cases, quality and cost or progress is disagreed 1o each other,
however, quality control is the most important matter than others.

ensive)
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2.7.2 Quality:Comroi Checks

Flow chart of quality control is shown in Fig. 3.25. Quality control shall obtain the
level of quality desired by the Specifications, such as Standard Specifications for
Road Works, JKR, MS and BS.

Quality Control Chec!\s for concrctmg works is referred “Manual on Quality
Assurance in Concreting Works" - JKR 20700-0035-91.  Quality control for
tensioning works and grouting works are as follows:

(1) Ténéidning Works

(a)

(b}

Materials

Identification of the steel and checking and filing of the documents (test
reports, dispatch notes) sent by the supptier

Checking anchorages and accessories

Condition of the ducts. .

Geometric tolerances of anchorages and accessories.

Before Tensioning Stage

Placing the formwork

" Checking the condition of the tendons after storage and handling.

Checking to ensure that the posmomng tolerances have been complied
with.
Checking the number and rigidity of fasteners.

Availability of full instructions issued by the demgner

Sequence of tensioning the tendons.

Tensioning procedure {from one end or both ends, increments in the
tensioning force fo be applied, maximum pressure at the jack,
corresponding theoretical tendon extension, tolerances on such
exiension).

Availability and proper condition of the necessary equipmeni
Calibration of the acks.

Quality of the corcrele (information check test results) and other

materlals conceraed, (e.g. jointing maternals)

Degree of freedom
To ‘enable the prcslressed concrete- member to deform when the
prestress is applied. '
To enable the cables to move in their ducts.



(2)

(c}

Tenstoning Stage

Measureinents for determining transmission coeflicients, if necessary.

Records of the forces and extensions corresponding to each increment of

the tensioning force. (plotted in a diagram).

Supervision of any - re-tensioning operations and of the installation of
ancliorages and accessories. :

Measurentents of slip of cable in relation to the anchorages:

(d) After Tensioning

- Visual inspection of the concrete of the structure.

Grouting Works

(a) Before Grouting Stage

- Results of preliminary and suitability tests.

- Continuily of the ducts (no breaks in them), liquid-tightness of couplings,
availability of unobstiucted bent holes and weep holes.

- Making the grout {mix proportions and tolerances in the proportions,
sequence of adding the conslituents, mixing time, speed of the agitator,
ete).

- Grouting (adapted to the climatic conditions, blowing through with
compressed air or flushing the ducts and tendons with water, grouting
pressures, closure of bent holes).

(b) Grouting Stage

- Observing the pressure and detection of any leakage.

- Checking the volumes: quantity of grout and time that ¢tapses before it
emerges from the bent holes. =

- Taking samples for guality control check.

(c) Alter Grduting Stage

'Checking that éll'bent holes and other openings have been properly sealed
and that the permanent anchorages are suitably protected.
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Fig.3.25 Flow Chart of Quality Control
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3.2

CHAPTER 3 'COST ESTIMATE

Objective of Cost Estimate

The purpose of cost estimate is to determine the forecast cost required to complete
a project in accordance with the Specifications and preliminary construction plan.
There are so many variations and factors that can influence the cost of construction,
such' as geology, topography, site environment, workmanship and -construction
difficulties. The construction cost should be estimated accordmg to site condition,
construction plan and constniclion time which were clarified in plan and design
stage.

The estimated cost shall be reasonably enough to allow the contractor to complete
the praject with a reasonable profit, yet low enough to be within the Government
budget.

Because constaiction estimates are prepared before a project is constructed, an
estimate is to be close approximation of the actual cost. The frnue constniction cost
will not be known until the project has beent completed and all costs have been
recorded.

Type of Cost Estimate

Cost cstimates may be dividéd into at least two different types, depending on the
purpose as approximate estimates (preliminary estimate) and detailed estimates.

Farly in a project, prior to the design, the Government may wish to know the

approximate cost of a project. At the detailed design stage, the Consultants will
estimate the cost in detail in order to finalize the design to satisfy the Government's
budget. The Contractor must know the costs required to perform the works in
accordance with the final contract documents.

