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Design Lanes

Problem 1: Discuss the concept of design lanes as applied to bridge

design.
Per AASHTO 3.6.1.1.1, the

For 20 <w <24 ft number of design lanes N, is

N, =2 and w, =w/2 related to the clear deck width w
between barriers. Design lanes
are typically 12 ft wide.

For w > 24 ft:
N, =INT(w /12) and w_ =12 ft

| w=12ft |w=12ft | w=12ft

W > 24 ft
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Design Lanes

Problem 2: Determine the number of design lanes for the bridge deck
shown. For w > 24 ft

N, =INT(w /12) and w_ =12 ft
N, =INT(36/12)=3 design lanes

N

36 ft

, .
I\ 2in. IWMQ o) I I 9in.

le lc le le |
S~ [ | |
15 ft 11ft 11ft 11ft
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Load Combinations

Problem 3: Discuss the basic design expression (AASHTO 1.3.2) that

must be satisfied for all bridge elements in accordance with AASHTO
LRFD.

Qu = ZniyiQi < d)Rn

Q, is the force effect

R, is the nominal resistance

7 is the load factor

n, is the load modification factor

¢ is the strength resistance factor (1.0 for nonstrength limit states)

BINCSEA
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Load Combinations

Problem 4: Discuss the load modification factor in more detail.

To maximize loads, the combined load modification factor is:

7 = Npnrm 2 0.95

To minimize loads, the combined load modification factor is:
1
U/

7 = <1.0
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Load Combinations

Problem 5: Discuss the load modification factor for ductility (AASHTO
1.3.3).
For the strength limit state, the load modification factor for ductility is:

>1.05 (nonductile components/connections)
Np = 1.00 (conventional designs and details)
> 0.95 (enhanced ductility components)

For all other limit states, the load modification factor for ductility is 1.0.
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Load Combinations

Problem 6: Discuss the load modification factor for redundancy
(AASHTO 1.3.4).

For the strength limit state, the load modification factor for redundancy is:

>1.05 (nonredundant components)
ng = 1.00 (conventional levels of redundancy)
> 0.95 (enhanced levels of redundancy)

For all other limit states, the load modification factor for redundancy is 1.0.
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Load Combinations

Problem 7: Discuss the load modification factor for importance
(AASHTO 1.3.5).

For the strength limit state, the load modification factor for importance is:

>1.05 (critical or essential bridges)
n,=1.00 (typical bridges)
> 0.95 (less important bridges)

For all other limit states, the load modification factor for importance is 1.0.

N CS EA SE EXAM REVIEW COURSE — March 2017
Hat e ofStructural Engineers Associatons

Load Combinations

Problem 8: Discuss the four limit states (i.e., groups of load
combinations) considered by AASHTO 1.3.2 (also see 3.4.1).

* Strength: typical loads including wind but not extreme loads; used
for bending, shear, torsion, and axial design; ® < 1.0

* Extreme event: extreme loads that include seismic, ice, and
collisions; ® = 1.0

* Service: regular service loads for checking stresses, deflections, and
crack widths; ® = 1.0

* Fatigue/fracture: live load only since limiting crack growth and
preventing fracture; @ =1.0

N CS EA SE EXAM REVIEW COURSE — March 2017
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Load Combinations

Problem 9: Discuss the applicability of the five strength limit states.

e Strength I: basic load combination for use without wind

e Strength II: used for owner specified design vehicles, evaluation permit
vehicles, or both without wind

e Strength Ill: high winds in excess of 55 mph (no live load due to high
winds)
* Strength IV: very high dead to live load applicable to long span bridges

e Strength V: normal use of bridge with winds of 55 mph (considers live load
on bridge, wind on live load, and reduced wind on the structure)
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Load Combinations

Problem 10: Discuss the applicability of the two extreme event limit
states.

* Extreme Event I: basic load combination for seismic (live load factor
is 0 to 1.0 based on engineering judgment)

* Extreme Event ll: ice, collision, and hydraulic events with reduced
live load
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Load Combinations

Problem 11: Discuss the applicability of the four service limit states.

* Service I: general load combination for normal operation with 55 mph
wind and all loads taken at nominal values (also used for deflection of
buried structures, crack control in reinforced concrete structures, concrete
compressive stress in prestressed members, etc.)

e Service Il: only applies to steel structures to control yielding and slip of slip
critical connections due to live load

e Service lll: only used for tension in prestressed concrete longitudinal
members (superstructures) for crack control

e Service IV: only used for tension in prestressed substructures
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Load Combinations

Problem 12: Discuss the applicability of the two fatigue and fracture
limit states.

* Fatigue I: only live load considered and load factor of 1.5 accounts
for infinite load-induced fatigue life. The design truck for the fatigue
and fracture limit state is slightly different (fixed wheel spacing of
30 ft; one lane loaded; m = NA) than the design truck for live load
(AASHTO 3.6.1.4.1 and 3.6.1.1.2).

* Fatigue Il: load factor is 0.75 (finite load-induced fatigue life) and
accounts for the fact that lighter weight trucks result in the
significant number of cycles as compared to the design truck.
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Load Combinations

Problem 13: Simplify the design load combinations from AASHTO Table
3.4.1-1 to those likely to apply for SE Exam type problems that involve
gravity design of members.

