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Precast Concrete Box Design

Project: TDOT Alternate Reinforcement for Precast Box Structures
Date: 02/22/22

Product: 4 ft. x 4 ft. Curb Inlets & Catch Basins (HL-93 Live Load)
Calculations By: DRH

- Top of wall at grade AASHTO LRFD Bridge
- HL-93 Live Loading : Design Specification
- Water table at grade : Eighth Edition, 2017
- Base section walls are integral with base slab ;
Material Properties and Assumptions:
Concrete Compressive Strength, 28 Days..................... f.:=5.0-ksi
Correction Factor for Source of Aggregate.................. ‘K,:=1.0 AASHTOLRFD 5.4.24
- Unit Weight, Concrete..............ccoccooiiiiis We:=0.15- sz
; ~ It
2.0 0.33
L ft3 , in? . .
Concrete Modulus of Elasticity............ E, :=120000-K,||w, | — flee|l— +ksi=4592.2 ksi
AASHTO LRFD Equation 5.4.2.4-1 kip)) kip ‘
~Steel Yield for Rebar............cccccoooviiieiiieeeiene Jy=60-ksi
Steel Modulus of Elasticity................cccoociiiinn. E,:=29000-ksi
Exposure Factor, TDOT Structures Office Policy.... ... v.:=0.88 Corresponds to Crack Width 0.015 in.
: (See AASHTO LRFD C5.6.7)
Uit WEIGHt, SOl eeeeere oo yi=0.12- I“f
It
Uit Weight, WBLET........oocccccccccccreeeeereesccceeereerre = 0.0624 - k’f
It
Active Lat Pr re Coefficient, ka rence 3.11.5.3
Effective Angle of Internal Friction............................ ¢@'s:=30 deg
Friction Angle Between Filland Wall...................... 0:=0.67-¢';=20.1 deg
Angle of Fill to the Horizontal.................ccooceini B:=0 deg
Angle of Back Face of Wall to the Horizontal............ 0:=90 deg
' 2
sin (¢’ +6) +sin (¢'s—
r=|1+ ,<¢f ) : (¢'s-F) =2.69
sin(6—6)-sin(6+0)
2
<Sin (9 + ¢If>>
ko= 5 =0.3
r-(sin(6)" sin(0-9))
Equivalent Fiuid Density, Fully Saturated Soil.............. Yeq :=< 3—7,,,) ek, +7,=0.0795 —’;3?
t
Liv nd i wan
Live LOad... ... LL:=16 kip HL-93 Wheel Load
Dynamic Load Allowance.................cccooeviiniiiinnnne IM,,:=1.33
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Precast Concrete Box Design

L nd Resistance F Is:

1np:=1.0 Ductility Load Modifier,
AASHTO LRFD 1.3.3

Mg pr=1.0 - Redundancy Load Modifier,
e AASHTO LRFD 1.3.4, Dead Loads

Mg _1.=1.0 Redundancy Load Madifier,
‘ AASHTO LRFD 1.3.4, Live Loads
n:=1.0 Importance Load Modifier,
AASHTO LRFD 1.3.5
Mg g1 :=1.05 Redundancy Load Modifier,
- AASHTO LRFD 1.3.4 & 12.5.4,
Soil Loads :
m:=1.2 Multiple Presence Factor,

AASHTO LRFD Table 3.6.1.1.2-1

LLF;:=1.75 LLF:=m-«LLF;-np+ng 11*n;=2.10 Live Load Factor,
- AASHTO LRFD Table 3.4.1-1
LLF}:=LLF;npng_rp*Mm=1.75

DLF;:=1.25 DLF:=DLF;-np+ng p-n=1.25 Dead Load Factor,
o ; - AASHTO LRFD Table 3.4.1-1 & Table 3.4.1-2
SLFih :=1.5 SLFh = SLF’ih' 77D‘77R_SL' = 1.58 Soil Load FaCtor,

AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EH, Active)

SLF;,:=1.3 SLF,:=SLF;,+np+ng s;*Nr=1.37 Soil Load Factor,
N : AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EV)

¢5:=0.90 Resistance Factor-Flexure, AASHTO LRFD 5.5.4.2 (Assumed, Verify in Flexural Calcs.)
¢,:=0.90 Resistance Factor-Shear, AASHTO LRFD 5.5.4.2
B:=2.0 Shear Factor- AASHTO LRFD 5.7.3.4.1
Bl/:=0.85—-0.05-(£c, —4):0.8 Bi=|lif 8;<0.65 i B,=0.80
st
~ 0.65
also if 0.65 <3,/ <0.85
(Br) |
else
0.85
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Precast Concrete Box Design

Product Data: L
Width, Short Dimension.................. W:=4.00-ft
Length, Long Dimension................. L:=4.00-ft
Top Slab Thickness............cccoceceeee. T;:=102n =
Bottom Slab Thickness................... T,:=8-in
Base & Riser Wall Thickness.......... Tpi=8+in =
_Finished Grade
Design Span Width........................ Spany, =W +T,,=4.67 ft -y ===
Design Span Length...................... Span;:=L+T,,=4.67 ft - _
Inside Total Height......................... h:=27-ft+8-in -
Soil Fill Above Top Slab................... hs=0.0+in <
Depth to Water Table...................... H,,:=0-ft
Design Beam Width, Flexure......... b:=12.in P e
Design Beam Width, Shear.......... b,:=12 in
, R . . b. wa3 .4 .
Design Strip Moment of Inertia..... Iy et = T =512 in Base and Riser Walls
b. T’b3 . 4
g.base = T =512 in Base Floor Slab
Depth to Bottom of Base Slab........ H:=hs+T,+h+T,=29.17 fi
Vertical St :
Height of Base Section.................... hy:=4-ft+0-in Note: These dimensions used
Height of Bottom Riser Section......... h,:=4.ft+0.in for design. Mfg. heights will
vary.
Height of Interm. Riser Sections....... h,,:=19.ft+8-in o
Bar Diameters, Concrete Cover and Effective Depths:
Base ion Walls:
Base Wall Concrete Cover................ C,=2.0-in
Bar Diameter, Base Walls................... Db,,:=.309-in Horizontal Direction
Db,,,:=.309-in  Vertical Direction,Cantilever
Horizontal Wall ds Dimension............. d,=T,,—C,—0.5.Db,=5.851in
Cantilever Wall ds Dimension........... d,:=T,,—C,—(Db,+0.5:Db,,) =5.54 in
Base Section Floor Slab:
Base Floor Slab Concrete Cover....... Cy:=2.0-in
Bar Diameter, Base Floor Slab....... Dby :=.375+in Short Direction
Dby, :=.375+in Long Direction
ds Dimension (Short Direction)........... dys:=Ty,—Cp—0.5:Dby,=5.81 in
ds Dimension (Long Direction)......... dy =T}, —Cy,— (Dbys+ 0.5+ Dby) =5.44 in

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx
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Precast Concrete Box Design

Riser ion Walls:
Riser Wall Concrete Cover................ C,r=2.0.tn
Bar Diameter, Riser Walls................... Db, :=.309-in Horizontal Direction

Db, =.309-2n Vertical Direction

Riser Horizontal Wall ds Dimension....  d,,,:=T;—C,,—0.5-Db,,=5.85 in

Riser Vertical Wall ds Dimension.... der =T yp—Copp— (Dbyy+ 0.5 - Dby, ) =5.54 in
Design of Base Section: Finished Grade
L@MMM@&LS&E&_E&QMM@ ‘ I %gﬁgﬁi i !
Latera| Live Load Surcharge (LS) =111
Depth to bottom of section................ Hy,:=H-T,=28.5 ft 2 ; | ta i
Equivalent Height of Soil................. heg:=4.0 ft al T
AASHTO LRFD Table 3.11.6.4-1 ' + _'CQ
Lateral Earth Surcharge from LL... LS:=kg+v,heg /
LS=0.143 ksf Service Load / — A '

Lateral Earth Pressure (EH) Loading above section (Service Load): Wb i

EH gy, = (H—Ty—hyyy— Hyp) * (Yeq) + Hut* Vs ko ‘ ; ; : =

Total Loading above section (Service Load):
Wy, =LS+FEH,,
Wy, =2.091 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):

EHdiT = h‘bb * 7eq

EHdirzO'318 ka Note: Wpg ::EHdi'r
Total Loading (Service):

k Wy
Weye = (was+ )-b=2.25 kLf

Total Loading (Factored):
W= (LS LLF}) + (EH g, « SLF),) =3.318 ksf

wy = (EH g, + SLF,) =0.501 ksf

wy
W, =W, + 5

-b=3.569 kIf

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 4 of th



Precast Concrete Box Design

Analysis of Deflections, Base Section Walls--Fixed-End Condition:

. . . . (wsvc> ¢ ‘S'pa"n’L4 .
Maximum Horizontal Deflection At Mid-Span...... Amaxy,,;, = =0.002 in
i 384. Ec ¢ Ig.wall
Wae b)Y Py’ (Wpse pp= .50+ D) « by ®
Maximum Deflection At Top of Base Wall........ Amaz, g, = (as) -y + Y )Py
8'Ec°Ig.wall 15'Ec'Ig.wall
. Ama‘whoriz
Percent of Load Carried In Cantilever Direction............... K o= =0.04
AMAT i, + AMNAT copt
Percent of Load Carried In Horizontal Direction............... Khorini=1 =K 4n: =0.96

Bending Moment Analysis Horizontal Loading (Base Section Walls):

Span |
Mcor
;‘ Miong )
= Mshort w
(73]
Y
-~ w, (Span;® +Spany*
Moment In Corners.............ccu...... Mcor,:==Kpy,+—-+ P pow =6.23 kip-ft
~ ©o12 Span; +Spany,
. (w,) - Span;’ :
Moment in Long Span................... Mlong,, ::Khmz~—-—-—-———8————Mcoru:3.11 kip-ft
. (w,) - Spary’ :
Moment in Short Span................... Mshort,, ., =Kpopiy* 5 —Mecor,=3.11 kip- ft
Maximum Factored Moment.......... Mcor,=6.23 kip- ft

Determine Required Circumferential Reinforcement (Base Section Walls):

=0.0512 in

Steel Area Required......................... Agni=

11 2+Mcor, 0.85+f".+b-d,,
psobe(d,)” +0.85-f Ty

Area of Flexural Reinforcing, ............c........... A, =0.24 in®

Check Minimum Regquired Reinforcement B Section Wall Horizontal Direction (AASHTO LRFD Section 5.6.3.

Flexural Cracking Variability Factor.......................... ~v::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... ¥3:=0.67

. . wa .
Half of Wall Section Thickness.............c.ccoccicncciinns Cpe'= - =4 1n

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 5 of L{’g



Precast Concrete Box Design

Concrete Density Modification Factor.................c.........

Modulus of Rupture of Concrete............ccoevceievninnneen.

" Section Modulus, Non-Composite Section...................
Cracking Moment............cccoooiiiiiice
Alternate Moment for Min. Reinf. Consideration...........

Controlling Moment for Min. Reinf. Evaluation.............

st

Spet

A:=1.0

0.5
. 2
m )) «ksi =0.537 ksi
ip

_ I g.wall

=128 in®

Cne

Mcr =73 (71 'fr) ’Snc"_"6'14 kip-ft
M, ini=1.33+Mcor,=8.28 kip- ft

M =1if <Mcr SMumm ’Mcr 1Mu.min>

M, pin=6.14 kip- ft

Min. Req'd Steel Area Base Walls (Horizontal):

2:-M u.min

0.85+f,+b-d,

A(l(\/l

_¢f-b-(dw)2 -0.85-f,

J)

fy

A, in=0.24 in’

Agp=if (Aswh > A min s Aswh As.min)

Req'd Steel Area Base Walls (Horizontal).....................

Agn=0.24 in’

heck Required Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6

1.3‘b'wa

——=0.05 in’
m
2+ (b+Typ) +fye (kip)

As.temp =

As.temp’ =

A

if A, temy<0.11 in”
0.11 in’

also if 0.11 in® <A; temp <0.60 in®
(As.temp’)
else

0.60 in’

=0.11 in®

s.temp

Aswh =if (Aswh > As.temp ’ Aswh s As.temp)

Req'd Steel Area Base Walls (Horizontal)......................

Check Steel Provided (Walls Horizontal Base Section):
Bar Diameter..............ccccocoee. Db,,=0.309 in

spacing,:=3+in
2

Steel Spacing.........coocovverrieecieenen.