3.2.1 Approximate Cost Estimate

Approximate cost may be estimated according with the statistical contract rate of
the similar projects. it may be estimated to multiply the number of square meter of
bridge surface area for superstructure, and the concrete volume for substructure
excluding pile.

The unit cost 10 be obtained from a weighting of the data that emphasizes the
average value yet it account for the maximum and minimum values as shown by the
equation below.

UC = (A+4BAC)/6

where, UC :  Proposed unit cost per m2
A - Minimum unit cost of previous bridge



B Aveérage unit cost of previous bﬁdge
C :  Maximuni unit cost of previous bridge

It is necessary (o adjust the cost information from previous completed bridge, such
as year built, location and bridge size.

The adjustment should be present the relative inflation or deflation of costs with
respect Lo year built, and rélative costs of materials, equ:pmnnl and labour with
respect to the geographlc location: of bridge vnder construction.  Although the
total constnuction cost of bridge will increase with size of bridge,; however the unit
cost per square meter of bridge surface area may decrease.

Proposed cost = Previous cost x fyxf|xfsxfe

where; fy Adjbsling factor of year built
] :  Adjusting factor of location
fs :  Adjusting factor of bridge size,
such as span length and number of span
fc :  Adjusting factor of construction dilticulty -

3.2.2 Detailed Cost Estimate

33

A detailed estimate is prepared by determmmg the cost of the materials, labour,
cquipment, subcontract work, overhead profit, and some contingencies. The
process of estimate begins with a thorough review of the contract document -
contract requirements, drawings and technical specifications. It is necessary to
visit the project site to clatify factors that can influence the cost of construction,
stch as site conditions, control of traflic, security, and existing underground
utilities,

There are two distinct tasks in estimation; to determine the probable real cost and
to determine the probable real time to construct the project, It is required to
provide production rates, crew size, equipment and the estimated time to perform
various individual work items for planning and scheduling of the project. -This
information concerning costs can cover an intcgration of the estimating and
scheduling function of construction project management.

Flow chart of cost estimate and work schedule are shown in Fig 3.26 and Fig. 3.27
respectively.

Structure of Total Project Cost

" Total project: cost consists of construction cost and project cost, such as
" administration cost, engincering cost, land acquisition and compensation cost, and

commgencies



1. Review of Information and Data

Contract Docuntents | [Construction Condition Construction Plan
-Natural Enyironment L
-Eleclricity & Waler 'gc'l?ma{f :?&'l'&mz
-“Transporiation : -Eo SUuC f_ RO

_ -Material & Labour - -fquipmen

«Condition of Contrac
-Drawings :
<Technical Specification
-Quantities

-Social Environment Construction Schodu..c

9

2. Determine Unit Price -~ Material
- Labour
-~ Hquipment

3. Determine Production Rate

-Labour

-Equipment
4. Estimate Direct Cost

-Matcrial cost = Quantily X Unit price -
-Labor cost = (Quami@)lLabdur production rate X Labour rate

" -Equipment cost  ={Quanlily)/Equipment produclion rate X Equipment rale

5. Estimate Construction Schedule

6. Lstimate Indirect Cost

-Preliminary. . -Design & Supenvision
Overhead -Administration
-Profit -Conlinpency

L

7. Constructlion Cost

Fig. 3.26 Flow Chart of Cost Eslimate

3.48




_ | o 1. Sequence of Main Works ‘}

2. Work Items and Elements

3. Operation Days of Work Itemns

= (Quanhty of Work Item)
{ (Average Daity Work Quantity)

|

. No Working Days

-Daily weather patherns and seasonal weather contraints
-Sunday and public hohdays
~Other factors

5. Necessary Operation Day of Work Items

= tem 3 lx (Calender days) / {Calender days - No wotking days)

3

6. Mobilization and Demobilization Period

7. Whole work Séhedulc arranging Item I to ltem 6

Fig. 3.27 FElow Chast of Work Schedule




Constmcnon cost is subdivided into direct cost and mdirccl cost. Direct cost
consists of labour cost, material cost and equipment cost. Indirect cost comprises
of general ¢ost, preliminary cost and, contractor's overhead and profit.

Structure of tolal project cost is charted in Fig, 3.28.

