JUALONYLSENS ¥NO4 WYNOVIQ

ADVHD 4G ONIRVYHO QHVONVYILS

‘3AQAY NMOHS St 2R
AE GILoICHI SHACHID 4G wwuovid HIVHD 310N

4 0 G 5
. 2v 3] (€1 sa V] v (0V3R-55085 40 Li4308! .
HOVHD 40 HIORFY ML~ +o | 431d
: ECETY) __
HLQIM HOVED WRPMIXTR =D 4 8
: A oL : = ¥ wdinf 29 HOUd . .
D WIVLS Walvm . . . o ==l P TR TR S eE T 20 ven
% . : : xw.._ Z N7dS hramu ¥ T NYdS = _“...“ “.,..._ i ‘ﬂ.‘““._ ﬂ...l _7..“ =
NOISCHZ / UVIM B By o = e
@ BNOD AZROH . ) dVA AN == = =
. =5 B = =
<0 IWi 33M4 = = = =
= ==
s, 3WNSCAX3 UVE3Y ] -
L RIXIVS EE_el | ol [ wmmp] e | & 1] e
el 5 ¥OVYD . (OV3H -SSCHO 40 L1d40S) L
NOILYDIONG - ISBOVAYG 4O IdAL 2 INTWiney _TM3IA 3AS ) NAR10D
{(2L1399N0D ) 39VWYD 40 ON393N
£~92 V-92 §-82 V.02 Y-+ 8-g2 V2 B-20 Wv-IZ @-~ID ¥-12
T TT 7T ™ TT T T T T T
R R R N A A D
_ R A
/ o
= ; = o o
{M3IA 30151 NANT03
T T e —r T raan e
L, b i g 1 . : -1 '
] n.u 3 ] .ND 1)
. . /ﬁ amIn vaaa |
& AL —
{D-2 MIA) 2 LHNINLNEY (¥-¥ MIIAL | H3id
ININLNBY JO WVYHOVIO MNOVYHO ¥3ld JO WYNSVIQ MOVHD

8/9




| ANNEX - E
OPERATION MANUALS AND RECORDING FORMS
OF SEMI AND NON DESTRUCTIVE EQUIPMENT
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METHOD OF SAMPLING FOR SULPHATE AND CHLORIDE TEST

Mark the test location using maker pen or spray paint. Avoid

"~ taking samples on concrete surface when there is plastering

and the test location so chosen sheuld be free from rein-
forcing bar. (Use the proformeter to locate the rebar). .

Prepare the concrete surface to be tested. Any mud stains,
binnacles and salt built up to be removed.

3 number of concrete dust samples shall be taken at various
depth on each test 1location. The depth at which the sample
is to be taken shall bhe 0-20, 21-40, 41-60mm and it is
neasured from concrete surface.

Method of collecting concrete sample is as follows:-

-1 = Set the depth marker on the drill bit to the depth

required (eg. set depth marker to 20mm for sampling
depth of 0-20mm).

ii - Drill the concrete for a depth of 20mm through a new
plastic bag as shown in the diagram below. If drilling
is:- not at the soffit then use the spoon provided to
cocllect the dust sample.

& CONCRETE
SURFACE

PLASTIC BAG ORILL BIT

CONCRETE DUST
SAMPLE

iii- Transfer the concrete dust samples to a NEW plastic
bag, seal and marked the sample as follows:-

BRIDGE NC
SAMPLE NO/DEPTH




'iv - Discard the plastic bag used to collect the concrete

sample in (i) akove. (IT SHOULD NOT BE USED TWICE}

v - Repeat procedure (i) to (iv) above for concrete depth
21=-40mm and 41-60mm (but set the depth marker accord-
ingly). Concrete dust sample for each depth shall be
stored in a separate plastic bedq. _

vi - Upon completion of taking 3 samples at each test loca-
tion, put all 3 begs containing samples at various
depth in a bigger plastic bago Mark the bag as
follows'n

BRIDGE NO
SEAMPLE NO/MEMBER

vii =Record the test location and sample number in the
approprlate sketches and table respectively in the
inspection sheets.

Send the concrete dust sample to the laboratory for chemical
analysis in accordance with BS 1881: Part 124:1988,

The interpretation of sulphate and chloride test result is
as follows:-

{i) Sulphate test

PERCENTAGE PROBABILITY'

OF SULPEATE . F ATTACK

Less than 4% Probability of sulphate
. attack, is" small

Greater than 4% grobabxlxty of

?pha attack

{ii)} Chloride test

PERCENTAGE OF [CONDITION OF CONCRETE RISK OF
CELORIDE BY AROUND THE REBAR CORROSION
WE.OF CEMENT .
Less than l.Carbonated High
0.4% 2.Uncarbonated & cement with
<8% tricalcium aluminate Moderate
3.Uncarbonated & cement with )
»>8% tricalcium aluminate Low
0.4% to 1% 1.As above High
2.As8 above High
3.As above Hoderate
Gre%tgg than All cases : High

-2



RECORD OF SAMPLING FOR CHLORIDE AND SULPHATE TEST

Bridge No -

Date of éinvey :

Inspector

Sampling LOCATION

No Chioride Sampling Sulphate Sampling
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METHOD OF CARRYING OUT THE CARBONATION TEST

Mark the test location using maker pen or spray paint. Avoid
carrying out the test on concrete surface where there is
plastering. The test location so chosen should also be free
from reinforcing bar. (Use the proformeter to leccate the

rebar) .

Make a 50mm deep % 20mm diameter hole in the concrete menmber
to be tested using electric drill. .

Remove all concrete dust from the hole: by Blowing it with a
rubber blower and clean the remalnlng dust with the brush
provided. ,

Immediately spray the newly exposed concrete surface with 1%
phenolphtalein solution which is a colourless solution.

See colour changes on the concrete surface, The area which
has changed to purple indicates that the concrete is still
alkaline, hence has not been carbonated.

Measure the depth of concrete in the hole where there is no
colour change (to be measured from the surface of the con-
crete). The depth where there is no colour change indicates
that the concrete is not more alkaline ie. it has been
carbonated.

Place the colour reference indicator and black board (on
which the location of the test, member and bridge No. has
been written on) adjacent to the test location. Take the
photograph of the concrete test area while maintaining
measurement equipment in the hole, for record purposes.

Record in the inspection sheets provided, the test location,
bridge No. and result of carbonation test (Carbonation
depth).

Carbonation test could also be carried out on concrete
member which has been broken out such as in the half-cell
test, chloride sampling, sulphate sampling and rebar survey.
In such cases spray the phenclphthalein solution on the
freshly exposed concrete surface (for detail procedure of
the test please Repeat item 3 to 8 above).



GCARBONATION DEPTH

Bridge No
Date of survey :_
nspector '
MNo TEST LOCATION| MEMBER = | CARBONATION, PHOTONC
DEPTH
()




1.

METHOD OF CARRYING OUT REBAR LOCATION AND
REBAR COVER SURVEY BY USING PROFORMETER

The Proformeter is a rebar detector equipment with the setup
at shown in the sketch below. (Note; the pin of the probe
cable plug should be cleaned from time to time),

pEPTH PROSE [ §

SPOT PROBE

PROFOMETER INSTRUMENT

CABLE PIN——
CONNECTOR

CABLE -

The method of using proformeter to detect the reinforcement
is as follows;

i}

ii)

iii)

iv)

Connect the SPOT PROBE to the instrument by means of
cable. Keep the probe away from all metal object.

‘Switch on the equipment. Hold the prcbe away from you

and be sure that it is well away from any metal object.
Then reset the button in proformeter-3 and in case of
proformeter-2 turn the tuning knob to bring the pointer
to the "o" mark. Set the rotary selector knob to S.

Place the probe on the concrete surface where the test
is to be carried out.

Move the spot probe slowly until a beeping sound is
produced by the instrument in case of proformeter-3 and
by the maximum value as indicated by the pointer in
case of proformeter-2. This indicates that there is
rebar directly under the cross marker of the spot
probe.

NOTE: .
There are cases where the rebar may be close
together. In such cases a lot of practice and experi-
ence in using the proformeter-2 is required. The graph
below illustrates how the pointer deflection of the
proformeter-2 moves as a function of the interval
between the rebar when the probe is moved across the
structure perpendicular to the rekar position. In case



v)

vi)

of proformeter-3 there is less problem. However if the
rebar is too close (similar to those shown on the right
hand side of the sketch below),; breakout survey may be
necessary for both version of equipment (an experienced
user may be able to use his/her engineering judgment in
determining the location and the number of rebar de-

tected).

POINTER DEFLEcnon~m——w_ﬁ;h\l,/l’

MOVEMENT

Mark the location of the rebar detected using marker
pen or chalk.

. Two measurements permit very precise determination of

the direction of a rebar by simply Jjoining the two
measured points together. Repeat item (iii) to (V)
above until all the rebay in the concrete has heen

detected.

The method of using proformeter to detect depth of cover to
the reinforcement is as follows;

i)

ii)

iii)

connect the SPOT PROBE to the instrument by means of
cable. Keep the probe away from all metal object.

Switch on the egquipment. Hold the probe away from you
and be sure that it is well away from any metal object.
Then reset the button in proformeter~3 and in case of
proformeter-2 turn the tuning knob to bring the pointer
to the "w!" mark. Set the rotary selector knob to "16¥"
for proformeter-3 and set it to "D" in case of profor-

meter-2,

Place the probe on the concrete surface and exactly
above the axis of the rebar. Read off the cover

depth.



iv) Where the cover. detected in less than 10mm, remove the
probe and then place the 20mm spacer betwaen the probe
‘and the concrete surface. Read off the depth of cover
again. The actual depth of cover shall be obtained by
‘daducting 20mm from the read off value.

v) Where the depth of cover detected is more than 60mm,
switch off the instrument and replace the spot probe
with DEPTH PROBE. Repeat step (ii) to {(iii) above.

Diameter of the rebar could not be determined accurately
using proformeter. Therefore minimal breakout of the con-
crete cover is required.

Record the diameter, spacing and cover of the rebar in the
record form provided. o
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1.

INSTRUCTION MANUAL ON THE USE OF
HALF¥-CELL CORROSION POTENTIAL METER

Prepare the concrete surface to be tested as follows:-

i - Layout a grid pattern of the test and rebar locations
at 500mm centers covering the entire area to be
tested. (use proformeter to locate the rebar)

ii - Mark each test location with spray paint.

iii-~ Remove all asphalt, waterproofinq_layers; paint etc.
from each test location (the size of test spot shall be
about 40mm diameter).

iv - Completely expose one rebar by breaking out the con-
crete about 40mm x 60mm in size (the breakout area
should be kept minimal). :

v -~ Wet the test points with the electrical contact solu-
tion at least 10 minutes before testing.

Mix the electrical contact solution in the plastic bucket.
To ensure a standardize potential drop the mixing volume of
the electrical contact solution shall be kept constant. The
mixing volume shall be as follows:~

Wetting agent : 100 ml.
Portable water H 20 1.

Prepare the half cell electrode as follows:-

i - Unscrew the top of a new electrode and fill it to the
top with distilled water then screw it back tightly.

ii - Shake the electrode for 2 to 3 minutes Ensure that
~excess CusS0, (copper sulphate) crystal remain at the
bottom; if not, add a little bit more CuS0,.

'iii- Tie the sponge to the bottom end of the electrode with
a rubber band.

Complete the half cell electrical circuit as follows:-—
i =~ Brush the reinforcinq bar.

ii - Clamp the ORANGE colour electrical wire dlrectly to the
reinforcing steel.

iii- Ensure that the other end of ORANGE colour electrical

wire is connected to the p051tlve (RED—centre) terminal
of the voltmeter.

E—10



iv - Connect one end of the BLACK electrical wire to the
negative (black) terminal of the volt meter and the
other end to the half-cell.

v = Ensure that proper connection has been made as shown in
the diagram below; :

BLACK WIRE

-

MULTIVOLTMETER

COPPER
ELECTRODE

SATURATED COPPER
SULPHATE SOLUTION

GRANGE WIRE

COPPER -8
SULPHATE o
CRYSTALS

SPONGE

8RR L T al. -

POROUS PLUG

Method of operating the half céll equipment is as follows:-
i - Switch the voltmeter to 'DC' position.
ii - Place the range switch to "2V" position.

iii- Place the input resistance switch in the 25 M-N (mil-
lion-Ohm) position.

iv - Wet the sponge attached to the electrode.

v -~ Place the electrode against the prepared location on
the concrete surface, adjacent to the marked spot.

vi - S8teady reading between 0 to ~-0.60 volts should be
obtained within 10 second (slight variation in the
second digit is normal}. All reading must be rounded
off to the nearest 0.01V.

vii- If the reading is not negative sign or if the reading
is about zero then check for a disconnected or broken
test lead AND repeat the test,

viii-Record the potential reading in the form attached.

E—11



6.

Presentation and 1nterpretatlon of result of corrosion
survey is as followst-

i) =« The half~cell test result shall be presented in the
: form of an equipotential contour map as shown below;

' LOCATION OF -~ REINFORCING STEEL
REBAR CONNECTOR "
~0,3v “0,30V L0280V - 024V
EALﬁCH{f
m“%_j,kt .
e
- 2‘_‘2&‘1}:_‘;:___{,_.: —
-
——+ -+ !
_‘+f
-p.23| i

~ii)- The test gives the indication of area. of the concrete
in which active corrosion is taking place and the
probability of corrosion may be interpreted based on
the table below:-

ELECTRICAL PROBABILITY OF

POTENTIAL _ CORROSION
Greater than Greater than 90% probability where
-g.20 VvV corrosion will NOT occur.
-0.20 V to - Not Conclusive - -
-0.35 V :
Less than Greater than 90% probability where

-0,35 V active CORROSION is taking place.

E—12



ESTIMATION OR RE-BAR CORRODED BY HALE CELL POTENTIOMETER

Bridge No.

Date of Survey

_Inspecter

MEMBER AND LOCATION :

COLUMN
ROW

VOLTAGE

A

B |C D E

F G H | J

QT L e 1D N

o)

-
=)

—
[y

-
n

e
93]

—h
E-N

—
[&]

-
@D

'NJ

e
w

e
0

3]
=]

SKETCH

LI LHDTMoOOoOm P o

2 3.4 5 6 7. 8 910

i1 12 13 14 15 16 17 18 19 20
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MEASUREMENT METHOD FOR ESTIMATION OF CONCRETE
STRENGTH BY SCEMIDT HAMMER

Prepare the concrete surface to be tested. Any plasterwork,
and coating must be removed. Any uneven surface shall be
smoothened with carborundum stone or with power grindero

Number of measurement p01nts per member to be measured shall
be 20 p01nts and to be marked on the concrete surface using
chalk or marker pen as shown below.

| 2 3 4 5
L S b
6 T 8 8 10 E
- )
EDGE — o] + -+ -+ -+ | N
OF MEMBER o 12 13 14 s g
+ o+ o+ o+ + g
6 1T 18 13 20 ",
oo+ o+
¥ 1
30 4 x 30mm =20 mm
(N -

Method of operating the schmidt hammer is as follows;

i- Hold the Schmidt Hammer at right angle to the concrete
surface. Press the plunger against the concrete sur-
face to be tested (Careful' do not touch the release
button). .

ii- Remove the hammer from the test spot and it will be
automatically reset and ready for next test.

iii- Upon completion of testing at all the 20 points, open
the chart housing and read the REBOUND VALUE (R).

iv- Once the test is completed, lock the plunger by pushing
the plunger all the way in while pressing the push-
button.