Table 3.4.1-1 presents a comprehensive list of load factors and load combinations
that must be considered in design. When considering only the typical effect of
dead and live loads, the table simplifies to the following:

Load Combination DC and DW LLand IM
Strength | Yo 1.75
Service | 1.00 1.00
Fatigue | / Fatigue Il - 1.50/0.75

N CS EA SE EXAM REVIEW COURSE — March 2017
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Dead Loads

Problem 14: Discuss permanent loads applicable to typical superstructure
designs (AASHTO Table 3.4.1-2).

* Permanent loads remain on the bridge, possibly for the entire
service life.

* DC-dead load of structural components and nonstructural
attachments (e.g., curbs, parapets, barrier rails, signs)

* DW - dead load of wearing surfaces and utilities

Load Type yg max yg,m_in
DC 125 09
DW 1.5 0.65
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Live Loads

Problem 15: Discuss HL-93 loading as required per AASHTO 3.6.1.2.

The design live load (HL-93) is the most critical of the following:
1. Design lane load combined with a design truck
2. Design lane load combined with a design tandem
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Live Loads

Problem 16: Discuss the design lane load per AASHTO 3.6.1.2.4.

The design lane load is defined as 0.64 k/ft. When continuous
beams are used, this load shall be placed in multiple spans to
create the maximum effect. The design lane load shall be placed
uniformly over a 10 ft width in a design lane to create the
maximum effect.

0.64 k/ft
P SN S T TN TN SN SN S S
—; —.
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Live Loads

Problem 17: Discuss the design truck load per AASHTO 3.6.1.2.2.

The design truck load (axle loads) is defined in the figure below and shall be
located to create the maximum effect. The longitudinal spacing between the
two 32 k axles varies and shall be established to create the maximum effect.
The transverse spacing of the wheels is 6 ft. Truck loads shall not be placed
within 2 ft of the design lane edge nor within 1 ft from the face of the curb
(design deck overhang). See AASHTO 3.6.1.3.1.

8 k 32k 32k

14ft  14-30ft
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Live Loads

Problem 18: Discuss the design tandem load per AASHTO 3.6.1.2.3.

The design tandem load (axle loads) is defined in the figure below and shall
be located to create the maximum effect. The transverse spacing of the
wheels is 6 ft. Tandem loads shall not be placed within 2 ft of the design lane
edge nor within 1 ft from the face of the curb (design deck overhang). See
AASHTO 3.6.1.3.1.

SE EXAM REVIEW COURSE — March 2017

3/3/2017

10



Live Loads

Problem 19: Discuss rules for placing truck or tandem loads in a lane
(AASHTO 3.6.1.3.1).

One truck or tandem shall be used (per lane) when obtaining the maximum
positive bending moment for continuous spans. Two trucks or tandems
(tandems not required) in adjacent spans and within the same lane are used
to determine the maximum negative bending moment over the support or the
interior support reaction for a continuous span system. Loaded spans are
determined using influence lines.

When using two trucks: minimum distance of 50 ft between adjacent truck
axles; 14 ft between 32 k axles of each truck; axles not contributing to
maximum effect are neglected; use 0.9 reduction factor on total moment (lane
plus 1.33 times truck)

When using two tandems: 26—-40 ft between adjacent tandem axles; no 0.9
reduction factor applied (two tandems not required)

éﬂ N CS EA SE EXAM REVIEW COURSE — March 2017
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Live Loads

Problem 20: Discuss multiple lane loading considerations.

AASHTO 3.6.1.1.2 states that the number of loaded lanes shall be selected to
create the maximum effect. When multiple lanes are loaded, the force effect
shall be multiplied by a multiple presence factor m (Table 3.6.1.1.2-1) as

follows:

Number of Loaded Lanes  m
One 1.2
Two 1.0
Three 0.85
More than three 0.65
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Live Loads

Problem 21: Discuss dynamic load allowance applied to live load.

Design lane loads are NOT increased using the dynamic load allowance IM.
Design truck loads and design tandem loads are increased by IM. AASHTO
3.6.2 presents dynamic load allowances for various cases as follows:

Structural Element IM
Deck joints 75%
All other components (fatigue) 15%

All other components (all other limit states) 33%

SE EXAM REVIEW COURSE — March 2017

Live Loads

Problem 22: Determine the maximum reaction at the support and the
maximum moment along the bridge caused by the design lane load
using only hand calculations.

R =0.64(35/2)=11.2 k

right,lane

M =0.64(35)°/8 =98 k- ft

max,lane

0.64 k/ft
A
A ~
35 ft simple span
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Live Loads

Problem 23: Determine the maximum reaction at the support and the
maximum moment along the bridge caused by the design truck using
only hand calculations.