Agp=0.24 in’

Db’w .2 . 2 .9
Area of Steel........oo........... Apgyi=+—2==0.075 in® Ay :=Round (Apar,-001+in’) =0.075 in
Ay, 1o ft
Area Provided with Spacing............ As.mov.h::ﬂ—‘——{-zo.% in’
spacing,,

Area RequUIred............cccocovveernnns A, ,=0.24 in’

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walls Horizontal Base Section) AASHTO LRFD 56.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::m: 0.35 in

0.85-f".+b
Distance to Neutral AXis............cccccevvieiiiininnne, c::—ﬂ=0.44 in

1
Distance to the Centroid of Tensile Reinf................. dyi=d,=5.85 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
Check that Tensile Reinforcement has Yielded........ .= Check; :=Ec-= 0.075
; ; ; ,
Check, ::———;9—(—)—3—2 0.6
003 +¢,

Verify:=if (Checkl <Check,,“Tension Control”, “Not Tension Control””) = “Tension Control”
: Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Wall Steel (Base Section Wall Horizontal

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx

w Span;® +Spany,’
Service Moment In Corners............. Mcory:=Kj,+ ——-e Pty TOPIW | _3.93 kip- ft
12 Span; +Spany,
Depth to centroid of wall reinforcing............... d:=d, o ‘ - d=5.851in
Concrete cover from extreme tension fiber to Db
center of flexural reinforcement..................... d, o =Cp+——=2.15in
- Modular ratio................. SRS n:=E,+FE, ... n=6.3
. . As.pfrov.h k
Reinforcement ratio..............ccocovcvenir e p::-———l-)——d-~ p=0.00428
: _ 5
Compressnon factors: ke \/2-p-n+(p-n) —pem  k=0.207
j=1-k+3 . - 7=0.931
) ) Mecor, .
Service tensile force in steel...................... T, =— T,,=8.66 kip
j-d
. . \ Ts.h .
Service tensile stress in steel....................... oy (= for=28.86 ksi
As.prov h
d
Calculate Beta S..........ccco.coovvvvriveerrreren. By=1+ “’”"d B,=1.527
AASHTO LRFD Equation 5.6.7-2 0.7+ (Tup = de.cor)
‘ ) ) ‘ 700+, +in .
Max spacing reinforcement ........................ Smaz.hi=|—————|—2°dc 0y =9.T in
AASHTO LRFD Equation 5.6.7-1 ; B, fsn
' kst

Smazh =N (1.5 Ty Spaa i, 18 1) =9.7 in

Check steel spacing for crack control....... checky, = if (spacing), < |Smaz.n| » “OK”, “NG”)  check,=“OK”
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Precast Concrete Box Design

Check Wall Shear Capacity Horizontal Loading (Base Section Walls)

Determine Effective Shear Depth.............cocee.. M, =A; provn fy* (dw ——-g-) =8.5 kip- ft
Mn .
dyy i =———=05.67 in

As.pmv.h * fy

d,,:=0.9-d,=5.26 in

dey=0.72 T, =5.76 in
de = if<del 2 dez ’ del ’ de2> =5.76 in

Aoy = if (dyy > di , Ay ) =5.76 i

Maximum Shear Load on Walls (Horizontal)..........  Vyi=Kpg (wy) * (5 - dwv) V,=5.22 kip
. , Feo
Shear Capacity, Wall (Horizontal).............ccc....... ¢V, =¢,:0.0316-5. i +ksi|-b,- (dwv)
st
. ¢V,=8.79 kip

if <Vu < ¢Vc? “«OQK?” , “NG”) =“QK”

Design of Vertical Reinforcement (Base Section Wall Cantilever Direction
wa°hbb2 b wb'hbb2 b )
Moment At Base of Walll.......................... Mecant, =K ., -—_-—-——é————~—+Kcam S 1.07 kip- ft

Steel Area Required..............cccoceoiniiinniiinnn. A=

. ) 2+Mcant, 0.85+f,+b-d,
¢sebed,’+0.85-f, Ty

Area Of Flexural Reinforcing,
Cantilever Direction (Walls Vertical)..................

Concrete Density Modification Factor........................... ‘A:=1.0
0.5
Modulus of Rupture of Concrete............c.ccoeveiicinnnn. fri=0.24. X (f’c . (::; )) +ksi=0.537 ksi
Section Modulus, Non-Composite Section................... S,ei= Towar _ 128 in®
ne
Cracking MOMENt.............cccoo.veveiiriiieneece s M =3+ (Y1 fr) + Spc=6.14 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, ini=1.33+Mcant,=1.42 kip- fit

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 8 of 0;9



Precast Concrete Box Design

Controlling Moment for Min. Reinf. Evaluation............. My i =18 (M, KMy i s My, My i)

M, in=1.42 kip- ft
Min. Req'd Steel Area Walls (Vertical):

2 M, 0.85+f,-b-d,
As.min:z 1- 1- - *
)

A, =0.06 in’
Aswv = if <AS’UI'U >Asmm ? Aswv 7As.mz'n>
Req'd Steel Area Base Walls (Vertical)................... A, =0.06 in®

Check Reguired Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6)

1.3°b'wa

——=0.05 in’ Ay tompt= || if A gemp<0.11 in”
2-(b+wa)-fy'(,:Z)) 0.11 in?
' alsoif 0.11 in® <A, 40,y <0.60 in®
(Aq temp)
else
0.60 in®

As.temp’ =

A, temp=0.11 in’
Agyp=if (Aswv > As.temp ?Aswv ) As.temp)
Req'd Steel Area Base Walls (Vertical)...................... Ag,=0.11in?

Check el Provided (Walls Vertical Base Section):

Bar Diameter............cccooveveinnnnes Db,,,,=0.309 in
Steel Spacing........ccooveeeicieriieneen spacing,:=3+in
: Db,,* . 9 . g . 2

Area of Steel............... Apgyi= 7 —=—=0.075 in Apar=Round (4,,,.001+in*)=0.075 in®
Ay o 1-ft

Area Provided with Spacing.............. A, proviy ::—@l—f—tz 0.30 in’
spacing,

Area Required..........cccocevrvruennnn. Agyy=0.111in"  if(Ag, <A provs, “OK”, “NG”) = “OK”

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 9 of 1»§£.



Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walls Vertical Base Section) AASHTO LRFD 66.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::MZ 0.35 in
0.85.f".+b
- Distance to Neutral AXis............cccccoccoeoiininnnn ci=2 =044 in
1
Distance to the Centroid of Tensile Reinf................. d,:=d,=5.54 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
- Check that Tensile Reinforcement has Yielded........ Check; :=E—= 0.08
. o ; A
.003
Checky:=————=0.6
003 +¢,

Verify:= (C’heck1 <Check,, “Tensmn Control”, “Not Tension Control””) “Tension Control”
Steel Ylelds Assumption Phi (Flexure=0. 90) is OK

Check Crack Control for Vertical Wall Steel (Base Section)

. Wage Py +b Wy hyy” +b .
Service Moment at base of wall......... Mecant, =K ,,; -—-——-—2—-~——+Kmm -——-é—-—-————: 0.67 kip- ft

Depth to centroid of wall reinforcing............... d:=d, ; d=5.54 in

Concrete cover from extreme tension fiber to

center of flexural reinforcement..................... decvr=Clt <D by +0.5+D bwv) =2.46 in

Modular ratio............ccceeeeiiiiinneees n=F,+FE, n=6.3
A
Reinforcement ratio...............ccccccceun.... e p::%ﬁf)- - p=0.00452
1 - 2 .
- Compression factqrs. . ; o k::\/2-p-n+(p-n) _pem k=0.212
j=1-k+3 7=0.929
] ] ) Mcant,
Service tensile force in steel......................... T, ::—-_——‘—f— T,,=1.57 kip
N R J .
. . . Ts.v .
Service tensile stress in steel....................... fopi=——— fon=25.24 ksi
’ As.p'rov.v
d
Calculate Beta S.........ocoovvveereeeeeeeeeenn By=1+ < C”’"d B,=1.636
AASHTO LRFD Equation 5.6.7-2 0.7+ (T = de.cor)
. . 7007y, in .
Max spacing reinforcement ......................... Smazn = |————|—2+d, ,,=66.9 in
AASHTO LRFD Equation 5.6.7-1 B,- Fsu
V ksi

Simaz.o =N (1.5 Ty s Spga» 18 #0) =12 in

Check steel spacing for crack control....... check,:=if (spacing, < |Spmae.0| » “OK”, “NG”)  check, = “OK”

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 10 of 6{‘5



Precast Concrete Box Design

Check Wall Shear Capacity Vertical Loadin

Determine Effective Shear Depth............c.c.........

Maximum Shear Load on Walls (Vertical)............ . «

Shear Capacity, Wall (Base of Cantilever)...........

Base Section Walls

a .
M, ::As.p?"ov.v 'fy’ (dc__z“) =8.04 kup-fi

n

=5.36 in

dcv’:z

A

8.pToV.V 'fy
d,=0.9-d,=4.98 in
dy=0.72+T,,=5.76 in

de:=if (dey > dez,dey , dey) =5.76 in

dey:=if (doy>d, s dyyy de) =5.76 in

Viui=Keant s (wy) « () V,=0.55 kip

¢Vc:=¢v-0.0316-ﬂ-( fc_
‘ kst
PV, =8.79 kip

. ksi) eb,-d,,

“if <Vu <¢Vc’ “QK?”» , “NG”) =“QK”

Bas ion Floor Sla i

Distribution of External Upward Pressure

__( Spany Spany . . |
m.:=if <0.5,0,Round ,0.05 m.=1.00 _If width to length ratio is less than 0.5
\ Spany, Span,, , then design as one-way slab (m=0).
m CA CB m WA WB
[ 1 .036 .036] [ 1 .50 .50]
1.95 .040 .033 .95 b5 .45
.9 .045 .029 .9 .60 40
| .85 .050 .026 .85 .66 .34
| .8 .056 .023 8 .71 .29
MC = 75 .061 .019 Moment Coefficients VC:= 75 .76 .24 Shear Coefficients
.7 .068 .016 based on distribution -7 .81 .19 pased on distribution
.65 .074 .013 Width/Length ratio, m. .65 .85 .15| Width/Length ratio, m.
| .6 .081 .010 .6 .89 .11
| .55 .088 .008 .55 .92 .08
1 .5 .095 .006 b5 .94 .06
| 0 125 0 | 4— 0.125= 1/8 (One-Way Case) | 0 1.0 0 |
C 4+=|vlookup (m.,MC, 1)| C,=0.036 Moment Coefficient, Short Direction
Cp = |vlookup (m.,MC,2)| Cy=0.036 Moment Coefficient, Long Direction
W 4= |vlookup (m.,VC, 1)) W,=0.50 Shear Coefficient, Short Direction
Wy :=|vlookup (m.,VC,2)| Wg=0.50 Shear Coefficient, Long Direction

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx
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Precast Concrete Box Design

Combination of Loads Worst Case - structure empty with full LL+ Impact
Structure Volume:

Voli=he (W+2:Typ) s (L+2Typ) —he WeL+Tye (W+2:Typ) e (L+2Typ) +Tys (W2 Tp) « (L+2+ T

Structure VOIUME..........oo.ovooeereereeeeeen, Vol =387 ft*
Self Weight Bearing P vol-we 2.04 ksf
elf Wei earing Pressure.................. Weyy 1= Wey=2. S
] ’ W L2 T WAz Ty "
_ Earth Load Bearing Pressure.................. wgy =7, hy=0 ksf
. IM g
Live Load Bearing Pressure............c..ccconneee. wyr=LL- =0.75 ksf
(L42:Typ) s (W+2-Tyyp)
Total Load On Base Floor Slab (Factored)....... Wy, pase = DLF s Wg,+SLF, s wpy+ LLF «w;; =4.12 ksf
Base Floor Slab Moment Analysis and Required Flexural Reinforcement (Short Direction)
Moment at Midspan Short Direction..................... M, ;:=C g+ Wy pose* SPOY" b M, ,=3.23 kip- ft
2.M 0.85-f,+b-d
Steel Area REQUIrEd.............c..coevvvreervrrrnnnns. Ag=|1— \/ 1— - |- Fobedn,
¢f’b'<dbs> «0.85-f", , fy :
Area of Reinforcing, Short Direction............ v Ag,=0.13 in’

Check Minimum Regquired Reinforcement Base Floor Slab Short Direction (AASHTO LRFD Section 5.6.3.3) .