4.

Method of determination of concrete strength is as follows;

'y

1=

ii-

[N
[N

e

The rvebound hammer has been calibrated with the hammer
vertical down with the member to be tested positioned
horizontally. If the concrete surface is not vertical,
The Rebound Value "R" shall be adjusted accordingly
using the correction table as shown below.

correction of the Test Hammar Indications

for Non-Horizontal Impacts.

Rebound Correction for inclination angle o
value upwards downwards
Ra +90¢° +45° -45* =9Q0°
10 - - +2.4 +3.2
20 ~5.4 -3.5 +2.5 +3.4
30 -4.7 -3.1 +2.3 +3.1
40 -3.9 -2.6 +2.0 +2.7
50 =-3.1 =2.1 +1.96 +2.2
60 -2.3 -1.6 +1.3 +1.7

Averaged out the Rebound Value "RY., Any cbvious "off
shoots" reading are to be eliminated and repeat the
impact test if the variation is too wide. Enter Re-
pound Value (R) in the Recording form attached (similar
to UPV recording sheets).

The Cube Compressive strength may be obtained based on
the Mean Value of "R" using the Graph below.

o™
E ‘20 28 30 38 40 45 B0 [.5] o
g ToLIT 0T 0] 1L so E
E L—._ - o ) ~ 7-#“ e TITT /i_f_) -

o e I e i it I A B o ot o e b-1--F AT z
§ 80 Z"}: I ] “urd ;'// <

::i ] P :/17‘5;'{ —+—

N ﬂg ','j,d psANEN

N pid .8

o0 anansage :
A LA N

T 1 J4NpNp AN

o L e
= a0 T
B T 1
5 NENNEEREN
& 30F- 1T 11 e8] §
@ L A3 1A | L] . ‘B
% TR - ,47: // r-1Wmex- W+ A E
8 - h7l/— bs‘,’ /,, .- B
48 1 ‘—77[{7 d_x St womineWm- A 1 80 n
E  zoriia7 2
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METHOD OF MEASUREMENT FOR ESTIMATION OF CONCRETE
STRENGTH BY ULTRASONIC PULSE VELOCITY (UPV)
- MEASUREMENT

Locate all reinforcement bar at the test area using profor--
meter and mark its location on the concrete surface.

Mark the UPV tast location and the selected location to be
tested should be free from'reinforcing bar.

Prepare the concrete surface to be tested. Any binnacles
shall be removed and the concrete surface to be smoothened
and leveled with power grinder. '

Number of measurements per member to be measured shall be 3
points and to be marked on the concrete surface using marker
pen. The measurement location is as shown below.

Upv-

SCHMIDTH HAMMER

CABLE

TRANSDUCER

CONCRETE
m- SURFACE

i

‘' VARIES AS FOLLOWS
30 Cm
40 Cm
50 Cm

noy o

Adjust the reading of the instrument each time the instru-
ment is used or changes are made to the setup of the eduip-
ment such as transducers are interchanged, the use of dif-
ferent transducers and the use of different length of cable.
The method of setting up and adjustment of the equipment is
as follows:

a~ Apply a thin layer of couplant (petroleum jelly} to the
transducers

CE=17



b-

G-

Press transducers against both ends of the reference
bar. -

Adjust the zero reéding of the instrument accordingly.

Method of opefating UPV instrument is as follows:

i-
ii-
iii-

iv-

V—

vi-

Apply a thin layer of ccuplant (petroleum jelly) to the

“transducers.,

Place the'transmitfing and receiving trahéduders on the
concrete surface Ffirmly at a fixed distance as shown
in the sketch .above.

Read directly on digital display screen of the UPV the
transmission time {UPV meter reading)

Plot the transm1551on time (UPV meter readlng) on the
graph paper.

Draw the best straight line through the points on the
graph plotted in (iv) above. If the points indicates
discontinuity, it indicates that there is defects such
as crack, hence result is not reliable. In such in-
stances UPV test has to be carried out on another
nearby location. :

'Record the UPV meter reading in the recording form

attached.

Method of determination of concrete strength is as follows:

i-

ii-

Obtain the Schmidt Hammer reading (R)

The concrete strength could then be calculated using
the following formula:.

a- In cases where the concrete cement ratio is
unknowvn: -

Concrete Streagth (Kg/em2) = 11.8 R + 129 Vpc - 642

b- In cases where the concrete cement ratio is
known: «

" Concrete Strength (Kg/cm2) = 9.2 R + 74 vpc_ 4.3 (W/C) ~ 74
Where; R = Rebound Value of Schmidt Hammer

\ Ultrasonic Pulse Velocity (Km/s)

pc

)

_. Distance of UPV_probe "L"
(Transmission Time)

E-18
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10,

11.

12.

CONCRETE REPAIR

The amount of conorete actually broken off shall always be
kept minimal.

Ensure that all concrete repalr equlpment used such as steel
trowel, measuring cylinder, mixing bucket, water contalner
etoc. is thoroughly cleaned.

Ensure that the phenolphthalene usedito test for carbonation

" test  has dried up. Use wire brush to clean the steel and

any loose concrete material shall alsc be removed.

Mix a small amount of Armatec 108 baSed on the mixing prO#
portlon by volume as follows; :

Liguid (Component a) : 1.0 Part
Grey Powder (Component B):. 3.0 Part.

Brush Armatec around the steel to a thickness of about imm

"and all excess material shall be discarded (remember that it

has a pot life of only 30 mlnutes)
Leave Armatec for 2 -3 hours to dry.

Mix Sikatop 123/3 Bonding Bridge coat using the mixing
proportion by volume as follows;

Liguid (Component A) : 1.0 Part
Grey Powder (Component B): 3.0 Part.

Wet the breakout area with clean water (do not use river
water}. _ -

Apply Bonding Bridge onh raw concrete surfaces as well as on
any previously patched Sikatop surfaces.

Mix thoroughly Sikatop 122HB mortar u51ng the mixing propor~
tion by volune as feollows;

Liquid_(Component A) : 1.0 Part
Grey Powder (Component B): 4.5 Part.

Apply a thin layer of Sikatop mortar with trowel (up to 10mm
thick at a time) to a maximum of 40mm for vertical surface
and 25mm for overhead application. All excess material shall
be discarded ( The mortar has a pot life of 50 minutes).

Wait until Sikatop mortar has set before applying a another
layer. Repeat procedure 7 to 11 as regquired.



MEASUREMENT METHOD FOR A STEEL HARDNESS BY ECHO TIP

~Mark the test location on the steel member to be tested. At

each test location measure and mark 5% test points at centre

to centre spacing not less than 3 mm as shown in Fig. E - 1.

Fig.E-1 Minimum spacing for five testing points

3mm, 3mm 3mm 3mm 3Imm,

ol

Any rust or3paint should be removed completely at the loca-
tion where the measurement is to be taken on the steel
memhex.

Method of operating the Echotip equipment is as follows;

i - Place the impact device firmly at the surfabe of steel
surface to be tested as shown in the sketch below.

TECHOTEP

RELEASE 2N I —

BUTTON v

PLUNGER —
RESET GEAR

IMPACT
DEVICE

ii ~ Move the plunger reset gear down until %“click" sound is
heard. This will reset the instrument. .

iii- Press the impact device release button once.

iv - Read and record the digital display of the steel hard-
ness value ("LY value) on the Echotip display screen.

E-21



¥ = Repeat ‘step (i) to (iii) for the other 4 test p01nts at

each test location.

vi - In general, the echotip equipment which is measuring
; the steel hardness has been calibrated with impact
"device at vertical position. If the position of the
impact device is not vertically down as shown in the
sketch above then the "L" value measured has to be

adjusted as follows

Adjustment of "L" value at different position

Subtracting the following value from
MEASURED |the measured value

NLYVALUE N — : }M “T)
300 6 12 20 29
350 6 12 19 27

400 5 11 18 25
450 5 10 17 24
500 5 10 16 22
550 4 9 15 20
600 4 8 14 19
650 . 4 8 13 18

vii- If five measured %L" value differ by more than 15,
please repeat the measurement again after all rust or
paint around measurement locatlon has been removed

conpletely.

viii-Repeat step (i) to (vi) above for other test location
as required.

Convert the "L" values to Brinell hardness by using a con-
version table supplied by manufacturer of Echo Tip as shown

in Table E-1.

Finally the Brinell hardness may also be converted to steel
tensile strength by using another conversion table which is
provided by JIS (Japanesge Industrial Standards) as shown in
Table E-2.



Table ¥-) Table for converting from
: WL walue to Brinell hardness

W [, % [Brinell v 1" [Brinell W I % {Brinell
Value |Hardness value |Hardness Value |Hardness
300 80 390 131 482 204
302 81 392 133 484 206
- 304 31 394 134 490 208
306 82 396 136 492 209
308 83 398 137 494 211
310 84 400 138 496 213
312 85 402 140 498 215
314 86 404 141 500 221
316 87 406 143 502 222
318 88 408 144 504 224
320 90 - 410 - 145 506 226
322 91 412 147 508 228
324 92 414 148 510 230
326 93 416 150 512 232
328 94 418 151 - 514 234
330 95 420 1563 516 236
332 96 422 154 518 238
334 S7 424 156 520 240
336 28 426 159 522 242
338 9SG 428 160 524 244
340 100 430 162 526 246
342 101 432 164 528 243
344 103 434 165 530 250
346 104 436 167 '
348 105 438 168
350 106 440 170
352 107 442 172
354 108 444 173 -
356 110 446 175
3158 111 448 176
360 112 450 178
362 113 452 180 ni " {Converted
364 115 454 181 Value |[Deviation
366 116 456 183
368 117 458 185 200 9
370 118 460 i86 300 10
372 120 462 188 400 13
374 121 464 190 500 16
376 122 468 192 600 20
378 123 470 193 -700
380 125 472 195 800
382 126 474 197 900
384 127 476 199
386 129 478 200
388 130 480 202




Table E- 2 2 table for converting from Brinell
hardness to a steel tensile

strength

Steel Tensile Brinell
Strength Hardness
MPa (Kg/mn2)
825 (84) 247 247
805 (82) 243 243
795 (81) 238 238
780 (79) 233 233
765 (78) 228 228
730 {75) 219 - 219
695 (71) 209 209
670 (68) 200 200
635 (65) 190 190
605 (62) 181 181
580 {59) 171 171
545 (56) 162 . 162
‘515 (53) 152 ° 152
490 (50) 143 143
455 (46) 133 133
425 (44) 124 124
390 (40) 114 114
- i05 105
- 95 95
- = 11] 90
- 86 . 86
- 81 81
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STEEL THICKNESS MEASUREMENT USING
ULTRASONIC THICKNESS METER

Mark the test location using spray paint and prepare the
steel surface to be nmeasured. The number of measurement
location varies, depending on the type of steel member as
shown in (2) below. Any surface rust, scaling and partial
peeling of paint should be removed by using wire brush.

Only single measurement is requlred to be made at each test
location. The measurement location per member to be tested
is -as shown below:-

{i) Steel thickness measurement location for steel beam is
as shown in the diagram below;

| BEAM
Ful Fur { ‘_ N .
f : o
wt -
: -+ *E}%_MEASUREMENT —~t x|z
POINT LI
| 4 L]
eLl! Tewe Pt ] '
2x sz st

(ii) Steel thickness measurement location for steel buckle
plate is as shown in the diagram below;

BUCKLE PLATE

MEASUREMENT = -

POINT -
Be + - _+_7 -4

oL

‘ 2@ Y2 =1L
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Set the . velocxty of sound setting on top of the ultrasonic
meter to 5910 (which is the velocity of sound in iron). DO
NOT CHANGE THIS SETTING for the subsequent use of the equip-
ment:.,

Method of operating the ultrasonic steel thickness meter is
as follows:~- '

i - connect the probe to the main unit.

ii =~ Calibrate the probe { The probe has to be calibrated
very frequently). Use soft cloth or paper to clean the
surface of the test piece.

iii- Clean the probe contact surface (ie steel surface to be
tested) with soft cloth or paper.

iv - Press "PW" button on the front face of the main unit
(This will switch on the unit).

v - Coat the .surface of the test piece with contact medium
. (ULTRASONIC PULSE CANNOT TRAVEL THROUGH THE TEST PIECE
WITHOUT THE MEDIUM).

vi = Place the probe ‘against the test piece. Turn the “%ero
Adjust Nob! situated on the left hand side of the main
unit until the reading 10.,00mm. is obtained.

vii~ Now the instrument is ready for measuring the thickness
of the steel member.

Coat the probe with contact medium and place the probe
against the steel to be measured.

Read the thickness of the steel directly from the digital
digplay screen on the meter.

Record the thickness in the record sheets provided.



STEEL THICKNESS FOR BUCKLE PLATE

BRIDGE NO. _
DATE OF SURVEY L
INSPECTOR ' : '

MEMBER - | POINT | © ¥ )
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Be¢

_Br

BL

Bc

Br

Bt

Bec

8Br

Be

Be

Br

BL

Bc

Br

Bi

Be

Br

B4

Bc

Br

B!

Be

Br

8t

B¢

Br
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STEEL THICKNESS FOR BEAM

BRIDGE NO.
DATE OF SURVEY ! S
INSPECTOR

MEMBER PONT | © L2

£UL

Fur

wt

FLl

FLr

Ful

FUr

wt

FLY

FLr

Fut

Fur

W1

FLL

FLr

Fut

Fur
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FLL
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w1
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ANNEX - F
DAMAGE RATING CRITERIA
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30.
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33.
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Fig
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DAMAGE RATING CRITERIA

1. CORROSION

Corrosion is the most common damage in steel because
the main raw material is iron which is easily oxidized in
the natural environment. Although it is a progressive damage
and. is not difficult to detect, it is important to prevent
its progress during maintenance.