Tt 14ft | 14ft
Rignewuck = [8(7)+32(21) + 32(35)]/ 35 = 52.8 k 8k 32k 32k
Moyaxior = 31.2(15.167) - 8(14) = 361 k — ft , v + y
2 7
4.667 ft
_8(0)+32(14)+32(28) _
X = ®+32332) =18.67 ft 1.167 ft CL 5.833 ft
_ 8k 32k 32k
8k 32k 32k o s | v
v B rﬁ% . ﬁ%
. . | L T
@R 14ft 31.2k 14f 14t 40.8k
35 ft simple span
CS EA SE EXAM REVIEW COURSE — March 2017

Live Loads

Additional comments
For simply supported span:

1. Maximum reaction due to moving loads occurs at one
support when one of the loads is at the support

2. Maximum moment due to moving loads occurs under
one of the loads when that load is the same distance
from one support as the center of gravity of all loads
is from the other support
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Live Loads

Problem 24: Determine the maximum reaction at the support and the
maximum moment along the bridge caused by the design tandem using

only hand calculations.
4 ft
Rightandem = [25(31)+25(35)]/35 = 47.14 &k 25k 25k
My ox tandem = 23.57(35-18.5) = 389 k — ft : 3
) ~
2 ft
CL
- 25(0)+25(4) _, 4
(25 + 25) 25k 25k
— ‘ 2L L) ‘
25k 25k R +7
VAR + S S ——
23.57 k aft 1asf 2643k
4 ft 35 ft simple span

N CS EA SE EXAM REVIEW COURSE — March 2017
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Live Loads

Problem 25: Considering HL-93 loading with dynamic load allowance,
determine the maximum reaction at the support and the maximum
moment along the bridge using only hand calculations.

erght‘lane =11.2 k
erght,truck =52.8 k
R =47.14 k
R

right,tandem

fightHL-93,mpact = 11.2+1.33(52.8)=81.4 k

=98 k- ft

max,lane

M
M paciock = 361 k — ft 35 ft simple span
M

M

=389 k- ft
max HL-93,mpact = 98 +1.33(389) =615 k — ft

max,tandem

SE EXAM REVIEW COURSE — March 2017

3/3/2017

14



Live Loads

Problem 26: Considering HL-93 loading, determine the maximum
moment along the bridge and maximum reaction at the support using
CALTRANS design aids found at the following link:
www.dot.ca.gov/hg/esc/techpubs/manual/bridgemanuals/bridge-design-
aids/bda.html.

T [t A = Frprs iy SN
| LRFD
35 ft simple span Table of M fosneats, Shears, sad
One Lane With Dynamic Load Allowance [cont )

Span(ft) Moment End Shear and Span(ft) Moment End Shear ancd

(k-1t) End Reaction (k) (k-fi) End Reaction (k)
11 1267 b 57.9 1 3l 5258 b 6.8
12 1445 b 59.3 L a2 3474 b 8.1
13 163.1 b 604 b 33 5692 b 79.2
14 1819 b 61.5 L 34 591.2 b 80,4
15 2009 b 62.4 L 35 6134 b 81.4

N CS EA SE EXAM REVIEW COURSE — March 2017
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Live Loads

Problem 27: Considering HL-93 loading, determine the maximum positive
moment in the middle of the interior span using AISC design aids found at the
following link:
http://www.steeltools.org/STEELTOOLS/STEELTOOLS/Resources/ViewDocum
ent/Default.aspx?DocumentKey=b5845557-a4ac-4702-8269-61da2648e519.

e R S
3 - 35 ft continuous spans
M axiane = 0.075(0.64)(35)*> = 58.8 k — ft
M axwuok = 35[32(0.1750)+ 32(0.0230) + 8(0.0230)] = 228 k - ft
M 1 axtangem = 35[25(0.1750) + 25(0.122)] = 260 k - ft
M

maxHL_o3.mpact = 58.8 +1.33(260) = 405 k — ft

N CS EA SE EXAM REVIEW COURSE — March 2017
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Live Loads
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ive Loads
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Live Loads

Additional comments
For the maximum positive moment:

* Axle spacing was set at 14 ft by observation of
influence values from AISC.

* Accuracy is limited by influence values only at
the tenth points of each span.
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Live Loads

Addltlonal com ments www.steeltools.org and search for ‘Alex”
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Live Loads
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Live Loads

Problem 28: Considering HL-93 loading, determine the maximum negative
moment at the interior support using AISC design aids found at the following
link:
http://www.steeltools.org/STEELTOOLS/STEELTOOLS/Resources/ViewDocum
ent/Default.aspx?DocumentKey=b5845557-a4ac-4702-8269-61da2648e519.

~ A &

maxiane = —0.1167(0.64)(35)% = -91.5 k - ft 3 - 35 ft continuous spans

, = 35[32(-0.0800)+32(-0.1024) + 8(-0.0512)] = —219 k — ft

max,truc

= 35[25(-0.1024)+ 25(~0.0985)] = -176 k — ft

M
M
M ax.tandem
M maxe ngems = 35[25(~0.1024)+ 25(~0.0985) + 25(~0.0800) + 25(-0.0734)] = -310 k — ft
M

-91.5+1.33(-310)=-503.8 k - ft

max,HL-93,impact —

N CS EA SE EXAM REVIEW COURSE — March 2017
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Live Loads
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Live Loads
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Live Loads

Additional comments
For the maximum negative moment:

* Axle spacing of truck was set at 28 ft (<30 ft) by
observation of influence values from AISC.

* Clear axle spacing of two tandems was set at 28 ft (>26 ft)
by observation of influence values from AISC.

* Accuracy is limited by influence values only at the tenth
points of each span.

SE EXAM REVIEW COURSE — March 2017

Live Loads

Additional comme

QﬁtS www.steeltools.org and search for “Alex”

||||||
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Slabs

Problem 29: For slabs that are part of slab-girder bridges, discuss the
analytical strip method (AASHTO 4.6.2.1) and the empirical method as
permitted by AASHTO.

* Analytical method is linear elastic (or AASHTO Table A4-1).

* Empirical method requires following a set of rules so that standard details
are assumed to satisfy strength and serviceability limit states.

