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Material Properties

Characteristic strength of concrete, ., / f.' (f., £ 75 or 105N/mm?; 55 F 45
Yield strength of longitudinal steel, f, 460
Yield strength of shear link steel, f,, 460

Type of concrete and density, p. Normal Weight 25kN/m3 q

Section Dimensions and Reinforcement [Stage 1: Precast Simply-Supported]

Slab insitu depth, insitug,,
Beam (precast) width, b,; = b,
Beam (precast) depth, h;

Cover, coveryq; (usually 35 (C35) or 30 (C40) internal; 40 external)

Sag steel reinforcement diameter, ¢y 32
Sag steel reinforcement number, ny

Sag steel area provided, A;sag prov = Ny 7.0 >/4
Number of layers of sag steel, Njayers sag1

Spacer for sag steel, ;g1 (= MAX (¢¢1, 25mm))

Shear link diameter, 0 10
Number of shear links in a cross section, i.e. number of legs, Ny

Area provided by all shear links in a cross-section, Aqy prov = n.¢|mk2/4.nleg
Pitch of shear links, S

Eff. depth to sag Stee'l dsagl = hl - COVErpoty - ¢Iink - [¢t1+(nlayers,sagl'1)(¢t1+sr,sa
Section Dimensions [Stage 2: Insitu]

Beam (composite) width, b,, = b,,
Beam insitu depth, insitupeam
Beam (composite) depth, h, = h; + insitupeam

Cover, covery,,, (usually 35 (C35) or 30 (C40) internal; 40 external)
Add cover to hog steel (due to transverse steel layer(s)), cover,qq ¢

Hog steel reinforcement diameter, ¢, 32
Hog steel reinforcement number, n,

Hog steel area provided, Asnog.prov = Niz-T-0r2/4
Number of layers of hog steel, Njayers hog2

Spacer for hog steel, s; hog2 (= MAX (¢, 25mm))

Eff. deDth to sag Steell dsagz = h2 - COVErpoty - q)link B [¢t1+(nlayers,sagl'1)(¢t1+sr,sa
Eff. depth to hog steel, dpogo = h, - covery,,; - MAX(jink, COVETagqt) = [de2+ (Niaye

IZER

Y

F N/mm?

v N/mm?
¥ N/mm?
25 kN/m?

100 mm
500 mm
700 mm

25 mm

|4

2 layer(s)
32 mm

v mm
4
100 mm

617 mm

500 mm
300 mm
1000 mm

25 mm
12 mm

2 layer(s)
32 mm

917 mm
915 mm
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Detailing Instructions
B TOPPING UP SLAB LONGITUDINAL BARS | |
[DESIGNED FOR HOGGING DUE TO IN SERVICE LOAD]
— PRECAST SLAB
2 _As,hog,prov
i T’ét - T oY [ O ) o o fo - - _SE | |
- CLOSURE LINKS '@
> - . i A
ik ik
i ol il s 50 GAP
. = HH i | |
CONSTRUCTION JOINT : il il 3 RUBBER PAD
(AS—CAST) _| {1 {1
= (1 {1
Asv,prov Hirt Hirt
a L ! N)! !% ! ) As,sag,pmv | |
NIB NIB
| bw | |
| |
cover = 25 mm by, = 500 mm insitug,, =/ 100 mm
feu 55 4 hy = 700 mm inSitUpeam = 300 mm
f, = 460 v h, = 1000 mm nib, = 0 mm
fy= 460 ¥ niby, = 0 mm
As sag,prov = 8 no. 32 - rebar in 2 layers @ | 32 mm spacer 1.3%
As hog,prov = 8 no. 32 ¥  rebarin 2 layers @ | 32 mm spacer 1.3%
Aqy prov = 4 no. 10 ¥ shear link legs @ 100 mm pitch

stage 2 support conditions =

precast concrete beam total weight for erection =

strand short-term losses
strand long-term losses
strand breaking load
strand jacking percentage

Continuous Internal Span

strands = 0 0 0 0 0
Py = 0 0 0 0 0
-Py/A; = 0.0 0.0 0.0 0.0 0.0
P = 0 0 0 0 0
-P/A; = 0.0 0.0 0.0 0.0 0.0
strands, 1,0 (from bot.) = 50 100 150 200 650
eccentricity, e; = -300 -250 -200 -150 300
Mpr st = ZPgr.€5 = 0 0 0 0 0
Mpr it = EPp.€ = 0 0 0 0 0