Flexural Cracking Variability Factor......................... v,:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
. . r, .
Half of Base Slab Section Thickness........................... Che ::—2-=4 mn
Concrete Density Modification Factor................c.ccoe.... A:=1.0
0.5

. 2

Modulus of Rupture of Concrete.............cccccoveiecnnnn. fri=0.24X. (f’c- (i—n—)) +ksi=0.537 ksi
tp
Section Modulus, Non-Composite Section................... S, =22 — 128 in®
cnc

Cracking MOMENL............cocovvrvieieiereeieie s M =73 (1 fy) + Spe=6.14 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, in=1.33-M, ,=4.3 kip-ft
Controlling Moment for Min. Reinf. Evaluation......... M, in=if (Mcr <M, minsMer 9Mu.min>

M, min=4.3 kip-ft

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 12 of ”fﬁ



Precast Concrete Box Design
Min. Req'd Steel Area Base Floor Slab (Short Direction):

2-M,, .. 0.85:f".-bed
As,min =[1— v 1— Z.mm . f c bs
;  @yebe(dys)” +0.85-f, Iy

A, in=0.17 in?
Asbs = if (Asbs > As.min 7Asbs aAs.min)

Req'd Steel Area Base Floor Slab (Short Direction)...... Ay, =0.17 in®
Check Required Shrinkage and Temperature Reinf. Base Floor Slab Short Direction (AASHTO LRFD Section 5.10.6)

a—— L30T 05 in? Ay remp=|| 1 Ay gomp <011 im |
2-(b+Tb>'fy°(7c%) o | |lorin |
o - A alsoif 0.11 in® <A, 4,y <0.60 in’®

(As.temp)

else
0.60 in”

A, temp=0.11 in”
Asbs =if (Asbs > As.temp ’ Asbs ’ As.temp>

Req'd Steel Area Base Floor Slab (Short Direction)................ Ay,=0.17 in®

Check Steel Provided for Base Floor Sla hort Direction) .

Bar Diameter............ccccooeeicicinne. Db, =0.375 in
Bar Spacing.......c.ccoceverirrniriiinieinens spacing,:=6-+in
I)bbs2 . 92 . 9 . 9
BarArea.........cccocveicnieciicinn, Apgp =710 3 =0.11 in Ay, =Round (Abar, .01-in ) =0.11 in
Ay left
Area Provided w/ Spacing............ A, provs ::M—: 0.22 in’
~ spacing, :
Required Steel Area.................. Ay, =0.17 in’

if (Ayps S Ay prov.s» “OK”, “NG”) = “OK”

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 13 of . l/f,g



Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (B Floor Slab Short Direction) AASHTO LRFD 5§.6.2.1:

A [
Depth of Equivalent Rectangular Stress Block.... a :—-——s—'pﬂf—f—’i =0.26 in

T 0.85-f" b
Distance to Neutral AXis.........c..cccoeeveiriicnnnnne ci=-2 =0.32 in
1

Distance to the Centroid of Tensile Reinf................. d,:=dy,=5.81 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
Check that Tensile Reinforcement has Yielded........ .Check, ::—5——: 0.056

.003

Checky:=——=0.6
003+¢,

Verify:=if (Check, <Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor Siab Steel (Short Direction

Total Service Load On Bottom Slab.............. Wy o= Weyy + Wgy + WL W, ,=2.79 ksf
" Service Moment at Midspan........................ M, =C,-w, -Spany” b M, ,=2.19 kip-ft
Depth to centroid of slab reinforcing.............. d:=d, d=5.811in

Concrete cover from extreme tension fiber to

center of flexural reinforcement........... P - Geer =0t (05 D bbs) = 2.19in

Modular ratio............ccoiiiiiiiniine e, ni=E +FE,  n=6.3
J ,
Reinforcement ratio..............c..ccccoeevvverran. p::—;)fr-slf’i p=0.00315
: _ : 5 :
Compression factors: ‘k::\/2-p-n+(p-n) —pem k=0.181
j::l—-k-%—S j=O.94
. » . MS.S .
Service tensile force in steel............c...c..c..... T, = id T,.,=4.8 kip
T
Service tensile stress in steel....................... Fogi=—— fs.s=21.83 ksi
As.prov.s
dC.CUT‘
Calculate Beta S ..o, Bei=1+ y B,=1.538
AASHTO LRFD Equation 5.6.7-2 0.7+ (Ty = de cur) |
o 700-7,-in :
Max spacing reinforcement ....................... Smaz.s=|————|—2+d, ., =14 in
AASHTO LRFD Equation 5.6.7-1 ; B+ fss
kst

Smaz.s = MM <1‘5 *Ty,s Smax.s» 18 Zn) =12 in
Check steel spacing for crack control....  check, = if (spacing, <|8uqq.s| » “OK”, “NG”)

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx
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Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Short Direction):

Determine Effective Shear Depth................ e M, :=A, prov.s fye (dbs —--g—-) =6.25 kip- ft
dygp'=——————=5.68 in
e As.prov.s 'fy

d,y:=0.9+dy,=5.23 in

d_,=0.72+T,=5.76 in
. de = if (del 2 dez 3 del 3 d62> = 5.76 T:n

ey 1= if (e > o, dpry , de) =5.76 im0

Shear Load, Short Direction.............ccocvvvrecirennene. Ve =W Wy pase (—V—ZV—— dbsv) b V,.,=3.13 kip
- o feo
Shear Capacity in Short Direction............cc.cccoeeee. OV e s.base =P+ 0.0316 3+ i cksi|-b,dy,,

OV o sbase =8.79 kip
if (Vu.s <OV, o pase, “OK”, “NG”) —“QK”

Base Floor Slab Moment Analysis and Required Flexural Reinforcement (Long Direction

Moment at Midspan Long Direction......... M, ;:=Cg Wy pase* SPAN,” * b M,;=3.23 kip- ft
. . 2'Mu.l 0'85'flc'b'dbl
Ratio of Reinforcement to Concrete........ Ag=|1-4/1— > — 1|
| bpebe(dy)” +0.85- 1 R/
Area of Reinforcing, Long Direction.......... Ay =0.13 in®

Check Minimum Required Reinforcement Base Fioor Slab Long Direction (AASHTO LRFD Section §.6.3.3)

Fiexural Cracking Variability Factor........................... Y::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... ¥4:=0.67
. . r, .
Half of Base Slab Section Thickness...............c.coceis Cpe ::—2-—-=4 mn
Concrete Density Maodification Factor..............c............ A:=1.0
in2 0.5
Modulus of Rupture of Concrete.............ccccoeceicinnnn, fri=0.24 X (f’c- ( ™ )) +ksi=0.537 ksi
tp

. . . Ig.base . 3

Section Modulus, Non-Composite Section................... S i=——=128 in
cnc

Cracking MOMENt............co.ovveeeeeeeereeeeeseseeesee e My =73+ (71* ) * Sne=6.14 kip- ft

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 15 of "fg



Precast Concrete Box Design

Alternate Moment for Min. Reinf. Consideration........... M, ini=1.33:M,,=4.3 kip- ft
Controlling Moment for Min. Reinf. Evaluation............. My i =1f <Mcr <M, in s M., 9Mu.min)
M, nin=4.3 kip- ft

Min. Req'd Steel Area Base Floor Slab (Long Direction):

2°Mu.min 0'85'f/c'b'dbl
As.min:: 1- 1-— 2 ; .
o pebe (dy)” 0.85-f, fy

A, min=0.18 in’
Asbl =if (Asbl > As.min ?Asbl >As.min>

Req'd Steel Area Base Slab (Long Direction,.............. Ag;=0.18 in?
Check Required Shrinkage and Temperature Reinf. Base Floor Slab Long Direction (AASHTO L RFD Section 5.10.6)
1.3:b-Ty . 2 : . . o
A temp' = ——=0.05 in A temp = || If Agtemp<0.11 in
in , )
2’(b+Tb>°fy'(kz.p) 0.11 in
« ‘ also if 0.11 in® <A, s,y <0.60 in’
<As.temp'>
else
0.60 in’
A, temp=0.11 in’
Asbl :=if <Asbl > As.temp ,Asbl ,As,temp>
- Req'd Steel Area Base Slab (Long Direction)................ Ag;=0.18 in®

Check Steel Provided for Base Floor Si Long Direction) :

Bar Diameter............ccoccooeeciinnnee. Db,;=0.375 in
"BarSpacing......ccccccoeeiiiiiineen, spacing;=6-+in
D bbl2 .2 . 9 . 92
BarArea........cocoooeveniiciiicn. Appr =1 =0.11 in" Ay, :=Round (Abar ,.01l-in > =0.11 in
Apare 1o ft
Area Provided w/ Spacing................ Aq provi= Ja—r—————’t—— =0.22 in®
spacing;
Required Steel Area....................... Ay, =0.18 in®

if <Asbl SAs.prov.l s “OK” ’ “NG”) =“OK”

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx Page 16 of ’7’5
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Precast Concrete Box Design

Check Stee| Reinforcement Yield for Flexure (Base Floor Slab Long Direction) AASHTO LRFD 5.6.2.1:

A *

Depth of Equivalent Rectangular Stress Block.... a::Mzo.% in
0.85f.«b

Distance to Neutral AXis...........ccoceeviiiiiennene c:=—9—=0.32 in

) 1

Distance to the Centroid of Tensile Reinf................. d,i=dy;=5.44 in

Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eqi=.002

Check that Tensile Reinforcement has Yielded........ - Check, ::diz 0.059

.003
Checky:=—————=0.6
003 +¢,

Verify:=if (C'heck1 <Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
_ Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor Slab Steel (Long Direction
Total Service Load On Bottom Slab.......... e W= Weyy+ Wy + Wiy w,;=2.79 ksf
Service Moment at Midspan........................ M, ;:=Cg-w,,;+Span;” +b M, =2.19 kip-ft
Depth to centroid of slab reinforcing.............. d:=dy d=5.44 in

Concrete cover from extreme tension fiber to

center of flexural reinforcement..................... de.con=Cy+ (Dbyg+0.5 - Dbyy) =2.56 in

Modular ratio............c.cceeeviiiiiiciiiccnn n:=FE,+E, : . n=6.3

A .
Reinforcement ratio.................cccooovvveerennen. p::——;;'-p%?il— p=0.00337 .
. . 2
Compression fac‘tors. ke \/2 pem+ (p . n) —peia k=0.186
j=1-k+3 : - .7=0.938
. . . Ms.l :
Service tensile force in steel...........c.cc..o...... T, = ) T,,=5.14 kip
] . :
T
Service tensile stress in steel........................ feu .. fs1=23.38 ksi
’ As.p'rov.l
dc.cvr
Calculate Beta S..........cccoovoeiiiiiccce Bei=1+ p) Bs=1.673
AASHTO LRFD Equation 5.6.7-2 07 (Ty—de )
) . 700-7,+in .
Max spacing reinforcement ...................... Smazl=|————|—2+d,,,=10.6 in
AASHTO LRFD Equation 5.6.7-1 ﬁ B,- fsi
' ksi

Smaz.1 =M (1.5 Ty, Spaq1, 18 in) =10.6 in

Check steel spacing for crack control.... check;:=if (spacing; <|spqq.|, “OK”,“NG”)  check;="“OK”

o
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Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Long Direction):

Determine Effective Shear Depth...............ccoc..... M, ==A; provi* Iy (dbl-——2-—) 5.84 kip- ft

n

. dblv’:: =5.31 in

As.prov.l '.fy
del :=0.9. dbl =4.89 in

dey=0.72-T,=5.76 in
d:=if (dg) > dez,de;, dep) =5.76 in

dblv :=if (dblv’> de s dblv” de> =5.76 in

L
Shear Load, Long Direction.............c.cooocvninnnn Vui=Wgew, pase® ( 5 )-b V,..:=3.13 kip
‘ : . Fe .
Shear Capacity Long Direction ................ e OV 1 base =Dy 0.0316+ 3+ e ksi|-b,-dy,
St

¢Vc.l.base =8.79 kip
if (V1 <OV eibaser “OK”, “NG”) = “OK”

Base slab bars are #3 bars long and short direction. Project base slab bars (each way) into walls for a
distance equal to 1'-0" above the top of the base slab. Splice WWR in walls with the base slab bars for a
minimum distance of (1.3 times the WWR's basic development length) or (8.0 inches) perAASHTO LRFD
5.10.8.5.1. For these calculations use fy=70 ksi for the WWR in the walls.

Symesn =70 kst f'.=5 ksi . )\ 1
Db,,,=0.309 in
8y, = Spacing, Sy=3tn
7o Dby’
w:zﬁ’i& A,=Round(4,,.01+in")=0.07 in®

<.fy.mesh —20- kS’L)

0.5

Mrefgg) e

2

lp41:=0.95-Db,, - =6.56 in ~ AASHTO LRFD Equation (5.10.8.2.5a-1)

in
6°3'Aw'.fy.mesh' ki
Ly = — P _46in ~ AASHTO LRFD Equation (5.10.8.2.5a-2)

o2

bha=1f (Inas > lpaz » bhay » lnaz) = 6.56 in

Splice,;:=1.3:1;,,=8.53 in Splice,:=8.0 in

Splice,qq:=if (Splice, > Splice, , Splice, , Splice,) = 8.53 in Required minimum splice length for WWR
~ ~ in the walls with the projecting base slab
bars.

