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PROPOSED GROUND SURFACE

FILL

WEPOT COMMON BORROW

24'-0" INTERIOR BOX WIDTH 110"

EXISTING GROUND
SURFACE

14'-0° MIN. TO
26'-0" MAX,

| STEEAM
1 .

54N Al 33 ! 33 B-atyt 5% i
T i) i I i SIDE WALL

t{TYP)

MIN. FREEBOARD! 100-YR. WSE=THALWEG+2.25" /
275 N / :

CLASS 4000

WSDOT COMMON BORROW

LIMIT FOR WSDOT GRAVEL BACKFILL
FOR WALLS, SEE NOTE 2

STREAMBED MATERIAL
SEE NOTE 2

16" FILLET, TYP.

——

SUBGRADE r.a;sr&'m.::~
TYPICAL BOX CULVERT WSDOT GRAVEL BACKFILL

FOR DRAINS

3. WSDOT GRAVEL BACKFILL FOR WALLS ARE INSTALLED IMMEDIATELY 3 FEET
BEHIND THE SIDE WALLS AND ABOYE THE CULYERT TOF SLAB.
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General Considerations

\/
00

L)

Consider the box culvert as a beam in structural design.
Design against At-Rest |ateral earth pressures.
Design groundwater at 100-yrs flood elevation .

Place Drainage Coarse Aggregate Below Base Slab and
a min, 3-ft Thick on Both Sides of the Culvert.

» Reduce Differential Hydrostatic Pressure between
Outside & Inside of the Culvert
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Settlement Criteria TN

s WSDOT 2015 GDM (Geotechnical Design Manual)

Conference

.
|l Ve REINNEoea Yol

Total Settlement Differential Settlement Over 100 Feet Action
AH=1in AH,5,=0.751in Design and Construct
1in <AH <25in 0.75in < AH, g < 2 in =i SVS SN AN
tolerate settlement
Obtain Approval’ prior
. . to proceeding with
AH>25in AH 50> 21N design and Construction

1Approval of WSDOT State Geotechnical Engineer and WSDOT Bridge Design Engineer required.

Settlement Criteria for Cut and Cover Tunnels, Concrete Culverts

(including box culverts), and Concrete Pipe Arches
Table 8-5

where AH,q, is differential settlement over 100 feet
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Mitigating Total & Differential Settlements:==: ||
(Structurally)

% Structure to be designed to tolerate min. 2-inch
per 100ft differential displacement (WSDOT)

¢ Precast box culvert units with greater tolerance
of differential settlement / angular distortion

 Enhance reinforcing steel (esp. base slab) to
INncrease structural rigidity

» Optimize construction joint locations

< Install “Bond Beam/Link Slab” over joints of box
culvert sections (FDOT Practice)

4

L)

)

L 4

Reference: https;//abc-utc.fiu.edu/mc-events/precast-concrete-culvert-standards-for-wsdot-fish-passage-projects/?mc_id=727
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FDOT (2008)
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EDGE BUND BEAM
TYPICAL SECTION

DIFFERENTIAL SETTLEMENT COUNTERMEASURES FOR PRECAST BOX CULVERTS

INTERIOR BUND BEAM
TYPICAL SECTION

Engineering
(14 ”” HP.— f b I G
Bond Beam” over joints of box culvert
[ )
sections
J'-0"
| K T F 7 Y7 Y6 B % Bars L2
Interior Bond /Biﬁn{ cing
1_\
. 7_1_
I“ 1'-6" _| 6 £ Bars {
B I g, & Ml

X r #i s t -
Spaciey | 45 N PN om) o Edge Bond

T f—‘ﬁr—r=-\ _____ 11 oo,fi\& B3 5l

N q ¢ R ) R

4| "een g8 —t

N A . .
| . Dowel \ \) 2 | (Precast Unit Width) —
3 ~ Bars TM 3" CL gT./ Boea 41 ¥ ’ 3" CL
(Top & Bottom) Dowel . A Bot.
J 5 o Bars L2 2": Non-Shrink Grout Filter
| A Min. 4" Class | Concrete Fabric (Typ.)

—

2008 FDOT Design Standards

Lant
Revirion

®

SUPPLEMENTAL DETAILS FOR PRECAST

CONCRETE BOX CULVERTS

07/01/08

5of§

291
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FDOT (2009 - 2024)

“Link Slab" over box culvert sections

4"

7

3" Cl (Typ.)