- -~ Material Cost
Direct Cost —=Labour Cost
— Equipment Cosl

_ T :Genera.! Cost
Indirect CoSifEPrelimina'ry Cost

— Construction Cost

] —Overhead
Total Project Cost — — Profit

— Administration Cost

o Engineering Cost
— Project Cost —- :
= Contingency

Land Acquisition and Compensation Cost

Fig.3.28 Structure of Total Project Cost
33.1 Direél_ Cost
| ( Labour Cost
Labour Cost is calculated as follows:

' Labour Cost = Number of Labour x Labour Rate
= Quantity of work item x Production rate x Labour rate

Labour rate includes wages, income tax, insurance and all fringe benefits, such
as vacation, sick leave, medicare and worknien’s compensation. The labour
rate is estimated on the basis of data researched from the market investigation.
Production vate is the number of unit of work produced by a person in a
specilied time, usually an hour or a day. Production rate may also specify the

time in labour-hours or labour-days n,qmred to produce some unit of works

Such data may be obtained by keeping accurate records of the produclion of
labour on projects during the progress of construction.

(2) Material Cost

Material cost is calculated as foltows:



Material Cost = Quantity x Unit price
= Designed quantity x {1 + Rate of loss)
x {Material unit price + Transportation cost)

The quantity of matertal can be taken from the drawings, however, loss of
material due 10 storage and construction should be considered.

_' ‘Construction materials are delivered by the supplier or producer directly to the
project site in trucks, however, some materials may be obtamed by the
Contractor at the storage yard of the supplier.

@) Equipment Cost

There are two types of equipment costs: ownership costs and cperating costs.
Ownership costs refer to the costs incurred even if the machine is not working.
They include depreciat:on interest, taxes, msurance and maintenance and
repair. Operation costs are the costs incurred in operating the machine. They
include costs for repair, fuel, lubricants, tires, consumable parls and operator's
wages. Composition of equipment cost is shown in Fig. 3.29,

: p Deprec:atmn
Ownership Costs--————Maintenance and Repair
Interest, Insurance, Taxes

————— Lubricants, Grcase Filters
- Tires

- Repairs

———— Consumable Parts
———=Operator’s Wages

e Opérating- Costs

- Equipment Costs

L.—— Transportation Costs

Fig.3.29 Compoéilion of Equipment Cost

The equipment cost .is calcu!aled in unit of hourly cost (M$/hour) which is
suitable for use on any project. '

{a) D_epr'e"c:ahon
In general, depreciation is a tax term referring to the legally permitled
decline in value from the original purchase price of equipment for the

depreciation periods from th_e view point of economical life of equipment.

' Depreciali6n=_ (Net depreciation value)
v (Deprecranon period in hours)



= '(Pu:rcha_se pric-é < Salvage value)
/ (Depreciation period in hours)

(b) Interest, Insurance and Taxes

Whether or not purchased equipment is actually in operalion, its owner

must. pay interest, insurance and taxes. Intercst refers to the interest on

the investment, when the investment is covered by the owner's own fund
~or to the interest on the debt, when the investment is covered by a debt.
: In elther case, the interest will be an equa! amount,

' Cafculauon is made of the average valuc of the residual value at the
beginning of each year within the depreciation’ period, and interest,.
insurance and taxes are imposed on this value. By dividing this value by
the number of hours and expects to operate the machine in one year, the
hourly value can be calculated.

This can be calculated 'by using the folldwing for_mula.

Interest, insurance, tax = _(Factor x Delivered pnce x Annuat rates)
/ (Annual use in hours)

The factor can be calculated by the following formula,

Factor = 1-{(n-1)(1-r)}/2n
where; n ;- Depreciation period in year
r :  Salvage value rate '

= (Machine worth at trade-in or resale time)
{ (Delivered price)

(¢) Revision of Equipment Cost

The houtly cost of ownership and operating construction equipment will
vary with the condition where the equipment is operated. If bulldozers
are operated on soft rocks surface, equipment cost will be higher than
when the same bulldozers - are operated on common soil surface.
Therefore, the equipment costs will be adjusted according to the site
condition where the equipment is to be operated.

