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CULVERTS



This training references standard specifications and
policies effective March, 2023. Included specification
references may be paraphrased or shortened for
brevity. For current and complete requirements, refer
to the specification source documents effective at the
time of project letting.
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Definition

CULVERT: an open, transverse tunnel or drain crossing under

a road, railroad or embankment.
= Adapted from Merriam-Webster and Oxford Dictionaries

N\
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Pipe Culvert

= Metal
= Concrete
= Plastic

Common Types

Box Culvert Arch / 3-Sided

= (Concrete = Metal
= Masonry = Concrete
= Masonry

Typical Plan Section

X CULVERT FLOW LINE
ELEV. 1078.00

PROPOSED GRADE. 103} 4% 2% LAY 10u SIGN HY.
_,.\--—-5"!"" ki T T 1 ] ELEV, 1091,44

STA. 505+25.00 1 10WA HWY. 144

PROPOSED PROFILE GRADE EXISTING BRIDGE
ELEV. 1047.70 TO BE REMOVED

38 T .

VERT FLOW LIE*

EXISTING
GROUND

LEV, 1078,30

‘CULVERT FLOW L|
ELEV, 1078.16

CLASS B REVETMENT WITH ENGINEERING FABRIC
ANTICIPATED SETTLEMENT = NEGLIGIBLE

Culvert crosses below
roadway embankment.

May be skewed relative to roadway. Culvert extends at ends of culvert to

roadway.

CcnamEL FLOW LiE 20:29% SLOPE
ELEV. 1079.00 -0 WORKING BLANKET (SEE SPs.1) ELEV. 1079.30 CLASS B REVETMENT WITH ENGINEERING FABRIC

DESIGN FILL HEIGHT = 5'T0 7

LONGITUDINAL SECTION ALONG ¢ CULVERT

[P

Earth fill between top of Possible channel work and
culvert and bottom of erosion / scour protection

full width of embankment facilitate proper water flow.

1/7/2025



Component Terminology

Headwall Barrel Headwall

|
-

T T "
End Standard Standard
Sect. Barrel Sect. Barrel Sect.

culvert side view

G— .
curtain wall \

Terminology = Headwalls
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/_ Terminology = Barrel
slab — —

-
wall

[ 7]
‘J N
[ 1

i
—| |<_|

Standard (Construction) Joints

Standard construction joints
are formed with a beveled

) Keyway May or may not have
La o continuous rebar projecting
through joint (see plans).

L— One set of Sr1 x 3"-6" dowel bars @ 1'-0"

spacing required in slab at all culvert Standardjoints are
barrel joints, except joints with bell joints. 5
See table for number required and total weight. economical, but not the

best option if joint
separation is a likelihood.

Top Slab Construction Joint Detail

10
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Bell (Expansion) Joints

Bell joints are a tongue-
and-groove joint system.

Top & Sides - Bars 5yl

Joint (See Sheet CBJ 5-19)

: jr’v' No continuous rebar
» - ‘ through joint. Joint is
allowed to expand freely (to
— i Resent some maximum limit). )
>—51I —
sz The bell-shaped collar
‘ ‘ provides structural support
Lili &-_—s,z . .
:1— e G and protects the joint from ’

oA ) debris infiltration.
Longitudinal Section _

11

Barrel Configuration

single barrel

triple barrel

'

octo barrel??

12




Standard Dimensioning

Length = back-to-back of parapets

Width = in-to-in walls

Height =
in-to-in barrel
(excl. trough)

a

-xn \59 o 'REINFORCED
eRdTEBex kUL VERT

QUANTITIES
STA. 745422 (1A 14) NOVEMBER, 2020

LUCAS COUNTY
I0WA DEPARTMENT OF TRANSPORTATION - HIGHWAY DIVISION
DCSIGN SWCET MO, _| _0F_4_ FILENG. _31660 0ESIGN Mo.__I21

14-2(40)--2J-59 SHEET NUMBER 2

typical plan tﬂa block

13

14
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Station & Offset

Station
= Engineering notation for distance/position along a roadway
alignment. 1 Station (1+00) = 100’. Stationing typically increases from
south to north and west to east, and resets to 0+00 when crossing a
county line.
= STA 0+00 = county line
= STA550+99 = 55,099’ from county line

Offset

= Distance to the left or right of centerline, measured in feet
perpendicular (90°) to centerline. Noted to the left (LT) or right (RT), as
viewed looking upstation along centerline.

15

Centerline & Skew

Centerline
= Engineering baseline of an alignment or element of a project. Often,
but not always, the physical centerline of the element. Noted as “CL".

Skew
= Indication of angle which the centerline of one element crosses the
centerline of another element. Skew is not the actual angle of
intersection; rather skew is measured as the amount more or less than
true perpendicular (90°) intersection. Noted as left ahead (LA) or right
ahead (RA), as viewed looking upstation along the primary element.
= (0° Skew = 90° Intersection
= 30° Skew = 60° / 120° Intersection
= 90° Skew = 0°/ 180° Intersection (on same CL — not practical)

16
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0° Skew Alignment

17 =

INET
OUTLET

] EXCAVA™
N QUANTIT

TA 260+
154.77°

e STA 260479.05
21167 RT

m"

STA_260+88.31
143.37°LT
STA 260478.43

]

153.10°LT

&
o
3
3
2
3

STA 260+
148.39°LT,

STA_260+20,95/

120,65" RT

PROP 10" X &' RCB |

\

1-0 GRANULAR _| 35 4 <
BLANKET LIMITS — € STA 260450 {

Low
L
100 X 60 OUTLET HEADWALL

0° SKEW

|
i
i
i
[
i

17

30° Skew (LA) Alignment

18 =

i
i
[
1
|
STA 4551400
'
]
i
1
!
i
\ TEUPORARY SHEET PILE
1 TO BE REMOVED AT COM
OF consTI

*E* REVETUENT

Existing
10°-0 x 4-0 x 127-0
RCB Phase | (UAC)

RAVP A

STA 1549400

12-0 140
LANE LANE

| o ST
14720 |12
LANE JNEL

18



19
Typical Material
lowa DOT culverts are typically constructed of concrete.
VIDEO: YouTube Practical Engineering — Concrete 101
20

1/7/2025
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21

. Prepare Site

Survey
Excavation
Base Preparation

. Build Structure

Concrete Formwork
Reinforcing Steel
Concrete Placement
Finishing & Curing

. Backfill

Placement
Compaction
Final Shaping

Typical Construction Sequence

22
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23

Survey = Responsibility

Contract will specify Survey by Engineer or Contractor:

= 2526-828500 Construction Survey Bid Item

Survey by Engineer:
Contract does not include Construction Survey Bid Item
= Apply Article [1105.15] — Construction Stakes

= Defines which stakes Engineer is responsible for providing

= Commits Engineer to meet standards of Section [2526] Construction
Survey

—

Survey by Contractor:
Contract does include Construction Survey Bid ltem

= Apply Section [2526] Construction Survey
= Defines overall survey requirements
= Qverrides Article [1105.15]

24

1/7/2025
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Survey = Procedure

1. Identify and tie into survey Primary Controls

= jdentified in plans

= known/fixed points surveyors can rely on

2. Survey centerlines:

=  roadway alignment

= structure alignment

3. Stake key points:

= right-of-way

= Jimits and shape of earthwork

= station, offset and elevation of key points

4. Independent check of key points
= Article [2526.03.5.a]

5. Set additional offset stakes as appropriate to control work

6. Submit staking diagram to Engineer

25

Survey = Primary Controls

HORIE. DATUM: NADAN2011) EROCH 101060
VERT, DATUM: N
Regonsl Coordrate

System Zona's

rocorry. i re g

[2526.03.A.2.3]
A primary control monument is a
survey point the Contracting

| Authority establishes prior to project
commencement. The point will be
established by placing a monument
in the ground.

PointiNameNorthing  Easting Elevation Feature Definition

97.13 25

FENO MONUMENT WITH IDOT

BRASS DISC 4IN BELOW GROUND 71.5FT RT OF CL HWY6 STA

1464+99.6

CP2_7729350.60

19452634.94 927.55 BM 5/8IN RE-ROD 49.7FT S OF

L HWYB AND 1708FT E OF CL BRG STA 1497+02

26

1/7/2025
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[2526.03.A.5.a]
“clearly mark the...centerline of the
culvert and back of parapet”

Survey = Staking Diagram

[2526.03.A.5.c] O O
“provide the Engineer with a copy

of the staking diagram prior to

commencing work”

27

Survey = Staking

28

14



Survey = Staking

— ___ __
(. [2526.03.A.5.a]

mark locations and elevations with
metal pin or tack in a wood hub, flat,

and lath. Clearly mark with the
station location, cut/fill elevation,
and offset distance from centerline of
the culvert and back of parapet

29

Survey * Key Inspection Items
_ 30 =
Survey tied into contract primary control monuments.

Staking diagram submitted to Engineer.
Key alignments and locations staked.
Independent check of key points.

Sufficient staking to control work, including temporary control
and offset stakes.

Stakes which become disturbed are relocated as necessary.

30

1/7/2025
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31

32

1/7/2025
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Excavation

Excavation includes removal, relocation and/or replacement of
earth material.

Note: some special subgrade preparations, embankment
construction, and/or compaction procedures are paid separately.

