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|  APPENDIX I8
STRENGTHENING DESIGN FOR GRANALLAS BRIDGE






Appendix 11-8
Strengthening Design for Granallas Bridge

- A sample of how o strengthen a steel bridgé is demonstrated taking Granalls Bridge,
which consists of ‘i'\'_vo' span simply supported steel girders with timber deck. There was
no signpost showing the toad capaci(y, and ncither the structural analysis nor the
drawings of the bridge of those days were found, ' '

The calculation refers briefly to:
- analytical estimation of the present load 'carryihg capacity of the bridge, and

- slréngthening and improvement by replacing the timber deck by concrete slab to
compose the steel girders with the conerete slab. '

The result of the calculation shows that:

- the bridge has at present the load carrying capacity ofé'quivalcm HS10-44 through a
simple estimation, and ' '

_in order to replace the timber deck by concrete as shown in the figure, lower flange
plates have to be reinforced by thick steel cover plates, because the neutral axis gocs
up higher and then slrbngcr tension stress works in the lower flange after the two
materials are composed.

The calculation process is given on the following pages.
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1-U.FLG 255x30x24600

/l\. I . — . . .. Upper Flange

I i : . . ’ . i Lower Flange

2530
T

1L FLG300x30x312500] 1-L.FLG255x30x6050 |

*

24600

1. Notes on Inspection of Superstructure

After the penetration dye test of the fillet weld cénnecling the web plate with the

bottom plate, no defect was found.

Generally, it is impdssib!e to measure the thickness of the web plates by a caliper nor
a micrometer, except the edge part of the plate. In order to measure general parts of a
plate, an ultrasonic thickness meter was introduced for the detail survey of steel

bridges.

Accord‘ing"_ to the result from the ultrasonic ‘tcsl, the thickness of the web plates
ranged from 11.0 to 11.4 millimeters. -

The ‘ihki(ikn'css of the bottom ﬂangc was mcasur'c__d' to be approximately 30 millimeters
by a ruler, but the ultrasonic meter read 12,5 millimelers when applied to the top

surface of the bottom flange, and 16.5 millimeters when applied to the bottom. Later
the bottom flange was observed and turned cut o be double-layered.

The web plate constitutes of several plates which were connccted by welds each

other.

2. Calculation of Existing L(fald Carrying Capaci[y

(1) Assumed Intensity of Dead Load -

As the superstructure is made of limber, metal fixtures and steel girderss, the total dead
load per unit fength is assumed as shown in the next page.

(11-8)-3.



1)

2)

)

4)

Weight of Timber per Unit Length

No, : "] Section | Length | Quantity | Timber | Weight
. Inch (kg/m)
1 | Travesaiio 8x8 6.40 3 34.13
2 | Tablén Parado 3x8 420 36 100.80
3 }Guarda Rueda 0x8 3.60 2 9.60
4 {Tacos de Madera 6x8 1.60 6 ¥2.80
5 | Tablén Pasillo ' 23 3.60 8 12.80
6 |Pilar Baranda x4 1.20 6 3.20
7 {Pasamanos Baranda 4x4 3.60 2 3.20
8 |Cinla Baranda 26 360 2 240
9 |Tablénde Rodeo - 3xi10 3.60 10 000|
10 | Total N . 20893110772

OTlmber Inch~ l"x 10” x36m 00232m
108.93 x 0.0232 = 4.847 m’ , -
chg‘m per Unit Length = 4.847 x 800[3 6 1077.1 kg/m

Weight of Metal Fixtures per Unit Lcngih

(55 kgf?a 6m) =14 kg/m

Weight of Steel Girder per Umt Length

(Two Girders) x 0.030 m? (Cross- _sccimml Area) X 7850 (Specific Wcight) X

1.08 (Coefficient) = 507 kg/m

Total Dead Wclghi per Unit lcnglh

Timber 1077.0
Mecial Fixtures ' 3 150
Steel Girder S08.0
Total Dead Load o . 1600.0

Thus the total dead load of the whole width per unit length is assumed tobe 1.6

tons per meter.
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(2
)

2

Caleulation of Bending Moment per a Girder by Dead Load at Span Center

Span Length ; 24.6 m = 24600/305 = 80.7 1.