* One way slabs when aspect ratio is 1.5 or larger (typical aspect ratios are

3-10).

e Width of the strip is the primary issue for the analytical method.

NCSEA

ngineers Astoc
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Slabs

Problem 30: For slabs that are part of CIP slab-girder bridges, discuss strip widths
(SW) in regards to the analytical strip method (AASHTO Table 4.6.2.1.3-1).

M®™—> SW =26 +6.6S

M~ > SW =48 +3.0S

Overhang »> SW =45 +10.0X
where:

S = girder spacing (ft)

X = distance from the load point to the centerline of
the support (ft)

CS EA SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 31: Determine the strip widths for the CIP concrete slab shown.

[ |
<€

36 ft '

) 7
r 2in. IW30X99 (typ.) I I 9in.

sk e e
<K 1

[
1.5 ft 11ft 11ft 11ft
X=15-1=0.5 ft

M* > SW =26 +6.6S =26+6.6(11)=98.6 in.=8.22 ft

M~ > SW =48 +3.05S =48 +3.0(11)=81 in.=6.75 ft
Overhang » SW =45+10.0X =45+10.0(0.5)=50 in.=4.17 ft

SE EXAM REVIEW COURSE — March 2017
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Slabs

Problem 32: Determine the maximum unfactored live load moments using AASHTO

Table A4-1.
|
' 36 ft |
I N2 I I I 7
n W30x99 (typ.) 9in.
it I f I
15 ft 11 ft 11 ft 11 ft

M*=7.46 k—ft/ft
M™=-9.14 k-ft/ft

Note: Maximum negative moment assumed at beam centerline (could use 2.6 in.
from centerline of steel beam; AASHTO 4.6.2.1.6)

ﬁ NCS EA SE EXAM REVIEW COURSE — March 2017
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Slabs

Problem 33: Check the adequacy of #5 at 6 in. o.c. bottom bars for the
following factored action: M* = 15.2 k-ft/ft

[ |
<

1
36 ft
f. =5 ksi, F, =60 ksi

) 7
r 2in. IW30X99 (typ.) I I 9in.

Note: concrete cover (AASHTO Table 5.12.3-1) is 1.0 in. clear to bottom steel
(d*=9-1-5/16=7.69in.)

_AF _(2)031(60) ¢ 109 in-
085fb  0.85(5)(12) K

c=al/p=0.729/0.80=0.911 in.

£ =0.003(d—c)/c =0.003(7.69 - 0.911)/0.911=0.0223 > 0.005 (¢ =0.9)
oM, = 0.9AF,(d—a/2)=0.9(2)(0.31)(60)(7.69-0.729/2)/12 = 20.4 >15.2 k—ft/ft (ok)

N CS EA SE EXAM REVIEW COURSE — March 2017
el of 5
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Slabs

Problem 34: Check the adequacy of #5 at 6 in. o.c. top bars for the
following factored action: M~ = —13.2 k-ft/ft

[ |
I~ |

36 ft
f. =5 ksi, F,= 60 ksi .

) Vi
r2|n, IW30x99(typ.) I I 9in.

Note: Concrete cover (AASHTO Table 5.12.3-1) is 2.5 in clear to top steel (d-=
9-25-5/16=6.19in.).

oo AF_(2)(0.31)(60)
"~ 0.85f.b  0.85(5)(12)

£, =0.003(d-c)/ ¢ =0.003(6.19 - 0.911)/0.911=0.0174 > 0.005 (¢ =0.9)
gM, = 0.9A F,(d—a/2)=0.9(2)(0.31)(60)(6.19 - 0.729/2)/12 =16.3 >13.2 k—ft/ft (ok)

=0.729 in;; c=a/p,=0.729/0.80 =0.911 in.

SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 35: Check spacing and minimum steel requirements for the
adequacy of #5 at 6 in. o.c. top and bottom reinforcement. Assume
6615 Grade 60 reinforcement.

[

36 ft
f/ =5 ksi, F,= 60 ksi

) Vi
I\z.n. Iw30x99(typ.) I I 9in.

Note: AASHTO 5.10.3.2 and 5.7.3.3.2 present spacing (Spax)
requirements for primary reinforcement and minimum steel,
respectively.

. 1.5h=1.5(9)=13.5 in. . .
S ax = MIN . =13.5 in.>6 in. (ok)
18 in.

M, =7v,7,£.S, =0.671 .6)0.24\/5[(1/6)(12)(9)2]/12 =777 k-ft/ft<¢M, (ok)

N CS EA SE EXAM REVIEW COURSE — March 2017
[ e ofStrucural Engineers Associaton
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Slabs

Problem 36: Determine distribution steel (bottom only) per AASHTO 9.7.3.2
and T&S steel per 5.10.8.

le |
I 1

36 ft
f. =5 ksi, F,=60 ksi

2in. W30x99 (typ.) I 9in.

Note: T&S is required on both faces (distributed equally) for slabs. Providing half on
top, provide #4 at 18 in. o.c. on top.

Note: AASHTO
S=11 ft (not monolithic) Eq 5.10.8-1
Percent - min|[220/ V8 =220/ V11-66.3% _ ¢ 5o will not control for
67%
slabs.