33

Excavation = Classification

Different excavation specifications for different types of work:

Article [2102] - Roadway Excavation

= (Class 10 — Soil, Sand, Gravel, Crushed Rock

= (Class 12 — Boulders, Intact Rock, Bedrock

= Class 13 — Any/All Material Encountered (Wild Card)

Article [2104] - Channel Excavation

= (Class 10 Channel — Soil, Sand, Gravel, Crushed Rock

= (Class 12 Channel — Boulders, Intact Rock, Bedrock

= Class 13 Channel — Any/All Material Encountered (Wild Card)

Article [2402] - Structural Excavation

Soil, Sand, Gravel, Crushed Rock ABOVE CLASS (WATER) LINE
T—Gleee2T— Soil, Sand, Gravel, Crushed Rock BELOW CLASS (WATER) LINE
= (Class 22 — Boulders, Intact Rock, Bedrock

= Class 23 — Any/All Material Encountered (Wild Card)
= (Class 24 — Additional Imported Fill

34

1/7/2025
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Excavation = Pay Limits

Structural excavation pay limits are specified in the contract.

1”-0 GRANULAR
MATERIAL FOR BLANKET
—r
~n
o

PAY LIMITS
FOR CLASS 20
EXCAVATION

SEE SHEET SPS.| —
FOR CORE-OUT
PLAN DIMENSIONS

CLASS 20 EXCAVATION

( TYPICAL SECTION NORMAL TO € CULVERT )

STONE

2'-0 MACADAM

[2402.04.B.4]
“the amount of excavation measured for payment will be... to the required depth,

length, and a width 4 feet greater than the inside width of the culvert... toa 1:1
slope from the bottom of the excavation sloping away from the structure...”

35

Excavation = Pay Limits

Culvert excavation is paid by plan quantity [2402.04.C.1].

Pay limits are not modified unless culvert design is
modified.

Contractor’s actual excavation quantities may differ from
the pay limits, but pay quantities will not change.

Actual excavation quantities will vary based on:
= excavation safety

= water management

= construction sequence/staging

= construction access

= contractor preferences/convenience

36

1/7/2025
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Excavation = Safety

Certain excavation safety criteria is governed by OSHA.
= Part 1926 Subpart P, Appendix A & B
= https://www.osha.gov/laws-regs/regulations/standardnumber/1926

Limits on unsupported soil excavation sidewall height.
= >3.5" may not be OSHA compliant
= >5.0 rarely OSHA compliant

Limits on maximum allowable slope/bench angle.
= varies by soil type

———y This benmch allowed ia cohesive goil only p——

’
-
207 Mag. - A

‘_],,. - - i |1 Perm|55|b.|e”S|ope/B”ench,
Max, — ’ 1 Example in “Class B” Soil.

From OSHA Part 1926:

37

Excavation = Safety

4 Classifications of Excavated Material defined by OSHA:
= Stable Rock (solid, intact natural rock mass)
= Class A Soil (firm undisturbed cohesive soil, soft intact rock mass)
= Class B Soil (soft cohesive soil, cohesive fill, dense angular gravel)
= Class C Soil (saturated cohesive soil, sand, loose gravel)

ote aSo e |
Examples °
S el Class A—%:1 (53°) = 4
Cohesive soils with | Clay, silty clay, sandy
an unconfined clay, clay loam and in ’ w
A compressive some cases: silty clay

strength of 1.5 loam and sandy clay
tons per square loam.
foot or greater.

strength greater and, in some cases
than 0.5 tsf but silty clay loam and
less than 1.5 tsf. sandy clay loam.

L

Cohesive soils Angular gravel (similar . o
with unconfined | to crushed rock), silt, Class B—1:1 (450)

B compressive silt loam, sandy loam
with unconfined gravel, sand and loamy
compressive sand; submerged sail 1y . o

C strength greater or soil from which Class C—1%:1 (34 ) o .
than 0.5 tsf or less. | water is freely seeping; - -

Cohesive soils Granular soils such as

=

submerged rock that is
not stable.

max permissible excavation slope by soil class

38

1/7/2025
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[1107.07.A]
“the Contractor shall comply with
all applicable laws, rules,
regulations and ordinances
governing safety, health...”

39
Excavation = Shoring
Excavation shoring (commonly sheet pile) will be required if:
= there is not enough space to properly slope the excavation.
= excavation will remove material within the support zone for
pavements or other structures.
40

1/7/2025
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[Design Manual]
any excavation below or within 1:1.5

slope away from outside edge of shoulder
(Zone 2) requires excavation shoring

[Design Manual]
any excavation deeper than 5’ below
outside edge of pavement, or within

1:1.5 slope away from that limit
, requires shoring designed

by a registered engineer.

Excavation = Shoring

Zone 1

Zone 3

41
Excavation = Shoring
|
EXAMPLE (ROCK ROAD) SHEET PILE
é\\\///\\\///\\\//\\v//\\\// T(TYP.)
---------------- E e —EXCAVATE AFTER
\\>?1R>- /[_—SHEET PILE
3¢ INSTALL SHEET PILING. é i hTALATION
EXCAVATE EMBANKMENT IN > —WORKING GRADE
FRONT OF SHEET PILING | Z2zzzzz-o-----ZH} FOR FLUME CONST.
AS REQUIRED FOR FLUME R RRE R |
CONSTRUCTION. f
Gray shaded;ne is the required excavatign. The zo—ne_ - -
with the most strict requirements that the excavation - N shormg required
intersects is the zone that the shoring needs to be opei shorlng By contr?ctor
designed for (this example = ). : engineered shoring
42

1/7/2025
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Excavation = Key Inspection Items
_ 43 =
Proper erosion controls installed before excavation.

Excavation safely benched and/or sloped for soil type.

Structural shoring used to support steep excavation, or
excavation adjacent to pavements and other structures.

Suitable excavated material stored for reuse as needed.

Excavation paid at plan quantity.

43

44

1/7/2025
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46
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48

1/7/2025
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Base Preparation = Key Inspection Items

_ 9 =
Water properly drained and/or diverted from work area.

Natural soils cut to grade, preserved in undisturbed condition.
Unsuitable material removed and replaced.

Subgrade treatment (stabilizing or leveling material) per plan,
when required.

Firm, stable, uniform base.

Inspection prior to concrete placement.

49

50

1/7/2025
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Concrete Formwork

Formwork is used to hold fresh concrete in intended shape

while it gains strength.

= Shape (interior) of formwork = shape (exterior) of the concrete.
=  Formwork design is Contractor responsibility.

[2403.03.B.5]

“design forms for strength
as specified... use forms in
good condition...”

[2403.03.L.1.b]

“materials used for forms
and falsework may be either
new or used.... it is the
Contractor’s responsibility to
ensure that materials are
suitable for the use
intended”

51

52

1/7/2025
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[2403.03.B.5.f]
“construct forms so that the
finished concrete is of the form
and dimensions shown in the
contract documents, and true to
line and grade...”

[2403.03.L.4]
“design formwork and falsework

for the following loads...”

[2403.03.B.5.g]
“when forms appear to be

| insufficiently braced or
unsatisfactorily constructed... the
Engineer will order the work
stopped until defects have been
corrected”

53

54

Concrete Formwork

54 =

1/7/2025
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Concrete Formwork

55

Concrete Formwork

56

1/7/2025
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Concrete Formwork

57

loncrete Formworl

et

)

7%

58
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Concrete Formwork

59

Concrete Formwork

60

1/7/2025
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Concrete Formwork

61

Concrete Formwork

62
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Concrete Formwork

63

Concrete Formwork

64
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Concrete Formwork

65

Concrete Formwork

66
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Concrete Formwork

67

Concrete Formwork

68

1/7/2025
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Concrete Formwork

69

Concrete Formwork

70

1/7/2025
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Concrete Formwork

71

72

1/7/2025
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Concrete Formwork - Key Inspection Points
W —

Suitable materials used, clean and free from major defects.
= Formwork shape set to proper plan dimensions.

= Formwork sufficiently strengthened, secured and braced.

= Mortar-tight joints.

= Coated with form release agent (prior to rebar placement).
= Fillet (bevel/chamfer) strip at 90° and sharper corners.

= Joint filler in correct location, when specified.

= Forms designed for complete removal.

73

74
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Reinforcing Steel = Purpose

Un-reinforced concrete is vulnerable to cracking.

Reinforcing steel helps mitigate concrete cracking problems.

VIDEO: YouTube Practical Engineering — Conc. Reinforcing

reinforcing used to strengthen concrete
section and control crack spread

75

Reinforcing Steel = Purpose

un-reinforced concrete reinforced concrete

single, full-depth crack multiple, partial-depth cracks

section FAILS when crackiig occurs section DOESN’T FAIL when cracking occurs

76

1/7/2025
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Reinforcing Steel = Purpose

fill pressure
traffic pressure

2

fill fill
pressure pressurg

reinforcing
needed to
prevent failure

*

subgrade reaction

stressed shapeﬂexaggerated)

77

Reinforcing Steel = Purpose

Reinforced concrete is a composite material.

Concrete

=  economical, durable

= strongin compression

= weak in tension (cracks easily)

Reinforcing Steel

= much more expensive per weight/volume

= |ess durable (corrosion)

= very strongin compression

= very strong in tension (stretches w/o cracking)

Reinforced Concrete:

= steel adds strength to system

= steel alleviates/controls concrete cracking

= concrete provides corrosion protection to steel

78
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Reinforcing Steel = Purpose

Reinforced concrete doesn’t just “have” reinforcement.

Reinforcing steel is designed for specific:

= type

= sjze

= spacing

= quantity

= embedment
= overlap

= position

= clearance

Reinforcing steel inspection is TYPICALLY THE MOST IMPOT!TANT ASPECT

of inspection for concrete structures.

79

design size/spacing — full capacity

B W o

1” extra clear — 18% reduction

2” extra clear — 31% reduction

3” extra clear — 46% reduction

1” extra spa. — 10% reduction

2” extra spa. — 16% reduction

3” extra spa. — 24% reduction

1 size too small — 34% reduction

2 sizes too small — 63% reduction

1000 1500 2000 2500 2000 s00 a0 aso0
ALLOWABLE LOAD fpounds)

80

1/7/2025
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Reinforcing steel is a certified
material, governed by American
Society for Testing and Materials
(ASTM) standards.