Bending Moment

Md:---;- xde*:% xl.6x24.6’x% = 60.5"

Catcutation of Maximum Behding Moment per a Girder by Live Load

Highway Load
a. Influence Line”

80.7'

. 4035 g 40.35' R
2402 4, 14 28.68' ,
4| ek 16+

12.70

38.02
\ 13.51 |

20.11

42.68

2'4°(2.33)

L
L 3

38.02 | 4268

b. Bendmg 1Vioment

M, 127x4“+201|x16“x1351x16'< 588.7% =81 4™

¢. Distribution Faclor

" 8; Average stringer spacing : S = 35033 = 8.3 fi.

On steel stringers 6" or more and S = 8. 3 > 5.5. According to the footnote "',

both girders are assumed to act as a simple beam.

(J11-8)-5



2)

(4)

l.,765 )
N
1,251

\1 ocp

5

6400

1200 . - 4000 e 1200
6' = 1830
1935 :J: 2530 e 1935
1200, 735 1095 1435

Bf = 1.291 + 0.56%

" A= 1/2 (1.765 +'1.291) x 1.2 + 1.834

50 50
¥125 ~807+125 ~0243<03

d. Impaél Aﬂowance: I= i
c. Bendfn_g Monjént by Hi'gh\vay Load

M,,, =81.4x1858x (I +0.243) = 188.0™
Side@alk Load | |
g, = 85 Ib/I = 428 kg/m?
P=q,+A=428x1.834 =786 kgm

1
M, = gX 786 x 24.6" = 59.4"™
Total BcndingMomcm

EM =M, +M,,, +Mp =605 + 188.0 + 59.4 = 307.9"

(11-8)-6
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(5) Working Stress in a Cross Section at the Span Center

(6) Stress Check on Combmcd Loads

1) Dead Load and Highway Loaci
o, =496 + 1541 = 2037 kg/em® > 1400"
o, =458 + 1424 = 1882 " > "
2)  Dead Load, Highway Load and Pedestrian Load

o, =496 + 1541 +486 = 2523 kg/em? > 1750 kg/fem’
o, = 458 + 1424 + 450 = 2332 ](gj(:m2 s " .

(I1-8)-7

255
|, ,l _ . _
— o : A Y Ay L
. -UFigPL255x30 - 765 635 4860 300000
1-Web PL 1240 x It 1364 _ ‘ 115000
L E 1-L.Flg PL.300 x 2% 87.0 1635 35520 350000
‘"' 2309 ._ 3 825000
[ 1 :
300 «
3= 52(6)% =328cm
I= 825000 2000 = 823(}00 cm
l240!2+28+30 678cm Wu=1220{)cm
Y,=124.0/2 128 +2.9=62.1 cm W, = 13200cm’
i) : Alléwable Stress
' =1400kg/cm h {D+ (L + D)}
= 1400 x 1.25=1750kg/em* {L + (L + 1) + P}
- 2) S_tress by Dead Load
C60.5x10° . | 60.5x10°
Cu =" 12500 = 496 kgfcm Sy ="Ta200 = 78 kg/em’?
3) Slress by Hsghway Load and Impact
1 10° : : 0x 10}
Gy i = f-g—gl-g%‘a——z 1541 kglem’ Cpis= %: 1424 kg/em?
| 4) Stress by Sidewalk 'Lo‘éd _
' 59.4 x 10° ‘ 594x 10°
Sp =" 12200 - 486 kg/cm Oy = 13200 450 kg/en’



()

Calcutation of Loéd Limit

Here 11S-10 is assumed to be the maximum, and thc working slrcsscs
the altowable stresses.

1)

2)

' erpss by HS-10

= 1541 x (l0!20) ?71 kglcm
= 1424 x (10/20) =712 " .

Stress under Dead Load and HS-10

s = 496 + 771 = 1267 kgfem® < 1400"

3}

[

(1)

=458 +1M2=1170 " < 1400"

Slrms undcr Dcad Load, HS {0 and Pcdeslrlan Load

G=496+77!+486 1753 = 1750
=458 + 712 + 450 = 1620 < 1750

arc compared with

Calculation for Replacement of Timber Deck by Concrete Slab.

Cross Scction (Assumed)

6400

1200 . ' 4000

1200

240

2RE

\

E :\\ .