3 Bars 4M @ I'-0" spacing (Max.) . 4"
I'-0" 1'-0" I'-g" c-1-p 1'-0"
" Link Slab
Bars 4M
— .A-\_-.____-{—,
£}
w S S v .

Ea

4 _-"nl

Dowel
Bars 4L *

R AT

Precast Box
Culvert (Typ.)

2" Non-Shrink Grout

4" Class NS Concrete

LINK SLAB TYPICAL SECTION
(Multiple Barrel Culvert shown, Single Barrel Culvert similar)

Construction joints
permitted at mid

span of precast

box segment 7

Bars 4M spacing

6" 1'-0" spacing (Max.)

N 7" Link
! - i € . v % :f’-s,ab

- Filt

abric, 2-0"
Min. overlaps

l—— ¢ Precast Box Joint (Outside face)

Filter Fabric (Typ.)

(Symmetrical about ¢ Jt.)

! 7“ Link Slab

Bars 4M
- 2 <
sy . . . . N . AN T
Bottom of H 3 Cl. (Typ.)
C-I-P Link T -
Slab :
|
2 | \
Precast T X - o N
Concrete Box / Dowel Bars 4L (Typ.) * —) Precast

1'-0" spacing (Max.)

8" | Dowel Bars 4L spacing *

| (Symmetrical about § Jt.)

Concrete Box

Southeastern
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Engineering
Conference

VIEW J-J FoT)

FY 2023-24
STANDARD PLANS

PRECAST CONCRETE BOX CULVERTS
- SUPPLEMENTAL DETAILS

INDEX

400-291
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Q: When the Link Slab iIs required: 3.
tﬂ
Long-Term Minimum 1'-6" S‘J‘Zd"’fl’
MUniform earth cover at edge S 1. Provide a Cast-In-Place Link Slab to ensure uniform
w R of shoulder when P 5 . .
Settlement |-‘—‘I — Link Slab required Joint opening of precast box culverts when the differential
settlement shown in the plans exceeds the following limits,
except that a Link Slab is not required for differential
settlements less than %"
T — — _ ]:AY ###### —_—— ZL 2
___________ AY = Fe0x Rxw
ong-Term
Yifferential L _(Effective Length along § Box Culvert)
rettlement Where: X X .
SCHEMATIC LONGITUDINAL SECTION (NEW CONSTRUCTION) AY = Maximum Long-Term Differential Settlement (ft.)
R = Exterior height of Box Culvert (ft.)
Roadway Embankment W = Length of Box Culvert Segments (ft.)
/—"L - \ L = Effective length for single curvature deflection (ft.)
New Precast Box B l . .
Culvert Extension Existing Box Culvert 2. Extend Link Slab to back face of headwalls and to limits
-~ L of existing box culverts for extensions.
/ |.._.|W ~ T
R ~
e
Long-Term Differential
Settlement with negative Ul= J—_ — L — ]= e L =|='= =|= =|= =
curvature
i ] P —_—— [™——Top of existing
“'_ ----- e \ Point of reverse curvature embankment slope
; NG
Long-Term Differential .
Settlement with positive L | EESRChve SRD oy ¥ o
curvature (1) SCHEMATIC LONGITUDINAL SECTION (WIDENING)
DIFFERENTIAL SETTLEMENT COUNTERMEASURES FOR PRECAST BOX CULVERTS
FDD:‘F\S FYy 2023-24 PRECAST CONCRETE BOX CULVERTS INDEX
=" STANDARD PLANS - SUPPLEMENTAL DETAILS 400-291
9
Refrence: https;//abc-utc.fiu.edu/mc-events/precast-concrete-culvert-standards-for-wsdot-fish-passage-projects/?mc_id=727
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Mitigating Total & Differential Settlementss-.."
Engineering L
(Structurally) i
FLORIDA S wspoT
?I“ INTERNATIONAL -
UNIVERSITY 3
ABC-UTC Monthly Webinar L :
March 2022
Precast Concrete Culvert Standards for
WSDOT Fish Passage Projects
ABC Solution
. . % WSDOT
Differential Settlements (SE)
" ~ Transverse Differential Settlements
ll\);::]f;g:il:;s, PE, WSDOT Development Division Director/State Bridge and Structures Engineer %’f‘:%ﬁ %E\E‘g“““ 2 The transverse differentinl settlements “’ill bE considered f(}l‘
Bijan Khaleghi, WSDOT State Bridge Design Engineer, Bridge and Structures Office and SE]‘\'iCE lel.t State only (Cl‘ﬂC].i COI’ltI'O]. in reinforced concrete

members).