Effects on load bearing capacity and durability

Major ' Minor
'D?pth Grade |Section loss _ Rust on the surface
Y) —
e.g. The surface of steel mate- |[Rust pitting on the
rial has expanded ‘due to Isurface,

corr031on or sectional part
is reduced due to the dis-
appearance of the corroded

part.
Range |Grade [Widely - _ Locally
(2) . ' - |
e.g Corrosion or rust is expand-|Corrosion or rust
ing all over the member. exist only locally
within the water
leaking area.
- RATING
(Y) (2) : Secondary Member Main Member
] Maijor . T4 ' 4
Major -
Minor 3 4
. Major 3 4
Minor - ‘ :
Minor 2 3
2. CRACKS

Most cracks originate around the connection p01nts
These p01nts should be paid careful attention durlng 1nspect10n

Effects on load bearing capacity and durablllty
' Major Minor

D?€§h Grade | Detected . -
le.g . - -




= RATING

Y All Members

' Major 4
4. FALLING OFF (BOLTS, NUTE & RIVETS) - LOOSE CONNECTIONS

Connections generally with hlgh ten51on bolts and
rivets and in particular, bearing anchor bolts are malnly
subject to this problem and need checking.

Effects on load bearing capacity and durability

Major = |  Minor
Range |Grade |Connection :Many bearing =~ Connectibn{ a few
(Z) rollers, etc:fallen off ‘|bearing rollers,

etc. Just before
falling off.

e.g Falling off of 2 pieces of Falling off of 1
or more per splice part. piece per connection
Falling off of bearlng part. '
roller etc.

- RATING
{Z) - All Members
Major ' 4
Minor _ 3

5. RUPTURE

It is a damage often detected on attached structures
such as railings, Jjoints, etc. but as it may also be detect-
ed on superstructures and substructures, all steel materials
shall be subject to this checking.

Effects on load bearing capacity and durability

Major Minor

Depth [Grade |[Detected -
(Y) '

e.g Rupture caused by corrosion
or collision




- RATING

vy All Maembers
Major : 4
6. PAINT-DETERIORATION
The deqree of paint deterioration is expressed in terms
of 'depth', the condition of paint flaking i.e. peeling is
regarded as a serious effect (Major) and that of colour
- changes to a lesser extent (Minor). Also, the range of
deterioration is expressed by '‘extension', if the condition
is extended to all the part, it is regarded as a serious
effect (Major) and if it is limited to a local area of the
part, not so serious effect (Minor}.
|Effects on load bearing capacity and durability
. Major Minor
Depth |Grade |Paint peeling off Paint colour changed
e.g Paint of girder , railings |Paint of girder,
etc., peel off railings etc.changed
_ due to deterioration
Range |Grade |Widely ' Locally
e.g Paint deterioration extends |Paint deterioration
all over the steel part. exist only locally
on steel part.
-~ RATING
(Y) _ (2) All Members
) Major 3
Major -
Minor 2 .
) Major 2
Minor -
' Minoxr 1
7. CRACKS

This is the most common damage to concrete materials
and there are various causes such as design, construction,
materials and environment. As these causes are very 1mpor—
tant for the evaluation of the level of damage, the judg-
ment shall be done at first in the column 'position or
pattern' (X) with consideration to location of cracks and

“its type, with reference to typical cracks shown in the fig-

ures attached.



Effects on load bearing capacity and durability
Major - Minor
Position [Grade . Critical .~ Uncritical
or : -
Pattern e.g Superstructure common to RC |Superstructure:
(XY and PC:1,2,3,4,5,6,7,8,12 common to RC and PC
only.PC: 1,2,3,4, _ 9,10,11 only.
Substructure : 3,5,6,7,8,9, . .
10,11,12 _ _ pCc : 6,7,8,
_ _ ' - | Substructure:i,2,4
Depth Grade{Wide .+ |Hair Line
(Y) : . : S
" e.qg RC -Structure: 0.3mm or more |RC structure:less
PC Structure: 0.2mm or move {than 0,2mm
PC structure:less
than 0.Inm
Range  |Grade|Interval o ' ]Interval
(2) . .
e.g Less than 50cm _ 50 cm or more
- RATING
X ' Y Z Main Member Second&ry Member
, Major | Major 5 4
Major : Minor 4 3
Minor Major 3 2
Mihor 3 2
. Major Major 4 4
Major Minor: 3 3
Minor Major 2 2
Minor 1 1

Fig. F-1 Location & Type of Typical Cracks in RC/PC
superstructures

Fig. F-2 Location & Type of Typical Cracks in PC superstructures

Fig. F-3 Location & Type of Typical Cracks in substructures

8. FLAKING AND REBAR EXPOEURE

In the case of rebar exposure due to flaking of con-
crete or insufficient cover is considered as major and in
the case of only flaking as minor. The grade of extension of
damage is expressed in terms of the quantity, separately for
superstructure and substructure and this can be considered
as a standard. ' '

P



Effects on load bearing capacity and durability
Major. Minor
I ’ : -]
D?pth Grade |Rebar is exposed Flaking only
Y)
e.g e e
B R
Rahge |Grade [Damage on large area |Damage on small area
(2) - -
e.g Substructure: Substructure
1.0 sg.m or more Less than 1 sg.m
Superstructure: T8uperstructure:
0.1 sg.m or more Less than 0.1 sd.n
- RATING
(Y) (2) Main Member Secondary Member
) Major 4 3
Major - :
Minor 3 2
i Major 3 2
Minor -
Minor 2 2
9. ¥FREE LIME

It refers to the phenomena in which the lime contained
in concrete oozes out through cracks, etc., by the action
of rainwater which has soaked into the concrete. A similar
substance also oozes out from alkali aggregate reactions and
it is difficult to distinguish visually one from the other.
For distinguishing between these two substances at the site,
hydrochloric acid is put on to the substances,the substance
oozed out by alkali aggregate reaction (silica) produces
hydrogen and leaves a silica deposit on the surface. The
grading by extension of damage is the same as that for the
case of flaking and rebar exposure.

Effects on load bearing capacity and durability

Range
(%)

more

Superstructure: 0.1m?
or more

Major Minor
Grade Damage on lardge area pamage on small area
e;g. Substructure 1m* or Substructure: Less than

1n?

Superstructure: Less
than 0.1im?




~ RATING

2 Main Member| Secondary Member

Major 4 3

Minor 3 2

11. WEAR AND ABRASION
_ It refers to the condition of damagé_where the surface
concrete of substructures are worn and abraded by water or
acid water. The extent of damage, whether it is major or
miner, is indicated by rebar exposure.
Effects on load bearing capacity and durability
Major Minor
Depth [Grade Rebar is exposed Rebar is not exposed
(Y) ; '
e.g e e
St ilaa ol o Rl P N v e imt e
/‘; W?\(:prﬂ-* _— — —
Range |Grade |Damage on large area Damage on small area
(2) _
e.g Substructure: substructure.
1.0 sg.m or more Less than 1 sg.m
Superstructure: Superstructure:
0.1 s¢g.m or more Less than 0.1 sg.m
= RATING
Y 2 All Members
. Major .4
Major -
Minor 3
: Major 3
Minor — '
Minor 2
i2. BLIPPING OFF (CHIPPING)

It refers to the damage when a piece of concrete
chipps off the floor deck (including filling concrete) and
which is accompanied by hexagonal cracks. The reason why it
is graded 4 1is because the necessity to perform emergency
repairs depends on the inspectort's judgment relative to the
position of the chip and peripheral conditions in the same
way as for the case of girder rupture.



Effects on load bearing capacity and durability

Major Minor

Depth|Grade | Concrete mass chipping off -

(Y)

e.q.|Type of damage which can be seen -
on concrete floor deck accompa-
nied with hexagonal cracks.

i4.

= RATING
'y All Members
Major 4

SLAB CRACKS

The lmportance is judged dapendlng on whether the crack
is running in one direction or two directions. The depth is
graded depending on the pattern of damage, i.e, the effect
of those accompanied with rust liquid is considered as
major, those with a water leak as intermediate and those
without any sign at water as minor. The width of crack is
considered in the same way as that for Item 7 “Cracks'
herein. Further, the interval between cracks is indicated
here as the extent of damage and the criteria for judging
whether it is major or winor depends on the spacing of crack
( more than 50 cm is considered minor ).

Effects on load bearing capacity and durability
_ Major - Intermediate Mineor
position|Grade|2 directions |1 direction
or
pattern | e.g ’1::1:1?-
(X) .
Depth Grade |Cracks with Cracks with water|Cracks without
(Y) rusty liquid leak or the widthlany sign at wa-
or large widthlof gap ie inter- |er or the width
o mediate of gap is small
e.qg Presence of Presence of water |RC structure:
yusty liquid leak and free 0.2 mm
along the re- |lime along the
bar, or the cracks, or the
width is width is 0.2 mm
0.3m or more or more and lesg
: than 0.3mm
Exten- Grade | Minimum gap - Minimum gap
sion small large
(2}
e.g Minimum width - . Mlnlmum width of
of gap is gap is 5Ccm or
less than S0cm more




- RATING

X Y Z All Members
Major Major 4
Minor 4
‘Major Intermediate Major 4
Minox 3
Minor Major 3
Minor 2
Majoxr Majbr 3
Minoxr 3
Minor -
Intermediate Major 3
Minor 2
Minor  Major 2
: Minor 2

ABNORMAL SPACING OF GAP {(JOINT)

15.

It refers to the condition where the.spacing:is-abnof-
mally wide or there is no opening left at all. An abnormal
spacing condition is sometimes accompanied by damage to
bearings and backwalls, . it is necessary to check them at
the same tinme.

Effects on load bearing capacity and durability
Major Minor '
Depth [Grade [Detected -
(Y) '

The spacing is so abnormally

wide that the face plates are

compietely disconnected,or -

there is almost no spacing.

- RATING

Y All HMembers

Major 4




16.

DI¥FERENCE IN LEVEL (BRIDGE'hPPROACH & JOIHTS)

.~ Shock produced by difference in level or corrugation
cannot be ignored beyond a certain value. The value which is
slightly more severe than the aimed value for ordinary roads
is adopted, the value 15mm - 20mm is targeted for bridges in
this criteria. (Relating to this, it has been proved by an
experiment conducted by the Civil Research Institute Japan
that shock greater than design value is produced when the
difference in level reaches 20mm.) :

Effects on load bearing capacity and durability

. Major _ Minor

D?p§h Grade |Considerably rough Rough

Uhgvannesg of the direction Unevenness of the
bridge axis is 20mm or more |[direction of bridge
axis is 10 - 20mm

17.

- RATING

Y . ' A1l Menbers
Major 4
Minor : 2

POT HOLE

Pot holes are bowl-shaped holes of various sizes in the
surface course resulting from localized disintegration. As
pot-holes, flaking and subsidence affect vehicles (especial-
ly two - wheeled vehicles) on the rocad and often cause
problems to safety, particular care must be taken. Holes of
less. than 10mm - 50mm are considered as minor and those of
50mm or more as major. If the pot hole is 50mm or more
damage to the floor deck is also possible, it is necessary
therefore to carry out an inspection below the pavement.

Effects on load bearing capacity and durability

Major Minor

D?§§h GradeiHole is deep . Hole is not so deep

e.g |Hole is 50mm or more in |Hole is 1Omm - S0mm
depth in depth

Range Grade|Diameter of hole is large|Diameter of hole is

small

e.g |Diameter of hole is 20cm |Diameter of hole is
or more : less than 20cm.




18.

- RATING

Y oz All Members
o Major _ 4
Major - :

Minor 4

) Major 4
Minor - '

Minor 3

PAVEMENT CRACKS

It is unllkely that a crack on the brldge pavement
would exceed 5mm in w1dth, however, should such occur damage
to the floor deck is possible. It then belng necessary,
therefeore, to carry out an 1nspect10n below._

Effects on load bearlng capac1ty and durablllty

Major : : : Minox

D?gyh Grade |Crack width is large Crack width is small

Crack width is Smm or Crack width on paving is
more less than 5mm

19.

=RATING

Y All Members
Major 4
Minor 2

RUTTING

Rutting is an unevenness on road pavement in a direc-
tion perpendicular to the bridge axis. As rutting causes
accumulation of water from. rainfall and produces problemns
such as splash and reduction of frictional resistance at
high speed, it must be remedied. Unevenness of less than
20mm is not considered as damage, unevenness between 20mm to
30mm is considered as minor and that of 30mm or more as
major.

Effects on load bearing capacity and durability’

Major ' Minor

Degth Crade |Considerable uneven ‘Uneven

Unevenness of direction|Unevenness of direction
erpendicular to perpendicular to bridge
ridge axis is 30mm or |axis is 20 to 30mm

more

F-10




= RATING

Y All Members
Major 4 :
Minor -2

21. MATERIAL DETERIORATION

: This covers material deterioration due to exhaust gases,
salt air, etc on parts other than steel materials, such as
on concrete, bearings, expansion joints, etc.

Effects on load bearing capacity and durability

Majof Minor

Rangé Grade |(Widely. _ Locally
(Z2).

e.g Material deterioration|Material deterioration
extends all over the |exist only locally on the

part. o part.
(Applicable to concre-| (Applicable to concrete
te, rubber, plastic, rubber, plastic, etc)
etc)
- RATING
2 All Members
Major 4
Minor 3

22. WATER LEAK AND PONDING WATER

This includes water leakage from a damaged part of
floor deck, expansion joint, drainage, etc. and ponding
water in bearings, paving, etc.

Effects on load bearing capacity and durability

Major Minor
Depth |Grade |Water leak and water accumu- -
(Y) lation detected.
e.g Water is leaking from below

the floor deck, main girder,
expansion joint,drainage ba- -
sin jointing point, etc. Wa-
ter is accumulating in the
vicinity of bearings.

-1



~RATING

Y ~ Main Members Secondary Members

Major 4 . 2

23. ABNORMAL NOISE (POUNDING)

Abnormal noise produced by any structural defects
shall be rectified, especially, in the case of loose bolts.
In cases where the generatlon point cannot be determlned,
the presence of abnormal noises shall be noted.

Effects on load bearing capadity and durability

Major : Minor

Depth |Grade |Abnormal noise detected -
(Y) '

e.g Abnormal noise is heard
from stopper for shifting of
movable bearlngs and girder ' -

- RATING
¥ All Members
Major - -4

24. ABNORMAL VIBRATION

"It is difficult to check abnormal vibration accurately.
‘The presence of abnormal vibration shall be checked by
standing on the midspan of the superstructure and on the
road in the vicinity of substructure when vehicles pass.

Effects on load bearing capacity and durability

Major _ Minor

Depth [Grade [Abnormal vibration detected -
{Y) '

le.g Abnormal vibration or shakf
ing detected on main girder.| -




-RATING

¥ _ All Members
Major (Detected)y 4

25. ABNORMAL DEFLECTION

It is difficult to check abnormal deflections accu-

.rately The presence of abnormal deflections shall be

checked by standing on the midspan of superstructure and on
the road in the vicinity of substructure when vehicles pass.

Effects on load bearing capacity and durability

Major Minor

Depth Grade |Abnormal deflection detected -
(Y) .

e.g Abnormal deflection detected -
on main girder etc.