Reference attached drawmgs minimum splice length provided is 14 inches which is greater
than the required 8.5 inch minimum, therefore OK.
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Precast Concrete Box Design
Design of Riser Is:
Loading - Walls of Riser Section - External L ateral Pressure

Lateral Live Load Surcharge (LS)
Depth to bottom of section................ Hy:=H-T,—hy,=24.5 ft

Equivalent Height of Soail................ hey:=4.0 ft
AASHTO LRFD Table 3.11.6.4-1
LS:=ky+7vs+heg

Lateral Earth Surcharge from LL....... LS =0.143 ksf Service Load

Lateral Earth Pressure (EH) Loading above section (Service Load):
EH = (H_ Ty—hyy—h, _Hwt) ‘ <7eq) +Hyi s kg
Total Loading above section (Service Load): = . = . o
W, :=LS+FEH ,
Wo,=1.773 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EHdir = h’r")’eq |
EHdir =0.318 ka Note: wbs = EHdi'r

Jotal Loadin rvice):

k ’ ' Wy,
wsvc'r = ('I.Uas +“2—) . b =1.932 klf .

Total Loading (Factored):

‘W, i=(LS+ LLF},) + (EH, » SLF},) =2.817 ksf
wy,,:= (EH g, » SLF},) = 0.501 ksf

Wy

-b=3.068 kif

wu.r = (wa.r +

Bending Moment Analysis Horizontal L oading (Riser Section Walls

w Span;® + Spany,*
Moment In Corners..................... Mcor, , =——- Pal TOPTW |57 kip-ft
12 Span; + Spany, ,

. Wy Spa'nL2 .

Moment in Long Span.................. Milong,,; , ::——,——S—m———-—Mcorw:2.78 kip- ft
. 2

. wu.r'SpanW .
Moment in Short Span................ Mshort,, , , m— —Mecor,, ,=2.78 kip- ft
Maximum Factored Moment...... Mcor, ,=5.57 kip - ft

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx ‘ Page 19 of



Precast Concrete Box Design

Determine Required Circumferential Reinforcement (Riser Walls)

. . 2+Mcor,,, 0.85-f".«b-d,,
¢s-b+(dy,)" +0.85-f, fo

- Area of Flexural Reinforcing, Horizontal........... A,,=0.22 in’

Steel Area Required..............c.cccceenie Ag =

Check Minimum Regquired Reinforcement Riser Walls Horizontal Direction (AASHTO LRFD Section 5.6.3.3

Flexural Cracking Variability Factor................c.......... v:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v53:=0.67
. . wa .
Half of Wall Section Thickness.............ccccccoociiiinnis Cpe ::TZ 4in
Concrete Density Modification Factor.......................... ‘=10
0.5
Modulus of Rupture of Concrete........c....ccocevverecncnnnne fri=0.24. X (f’c . (:’ )) +ksi=0.537 ksi.
tp

. . . : Ig.wall . 3

Section Modulus, Non-Composite Section................... Spe= =128 in
: cnc

Cracking MOMENt..............ccooivrieriirereceseeeie e M, =73+ (71 fr) +Snc=6.14 kip- fi
Alternate Moment for Min. Reinf. Consideration........... M, mini=1.33+Mcor, ,=7.4 kip-ft
Controlling Moment for Min. Reinf. Evaluation............. M, in=if (McrsMu.min M, >Mu.min>

M,,,=6.14 kip- ft

Min. Req'd Steel Area Riser Walls (Horizontal Direction):

A =l1— \/1_ 2-M, min

s.min " ,
o Gsebe(dy,)* +0.85-f,
o '  Agm=0.24in’

0.85-f,+b-d,,
fy

Agpi=if (Asrh > A min s Asrh ,As.min>

= - ——=0.05 in’ Aq tomp= || If Aq pempy <0.11 in”
2-(b+wa)-fy-k(§" ) | ' 0.11 in? |
‘ ' ‘ R also if 0.11 in® <A, ;0,,»<0.60 in’
(Agemp) | |
else

0.60 in?

A, emp=0.11 in’
Asrh =if (Asrh > As.temp ’ Asrh ’ As.temp>
Req'd Steel Area Riser Walls (Horizontal)...................... A,,=0.24 in’

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx - ‘ Page 20 of VIQ



Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Horizontal Direction):

Bar Diameter............ccccocceeen. Db, =0.309 in
Steel Spacing..........ccccevveviiicnenn. spacing;,, =3 +in
| Db,,” - . -
Area of Steel................... Apgyi= s —Z—=0.075 in’ Ay, :=Round (Apr,-001+in” ) =0.075 in
Apgre 1 ft
Area Provided with Spacing............ A, prov.hr ::—M-T—‘——.———j—r~:0.30 in?
spacingp,
Area ReqUIred........cccooocvvrvoe. Ag=0.24in° i (A <Ay provie “OK”, “NG”) = “OK”

Check Steel Reinforcement Yield for Flexure (Riser Walls Horizontal Direction) AASHTO LRFD §.6.2.1:;

As.p'rov.hr * .fy

Depth of Equivalent Rectangular Stress Block.... a:=——————=0.35in

0.85-f".+b :
Distance to Neutral AXis..........c.cococoviricininnnne ci=2 =0.44 in

1
Distance to the Centroid of Tensile Reinf................ d,;:=d,,=5.85in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
Check that Tensile Reinforcement has Yielded........ Check; :=~‘—1c——= 0.075
)
.003
Checky:=——=0.6
.003+¢,

Verify:=if (Checkl < Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
‘ Steel Yields, Assumption Phi (Flexure=0.90) is OK

heck Crack Control for Corner Wall Steel (Riser Section Wall Horizontal
‘ w Span;® +Spany,*
~ Service Moment In Corners............. Mcor, , :=—nx". bafy, T oPaw
: 12 Span; + Spany,
Depth to centroid of wall reinforcing.............. d:=d,,
Concrete cover from extreme tension fiber to
center of flexural reinforcement..................... dy ppr = Clr + (0. 5. war> =2.15 in
Modular ratio...........cccooeevricnencciee, n=FE,+E,
A
Reinforcement ratio...............ccc.ccooevvvernnnnn. p= s;’";;”

2

Compression factors: ke \/2 cpn+(p-n) —pen

ji=1—k+3
. . . MCOTS.'I‘
Service tensile force in steel...................... Typ= g
J .
; : . Ts.hr
Service tensile stress in steel....................... Fopyi=
As.prov.hr

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx

):3.51 kip-ft

d=5.851in

n=6.3

p=0.00428

k=0.207
j=0.931

T, =7.73 kip

fope=25.77 ksi
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Precast Concrete Box Design

dC.C’U’I‘
Calculate Beta S...........cooooeveieeeccicece Bei=1+ y Bs=1.527
AASHTO LRFD Equation 5.6.7-2 0.7+ (Tup—de.con)
N 7007, -in _
Max spacing reinforcement ......................... Smazhr=|—————|—2+d. ., =114 in
'AASHTO LRFD Equation 5.6.7-1 s, Foh o

Simaz.hr =N (1.5 Ty s Saq e, 18 i) = 11.4 in
Check steel spacing for crack control....  checky, :=if (spacingn, <|Smaz.i|» “OK”, “NG”) checky, =“OK”

Check Wall Shear Capacity Horizontal | oading (Riser Section Wall

Determine Effective Shear Depth...........cccooco... M, =A; prophr Sy (dwr ———;l) =8.5 kip- ft
- M, !
Ay = =5.67 in
As.prov.hr 'fy

d;:=0.9.d,,=5.26 in
d,:=0.72-T,,=5.76 in

de = if (del Z de2 ’ del ’ de2) =5.76 in

dm = if (A > de s dyproy s de) =5.76 i

L
Max Shear Load On Riser Walls (Horizontal).......... V= (wy,) + (’5 - dwm,) Vur=4.66 kip
feo
OV, =¢,+0.0316.8+ — ks |+ by (dyro)
ksz ,
- Shear Capacity, Riser Walls (Horizontal)............. OV, ,=8.79 kip

if (Vur <¢VC‘T, “OK” s “NG”) — “OK”

Determine Required Reinforcement (Riser Section Walls Verical Direction):

Note: Due to the fact that applied loading is carried by the horizontal reinforcement, vertical reinforcement for
the riser walls is to be based on the required amount of shrinkage and temperature reinforcement.

Check Required Shrinkage and Temperature Reinf. Riser Walls Vert. Direction (AASHTO LRFD Section 5.10.6

1.3 . b hd wa . 92 . . 2
As.temp’:: . =0.05 in As.temp = if As,temp's 0.11 in
: : m o .
2-(b+wa)ffy°(kip) 0.11 in’
alsoif 0.11 in® <A, 1,y <0.60 in”
<As.temp’>
else
0.60 in’
A, temp=0.11 in’
Min. Req'd Steel Area (Riser Walls Vertical)..................c....... Agry=Ag temp=0.11 in’
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Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Vertical Direction):

Bar Diameter..........cccooviiinecnene Db,,,,=0.309 in
Steel Spacing..........cceceeveeevvenrieneen, spacing,,:=3-+in
D bwvr2 .. 9 . 2 . 92
Area of Steel........... Apgyi=m+— Z—=0.075 in’ Ay =Round (Apar,-001+in>) =0.075 in
Apreleft
Area Provided with Spacing........... Aq provar ::-—ﬂ——,—m{—: 0.30 in®
, : : spacing,,
Area Required...........ccc.cooooeen... Ay, =0.114n"  if(Ayy <A, proyrs “OK”, “NG”) = “OK”
Design Summa
Bas i ls:
Base Wall Thickness................... T,,=81in
Horizontal Wall Steel
Area Required...........cc.ocein A, =0.24 in’
Horizontal Steel Provided............ A, provn=0.30 in®
Db,=0.309 in D7.5 bars spacing,=3 in
Vertical Wall Steel
Area Required............................ A, =0.11 in’
Vertical Steel Provided................ A provy=0.30 in?
Db,,,=0.309 in D7.5 bars spacing, =3 in
B ecti | |
Base Slab Thickness....................... T,=81in
Base Steel Area Required
in Short Direction.................cccoe.e. Ay, =0.17 in®
Short Direction Steel
Provided...........cooooiiiiiiie Aq provs=0.22 in’
Db, ,=0.375 in #3 bars spacing,=6 in
Base Steel Area Required
~in Long Direction...................... T Ag=0.18 in®
Long Direction Steel
Provided...........cooooiiiii A, provy=0.22 in?

Db,;=0.375 in  #3 bars spacing;=6 in
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Precast Concrete Box Design

Riser Wall Thickness................... Tw=81n
Horizontal Wall Steel
Area Required................cooeee A,;,=0.24 in®
Horizontal Steel Provided............ Ay provr=0.30 in’
Db,,=0.309 in  D7.5 bars spacingy, =3 in
Vertical Wall Steel o
Area Required...............ccceee A,,,=0.11 in?
Vertical Steel Provided............... A, provwr =0.30 in”
Db,,,=0.309 in D7.5 bars spacing,,=3 in

(1) Horizontal wall reinf. (base section and riser) shall be continuous (fully developed) around corners.

(2) For square structures Long Direction and Short Direction are equal.