411 tonnes

5.0|%
15.0/%
260.4 kN
75.0|%
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Utilisation Summary

Precast beam sag section ductility
Precast beam sag steel area provided
Precast beam ultimate shear stress
Precast beam design shear links area
Precast beam design shear resistance
Precast beam deflection

Precast beam deflection (first principles)
Composite beam sag section ductility
Composite beam sag steel area provided
Composite beam hog section ductility
Composite beam hog steel area provided
Composite beam ultimate shear stress
Composite beam design shear links area
Composite beam design shear resistance
Composite beam deflection

Composite beam deflection (first principles)

Precast and composite beam miscellaneous checks

Stage 1 beam bottom section modulus, Z,,
Stage 2 beam bottom section modulus, Z,,

x10* mm?
x10* mm?

BS8110




Job No. Sheet No. Rev.
CONSULTING Engineering Calculation Sheet
ENGINEERS Consulting Engineers XXX 4
Member/Location
Job Title  Structure, Member Design - Precast Concrete Frame, B{Pr9- et
Structure, Member Design - PC Frame, Beam and Slab Madeby — yx Date 30/11/2024 °h¢
BS8110

Loading and Structural Analysis [Stage 1: Precast Simply-Supported]

British or Eurocode loading combination factors British F
Beam span, L, 10.000 m
Tributary width (incoming precast slab clear span), t,; 5.000/m
Dead load of incoming precast slab (pressure load), DLy 2.50 kPa
Dead load of incoming precast slab insitu topping (pressure load), DL, 2.50 kPa
Note dead load of incoming precast slab insitu topping (pressure load), DL ., = insitu s, . pc
SLS slab loading (pressure load), SLSgjap1 = DLgjap + DLeop 5.00 kPa
Dead load of precast and wet beam (line load), DLyeam = bwi.(%h;+insitupeam) 12.5 kN/m
Dead load of precast beam nibs (line load), DL, = 2.nib,,.niby.p. 0.0 kN/m
Dead load of precast beam incl. nibs (line load) 100% _kN/m
Note dead load of precast beam incl. nibs (line load), b ,,;.h ;. p.+DL

Dead load of incoming precast slab and topping concrete (line load) _ kN/m

Note dead load of incoming precast slab and topping concrete (line load), b ,,;.insitu peam - Pc + SLS sjap1 -t w1

ULS beam loading (line load), my.s; EkN/m
Note @wys; = (1.35-1.4)SLS gpps -t s +(1.35-1.4)DL pepm +(1.35-1.4)DL

Beam unpropped or propped ? Unpropped v
Beam ULS sag bending moment, My q,q kNm
Note M ; ¢,q = 0.125. wy,s;-L ;° (if unpropped only)

Beam SLS sag bending moment, My ¢.g 55 m kNm

Note M ; s.5,515 Calculated as per M ; 5., but without load combination factors, plus the addition of M pr ;.

Beam bottom SLS stress at end of stage 1 (comp. -ve), 6p;,515 _ N/mm?
Note op1si5 = -2ZP /A1 + My sagsis/Zp;

Note beam bottom stress at end of stage 1 results from prestressing, dead load of precast beam
including nibs and dead load of precast slab and topping concrete.

Beam ULS shear force, V; = 0.5.wy.51.L4 (if unpropped only) mkN
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Loading and Structural Analysis [Stage 2: Insitu]

British or Eurocode loading combination factors British F
Beam span, L, 10.000 m
Tributary width (grid to grid), t,; 5.000/m
Superimposed dead load on slab (pressure load), SDLg,p 15.00|kPa
Superimposed dead load on beam (line load), SDLpeam 0.0/kN/m
Superimposed dead load on beam (midspan point load), SDLyjn¢ 0.0 kN
Live load on slab (pressure load), LLy,, [with pattern loading] 10.00 kPa

Superimposed dead and live load on beam (line load), [SDLgap + LlLgjap]-two + m kN/m

ULS beam loading (line load), wy.s> kN/m
Note wys, = ((1.35-1.4)SDL ¢1op +(1.5-1.6)LL g1 ).t o +(1.35-1.4)SDL peam

Beam ULS sag bending moment, M, q,q Continuous Internal Span v R VAR KNmM

Note M ;a9 = KpyiispL,sag- @urs: -L 27 (if propped only) + K pLispL,sag-(1.35-1.4).[SDL giap .t 2 +SDL pearm 1.