A yriion = 0-663(2)(0.31) = 0.411 in? /ft (#5@9 in. oc.)
Aqrgs =0.0018bh /2 =0.0018(12)(9)/2 =0.097 > 0.11 in*/ft (each face)

SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slabs

Problem 37: Check adequacy of solid slab thickness per AASHTO
Table 2.5.2.6.3-1. Slab is simply supported and spans 35 ft.

le
<€

|
1
36 ft
f. =5 ksi, F, =60 ksi .
7

N 22in.

15in.

hyy = A8 +10) _1.2B5+10) 48 ¢ _216 in. <22 in. (ok)
30 30

N CS EA SE EXAM REVIEW COURSE — March 2017

uncil of Structural Engineers Associations
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Slabs

Problem 38: Determine the live load interior strip width per AASHTO 4.6.2.3.
§Iab is simply supported and spans 35 ft. N, = 3.
I

|
|
. . 36 ft
f. =5 ksi, F,=60 ksi
w 7
S ft>15 ft | itudinal strip,4.6.2.1.2 22in.
15 in. pan=35 ft>15 (use longitudinal strip,4.6.2.1.2)
One lane - E=10+5.0,/L,W,
SPAN =35 ft WIDTH =38.5 ft
L, =min =35 ft;W, =min =30 ft .
! 60 ft ! 30 ft Note: E includes
E =10+5.04/(35)(30) =172 in.=14.33 ft mu|t|p|e presence
Multiple lanes — E =84 +1.44,L W, <12.0W /N_ factor m.
L, = min SPAN =35 ft:35 ft;W':minWIDTH:386 ﬂ:38.5 it
60 ft 60 ft
E =84 +1.44,/(35)(38.5) =137 in.=11.4 ft<12.0W /N_=12(38.5)/3 =154 in. (ok)
Use E=11.41t

SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 39: Determine the maximum live load moment (for one lane)
along the bridge. Slab is simply supported and spans 35 ft.
I

|
1
36 ft
f. =5 ksi, F, =60 ksi
) 22in.
15in.

11 126.7 b 579 b 31 5258 b 768 a
12 1445 b 593 b 32 5474 b 781 a
13 163.1 b 604 b 33 569.2 b 792 a
14 1819 b 615 b 34 5912 b 804 a
b 624 b b 814 a

15 200.9 35 613.4

SE EXAM REVIEW COURSE — March 2017
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Slabs

Problem 40: Determine live load moment for a 1 ft interior strip of the
simply supported 35 ft span flat slab bridge. E = 11.4 ft.

‘ 36 ft

|
1
f. =5 ksi, F,= 60 ksi B
o = =
1ft 22in.

15in.
VHL—93,impact = 81 .4 / 1 1 .4 = 7.14 k / ft

My _93impact = 613.4/11.4 =53.8 k- ft/ft

SE EXAM REVIEW COURSE — March 2017

BINCSEA

Slabs

Problem 41: Determine the live load strip width for the slab edges per
AASHTO 4.6.2.1.4 and the resulting shear and moment for a 1 ft strip

near the slab edge.

|
I |
£/ =5 ksi, F, = 60 ksi 361t
e,
2 1ft 22in,

Eccmruning

2 in.

11.4(12)/2 = 68.4
72 in.

Il
15in.

Egpge = barrier width +12 in.+ E , yoing / 4 < mMin

Eepge =15 in.+12 in.+(11.4)(12)/4 =61.2 in.<min

Eepge =61.2 in.=5.1 ft
Viri-osimpact * (0.5)81.4/5.1=7.98 k/ft

Myt-o3impact = (0.5)613.4/5.1=60.2 k —ft/ft

SE EXAM REVIEW COURSE — March 2017

NCSEA

3/3/2017
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Slabs

Problem 42: Determine the dead loads DC and DW and the maximum
moment and shear for an interior strip of the simply supported 35 ft
span flat slab bridge. Include a 25 psf future wearing surface.

|
f 1
36 ft
f. =5 ksi, F,=60 ksi .
- . 7
22 in.

15 in. DC =(22/12)(0.150) = 0.275 ksf 1 ft

DW =0.025 ksf
Mpc = 0.275(35)2 /8 =42.1 k —ft/ft; Vpo =0.275(35)/2=4.81 k/ft

Mpw = 0.025(35)% /8 =3.83 k —ft/ft; Vp, =0.025(35)/2=0.438 k/ft

SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 43: Determine the dead loads DC and DW and the maximum
moment and shear for an exterior strip of the simply supported 35 ft
span flat slab bridge. Include a 25 psf future wearing surface. Assume
barrier weight (0.4 k/ft) carried by edge strip. Egpge = 5.1 ft.

|
[ |
f. =5 ksi, F,= 60 ksi seft B
. R
15 DC = (22/12)(0.150) + 0.4/5.1= 0.353 ksf 1 ft 22in.
DW =0.025(5.1-15/12)/5.1=0.0189 ksf
Mpc = 0.353(35)2 /8 = 54.1 k—ft/ft; Vpe =0.353(35)/2=6.18 k/ft
Moy =0.0189(35)2 /8 =2.89 k—ft/ft; Vo, =0.0189(35)/2=0.331 k/ft
SEA SE EXAM REVIEW COURSE — March 2017

3/3/2017
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Slabs

Problem 44: Determine the Service | factored moment for the interior
strip of the simply supported 35 ft span flat slab bridge. n, = 1.0.
Assume #9 bars at 6 in. o.c. for structural steel in slab. d = 20.4 in.

|
|
36 ft
f. =5 ksi, F,= 60 ksi B
W - 7
1ft 22in.