3.3.2 Tngdirect Cost
(1) General Cost

" General cost includes the following items, whlch depend on site condntlon and
consfruclion reqmremem



@

€)

- Construction of temporary bridge and road for public
- Déemolition of existing bridge

- Relacation of existing public utilities

- Temporary diversion of river/waterway

Preliminary Cost

Preliminary cost includes the following items and it is assumed to be 10 to
15% of the direct cost dependmg on period of the project and amount of the
contract.

- 'Si'te office and laboratory

- Waterhouse

- Survey

- Laboratory equipment

- Facilities for electricity and water supply
- Safety measures

- Transportation

- Engincering

Preliminary costs of PC bridge are;

Pre'—t.en'sionéd*bridgc o (Direct cost- Manufacturing cost)x(10 to 15%)
Post-tensioned bridge :  Direct cost x (10 to 15%)

Overhead and Profit

The overhead cost is divided into two categories: job overhead and general
overliead.

“The job overhead can be specifically charged to a project and general overhead

can be charged to the general office of the company.

Job Overhead General Overhead
- Sataries of project staff - Salaries
- Site office supplies - Office supplies
- Communication - Office rent

- ‘Rem ' - Welfare,

-~ “Travel expensés and allowance “Travel expenses and allowance

- Insuranccand tax - - Insarance and tax

The- amount: of profit is depending on the nsk mvolved deSlre of the
Conlractor to get the job and other factors. :

" The actual amount of dverhead and profit may be ranged between 20 to 30%

of the diréct cost depending on the risk involved, desire of the contractor to
get the work and others.



3.3.3 Projeet Cost

KO,

©)

(3)

e)

Administration Cost

Administration cost is an expense of the Goverment  arising from
implementation of the project cost and is assumcd to be 3 % of construction
cost,

Engineering Cost

Lngineering cost consists of detailed design (Gcoiogical and topograpliical
survey, and detailed design) and construction supervision and it is assuned to
be 5 to 10% (for example 2% for the detaited design and 6% for supervision)
of the construction cost.

Contingency

Contingency is divided into physical contingency and price comlingency as
described below:

- Physical contingency is mainly to cover unforseeable or unavoidable
matters during construction, such as temporary land acquisition and some
variations. The contigency is usually considered 5 to 10% of the
construction cost.

- Price contingency allows for future price escalation and fluctuation of
exchange rates.

Land Acquisiiion and Compensation Cost

A considerable amount of land acquisilion and compensation costs are
required for new bridge construction.

3.4  Major Work Classification

3.4.1 Clearing and Grubbling

Prior to staring structure excavation operations, all surface objects and all frees,
- slumps, roots and other obstructions shall be cleared and/or grubbed. This work .
will be operated by bulldozers.  Measurement will be by area basis (hectares) or
lump-sum basis or individuval removal of trees (each).

3.4.2 Structure Exéavation and Bacl{ﬁll

This work consist of the necessary excavation for found'ttlons of substructures and
piacmg backfill with free draining granufar: material in excavated area around
structures.



* This work may include necessary diverting of water streams, bailing, plimping,
~ draining, and the necessary conslmcuon of cofferdams or gribs, with all sheeting
“and bracing involved.

Al rock or other hard foundation material should be cleaned of all loose material
and cut to a firm surface, cither level or stepped. Blinding stone, such as cobble

storie or cmshed ro

ck for use as a foundation to be provided.

(N Operation of Excavation and Back{ill

The operations of this work are as follows:

Excavation

Backfill

Compaction

Transportation

Equipment

Power shovel (0.35 to 0.6m3)
Bulldozer (15 tons)

Power shovel (0.35 to 0.6m3)
Butldozer (15 tons)

Vibration roller (0.8 to 1.1 tons)
Compactor {60 to 100kg)

Dunp truck (11 tons)

(2) Temporary Works

. Material

Water Stream

___ Operation " Equipment
Cofferdam |Diving Wood plate sheet-pile or [Diesel hammer
‘|Removing '|Steel Sheet-pile or Fruck crane
Draining ~ |H-shaped pile (20 to 22 tons)
: Vibro-hammer
{30 to 40 kW)
Pump
Diversion of {Construction of - |Bulldozer

Dikes or
By-pass channels

Power shovel




3.4.3 Concrc;e

This work consist of the construction of portion of structures of portland cement
concreted which is a mixture of cement, water, adm:xcr and coarse: and fine
ag,greg,a{es and may mciude temporary works.