Reinforcing steel is supplied
with standard certified metal
composition, strength and size.

81

|

Reinforcing Steel

82
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Reinforcing Steel

83

Reinforcing Steel

84
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Reinforcing Steel

85

86
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Reinforcing Stee

I e —

IM 451.01

[ ]
—
[ ]
[ ]

8

rReinforcing Steel

wwarzamassarziasss —)

88
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Reinforcing Steel

89

Reinforcing Steel - Key Inspection Points
_— 90 =
Proper certifications, proper handling and storage.

Clean and reasonably free of rust at time of use.

Proper type, size, spacing, embedment, lap, clearance.
Each reinforcing mat provided with independent support.
Chaired, supported and secured prior to concrete pour.
Appropriately tied at intersections.

No field modifications to plan rebar without permission.

90

1/7/2025
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Concrete = Mix Design & Batching

Certified material
= (Certified mix ingredients
= Approved mix design
= (Class C concrete unless noted otherwise [2415.02.A]

Batching and Delivery [2403.02.D - 2301.02.C]

= 60— 90 mixing revolutions [2301.02.C = 2001.21]

= Additional 30 revolutions if water or admixture added after initial
mixing

= Certified trucks, inspected every 30 days

= |nitial concrete temp not to exceed 90°F

= Concrete deposited within 90 min of batching, can be extended up
to 30 min when retarding admixture used (with Engineer’s
approval)

92
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Template

93

94

1/7/2025

47



95

Templajé

96
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Templat
===

97

Template

98
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Concrete Placement - Key Inspection Points
——— i) —

Approved mix design, compliant batching procedures.
= Concrete age < 90 minutes at time of deposit.

= Slump, air and temperature tests meet specifications.
= Strength specimens (beams) cast if needed.

= Concrete discharged at final location, not allowed to flow in
forms.

= Free-fall of concrete controlled by pump or tremie.

= Forms and rebar remain secured in place throughout pour.

99

100
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Concrete Finish

Concrete Finish [2403.03.P]

Class 1 Finish — Manually/mechanically finished surfaces
= overfill forms, strike off excess to proper shape/elevation, float finish
until smooth, dense, true

Class 2 Finish — Formed Surfaces

=  Remove forms

=  Remove and patch form ties

= Remove concrete fins, irregular projections (form marks)
= Patch shallow voids

= (Clean surface stains

101

Cold Weather Protection

Cold Weather Protection [2403.03.F]

Engineer’s permission required when air temperature < 40°F.
= Heat all contact surfaces (ground, forms, rebar, etc) > 40°F
= Provide heated enclosure or insulation
= Monitor concrete temperatures for 96hrs after placement
= Ensure concrete stays > 50°F for first 48 hours, cools no more than
25°F per day for the next 48 hours

102

1/7/2025
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Concrete Curing

Concrete Curing [2403.03.F]

Preferred option — leave forms in place for 4 days minimum.

For non-formed surfaces, or when form removal is allowed

prior to 4 days, protect for 4 days using one of the following:

= Coat the surface with white pigmented curing compound, application
rate of at least 1 gal per 135 sf

=  Wrap/seal the concrete in plastic to prevent moisture loss

= Cover with wet burlap or other absorptive material and keep saturated

Curing is the process of cement chemically reacting with water. The reaction
takes time, requires ample access to water, and sufficient concrete temperature.

If the fresh concrete dries or cools too much, it will not cure properly. |

103

Template

104
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107
Form Stripping
Stripping of Concrete Forms [2403.03.M]
Forms for vertical surfaces may be removed:
= whenever the concrete will not be damaged by doing so
= nolessthan 12 hours after the concrete is placed
Forms for roofs of culverts may be removed when the
concrete has attained an age of 3 days and a flexural
strength of:
= 350 psi for spans (widths) of 4" or less
= 400 psi for spans (widths) of 4’ — 6, and
= 450 psi for spans (widths) exceeding 6
Note: the stripping requi;ements above are based on the age/strength needed
for the concrete to support its own weight. This does not mean the concrete
has adequate age/strength to support any additional weight.
108
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Concrete Formwork

109
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Template
—————BAAE—

111
Template

112
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Templatg

i

113

Concrete Loading

Concrete Loading [2403.03.N]

Concrete may not be subjected to loads other than the load
caused by the weight of the concrete itself except as follows:

Loads producing simple compressive stress:
= assoon as concrete sets sufficiently to prevent the surface from being
marred or chipped.

Loads producing flexural stress:

= minimum flexural strength of
575psi and minimum age per
Table 2403.03-2.

= minimum age 14 days if strength
not tested.

114
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Stripping & Loading — Key Inspection Points
= 116 =
= Forms not stripped until [2403.03.M] satisfied.

= Surface touch-up after form removal.
= Concrete not loaded until [2403.03.N] satisfied
= No flexural loads on concrete until 575 psi flexural strength.

= No flexural loads allowed on concrete until 14 days age if
flexural strength is not tested.

116
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Culvert Backfill

Standard Specification [2402]: Excavation For Structures

Always applies, including but not limited to:
= [2402.03.H] — Placing Backfill Materials

Standard Specification [2107]: Embankments

May apply, including but not limited to:
= [2107.03.1]— Compaction with Moisture Control
= [2107.03.0] — Embankments Adjacent to Culverts and Structures

118
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General Backfill Requirements

Culvert Backfill

Use approved materials. No frozen material, organics or

rocks > 8”.

Certified materials may be required for some applications:

= core-out

= working blanket

= granular bedding or leveling
= drainable material

= roadway embankment

= roadway subgrade

Do not place backfill materials in water.

Thoroughly compact, moisture control may be required.

119

Raiway Standard Plan:
DR-111 Box Culvert Backfill (commonly used)

Backfill Standards

floodable backfill

lower 5’ =

RCB INSTALLATION

fill above 5’ =
| approved excavated
material, compacted
with moisture control

TYPICAL SECTION - COHESIVE SOIL PLUG

r

T —

(@ Prioe 10 flooding, place a cohasive sod piug to the hoight
ol Baoace backdl o 1o i, Subetand sdes of
o cuvort

(3) Excavated matorial moeting the requiremants of the

top of subgrade.

(@) Quantny cakcustions for paymant aro bossd 013 11
" e bench dmenaion. Acua siopn of
basod

sible Contract toms:
ooded Backil
“xcavation, Class 20

(Coenpaction wih Massturs Contrel
Compactng Backfil Adjscent fo Bridges, Culverts or
Stuctures.

BOX CULVERT
(BACKFILL)
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Template
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Template

123

Template
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Template
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Template

126

1/7/2025

63



Template
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Backfill = Lightweight Equipment

walk-behind sheepsfoot ram-actuated tamper vibrator); plate
(cohesive) (cohesive) (granular)

128
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Template
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Backfill — Key Inspection Points

131 =
= Approved material, certified material where required.

= No organics, large rocks/concrete, or frozen material.

= Loose lift thickness < 8”.

= Thoroughly compacted, moisture control when required.
= Raise and compact fill evenly on both sides of box.

= Keep heavy compaction equipment >3’ away from wings.

= Avoid damage to culvert during backfilling.

131

132
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Precast Culverts

Precast culverts are similar to cast-in-place culverts, except
the barrel is made from shorter prefabricated sections.

133

Precast Culverts

Same basic rules for reinforced concrete construction apply,
but rebar/concrete inspection performed at precasting plant.

Special concrete mixes and/or reinforcing steel may be
used to facilitate mass production.

Special rules apply for properly leveling and joining the

sections together in the field.

Disadvantages
= More Joints

Advantages
= Fast

= Easy
= Economical

= Less Rigid
= Not Suitable Everywhere

134
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Template

137

INSTALLATION NOTES:

PRECAST CONCRETE BOX CULVERT SECTIONS SHALL BE LAID WITH THE
GROOVE END OF EACH SECTIOM UP-GRADE, AMD THE SECTIONS SHALL BE
TIGHTLY JOIMED. CONCRETE TIES TO BE USED ONLY TO HOLD BOX SECTIONS
TOGETHER, NOT FOR PULLING SECTIONS TIGHT. JOINT OPENINGS BETWEEN
SECTIONS SHOULD BE AS TIGHT AS PRACTICABLE AMD LIMITED TO 4
MAXIMUM OF 3 INCH DPENINGS, THE JOINT ON THE BOTTOM OF THE
CULVERT SHALL BE SEALED WITH A FLEXIBELE WATER TIGHT | INCH BUTYL
ROPE GASKET AS PER MATERIALS .M. 491.09.

BUTYL ROPE GASKET SHALL BE INSTALLED IN ACCORDANCE WITH THE
RECOMMENDATIONS OF THE MANUFACTURER AND SHALL EXTEMD WERTICALLY
& IMCHES ABOVE THE BOTTOM FILLET. ALL JOINTS SHALL BE TRIMMED
CLEAN ON THE INSIDE AFTER SEALING.

Template
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Template
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Template
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Template
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Template
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149

Becoming a common retrofit for small, old bridges that need

to be replaced.

Culverts and
embankments are
typically cheaper,
easier to maintain
than small bridges.

Allows traffic to
remain active on
bridge while culvert
is being
constructed below.

Culverts Under Bridges

150
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Culverts Under Bridges

Install new culvert below bridge, then completely fill the void
space between culvert and bridge.

Existing bridge deck is
supported by new fill,
converts “old bridge”
into “new road”.