= RATING

Y . All Members
Major (Detected) 4

26, DEFORMATION

This covers the deformation of steel parts of girders,
railings, etc. caused by a traffic impact. As it is diffi-
cult to express quantltatlve affects on the load bearing
capacity and durability, the grade of the affect is judged
by whether or not deformation of the parts themselves is
considerable.

|Effects on load bearing capacity and durability

Major Minor
Depth |Grade Cénsideréble deformation Deformation detected
(Y) .| detected.
e.g Girder, railings, etc. are
considerably deformed by
vehicles collision etc. -

F-13



RATING

Y ' All members
Major 4
Minor 2

27. BSEDIMENT ACCUMULATION/VEGETATION
This refers to sediment accumulation with or without
vegetation in catch basins and in the vicinity of bearings.
Once catch basinsg become clogged w1th sediment, the dralnage
does not work properly causing leaking and accumulation of
water. Besides, sediment accumulated in the vicinity of
bearings not only accelerates corrosion and deterioration
but also obstructs visual detection of serious defects. If
sediment accumulatlon is reported, it shall be guickly
cleaned. .
Effects on load bearlng capacity and durablllty
Major _ _ Minor
Degth Grade | Sediment accumulatlon and Sedlment accumula-’
- | vegetation tion only detected
e.g Sediment accumulated in
catch basin and in the
v1c1nlty of bearing : -
-~ RATING
Y All members
Major 3
Minor 2
28. BETTLEMENT

Foundations and bearings shall be subjected to check-
ing. Settlement of the foundation is the easiest damage to
check. As for grading of defect, settlement of 25mm or more
is considered as major and that of less than 25mm as minor.
In the case of a continuous girder, settlement at a point of
S = L/2000mm or more is considered as major and that of less
than L/2000mm as minor. As the settlement of bearings is
difficult to detect it must be estimated based on the condi-
tion of anchor bolts and. bearing mortar. It there is doubt
about the settlement of the bearing, a detailed inspection
shall be urgently carried out. (L is span length in meter)

F 14



Effects on load bearing capacity and durability
. Major ' Minor
Depth |Grade Settlement of bearing.Consi-|There is doubt of
{(Y) derable settlement of settlenment of bear-
foundation ing.Settlement of
foundation.
e.q Settlement of bearing is 25 |Settlement of bear-
_ mm or more for simple girder|ing is; less than
and. $= greater than L/2000mm|25mn for simple
for continuous girder in ~ lgirder and S=less
case of bridge approach dif-|than L/2000mm for
ference in level > 30mm. continuous glrder
In case of bridge
approach difference
in level < 30mm
~ RATING
Y All members
Major 4
Minor 3
29. ABNORMAL MOVEMENT

Foundation and bearings shall be subjected to checklng
For foundations, it means sideways movement. For bearings,
it means abnormal displacement relative to girder or shoe

due to abnormal lateral force, etc.
Effects on load bearing capacity and durability
Major Minor
Depth |Grade|Abnormal movement of bearings|Suspected abnormal
(Y} considerable movement of movement of bearing
foundation Movement of founda-
tion.
e.g Substructure has: moved con~ Substructure has
: siderable due to sideways moved due to dis-
displacement of the founda- placement of the
tion foundation.
= RATING
4 All members
Major 4
Minor "3

F—-15



30.

31.

Dre

Foundatlons and bearlngs shall be subjected to check-
ing. Reqardlng foundations, it covers the case of an abut-
ment or pier becoming inclined due to displacement .to the

'side or uneven settlement.. Regarding bearings, it covers the

cazse of the. shoe become abnormally depressed due to an
abnormal lateral force, etc,

Effects onfioad bearipg'capaeity'and durability
_ ' '~ Major o © Minor
Depth |Grade|Bearing has dippad Suspected dlpang of
: Foundation has dipped |bearing and foundation.
congiderably _

e.g |Substructure has ' Substructure has dipped
dropped considerably due to displacement of
due to displacement the gide part.

= RATING
¥ - |- all members
Major 4
Minor 3
S8COURING

This covers the case of the foundation and peripheral
river bank being scoured or carried away by flowing water.
Iin partlcular,_for bridges located on upstream reaches of a
river, special care must be taken, and checking is very
important, especially, after typhoon, torrential rainfall,
etc, '

Further, in the case of direct. foundations, the effect
of scouring on the safety of the bridge is greater as com-
pared with that of piled and caisson foundations. When
scouring is considerable, in the case of direct foundations
shifting of movable bearings is possible and emergency steps
must be taken.
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Effects on load bhearing capacity and durability

Major - Minor
: Grade |Direction foundation|Piled foundation
Pogition caisson foundation
or '

pattern |e.g
(X) . - ' -

Depth Grade|Considerable scour- |Scouring is detected
ing is detected

e.g Foundation is consi-{PFoundation is scouring by
derably scoured by flowing water
flowing water

- RATING
Y. . : Z . 31l Members

Major 4

Major -
Minor 4
Major 4

Minor
Minor 3

32. DEFECT

This covers the case of a concrete girder, railings,
rubber bearings, etc. having a partial deficiency caused by
car crash or abnormal lateral force.

Effects on load bearing capacity and durability

Majof Hinor
Depth |Grade|Considerable deficiency Deficiency detected

detected

e.qg Girder, pedestrian Girder, pedestrian
railings, traffic etc. railings, traffic
have considerable railings etc. have
deficiency due to vehicle|deficiency due to
collision, etc. : vehicle collision, etc.




~ RATING

Y 7 : All members
Major 4
Minor ' 2

33. EROSION

This covers the case of foundation and peripheral river
banks being eroded or washed away by flowing water.

In particular for bridges which are located on river
bends, special care must be taken.

Effects on load bearing capacity and durability

Major AR Minor

Depth |Grade |Considerable erosion detected |Ercsion detected
(1)

e.g River bank up and down stream |Slightly eroded
of abutment has been heavily

eroded
-~ RATING
Y A1l members
Major 4
HMinor : 3
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FIG. F - 2 LOCATION & TYPE OF WYPICAL CRACKS
IN PC SUPERSTRUCIURE
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ANNEX - G
STRUCTURAL ASSESSMENT CRITERIA







1. . General ..
2. Geometric

3’- BridgeWidth L N N ' L L R I N N I N N IR A I R R L I B I
4. Free Board

5. Bridge Loa
6. Design Met
7. Bridge Pla
8. Superstruc
9. Substructu
10. Load Combi
11. Material a
12. Design Sta

Figure G-1
Figure G-2
Figure G-3
Figure G-4
Figure G-5
Figure G-6
Figure G-7
Figure G-8
Figure G-9

Figure G~-10

“TABLE OF CONTENTS

4 8 0% a8 B e AW T O BT K EYT SRS ETE SRS END A I AN N A

Design Standard .. .ecevsocsssssasesons

.
.

P e 4 PR s E eI a0 tNE WG R RN I TS
.

AINg.oeovenssnsaasse
hod Applied .......
NNING «o.ivvrceossss
ture Design .......
re Design ...eeeoen
NALLION oo eceeceveronsssosssassstassssssassss
nd Allowable StYeSsS ...cvscrsocresarssesvane
THAAYA o evoeceorossnsrccsosrosasssssssnanesse

.
B & O & 4 5 T K PGS AR
LRI R A I A 2 TR T T T R K T NN
& e @ & 8 9 & @ v &8 9 2 & 9 @

A R A R R N B I L R

“ & %, v 0w
.
o
©
.
.
-
.

L R I R I R I N Y

LIST OF FIGURES

Normal Bridge Cross-Section .............
Cross-Section of a Bridge with Side Walk
Application LTAL UDL and KEL Load ..........
Applicable Types of Concrete Bridge ........
Applicable Types of Steel Bridge ...........
Applicable Types of Pier ....cecnernsvannnns
Applicable Types of Abutment ...............
Applicable Types of Foundation .............
Chart For cCalculating the Ulitimate Bearlng

Capacity of the Ground at Pile Tip Per Unit
Y = -

Coefficient of Bearing Capacity ............

q
-
-

G-2
G2
G-5
G-12
G-12
G-13
G-13
G-14

G-18
G-20



LEST OF TABLES

Table G-1 Free Board For Bridge Over River .......... G=3
Table G-2 The Unit Weight of Bridge Construction
. . Material L I R I I R L R R A I B R R | G"“3
Table G~-3 The Unit Weight of Ancillary Bridge
Construction Material ...vievevesonsrsoanes G=id
Table G-4 LTAL Load For Various Loaded Length ....... G-4
Table G-5 Collision Load on Bridge Support ... ....... G-6
Table G-6 Collision Load on Bridge Parapet .......... G=7
Table G-7 Resistance Coefficient of Bridge Pier ..... G-B
Table G-8 Classification of Spread Footlng and :
: : Caisson Foundation ....c.vivivesssonseosesees G-15
Table G-9 Classification of Caisson and Pile -
: Foundation ....i..vieoreeoscasssssasssssenss G-15
Table G-10 Allowable Bearing Pressure For Spread =
FOOLiNg ..iviveverssnvesnsasssnsssscannssaces G-16
Table G-11 Angle of Internal Friction For Abroad Basic
_ SO1l TYPE tsvicacevesastansasanasssnsosassss G=16
Table G-12 Pile Safety Factor ......ciinviievnnnnecsaes G=17
Table G-13 Skin Friction FOrce .....cvvesssssrvsossease G-19
Table G-14 Shape Factor of the Base of Caisson ........ G=-20
Table G~15 Load Combination For Allowable ............. G-21
Stress Design -
Table G-1i6 Load Combination at ULS and Appropriate
-Partial Factor ....ccecviecvivscasnnneonnsnans G=22
Table G-17 . The Allowable Compr9581ve and Shear Stress
_ Of CONCrete ......vececsceetssnsiinsssacsasss G=23
Table G-18 The Permissible Stresses in Steel :

: * - Reinforcement ........,.........c.....;..... G-23
Table G-19% The Permissible Stresses in ......v.vecee.s.. G-24
Structural Steel :

- ABBREVIATION
{Alphabetical Order)

Bc Concrete Bearing

Bs Steel Bearing

Bt Transversal Bearing

DFWL Design Flood Water Level

DID Drainage Irrigation Department

JKR Jabatan Kerija Raya

KEL Knife-Edge Load

LTAL Long Term Axle Load :

OECD Organization for Economic Cooperation and

Development
UDL Uniformly Distributed Load



STRUCTURAL ASSESSMENT CRITERIA

1., General

Malay51a was once ruled by the British and as a result,
bridges in Malaysia have tradltlonally been de51gned to British
Standards. Throughout the years various revisions of the British
Standard and modifications on the application of the standard to
suit Malaysian conditions have been carried out resultlng in
brldqes being de51gned to various loading and d951gn specifica~
tion. Even today various standards have been used in bridge de-
sign, JKR Bridge Design Manual for example, adopted BS153 as its
design standard while the current appllcable British Standard is
BS $400 which is used by some bridge designers in Malaysia. For
the purpose of this study the design criteria to be applled are
based on JKR bridge design practice except where the speclflca«
tion is not clear then The Japanese Bridge Design Specification
will suffice. The design criteria covers the following aspect of

design:-

- Geometric design standard

- Bridge clearance

~ Bridge width

- Bridge loading

- Design method

- Material and alliowable stress

- Superstructure design

- Substructure design

- Applicable bridge design standard

2. Geometric Design Standard

The geometric design standard to be applied is based on the
JKR Y"ARAHAN TEKNIK (JALAN) 8/86%". The summary of the design
standard is az follows:-

~ Ppesign speed ..... eessaearaneanny 70 - 100 Em/Hr
- Lane width for 2-lane.....cccce. 3.5m
- Shoulder (deneral area) «..:...s:. 3.0m
' (mountainous area) ..... 1.5m
— SidewalKesioenvsosssarossarsasnss 2.0m

- Vertical Clearance {over road}.. 5.0m
' (over rail).. 6.5m

w CTOSSFALleernnraniinnonnnnnes eses 2.5%
- Superelevation rates(max}...... «s 0.10 m/m
- Horizontal radius (min.)....... <+ 465m

- Vertical Gradient..... tesseoarea - 6%



3., Bridge wWidth

For the purpose of detailed assessment work,design standard
of R5 road is applied in principle. However the width of the
bridge depends on the availability of side walk. The difference
between two types of bridge width requirements is shown in Figure

G-1 and G~2 below;

Figure G=-1 Normal Bridge Cross-Section

" KERB ) |SHOULDER _ CARRIAGEWAY WIDTH L= 7000 SHOULDER | KERB

3000 j - o 23000 -
B 0.5L Id 0.5L MI
' ksfo' I =3Fb i
B

f i ] 1 |

Figure G-2 Cross-sSection of a Bridge With Sidewalk

KERB | (SIDE 30QM)  CARRIAGEWAY WIDTH L:7000 M BOJSIE | | KERS
WALK| |=500 =500 |WALK
£2000 £200
__05L o.5L
LI ] 1 ! ! . 1 1 H [ |
M- S o TS

4. Free Board

. Hydraulic analysis shall be carried out based on DID Hydro-
logical procedures (either Hp No.5, Hp No.11] or Hp No.4). The
free board requirement is not clearly stated in the JKR bridge
Design Manual, thus the recommendation given in the Japanese
bridge design spe01f1cat10n is adopted The soffit of the bridge
deck shall be designed such that it is above the designed flood
level with a free board as tabulated in Table G-1.



Pable G-l Free Board For Bridge Over River

| Free 8ize of - Design flood
Board River flow Qf (cumec)
0.50m Small river "Qf < 500
1.00m Medium river 500 < Qf < 2000
1.50m Big river Qf > 2000

$. Bridge Loading

Loads acting on the bridge structure include Dead Load,
Live Load, Load due to centrifugal force, Tractive/Braking Force,
collision load on bridge parapet, collision load on bridge sup- -
port, Wind Load, Load due to creep, ghrinkage and temperature;
puoyancy or uplift force and Forces of Stream Current and Debris.

In the

detailed assessment the following type of bridge loadings

shall be considered:

PR At

(1)

Dead Loads.

Primary Live Loads.
Tractive/Braking force.

Centrifugal force .

Collision load on bridge support.

Collision load on bridge parapet.

Pedestrian load (sidewalk loading).

Load due to temperature. : :
Forces due to stream current, debris and floating log.
Forces due to earth pressure.