TDOT Precast 4x4 Base Section and Riser LRFD Submit 2-22.mcdx
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Precast Concrete Box Design

Project: TDOT Alternate Reinforcement for Precast Box Structures
Date: 02/22/22

Product: 8 ft. x 4 ft. Curb Inlets & Catch Basins (HL-93 Live Load
Calculations By: DRH ‘ : ; ;

Design Criteria: ; ; i ‘ ; - References:
- Top of wall at grade ~ ~ AASHTO LRFD Bridge
- HL-93 Live Loading Design Specification
- Water table at grade ‘ Eighth Edition, 2017
- Base section walls are integral with base slab ~ Fo
ri ies an ions:
Concrete Compressive Strength, 28 Days..................... fe:=5.0-ksi
Correction Factor for Source of Aggregate.................. K,:=1.0 AASHTOLRFD 5424
Unit Weight, Concrete...........ooooeveeiiiiiiiiniiiiniiein We=0.15. \sz
; ~ It
2.0 0.33
. ft? . [in? ) )
Concrete Modulus of Elasticity............ E_ :=120000-K, | |w, | — Sleel— «ksi=4592.2 ksi
AASHTO LRFD Equation 5.4.2.4-1 kip kip
" Steel Yield for Rebar.............cococviiiiicincnceienene e Jy:=60-ksi
Steel Modulus of ElastiCity..............ccoeoiicoiiccnncnn E :=29000-ksi
- Exposure Factor, TDOT Structures Office Policy.... ... 7v.:=0.88  Corresponds to Crack Width 0.015.in.
: \ (See AASHTO LRFD C5.6.7)
Unit Weight, SOil................... e ~=0.12+ ’,“’3’
Jt
Unit Weight, Water.......... e Y=0.0624 —k—:}g
It
Effective Angle of Internal Friction.............c.cccocoee. ¢'s:=30 deg
Friction Angle Between Filland Wall....................... 0:=0.67-¢';=20.1 deg
~Angle of Fill to the Horizontal.............c.ccoocooenininn. B:=0 deg

Angle of Back Face of Wall to the Horizontal............ 16:=90 deg

, ~ sin <¢If+5>‘5in (d)/f—ﬂ) 2 )
‘F-_(l‘*'d Sin(e—é)'sin(g-}-ﬁ) =2.69

2
oo (sin (92+ ®'s)) 03
r. <sin (6) sin(6 -6))
Equivalent Fluid Density, Fully Saturated Soil.............. Yeq:=(Ys—Yw) * Ka+7=0.0795 .’."lﬁ.’_
ive Load nami wance; | | 1t
Live Load.......c.cooovieiiirn e LL:=32 kip HL-93Axle Load
Dynamic Load Allowance...............coccooviininiciiiinnns IMy4:=1.33

HE
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Precast Concrete Box Design

Lo n istance Factors:

np:=1.0 Ductility Load Modifier,
AASHTO LRFD 1.3.3

NMr_pL=1.0 Redundancy Load Modifier,
AASHTO LRFD 1.3.4, Dead Loads

Nr_r=1.0 Redundancy Load Modifier,
AASHTO LRFD 1.3.4, Live Loads

n;+=1.0 Importance Load Modifier,
AASHTO LRFD 1.3.5

Mp_s=1.05 Redundancy Load Modifier,

AASHTO LRFD 1.3.4 & 12.5.4,
Soil Loads .

m:=1.2 Multiple Presence Factor,

AASHTO LRFD Table 3.6.1.1.2-1

LLF;:=1.75 LLF:=m+LLF;*np+ng 11°n;=2.10 Live Load Factor,
AASHTO LRFD Table 3.4.1-1
LLFy:=LLF;*np*ng_rr*m=1.75

DLF;:=1.25 DLF:=DLF;-np-ng pr*M=1.25 Dead Load Factor,
ST N : , “ AASHTO LRFD Table 3.4.1-1 & Table 3.4.1-2

SLFih:: 1.5 SLFh ::SLFih.nD.nR_SL.nI: 1.58 Soil Load Factor,
: : - AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EH, Active)

SLF;,:=1.3 SLF,:=SLF;,*np*ng sy =137 Soil Load Factor,
: : : oo a AASHTO LRFD Table 3.4.1-1 &
Table 3.4.1-2 (EV)

¢5:=0.90 Resistance Factor-Flexure, AASHTO LRFD 5.5.4.2 (Assumed, Verify in Flexural Calcs.)
¢,:=0.90 Resistance Factor-Shear, AASHTO LRFD 5.5.4.2
B:=2.0 Shear Factor- AASHTO LRFD 5.7.3.4.1
By= 0.85—0.05-(’{6. —4):0.8 Bi=1||if 8,,<0.65 3,=0.80
S
also if 0.65 <3, <0.85
(,31'> -
else
0.85
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Precast Concrete Box Design

Pr ata: L
Width, Short Dimension................... W:=4.00-ft
Length, Long Dimension................. L:=8.00-ft
Top Slab Thickness..............ccceee. T;:=10-in ; B
Bottom Slab Thickness................... T,:=8-in
Base & Riser Wall Thickness.......... T, p=8ein =
: _Finished Grade
Design Span Width........................ Spany, =W +T,,=4.67 ft -ty ==
Design Span Length...................... Span;:=L+T,;,=8.67 ft _
Inside Total Height...............c.......... h:=19.ft+10-in -
Soil Fill Above Top Slab................... hs:=0.0-in =
Depth to Water Table..................... H,:=0-ft
Design Beam Width, Flexure......... b:=12+in o . Tub
Design Beam Width, Shear.......... b,:=12 in
‘ 3
Design Strip Moment of Inertia..... - Tywan ::—lng 512 in"  Base and Riser Walls
. b R Tb3 » .
Igpasei=——7—=>512in Base Floor Slab
- Depth to Bottom of Base Slab......... H:=h;+T,+h+T,=21.33 ft
Vertical Stack Geometry:
Height of Base Section.................... hy:=4-ft+0-in Note: These dimensions used
for design. Mfg. heights will
Height of Bottom Riser Section......... h,:=4.ft+0-in vary. , ’
Height of Interm. Riser Sections....... h,o:=11<ft+10-in
te Cover ive Depths:
B ection Wallis:
Base Wall Concrete Cover................ Cp=2.0-1n
Bar Diameter, Base Walls................... Db, :=.391-in Horizontal Direction
Db, :=.391-in  Vertical Direction,Cantilever
Horizontal Wall ds Dimension............. dy=Tuw—C,—0.5-Db,=5.80 in
Cantilever Wall ds Dimension........... dy:=Tyy—Cy— (Db, +0.5-Db,,) =5.41 in
Base Section Floor Slab:
Base Floor Siab Concrete Cover....... Cp:i=2.0+in
Bar Diameter, Base Floor Slab....... Dby,:=.50+1n Short Direction
Dby;:=.50-in Long Direction
ds Dimension (Short Direction)........... dp =T, —Cp—0.5Dby;=5.75 in
ds Dimension (Long Direction)......... dy =Ty —Cy— (Dbys+0.5+ Dby) =5.25 in

Q
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Precast Concrete Box Design

Riser Section Walls:

Riser Wall Concrete Cover................ Cri=2.0in
Bar Diameter, Riser Walls................... Db, :=.391+in  Horizontal Direction
Db, :=.391+in Vertical Direction

Riser Horizontal Wall ds Dimension....  d,,,:=T,;,—C\,—0.5:Db,,,=5.80 in

Riser Vertical Wall ds Dimension.... der =T yp—Cyp— (Db + 0.5+ Dby} =5.41 in
esl ase Section: Finished Grade
Loading - Walls of Base Section - External Lateral Pressure [ lﬁ@ﬁ!‘l%l I |
Lateral Live Load Surcharge (LS) ' HI=H
. s w a
Depth to bottom of section................ Hy:=H-T,=20.67 ft « i
Equivalent Height of Sail................. heg=4.0 ft al T
AASHTO LRFD Table 3.11.6.4-1 + _C'Q
Lateral Earth Surcharge from LL... LS:=kyvs+heqy /
LS=0.143 ksf Service Load / al
Lateral Earth Pressure (EH) Loading above section (Service Load): i
~ o)
EH = (H—Tb"h‘bb“'Hwt>’<7eq) +Hyp Vs ko ; i ‘ e ‘ ) =

Total Loading above section (Service Load):
Weei= LS +EH 4,
w,,=1.468 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EH ;3= gy Yeq
EH,,=0.318 ksf Note: Wyei=EHy,;,
Total Loading (Service): |

Wy,

Wepe i= (was+ ).b=1.627 klf

Total Loading (Factored):
Wo:= (LS + LLF)) + (EH g, + SLF},) = 2.337 ksf

wy = (EH g+ SLFy) =0.501 ksf

Wy,

Wy
w,+ 5 +b=2.588 klf

9.
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Precast Concrete Box Design

Analysis of Deflections, Base Section Walls--Fixed-End Condition:

<wsvc> .S pa'nL4

Maximum Horizontal Deflection At Mid-Span...... Amaxy,,;, = =0.0176 in
: ‘ . 384-E,- Ig.wall

Weso D) el (Whe s .50+ b) « By ®

Maximum Deflection At Top of Base Wall........ Amazx,,,; = ( a ) ® 4+ ( bs W > ®  =0.0365 in
8'Ec'Ig.wall 1'B'Ec'Ig.wa.ll :

. . . . Amaxhoriz
Percent of Load Carried In Cantilever Direction............... K o= =0.32
: : : Amazxy,,;, + Amaz,,,,
Percent of Load Carried In Horizontal Direction............... Kyori=1—K_ 4,;=0.68

Bending Moment Analysis Horizontal Loading (Base Section Walls):

Span
Mcory
gA Miong
-] Mshort yw
40)
Y
w, [Span;® +Spany’®
Moment In Corners...........c.coecne. ‘Mcor, =K, — P Panw =8.22 kip - ft
o ~ 12 Span; +Spany, ~ :
. (w,) - Span,” :
Moment in Long Span................... Milong,,; ::Khoriz-——é———«-m-—Mcoru:&lQ kip- ft
. (w,) - Spany,” :
Moment in Short Span................... Mshort, =K} i, * ———Mcor,=-3.46 kip-ft
Maximum Factored Moment.......... Mcor,=8.22 kip- ft
Determine Reguired Circumferential Reinforcement (B ion Walls):
2+«Mcor 0.85+f".«b-d
Steel Area Required............c..c......... Agpi=|1— \/ 1— — || I e
| ¢sobe(dy)” +0.85¢f fy
Area of Flexural Reinforcing, ............cccceeueue. A, =0.33 in’

Check Minimum Required Reinforcement Base Section Wall Horizontal Direction (AASHTO LRFD Section 5.6.3.3)

- Flexural Cracking Variability Factor........................... v;:=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
. . wa .
Half of Wall Section Thickness.............ccccccveiinienns Coe :——5— =4 in
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Precast Concrete Box Design

Concrete Density Modification Factor........................... A:=1.0
0.5
Modulus of Rupture of Concrete.............c.ccoceeevereiennen. fr=0.24. )\-;(f’c . (::; )) +ksi=0.537 ksi
Section Modulus, Non-Composite Section................... S,.i= Ty wa =128 in?
o i
Cracking MOMENt...............cooveeveereeeeeeeeeeeeeereereneeeans M =73+ (V1 f;) * Spc=6.14 kip- ft
‘ Alternate Moment for Min. Reinf. Consideration....‘ ..... M, rin = 1.‘33 +Mcor,= 10.93 kip- ft
Controlling Moment for ’Min. Reinf. Evaluation............. | M, pin=1f (MchMu.min ,Mcr,Mu,mm)

M, nin=6.14 kip- ft
Min. Req'd Steel Area Base Walls (Horizontal):

i | | | 2'Mu.min 0'85'f,c°b'dw
As.min =[1- 1- *
e

- Ay in=0.24 in®

Aswh :=if (Aswh > As.min 7Aswh ?As.mz'n>
Req'd Steel Area Base Walls (Horizontal)..................... Agn=0.33 in’

Check Required Shrinkage and Temperature Reinforcement (AASHTO LRFD Section 5.10.6)

1.3.b.T, a ~
° =0.05 in? A temp = || i Aggemp<0.11 in’

in
2-(b+wa) 'fy'(kip) : ‘ 0.11 in’ :
‘ ' ‘ | alsoif 0.11 in® <A, .,y <0.60 in’
(As.temp’>

As.temp’ =

else
0.60 in®

A =0.11 in*

s.temp

Agpn=if (Aswh > Ay temps Aswh As.temp)
Req'd Steel Area Base Walls (Horizontal)....................... A, =0.33 in’

Check Steel Provided (Walls Horizontal Base Section):

Bar Diameter..............ccoceoreennne Db,=0.391 in
Steel Spacing.........c.cccoevevvveevieenne. spacingy:=3+in
Db,” . . 5 . o
Area of Steel.................... Apgp=1re 1 =0.120 in” A, :=Round (A,m ,.01ein ) =0.12 in
Apore1eft
Area Provided with Spacing............ A provh ::——f’-“—’:—-—;—-{——:OAS in®
spacing,,
Area Required................cccoeeurenn. Agy, =033 in® i (Agn <A, provns “OK”, “NG”) = “OK”
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Precast Concrete Box Design

Check | Reinforcement Yield for Flexure (Walls Horizontal Base Section) AASHTO LRFD 56.6.2 1:

A .
Depth of Equivalent Rectangular Stress Block.... a::—&pfﬁ’f—&’-:&% in
0.85.f,+b
Distance to Neutral AXis..........cccocoeiiiinnnine c::-‘-l——: 0.71 in
: B
Distance to the Centroid of Tensile Reinf................. d,:=d,=581in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
- Check that Tensile Reinforcement has Yielded........ . Check, = —5—: 0.122
‘ .003
Checky:=——=0.6
003 +¢,