Floodable fill and
flowable mortar used

in areas not accessible
to conventional earth
compaction methods.

Method can be used
with cast-in-place or
precast culverts.

151

Template
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Roadway Standard Details:
4317: Fill for Culverts Used for Bridge Replacement

[ vewctes pay Hmtts for fiabie martar | & FILL 703 IZANIRT USED
[ reotes mey imts for fioades mackril Trench Layout N BRoes
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Where to Find * Scope of Work

BID DOCUMENTS:
Contracts Website-> Plans and Est. Proposals - Letting
= https://iowadot.qov/contracts/Plans-and-estimation-proposals

CONTRACT DOCUMENTS:
Doc Express =» Contract - Contract Documents
= https://docexpress.com/login?return to=%2F

s o o Crirucer, P it P
et 4 e o T Y e g

167
Design Details = Project Plans
applicable bridge ————— =
™
168
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Design Details = Project Plans

ESTIMATED CAST IN PLACE CULVERT GUUNTITIES - DESIGN 421

structural bid items |

B |

and quantities

ESTIMATE MEFERENCE INFORMATION - DESICN 421

~—— | special notes for
— measurement / pay |
TWIN 12712820

project title block | ey e

T e cowry T

— sy | ot wama may ok o e 8 —— :I:_S.C.' :—:'( ’;

169
Design Details = Project Plans
—

170
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Design Details = Project Plans

survey benchmark \\

/
Ve

171

Design Details = Project Plans

172
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Design Details = Project Plans

project specific
soil data

RE-OUT OB

S COmiERS | STATION
T Ty ) 1462633
5 B | 1482533

St 1483+08,3] 2.6 C | iasees0.2

; ‘Is....—{. Ele, s 0| 148ze30.1

Perform a 3-foat thick core-cut Girectly below the ACE culvert extending the
entire length of the culvert barrel to vithin 3 feet of the outside face of
the curtesn wall snd to o woth of 2 feet beyond the sides of the proposed
culvert, a3 measured from inside face. The cors-out shall then be backfilled
up to i-foot belkow grace wvith Macadam Stone (Gradation Mo. 13, without
choke stane coursel. The Macadsm Stane, shall then be capped with = 1-foat
thick layer of Granular Matarial for Slarket and Subdraln lin accordance with
Section 4118 of the Standerd Specificaticrs, Gradation 3, with the Ke. 200
restricticn mot apphengl

With 2 precast culvert alternate, the core-out shall be performed directly
blow the bedding lsyer heving the same plan limits and thichness a3 stated
sbave. The core-out 13 not shewn In profile view. Refor ta the “Tore-Dut
Coordinate Table™ for spproximate plan Himits of the core-out-

. )
Sta,1igeeif Tama o |
Surt: Elpy, 669 2|

E— “dezees -

e azm sz
- e e

tez w1
i e

ama
= = Y
L - m b

TN 170 X 17'-0 X 80
CAST IN PLACE CONCRETE CULVERT

ol EROFILE SHEEN o

173

Design Details = Standard Plans

CURRENT STANDARD PLANS:
ERL - Standard Culvert Plans

= https://iowadot.qov/erl/index.html

ARCHIVED STANDARD PLANS:
ERL ARCHIVE - Date - Standard Culvert Plans

= https://iowadot.qov/erl/archives1/archives.html!

Standarg Culvert Plapg

[}
| LRFD - Descriprigns

ber i

Single Box Barre) ety
By

Flared Wing Heagwag
BwH

Single Box Pargy;

o) Headwa

£BJ -
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Design Details = Standard Plans

H

175

Design Details = Standard Plans

176
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Design Details = Standard Plans

177

Design Details = Standard Plans

178
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Design Details = Standard Plans

179

Design Details = Standard Plans

180
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Design Details = Standard Plans

181

Where to Find = Construction Requirements

CURRENT STANDARD SPECIFICATIONS:
ERL -> Standard Specifications with GS

= https://iowadot.qov/erl/index.html

ARCHIVED STANDARD SPECIFICATIONS:
ERL ARCHIVE - Date -» Standard Specifications with GS

= https://iowadot.qov/erl/archives1/archives.html!

182
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Where to Find = Construction Requirements

Contract Line Item Number:
Ties to specific Section of Standard Specifications

iTEM CODE i TEM i

F
=1

2104-2710020 | EXCAVATION, CLASS 10, CHANNEL

2210-0475290 | MACADAM STONE BASE — T ——

2401-6745625 | REMOVAL OF EXISTING BRIDGE
2402-2720000 | EXCAVATION, CLASS 20
| 22023825005 | cauni iR

2403-0100020

2507-3250005 | ENGINEERING FABRIC
2507-6800061 | REVETMENT, CLASS E

00| = e 0| e | | 2| — | E]

=]

\\, —

2533-4380005 | MOBILIZATION

/—E

183

Where to Find = Construction Requirements

Standard Spec = Division 24. Structures

= [2402]: Excavation for Structures

[2403]: Structural Concrete

[2404]: Reinforcement

[2415]: Concrete Box, Arch and Circular Culverts
[2419]: Precast Concrete Units

Standard Spec = Division 25. Misc. Construction
= Various may apply (survey, flowable mortar, etc.)

Standard Spec = Division 41. Construction Materials
= Various will apply (aggregate, concrete, rebar, etc.)

184
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Where to Find = Approved Materials

Materials Instructional Memorandums (1.M.)
ERL or ERL ARCHIVE - Materials I.M.s

= https.//iowadot.gov/erl/archivesl/archives.htm!

Materials Approved Product List Enterprise (MAPLE)
= https.//maple.iowadot.qgov,

185

Appendix B

STATION/OFFSET
EXAMPLES

» Example 1 - 0° Skew
= Example 2 - 30° Skew

186
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FIND STATION/OFFSET OF CULVERT OUTLET
(back of parapet at culvert CL)

ISLIZLT
STA_260+88.31
/a3 LT

et STA 26047843

Alignment Example #1

—

—
A,
B\ Loc
N
S INET
A OUTLET
™\,
™\,

e EXCAVA'
N\, QUANTIT

\
s zson

s
STA 2604798.05
TZTIG AT\ 3

m ]

: 2 F
L L T | 1 1 1
I. 1 1 1 P} 1 1
e >
1 \
\ f i \ }
V-0 GRANULAR | 35—~
1387 BLARKET I.IMIIS;; € STA 260450 ]
- ¥ PROP 10°X 6" RCB ¢ | | {
100 X 60 OUTLET HEADWALL AL i 1 &
0° SKEW \ L e L
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FIND STATION/OFFSEOF CULVERT OUTLE
(back of parapet at culvert CL)

STA 260+92.75
IST.T2 LT
STA 260+88.31

L e /14337 LT
! STA 2¢

A

99.67’ along C

STA 260i70:34,
164.65°LT 9,
= = ™ Teor63.8/ |

153.10°LT 1

\

STA_260+40,9"
148.39°LT,

back parapet @ CL culvert (outlet end):
» 99'-8 left of CL roadway along 0° skew
= 99’-8 = 99.67’

STA 260+50, 99.67 LT

= SHRRER. N — .

\ /-0 cRanuLar _ |38 ;
BLANKET LIMITS = § STA 260450 i

N PROP 107X 6"RCB | |3
VAL H

P -

L

T46.7T AT
10°-0 x 6'-0 INLET
09 SKEW

B 90° intersection = 0° skew

i i 1
1/ \ 1T |
4 4 p .
- 1 & ] H i
¢ [ i H
| i ] |
| i [
I ! : i 1
] | P H
g \ e i | | !
| o I |
! b ! i
H | ol i
| : L i
i 15 ol ]
1 i i i
{7 i i i
i T TH |
| ! L !
| 1 | i
o | H } |
! i ;
i !
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FIND STATION/OFFSET OF CULVERT INLET Alignment Examp|e #2

(back of parapet at culvert CL)

189 =

TEWPORARY SHEET PILE
TO BE REMOVED AT COM
OF CONSTI

Existing
10°-0 x 4'-0 x 127-0
RCB Phase | (UAC)

k STA s-mz:
80 \A'-oJ_lr_»nlL | gg | 6-Q SHOULDER 1| |i2-0 140 | 18-0
SHOULDERT "L ANE" LANE OER LANE LANE

189

FIND STATION/OFFSEOF CULVERT INLETf H
| (back of parapet at culvert CL) Allgnment Example #2

190 =

TEWPORARY SHEET PILE
J0 BF BEVOVED AT

L OF CONSTI j

Existing
| O 4 (PP
RCB Phase | (UAC)

o el
90° to offset line

back of parapet @ CL culvert — iﬁet:
= 177’-7 7/16 from CL roadway @ 30° skew
=177'-7 7/16 = 177.62’

% /]
/
STA_I543+00 7
P !
/ f
/ /
/ /
{ /
/ /

.. 170 140,
OER UANE LANE

190
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FIND STATION/OFFSEOF CULVERT INLETi

| (back of parapet at culvert CL) Allgnment Example #2

191 =

\ Existing
| P — —
RCB Phase | (UAC)

back of parapet @ CL culvert —inlet:

= 177’-7 7/16 from CL roadway @ 30° skew
=177-7 7/16 = 177.62’

§ i
/
STA_I549+00 /
f /
f /
/ /
/ /
/ /
/ /

- g . &) swouoea i| |10 10| | is-0
Wididen LANE LANE

191

FIND STATION/OFFSEOF CULVERT INLETf

Alignment Example #2

192 =

T

'
]
\
|
i
\ TEMPORARY SHEET PILE
il 10 BF BEMOUED AT

L j—*k" | TH— OF CONSTI l

Existing
-0 4T P
RCB Phase | (UAC)

l;:k of parapet @ CL culvert —inlet:

= 177’-7 7/16 from CL roadway @ 30° skew
=177'-7 7/16 = 177.62’

= 177.62’ sin(30°) = 88.81" upstation

= 177.62 cos(30°) = 153.82’ left ]
STA 751+18.81, 153.82’ LT i 4-;/ swouoes | |10 ja-g | -0

LANE LANE

192

96



1/7/2025

193

CURTIS CARTER JESSE PETERSON DESIREE McCLAIN

Sr. Structures Engineer Structures Field Engineer Foundations Field Engineer
IA DOT - Const. & Materials IA DOT - Const. & Materials IA DOT - Const. & Materials
Curtis.Carter@iowadot.us Jesse.Peterson@iowadot.us Desiree.McClain@iowadot.us
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SUBSTRUCTURE
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Background

Substructure: The underlaying support system on the
structure. All portions of structure below the
Superstructure(deck & beams). This includes the Piers,

Abutment’s, and foundations.
= Adapted from Merriam-Webster and Oxford Dictionaries

NI




Background

Abutments are the edge of the structure; they directly take

the thrust or pressure.