Dead ILoads

- The unit weight'of bridge construction material as given in
Table G-2 below may be used for calculation of the dead load:-

Table G-2 The Unit Weight of Bridge Construction Material

Material Unit Weight
: {XkN/cu.n)
Reinforced Concrete 25
Prestressed Concrete 25
Asphalt Pavement 23
Steel or Cast Steel 77
Cast Iron 71
Alluminium Alloys : 28
Timber - - : 8
Stone masonry 27
Bituminous water proofing material 11
compacted sand, earth or gravel 19
Loose sand, earth or gravel 16




The unit weight of ancillary bridge construction material as
given in Table G-3 below may be used for calculation of superim-
posed dead load:-

Table G-3 The Unit Weight of Ancillary Bridge
Construction Material

Material Unit Weight
" 100mm nom.dia. water main 0.24 (kN/m)
i50mm nom.d&ia. water main 0.46 (kN¥N/m)
200mm nom.dia. water main 0.73 (kN/m)
250mm nom.dia. water main 1.13 (kN/m}
300mm nom.dia. water main 1.47 (kN/m)
380mm nom.dia. water main 2.08 (kN/m)
10.0m high Lamp Post 1.31 (kN)
12,0m high Lamp Post’ 1.73 (kN)
RC Parapet + Handrail 7.32 (kN/m)
Std.Kerb + Handrail C4.21 (kN/m)
std.Kerb Divider 1.80 (kN/m)}

{2} Primary Live Loads

Live load to be applied shall be LTAL loading which is
applled on each notional lane. Details of the application of the
LTAL is as follows:- :

- Notional Lanes

The width of each notional lane is fixed at 2.5m within the
carriageway of the structure. Only integer numbers of the no-
tional lanes shall be used. Areas of the carrlageway not covered
by the notional lanes shall be loaded with the minimum pedestrian
loading of 5 kN/m2,.

~ LTAL Loading

LTAL Loading consists of a uniformly distributed Load and a
Knife~Edge Load combined, or a twin wheel load. The Nominal
Uniformly Distributed Load (UDL) to be applied onh a 2.5m lane
width is as shown in Table G-4 below:-

Table G-4 LTAL Load For Various Loaded Length

Loaded Length L(m) LTAL (kN/m/Lane)

L < 20m w = 176.8-1.70:6
20m < L < 40m W= (93.6+4.16-L) -1 0:6
40m < L < 50m w = 260.1,"9-6

where: -
"L" iz the Loaded length in meter and "w" is the
load intensity in kN per meter of notlonal lane
width.



The KEL per notional lane width shall be taken as 100 kN. No
dlspersal shall be assumed for UDL and KEL.

Tw1n nomlnal wheel load alternative to UDL and KEL con51st
of two 112 kN wheels spaced at 1.8m apart. Each of the wheel is
uniformly distributed over a circular or sguare contact area with
effective pressure of 1.1 N/mm?2 (1 e. 360 mm diameter and 320mm
side effectively). The wheel load is dispersed at spread- to~depth
ratio of 1 horizontal to 2 vertical through asphalt and 1 hori-
gontal to 1 vertical through structural concrete,

= Application of LTAL boading

~ The UDL and KEL loads shall be applied on two notional lanes
so as to glve the worst effects on the structure. The rest of the
notional lanes shall be loaded with 0.6 times LTAL UDL and KEL
as illustrated in Figure G~3 below. The carriageway width shall
be taken as the width between raised Kerbs. 1In the absence of
raised kerbs, it is the width between safety fences, less set

back of 0.ém.

Figure G-3 Application LTAL UDL and KEL Load

PARAPET
‘ . | 3
T
. g

Full LTAL UDL

Full LYAL UDL

0.6 LTAL UDL

12.0m

0.8 LTAL uDpL

PEDESTRIAN LOAD

L RAISED KERB

NOTE: LANE LOADINGS ARE INTERCHANGEABLE FDR
THE MOST SEVERE EFFECTS

J_‘_

(3) Load Due To Temperature

Load effect due to temperature difference can generally be
ignored in the preliminary design. However the following data may

be used if required :-

- The overall bridge temperature shall be taken as 20°C.
- Coefficient of thermal expansion for structural steel
and for concrete shall be taken as 12x10° fand 10x10°

respectively.



{4) Centrifugal Load

centrifugal load on curved bridges shall be applied on any
two notional laneg .at 50m centres acting radially at the surface
of the road and parallel to it. The centrifugal force shall be
determined as follows:- - : :

30000
© (r+150)
where F_. = Centrifugal force (kN)
r = Radius of curvature of lane (m)

"Each 1load F shall be elther taken as a single load or
subdivided into two parts of ! iy F and %, F_ at 5 m centres 1ong1-
tudinally, whichever gives the iesser effect A vertical live
load of 300 kN, distributed uniformly over the notional lane for
a length of 5m shall be considered to be acting together with
each F_. Where the centrlfugal load is subdivided, the vertlcal
live 1oad shall be subdivided in the same proportlons.

(5) collision Load on Bridge Suppert
The nominal collision loads on bridge support on bridges
over the highways are given in Table G-5 below together with
their direction and point of application.

Table G=5 Collision Load on Bridge Support

Load Load

Type of normal parallel Point of application
load to the. . |to the on bridge support.

“ltransmitted|carriageway|carriageway
below (kM) tbelow (kN)

Load Any one bracket

transmitted] . 150 50 attachment point or,

from guard ' for free standing

rail ' fences, any one point
G.75m above carriage-
way level.

' |Residual At the most severe
load above 100 100 point between 1lm and
guard rail 3m above carriageway

level.




Bridge supports shall be capable of resisting the load
transmitted from the guard rail applied simultaneously with the
residual load above the guarad rail, DLoads normal to the car-
riageway are to be considered separately from loads parallel to
the carriageway. No other primary live loads are reguired to be
- considered on the bridge.: :

(6} Collision Load on Bridge Parapet
Elements supporting bridge parapets shall be designed to
resist loads due to vehicle collisions. The nominal load shall
be as given in Takle G-6 below:-

Table G-6 Collision Load on Bridge Parapet

Collision load on parapet

Type of - ,
parapet High level- . Normal level
' containment containment

Concreﬁe' Moment 25 kNm/m | Moment 12.5 kNm/m

Metal _ Force .50 kN Force 25 kN

For concrete parapet the moment shall be applied uniformly
at the parapet base. The transverse collision force on metal
parapet shall be applied equally between the number of effective
longitudinal members and acting at the centroid of the members.
The associated primary live load to be applied shall be twin
wheel load of 112 kN each spaced at 1.8m apart.

(7) Sidewalk Loading

Sidewalk loadin shall be taken as § kN/m? for span length
up to 50n. :

{8} Tractive/Braking Force
The longitudinal load resulting from traction or braking of
vehicles shall be applied at the road surface and parallel to it

in one notional lane only. The nominal tractive/braking load
shall be taken as follows:- :

T =.8-L + 200 (KkN}; ( but not more than 450 kN )

where; L is Loaded length (m}.



(9) YForees from Stream current, Debris and Floating Log

- Porce dune to Strsam Current

Aii pieré and other parts of the structure which are sub-
jected to the forces from flowing water, or debris shall be as-
sessed accordingly. The force induced shall be calculated as

follows: -

where :

RO <

twonw b

The forces induced by flowing
K:V2.A water shall be taken to be
acting at 0.6H from river bed

i

P

Pressure (kN).

Maximum current velocity (m/s}. .
Vertically projected area of pier (m?).

Depth of water (m).

Constant determined by the shape of the pier as

shown in table G-7 below.

Table G-7 Resistance Coefficient of Bridge Pier

Shope of the end of bridge pler

focing the stream Constant

—_ ] 0-07
T O
—_
> D 0-04

~ Force due to debris blockade

Where blockage by debris is likely to occur, allowance shall
be made for hydrodynamic forces acting on the minimum depth of
1.2m of debris. The length of debris blockage affecting any pier
shall be taken as half the sum of the adjacent spans. However,
for minor bridges, the debris lcadings need not be considered if
the free board over the maximum flood level is more than 1.5m.
The pressure P , induced by the debris on the pier shall be taken

as follows;

P

0.517-V2  {kN/m?)

Where V is the approach flow velocity (w/s).



~ Forces dus to log impact

Where floating logs are likely, the force exerted by 10
tonne logs traveling at normal stream velocity shall be assessed.
However the force due to log impact shall net be applied concur-
rently with debris force. The force due to log impact shall be
calculated as follows;

F= 0.1'W.V (t)

Where :
W = Weight of log (10 Tonne),
Vv = Normal stream velocity (m/s),

(10) ¥Yorces due to Barth Pressure

Structures which retain earthfills shall be assessed to
withstand pressure as given by Rankine's formula. In normal
bridge design, because horizontal granular backfill is often used
behind abutments, ground water conditions can be ignored. The
earth pressure acting on the abutment depends on whether the
abutment is movable type or not and also the type of soil. For
preliminary design the following formula shall be used:-

- Earth pressure acting on movable walls;
(a) Sandy scil
P, = K I''h + K g

P,

I

Kpor-h + Kp-q

(b) Cohesive soil

P

a

P, = Kp-.r-_h + 2:cvK ) + K °q

K +F<h - 2:c'vK + K +q

(2) Earth pressure acting on fixed wall;

P, = K-F-h + K.-q
where,-

I' = Bulk density of earth (kN/m®).

Active earth pressure (kKN/m2).

Passive earth pressure (kN/m2).

Coulomb's active earth pressure coefficient.
Coulomb's passive earth pressure coefficient.
‘Coefficient of earth pressure at rest.

Height of abutment (m).

Scil cohesion (kN/m2).

Surcharge (kN/m2}.

L < - R - -

R

L OTHERX YD



The internal angle of friction of granular backfill materi-
al behind abutments shall be assumed to be 30°. Live Load sur-
charge for suitable material properly consolidated shall be taken
as 20 kN/m2. :

6. Design Method Applied

The assessment of ex;stlng bridges and rehabllltatlon work
jointed directly to the existing bridges shall be in accordance
with elastic design methods (allowable design stress method},
while for an adding sidewalk which is not attached to the exist-
ing bridge or a completely new bridge for rehabilitation by
total replacement, the design shall be carried out using ulti-
mate limit design methods.

The reasons for adopting these two different de51gn methods
in the preliminary design are : :

- Almost all old bridges in Malaysia were designed to
BS153 which follows the elastic design principal.

- Quality of materials used in these bridges is often
inconsistent (i.e. strength variation is very wide) .

Thus, it is safe to apply elastic design method for the
assessment and the rehabilitation design. However, quality of
material and accuracy of design for an independent structure can
be controlled properly within very low tolerance. Therefore, it
is rational to apply ultimate limit design method only for an
independent structure which will not be attached to the existing
bridge. :

The elastic design method shall be based on the guidelines
given in JKR Bridge Design Manual, while for ultimate limit
design the provisions prescribed in BS5400 shall be applied.

7. Brldge Planning
(aApplicable to only total brldge replacement)

- Determination of Bridge Length

The clearances of a bridge controls the bridge's length as
1nd1cated in the following. From the intersection of ordinary
water level and ground surface as shown in the sketch below, the
proposed slopes of protection work follow the slope of the bank
as close as possible, having in mind not to constrict the area of
the water way reduired. Then the top of roadway elevation shall
be determined based on the Design Flood Water Level (DFWL).

The distance between the intersections of the slopes of

protection work and the top of roadway elevation represents the
length of bridge required, which is the total distance between

G—1G



the back of backwalls. Minor adjustménts shall be nade, if
necessary, to suit the length of the superstructure is of stand-

ard type.

Free board under a bridge shall be determined taking into
consideration the necessary space needed for river navigational
ways and maintenance, etc. The river administrative clearance
from the bottom of the bridge girder or beam to design flood
water level will vary from 0.5m to 1.5m depending on the size of
river.

TOTAL LENGTM OF BRIDGE_REQUIRED

BAGKWALu«\-‘——e—e—FAcE OF BACKWALL— {~ancanLL
3

TOP OF ROADWAY
v -

-gOTTOM OF GIRDER

FREE.  DEPTH
BOARD:OF GIRDER

The design elevation of the soffit of bridge girder shall
not be lower than the highest water level plus the free board.

Free board (below the bridge) - For non navigable river;
general clearance between D.F.W.L. and the bottom of the lowest
nember of superstructure shall comply with the reguirement stated
in Table G-1.

Vertical Clearance (Navigable rlver), The DID or Marine
Department shall be consulted for determining the minimum hori-
zontal and vertical clearances under a bridge before preparing
the final design and plans of the proposed bridge.

- Applicable Bridge Types

. To select the'applicable types of superstructure, substruc-
ture and foundation, the basic and important factors to be taken
inteo congideration shall include economical construction, stabil-
ity and safety, constructlon period and ease of maintenance and

operation. -

G—1l1



Figure G6-4 Applicable Types of Concrete Bridges

TYPE b 1 vo 53“" LE‘I:OTH;(I’HJ 70 #0 Hg’!&!ﬁ?f
1.R.C SLAB 1420
2.8.¢ HOLLOW SLAB 120 |
L 30.G - T— BEAM VLN
:.P.c = HOLLOW { Pratenalon ) isme
"|5.P.c ~ T~ BEAM ¢ Protension} [¥2l
8.P.C - T~ BEAM | Pretension) I |a_
7.0 -1~ BEAM { POST) /18
0. -T< BEAm (POST] T /173
$.8IMPLE BOX GIRDER 1720
10.R.c~ ARCH. - zq 1788
TYPE $PAN LENGTHImM.) HELGHT/
40 80 120 IS0 200 240 260 320 360, IPAN
M. CANTILEVER BOX GIRDER Lt 23 1213
(2.7.C GABLE STAYED GIRDER - + —"- —

Figure @G-S Applicable Types of Steel Bridges

TYPE SPAN LENSTH (.) HELGHT /
| 552 ) 0 190 [To_ M0 ____I6Q g0 200 SPAN
. STEELX BEAK { Non~ Comp.) g-l ) 1720
| 2. STEEL I BEAM { Comp.? [ RE ' ' ' 122
3. SMPLE PLATE GIRDER -1 1217
4_CONTINOUS PLATE GIRDER 3 IR 1718
5.S5IMPLE COMP. GIRDER 1T ¢ 1718
G. SIMPLE BOX GIRDER T 1722
7. CONTINOUS COMP. GIRDER 1 119
8. CONTINOUS BOX GIRDER ] i _ i 1723
9. SIMPLE TRUSS ﬁ: 28 ' /8
10.CONTINOUS TRUSS F FLi] e
1. STABOGEN BRDGE ' = a0 1/8.5
12.CABLE STAYED GIRDER fm #’ 14100 17150

Figure G~4 and Figure G-5 show the relationship between the
superstructure type and the span length based on the samples of
bridges. The following items are fundamental in the selection of
superstructure types :

- Reinforced concrete structures are usually selected
because of maintenance is considered easy except where
special cases regquire steel structures.

- Reinforced concrete beams and steel I~beam types are
applicable for short spans (length 10m to 15m).

- Prestressed concrete girders, and steel plate girder

types are applicable for medium spans (length 20m to
50m). '

G—12



- Prestressed concrete box girder, steel through truss
and vanger .girder types are to be applied for long
spans (length 60m to 150m).

Figure G=8 Applicable Types of Pler
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Figure G-7 Applicable Types of Abutment
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-
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Figure G~6 and G-7 show the applicable substructure types in
accordance with the required structural height of a bridge. The
selection of substructure types is based not only on the speci-
fied figures but also on the following considerations :

- Reinforced concrete structures.
- The cross section of pier column in the river; circu-

lar or elliptical and rectangular shape with no re-
stricted conditions.



- Non Slldlng of the back fill materials behind abutment
structure is considered in the selection in the abut-
ment type to avoid the approach settlement of the
approach.