+ Kspyp,sag+(1.35-1.4).[SDL pojne ].L 5 + kLL,Sag.(1.5-1.6).[LL5,ab.th].Lzz

k DL|SDL,sag k SDL,p,sag k LL,sag
Continuous Internal Span 0.046 0.125 0.086
Continuous End Span 0.078 0.170 0.100
Simply-Supported 0.125 0.250 0.125
Beam SLS sag bending moment, M, ¢.g 515 _ kNm
Note M ; s.5,5.5 Calculated as per M 5,, but without load combination factors.
Beam bottom SLS stress stage 2 loading (comp. -ve), 6p;,sis N/mm?
Note opzs15 = M 3,sag,515/Z b2
Beam bottom SLS stress at end of stage 2 (comp. -ve), 6p1,515 + Oba,sis _ N/mm?
Beam total ULS sag bending moment, My og + My sag _kNm
Beam ULS hog bending moment, M, o4 Continuous Internal Span v kNm

Note M pog = K piispi,hog - @uisi .L,? (if propped only) + K pr1spir,hog -(1.35-1.4).[SDL gjap .t 2 +SDL peam J.L >

+ Ksprphog-(1.35-1.4).[SDL point J.L 5 + kLL,hog'(1'5_1-6)-[Lleab-tWZ_]-LZ2

k DL|SDL,hog k SDL,p,hog k LL,hog

2

Continuous Internal Span 0.083 0.125 0.111
Continuous End Span 0.105 0.161 0.120
Simply-Supported 0.040 0.040 0.040
Load All spans loaded Live load (sequence of loaded spans
(e.g. dead load) to give max. bending moment)
0.125
0.125 A70006 & 0096 A
A70070 A 0070 A 0.100] 0.100]
0.117 0.117

0.100 0.100

A 0101 & 0075 & o101 4
A 0080 % 0025 % o030 4

[0-107) [0.071] [0.107]
0.116) 0.107) (0.116)
0.121 0.107 0.121

A7 0099 & 0081 4 0081 & 0099 A
[0.105]  [0.079}  [0.079]  {0.105)]

(0.106) [ess 0.116)
0.120 0.11 0.111 0.120

0.107 0071 0.107
470077 A 0036 & 0036 A 0077

0.100 0079 40086 & 0079 A

0.100 A

Beam ULS shear force, V, m kN

Note V, = (0.5-0.6). wys;.L > (if propped only) + (0.5-0.6). wys,.L; +(0.5-0.6).((1.35-1.4)SDL p,

int)
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Structural Design [Stage 1: Precast Simply-Supported]
Bending Design

Stress coefficient, M; ¢uq/bwidsags’

Stress coefficient, Keagi = M1 cag/DuwiGeagt e

Lever arm, Ze,g; = deaqr-[0.5+(0.25-K¢,01/0.9)%°] < 0.95d.,41
Area of req. sag steel, Agcag1 = My sag / (0.95f,.Z5541)

Sag steel area provided, A sag,prov 6434 mm?

Sag steel area provided utilisation, Agag1 / As,sag,prov

Shear Design

Ultimate shear stress, vy = Vi/byidsaqr (< 0.8f,,%° & 5.0N/mm?) R N/mm?

Ultimate shear stress utilisation, v, / (0.8f,,%° & 5.0N/mm?)

Design shear stress, vy; = Vi/by10sag1 (1 K3 N/mm?

Enhanced shear strength, 2d..q1/a,.V. (< 0.8f,,%° & 5.0N/mm?) x1.00 | 1.05 [ViinG
Distance, a, 200d ¥ 1234 mm

(Shear capacity enhancement by calculating v 4 within 2d of support and comparing against
enhanced v . within 2d of the support as clause 3.4.5.8 BS8110 employed instead of calculating v 4
at d from support and comparing against unenhanced v . as clause 3.4.5.10 BS8110;)

Sag steel area provided, A cq prov 6434 mm?