= First part of the structure to take the load

Background

Piers are the intermediate support for the adjacent ends of

the bridge.

=  When a bridge is too long to be supported by abutment’s alone,
piers are built to provide intermediate support.

1/7/2025



Background

Foundation: The basis on which something stands. An
underlying base or support
= Adapted from Merriam-Webster and Oxford Dictionaries

_/

Background

Shallow Foundations
= A type of building foundation that transfers structural load to the
earth very near to the surface, rather than to a subsurface layer or a
range of depths, as does a deep foundation.
= Adapted from Wikipedia

Deep Foundations
= A type of foundation that transfers building loads to the earth farther
down from the surface than a shallow foundation does to a subsurface
layer or a range of depths.
= Adapted from Wikipedia

1/7/2025
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Background

Common substructure/Foundation Types in lowa

TYPICAL BRIDGE COMPONENTS

Background

es of Abutment’s
= Semi-Integral
= Stub

T

10



Types of Abutment’s
= Semi-Integral
= Stub

Pile Foundations

11
Background
Types of Abutment’s
= Integral
= Stub
12
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Background
Types of Abutment’s
13
Background

Types of Abutment’s

= Integral

=  Semi-Integral

14
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Types of Pier’s
Frame Pier
T-Piers

Wall pier

Pile bent

Background

Cantilever Pier or Hammerhead Pier

15

Foundation Types in lowa
= Spread footing

= Timber piles

= Concrete Piles

= Steel Piles (Typ. H pile)
= Drilled Shafts

Pile base (Almost all IA substructures founded on driven steel piling)

Background

16
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Background

Common Terminology

=  Abutment: = Pier: = Pile:
= Footing =  Footing = Web
= Backwall =  Column = Flange
= Wingwall = Cap = Strong Axis
= Maskwall =  Frame Pier = Weak Axis
= Paving Notch = T-Pier = Batter
= Wall Pier
= Pjle Bent
=  Beam Seat
= Pedestal

17

Background

Abutment Termanology:
Adapted from Merriam-Webster and Oxford Dictionaries

= Footing- The base of a foundation wall, pier, or
column to help distribute the load

=  Backwall- Stem that holds the paving notch, behind
the beams

=  Wingwall- A wall helping to support the abutment
and the earth next to it

=  Maskwall- Wall on the side of the

= gbutment that protects the beam

= seats

= Paving Notch- A notch in the abutment

= specifically to help support the

= approach slabs

18
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Background

Pier Terminology:
Adapted from Merriam-Webster and Oxford Dictionaries

= Footing- The base of a foundation wall, pier, or column to help
distribute the load

= Column- a vertical supporting pilar

= Cap- a cover or top, it serves to protect the pier or column

19
Background
Pile Terminology:
Adapted from Merriam-Webster and Oxford Dictionaries
= Web- perpendicular piece connecting the flanges
=  Flange- the two parallel sides
= Batter- the slope of a pile
20
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Background

Common layout/dimensioning:

21

Background

Design Considerations:

= Soil properties/conditions

=  Span Arrangement

= Vertical loads, settlement

= Lateral loads, displacement/overturning
= Impact loads

= Rigidity Vs. Flexibility

22
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AN

23
Substructure Construction Overview

Typical Construction Sequence:

= Foundation

= Footing

= Column

= Cap

-
-
-
-

24
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Substructure Construction Overview

Typical Construction Equipment:

Excavator

Crane

Dozer

25

Substructure Construction Overview

Pump Truck Deck Paver

Screed

Concrete Mixer

26
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Drilf Rig Substructure Construction Overview
Roller/compactor
Bucket Lift
Skid steer

27
Substructure Construction Overview
Safety Considerations:
Adapted from University of
Minnesota (LTAP)
= PPE
= Personal Protective
Equipment
28
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Substructure Construction Overview

Safety Considerations:

= Confined Spaces
= Coffer damns
= Culverts

29
Substructure Construction Overview
Safety Considerations:
= QOverhead work
30
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Substructure Construction Overview

Safety Considerations:

=  Work Adjacent to traffic

31
Substructure Construction Overview
Safety Considerations:
= Stability of partially completed/cured work
32
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33
Alignment Layout
Survey/Staking: The process of reviewing the land/to put a
stake in the ground
Adapted from Merriam-Webster and Oxford Dictionaries
34
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Alignment Layout

Benchmark(Cut stakes)
= A point of reference from which measurement’s are made
Adapted from Merriam-Webster and Oxford Dictionaries

Centerline
= Areal orimaginary line through the center of something
Adapted from Merriam-Webster and Oxford Dictionaries

35

Alignment Layout

Alignment Layout:

36
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Alignment Layout:

Alignment Layout

37
Alignment Layout
The centerline of the roadway
or the structure is used to help
find:
= Excavation Limits
= Foundation Piles
= Footing, Column, and Cap positions
= Bearing Unit’s
= Beam location and alignment
= Span distances
Offset Distances:
= References the location from an
undisturbed location, also known as
a Benchmark
38
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Alignment Layout

Elevation Control (benchmark and/or cut stakes) used to

determine elevation of the following

= Bottom of excavation

= Top of pile (cutoff)

= Top of footing

= Top of column (bottom of pier cap)

= Abutment and pier cap beam seats (+/- 0.02’ while plastic)

= Top of beam grades (decking, embedded fabrications and finish machine
rail settings)

39

40
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Excavation & Dewatering

Structural Excavation Classes
= FExcavation Classification 20, 21, 22, 23 or 24

» \Verify Excavation Location
= Cross Section Original Ground

= FExcavation Safety; open cut vs. shoring
= OSHA limit of 5 ft. vertical cut without sloping or shoring

= Examination of Excavation Material for use as Backfill
= No organic material, boulders/rocks >8” or frozen
material

Excavation & Dewatering

Structural Excavation Classes
= Diversion of Water from Foundation Area

» Excavation Depth and Dimensions
= According to plan and safe work room

= Excavation Foundation
= Firm, uniform, level and free from loose material

= Stable vs. Unstable Foundation

21
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Excavation & Dewatering

Structural Excavation Classes
= Excavation Quantity
= 36 in. each side of footing and vertical cut

= Cofferdam for Excavation Below Water Table
= Control unstable material inflow
» Strongly braced (Contractor responsible for design)
= Minimum 36" clear space for footing
= Adequate pumping to control water
= Concrete displacement of water
= Placement of concrete seal courses

43

Excavation & Dewatering

44
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Excavation & Dewatering

Above water VS. below water excavation

— \

45

Excavation & Dewatering

46
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Excavation & Dewatering

47

Excavation & Dewatering

48
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Excavation & Dewatering

Cofferdams, dewatering, & sumps/pumps

2405.03.A

“A. Construction of
| Cofferdams.

1. Construct the

cofferdams used for

construction of foundations
and substructures in a
manner capable of resisting |
earth and water pressure
without appreciable
displacement...”

49

Cofferdams, dewatering, & sumps/pumps

Excavation & Dewatering

GUIDE
_STRUCTURE
A

—

50
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Excavation & Dewatering

2405.03.B
“B. Seal Courses.

1. The Engineer may require the Contractor to seal the cofferdam with concrete if:
The material encountered at the designed elevation of the bottom of the footing is so
| porous that water enters at a rate that it is impractical to lower the water level to this
elevation by pumping, or
The material cannot be prevented from flowing into the excavation by driving
sheeting to reasonable depths.

2. Place the seal course below the elevation of the bottom of the footing in the manner
prescribed in Article 2403.03, J. The cost of this work will be paid for according to Article
1109.03. After placement of the seal course, do not dewater the cofferdam until test
beams show a flexural strength of no less than 500 psi.”

51
Excavation & Dewatering
Seal Coat (‘SOUNDING TOOL
SHEET PILE GUIDE PILING
FRAME T rr- -
| | | wATER
a1 X | s s s 1 N
k | WSHEET
1 . [TPILE
TREAM |l e e m o S
-39¥§§L~5" ) || caazadiin
T OO [ 2.0
.l-cdgcnsﬁfg seal. " 5% |
,:__A., LI Lt Pl P Wl
BOTTOM FTG. EL.70.00
52
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Excavation & Dewatering

53

Excavation & Dewatering

54
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Excavation & Dewatering

55

Excavation & Dewatering

56
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Excavation & Dewatering

57

Excavation & Dewatering

58
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Excavation & Dewatering

Pre-bored Holes

= Provide lateral movement

= Reduce negative skin friction

=  For seating pile in rock socket

= Hole 4” larger than pile section measured diagonally
= Length specified on plan

= Hole void filled with bentonite

59

60
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Pre-bored Holes

Excavation & Dewatering

63

Pre-bored Holes

Excavation & Dewatering

64
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66
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Spread Footing

Rock Key:

Foundation Systems

=  Supported on rock

=  Minimum 12” key into rock to allow for drainage if needed.