Figﬁre G-8 Applicabla Types of Foundation
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Flgure G-8 shows the applicable foundation types in accord-
ance with the required effective depth to sustain the load from
Supper-structures. The following are considered in selecting the
foundation type @

- Possible construction depth is studied in consideration
of =oil conditions.

- The advantageous type is considered for works above
water e.g. reverse circulation drill pile. :

- The prefabricated pile types are advantageous when the
bearing stratum is within a shallow range.
8. Buperstructure Design

Iin prihcipal, JKR standard design of superstructure shall be
applied if applicable.

The design method and manners of the superstructures such as

Reinforced Concrete, Prestressed Concrete and Steel Structure
shall be based on the provisions prescribed in BS5400.
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9. substructure Design

The present practices of substructure de51gn in Malaysia is
based on BS8004. since foundation design is universal and for
practical purpose, Standard Speclflcatlon of Highway Bridges in
Japan for substructure design is adopted in this manual. Thus,
followings are presented for reference.

The substructures can be founded on spread footing, caisson
or pile. In general the type of foundation could be classified
accordance to Table G-8 and G-9 below.

Table G-8 Classification of Spread Footing and caisson Foundation

Type of Ratio of Df/B
Foundation
Spread footing De/B < 1/2
Caisson Df/B > 1/2
Df: Effective embedded depth
B’ : Shorter width of foundation

Table G-9 Classification of Caisson and Pile Foundation

Type of Pile or Caisson
foundation Characteristic
Caisson BR.L 1
Short pile 1 <B.L g3
Long pile B.L > 3
where;
L. = embedded length of caisson or pile (m}).
A = characteristic value of caisson or pile =4YkD/4ET (m")
EI = flexural rlgldlty of calisson or pile {ktm2).
D = Diameter of caisson or pile (m).
k = coefficient of horizontal subgrade reaction of caisson
or pile (kN/m)
note: -

1.'k! for calsson shall be taken as a mean value from
ground surface to the point of % depth.

.'k' for pile shall be taken as a, mean value from
ground surface to the point of / depth
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In principle the foundation shall be designed so that it is
stable against bearing, overturning and horizontal movement,

(1) Footing Foundation

. The depth of footlngs shall be determlned depending on the
type and characteristic of the foundation material. In general,
for footing not founded on rock, the base of footing should be
founded at depth preferably not less than 1.2m below the stream
bed for abutment and 1.8m for pier. This preferred minimum depth
shall be increased depending on the site condition. For assess-
ment and preliminary design purposes and where subsoil data is

not available, the assumed bearing capacity and angle of internal
friction for a broad basic socil type shall be as given in the
Table G-10 and G-11 respectively.

Table G-10 Allowable Bearing Pressure Foyr Spread Footing

Type of Allowable Bearing

Bearing Material _ Pressure kKN/m?
Consistency
Ordinary |Recommended
Range for use
alluvial Soil Soft 0 - 80 50
Medium - 100 - 200 150
Very stiff to hard|200 - 400 250
Homogeneous inorga-| Soft : 50 - 80 50
nic clay, sandy Medium to stiff  |[100 - 300 200
or silty clay 1 Very stiff to hard|300 - 500 300
Fine to Medium Loose - Y100 - 200 100
Sand Medium Dense 200 ~ 300 200
Very Dense 300 ~ 400 300
Gravel, gravel-sand | Loose 200 - 300 200
mixtures, bhoulder- Medium Dense 400 ~ 600 400
gravel mixtures Very Dense 6G0 - 800 700

Table G-11 Angle of Internal Friction For A broad
Basic Socil Type

Type of . Angle of friction
Bearlng Material .
Alluvial Soil 25 - 30
Moist Sand 30 - 35
Submerged Sand 25 ~ 30
Gravel ' 35 - 40
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"In the preliminary design of footing, an appropriate safety
factor has to be applied. The allowable bearing capacity of the
footing shall not be more than 1/3 the ultimate bearing capacity
of the ground. The horizontal reaction of the foundation shall
not exceed 1/1.5 of the passive resistance of the ground. The
spread footing shall have safety factors of 1.5 against sliding.
The sliding resistance at the base of the footing shall be ob-
tained as follows:-

H = C+A + V-tan ¢

u

where;
H, = Maximum sliding resistance (t)
¢ = cohesion of foundation and ground (t/m?)
¢ = friction angle between foundation and ground (°)
A = effective lcaded area (m?)
vV = vertical load (t), excluding buoyancy

(2} Pile Foundation

Generally the pile should penetrate not less than 3.0m into
hard cohesive or dense granular material. In addition to that,
for pile bents type pier, the pile should penetrate not less than
1, of the total length of pile. The bearing capacity of pile
shall be estimated based on the following formula;

Ra = {{Ru ~ Ws)/n} + Ws - W

where; . _ _
Ra = Allowable load carrying capacity of pile (t).
n = Safety factor (refer to Table G-12).
Ws = Eff. wt of soil replaced by the pile (t}).
W = Eff. wt of pile and earth in it (t).
Ru = Ultimate bearing capacity of pile (t) = gA+UZl.f,
'A = Cross-sectional pile tip. '
g, = Ultimate bearing capacity per unit area pile
tip.
U = Circumference of the pile.
1, = Penetration Length of pilefdepth of stratum
where skin friction is considered
f. = Maximum skin frictional resistance (t/m?).

Table G-12 Pile Safety Factor

Type of Pile Safety Factor(n)

Load Bearing 3
Friction 4

In case of driven piles, the ultimate bearing capacity per
unit area at the pile tip may be estimated from figure G-9 below;
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Figure G~9 Chart For Calculating The Ultimate Bearing
capacity of The Ground at Pile Tip Per Unit
Area : -

15

EQUIVALENT LENGTH OF ~PENETRATION INTO BEARING STRATUM)
PILE DIAMETER

{

In Figure G-9 above 'q /N’ is given as a function of the
ratio of the length of the of the pile embedded into the bearing
stratum. The bearing capacity shall be taken as, the sum of the
end bearing capacity and skin friction capacity. In general, the
bearing stratum could be considered to be “good' when N-value for
sand and gravel exceeds 30 and for cohesive soil N value is above
20 (ie g exceeds 0.4 N/mm2). The following formula shall be used
to calcuiate § to be used for estimating the bearing capacity of
a driven pile (le. based on Figure G-9 above). :

§ = (N, + Ng
2
where;

ff = N value of the ground for design (but < 40),

N, = N value of pile tip.

N, = Mean N value within the range of 4D upward from pile
tip.

(If N value tend to decrease from pile tip downward, the
_mean value within the range of 2D from the pile tip
shall be taken for N,}.

The eguivalent penetration length shall be taken as the
distance from the pile-tip to the point where the two equal areas
surrounded by the N-value distribution curve and the line of N.

The friction force depends on the tYpe of pile and soil.

The maximum friction force in Table G-13 below may be used for
preliminary design. . :
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Table G-13 8kin Prictien Force

Soll Type Skin friction force (t/m?)
| Casﬁ in place Cast in place
: driven
Sandy Soil N/5 ( < 10 ) N/f2 (£ 12)
Cohesive Soil ¢ or N c/2 or N/2
Note;
C - cohesion of the ground surrounding the pile and it

may be assumed to be % of the unconfined compres-
sive strength of the undisturbed soil sample.

For prellmlnary design the N value need not be modified.
The minimum distance between the centers of the plles in the
outermost row and the edge of the footing may be 1.25 times the
pile diameter in. the case of driven piles and equal to the pile
diameter in the case of cast-in-place concrete piles. The centre
to centre spacing of both type of pile shall be 2.5 times the

diameter of pile.
{3) Caisson Foundation.

In the preliminary design of caisson foundation, the verti-
cal loads shall be supported at the base of the caisson only.
The allowable bearing capacity may be obtalned hased on the

following formula:-
q,= 1/n-(q, - rz'Df) + l‘a'Df

g, = @*C-N_+ %L BN+ I'Z'DfoNq

vhere;

q, = Allowable bearing capacity (t/m?)

g, = Ultimate bearing capacity (t/m2)

n = Safety factor = 3

¢ = Cohesion of the soil at base of caisson (t/m2}

r1 = bulk density of ground at base of caisson (t/cu.m)
rz = bulk density of earth surroundlng the caisson

o, A= shape factor of the base of caisson as in Table G-14
Df = effective embedded length

N'C,Nq,Nr = Coefficient of bearing capacity (Fig.G-10)
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Pigure G-i0 Coefficient of Bearing Capacity
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Table G-14 Shape Factor cof the Base of Caisson

Shape Shape factor of various Shaée_of caisson
factor Stfip Sguare Oval - Circular
. 1.0 1.3 1+ 0.3B/L | 1.3
B 1.0 0.6 1- 0.4B/L 0.6
where;
B = width of the total side Diameter of caisson (m)
L = width of front side of caisson (m)

note; If B/L > 1 than B/L shall be taken as unity.

The allowable horizontal bearing capacity of ground shall be
similar to footing design.

10. Load Combination
- Allowable design method

Load combination for allowable stress design shall be as
specified in BS 153-Part 3B and as summaries in the Table G-15

helow: -



Table G~15 Load Combination For Allowable S8tress Design

Load Loading Incremental
Combination coefficient for
: allowable stresses
1 P4+ L 1.00
2 © | DHLAF4S '1.25
3 D+LACS+S 1.25
4 D+L+CP+5 1.25
5 D+L+CL+S 1.25
6 | D+L+4BK+8 1.25
where;
D = Dead Load.
L = Live Load.
F = Centrifugal force.
CS = Collision load on bridge support,
CP = Collision load on bridge parapet.
CL = Collision load due to log impact.
BK = Tractive/Breaking force.
8§ = Stream current debris.,

Based on engineering judgement, forces from load combination 2, 3
and 4 are not critical for all bridges in the study. Therefore
for the purpose of preliminary design and assessment of bridges
in the study, only load combination 1, 5 and 6 will be used.

- Ultimate Limit Design

For the purpose of design at Ultimate Limit State (ULS), the load
combination given in Table G-16 below shall be considered:-



Table G~16 Load Combination At ULS And Appropriate Partial

Factor, I’y

No o Load cOmbination

Loading

1 2 3 4 5 6

1 | D(Concrete)} 1.18| 1.15 | 1.15| 1.15 | 1.15] 1.15

(Steel) 1.05] 1.05 | 1.05{ 1.05 | 1.05| 1.05
2 SIDL 1.75| 1.75 | 1.75| 1.75 | 1.75| 1.75
3 s 1.10] 1.10 - | 1.20 | 1.10] 2.10
4 L 1.50| 1.500' - | 1.25f% 1.25] 1.25
5 F - 1.50 - - 1 -1 -
6 cs - - 1.25] - - -
7 CP - - - | 1.25 - -
8 cL - - -1 - 1.25| -
9 BK - ~ - - - 1.25

Note;

/i: Live load to be applied shall be the appropriate live
load as described in (4) above.
/2: Live load to be applied shall be the appropriate live
load as described in (6) above. '
SIDL : Superimposed Dead Load

11. Haterial And Allowable Stress
(1} Allowable Strass Pesign
The allowable stresses for reinforced concrete design shall
be as specified in BE 1/73 and for steel design shall be as
gpecified in BS 153 : Part 3B.

- Concrete

The allowable compressive stresses and allowable shear
stress of concrete shall be as given in Table G-17 below.
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Table G=17 The Allowable Compressive and Shear Stress of Concrete

Clags of ' " Permissible Stresses in Concrete

Concrete

denoted by

specified | Compression Bond

28 days — :

work cube Shear Average Local

strength Direct | Bending

N/mm2 ‘N/mmz ] N/mm2 N/mmz | N/mm? N/mm2

30 7.6 10 0.87 1.00 1.47
25 6.3 8.3 0.80 0.90 1.34
22.5 _5.7 7.5 0.72 .85 1.27
20 5.1 6.7 0.70 0.80 1.20

=  Steel Rsinforcement

The permissible stresses in steel reinforcement shall be as
given in Table G-18 below;

Table G-18 The Permissible Btresses in Steel Reinforcement

Permissible Stresses in rebar (N/mm?)

-~

Type of Mild Steel Bars All cold work
: & hot rolled
Stress ¢ = 40mm ¢ > 40mm |[high yield bar

Tengile stress other .
than in shear 140 125 230
reinforcement

Tensile stress in shear
reinforcement. That is
stirrupa and main bars, 140 125 175
bent up to resist shear :

Compresgive gtress 125 110 175

Range of stress 265 1235 325
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- gtructural Stesl

The permissible stresses 1in structural steel shall be as
given BS 153:Part 3B which is summaries in Table F-19 bhelow;

Table G~19 The Permissible Stresses in Structural steel
_ : ‘ Permissible Stresaes {N/mm2)
Steel Yield —— =
Grade Stress Bending Direct/
' : - - Axial on _
(N/mm2) |[Plate & |Rolled Plate |effec- Shear
Hollow section Girder |tive X-
gsection Area.
215 140 133 i2e6 129 80
Grade 230 150 142 135 138 85
43 245 160 151 144 147 91
280 183 173 165 168 107
Grade 325 212 201 191 191 120
50 340 222 210 200 200 126
355 232 219 209 20% 131
Grade 400 261 247 235 235 148
55 415 271 256 244 244 154
- 430 - 281 1265 253 253 159
450 294 278 265 265 167
(2) Ultimate Limit State Design

- Concrete
The design strength of materials for ultimate limit state

are expressed in terms of the ‘characteristic strength’ of the
material multiplied by I , the partial safety factor for mate-

rial. :
o Extreme fibre stress in compression, f_.....0.67f_ /m
o (I shall be taken as 1.5)

o Ultimate Bearing stress, f .........cc0000..0.4fF

o Ultimate shear stress,V_ shall be as follows;



3 1
0.27 |100.A /5

VC = r : fCU
m bH ' d
where;
A, = Area of Longitudinal rebar.
b, = Breadth of web or rih of member.
& = Effective depth of tension rebar.
£f,= Characteristic concrete cube strength.
"= 1.25,

- Reinforcing Steel
o The ultimate tensile strength, £ = O.ny/m
o (I shall be taken as 1.15)

o Characteristic strength of reinforcement, fy ig as

follows;
Mild Ssteel.. .. ergerssocsssss.250 N/mm?.
High Yield steel..... crereeaees 410 N/mm?.