(1) Use of Concrete
The uses of concrete are as follows:

- Post-tensioned concrete girders
- - Cross beam

- RCslab

- Abulments and piers

- Curb and parapet

- Approach slabs

- Leveling concrete

(2) Opcratioh of Concrete Work

Operation Equipment

- Trial mix Mixing plant

- Mixing concrete

- Transport ' Truck

- Handling Can

- Placing Truck crane (15 to 20 tons)

Concrete pump
Hopper and chute

- Co:npaéting Vibrator
- Finishing

Curing

{3) ’I‘émporary Works

This work include falsework, formwork and base for nmnuf"acluring post-
tensioned beam.



~ Woik Item tUsc of Concrete Opcration ~ Material Equipisent
- Falsework - |Abutment Piling or compaction |Foundation Truck crane
Picr Ercclion ' Pilc or concreic (151 106 tons)
RC siab bridges [Fixing or (imber
Removing Scaffoldings
Timber or
Steel franie or
- o . _ .| Stcel pipe .
" Formwork - [Abutmient - Fabrication Plywood or steel [Truck ceane
: Pier Ereclion or aluminum form] (15 to 16 tons)
RC slab bridges [Fixing Form tic. .
_ : . . . [Remeving Form oil N
. Base for Post-tensioned  [Conipaction Concicle or
Manufacturing | beam : timber
Beam Briding stong »

3.4.4 Reinforcinig Steel

This work consist of furnishing, fabricating (cuttin, bending), splicing, and placing
(erecting, fastening) reinforcing steel bars of the type and size conformed with
Drawings. Tie wires and separators and other materials used in fastening’ the
reinforcing steel bars are included in this work.

3.4.5 Furnishing Pre-tensioned Beam and Spun Concrete Pile

Pre-tensioned beams and spun concrete piles are manufactured and supplied by
manufacturer. The cost will depend upon the type, length and number of purchase,
and the distance from the manufacture yard of the supplicr to the job site. The cost
estimate and other information will be obtained from the manufacture suppliers.

3.4.6 Pile Driving

The work may consist of spun concrete pile driving, cut and spliced, and loading
test. Operation of the work is as follows:

Work Item ~ Operation Equipment
Handling Crawler driving machine
Driving Method | Truck crane - |
_ - Percussion Vibro hammer
Pile Driving - Vibration Baith auger machine
' - Excavation :
Splicing -
~ Cut off - o
Maintained load (ML) test |Hydraulic jack
Loading Test or Constant-rate of - Steet [-beam
penetratioh {CRP) test Timber crib
x _ - {Kentledge block




3.4.7 Prestressing

This work may consist of furnishing, placing and tensioning of prestressing steel,
and grouting for post-tensioned concrete beams.

Operating of prestressing and grouting are as follows:

Work Item Opciation |~ Material. .| . Equipiicest
| Prostressing [Placing ducts” (Duet - Cutter for strand wirc
; Placing strand wire Strand wire : - [Tensioning jack
Prestressing Anchorage " |Tensioning pump
“|Supporter of duct :
- Grid L
Grouting  [Mixing grout Cement Grouting mixer
Injecling grout Admixer _ Grouling pumip N

3.4.8 Handling and Launching

This work includes lifting, handling, transporting, launching and placing in position
of pre-tensioned or post-tensioned beams.

Operation of the work are as follows:

Work Item Operation Equipment
Handling  |Lifling Truck crane
Transportation Gantry crane
: Jack
Rail
|Troltey
o . |Winch
Launching  [Launching | Track crane
Shifting Launching steel girder
Placing Gantry crane
. Bent and rail

3.5  Unit Cost of M_ajor ftemn of Work

3.5.1 Unit Rates and Prices
The unit rates and prices of labour, material and equipment in or around Kuala
Lumpur and based on 1995 figures are derived from market investigation, local

conlractors and JKR.

These unit rates and prices are shown in Table 3.6.