67
Foundation Systems
Spread Footing
Competent Material:
= Bearing capacity
= Compare against Geotech report
LIMITS OF CLASS
22 EXCAVATION
BRI 7,7, o o 717
A A A A
68
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Foundation Systems

Spread Footing

69

70
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Pile Foundations

Pile Types:

Timber:

= gpproved inspection report

= jnspection agency marks

= treatment charge number

= check length, size, species and quality
Concrete:

= gpproved inspection report

= DOT inspection “approval” stamp
= check length, size and quality

= storage and lifting

Steel:

= certified mill analysis

» random sample

= check length, size and grade

Pile Foundations

71

72
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Pile Foundations

2501.03.L.1
“Limit the deviation ...to 3
inches or less at the time

| driving is begun, except as
may be made necessary by
the presence of unavoidable
obstructions....”

2501.03.L.2

“While being driven, hold
piles so they deviate the
minimum possible amount
from the vertical or batter
line shown in the contract
documents.”

83
Pile Layout:
Timber:
= Within 3 in. of plan location
= \Vertical or battered per plan
84

1/7/2025
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Pile Layout:

Pile Foundations

85

Pile Layout:

Pile Foundations

86
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Pile Layout:

Pile Foundations

87

Pile Layout:

Pile Foundations

88
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Pile Layout:

Pile Foundations

89

Pile Extensions & Splices:

/////~

Pile Foundations

2501.03.P.2.a.

“For extensions of steel H-piles, neatly
weld the entire cross section after
removing all damaged metal. Ensure
the axis of the extension coincides
with the axis of the original pile.
Perform welding of all steel piles
according to Article 2408.03, B.

2501.03.P.2.c.

“Allow only welders qualified
according to Materials I.M. 560 to
make field extensions of steel piles.
Ensure they use an approved welding
procedure involving the use of
backing plates according to Article
2408.03, B..”

90
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Pile Extensions & Splices:

ANSI

) Roughness
Backing 1000
Plate

b

Root

Pile Foundations

IM 560

“Field welders shall be qualified by a

test facility with an accredited AWS

Certified Welder Program as defined
‘ in the current AWS Standard QC 4.”

“A copy of the current welder’s
certification card from the accredited
AWS test facility shall be available to
the engineer upon request.”

“Testing will conform to the lowa
Department of Transportation \
Specifications Article 2408.03, B and
AASHTO/AWS D1.5 Bridge Welding
Code, Clause 5.

91

Pile Foundations

92
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Pile Foundations

93

Pile Foundations

94
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Pile Foundations

95

Pile Foundations

96
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Pile Foundations

97

Pile Foundations

98
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Pile Foundations

99

Pile Foundations

No Root Opening

100
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Pile Foundations

\

101

Pile Foundations

102
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Pile Foundations

103

Pile Foundations

104
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Pile Foundations

105

Pile Foundations

106
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Pile Foundations

107

Pile Foundations

108
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Pile Foundations

109

Pile Foundations

110
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Pile Extensions & Splices:
Common Problems

Pile Foundations

111

Pile Extensions & Splices:
Common Problems

Pile Foundations

112
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Pile Extensions & Splices:
Common Problems

Pile Foundations

113

Pile Extensions & Splices:
Common Problems

Pile Foundations

114
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Pile Extensions & Splices:
Ultra Sonic Testing

Pile Foundations

115

Inspection & Quality Control:
Inspection of Pile Driving:

= Production pile driving graph

= Hammer stroke & blows/ft. measurement
= [og first pile in each foundation

= Drive pile to full penetration/refusal

= Retaps

= Pile extensions

= Pijle cutoffs

= Driven pile report

Pile Foundations

116
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Pile Foundations

Inspection & Quality Control:

Pile Penetration, Bearing and Refusal

= Full penetration (scour, uplift, downdrag)
= Specified design bearing

= Practical driving refusal

= Pjle damage stress refusal

117

Pile Foundations

Inspection & Quality Control:
Pile Driving Equipment

= Gravity

= Diesel (single and double acting)

= Air/Steam (single and double acting)
= Hydraulic

= Vibratory

Inspection of Driving Equipment:

= Diesel manufacturer and model

= Gravity ID and weight for ram

= Cap ID and weight including cushion
= Cap insert ID and weight

118
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Pile Foundations

j | Gravity Hammer
m = Weighed on certified
scale
| 4 Leadsy = Stamped & recorded
1 = Inspector needs to verify
* Guides stamp
LEE Hammer

i Pad

j 3 ’.’ i Cap
[ Y]
: 0

E’! | i Pile

120
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Hemmer Cylinder

Fuel Injector

Hemmer Cushion —/
T |

Pile Foundations

Single Acting Diesel Hammer

= Know the manufacturer and
Model number

= Cap & Insert needs to be
stamped & recorded

= Inspector needs to verify
stamp

122
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Pile Foundations

Helmet (Complete Unit) —
Cap —_—
Driving Head
Ortve Cap Anvil

Striker Plate

Cap Elements

Hammer Cushion
Cap Block
Cushion Block

Adapter

Helmet

Cap

Driving Head
Box Lead Guideway
Pile Cushion

(Use on Concrete Pile)

lote: The helmet shown is for nomenclature only. Various sizes and types are
available to drive H, pipe, concrete (shown) and timber piles. A system
of inserts or adapters is utilized up inside of the helmet to change from
size to size and shape to shape.

Fimwa 22 R Halmat Comnnnante faftar N F 1 Publicatinn 10811
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Pile Foundations
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Pile Foundations

129

Pile Foundations

130
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Pile Foundations

131

PILE BEARING EVALUATION

Pile Foundations

132
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Pile Driving Analyzer (PDA):

Pile Foundations

133

Static Load Test:

Pile Foundations

134
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WEAP/Bearing Graphs:

WEAP:

= Wave Equation Analysis

Bearing Graphs:

= Developed form the WEAP

= To help determine capacity in the field

Pile Foundations

135

Pile Foundations

136
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Pile Foundations
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Pile Foundations

138
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Pile Foundations

139

Pile Driving Video:

Pile Foundations

140
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Pile Foundations

Pile Example:

Pile Example:

Convert from Penetration in 10 blows (Found in field) to
blows per foot]
First Method, Cross Multiplication:
10blows _ ?blows
3in.  12in.

3in.x ? blows = 12in.x 10blows

3in.x? blows = 120

?blows = 40 Blows per foot

141

Pile Foundations

Pile Example:

Second Method, multiply to get equal to 12in.:

(4) 10blows _ 40 blows

4 3in.  12in.

142

1/7/2025
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Pile Example:
Work on practice problems

Pile Foundations

143

144
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Drilled Shafts

Theory & Concept:
= Small footing area
= Quiet construction
= Minimal vibration

145

Drilled Shafts

Installation Procedure:

Dry Method:

= Used if there is good cohesive soil, soil without a water problem
Casing Method:

= Used when there are caving soils

Wet Method:

= Also known as the slurry method.

146
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Drilled Shafts

Installation Procedure:

Dry Method:

= Used if there is good
cohesive soil, soil without a
water problem

DRY METHOD

LA nitinting Asillinn . A fenai —

147

Drilled Shafts

Installation Procedure:

Casing Method:

= Used when there are
caving soils

Figure 2
CASING METHOD
te)Initiating drilling; () Drilling with siurry; lc) Introducine
i : g casing; (d) Casing is seale
Ong Siurry is being removed from interior of casing ’ o e

148
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Drilled Shafts

Installation Procedure:

Wet Method:

= Also known as the slurry
method.

Figure 3
SLURRY METHOD
(@) Drilling fo full depth with siurry; (b} Placing rebar cage; (¢ Placing concrete;
hot

149

Drilled Shafts

Excavation Cleanout:

Less than %" settlement at bottom
Air lift to clean bottom of slurry shafts
Contractors use a cleanout bucket to get larger debris
= Use a weighted tape to check

Dry shafts can be visually inspected

2433.03.F.2

“Clean the base of each
shaft so that a minimum of
50% of the base will have
less than 1/2 inch of

sediment at the time of
concrete placement. Ensure

| the maximum sediment or
debris depth at the base of
the shaft does not exceed 1
inch.”

150
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Excavation Cleanout:

Drilled Shafts

151

Excavation Cleanout:

Drilled Shafts

152
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Cage Installation & Centering:

= Place cage after shaft has been
excavated and approved

= Make sure cage is tied and there are
appropriate spacers

= Use “feet” to ensure the cage maintains
to proper clear distance from bottom of
shaft

= Check elevation of cage and make sure
it is within tolerance

Drilled Shafts

2433.03.H.2

“Ensure the reinforcing steel
in the shaft is tied at
intersections and supported
in such a way that the
reinforcing steel will remain
within allowable tolerances
given in this specification.
Use concrete spacers or
other approved non-
corrosive spacing devices at
sufficient intervals near the
top and bottom, and at
intervals not exceeding 10
feet along the shaft, to
ensure concentric spacing
for the entire cage length..”

153

Cage Installation & Centering :

Drilled Shafts

154
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Inspection & Quality Control:
= Read the drilled shaft installation plan
= (Contains means and methods

= Dry Method
= (Casing Method
= Slurry Method
= Check depth
= Check Cleanliness
= Check rebar cage before installation

bottom, with 5’ concrete head

Drilled Shafts

Make sure contractor is using the method they stated

= Run concrete tests as pouring, make sure shaft is poured from the

= Contractor shall run CSL test 2-14 days after concrete

155

CSL Testing:

= /s our only way to verify the shaft has
good quality concrete through out

= (SL tubes are installed according to

Ex. 4’dia shaft = 4 CSL tubes

= Before concrete is placed, tubes are to
be filled with water

= (SL test are done 2-14 days after shaft
is poured

plans, typically 1 per foot of Diameter...