Pw = 100A; sag,prov/Bw1dsagt 2.09 %

Ve = (0.79/1.25)(pufu/25)3(400/dsag1)*; pw<3; fou<80; (400/dsy] 13 N/mm?
Provide shear links (A,,/S); > by1MAX[0.4,(V41-2dsag1/ay.Vc)1/(0.95f,,) i.e. (Ag (XY nmZ/mm
Area provided by all shear links in a cross-section, Agy prov/S BN mZ/mm
Concrete and design links shear capacity, Veap: = (Asyprov/S)-(0.95f,,).dsagr +
Design shear links area utilisation, (As,/S)1 / (Asy,prov/S) 15%
Design shear resistance utilisation, V; / Vap1 22%

Deflection Design

Span 10.000 m
Span / effective depth ratio

Basic span / effective depth ratio criteria m

MUItip“er Cl,rect or flanged | 1.00
Multiplier C41,span more or less than 10m (477 - I,‘_VlndUde v 1.00
=z ! - T
Modification factor for tension C, 035+ — los - 3 =~ ‘m
20 0.9 + -]
(M1,sag+MPT,It)/bw1-dsag12 3.45 N/mm?
A, L. 1
Q.= L o o— 2
' 351: prov fy 125 N/mm

Modified span / effective depth ratio criteria

Deflection utilisation 66%

cl.3.4.6.3

cl.3.4.6.4
T.3.10

cl.3.4.6.2

i
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Structural Design [Stage 2: Insitu]
Bending Design

Stress coefficient, M ¢uq/bw2dsaga’

Stress coefficient, M; cuq/bwidsagi” + Ma saq/bwadsags’

Stress coefficient, Keagzs = My caq/Dwalsags feu

Lever arm, Zggy = dsagz.[0.5+(0.25-Ks505/0.9)°°1 < 0.95dss4,
Area of req. sag steel, Ag sago = My cag / (0.95f,.25,45)

Sag steel area provided, A sag,prov

Sag steel area provided utilisation, [Agsag1 + As sag2] / As,sag,prov

Stress coefficient, M nog/Dw2dhogs’

Stress coefficient, Knogz = M3 nog/bw2adhog2feu

Lever arm, Znogz = dhog2-[0.5+(0.25-K;042/0.9)%°] < 0.95d104,
Area of req. hog steel, A og2 = Mp hog / (0.95f,.Znog2)

Hog steel area provided, As og,prov

Hog steel area provided utilisation, Ag neg2 / As hog,prov

Shear Design

Ultimate shear stress, Vi = Vao/byodhogs (< 0.8f,° & 5.0N/mm?)

Ultimate shear stress utilisation, v, / (0.8f,,%° & 5.0N/mm?)

Design shear stress, vg, = V,/by0heg2
Enhanced shear strength, 2dng2/a,.vc (< 0.8f,° & 5.0N/mm?)
Distance, a,

xl-oo_ﬂ

2.00d v

6434 mm?

6434 mm?

pXiP3 N/mm?

N/mm?
N/mm?
1830 mm

(Shear capacity enhancement by calculating v 4 within 2d of support and comparing against

enhanced v . within 2d of the support as clause 3.4.5.8 BS8110 employed instead of calculating v 4

at d from support and comparing against unenhanced v . as clause 3.4.5.10 BS8110;)

Hog steel area provided, As,hog,prov
Pw = 100Aslhog,prov/bw2dh0g2

Ve = (0.79/1.25)(pufeu/25)3(400/dnog2) *; pu<3; fou<80; (400/dp,
Provide shear links (A,,/S), > by;MAX[0.4,(Vgp-2dneg2/ay.Vc)1/(0.95f,,) i.e. (Ag)

Area provided by all shear links in a cross-section, Agy prov/S

Concrete and design links shear capacity, Veapz = (Agy,prov/S)-(0.95f,,).dhog2 +
Design shear links area utilisation, [(As,/S)1 + (As./S)2]1 / (Asy,prov/S)

Design shear resistance utilisation, [V; + V] / Veap
Deflection Design

Span
Span / effective depth ratio

Basic span / effective depth ratio criteria
MUItip“er Cl,rect or flanged

MUItip“er Cl,span more or less than 10m
Modification factor for tension C,

(Ml,sag+IVIPT,It)/bwlds,:-zgl2 + Mz,sag/bwzd

033+

Continuous Internal Span

(4TT—F Include

7

oy |0y

20109 +
\

6434 mm?
1.41 %

(i K-PA N/mm?
I3 mm2/mm

B TAmm2/mm

40%

71%

10.000 m

‘E

i T
bl

0
!

v

!