* The structure shall be designed to tolerate minimum 2-inch per
100’ differential displacements.

Longitudinal Differential Settlements

* The differential settlements causing allowable joint opening
between precast units will be calculated for a range of culvert

configurations.
» Joint opening will be calculated by using the formula:

AY =K. .-W R, where W and R are length and height

of the precast culvert units.

Reference: https://abc-utc.fiu.edu/wp-content/uploads/2022/03/2022-03-17_WSDOT-Precast-Culvert-Standards-for-Fish-
10 Passage-Projects.pdf
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Mitigating Total & Differential
Settlements

(Geotechnically)
% Undercut of localized soft/loose

compressible soils

 Limited undercut by placing heavy-duty
geotextile over foundation subgrade

s Camber be placed over the bearing
subgrade to compensate for settlement
(NCDOT Practice)
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Mitigating Total & Differential
Settlements

(Geotechnically)
% Use of lightweight (0.7-2.5 pcf) Geofoam

Expanded Polystyrene (EPS) block fill

» Along section having greater embankment
height or soft/loose compressible subgrade

> Wrapped/Encapsulated with geomembrane
> w/ Overburden resisting potential buoyancy
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NCDOT Practice (2025)

% Camber be placed over the bearing subgrade
to compensate for settlement (NCDOT Practice)

“Where pipe culverts are placed on compressible material,
camber should be placed in the grade of the pipeline to
compensate for settlement. The amount of camber used
depends on the load imposed on the foundation materials and
the compressibility of the material. Since these factors vary,
judgement is required in selecting the amount of camber to be
used. In an effort to provide some guidance in the selection
of values for camber, a chart (Camber Table) of these values
is included in Appendix D of this Manual. Unless more
precise information is available, the values taken from the

chart should be used.”

Ref: https.//connect.ncdot.gov/resources/Materials/Pages/Drainage-User-Manual-Text.aspx?Method=DM-08-
A#APPENDIX%20D%20CAMBER%20DETERMINATION
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Camber for Box Culver
Engineering

Camber Table Sk
(Appendix D, NCDOT Drainage User Manual)

% For continuous culverts beneath the entire
width of the embankment, multiply the
selected factor by the length of the culvert (L)
to determine the midpoint camber.

CAMBER TABLE
Fill Height Soil Type Factors
(feet) (meters) medium soft very soft
0to 10 Oto3 0.0008 0.0013 0.0017
10 to 30 3to9 0.0017 0.0025 0.0033
30 to 50 9to 15 0.0025 0.0038 0.0050

Ref: https.//connect.ncdot.gov/resources/Materials/Pages/Drainage-User-Manual-Text.aspx?Method=DM-08-

A#APPENDIX%20D%20CAMBER%20DETERMINATION

Transportation _ <
Geotechnical |

10 e
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(Appendix D, NCDOT Drainage User Manual) Sl

The mid point camber for pipe culverts shall be limited to one-half of the available fall in the
pipe culvert or, (L/2) x (% grade), where L is the length of the culvert in feet (meters) and shall
be limited to 2 ft (0.6 m). The proposed grade for the culvert at the midpoint (L/2 from the end
of the culvert) should be adjusted upward by Cm where Cm is the smaller of the calculated
camber and the limits stated above. The amount of camber Cx at any distance x along the
length of the culvert that can be determined by:

(Cm) (x =(L/2)), where x is any distance along the length of the culvert L.
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Client
Washington DOT

: _
\% Flatiron/Lane JV

-:;'_ Location
y King County, Washington

) Project Duration
N 2019-present

Contract Value
1-405 Bellevue to Renton Express $705 Million

Toll Lanes Design-Build Project

WSP Role: Design Prime Team Member

+ Geotechnical/Structural/Civil/ Roadway
Design Leads .=~

. Environmental (Fish passage;'and

stream restoratlﬁﬁ} _________ g
16
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Case Study
Fish Passage Box Culvert, WSDOT [-405