Verify:=if (C’heclc1 <Check,,“Tension Control”, “Not Tension Control””) = “Tension Control”
‘ Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Wall Steel (Base Section Wall Horizontal

w Span;® +Spany,®
Service Moment In Corners............ Mcor, =K, —— e Pal, TOPIW | _5.17 kip-ft
12 Span; +Spany,
Depth to centroid of wall reinforcing............... d:=d, o o d=5.80in
Concrete cover from extreme tension fiber to Db
center of flexural reinforcement........... e Ay ppr i =Clop+ ___2__"1 =2.21in
Modular ratio............coevniieieiniiicciees n=E,+E, « : - n=6.3
k . . As.p'rov.h k ‘
Reinforcement ratio...........c.ccoceeniniiinennen. p= “bod p=0.00689
. ' 5
Compression factors: k= \/2 pemt (pn) —pem  k=0.255
j=1—k+3 ; . .7=0.915
) . Mecor, .
Service tensile force in steel...............c....... T, pi=—o T,,=11.67 kip
B J . d
. . - . Ts.h . : .
Service tensile stress in steel........................ Jop=—m—m—m— forn=24.32 ksi
. As.prov.h
d
Calculate Beta S........cc.cooooovvvvervrerireeran Byi=1+- ““Td Bs=1.54
AASHTO LRFD Equation 5.6.7-2 0.7+ (Top = de.cor)
. ) , 700+7,+in )
Max spacing reinforcement ....................... Smaz.h=|———1—2+d oy =12.1 in
AASHTO LRFD Equation 5.6.7-1 B,- fon
ksi

Simazh =N (1.5 Ty Spag s 18 in) =12 in

Check steel spacing for crack control....... checky,=if (spacingy, < |Smaz.n|, “OK”, “NG”)  check),=“OK”

: 4
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Precast Concrete Box Design

Check Wall Shear Capacity Horizontal Loading (B ion Walls
Determine Effective Shear Depth...........ccc.o...... M, =A; provn fy* (dw -—g—) =13.25 kip- ft
M, .
d,,=————=5.521n
. As.prov.h 'fy

d,:=0.9-d,=5.22 in

dyp:=0.72-T,, = 5.76 in
: . de = if(del ZdeZ’del s d62> =5.76 i'n,

Ay = if (dyy > doy Ay, de) =5.76 i

Maximum Shear Load on Walls (Horizontal).......... Vi =Korir* (wu) . ( s - dwv) V,=6.15 kip
Shear Capacity, Wall (Horizontal).............cc.cc....... ¢V,.=¢,+0.0316-:3- ( ’fc_ . ksz) +b,* (dwv)

HV,=8.79 kip
if <Vu < ¢Vc? “OK?” , “NG”> =“QK”

Design of Vertical Reinforcement (B ection Wall Cantilever Direction
~ ‘ Wo ey’ +b wyehy” +b ) «
Moment At Base of Wall............c.cccoeenes ; Mcantuzsznt--—e——.—2——~e-+Kcam-——;—6———:6.51 kip-ft

Steel Area Required.............coooeviiiriicccinen e A=

1 1 2+Mecant, 0.85.f,+b-d,
¢s-bed,’-0.85-f, Iy |

Area Of Fiexural Reinforcing, A =0.28 in?
swy— Y

Cantilever Direction (Walls Vertical)..................

Check Minimum Required Reinforcement B Section Wall Cantilever Direction (AASHTO LRFD Section 5.6.3.3

Flexural Cracking Variabilty Factor.......................... v::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67
. . wa .
Half of Wall Section Thickness..............c.ccccociiinnnnn Cpei= - =4 1in
Concrete Density Modification Factor..................c........ A:=1.0
in2 0.5

Modulus of Rupture of Concrete.............cccoceverieieencnne fr1=0.24 X (f’c- ( ™ )) + kst =0.537 ksi

tp
Section Modulus, Non-Composite Section................... S, =22 — 198 in?

cnc

Cracking MOMENt...........co.ccooevvveiereeeiereeeeeeeee s M, =73+ (V1 f;) +Snc=6.14 kip- ft
Alternate Moment for Min. Reinf. Consideration........... M, min+=1.33+Mcant,=8.65 kip- ft
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Precast Concrete Box Design

Controlling Moment for Min. Reinf. Evaluation............. M, in=1if (MchMu.min?Mcr’Mu.min)

M, min=06.14 kip- ft
Min. Req'd Steel Area Walls (Vertical):

) | 2'Mu.min 0'85'f’c'b'dc
Agmin={1—[4/1— *
e

A, min=0.26 in’
Agyy=if (Aswv > Ag.min s Aswo s Asmm>

Req'd Steel Area Base Walls (Vertical)................... Ay =0.28 in®

Check Reguired Shrinkage and Temperature Reinforcement (AASHTO | RFD Section 5.10.6)

1-3'b'wa . 2 . : . .2
A temp' = ———=0.05 in Astemp = || If Agtemp<0.11 in
: in
2-(b+wa)'fy-(kip) , , 0.11 in®
‘ alsoif 0.11 in” <A, ;0,y <0.60 in®
. ‘ s ;;;;;; ’ (As.temp’>
o ‘ else
0.60 in’
A, temp=0.11 in’
Aswv =if (Aswv > As.temp ’Aswv ’As.temp>
Req'd Steel Area Base Walis (Vertical)..............cc........ A, =0.28 in®
Check Stee| Provided (Walls Vertical B tion):
Bar Diameter.............ccoccoeinennne, Db,,,=0.391 in
Steel Spacing............ccoeeeeveveinennnnn, spacing,:=3+in
PN wav2 . Ly . o s
Area of Steel............... Apgyi= 1+ ——-=0.120 in Apgr=Round (A,,,.01+in) =0.12 in
Apore 1 ft
Area Provided with Spacing.............. Aq prova :=--lfﬂ—_—!—-=0.48 in’
: spacing,
Area Required.............cc.cocevverennnes Ay =0.28in" if (Auy <Ay provs, “OK”, “NG”) = “OK?”

ZD
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Walis Vertical Base Section) AASHTO LRFD 56.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::iM:O.SG in
0.85+f,+b
Distance to Neutral AXis..........cccocvcoeveennncnenns ;c:=£—=0.71 in
1
Distance to the Centroid of Tensile Reinf................. d,:=d.=541 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq=.002
Check that Tensile Reinforcement has Yielded........ .Check; = di =0.13
, ; . L A
.003
Checkyi=————=0.6
003 +¢,

Verify:=if (Check:l <Check,,“Tension Control”, “Not Tension Control””) =“Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Vertical Wall Steel (B ction
. ‘ Weqe hyy” + b Wy hyy” +b .
Service Moment at base of walll......... Mecant,:=K,,,; -——-——é—————-{».Kmnt -—————-——é————=4.09 kip-ft
Depth to centroid of wall reinforcing............... d:=d, ‘ d=5.411in
Concrete cover from extreme tension fiber to .
center of flexural reinforcement..................... de.cor =Cly+ (Db +0.5.D by) =2.59 in
Modular ratio.............cccoeeiiiiicienee, S - n=E+E, - . .n=6.3
; ; J ﬁ o ;
Reinforcement ratio................cccccoevverunnn. p::,—‘;;’f—oj—'1i p=0.00739
« ion f 1 ; 2 :
Compression factors: k::\/2-p-n+(p-n) _pen  k=0.262
ji=1—-k+3 - j=0.913
] ) Mcant, .
Service tensile force in steel..............c..c....... [ — T,,=9.94 kip
T ;
Service tensile stress in steel......................  fep=——— J5.0=20.7 ksi
: As.prov.v
dC.C’UT .
Calculate Beta S.........ccocooeeviiiiiccee, Bsi=1+ p B,=1.683
AASHTO LRFD Equation 5.6.7-2 0.7 (Tup = decar)
- 700+, in .

Max spacing reinforcement ......................... Smaz = |————|—2°d, 1y =12.5 in
AASHTO LRFD Equation 5.6.7-1 | B, fo

Smaz.o =11 (1.5 Ty s Smaz.v» 18 #n) =12 in

Check steel spacing for crack control....... check,:=if (spacing, < |Smu.0| , “OK”, “NG”)  check,=“OK”
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Precast Concrete Box Design

Check Wall Shear Capacity Vertical Loading (Base Section Wall

Determine Effective Shear Depth........ e M, :=Ag provo Sy (dc~%) =12.31 kip-ft
‘ M, ,
dyi=———=5.13 in
As.prov.v * fy

d.;:=0.9-d,=4.87 in

dy:=0.72-T,,=5.76 in
de = if(del > dez . del s d82> =5.76 in

dyy:=if (dpy>de, deyyr s de) =5.76 in

‘Maximum Shear Load on Walls (Vertical)........... . V=Ko () (hy) V,=3.36 kip
Shear Capacity, Wall (Base of Cantilevery)........... ¢V, .:=¢,+0.0316.3. ( :C_ . ksz) +b,-d,,
~ si
SV, =8.79 kip

if (Vu <¢V,.,“OK”, “NG”) =“0QK?”
ecti ign:

Distribution of External Upward Pressure

o[ SPany Spany, ‘ . .
m.:=if <0.5,0,Round ,0.05 m.=0.55 _If width to length ratio is less than 0.5
: Span,, Span;, then design as one-way slab (m=0).
m CA CB ‘ ' m WA WB
[ 1 .036 .036] | . [ 1 .50 .50]
{.95 .040 .033 : -1.95 .55 .45
.9 .045 .029 9 .60 40
{ .85 .050 .026 : .85 .66 .34
| .8 .056 .023 8 .71 .29
MC:= 75 .061 .019 Moment Coefficients VC:= 75 .76 .24 Shear Coefficients
.7 .068 .016 based on distribution -7 .81 19| pased on distribution
1.65 .074 .013 Width/Length ratio, m. .65 .85 .15 Width/Length ratio, m.
.6 .081 .010 .6 .89 .11 ‘ ‘
.55 .088 .008 .55 .92 .08
.5 .095 .006 , 5 .94 .06
| 0 125 0 | 4— 0.125= 1/8 (One-Way Case) | 0 1.0 0 |
C 4 :=|vlookup (m.,MC, 1)| C,=0.088 Moment Coefficient, Short Direction
Cg=|vlookup (m.,MC,2)| C=0.008 Moment Coefficient, Long Direction
W 4 := [vlookup (m.,VC, 1) W,=0.92 Shear Coefficient, Short Direction
Wy := [vlookup (m.,VC,2)| Wy=0.08 Shear Coefficient, Long Direction

: >
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Precast Concrete Box Design

Combination of Loads

Structure Volume:

Worst Case - structure empty with full LL+ Impact

Voli=he (W+2Typ) « (L+2+Typ) —heWe L+ Tye (W2 Typ) « (L+2+Typ) + Ty (W2 Tp) + (L+2-Top)

Structure Volume...........ccccoiiiiiiiiineeeeeenes

Self Weight Bearing Pressure.................. W, =
Earth Load Bearing Pressure...................

Live Load Bearing Pressure...............c.occe..

Vol=427.3 ft*

WrrL :=LL.

Vol-w, =129k
B L A2Tyy)c (WH2:Tyy) Weu =129 ksf
WEV‘=7s'hf=0 ksf |
Mo, =0.86 k
(L42-Ty) - (W+2:Tyy) of

Total Load On Base Floor Slab (Factored)....... W, pose:=DLF+wg,+SLF, «wgy+ LLF+wy;=3.4 ksf

Base Floor Slab Moment Analysi

Moment at Midspan Short Direction.....................

Steel Area Required............c.ccceeeeeviiveeeneninns

Area of Reinforcing, Short Direction................

nd Required Flexural Reinforcemen

Mu.g =Clye wujbase * Spafn‘W2 " b

YW — o
¢f°b'(db8>2'0'85’f/c fy |

A,,=0.26 in’

=1

hort Direction

Mu.s: 6.53 kzp-ft

Check Minimum Required Reinforcement Base Floor Slab Short Direction (AASHTO LRFD Section 5.6.3.3)

Fiexural Cracking Variability Factor...........................

Ratio of Yield Strength to Ultimate Tensile Strength.....
Half of Base Slab Section Thickness...........cccccccovneenee
Concrete Density Modification Factor..............c.cccco.o..

Modulus of Rupture of Concrete...............ccccooeneneene.

Section Modulus, Non-Composite Section...................
Cracking Moment............cccocoeiiiiccece e
Alternate Moment for Min. Reinf. Consideration...........