1.00
1.00

6.23 N/mm?

af. 4
—.':.‘— - 1
TIeg ., =

Ir-T':-

F =
Je

3'4: Frow

Modified span / effective depth ratio criteria

Deflection utilisation

274 N/mm2

53%

BS8110

cl.3.4.6.3

cl.3.4.6.4
T.3.10

cl.3.4.6.2

i
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Deflection Design Based on First Principles
Code of practice adopted for calculation of elastic modulus, E BS8110 W
Creep modulus factor, Cye Storage Loading, CMF=1/[1+f=2.0] ¥
Uncracked short-term, Eyncracked,2s

Uncracked long-term (creep), Eyncracked,28,cp = Cmr - Euncracked,28

Cracked short-term, E¢x = Eyncracked,2s - [0.5-1.0] 0% Cracking F
Cracked long-term (creep), Eqcp = Euncracked,28,cp » [0.5-1.0]

Structural Design [Stage 1: Precast Simply-Supported]

Beam (precast) width, b,; = b,, 500 mm
Beam (precast) depth, h; 700 mm
Beam (precast) area, A; = by;.h;+2.nib,.niby, 3500 cm?
Beam (precast) centroid, x.; = (by;.h;%/2+2.nib,.nib,%/2)/A; 350 mm

Beam (precast) inertia, I, R 100 o
NoteI; = (b,i.hi>+2.nibpy.niby>)/124b i .h1.(Xc1-h 1/2)2+2.0ib y.nib (X c1 -Nib 1 /2)?
Beam (precast) bottom section modulus, Zy; = I;/Xq

x10* mm?

kN/m

SLS beam loading (line load), ws.s1
Note ws;s; = SLS gjap1 -t wi +DL peam +DL iy

Beam (precast) deflections, 8, Unpropped Fm mm

Note §; = 5wss;.L 1% /[384E o .1,] (if unpropped only) + M pry.L ;2 /[8E 4.11]

Beam (precast) deflections criteria, L;/250 40.0 [l
Beam (precast) deflections utilisation, 8,/[L;/250]

Structural Design [Stage 2: Insitu]

Beam (composite) width, b,, = b,, 500 mm
Beam (composite) depth, h, 1000 mm
Beam (composite) flange eff. width, b, = by,+L,/{5.00 s/s, 7.14 cont.} 1901 mm
Beam (composite) flange thickness, hs = insitug, 100 mm
Beam (composite) area, Acr = hy.byo+(besra-buwz).he+2.niby.niby, 6401 cm?
Beam (composite) centroid, Xc; = hy=((Desr2- D). (ho-he/2) +by,s. (ho-he)?/2+2.nib, 402 mm

Beam (composite) inertia, I, _xlO3 cm?

NoteI, = (Do he® +b o .(h2-he)>+2.0ibp.0ib % )/124b o hp. (X c2-h £/2) 2 +b yz.(h 2N ¢).((h 2 -X 2 )-(h 5 -h

Beam (composite) effect of composite and flanged section, [I,/1;]
Beam (composite) bottom section modulus, Z,, = I,/(h>-Xo) x10* mm?

SLS beam loading (line load), wss; (if propped only) + Unpropped Fm kN/m
Note ws;s; = (SDL gjap +LL gjap )-t w2 +SDL peam

SLS beam loading (midspan point load), Ps s, = SDLygint kN
Beam (composite) deflections, §, Continuous Internal Span mm
Note 6, = wgsy.L4 "/[384Ed<,cp ]+ Poss.L3/[1 92F « op -1 2 ] continuous internal span
Note 6, = wssy-L1%/[185F qep-I15] + Pssz-L 2> /[107E 4 -1 5] continuous end span

Note 6, = 5wssz-L1%/[384E oo p-I2] + Psiso.L 2> /[48E o op .15 ] simply-supported

Beam (composite) incremental deflections criteria, MIN{20mm,L,/500} 20.0 lnln
Beam (composite) incremental deflections utilisation, §,/MIN{20mm,L,/500%}

Beam (composite) total deflections criteria, L,/250 40.0 [l
Beam (composite) total deflections utilisation, (8;+8,)/[L,/250] 40%

ok
i




