BRIDGE ENGINEERING

Design Loads and
Combinations

Prof. Ho-Kyung Kim




How many loads should we
consider for the design of
bridges?




Permanent Loads

e Those loads which always remain and act on a bridge throughout its life
e See Table 3.5.1-1 in AASHTO-LRFD, Table 3.5.1 in KBDC-LSD

e Dead load

Deck, stay-in-place forms, sidewalks, railings, parapets, primary members,
secondary members, stiffeners, signing, wearing surface, utilities (higher load
factor with larger uncertainty)

e Superimposed dead load

Those loads placed on the superstructure after the deck has cured and begun
to work with the primary members in resisting loads

Resisted by a composite section
Part of dead load, sidewalks, railings, parapets, signing, utilities,wearing surface

e Pressures

Due to earth or water are also considered permanent loads




Temporary Loads

e Those loads which are placed on a bridge for only a short period of time

e Vehicle live load

e Earthquake loading

e Wind loading

e Channel forces

e Longitudinal forces

e Centrifugal forces

e Impact (Dynamic Load Allowance)
e Construction loads



Deformation and Response

Loads :

e Deformation loads are those loads induced by the internal or external change in
material properties or member geometry.

e Response loads are those loads created by the response of the structure to a
given loading condition.

o Creep

e Shrinkage

e Settlement

o Uplift

e Thermal forces



One step further for important
loadings ...



Dead Loads 3

e AASHTO LRFD

Table 3.5.1-1, AASHTO LRFD 2007

Density

Material (kgfm’)
Aluminum Alloys 2800
Bituminous Wearing Surfaces 2250
Cast Iron 7200
Cinder Filling 960
Compacted Sand, Silt, or Clay 1925
Concrete Low-density 1775
Sand-low-density 1925
Normal Density with /. < 35 MPa 2320

Normal Density with 35 < /. < 105 MPa 2240+ 2.29 1.
Loose Sand, Silt, or Gravel 1600
Soft Clay 1600
Rolled Gravel, Macadam, or Ballast 2250
Steel 7850
Stone Masonry 2725
Wood Hard 960
Soft 800
Water Fresh 1000
Salt 1025
Mass per Unit Length

Item (kg/mm)

Transit Rails, Ties, and Fastening per Track 0.30




(Vehicle) Live Loads (LL) -

e A load that moves along the length of a span
e Do not present an actual truck being used to transport goods and materials

e Approximations used to simulate the greatest bending and shear forces caused by
actual trucks

e AASHO 1935 truck train loadings (H-20-35)
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(Vehicle) Live Loads (LL)

e AASHTO Standard truck loading (HS20-44)
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(Vehicle) Live Loads (LL) -

e AASHTO Standard lane loading (HS20-44)

{B 000 LB FOR MOMENT = 8.165 ton
CONCENTRATED LOAD @ ar fan i rAam ctiesm

26.000 LB FOR SHEAR =11.793 ton

UNIFORM LOAD 640 LB PER LINEAR FOOT OF LOAD LANE

H20-44 LOADING
HS20-44 LOADING

SONCENTRATED L0AD J 13200 LB FOR MOMENT = 6.123 ton
VAR R N19.500 LB FOR SHEAR = 8.845 ton
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(Vehicle) Live Loads (LL)

e AASHTO LRFD (HL-93 loading)

Consists of a design truck or tandem (whichever produces the greater forces),
combined with a design lane load

The design truck is identical to HS20-44.
The design tandem consists of a pair of 111KN axles spaced 1.2m apart.

The design lane load is 9.34KN/m, used in conjunction with the design truck
or tandem.

Note that in the AASHTO Standard Spec., no lane load is required to be
added to an HS truck loading.




(Vehicle) Live Loads (LL)

e Design truck




(Vehicle) Live Loads (LL)

e Design tandem
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(Vehicle) Live Loads (LL) e
e AASHTO Standard vs LRFD

Lane Load

Old Std Spec Loading:
m HS20 Truck, or

= Alternate Military, or
= Lane Load

(TI T T I T I I T I I Il

]

Lane Load

New LRFD Loading:

= HL-93 Truck and Lane Load, or
= Tandem and Lane Load, or

m 90% of 2 Trucks and Lane Load




(Vehicle) Live Loads (LL)

e Reduction for multiple lane presence

A reduction in the live load intensity is permitted for bridges with two or more
lanes that have maximum stress caused by fully loading each lane.

e AASHTO Standard Spec.

10% reduction for three lane loading
25% reduction for four or more lane loading

e AASHTO LRFD

Multiple presence factor

20% increase for a single lane loading

15% reduction for three lane loading

35% reduction for four or more lane loading



Impact T
(Dynamic Load Allowance)

e In order to account for the dynamic effect of a vehicle riding over a structure, an
impact factor is used as a multiplier for certain structural elements.

e AASHTO Standard Spec.

|1=50/(L+125)<0.3, L=length of span loaded to create maximum stress (ft)

L for truck load moment = Design span length

L for truck load shear = Length loaded portion of span from point of analysis
to farthest reaction

L for transverse members = Span length of member from center to center of
supports (e.g., a floor beam)

L for continuous span = Length of span being analyzed for positive moment
and the average of two adjacent spans loaded for negative moment

e AASHTO LRFD

15% for fatigue and fracture limit states

33% for all other limit states

75% for deck joints for all limit states

Only apply to the truck or tandem portion of live load, not to the lane load



Field Measurement of
Dynamic Effects




Dynamic Amplification Factors | ::::
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Does each load act individually
or in various combination?