Controlling Moment for Min. Reinf. Evaluation......... -

TDOT Precast 8x4 Base Section and Riser LRFD Submit 2-22.mcdx

M,

’71 = 1.6
’73 = 0-67
Ty

C7LC:=—2_—:4 in

A:==1.0
0.5
in?

fT:=0_24-)\-(f’c-(k_ )) -ksi=0.537 ksi

ip

I
Spei= 225 = 128 in®
C

nc

Mcr::73' <71 '-fr) 'Snc=6'14 k"p'ft

min=1.33+M, ,=8.68 kip- ft

u

‘ My min=1f (Mcr <My min s My ) Mu.min)

M, ,imn=6.14 kip- ft
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Precast Concrete Box Design

Min. Req'd Steel Area Base Floor Slab (Short Direction):

| 2.M,_ 0.85+f,+bedj,
As.min ={1- \/ 1— ;L.mm . f d b
AV @b (dyy)” -0.85- 1 -y

A, in=0.24 in’

Agpsi=if <A3bs > As.min s Agps As.min)

Req'd Steel Area Base Floor Slab (Short Direction)...... Ay,=0.26 in®
Check Required Shrinkage and Temperature Reinf. Base Floor Slab Short Direction (AASHTO LRFD Section 5.10.6)
1.3 . b . Tb . 9 ‘ R . 9
As.temp':: " =0.05 in As.temp = lf As.temp’s 0.11 zn
in A ) ,
2.(b+Tb>,.fy.(kip) L o . 0.11 n .
. ‘ ‘ also if 0.11 in® <A, .,y <0.60 in®
(AsAtemp')
else
..... 0.60 in”

A, emp=0.11 in”
Asbs i=if (Asbs >As.temp ’Asbs 7As.temp> :

Req'd Steel Area Base Floor Slab (Short Direction)................ A,,=0.261in"

Check Steel Provided for Base Floor Slab (Short Direction) :

Bar Diameter..............cccccceienennnn Db, =0.5 in
_BarSpacing.........ccooooeeaeiieieeeineeen spacing,:=6-+in
| Dbbs2 .2 . .2 . 92
BarArea........c.ccooenveeierirnennnne Apyi=ae 2 =0.20 wn Ay i=Round (Abar, .01-2n ) =0.20 in
. . Abar -1 '.f t . 9 .
Area Provided w/ Spacing............. Ag prov.s’=———=0.40 in
v spacing,
Required Steel Area.................. Agy,=0.26 in’

if (Asbs SAs,prov.s , “OK?” , “NG”) =“QK”»

TDOT Precast 8x4 Base Section and Riser LRFD Submit 2-22.mcdx Page YS’] ‘wl %



Precast Concrete Box Design

heck Steel Reinforcement Yield for Flexure (Base Floor S| hort Direction) AASHTO LRFD 5.6.2.1:
A .
Depth of Equivalent Rectangular Stress Block.... a::mzo.ﬂ in
0.85.f".+b
Distance to Neutral AXis............ccoccovvriniicnrnnnn. ; c::—a—:().BQ in
1
Distance to the Centroid of Tensile Reinf................. d;:=dy,,=5.75 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq+=.002
Check that Tensile Reinforcement has Yielded........ Check, ::?JC‘: 0.102
‘ .003
Checky:=———=0.6
003 +¢,

Verify:=if (Check:1 < Check,,“Tension Control”, “Not Tension Control””) = “Tension Control”
.. Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor S| teel (Short Direction
Total Service Load On Bottom Slab.............. Wy o= Wey, + Wy + Wiy, w, ,=2.14 ksf
Service Moment at Midspan...................... M, :=C,-w, Spany” b M, ,=4.11 kip . ft
Depth to centroid of slab reinforcing.............. d:=dy, ' d=5.75in

‘ .
Concrete cover from extreme tension fiber to d, . i=Cy+ ( 0.5. Dbbs> —9.95 in |

Modular ratio........c..coeeeeiiiiciiiicicn, n=E,+FE, o n=6.3
. . As.p'rov.s
Reinforcement ratio............ccconveenee. s pi= “h.od , p=0.0058
ion f; ; - ‘ ‘ 2
Compressmn actors » k::\/2-p-n+(p-n) —pen  k=0.236
ji=1—k+3 7=0.921
. . . MS.S .
Service tensile force in steel........................ T, i=— 4 T,,=9.3 kip
Service tensile stress in steel...................... fogim e - f,s=23.26 ksi
vAs.p'rov.s
dC.C'UT
Calculate Beta S ...........cccoviiniiiiiiii, - Be=1+ .. B,=1.559
AASHTO LRFD Equation 5.6.7-2 0.7+ (T, — e cor) |
N 7007, +in )
Max spacing reinforcement ..................... Smaz.s=|————|=2+d 0y =12.5 in
AASHTO LRFD Equation 5.6.7-1 s, Fss
kst

Smaz.st= min (1-5 . Tb »Smaz.s» 18 m> =12 in
Check steel spacing for crack control....  check,:= if (spacing, < |$maq.| » “OK”, “NG”)  check,=“OK”
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Precast Concrete Box Design

Base Floor Slab Shear Analysis and Check (Short Direction):

Determine Effective Shear Depth.........c..ccccceeenene. M, =A; prov.s* fy* (dbs —%) =11.03 kip- ft
db 8 e n :5.51 in
* As.prov.s ¢ fy

d,;=0.9+dy,=5.18 in

d:=0.72-T,=5.76 in

de =if <del > de2 ’ del 3 de2> =35.76 in

dbsv =if (dbsv’> de ’ dbsv' ’ de> =5.76 in

S : w ;
Shear Load, Short Direction...........c..cccceerienennene. Vs =W Wy pase* (—2—~ — dbsv) b V,,=4.76 kip
- . fe o
Shear Capacity in Short Direction.............cc.ccccouneen. DV ¢ s base =Py 0.0316: 3+ i cksi|+b,+dy,,
‘ , St

» vac.s.base =8.79 kip

if (Vs <OVes.paser “OK”, “NG”) = “OK”

Base Floor Slab Moment Analysis and Required Flexural Reinforcement (Long Direction

Moment at Midspan Long Direction......... M, ;:=Cp Wy pase* SO, + b M,;=2.05 kip-fit
. ' 2-M,, 0.85- fo+b+dy
Ratio of Reinforcement to Concrete........ Agi=[1—-4/1— 5 —11|° ,

| g+ e (dy)” - 085+ fy
Area of Reinforcing, Long Direction.......... Ay =0.09 in® ‘ o

Check Minimum Required Reinforcement Base Floor Slab Long Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variability Factor......................... v::=1.6
Ratio of Yield Strength to Ultimate Tensile Strength..... v3:=0.67

. . Ty
Half of Base Slab Section Thickness.............cccccococee. Cpoi=—=41in
Concrete Density Modification Factor.............c..cccceeee ‘A:=1.0

: 0.5
, in? ] ]
Modulus of Rupture of Concrete..........ccccooneinn. fri=0.24 | f' 0 ” +ksi=0.537 ksi
Section Modulus, Non-Composite Section................... 8, =22 — 128 in®
C’I’LC

Cracking MOMENL.............ovueevrireririeseeeeeeensieneeeeeeeees M, =73+ (V1 f;) + Snc=6.14 kip- ft
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Precast Concrete Box Design

Alternate Moment for Min. Reinf. Consideration........... M, ini=1.33M,,,=2.72 kip- ft

Controlling Moment for Min. Reinf. Evaluation............. M, pin=1if (Mcr <M, min s Mer ’Mu.mz"n,)

My in=2.72 kip-ft

Min. Req'd Steel Area Base Floor Siab (Long Direction):

2. M, . 0.85+f,+b-d
: As.min:z (1"’(\/1_ 2.m - ))‘ - f bl
SR ¥ @yrbe(dy)’ 0851, -y

A, min=0.12 in’

Agy:=if (Agy> Ay min » Asvl » Ag.min)

- Req'd Steel Area Base Slab (Long Direction)............. Ay =0.12 in®
heck Required Shrinkage and Temperature Reinf. Base Floor Slab Long Direction (AASHTO LRFD Section 5.10.6

1.3-b.T
b =0.05 in’ A tomp= || i Aggemp <0.11 in”

2'(“7’1»)'&'(%) N . 0.11 én’
‘ ‘ ‘ also if 0.11 in’ <A temp <0.60 in’
(As temp)
else
0.60 in®

As.temp' =

A, temp=0.11 in’
Asbl = if (Asbl > As.temp ’ Asbl 7As.temp>

Reqg'd Steel Area Base Slab (Long Direction)................ Ay =0.12 in’

heck Steel Provi for Base Floor S| Long Direction) :

Bar Diameter...........ccoerevevnieiennee Dby, =0.5 in
"Bar Spacing.........ooveecieieeicic e spacing;:=6-in
D bb12 . 92 .9 .9
BarArea..........cocooeeirrnrenecnenn Apgpi=Tre =0.20 in° Ay, :=Round (Abar ,.0lein ) =0.20 in
‘ Apare1-Ft
Area Provided w/ Spacing................ Ag provt ™= —bi‘f-—-j— =0.40 in’
spacing,
Required Steel Area....................... Ay =0.12 in?

if <A3bl SAs;pmv.l , “OK”, “NG”) =“OK”
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Precast Concrete Box Design

Check Steel Reinforcement Yield for Flexure (Base Floor Slab Long Direction) AASHTO LRFD 5.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::———si-M:O.47 in
0.85-f".+b
Distance to Neutral AXis.............cceeveeiinnninenne. c:=i=0.59 in
‘ 1
Distance to the Centroid of Tensile Reinf................. dy:=dy;=5.25 in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
Check that Tensile Reinforcement has Yielded........ Check, ::diz 0.112
; ; ; ; A
‘ .003
Checky:=————=0.6
003 +¢,

Verify:=if (Checkl <Check,, “Tension Control”, “Not Tension Control"”) =“Tension Control”
Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Base Floor Slab Stee| (Long Direction

Total Service Load On Bottom Slab.............. W= Wy + Wy + Wy, w,;=2.14 ksf

Service Moment at Midspan......................... M, ;:=Cg-w,;+-Span;’ «b - M,;=1.29 kip- ft

Depth to centroid of slab reinforcing.............. d:=dy, , d=5.25in

Concrete cover from extreme tension fiber to

center of flexural reinforcement.............. s de.con = Cp+ (Dbyy+0.5 - Dby) =2.75 in

Modular ratio...........cocccoeeiiiiiiieicccie ni=E,+FE, o ‘ n=6.3

A
Reinforcement ratio................c.ccccce....... o p::—,;)'-pf;—lﬁl— p=0.00635
. . 2
Compresswnfactqrs.i ‘ : k::‘\/z pent(pen) —pon k=0.246
ji=1-k+3 : 7=0.918
. . . Ms.l : .
Service tensile force in steel......................... T, ,=— 3 T,,=3.21 kip
Je : ;
, . . Ts.l .
Service tensile stress in steel........................ foy=——r fe1=8.01 ksi
As.prov l
dC.C'UT ‘
Calculate Beta S........cccocooeiiiini i Bei=1+ Bs=1.748
AASHTO LRFD Equation 5.6.7-2 0.7+ (Ty~de.cor)
o 700+, in .
Max spacing reinforcement ...................... Smazl=|—————|—2+d,,;,=38.5 in
AASHTO LRFD Equation 5.6.7-1 ' B, Far

Smaz =N (1.5 Ty, 8pya00, 18 n) =12 in

Check steel spacing for crack control.... check,:=if (spacing; < |Smqza|, “OK”, “NG”)  check;=“OK”
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Precast Concrete Box Design

Base Floor Siab Shear Analysis and Check (Long Direction):

Determine Effective Shear Depth........................ M, =A; provi* Iy (dbz‘a) 10.03 kip- ft

n

As.pmv.l °fy
del :=0.9. dbl =4.73 in

dey=0.72-T,=5.76 in
de=if (dey 2 dep, dy 5 dep) =5.76 in

dblv’ = =5.01 in

dyry = i (Aot > e dppyy , d) =5.76 in

L
Shear Load, Long Direction............c.ccovenceninenne. Vui=Wgew, pase* (E-dbh,) b V,;=0.96 kip
. ) . N ‘ . . N f/c N .
Shear Capacity Long Direction ................ e OV 1 base =P, 0.0316:0+ P st |+ b, dy,
st

¢Vc.l.base =8.79 kip
if <Vu.l <OV, 1 bases “OK?, “NG”) = “OK?”