Drilled Shafts

2433.03.).7
“Submit the test results,
analysis, and interpretation
for the shafts to the
Engineer within 7 calendar
days of testing. The Engineer
will:

Determine final

acceptance of each shaft,
based on the CSL test results
and analysis for the tested
shafts, and

Provide a response
within 5 working days after
receiving the test results and
analysis submittal.”

156
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CSL Testing:

Drilled Shafts

157

158
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Formwork

Formwork: Contractor Responsible for Form Design

and Construction

Form Material:

= Metal

= Surfaced lumber

= Plywood

= Masonite

» Hard pressed composition board

Form Quality:

= Smooth, uniform and free from defects
= Sufficient strength to hold fluid concrete
= (Clean

160

80



Formwork:

Form Inspection:

= Suitable studding, walers, ties and bracing
= Mortar tight joints

= Sufficient clearance from abutting concrete
= Set to location, dimension, line and grade

= 3/4” fillet for 900 or sharper corners

= Treated with form release agent

= \Wetted prior to concrete placement

Formwork

161

Formwork

162
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Formwork

163

Formwork

164
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Formwork

165

Formwork

166
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Formwork

167

Formwork

168
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Formwork

169

Formwork

170
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Formwork:
Form removal - not subject to exterior loads
= \Vertical surfaces; after 12 hrs.
= All others; 5 days and 575 psi
= Strength not determined
= 14 days
= Maturity Method — IM 383
= Strength as above, age based on maturity
Surface Finish
= (Class 1, floated surface finish
= (Class 2, strip down surface finish

Formwork

171

172
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Reinforcing Steel & Anchorage

Reinforcing Steel & Anchorage

Pre-tied Cages

Reinforcing

Larger Diameter structural bars

Dowel bars, development/embedment length between
connected pieces

Anchor rods

173

Reinforcing Steel & Anchorage

Pre-tied Cages

174
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Reinforcing Steel & Anchorage

Reinforcing

Purpose:

= Provide required design strength

Reinforcing Material:

= Uncoated steel bars

= Wire ties and chairs (support and secure)

= Fpoxy coated bars (pier column and abutment)

=  Fpoxy coated tie wires and supports and plastic supports
Delivery, Storage, and Handling:

= Proper certification

= Check size, length, shape and quantity

= Stored off ground and kept clean

= Sampling and testing (6 ft. of most common size)

=  Sampling and testing (6’ of largest epoxy bar size)

= Fpoxy coated bars covered and nylon straps used to lift

175

Reinforcing Steel & Anchorage

Reinforcement Inspection:
Placement Inspection:
= Check the following: positioning, spacing, sizes, lengths, splice locations and
lap lengths per plan
= Tying every other bar intersection (spacing 81 ft.)
= Tying every bar intersection (spacing > 1 ft.)
= Horizontal steel support
= polsters/continuous chairs (spacing B1 4 ft.)
= individual chairs (spacing B 3 ft.)
= \Vertical and horizontal steel support
= Side-form spacers as needed
= Epoxy coated tie wires for epoxy bars
= Epoxy coated or plastic supports

176
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Reinforcing Steel & Anchorage

Reinforcement Inspection:
Placement Inspection:
= (Clearance
= General clear distance
= 2in. from concrete face to near edge or end of bar
= Specific from plan
= agbutment - 3” above subgrade
= pier footing - 6” above subgrade
= Tolerance
= Required clear distance plus 1/2”
= Cutting or Bending Bars
= Without use of heat or open flame
= No welding of bars
= Epoxy Coated Bar Repair
= Allvisible damage
= Damaged area > 2% per lineal foot — bar replaced

177

Reinforcing Steel & Anchorage

178
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Reinforcing Steel & Anchorage

179

Reinforcing Steel & Anchorage

180
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Reinforcing Steel & Anchorage

181

Reinforcing Steel & Anchorage

182
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Reinforcing Steel & Anchorage

183

Reinforcing Steel & Anchorage

184
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Reinforcing Steel & Anchorage

185

186
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Concrete Placement

Concrete Placement

Concrete Mix

= According to plan

= class C: contractor may substitute class D or M

Water and Consistency

= Max water/cement ratio not to be exceeded

= Mid range water reducer, target 1”-4”, max of 5” (drilled shaft 8” +/- 1
1/27)

Air Content

= Prevent cracking due to freeze/thaw action

= |ntended air content 6% (unvibrated concrete 6.5% with tolerance of +2%
and —-1.0%)

= Pump, target 7.5 +/-2

Admixtures

= Airentraining

= Mineral admixtures (fly ash)

= fly ash substitution rates

= Set retarding (drilled shaft)

187

Concrete Placement

Concrete Placement

Batch and Delivery

= State inspected plant and certified trucks

= Sample and test 1st truck, then every 30 c.y. min.

= 90 minute time (batch to placement)

= Required mixing 70 revolutions at mixing speed

= Mix modifications require mixing 30 revs at mixing speed

= Mix adjustments at plant to achieve optimum slump and air
Flexural Strength Beams

= Flexural Strength Beams

= Concrete strength for form release, backfilling and loading
= 2-3 beams for placements requiring strength determination

188
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Concrete Placement
Method of Placement
= Crane and Bucket
= free fall <6 ft. vertical placements
= free fall <3 ft. floors and slabs
= Tremie for > 6 ft. free fall
= Discharge control
Vibration of Concrete
= Vibrator operating at a min. of 3,500 vpom
= Full and uniform consolidation
= Vibration into prior layer
= mpacts of incorrect vibration
= Walking in concrete
= Vibrators and epoxy coated bars

Concrete Placement

189

Concrete Placement
Concrete Joints

= Permit staged concrete placement
= Assist in controlling cracking

= Plan permitted locations

= Key ways

= Bar projection

= Bond breaker/expansion material

Concrete Placement

190
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Concrete Placement

191

Concrete Placement

192
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Concrete Placement

193
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SUPERSTRUCTURE
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Chapter 1.0

INTRODUCTION
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Chapter 1.1

BACKGROUND

3
What is a Bridge?
L3 -
“a structure built to provide passage over an obstruction”
-paraphrased from Wikipedia
4
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What is a Bridge?

“a structure spanning an opening of more than 20’ built

to provide passage of moving loads over an obstruction”
-paraphrased from Code of Federal Regulations, Title 23-650.305

What is a Superstructure?

E::lj C 1—1

e —




Superstructure Types

Superstructure Types

1/7/2025



Common Superstructure Types in lowa

slab bridge

concrete beam bridge

i

steel girder bridge

9
Terminology — Concrete Slab Bridge
Il eutter fine (. |
pE=n
Lo
rl___J I N
10
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I cutter line (typ.)

Terminology — Concrete Beam Bridge

[- crown

cross slope

I L

1 1
overhang

1
beam spacing |:|

11
Terminology — Steel Girder Bridg
r [ =
lemen (0
I I L
:)verhangI girder spacing I I:I
1]
12
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Chapter 1.2

DESIGN
BASICS

Span Configuration

one span
two span

14



Span Configuration

can you substitute one long span for several shorter spans?

usua]ly, yes...

but...

you’ll need to use stronger beams

under uniform load, a beam that is 2x as long needs to be 4x as strong |

15
Span Configuration
can you subs;'tute one really lqn span for many shorter spans?
you’ll need to usé a specialty superst;lcture type
16
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slab bridge

steel girder bridge

Span Configuration

3l =

=~ 155’ max span

= 550" max span

1

concrete beam bridge
7

for non-continuous bridges, each span is structurally independent

Non-Continuous Beams

65 =

1/7/2025
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Continuous Beams

for continuous bridges, all spans are structurally dependent

66 =

3 Continuous Beams
_— 67 =

why not make all beams continuous?
most bridges are too long to ship beams in one piece
splicing the beams takes extra time and expense

10



Continuous Beams

other consequences of continuous beams?
sometimes uplift can be a concern

Design Considerations

Bridges must withstand:

= vertical loads
= self-weight (dead load)
= traffic & equipment (live load)
= horizontal loads
= wind
= thermal (expansion & contraction)
= stream forces (flood conditions, ice jam)
= environmental exposure
= scour
= freeze & thaw
= corrosion

Bridges may need to withstand:

= specific extreme conditions
= specific emergency or risk situations

22
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Gravity Effects

23 =

applied loads cause stress and deflection

23

Stress & Deflection

39 =

compression

generic structural element

tension

bending (moment)

1/7/2025
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Stress & Deflection

39a =

positive
moment
bending
25
Stress & Deflection
39 =
@ LLLLLL

negative
moment
bending

1/7/2025

13



Thermal Effects

concrete length changes = /,;” per 100’ length p;r 10°F

200’ bridge c%nges 20°F = %7’

500’ bridge changes 100°F = 3%”

superstructure needs the ability to move

27
Restraint Effects
i i
can we just let tl; bridge move freely?
no... if the bridge is completely free to move, tI;re’s nothing to hold it in positi¢)71
28

1/7/2025
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Restraint Effects

what if we restrained all the connections?

29

Managing Expansion & Contraction

what if we restrain just some of the connections?

30

1/7/2025
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Managing Expansion & Contraction

__ D __
e o o r

— —

A\ A\ /

what doiyou do with longer bridges with lots of movement?

accept the movement and accommodate it with moveable joints and bearings

31

Chapter 1.0
SUPERSTR.