Group Loadings
(AASHTO Standard Spec.) :

By-D+p,-(L+1)+p.-CF+f,-E+[,-B
Group, =y-| +B,-SF+ B, - W+ B, - WL+ p, - LF
+Bp (R+S+T)+ Py EQ+ Py - ICE

where N = group number
y = load factor

B = coefficient

AASHTO STANDARD

3.22 GROUP LOAD VARIABLES

The AASHTO group loading combina
tions are broken down by types of loads

¢ |load types have been detailed
throughout Section 3.5. The following
lists the cc
ised in Equation 3.16 and Table 3.2

ficient subscript convention

D = Dead Load

L = Live Load

I = Live Load Impact

E = Earth Pressure
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Group Loadings

(AASHTO Standard Spec.)
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Earth Pressure and Dead Load

Coefficients for LFD

B | LOAD J[ VALUE ’ ELEMENT
B, Earth Pressure ]! 115 Lateral at-rest earth pressure.
— e ! i —————
B. Earth Pressure | 13 Lateral earth pressure for retaining
f walls and rigid frames excluding
rgid culverts.
B Earth Pressure | 05 Lateral earth pressure when check-
1 ing positive moments in rigid frames
$ | n— — St ——
|
B, | Earth Pressure I 10 Rigid culverts.
—1— _‘r___ SRS T — I
B, | Earth Pressure | 15 Flexible culverts
r |
B, | Dead Load ‘ 0.75 Columns, when checking member
| for minimum axial load and maxi-
mum moment or maximum eccen-
tricity.
B, | Dead Load 10 Columns, when checking member
‘ | for maximum axial load and mini-
i mum moment
B, Dead Load 10 Flexural and tension members.




LRFD Design Philosophy :

ZU;‘%‘QI' <¢R, =R,
in which:
For loads for which a maximum value of y, 1s appropriate:

1, = Npigll; 2 0.95

For loads for which a minimum value of y, is appropriate:

where:

load factor: a statistically based multiplier applied

to force effects

resistance factor: a statistically based multiplier
applied to nominal resistance, as specified in
Sections 5,6, 7,8, 10, 11, and 12

load modifier: a factor relating to ductility,
redundancy, and operational importance

a factor relating to ductility, as specified in
Article 1.3.3

a factor relating to redundancy as specified in
Article 1.3.4

a factor relating to operational importance as
specified in Article 1.3.5

force effect
nominal resistance

factored resistance: oR,



Load Combinations for Limit | :s2¢

States (AASHTO LRFD) e

AASHTO LRFD LOAD COMBINATION AND LOAD FACTORS

' Load oc | w | TU | |

0O | M | | |

oW | cg | . .

Combination EH BR CR .
EV ' , |
£S PL | i i
Limit State EL LS | wA [ ws | w. [ FR | SH TG _| SE EQ IC CT_| cv |
STRENGTH | ve | 175 | 100 | - « | 1.00 |050/1.20 | vy5 | vse
(unlessnoted) | ~ | | S | ) i S R S __
ISTRENGTHII | vp | 1 3s [100] - | - 1100 0s0n20] vy | v | 1 < 'l
STRENGTHIIl | Vv, - 1.00 | 1.40 e 1.00 | 0.50/1.20 | Yo | Ve --
STRENGTH IV Ve
|EH, EV, ES. DW - 1.00 | - - 1 | 050120 | - - - -
IDC ONLY 1.50
STRENGTH V Ve 1.35 | 1.00 | 040 | 1.00 | 1.00 | 0.50/1.20 | V= Y o
1

E:;’:‘E'\!"IE | Yp | 050 | 1.00 - - 1.00 - - - 1.00 T| 1.00 | 1.00
SERVICE | 1.00 [ 1.00 | 1.00 [ 030 | 100 | 1.00 [ 100120 | vy | ¥ge | — | - | .
SERVICE Il 1.00 | 1.30 | 100 | - -- 1.00 | 1.00/1.20 | - - - - | - -
SERVICE Il 1.00 | 0.80 | 1.00 | - - 1.00 | 1.00/1.20 | Vyg | Yo -
SERVICE IV 100 ] -~ |100]070]| - 1.00 | 1.00/1.20 | - 1.00
FATIGUE - LL, ‘
IM & CE ONLY — ’ | |




Limit States in AASHTO LRFD |:

o Strength limit state

o : Basic load combination relating to the normal vehicular use
o Il : Owner-specified special design vehicles or permit vehicles
e |l : Being exposed to maximum wind velocity, no live load is assumed to be present on the bridge

e IV : For structures with very high dead to live load force effect ratios
e V :Normal vehicular use of the bridge with wind velocity of 25m/s(90km/h)

e Extreme event limit state

e | :Related to earthquake

e Il : Extreme events such as ice load, collision by vessels and vehicles
e Service limit state