3.5.2 Unit Cost of Major Item of Work

To determine the time required to perform a given quantity of work, it is necessary
to estimate the probable rates of production of the labour and equipment. It is,
however, difficult to estimate the accurate production rate due to lack of records
and data in Malaysia. :
~ Therefore, the production rate being used in Japan is modified takmg into account
‘labour's skillfulriess, eﬂlclency of equlpment operator's capability in Malaysia as
well as based oh those in similac pro;ecls in-ASEAN countrics. Finally, lhe unit
“cost of each work ftem s calcalated usmg the caliblated production rate.

"Unit costs of major items onOrk are shown in Table 3.7.



Table 3.6 Unit Rates and Prices

(The cost shall be calculated after researching

current conditions of the costs.)

1. Labour Unit Rate (MS)

Description Unit Unit Rate
l*‘oremen., Specialist Day ' 70.00
Skilied Labour Day 60.00
Semi-Skilled Labour " Day. -~ 55.00
Common Labour | Day ©30.00]
Carpenter s Day 60.00
Steel Bar Bender and Fixer ~ Day - 60,00
[Concrete Worker Day 50.00
Welder Day 60.00
Painter Day 60.00
Mason . Day 60.00
Mechanic Day 60.00
|Blectrician Day 60.00
Pavement Worker Day 40.00
Plant Operator Day 60.00
Driver B Day 45.00
|2, Material Unit Price (MS$) .
Descriplion Unit Uit Rate
Portland Cement Keg 0.25]
|Reinforcing Steel Keg 1.20
Bituminous Material Ton 400.00
Gasoline Litre 1.20]
Diesel Oil ) | Litre 0.70
Lubricant Litre 4.50
Fine Agerepate M3 20.00
Coarse Aggregale M3 ~45.00
Boulders o M3 ©20.00]
Plywood t = 1/2" M2 15.00]
Timber M3 500,00
I1-Shaped Steel Kg - 1.80
Angle Steel Ke 1.50
Steel Sheet Pile . Kg 1.90
Steel Pipe Pile | Kg 2.20



(The cost shall be calcufated afler rescarching

current conditions of the costs.)

. 3.‘561' _

Form Tie - . ‘No 0.40]
[Separator No 6.20
Spacet No 020
PC Strand Wire Kg - 6.80
PC Anchor 12-RT15.5 No 400.00
|Duct_dia. GSImm.m_- M 8.00|
Ready Mixeci Concrete . _
_G30 M3 132,00
G40 M3 1154.00|
G50 M3 177.00
Spun Concrele Pile
dia. 350m/m M 60.00
dia. 400m/m M 75.00
dia. 500m/m M 110.00
dia. 600m/m B M 140.00
Pre-tensionied Tee Beam .
L=7.6m, W =2.11on Each 781.00
L=95m, W=206ton Each 906.00
L= 12.5m, W=35 ton N Each 1,361.00
L= 16.7m, W = 6.6 ton ) Hach 2.565.00
L = 18.9m, W = 8.1 ton Each | 3.270.00
Elastomeric Bearing Pad ]
230x200x26 _ 2-steel plate Each | 7100
400x280x47  3-steel plate Each 216.00
 510x375%69  3-steel plate Each 485.00
3. Equipment Unit Rate (M$)

: Equipment Description Specific Unit Unit Rate
Bulldozer (D4) 6 Ton Hour - _65.00
Bulldozer (D6) 15 Ton " Hour 80.00
Bi:lfdozér (D7) |21 Ton Hour 90.00
Bulldozer (D8) 38 Ton Hour 100.00
Wheel Loader 11.2sqm Hour 50.00
Wheel Loader 1.4 sqm _ Hour 50.00
Whee! Loader 1.7 sq.m "~ Hour §5.00



(The cost shall be calculated after rescarching

~current conditions of the costs.)