1240 10 60
e

—
=]
o

.4

1935 ' 2530

1935
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(2)

(3)

@

Loads {pef a girder)

1} Dead Load before Composition -
"Steel - 2x508kg/m = (0,254

. Concrete Slab ~ 1/2x64x0.22x 2. 4“”‘ _ = 1.690"™
Hauach 1/2(2.235 +0.3) x 0.05x 2.4 =0.152""
' D, =2.096""

2) Dead Load aftcr Composmon | |
Sidewalk ~  1.20x0.29x24 o =0835"
~ Hand Rail " =0.030""
Pavement _1/2x2.0x005%24 =0,120™
' D, = 0.985"

3) Live Load

~ Live load and :mpacl are same as in the case of the limber floor, but dismbuuon
hclor is different from the timber one.

S 2530305
70 X 70 = LIS

Bendmg Momem

Df==

1) Bendmg Moment due to Dead l.oad before Composmon

!
MD, =g X 2,()9‘6 x 24.6" = 158.6™

2) Bend'i'ng Moment due to Dead Load after Composition
Md, _; x0935x2462 = 74.5"

3) Bcndmg Moment due to Live Load and Impact
M,=M_xDx(1+D= 81.4 x .185 x 1,243 = 119.9™

Ratio of Moduli of Elasii'cily

1) Compre‘;swe Strength of Concrete -

Assumed to be = 300 kg!cm = 4267 Ib/in?
3600 Ib/in? < £ < 4500 lbfm ,thenn=28
W=3n=3x8=24
: Ratio of Moduli of Elaqtlcnly afler Composntmn
: Ratio of Moduti of Elaslicity before Composition

(11-8)-0



(5) Effective Width of Concrete Deck Slab
Effective width of the concrete slab is the least value of those shown below.

1) (Span Length) x 1/12=24.6 x 1/12=2.05m
2) {Thickness of Slab) x 6 =022 x 6= 1.32m
3) (Spacing of Girders) x 1/2 = 2.53 x 112 = 1.265m = Effective Width

(6) Catcuialion bf Cross Section |

, 2 x 1265 = 2530,

| L
L -t A =253x22= 5566 e’
- oo L =112x220°x2530= 224000 en”
o ol
3 oo
b
S N R
[a)] ™~
4 . $

1) Steel Girder Section (Sec Calculation in the case of timber floor)

,=823000cm’'  As =
Y,=67.8cm W 12200 cm’
Y,=62icm W, =13200 "

2) Composed Section for Dead Load (n = 24)

A Y Ay 1 -
Concrete Sec. 2319 81.8 13570 9000
_ S ) 1552000
Steel Sec. 230.9 ‘ ' 823000

462.8 18970 . 2384000 -

8 = 18970/462.8 = 40.9 cm
I,;, = 2384000 — 40.9? x 462.8 = 1610000 cm*

Y, =648-409+30=269cm  Y,=592+40.9+3.0=103.1 cm

(11-8)-10



3) Composed Section for Live Load {n = 8)

. A Y Ay I
~ Conerete Sec. 6958 818 56920 28000
. 4656000
Steel Scc. 2309 823000
| 926.7 - 56920 - 5507000

8= 56920/926.7 = 61.4 cm
1, = 5507000 - 61.42 x 926.7 = 20!3000cm | -
Y,=648-6144+30-64cm  Y,= 5924614 +29 = 123.5cm

(7) Calculatnon of Working Stress

1) Stresses duc to Dead Load before Composntlon

153.6 x 10° s
05‘=W = 1307 kg/cm

o, = -%%‘0——(1)2 x 62.1 = 1197 kgfem’

2) Stresses due to Dead Load afler Composition

S
':2]50)3(;)0 X 26.9 =123 kg/cm

74510
G, =F:—6%6‘.%— x103.l=477kg/cm

3) Stresses due to Highway Load

119.9x10°
\= et 6.4 = 38 kgfom

119.9x10°
o, =%g— x 123.5 =736 kg/em’

4) Stresses due to Pedestrian Load
uzﬁ%%' x6.4 = 18 kglom’
G, = 205193300 x1235= 364 kglcm

(8) Combination of Stresses

1) Dead Load and Highway Load

0, = 1307 + 125 + 38 = 1470 kgfem? = o, = 1400
o, = 1197 + 477 +736 = 2410 kg/em® > G, = 1400

(11-8)-11



2) Decad Load, High\\}ay Load hnd Pedestrian Load

6, = 1470 + 18 = 1488 kgfem’ = 1.25 oa = 1750 kg/em’
0, = 2410 + 364 = 2774 > 1750

Thércforc' the existing lower ﬂa'ngc plate has to be reinforced by steel cover
plate. : : - -

(9) As the present steel sectioﬁ with concrete slab cannot support AASHTO HS-10, the
 section has to be reinforced by adding plates to the existing fange plates.