B\ VAT LA W VR W A o
A = =

Rff.s"s; arEEM LINE=
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\ . \
NING WALL AN
ALL 07.46L RETAINING WALL 07461 8. EPS GEOFOAM SHALL CONFORM TQ ASTM D6817, GRAPE EFS46
Y OTHERS) 1o PRaB: EYdi DRATH WITH A PENSITY OF 2.5 FCF. FOR GEOFOAM MATERIAL AND
g9 IE EL 46.49 CONSTRUCTION REQUIREMENTS, SEE SPECIAL PROVISION "GEOFOAM
slde PROP. 5TORM DRAIN FILL BEHIND MSE FILLS, MAY 2021".
3w IE EL 45.31 o
=5 COMMON BORROW g 3 "
NS INT TH WATES b
JE3 5' MIN THICK EPS, SEE NOTE & /-ZZ’:»V;‘;?: et '.“!’{?f!»_}’ ¢ Sl
EPS (jeofoa - i§§ /_ z = PROP STURM DRAIN é%%;
3 R ¢ £ g Ef 4211 § NB 405 e
. : p[/I x.;ﬁmbankrp\’ q/f‘l—tf.;?_@;f;;w , i
nght'Welght j N I /_l_tu:_u: EMOVED) : %EEE
H e / }/‘ | JO.04/FT - IE EL 3r.e‘g.oz‘/” i .
F| I | : Ta 1. SLOFE 1AR SLOPE PROF!
ADE FILL=20/(MAX) & J1¥
1E. 18.10 PHASE 3, L3=125'-0" | PHASE 2, L=104'-0" | PHASE 1, LI1=106'-0" \_‘[l ;
)F SLAB) L=335"-0" 24'X8' BOX CULVERT (7O
13+00 14400 15+00 16+00

- -l |I~. 1 7 l — -T- 3 I|| P |
o-FNase SLtageq-Lonsutruction 1otal Lengtn

335ft

ELEVATION

(SHOWN ALONG STREAM CENTER ALIGNMENT)
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FENCE PER CONTRACT PLANS

PRECAST COFING

1 10'=0" SIDEWALK

Southeastern
Transportation _ &

PLANTER OR BIO-RETENNON CELL %%
PER_CONTRACT PLANS

FINISHED GRADE AT TOP OF WALL

[WP OF SIDEWALK

6" MIN.

Engineering
Conference

Geotechnical ni{*'

P T0P_OF WALL ELEVANON
[ PER CONTRACT PLARS

FINISHED FRONT FACE OF
WALL = WALL LAYOUT UNE

mem STRIPS SOIL
rz’ TP~ REINFORCEMENT (TVP.)

VARIES (WALL DESIGN HOGHT)

umu—/'l

¥ (EME.EBGJ“E;' FOR SEW)
1.5

1 _TOP CF LEVEUNG PAD ELEV.,
= BOTIOM OF WALL AL

g

TOP OF ROADWAY
? PER CONTRACT PLANS

UMITS CF GRAVEL BCRROW
FOR STRUCTURAL EARTH WALL

/ COMMON BORROW

-

-
2 UNDERDRAIN
77 PER CONTRACT PLANS
s

s
-

s

pd

€ x 1-0" UNREINFGRCED _|
OONCRETE LEVEUNG PAD

REINFORCING STRIP LENCTH VARIES,
SEE WALL ELEVATION FOR LENGTH

UNIT 08.1.0283 /

/’wf

CULVERT

TYPICAL SECTION — STRUCTURAL EARTH WA
AT |—405 FISH PASS CULVERT
NOT TO SCALE
L S it B S S I LN N S Bt N N N S S | ! 441y
e ER IO NN . “
FINISHED GRADE IN__v" [ibxe ], [Hea | o1 [ «fthis (300Q1 " [Hiigus), |thca Hxa | [Hxs | —THxa
FRONT OF WALL mﬁ\A m (B2 - 6 N -Amz NX6 A“ ﬁxs AAs__.NXG ‘A{, 5 39.25
A% = gy ok M 4_L-f a4 36.79
-AS 45 36.79 | 1.4 i
100 YR W.S. ELEV. ————34.33 ——NE‘*—%‘— - — fAd-H— ?_\_E"m__u___ 549-&(-],?(— ——\ 34.33
FISH PASSAGE PLANS 187/ N~ de s \32 lang 1 ook e
TOP OF LEVELING PAD 29.41 AY \\- 28.18
ELEVATION (TYP.) 27.89 = T \ax \p28 A UNDERDRAIN PER
T A o OBLwozas CONTRACT PLANS

CONCRETE LEVELING PAD (TYP)

BOX CULVERT
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» Performed settlement analysis using Settle3 (developed by
RocScience) computer software.