15in. My _g3,mpact = 93.8 k —ft/ft
Mye = 42.1 k- ft/ft

Mpw =3.83 k —ft/ft
M = Z 7y Qi =1.0(1.0My_g3 impact + 1.0Mpc +1.0Mpy, )

M=1.0(53.8+42.1+3.83)=99.7 k- ft/ft

N CS EA SE EXAM REVIEW COURSE — March 2017
National Counei ofStructural Engineers Associatons

Slabs

Problem 45: Check crack control (AASHTO 5.7.3.4,5.4.2.6,5.7.1, and
5.4.2.4) for the interior strip of the simply supported 35 ft span flat slab
bridge. n; = 1.0. Assume #9 bars @ 6 in. o.c. for structural steel in slab.
‘d = 20.4 in. Assume class 2 exposure (y, = 0.75).

J
I il
36 ft
f/ =5 ksi, F, =60 ksi o
o = o
1t 22in.

15in.
M=1.0(563.8+42.1+3.83)=99.7 k-ft/ft

f,=M/S=99.7(12)/[12(22)? /6] =1.24 ksi> 0.8f. =0.8(0.24v/5)=0.429 ksi (cracked)
n=E, /E, =29,000/[182045]=7.13 (use n=7)
nA, =7(2)(1)=14 in?/ft

N CS EA SE EXAM REVIEW COURSE — March 2017
[ e ofStrucural Engineers Associaton
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Slabs

Problem 45: d =20.4 in.

. :
36 ft
f. =5 ksi, F,=60 ksi .
o = e
22in.
15n. 1t
X
X
12x[5j Soasx o
x=5.83 in 12in. N.A.
2
Iy = 1?;3 +12x(%) +14(20.4 - x)?
nA, =7(2)(1) =14 in?
' =3765 in‘/f I

7
N CS EA SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slabs

Problem 45: Assume class 2 exposure (y, = 0.75). AASHTO 5.7.3.4.

|
|
36 ft
f/ =5 ksi, F,= 60 ksi B
I 22-/_
15in 1t n
’ [ oMy, 7(99.7)(12)(204-583) _gp 4

Iy (3,765)
d, =1+9/8/2=1.56 in.

Boote——Ye g, 156 4
07(h-d,) ' 0.7(22-1.56)
700y 700(0.75) .
=6 . € _2d, = -2(1.56)=11.5 . k
=8 i<t T = ez Y in- (k)

N CS EA SE EXAM REVIEW COURSE — March 2017
1ot

11 of Structural Engineers Associations

3/3/2017
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Slabs

Problem 46: Determine the maximum factored moment for an interior strip of
the simply supported 35 ft span flat slab bridge for Fatigue |. Note that IM =
15% for this limit state and that the design truck axle spacing is set at 30 ft. n, =
1.0. m = NA (AASHTO 3.6.1.1.2).

49f 14ft 30 ft .
Mnax truck fatigue = 21.6(18.9) - 8(14) = 296 k — ft s ' '
8k 32k 32k
M= z UiYiQ\ =1.0(1 '5)(Mmax,(ruck,la|igue )(1+1M) { { v

M =1.0(1.5)(296)(1.15) =511 k —ft/lane e 2.8 ft 7

3= 80)+32014) 44,5 g 4.9 ft chl
(8+32) | |
8k 32k
8 k 32k . 1 &y .
v 4 ! 7
T1aft 216k b t 184k

35 ft simple span

SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 47: Determine the maximum factored stress in the interior strip
slab reinforcement due to the design truck. Assume #9 bars at 6 in. o.c.
for structural steel in slab. d =20.4in. n=7.0.

M=511 k-ft/lane (see previous) X =15.83 in

I, = 3,765 in* /ft

E=14.33 ft (see previous, one lane)

M=511/14.33=35.7 k-ft/ft

12in. N.A.

oo = anys[ee‘ _7(35.7)(12)(204-5.83) 1 o (o

N (3,765) nA, =7(2)(1) =14 in?

,( \)
N CS EA SE EXAM REVIEW COURSE — March 2017
Engineers Astociaton

Mationsi Counci of Structural

3/3/2017
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Slabs

Problem 48: Check the adequacy of the interior strip slab reinforcement
for fatigue per AASHTO 5.5.3.2.

fomek =11.6 ksi (see previous)
Mpe =42.1 k-ft/ft (see previous)

Mpw =3.83 k- ft/ft (see previous)
Mp, =Mpe +Mpy =42.1+3.83 =459 k-ft/ft

Moy Y _ 7(45.9)(12)(20.4-5.83) _,, o\ o
soL I, (3,765)

fn=0+149=149 ksi

fo=11.6+14.9=26.5 ksi
7(Af)=26.5-14.9=11.6 ksi
(AF)py =24 - 0.33f,, =24 —0.33(14.9)=19.1>11.6 ksi (ok)

N CS EA SE EXAM REVIEW COURSE — March 2017
Engineers Asiociations

Slabs

Problem 49: Determine the Strength | factored moment for the interior strip of the

simply supported 35 ft span flat slab bridge. n; = 1.0. Assume #9 bars at 6 in. o.c.
for structural steel in slab. d = 20.4 in.

le

<

I
15in.

|
|
36 ft
f. =5 ksi, F,= 60 ksi B
I 7
M _gsimpact = 53-8 Kk —ft/ t 1ft 22in.