° | : Normal operational use of the bridge with a 25m/s(90km/h) wind

e Il :Preventing yielding of steel structures due to vehicular live load

e |l : Relates only to tension in prestressed concrete superstructure

e IV : Relates only to tension in prestressed concrete substructure to control cracks

e Fatigue limit state

e Relates to repetitive gravitational vehicular live load and dynamic responses
e The live load factor 0.75 reflects a load level that represents the majority of truck population.
e  Only a single truck with a constant spacing of 9.1m between 142KN axles



Load Factors for Permanent
Loads (AASHTO LRFD)

| Load Factor
Type of Load - —_—
- - - 4 Maximum __ Minimum
S DC 25 0.90
DD 80 0.45
- DW 50 0.65
EH:
Active 50 0.90
At-rest 35 0.90
- EL 1 00 1.0
EV - — 1 T
Overall Stability 1.00 N/A
Retaining walls and abutments 35 1.00
Rigid buried structures 1.30 D.9(
Rigid Frames 1.35 a(
Flexible buried structures other 1.95 Q0
than metal box culverts
Flexible metal box culverts 1.50 0.9(
ES 1.50 0.7

%




Also in the Korean design code



Dead Loads

e cho| K2k (kg/m”)
A, F7, 27 7,850
z3 ZE7A 7,250
or2n|g 32 2,800
Hazgee 2,500
IYAEFHAE ZITE 2,500
E32E 2,350
AHE Z2E2 2,150
AZA (L8 1,100
olATE FEA}AY 2,300
25 gokgk A 960
o= 7 800
PR ‘?H\‘ 1,000
a4~ 1,025




Live Loads °

135kN 135kN 192kN
A8KN l l l
1
" 3.6m 13,,7 72m
, l‘2.(’)m !
V_E} ______ E} __________ G_q__;j)_ﬁm
3.0m I i i ' 1.8m
% 36.1 EEESGS
H 363 EEXIZ5E
L < 60m w=12.7 (kN/m)
N 6() 0.18
L ) 60m w=12.T% 7) (kN/m)

L . a7 238F0] Aotsl= FEo 2|7t



Impact Factor

o Y otT0| HEAFOF & SHoISA = Cr=1t &

® 37.1 345844, M
A g M
uheigk A1%0|34A] BE ShAAbe 0%
s 2eAAEE AlSlEt BE .
RE OE | 3 g | o
=) r !
il | .
| 1] 2 3HA|Ale] | 15%

£t KBDC(2012) pp3-17



Application of Live Loads
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Application of Live Loads

3.6.1.5 FHOE M5l 7ol MAXISHESIS
(1) T ok SWE 740 glokd Ao 3PS okl AS 5 2 whe Mg
® 36.1.3 19 AolHl FFEHIF2] 93

: 9|

© 3,6,1,3,19) Ao wEEHsE Fgke] 75%9} 3,6,1,3,20 AojH wEatzslEe A%

o] ¥t
(2) Hof shFast] Je FA e viAE FABE Dok,
(3) ‘7]/}-59}- pd3 /]—§01 (H?)}'_r; A,_(_H_)O I‘lAI]]E ‘0_ AILH Oh !-L-{)]__O_l_ Z-;‘El-i,i BH’."IE‘]OiO*:_{;}C}'
W, - -
W=-— =< 3.6m (3.6.1)
N
B 36.1 AAX2e &
W2 E$i(m) N W,.2| &2(m) N
6.0< W. (9,1 9 93.8< W, { 27.4 7
9.1< W, (128 3 27.4< W, { 31.1 8
12.8< W, { 16.4 ¢ 31.1< W, ( 34.7 9
16.4< W, { 20.1 S ; 34.7< W, ( 38.4 10
20.1< W, (238 6 i

(4) EFE=3E 2e& AEgF4He 243 A= =i HFE5E 600 mm £ g,

AL —— 1




Application of Live Loads
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Application of Live Loads

3.6.2 O|23=
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Application of Live Loads

3.6.3 HE=XIESHE
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Application of Live Loads :

Live Loads for Maximum Positive Moment in Span 1

@/ S e e

pis ' A = — S

= The impact factor is applied only to the truck, not the lane load

= Although a truck in the third span would contribute to maximum response, by
specification only one truck is used.



Application of Live Loads :

Live Loads for Shear at Middle of Span 1

IL Shear
”4\ ﬁ Mid Span 1

= Impact is applied only to the truck.

= In this case, the front axle is ignored as it does not contribute to the maximum
response.



Application of Live Loads :

Live Loads for Maximum Moment Over Pier 1

IL Moment

5 M@/\% e

Use only 90% of the effects
of the trucks and lane load

50'- 0"
Minimum

= Impact is applied to the trucks only.
The distance between rear axles is fixed at 14 ft.
The distance between trucks is a minimum of 50 ft.

= This applies for negative moment between points of contraflexure and reactions
at interior piers
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