130000

 |Whee! Loader 2.1sqm “Hour 60,00
Backhoe 0.3 sq.m Hour 30.00
Backhoe 0.7 sq.m Hour 30.00
Backhoe 1.2 sq.m Hour 30.00,
Crowler Crane |35 Ton Hour 100.00
Crowler Crane _|50 Ton Hour
Crowler Crane 1100 Ton Hour _450.00
Truck Crane |5 Ton Hour " 45.50]
Truck Crane 10 Ton Hour - 58.00
Truck Crane 15 Ton Hour 65.00
Truck Crane 20 Ton Hour 7150
Truck Crane 35 Ton Hour 100.00
Dump Truck |10 Ton Hour 40.00
Cargo Truck G Ton Hour 30.00
Cargo Truck 10 Ton Hour ___.40.00
Triaf Truck 30 Ton Hour | _650.00
Portable Compactor _ _ Hour 10,40
Grader 2.5m blade Hour 40.00
Motor Grader 3.7m blade Hour . 75.00
Agigator Truck 2.0 cuw/hr - Hour 20.00
Concrete Truck Mixer 5.0 cu.m - Hour 45.50
Concrete Mixer 2.0 cu.nvhr Hour 19.50
Concrete Mixer 0.3 ecm.avhr Hour .10
Vibrator 30m/m | Day 10.00
Concrete Pump 30 cu.nvhr Hour 150.00
Diesel Hamumer 2.5 Ton Hour 140.00
Vibrating Hammer 60 kw Hour 250.00
Pick Hammer (Jack Hammer) ke - Day - 35.00
Pile Driver 35 Ton .Day S '!,6_'8:0.'{)9ﬂ
Bar Bender [Max. 25mm Day 3500

Bar Cutter | Day_ 35.00]
Winch . Purchase 80000
Tamper 60 - 80 kg Day | '35.00

Remarks: ‘These data are based on market research in 1995.



able 3.7 Unit Cost ofMajor Item OfWOFk (The cost shall be caleulated after rcsearchmg
. cuirent conditions of the ¢osts.)

No, 1 Conerete Work (grade 40) per 10 e _
Breakdown of ltem Uit Ql.y Rate Amount Remarks
| MS$) | (M9)
Skilled labour man | 03 60 18
Semi-skilled fabour | Cman : l?. ' 55 66
| Labour man 1.4 30 42
Truck cranc hr 2.3 65 150{15 to 16 ton
Ready-mixed concicte cit.m 102 160{ _ 1,632|'o% 2% incl leunsporativn
Others LS. ] 3 30
Total - 1,938
Per cit.m - 193.8
No.2  Concrele Work (gradc 50) per 10 cu.m
Breakdown of Ttem Unit’ Qty Rate AmOLtI:]t "Remarks
{M3). {M3)
Skilled l_abour _ mait 0.3 | 60 | 18
Semi-skilled Yabour  man’ 1.2 55 66
Labour - man 1.4 30 42
Truck cranc hr 2.3 65 150(15 to 16 ton
Ready-mixed concrete. cum 10.2 184 1,85‘7 loss 2%, dncl. transportation
Others | LS af 30 30
Total | 2,183
Per cum 2183




(The cost shall be calculated after rescarching

current coriditions of the costs) -« -

No.3  Reinforcing Steel per 1.0 ton |
Breakdown of ltchl Unit Qty Rate | Amount Rc:_%ln:irks
M$) (M$)
| Skilled labour man 0.8 60 48] -
Scnﬁ-s!éilléd labour man 3.6 55 “19g|.
1abour man 2.9 ‘:_30 89 ,
| Reinforciig stecl ton Croal 1200f  1236l0ss 3%
Otticrs LS 0 s 0]
| Total | ' 160t
No.4  Formwork pes 100 s .m.
Breakdown of Jtem Unit Qty Rate Amount Remarks
' (M$) M%)
Carpenter man . 294 60 1,764]
Labour .mai 20.5 30 615
Plywood LS ) 1,000 1,000
Others | LS 1 40 40
Folal 3.419
Per sq.m 342




(The cost shall be calcutated after rcsearchmg
cutrént condilions of the costs.)