% Set up 3-D soil profile & design soil parameters,

o » Consider staged-construction sequence (excavation unloading &
loading), w/ planned limited undercut.
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Results of Settlement Analysis
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Total Settlement (in)

Engineering

Final Total Settlement Profile Conference

Distance vs. Total Settlement
Distance - (0 = Station 13+ 00) (ft)

-60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

0
]
0.5 $
I
rs ]
1 ‘A P ,,
\ e il
-9 - ]
\ ’ Sk
1.5 T - 5 */
\ P " 1
4 /
\ B AT R y
: & J
/. \
2 1 ¢ ’ Total Settlement Action s 3
. e N * )
) e AH=1in _ _ | Design and Construct *\ ’ 5
d . % -7 .| Ensure structure can~[~ i |
- e
2.5 1 Mo ~1~|n <8H325in tolerate settlement_ | "
1 ¢+ i | T TTTF " Obtain Approval' prior .
to proceeding with

5 AH=250n design and Construction

35
Settlement along Culvert (Common borrow for entire area)
+ Settlement along Culvert (Lighter Fill in designated area)
4

To meet the Action requirement, Lightweight
Geofoam Embankment Fill is used to reduce the total

settlement.

s
\
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3-Phase Staged-Construction Settlement Profiles \
Di vs. Total Settl t
Distance - (0 = Station 13+ 00) (ft)
60 40 -20 o 20 40 60 80 00 20 40 60 80 00 20 280 260 280 300
P wl s " —a
n
g A
1 o ”“ ’-n‘“‘l 'e
\ s - |
2 o !
i .
i -\,\ o = q Yo, ',,
\ P O, \. o
W - Yo n
= A > RN W
£ ' N ny
S 15 \ =] x \‘.,‘ ’;’V
-155 \ e NI . ’y
X iy . 1 i
3 “Fl a1 v " K 4
= 24 *« g ’
N vicf L
N - 4 “r
; g ? i ] -::: 257
o
¢ ]
s 4
........ | At ] 0260 | el L 8 - = —_——N
§ S ST ———===————— G Al 7 ke s | et TR o 'hé\ 1.52% Settlement at Phase 1 Construction m Settlement at Phase 2a Construction
-------------------------- ‘l‘"*““""“‘"""“"“"“"""""'“““:‘\H:V}
E. 18.10 FPHASE 3, L3=125-0" L PHASE 2, L=104'-0" | FHASE 1, LI=106'-C" | IE.
¥ SLAB iT e L RN ElLTERY T
- L=23510" 24X8' BOX: CULVER J (o O Settlement at Phase 2b Construction ¢ Settlement at Phase 3 Construction
13400 14+00 15+00 16+00

3-Phase IStageci—Ct::anstlruction Total il_engt'n 335ft
Structural Engineer Tasks
< Determine Design Subgrade Modulus (K=P/A) based on the incremental settlement
(A) and Service Limit Design Loading (P),

% Design reinforcing steel of cast-in-place (CIP) box culvert sections.

pA
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during Staged-Construction ke

. Temporary Structural Earth Wall (SEW) Tanporuion _ oA

< Staged Construction (3-Phases) w/ Monitoring

T
1l
TT
—_— =
D I =
] —
e e T e —
S ——— =
sl S —
e e g =
e ot s =
EL3eT4 j " E
GRADE iy -
EL T4
o —
== N HEXGHT VA
— Ty
- GEQTEXTLE FO
el ROUND DRANAG
SS A E DETA USFORT 5 ™
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.
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% Given the nature of the delivery method (design-build),
expeditious communication among geotechnical, structural,
contractor, and the DOT was necessary. Within a narrow
timeframe, the group addressed differential
settlement/angular distortion issues and facilitated
construction within critical weekend closure periods.

)

*» Soil-Structure Interactions

When subject to embankment loading, pressures acting on
the box culvert roof slab could be different from those
experienced at the base of the culvert.

L)

(Reference: Section 12.2.2 in Soil-Structure Interaction. The real behaviour of structures. The Institution of

-8 Structural Engineers, March 1989)
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