Structural Steel

Nominal yield stress for steel complying with BS4360 is
as follows:-

Steel Nominal Yield stress (N/sq.mm)
Grade : :
t £ 16mm 16mm < £ < 40mnm
a0 235 225
43 275 265
50 ' 355 345
55 450 430

i2. Design Standargd

In deriving the design criteria, the JKR bridge Design
Manual is referred. In addition, reference were also made to BS
153, BE 1/73, BS 5400 Part 1,2,3,and 4; and Specification for
Highway Bridges published by Japan Road Association.
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Standard Reporting Form of Superficial Inspection Results

Date
Key No. State District
Bridge Bridge (V) Bridge M
Type Length Width
No's of Max. Span (M) Year
Span Lengih ~ Buik
Name of inspector
Date of Inspection
Bridge Member Hating Major Damages Maintenance Work Required
[ } Beam/ [ ] Steel
Girder [ 1 Concrete
{1 Deck Slab | [ ] Steel
[ ] Concrete
[ ] Abutment Concrete -
[] Pier [] Steet T
{1 Concrete
[ } Bearing Steel
{ ] Drainage
{ ] Sidewaik Concrete
[] Kerb
{ } Ralling [ 1 Steel
[] Concrete
[]Pavement | [] Asphalt -
[ ] Concrete
{1 Expansion | [] Steel
Joint [} Rubber
[ ] River -
Bank
Inspector's Comments ;
-
- - _ |
Estimated Cost for Maintenance Works ; T
Detailed Inspection ; { ] Required [ ] Not Required ]




Standard Reporting Form of Periodical Inspection Results

: : - Date
Key No. - State _ District
Bridge ' Bridge (M) | Bridge My
Type Length Width
No's of ) Max.Span ' (M) | Year
Span : : lengih ' Built
Name of Inspector '
Date of Inspection : : .
o _ Part Rating from Part Rating from ‘
Bridge Member Maintenance Bridge Safety | Maintenance Work Required
: " View Point View Paint
[ ] Abutment Concrete
1} Pler [ ] Stesl
[ ] Concrete
[ ] Bearing { ] Steel
{ 1 Rubber
{]Beam/ [ ] Steel
Girder [} Concrete
[1Deck Slab | [] Steel
[ ] Concrete
[} Pavement | [] Asphalt -
[ [ ] Concrete :
1 Wing Wall Concrele -
[1Expansion | [] Steel -
Joint i ] Rubber
[ ] Railing { ] Steel -
[]Concrete |
[ 1 Drainage -
[ ] Bank ' -
Slope .
Qverall Rating
per the Bridge
Traffic Capacity : [ ] Adequate Capacity Year ; )
on the Bridge [ ] Inadequate
Pedestrian Flow [ § Adequate
Capacity [ ] inadequate
Bridge Opening [ ] Adequate
Capacity [ ] Inadequate
inspector's Comments:
Estimated Cost for Maintenance Works ; .
Betailed Inspection ; [ ] Required [ ] Not Reguired




Standard Reporting Form of Detailed Inspection Results

. Date
Key No. B State Distriet |
Bridge Bridge (M) Bridge | (M)
Type Length Width
No's of Max.Span (M) Year
Span | Length Built )
Name of Chief inspector No's of Drawing
Date of Inspection Prepared
Measurament items : Measurement Results
[ 1 Beam/Girder -- Flang Min.; Max.; Average;
{ ] Steel Thickness (mm}) , _ - Web Min,; Max.; Average;
[ | Buckle Plate Min.; Max.; Average;
[ ] Concrete Cover (mm) [ ] Beam/Girder [ 1 Abutment;
mmmmmm [ 1 Deck Slab ; []Pier ;
[ 1 Pile Length (m) Location; - Lengtly;
Location; Length; ~
[ ] Steel Strength (N/mm2) [ ] Beany/Girder; [ ] Buckle Plate;
B { ] Reinforcing Bar, -
[ ] Concrete _ [ ] Beam/Girder; [ } Abutment;
Strength (N/fmm2) - - [} Deck Stab ; {1Pier ;
[ ] Carbonation Depth {mm) | [ ] Beam/Girder, [ } Abutment;
1 []DeckSiab ; []Pier ;
[ ] Chioride Content (%) [ 1 Beam/Girder; i ] Abutment;
. [ ] Deck Slab [1Pier
[ 1 Sulphate Content {%) | 1 Beam/Girder; [ | Abutment;
' []Deck Slab ; []Pier ; o
Bridge Member Major Damages Rehabilitation Work | Estimated cost
[]Abuiment | []Steel
[ 1 Concrete
[ ] Pier [} Steel T
| I]Goncrete
[1Bearing = | [] Steel o
{ ] Rubber -
[ ] Beam/ [] Steel
Girder [ ] Concrete
[} Deck Slab | [ ] Steel
{1 Concrete
[1Pavement | [[ Asphait
[ ] Goncrete ~
[ 1 Wing Wall Concrete
[ ] Expansion T] Steel
Joint [ 1 Rubber
[ ] Raifing [ ] Steel
[ } Concrete
i 1 Drainage
[]Bank
Slope -

Total Amount

Name of Sr, Engineer in Charge ;
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Standard Reporting Form of Maintenance Works Carried out

Date - -

Key No. e State District
Bridge Bridge (M) | Brldge {M)
Type Length Width
No's of Max.Span (M) | Year
Span Length Built
Bridge Member. Outline of the Maintenance Works Date . Cost
[ ] Beam/ [] Steel '
Girder 1] Concrete
{1 Deck Slab | [ ] Steel - -
1 []Concrete .
{ ] Abutment Concrete
[ ] Pier { } Steel
[ } Concrete
{ } Bearing {1 Steel
[ 1 Rubber
[ ] Drainage
[ ] Sidewalk Concrete
[ ] Kerb
{ 1 Railing []Steal
‘11 Concrete
{1Pavement | [] Asphalt
[1Concrete
[ ] Expansion | [] Steel
Joint [ ] Rubber
[ } River
Bank
Name of Engineer in Charge ; " Total
Amount |
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Standard Reporting Form of Rehabilitation Works Carried Out

L Date ]
Key No. State District ﬁ_
Bridge Bridge M) Bridge (M)
Type Length B Width
No's of Max.Span (V) Year
Span Length | Built
Name of contractor
Construction Period
Contract Amount -
Additional cost due to Vatiations -
Final Coniract Amount o
Number of As Built Drawing »

Outline of Quantities Unit ]
Classification Rehabilitation Work ltems of Unit | Price Amount
Works Works

‘Structural
Rehabilitation

Functional
Rehabilitation

Hydraulic
Rehabilitation

Name of Sr. Engineer in Charge ;

" Total Amount :
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ECONOMIC EVALUATION METHOD

.1 Economic Evaluation Method

{1) General

The purpose of economic evaluation is to evaluate economic
viability and to determine the priority of the proposed mainte-
nance projects for bridges.

The following procedure shall be taken as shown in Fig. I-1.

1)

2)

3)

4)

5)'

€)
7)
8)

9)

Select a traffic count station corresponding to each
bridge from the traffic census data.

stlmate the future traffic volume of each bridge usxng
traffic growth rates included 1n the above.

List the possible benefits by bridge in the light of
proposed rehabilitation works.

Formulate an evaluation model to guantify benefits includ-
ed in the above.

calculate economic benefits using future traffic volumes
and vehicle operating costs,

Convert financial cost into economic cost.

Work out economic evaluation 5y benefit cost analysis.
Conduct sensitivity analysis to test evaluation stability.
Judge project feasibility considering related aspects.

Figure I-1 Flowchart of Fconomic Evaluation
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Benefit J Economic Cost ’
Benefit Cost
Analysis
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(2) Traffic Projection

Future traffic volume on the bridge shall be estimated by
#rrends model® based on "Traffic Volume Malaysia'. The following
procedure shall be taken as shown in Fig. I-2. :

i) Identify a traffic count station corresponding to each
bridge.

ii) Detetﬁine traffic volume (16 hours) by vehicle type and
growth rate for each bridge.

iii)Convert 16-hour traffic volume to daily value (VPD).
iv) Set growth rate at zero if it is calculated negative.
v} Calculate future traffic volume using the growth rate.

vi) Break down daily traffic volume into those by vehicle
type using the present modal shares.

Figure I-2 Flowchart of Traffic Projection

Traffic Volume Malaysia (HPL)

| — e = e - = e e e e T T T T e LT
} Current Vehicle Curent Traffic Volume Estimate Growth Rate :
| . .
i Cc_zmposition (6 categories) {Vehicie/18Hrs) of Traffic Volume i
S T - = o )
Conversion
it
Facior 1.1
Current AADT(VPD)}
AADTe 7
o YES Growth Rate
i > 0
‘ Future AADT (VDT)
- Growth Rate

e o

Zero Assumed

AADT by Vehicle
Categories (VPD}
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(3) Eeconomic Costs

The cost components to be considered in bridge rehabilita-
tion project are:

- Rehabilitation Cost

Investment cost in order to improve bridge durability and
to enhance bridge functions.

- Maintenance Cost

Continuously required cost in order to keep bridge serv-
iceability after rehabilitation.

In economic evaluation, cost should be "economic cost®, not
#financial cost" in terms of market prices. "National Parameter
for Project Appraisal" published by EPU in 1984 shows conversion
factors from financial to economic cost by type of work. In this
manual, a conversion factor of 0.80 is taken in accordance with

the above.

Using the conversion factor, economic cost is derived ac-
cording to the following formula:

. Economic Cost Conversion Factor Financial Cost
( EC ) = ( CF ) X ( FC )

Annual maintenance cost is assumed to be 1 % of construction
cost in this manual. In addition, standard construction cost of
a bridge in Malaysia is about M$2,500 per squaremeter of deck in
1991 market prices. :

Maintenance cost after rehabilitation proposed in this
mantal is assumed as follows:

i) Reconstruction and widening 3
2.5 % of rehabilitation Cost for 5 years (0.5%/years)

ii) Reinforcement :
5.0 % of rehabilitation Cost for 5 years (1l.0%/years)

iii) Protection :
10.0 % of rehabilitation Cost for 5 years (2.0%/years)

These maintenance costs are also subject to conversion.
(4) Benefit Measurement
Tangible benefits accrued from bridge rehabilitation are :

i) Savings in vehicle operating cost due to a
reduction of interruption teo traffic flow.



Improvement of bridge durablllty reduces number of
days of interruption (extends bridge life) and,
therefore, saves vehicle operating cost due to

_ detours. o
ii)} Savings in vehicle operating cost due to an 1in-
crease in vehicle speed

Bridge wideninq'makes it possible for wvehicles to
keep at constant speed on and near the bridge.

iii) Maintenance Cost Savings

The maintenhance cost savings can be expected on
the bridge administrator side.- The benefit comes
from the difference in maintenance cost between
"yith" and "without" project cases.

1) Probability Model For Bridges To Be Unusable

In order to quantify the benefit of reducing the inter-
ruption to traffic flow, a probabilistic model is intro-

duced.
The "“Unserviceability Probability Density" f(t) is:

1
f£(t) =

- (t-m)2/26* = N[m,&2) = N[50,16.72)
v27s '

In this manual, bridge life is determined at 50 years,

In order to gquantify the benefit of rehabilitation
works, a function for the bridge unserviceability probabili-
ty density after rehabilitation should be assumed.

- Figure I-3 presents schematically the effects of main-
tenance works in terms of the probability for interruptions,
for example bridges of an age of 30 years.

Figure I-3 Probability Density of Brzdge Unserv1ceab111ty
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’ 20 Bffect of Reinforcement

t{age) D1@+D Lffect of Beconstruction



2} Vehicle Operating Costs

The National Axle Load Study (NALS) developed the
evaluation model for vehicle operating cost in Malaysia
after a detailed survey in 1987. 1In this manual, Econonm
V5.1 is adopted

pable I-1 Vehicle Operating Costs by Veahicle Type

{ ¥8/km )

Vehicle M ceycles | Cars & Buses S.Y¥ans & | Medium Heavy
Type Taxies Utilities | Lorries Lorrics
Rogular Route 0. 048 D.184 1.511 0. 493 0.785 1,059
potour Boute | 0.055 |  o.220 | 1858 | o.ssz| oooni| L
otore Bidoning  0.006 | 0.206 | 2161 | o.es1| tz48| 1570

3) Egquivalent Age of Bridge

Residual life of a bridge differs by structure, traffic
volume, geography, current damage and other factors even
physical age. 1In order to assess the residual life of a
bridge, a concept of "egquivalent age of bridge¥ was intro-
duced in relation to unserviceability probability based on
the overall rating from a safety viewpoint, traffic volume
and construction year. It can be defined as a normalized
age on the unserviceability probability density function
with an average age of 50.

Pable I-2 Assumed Equivalent Age of Bridge

Pverall Rating from | Traffic Yolume Year Built
Safety viewpoint (RM(AADT : Vehlcle/day)BeforeHMSAfter1945
4.0 <= R all 45 l 40
3.5 <=R <40 ﬁADT »= 0,000 43 E 40
""" MOT< s000 | 40 30
R<3S AADT >= 9,000 40 i 30
""" WOT< s000 | s oz




4) Interruption to Traffic Flow

In order to estimate the duration of bridge interrupts,
the number of months required for bridge construction is
‘assumed as a function of bridge length as follows:

log (M) = 0.572 log (L) + 0.043

where, M i Standard number of months required for
bridge construction
L 1 Bridye Length (m)

Using "M", number of days of interruptions is derived
as follows: '

d=f xM=x (365/12)

where, f : probability for'a bridge to be
unusable
d : number of days for a bridge to
be unusable

5) Equation for Benefit Calculation
The equatlons developed for calculatlng heneflts are

based on two options, 1) bridge rehabilitation (with
project) and 2) do nothing (without project).

1) Protection
Bl = § % (fo(x)-fwp(x)) DBU AADTxi (DLo VOCio-DLw VOCiw)
where, B1 : Benefit from Protection ($)

fo(x): -Probablllty for a bridge to be unusable
in year x without rehabilitation

fwp(x): Probability for a bridge to be unusable
'in year x after protection

DBU : Duration of Bridge Unservice (day)

AADTxi: Average Annual Daily Traffic of Vehicle
type i1 in year x (vehicles/day)

DLo : Length of detour route (km)

DLw : Length of regular route (Kkm)

vocio: Vehicle Operating Cost of Vehicle type i

' in detour route ($/km)

vociw: Vehicle Operating Cost of Vehicle type i

in regular route ($/km)



ii) Reinforcement

B2 = z ¥ (fo(x)-fwr(x)) DBU AADTxi {DLo VOCio-DLw VOCiw)

where, B2 : Benefit from Reinforcement (%)
fwur(x): Probability for a bridge to be unusable
in year x after reinforcement

iii) Reconstructicn
B3 = § % (fo(x)-fwc(x)) DBU AADTxi (DLo VOCio-DLw VOCiw)

Benefit from reconstruction ($)
Probability for a bridge to be unusable
in year x after reccnstruction

where, B3
fwe(x)

as an

iv} Widening

B4 = 5 3 (AADTxi (BL+200) /1000 (VOCio-VOCiw))

Benefit from widening (3)

where, B4
Length of bridge (m)

BL

te we

v) Cost Saving in Maintenance

B5 = X4

where, BS : Benefit from cost saving in Maintenance
(%) _
BW : Width of bridge (m)
Ucce : Unit cost of bridge construction ($/m2)
Pm - : Rate of annual maintenance cost against
to initial construction cost (0.01)

(BL BW UCC  Pm)



(5} Economi¢ Evaluation

Economic evaluation gquantifies cost and benefit first and
assesses both in comparison. This is usually called "Benefit
Cost Analysis". In this analysis, the following three parameterq
are generally used for decision making and for determining prior-

ity:
i) Benefit Cost Ratio (BCR)

This ratio is calculated by dividing benefit by cost in
terms of net present value:

BCR = ( g Bt/(1+i) )/('g ct/(1+i) )

where, Bt : Benefit in year t
ct : Cost in year t
i : Discount rate

This guantifies the magnitude of net present benefit
per net present cost.

ii) Net Present Value (NPV)

Unlike benefit cost ratio, this quantifies the magni-
tude of net present benefit less net present cost.