Moo = 42.1 k —ft/ ft
Moy =3.83 k —ft/ft
M =" 717 Qy =1.0(1.75My_g3mpac +1.25Mpg +1.5Mpy,)

M, =1.0(1.75(53.8) + 1.25(42.1) + 1.5(3.83)) = 152.5 k — ft/ ft

N CS EA SE EXAM REVIEW COURSE — March 2017
ilofStrctural Engineers Associations

3/3/2017
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Slabs

Problem 50: Determine ¢M,, for the interior slab strip of the 35 ft simple span
bridge. Assume #9 bars at 6 in. o.c. for structural steel in slab.

d =20.4 in. M, =153 k-ft (see previous).
|

|
f 1
36 ft
f =5 ksi, F, = 60 ksi .
- - 7
22in.
15in. 1ft

£, =0.85-0.05(5-4)=0.8

_ AR (2)(1.00)60) _, 4 i
0.85fb  0.85(5)(12) )

c=al/p=235/0.8=2.94 in.

£ =0.003(d, —c)/c =0.003(20.4 —2.94)/ 2.94=0.0178 >0.005 (4=0.9, 5.7.3.3.1)
M, = 0.9AF, (d—a/2)=0.9(2)(1.00)(60)(20.4 ~2.35/2)/12 =173 >153 k—ft/ft (ok)

BINCSEA

SE EXAM REVIEW COURSE — March 2017

Slabs

Problem 51: Check spacing and minimum steel requirements for the adequacy
of #9 bars at 6 in. o.c. for structural steel in slab. d = 20.4 in., M, = 153 k-ft, M,

= 173 k-ft (see previous). Assume A615 Grade 60 reinforcement.
|

|
f 1
36 ft
f. =5 ksi, F, = 60 ksi _
- - 7
22in.
15in. 1t

Note: AASHTO 5.10.3.2 and 5.7.3.3.2 present spacing (s,,,) requirements for
primary reinforcement and minimum steel, respectively.

. [1.5h=1.5(22)=33 in. ) )
S pax = MIN . =18 in.>6 in. (ok)
18 in.

M, =7,7,fS, =0.67(1.6)0.24/5[(1/6)(12)(22)*]/12 = 46.4 k—ft/ft<¢M,_ (ok)

ANCSEA

SE EXAM REVIEW COURSE — March 2017
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Slabs

Problem 52: Determine distribution steel (bottom only) per AASHTO 5.14.4.1
and T&S steel per 5.10.8.

|
1
36 ft
f =5 ksi, F, = 60 ksi -
o ] e
22in.
15 in. 1t
Note: T&S is required on both faces (distributed equally) for slabs. Providing half on
top, provide #4 at 10 in. o.c. on top, each way. Note AASHTO
Percent = min 100/4L =100 i\/ﬁ =16.9% _ 16.9% Eg.5.10.8-1
50% will not control for
Agistribution = 0-169(2)(1.00) = 0.34 in? /ft (#5@10 in. oc.) slabs.

Args =0.0018bh/2=0.0018(12)(22)/2=0.238 in® /ft>0.11 in?/ft (each face)

S EA SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slab on Girder Bridges

400 Ib/ft parapet (typ.)
Problem 53: Determine the dead load for an interior stringer assuming a three

span bridge with simple span lengths of 40 ft and a 25 psf future wearing surface

_(not shown). AASHTO 4.6.2.2.1. |
I |

36 ft
2i 7:
I n I W30x99 (typ.) I I 9in.
k1 | | |
15 ft 11t 11 ft 11t

DCga, =11(9/12)(0.150)=1.24 Kk /ft

DCaunen = (10.5/12)(2/12)(0.150) = 0.0219 Kk / ft
DCyer = 0.099 Kk /ft

DC,=1.24+0.0219+0.099=1.36 k/ft (non-composite)
DC, =0.400(2)/4=0.2 k/ft (composite)

DW =36(0.025)/4 =0.225 k/ft (composite)

SE EXAM REVIEW COURSE — March 2017

3/3/2017
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Slab on Girder Bridges

400 Ib/ft parapet (typ.)

Problem 54: Determine the maximum dead load moments and maximum dead
load shears for the 40 ft simple span interior stringers.

36 ft

I\zm' I W30x99 (typ.) I I :

15 flt 11 ft 11 ft 11 ft
DC,=1.36 k/ft (previous slide)
DC, =0.2 k/ft (previous slide)
DW =0.225 k/ft (previous slide)
Mpgs = 1.36(40)? /8 =272 k —ft; Vpe, =1.36(40)/2=27.2 k
Mpc, = 0.2(40) /8 =40 k—ft; Ve, =0.2(40)/2=4 k
Mpw = 0.225(40)° /8 =45 k- ft; V,, =0.225(40)/2=4.5 k

S EA SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slab on Girder Bridges

Problem 55: Determine the maximum live load moments and
maximum live load shears for the 40 ft simple span interior stringers.