CONSTRUCTION

1/7/2025
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Superstructure Construction

1
1
:

~
e

T LT T Tk b e LT T TSI P

33

Hl

|

Typical Construction Equipment

34
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Chapter 1.4

FRAMING
CONCEPTS

Chapter 3.1

CONC. SLAB
BRIDGE FRAMING

1/7/2025
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Framing Walkthrough — Slab Bridge

L
|

Const. Sequence — Slab Bridge

slab will deTflect under its s.elf-weight

38

19



Const. Sequence — Slab Bridge

39

40
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42
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44
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Chaptier 4.5

'SLAB BRIDGE
FRAMING INSP.

Chapter 3.1
CONC. BEAM

BRIDGE FRAMING

1/7/2025
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Framing Walkthrough — Conc. Beam Bridge

L

|

Const. Sequence — Beam Bridge

48
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50
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54
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56
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58
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Chaptier 4.5

'PPCB BRIDGE
FRAMING INSP.

Chapter 3.3
STEEL GIRDER

BRIDGE FRAMING

1/7/2025

30



Framing Walkthrough — Steel Girder Bridge

L

|

Const. Sequence — Continuous Girder Bridge

62
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71

Bolt marking

Thread

Length

) A

WH l Bolt Length ‘

[2408.03.5.5]

“assemble fasteners with one hardened
washer under the turned element...”

Standard
nut marking

1 s
\quufccturer‘s Alternate nut /

identitication marking *2","D",
symbol. '2H", or "DH".

A325 BOLTS

[2408.03.5.1]
“ensure the length of high strength bolts so

that, when properly installed in a snug tight
condition, the end of the bolt is flush with or
outside the face of the nut...”

[2408.03.5.5]

l_i. [_H_j
(a) (b)

Nuts may be washer

faced as in (a) or

double chamfered

as in (b).

“ensure the fastener assembly installed in
the field is made up of bolts, nuts and
washers from the same rotational-capacity

lot number.”

72
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TORQUE WRENCH

e

Bolt Head Socket

Tensioning indicator device

Torque wrench

' [2408.03.5.5.c]

“furnish and use an inspecting wrench which is capable of measuring torque... establish
| the job inspection torque value(s) at least once prior to each day’s inspection...

acceptance will be based on the random checking of at least 10% of the fasteners in

each connection (minimum of two fasteners per connection)...

75
Chapter 4.5
'RSB/CWPG
FRAMING INSP.
76
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Chapter 4.1

FRAMING
COMPONENTS

Chapter 4.2
PRECAST

CONC. BEAMS

1/7/2025
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Precast Beams

2-10
L S—
2"-10

e
il

seq
bottom flange 7_[;
8 24— :

2

YLviaivIiy A A

precast concrete beam

available in variety of standard sizes

all include prestressing strands at bottom

79

Precast Beams

set beam forms

set prestressing wire

IIl |
i3

tension prestressing wire

cast beam concrete

cut prestressing wire

1/7/2025
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Precast Beams

77 =

prestressing force puts beams in negative moment bending

counteracts some of the positive moment bending the beams will see in service

beam camber is a side effect of the negative moment prestressing

1/7/2025
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Chapter 4.2

STEEL
BEAMS/GIRDERS

RSB / CWPG Bridges

ro?led steel beam

single-piece —— -
manufactured assembled from 3
“1” shape pieces of flat plate
available in can be built
variety of to variety of
standard sizes custom sizes

92
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ro//«;d steel beam

RSB / CWPG Bridges

88a =

rL l L J—"l

welded plate girder
— —_—
] ]

93
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Chapter 4.3

DIAPHRAGMS &
CROSSFRAMES

101
Diaphragms & Crossframes
diaphragm
i’diaphragm” implies “crossframe” implies
| single, flat element \ multiple, crossing elements
botl; serve similar purpose

crossfrar;e more effective/economical for taller, flexible elements

102

1/7/2025
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Diaphragms & Crossframes

concrete beam diaphragms
with optional crash strut

103
Diaphragms & Crossframes
ge/ beam/girder cross frames
optional shop-assemi)gd units
104
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Chapter 4.4
BEARINGS &

BRIDGE JOINTS

106
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Bearings

what is a bearing?

component used to support the bridge beams

transfers forces from superstructure to substructure

restrains or accommodates specific movements at specific locations

107

Common Type — Simple Bar/Block

for use when no movement is needed at bearing, and beam ends will be encased

108

54



1/7/2025

Common Type — Laminated Neoprene Pad

Bl

durable option when small amounts of movement are needed

109

Common Type — Bronze Sliding Plate

B

more sliding range to accommodate moderate movement

110
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Common Type - Disc Bearing

S
L \
more expensive, but versatile performance‘option for long and h;;/y spans
111
designjont @0 Deck Joints
aad 2pproach '—' —
!7 )

| \

joint needed for movement at bridge ends (stub abutment) |

joint needs watertig;t seal for durability

|

]

112
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Common Joint Types

compression seal

]
L _,J
I

strip seal

g
3

11

proper temperature
setting is critical for all
joints and any sliding
bearing types

if temperature settings
are not performed
correctly, the joint or

| bearing will not function
as intended

114
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Bearing and Joint Setting

15 ” ” 13 ”
[ ]

final settings can’t occur until beams are set and beam temperature is measured

each bearing may have a different setting factor (different distance from thermal center)

interpolate between table values for different temperatures

115

Chapter 4.5

'BEARING & JOINT
INSPECTION

116
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Chapter 6.0
BRIDGE

DECKS

117

Chapter 6.1
DECK

FORMWORK

118
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Chaptier 4.5

'FORMWORK
INSPECTION

129

Chapter 6.1
DECK

GRADES
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location of designated checkpoints

why are the design elevations important...?
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Chapter 6.2
CAMBER &

HAUNCH
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What is Haunch?

[E:l

section of concrete used as a spacer between top of beam and bottom of deck

135

What is Haunch?

[E‘__:l

section of concrete used as a spacer between top of beam and bottom of deck
used to resolve differences between...
actual beam shape and intended deck shape

136
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Why is Haunch Needed?

137

too much haunch

too little haunch

id;al haunch

stirrup projection into deck:

minimum 2%”

clearance to top of deck:

"minimum 2%” (")

138

1/7/2025

69



139

140

1/7/2025

70



R R T TR TR, AT

T TORE T R N TS SR I

TABLE OF BEAM LINE SLAB HAUNCH ELEVATIONS i J

Lt (bottom of slab)

o e |l
s field tolerances
A =Tp——— =y

13 79 MOCS & COEMIS OF TEC. MOTE & AT | WA CSANGER. T S4B RALNGH LOGATISNS CAMPLL RS ACPLICED W14 & NOTL.

NOTE:

HAUNCH LOCATIONS ARE AT THE
SAME LOCATION AS THE ENCIRCLED
LETTERS AND NUMBERS SHOWN ON
DESIGN SHEET NO. I5.

3040 x 40-0 PRETENSIONED
[PRESTRESSED CONCRETE BEAM BRIDGE]
a1-3 00 -2 wonen o

SLAB HAUNCH DATA DETAILS
i, e, arzmn
TAMA COUNTY

3K

: iraTio o o o it v s
EEMALS o FTET 18 THE WISCELLANIORS 04T
O A TH AL HAaNH W CHLMANT sk B

OIS 41 G 693 B R

HAUNCH DETAIL

.
o Yoo [ o e sava s | EEETT | T coi ] e o e

141

e e i

) EE ] - otmms - o
e e— R | I

Wesmaged  OxeSiay 1 st i s em nams v Bl o e .

ﬁ@ £ N [ IS S S S I S S I S S S S S S — - — —
T T T T T B T T T T T TR T e B B T T e

i 'u-_nl—-n-ql':nn'::mn

P I v [ B B[ I N B I+ I = i+ [ I |

— — .

T
T e e e T e T e e = j I — - i —
e e e R T e B e N N R B o e B

| [ o [ e s e e e I I (e e e o o v = I e e I = I e I B

(B — = — - = e e e s e - e ) ) ) e ) B e |
| e T T e e e I b e e T T T LT B e e

i [ttt || i s e I - I - - I - - - - I Zﬁ b I -

mem ||

| R - I

=L =L L

| e 4 FEFEEN

8

208h=

142

1/7/2025

71



1/7/2025

143

144

72



1/7/2025

145

146

73



1/7/2025

r T ——

[ — ]

147

Example Deck Grade Adjustment
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Example Deck Grade Adjustment

149
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Chaptier 4.5

'GRADE &
HAUNCH INSP.

151

Chapter 6.4
REINFORCING

STEEL
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IM 451.01

[ 1
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Chapter 4.5
'REINF. STEEL

INSPECTION
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Chapter 6.5
DRAINS &

UTILITIES

165
Deck Drains
1
1
|55
166
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Chapter 6.6
'PRE-PLACEMENT

(DRY RUN)
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Pre-placement (Dry Run

177

Chapter 6.7
DECK

PLACEMENT
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Theoretical Rate of Evaporation Chart
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Chapter 6.6
'DECK PLACEMENT

INSPECTION
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Chapter 6.9
STRUCTURAL

LOADING

201

Concrete Loading

Concrete Loading [2403.03.N]

Concrete may not be subjected to loads other than the load
caused by the weight of the concrete itself except as follows:

Loads producing simple compressive stress:
= assoon as concrete sets sufficiently to prevent the surface from being
marred or chipped.

Loads producing flexural stress:

= minimum flexural strength of
575psi and minimum age per
Table 2403.03-2.

= minimum age 14 days if strength
not tested.
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Chapter 7.0

SITE
FINISH WORK
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