NPV = ( % Bt/ (1+1)Y) - 3 ct(1+1) %)

iii) Internal Rate of Return {IRR)

This rate is defined to be a discount rate or an inter~
est rate where net present value of the project becomes
zero. In other words, this is the highest interest rate
that makes the project economically feasible.

When F (Bt-ct)/(1+i)% -

this “"i" is called “Internal Rate of Return".

In order to calculate the net present value of benefit/cost
or to determine project viability when IRR of the project is
calculated, "“discount rate! is needed as a criterion. In this
manual, a discount rate of 11% per annum is used. Benefit/cost
analy51s ‘shall be done over 20 years after the commencement of
the project.



I.2 Calculation

A worksheet of Lotus 1-2-3 is attached in order for a bridge
maintenance engineer to carry out automatically economic evalua-
tion by only inputting necessary data.

(1) ZInput data

1) Bridge Data

No. H ( arbitrary taken )

Key . : ( Code No. of bridge inventory )
Btate

District

Year Built

Length {(m)

Carriageway Width - : { m )

Overall Rating from Safety Viewpoint
Length of Detour Route : Da { km )
Length of Regular Route : Db ( km )

2) Traffic Census Data

State

District

station Index

Year Conducted

16-Hours Traffic

Growth Rate : ( %/year )

Vehicle Composition by Vehicle Type : ( % )

3) Rehabilitation Data

Rehabilitation Method : Input "1" in the column
corresponding to rehabilitation method.

Rehabilitation Cost : ( $/bridge in market price )

Conversion Factor : Y0.80" should be specified.

standard Construction Cost of a Bridge : ( $/m2 in
market price)

4} Vehicle Operating Cost

Vehicle operating cost in 1991 prices are already
set on the worksheet.
Regular Route : ('$/km in economic price )
Detour Route : ( $/km in economic price )
Before Widening : ( $/km in economic price )



5) Calculation for Indicators

Discount Rate ; do

{2) Output

When a discount rate do is inputted, a corre-
sponding NPVo is calculated and, at the same
time, NPV1 is also calculated correspondlng to a
discount rate of di = do + 2 {(%). Using these NPVo
and NPV, a discount rate d3 when NPV3=0 shall be
calculated.

Value of do shall be gradually adjusted so
that NPV3 approaches to 0.

As an initial wvalue of do; BCR x 0.1 is
recommendable.

1) Indicators

BCR- :
NPV :
IRR :

Benefit Cost Ratio
Néet Present Value
Internal Rate of Return ( % )

2) Cost Benefit Flow

. Cost benefit flow by vehicle type_overgthe project
period is calculated using the discount rate inputted.

3) Worksheet.

An example of calculating economic indicators is

shown in Table I-3.

I—10
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Table I-3 Worksheet of Calculating Economic Indicators
¢ BRIDGE DATA 2
Ro. Key State DMstrict  Year Length Car{;agevaﬂaung aruiquinlmt betour Roule (km}
: Bufl L} Rid n) safely ¥. P Age Pa 4]
(3 ¥ 737200 Yahang _ Fuantan | “umn I Zs. F A 15 [54] n 0.0 1301
< TRAFFIC CENSUS DATA > Yehbcle Cowposition (R)
Traffic Census slation Year 1§-Hours Growth  CARS & 5, VARS & RED, NEAVY BUSES W GYGCLE
State District Sto. [ndex Traffle LYANS TMU%S UTILITIES LORGAES  LOARIES
{vantan 1388 125093 7.4 [T [ IEL| ENED] 3. 5% 154 E1. T
< REWABILITATIOR DATA 3
ﬁehahililatli‘uril l:cthud
Protect, einfor, Heconst. ¥idenin
N N AN ¥ .Y S
Rehabilitallien Standard Const. Standard Consl.
Cogt ( Cogk {3/al Period {days}
finansial 24 Z, 590 226
. 8 0.8
TeonLALL 300,572 Z,060
4 Yehicle Operation Cost ($/km} > R
Gars S. Yans&UL Med. borry Heavy lorr  Buse W cycle
regutar rt 0498 D785 059 N N1
detour rt. 0. 53¢ 1 -1 147 1. 85 L 055
before wid 0. 367 ] . 918 2.6 .06
< ECONDHIC E\"ALU;TION > ) ¢ Bot va
fvaluation Period (26 yvears} Discou ate BER
tros [:]';_“lnl.ﬂﬂ indicator | : 217, L 1830
<PROYABILITY DEXSITY QL_Q_EQE;,_UHSER\'IGEAB[UTY >
“EQUIVALENT AGE 20 OTVALENT AGE 10 TQUIVALENT AGE 40 EQUTVALERT AGE 15
TGGT_| PROTECT FTRE, ST [ WETHOUT I TROTECT. | REANF. | RECONST. [¥ITAOUT [ PROTECE | REERE. | AECONST | WITWOUT | PROTECT | REINF,
0,453y . 481%) a. [FFH 183y 1. 1340 (AL (] .1l 2. 4003 L. 853k 0021y N 1.04F - 2.518N .
B. 548Y 0. 4825 0. D37y i 4D7% i 234% 0. 590 . 0323 1. 815y 2.400% 1. 9535 0.032% 3.587% 1. 0864 2. 536 N
0 507 0. 4823 0. 338 . 509 1234y 0. 590% 0. 938y 2. 302y 2.400% 1. 853 0. 038y 3. 144d 3 Da6Y| 2. 536% X
6. 6701 0. 482% 0. 046%; 1. 60X 1. 234y 0. 530 0046y 2. 981y 2.4 1. 9533/ 0. 046¥ 3. 18y 108 2. 536 . (45
0.137% 0. 4824 0 054} 1. BSAY 1. 234y 0.590% 0.054% 3.0%1% - 2 400V 1. 953} 0.054% 17980 L D66Y 2,506 0.034%
0 8n7Y 0. 482% 0. 063y 1. 795% 1. 2343 D, 590%; D.063% 3. 112y 2, 400 1. 9531 0. 063%) 18054 1. DEGY 2.5 0.
. 382y, 0.536% 0. 0714y 1. 391y 1. 323 0. §36 0. 052y 5. 162y 2, 480 2. 0103 0. G4y 1.798¢ 3. 137% 2514y 0. 1
0. 5593 0. 594% 0. 087% 1. §85%! 1. 414¥ D. 584 0,087y 3. 202¥ 2. 969 2. DB5Y 0. G87S| .08 3. 176Y 2. 807 0. 081%
1.040Y 1. 633% 0. 101% 2. 616y 1. 505% 0. 134 0.101% . 3. 231% 2.510 21178 0. 181%] 3. 744% 12054 2,534 0. |
1173y 0. 7215 0. 17y 2. 163y 1. 597y . 185 0. 117y 3. 249y 2. b2y 7. 1644l 0. b12%] 3.697% ). 222y 2.655% 0117y
1. 29% 0. 7904, 0. 1363 2. 245% 1. §88Y) 0. 549 0. 136y 3.251% 7. 1461 7. 208Y 0. 136% 3.638% 228y - 2671 0. )
1. 2563 0. B62%| 1. 158%, 2.324% 1. 778%) 0. 894y 0. 1561 3. 2489 2. 796y 2. 247 0. 155% 3,567y 3224 2. 680 0. l
1. 1854 0. 5733 4. 129y 2.396%, |. 8574 0. 451 6. 179y 3.2y 2. 8256 2. 2824 0. 179% 3.485% 3. 205y 2. 68] 0.
1, 4754 1. 017 9. 2093 2. 461%) 1.952% 1.008 0. 2055 3. 72024 2. 851% 23X 0. 205y 3.393% 3178y 2.680% 0. ZUSZi
1. 5554 L0398y 9. 234%] 2.519%) 2034y 1.867 B. 234y 1. 162y 2.8%% 2. 33X 0.2y 3.291% . 3.1y 2. 671 0.
1. 5544 1. 182Y 9. 7683 2.569y 2. 112 1.123 G. 2664 iy 2812 2. 351% 9. 2680 3.180%  3.046w 2.8884 0. NE&"
1. 1424 1. 267% 0. J61% 2. 611Y 2. 185% 1. 147% C. 301y 3. 051% 2. BE6 2. 312% 0. 301y 3.053y 3026 2.635y 0. 301%
1.829% i.354% 0. 139% 2. 544y 2253 1248 (. 339%; 2. 9581y 2. 851% Z. 381X 1. 330y 2.9319% 2. 956% 2.509% 0.339%
1. 5138 1. 4423 0. . 381%) 2. 63T 2. 315y 1. 309% . 3313 2. 9023 2. 526 2. 185Y) 0.351y 2 810% 2,878 2.5754 0.3818
vsoasl 15w o caprxl  2.gaal 2 asedl  poazesl g.oa2an]  zoanssl  zojood  zoasasl  eoqril_ 2 E7Y 2792 2, 53780, 421l
< GOSE BEKEFIT FLOF >
RENABLIL. © MAINT E. COST OR _REIRFORCERERT 08, RECORS] ”BEﬁEﬁT FR:HATKT. | BEREFIT
L) YEAR AMLDT | fofr C0ST  : COSF STREAN 3 KED, HEAVY BUSES | W CYCLE llDENlHG I oCostT STREAN
{¥PD) (FITHY . (¥1Til) TAX1ES LTILH]ES LORRIES : LORRIES (R 1T10UTY
1 1994 290,003 E 300, 578 300, %719 . 1,898 3. 458
2 1995 2i.028 0. 1703, 0 8,511 i 5. 578 2,182 2,644 z.08% 1,141 0 I, 898 25, 851
3 1996 22,033 0. 270% L] 13,572 ; 9. 103 3563 4,07 3424 1. 864 § o 3,888 39, 148
[} 1997 23,073 4. 3578 3 19,33 : 12,874 4. 875 2,635 ] 3,858 54,958
5 1998 24. 103 8. 465y 1 25,558 ; 17,1582 8, 447 3,540 I} 3. 898 71,401
|3 1938 25,128 . 5EIM W.E8 i dsg 32,2084 11,61 2,115 4,423 q 1.3 §8.497
1 2000 26. 153 0. 568 0 33,308 1 22,75 8.554 4, 657 ] 1. 898 93. 463
] 2091 £71.178 0. 5718 [} 35,427 .17 8,937 4, B65S G 3, 838 97,404
L] 2002 28.201 0. 511y 4 36, 727 24, 65 §, 255 3,044 : G 3.398 | 100,907
10 2003 29,228 . 555Y ] 37,771 35,35 §. 018 5. 187 ¢ D: 3,858 103,666
11 2004 0,253 1. 55831 30,0658 an, 658 38, 523 25. 85 9.718 5,291 : 0% 3,881 105,656
12 2005 .21 0. 546y H 1] 18. 955 26, 14 4, 827 3, 350 0:i 1,838 108791
13 2086 12,304 1. 5293 9 1%,931 26, 59 5. 360 0 3,898 108,993
14 087 33,31 1. 5083 H Ll 18, 729 5,319 0 3,848 | 106, 19%
15 2008 34.354 1. 4854 i L] ie. 021 5,222 ] 3.898 | 104. 342
15 2009 35,318 0. 457 10, 058 30, 058 36, 811 5. 069 0 3,858 1 101,39
17 080 36. 404 0. 4253 35,372 4, 658 o 1. 888 97, 129
18 2011 37,429 0. 3954 ] 13, 448 i 4, 388 o 1. 848 92, 140
19 0t2 38,454 0.353y . 13 31022 : 4.260 1] 3,498 45. 819
20 20130 38,4790  0.31% i 0| 28228 ; 3,811 0 3898 | 73 458
I0ATL D, 315 ;80,174 389,353 ) WD), 1)72 iﬁ'.l I 22,938 9: 37,9564 %, 859,135
4 CALCULATION FOR iRBIEATORS > d_: discount rate{%} KPv3- 15 NPYi= 184
DESCOUNT [E]
11. 0% _ _COSE BENEEIT 21. 21% COST BENEFIT 21.20%  COST BENEFIT
[ F994 1.000 | 100,579 3,398 1.000 | 300579 3,858 1800 300,518 3,898
2 1995 . 501 0 23,38 1. 825 3 21,127 0. 825 ] 1, 329
3 1996 g.812 4 3z, 280 {. 681 0 27,054 2. 581 13 7,059
i1 1957 0.731 1] 40, 183 Q.52 0 30, 86t . 562 0 30, 869
5 1998 G. 659 .0 42,04 0.453 . 31078 0. 463 0 13,690
6 1999 0. 533 17,838 52, 801 0. 342 11,488 14, (06 0.7382 11,493 34, 021
1 2009 6. 535 0 48, 969 0.31%5 29,471 D. 315 [1} 29, 487
B 2001 0. 482 0 46,9489 0. 260 ] 25,158 0. 260 0 25.373
$: i1k 0.434 ¢ 41,766 0,213 4} 21, 557 0. 21% i} 21,672
10§ 2003 0. 331 1] 40, 526 0.177 18, 356 0.t [ 18, 370
1 2004 9. 352 14, 586 37, 210 0. 145 4.391 15,435 0.146 4.395 15, 448
iz 055 0. a7 0 33, 883 0121 12,87 0.1zl 0 12, a8}
133 2006 . 286 ] 30,543 0.09¢ [} 19, 638 0. 140 1] 10, 649
14§ 2007 0. 258 0 27, 347 0. 082z 1} 8, 11 0. 682 1] 8. 721
153 2008 0.232 24, 207 & (68 .0 7,062 * 0.668 0 7.070
16 ¢ 200% 0. 0% 5,282 21,192 B. 05% i.678 5,661 0.055 1, 680 5, 659
11 01e 0.188 . 18, 316 0. 045 0 4,483 0.046 i} 4.4%80
18 : 2011 0. 170 0 15,630 6. 038 0 3,502 0.018 1 3, 507
19 : 01 0.153 0 11,118 G 031 [} 2 591 0. 031 0. 2, 693
2t 2013 0.138 0| __1a,802 0,026 [} _E . 0.026 L} 2,033
735, 785 ] "3 945 318, 131 315 152 315, 148 313, 331
BGCH . B8
HpY .70 HiPYa= 15 WPYo= 15,799 WPVl 184
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