36 ft
2in.
I n I W30x99 (typ.) I I 9

k4 1' | 1'

15 ft 11t 11ft 11ft
Note: Using Caltrans MLL truck/tandem = 450 k — ft (Caltrans Design Aid, HL -93)
Design Aid (No IM option) Vit iuerangen =55 K (Caltrans Design Aid, HL -93)
578 — 128 =450
68 —13 =55 My Ljane = 0.64(40) /8 =128 k- ft

ViLjane = 0.64(40)/2=12.8 k

SE EXAM REVIEW COURSE — March 2017

3/3/2017
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Slab on Girder Bridges

Problem 56: For the previous problem, determine the controlling live load
distribution factor for moment. Note that the structure shown satisfies all limitations
allowing the use of the simplified procedure. Assume n = 8. AASHTO 4.6.2.2.

0.4 0.3 0.1
1=3,990 in* (W30x99, AISC Manual) 006+ S\ Ky )
g, =0.06 + 5

- 14) ) (o)
A =29.1 in* (W30x99, AISC Manual)
d=29.7 in. (W30x99, AISC Manual) 0.4 03 04
S g1 -000+(11)" (18] (130030
n_E, /Ey -8 12) \20) \12(40)9)
€y = (t +d)/ 24ty = (9+29.7)/2+2=21.35 in.
K, =n(l+ Ae?) = 8[3,990 + 29.1(21.35)2] = 138,035 in* AASHTO Table 4.6.2.2.2b-1

0.6 0.2 0.1
S\ Ky )
. =0.075 ( ) (7) —_
9 los) U L)

N
N

)“(11)“( 138,035 "'

o :0.075+( 20) \1220)97°)

=0.84 (controls)

©

5

SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slab on Girder Bridges

Problem 57: Determine the controlling live load distribution factor for shear. Note
that the structure shown satisfies all limitations allowing the use of the simplified
procedure. Assume n = 8.

36 ft
I N2 I I I -
n- W30x99 (typ.) 9in.
| | |l le |
[ 1 | I |
15 ft 11ft 11ft 11ft
AASHTO Table 4.6.2.2.3a-1 ,
~0.36+S 6, =02+ (2]
91 =0-90+ ¢ m=EeT 2735

11 11 (11)°
=0.36+—=0.8 = |2 =
91 25 I 0.2+12 (35) 1.02 (controls)

N CS EA SE EXAM REVIEW COURSE — March 2017

uncil of Structural Engineers Associations
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Slab on Girder Bridges

Problem 58: Determine the controlling live load moment and shear for an interior
stringer. Include impact.

. |
36 ft
I N 2i I I I 7
n- W30x99 (typ.) 9in.
le le le le |
ST | [ 1
L5 ft 11 ft 11ft 11 ft

M__ tuckitandem = 450 k —ft (previous slide)

\Y =55 k revious slide
L trucktandem ® ) M, = 0.84[1.33(450) +128] =610 k —ft

M jane =128 k—ft (previous slide)
Vi.m =1.02[1.33(55)+12.8]=87.7 k

Viijane =12.8 k (previous slide)
g, =0.84 (moment, previous slide)
g, =1.02 (shear, previous slide)

S EA SE EXAM REVIEW COURSE — March 2017

Mational Couneil o Structural Engineers Associations

Slab on Girder Bridges

Problem 59: Determine the Strength | factored moment and shear for

kan interior stringer. |

36 ft
I N2 I I I -
n- W30x99 (typ.) 9in.
le le |l le |
~ T | I |
15 ft 111t 11t 111t

Mpey =272 k—ft; Vpe, =27.2 k (previous slide)
M, =1.25(Mpg; +Mpcz) +1.5Mpyy +1.75M
Mpe, =40 k—ft; Vpe, =4 k (previous slide)
M, =1.25(272 + 40) + 1.5(45) + 1.75(610) = 1,525 k —ft
Mow =45 k—ft; Vo =4.5 k (previous slide)
v Z610 k_ft (previous slide) V, =1.25(Vpgq + Vo )+ 1.5Vpw +1.75V m

LL+IM — -
v _87.7 k (previous slide) V, =1.25(27.2+4)+1.5(4.5)+1.75(87.7) =199 k

LL+IM — .

( NCS EA SE EXAM REVIEW COURSE — March 2017
nclof 5

tructural Engineers Associations

3/3/2017
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Lever Rule

Problem 60: Determine the distribution factors for exterior girder shown.

Pofe ! eft | aft l2ft!  6ft !
P/2 P/2 P/2 P/2
v v v v o
2i -
I n W30x99 (typ.) I 9in.
le le le |l |
I~ D I | 1
15 ft 11 ft 11 ft 11 ft

Note: Distribution factors are the same for

shear and moment. One lane loaded controls.
_P/2(125-2)+P/2(12.5-8)

Exterior —
11

R =0.68P

mg, =1.2(0.68)=0.816 AASHTO 3.6.1.3.1
mg, =1.0(0.68)=0.68

SE EXAM REVIEW COURSE — March 2017

Structural Design Standards
Relevant for Vertical Forces

* AASHTO LRFD Bridge Design Specifications (7t
Edition, 2014)

SE EXAM REVIEW COURSE — March 2017
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Recommended References & Study
Materials

» Structural Engineering Sample Questions and Solutions.
NCEES, 2014.

* Williams, Alan. Structural Engineering Reference Manual.
Professional Publications, Inc., 2012.

* Barker, Richard M., and Jay A. Puckett. Design of Highway
Bridges: An LRFD Approach. Wiley, 2013.

* “Bridge Design Aids,” 2013, Caltrans.

* Moments, Shears and Reactions for Continuous Highway
Bridges. AISC, 1986.
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