No. 5 Falsework per 100 cum ~ j
Breakdown of Item Unit Qiy Rate | Amount Remarks
(M$) (M35)
Skilled tabouc man . 14 60| 840
- Labour man 6.6 30 198
- Trick crane hr 4 65| 200[i5t0 16 ton
. Scaffolding LS 1 600 600|fraine type
Total 1,808
Per cum 19.0]
Foundation of fa[scw()rk
Per sq.m 15.0}Cobble o crushed stone |
* Area = écaffolding area |
No. 6 Spun Concrte Pile (600111}'111 x 30m) per 10 pllcs
Breakdown of Hem " Unit Qty . Rate Amount Reiarks
. (M$) (M$)
Skilleﬁ labour - man 7.1 60 462
'Semi-.skilled labour L oman .55_3 53 842
Labour man 7.7 30 231
Welder man 1.1 60 462
Spun concrete pile No. | 30 1,400  42,000]600n/m x 10m
Earth auger hr .32 230 7,360
Crowler ¢rane hr 19 115 2,185 .
Backhoe he © 10 30| 300
Others LS. | 4000]  4,00007.5% ofabove |
Total | s1a42]
Per pile 5,784




(The cost shall be cateulated after résearching
current conditions of the costs.)

No.7 PC Cable (12 - dis.12.7 nvim) per 100m

Breakdown of Ttem Unit Qty Rate Anmount Remarks
- (M95) (M$)

Specialist man !3.5 1o 945

Labour 4 oman | o osl 3ol 204
PCstand L m 106)  63.2]  6,699|loss 6%
Duct lom | wes] . ssl o0iloss 6%
| Grout _ cum 033 210] 69|loss 56%
Otlicrs _ LS 1| 50 - 50

Total | - 8,958

Pcr m : 89.6

No.8  Prestressing (12 - dia.12.7 m/m) per 10 cable _
Breakdown of Hem Unit Qty . Rate Amount Remarks
| (M$) (M$)
- Specialist man 70 . 70|  490]
Labour - man: | 72 30] _ 25_16
Anchorage set 20 400 8,000
Tensioning jack set - day 3 100 300
Grouting puinp sel - day 4 16} 40
Others _ LS ] - 100
Total : ; ' 9,146
Per cable . . _ ' 9146




" (The cost shall be calculated after rescarching
current conditions of the costs.)

No. 9 . Launching by 35 ton Single Truck Crane per day
Breakdown of Hem Unit - Quy Rate Amount Remarks
: {M$) (M$)
Foreihan man 1.5 70 105
MSpccialisl man i 9.0 70 630
* Labour mén" ' 6.0 0 180
1 Tn:rck crane . ..day E I 1,0001  1,000{35toix |
Others LS | | 500
Total 2415| .
¥ A\'Cra'g'c launching ; 50 ton/day ]
' No. 10 Launching by 55 fon’ Two Truck Crane per day
Breakdown of Item | Unit Qy. | Rate Amount Remarks
5 _' M$) - (M3} -
Foreman man | 1.5 70 105
Specialist man | 12.0 0| 840
Laboﬁ'r man ; ' 7:.5 30 225
‘Truck crane day 1 4,000 4,000/55 ton x 2
Others LS . 200
Totat 5,970

* Average launching; 100 tdiﬁda)'




~(The cost shall be calculated after researching .

current conditions of the costs.)

Launching by 120 ton Two Truck Crane per day

No. 11
Breakdown of Hem Unit Qty Rate | Amount Remarks
: (M$) (1\13}”

Foreman - man 1.5 70 105

Specialist man 1200 - 70 840

Labour man ' 75 a0 |

Truck crane day 1| 80000  3000[120ton x 2

_: Others LS 1 1,100 1,100 B
Total N 10270]
* Average launching; 160 tow/day
No. 12 Transversal Prestressing {4 - dia.15.2) per 10 cable
Breakdown of ftemn Unit Qty Rate Antount Remarks
(M$) (M$) '
For¢inan man 3.8 70 266
| | Specialist man 10.5 | 70 7335

Labour nman - 5.8 K]} 174

PC strand ton 0.636| 6,800 4325(toss 6%

Duct m 136 6 86

Anchorage ‘No, 20 120 2,400

Grout cu.m 0.23]. 210 48]loss 50%
Tensioning jack set - day 1| 35 35
_Groufing ;511mp sct - day - 3 w0 30

Others LS | ] 50 50

Total | 8879

P'cr.cablc 388
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