Base slab bars are #4 bars fong and short dlrect|on Project base slab bars (each way) into walls for a
distance equal to 1'-0" above the top of the base slab. Splice WWR in walls with the base slab bars for a
minimum distance of (1.3 times the WWR's basic development length) or (8 inches) per AASHTO LRFD
5.10.8.5.1. For these calculations use fy=70 ksi for the WWR in the walls.

fymesh—70 ksi .fc—5 kst )\ 1
Db,,,,=0.391 in

8, '=8pacing, Spy=3 in
7-Db,,’
Ayim—— A,=Round (4,,.01+in*)=0.12 in”

(f y.mesh ™ 20- kS’L)

. s 0.5
lrefig)
kip :

2

lha1:=0.95-Db,,, =8.314n  AASHTO LRED Equation (5.10.8.2.5a-1)

n
6.3- A fy mesh * k
bz = — P =7.89in | AASHTO LRFD Equation (5.10.8.2.52-2)

w el

bha=1f (L = bhaz s Upar » lpaz) = 8-31 in

Splice;:=1.3+1;,=10.8 in Splice,:=8.0 in

Splice,eqq:=if (Splz'ce1 > Splice, , Splice, ,Splz'cez) =10.8 in  Required minimum splice length for WWR
in the walls with the projecting base slab
bars.

Reference attached drawings, minimum splice length provided is 14 inches which is greater
than the required 10 3/4 inch minimum, therefore OK.
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Precast Concrete Box Design
Loading - Walls of Riser Section - External L ateral Pressure

Lateral Live Load Surcharge (LS)
Depth to bottom of section................ Hy:=H—-T,—hy,=16.67 ft

Equivalent Height of Soil................. heg:=4.0 ft
AASHTO LRFD Table 3.11.6.4-1
LS:=kg+,+ heq

Lateral Earth Surcharge from LL....... LS=0.143 ksf Service Load

Lateral Earth Pressure (EH) Loading above section (Service Load):
EH = (H—Ty—hyp—hy— Hyp) * (Yeq) + Hut* Yo Ka ‘
Total Loading above section (Service Load): =~ . . . = o
w,,:=LS+EH,,, - | -
Wy, =1.15 ksf
Lateral Earth Pressure (EH) Loading directly on section (Service Load):
EH g =hy*Yeq
EH,;,.=0.318 ksf Note: Wy :=FEH gy,
Total Loading (Service):

» W,
Weye.r*= (was + 5

)-b:1.309 kif

Total L oading (Factored):

Wy pi= (LS LLF) + (EH - SLF,) =1.836 ksf S
wb_,,. = (EHdiT . SLFh> =0.501 ka

Wy,
Wy, = wa,r+ T -b=2.087 klf

Bending Moment Analysis Horizontal Loading (Riser Section Walls)

w, Span;® + Spany,*
Moment In Corners............cc.c...... Mcor, ,=—-—. dade? Palw =9.82 kip- ft
V 12 Span; + Spany, ,

. Wy p Spa'nL2 .

Moment in Long Span.................. Mlongu'l_,,:z——————-—-é———m—————Mcoru.rz9.78 kip-ft
2

. Wy e SpanW .
Moment in Short Span............... Mshort,, ,, , ::—8—————-—Mcoru_,= —4.13 kip- ft
Maximum Factored Moment...... Mecor, ,=9.82 kip- ft

TDOT Precast 8x4 Base Section and Riser LRFD Submit 2-22.mcdx ‘ Page 3 ”ﬁ "]L%



Precast Concrete Box Design

Determine Required Circumferential Reinforcement (Riser Walls)

Steel Area Required...........cccovenerennn A=

Area of Flexural Reinforcing, Horizontal...........

1 1 2.Mcor,, 0.85+f.+b-d,,
¢s-be(dy,)? +0.85-f, Ly

A, =0.39 in’

Check Minimum Required Reinforcement Riser Walls Horizontal Direction (AASHTO LRFD Section 5.6.3.3)

Flexural Cracking Variability Factor...........................

Ratio.of Yield Strength to Ultimate Tensile Strength.....
Half of Wall Section Thickness..........cccccocvveeveernnnenn.
Concrete Density Modification Factor..............c.ccccc.....

Modulus of Rupture of Concrete............ccccovveveeiinenen..

Section Modulus, Non-Composite Section...................
~Cracking Moment...........cooeoieieiie it

Alternate Moment for Min. Reinf. Consideration...........

Controlling Moment for Min. Reinf. Evaluation.............

Min. Req'd Steel Area Riser Walls (Horizontal Direction):

A:=1.0

~fr==0-24'»)"~(f,c'(k

¥:1:=1.6
v3:=0.67

b .
| Che ::—5——:4 n

0.5
.. 2 .
m )) «ksi=0.537 ksi
ip

I
Spei= gwall _ 128 in®
e

M. =73 (71 'fr) *Spc=6.14 kip-ft

M, ini=1.33+Mcor, ,=13.05 kip- ft

My min=if (Mcr <My min s Mer s Mumm)
M, min=6.14 kip- fi '

2M. . . 0.85+f',+b-d,,
As,mm - 1— 1— 2.m'm / . f c w
' ! A ¢f‘b'<dwr> '0'85'fc fy '
o ‘ A, ,n=0241in>

Asrh = if (Asrh >As.mz'n ’ Asrh y As.min)
A, =0.39 in’

Req'd Steel Area Riser Walls (Horizontal)....................

TDOT Precast 8x4 Base Section and Riser LRFD Submit 2-22.mcdx

Agtemp= || If Agpempy<0.11 in”

0.11 in’

also if 0.11 in® <A, 4.,y <0.60 in’
(Aq temp)

else

0.60 in’

Ay temp=0.11 in”
Asrh i=if <A3'rh >As.temp ,Asrh 7As.temp>
A, =0.39 in’
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Precast Concrete Box Design

Check Steel Provided Riser Walls Riser (Horizontal Direction):

Bar Diameter..............ccccceoveeee. Db,,=0.391 in
Steel Spacing......coceeevevvieniieneen spacingy,:=3+«in
, D bwr2 .2, . 92 .92
Area of Steel..................... Appr =100 1 =0.120 in” A,,,:=Round (A,m ,.0lein ) =0.12 in
Apgre 1o ft
Area Provided with Spacing............ Ag prov.hr ::—Im-r——.——-—":—zo.48 in’
: spacingpy
Area Required............ccccoooeverennnn. Agp=0.39 0"  if(Agn <A provhr “OK”, “NG”) = “OK”

Check Steel Reinforcement Yield for Flexure (Riser Walls Horizontal Direction) AASHTO LRFD 5.6.2.1:

A .
Depth of Equivalent Rectangular Stress Block.... a::—-,ﬁmr—f—yzo.% in
: 0.85+f".+b
Distance to Neutral AXis..............ccoccoeriiiinnnn. =2 =0714n
B
Distance to the Centroid of Tensile Reinf................. d,:=d,,=5.81in
Strain Limit for Tensile Reinf. (Table C5.6.2.1-1)...... Eq:=.002
- Check that Tensile Reinforcement has Yielded........ Check; ::—5—:0.122
: )
Check,=—2 __0.6
003 +¢,

Verify:=if (Check, < Check,, “Tension Control”, “Not Tension Control””) = “Tension Control”
‘ Steel Yields, Assumption Phi (Flexure=0.90) is OK

Check Crack Control for Corner Wall Steel (Riser Section Wall Horizontal)

w Span;® +Spany,®
Service Moment In Corners............ Mcor, , i=—"s POy T oPahw
S 12 Span; +Spany,
Depth to centroid of wall reinforcing.............. d:=d,,
Concrete cover from extreme tension fiber to
center of flexural reinforcement........... RSO Ay por:=Clp+ (0_ 5. war> =22 in
Modular ratio...........ccccooiviiiiiiiiceis n=FE,+E,
A
Reinforcement ratio...........c...coccoeeeeeerenrnnn. pi=provl
~ b-d
- Compression factors: . 2
P k::\/2-pon+(p-n) —pen
j=1-k=+3
. . N MCOTS.T
Service tensile force insteel........................ Tpr ::—-—-—_——d—
. . . Ts.hr
Service tensile stress in steel....................... forr=
As.prov.hr

TDOT Precast 8x4 Base Section and Riser LRFD Submit 2-22.mcdx

]:6.16 kip-ft

d=5.80 in .

n=6.3

p=0.00689

k=0.255

- 3=0.915

T, 1 =13.91 kip

. fs.hr: 28.98 ksi
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Precast Concrete Box Design

: dC.C’U’I‘ .
Calculate Beta S..........cccoovvevcicicece, Bsi=1+ p Bs=1.54
AASHTO LRFD Equation 5.6.7-2 0.7 (T = de.cor) |
o 700+, in .
Max spacing reinforcement ......................... Smaz.hri=|——————|—2+d. o, =9.4 in
AASHTO LRFD Equation 5.6.7-1 | s Sonr ~ .
‘ ‘ ksi

Smaz.hr =N (1.5 Ty s Sag e » 18 1) =9.4 in
Check steel spacing for crack control..... . checky, :=if (spacingy, < |Smaq.ne|» “OK”, “NG”) checky,=“OK”

heck Wall Shear Capacity Horizontal Loading (Riser Section Walls

Determine Effective Shear Depth....................... M, :=A, provhr Iy* (dw,, -—g~) =13.25 kip- ft
“““ d | — " . =552in
“r As.prov.hr ¢ fy

d,:=09-.d,,=5.22in
d:=0.72T,,=5.76 in

‘ de = if (del Z d62 ) del ) d€2> = 5.76 in

Ayyry =1 (A > ey Aoy s de) =5.76 in

I «
Max Shear Load On Riser Walls (Horizontal).......... Vyr= (wwﬂ) . (—é—— dw,,,,) .. V,.=7.35kip
Feoo o
V., =¢,+0.0316.0+ Pl ksi|+ by (dyry)
Shear Capacity, Riser Walls (Horizontal)............. PV, ,.=8.79 kip

if (Vur <¢Vc.7‘ , “OK” , “NG”) =“QK”
Determine Required Reinforcement (Riser Section Walls Vericai Direction):

Note: Due to the fact that applied loading is carried by the horizontal reinforcement, vertical reinforcement for
the riser walls is to be based on the required amount of shrinkage and temperature reinforcement.

heck Required Shrinkage and Temperature Reinf. Riser Walls Vert. Direction (AASHTO LRFD Section 5.10.6

Ay oyt t= L35 Tw 05 in? Ay tomp=|| I Aggomy <011 in?
2-(b+T@b>'fy'(,:,’;;) ] oatin?
alsoif 0.11 in® <A, 4,y <0.60 in’
(Astemp) |
else
0.60 in”
A, temp=0.11 in’
Min. Req'd Steel Area (Riser Walls Vertical)......................... Agry ' =Ag temp=0.11 in’

. o 0
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Precast Concrete Box Design

Check | Provided Riser Walls Riser (Vertical Direction):

Bar Diameter...............ccooeoineenn Db,,,,=0.391 in
Steel Spacing.........cocoerervriecerien, spacing,,,=3+in
D bwvr2 .2 k . 92 .92
Area of Steel............... Apgi=Tre 1 =0.120 in A,..-=Round (Abm ,.01l.in ) =0.12 in
Apar+1-ft |
Area Provided with Spacing........... As provar :=—l’—‘l-'i-—_——'f——= 0.48 in’
» : spacing,,
Area Required................cccoo....... Agy=0.11n"  if (Ayy <A proy.ors “OK”, “NG”) = “OK”
Design Summary:
Ba ion Walls: ‘ - t R
Base Wall Thickness................... T,,=81in
Horizontal Wall Steel
Area Required...............oocoeninnnns Agn=0.33 in’
“Horizontal Steel Provided............ A, provn=0.48 in’
Db,=0.391 in D12.0 bars spacing,=3.in
Vertical Wall Steel
Area Required.............. VST - Ag,=0.28 in?
Vertical Steel Provided................ A, provy=0.48 in”
Db,,,=0.391 in D12.0 bars spacing, =3 in
Base i r Sl
Base Slab Thickness............c......... . Tp=81in
Base Steel Area Required ;
in Short Direction............................. Ay, =0.26 in’ .
Short Direction Steel .
Provided.........ccooooeiiiiii Aq prov.s=0.40 in?
Db,,=0.500 in #4 bars spacing,=6 in
Base Steel Area Required
“in Long Direction.......................... v Agy=0.12 in?
Long Direction Steel
Provided.......... TN Aq oy, =0.40 in?

Db,;=0.500 in = #4 bars spacing;=6 in
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Precast Concrete Box Design

Riser Section Walls:

Riser Wall Thickness................... T,,=81in
Horizontal Wall Steel

Area Required.............c.ocooenne. A,;,=0.39 in’
Horizontal Steel Provided............ A, prov.rr=0.48 in’

Db, =0.391in  D12.0 bars

Vertical Wall Steel
Area Required.............cocoovnne. A, =0.11in®

Vertical Steel Provided................ A, provor=0.48 in’

Db,,,,=0.391 in D12.0 bars
 Notes: o ;

spacingy, =3 in

spacing,, =3 in

(1) Horizontal wall reinf. (base section and riser) shall be continuous (fully developed) around corners.
(2) For square structures Long Direction and Short Direction are equal.
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