Calculation of stress working in the reinforced section

255
mp
‘ ; . A Y Ay 1
1-UF/g 25§5x36 918 638 5860 374000
2 11 {-Web  1240x 11 1364 175000
1 I N -LF/g 300x68 2040 -654 -13340 - 873000
4322 7480 . 1422000
| IO
3'
300
~7480 .
8= m =-17.3

Y,=1240/2+ 173+ 3.6=829cm
Y,=1240/2-17.3+68=515¢m

(10) Catculation of Composed Section

- 2530 »
] 1
E— Mt ) 1 SR |
l—. - S .
of : o o A =253.0x22.0= 5566 co’
8 & - F L =M12x220"x253.0 = 224000 e’
- (ﬂbﬂ' o
——*
3

A
.

(I11-8)-12



1)

2)

Steel Girder Sc‘c'tion‘ _
1, =1293000cm*® A, =432.2 ¢m?

5 -67010!11280 59.4 cm

I, = 7774000 - 59.4? x 1128.0 = 3?94000 cm?
Y,=79.3-594+3.6=235cm

Y = 447+ 594+ 68= 1109 em

(I Ca!culauon ofWorkmg Strcss

1

s

Stress due l_o Dead Lo_ad beforc_: Composition

1586 10°

6.= 30900~ X 82.9 = 1017 kglent

o, = l—i—% x S1.5= 632 kglémz |
Stress duc to Dead Load after Compressmn
o, = 7‘2‘7%;{):)%5 x 49.3 = 136 kgfem’

g, = 7—;:,%—%‘3% x85.1=235 kgfem’

(31-8)-13

Y,=829cm . Y,=505cm
Conipo_sed Section for Dead Load (n = 24)
' A Y Ay |
Concrete Sec. -~ 2319 96.3 22330 9000
F 2151000
Stee] Sec. 432.2 _ 1293000
: 664 1 22330 3453000
5 = 2233006641 =336 cm -
1= 3453000 — 33.62 x 664.1 = 2703000 ¢ e
Y,=793-336+36=493cm
Y, =44.7433.6+68=851cem
Composed Section for Live Load (=8
A Y Ay N
Concrete Sec. 695.8 96.3 67010 - 28000
o 6353000
Steel Sec. 4322 1293000
l 128 0 67010 1774000



3)

4)

Stress duc to nghway Load
1199 x 10°

G, = "3704000 X23.5= 74 kg/em?

5 .
J =%—33-3-6%9- x 110.9 = 350 kgfem?

Slrcss due o Pedeslnan Load

594 x 10° )
O = "3r5ap00. X 23.5=37kglem

s _
S, =%€— x 110.9 = 174 kg/em®

(12) Combmatmn ofStrcsscs

1)

2)

Dead Load and Hi ghway Load :

o, = 1017 + 136 + 74 = 1227 kg/cm < 1400
6”,2+235+350 1217 kgfem® < 1400

Dead Load nghway Load and Pedestrian boad ‘

1227+ 37 = 1264 kgfom? < o, = 1.25 x 1400 = 1750 kg/em?
1217+ 174=1391 " < 1750 kg/em? ?

lI II

(13) Relnforcemem of Upper and" Lower Flanges

b

2)

1-UFg 255x30 — LUFRfg 255x36

At=1,-t,=36- 30 6
therefore .

a plate of 255 x 6, or 200 x 8 whose arca is grealer than that of the former, shall -
be welded to the upper surface of the existing upper flange.

-LFg 300x29 — l-L.FIg © 300 x 68

Al=1,—1,=68-29=39
thcrcfore

a plate of 300 x 39, or 400 x 30 of whlch arca corresponds with the former, shall
be welded to the bottom of existing lower ﬂangc

Relnforced Sectlo

255,

l 200 | -
l | <o
.J==~.*—L—-~—-O
S
L 3fje o
) L -

4 1

i )
' <
l' .I ~y
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